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1. Use of specification - terms, conditions & notices

The materia in this document details an Object Management Group specification in accordance with the terms,
conditions and notices set forth below. This document does not represent a commitment to implement any portion of
this specification in any company's products. The information contained in this document is subject to change without
notice.

2. Licenses

The companies listed above have granted to the Object Management Group, Inc. (OMG) anonexclusive, royalty-free,
paid up, worldwide license to copy and distribute this document and to modify this document and distribute copies of
the modified version. Each of the copyright holders listed above has agreed that no person shall be deemed to have
infringed the copyright in theincluded material of any such copyright holder by reason of having used the specification
set forth herein or having conformed any computer software to the specification.

Subject to all of the terms and conditions below, the owners of the copyright in this specification hereby grant you a
fully-paid up, non-exclusive, nontransferable, perpetual, worldwide license (without the right to sublicense), to usethis
specification to create and distribute software and special purpose specificationsthat are based upon this specification,
and to use, copy, and distribute this specification as provided under the Copyright Act; provided that: (1) both the
copyright noticeidentified above and this permission notice appear on any copies of this specification; (2) the use of the
specificationsis for informational purposes and will not be copied or posted on any network computer or broadcast in
any mediaand will not be otherwise resold or transferred for commercial purposes; and (3) no modifications are made
to this specification. Thislimited permission automatically terminates without notice if you breach any of these terms
or conditions. Upon termination, you will destroy immediately any copies of the specifications in your possession or
control.

3. Patents

The attention of adopters is directed to the possibility that compliance with or adoption of OMG specifications may
require use of an invention covered by patent rights. OMG shall not be responsible for identifying patents for which
alicense may be required by any OMG specification, or for conducting legal inquiriesinto the legal validity or scope
of those patents that are brought to its attention. OMG specifications are prospective and advisory only. Prospective
users are responsible for protecting themselves against liability for infringement of patents.

4. General use restrictions

Any unauthorized use of this specification may violate copyright laws, trademark laws, and communications
regulations and statutes. This document contains information which is protected by copyright. All Rights Reserved.
No part of thiswork covered by copyright herein may be reproduced or used in any form or by any means -- graphic,
electronic, or mechanical, including photocopying, recording, taping, or information storage and retrieval systems --
without permission of the copyright owner.

5. Disclamer of warranty

WHILE THIS PUBLICATION IS BELIEVED TO BE ACCURATE, IT IS PROVIDED "AS IS' AND MAY
CONTAIN ERRORSORMISPRINTS. THE OBJECT MANAGEMENT GROUPAND THE COMPANIESLISTED
ABOVE MAKE NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARD TO THIS
PUBLICATION, INCLUDING BUT NOT LIMITED TO ANY WARRANTY OF TITLE OR OWNERSHIP,
IMPLIED WARRANTY OF MERCHANTABILITY OR WARRANTY OF FITNESS FOR A PARTICULAR
PURPOSE OR USE.



IN NO EVENT SHALL THE OBJECT MANAGEMENT GROUP OR ANY OF THE COMPANIES LISTED
ABOVE BE LIABLE FOR ERRORS CONTAINED HEREIN OR FOR DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, CONSEQUENTIAL, RELIANCE OR COVER DAMAGES, INCLUDING LOSS OF PROFITS,
REVENUE, DATA OR USE, INCURRED BY ANY USER OR ANY THIRD PARTY IN CONNECTION
WITH THE FURNISHING, PERFORMANCE, OR USE OF THIS MATERIAL, EVEN IF ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES

The entirerisk asto the quality and performance of software developed using this specification is borne by you. This
disclaimer of warranty constitutes an essential part of the license granted to you to use this specification.

6. Restricted rights legend

Use, duplication or disclosure by the U.S. Government is subject to the restrictions set forth in subparagraph (c) (1) (ii)
of The Rightsin Technical Data and Computer Software Clause at DFARS 252.227-7013 or in subparagraph (c)(1)
and (2) of the Commercial Computer Software - Restricted Rights clauses at 48 C.F.R. 52.227-19 or as specified in 48
C.F.R. 227-7202-2 of the DoD F.A.R. Supplement and its successors, or asspecifiedin 48 C.F.R. 12.212 of the Federal
Acquisition Regulations and its successors, as applicable. The specification copyright owners are as indicated above
and may be contacted through the Object Management Group, 140 Kendrick Street, Needham, MA 02494, U.SA.

7. Trademarks

MDA®, Model Driven Architecture®, UML®, UML Cubelogo®, OMG Logo®, CORBA® and XMI® areregistered
trademarks of the Object Management Group, Inc., and Object Management Group™, OMG™ , Unified Modeling
Language™, Model Driven Architecture Logo™, Model Driven Architecture Diagram™, CORBA logos™, XMI
Logo™, CWM™ CWM Logo™, [IOP™ | IMM™ MOF™  OMG Interface Definition Language (IDL)™ , and
OMG Systems Modeling Language (OMG SysML)™ are trademarks of the Object Management Group. All other
products or company names mentioned are used for identification purposes only, and may be trademarks of their
respective owners.

8. Compliance

The copyright holders listed above acknowledge that the Object Management Group (acting itself or through its
designees) isand shall at all times be the sole entity that may authorize devel opers, suppliers and sellers of computer
software to use certification marks, trademarks or other special designations to indicate compliance with these
materials.

Software developed under the terms of this license may claim compliance or conformance with this specification if
and only if the software compliance is of a nature fully matching the applicable compliance points as stated in the
specification. Software developed only partially matching the applicable compliance points may claim only that the
software was based on this specification, but may not claim compliance or conformance with this specification. In
the event that testing suites are implemented or approved by Object Management Group, Inc., software developed
using this specification may claim compliance or conformance with the specification only if the software satisfactorily
completes the testing suites.
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Preface

1. About the Object Management Group

1.1. OMG

Founded in 1989, the xe "Object Management Group, Inc. (OMG)"Object Management Group, Inc.
(OMG) is an open membership, not-for-profit computer industry standards consortium that produces and
maintains computer industry specificationsfor interoperable, portable and reusabl e enterprise applications
in distributed, heterogeneous environments. Membership includes Information Technology vendors, end
users, government agencies and academia.

OMG member companies write, adopt, and maintain its specifications following a mature, open process.
OMG's specifications implement the Model Driven Architecture® (MDA®), maximizing ROI through
a full-lifecycle approach to enterprise integration that covers multiple operating systems, programming
languages, middleware and networking infrastructures, and software development environments. OMG's
specifications include: UML® (Unified Modeling Language™); CORBA® (Common Object Request
Broker Architecture); CWM™ (Common Warehouse Metamodel); and industry-specific standards for
dozens of vertical markets.

More information on the OMG is available at http://www.omg.org/.

1.2. OMG Specifications

As noted, xe "OMG specifications'OMG specifications address middleware, modeling and vertical
domain frameworks. All OMG Specifications are available from this URL :
Specifications are organized by the following categories:
» Business Modeling Specifications
» Middleware Specifications
« CORBA/IIOP
 Data Distribution Services
e Specialized CORBA
 |IDL/Language Mapping Specifications
* Modeling and Metadata Specifications
 UML, MOF, CWM, XMI
e UML Profile
» Modernization Specifications
 Platform Independent Model (PIM), Platform Specific Model (PSM), Interface Specifications

* CORBAServices

Xi
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» CORBAFacilities
* OMG Domain Specifications
* CORBA Embedded Intelligence Specifications
e CORBA Security Specifications

All of OMG’s formal specifications may be downloaded without charge from our website. (Products
implementing OMG specifications are available from individual suppliers.) Copies of specifications,
available in PostScript and PDF format, may be obtained from the Specifications Catal og cited above or
by contacting the Object Management Group, Inc. at:

OMG Headquarters
140 Kendrick Street
Building A, Suite 300
Needham, MA 02494
USA

Tel: +1-781-444-0404
Fax: +1-781-444-0320
Email: pubs@omg.org

Certain OMG specifications are also available as 1 SO standards. Please consult http://www.iso.org
2. Typographical Conventions

The type styles shown below are used in this document to distinguish programming statements from
ordinary English. However, these conventions are not used in tables or section headings where no
distinction is necessary.

code
Programming language elements

function
A function reference

par anmet er
A function / template parameter

3. Issues

Thereader isencouraged to report any technical or editing i ssues/problems with this specification to http://
www.omg.org/ report_issue.htm [?777)].
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1. Introduction

1.1. Scope

The purpose of the Vector, Signal, and Image Processing Library (VSIPL) standard isto support portable,
high performance application programs. The standard is based upon existing libraries that have evolved
and matured over decades of scientific and engineering computing. A layer of abstraction is added to
support portability across diverse memory and processor architectures. The primary design focus of the
standard has been embedded signal processing platforms. Enhanced portability of workstation applications

is a side benefit.

1.2. Platform Requirements

VSIPL was specified so that it could beimplemented on awide variety of hardware. In order to use V SIPL
functions on a given platform, a VSIPL compliant library must be available for the particular hardware
and tool-set (linker) available for the operating system. Since the library API is defined for ANSI C, for
practical applications, an ANSI C compiler will also be necessary.

1.3. Functionality

This specification provides a number of functions to the programmer to support high performance
numerical computation on dense rectangular arrays. These are organized in the VSIPL documentation
according to category. The available categoriesinclude:

Support

 Library initialization and finalization
« Object creation and interaction
* Memory management

Basic Scalar Operations

Basic Vector Operations
Random Number Generation
Signal Processing

e FFT operations

* Filtering

* Correlation and convolution
Linear Algebra

e Basic matrix operations
 Linear system solution

* Least-squares problem solution

[Introduction]



1.4 [Conformance]

1.4. Conformance

o

issue 18257

Although there are many functions in this specification, not al functions are available in all
implementations. The contents of a specific VSIPL library subset are defined in a profile. As of the
completion of VSIPL 1.0 two profiles have been approved by the VSIPL Forum, referred to asthe " Core"
and "Core Lite" profiles. The "Core" profile includes most of the signal processing and matrix algebra
functionality of the library. The “Core Lite” profile includes a smaller subset, suitable for vector-based
signal processing applications. The VSIPL specification defines more functions than are present in either
of these profiles.

1.5. VSIPL Objects

Themain difference between the proposed V SIPL standard and existing librariesisacleaner encapsulation
of memory management through an “object-based” design. In VSIPL, a block can be thought of as a
contiguous area of memory for storage of data. A block consists of adataarray, which isthe memory used
for data storage; and ablock object, which is an abstract data type which stores information necessary for
VSIPL to accessthedataarray. VSIPL alowsthe user to construct aview of the datain ablock asavector,
matrix, or higher dimensional object. A view consists of a block, which contains the data of interest; and
aview object, which is an abstract data type which stores information necessary for VSIPL to access the
data of interest.

Blocks and views are opague. They can only be created, accessed and destroyed via library functions.
Object datamembersare private to hide the details of non-portable memory hierarchy management. V SIPL
library devel opers may hideinformation peculiar to their implementationsin the objectsin order to prevent
the application programmer from accidentally writing code that is neither portable nor compatible.

Data arraysin VSIPL exist in one of two logical data spaces. These are the user data space, and VSIPL
data space. VSIPL functions may only operate on datain VSIPL space. User supplied functions may only
operate on datain user space. Datamay be moved between these logical spaces. Depending on the specific
implementation, this move may incur actual data movement penalties or may simply be a bookkeeping
procedure. The user should consider the data in VSIPL space to be inaccessible except through V SIPL
functions.

1.6. Other Features of the Specification

The VSIPL specification provides support for multiple floating-point and integer data types. In addition,
methods are defined for a vendor to supply tools to alow the user to specify precision requirementsin an
application. For example, auser may specify that at least 16 bits of precision are needed. On an embedded
platform, this might trandate exactly to a 16-bit type, while on a workstation during development the
actual type used might have 32 bits of precision. VSIPL allows the same code to work on both platforms.

Two versions of the library are described, referred to as development and performance libraries. These
libraries operate the same with the exception of error reporting and timing. Performance versions of a
VSIPL library are not guaranteed to provide any error detection or handling except in the case of memory
allocation. Other programming errorsunder aV SIPL performance library may have unpredictable results,
up to and including complete system crashes. Development libraries are expected to run slower than
performance libraries but include more error detection capabilities. Suppliersof VSIPL compliant libraries
are not required to provide both versions; they may choose to supply either version, both versions, or a
single library that supports both devel opment and performance modes, as desired.

1.7. Basic VSIPL Concepts

1.7.1. General Library Design Principles

The purpose of the Vector, Signal, and Image Processing Library (VSIPL) standard isto support portable,
high performance application programs. The standard is based upon existing libraries that have evolved
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and matured over decades of scientific and engineering computing. A layer of abstraction is added to
support portability across diverse memory and processor architectures. The primary design focus of the
standard has been embedded signal processing platforms. Enhanced portability of workstation applications
is a side benefit.

1 Elements are stored in one dimensional data arrays, which appear to the application programmer as a
single contiguous block of memory.

2 Dataarrays can be viewed as either real or complex vectors, matrices, or tensors.

3 All operations on data arrays are performed indirectly through view objects, each of which specify a
particular view of a data array with a particular offset, length(s) and stride(s).

4 |n general, the application programmer cannot combine operators in a single statement to evaluate
expressions. Operators which return scalar may be combined, but most operators will return a view
type or are void and may not be combined.

Operators are restricted to views of a data array that can be specified by an offset, lengths and strides.
Views that are more arbitrary are converted into these simple views by functions like gather and back
again by functions like scatter. VSIPL does not support triangular or sparse matrices very well, though
future extensions might address these.

Themain difference between the proposed V SIPL standard and existing librariesisacleaner encapsulation
of the above principles through an “object-based” design. All of the view attributes are encapsulated in
opaque objects ! The object can only be created, accessed and destroyed via library functions, which
reference it viaa pointer.

1.7.2. Memory Management

The management of memory is important to efficient algorithm development. This is especialy true in
embedded systems, many of which are memory limited. In VSIPL, memory management is handled by
the implementation. This section describes VSIPL memory management and how the user interacts with
VSIPL objects.

1.7.2.1. Terminology

The terms user data, VSIPL data, admitted, and released are used throughout this document when
describing memory allocation. It isimportant that the reader understand the terms that are defined in this
section below, and in the Glossary above.

1.7.2.2. Object Memory Allocation

All objectsin VSIPL consist of abstract datatypes (ADT) which contain attributes defining the underlying
data accessed by the object. Certain of the attributes are accessible to the application programmer via
accessfunctions; however, there may be any number of attributes assigned by the VSIPL library developer
for its internal use. Each time an object is defined, memory must be allocated for the ADT. All VSIPL
objectsareallocated by VSIPL library functions. Thereis no method by which the application programmer
may allocate space for these objects outside of VSIPL.

Most VSIPL objects arerelatively small and of fixed size; however, some of the objects created for signal
processing or linear algebra may allocate large workspaces.

1.7.2.3. Data Memory Allocation

A data array is an area of memory where data is stored. Data arrays in VSIPL exist in one of two logical
data spaces. These are the user data space, and VSIPL data space. VSIPL functions may only operate on

1Obj ect opacity is achieved through the technique of “incomplete typedef,” described in the section on implementation.
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datain VSIPL space. User supplied functions may only operate on datain user space. Datamay be moved
between these logical spaces. Depending on the specific implementation, this move may incur actual data
movement penalties or may simply be a bookkeeping procedure. The user should consider the data in
V SIPL space to be inaccessible except through V SIPL functions.

A dataarray alocated by the application, using any method not part of the VSIPL standard, is considered
to be a user data array. The application has a pointer to the user data array and knowledge of its type
and size. Therefore the application can access a user data array directly using pointers, although it is not
always correct to do so.

A dataarray allocated by aV SIPL function call isreferred to asaVSIPL dataarray. The user hasno proper
method to retrieve a pointer to such adata array; it may only be accessed viaVSIPL function calls.

Users may access data arrays in VSIPL space using an entity referred to as a block. The data array
associated with ablock is a contiguous series of elements of agiven type. Thereis one block type for each
type of data processed by VSIPL.

There are two categories of blocks, user blocks and VSIPL blocks. A user block is one that has been
associated with auser dataarray. A VSIPL block is one that has been associated with aV SIPL data array.
Thedataarray referenced by the block isreferred to asbeing “bound” to the block. The user must provide a
pointer to the associated datafor auser block. The VSIPL library will allocate space for the data associated
with a VSIPL block. Blocks can aso be created without any data and then associated with data in user
space. The process of associating user space datawith ablock iscalled “binding.” A block which does not
have data bound to it may not be used, as there is no data to operate on.

A block that has been associated with data may exist in one of two states, admitted and released. The data
in an admitted block isin the logical VSIPL data space, and the datain areleased block isin the logical
user data space. The process of moving data from the logical user data space to the logical VSIPL data
spaceis called admission; the reverse processis called release.

Datain an admitted block is owned by the VSIPL library, and VSIPL functions operate on this data under
the assumption that the data will only be modified using VSIPL functions. VSIPL blocks are always in
the admitted state. User blocks may be in an admitted state. User data in an admitted block shall not be
operated on except by VSIPL functions. Direct manipulation of user data bound to an admitted block via
pointersto the allocated memory is incorrect and may cause erroneous behavior.

Datain areleased block may be accessed by the user, but VVSIPL functions should not perform computation
on it. User blocks are created in the released state. The block must be admitted to VSIPL before VSIPL
functions can operate on the data bound to the block. A user block may be admitted for use by VSIPL
and released when direct access to the data is needed by the application program. A VSIPL block may
not be released.

Blocks represent logically contiguous data areas in memory (physical layout is undefined for VSIPL
space), but users often wish to operate on non-contiguous sub-sets of these data areas. To provide support
for such operations, VSIPL requires that users operate on the data in a block through another object type
called aview. Views allow the user to specify noncontiguous subsets of a data array and inform V SIPL
how the data will be accessed (for example, as a vector or matrix). When creating a vector view, the user
specifies an offset into the block, aview length, and a stride value which specifies the number of elements
(defined in the type of the block) to advance between each access. Thus, for ablock whose corresponding
data array contains four elements, a view with an offset value of zero, a stride of two, and alength of two
represents alogical data set consisting of members zero and two of the original block. For amatrix view,
stride and length parameters are specified in each dimension, and a single offset is specified. By varying
the stride, row-major or column-major matrices can be created.

A block may have any number of views created on it: this allows the user to use vector views to access
particular rows or columns of amatrix view, for example. Since the blocks are typed, views are al so typed;
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however, because views also include usage information (e.g. vector or matrix), there are multiple view
typesfor each block type corresponding to how the datawill be accessed. These types are immutabl e; thus
for example, ablock cannot have both integer and float views associated with it. Thiswould not be useful
in any event because the data layout inside VSIPL space is vendor specific.

New views of ablock may be created directly using ablock object, or indirectly using apreviously created
view of the block. Except for finding the real or imaginary view of a complex view all views may be
created directly using the block object.

1.7.3. Structure of a VSIPL application

Although there are a number of ways to program an application, the basic VSIPL program consists of the
following sequence:

Initialize VSIPL library

Create block(s)

Create view(s) & bind view(s) to block(s)

Create object(s) for filter(s), FFT(s), solver(s), etc.

Obtain Data

Bind (or rebind) block(s) to data

Admit (or readmit) block to VSIPL data space
Operate on data using view(s)

Release block(s) to user data space

Iterate?

Destroy object(s) for filter(s), FFT(s), solver(s), etc.
Destroy view(s)

Release and destroy block(s)

Finalize VSIPL library

A VSIPL program must initialize the VSIPL library with acall to vsip_init before calling any other V SIPL
function. Any program that uses VSIPL and that terminates must call vsip_finalize before terminating.
See the Support chapter for additional conditions and restrictions on these functions.




2. Summary of VSIPL Types [Summary of VSIPL Types]

2.1. Type - Introduction

Notes: Highlight (inthe VSIPL TY PES section only) denotes an implementation dependent name, type or
value. ANSI C macros found in this section are defined in float.h and limits.h. The basic scalar types are;

* Floating point
« Denoted with suffix _f , which is one or more of the types:
o _f(float)
e _d(double)
e and _| (long double)
 Portable precision types

» _f6 Foating point types with at least 6 decimal digits of accuracy. |EEE 754 single precision (32
bit) has 6 decimal digits of accuracy.

» _f15 Floating point types with at least 15 decimal digits of accuracy. |EEE 754 double precision
(64 bit) has 15 decimal digits of accuracy.

« _fn Floating point type with at least n decimal digits of accuracy. If the system supports
such a precision, it resolves to the smallest C type based on the values of FLT_MANT_DIG,
DBL_MANT_DIG, or LDBL_MANT_DIG.

* Integer
» Denoted with suffix _i which is one or more of the types:
e c(char)
e _uc (unsigned char)
e s (shortint)
e _us(unsigned short int)
e _i(int)

e _u(unsigned int)

_li (long int)

e _ul (unsigned long int)

_II'(long long int)
e _ull (unsigned long long int)

* _vi (unsigned long int)
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 Portable precision types

+ Of at least n bits:
e _il8int of at least 8 bits
e _il16int of at least 16 bits
e _il32int of at least 32 bits
e _il64int of at least 64 bits
e _ilnint of at least n bits
e _ul8unsigned int of at least 8 hits
e _ull6unsigned int of at least 16 bits
e _ul32unsigned int of at least 32 bits
e _ul64 unsigned int of at least 64 bits
e _ulnunsigned int of at least n hits

» Of exactly n hits:
e _ieB8int of exactly 8 bits
e _iel6int of exactly 16 hits
e _ie32int of exactly 32 hits
e _ie64int of exactly 64 hits
e _ienint of exactly n bits
e _ueB unsigned int of exactly 8 bits
e _uel6 unsignedint of exactly 16 bits
e _ue32 unsigned int of exactly 32 bits
e _uebd unsigned int of exactly 64 bits
e _uenunsigned int of exactly n bits

» Fastest type of at least n bits:
o _if8fastest int of at least 8 bits
e _ifl6 fastest int of at least 16 bits
o if32fastest int of at least 32 bits

e _if64 fastest int of at least 64 bits

e _ifnfastest int of at least n bits 7
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e _uf8unsigned fastest int of at least 8 bits

e _Uf16 unsigned fastest int of at least 16 bits
o _uf32 unsigned fastest int of at least 32 bits
e _uf64 unsigned fastest int of at least 64 bits

e _ufnunsigned fastest int of at least n bits

Integer or Floating point

» Denoted with suffix _p, whichistheunionof _f and _i .
* Boolean

e Logica fasefor zero, and logical true for non-zero.

* Denoted with suffix: _bl

Vector Index
» Unsigned integer denoting the index of a vector element. The vector index of the element Xx; isi.

¢ Denoted with suffix: _vi

Matrix Index

* Unsigned integer denoting the index of a matrix element. The matrix index of the element x; ;, is
the 2-tuple {z, j}.

« Denoted with suffix: _mi
» Tensor Index

* Unsigned integer denoting the index of a 3-tensor element. The tensor index of the element x; ; x
isthe 3-tuple{i, j, k}.

¢ Denoted with suffix: ti

2.2. Scalar

2.2.1. Real Scalar

#define VSIP_ Pl MPI

#define VS| P_MAX_SCALAR L LDBL_MAX
#def i ne VSI P_MAX_SCALAR D DBL_MAX
#define VS| P_MAX_SCALAR F FLT_MAX
#define VSI P_MAX_SCALAR LI LONG MAX
#define VSI P_MAX_SCALAR UL ULONG MAX
#define VSI P_MAX_SCALAR | | NT_MAX
#define VSI P_MAX_SCALAR_ U Ul NT_MAX
#define VS| P_MAX_SCALAR S| SHRT MAX
#define VSI P_MAX_SCALAR_US USHRT MAX
#def i ne VS| P_MAX_SCALAR_C CHAR MAX
#define VSI P_MAX_SCALAR_UC UCHAR MAX
#define VSIP_MN_SCALAR L LDBL_M N
#define VSI P_MN_SCALAR D DBL_M N
#define VSIP_MN_SCALAR F FLT M N
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#define VSI P_M N_SCALAR LI LONG M N
#define VSI P_M N_SCALAR UL O

#define VSIP_M N_SCALAR | INT_MN

#define VSI P_M N_SCALAR U 0

#define VSI P_M N_SCALAR SI SHRT_M N
#define VSI P_M N_SCALAR _US 0

#define VSI P_M N_SCALAR C CHAR M N

#defi ne VSI P_M N_SCALAR _UC 0

#i f def LLONG_MAX

#def i ne VSI P_MAX_SCALAR LL LLONG MAX
#defi ne VSI P_MAX_SCALAR ULL ULLONG MAX
#define VSI P_M N_SCALAR LL LLONG M N
#define VSI P_M N_SCALAR ULL 0O

#endi f /* LLONG MAX */

typedef |ong double vsip_scalar_|;

typedef doubl e vsip_scal ar_d;

typedef float vsip_scalar_f;

typedef signed long int vsip_scalar_li;
typedef unsigned |long int vsip_scalar_ul;
typedef signed int vsip_scalar_i;

typedef unsigned int vsip_scal ar_u;
typedef signed short int vsip_scalar_si;
typedef unsigned short int vsip_scal ar_us;
typedef signed char vsip_scal ar_c;

typedef unsigned char vsip_scal ar_uc;

#i f def LLONG_MAX

typedef signed long long vsip_scalar_Il; /* Non-ANSI C */
typedef unsigned |long |long vsip_scalar_ull; /* Non-ANSI C */
#endi f /* LLONG MAX */

2.2.2. Complex Scalar

typedef struct { vsip_scalar_p r, i; } vsip_cscalar_p;

2.2.3. Boolean

typedef unsigned int vsip_scalar_bl;
typedef vsip_scal ar_bl vsip_bool;
#define VSIP_FALSE 0

#define VSIP_TRUE 1

However, just asin ANSI C, testing equality of booleans that are true may not result in alogical true.

vsi p_bool a;
vsi p_bool b;

/* a and b may both be true, but the logical test may return false */
if(a ==b)

/* true */

/* false */

2.2.4. Index

Vector index
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typedef unsigned long int vsip_scalar_vi;

Matrix index

typedef struct { vsip_scalar_vi r,c;} vsip_scalar_m;

Tensor index

typedef struct { vsip_scalar_vi z,y,x;} vsip_scalar_ti;

Element index; a synonym for vector index

typedef vsip_scalar_vi vsip_index;
#def i ne VSI P_MAX_SCALAR VI ULONG _MAX
#define VSI P_M N_SCALAR VI 0

2.2.5. Offset, Stride, Length
Unsigned offset in elements

typedef vsip_scalar_vi vsip_offset;

Stride in elements between successive elementsin memory along adimensions (row, column for matrices,
or X, Y, Z for tensors)

typedef signed long int vsip_stride;

Unsigned length in elements, a synonym for vector index

typedef vsip_scalar_vi vsip_|length;

2.3. Random Number Generator

Object type for the random number generator’ s state information.

struct vsip_randomnst at e;
typedef struct vsip_randonstate vsip_randstate;

Enumerated type for the preferred random number generator.

typedef enum

VSIP_PRNG = 0, /* Portable random nunber generator */
VSI P_NPRNG = 1 /* Non-portabl e random nunber generator */

} vsip_rng;

2.4. Block Object

Hint used when allocating VSIPL data memory for a block object.

typedef enum

{
VSI P_MEM NONE = 0, /* No hint */
VSI P_MEM RDONLY = 1, /* Read Only */

10
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VS| P_MEM CONST = 2, /* Constant */

VS| P_MEM SHARED = 3, /* Shared */

VS| P_MEM SHARED_RDONLY = 4, /* Shared, Read Only */

VS| P_MEM SHARED CONST = 5 /* Shared, Constant */
} vsip_nenory_hint;

Enumerated type for the preferred memory storage layout of complex data.

typedef enum

{
VS| P_CWPLX | NTERLEAVED = 0, /* Interleaved */
VSIP_CWPLX_SPLIT = 1, /* Split, separate real and imaginary */
VSI P_CWPLX_NONE = 2 /* No preferred storage |ayout */

} vsip_cnpl x_nem
Object type for ablock of boolean data.

struct vsip_bl ockobject _bl;
typedef struct vsip_bl ockobject_bl vsip_bl ock_bl;

Object type for ablock of vector index data.

struct vsip_bl ockobj ect _vi;
typedef struct vsip_bl ockobject_vi vsip_bl ock_vi;

Object type for ablock of matrix index data.

struct vsip_bl ockobject_mi;
typedef struct vsip_bl ockobject_mi vsip_bl ock_mi

Object type for ablock of tensor index data.

struct vsip_bl ockobject _ti;
typedef struct vsip_bl ockobject_ti vsip_block_ti;

Object type for ablock of integer, floating point data.

struct vsip_bl ockobject _i;
typedef struct vsip_bl ockobject_i vsip_block_i;
struct vsip_bl ockobj ect _f;
typedef struct vsip_bl ockobject_f vsip_block_f;

Object type for ablock of complex integer, or complex floating point data.

struct vsip_chl ockobject _i;
typedef struct vsip_cbl ockobject_i vsip_cblock_i;
struct vsip_chl ockobj ect _f;
typedef struct vsip_cbl ockobject _f vsip_cblock_f;

2.5. Vector View
2.5.1. Real Vector View Object

Attribute structure for avector view of vector indices.

typedef struct

11
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vsi p_of fset of fset;

vsi p_stride stride;

vsi p_l ength | engt h;

vsi p_bl ock_vi *bl ock;
} vsip_vattr_vi;

Object type for avector view of vector indices.

struct vsip_vvi ewobj ect_vi;
typedef struct vsip_vviewobject_vi vsip_vview vi;

Attribute structure for a vector view of matrix indices.

typedef struct

{
vsi p_of fset of fset;
vsip_stride stride;
vsi p_l ength I ength;
vsi p_bl ock_m *bl ock;

} vsip_vattr_m;

Object type for avector view of matrix indices.

struct vsip_vvi ewobject_mi;
typedef struct vsip_vvi ewobject_m vsip_vview ni;

Attribute structure for avector view of tensor indices.

typedef struct

{
vsi p_of fset of fset;
vsi p_stride stride;
vsi p_l ength | ength;
vsi p_bl ock_ti *bl ock;

} vsip_vattr_ti;

Object type for avector view of tensor indices.

struct vsip_vvi ewobj ect_ti;
typedef struct vsip_vviewobject_ti vsip_vviewti;

Attribute structure for a vector view of booleans.

typedef struct

{
vsi p_of f set of fset;
vsi p_stride stride;
vsi p_l ength | ength;
vsi p_bl ock_bl *bl ock;

} vsip_vattr_bl;

Object type for avector view of booleans.

struct vsip_vvi ewobj ect _bl;
typedef struct vsip_vvi ewobject_bl vsip_vview bl;

12
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Attribute structure for a vector view of integer data.

typedef struct

{
vsi p_of f set of fset;
vsi p_stride stride;
vsi p_l ength | ength;
vsi p_bl ock_i *bl ock;

} vsip_vattr_i;

Object type for avector view of integer data.

struct vsip_vvi ewobj ect _i;
typedef struct vsip_vviewobject_i vsip_vview.i;

Attribute structure for a vector view of floating point data.

typedef struct

{
vsi p_of f set of fset;
vsip_stride stride;
vsi p_l ength I ength;
vsi p_bl ock_f *bl ock;

} vsip_vattr_f;

Object type for avector view of floating point data.

struct vsip_vvi ewobject _f;
typedef struct vsip_vviewobject f vsip_vviewf;

2.5.2. Complex Vector View

Attribute structure for a vector view of complex integer data.

typedef struct

{
vsi p_of fset of fset;
vsi p_stride stride;
vsi p_l ength | ength;
vsi p_chl ock_i *bl ock;

} vsip_cvattr_i;

Object type for avector view of complex integer data.

struct vsip_cvvi ewobj ect _i;
typedef struct vsip_cvvi ewobject_i vsip_cvview.i;

Attribute structure for a vector view of complex floating point data.

typedef struct

{
vsi p_of fset of fset;
vsi p_stride stride;
vsi p_l ength | engt h;
vsi p_chbl ock_f *bl ock;

} vsip_cvattr_f;

13
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Object type for avector view of complex floating point data.

struct vsip_cvvi ewobj ect_f;

typedef struct vsip_cvvi ewobject _f vsip_cvviewf;

2.6. Matrix View

/* Indicates the major menmory direction, along rows,

typedef enum

VSIP_RON= 0, /* Row, C style */
VSIP_COL =1 /* Columm, FORTRAN style */
} vsip_ngjor;

2.6.1. Real Matrix View Object

Attribute structure for amatrix view of booleans.

typedef struct

{
vsi p_of f set of fset;
vsip_stride col _stride;
vsi p_l ength col _I ength;
vsip_stride row stride;
vsip_l ength row_ | engt h;
vsi p_bl ock_bl *bl ock;

} vsip_mattr_bl;

Object type for amatrix view of booleans.

struct vsip_nvi ewobj ect_bl ;

typedef struct vsip_nvi ewobject_bl vsip_nview bl;

Attribute structure for amatrix view of integer data.

typedef struct

{
vsi p_of fset of fset;
vsip_stride col _stride;
vsip_l ength col _I ength;
vsip_stride row_stride;
vsip_l ength row_| engt h;
vsi p_bl ock_i *bl ock;

} vsip_mattr_i;

Object type for amatrix view of integer data.

struct vsip_nvi ewobj ect _i;

typedef struct vsip_nviewobject_i vsip_nview.;

Attribute structure for amatrix view of floating point data.

typedef struct

{
vsi p_of fset of fset;
vsi p_stride col _stride;
vsi p_l ength col _| engt h;
vsi p_stride row_stride;

or colums. */

14
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vsi p_l ength row_| engt h;
vsi p_bl ock_f *bl ock;
} vsip_mattr_f;

Object type for amatrix view of floating point data.

struct vsip_nvi ewobj ect _f;
typedef struct vsip_nviewobject_f vsip_nview f;

2.6.2. Complex Matrix View Object

Object type for amatrix view of complex integer or floating point data.

struct vsip_cnvi ewobj ect_p;
typedef struct vsip_cnviewobject_p vsip_cnview p;

Attribute structure for a matrix view of complex integer data.

typedef struct

{
vsi p_of fset of fset;
vsi p_stride col _stride;
vsi p_l ength col _| engt h;
vsi p_stride row_stride;
vsi p_l ength row_| engt h;
vsi p_cbl ock_i *bl ock;

} vsip_cmattr_i;

Object type for amatrix view of complex integer data.

struct vsip_cnvi ewobject _i;
typedef struct vsip_cnviewobject_i vsip_cnview.i;

typedef struct

{
vsi p_of fset of fset;
vsip_stride col _stride;
vsip_l ength col _I ength
vsip_stride row_stride;
vsi p_l ength row_| engt h;
vsi p_cbl ock_f *bl ock;

} vsip_nmattr_f;

Object type for amatrix view of complex floating point data.

struct vsip_cnvi ewobj ect _f;
typedef struct vsip_cnviewobject_f vsip_cnview f;

2.7. Tensor View

/* Indicates the major nmenory direction for a tensor; C style with trailing dinension,
or FORTRAN style with the | eadi ng dinension. */
typedef enum

VSIP_TRAILING = 0, /* Trailing dinension, Cstyle */
VSI P_LEADI NG = 1 /* Leadi ng Di nension, FORTRAN style */
} vsip_tmgjor;

15
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/* Specifies a 2-D slice of a tensor. */
typedef enum

{
VSIP_TMYX = 0, /* Y- X Submatrix */
VSIP_TMZX =1, [* Z- X Submatrix */
VSI P_TMZY = 2 [* Z- Y Submatrix */

} vsip_tnslice;

/* Specifies a 1-D slice of a tensor.*/

typedef enum

{
VSIP_TVX = 0, /* X Subvector */
VSIP_TVY = 1, /* Y Subvector */
VSIP_TVZ = 2 [* Z Subvector */

} vsip_tvslice;

typedef enum

{

VSIP_TTRANS_NCP = 0, /* No transpose */

VSI P_TTRANS_YX = 1, /* Y — X transpose */

VSI P_TTRANS_ZY = 2, /* Z — Y transpose */

VSI P_TTRANS_ZX = 3, /* Z — X transpose */

VSI P_TTRANS_YXZY = 4, [* Y — X & Z — Y transpose */
VSI P_TTRANS_YXZX =5 [* Y

} vsip_ttrans;

2.7.1. Real Tensor View Object

Attribute structure for a tensor view of booleans.

typedef struct

{
vsi p_of fset of fset;
vsip_stride z_l ength;
vsip_length z_stride;
vsip_stride y_length;
vsip_length y_stride;
vsip_stride x_Il ength;
vsip_l ength x_stride;
vsi p_bl ock_bl *bl ock;

} vsip_tattr_bl;

Object type for atensor view of booleans.

struct vsip_tvi ewobject_bl;

- X & Z - X transpose */

typedef struct vsip_tviewobject_bl vsip_tview bl;

Attribute structure for atensor view of integer data.

typedef struct

{
vsi p_of fset of fset;
vsip_stride z_l ength;
vsip_length z_stride;
vsip_stride y_length;
vsip_length y_stride;
vsip_stride x_l ength;
vsip_length x_stride;
vsi p_bl ock_i *bl ock;

} vsip_tattr_i;

Object type for atensor view of integer data.
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struct vsip_tvi ewobject_i;
typedef struct vsip_tviewobject_i vsip_tview.;

Attribute structure for atensor view of floating point data.

typedef struct

{
vsi p_of fset of fset;
vsi p_stride z_Il ength;
vsi p_length z_stride;
vsi p_stride y_Ilength;
vsi p_length y_stride;
vsi p_stride x_I ength;
vsi p_l ength x_stride;
vsi p_bl ock_f *bl ock;

} vsip_tattr_f;

Object type for atensor view of floating point data.

struct vsip_tviewbject_f;
typedef struct vsip_tviewobject_f vsip_tviewf;

2.7.2. Complex Tensor View Object

Object type for atensor view of complex integer or floating point data.

struct vsip_ctvi ewobj ect_p;
typedef struct vsip_ctviewobject_p vsip_ctview p;

Attribute structure for atensor view of complex integer data.

typedef struct

{
vsi p_of fset of fset;
vsi p_stride z_Il ength;
vsi p_length z_stride;
vsi p_stride y_length;
vsi p_length y_stride;
vsi p_stride x_Iength;
vsi p_l ength x_stride;
vsi p_cbl ock_i *bl ock;

} vsip_ctattr_i;

Object type for atensor view of complex integer data.

struct vsip_ctviewbject_i;
typedef struct vsip_ctviewobject_i vsip_ctview.;

Attribute structure for atensor view of complex floating point data.

typedef struct

{
vsi p_of fset of fset;
vsi p_stride z_Il ength;
vsi p_length z_stride;
vsi p_stride y_length;
vsi p_length y_stride;
vsi p_stride x_Ilength;
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vsi p_l ength x_stride;
vsi p_cbl ock_f *bl ock;
} vsip_ctattr_f;

Object type for atensor view of complex floating point data.

struct vsip_ctvi ewbject_f;
typedef struct vsip_ctvi ewobject_f vsip_ctviewf;

2.8. Signal Processing

/* Hint for howto optimize an object. */
typedef enum
{
VSIP_ ALGTIME =0, /* Mninm ze execution time */
VSI P_ALG SPACE = 1, /* Mnim ze nmenory required */
VSIP_ALGNOSE =2 /* Mnimze conputational noise, Mximze Accuracy */
} vsip_al g_hint;

/* For filter and convol ution kernels, specifies the symretry of the kernel. */
typedef enum
{
VS| P_NONSYM = 0, /* Non-symmetric */
VS| P_SYM EVEN LEN ODD = 1, /* (Even) Symmetric, odd |ength */
VS| P_SYM EVEN _LEN EVEN = 2 /* (Even) Symmetric, even length */
} vsip_symetry;

/* For filters, convolutions, and correlations; specifies the region over which
the output result is computed. */
typedef enum
{
VS| P_SUPPORT_FULL = 0, /* Maximumregion */
VS| P_SUPPORT_SAME = 1, /* Input and output sane size */
VS| P_SUPPORT_M N = 2 /* Region w thout zero extending the kernel, reference */
} vsip_support _region;

28.1. FFT

/* Enunerated type to indicate forward or inverse FFT. */
typedef enum

VS| P_FFT_FWD
VSI P_FFT_I NV
} vsip_fft_dir;

-1, /* Forward */
1 /* Inverse (or reverse) */

/* Enunerated type to indicate in place or out of place conputation. */
typedef enum

VSIP_FFT_IP = 0, /* In-Place */
VSIP_FFT_OP = 1 /* CQut-of-Place */
} vsip_fft_place;

/* Attribute structure for a 1-D FFT object. */
typedef struct
{
vsi p_scalar_vi input; /* Input length */
vsi p_scal ar_vi output; /* Qutput length */
vsi p_fft_place place; /* In-Place/Qut-of-Place */
vsi p_scal ar_p scal e; /* Scal e factor */
vsip_fft_dir dir; /* Forward or Inverse */
} vsip_fft_attr_p;

/* Attribute structure for a multiple 1-D FFT. */
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2.8.2 [Filtering]

typedef struct

{
vsip_scalar_m input; /* Input size, Mby N */
vsi p_scal ar_m output; /* CQutput size, P by Q*/
vsi p_fft_place place; /* In-Place/Qut-of-Place */

vsi p_scal ar_p scal e; /* Scal e factor */
vsip_fft_dir dir; /* Forward or Inverse */
VSi p_mmaj or mgj or; /* By Row Col */

} vsip_fftmattr_p;

/* Attribute structure for a 2-D FFT. */

typedef struct

{
vsi p_scalar_m input; /* Input size, Mby N */
vsi p_scalar_m output; /* CQutput size, P by Q*/
vsi p_fft_place place; /* In-Place/Qut-of-Place */
vsi p_scal ar_p scal e; /* Scal e factor */
vsip_fft_dir dir; /* Forward or Inverse */

} vsip_fft2d_attr_p;

/* Attribute structure for a 3-D FFT. */

typedef struct

{
vsi p_scalar_ti input; /* Input size, P by Mby N */
vsi p_scalar_ti output; /* Qutput size, S by Qby R*/
vsi p_fft_place place; /* In-Place/Qut-of-Place */
vsi p_scal ar_p scal e; /* Scal e factor */
vsip_fft_dir dir; /* Forward or Inverse */

} vsip_fft3d_attr_p;

/* Object type for a 1-D FFT. */

struct vsip_fftobject_p;

typedef struct vsip_fftobject_p vsip_fft_p;

/* Object type for a nultiple 1-D FFT. */
struct vsip_fftnobject_p;

typedef struct vsip_fftmobject_p vsip_fftmp;
/* Object type for a 2-D FFT. */

struct vsip_fft2dobject_p;

typedef struct vsipfft2d_object_p vsip_fft2d_p;
/* Object type for a 3-D FFT. */

struct vsip_fft3dobject_p;

typedef struct vsip_fft3dobject_p vsip_fft3d_p;

2.8.2. Filtering

/* Object type for an FIRfilter. */
struct vsip_firobject_p;
typedef struct vsip_firobject_p vsip_fir_p;
/* Object type for a conmplex FIR filter. */
struct vsip_cfirobject_p;
typedef struct vsip_cfirobject_p vsip_cfir_p;
/* Object type for an IR filter. */
struct vsip_iirobject_p;
typedef struct vsip_iirobject_p vsip_iir_p;
/* Enunerated type indicating if state information
shoul d be saved in the filter object. */
typedef enum
{
VSI P_STATE_NO_SAVE = 1, /* Don't save state, single call filter */
VS| P_STATE_SAVE = 2 /* Save state for continuous filtering */
} vsip_obj_state;

/* Attribute structure for areal FIRfilter. */
typedef struct
{

vsi p_scal ar_vi kernel _len; /* Kernel length */
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2.8.3 [Convolution]

VSi p_symmetry synmm /* Kernel symetry */

vsi p_scal ar_vi in_len; /* Filter input segment |ength */
vsi p_scal ar_vi out_| en; /* Filter output segnent |ength */
vsi p_l ength deci mati on; /* Decimation factor */

vsi p_obj _state state; /* Save state information */

} vsip_fir_attr_f;

/* Attribute structure for a conplex FIRfilter. */
typedef struct

{
vsi p_scal ar_vi kernel _len; /* Kernel length */
VSi p_symmetry synmm /* Kernel symetry */
vsi p_scal ar_vi in_len; /* Filter input segment |ength */
vsi p_scal ar_vi out_| en; /* Filter output segnent |ength */
vsi p_l ength deci mati on; /* Decimation factor */
vsi p_obj _state state; /* Save state information */

} vsip_cfir_attr_f;

/* Attribute structure for an IR filter. */
typedef struct

{
vsi p_Il engt h n2nd; /* Number of 2nd order sections */
vsi p_scal ar_vi seg_| en; /* Filter input/output segnent |ength */
vsi p_obj _state state; /* Save state information */

} vsip_iir_attr_f;

2.8.3. Convolution

/* Object type for a 1-D convolution. */

struct vsip_convldobject_p;

typedef struct vsip_convldobject_p vsip_convld_p;
/* Object type for a 2-D convolution. */

struct vsip_conv2dobj ect _p;

typedef struct vsip_conv2dobject_p vsip_conv2d_p;
/* Attribute structure for a 1-D convol ution. */
typedef struct

{
vsi p_scal ar_vi kernel _| en; /* Kernel length, M*/
VSi p_symmetry synmm /* Kernel symetry */
vsi p_scal ar_vi data_l en; /* Data input length */
VSi p_support_regi on support; /* CQutput region of support */
vsi p_scal ar_vi out_| en; /* Qutput length */
vsi p_l ength deci mati on; /* Qutput decimation factor, D */

} vsip_convld_attr_f;
/* Attribute structure for a 2-D convolution. */
typedef struct

{
vsi p_scal ar_m kernel _size; /* Kernel size, Mby N */
vsi p_symmetry symm /* Kernel symmetry */
vsip_scal ar_m in_size; /* Data input size, P by Q*/
vsi p_support_region support; /* Qutput region of support */
vsi p_scal ar_m out_si ze; /* Qutput size, S by T */
vsi p_l engt h deci mati on; /* Qutput decimation factor, D */

} vsip_conv2d_attr_f;

2.8.4. Correlation

/* Object type for a 1-D correlation. */

struct vsip_corrldobject_p;

typedef struct vsip_corrldobject_p vsip_corrld_p;
/* Object type for a 2-D correlation. */

struct vsip_corr2dobj ect _p;

typedef struct vsip_corr2dobject_p vsip_corr2d_p;
/* Object type for a conplex 1-D correlation. */
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2.8.5 [Histogram]

struct vsip_ccorrldobject_p;

typedef struct vsip_ccorrldobject_p vsip_ccorrld_p;

/* Qbject type for a conplex 2-
struct vsip_ccorr2dobject _p;

D correlation. */

typedef struct vsip_ccorr2dobject_p vsip_ccorr2d_p;

/* Enunmerated type to indicate
correlation estimte. */
typedef enum

VSIP_BIASED = 0, [/*

cal cul ati on of biased or

Bi ased */

VSI P_UNBI ASED = 1 /* Unbi ased */

} vsip_bi as;

/* Attribute structure for

typedef struct

{
vsi p_scal ar_vi ref_len;
vsi p_scal ar_vi data_l en;
VSi p_support _regi on support;
vsi p_scal ar_vi |ag_len;
vsi p_corrld_attr_p;

a 1-

/* Attribute structure for a 1-

typedef struct

{
vsi p_scal ar_vi ref_len;
vsi p_scal ar_vi data_l en;
VSi p_support _regi on support;
vsi p_scal ar_vi |ag_len;

} vsip_ccorrld_attr_p;

/* Attribute structure for

typedef struct

{
vsi p_scal ar_m ref_size;
vsi p_scal ar_mi data_si ze;
VSi p_support _regi on support;
vsi p_scal ar_m out_si ze;

} vsip_corr2d_attr_p;

/* Attribute structure for a 2-

typedef struct

{
vsi p_scal ar_m ref_size;
vsi p_scal ar_mi data_si ze;
VSi p_support _regi on support;
vsi p_scal ar_m out_si ze;

} vsip_ccorr2d_attr_p;

2.8.5. Histogram

/* Hi stogram accurul ate option.
typedef enum
{
VSI P_H ST_RESET = 1,
VS| P_HI ST_ACCUM
} vsip_hist_opt;

2.9. Linear Algebra

a 2-

D correlation. */

/* Reference length */

/* Data input length */

/* Qutput region of support */
/* Qutput (lags) length */

D conpl ex correlation. */

/* Reference length */

/* Data input length */

/* Qutput region of support */
/* Qutput (lags) length */

D correlation. */

/* Reference size, Mby N */
/* Data input size, P by Q*/
/* Qutput region of support */
/* Qutput size, Sby T */

D conpl ex correlation. */
/* Reference size, Mby N */
/* Data input size, P by Q*/

/* Qutput region of support */
/* Qutput size, Sby T */

*/

/* Hi stogram Reset */
2 [/* Hi stogram Accumul ate */

/* Matrix transformation operation. */

typedef enum

{
VSI P_MAT_NTRANS = 0, /*
VSIP_MAT_TRANS = 1, /* Matri
VS| P_VAT_HERM
VSI P_MAT_CONJ

} vsip_nmat_op;

3 [* Matri

No transformation */

x Transpose */

2, /* Matrix Hermitian (Conjugate Transpose)

x Conjugate */

unbi ased

*/
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2.9.1[Solvers]

2.9.1. Solvers

29.1.1. LU

/* Attribute structure for an LU matrix deconposition object. */
typedef struct
{
vsip_length n; /* Matrix size is N by N */
} vsip_lu_attr_f;
/* Attribute structure for a conmplex LU matrix deconposition object. */
typedef struct
{
vsip_length n; /* Matrix size is N by N */
} vsip_clu_attr_f;
/* Object type for an LU matrix deconposition. */
struct vsip_luobject_f;
typedef struct vsip_luobject_f vsip_lu_f;
/* Object type for a conplex LU matrix deconposition. */
struct vsip_cl uobject_f;
typedef struct vsip_cluobject_f vsip_clu_f;

2.9.1.2. Cholesky

2.9.1.3. QR

/* Attribute structure for a Chol esky natrix object. */
typedef struct
{
vsip_length n; /* Matrix size is N by N */
} vsip_chol _attr_f;
/* Attribute structure for a conplex Chol esky natrix object. */
typedef struct
{
vsip_length n; /* Matrix size is N by N */
} vsip_cchol _attr_f;
/* Object type for a Chol esky matrix system */
struct vsip_chol dobj ect _f;
typedef struct vsip_chol dobject_f vsip_chol _f;
/* Object type for a conplex Chol esky matrix system */
struct vsip_cchol dobj ect _f;
typedef struct vsip_cchol dobject _f vsip_cchol _f;

/* Enunerated type to indicate if op(Q is applied on the left or right */
typedef enum

VS| P_VAT_LSI DE

VS| P_VAT_RSI DE
} vsip_nmat _si de;
/* Enunerated type to indicate if the matrix Qis retained */
typedef enum
{

VSI P_QRD_NOSAVEQ = 0, /* Do not save Q */

VSI P_QRD_SAVEQ = 1, /* Save Q */

VSI P_QRD_SAVEQL = 2 /* Save Skinny Q */

0, /* Left side */
1 /* Right side */

} vsip_qrd_qgopt;

issue 18262

/* Sel ects between the covariance and |inear |east squares problem*/
typedef enum
{

VSI P_COV = 0, /* Solve a covariance |inear system problem */
VSI P_LLS =1 /* Solve a linear |east squares problem*/

} vsip_qrd_prob;

/* Attribute structure for a QRD natrix object. */

typedef struct
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2.9.1.4[SVD]

{
vsi p_length m /* Input matrix is Mby N */
vsip_length n; /* Input matrix is Mby N */
vsi p_qrd_opt Qopt; /* Matrix Qis saved/ not saved */

} vsip_qr_attr_f;
/* Attribute structure for a conplex QRD matri x object. */
typedef struct

{
vsi p_length m /* Input matrix is Mby N */
vsip_length n; /* Input matrix is Mby N */
vsi p_qrd_opt Qopt; /* Matrix Qis saved/ not saved */

} vsip_cqr_attr_f;

/* Attribute structure for a QR matrix deconposition object. */

struct vsip_grobject_f;

typedef struct vsip_qrobject_f vsip_qgr_f;

/* Attribute structure for a conmplex QR matrix deconposition object. */
struct vsip_cqrobject_f;

typedef struct vsip_cqrobject_f vsip_cqr_f;

2.9.1.4.SVD

/* Enunerated type to indicate */
typedef enum
{
VSIP_SVD UWNOS = 0, /* No colums/rows of UV are conputed */
VS| P_SVD_UVFULL 1, /* All colums/rows of UV are conputed */
VSIP_SVD UWPART = 2 /* First mn{M N} colums/rows of UV are conputed */
} vsip_svd_uv;
/* Attribute structure for a real SVD matrix object. */
typedef struct

{
vsi p_length m /* Input matrix is Mby N */
vsi p_l ength n; /* Input matrix is Mby N */
vsi p_svd_uv Usave; /* Columms of U conputed */
vsi p_svd_uv Vsave; /* Colums of V conputed */

} vsip_sv_attr_f;
/* Attribute structure for a conplex SVD matri x object. */
typedef struct

{
vsip_length m /* Input matrix is Mby N */
vsi p_l ength n; /* Input matrix is Mby N */
vsi p_svd_uv Usave; /* Columms of U conputed */
vsi p_svd_uv Vsave; /* Columms of V conputed */

} vsip_csv_attr_f;

/* Attribute structure for an SVD nmatri x object. */
struct vsip_svobject_f;

typedef struct vsip_svobject_f vsip_sv_f;

Attribute structure for a conplex SVD matrix object.
struct vsip_csvdobject_f;

typedef struct vsip_csvdobject_f vsip_csv_f;
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3. Support Functions [Support Functions]

3.1. Introduction

This section covers the support functions needed by VSIPL. These support functions include routines to
initialize and to finalize V SIPL function usage, aswell asto create, destroy, and manipulate V SIPL block
and view objects. The support functions are divided into five sections, describing library initialization
and finalization functions, array and block object functions, vector view functions, matrix view functions,
and tensor view functions. In each of the latter four sections, the functions may be divided into creation,
destruction, and manipulation functions.

3.1.1. Library Initialization and Finalization

Before any other VSIPL functions can be caled, the VSIPL library must be initialized by a cal to
vsi p_i ni t . Conversely, any program that uses V SIPL and that terminatesmust call vsi p_fi nal i ze
before terminating.

To support third party librariesthat use V SIPL without the knowledge of the application programmer, calls
tovsi p_i nit andvi sp_fi nal i ze functions may be nested. In addition, sequencesof vsi p_i ni t
andvsi p_final i ze pairsmay occur in agiven program. The following program is legal:

/* Exanpl e of nesting and sequence of init/finalize */
#i ncl ude “vsip.h”

int main()

{

/* Nested vsip_init and vsip_finalize */
vsip_init ((void *)0);

vsip_init ((void *)0);

vsi p_finalize ((void *)0);

vsip_finalize ((void *)0);

/* No VSIPL calls pernitted here..*/
vsip_init ((void *)0);

/* A second appearance of VSIPL calls */
vsi p_finalize ((void *)0);

return O;

If vsi p_i nit andvsi p_final i ze functions are called multiple times, then the calls must be made
inpairs. Theintermediatevsi p_i ni t cals(after thefirst) and theintermediatevsi p_fi nal i ze calls
(before the one corresponding to the first vsi p_i ni t cal) may have little or no effect. If the VSIPL
library hasnot beeninitialized, or hasbeenterminated, no callsto VSIPL functionsother thanvsi p_i ni t
are alowed.

The user must destroy all VSIPL objects before calling vsip_finalize. In the case of nested cals to
vsip_init andvsi p_finalize,al VSIPL objects must be destroyed before the outermost call to
vsip_finalize.

3.1.2. Object Creation and Destruction

Functions to create and destroy each particular type of object are included. A block is typicaly created
first, followed by one or more views of the block. Every VSIPL object that is created must eventually be
destroyed. All views on ablock should be destroyed before the block is destroyed. Convenience functions
are included to create both a block and a view of the block with a single call. These functions return the

24



3.1.2.1 [Block Object Manipulation]

view. The view encompasses all the datain the block, and contains the block object pointer as an attribute.
Convenience functions are also included to destroy aview and a block together when the view in question
is the only one that references the block. This function is the dual of the view creation function. For the
vector view, these convenience functions are called vsip_vcreate p and vsip_valldestroy p.

3.1.2.1. Block Object Manipulation

In order to create a block, avsi p_dbl ockcreate_p or vsi p_dbl ockbi nd_p function is used.
Thevsi p_dbl ockcr eat e_p functionscreateaVSIPL block. Thevsi p_dbl ockbi nd_p functions
create a user block.

Blocks do not have attributes that can be directly manipulated, but they exist in either the released or
admitted state, as explained in the introduction. A released block may be admitted to VSIPL, at which
time the block functions like any other VSIPL block. When the application programmer wishes to access
the data directly, ablock in an admitted state must first be released from V SIPL. The purpose of defining
an admitted state is to provide the V SIPL implementation the opportunity to operate on the VSIPL object
in any manner necessary for optimum performance without making such optimizations visible to the
application programmer. Potential optimizationsinclude, but are not limited to, deferred execution, explicit
management of a hierarchical memory system, and use of system specific resources.

VSIPL effectively owns the data in an admitted block. The purpose of release is to give ownership of the
data back to the application programmer. When an admitted block is released, all operations on the data
associated with that block must be completed before the rel ease function returns the block to the rel eased
State.

A user block may be admitted and released multiple times during the application, and it is possible that
the data in the associated user data array may not be required by the application during any individual
admit or release operation. To provide the implementor with an opportunity for further optimization, the
admit and release function each provide a boolean update flag. If this flag is false then the data need not
be maintained during a particular admit or release operation.

A VSIPL block is one created directly by VSIPL using aVSIPL create function which allocates memory
for the block object and the data array. A VSIPL block is created in the admitted state and may not be
released. To access this data the application programmer must use a V SIPL access function (such as get
or put), or must copy the data to a block which may be released. Only blocks bound to a user data array
(user blocks) may be released.

3.1.2.2. View Object Manipulation

Vector, matrix, and tensor view objects allow the user to treat data in a block as one, two, or three-
dimensional objects (respectively). All view objects have four categories of attributes: the block that they
are bound to, an offset from the start of the block, and a stride and length for each dimension of the view
object. The block attribute can be read by the user but not altered after the view is created. Functions are
provided for the user to read and set the other view attributes.

VSIPL provides functions that allow a view to be created as a subset of another view. For higher-
dimensional view objects (matrices and tensors), additional functions provide the ability to view part of
the data set as a lower-dimensional object.

3.1.3. Complex Blocks and Views

As described in the introduction, a complex data array is not necessarily an array of complex scalars.
For VSIPL data, the internal behavior of complex objects is hidden from the application programmer by
the implementation. In the case of user data complex arrays are defined as either interleaved, which is
sequential memory locations of real/imaginary pairs; or as split, which is real in sequential order in one
section of memory, and imaginary in matching sequential order in another section of memory. For split
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3.1.4[Real Views of Real or Imaginary Parts of Complex Views]

complex, thememory for thereal part may not necessarily be contiguouswith the memory of theimaginary
part. Upon admission of auser complex block to VSIPL, the layout of the datais no longer visibleand is
implementation dependent. Upon release of a user complex block from VSIPL the complex layout is the
same as when the block was initially created.

The stride, length and offset of complex data are in terms of a complex element. The stride and offset
of real or imaginary views of complex data are vendor dependent and must be probed using get attribute
functions if the information is needed. For admitted VSIPL objects the data array is controlled by the
implementation. To manipulate complex data VSIPL functions provided for that purpose must be used.

3.1.4. Real Views of Real or Imaginary Parts of
Complex Views

Functionsare availablewhich allow oneto retrieve areal view of thereal or imaginary portion of acomplex
view. The returned view acts like any other real view. It is possible to make subviews of it, query it to
obtain its real block and attributes, and to use the attribute information to bind other views to the space
encompassed by the real block. These views have the following specia conditions:

1 Theattributeinformation (block, offset, stride, and length) of areal view obtained from acomplex view
are vendor dependent.

2 The underlying data space of the real view is owned by the complex block of the complex view that
thereal view was derived from.

3 Itisan error to destroy the block of any real view derived from acomplex view. The view is destroyed
in the normal manner, but the block bound to it is destroyed by the implementation when the complex
block is destroyed.

4 Real blocks derived from complex views bound to user data may not be directly admitted or released.
Such blocks are admitted or released when the complex block bound to the user data is admitted or
released.

5 Using a block find on areal block derived from a complex block bound to user data will produce a
null value.

3.1.5. Examples

Examples in the Support section are, for the most part, code fragments. For complete examples, see the
chapter on Vector and Elementwise operations.

3.2. Initialization/Finalization Operations

Two functions, vsip_init and vsip_finalize, are provided to control the initialization and finalization of
VSIPL. The use of these initialization and finalization functions is required for all VSIPL programs.
Programs that never terminate (e.g., periodic loops) need never invoke the finalization function, but all
programs that terminate must first call vsip_finalize. All programs must use the vsip_init function before
calling other VSIPL functions. These functions may be nested in order to support third party and nested
libraries. It is correct to initialize and finalize VSIPL an arbitrary number of times during the lifetime of
aprogram.

vsip_init(); /* Initialization Function */
vsip_finalize() /* Finalization (or termination) Function */

3.2.1.vsi p_init - lInitialize the library

Provides initialization, allowing the implementation to allocate and set any global state, and prepare to
support the use of VSIPL functionality by the user.
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3.2.2[vsip finalize - Terminate thelibrary]

Functionality

Thisrequired function informsthe VSIPL library that library initialization is requested, and that other
VSIPL functionswill be called. Each implementation does as much or aslittle internally asis needed
in order to support V SIPL services. Someimplementations may do little or nothing at this stage, while
others may do quite a bit of resource management. All programs must call this function at least once.
The exampleillustrates acanonical form of aV SIPL program. It may be called multipletimesaswell,
with corresponding callsto vsip_finalize to create nested pairs of initialization/termination. Only the
final vsip_finalize call will actually deinitialize the library. Intermediate calls to vsip_init may have
little or no effect, but support easy program/library devel opment through compositional programming,
where the user may not even know that alibrary itself invokes VSIPL. The single void* argument is
reserved for future purposes. The NULL pointer should be passed to it for VSIPL 1.4 compliance.

Prototypes N_ issue 18263

int vsip_init(void *)

Arguments

Thereisno argument value to be passed other than (void *)0 at thispoint. Thisisan argument reserved
for future purposes.

Return Value
Returns 0 if the initialization succeeded, and non-zero otherwise.

Restrictions
This function may be called anytime during the execution of the program.

Errors

Notes/References

All programs must use the initialization function (vsip_init) before calling any other VSIPL functions.
Unsuccessful initialization of the library isnot an error. It is always signaled via the function’ s return
value, and should always be checked by the application. Several modes of usage of the initialize/
terminate are supported: nested (init/init/code/finalize/finalize), sequences (init/code/finalize ... init/
codeffinalize), and generalizations of these.

Examples

/* Canonical formof a VSIPL program */
#i ncl ude "vsip.h"
int main()
{
/* no VSIPL calls except: vsip_init() at this stage */
vsip_init((void *)0);
/* all VSIPL calls here
including pairs of vsip_init() and vsip_finalize()... */
vsi p_finalize((void *)0);
/* no VSIPL calls until another vsip_init */
return O

}

See Also
vsip finalize

3.2.2.vsi p_finalize - Terminate the library

Provides cleanup and releases resources used by VSIPL (if the last of a nested series of calls), allowing
an implementation to guarantee that any resources allocated by vsip_init are no longer in use after the

call is complete.
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3.3[Array and Block Object Functions]

Functionality

This required function informs the VSIPL library that it is not being used anymore by a program, so
that all needed global state and hardware state can be returned. Each implementation does as much or
aslittleinternally asis needed in order to support cleanup of VSIPL services. Some implementations
may do little or nothing at this stage, while others may do quite a bit of resource management. All
programs must call thisfunction at least onceif they terminate. If the program does terminate, the last
VSIPL function called must be an outermost vsip_finalize. Because nested vsip_init’s are supported,
so are nested vsip finalize's. The user must explicitly destroy all VSIPL objects before calling this
functionif thisisan“outermost” vsip_finalize. When nesting initializations, thereisno need to destroy
all objects prior to calling this function, but the user is obliged to keep track of the nesting depth if
programs are written in such a manner.

Prototypes

int vsip_finalize(void *);

Arguments

issue 18263

Thereis areserved argument, which must have the value (void *)0 for VSIPL 1.4 compliance.

Return Value
Returns0if thefinalization succeeded, and non-zero otherwise. Non-outermost vsip_finalize' salways
return “success.”

Restrictions
This function may only be called if a previous vsip_init call has been called, with no previous
corresponding vsip_finalize.

Errors
An outermost vsip_finalize function produces an error if there are any VSIPL objects not destroyed.

Notes/References
The user program is always responsible for returning resources it is no longer using by destroying
V SIPL objects. An outermost finalization function (vsip_finalize) will return resourcesthat it allocated
previously with vsip_init. Non-outermost vsip_finalize's aways return zero (success).

Several modes of usage of the initialize/terminate are supported: nested (init/init/code/finalize/
finalize), sequences (init/code/finalize ... init/code/finalize), and generalizations of these.

Examples
See example for vsip_init.

See Also
vsip_init

3.3. Array and Block Object Functions

This section coversthe functions needed to create, destroy, and manipulate VSIPL blocks. A VSIPL block
includes state information about the status of the blocks data (admitted or released), and the type of data
arrays associated with the block (user and/or VSIPL data arrays). Blocks of type vsip_block_p (ared
block) also must contain state information to indicate if they are a derived block (derived from a complex
block). A block of type vsip_cblock _p must contain information about any real block derived from it. In
addition, in development mode, the block includes information about the size of the data array the block
references, and the number of vector, matrix or tensor objects that are bound to the block.

vsip_dblockadmit_p Block Admit
vsip_blockbind p Memory Block Bind
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3.3.1[vsip_dblockadmit_p]

3.3.1. vsip_

vsip_cblockbind_p

Complex Memory Block Bind

vsip_dblockcreate p

Memory Block Create

vsip_dblockdestroy p

Memory Block Destroy

vsip_blockrebind_p

Block Rebind

vsip_blockfind_p

Memory Block Find

vsip_cblockfind_p

Memory Complex Block Find

vsip_chlockrebind p

Complex Block Rebind

vsip_blockrelease p

Block Release

vsip_chlockrelease p

Complex Block Release

vsip_complete

Complete Deferred Execution

vsip_cstorage p

Complex Storage

vsip_cstorage Deprecated; see Notes to Implementors

dblockadmit_p
Admit aVSIPL block for VSIPL operations.

Functionality
Admits a VSIPL block, vsip_dblock p, for VSIPL operations on the associated views. Admission
changes the ownership of the user data array to VSIPL, and the user should not operate on the data
array after the block isadmitted. It returns non-zero if the admission fails. A true update flag indicates
that the datain the block shall be made consistent with the userspecified data array. If the update flag
is false the data in the block is implementation dependent and the user should consider the block to
contain undefined data.

Prototypes
int vsip_blockadmt_f(vsip_block f *block, vsip_scalar_bl update);
int vsip_cblockadmt_f(vsip_cbhlock f *block, vsip_scalar_bl update);
int vsip_blockadmt _i(vsip_block_ i *block, vsip_scalar_bl update);
int vsip_cblockadmt_i(vsip_cblock i *block, vsip_scalar_bl update);
int vsip_blockadmt_bl (vsip_bl ock_bl *block, vsip_scalar_bl update);
int vsip_blockadmt_vi(vsip_block vi *block, vsip_scalar_bl update);
int vsip_blockadmt_m (vsip_block_m *block, vsip_scalar_bl update);
int vsip_blockadmt_ti(vsip_block ti *block, vsip_scalar_bl update);
Arguments
block
Pointer to ablock object.
update
Boolean flag where true indicates that the data array values must be maintained during the state
change.
Return Value
Returns zero on success and non-zero on failure.
Restrictions
Errors

The arguments must conform to the following:
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3.3.2[vsip_blockbind p]

1. The block object must be valid.

Notes/References
Itisnot an error to admit ablock that is aready in the admitted state.

The intent of using afalse update flag is that if the data in the user array is not needed, then thereis
no need to force consistency between the block object’s data and the user-specified data array with
apotential copy operation.

Examples
See example with vsip_dblockrelease p.

See Also
vsi p_cbl ockbi nd_p, vsi p_bl ockbi nd_p, vsi p_bl ockadnit _p,
vsi p_cbl ockadm t _p, vsi p_dbl ockr el ease_p, vsi p_bl ockfind_p,

vsi p_cbl ockfind_p,andvsi p_dbl ockdestroy_p.
3.3.2. vsip_blockbind_p
Create and bind a VSIPL block to user alocated (user data array) memory.

Functionality
Creates areal VSIPL block object, vsip_block_p, and binds the block object to a user-defined user
data array. The data array should contain at least N vsip_scalar_p elements. The function returns a
pointer to the block object. The block is created in the released state and must be admitted to V SIPL
before calling VSIPL functions that operate on the data.

Prototypes

vsi p_bl ock_f *vsip_bl ockbi nd_f (vsip_scalar_f *data, vsip_length N
vsi p_nmenory_hint hint);
vsi p_bl ock_i *vsip_bl ockbind_i (vsip_scalar_i *data, vsip_length N
vsi p_nmenory_hint hint);
vsi p_bl ock_bl *vsi p_bl ockbi nd_bl (vsi p_scal ar_bl *data, vsip_length N
vsi p_nmenory_hint hint);
vsi p_bl ock_vi *vsi p_bl ockbi nd_vi (vsi p_scal ar _vi *data, vsip_length N
vsi p_nmenory_hint hint);
vsi p_bl ock_m *vsi p_bl ockbi nd_m (vsi p_scal ar_vi *data, vsip_length N
vsi p_nmenory_hint hint);
vsi p_bl ock_ti *vsip_bl ockbind_ti(vsip_scalar_vi *data, vsip_length N
vsi p_nmenory_hint hint);

Arguments

data
Pointer to a data array of contiguous memory containing at least N vsip_scalar_p elements.

N
Number of elements, of user data array, to which a user block, vsip_block_p, is bound.

hint
Memory hint

Return Value
Returns a pointer of type vsip_block _p, or returns null if the block bind fails.

Restrictions
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3.3.3[vsip_chlockbind p]

Errors
The arguments must conform to the following:

1. Thedataarray size, N, must be greater than zero.
2. The memory hint must be avalid member of the vsip_memory_hint enumeration.

Notes/References
It isacceptableto bind ablock to anull pointer for initialization purposes. However, it must be bound
to anon-null pointer before it can be admitted.

Examples
To create a block and bind a user data array (memory) large enough to hold an M by N matrix of
type double:

#i ncl ude <vsip. h>

vsip_scalar_d AM* N;
vsi p_bl ock_d *Abl ock = vsi p_bl ockbi nd_d(A, M* N, VSIP_MEM NONE)
if (NULL == Ablock) error("Bind of Ato Ablock failed");

See Also
vsi p_dbl ockcreate_ p, vsi p_bl ockfind_p, vsi p_bl ockrebi nd_p,
vsi p_dbl ockadm t _p, vsip_bl ockrel ease p, vsip_blockdestroy p, and
vsi p_cbl ockbi nd_p.

3.3.3. vsip_cblockbind_p
Create and bind a VSIPL complex block to user allocated (user data array) memory.

Functionality
Createsacomplex VSIPL block object, vsip_cblock p, and bindsthe complex block object to either a
single user-defined user dataarray, or to two user-defined dataarrays. Inthe case of asingledataarray,
the array must contain 2N vsip_scalar_p elements. For two data arrays, each array should contain N
vsip_scalar_p elements. The block is created in the released state and must be admitted to VSIPL
before calling VSIPL functions that operate on the data.

Prototypes

vsi p_cbl ock_f *vsi p_cbl ockbi nd_f (vsi p_scal ar_f *datal

vsi p_scal ar_f *data2

vsi p_length N, vsip_nenory_hint hint);
vsi p_cbl ock_i *vsip_cbl ockbind_i (vsi p_scal ar_i *datal

vsi p_scal ar_i *data2

vsi p_length N, vsip_nenmory_hint hint);

Arguments

datal
If data2 is null, then datal is a pointer to a data array of contiguous memory containing at |least
2N vsip_scalar_p elements. The even elements of the data array contain the real part values, and
the odd elements contain the imaginary part values. The data are stored in interleaved complex
form. Note that the first element is considered to be even because index values start at zero.

If data2 is not null, then datal is a pointer to a data array of contiguous memory containing at
least N vsip_scalar_p elements. The data array contains the real part values. The data are stored
in split complex form.
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data2
If data2 is null, then the data are stored in interleaved complex form.

If data? is not null, then it is a pointer to a data array of contiguous memory containing at least
N vsip_scalar_p elements. The data array contains the imaginary part values. The data are stored
in split complex form.

N

Number of complex elements, of a user data array, to which a user block of type vsip_cblock_p
is bound.

hint
Memory hint

Return Value
Returns a pointer of type vsip_cblock_p, or returns null if the block bind fails.

Restrictions

Errors
The arguments must conform to the following:

1. Thedataarray size, N, must be greater than zero.
2. The memory hint must be avalid member of the vsip_memory_hint enumeration.
3. The datal pointer must be valid — non-null if the data2 pointer is non-null.

Notes/References

It is acceptable to bind ablock to anull pointer for initialization purposes. However, it must be bound
to anon-null pointer before it can be admitted.

Complex datain the released state istreated as either interleaved or split as described above. A single
user data array is used for storing complex data in the interleaved form. Two (identically sized) user
data arrays, one for the real part and one for imaginary part, are used for storing complex datain the
split form. The function vsip_cstorage will return an indicator of the desired storage format of the
particular implementation. However, either storage format will work once admitted to VSIPL.

Examples
To create a block and bind user data array (memory) large enough to hold an M by N split complex
matrix of type double:

#i ncl ude <vsip. h>
vsip_scalar_d AiI[MN, AglMN;

vsi p_cbl ock_d *Abl ock = vsi p_cbl ockbi nd_d(Ai, Ag, MN, VSIP_MEM NONE);
if (NULL == Ablock) error("Bind of Ato Ablock failed");

See Also
vsip_dblockcreate p, vsip_cblockfind p, vsip_cblockrebind p, vsip_cblockadmit_p,
vsip_cblockrelease p, vsip_cblockdestroy p, vsip_blockbind p, and vsip_cstorage p.

3.3.4. vsip_dblockcreate_p

Creates a VSIPL block and binds a (VSIPL allocated) data array (memory) to it.
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Functionality
Creates an admitted VSIPL block object (vsip_dblock p) and allocates data array memory (VSIPL
data) for N elements. The size of the data array is at least N*sizeof(vsip_scalar_p) bytes for real
data, or 2*N*sizeof(vsip_scalar_p) bytes for complex data. The function binds the block object
to the allocated data memory and returns a pointer to the block object. Data arrays created using
vsip_dblockcreate p can only be accessed using VSIPL functions. Information that would allow
direct manipulation, such as a pointer to the data array, is not available.

Prototypes

vsi p_bl ock_f *vsip_bl ockcreate_f(vsip_length N, vsip_nenory_hint hint);
vsi p_bl ock_i *vsip_bl ockcreate_i(vsip_length N, vsip_nenory_hint hint);

vsi p_cbl ock_f *vsip_cbl ockcreate_f(vsip_length N, vsip_mermory_hint hint);
vsi p_cbl ock_i *vsip_cbl ockcreate_i(vsip_length N, vsip_nenory_hint hint);
vsi p_bl ock_bl *vsip_bl ockcreate_bl (vsip_length N, vsip_mermory_hint hint);
vsi p_bl ock_vi *vsip_bl ockcreate_vi (vsip_length N, vsip_nenory_hint hint);
vsi p_bl ock_m *vsip_bl ockcreate_m (vsip_length N, vsip_mermory_hint hint);
vsi p_bl ock_ti *vsip_blockcreate_ti(vsip_length N, vsip_nenory_hint hint);
Arguments
N
Number of elements to allocate for the data array.
hint
Memory hint (see xxx)
Return Value
Returns a pointer of type vsip_dblock p, or null if the block create fails.
Restrictions
Errors

The arguments must conform to the following:
1. Thedataarray size, N, must be greater than zero.
2. The memory hint must be a valid member of the vsip_memory_hint enumeration.

Notes/References
V SIPL data space allocated using the bl ock create function isvendor dependent. The dataare admitted
and the pointer to the data space is hidden. The layout of the data in memory is vendor dependent.
The data are accessed asif they were logically contiguous with an offset, stride(s), and length(s) into
the data space. Offset, strides and lengths are in units of the data type.

Note to Implementors: memory allocation shall not be deferred.

Examples
To create ablock large enough to hold an M by N matrix of type double:

vsi p_bl ock_d *Abl ock = vsip_bl ockcreate_d(MN, VSIP_MEM NONE);
if (NULL == Ablock) error("Create of Ablock failed");

To create a block large enough to hold a complex vector of type complex double and length N:

vsi p_cbl ock_d *Abl ock = vsip_cbl ockcreate_d(N, VSIP_MEM NONE);
if (NULL == Ablock) error("Create of Ablock failed");
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See Also
vsip_blockbind p, vsip_blockadmit_p, vsip_blockrelease p, vsip_blockfind p, and
vsip_blockdestroy p.

3.3.5. vsip_dblockdestroy p

Destroy (free) a VSIPL block object and any data array(s) allocated for it by VSIPL.

Functionality
Destroys (frees) aVSIPL block object, vsip_block_p, and any VSIPL data array.

Prototypes

voi d vsi p_bl ockdestroy_f (vsi p_bl ock_f *bl ock);

voi d vsi p_bl ockdestroy_i (vsi p_bl ock_i *bl ock);

voi d vsi p_cbl ockdestroy_f (vsi p_cbl ock_f *bl ock);
voi d vsi p_cbl ockdestroy_i (vsi p_cbl ock_i *bl ock);
voi d vsi p_bl ockdestroy_bl (vsi p_bl ock_bl *bl ock);
voi d vsi p_bl ockdestroy_vi (vsi p_bl ock_vi *bl ock);
voi d vsi p_bl ockdestroy_mi (vsi p_bl ock_m *bl ock);
voi d vsi p_bl ockdestroy_ti (vsip_block_ti *block);

Arguments

block
Pointer to a block object.

Return Value
None.

Restrictions

Errors
The arguments must conform to the following:

1. The block object must be valid. It is not amistake to destroy anull pointer.
2. The block object must not be derived from a complex block object.

Notes/References
If necessary, the programmer can determine the pointer(s) to the user bound array(s) with a call to
vsip_dblockfind_f before the (released) block is destroyed.

Destroying an admitted block bound to auser dataarray(s) may not update the datain the user array(s).
An argument of null isnot an error.

Examples
Destroy aVSIPL block object.

{
vsi p_bl ock_bl * xbl ock = vsi p_bl ockcreate_bl (1000, VSI P_MEM NONE)

vsi p_bl ockdest roy_bl (xbl ock);
}

See Also
vsip_dblockcreate p, vsip_blockbind_p, vsip_cblockbind p
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3.3.6. vsip_blockfind_p

Find the pointer to the data bound to a VSIPL released block object.

Functionality
Returnsthe address of the user dataarray bound to aV SIPL released block. If the block isnot released
anull pointer is returned. Note that if the block was bound to NULL and isin the rel eased state then
anull pointer will be returned.

Prototypes

vsi p_scal ar _f *vsip_bl ockfind_f(const vsip_block_f *block);
vsip_scal ar_i *vsip_bl ockfind_i(const vsip_block_i *block);
vsi p_scal ar _bl *vsip_bl ockfind_bl (const vsip_block_bl *bl ock);
vsi p_scal ar _vi *vsip_bl ockfind_vi (const vsip_block_vi *block);
vsi p_scal ar _vi *vsip_bl ockfind_m (const vsip_block_m *block);
vsi p_scal ar _vi *vsip_blockfind_ti(const vsip_block_ti *block);

Arguments

block
Pointer to a block object.

Return Value
Returns a pointer of type vsip_scalar_p to the released block’ s data array, or null if the block object
isnot in the released state. Note that if the block is released and bound to a NULL then a null pointer
is also returned.

Restrictions

Errors
The arguments must conform to the following:

1. The block object must be valid.

Notes/References
Although the datain a derived block is released when the parent block is released the derived block
is never in areleased state so blockfind will fail and return null. To find the data for a derived block
the parent block must be queried.

Examples

See Also
vsip_dblockcreate p, vsip_dblockbind_p, and vsip_dblockdestroy p.

3.3.7. vsip_cblockfind_p

Returns the pointers to the user data array(s) bound to a VSIPL released complex block object,
vsip_cblock p, or nullsif the complex block object data are in the admitted state.

Functionality
Returns pointers to the user data arrays bound to a VSIPL released complex block object,
vsip_cblock p, or null if the block object data are in the admitted state.

Prototypes

voi d vsi p_cbl ockfind_f(const vsip_cblock_f *bl ock
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3.3.8[vsip_blockrebind_p]

vsi p_scal ar_f **datal, vsip_scalar_f **data2);
voi d vsi p_cbl ockfind_i (const vsip_cblock_i *bl ock
vsi p_scal ar_i **datal, vsip_scalar_i **data2);

Arguments

block
Pointer to a block object.

datal
Output - Pointer to a pointer to the data array, or data array for the real values. Returns null if
the complex block isin the admitted state.

data2
Output - Pointer to anull pointer, or to the previous data array for the imaginary values. Returns
null if the complex block isin the admitted state or if the previous binding wasto datain complex
interleaved form.

Return Value
None.

Restrictions

Errors
The arguments must conform to the following:

1. Theblock object must be valid.

2. The pointers to the user data arrays must be valid — non-null.
Notes/References
Examples

See Also
vsip_dblockcreate p, vsip_dblockbind p, and vsip_dblockdestroy p

3.3.8. vsip_blockrebind_p
Rebind aVSIPL block to user-specified data.

Functionality
Rebinds an existing VSIPL released real block object, vsip_block_p, to anew (previously allocated)
user dataarray. It must contain at least N, vsip_scalar_p, elementswhere N isthe number of elements
in the existing block object. An attempt to rebind either a derived block object, or ablock object that
isin an admitted state, will fail. In either case a null will be returned. Otherwise, it returns a pointer
to the old user data array.

Prototypes

vsi p_scal ar_f *vsi p_bl ockrebi nd_f (vsi p_bl ock_f *bl ock, vsip_scalar_f *data);
vsi p_scal ar_i *vsi p_bl ockrebi nd_i (vsi p_bl ock_i *bl ock, vsip_scalar_i *data);
vsi p_scal ar_bl *vsi p_bl ockrebi nd_bl (vsi p_bl ock_bl *bl ock, vsip_scalar_bl *data);
vsi p_scal ar_vi *vsi p_bl ockrebi nd_vi (vsi p_bl ock_vi *bl ock, vsip_scalar_vi *data);
vsi p_scal ar_vi *vsi p_bl ockrebi nd_mi (vsi p_bl ock_m *bl ock, vsip_scalar_vi *data);
vsi p_scal ar_vi *vsi p_bl ockrebind_ti (vsip_block_ti *block, vsip_scalar_vi *data);
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Arguments

block

Pointer to a block object.

data

Pointer to auser data array of contiguous memory containing at least N vsip_scalar_p elements
to be bound to the block.

Return Value
Returns a pointer to the previous data array bound to the block, or null if the block isin an admitted
State.

Restrictions
Rebind does not alow you to change the number of elementsin a block.

Errors

The arguments must conform to the following:

1. The block object must be valid.

2. The user dataarray pointer must be valid —non-null.

Notes/References
Rebind does not allow you to change the number of elementsin ablock. However, there is no method
to determine that the data pointer being bound is a valid pointer to an array of the proper size.

A derived block is not releasable and so may not be rebound. When the parent block is released and
rebound to user data the corresponding datain the derived block is changed.

The block must be admitted to VSIPL before calling VSIPL functions that operate on the data. The
intent of rebind isto support efficient dynamic binding of buffers for /0.

Examples
Ping-Pong I/O buffering.

#i ncl ude <vsip. h>

#def i ne BUFSI ZE 1000

extern const volatile vsip_scalar_f *buf_ping, *buf_pong;

int pingpong = 0;

vsi p_bl ock_f* buf_bl k = vsi p_bl ockbi nd_f (buf _pi ng, BUFSI ZE, VS| P_MEM NONE);
vsi p_vview f* buf = vsip_vbind_f(buf_blk, 0,1, N);

whi | e{ 1)

{

/* Wait until data ready in buf_ping (buf_pong) */
wait_until_data_ready();
pi ngpong = ! pi ngpong;

/* Rel ease buf _pong (buf_ping) */
vsi p_bl ockr el ease_f (buf _bl k, VS| P_FALSE) ;

/* Start DMA of next data frame into buf_pong (buf_ping) */

/* Rebind and admit buf_ping (buf_pong) */

dme_write((vsip_bl ockrebind_f (buf_blk, (pingpong ? buf_ping : buf_pong)));
vsi p_bl ockadmi t _f (buf _bl k, VSIP_TRUE);

/* Do sone processing using buf_ping */

do_some_processi ng_w th_buf();
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See Also
vsip_dblockcreate p, vsip_dblockbind_p, vsip_dblockfind_p, and vsip_dblockdestroy _p

3.3.9. vsip_cblockrebind_p

Rebind aVSIPL complex block to user-specified data.

Functionality
Rebinds an existing VSIPL released complex block object, vsip_cblock_p, to either a single new
(previoudly alocated) user-defined user data array, or to two new (previously allocated) user-defined
data arrays. In the case of asingle data array, the array must contain 2N vsip_scalar_p elements. For
two data arrays, each array should contain N vsip_scalar_p elements. An attempt to rebind a block
object that isin an admitted state will fail, and null will be returned. Otherwise, it returns a pointer
to the old user data array.

Prototypes

voi d vsi p_cbl ockrebi nd_f (vsi p_cbl ock_f *bl ock,

vsi p_scal ar_f *datal, vsip_scalar_f *data2,

vsi p_scal ar_f **prevdatal, vsip_scalar_f **prevdata2);
voi d vsi p_cbl ockrebi nd_i (vsi p_cbl ock_i *bl ock,

vsi p_scal ar_i *datal, vsip_scalar_i *data2,

vsi p_scal ar_i **prevdatal, vsip_scalar_i **prevdata2);

Arguments

block
Pointer to complex block object

datal
If data? is null, then datal is a pointer to a user data array of contiguous memory containing at
least 2N vsip_scalar_p elements. The even elements of the data array contain thereal values, and
the odd elements contain the imaginary values. The data are stored in interleaved complex form.
Note that the first element is considered to be even because index values start at zero.

If data2 is not null, then datal is a pointer to a user data array of contiguous memory containing
at least N vsip_scalar_p elements, whose elements contain the real values. The data are stored
in split complex form.

data2
If data2 is null, then the data are stored in interleaved complex form.

If data2 is not null, then it is a pointer to a user data array of contiguous memory containing
at least N vsip_scalar_p elements, whose elements contain the imaginary values. The data are
stored in split complex form.

prevdatal
Output - Pointer to a pointer to the previous user data array, or user dataarray for the real values.
Returns null if the complex block isin the admitted state.

prevdata?
Output - Pointer to a null pointer, or to the previous user data array for the imaginary values.
Returns null if the complex block is in the admitted state or if the previous binding was to data
in complex interleaved form.
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Return Value
None.

Restrictions
Complex rebind does not allow you to change the number of elementsin ablock.

Errors
The arguments must conform to the following:

1. The block object must be valid.
2. The pointers to the user data arrays must be valid — non-null.

Notes/References
Complex rebind does not allow you to change the number of elementsin ablock. However, thereisno
method to determine that the data pointer being bound isavalid pointer to an array of the proper size.

The block must be admitted to VSIPL before calling VSIPL functions that operate on the data. The
intent of rebind is to support efficient dynamic binding of buffersfor 1/0.

Examples

See Also
vsip_dblockcreate p, vsip_dblockbind p, vsip_dblockfind_p, and vsip_dblockdestroy _p

3.3.10. vsip_blockrelease_p
Release a VSIPL block for direct user access.

Functionality
Releases a VSIPL block object, vsip_block_p, to allow direct user access of the data array. Block
objects created by vsip_dblockcreate p and derived blocks cannot be released. An attempt to do so
will return anull. A true update flag indicates that the data in the user-specified data array shall be
updated to match the data associated with the block. If the update flag isfal se the state of the user data
isimplementation dependent, and the user data array should be assumed to contain undefined data.

Prototypes

vsi p_scal ar_f *vsi p_bl ockrel ease_f (vsi p_bl ock_f *bl ock, vsip_scalar_bl update);
vsi p_scal ar_i *vsi p_bl ockrel ease_i (vsi p_bl ock_i *bl ock, vsip_scalar_bl update);
vsi p_scal ar_bl *vsi p_bl ockrel ease_bl (vsi p_bl ock_bl *bl ock, vsip_block_bl update);
vsi p_scal ar_vi *vsi p_bl ockrel ease_vi (vsi p_bl ock_vi *block, vsip_scalar_bl update);
vsi p_scal ar_vi *vsi p_bl ockrel ease_m (vsi p_bl ock_m *block, vsip_scalar_bl update);
vsi p_scal ar_vi *vsi p_bl ockrel ease_ti (vsip_block_ti *block, vsip_scalar_bl update);

Arguments

block
Pointer to block object

update
Boolean flag where true indicates that the block object’ s data must be maintained during the state
change.

Return Value
Returns null if the block release fails, otherwise it returns the pointer to the data array.
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Restrictions

Errors
The arguments must conform to the following:

1. The block object must be valid.

Notes/References
It isnot an error to release a block that is already in the released state.

Release causes any deferred execution associated with the block object, and any changes to the data
array, to be completed before the function returns.

Theintent of using afalse update flag is that if the data in the block object is no longer needed, then
there isno need to force consistency between the block object’ s data and the user-specified data array
with a potential copy operation.

If the block is a derived block, derived from a complex block, only the complex block object can be
released and admitted.

Examples
Add two vectors together.

#i ncl ude <vsip. h>

int i

vsip_scalar_d a[N], c[N];

vsi p_bl ock_d

*abl k = vsip_blockbind_d (a, N, VSIP_MEM NONE)
*cbl k = vsip_blockbind_d (c, N, VSIP_MEM NONE)
vsi p_vvi ew_d

*va = vsip_vbind_d(ablk, 0, 1, N)

*vb = vsip_vcreate_d(N, VSIP_MEM NONE)

*vc = vsip_vbind_d(cblk, 0, 1, N)

for (i=0; i<N, i++) a[i] = cosh(2*MPI*i/N)
vsip_vranp_d(0.0, 1.0/N, vb);

vsi p_bl ockadmi t _d( abl k, VSI P_TRUE)

vsi p_vadd_d(va, vb, vc);

vsi p_bl ockr el ease_d(cbl k, VSI P_TRUE)

for (i=0; i<N, i++) printf("c[%] = %\n",i,c[i]);

See Also
vsip_dblockcreate p,  vsip_blockadmit_p, vsip blockrelease p, vsip_blockfind p, and
vsip_blockdestroy_p.

3.3.11. vsip_cblockrelease_p
Release a complex block from VSIPL for direct user access.

Functionality
Releases a VSIPL complex block aobject, vsip_cblock p, for direct user access to the data array(s).
Block objectscreated by vsip_dblockcreate p cannot bereleased. An attempt to do sowill return nulls
in both pointer values. A true update flag indicates that the datain the userspecified data array shall be
updated to match the data associated with the block. If the update flag isfal se the state of the user data
isimplementation dependent, and the user data array should be assumed to contain undefined data.

Prototypes

voi d vsi p_cbhl ockrel ease_f (vsi p_cbl ock_f *bl ock, vsip_scalar_bl update
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vsi p_scal ar_f **datal, vsip_scalar_f **data2);
voi d vsi p_cbl ockrel ease_i (vsi p_cbl ock_i *bl ock, vsip_scal ar_bl update,
vsi p_scal ar_i **datal, vsip_scalar_i **data2);

Arguments

block
Pointer to block object

update
Boolean flag where true indicates that the block object’ s datamust be maintained during the state
change.

datal

Pointer to output data array - If the pointer returned in data2 is null, then the pointer returned in
datal isapointer to auser dataarray of contiguous memory containing at least 2N vsip_scalar_p
elements. The even elements of the data array contain the real part values and the odd elements
contain the imaginary part values. The data are stored in interleaved complex form. Note that the
first element is considered to be even because index values start at zero. If the pointer returned in
data2 is not null, then the pointer returned in datal is a pointer to a user data array of contiguous
memory containing at least N vsip_scalar_p elements, whose elements contain the rea part
values. The data are stored in split complex form.

data2
Pointer to output data array - If the pointer returned in data2 is null, then the data are stored in
interleaved complex form. If the pointer returned in data2 is not null, then it isapointer to auser
data array of contiguous memory containing at least N vsip_scalar_p elements, whose elements
contain the imaginary part values. The data are stored in split complex form.

Return Value
None.

Restrictions

Errors
The arguments must conform to the following:

1. The block object must be valid.
2. The pointers to the user data arrays must be valid — non-null.

Notes/References
It isnot an error to release a block that is already in the released state.

Release causes any deferred execution associated with the complex block object, and any changesto
the data, to be completed before the function returns.

The intent of using a false update flag is that if the datain the block object is no longer needed, then
there isno need to force consistency between the block object’ s data and the user-specified data array
with a potential copy operation.

Thisfunction returnseither asingle pointer to the user dataarray, asthethird argument (for interleaved
complex data), or two pointers to the user data arrays as the third and fourth arguments (for split
complex data). In the case of interleaved complex data, the fourth argument will be returned as null.
If the block is not releasable, both pointers will be returned as null.
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Examples
Thefirst example below illustrates a split cblockrelease:

#i ncl ude <stdio. h>
#include <stdlib. h>
#i ncl ude <vsip. h>

#define N 829

int main ()
{ . .
int i;
vsi p_cscalar_f X, Y;
vsi p_scalar_f datl1[N], dat2[N]; /* input data arrays */
vsi p_scal ar_f *addrl, *addr2; /* returned data pointers */
/* Input conplex scalar */
Xr =2.0;
X i =0.0;
/* Input data sets */
for (i =0; i <N i++)
{
dat1[i]
dat 2[i]

(vsip_scalar _f)( i);
(vsip_scalar _f)(-i);

}
/* Initialize VSIPL */

vsip_init((void *)0);

/* Bind data to a conplex block */
vsi p_cbl ock_f *cblock = vsip_cbl ockbind_f(datl, dat2, N, VSIP_MEM NONE);
vsi p_cvview f *cdat = vsip_cvbind_f(cblock, 0, 1, N);
/* Admit the block into VSIPL */
vsi p_chl ockadmi t _f (cbl ock, VSIP_TRUE);
/* Multiply in-place the conplex data type (datl,dat2) by X */
vsi p_csvnul _f(X, cdat, cdat);
/* Rel ease the bl ock back to the user */
vsi p_chbl ockr el ease_f (cbl ock, VSIP_TRUE, &addrl, &addr2);
/* Destroy the block and its views and data */
vsi p_cvdestroy_f(cdat);
vsi p_chl ockdestroy_f (cbl ock);
}
/* Finalize VSIPL */
vsi p_finalize((void *)0);
/* Print results using original pointers */
for (i =0; i <N i++)
printf("result % : %1f % 1f\n", i, datl[i], dat2[i]);
printf("\'n\n");
/* Print results using returned pointers */
for (i =0; i <N i++)

printf( "result(again) % : % 1f % 1f\n", i, *(addrl + i), *(addr2 + i) );
printf("\'n\n");
return O;

The second example below illustrates an interleaved cblockrel ease:

#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#i ncl ude <vsip. h>
#define N 829
int main ()
{ . .
int i;
vsi p_cscalar_f X, Y;
vsi p_scal ar_f dat1[2*N];
vsi p_scal ar_f *addrl, *addr2;
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/* Initialize VSIPL */

vsip_init( (void *)0 );

/* Input conplex scalar */

Xr =2.0;

X i =0.0;

/* lnput data sets */

for (i =0; i <2*N i +=2)

{
dat1[i] = (vsip_scalar_f)( i);
dat 1[i +1] = (vsip_scalar_f)(-i);

/* Bind data to a conplex block */
vsi p_cbl ock_f *cbl ock = vsip_cbl ockbi nd_f (
dat1, NULL, N, VSIP_MEM NONE);
vsi p_cvview f *cdat = vsip_cvbind_f(cblock, 0, 1, N);
/* Admit the block into VSIPL */
vsi p_cbl ockadnit _f (cbl ock, VSIP_TRUE);
/* Multiply in-place the conplex data by X */
vsi p_csvnul _f (X, cdat, cdat);
/* Rel ease the bl ock back to the user */
vsi p_cbl ockr el ease_f (cbl ock, VSIP_TRUE, &addrl, &addr2);
/* Destroy the block and its views and data */
vsi p_cvdestroy_f(cdat);
vsi p_cbl ockdestroy_f (cbl ock);
}
/* Finalize VSIPL */
vsip_finalize( (void *)0 );
/* Print results using the original pointer */
for (i =0; i <2*N, i +=2)
printf("result % : %1f % 1f\n", i, datl[i], datl[i+1]);
printf("\'n\n");
/* Note that a pointer to NULL is returned in addr?2.
* Only addrl is useful. Then print results using
* the returned pointer.*/
for (i =0; i <2*N i +=2)
printf("result(again) % : % 1f % 1f\n",
i, *(addrl + i), *(addrl +i + 1) );
printf("\'n\n");
return O;

See Also
vsi p_dbl ockcreate_p, vsi p_dbl ockadmi t _p, vsi p_bl ockrel ease_p,
vsi p_cbl ockfind_p,andvsi p_dbl ockdestroy_p

3.3.12. vsip_complete
Force all deferred VSIPL execution to complete.

Functionality
Forces al deferred VSIPL execution (limited to this thread on this processor) to complete and then
returns.

Prototypes

voi d vsip_conplete();

Arguments
None.

Return Value
None.
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Restrictions
None.

Errors
None.

Notes/References
The primary purpose of vsip_completeisfor debugging. Applications may be coordinating with other
libraries that share implementation knowledge with VSIPL. User application code cannot directly
observe the effects of deferred execution without using VSIPL private information.

Deferred execution is an implementation issue, and is an optional method to potentially improve
performance.

Examples
See Also
3.3.13. vsip_cstorage _p

Returns the preferred complex storage format, interleaved, split, or none for a precision type for this
implementation.

Functionality
Returns the preferred complex storage format. The preferred storage type can be dependent on the
precision if required for best performance. For instance float precision may have a preferred user data
type of split, and double precision may have a preferred user data type of interleaved.

Prototypes

vsi p_cnpl x_mem vsi p_cstorage_p();

Arguments
None.

Return Value
Enumerated type corresponding to preferred storage format.

Restrictions
None.

Errors
None.

Notes/References
Itisalso possibleto determine the preferred storage format at compiletime. Theincludefilevsi p. h
defines the value of VSIP._ CMPLX_MEM_Pto beoneof: { VSI P_CMPLX | NTERLEAVED P |
VSIP_ CVPLX SPLIT P | VSIP_CMPLX NONE P}.eg.

#define VSI P_CMPLX_MEM F (VSI P_CMPLX_SPLI T_F)
#define VSI P_CVMPLX_MEM D (VSI P_CMPLX_| NTERLEAVED D)

We note that the _P character in the macro is replaced with the appropriate capital for the supported
types. Wenotethisfunction replacesthevsip_cstorage function which has been deprecated and moved
to the end of the document. The original is retained in the specification to support code portability.
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This function allows for precision dependent preferred storage. For instance internal storage for float
might be split and for integer might beinterleaved or different precisions of float or integer may have
different internal storage requirements.

Examples

See Also
Thefunctionvsi p_cst or age isdeprecated. See section Notes to Implementors for this function.

3.4. Vector View Object Functions

A VSIPL block holds the data in a data array. A block can be viewed as a vector or matrix. Two or
more vector and/or matrix objects may reference the same block. There is no apparent difference to the
application programmer for operation by VSIPL library functions on blocks bound only to VSIPL data
arrays or (admitted) blocks associated with user data arrays.

A vector view object has the attributes of offset, stride, and length (humber) of elements.

Vector views can be treated as row vectors or column vectors. When used in conjunction with matrix view
objects they are normally treated as row vectors.

Vector view object functions are provided to:

 Create (constructors) vector view objects

Destroy (destructors) vector view objects,
» Modify/manipulate vector view objects, and

» Access functions for vector view objects.

vsip_dvalldestroy p

Destroy Vector and Block

vsip_dvbind_p

Create and Bind a Vector View

vsip_dvcloneview_p

Create Vector View Clone

vsip_dvcreate p

Create Vector

vsip_dvdestroy p

Destroy Vector View

vsip_dvget p

Vector Get Element

vsip_dvgetattrib_p

Vector Get View Attributes

vsip_dvgetblock_p

Vector Get Block

vsip_dvgetlength_p

Vector Get Length

vsip_dvgetoffset p

Vector Get Offset

vsip_dvgetstride p

Vector Get Stride

vsip_vimagview_p

Create Imaginary Vector View

vsip_dvput_p

Vector Put Element

vsip_dvputattrib_p

Put Vector View Attributes

vsip_dvputlength_p

Vector Put Length

vsip_dvputoffset p

Vector Put Offset

vsip_dvputstride p

Vector Put Stride

vsip_vrealview_p

Create Red Vector View
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‘vsi p_dvsubview_p ‘ Create Subview Vector View

3.4.1. vsip_dvalldestroy_p
Destroy (free) avector, its associated block, and any VSIPL data array bound to the block.

Functionality
Destroys (frees) a vector view object, the block object to which it is bound, and any VSIPL data
array. If visavector of typevsip_dvview_p thenvsi p_dval | destroy_p(Vv); isequivaentto
vsi p_dbl ockdestroy_p(vsi p_dvdestroy_p(v);

This is the complementary function to vsip_dvcreate p and should only be used to destroy vectors
that have only one view bound to the block object.

Prototypes

voi d vsip_val | destroy_f (vsip_vview f *v);

voi d vsip_val |l destroy_i (vsip_vview.i *v);

voi d vsip_cval | destroy_f (vsip_cvview f *v);
voi d vsip_cval | destroy_i (vsip_cvview.i *v);
voi d vsip_val | destroy_bl (vsi p_vview_ bl *v);
voi d vsip_val | destroy_vi (vsip_vview.vi *v);
voi d vsip_val |l destroy_m (vsip_vview. m *v);
voi d vsip_val |l destroy_ti(vsip_vviewti *v);

Arguments

%
Vector view object.

Return Value
None.

Restrictions

Errors
The arguments must conform to the following:

1. The vector view object must be valid. An argument of null is not an error.

2. The specified vector view must be the only view bound to the block.

3. The vector view must not be bound to a derived block (derived from a complex block).
Notes/References

If the vector view isbound to aderived block (derived from acomplex block) the complex block must

be destroyed to free the block and associated data.

An argument of null is not an error.

Examples

/* Create and destroy a sinple vector of 100 el ements. */
vsi p_vview f *v = vsip_vcreate_f((vsip_l ength)100, VSIP_MEM NONE);

vsi p_val | destroy_f(v);

46



3.4.2 [vsip_dvbind p]

See Also

vsi p_dbl ockcreate_p,
vsi p_dbl ockadm t _p,
vsi p_bl ockrebi nd_p,
vsi p_cbl ockfind_p,

vsi p_dvcreate _p,andvsi p_dvdestroy_p

3.4.2. vsip_dvbind_p

Create a vector view object and bind it to a block object.

Functionality
Creates a vector view object or returns null if it fails. If the view create is successful, it: (1) bindsthe
vector view object to the block object, (2) sets the offset from the beginning of the data array to the
beginning of the vector, the stride between scalar elements, and the length in elements (number of

vsi p_bl ockbi nd_p,
vsi p_bl ockrel ease_p,
vsi p_cbl ockrebi nd_p,
vsi p_dbl ockdestroy_p,

scalar elements), and (3) then returns a (pointer to the) vector view object.

Prototypes

vsi p_vview_ f *vsip_vbind_f(const vsip_block_f *block
VSi p_vvi ew_i

vsi p_cvvi ew_f
VSi p_cvvi ew_i
vsi p_vvi ew_bl
VSi p_vvi ew_vi
VSi p_vvi ew_mi

Vsi p_vview ti

Arguments

block

*vsi p_vbind_i (const vsip_bl ock_i

vsip_stride stride, vsip_length I ength);

*bl ock,

vsip_stride stride, vsip_length I ength);

*vsi p_cvbi nd_f (const vsip_chbl ock_f
vsip_stride stride
*vsi p_cvbind_i (const vsip_chl ock_i
vsip_stride stride
*vsi p_vbi nd_bl (const vsip_block_b
vsip_stride stride
*vsi p_vbi nd_vi (const vsip_block_v
vsip_stride stride
*vsi p_vbi nd_m (const vsip_bl ock_mi
vsip_stride stride
*vsi p_vbind_ti (const vsip_bl ock_t
vsip_stride stride

Pointer to block object.

offset

*bl ock, vsip_offset

vsip_l ength I ength);

*bl ock, vsip_offset

vsip_l ength I ength);

*bl ock, vsip_offset

vsip_l ength I ength);

*bl ock, vsip_offset

vsip_l ength I ength);

*bl ock, vsip_offset

vsip_l ength I ength);

*bl ock, vsip_offset

vsip_l ength I ength);

Vector view offset in elements relative to the base of block object.

stride

Vector view stride between scalar elements.

length

Vector view length in elements.

Return Value
The function returns a pointer to the created vector view object, or null if the memory allocation for
new object fails.

Restrictions

Errors

The arguments must conform to the following:

vsi p_cbl ockbi nd_p,
vsi p_cbl ockrel ease_p,
vsi p_bl ockfind_p,

vsi p_dvbi nd_p,

vsi p_of f set of fset,

vsi p_of f set of fset,

of f set,
of f set,
of f set,
of f set,
of f set,

of f set,
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1. The block object must be valid.
2. The offset must be less than the length of the block’s data array.

3. The stride, length, and offset arguments must not specify a vector view that exceeds the bounds
of the data array of the associated block.

Notes/References
It isimportant for the application to check the function’ s return value for amemory allocation failure.

Note to Implementors: In development mode, this function updates the number of bindings (reference
count) recorded in the block object.

Examples

See Also
vsi p_dbl ockcreate_p, vsi p_bl ockbi nd_p, vsi p_cbl ockbi nd_p,
vsi p_dbl ockadm t _p, vsi p_bl ockrel ease_p, vsi p_cbl ockrel ease_p,
vsi p_bl ockr ebi nd_p, vsi p_cbl ockrebi nd_p, vsi p_bl ockfind_p,
vsi p_cbl ockfind_p, vsi p_dbl ockdest roy_p, vsi p_dvcreate_p,

vsi p_dvdestroy_p,andvsi p_dval | destroy_p
3.4.3. vsip_dvcloneview _p
Create aclone of avector view.

Functionality
Creates a new vector view object, copies all of the attributes of the source vector view object to the
new vector view object, and then binds the new vector view object to the block object of the source
vector view object. This function returns null on amemory allocation (creation) failure; otherwise, it
returns a pointer to the new vector view object.

Prototypes

vsi p_vview_ f *vsip_vcloneview f(const vsip_vviewf *v);

vsi p_vview_i *vsip_vcloneview.i(const vsip_vview.i *v);

vsi p_cvview_ f *vsip_cvcl onevi ew f(const vsip_cvview f *v);
Vvsi p_cvview_i *vsip_cvcl oneview_ i (const vsip_cvview.i *v);
vsi p_vview_bl *vsip_vcl onevi ew bl (const vsip_vview bl *v);
VSi p_vview_vi *vsip_vcl onevi ew vi (const vsip_vview.yVvi *v);
vsi p_vview_m *vsip_vcloneview m (const vsip_vviewm *v);
vsi p_vview_ ti *vsip_vcloneview ti(const vsip_vviewti *v);

Arguments

v
Source vector view object.

Return Value
Returns a pointer to the created vector view object clone, or null if the memory allocation for new
object fails.

Restrictions

Errors
The arguments must conform to the following:
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1. The vector view object must be valid.

Notes/References
It is important for the application to check the return value for null in case of a memory allocation
failure.

Note to Implementors. In development mode, vsip_dvcloneview_p increments the number of
bindings (reference count) recorded in the block object.

Examples

See Also
vsi p_dvbi nd_p, vsip_dvcl onevi ew _p, vsi p_dvcreate_p, vsip_dvsubview p
Vsi p_vi magvi ew_p, vsi p_vreal view p

3.4.4. vsip_dvcreate_p
Creates ablock object and a vector view (object) of the block.

Functionality
Creates a block object with an N element VSIPL data array, it creates a unit stride vector view object
and then binds the block object to it.

The function vsi p_vview p *vsi p_vcreate p(N, hint); returns the same
result as vsi p_dvbi nd_p(vsi p_dbl ockcreate p(N, hint), (vsip_offset)0,
(vsip_stride)1, N); except that vsip_vcreate p returns null if

vsi p_dbl ockcreate_p(N, hint) returnsnull.

Prototypes

vsip_vview f *vsip_vcreate_f(vsip_length N, vsip_nenory_hint hint);
vsip_vview i *vsip_vcreate_i(vsip_length N, vsip_nenory_hint hint);
vsip_cvview f *vsip_cvcreate_f(vsip_length N, vsip_nenory_hint hint);
vsip_cvview i *vsip_cvcreate_i(vsip_length N, vsip_nenory_hint hint);

vsi p_vview_ bl *vsip_vcreate_bl (vsip_length I ength, vsip_nenory_hint hint);
vsi p_vview vi *vsip_vcreate_vi(vsip_length N, vsip_nenory_hint hint);
vsip_vview m *vsip_vcreate_m (vsip_length N, vsip_nenory_hint hint);
vsip_vview ti *vsip_vcreate_ti(vsip_length N, vsip_nenory_hint hint);

Arguments

N
Number of elements of vector.

hint
Memory hint.

Return Value
Returns a pointer to the created vector view object, or null if the memory allocation for new object
fails.

Restrictions

Errors
The arguments must conform to the following:

1. Thevector length, N, must be greater than zero.
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2. The memory hint must be avalid member of the vsip_memory_hint enumeration.

Notes/References
Note to Implementors: In development mode, vsip_dvcreate p setsthe initial number of bindingsin
the block object on which the returned vector is bound.

Examples

/* Make a bl ock of type double, and length 32, and attach to it
a vector view of type double, unit stride, and of length 32. */
vsi p_vview d *vector = vsip_vcreate_d((vsip_length) 32, VSIP_MEM NONE);

See Also
vsi p_dbl ockcreate_p, vsi p_bl ockbi nd_p, vsi p_cbl ockbi nd_p,
vsi p_dbl ockadm t _p, vsi p_bl ockrel ease_p, vsi p_cbl ockrel ease_p,
vsi p_bl ockrebi nd_p, vsi p_cbl ockrebi nd_p, vsi p_bl ockfind_p,
vsi p_cbl ockfind_p, vsi p_dbl ockdestroy_p, vsi p_dvbi nd_p,

vsi p_dvdestroy_p,andvsi p_dval | destroy _p
3.4.5. vsip_dvdestroy p
Destroy (free) avector view object and return a pointer to the associated block object.

Functionality
Frees avector view object from the block object that it was bound to, destroys the vector view object,
and then returns a pointer to the block object. If the vector view argument is null, it returns null.

Prototypes

vsi p_bl ock_f *vsip_vdestroy_ f(vsip_vview f *v);

vsi p_bl ock_i *vsip_vdestroy_i(vsip_vview.i *v);

vsi p_cbl ock_f *vsip_cvdestroy_f(vsip_cvview f *v);
vsi p_cblock_i *vsip_cvdestroy_i(vsip_cvview.i *v);
vsi p_bl ock_bl *vsip_vdestroy_bl (vsi p_vview bl *v);
vsi p_bl ock_vi *vsip_vdestroy_vi (vsi p_vview.vi *v);
vsi p_bl ock_m *vsip_vdestroy_m (vsi p_vview. m *v);
vsi p_block_ti *vsip_vdestroy_ ti(vsip_vviewti *v);

Arguments

%
Vector view object.

Return Value
Returnsapointer to the block object to which thevector view wasbound, or null if the calling argument
was null.

Restrictions

Errors
The arguments must conform to the following:

1. The vector view object must be valid. It is not an error to destroy a null pointer.

Notes/References
An argument of null is not an error.
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Note to Implementors: In development mode, the function updates the bindings (reference count)
recorded in the block object.

Examples

See Also
vsi p_dbl ockcreate_p, vsi p_bl ockbi nd_p, vsi p_cbl ockbi nd_p,
vsi p_dbl ockadm t _p, vsi p_bl ockrel ease_p, vsi p_cbl ockrel ease_p,
vsi p_bl ockrebi nd_p, vsi p_cbl ockrebi nd_p, vsi p_bl ockfind_p,
vsi p_cbl ockfind_p, vsi p_dbl ockdestroy_p, vsi p_dvbi nd_p,

vsi p_dvcreate_p,andvsi p_dval l destroy_p
3.4.6. vsip_dvget_p
Get the value of a specified element of avector view object.

Functionality
Returns the value of the specified element of a vector view object, X ;.

Prototypes

vsi p_scal ar_f vsip_vget_f(const vsip_vview f *x, vsip_index j);
vsi p_scal ar_i vsip_vget_i(const vsip_vview.i *x, vsip_index j);
vsi p_cscal ar_f vsip_cvget _f(const vsip_cvview f *x, vsip_index j
vsi p_cscal ar_i vsip_cvget_i(const vsip_cvview_i *Xx, vsip_index j
vsi p_scal ar_bl vsip_vget_bl (const vsip_vview bl *x, vsip_index j
vsi p_scal ar_vi vsip_vget_vi (const vsip_vview.vi *Xx, vsip_index j
vsi p_scal ar_mi vsip_vget_m (const vsip_vview m *Xx, vsip_index j
vsi p_scal ar_ti vsip_vget_ti(const vsip_vview ti *x, vsip_index j

~— O —

Arguments
X
Vector view object
Index of vector element.

Return Value
Returns the value of the specified element of a vector view object.

Restrictions

Errors
The arguments must conform to the following:

1. The vector view object must be valid.

2. Theindex must be avalid index of the vector view.
Notes/References
Examples

See Also
vsip_dsput_p
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3.4.7 [vsip_dvgetattrib_p]

3.4.7. vsip_dvgetattrib_p
Get the attributes of a vector view object.

Functionality
Returnsthe attributes of avector view object: (pointer to) bound block object, offset, stride, and length.

Prototypes

typedef struct
{

vsi p_of f set of fset;

vsi p_stride stride;

vsi p_l ength | ength;

vsip_block_p *block; /* Get only, ignored on Put */
} vsip_vattr_p;

typedef struct
{

vsi p_of f set of fset;

vsi p_stride stride;

vsi p_l ength | ength;

vsi p_cblock_p *block; /* Get only, ignored on Put */
} vsip_cvattr_p;
void vsip_vgetattrib_f(const vsip_vview f *v, vsip_vattr_f *attrib);
void vsip_vgetattrib_i(const vsip_vview.i *v, vsip_vattr_i *attrib);
void vsip_cvgetattrib_f(const vsip_cvview f *v, vsip_cvattr_f *attrib);
void vsip_cvgetattrib_i(const vsip_cvview.i *v, vsip_cvattr_i *attrib);
void vsip_vgetattrib_bl (const vsip_vview bl *v, vsip_vattr_bl *attrib);
void vsip_vgetattrib_vi(const vsip_vview.vi *v, vsip_vattr_vi *attrib);
void vsip_vgetattrib_m (const vsip_vviewm *v, vsip_vattr_m *attrib);
void vsip_vgetattrib_ti(const vsip_vviewti *v, vsip_vattr_ti *attrib);

Arguments

%
Vector view object

attrib
Pointer to output vector attribute structure.

Return Value
None.

Restrictions

Errors
The arguments must conform to the following:

1. The vector view object must be valid.
2. The pointer to the vector attribute structure must be valid — non-null.

Notes/References
The block attribute can be read (get), but cannot be set.

Examples

See Also
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3.4.8[vsip_dvgetblock p]

3.4.8. vsip_dvgetblock_p
Get the block attribute of a vector view object.

Functionality
Returns a pointer to the VSIPL block object to which the vector view object is bound.

Prototypes

vsi p_bl ock_f *vsip_vgetbl ock_f(const vsip_vviewf *v);

vsi p_bl ock_i *vsip_vgetblock_i(const vsip_vview.i *v);

vsi p_cbl ock_f *vsip_cvgetbl ock_f(const vsip_cvview f *v);
vsi p_cbl ock_i *vsip_cvgetbl ock_i (const vsip_cvview.i *v);
vsi p_bl ock_bl *vsip_vgetbl ock_bl (const vsip_vview bl *v);
vsi p_bl ock_vi *vsip_vgetbl ock_vi (const vsip_vview vi *v);
vsi p_bl ock_m *vsip_vgetbl ock_m (const vsip_vview.m *v);
vsi p_bl ock_ti *vsip_vgetblock_ti(const vsip_vviewti *v);

Arguments

%
Vector view object

Return Value
Returns a pointer to the block object to which the vector view object is bound.

Restrictions

Errors
The arguments must conform to the following:

1. The vector view object must be valid.

Notes/References
The functions vsip_dvgetattrib_p and vsip_dvputattrib_p are not symmetric since you can get the
block object but you cannot put the block object

Examples
See Also
3.4.9. vsip_dvgetlength_p
Get the length attribute of avector view object

Functionality
Returns the value of the length (number of elements) attribute of a vector view object.

Prototypes

vsi p_l ength vsip_vgetlength_f(const vsip_vview f *v);

vsi p_l ength vsip_vgetlength_i (const vsip_vview.i *v);

vsi p_l ength vsip_cvgetlength_f(const vsip_cvviewf *v);
vsi p_l ength vsip_cvgetlength_i (const vsip_cvview.i *v);
vsi p_l ength vsi p_vgetl ength_bl (const vsip_vview bl *v);
vsi p_l ength vsip_vgetl ength_vi (const vsip_vviewvi *v);
vsi p_l ength vsip_vgetlength_m (const vsip_vview. m *v);
vsi p_l ength vsip_vgetlength_ti(const vsip_vviewti *v);
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3.4.10 [vsip_dvgetoffset_p]

Arguments

%
Vector view object

Return Value
Returns the value of the length attribute of a vector view object.

Restrictions

Errors
The arguments must conform to the following:

1. The vector view object must be valid.
Notes/References
Examples
See Also
3.4.10. vsip_dvgetoffset p
Get the offset attribute of a vector view object.

Functionality
Returns the offset (in elements) to thefirst scalar element of a vector view from the start of the block
object to which it is bound.

Prototypes

vsi p_of fset vsip_vgetoffset_f(const vsip_vview f *v);

vsi p_of fset vsip_vgetoffset_i(const vsip_vview.i *v);

vsi p_of fset vsip_cvgetoffset_f(const vsip_cvviewf *v);
vsi p_of fset vsip_cvgetoffset_i(const vsip_cvview.i *v);
vsi p_of f set vsip_vgetoffset_bl (const vsip_vview bl *v);
vsi p_of fset vsip_vgetoffset_vi(const vsip_vviewvi *v);
vsi p_of fset vsip_vgetoffset_mi (const vsip_vviewm *v);
vsi p_of fset vsip_vgetoffset_ti(const vsip_vviewti *v);

Arguments

%
Vector view object

Return Value
Returns the value of the offset attribute of the vector view object.

Restrictions

Errors
The arguments must conform to the following:

1. The vector view object must be valid.
Notes/References

Examples




3.4.11 [vsip_dvgetstride p]

See Also
3.4.11. vsip_dvgetstride_p
Get the stride attribute of a vector view object.

Functionality
Returns the stride (in elements of the bound block) between successive scalar elements in a vector
view.

Prototypes

vsip_stride vsip_vgetstride_f(const vsip_vview f *v);

vsip_stride vsip_vgetstride_i(const vsip_vview.i *v);

vsip_stride vsip_cvgetstride_f(const vsip_cvview f *v);
vsi p_stride vsip_cvgetstride_i(const vsip_cvview.i *v);
vsip_stride vsip_vgetstride_bl (const vsip_vview bl *v);
vsip_stride vsip_vgetstride_vi(const vsip_vview.vi *v);
vsip_stride vsip_vgetstride_mi (const vsip_vviewnnm *v);
vsip_stride vsip_vgetstride_ti(const vsip_vviewti *v);

Arguments

%
Vector view object

Return Value
Returns the value of the stride attribute of the vector view object.

Restrictions

Errors
The arguments must conform to the following:

1. The vector view object must be valid.
Notes/References
Examples
See Also
3.4.12. vsip_vimagview_p
Create avector view object of the imaginary part of a complex vector from a complex vector view object.

Functionality
Createsareal vector view object from the“imaginary part of acomplex” vector view object, or returns
null if it fails.

On success, the function creates a derived block object (derived from the complex block object). The
derived block object is bound to the imaginary data part of the original complex block and then binds
areal vector view object to the block. The new vector encompasses the imaginary part of the input
complex vector.

Prototypes

vsi p_vview f *vsip_vinmagvi ew f(const vsip_cvview f *v);
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3.4.12 [vsip_vimagview_p]

VSi p_vview_i *vsip_vinmagview_ i (const vsip_cvview.i *v);

Arguments

v
Source vector view object.

Return Value
Returns a pointer to the created “imaginary” vector view object, or null if the memory allocation for
new object fails.

Restrictions
The derived block object cannot be destroyed or released. The parent complex block object may be
released (if it isbound to user data). Destroying the complex block isthe only way to free the memory
associated with the derived block object.

Errors
The arguments must conform to the following:

1. The complex vector view object must be valid.

Notes/References
It isimportant for the application to check the return value for amemory alocation failure.

This function should not be confused with the function vsip_simag_p() which is a copy operator
(copies the imaginary data).

There are no requirements on offset or stride of a real view on its derived block. Using
vsip_vgetattrib_p information about the layout of the view on the block may be obtained.

Caution

Using attributeinformation, and the block bound to the vector, to bind new vectorsoutsidethe
data space of the original vector produced by vsip_simagview_p will produce nonportable
code. Portable code may be produced by: (1) remaining inside the data space of the vector,
(2) by not assuming aset relationship of strides and offsets, and (3) by using the get attributes
functions to obtain necessary information within the application code to understand the
layout for each implementation.

Note to Implementors:

» The resulting derived block must have a property which prevents it from being released or
destroyed.

* Indevelopment mode, vsip_dvimagview_p updates the binding count in the parent complex block
object.

Examples

/* Cal cul ate a conplex vector of length N, whose imaginary part is
the cosine fromzero to 2+ and whose real part is the sine from
zero to 2+, using real view and imaginary view functions to find
the cosine and sine vectors. */
#i ncl ude <vsip. h>
vsi p_cvview d *CV = vsip_cvcreate_d((vsip_length)N, VSIP_MEM NONE)
vsi p_vview d *V = vsip_vcreate_d(vsip_length) N, VSIP_MEM NONE), *RV, *1V,
/* make a ranp fromzero to two pi where pi is MPI*/
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3.4.13[vsip_dvput_p]

vsi p_vranp_d(0, (2.0 * MPI)/(double)(N - 1),V);

/* Fill the conplex vector */

vsi p_veul er_d(V, CV);

/* get the view of the real (cos) and inmaginary (sin) parts */
vsi p_vreal view_d(CV, RV);

vsi p_vi magvi ew_d(CV, 1 V) ;

See Also
vsi p_dvcl onevi ew_p, vsi p_dvcreate_p, vsi p_vreal vi ew_p,
vsi p_dvsubvi ew_p

3.4.13. vsip_dvput_p
Put (Set) the value of a specified element of a vector view object

Functionality
Puts (sets) the value of the specified element of a vector view object. Y, X

Prototypes

void vsip_vput_f(const vsip_vview f *y, vsip_index j, vsip_scalar_f x);

voi d vsip_vput_i(const vsip_vview.i *y, vsip_index j, vsip_scalar_i x);

void vsip_cvput _f(const vsip_cvview f *y, vsip_index j, vsip_cscalar_f x);
voi d vsip_cvput_i(const vsip_cvview.i *y, vsip_index j, vsip_cscalar_i x);
voi d vsi p_vput_bl (const vsip_vview bl *y, vsip_index j, vsip_scalar_bl x);
voi d vsi p_vput_vi (const vsip_vview vi *y, vsip_index vsi p_scal ar_vi x);
voi d vsip_vput_m (const vsip_vview m *y, vsip_index vsip_scalar_m x);

J_ )
J_ )
I
void vsip_vput_ti(const vsip_vviewti *y, vsip_index j, vsip_scalar_ti x);

Arguments

y
Vector view object of destination

Vector index j of vector element.

Scalar value to put

Return Value
None.

Restrictions

Errors
The arguments must conform to the following:

1. The vector view object must be valid.

2. Theindex must be avalid index of the vector view.
Notes/References
Examples

See Also
vsip_dsget p
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3.4.14 [vsip_dvputattrib_p]

3.4.14. vsip_dvputattrib_p
Put (Set) the attributes of a vector view object.

Functionality

Puts (sets) the value of the specified element of a vector view object. Y e—x

Prototypes

typedef struct
{

vsi p_of fset of fset;

vsi p_stride stride;

vsi p_l ength | engt h;

vsi p_bl ock_p *bl ock; Get only, ignored on Put
} vsip_vattr_p;

typedef struct
{

vsi p_of fset of fset;

vsi p_stride stride;

vsi p_l ength | engt h;

vsi p_cbl ock_p *block; Get only, ignored on Put
} vsip_cvattr_p;

vsi p_vview f *vsip_vputattrib_f(vsip_vviewf *v, const vsip_vattr_f *attrib);

vsi p_vview_i *vsip_vputattrib_i(vsip_vview.i *v, const vsip_vattr_i

vsi p_cvview f *vsip_cvputattrib_f(vsip_cvview f *v, const
vsi p_cvview_ i *vsip_cvputattrib_i(vsip_cvview.i *v, const
vsi p_vview bl *vsip_vputattrib_bl (vsip_vview bl *v, const
VSi p_vview. vi *vsip_vputattrib_vi(vsip_vview vi *v, const
Vsi p_vview m *vsip_vputattrib_m (vsip_vview.nm *v, const
vsi p_vview ti *vsip_vputattrib_ti(vsip_vview_ti *v, const

Arguments

%
Vector view object.

attrib
Pointer to a vector attribute structure.

Return Value

vsi p_cvattr_f
vsi p_cvattr_i
vsi p_vattr_bl
vsi p_vattr_vi
vsi p_vattr_m
vsip_vattr_ti

Returns a pointer to the source vector view object as a programming convenience.

Restrictions

Errors
The arguments must conform to the following:

1. The vector view object must be valid.

2. The pointer to the vector attribute structure must be valid — non-null.

3. The stride, length, and offset arguments must not specify a vector view that exceeds the bounds

of the data array of the associated block.

Notes/References

The functions vsip_dvgetattrib_p and vsip_dvputattrib_p are not symmetric since you can get the

block object but you cannot put the block object.

*attrib);

*attrib);
*attrib);
*attrib);
*attrib);
*attrib);
*attrib);
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3.4.15[vsip_dvputlength_p]

Examples

#i ncl ude <vsip. h>

vsi p_vview f *vect;
vsi p_scal ar_f sum

{
/* Modify vector viewto view "odd" elenents and sumthe odd val ues */
vsip_vattr_f attrib;
vsi p_vgetattrib_f(vect, &attrib);
attrib.stride *= 2
attrib.offset += 1
attrib.length /=2
sum = vsi p_vsumval _f(vsip_vputattrib_f(vect, &attrib));

See Also
3.4.15. vsip_dvputlength_p
Put (Set) the length attribute of avector view object.

Functionality
Puts (sets) the length (number of elements) of a vector view.

Prototypes

vsi p_vview f *vsip_vputlength_f(vsip_vviewf *v, vsip_length | ength);

vsi p_vview_i *vsip_vputlength_i(vsip_vview.i *v, vsip_length | ength);

vsi p_vview f *vsip_cvputlength_f(vsip_cvview f *v, vsip_length | ength);
vsi p_vview_i *vsip_cvputlength_i(vsip_cvview.i *v, vsip_length |ength);
vsi p_vview_ bl *vsip_vputlength_bl (vsip_vview bl *v, vsip_length |ength);
vsi p_vview_ vi *vsip_vputlength_vi(vsip_vview vi *v, vsip_length |ength);
vsi p_vview m *vsip_vputlength_m (vsip_vview nm *v, vsip_length |ength);
vsi p_vview_ ti *vsip_vputlength_ti(vsip_vviewti *v, vsip_length |ength);

Arguments

%
Vector view object.

length
Length in elements.

Return Value
Returns a pointer to the source vector view object as a programming convenience.

Restrictions

Errors
The arguments must conform to the following:

1. The vector view object must be valid.
2. Thelength must be greater than zero.

3. The length argument must not specify a vector view that exceeds the bounds of the data array of
the associated block.
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3.4.16 [vsip_dvputoffset p]

Notes/References
Examples

See Also

3.4.16. vsip_dvputoffset p

Put (Set) the offset attribute of a vector view object.

Functionality
Puts (sets) the offset (in elements) to the first scalar element of a vector view, from the start of the
block object’ s data array, to which it is bound.

Prototypes

vsip_vview f *vsip_vputoffset_f(vsip_vview f *v, vsip_offset offset);
vsip_vview i *vsip_vputoffset_i(vsip_vview.i *v, vsip_offset offset);
vsi p_vview f *vsip_cvputoffset_f(vsip_cvview f *v, vsip_offset offset);
vsip_vview_i *vsip_cvputoffset_i(vsip_cvview.i *v, vsip_offset offset);
vsi p_vview bl *vsip_vputoffset_bl (vsip_vview bl *v, vsip_offset offset);
vsi p_vview_vi *vsip_vputoffset_vi(vsip_vviewvi *v, vsip_offset offset);
vsip_vview m *vsip_vputoffset_m (vsip_vviewnnm *v, vsip_offset offset);
vsip_vview ti *vsip_vputoffset_ti(vsip_vviewti *v, vsip_offset offset);

Arguments

%
Vector view object.

offset
Offset in elements relative to the start of the block object.

Return Value
Returns a pointer to the source vector view object as a programming convenience.

Restrictions

Errors
The arguments must conform to the following:

1. The vector view object must be valid.

2. The offset argument must not specify a vector view that exceeds the bounds of the data array of
the associated block.

Notes/References
Examples

See Also

3.4.17. vsip_dvputstride_p

Put (Set) the stride attribute of a vector view object.

Functionality
Puts (sets) the stride attribute of a vector view object. Stride is the distance in elements of the block
between successive elements of the vector view.
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3.4.18 [vsip_vreadview p]

Prototypes

vsi p_vview f *vsip_vputstride_f(vsip_vviewf *v, vsip_stride stride);

vsi p_vview_i *vsip_vputstride_i(vsip_vview.i *v, vsip_stride stride);

vsi p_cvview f *vsip_cvputstride_f(vsip_cvview f *v, vsip_stride stride);
vsi p_cvview_ i *vsip_cvputstride_i(vsip_cvview.i *v, vsip_stride stride);
vsi p_vview bl *vsip_vputstride_bl (vsip_vview bl *v, vsip_stride stride);
VSi p_vview_ vi *vsip_vputstride_vi(vsip_vview.vi *v, vsip_stride stride);
vsi p_vview m *vsip_vputstride_m (vsip_vview.nm *v, vsip_stride stride);
vsi p_vview_ ti *vsip_vputstride_ti(vsip_vviewti *v, vsip_stride stride);

Arguments

v
Vector view object.

stride
Stride in elements.

Return Value
Returns a pointer to the source vector view object as a programming convenience.

Restrictions

Errors
The arguments must conform to the following:

1. The vector view object must be valid.

2. The stride argument must not specify a vector view that exceeds the bounds of the data array of
the associated block.

Notes/References
Examples
See Also
3.4.18. vsip_vrealview_p
Create a vector view object of the real part of acomplex vector from a complex vector view object.

Functionality
Creates areal vector view object from the “real part of acomplex” vector view object, or returns null
if it fails.

On success, the function creates a derived block object (derived from the complex block object). The
derived block object is bound to the real data part of the original complex block and then binds areal
vector view object to the block. The new vector encompassesthereal part of theinput complex vector.

Prototypes

vsi p_vview f *vsip_vreal view f(const vsip_cvviewf *v);
vsi p_vview_i *vsip_vrealview.i(const vsip_cvview.i *v);

Arguments

v
Source vector view object.
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3.4.19 [vsip_dvsubview p]

Return Value
Returns a pointer to the created “real” vector view object, or null if the memory allocation for new

object fails.

Restrictions
The derived block object cannot be destroyed or released. The parent complex block object may be
released (if it isbound to user data). Destroying the complex block isthe only way to free the memory
associated with the derived block object.

Errors
The arguments must conform to the following:

1. The complex vector view object must be valid.

Notes/References
It isimportant for the application to check the return value for amemory alocation failure.

Thisfunction should not be confused with thefunctionvsip_sreal_p() whichisacopy operator (copies
theimaginary data).

There are no requirements on offset or stride of a real view on its derived block. Using
vsip_vgetattrib_p information about the layout of the view on the block may be obtained.

Caution

Using attribute information, and the block bound to the vector, to bind new vectors outside
the data space of the original vector produced by vsip_srealview_p will produce nonportable
code. Portable code may be produced by: (1) remaining inside the data space of the vector,
(2) by not assuming a set relationship of strides and offsets, and (3) by using the get attributes
functions to obtain necessary information within the application code to understand the
layout for each implementation.

Note to Implementors:

e The resulting derived block must have a property which prevents it from being released or
destroyed.

* In development mode, vsip_dvrealview_p updates the binding count in the parent complex block
object.

Examples
See example with vsip_dvimagview_p.

See Also
vsi p_dvcl onevi ew_p, vsi p_dvcreate p, Vsi p_vi magvi ew_p,
vsi p_dvsubvi ew p

3.4.19. vsip_dvsubview_p

Create a vector view object that is a subview of avector view object (offset, and length are relative to the
source view object, not the bound block object).

Functionality
Creates a subview vector view object from a source vector view object, and bindsit to the same block
object, or returns null if it fails. The zero index element of the new subview corresponds to the index
element of the source vector view.
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3.4.19 [vsip_dvsubview p]

(The subview isrelative to the source view, and stride is inherited from the source view).

« — lengh

Index

Prototypes

vsi p_vview_ f *vsip_vsubview f(const vsip_vview f *v,
vsi p_i ndex index, vsip_length I ength);
vsi p_vview_i *vsip_vsubview_ i(const vsip_vview.i *v,
vsi p_i ndex index, vsip_length I ength);
vsi p_cvview_f *vsip_cvsubview f(const vsip_cvviewf *v,
vsi p_i ndex index, vsip_length I ength);
vsi p_cvview_i *vsip_cvsubview_ i(const vsip_cvview.i *v,
vsi p_i ndex index, vsip_length I ength);
vsi p_vvi ew_bl *vsip_vsubview bl (const vsip_vview bl *v,
vsi p_i ndex index, vsip_length I ength);
vsi p_vview_vi *vsip_vsubview vi(const vsip_vviewvi *v,
vsi p_i ndex index, vsip_length I ength);
vsi p_vview_m *vsip_vsubview m (const vsip_vviewm *v,
vsi p_i ndex index, vsip_length I ength);
vsip_vview ti *vsip_vsubview ti(const vsip_vviewti *v,
vsi p_i ndex index, vsip_length I ength);

Arguments

Y,
Source vector view.

index
The subview vectorsfirst element (index 0) is at vector index “index” of the source vector.

length
Length in elements of new vector view.

Return Value
Returns a pointer to the created subview vector view object, or null if the memory allocation for new
object fails.

Restrictions

Errors
The arguments must conform to the following:

1. The vector view object must be valid.
2. Thelength must be greater than zero.
3. The subview must not extend beyond the bounds of the source view.

Notes/References
It isimportant for the application to check the return value for amemory alocation failure.

Noteto Implementors: In development mode, the function updatesthe binding count (reference count)
recorded in the block object.
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3.5 [Matrix View Object Functions]

Examples
See example with vsip_dvimagview_p.

See Also

vsi p_dvbi nd_p, vsi p_dvcl onevi ew p, vsi p_dvcreate_p, vsi p_vi nmagvi ew_p,
vsi p_vreal view p

3.5. Matrix View Object Functions

VSIPL blocks hold the data in a data array. A block can be viewed as a vector or matrix. Two or more
vector and/or matrix objects may reference the same block. VSIPL library functions make no distinction
that is apparent to the application programmer between block objects which reference only VSIPL data
arrays and block objects which reference user data arrays associated with an admitted block.

Matrix view objects have the attributes of offset, col_stride, row_stride, col_length and row_length.

V SIPL makes no distinction between row major or column major. The major direction isdecided on matrix

view creation by the selection of the strides, row_stride and col_stride. See vsip_dmcreate p for more
details.

Note

A matrix view object can be transposed by using afunction to exchange the values of row_stride,
row_length, col_stride, and col_length. Thisis not the same thing as transposing the underlying
datain the block. The applications programmer needs to be aware that memory accessin an inner
loop (or implied in a library function) that access successive matrix elements with strides that
are longer than cache lines are likely to experience a very significant performance degradation.
There does not appear to be a satisfactory abstraction to hide this aspect of portability from the

applications programmer for any computing system that has nonhomogeneous average latency
and bandwidth for accessing memory.

Matrix view object functions are provided to:
* Create (constructors) matrix view objects

* Create (constructors) vector view objects from matrix view objects

Destroy (destructors) matrix view objects,

M odify/manipulate matrix view objects, and

» Access functions for matrix view objects.

vsip_dmalldestroy p Destroy Matrix and Block
vsip_dmbind p Create and Bind aMatrix View
vsip_dmcloneview_p Create Matrix View Clone
vsip_dmcolview_p Create Column-View Matrix View
vsip_dmcreate p Create Matrix

vsip_dmdestroy_p Destroy Matrix View
vsip_dmdiagview_p Create Matrix Diagonal View
vsip_dmget_p Matrix Get Element
vsip_dmgetattrib_p Matrix Get View Attributes
vsip_dmgetblock_p Matrix Get Block




3.5.1[vsip_dmalldestroy p]

vsip_dmgetcollength_p

Matrix Get Column Length

vsip_dmgetcolstride_p

Matrix Get Column Stride

vsip_dmgetoffset p

Matrix Get Offset

vsip_dmgetrowlength_p

Matrix Get Row Length

vsip_dmgetrowstride_p

Matrix Get Row Stride

vsip_mimagview_p

Create Imaginary Matrix View

vsip_dmput_p

Matrix Put Element

vsip_dmputattrib_p

Matrix Put View Attributes

vsip_dmputcollength_p

Matrix Put Column Length

vsip_dmputcolstride p

Matrix Put Column Stride

vsip_dmputoffset_p

Matrix Put Offset

vsip_dmputrowlength_p

Matrix Put Row Length

vsip_dmputrowstride_p

Matrix Put Row Stride

vsip_mrealview_p

Create Rea Matrix View

vsip_dmrowview_p

Create Matrix Row View

vsip_dmsubview_p

Create Sub-View Matrix View

vsip_dmtransview_p

Create Matrix Transposed View

3.5.1. vsip_dmalldestroy_p
Destroy (free) amatrix, its associated block, and any VSIPL data array bound to the block.

Functionality
Destroys (frees) amatrix view object, the block object to which it isbound, and any VSIPL dataarray.
If Xisamatrix of typevsi p_dmvi ew_p thenvsi p_dnal | destroy_p(X); isequivalent to
vsi p_dbl ockdestroy_p(vsi p_dndestroy_p(X);

Thisisthe complementary function to vsip_dmcreate p and should only be used to destroy matrices
that have only one view bound to the block object.

Prototypes

voi d vsip_mal | destroy_f(vsip_miew f *X);
voi d vsip_mall destroy_i (vsip_mview.i *X);
voi d vsip_cral | destroy_f (vsip_cnmview f *X);
voi d vsip_cral l destroy_i (vsip_crmview.i *X);
voi d vsip_mal | destroy_bl (vsip_nmview bl *X);

Arguments

X
Matrix view object.

Return Value
None.

Restrictions

Errors
The arguments must conform to the following:
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3.5.2[vsip_dmbind p]

1. The matrix view object must be valid. An argument of null is not an error.
2. The specified matrix view must be the only view bound to the block.
3. The matrix view must not be bound to a derived block (derived from a complex block).

Notes/References
If the matrix view is bound to a derived block (derived from a complex block) the complex block
must be destroyed to free the block and associated data.

An argument of null ishot an error.

Examples

/* Create and destroy a sinple matrix of 10 by 15 el ements. */
vsip_mview f *X =
vsi p_nctreate_f ((vsip_l ength)10, (vsi p_| engt h) 15, VSI P_MEM_NONE)

vsi p_mal | destroy_f (X)

See Also
vsi p_bl ockdestroy p,vsi p_dntreate_p,vsi p_dndestroy p

3.5.2. vsip_dmbind_p
Create amatrix view object and bind it to ablock object.

Functionality
Createsamatrix object or returnsnull if it fails. If theview createis successful, it: (1) bindsthe matrix
view object to the block object; (2) setsthe offset from the beginning of the dataarray to the beginning
of the matrix, the stride, col_stride, between scalar elements in a column, the number col_length of
scalar elements in a column, the stride, row_stride, between scalar elements in a row, the humber
row_length of scalar elementsinarow; and (3) then returnsapointer to the created matrix view object.

Prototypes

vsi p_mvi ew_f *vsip_nbind_f (const vsip_block_f *block, vsip_offset offset,
vsi p_stride col _stride, vsip_length col _Iength
vsi p_stride row stride, vsip_length row |ength);
vsi p_mview_i *vsip_nbind_i (const vsip_block_i *block, vsip_offset offset,
vsi p_stride col _stride, vsip_length col _Iength
vsi p_stride row stride, vsip_length row |ength);
vsi p_cnvi ew_f *vsip_cnbind_f(const vsip_cblock_f *block, vsip_offset offset,
vsi p_stride col _stride, vsip_length col _Iength
vsi p_stride row stride, vsip_length row |ength);
vsi p_cnview_i *vsip_cnbind_i(const vsip_cblock_i *block, vsip_offset offset,
vsi p_stride col _stride, vsip_length col _Iength
vsi p_stride row stride, vsip_length row |ength);
vsi p_mvi ew_bl *vsi p_nbi nd_bl (const vsip_bl ock_bl *block, vsip_offset offset,
vsi p_stride col _stride, vsip_length col _Iength
vsi p_stride row stride, vsip_length row |ength);

Arguments

block
Pointer to block object.

offset
Matrix view offset in elements relative to the base of block object.
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3.5.3[vsip_dmcloneview_p]

col_stride
Matrix view stride between elements in a column.

col_length
Matrix view length in elements of a column.

row_stride
Matrix view stride between scalar elementsin arow.

row_length
Matrix view length in elements of arow.

Return Value
Returns a pointer to the created matrix view object, or null if the memory allocation for new object
fals.

Restrictions

Errors
The arguments must conform to the following:

1. The block object must be valid.
2. The offset must be less than the length of the block’ s data array.

3. Therow stride, row length, column stride, column length, and offset arguments must not specify
amatrix view that exceeds the bounds of the data array of the associated block.

Notes/References
It isimportant for the application to check the return value for amemory allocation failure.

Note to Implementors: In development mode, the function updates the bindings (reference count)
recorded in the block object.

Examples

See Also
vsi p_dntl onevi ew_p, vsi p_dntol vi ew_p, vsi p_dndi agvi ew_p,
vsi p_m magvi ew_p, vsi p_nreal vi ew _p,vsi p_dnr owi ew_p,vsi p_dnsubvi ew _p,
vsi p_dntransvi ew_p

3.5.3. vsip_dmcloneview_p
Create aclone of amatrix view.

Functionality
Creates a new matrix view object, copies all of the attributes of the source matrix view object to the
new matrix view object, and then binds the new matrix view object to the block object of the source
matrix view object. This function returns null on a memory allocation (creation) failure; otherwise,
it returns a pointer to the new matrix view object.

Prototypes

vsi p_nmvi ew_f *vsip_ntl oneview f(const vsip_nview f *X);
vsi p_nview_i *vsip_ntloneview_ i(const vsip_nview.i *X);
vsi p_cnview_f *vsip_cntl oneview f(const vsip_cnview f *X);
vsi p_cnview_i *vsip_cntloneview_ i(const vsip_cnview.i *X);
vsi p_nmvi ew_bl *vsip_ntl onevi ew_bl (const vsip_nview bl *X);
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3.5.4[vsip_dmcolview p]

Arguments

X
Source matrix view object.

Return Value
Returns a pointer to the created matrix view object clone, or null if the memory allocation for new
object fails.

Restrictions

Errors
The arguments must conform to the following:

1. The matrix view object must be valid.

Notes/References
It isimportant for the application to check the return value for amemory alocation failure.

Note to Implementors: In devel opment mode, the function updates the number of bindings (reference
count) recorded in the block object.

Examples

See Also
vsi p_dnbi nd_p, vsi p_dntol vi ew_p, vsi p_dndi agvi ew_p, vsi p_m rmagvi ew_p,
vsi p_nreal vi ew_p, vsi p_dnr owi ew_p, vsi p_dnsubvi ew p,

vsi p_dntransvi ew_p
3.5.4. vsip_dmcolview_p
Create a vector view object of a specified column of the source matrix view object.

Functionality
Creates avector view object from a specified column of amatrix view object, or returnsnull if it fails.
Otherwise, it binds the new vector view object to the same block object as the source matrix view
object and setsits attributes to view just the specified column of the source matrix object.

Prototypes

vsi p_vview_ f *vsip_ntol view f(const vsip_nview f *X, vsip_index col _index);
vsi p_vview_i *vsip_ntolview_i(const vsip_nview.i *X, vsip_index col _index);
vsi p_cvview f *vsip_cntol view f(const vsip_cnview f *X vsip_index col_index);
vsi p_cvview_ i *vsip_cntol view_ i (const vsip_cnview.i *X vsip_index col_index);
vsi p_vview_ bl *vsip_ntol view bl (const vsip_mnview bl *X vsip_index col_index);

Arguments

X
Source matrix view object.

col_index
Column index of source matrix view object.

Return Value
Returns a pointer to the created column vector view object, or null if the memory allocation for new
object fails.
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3.5.,5[vsip_dmcreate p]

Restrictions

Errors
The arguments must conform to the following:

1. Thematrix view object must be valid.

2. The requested column index must be avalid column index of the source matrix view.

Notes/References
Examples

See Also

vsi p_dnbi nd_p,vsi p_dntl onevi ew_p, vsi p_dndi agvi ew_p,vsi p_m rmagvi ew_p,
vsi p_nrt eal vi ew_p, vsi p_dnr owi ew_p, vsi p_dnsubvi ew p,

vsi p_dntransvi ew_p
3.5.5. vsip_dmcreate_p
Creates a block object and matrix view (object) of the block.

Functionality

Creates a block object with an M ,N element VSIPL data array, it creates an M by N dense matrix

view object and then binds the block object to it.

The function
vsi p_mview p *vsip_nctreate_p(M N, VSIP_ROWN hint);
returns the same result as

vsi p_nbi nd_p(vsi p_bl ockcreate_p(MN, hint), (vsip_offset)O,
(vsip_stride)N, (vsip_length)M /* colum stride,

colum length */

(vsip_stride)l, (vsip_length)N); /* row stride, row length */

or

vsip_nview p *vsip_ntreate_p(M N, VSIP_CO., hint);

returns the same result as

vsi p_mbi nd_p(vsi p_bl ockcreate_p(MN, hint), (vsip_offset)O,
(vsip_stride)l, (vsip_length)M /* columm stride,

colum length */

(vsip_stride)M (vsip_length)N); /* row stride, row length */

except that vsip ncreate p returns a null if vsip_blockcreate p(MN,

hint) returns a null.

Prototypes

vsi p_nmview f *vsip_nctreate_f(vsip_length M vsip_length N,

vsi p_maj or major, vsip_menmory_hint hint);

vsi p_nmview_ i *vsip_nctreate_i(vsip_length M vsip_length N,
vVsi p_maj or major, vsip_menory_hint
vsi p_cnview f *vsip_cnctreate_f(vsip_length M vsip_length N,
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3.5.6 [vsip_dmdestroy_p]

vsi p_maj or major, vsip_nmenmory_hint hint);
vsi p_cnview_ i *vsip_cntreate_i(vsip_length M vsip_length N,

vsi p_maj or major, vsip_nmenmory_hint hint);
vsi p_mvi ew bl *vsip_ntreate_bl (vsip_length M vsip_length N,

vsi p_maj or major, vsip_menmory_hint hint);

Arguments

M
Number of rows of the matrix view (column length).

N
Number of columns of the matrix view (row length).

major
Row or Column major

hint
Memory hint

Return Value
Returns a pointer to the created matrix view object, or null if it fails.

Restrictions

Errors
The arguments must conform to the following:

1. Thelengths, N and M, must be greater than zero.
2. The major memory direction must be avalid member of the vsip_major enumeration.
3. The memory hint must be avalid member of the vsip_memory_hint enumeration.

Notes/References
Note to Implementors: In development mode, it should also update the bindings (reference count)
recorded in the block object.

Examples
See Also
3.5.6. vsip_dmdestroy_p
Destroy (free) amatrix view object and return a pointer to the associated block object.

Functionality
Freesamatrix view object from the block object that it was bound to, destroys the matrix view object,
and then returns a pointer to the block object. If the vector view argument is null, it returns null.

Prototypes

vsi p_bl ock_f *vsip_ndestroy_f(vsip_miew f *X);
vsi p_bl ock_i *vsip_ndestroy_i (vsip_mview.i *X);
vsi p_cbl ock_f *vsip_cndestroy_f(vsip_cnview f *X);
vsi p_cblock_i *vsip_cndestroy_i (vsip_cnview.i *X);
vsi p_bl ock_bl *vsip_ndestroy_bl (vsi p_mview bl *X);
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3.5.7 [vsip_dmdiagview_p]

Arguments

X
Matrix view object.

Return Value
Returns a pointer to the block object to which the matrix view was bound, or null if the calling
argument was null.

Restrictions

Errors
The arguments must conform to the following:

1. The matrix view object must be valid. An argument of null is not an error.

Notes/References
An argument of null is not an error.

Note to Implementors: In development mode, the function updates the bindings (reference count)
recorded in the block object.

Examples
See Also
3.5.7. vsip_dmdiagview_p
Create a vector view object of amatrix diagonal of amatrix view object

Functionality
Creates a vector view object of a specified diagonal of a matrix view aobject, or returns null if it fails.
On success, it binds the new vector view object to the same block object as the source matrix view
object and setsits attributes to view just the specified diagonal of the source matrix object. An index
of ‘0" specifiesthe main diagonal, positive indices are above the main diagonal, and negative indices
are below the main diagonal.

Prototypes

vsi p_vview f *vsip_ndi agvi ew_f(const vsip_nview f *X vsip_stride index);
vsi p_vview_ i *vsip_ndiagview_ i(const vsip_nview.i *X, vsip_stride index);
vsi p_cvview f *vsip_cndi agvi ew_f(const vsip_cnview f *X vsip_stride index);
vsip_cvview i *vsip_cndiagview_ i(const vsip_cnview_ i *X, vsip_stride index);
vsi p_vvi ew_bl *vsip_ndi agvi ew_bl (const vsip_nview bl *X vsip_stride index);

Arguments

X
Matrix view object.

index
Index of diagonal: 0 main, + above, - below.

Return Value

Returns a pointer to the created diagonal vector view object, or null if the memory allocation for new
object fails.
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3.5.8 [vsip_dmget_p]

Restrictions

Errors
The arguments must conform to the following:

1. Thematrix view object must be valid.

2. Theindex must specify avalid diagonal. For positive indices, index must be less than the number
of column, for negative indices, the [index| must be less than the number of rows.

Notes/References
It isimportant for the application to check the return value for amemory alocation failure.

The index is of type vsip_stride since thisis a portable signed integer of sufficient size to index any
supported matrix view.

Examples

See Also
vsi p_dnbi nd_p, vsi p_dntl onevi ew_p, vsi p_dntol vi ew_p, vsi p_m nagvi ew_p,
vsi p_nreal vi ew _p, vsi p_dnr owi ew _p, vsi p_dnsubvi ew p, and

vsi p_dntransvi ew p
3.5.8. vsip_dmget_p

Get the value of a specified element of amatrix view object.

Functionality
Returns the value of the specified element of amatrix view object, X ;.
Prototypes
vsi p_scal ar_f vsip_nget_f(const vsip_mview f *X
vsi p_index i, vsip_index j);
vsi p_scal ar_i vsip_nget_i(const vsip_miew.i *X
vsi p_index i, vsip_index j);
vsi p_cscal ar_f vsip_cnget _f(const vsip_cnview f *X,
vsi p_index i, vsip_index j);
vsi p_cscal ar_i vsip_cnget_i(const vsip_cnview.i *X,
vsi p_index i, vsip_index j);
vsi p_scal ar_bl vsip_nget_bl (const vsip_nview bl *X,
vsi p_index i, vsip_index j);

Arguments
X
Matrix view object

Matrix index i of (i,j), the row index.

Matrix index j of (i,j), the column index.

Return Value
Returns the value of the specified element of a matrix view object.

Restrictions
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3.5.9 [vsip_dmgetattrib_p]

Errors
The arguments must conform to the following:

1. The matrix view object must be valid.

2. Theindex must be avalid index of the matrix view.
Notes/References
Examples

See Also
vsi p_dsput _p

3.5.9. vsip_dmgetattrib_p
Get the attributes of amatrix view object.

Functionality
Retrieves the attributes of matrix view object: (pointer to) bound block object, offset, col_stride,
col_length, row_stride, and row_length.

Prototypes

typedef struct
{

vsi p_of fset of fset;

vsi p_stride row_stride;

vsi p_l ength row_| engt h;

vsi p_stride col _stride;

vsi p_l ength col _| engt h;

vsi p_bl ock_p *block; /* Get only, ignored on Put */
} vsip_mattr_p;
typedef struct
{

vsi p_of fset of fset;

vsi p_stride row_stride;

vsi p_l ength row_| engt h;

vsi p_stride col _stride;

vsi p_l ength col _| engt h;

vsi p_cbl ock_p *block; /* Get only, ignored on Put */
} vsip_cmattr_p;

voi d vsip_ngetattrib_f(vsip_nview f *X vsip_mattr_f *attrib);
void vsip_ngetattrib_i(vsip_nview.i *X, vsip_mattr_i *attrib);
voi d vsip_cngetattrib_f(vsip_crmviewf *X vsip_cmattr_f *attrib);
voi d vsip_cngetattrib_i(vsip_cmview.i *X vsip_cmattr_i *attrib);
voi d vsip_ngetattrib_bl (vsip_mview bl *X vsip_mattr_bl *attrib);

Arguments

X
Matrix view object

attrib
Pointer to output matrix attribute structure.

Return Value
None.
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3.5.10 [vsip_dmgetblock p]

Restrictions

Errors
The arguments must conform to the following:

1. Thematrix view object must be valid.
2. The pointer to the matrix attribute structure must be valid — non-null.

Notes/References
The block attribute can be read (get), but cannot be set.

Examples
See Also
3.5.10. vsip_dmgetblock_p
Get the block attribute of amatrix view object

Functionality
Returns a pointer to the VSIPL block object to which the matrix view object is bound.

Prototypes

vsi p_bl ock_f *vsip_ngetbl ock_f(const vsip_nview f *X);
vsi p_bl ock_i *vsip_ngetbl ock_i(const vsip_nmiew.i *X);
vsi p_cbl ock_f *vsip_cnget bl ock_f(const vsip_cnview f *X);
vsi p_cbl ock_i *vsip_cngetbl ock_i (const vsip_cnview.i *X);
vsi p_bl ock_bl *vsi p_ngetbl ock_bl (const vsi p_mview bl *X);

Arguments

X
Matrix view object

Return Value
Returns a pointer to the block object to which the matrix view object is bound.

Restrictions

Errors
The arguments must conform to the following:

1. Thematrix view object must be valid.

Notes/References
The functions vsip_dmgetattrib_p and vsip_dmputattrib_p are not symmetric since you can get the
block object but you cannot put the block object

Examples
See Also
3.5.11. vsip_dmgetcollength_p

Get the column length attribute of a matrix view object
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3.5.12 [vsip_dmgetcolstride p]

Functionality
Returns the length of (number of elements along) a column of a matrix view.

Prototypes

vsi p_l ength vsi p_ngetcol |l engt h_f(const vsip_nmview f *X);
vsi p_l ength vsip_ngetcoll ength_i (const vsip_mview.i *X);
vsi p_l ength vsip_cngetcol | engt h_f (const vsip_cnview f *X);
vsi p_l ength vsip_cngetcol | ength_i (const vsip_cnview.i *X);
vsi p_l ength vsi p_ngetcol | engt h_bl (const vsip_nview bl *X);

Arguments

X
Matrix view object

Return Value
Returns the value of the col_length attribute of a matrix view object.

Restrictions

Errors
Thefollowing cause aV SIPL runtime error in development mode; in production mode the resultswill
be implementation dependent.

1. The matrix view isinvalid.
Notes/References
Examples
See Also
3.5.12. vsip_dmgetcolstride_p
Get the column stride attribute of a matrix view object

Functionality
Returnsthe stride (in elements of the bound block) between successive scalar elements along acolumn
of amatrix view.

Prototypes

vsi p_stride vsip_ngetcol stride_f(const vsip_nmviewf *X);
vsi p_stride vsip_ngetcol stride_i(const vsip_miew.i *X);
vsi p_stride vsip_cngetcol stride_f(const vsip_cnview f *X);
vsip_stride vsip_cngetcol stride_i (const vsip_cnview.i *X);
vsi p_stride vsip_ngetcol stride_bl (const vsip_nview bl *X);

Arguments

X
Matrix view object

Return Value
Returns the value of the column stride attribute of a matrix view object.

Restrictions
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3.5.13 [vsip_dmgetoffset_p]

Errors
The arguments must conform to the following:

1. Thematrix view object must be valid.
Notes/References
Examples
See Also
3.5.13. vsip_dmgetoffset_p
Get the offset attribute of a matrix view object.

Functionality
Returns the offset (in elements) to the first scalar element of amatrix view from the start of the block
object to which it is bound.

Prototypes

vsi p_of fset vsip_ngetoffset_f(const vsip_nmview f *X);
vsi p_of fset vsip_ngetoffset_i(const vsip_miew.i *X);
vsi p_of fset vsip_cngetoffset_f(const vsip_cnview f *X);
vsi p_of fset vsip_cngetoffset_i(const vsip_cnmview.i *X);
vsi p_of fset vsi p_ngetoffset_bl (const vsip_mview bl *X);

Arguments

X
Matrix view object

Return Value
Returns the value of the offset attribute of the matrix view object.

Restrictions

Errors
The arguments must conform to the following:

1. The vector view object must be valid.
Notes/References
Examples
See Also
3.5.14. vsip_dmgetrowlength_p
Get the row length attribute of a matrix view object

Functionality
Returns the length of (number of elements along) arow of amatrix view.

Prototypes

vsi p_l ength vsi p_ngetrow engt h_f (const vsip_nview f *X);
vsi p_l ength vsip_ngetrow engt h_i (const vsip_nmview.i *X);
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3.5.15[vsip_dmgetrowstride p]

vsi p_l ength vsip_cngetrow engt h_f (const vsip_cnview f *X);
vsi p_l ength vsip_cngetrow engt h_i (const vsip_cnview.i *X);
vsi p_l ength vsi p_ngetrow engt h_bl (const vsi p_nview bl *X);

Arguments

X
Matrix view object

Return Value
Returns the value of the row_length attribute of a matrix view object.

Restrictions

Errors
Thefollowing cause aV SIPL runtime error in development mode; in production mode the resultswill
be implementation dependent.

1. The matrix view isinvalid.
Notes/References
Examples
See Also
3.5.15. vsip_dmgetrowstride_p
Get the row stride attribute of a matrix view object

Functionality
Returns the stride (in elements of the bound block) between successive scalar elements along a row
of amatrix view.

Prototypes

vsip_stride vsip_ngetrowstride_f(const vsip_nview f *X);
vsip_stride vsip_ngetrowstride_i(const vsip_nview.i *X);
vsip_stride vsip_cngetrowstride_f(const vsip_cnview f *X);
vsip_stride vsip_cngetrowstride_i(const vsip_cnview.i *X);
vsip_stride vsip_ngetrowstride_bl (const vsip_nview bl *X);

Arguments

X
Matrix view object

Return Value
Returns the value of the row stride attribute of a matrix view object.

Restrictions

Errors
The arguments must conform to the following:

1. The matrix view object must be valid.

Notes/References
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3.5.16 [vsip_mimagview_p]

Examples
See Also
3.5.16. vsip_mimagview_p
Create amatrix view object of the imaginary part of acomplex matrix from acomplex matrix view object.

Functionality
Creates a real matrix view object from the “imaginary part of a complex” matrix view object, or
returns null if it fails.

On success the function creates a derived block object, derived from the complex block object, that
is bound to the imaginary data part of the original complex block and then binds a real matrix view
object to the block. The new matrix encompasses the imaginary part of the source complex matrix.

Prototypes

vsi p_mvi ew_f *vsip_m magvi ew f (const vsip_cnview f *X);
vsi p_mview_i *vsip_m nmagvi ew_i (const vsip_cnmview.i *X);

Arguments

X
Source matrix view object.

Return Value
Returns a pointer to the created “imaginary” matrix view object, or null if the memory allocation for
new object fails.

Restrictions
Thederived block object, derived from the complex block object cannot be destroyed or released. The
parent complex block object may be released (if it is bound to user data), and destroying the complex
block isthe only way to free the memory associated with the derived block object.

Errors
The arguments must conform to the following:

1. The complex matrix view object must be valid.

Notes/References
It isimportant for the application to check the return value for amemory alocation failure.

This function should not be confused with the function vsip_simag_p() which is a copy operator
(copies the imaginary data).

There are no requirements on offset or stride of a real view on its derived block. Using
vsip_vgetattrib_p information about the layout of the view on the block may be obtained.

Caution

Using attribute information, and the block bound to the matrix, to bind new matrices outside
the data space of the original matrix produced by vsip_simagview_p will produce non-
portable code. Portable code may be produced by: (1) remaining inside the data space of
the matrix, (2) by not assuming a set relationship of strides and offsets, and (3) by using
the get attributes functions to obtain necessary information within the application code to
understand the layout for each implementation.
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3.5.17 [vsip_dmput_p]

Note to Implementors:

e The resulting derived block must have a property which prevents it from being released or

destroyed.
 In development mode, block binding count (reference count) recorded in the block object is
incremented.
Examples
See Also
vsi p_dnbi nd_p, vsi p_dntl onevi ew_p,vsi p_dntol vi ew_p, vsi p_dndi agvi ew_p,
vsi p_nreal vi ew_p, vsi p_dnr owi ew _p, vsi p_dnsubvi ew p,

vsi p_dntransvi ew p,andvsi p_si mag_p
3.5.17. vsip_dmput_p
Put (Set) the value of a specified element of a matrix view object

Functionality
Puts (sets) the value of the specified element of a matrix view obj ect.yij «— X

Prototypes
voi d vsip_nput _f(const vsip_nview f *y, vsip_index i, vsip_index j,
vsi p_scalar_f x);
voi d vsip_nput_i(const vsip_nview.i *y, vsip_index i, vsip_index j,
vsip_scalar_i x);
voi d vsip_cnput _f(const vsip_cnview f *y, vsip_index i, vsip_index j,
vsi p_cscalar_f x);
voi d vsip_cnput_i(const vsip_cnview i *y, vsip_index i, vsip_index j,
vsip_cscalar_i x);
voi d vsi p_nput _bl (const vsip_nview bl *y, vsip_index i, vsip_index j,
vsi p_scal ar_bl x);
Arguments
y

Matrix view object of destination

Matrix index i of (i, j), the row index.

Matrix index j of (i, j), the row index.

Scalar value to put in matrix

Return Value
None.

Restrictions

Errors
The arguments must conform to the following:

1. The matrix view object must be valid.
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3.5.18 [vsip_dmputattrib_p]

2. Theindex must be avalid index of the matrix view.
Notes/References
Examples

See Also
vsi p_dsget _p

3.5.18. vsip_dmputattrib_p
Put (Set) the attributes of a matrix view object.

Functionality
Stores the matrix view attributes of: offset, column stride, column length, row stride, and row length,
of amatrix view object, and as a programmer convenience, returns a pointer to the matrix view object.

Prototypes

typedef struct
{

vsi p_of f set of fset;

vsip_stride row stride;

vsi p_l ength row_ | engt h;

vsip_stride col _stride;

vsip_l ength col _I engt h;

vsip_block_p *block; /* Get only, ignored on Put */
} vsip_mattr_p;
typedef struct
{

vsi p_of fset of fset;

vsip_stride row stride;

vsip_l ength row_ | engt h;

vsip_stride col _stride;

vsi p_l ength col _I engt h;

vsi p_cblock_p *block; /* Get only, ignored on Put */
} vsip_cnattr_p;

vsip_nview f *vsip_nputattrib_f(vsip_nview f *X const vsip_nmattr_f *attrib);
vsip_nview i *vsip_nputattrib_i(vsip_nview.i *X const vsip_nmattr_i *attrib);
vsip_cnview f *vsip_cnputattrib_f(vsip_cnview f *X const vsip_cnattr_f *attrib);
vsip_cnview i *vsip_cnputattrib_i(vsip_cnview i *X, const vsip_cnattr_i *attrib);
vsi p_nview bl *vsip_nputattrib_bl (vsip_nview bl *X const vsip_nattr_bl *attrib);

Arguments

X
Matrix view object.

attrib
Pointer to amatrix attribute structure.

Return Value
Returns a pointer to the source matrix view object as a programming convenience.

Restrictions

Errors
The arguments must conform to the following:
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3.5.19 [vsip_dmputcollength_p]

1. Thematrix view object must be valid.
2. The pointer to the matrix attribute structure must be valid — non-null.

3. The offset, column stride, column length, row stride, and row length arguments must not specify
amatrix view that exceeds the bounds of the data array of the associated block.

Notes/References
The functions vsip_mgetattrib_p and vsip_mputattrib_p are not symmetric since you can “get” the
block object but you cannot “ put” the block object.

Examples
See Also
3.5.19. vsip_dmputcollength_p
Put (Set) the column length attribute of a matrix view object.

Functionality
Puts (sets) the length of (number of elements along) a column of a matrix view.

Prototypes

vsi p_nmvi ew f *vsip_nputcol | ength_f (const vsip_nview f *X, vsip_|length |ength);
vsi p_nmview_ i *vsip_nputcol | ength_i (const vsip_nview.i *X, vsip_|length |ength);
vsi p_nmview_ f *vsip_cnputcol l ength_f(const vsip_cnview f *X, vsip_length |ength);
vsi p_nmview_i *vsip_cnputcol length_i(const vsip_cnview.i *X, vsip_length |ength);
vsi p_nmvi ew_bl *vsip_nputcol Il ength_bl (const vsip_mview bl *X vsip_length | ength);

Arguments

X
Matrix view object.

length
Column length in elements.

Return Value
Returns a pointer to the source matrix view object as a programming convenience.

Restrictions

Errors
The arguments must conform to the following:

1. The matrix view object must be valid.
2. Thelength must be greater than zero.

3. The length argument must not specify a matrix view that exceeds the bounds of the data array of
the associated block.

Notes/References
Examples

See Also
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3.5.20 [vsip_dmputcolstride p]

3.5.20. vsip_dmputcolstride_p
Put (Set) the column stride attribute of a matrix view object.

Functionality
Puts (sets) the stride (in elements of the bound block) between successive scalar elements along a
column of amatrix view.

Prototypes

vsi p_mvi ew f *vsip_nputcol stride_f(const vsip_nview f *X vsip_stride stride);
vsi p_mview_ i *vsip_nputcol stride_i(const vsip_nview.i *X, vsip_stride stride);
vsi p_nmview f *vsip_cnputcol stride_f(const vsip_cnview f *X, vsip_stride stride);
vsi p_nmview_ i *vsip_cnputcol stride_i(const vsip_cnview.i *X, vsip_stride stride);
vsi p_mvi ew_bl *vsip_nputcol stride_bl (const vsip_mview bl *X vsip_stride stride);

Arguments

X
Matrix view object.

length
Column stride in elements.

Return Value
Returns a pointer to the source matrix view object as a programming convenience.

Restrictions

Errors
The arguments must conform to the following:

1. The matrix view object must be valid.

2. The stride argument must not specify a matrix view that exceeds the bounds of the data array of
the associated block.

Notes/References
A column stride of zero may be used to define a matrix view where each column is filled with a
constant.

Examples
See Also
3.5.21. vsip_dmputoffset_p
Put (Set) the offset attribute of a matrix view object.

Functionality
Puts (sets) the offset (in elements) to the first scalar element of a matrix view, from the start of the
block, to which it is bound.

Prototypes

vsi p_nmvi ew_f *vsip_nputof fset_f(const vsip_nviewf *X vsip_offset offset);
vsi p_nmview_ i *vsip_nputoffset_i(const vsip_nview.i *X vsip_offset offset);
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3.5.22 [vsip_dmputrowlength p]

vsi p_mvi ew_f *vsip_cnputof fset_f(const vsip_cnview f *X vsip_offset offset);
vsi p_mview_ i *vsip_cnputoffset_i(const vsip_cnview.i *X, vsip_offset offset);
vsi p_mvi ew_bl *vsip_nputof f set _bl (const vsip_nmview bl *X, vsip_offset offset);

Arguments

X
Matrix view object.

offset
Offset in elements relative to the start of the block object.

Return Value
Returns a pointer to the source matrix view object as a programming convenience.

Restrictions

Errors
The arguments must conform to the following:

1. The matrix view object must be valid.

2. The offset argument must not specify a matrix view that exceeds the bounds of the data array of
the associated block.

Notes/References
Examples
See Also
3.5.22. vsip_dmputrowlength_p
Put (Set) the row length attribute of a matrix view object.

Functionality
Puts (sets) the length of (number of elements along) arow of amatrix view.

Prototypes

vsi p_nview f *vsip_nputrow ength_f(const vsip_nview f *X vsip_length I ength);
vsip_nview_ i *vsip_nputrow ength_i (const vsip_nview.i *X, vsip_length I ength);
vsi p_nview f *vsip_cnputrow ength_f(const vsip_cnview f *X vsip_length I ength);
vsip_nview_ i *vsip_cnputrow ength_i (const vsip_cnview.i *X, vsip_length I ength);
vsi p_nvi ew_bl *vsip_nputrow ength_bl (const vsip_nview bl *X vsip_length I ength);

Arguments

X
Matrix view object.

length
Row length in elements.

Return Value
Returns a pointer to the source matrix view object as a programming convenience.

Restrictions
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3.5.23 [vsip_dmputrowstride_p]

Errors
The arguments must conform to the following:

1. The matrix view object must be valid.
2. Thelength must be greater than zero.

3. The length argument must not specify a matrix view that exceeds the bounds of the data array of
the associated block.

Notes/References
Examples
See Also
3.5.23. vsip_dmputrowstride_p
Put (Set) the row stride attribute of a matrix view object.

Functionality
Puts (sets) the stride (in elements of the bound block) between successive scalar elements along a
row of amatrix view.

Prototypes

vsi p_mvi ew f *vsip_nputrowstride_f(const vsip_nview f *X vsip_stride stride);
vsi p_mview_ i *vsip_nputrowstride_i(const vsip_nview.i *X, vsip_stride stride);
vsi p_mview f *vsip_cnputrowstride_f(const vsip_cnview f *X, vsip_stride stride);
vsi p_mview_ i *vsip_cnputrowstride_i(const vsip_cnview.i *X, vsip_stride stride);
vsi p_mvi ew_bl *vsip_nputrowstride_bl (const vsip_mview bl *X vsip_stride stride);

Arguments

X
Matrix view object.

length
Row stride in elements.

Return Value
Returns a pointer to the source matrix view object as a programming convenience.

Restrictions

Errors
The arguments must conform to the following:

1. The matrix view object must be valid.

2. The stride argument must not specify a matrix view that exceeds the bounds of the data array of
the associated block.

Notes/References
A row stride of zero may be used to define amatrix view where each column isfilled with a constant.

Examples

See Also




3.5.24 [vsip_mrealview_p]

3.5.24. vsip_mrealview_p
Create amatrix view object of the real part of acomplex matrix from a complex matrix view object.

Functionality
Creates a real matrix view object from the “real part of a complex” matrix view object, or returns
null if it fails.

On success, the function creates a derived block object (derived from the complex block object). The
derived block object is bound to the real data part of the original complex block and then binds areal
matrix view object to the block. The new matrix encompassesthereal part of theinput complex matrix.

Prototypes

vsi p_mvi ew_f *vsip_nreal view f(const vsip_cnview f *X);
vsi p_nmview_i *vsip_nreal view.i(const vsip_cnmview.i *X);

Arguments

X
Source matrix view object.

Return Value
Returns a pointer to the created “real” part matrix view object, or null if the memory allocation for
new object fails.

Restrictions
The derived block object, derived from the complex block object cannot be destroyed or released. The
parent complex block object may be released (if it is bound to user data), and destroying the complex
block isthe only way to free the memory associated with the derived block object.

Errors
The arguments must conform to the following:

1. The complex matrix view object must be valid.

Notes/References
It is important for the application to check the return value for a memory allocation failure. This
function should not be confused with the function vsip_sreal_p() which is a copy operator (copies
thereal data).

There are no requirements on offset or stride of a rea view on its derived block. By using
vsip_mgetattrib_p information about the layout of the view on the block may be obtained.

Caution

Using attribute information, and the block bound to the matrix, to bind new matrixes outside
thedata space of the original matrix produced by vsip_srealview_p will produce non-portable
code. Portable code may be produced by: (1) remaining inside the data space of the matrix,
(2) by not assuming aset relationship of strides and offsets, and (3) by using the get attributes
functions to obtain necessary information within the application code to understand the
layout for each implementation.

Note to Implementors:

» The resulting derived block must have a property which prevents it from being released or
destroyed.

85



3.5.25[vsip_dmrowview_p]

 In development mode, block binding count (reference count) recorded in the block object is

incremented.
Examples
See Also
vsi p_dnbi nd_p, vsi p_dntl onevi ew_p,vsi p_dntol vi ew_p, vsi p_dndi agvi ew_p,
vsi p_m magvi ew_p, vsi p_dnr owi ew _p, vsi p_dnsubvi ew p,

vsi p_dntransvi ew p,andvsi p_sreal _p
3.5.25. vsip_dmrowview_p
Create a vector view object of a specified row of the source matrix view object.

Functionality
Creates a vector view object from a specified row of a matrix view object, or returns null if it fails.
On success, it binds the new vector view object to the same block object as the source matrix view
object and sets its attributes to view just the specified row of the source matrix object.

Prototypes

vsi p_vview f *vsip_nmowiew f(const vsip_nview f *X, vsip_index row_index);
VSi p_vview_i *vsip_nrowiew i (const vsip_nview.i *X, vsip_index row_index);
vsi p_cvview f *vsip_cnrowiew f(const vsip_cnview f *X vsip_index row_index);
Vsi p_cvview_i *vsip_cnrowiew i(const vsip_cnview.i *X vsip_index row_index);
vsi p_vvi ew_ bl *vsip_nrowiew bl (const vsip_nview bl *X vsip_index row_index);

Arguments

X
Source matrix view object.

row_index
Row index of source matrix view object.

Return Value
Returns a pointer to the created row vector view object, or null if the memory allocation for new
object fails.

Restrictions

Errors
The arguments must conform to the following:

1. Thematrix view object must be valid.

2. Therequested row index must be avalid row index of the source matrix view.

Notes/References
It isimportant for the application to check the return value for amemory allocation failure.
Examples
See Also
vsi p_dnbi nd_p, vsi p_dntl onevi ew_p,vsi p_dntol vi ew_p, vsi p_dndi agvi ew_p,
vsi p_m magvi ew _p, vsi p_nreal vi ew _p, vsi p_dnsubvi ew p, and

vsi p_dntransvi ew p
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3.5.26 [vsip_dmsubview_p]

3.5.26. vsip_dmsubview_p
Create amatrix view object that is a subview of matrix view object.

Functionality
Createsamatrix view object from asubview of amatrix view, or returnsnull if it fails. The subview is
an M by N matrix view whose (0,0) element corresponds with the (row index, column index) element
of the source matrix view.

(Thesubview isrelative to the source view, row stride and column stride are inherited from the source
view).

Xapui Mol

0,0

col_index |Y

\4

Prototypes

vsi p_nview_f *vsip_nsubview f(const vsip_nview f *X
vsi p_i ndex row_i ndex, vsip_index col _i ndex,
vsip_length M vsip_length N);
vsi p_nview_i *vsip_nsubview_ i(const vsip_nview.i *X
vsi p_i ndex row_i ndex, vsip_index col _index,
vsip_length M vsip_length N);
vsi p_cnvi ew_f *vsip_cnsubvi ew f(const vsip_cnview f *X
vsi p_i ndex row_i ndex, vsip_index col _index,
vsip_length M vsip_length N);
vsip_cnview_i *vsip_cnsubview_ i (const vsip_cnview.i *X
vsi p_i ndex row_i ndex, vsip_index col _index,
vsip_length M vsip_length N;
vsi p_nvi ew_bl *vsip_nsubvi ew bl (const vsip_nview bl *X
vsi p_i ndex row_i ndex, vsip_index col _index,
vsip_length M vsip_length N);

Arguments

X
Source matrix view object.

row_index
The index (row index, column index) of the source matrix view object is mapped to the index
(0,0) of the submatrix view object.

col_index
The index (row index, column index) of the source matrix view object is mapped to the index
(0,0) of the submatrix view object.

M
Number of rows of the matrix view (column length).

N
Number of columns of the matrix view (row length).
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3.5.27 [vsip_dmtransview_p]

Return Value
Returns a pointer to the created subview matrix view object, or null if the memory allocation for new
object fails.

Restrictions

Errors
The arguments must conform to the following:

1. The matrix view object must be valid.
2. The matrix index (row index, column index) must be avalid index of the matrix view.
3. The subview must not extend beyond the bounds of the source matrix view.

Notes/References
It isimportant for the application to check the return value for amemory alocation failure.

Note to Implementors: In development mode, the function updatesthe binding count (reference count)
recorded in the block object.

Examples

See Also
vsi p_dnbi nd_p, vsi p_dntl onevi ew_p, vsi p_dntol vi ew_p, vsi p_dndi agvi ew_p,
vVsi p_m magvi ew_p, vsi p_nreal vi ew _p, vsi p_dnt owi ew_p,

vsi p_dntransvi ew_p
3.5.27. vsip_dmtransview_p
Create amatrix view object that is the transpose of a matrix view object.

Functionality
Creates a matrix view object that provides a transposed view of a specified amatrix view, or returns
null if it fails. On success, it binds the new matrix view object to the same block object as the source
matrix view object and setsits attributes to view the transpose of the source matrix object.

Prototypes

vsi p_mvi ew f *vsip_ntransview f(const vsip_nmviewf *X);
vsi p_mview_i *vsip_ntransview_.i(const vsip_nmiew.i *X);
vsip_cnview f *vsip_cntransview f(const vsip_cnview f *X);
vsip_cnview i *vsip_cntransview_ i(const vsip_cnview.i *X);
vsi p_nmvi ew_bl *vsip_ntransview bl (const vsip_nview bl *X);

Arguments

X
Source matrix view objects.

Return Value
Returns a pointer to the created transposed matrix view object, or null if the memory allocation for
new object fails.

Restrictions

Errors
The arguments must conform to the following:
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3.6 [Tensor View Object Functions]

1. Thematrix view object must be valid.

Notes/References
This should not be confused with the function vsip_dtranspose_p() which transposes the underlying
data of the matrix block object. Inner loop memory accesses are more efficient on most processors if
they are accessing memory with small (unit) strides between memory elements. Use thisinformation
to guide the selection of transpose method.

It isimportant for the application to check the return value for amemory alocation failure.

Examples

See Also
vsi p_dnbi nd_p, vsi p_dntl onevi ew_p,vsi p_dntol vi ew_p, vsi p_dndi agvi ew_p,
vsi p_m magvi ew_p, vsi p_nreal vi ew _p, vsi p_dnt owi ew_p, and

vsi p_dntransvi ew _pvsi p_dtranspose_p

3.6. Tensor View Object Functions

Tx M atrix
Z Z = »X
P>X
Y
\v Tyx M atrix
% Y
TZY Matrix TZYX 3-Tensor
vsip_dtalldestroy_p Destroy Tensor And Block
vsip_dthind_p Create and Bind a Tensor View
vsip_dtcloneview_p Create Tensor View Clone
vsip_dtcreate p Create Tensor
vsip_dtdestroy p Destroy Tensor View
vsip_dtget p Tensor Get Element
vsip_dtgetattrib_p Tensor Get View Attributes
vsip_dtgetblock_p Tensor Get Block
vsip_dtgetoffset p Tensor Get Offset
vsip_dtgetxlength p Tensor Get X Length
vsip_dtgetxstride p Tensor Get X Stride
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3.6.1 [vsip_dtalldestroy p]

3.6.1. vsip_

vsip_dtgetylength p

Tensor Get Y Length

vsip_dtgetystride p

Tensor Get Y Stride

vsip_dtgetzlength p

Tensor Get Z Length

vsip_dtgetzstride p

Tensor Get Z Stride

vsip_timagview_p

Create Imaginary Tensor View

vsip_dtmatrixview_p

Create Tensor Plane View

vsip_dtput_p

Tensor Put Element

vsip_dtputattrib_p

Tensor Put View Attributes

vsip_dtputoffset_p

Tensor Put Offset

vsip_dtputxlength p

Tensor Put X Length

vsip_dtputxstride p

Tensor Put X Stride

vsip_dtputylength p

Tensor Put Y Length

vsip_dtputystride_p

Tensor Put Y Stride

vsip_dtputzlength_p

Tensor Put Z Length

vsip_dtputzstride p

Tensor Put Z Stride

vsip_trealview_p

Create Rea Tensor View

vsip_dtsubview_p

Create Sub-View Tensor View

vsip_dttransview_p

Create Tensor Transposed View

vsip_dtvectview p

Create Tensor Vector View

dtalldestroy p

Destroy (free) atensor, its associated block, and any VSIPL data array bound to the block.

Functionality

Destroys (frees) a tensor view object, the block object to which it is bound, and any VSIPL data
array. If T isatensor of typevsip_dtview p,thenvsi p_dtal | destroy_p(T); isequivaentto

vsi p_dbl ockdestroy_p(vsi p_dtdestroy p(T);

This is the complementary function to vsip_dtcreate p and should only be used to destroy tensors

that have only one view bound to the block object.

Prototypes

void vsip_talldestroy_f(vsip_tviewf *T);
void vsip_ctalldestroy_f(vsip_ctview f *T);
void vsip_talldestroy_i(vsip_tview.i *T);
void vsip_ctalldestroy_i(vsip_ctview.i *T);
void vsip_talldestroy_bl (vsip_tview bl *T);

Arguments

T

Tensor view object.

Return Value
None.

Restrictions




3.6.2[vsip_dthind p]

Errors
The arguments must conform to the following:

1. The tensor view object must be valid. An argument of null is not an error.
2. The specified tensor view must be the only view bound.
3. Thetensor view must not be bound to a derived block (derived from a complex block).

Notes/References
An argument of null is not an error.

If the tensor view isbound to aderived block (derived from acomplex block) the complex block must
be destroyed to free the block and associated data.

Examples

See Also
vsi p_dbl ockcreate_p, vsi p_dbl ockbi nd_p, vsi p_dbl ockadmi t _p,
vsi p_dbl ockr el ease_p, vsi p_dbl ockr ebi nd_p, vsi p_dbl ockfi nd_p,
vsi p_dbl ockdest roy_p, vsi p_dt bi nd_p, vsi p_dtcreate_p, and

vsi p_dtdestroy_p
3.6.2. vsip_dtbind_p
Bind atensor view to a block.

Functionality
Creates atensor object or returnsnull if it fails. If the view create is successful, it: (1) binds the tensor
view object to the block object; (2) setsthe offset from the beginning of the dataarray to the beginning
of the tensor, the stride between successive scalar elementsalongthe Z, Y, and X axes, the number of
scalar elementsaongtheZ, Y, and X axes; (3) then returns a pointer to the created tensor view object.

Prototypes

vsip_tview f *vsip_tbind_f(const vsip_block_f *block, vsip_offset offset,
vsip_stride z_stride, vsip_length z_length,
vsip_stride y_stride, vsip_length y_length,
vsip_stride x_stride, vsip_length x_length);
vsip_tview_ i *vsip_tbind_i(const vsip_block_i *block, vsip_offset offset,
vsip_stride z_stride, vsip_length z_length,
vsip_stride y_stride, vsip_length y_length,
vsip_stride x_stride, vsip_length x_length);
vsip_ctview f *vsip_ctbind_f(const vsip_cblock_f *block, vsip_offset offset,
vsip_stride z_stride, vsip_length z_length,
vsip_stride y_stride, vsip_length y_length,
vsip_stride x_stride, vsip_length x_length);
vsip_ctview_ i *vsip_ctbind_i(const vsip_cblock_i *block, vsip_offset offset,
vsip_stride z_stride, vsip_length z_length,
vsip_stride y_stride, vsip_length y_length,
vsip_stride x_stride, vsip_length x_length);
vsi p_tview bl *vsip_tbind_bl(const vsip_block_bl *block, vsip_offset offset,
vsip_stride z_stride, vsip_length z_length,
vsip_stride y_stride, vsip_length y_length,
vsip_stride x_stride, vsip_length x_length);

Arguments

block
Pointer to a block object.
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offset
Tensor view offset in elements relative to the base of block object.

Z stride
Stride between successive elements along the Z axis.

z_length
Length in elements along the Z axis.

y_stride
Stride between successive elements along the Y axis.

y_length
Length in elements along the Y axis.

X_stride
Stride between successive elements along the X axis.

x_length
Length in elements along the X axis.

Return Value
Returnsapointer to the created tensor view object, or null if thememory allocation for new object fails.

Restrictions

Errors
The arguments must conform to the following:

1. The block object must be valid.
2. The offset must be less than the length of the block’ s data array.

3. The z length, z stride, y length, y stride, x length, x stride, and offset arguments must not specify
atensor view that exceeds the bounds of the data array of the associated block.

Notes/References
It isimportant for the application to check the return value for amemory allocation failure.

Note to Implementors: In development mode, the function updates the bindings (reference count)
recorded in the block object.

Examples

See Also
vsi p_dbl ockcreate p, vsi p_dbl ockbi nd_p, vsi p_dbl ockadmi t _p,
vsi p_dbl ockr el ease_p, vsi p_dbl ockr ebi nd_p, vsi p_dbl ockfi nd_p,
vsi p_dbl ockdest roy_p, vsi p_dtcreate p, vsi p_dt destroy_p, and

vsip_dtall destroy p
3.6.3. vsip_dtcloneview_p
Create a clone of atensor view.

Functionality
Creates a new tensor view object, copies al of the attributes of the source tensor view object to the
new tensor view object, and then bind the new tensor view object to the block object of the source
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tensor view object. Thisfunction returns null on amemory allocation (creation) failure; otherwise, it
returns a pointer to the new tensor view object.

Prototypes

vsi p_tview f *vsip_tcloneviewf(const vsip_tviewf *T);
vsi p_ctview f *vsip_ctcloneview f(const vsip_ctview f *T);
vsi p_tview.i *vsip_tcloneview.i(const vsip_tview.i *T);
vsi p_ctview_i *vsip_ctcloneview.i(const vsip_ctview.i *T);
vsi p_tview bl *vsip_tcloneview bl (const vsip_tviewbl *T);

Arguments

T
Tensor view object.

Return Value
Returns a pointer to the created tensor view object clone, or null if the memory alocation for new
object fails.

Restrictions

Errors
The arguments must conform to the following:

1. Thetensor view object must be valid.

Notes/References
Note to Implementors: In development mode, it should also increment the number of bindings
recorded in the vsip_dblock_p object.

Examples
See Also
3.6.4. vsip_dtcreate_p
Creates a block object and tensor view (object) of the block.

Functionality
Creates a block object with an P ,M ,N element VSIPL data array, it creates an P by M by N dense
tensor view object and then binds the block object to it.

The function

vsip_tviewp *vsip_tcreate_p(P, M N, VSIP_TRAILING hint);

returns the same result as

vsi p_t bind_p(vsi p_bl ockcreate_p(P*MN, hint), (vsip_offset)O,

(vsip_stride) N, (vsip_length)P, /* Z stride, length */
(vsip_stride)N, (vsip_length)M /* Y stride, length */
(vsip_stride)l, (vsip_length)N); /* X stride, length */

or

vsip_tviewp *vsip_tcreate_p(P, M N, VSIP_LEADI NG hint);
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returns the same result as

vsi p_tbind_p(vsi p_bl ockcreate_p(P*MN, hint), (vsip_offset)O,

(vsip_stride)l, (vsip_length)P, /* Z stride, length */
(vsip_stride)P, (vsip_length)M /* Y stride, length */
(vsip_stride)P*M (vsip_length)N); /* X stride, length */

except that vsi p_tcreate_p returns a null if vsi p_bl ockcreate p(P*MN, hint)
returnsanull.

Prototypes

vsi p_tview f *vsip_tcreate_f(vsip_length P, vsip_length M vsip_length N,
vsi p_tnmajor major, vsip_menory_hint hint);
vsi p_tview.i *vsip_tcreate_i(vsip_length P, vsip_length M vsip_length N,
vsi p_tmajor major, vsip_menory_hint hint);
vsi p_ctview f *vsip_ctcreate_f(vsip_length P, vsip_length M vsip_length N,
vsi p_tmajor major, vsip_menory_hint hint);
vsi p_ctview i *vsip_ctcreate_i(vsip_length P, vsip_length M vsip_length N,
vsi p_tmaj or major, vsip_menory_hint hint);
vsi p_tview bl *vsip_tcreate_bl(vsip_length P, vsip_length M vsip_length N,
vsi p_tmaj or major, vsip_menory_hint hint);

Arguments
p
Number of elements (Z length) along Z axis of atensor.
M
Number of elements (Y length) along Y axis of atensor.
N
Number of elements (X length) along X axis of atensor.
major
Trailing or leading index isthe unit stride direction.
hint
Memory hint
Return Value
Returns a pointer to the created tensor view object, or null if it fails.
Restrictions
Errors

The arguments must conform to the following:

1. Thelengths, P, M and N, must be greater than zero.

2. The major memory direction must be a valid member of the vsip_tmajor enumeration.
3. The memory hint must be avalid member of the vsip_memory_hint enumeration.

Notes/References
Note to Implementors: In development mode, it should also update the bindings (reference count)
recorded in the block object.

Examples
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See Also
vsi p_dbl ockcreate_p, vsi p_dbl ockbi nd_p, vsi p_dbl ockadmi t _p,
vsi p_dbl ockr el ease_p, vsi p_dbl ockr ebi nd_p, vsi p_dbl ockfi nd_p,
vsi p_dbl ockdestroy_p, vsi p_dt bind_p, vsi p_dtdestroy_p, and

vsi p_dtall destroy p
3.6.5. vsip_dtdestroy p
Destroy (free) atensor view object and return a pointer to the associated block object.

Functionality
Frees atensor view object from the block object that it was bound to, destroys the tensor view object,
and then returns a pointer to the block object. If the tensor view argument is null, it returns null.

Prototypes

vsi p_bl ock_f *vsip_tdestroy_f(vsip_tviewf *T);
vsi p_cbl ock_f *vsip_ctdestroy_f(vsip_ctview f *T);
vsi p_bl ock_i *vsip_tdestroy_i(vsip_tview.i *T);
vsi p_cblock_i *vsip_ctdestroy_i(vsip_ctview.i *T);
vsi p_bl ock_bl *vsip_tdestroy_bl (vsip_tview. bl *T);

Arguments

T
Tensor view object.

Return Value
Returnsapointer to the block object to which the tensor view wasbound, or null if the calling argument
was null.

Restrictions

Errors
The arguments must conform to the following:

1. The tensor view object must be valid. An argument of null is not an error.

Notes/References
An argument of null isnot an error.

Noteto Implementors: | n devel opment mode, the function updates bindings (reference count) recorded
in the block object.

Examples

See Also
vsi p_dbl ockcreate_p, vsi p_dbl ockbi nd_p, vsi p_dbl ockadmi t _p,
vsi p_dbl ockr el ease_p, vsi p_dbl ockr ebi nd_p, vsi p_dbl ockfi nd_p,
vsi p_dbl ockdestroy_p, vsi p_dt bi nd_p, vsi p_dtcreate_p, and

vsi p_dtall destroy p
3.6.6. vsip_dtget_p
Get the value of a specified element of atensor view object.

Functionality
Returns the value of the specified element of atensor view object. Returns Xy, j j
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Prototypes
vsi p_scal ar_f vsip_tget f(const vsip_tviewf *x
vsi p_index h, vsip_index i, vsip_index j);
vsi p_cscal ar_f vsip_ctget_f(const vsip_ctview f *x
vsi p_index h, vsip_index i, vsip_index j);
vsi p_scalar_i vsip_tget_i(const vsip_tview.i *x
vsi p_index h, vsip_index i, vsip_index j);
vsi p_cscal ar_i vsip_ctget_i(const vsip_ctview.i *x
vsi p_index h, vsip_index i, vsip_index j);
vsi p_scal ar_bl vsip_tget_bl (const vsip_tview bl *x
vsi p_index h, vsip_index i, vsip_index j);

Arguments

X
Tensor view object

h
Tensor index h of (h, i, j)
[
Tensor index i of (h, i, j)
j
Tensor index j of (h, i, j)
Return Value
Returns the value of the specified element of a Tensor view object.
Restrictions
Errors

The arguments must conform to the following:

1. Thetensor view object must be valid.

2. Theindex must be avalid index of the tensor view.
Notes/References
Examples

See Also
vsi p_dsput _p

3.6.7. vsip_dtgetattrib_p
Get the attributes of atensor view object.

Functionality
Retrieves the attributes: offset, Z length, Z stride, Y length, Y stride, X length, X stride, and (pointer
to) bound block object of atensor view object.

Prototypes

typedef struct
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vsi p_of fset of fset;

vsi p_stride z_Il ength;

vsi p_length z_stride;

vsi p_stride y_Ilength;

vsi p_length y_stride;

vsi p_stride x_Ilength;

vsi p_l ength x_stride;

vsi p_bl ock_p *block; /* Get only, ignored on Put */
} vsip_tattr_p;
typedef struct

{

vsi p_of fset of fset;

vsi p_stride z_Il ength;

vsi p_length z_stride;

vsi p_stride y_Ilength;

vsi p_length y_stride;

vsi p_stride x_Ilength;

vsi p_l ength x_stride;

vsi p_cbl ock_p *block; /* Get only, ignored on Put */

} vsip_ctattr_p;

void vsip_tgetattrib_f(const vsip_tview f *T, vsip_tattr_f *attrib);
void vsip_tgetattrib_i(const vsip_tview.i *T, vsip_tattr_i *attrib);
void vsip_tgetattrib_bl (const vsip_tviewbl *T, vsip_tattr_bl *attrib);
void vsip_ctgetattrib_f(const vsip_ctviewf *T, vsip_ctattr_f *attrib);
void vsip_ctgetattrib_i(const vsip_ctview.i *T, vsip_ctattr_i *attrib);

Arguments

T
Tensor view object.

attrib
Pointer to output tensor attribute structure.

Return Value
None.

Restrictions

Errors
The arguments must conform to the following:

1. Thetensor view object must be valid.
2. The pointer to the tensor attribute structure must be valid — non-null.

Notes/References
The block attribute can be read (get), but cannot be set.

Examples
See Also
3.6.8. vsip_dtgetblock_p
Get the block attribute of atensor view object.

Functionality
Returns a pointer to the VSIPL block aobject to which the tensor view object is bound.
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Prototypes

vsi p_bl ock_f *vsip_tgetbl ock_f(const vsip_tviewf *T);
vsi p_cbl ock_f *vsip_ctgetbl ock_f(const vsip_ctviewf *T);
vsi p_bl ock_i *vsip_tgetblock_i(const vsip_tview.i *T);
vsi p_cbl ock_i *vsip_ctgetblock_i(const vsip_ctview.i *T);
vsi p_bl ock_bl *vsip_tgetbl ock_bl (const vsip_tviewbl *T);

Arguments

T
Tensor view object.

Return Value
Returns a pointer to the block object to which the tensor view object is bound.

Restrictions

Errors
The arguments must conform to the following:

1. Thetensor view object must be valid.

Notes/References
The functions vsip_dvgetattrib_p and vsip_dvputattrib_p are not symmetric since you can get the
block object but you cannot put the block object.

Examples
See Also
3.6.9. vsip_dtgetoffset_p
Get the offset attribute of atensor view object.

Functionality
Returns the offset (in elements) to the first scalar element of atensor view from the start of the block
object to which it is bound.

Prototypes

vsip_of fset vsip_tgetoffset_f(const vsip_tviewf *T);
vsi p_of fset vsip_ctgetoffset_f(const vsip_ctviewf *T);
vsip_offset vsip_tgetoffset_i(const vsip_tview.i *T);
vsi p_of fset vsip_ctgetoffset_i(const vsip_ctview.i *T);
vsi p_of fset vsip_tgetoffset_bl(const vsip_tviewbl *T);

Arguments

T
Tensor view object.

Return Value
Returns the value of the offset attribute of the tensor view object.

Restrictions

Errors
The arguments must conform to the following:
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1. Thetensor view object must be valid.
Notes/References
Examples
See Also
3.6.10. vsip_dtgetxlength_p
Get the X length attribute of atensor view object.

Functionality
Returns the length of (number of elements along) the X axis of atensor view.

Prototypes

vsi p_l ength vsip_tgetxlength_f(const vsip_tviewf *T);
vsi p_l ength vsip_ctgetxl ength_f(const vsip_ctviewf *T);
vsi p_l ength vsip_tgetxlength_i(const vsip_tview.i *T);
vsi p_l ength vsip_ctgetxlength_i (const vsip_ctview.i *T);
vsi p_l ength vsip_tgetxl ength_bl (const vsip_tviewbl *T);

Arguments

T
Tensor view object.

Return Value
Returns the value of the X length attribute of the tensor view object.

Restrictions

Errors
The arguments must conform to the following:

1. Thetensor view object must be valid.
Notes/References
Examples
See Also
3.6.11. vsip_dtgetxstride _p
Get the X stride attribute of atensor view object.

Functionality
Returns the stride (in elements of the bound block) between successive elements along the X axis of
atensor view.

Prototypes

vsi p_stride vsip_tgetxstride_f(const vsip_tviewf *T);
vsi p_stride vsip_ctgetxstride_f(const vsip_ctviewf *T);
vsi p_stride vsip_tgetxstride_i(const vsip_tview.i *T);
vsi p_stride vsip_ctgetxstride_i(const vsip_ctview.i *T);
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vsi p_stride vsip_tgetxstride_bl (const vsip_tviewbl *T);

Arguments

T
Tensor view object.

Return Value
Returns the value of the X stride attribute of the tensor view object.

Restrictions

Errors
The arguments must conform to the following:

1. Thetensor view object must be valid.
Notes/References
Examples
See Also
3.6.12. vsip_dtgetylength_p
Get the Y length attribute of atensor view object.

Functionality
Returns the length of (number of elements along) the Y axis of atensor view.

Prototypes

vsip_length vsip_tgetylength_f(const vsip_tviewf *T);
vsip_l ength vsip_ctgetylength_f(const vsip_ctview f *T);
vsip_length vsip_tgetylength_i(const vsip_tview.i *T);
vsip_l ength vsip_ctgetylength_i(const vsip_ctview.i *T);
vsip_l ength vsip_tgetylength_bl (const vsip_tviewbl *T);

Arguments

T
Tensor view object.

Return Value
Returnsthe value of the Y length attribute of the tensor view object.

Restrictions

Errors
The arguments must conform to the following:

1. Thetensor view object must be valid.
Notes/References
Examples

See Also
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3.6.13. vsip_dtgetystride_p
Get the Y stride attribute of atensor view object.

Functionality
Returns the stride (in elements of the bound block) between successive elements along the Y axis of
atensor view.

Prototypes

vsip_stride vsip_tgetystride_f(const vsip_tviewf *T);
vsip_stride vsip_ctgetystride_f(const vsip_ctview f *T);
vsip_stride vsip_tgetystride_i(const vsip_tview.i *T);
vsip_stride vsip_ctgetystride_i(const vsip_ctview.i *T);
vsip_stride vsip_tgetystride_bl(const vsip_tviewbl *T);

Arguments

T
Tensor view object.

Return Value
Returnsthe value of the Y stride attribute of the tensor view object.

Restrictions

Errors
The arguments must conform to the following:

1. Thetensor view object must be valid.
Notes/References
Examples
See Also
3.6.14. vsip_dtgetzlength p
Get the Z length attribute of atensor view object.

Functionality
Returns the length of (number of elements along) the Z axis of atensor view.

Prototypes

vsip_length vsip_tgetzlength_f(const vsip_tviewf *T);
vsip_l ength vsip_ctgetzlength_f(const vsip_ctview f *T);
vsip_length vsip_tgetzlength_i(const vsip_tview.i *T);
vsip_l ength vsip_ctgetzlength_i(const vsip_ctview.i *T);
vsip_l ength vsip_tgetzlength_bl (const vsip_tviewbl *T);

Arguments

T
Tensor view object.

Return Value
Returns the value of the Z length attribute of the tensor view object.
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Restrictions

Errors
The arguments must conform to the following:

1.
Notes/References
Examples
See Also
3.6.15. vsip_dtgetzstride _p
Get the Z stride attribute of atensor view object.

Functionality
Returns the stride (in elements of the bound block) between successive elements along the Z axis of
atensor view.

Prototypes

vsip_stride vsip_tgetzstride_f(const vsip_tviewf *T);
vsip_stride vsip_ctgetzstride_f(const vsip_ctview f *T);
vsip_stride vsip_tgetzstride_i(const vsip_tview.i *T);
vsip_stride vsip_ctgetzstride_i(const vsip_ctview.i *T);
vsip_stride vsip_tgetzstride_bl(const vsip_tviewbl *T);

Arguments

T
Tensor view object.

Return Value
Returns the value of the Z stride attribute of the tensor view object.

Restrictions

Errors
The arguments must conform to the following:

1. Thetensor view object must be valid.
Notes/References
Examples
See Also
3.6.16. vsip_timagview_p
Create atensor view object of the imaginary part of acomplex tensor from a complex tensor view object.

Functionality
Createsareal tensor view object from the “imaginary part of acomplex” tensor view object, or returns
null if it fails.
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On success, the function creates aderived block object, derived from the complex block object, which
is bound to the imaginary data part of the original complex block and then binds a real tensor view
object to the block. The new tensor encompasses the imaginary part of the source complex tensor.

Prototypes

vsi p_tview f *vsip_tinmagview f(const vsip_ctviewf *T);
vsi p_tview.i *vsip_tinmagview.i(const vsip_ctview.i *T);

Arguments

T
Tensor view object.

Return Value
Returns a pointer to the created “imaginary” part tensor view object, or null if the memory allocation
for new object fails.

Restrictions
The derived block object, derived from the complex block object cannot be destroyed or released. The
parent complex block object may be released (if it is bound to user data), and destroying the complex
block isthe only way to free the memory associated with the derived block object.

Errors
The arguments must conform to the following:

1. The complex tensor view object must be valid.

Notes/References
It is important for the application to check the return value for a memory allocation failure. This
function should not be confused with the function vsip_simag_p() which is a copy operator (copies
theimaginary data).

There are no requirements on offset or stride of a rea view on its derived block. By using
vsip_tgetattrib_p, information about the layout of the view on the block may be obtained.

Caution

Using attributeinformation, and the block bound to the tensor, to bind new tensors outside the
data space of the original tensor produced by vsip_simagview_p will produce non-portable
code. Portable code may be produced by: (1) remaining inside the data space of the tensor,
(2) by not assuming aset relationship of strides and offsets, and (3) by using the get attributes
functions to obtain necessary information within the application code to understand the
layout for each implementation.

Note to Implementors:

e The resulting derived block must have a property which prevents it from being released or
destroyed.

* In development mode, block binding count (reference count) recorded in the block object is
incremented.

Examples

See Also

103



3.6.17 [vsip_dtmatrixview_p]

3.6.17. vsip_dtmatrixview_p
Create amatrix view of a2-D dlice of the tensor view.

Functionality
Creates amatrix view object of a2-D dlice of the tensor view. The 2-D dlice, or plane, is specified to
be one of Y-X, Z-X, or Z-Y planes at a specified index along the remaining axis.

M*’* = Ti,*,* Y-X Submatrix
M*’* = T*,i,* Z-X Submatrix
M*,* = T*,*,i Z-Y SubmatriX

Prototypes

typedef enum

{
VSI P_TMYX 0, /1 Y-X Submatrix
VSI P_TMZX 1, /] Z-X Submatrix
VSIP_TMZY = 2 /] Z-Y Submatrix

} vsip_tnslice

vsip_nmview f *vsip_tmatrixview f(const vsip_tview f *T,
vsip_tnslice slice, vsip_index i);
vsip_nview_ i *vsip_tmatrixview_i(const vsip_tview.i *T,
vsip_tnslice slice, vsip_index i);
vsip_cnview f *vsip_ctmatrixview f(const vsip_ctviewf *T,
vsip_tnslice slice, vsip_index i);
vsip_cnview_i *vsip_ctmatrixview_i(const vsip_ctview.i *T,
vsip_tnslice slice, vsip_index i);
vsi p_nview_bl *vsip_tmatrixview bl (const vsip_tviewbl *T,
vsip_tnslice slice, vsip_index i);

Arguments

T
Tensor view object.

dice
slice of the tensor.
Index of the axis normal to the slice.

Return Value
Returns a pointer to the created matrix view object, or null if the memory allocation for new object
fals.

Restrictions

Errors
The arguments must conform to the following:

1. Thetensor view object must be valid.
2. The dlice must be valid member of the vsip_tmslice enumeration.

3. Theindex, i, must be avalid index of the appropriate axis of the tensor view object.
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Notes/References
It isimportant for the application to check the return value for amemory alocation failure.

Note to Implementors: In development mode, the block binding count (reference count) recorded in
the block object isincremented.

Examples
See Also
3.6.18. vsip_dtput_p
Put (Set) the value of a specified element of atensor view object

Functionality
Puts (sets) the value of the specified element of atensor view object.

Ihig<—*
Prototypes

voi d vsip_tput_f(const vsip_tview f *y,
vsi p_i ndex h, vsip_index i, vsip_index j,
vsi p_scal ar_f x);
voi d vsip_ctput_f(const vsip_ctviewf *y,
vsi p_i ndex h, vsip_index i, vsip_index j,
vsi p_cscal ar_f x);
voi d vsip_tput_i(const vsip_tview.i *vy,
vsi p_i ndex h, vsip_index i, vsip_index j,
vsi p_scalar_i x);
voi d vsip_ctput_i(const vsip_ctview.i *y,
vsi p_i ndex h, vsip_index i, vsip_index j,
vsi p_cscalar_i X);
voi d vsip_tput_bl (const vsip_tview bl *y,
vsi p_i ndex h, vsip_index i, vsip_index j,
vsi p_scal ar_bl x);

Arguments
y
Tensor view object of destination.
h
Tensor index h of (h, i, j)
[
Tensor index i of (h, i, j)
j
Tensor index j of (h, i, j)
X
Scalar value to put in tensor.
Return Value
None.
Restrictions
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Errors
The arguments must conform to the following:

1. Thetensor view object must be valid.

2. Theindex must be avalid index of the tensor view.
Notes/References
Examples

See Also
vsi p_dsget _p

3.6.19. vsip_dtputattrib_p
Put (Set) the attributes of atensor view object.

Functionality

Sets the attributes of offset, Z length, Z stride, Y length, Y stride, X length, and X stride of a tensor
view object. As aprogrammer convenience, it returns a pointer to the tensor view object.

Prototypes

typedef struct

{
vsi p_of fset of fset;
vsi p_stride z_Il ength;
vsi p_length z_stride;
vsi p_stride y_Ilength;
vsi p_length y_stride;
vsi p_stride x_Ilength;
vsi p_l ength x_stride;
vsi p_bl ock_p *bl ock;

} vsip_tattr_p;

typedef struct

{
vsi p_of fset of fset;
vsi p_stride z_Il ength;
vsi p_length z_stride;
vsi p_stride y_length;
vsi p_length y_stride;
vsi p_stride x_Ilength;
vsi p_l ength x_stride;
vsi p_cbl ock_p *bl ock;

} vsip_ctattr_p;

/* Get only,

/* Get only, ignored on

vsi p_tview f *vsip_tputattrib_f(vsip_tviewf *T,
vsip_tview.i *vsip_tputattrib_i(vsip_tview.i *T,
vsi p_tview bl *vsip_tputattrib_bl (vsip_tview bl
vsip_ctview f *vsip_ctputattrib_f(vsip_ctview_f
vsip_ctview.i *vsip_ctputattrib_i(vsip_ctview_i
vsi p_ctvi ew_bl

Arguments

T
Tensor view object.

attrib
Pointer to atensor attribute structure

*vsip_ctputattrib_bl (vsip_ctview

ignored on Put */

Put */

const vsip_tattr_f *attrib);

const vsip_tattr_i *attrib);

*T, const vsip_tattr_bl *attrib);
*T, const vsip_ctattr_f *attrib);
*T, const vsip_ctattr_i *attrib);

bl *T, const vsip_tattr_bl *attrib);
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Return Value
Returns a pointer to the source tensor view object as a programming convenience.

Restrictions

Errors
The arguments must conform to the following:

1. Thetensor view object must be valid.
2. The pointer to the tensor attribute structure must be valid — non-null.

3. The z length, z stride, y length, y stride, x length, x stride, and offset arguments must not specify
atensor view that exceeds the bounds of the data array of the associated block.

Notes/References
Thefunctionsvsi p_tgetattrib_pand vsip_tputattrib_p arenot symmetric since you
can “get” the block object but you cannot “put” the block object.

Examples
See Also
3.6.20. vsip_dtputoffset_p
Put (Set) the offset attribute of atensor view object.

Functionality
Puts (sets) the offset (in elements) to the first scalar element of a tensor view, from the start of the
block object’s data array, to which it is bound.

Prototypes

vsip_tview f *vsip_tputoffset_f(vsip_tviewf *T, vsip_offset offset);
vsip_ctview f *vsip_ctputoffset_f(vsip_ctview f *T, vsip_offset offset);
vsip_tview.i *vsip_tputoffset_i(vsip_tview.i *T, vsip_offset offset);
vsip_ctview i *vsip_ctputoffset_i(vsip_ctview.i *T, vsip_offset offset);
vsip_tview bl *vsip_tputoffset_bl(vsip_tviewbl *T, vsip_offset offset);

Arguments

T
Tensor view object.

offset
Offset in elements relative to the start of the block object.

Return Value
Returns a pointer to the source tensor view object as a programming convenience.

Restrictions

Errors
The arguments must conform to the following:

1. Thetensor view object must be valid.

2. The offset argument must not specify atensor view that exceeds the bounds of the data array of
the associated block.
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Notes/References
Examples
See Also
3.6.21. vsip_dtputxlength_p
Put (Set) the X length attribute of atensor view object.

Functionality
Puts (sets) the length of (number of elements along) the X axis of atensor view.

Prototypes

vsi p_tview p *vsip_tputxlength_p(vsip_tviewp *T, vsip_length |l ength);
vsi p_ctview p *vsip_ctputxlength_p(vsip_ctviewp *T, vsip_length | ength);

Arguments

T
Tensor view object.

length
Length of the X axis

Return Value
Returns a pointer to the source tensor view object as a programming convenience.

Restrictions

Errors
The arguments must conform to the following:

1. Thetensor view object must be valid.
2. Thelength must be greater than zero.

3. The length argument must not specify a tensor view that exceeds the bounds of the data array of
the associated block.

Notes/References
Examples
See Also
3.6.22. vsip_dtputxstride_p
Put (Set) the X stride attribute of atensor view object.

Functionality
Puts (sets) the stride (in elements of the bound block) between successive elements along the X axis
of atensor view.

Prototypes

vsip_tview f *vsip_tputxstride_f(vsip_tviewf *T, vsip_stride stride);
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vsi p_ctview f *vsip_ctputxstride_f(vsip_ctview f *T, vsip_stride stride);
vsip_tview.i *vsip_tputxstride_i(vsip_tview.i *T, vsip_stride stride);

vsi p_ctview.i *vsip_ctputxstride_i(vsip_ctview.i *T, vsip_stride stride);
vsi p_tview bl *vsip_tputxstride_bl(vsip_tviewbl *T, vsip_stride stride);

Arguments

T
Tensor view object.

stride
Stride in elements between successive elements along the X axis.

Return Value
Returns a pointer to the source tensor view object as a programming convenience.

Restrictions

Errors
The arguments must conform to the following:

1. Thetensor view object must be valid.

2. The stride argument must not specify atensor view that exceeds the bounds of the data array of
the associated block.

Notes/References
An X stride of zero may be used to define atensor view where each Z-Y dliceisfilled with aconstant.

Examples
See Also
3.6.23. vsip_dtputylength_p
Put (Set) the Y length attribute of atensor view object.

Functionality
Puts (sets) the length of (number of elements along) the Y axis of atensor view.

Prototypes

vsip_tview f *vsip_tputylength_f(vsip_tviewf *T, vsip_length [ ength);
vsip_ctview f *vsip_ctputylength_f(vsip_ctview f *T, vsip_length I ength);
vsip_tview.i *vsip_tputylength_i(vsip_tview.i *T, vsip_length [ ength);
vsip_ctview i *vsip_ctputylength_i(vsip_ctview.i *T, vsip_length I ength);
vsip_tview bl *vsip_tputylength_bl(vsip_tviewbl *T, vsip_length I ength);

Arguments

T
Tensor view object.

length
Length of the Y axis.

Return Value
Returns a pointer to the source tensor view object as a programming convenience.
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Restrictions

Errors
The arguments must conform to the following:

1. Thetensor view object must be valid.
2. Thelength must be greater than zero.

3. The length argument must not specify atensor view that exceeds the bounds of the data array of
the associated block.

Notes/References
Examples
See Also
3.6.24. vsip_dtputystride_p
Put (Set) the Y stride attribute of atensor view object.

Functionality
Puts (sets) the stride (in elements of the bound block) between successive elements along the Y axis
of atensor view.

Prototypes

vsip_tview f *vsip_tputystride_f(vsip_tviewf *T, vsip_stride stride);
vsip_ctview f *vsip_ctputystride_f(vsip_ctview f *T, vsip_stride stride);
vsip_tview.i *vsip_tputystride_i(vsip_tview.i *T, vsip_stride stride);
vsip_ctview.i *vsip_ctputystride_i(vsip_ctview.i *T, vsip_stride stride);
vsi p_tview bl *vsip_tputystride_bl(vsip_tviewbl *T, vsip_stride stride);

Arguments

T
Tensor view object.

stride
Stride in elements between successive elements along the Y axis.

Return Value
Returns a pointer to the source tensor view object as a programming convenience.

Restrictions

Errors
The arguments must conform to the following:

1. Thetensor view object must be valid.

2. The stride argument must not specify atensor view that exceeds the bounds of the data array of
the associated block.

Notes/References
A'Y stride of zero may be used to define atensor view where each Z-X diceisfilled with a constant.

Examples
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See Also
3.6.25. vsip_dtputzlength p
Put (Set) the Z length attribute of atensor view object.

Functionality
Puts (sets) the length of (number of elements along) the Z axis of atensor view.

Prototypes

vsip_tview f *vsip_tputylength_f(vsip_tviewf *T, vsip_length I ength);
vsip_ctview f *vsip_ctputylength_f(vsip_ctview f *T, vsip_length I ength);
vsip_tview i *vsip_tputylength_i(vsip_tview.i *T, vsip_length I ength);
vsip_ctview i *vsip_ctputylength_i(vsip_ctview.i *T, vsip_length I ength);
vsip_tview bl *vsip_tputylength_bl(vsip_tviewbl *T, vsip_length I ength);

Arguments

T
Tensor view object.

length
Length of the Z axis.

Return Value
Returns a pointer to the source tensor view object as a programming convenience.

Restrictions

Errors
The arguments must conform to the following:

1. Thetensor view object must be valid.
2. Thelength must be greater than zero.

3. The length argument must not specify atensor view that exceeds the bounds of the data array of
the associated block.

Notes/References
Examples
See Also
3.6.26. vsip_dtputzstride_p
Put (Set) the Z stride attribute of atensor view object.

Functionality
Puts (sets) the stride (in elements of the bound block) between successive elements along the Z axis
of atensor view.

Prototypes

vsip_tview f *vsip_tputzstride_f(vsip_tview f *T, vsip_stride stride);
vsi p_ctview f *vsip_ctputzstride_f(vsip_ctview f *T, vsip_stride stride);
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vsip_tview.i *vsip_tputzstride_i(vsip_tview.i *T, vsip_stride stride);
vsi p_ctview.i *vsip_ctputzstride_i(vsip_ctview.i *T, vsip_stride stride);
vsi p_tview bl *vsip_tputzstride_bl(vsip_tviewbl *T, vsip_stride stride);

Arguments

T
Tensor view object.

stride
Stride in elements between successive elements along the Z axis.

Return Value
Returns a pointer to the source tensor view object as a programming convenience.

Restrictions

Errors
The arguments must conform to the following:

1. Thetensor view object must be valid.

2. The stride argument must not specify atensor view that exceeds the bounds of the data array of
the associated block.

Notes/References
A Z stride of zero may be used to define atensor view where each Y-X diceisfilled with a constant.

Examples
See Also
3.6.27. vsip_trealview_p
Create atensor view object of the real part of a complex tensor from a complex tensor view object.

Functionality
Creates areal tensor view object from the “real part of acomplex” tensor view object, or returns null
if it fails.

On success, the function creates a derived block object (derived from the complex block object). The
derived block object is bound to the real data part of the original complex block and then binds areal
tensor view object to the block. The new tensor encompassesthereal part of theinput complex tensor.

Prototypes

vsip_tview f *vsip_trealview f(const vsip_ctview f *T);
vsip_tviewi *vsip_trealview.i(const vsip_ctview.i *T);

Arguments

T
Tensor view object.

Return Value
Returns a pointer to the created “real” part tensor view object, or null if the memory allocation for
new object fails.
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Restrictions
Thederived block object, derived from the complex block object cannot be destroyed or released. The
parent complex block object may be released (if it isbound to user data), and destroying the complex
block isthe only way to free the memory associated with the derived block object.

Errors
The arguments must conform to the following:

1. The complex tensor view object must be valid.

Notes/References
It isimportant for the application to check the return value for amemory allocation failure.

This function should not be confused with thefunctionvsi p_sreal _p() whichisacopy operator
(copiesthereal data).

There are no requirements on offset or stride of a rea view on its derived block. By using
vsi p_tgetattrib_p,information about the layout of the view on the block may be obtained.

Caution

Using attribute information, and the block bound to the tensor, to bind new tensors outside
the data space of the original tensor produced by vsip_srealview_p will produce non-portable
code. Portable code may be produced by: (1) remaining inside the data space of the tensor,
(2) by not assuming a set relationship of strides and offsets, and (3) by using the get attributes
functions to obtain necessary information within the application code to understand the
layout for each implementation.

Note to Implementors:

» The resulting derived block must have a property which prevents it from being released or
destroyed.

* In development mode, block binding count (reference count) recorded in the block object is
incremented.

Examples
See Also
3.6.28. vsip_dtsubview_p
Create atensor view object that is a subview of tensor view object.

Functionality
Creates atensor view object from asubview of atensor view, or returns null if it fails. The subview is

aP by M by N tensor view whose (0,0,0) element corresponds with the (Z index, Y index, X index)
element of the source tensor view.

(The subview is relative to the source view, Z stride, Y stride, and X strides are inherited from the
source view).

Prototypes

vsi p_tview f *vsip_tsubview f(const vsip_tview f *T,
vsi p_i ndex z, vsip_index y, vsip_index x,
vsip_length P, vsip_length M vsip_length N);
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vsi p_ctview f *vsip_ctsubview f(const vsip_ctviewf *T,
vsi p_i ndex z, vsip_index y, vsip_index x,
vsip_length P, vsip_length M vsip_length N);
vsi p_tview.i *vsip_tsubview.i(const vsip_tview.i *T,
vsi p_i ndex z, vsip_index y, vsip_index x,
vsip_length P, vsip_length M vsip_length N);
vsi p_ctview i *vsip_ctsubview.i(const vsip_ctview.i *T,
vsi p_i ndex z, vsip_index y, vsip_index x,
vsip_length P, vsip_length M vsip_length N);
vsi p_tview bl *vsip_tsubview bl (const vsip_tviewbl *T,
vsi p_i ndex z, vsip_index y, vsip_index x,
vsip_length P, vsip_length M vsip_length N);

Arguments
T
Tensor view object.
z
Theindex (Z index, Y index, X index) of the source matrix view object is mapped to the index
(0,0,0) of the subview tensor object.
y
Theindex (Z index, Y index, X index) of the source matrix view object is mapped to the index
(0,0,0) of the subview tensor object.
X
Theindex (Z index, Y index, X index) of the source matrix view object is mapped to the index
(0,0,0) of the subview tensor object.
P
Number of elements (Z length) along Z axis of tensor subview.
M
Number of elements (Y length) along Y axis of tensor subview.
N
Number of elements (X length) along X axis of tensor subview.
Return Value
Returns a pointer to the created subview tensor view object, or null if the memory allocation for new
object fails.
Restrictions
Errors

The arguments must conform to the following:

1. The matrix view object must be valid.

2. The matrix index (Z index, Y index, X index) must be avalid index of the tensor view.
3. The subview must not extend beyond the bounds of the source tensor view.

Notes/References
It isimportant for the application to check the return value for amemory alocation failure.

Note to Implementors: In development mode, it should also increment the number of bindings
(reference count) recorded in the block object.
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Examples
See Also
3.6.29. vsip_dttransview_p
Create a transposed tensor view.

Functionality
Creates a tensor view object that provides a transposed view of a specified a tensor view, or returns
null if it fails. On success, it binds the new tensor view object to the same block object as the source
tensor view object and setsiits attributes to view the transpose of the source tensor object.

Thij« Thyj No-transpose VSIP_TTRANS_NOP
Thij«Thj; Y-X transpose VSIP. TTRANS YX
Thij« Tipj Z-Y transpose VSIP_TTRANS ZY
Thwij<Tjin Z-X transpose VSIP. TTRANS ZX

Thij<— Tijn Y-X & Z-Y transpose VSIP_ TTRANS YXZY
Thij— Tini Y-X & Z-X transpose VSIP_TTRANS_YXZX

Where “*” denotes the set of al valid indices.

Prototypes

typedef enum

{
VSIP_TTRANS NOP = 0, /* No transpose */

VSIP_TTRANS YX = 1, /* Y — X transpose */
VSIP_TTRANS ZY = 2, /* Z — Y transpose */
VSIP_TTRANS ZX = 3, /* Z — X transpose */
VSI P_TTRANS_YXZY = 4, /* Y — X & Z — Y transpose */
VSI P_TTRANS_YXZX =5 /[/* Y - X & Z — X transpose */

} vsip_ttrans;

vsip_tview f *vsip_ttransview f(const vsip_tview f *T, vsip_ttrans trans);
vsip_tview.i *vsip_ttransview_i(const vsip_tview.i *T, vsip_ttrans trans);
vsip_ctview f *vsip_cttransview f(const vsip_ctview f *T, vsip_ttrans trans);

vsip_ctview i *vsip_cttransview i(const vsip_ctview.i *T, vsip_ttrans trans);
vsip_tview bl *vsip_ttransview bl (const vsip_tviewbl *T, vsip_ttrans trans);

Arguments

T
Tensor view object.

trans
Specifies transpose type.

Return Value
Returns a pointer to the created tensor view object, or null if the create fails.

Restrictions

Errors
The arguments must conform to the following:

1. Thetensor view object must be valid.
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2. The transpose type must be avalid member of the vsip_ttrans enumeration.
Notes/References
Examples
See Also
3.6.30. vsip_dtvectview_p
Create avector view of a1-D dice of the tensor view.

Functionality
Creates a vector view of a 1-D dlice of the tensor view, or returns null if it fails. The 1-D dlice is
specified tobeone of X, Y, or Z, at a specified index along the other axes.
v,« T;; = X Subvector
v,«=Ti«; Y Subvector

v,«—Tx;; Z Subvector
Where “*” denotes the set of al valid indices.

Prototypes

typedef enum

{
VSIP_TVX = 0, /* X Subvector */
VSIP_TVY = 1, /* Y Subvector */
VSIP_TVZ = 2 [* Z Subvector */

} vsip_tvslice

vsip_vview f *vsip_tvectview f(const vsip_tviewf *T, vsip_tvslice slice

vsip_index i, vsip_index j);
vsi p_vview_i *vsip_tvectview.i(const vsip_tview.i *T, vsip_tvslice slice
vsip_index i, vsip_index j);
vsip_cvview f *vsip_ctvectview f(const vsip_ctview f *T, vsip_tvslice slice
vsi p_index i, vsip_index j);
vsip_cvview i *vsip_ctvectview i(const vsip_ctview.i *T, vsip_tvslice slice
vsi p_index i, vsip_index j);
vsi p_vview bl *vsip_tvectview bl (const vsip_tviewbl *T, vsip_tvslice slice
vsip_index i, vsip_index j);
Arguments
T
Tensor view object.
dice
1-D dliceisalong the slice axis.
[
First fixed tensor index.
j . .
Second fixed tensor index.
Return Value
Returns a pointer to the created vector view object, or null if the memory allocation for new object
fals.
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Restrictions

Errors
The arguments must conform to the following:

1. Thetensor view object must be valid.
2. The dslice must be valid member of the vsip_tvslice enumeration.
3. Theindices, i and j, must be valid indices of their appropriate axes of the tensor view object.

Notes/References
It isimportant for the application to check the return value for amemory alocation failure.

Note to Implementors: In development mode, the block binding count (reference count) recorded in
the block object isincremented.

Examples

See Also
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4. Scalar Functions [Scalar Functions]

4.1. Introduction To Scalar Functions

4.1.1. Domain And Range Errors

VSIPL does not specify the behavior for domain and range errors for scalar functions. The result is
implementation dependent. As such, domain and range error reporting viathe ANSI C errno mechanism
isimplementation dependent,

4.1.2. Notes To Implementors

Where the prototype specification of a functions states:

vsi p_function_name_f

A compliant implementation is required to implement at least one floating point data type (float, double,
and long double). It is up to the implementation which floating point types it supports.

Similarly,

vsi p_function_nane_i

requires at least one integer data type (short int, int, long int, unsigned short int, unsigned int, unsigned
longint. [long long int, unsigned long long int]l).

The following tables indicate how the VSIPL scalar functions correspond with the current ANSI C
standard, aswell asthe proposed ANSI C9x draft. While draft standards are fickle things, subject to many
changes, most of the current C compilers already support al of the C9x real scalar functionsthat are cited
in the table.

Theerror handling requirementsfor VSIPL scalar functions are non specified. Thusit would be acceptable
to implement scalar functions with defines.

#defi ne vsip_acos_d acos

#i f def HAVE_COX_MATH_FLOAT
#define vsip_acos_f acosf

#el se

#define vsip_acos_f (float)acos
#endi f

Better till, if your system hasan ANSI C compiler that supports an inline extension:

inline double vsip_acos_d(double x){return acos(x);};
inline double vsip_acos_f(float x);

{

#i f def HAVE_MATH_FLOAT
return acosf(x);

#el se

1Iong long int is not an ANSI type, but is acceptable as a VSIPL precision suffix of _ie64, _if64, _il64 (or _iel28, _if128, _il128 or whatever is

appropriate).
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return (float)acos((double)x);

#endi f
}

This eliminates confusion with debugging caused by the function name substitution.

4.1.3. Real Scalar Functions

VSIPL ANSI C double |ANSI C9x float ANSI C9x double |[ANSI C9x long
double
vsip_acos p acos acosf acos acodsl
vsip_asin_p asin asinf asin asinl
vsip_atan p atan atanf atan atanl
vsip_atan2 p atan? atansf atan2 atan2l
vsip_cos p cos cosf cos cosl
vsip_sin p sin sinf sin sinl
vsip_tan p tan tanf tan tanl
vsip_cosh_p cosh coshf cosh coshl
vsip_sinh p sinh sinhf sinh sinhl
vsip_tanh_p tanh tanhf tanh tanhl
vsip_exp_p exp expf exp expl
vsip_expl0 p
vsip_log p log logf log logl
vsip_logl0 p logl0 log10f logl0 log10l
vsip_pow_p pow powf pow powl
vsip_rsgrt_p
vsip_sart_p sort sortf sort srtl
vsip_hypot_p hypotf hypot hypotl
vsip_mag_p fabs fabsf fabs fabdl
vsip_ceil_p cell ceilf cell ceill
vsip_floor_p floor floorf floor floorl
vsip_fmod p modf modff modf modfl
vsip_max_p fmaxf fmax fmax|
vsip_min_p fminf fmin fminl

ANSI C9x plans to extend C with a complex type. While it is to early to be certain, we expect
vsip_cscalar_d (vsip_cscalar_f) to be compatible with complex double (complex float).

4.1.4. Complex Scalar Functions

VSIPL ANSI C9x float ANSI C9x double ANSI C9x long double
vsip_arg_p cargf() carg() cargl()

vsip_cadd_p 0+0 0+0 0+0

vsip_conj_p conjf() conj() conjl()
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VSIPL ANSI C9x float ANSI C9x double ANSI C9x long double
vsip_cdiv_p 010 010 010
vsip_cexp_p cexpf() cexp() cexpl()
vsip_cjmul_p ()* conjf() ()*conj() (*conjl()
vsip_clog_p clogf() clog() clogl()
vsip_cmag_p cabsf() cabs() cabsl()
vsip_cmagsq p

vsip_cmplx_p

vsip_cmul_p 0*0 0*0 0*0
vsip_cneg_p -0 -0 -0
vsip_crecip p 1.0/() 1.0/() 1.0/()
vsip_csub_p 0-0 0-0 0-0
vsip_csqrt_p csartf() csart() csrtl()
vsip_imag_p cimagf() cimag() cimagl()
vsip_polar_p

vsip rea p crealf() creal() creall()
vsip_rect_p

4.2. Real Scalar Functions
The VSIPL real scalar functions are provided for two purposes.

1 VSIPL requires extensive error checking in development mode. However, the requirements for error
detection and handling for scalar functions has not been defined at this time. The VSIPL real scalar
functions provide a mechanism to implement such error detection and handling requirements, if and
when they are specified.

2 ANSI C only defines the functions in the standard C Math library for double. VSIPL defines the real
scalar functions for al the floating types the implementation supports (_f reserves the name space for
float, double, and long double).

Vsip_acos p Scalar Arccosine
vsip_asin_p Scalar Arcsine

vsip_atan p Scalar Arctangent
vsip_atan2 p Scalar Arctangent of Two Arguments
vsip_ceil_p Ceiling

vsip_cos p Scalar Cosine

vsip_cosh_p Scalar Hyperbolic Cosine
vsip_exp_p Scalar Exponential
vsip_expl0_p Scalar Exponential Base 10
vsip_floor_p Floor

vsip_fmod_p Modulo

vsip_hypot_p Scalar Hypotenuse
vsip_log p Scalar Log
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vsip_logl0_p Scalar Log Base 10
vsip_mag_p Scalar Magnitude (Abs)
vsip_max_p Scalar Maximum
vsip_min_p Scalar Minimum
Vsip_pow_p Scalar Power

vsip_rsgrt_p Scalar Reciprocal Square Root
vsip_sin p Scalar Sine

vsip_sinh_p Scalar Hyperbolic Sine
vsip_sgrt_p Scalar Square Root
vsip_tan p Scalar Tangent
vsip_tanh_p Scalar Hyperbolic Tangent

4.2.1. vsip_acos_p
Computes the principal radian value [0, m of the arc cosine of ascaar.

Functionality
r < coslg

Prototypes

vsi p_scal ar_f vsip_acos_f(vsip_scalar_f theta);

Arguments

theta
Argument

Return value
The arc-cosine

Restrictions
Input outsidetherange[-1, 1] isadomain error. Results of inputs outside thisrange areimplementation
dependent.

Errors
Notes/References
Examples
See Also
vsip_asin_p, vsip_atan_p, vsip_atan2_p, vsip_cos_p, vsip_sin_p, ad
vsip_tan_p
4.2.2. vsip_asin_p

Computes the principal radian value [ -#/2, m/2] of the arc sine of ascalar.

Functionality
r—sin"0
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4.2.3[vsip_atan_p]

Prototypes

vsip_scal ar _f vsip_asin_f(vsip_scalar_f theta);

Arguments

theta
Argument

Return value
The arc-arcsine

Restrictions
Input outside the range [-1 1] is a domain error. Results of inputs outside this range are
implementation dependent.

Errors
Notes/References
Examples

See Also
vsi p_acos_p, vsip_atan_p, vsip_atan2_p, vsip_cos_p, vsip_sin_p, and
vsip_tan_p

4.2.3. vsip_atan_p
Computes the principal radian value [ -7 /2, =/ 2] of the Arctangent of ascaar.

Functionality
r <« tan’'0

Prototypes

vsi p_scal ar_f vsip_atan_f(vsip_scalar_f theta);

Arguments

theta
Argument

Return value
The arc-tangent.

Restrictions
Errors
Notes/References
Examples

See Also
vsi p_acos_p, vsip_asin_p, vsip_atan2 p, vsip_cos_p, vsip_sin_p, ad
vsip_tan_p
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4.2.4[vsip_atan2_p]

4.2.4. vsip_atan2_p
Computes the four quadrant radian value [ 7, 7z ] of the arc tangent of the ratio of two scalars.

Functionality
r«tan'a/b

The rules for calculating vsi p_at an2_p are the same as for the ANSI C math function at an2.
The following table may be used to calculate at an2, although other methods may also be used.

If Then

a=0b#0 tan'y = cosb/\Ja? + b

a<0b=0 tan''4 = cos-b/\a2+ b -7

a<0b>0 tan'% = cos'b/\Ja2 + b’

a>0b=0 tan‘l% =1/,

a<0b—=0 tan'é = -7,

a=0b>0 tan'% =0

a=0b<0 tanlL = 7

a=0b=0 tan’'§ = Undefined or NaN
Prototypes

vsi p_scal ar _f vsip_atan2_f(vsip_scalar_f a, vsip_scalar_f b);

Arguments

a
Numerator

Denominator

Return value
The arc tangent.

Restrictions
The domain of vsi p_atan2_p(x, YY) is not valid for both x and y zero, and the result is
implementation dependent.

Errors
Notes/References
Examples

See Also
vsip_acos_p, Vvsip_asin_p, vsip_atan_p, vsip_atan2 p, Vvsip_cos_p,
vsi p_sin_p,vsip_tan_p,vsip_hypot p,andvsip_arg p
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4.25][vsip cel _p]

The function vsi p_hypot _p isrelated to vsi p_at an2_p in the same way as rectangular to
polar conversion is related through the magnitude and the argument. Another related function is

vsip_arg_p.

4.2.5. vsip_ceil_p
Computes the ceiling of ascalar.

Functionality
r«—[x]

Returns the smallest integral value greater than or equal to the argument.

Prototypes

vsip_scalar_f vsip_ceil _f(vsip_scalar_f x);

Arguments

X
Argument

Return value
Return the ceiling.

Restrictions
Errors
Notes/References
Examples

See Also
vsi p_fl oor_p,andvsi p_fnod_p

4.2.6. vsip_cos_p
Computes the cosine of a scalar anglein radians.

Functionality
7 «— cosd

Prototypes

vsi p_scal ar_f vsip_cos_f(vsip_scalar_f theta);

Arguments

theta
Anglein radians

Return value
Returns the cosine.

Restrictions

Errors

124



4.2.7 [vsip_cosh_p]

Notes/References
Input arguments are expressed in radians.

Examples

See Also
vsi p_acos_p, vsip_asin_p, vsip_atan_p, vsip_atan2_p, vsip_sin_p, and
vsip_tan_p

4.2.7. vsip_cosh_p
Computes the hyperbolic cosine of ascalar.

Functionality
7 «— cosh@

Prototypes

vsi p_scal ar _f vsip_cosh_f(vsip_scalar_f x);

Arguments

X
Argument

Return value
Returns the cosh.

Restrictions
The maximum domain without overflow isimplementation dependent.

Errors

Notes/References
Input arguments are expressed in radians.

Examples

See Also
vsi p_sinh_p,andvsi p_tanh_p

4.2.8. vsip_exp_p
Computes the exponential of ascalar.

Functionality
r—e*

Prototypes

vsip_scal ar _f vsip_exp_f(vsip_scalar_f x);

Arguments

X
Argument
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4.2.9[vsip_expl0_p]

Return value
Returns the exponent.

Restrictions
Overflow will occur if the argument is greater than the loge of the maximum representable number.
If this occurs, the result is implementation dependent.

Errors

Notes/References
Input arguments are expressed in radians.

Examples

See Also
vsi p_expl0 p, vsip_log p, vsip_logl0 p, vsip_pow p, vsip_cexp_p, and
vsi p_clog_p

4.2.9. vsip_expl0_p
Computes the base 10 exponentia of a scalar.

Functionality
r«10"

Prototypes

vsi p_scal ar _f vsip_expl0_f(vsip_scalar_f x);

Arguments

X
Argument

Return value
Returns the exponent.

Restrictions
Overflow will occur if the argument is greater than the 10g10 of the maximum representable number.
If this occurs, the result isimplementation dependent.

Underflow will occur if the argument is less than the negative of the logl0 of the maximum
representable number. If this occurs, the result isimplementation dependent.

Errors
Notes/References
Examples

See Also
vsip_exp_p, vsip_log p, vsip_logl0 p, vsip_powp, vsip cexp_p, and
vsip_clog p

4.2.10. vsip_floor_p

Computes the floor of ascalar.
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4.2.11 [vsip_fmod_p]

Functionality
r<—|x]

Prototypes

vsi p_scal ar_f vsip_floor_f(vsip_scalar_f x);

Arguments

X
Argument

Return value
Returns the floor.

Restrictions
Errors
Notes/References
Examples

See Also
vsip_ceil _p,andvsi p_fnod_p

4.2.11. vsip_fmod_p
Computes the remainder of the quotient (modulo) of two scalars.

Functionality
r<—Xx-ny

Prototypes

vsi p_scal ar_f vsip_fnod_f(vsip_scalar_f x, vsip_scalar_f y);

Arguments

X
Argument

y
Argument

Return value
Returns the remainder.

Restrictions
Errors

Notes/References
If y is zero, whether adomain error occurs or the function returns zero isimplementation dependent.

Examples
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4.2.12 [vsip_hypot_p]

See Also
vsip_floor_p,andvsip _ceil _p

4.2.12. vsip_hypot_p
Computes the square root of the sum of the squares (hypotenuse) of the two scalars.

Functionality

re\a?+b
Prototypes

vsi p_scal ar_f vsip_hypot _f(vsi p_scalar_f a, vsip_scalar_f b);

Arguments

a
Argument

Argument

Return value
Returns the hypotenuse.

Restrictions
Errors

Notes/References
Intermediate overflows will not occur.

Examples

See Also
vsi p_atan2_p,vsip_sqrt_p,vsip_rsqrt_p,vsi p_hypot p,andvsi p_csqrt_p

Thisfunction is related to atan2 (in the Elementary Math section), in the same way as rectangular to
polar conversion is related through the magnitude and the argument.

4.2.13. vsip_log_p
Computes the natural logarithm of ascalar.

Functionality
r«log x

Prototypes
vsip_scalar_f vsip_log_f(vsip_scalar_f x);

Arguments

X
Argument
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4.2.14 [vsip_logl10 p]

Return value
Returns the natural logarithm.

Restrictions
Arguments less than or equal to zero are not in the domain of log and the result is implementation
dependent.

Errors

Notes/References
Intermediate overflows will not occur.

Examples

See Also
vsi p_exp_p, vsip_explO_p, vsip_|ogl0 p, vsip_pow p, vsip_cexp_p, and
vsip_clog_p

4.2.14. vsip_log1l0 p
Computes the base 10 logarithm of a scalar.

Functionality
r«—log, o

Prototypes

vsi p_scal ar_f vsip_logl0_f(vsip_scalar_f x);

Arguments

X
Argument

Return value
Returns the base 10 logarithm.

Restrictions
Arguments less than or equal to zero are not in the domain of log and the result is implementation
dependent.

Errors
Notes/References
Examples

See Also
vsi p_exp_p, Vvsip_expl0 _p, vsip_ log_p, vsip_powp, vsip_cexp_p, and
vsip_clog_p

4.2.15. vsip_mag_p
Computes the magnitude (absolute value) of ascalar.

Functionality
reld
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4.2.16 [vsip_max_p]

Prototypes

vsi p_scal ar_f vsip_mag _f(vsip_scalar_f a);
vsi p_scalar_i vsip_mag_i(visp_scalar_i a);

Arguments

a
Argument

Return value
Returns the magnitude.

Restrictions
Errors
Notes/References
Examples

See Also
vsi p_cmag_p,andvsi p_cmagsqg_p

4.2.16. vsip_max_p
Computes the maximum of two scalars.

Functionality
r<—max{a, b}

Prototypes

vsi p_scal ar_f vsip_max_f(vsip_scalar_f a, vsip_scalar_f b);
vsi p_scalar_i vsip_max_i(visp_scalar_i a, vsip_scalar_i b);

Arguments

a
Argument

Argument

Return value
Returns the maximum value.

Restrictions
Errors
Notes/References
Examples

See Also
vsip_mn_p
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4.2.17 [vsip_min_p]

4.2.17. vsip_min_p
Computes the minimum of two scalars.

Functionality
r<—min{a, b}

Prototypes

vsi p_scalar_f vsip_mn_f(vsip_scalar_f a, vsip_scalar_f b);
vsip_scalar_i vsip_mn_i(visp_scalar_i a, vsip_scalar_i b);

Arguments
a
Argument
Argument

Return value
Returns the minimum value.

Restrictions
Errors
Notes/References
Examples

See Also
VSsi p_nmax_p

4.2.18. vsip_pow_p
Computes the power function of two scalars.

Functionality
re—x’

Prototypes

vsi p_scal ar_f vsip_pow f(vsip_scalar_f x, vsip_scalar_f y);

Arguments

X
Argument

y
Argument

Return value
Returns the power function.
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4.2.19 [vsip_rsgrt_p]

Restrictions
Errors
Notes/References
Examples

See Also
vsi p_exp_p, vsip_explO p, vsip log_p, vsip_|loglO0 p, vsip_cexp_p, and
vsip_clog p

4.2.19. vsip_rsqrt_p
Computes the reciprocal square root of ascalar.

Functionality
s

Prototypes

vsi p_scal ar_f vsip_rsqrt_f(vsip_scalar_f a);

Arguments

a
Argument

Return value
Returns the reciprocal square root.

Restrictions
For reciprocal square root cal cul ation the argument must be greater than zero to be within the domain
of the function. Results for cases where the argument is less than or equal zero is implementation
dependent.

Errors
Notes/References
Examples

See Also
vsi p_sqrt_p,vsi p_hypot _p,andvsi p_csqrt_p

4.2.20. vsip_sin_p
Computes the sine of a scalar anglein radians.

Functionality
7« sind

Prototypes

vsi p_scal ar_f vsip_sin_f(vsip_scalar_f theta);
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4.2.21 [vsip_sinh_p]

Arguments

theta
Anglein radians

Return value
Returns the sine.

Restrictions
Errors

Notes/References
Input arguments are expressed in radians.

Examples
See Also
vsi p_acos_p, vsip_asin_p, vsip_atan_p, vsip_atan2 p, vsip_cos_p, and
vsip_tan_p
4.2.21. vsip_sinh_p

Computes the hyperbolic sine of a scalar.

Functionality
7« sinhx

Prototypes

vsi p_scal ar_f vsip_sinh_f(vsip_scalar_f x);

Arguments

X
Anglein radians

Return value
Returns the hyperbolic sine.

Restrictions
The maximum domain without overflow isimplementation dependent.

Errors
Notes/References
Examples

See Also
vsi p_cosh_p,andvsi p_tanh_p

4.2.22. vsip_sqrt_p

Computes the square root of ascalar.
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4.2.23 [vsip_tan p]

Functionality
V< \/67

Prototypes

vsi p_scal ar_f vsip_sqrt_f(vsip_scalar_f a);

Arguments

a
Argument

Return value
Returns the sgquare root.

Restrictions
For the square root calculation, the argument must be greater than or equal to zero to be within the
domain of the function. Results for cases where the argument is less than zero is implementation
dependent.

Errors
Notes/References
Examples

See Also
vsip_rsqrt_p,vsi p_hypot p,andvsip_csqrt_p

4.2.23. vsip_tan_p
Computes the tangent of a scalar anglein radians.

Functionality
7« tanf

Prototypes

vsip_scalar_f vsip_tan_f(vsip_scalar_f theta);

Arguments

theta
Anglein radians

Return value
Returns the tangent.

Restrictions
For arguments(n + 1/, ), the tangent function hasasingularity. The result of these argument values
are implementation dependent.

Errors
Notes/References

Examples
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4.2.24 [vsip_tanh_p]

See Also
vsi p_acos_p, vsip_asin_p, vsip_atan_p, vsip_atan2 p, vsip_cos_p, and
vsip_sin_p

4.2.24. vsip_tanh_p
Computes the hyperbolic tangent of a scalar.

Functionality
7 «— tanh@

Prototypes

vsi p_scal ar_f vsip_tanh_f(vsip_scalar_f x);

Arguments

X
Argument

Return value
Returns the hyperbolic tangent.

Restrictions
The maximum domain without overflow isimplementation dependent.

Errors
Notes/References
Examples

See Also
vsi p_cosh_p,andvsi p_sinh_p

4.3. Complex Scalar Functions

Since ANSI C does not currently support a“complex” datatype, aminimum set of complex scalar function
is needed to support complex functions.

Many of these functions are very ssimple and may be implemented as macros for C compilers that do not
support inline functions or for C compilers that generate more efficient code from macro forms.

Macros and functions are not interchangeable. The prototypes in this manual are defined as functions to
avoid the potential ambiguities of macro forms. If afunction isimplemented asamacro, the documentation
should specify such and state any consequent restrictions.

In order to support both macro and function implementations, many have a form similar to the complex
scalar addition:

voi d vsip_CADD f(vsip_cscalar_f a, vsip_cscalar_f b, vsip_cscalar_f *r);

A macro only version could have been specified as:

vsi p_CADD f (vsip_cscalar_f a, vsip_cscalar_f b, vsip_cscalar_f r);
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4.3.1[vsip_arg_p]

because the macro handles the argument “r” through text replacement.

By using thefirst form, both the macro and function form work equally well and both macro formsgenerate
equivalent code.

The notation for function foo:
r«—foo(x)

The “r" denotes the return value of the function for both the “Return By Argument Reference” and the
“Return By Return Value” forms.

vsip_arg p Complex Scalar Argument
vsip_cadd p Complex Scalar Add
vsip_cdiv_p Complex Scalar Divide
Vsip_cexp_p Complex Scalar Exponential
vsip_cjmul_p Complex Conjugate Scalar Multiply
vsip_clog_p Complex Scalar Log
vsip_cmag_p Complex Scalar Magnitude
Vsip_cmagsq_p Complex Scalar Magnitude Squared
vsip_cmplx_p Complex Scalar
vsip_cmul_p Complex Scalar Multiply
vsip_cneg_p Complex Scalar Negate
vsip_conj_p Complex Scalar Conjugate
vsip_crecip_p Complex Scalar Reciprocal
vsip_csort_p Complex Scalar Square Root
vsip_csub_p Complex Scalar Subtract
vsip_imag_p Complex Scalar Imaginary
vsip_polar_p Complex Scalar Polar
vsip_real_p Complex Scalar Real
vsip_rect_p Complex Scalar Rectangular

4.3.1. vsip_arg_p

Returns the argument in radians ['n, m of acomplex scalar.

Functionality

1
e tan‘léz{{ﬁ

Prototypes

vsi p_scal ar_f vsip_arg f(vsip_cscalar_f a);

Arguments

a

Complex scalar argument




4.3.2[vsip_cadd p]

Return value
Returns real scalar - in radians.

Restrictions
Re{a} = Im{a} = 0, invalid argument

Ref{a}| = Im{a}| = oo, invalid argument
This function may be implemented as a macro and may have restrictions on it usage.
Errors

Notes/References
Thisfunction isbased on vsip_atan2 _p.

Examples

See Also
vsip_atan2_p, and vsip_polar_p

4.3.2. vsip_cadd_p
Computes the complex sum of two scalars.

Functionality
r<—atb

Prototypes
Return By Argument Reference:

voi d vsip_CADD f(vsip_cscalar_f a, vsip_cscalar_f b, vsip_cscalar_f *r);
voi d vsi p_RCADD f(vsip_scalar_f a, vsip_cscalar_f b, vsip_cscalar_f *r);

Return By Return Value:

vsi p_cscal ar_f vsip_cadd_f (vsi p_cscalar_f a, vsip_cscalar_f b);
vsi p_cscal ar_f vsip_rcadd_f(vsip_scalar_f a, vsip_cscalar_f b);

Arguments

a
Augend - real/complex scalar

b
Addend - complex scalar
r
Pointer to output sum - complex scalar
Return value

Return complex sum.

Restrictions
The return by argument reference forms may be implemented as macros and may have restrictions

on their usage.

Errors
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4.3.3[vsip_cdiv_p]

Notes/References
Examples

See Also
vsip_conj _p, vsip_ cdiv_p, vsip_cexp_p, vsip_cjmul _p, vsip_clog p,
vsip_cmag_p, vsip_cmagsq_p, Vvsip_cnplx_p, vsip_cnul_p, vsip_cneg p,
vsi p_crecip_p,vsip_csub _p,andvsip_csqrt_p

4.3.3. vsip_cdiv_p
Computes the complex quotient of two scalars.

Functionality
r<—at+b

Prototypes
Return By Argument Reference:

void vsip_CRDI V_f(vsip_cscalar_f a, vsip_scalar_f b, vsip_cscalar_f *r);
void vsip_CDI V_f(vsip_cscalar_f a, vsip_cscalar_f b, vsip_cscalar_f *r);

Return By Return Vaue:

vsi p_cscal ar_f vsip_crdiv_f(vsip_cscalar_f a, vsip_scalar_f b);
vsi p_cscal ar_f vsip_cdiv_f(vsip_cscalar_f a, vsip_cscalar_f b);

Arguments

a
Numerator - complex scalar argument

b
Divisor - real/complex scalar argument
r
Pointer to output quotient - complex scalar
Return value

Returns complex scalar - quotient.

Restrictions
The return by argument reference forms may be implemented as macros and may have restrictions on
their usage. The result of dividing by zero is implementation dependent.

Errors

Notes/References
The return by argument reference forms may be implemented as macros and may have restrictions

on it usage.
Examples

See Also
vsip_cadd p, vsip_conj_p, vsip_cexp_p, vsip_cjmul _p, vsip_clog p,
vsip_cmag_p, vsip_cmagsq_p, vsip_cnplx_p, vsip_cnul_p, vsip_cneg p,
vsi p_crecip_p,vsip_csub _p,andvsip_csqrt_p
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4.3.4[vsip_cexp_p]

4.3.4. vsip_cexp_p
Computes the complex exponential of ascalar.

Functionality
7 «— e*=(cosw + jsinw)e’

WhereRe{a} = o, Imi{a} = w

AndjE\/j

Prototypes
Return By Argument Reference:

voi d vsip_CEXP_f(vsip_cscalar_f a, vsip_cscalar_f *r);

Return By Return Value:

vsi p_cscal ar_f vsip_cexp_f(vsip_cscalar_f a);

Arguments

a
Complex scalar argument

Pointer to output exponential - complex scalar

Return value
Returns complex scalar — complex scalar exponential.

Restrictions
Re{a}| = oo, invalid argument

The return by argument reference form may be implemented as a macro and may have restrictions
on its usage.

Errors
Notes/References
Examples

See Also
vsi p_cadd_p, vsip_conj_p, vsip_cdiv_p, vsip_cjmul _p, vsip_clog_p,
vsi p_cmag_p, Vvsip_cmagsq_p, Vvsip_cnplx_p, vsip_cnul _p, vsip_cneg_p,
Vsi p_creci p_p,vsi p_csub_p,andvsi p_csqgrt_p

4.3.5. vsip_cjmul_p
Computes the product a complex scalar with the conjugate of a second complex scalar.

Functionality
r<«—ab"

Where "*" denotes complex conjugate.
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4.3.6 [vsip_clog_p]

Prototypes
Return By Argument Reference:

voi d vsip_CIMJIL_f(vsip_cscalar_f a, vsip_cscalar_f b, vsip_cscalar_f *r);
Return By Return Value;

vsi p_cscalar_f vsip_cjmul _f(vsip_cscalar_f a, vsip_cscalar_f b);

Arguments

a
Multiplicand - complex scalar argument

b
Conjugate multiplier - complex scalar argument
r
Pointer to output product - complex scalar
Return value

Returns complex scalar - conjugate product.

Restrictions
The return by argument reference form may be implemented as a macro and may have restrictions
on its usage.

Errors
Notes/References
Examples

See Also
vsi p_cadd_p, vsip_conj_p, vsip_cdiv_p, vsip_cexp_p, vsip_clog_p,
vsi p_cmag_p, Vvsip_cmagsq_p, Vvsip_cnplx_p, vsip_cmul _p, vsip_cneg_p,
Vsi p_creci p_p,vsi p_csub_p,andvsi p_csqgrt_p

4.3.6. vsip_clog_p
Computes the complex natural logarithm of a scalar.

Functionality
r«log a=logld+ jarg(a)

WherejE\/j

Prototypes
Return By Argument Reference:

voi d vsip_CLOG f(vsip_cscalar_f a, vsip_cscalar_f *r);

Return By Return Vaue:

vsip_cscal ar _f vsip_clog_f(vsip_cscalar_f a);
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4.3.7 [vsip_cmag_p]

Arguments

a
Complex scalar argument

Pointer to output natural log - complex scalar

Return value

Returns complex scalar - natural log of acomplex scalar.

Restrictions
Re{a} = Im{a} = 0, invalid argument

Re{a}| = [Im{a}| = oo, invalid argument

The return by argument reference form may be implemented as a macro and may have restrictions

on its usage.
Errors
Notes/References
Examples

See Also

vsip_cadd _p, vsip_conj_p, vsip_cdiv_p,
vsip_cmag _p, Vvsip_cnmagsq_p, Vsip_cnplx_p,
vsi p_crecip_p,vsip_csub _p,andvsip_csqgrt_p

4.3.7. vsip_cmag_p

Computes the magnitude of acomplex scalar.
Functionality

r—ld= \/aa*

Where "*" denotes complex conjugate.

Prototypes
Return By Return Value:

vsi p_cscal ar_f vsip_cmag_f(vsi p_cscalar_f a);

Arguments

a
Complex scalar argument

Return value
Returnsreal scalar - magnitude.

Restrictions

vVsi p_cexp_p,
vsi p_cmul _p,

vsi p_cjmul _p,

vsi p_cneg_p,

This function may be implemented as a macro and may have restrictions on its usage.

Errors
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4.3.8[vsip_cmagsg p]

Notes/References
Implementation with intermediate overflow is allowed but must be documented.

Examples

See Also
vsip_cadd p, vsip_conj_p, vsip_cdiv_p, vsip_cexp_p, Vsip_cjnul_p,
vsip_clog p, vsip_cnmagsq_p, Vvsip_cnplx _p, vsip_cnul_p, vsip_cneg p,
vsi p_crecip_p,vsip_csub _p,andvsip_csqgrt_p

4.3.8. vsip_cmagsq_p
Computes the magnitude squared of a complex scalar.

Functionality
7 |012 = aa*

Where "*" denotes complex conjugate.

Prototypes
Return By Return Value:

vsi p_scal ar_f vsip_cmagsq_f(vsip_cscalar_f a);

Arguments

a
Complex scalar argument

Return value
Returns real magnitude squared.

Restrictions
This function may be implemented as a macro and may have restrictions on its usage.

Errors
Notes/References
Examples

See Also
vsip_cadd _p, vsip_conj_p, vsip_cdiv_p, vsip_cexp_p, Vsip_cjnul_p,
vsip clog p, vsip cmag p, vsip cnplx_p, vsip_cmul _p, vsip_cneg p,
vsi p_crecip_p,vsip_csub _p,andvsip_csqgrt_p

4.3.9. vsip_cmplx_p
Form a complex scalar from two real scalars.

Functionality
r<—a+ jba, b€R

WherejE\/j

Prototypes
Return By Argument Reference:
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4.3.10 [vsip_cmul_p]

void vsip_CWPLX f(vsip_scalar_f a, vsip_scalar_f b, vsip_cscalar_f *r);
Return By Return Value:

vsi p_cscal ar_f vsip_cnpl x_f(vsi p_scalar_f a, vsip_scalar_f b);

Arguments

a
Real part - real scalar argument

b
Imaginary part - real scalar argument
r
Pointer to output - complex scalar
Return value

Return complex scalar.

Restrictions
The return by argument reference form may be implemented as a macro and may have restrictions
on its usage.

Errors
Notes/References
Examples

See Also
vsi p_polar_p,vsip_real p,vsip_imag_p,andvsip_rect_p

4.3.10. vsip_cmul_p
Computes the complex product of two scalars.

Functionality
r<—ab

Prototypes
Return By Argument Reference:

voi d vsip_CMJL_f(vsip_cscalar_f a, vsip_cscalar_f b, vsip_cscalar_f *r);
voi d vsip_RCMJL_f (vsip_scalar_f a, vsip_cscalar_f b, vsip_cscalar_f *r);

Return By Return Value;

vsi p_cscal ar_f vsip_cnul _f(vsip_cscalar_f a, vsip_cscalar_f b);
vsi p_cscalar_f vsip_rcmul _f(vsip_scalar_f a, vsip_cscalar_f b);

Arguments

a
Multiplicant - real / complex scalar argument
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4.3.11 [vsip_cneg_p]

b
Multiplier - complex scalar argument
r
Pointer to output product - complex scalar
Return value

Return complex scalar - product.

Restrictions
The return by argument reference forms may be implemented as macros and may have restrictions
on their usage.

Errors
Notes/References
Examples

See Also
vsi p_cadd _p, vsip_conj_p, vsip_cdiv_p, vsi p_cexp_p, vsip_cjnul_p,
vsip _clog p, vsip_cmag p, vsip_cnagsq_p, Vsip_cnplx _p, vsip_cneg_p,
vsi p_crecip_p,vsip_csub _p,andvsip_csqgrt_p

4.3.11. vsip_cneg_p
Computes the negation of a complex scalar.

Functionality
r-a

Prototypes
Return By Argument Reference:

void vsi p_CNEG f(vsip_cscalar_f a, vsip_cscalar_f *r);

Return By Return Value:

vsi p_cscal ar_f vsip_cneg_f(vsip_cscalar_f a);

Arguments

a
Complex scalar argument

Pointer to output - complex scalar

Return value
Returns negated complex scalar.

Restrictions
The return by argument reference form may be implemented as a macro and may have restrictions
on its usage.

Errors
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4.3.12 [vsip_conj_p]

Notes/References
Examples

See Also
vsip_cadd p, vsip_conj_p, vsip_cdiv_p, vsip_cexp_p, Vsip_cjnul_p,
vsip_clog p, vsip_cnmag p, Vvsip_cnagsq_p, Vsip_cnplx _p, vsip_cnul _p,
Vsi p_crecip_p,vsip_csub_p,andvsip_csqgrt_p

4.3.12. vsip_conj_p
Computes the complex conjugate of ascaar.

Functionality
r<—a*

Where "*" denotes complex conjugate.

Prototypes
Return By Argument Reference:

voi d vsip_CONJ_f(vsip_cscalar_f a, vsip_cscalar_f *r);

Return By Return Value;

vsi p_cscal ar _f vsip_conj_f(vsip_cscalar_f a);

Arguments

a
Complex scalar argument

Pointer to output conjugate - complex scalar

Return value
Returns complex scalar - conjugate.

Restrictions
Errors
Notes/References
Examples

See Also
vsi p_cadd_p, vsip_cdiv_p, vsip_cexp_p, vsip_cjmul _p, vsip_clog_p,
vsi p_cmag_p, Vvsip_cmagsq_p, Vvsip_cnplx_p, vsip_cnul _p, vsip_cneg_p,
Vsi p_creci p_p,vsi p_csub_p,andvsi p_csqgrt_p

4.3.13. vsip_crecip_p
Computes the reciprocal of acomplex scalar.

Functionality

i
Fe3a
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4.3.14 [vsip_csort_p]

Prototypes
Return By Argument Reference:

voi d vsip_CRECIP_f(vsip_cscalar_f a, vsip_cscalar_f *r);

Return By Return Value:

vsi p_cscal ar_f vsip_crecip_f(vsip_cscalar_f a);

Arguments

a
Complex scalar argument

Pointer to output reciprocal - complex scalar

Return value
Returns complex scalar - reciprocal.

Restrictions
Errors
Notes/References
Examples

See Also
vsip_cadd_p, vsip_conj_p, vsip_cdiv_p, vsip_cexp_p,
vsip_clog p, vsip_cmag p, Vvsip_cnagsq_p, Vsip_cnplx_p,
vsi p_cneg _p,vsi p_csub_p,andvsi p_csqrt_p
4.3.14. vsip_csqrt_p
Computes the square root of a complex scalar.

Functionality

Im{
Letd = arctan( }{2{2)

¥ M[cos% +jsin§]

WherejE\/j

Prototypes
Return By Argument Reference:

voi d vsip_CSQRT_f(vsip_cscalar_f a, vsip_cscalar_f *r);

Return By Return Value:

vsi p_cscal ar_f vsip_csqrt_f(vsip_cscalar_f a);

vsi p_cj mul _p,

vsi p_cnul _p,
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4.3.15 [vsip_csub_p]

Arguments

a
Complex scalar argument

Pointer to output square root - complex scalar

Return value
Returns square root of complex scalar.

Restrictions
The return by argument reference form may be implemented as a macro and may have restrictions
on its usage.

Errors

Notes/References

Examples

See Also
vsi p_cadd_p, vsip_conj_p, vsip_cdiv_p, vsip_cexp_p, Vvsip_cjnul_p,
vsip_clog_p, vsip_cmag_p, Vvsip_cnmagsq_p, Vsip_cnplx_p, vsip_cnul _p,
Vsi p_cneg_p,Vsi p_creci p_p,andvsi p_csub_p

4.3.15. vsip_csub_p

Computes the complex difference of two scalars.

Functionality
r<—a-b

Prototypes
Return By Argument Reference:

voi d vsip_CSUB f(vsip_cscalar_f a, vsip_cscalar_f b, vsip_cscalar_f *r,);
voi d vsip_RCSUB f(vsip_scalar_f a, vsip_cscalar_f b, vsip_cscalar_f *r,);
voi d vsip_CRSUB f(vsip_cscalar_f a, vsip_scalar_f b, vsip_cscalar_f *r,);

Return By Return Vaue:

vsi p_cscal ar_f vsip_csub_f(vsip_cscalar_f a, vsip_cscalar_f b);
vsi p_cscal ar_f vsip_rcsub_f(vsip_scalar_f a, vsip_cscalar_f b);
vsi p_cscal ar_f vsip_crsub_f(vsip_cscalar_f a, vsip_scalar_f b);

Arguments
a
Minuend - real/complex scalar argument

Subtrahend - real/complex scalar

Pointer to output difference — complex scalar
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4.3.16 [vsip_imag_p]

Return value
Returns complex scalar — difference.

Restrictions
The return by argument reference forms may be implemented as macros and may have restrictions
on their usage.

Errors
Notes/References
Examples

See Also
vsip_cadd_p, vsip_conj_p, vsip cdiv_p, vsip_cexp_p, Vvsip_cjml_p,
vsip_clog_p, vsip_cnmag_p, Vsip_cmagsq_p, vsip_cnplx_p, vsip_cmul _p,
VSi p_cneg_p,vsip_crecip_p,andvsi p_csqrt_p

4.3.16. vsip_imag_p
Extract the imaginary part of a complex scalar.

Functionality
7 «— Im{a}

Prototypes
Return By Return Value:

vsi p_scal ar_f vsip_inmg_f(vsi p_cscalar_f a);

Arguments

a
Complex scalar argument

Return value
Returns areal scalar containing the imaginary part of the complex scalar input.

Restrictions
This function may be implemented as a macro and may have restrictions on its usage.

Errors
Notes/References
Examples

See Also
vsi p_cnpl x_p,vsi p_polar_p,vsip_real _p,andvsip_rect_p

4.3.17. vsip_polar_p

Convert acomplex scalar from rectangular to polar form. The polar data consists of areal scalar containing
the radius and a corresponding real scalar containing the argument (angle) of the complex scalar.

Functionality
p—ld
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4.3.18 [vsip_red _p]

I
0 — arctan( 1{23 )

Prototypes
Return By Argument Reference:

voi d vsip_polar_f(vsip_cscalar_f a, vsip_scalar_f *radius, vsip_scalar_f *theta);

Arguments

a
Complex scalar argument (rectangular form)

radius
Pointer to output radius - real scalar

theta
Pointer to output angle - real scalar

Return value
None.

Restrictions
Re{a} = Im{a} = 0, invalid argument

Re{a}| = Im{a}| = oo, invalid argument
This function may be implemented as a macro and may have restrictions on it usage.
Errors

Notes/References
In VSIPL, complex numbers are aways in rectangular (Cartesian) format. The polar form is
represented by two real scalars.

Examples

See Also
vsi p_cnpl x_p,vsi p_i mag_p,vsi p_real _p,andvsi p_rect_p

4.3.18. vsip_real_p
Extract the real part of acomplex scalar.

Functionality
r «— Re{a}

Prototypes
Return By Return Vaue:

vsi p_scal ar_f vsip_real _f(vsip_cscalar_f a);

Arguments

a
Complex scalar argument
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4.3.19 [vsip_rect_p]

Return value
Returns areal scalar containing the real part of the complex scalar input.

Restrictions
This function may be implemented as a macro and may have restrictions on its usage.

Errors
Notes/References
Examples

See Also
vsi p_cnpl x_p,vsi p_i mag_p,vsi p_pol ar_p,andvsi p_rect_p

4.3.19. vsip_rect_p
Convert apair of real scalars from complex polar to complex rectangular form.

Functionality

p < radius(cosf + jsinf)
Where j = \/7
Prototypes

Return By Argument Reference:

voi d vsi p_RECT_f(vsip_scalar_f radius, vsip_scalar_f theta, vsip_cscalar_f *r);

Return By Return Value:

voi d vsip_cscalar_f vsip_rect_f(vsip_scalar_f radius, vsip_scalar_f theta);

Arguments

radius
Radius —real scalar

theta
Angle—real scalar

Pointer to output — complex scalar in rectangular form

Return value
Returns complex scalar in rectangular form.

Restrictions
The return by argument reference form may be implemented as a macro and may have restrictions
on its usage.

In VSIPL, complex numbers are always in rectangular (Cartesian) format. The polar form is
represented by two real scalars.

Errors
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4.4 [Index Scalar Functiong]

Notes/References
Examples

See Also
vsi p_cnpl x_p,vsi p_i mag_p,vsi p_pol ar_p,andvsi p_real _p

4.4. Index Scalar Functions

vsip_matindex Matrix Index
vsip_mcolindex Matrix Column Index
vsip_mrowindex Matrix Row Index
vsip_tenindex Tensor Index
vsip_txindex Tensor X Index
vsip_tyindex Tensor y Index
vsip_tzindex Tensor z Index

4.4.1. vsip_matindex
Form amatrix index from two vector indices.

Functionality
(row, col) < row, col

Prototypes
Return By Argument Reference:

voi d vsi p_MATI NDEX(vsi p_scal ar_vi row, vsip_scalar_vi col, vsip_scalar_m *r);

Return By Return Vaue:

vsi p_scal ar_m vsip_natindex(vsip_scalar_vi row, vsip_scalar_vi col);

Arguments

row
Row - vector index

col
Column - vector index

Pointer to output - matrix index

Return value
Returns the matrix index.

Restrictions
Note to implementors: since V SIPL does not specify what the base integer typeis; the arguments must
be of type vsip_scalar_vi, which in an unsigned integer type sufficient to index the largest supported
vector.

Errors
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4.4.2 [vsip_mcolindex]

Notes/References
Examples

See Also
vsi p_ntol i ndex, andvsi p_nr owi hdex

4.4.2. vsip_mcolindex
Returns the column vector index from a matrix index.

Functionality
col « (row, col)

Prototypes

vsi p_scal ar_vi vsip_ntolindex(vsip_scal ar_m index);

Arguments

index
Matrix index

Return value
Returns the column vector index.

Restrictions
Errors
Notes/References
Examples

See Also
vsi p_mat i ndex, and vsi p_nr owi ndex

4.4.3. vsip_mrowindex
Returns the row vector index from a matrix index.

Functionality
row «— (row, col)

Prototypes

vsi p_scal ar _vi vsi p_nrow ndex(vsi p_scal ar_m index);

Arguments

index
Matrix index

Return value
Returns the row vector index.

Restrictions
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4.4.4 [vsip_tenindex]

Errors
Notes/References
Examples

See Also
vsi p_mati ndex,andvsi p_ntol i ndex

4.4.4. vsip_tenindex
Form atensor index from three vector indices.

Functionality
Gy, x)—z yx

Prototypes
Return By Argument Reference:

voi d vsi p_TEN NDEX(vsi p_scal ar_vi z, vsip_scalar_vi y, vsip_scalar_vi x,
vsi p_scalar_ti *r);

Return By Return Value:

vsip_scal ar_ti vsip_tenindex(vsip_scalar_vi z, vsip_scalar_vi y, vsip_scalar_vi Xx);

Arguments

z
Z - vector index

y
y - vector index
X
X - vector index
r
Pointer to output - tensor index
Return value

Returns the tensor index.
Restrictions
Errors
Notes/References
Examples

See Also
vsi p_t eni ndex, vsi p_t xi ndex, vsi p_tyi ndex,andvsi p_t zi ndex

4.4.5. vsip_txindex

Returns the x index from atensor index.
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4.4.6 [vsip_tyindex]

Functionality
x<—(z, ¥, x)

Prototypes

vsi p_scal ar _vi vsip_txindex(vsip_scalar_ti index);

Arguments

index
Tensor index

Return value
Returns the tensor x index.

Restrictions
Errors
Notes/References
Examples

See Also
vsi p_t eni ndex, vsi p_tyi ndex,andvsi p_t zi ndex

4.4.6. vsip_tyindex
Returnsthe y index from atensor index.

Functionality
y «— (29 y’ x)

Prototypes

vsi p_scal ar_vi vsip_tyindex(vsip_scalar_ti index);

Arguments

index
Tensor index

Return value
Returns the tensor y index.

Restrictions
Errors
Notes/References
Examples

See Also
vsi p_t eni ndex, vsi p_t xi ndex,andvsi p_t zi ndex
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4.4.7 [vsip_tzindex]

4.4.7. vsip_tzindex
Returns the z index from atensor index.

Functionality
z<—(z, ¥, X)

Prototypes

vsi p_scal ar_vi vsip_tzindex(vsip_scalar_ti index);

Arguments

index
Tensor index

Return value
Returns the tensor z index.

Restrictions
Errors
Notes/References
Examples

See Also
vsi p_t eni ndex, vsi p_t xi ndex,andvsi p_t yi ndex
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5. Random Number Generation [Random Number Generation]

5.1. Introduction

This section covers the VSIPL random number generation functionality. Two pseudo random number
generators are defined. The first generates uniform random numbers over the open interval zero to one.
The second approximates a Gaussian random number with zero mean and unit variance.

5.1.1. Random Numbers

The create and destroy random number generator state are used for both scalar, and “by element” random
number generation. The “by element” random number generators are required to produce the equivalent
result to applying the scalar generatorsto each element in the order that proceeds from the minimum stride
to the maximum stride dimension.

[For amatrix Z, where the stride between elements of arow is less than the stride between elements of a
column, where x ; denotes the jth output of the generator:

20,0 €= XpZ0,1 € X100+ Z21,0 € X ZM-1,N-1 € X pren-1)
5.1.2. VSIPL Random Number Generator Functions
VSIPL specifies a portable random number generator. The details of the generator follow.

The code below implements acombined 32 bit random number generator comprising variants (RANO and
RANZ1) of two popular 32 bit random number generators.

RANO is loosely based (the constants chosen by D.E Knuth and H.W. Lewis are used) on a linear
congruential random number generator popularized in Numerical Recipes[1], x; «— (ax,_;+ ¢) mod m,

where a = 1664525, ¢ = 1013904223, and m = 2°2.

RAN1 is based on the popular random number generator, ., «— (ayi_ ;T c) mod m, where a = 69069,
c=lLadm= 2*2. Inthe VSIPL version of RAN1, the addend c is set equal to three instead of one.

The uniformly distributed 32 bit unsigned random integer created by the combined generator represents
the difference between the uniformly distributed 32 bit unsigned integers created by RANO and RAN1.
The combined random number generator maintains two separate seed sequences. One for RANO, and the
other for RAN1.

Both RANO and RAN1 have periods of 232_ 1iterations. Starti ng with agiven pair of seedsfor theinitia
state, RANO and RAN1 complete periods and generate a state with the starting seed pair at the same
iteration. To increase the period of the combined generator, the seed for RAN1 is incremented by one at
the end of each full period. This ensures that the starting state (pair of seeds) will not be generated until

RANZ1 has passed through 232 periods. Thus, the period for the combined generator is 2% iterations.

To promoteindependencein aparallel processing environment, two actions aretaken. The period of RANO
isevenly divided among the parallel threads, and the addend constant used by RAN1 is uniquely assigned
to each thread. These actions ensure that no two threads ever use exactly the same sequence of initial state
seed pairs.
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5.1.2 [VSIPL Random Number Generator Functions]

To divide the period of RANO evenly among threads we first note that we can generate the sequence
Xg X X9 X4 Xg, +- - by applying the following recursion:
X0
x;=(xpa+c)mod m
x,=(x,a+c)mod m

=((xpa+c)a+c)mod m

= (xypa?+ac+c)mod m

= (xpaa+(a+ Ic) mod m
x,=(xya?+a’c+a’c+ac+c)mod m

= (xga@?a2+(a*+a2+a+ 1)c) mod m

= (xga@?a2+ (aXa+ 1)+ (a+ 1))c) mod m

= (xq@?a?2+ (a2 + I{a+ Dc) mod m

xg = (xpa*a*+(a*+ 1(a?+ I a+ 1)c) mod m

X,;=(Axy+ C)mod m
= (xpa?' + (a2 1+ 1 a2+ 1)-- - (a+ I)c) mod m

After i-1 iterations, each term of new generator (using A and C) skips over 2’ terms of the basic sequence
generated by RANO.

The term A may be calculated by repeated squaring of a, (i-1) times modulo m. The term C may be
calculated in parallel with A by repeatedly adding oneto the previous partial product of A and multiplying
the previous partia product of C by the sum, (i-1) times. The agorithm is shown below.

Iteration A c
0 a C
1 a2 (a+ e
2 at (@2+ INa+ 1)
3 ad (a*+ a2+ 1 a+ D

The techniqueis used in thefirst “for” loop within vsip_randcreate to efficiently skip to the starting state
assigned to a given thread for use by RANO.

In aparallel environment, each thread is assigned an addend for RAN1 which corresponds to the prime
number taken from the sequence of prime numbers greater than or equal to three. Thusthefirst thread uses
three as the addend for RAN1, the second uses five as the addend for RAN1, the third uses seven as the
addend for RAN1, etc. Thistechnique assigns adifferent RAN1 random number generator to each thread.

By using the two techniques together, we define avery low overhead random number generator with sub-
sequence statistical characteristics better than those of either RANO or RAN1. The new generator has a

period of 2% and can be used safely in many parallel processing environments. In particular, statistically
independent subsequences of lengths up to approximately 264/N, where N is the number of parallel sub-
seguences required, are ensured.

References: [1] See pp. 275-276 of Numerical Recipesin FORTRAN, The Art of Scientific Computing,
Second Edition, William H. Press, et al., Cambridge University Press, 1992.
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5.1.3 [Sample Implementation]

5.1.3. Sample Implementation

The following is a sample C implementation of two uniform random number generators. The comments

have been formatted for readability.

#i
#i
#i
#i
#i
#i

/* Typedefs for unsigned and signed exactly 32 bit integers uint32_t and int32_t */

#i

ncl ude <fl oat. h>

nclude <linmts. h>

ncl ude <stdlib. h>

ncl ude <math. h>

ncl ude "private/vsip_scal ar_typedefs. h"
ncl ude "vsip. h"

ncl ude "inttypes. h"

#define A0 1664525 /* Paraneters for RANO */

#define CO 1013904223

#define Al 69069 /* Parameters for RANL */

#define Cl 3

#define RAN(state, A, C) A*( state )+C

#define RANO( ptr ) RAN( ptr->seedO, ptr->a0, ptr->c0 )
#define RANL( ptr ) RAN( ptr->seedl, ptr->al, ptr->cl)

Thetype of vsip_randstate in “vsip.h” should be an incomplete type definition. The actual type should be
opaque and defined in aplacelikepri vat e/ pvsi p_scal ar _typedefs. h

typedef struct vsip_rand_object

{

}

doubl e doubl e_scal e;
float float_scale;
uint32_t seedO;
uint32_t seedil;
uint32_t seed2;
int32_t nunsegs;
int32_t id;
uint32_t ao;
uint32_t cO;
uint32_t ai;
uint32_t cil;

vsi p_randst at e;

vsi p_randstate *
vsi p_randcreat e(vsi p_i ndex seed, /* Initial user seed */

vsi p_i ndex nunseqgs, /* Nunmber of sub-sequences */
vsi p_i ndex id, /* Subsequence id (0 < id 2 nunseqs)

*/

vsi p_rng portable) /* Portable or non-portable sequence */

/* portable is ignored */

uint32_t A=A0,C=C0; /* Initialize RAN */

int32_t i;

ui nt 32_t mask, skip;

vsi p_randst ate* state;

state = (vsip_randstate* )mall oc(sizeof (vsip_randstate));

st at e- >doubl e_scal e = (doubl e) pow (doubl e) 2. 0, (doubl e) (-32));

state->fl oat_scale = (fl oat)pow (double)?2.0, (double)(-24));
stat e- >seed0 = seed;

st ate- >seedl = 1;

st ate- >seed2 = 1;

st at e- >nunseqs = nunseqs;
state->id = id;

state->a0 = A0

state->c0 = Q0;
state->al = Al;
state->cl1l = Cl
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5.1.3 [Sample Implementation]

Find the skip size by dividing 2’11 (232 cannot be represented in 32 bits), and multiplying the quotient
by the relative thread id.

skip = ((U NT_MAX/ nunmseqs) *(id-1));

Given a starting seed, the code below generates the starting seed for the id'th sub-sequence of a set of
numseqs sub-sequences of RANO.

With each loop iteration, a new random number generator is created — on the fly — from the base random
number generator RANO. The new generator issues a sub-sequence of the original sequence generated by

RANQO, such that given the same starting seed, each term of the subseguence corresponds to every (2i)‘th
term of the original RANO sequence, where i corresponds to the loop iteration.

To understand how this is used below, first note that the 32 bit unsigned integer skip may be viewed as
apolynomial

skip=P(31)2'+P(30)2°+ ... + P(1)2+P(0)
where

P(i) 7 {0,1},fori=0,1,2,...,31

Thus, each value P(i) is the setting (1 or 0) of theith bit of skip.

In the loop below, the current generator (starting with RANO) is applied to the current seed Sif and only
if theith (i isthe loop iterator) bit of skip isaone, i.e. P(i) = 1. At each loop iteration, a new generator

is created that skips the next 21 (i isthe loop iterator) terms of the original RANO sequence. After 32
iterations, thethirty two bits of skip are exhausted and the current value of seed Sisreturned asthe starting
seed for the idth thread.

As an example of how the scheme works, assume that we are creating the seed for the fifth of fifteen
threads. The value of skipis

skip =((2%-1)/ 15)5- 1) =(4294967295/ 15)4 = 2863311534 = 1145324612

which in hexadecimal is
skip = 44444444 = 2704 2264 222 4 2184 9141 9104 764 22

Thus, to create the correct seed we need to skip, in succession, 27 terms, 2° terms, 2'° terms, 2% terms,

28 terms, 222 terms, and 2% terms of the base RANO sequence. Thisisaccomplished in theloop below by
applying the current random number generator only oniterations 2, 6, 10, 14, 18, 22, 26, and 30. Although
used on only eight of thirty two iterations, a new generator is created on each iteration.

mask = 1;

for( i=0; i<32; i++)

{ /* Update seed if bit is set */
if( mask & skip )
{

st at e- >seed0 = A*(state->seed0) + C

—

C = (A+1)*C, [/* Generate new of fset constant */
A = A*A; /* Cenerate new nultiplier constant */
mask <<= 1;

}
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5.1.3 [Sample Implementation]

Set C1 to the idth prime, starting at C1 = 3. (The following is a very simple prime number generator. A
pre-computed table of primes could be substituted.)

for( i=1; i<id; i++)
{
int32_t |oop_max;
state->cl += 2;
| oop_max = (int32_t)sqrt( (double)state->cl );
C=3;
while( C <= | oop_max )

while( ( (state->c1 %C !=0) & ( C<=loop_nmax ) ) C += 2;
if( (state->c1 %C ==0)
{
C=3;
state->cl += 2;
| oop_max = (int32_t)sqrt( (double)state->cl );
}
}
}

return state,

}

voi d vsi p_randdestroy(vsi p_randstate* state) { free(state);}
|EEE-754 Dependent Code
Thefollowingisimplementation dependent. It isdefined for |EEE-754 single and doubl e precision floating
point wherefloat is single and doubleis double precision. (For non-EEE 754 implementations the closest
representable floating point number to the |EEE-754 number should be returned.)
Create the mask used to convert an unsigned integer to asingle precision | EEE-754 float. The mask forces
the sign and excess 127 exponent for a single precision IEEE-754 floating point number (1.0) into the

upper nine bits of a 32 bit unsigned integer that has been shifted right nine bit positions. The low mantissa
bit is set to one to force the number away from atrue | EEE zero when it is normalized by subtracting 1.0.

static uint32_t vsip_random fnmask = 0x3f 800001;

Functionvsi p_randu_f:

e Takesavsip_randstate* argument (which was created by vsip_randcreate);

 Updates the state seeds using macro functions RANO and RANL,;

» Formsatemporary 32 bit unsigned seed from the difference between the two state seeds;

 Right shifts the temporary seed eight bit positions (the width of a single precision |EEE- 754 floating
point number's exponent field);

Bitwise OR'saoneinto the low bit; convertstheinteger contained in theinterval (0, 2**-1) toasingle
precision |EEE-754 floating point number;

Scales the floating point number by 224 to force the result into the openinterval (0.0,1.0);

» And finally returns the floating point result as the function return value.

float vsip_randu_f( vsip_randstate* state )
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/* Returns a float uniformrandom nunber within the open interval (0, 1) */
{
float tenp;
uint32_t itenp;
stat e- >seed0 = RANO( state );
state->seedl = RANL( state );
itenp = (state->seed0 - state->seedl);
if (state->seedl == state->seed2)
{
state->seedl += 1;
state->seed2 += 1;
}
itenp = (itenp>>8)|0x00000001;
tenmp = (float)(itenp)*state->float_scal e;
return( tenp );

Functionvsi p_randu_d:
» Acceptsavsip_randstate* argument (which was created by vsip_randcreate);
» Updates the state seeds using macro functions RANO and RAN1;

» Formsatemporary 32 bit unsigned seed from the difference between the two state seeds;,

Bitwise OR'saoneinto thelow bit; convertstheinteger containedin theinterval ( 0, 232 1) to adouble
precision |EEE-754 floating point number;

Scales the floating point number by 232 to force the result into the open interval (0.0,1.0);

» And finally returns the floating point result as the function return value.

doubl e vsip_randu_d( vsip_randstate *state )
{
doubl e tenp;
uint32_t itenp;
state- >seed0 = RANO( state );
state->seedl = RANL( state );
itemp = (state->seed0 - state->seedl);
if (state->seedl == state->seed2)
{
st at e- >seedl += 1;
st at e- >seed2 += 1;
}
tenp = ((double)(itenp) + 0.5)*state->doubl e_scal e;
return( tenp );

5.2. Random Number Functions

vsip_randcreate Create Random State
vsip_randdestroy Destroy Random State
vsip_dsrandu_p Uniform Random Numbers
vsip_dsrandn_p Gaussian Random Numbers

5.2.1. vsip_randcreate

Create arandom number generator state object.
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Functionality
Creates a state object for use by a VSIPL random number generation function. The random number
generator is characterized by specifying the number of random number generators the application
is expected to create, and the index of this generator. If the portable sequence is specified, than the
number of random number generators specifies how many sub-sequences the primary sequence is
partitioned into. If the non-portable sequence is specified, the characteristics of the random number
generator are implementation dependent.

The function returns a random state object which holds the state information for the random number
sequence generator, or null if the create fails.

Prototypes

vsi p_randstate *vsi p_randcreate(vsi p_i ndex seed, vsip_index nunprocs,
vsip_index id, vsip_rng portable);

Arguments

seed
Seed toinitialize generator.

nuUMprocs
Number of processors (number of sub-sequences sequences into which the primary sequence is
to be partitioned).

id
Processor ID (index to select a particular sub-sequence from the group of numprocs sub-
seguences).

portable
Select between portable and non-portable random number sequences.

typedef enum

VSIP_PRNG = 0, /* Portabl e random nunber generator */
VSI P_NPRNG = 1 /* Non-portabl e trandom nunber generator */

} vsip_rng;

Return value
Returns a pointer to a random number state object of type vsip_randstate, or null if the create fails.

Restrictions

Errors
The arguments must conform to the following:

1. 0<id < numprocs <2%-1

Notes/References
You must call vsip_randcresate for each random number sequence/stream the application needs. This
might be one per processor, one per thread, etc. For the portable sequence to have the desired pseudo-
random properties, each create must specify the same number of processors/sub-sequences.

Note to Implementors: All implementations of vsip_randcreate must support the portable sequence.
The vendor defined non-portable sequence may be the same sequence as the defined portable
seguence, or an implementation dependent uniform random number generator.
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Examples
Seevsi p_dsrandu_p for example.

See Also
vsi p_dsrandn_p,vsi p_dsrandu_p,andvsi p_randdest r oy

5.2.2. vsip_randdestroy

Destroy arandom number generator state object.

Functionality
Destroys a random number state object created by avsi p_r andcr eat e.

Prototypes

int vsip_randdestroy(vsip_randstate *state);

Arguments

state
Pointer to random number state object.

Return value
Returns zero on success and non-zero on failure.

Restrictions

Errors
The arguments must conform to the following:

1. Therandom number state object must be valid. An argument of null is not an error.

Notes/References
An argument of null is not an error.

Examples
Seevsi p_dsrandu_p for example.

See Also
vsi p_randcreat e,vsi p_dsrandu_p,andvsi p_dsrandn_p

5.2.3. vsip_dsrandu_p

Generate auniformly distributed (pseudo-)random number. Floating point values are uniformly distributed

over the open interval (0, 7). Integer deviates are uniformly distributed over the open interval (0,2°'-1).

Functionality
Real

7 «<— Uniform (O, 1)
7, <— Uniform (0, 1) for n=0,1,.,N-1
#nm <— Uniform (0, 1) for n=0,1 .., N-1Lfor m=0,1, .., M-1

Complex
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r<—Uniform (0, 1) + jUniform (0, 1)
r<«—Uniform (0, 1) + jUniform(0,1) for n=0,1, .., N-1
7nm<—Uniform (0, 1) + jUniform (0, 1) for »n=0,1, .., N-Lfor m=0,1 .., M-1

Prototypes
Scalar:

vsi p_scal ar_f vsip_randu_f(vsip_randstate *state);
vsi p_cscal ar_f vsip_crandu_f(vsip_randstate *state);

By Element:

voi d vsip_vrandu_f(vsip_randstate *state, const vsip_vview f *r)
voi d vsip_cvrandu_f(vsip_randstate *state, const vsip_cvview f *r)
voi d vsip_nrandu_f(vsip_randstate *state, const vsip_nmview f *r)
void vsip_cnrandu_f(vsip_randstate *state, const vsip_cmview f *r)

Arguments

State
Pointer to random number state object.

Output vector or matrix view object.

Return value
The arguments must conform to the following:

1. The random number state object must be valid.
2. The output view object must be valid.
Restrictions

Errors
The pointer to arandom number state object must be valid.

Notes/References
The complex random number has real and imaginary components where each component is

Uniform(0,1). The mean of the complex sequence is therefore \/3 / 2.

The“by element” random number generators are required to produce the equivalent result to applying
the scalar generators to each element in the order that proceeds from the minimum stride to the
maximum stride dimension. For example for amatrix Z, where the stride between elements of arow
islessthan the stride between elements of acolumn, where X ; denotesthe jth output of the generator:

20,0 < Xj520,1 < Xir10--21,0 < X Nse e 2M-1,N-1 € Xjpren-

Examples
Generate 10 Uniform random numbersin the interval - to

#i ncl ude <stdio. h>
#i ncl ude <vsip. h>
mai n()

{

int i

164
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int seed =0, num procs=1, id=1;

vsi p_scal ar_d x;

vsi p_cscal ar_d z;

vsi p_rand_state *state;

vsip_init((void *)0);

state = vsip_randcreate(seed, numprocs, id, VSIP_PRNG;

printf("Uniformn");

for(i=0; i<10; i++)

{
X = 2*M Pl *vsip_randu_d(state) - MPI;
printf("%\n",x);

}
printf (" Conplex Uniformn");

for(i=0; i<10; i++)
{
vsi p_rcnul _d(M_PI, vsip_crandu_d(state), &z);
vsip_rcadd_d(-MPI, z, &2);
printf("(%, %)\n",vsip_real _d(z),vsip_img_d(z));
vsi p_randdestroy(state);
vsi p_finalize((void *)0);
return O;

See Also
vsi p_randcreat e,vsi p_dsrandn_p,andvsi p_randdestr oy

5.2.4. vsip_dsrandn_p

Generate an approximately normally distributed (pseudo-)random deviate having mean zero and unit
variance; N(0,1).

Functionality
Real

1
V <— 6'Z/F0xk
11
rp<— 6- K120 for n=0,1..,N-1
Fom <— 6-2;0Xk+12(n+mzv) for n=0,1,..,N-Lfor m=0, 1, .., M - 1(row major)

Fnm <— 6—2;0xk+12(m+,,M) for n=0,1.,N-Lfor m=0,1,.., M-1(column major)

Complex

2 2
re3-(t )+ j(t- 1)

2 2
t — Zk= Xy noln < zk=0xk+6n+3 for n=0,1.,N-1
ran=3-(t,+ 1)+ jt,- 1)

2 2
tl <« Zk=0xk+6(n+mN),t2 <« Zkzoxk+6(,ﬁmN)+3 for n= O, 1, cee N - 1, for m= 0, 1, cem M-1
Fom < 3-(¢,+ 1)+ j(t,-t,) (row major)

2 2
tl <« zkzoxk+6(m+nM),t2 <« zk:()xk*qm*"MH?’ for n= O, 1, cee N - 1, for m= O, 1, cem M-1

Fom<— 3-(¢, 1)+ j(t,-t,) (column major)

Where:
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X isauniformly distributed random number over the open interval (0,1). X, is generated in order
using the same method as the uniform scalar function vsi p_r andu_f . For matrices the dimension
with the smallest strideisfilled first.

Prototypes
Scalar:

vsip_scal ar_f vsip_randn_f(vsip_randstate *state);
vsi p_cscal ar_f vsip_crandn_f(vsip_randstate *state);

By Element:

void vsip_vrandn_f(vsip_randstate *state, const vsip_vview f *r);
void vsip_cvrandn_f(vsip_randstate *state, const vsip_cvview f *r);
void vsip_nrandn_f(vsip_randstate *state, const vsip_nview f *r);
void vsip_cnrandn_f(vsip_randstate *state, const vsip_cnview f *r);

Arguments

State
Pointer to random number state object.

Output vector or matrix view object.

Return value
Returns a Gaussian random number.

Restrictions

Errors
The pointer to arandom number state object must be valid.

Notes/References
Both the real and complex Gaussian random number are N(0,1). The complex random number has
real and imaginary components that are uncorrelated.

If atrue Gaussian random deviate is needed, the Box-Muller algorithm should be used. See Knuth,
Donad E., Seminumerical Algorithms, 2nd ed., vol. 2, pp. 117 of The Art of Computer Programming,
Addison-Wesley, 1981.

Examples
Generate 10 Uniform Gaussian numbers with zero mean and a variance of

#i ncl ude <stdio. h>
#i ncl ude <vsip. h>
mai n()
{ . .
int i;
int seed =0, num procs=1, id=1;
vsi p_scal ar_d x;
vsi p_cscal ar_d z;
vsi p_rand_state *state;
vsip_init((void *)0);
state = vsip_randcreate(seed, numprocs, id, VSIP_PRNG;
printf("Nornmal\n");
for(i=0; i<10; i++)
{
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X = MPI*vsip_randn_d(state);
printf("%\n",x);
}
printf (" Conpl ex Normal\n");
for(i=0; i<10; i++)
{
vsi p_rcnul _d(M_PI, vsip_crandn_d(state), &z);
printf("(%, %)\n",vsip_real _d(z),vsip_img_d(z));

vsi p_randdestroy(state);

vsi p_finalize((void *)0);
return O;

See Also
vsi p_randcreat e,vsi p_dsrandu_p, andvsi p_randdest r oy
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6. Vector & Elementwise Operations [Vector & Elementwise Operations]

6.1. Introduction

This section covers, for the most part, simple operations that are done on individual elements or
corresponding pairs of elements of VSIPL objects. Historically this section started out as only pertaining
to vector objects; however it was soon realized that, for instance, adding two vectors by element and
adding two matrices by element, or taking a Sine or Cosine for each element of a vector or a matrix, are
fundamentally the same. So the section was extended to cover as many el ementwise operations as seemed
reasonable without regard to the shape of the underlying object.

6.1.1. Name Space

An attempt has been made to regularize the name space. For the root names the following contractions
have been used. Not all the contractions used are here, but these are the most common

Table6.1.

add aor add

divide div

equal e

greater than gorgt

less than lorlt

logical I

magnitude mg or mag

maximum max

minimum min

multiply m or mul

not equal ne

root rt

scalar S

sguare ol

subtract sb or sub

value val
Note

* Magnitude has its normal meaning. For example for real we have a < |a|=\(x2 and for

Complex we have a < |d = \/(Re (a) )2 +(Im(a) )2 where the positive square root is used.

» Most functions which return a value and are not void will have a"val" contraction at the end
of their root name. One of the exceptions are any functions which are typed as boolean.




6.1.2 [Root Names]

6.1.2. Root Names

Thefollowing table contains al the root names for the elementwise operations. Using these roots, and the
function name encoder, names may be derived for al the functions. The root names are in aphabetical
order. Note that the root name may encompass some functionality that might otherwise be done using
the function name encoder rules. For instance, the root arg used for finding the argument of a complex
number has no depth associated with it since its classical definition encompasses the depth functionality.
Some functions have purposely had some of the function name made part of the root name. For instance,
cmagsq is only done on complex, so the c was made part of the root name. Moving function name encoder
functionality into the root name can only be done if the functionality is degenerate over the name space of
the function. For instance, cmagsq isonly defined in VSIPL for complex inputs so the complex portion of
thefunctionality may be made part of theroot namesincethereisno needtoincludereal input functionality.

Note that some root names (such as add, mul, etc.) have more than one man page associated with them.
Thisisbecause Scalar operations with Vectors (Matrices) are placed on a separate man page from Vector/
matrix operations with Vectors (Matrices).

It also should be noted that not every possible expansion of the function name, with root, are being included
as VSIPL defined functions. This is a very large name space so only functionality which is considered
as necessary and useful is being included. What is necessary and useful is an active area of debate and
discussion.

Table 6.2.
Root Name Expansion Associated Man
Pages and Comments

acos Arccosine vsi p_dsacos_p

add Add vsi p_dsadd_p (Vector/Matrix
add Vector/Matrix)
vsi p_dssadd_p (Scaar add
Vector/Matrix)

altrue All True vsi p_sal I true_bl

am Add and Multiply vsi p_dvam p

and AND vsi p_sand_p

anytrue Any True vsi p_sanytrue_bl

arg Argument vsi p_sarg_p

asin Arcsine vsi p_dsasin_p

atan Arctangent vsi p_dsatan_p

atan2 Arctangent of Two Arguments  |vsi p_dsat an2_p

conj Complex Conjugate Vsi p_sconj _p

clip Clip vsip_sclip_p

cmagsq Complex Magnitude Squared VSi p_scnmagsq_p

cmaxmgsq Complex Max Magnitude|vsi p_scrmaxmgsq_p

Squared
cmaxmgsgval Complex Max Mag Squared|vsi p_scnaxngsqgval _p
Value
cminmgsg Complex Min Magnitude Squared|vsi p_scm nngsq_p
cminmgsgval Complex Min Mag Squared Value|vsi p_scni nmgsqgval _p
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Root Name

Expansion

Associated Man
Pages and Comments

cmplx Complex vsi p_scmpl x_p

cos Cosine vsi p_dscos_p

cosh Hyperbolic Cosine vsi p_dscosh_p

div Divide vsi p_dsdi v_p (Vector/Matrix
divide Vector/Matrix)
vsi p_dssdi v_p (Scalar divide
Vector/Matrix)
vsi p_dssdiv_p (Vector/
Matrix divide Scalar)

euler Euler vsi p_seuler_p (Vector/
Matrix Euler)

exp Exponential (Base €) vsi p_dsexp_p

expl0 Exponential (Base 10) vsi p_dsexpl0 p

expoavg Exponential Average vsi p_dsexpoavg_p

fill Fill vsip_dsfill _p

gather Gather vsi p_dsgat her

hypot Hypotenuse vsi p_shypot _p

imag Imaginary vsi p_simag_p

indexbool Index a Boolean vsi p_si ndexbool

invclip Inverse Clip vsi p_sinvclip_p

jmul Conjugate Multiply vsip_csjnul _p

leq Logica Equal vsip_sleq_ p

Ige Logical Greater Thanor Equal  |vsi p_sl ge_p

Igt Logical Greater Than vsip_slgt_p

lle Logica Less Than or Equal vsip slle p

It Logical Less Than vsip st _p

Ine Logica Not Equa vsip_slne_p

log Log (Basee) vsi p_dsl og_p

logl0 Log (Base 10) vsi p_dsl ogl0 p

ma Multiply and Add vsi p_dvma_p

mag Magnitude vsi p_dsmag_p

max Maximum VSi p_smax_p

maxmg Maximum Magnitude vsi p_dsmaxng_p

maxmgval Maximum Magnitude Value vsi p_smaxngval _p

maxval Maximum Value vsi p_smaxval _p

meansgval Mean Square Value vsi p_dsmeansqval _p

meanval Mean Vaue vsi p_dsneanval _p

170




6.1.2 [Root Names]

Root Name Expansion Associated Man
Pages and Comments

min Minimum vsip_smn_p

minmg Minimum Magnitude vsi p_dsmnng_p

minmgval Minimum Magnitude Value vsi p_sm nngval _p

minval Minimum Value vsi p_smnval _p

msa Multiply, Scalar Add vsi p_dvmsa_p

msb Multiply and Subtract vsi p_dvmsb_p

mul Multiply vsi p_dsmul _p (Vector/Matrix
multiply Vector/Matrix)
vsi p_dssnul _p (Scalar
multiply Vector/Matrix)

vmmul Vector Matrix Elementwise|vsi p_dvdmul _p

Multiply

neg Negate vsi p_dsneg_p

not NOT vsi p_snot _p

or OR vVsi p_sor_p

polar Polar vsi p_spolar_p

ramp Ramp VSi p_vranp_p

red Resl vsip_sreal _p

recip Reciprocal vsi p_dsrecip_p

rect Rectangular vsi p_srect _p

rsgrt Reciprocal Square Root vsi p_dsrsqgrt_p

sam Scalar Add, Multiply vsi p_dvsam p

sbm Subtract and Multiply vsi p_dvsbm p

scatter Scatter vsi p_dsscatter _p

sin Sine vsi p_dssin_p

sinh Hyperbolic Sine vsi p_dssinh_p

sma Scalar Multiply, Add vsi p_dvsna_p

smsa Scalar Multiply, Scalar Add vsi p_dvsnsa_p

sq Square vsi p_dssq_p

sort Square Root vsi p_dssqgrt _p

sub Subtract vsi p_dssub_p (Vector/Matrix
subtract Vector/Matrix)
vsi p_dsssub_p (Scaar
subtract Vector/Matrix)

sumsgval Sum of Squares Value vsi p_dssunsqval _p

sumval Sum Value vsi p_dssunval _p

swap Swap vsi p_dsswap_p

tan Tangent vsi p_dstan_p
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Root Name Expansion Associated Man
Pages and Comments
tanh Hyperbolic Tangent vsi p_dstanh_p
vmodulate Vector Modulate vsi p_vnodul ate_p
xor Exclusive OR VSi p_sxor_p

6.1.3. In-Place Functionality

Most simple elementwise functions may be done in-place. The meaning of in-place is not necessarily
always clear. The following rules will define in-place for the Vector and Elementwise functions.

1 Thesign (negative or positive) of the stride of objects used for in place must be the same.

2 For functions, like cos, of a single argument with a single result of the same type and precision, in-
place means the result replaces the input.

3 For functions, like add, of multiple arguments with a single result of the same type and precision, in-
place means the result replaces one of the inputs.

4 For functions, of one or more vector/matrix/tensor arguments and one or more scalar, with a single
result of the same type and precision, in-place means the result replaces one of the inputs.

5 For afunction, like ar g, which takes a complex input and outputs areal output of the same precision
in-place means the output can be placed in areal view or an imaginary view of the input.

6 For polar which takes a complex input and outputs two real outputs in-place means one output may
be placed in areal view of the input and the other output may be placed in the imaginary view of the
input. Note either output can go in either view.

7 Forrect which takes two real inputs and gives a complex output in-place means the inputs can be
views of the real and imaginary portion of the output. Note either input can go in either view.

8 For eul er whichtakesasinglereal input and produces acomplex output then in-place meansthe real
input can be either areal view or imaginary view of the output.

It should be noted that for functions where no input is conformant with any output then no in-place
operation is defined. In-place operations which transform real views to complex views or complex views
to real views are only allowed when the real view is an imaginary view or areal view of the complex
view. Thismeans, for instance, that a view of ablock of datawhich overlays a complex views data so that
both real and imaginary words of the complex view are incorporated in the real view are not to be used
for in-place operations. It aso means that the input or output real view must exactly overlay the real or
imaginary view of the complex view, and the stride through the vectors (real and imaginary) must both
go in the same direction.

The application programmer should only use in-place functionality for functions required to support
this functionality by the specification. If an implementation provides an in-place functionality that is
not required by the VSIPL specification then the application programmer should not use it. Using non-
required functionality will result in portability problems. The following table indicates required in-place
functionality for vector and elementwise functions.

Root Name In-Place ? Reason/Comment
acos yes
add yes
altrue NA Returns scalar value
am yes
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Root Name In-Place ? Reason/Comment

and yes

anytrue NA Returns scalar value

arg yes For in-place output must be
into a real view or imaginary
view. Output to a real view
encompassing both real and
imaginary words of the input
vector isnot allowed.

asin yes

atan yes

atan2 yes

conj yes

clip yes

cmagsq yes

cmaxmgsq yes

cmaxmgsgval NA Returns scalar value

cminmgsg yes

cminmgsgval NA Returns scalar value

cmplx no

cos yes

cosh yes

div yes

euler yes In-place input must be a real
or imaginary view of the output
vector.

exp yes

explo yes

expoavg no

fill NA No source

gather no Not an elementwise operation

hypot yes

imag yes Harmlessif output isanimaginary
view of the input vector,
destructive if output is a red
view. Output to a compacted
real view containing both real
and imaginary words from the
complex input view is not
allowed.

indexbool no Different source and destination
types

invclip yes
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Root Name In-Place ? Reason/Comment

jmul yes

leq no Different source and destination
types

Ige no Different source and destination
types

Igt no Different source and destination
types

lle no Different source and destination
types

[t no Different source and destination
types

Ine no Different source and destination
types

log yes

log10 yes

ma yes

mag yes

max yes

maxmg yes

maxmgval NA Returns scalar value

maxval NA Returns scalar value

meansgval MA Returns scalar value

meanval NA Returns scalar value

min yes

minmg yes

minmgval NA Returns scalar value

minval NA Returns scalar value

msa yes

msb yes

mul yes

neg yes

not yes

or yes

polar yes

ramp NA No source

randcreate NA Not afunction on views

randg NA No Source

randu NA No Source

real yes Harmless if output is a real view
of the input, destructive if output
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Root Name In-Place ? Reason/Comment

is imaginary view. Output to a
compacted real view containing
both real and imaginary words
from the complex input view is
not allowed.

recip yes

rect yes

rsart yes

sam yes

sbm yes

scatter no Not an elementwise operation

sin yes

sinh yes

sma yes

smsa yes

q yes

sort yes

sub yes

sumsgval NA Returns scalar value

sumval NA Returns scalar value

swap Harmless

tan yes

tanh yes

vmodulate no

xor yes

6.1.4. Example Programs

Many of the examplesin this chapter are designed to be run-able, although no guarantees are made. Note
that all code requires including the standard VSIPL header file, "vsip.h".

Note that for brevity, the examples don't follow a careful programming style. For instance when doing a
create, the return should always be checked for anull pointer to determineif the create failed.

6.2. Elementary Math Functions

The following functions constitute by element application of elementary math operations on vectors and
matrices. These include trigonometric functions, natural (base €) and base 10 logarithmic and exponential
functions, and the sguare root function. These functions are defined for real floats with the exception of
base e logarithm, the base e exponential, and the square root which are also defined for complex floats.

VSi p_sacos_p Vector/Matrix Arccosine

vsi p_sasin_p Vector/Matrix Arcsine

vsi p_satan_p Vetor/Matrix Arctangent

Vsi p_satan2_p Vector/Matrix Arctangent of Two Arguments
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VSi p_scos_p Vector/Matrix Cosine

vsi p_scosh_p Vector/Matrix Hyperbolic Cosine
vsi p_dsexp_p Vector/Matrix Exponential

vVsi p_sexpl0_p Vector/Matrix Exponential Base 10
vsi p_dsl og_p Vector/Matrix Log

vsi p_sl ogl0_p Vector/Matrix Log Base 10
vsip_ssin_p Vector/Matrix Sine

vsi p_ssinh_p Vector/Matrix Hyperbolic Sine
vsi p_dssqrt_p Vector/Matrix Square Root

vsi p_stan_p Vecto/Matrix Tangent

vsi p_stanh_p Vector/Matrix Hyperbolic Tangent

6.2.1. vsip_sacos_p
Computes the principal radian value [0, +] of the arccosine for each element of a vector/matrix.

Functionality
ri<—cosla; for j=0,1.,N-1

rij<cosla; for i=0,1.,M-1for j=0,1.,N-1
Prototypes

voi d vsip_vacos_f(vsip_vviewf const *a, vsip_vview f const *r);
voi d vsip_nmacos_f(vsip_nview f const *a, vsip_nview f const *r);

Arguments

a
View of input vector/matrix

View of output vector/matrix

Return value
None

Restrictions
Element values outside the interval [-1, 1] are a domain error. Results of domain errors are
implementation dependent.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
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6.2.2[vsip_sasin p]

Examples
Calculate arccos for seven evenly spaced values from -1 to 1.

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 7 /* length */

int nain()

{
doubl e data[L]; /* a user-defined data space */
int i

vVsi p_vvi ew_d* ranp
Vsi p_vvi ew_d* out put;
vsip_init((void *)0);
ranp = vsip_vcreate_d(L, VSI P_MEM NONE)
out put = vsi p_vbind_d(vsi p_bl ockbi nd_d(data, L, VSIP_MEM NONE), O, 1,L)
/* admit the user block with no update */
vsi p_bl ockadmi t _d(vsi p_vget bl ock_d(out put), VSI P_FALSE)
/*conmpute a ranp from-1 to 1 */
vsip_vranp_d(-1.0, 2.0/(L-1) , ranp);
/*conmput e the Arccosine value */
vsi p_vacos_d(ranp, output);
/* rel ease the user block with update */
vsi p_bl ockr el ease_d(vsi p_vget bl ock_d( out put), VSI P_TRUE)
[*print it */
for(i=0; i<L; i++)
printf("% ",datafi]);
printf("\n");
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(ranmp));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(output));
vsi p_finalize((void *)0);
return O
}
/* output */
/* 3.141593 2.300524 1.910633 1.570796 1.230959 0.841069 0.000000 */

See Also
vsi p_sasin_p, vsi p_satan_p, vsi p_satan2_p, vsi p_scos_p, vsip_ssin_p, and
vsip_stan_p

6.2.2. vsip_sasin_p
Computes the principal radian value[-7/,, 7/, ] of the arcsine for each element of a vector/matrix.

Functionality
rij<sin'a; for j=0,1.,N-1

rije—sin'a; for i=0,1,..,M-Lfor j=0,1.,N-1
Prototypes

voi d vsip_vasin_f(vsip_vview f const *a, vsip_vview f const *r)
voi d vsip_masin_f(vsip_nview f const *a, vsip_nmview f const *r)

Arguments

a
View of input vector/matrix

View of output vector/matrix
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6.2.3 [vsip_satan p|

Return value
None

Restrictions
Element values outside the interval [-1, 1] are a domain error. Results of domain errors are
implementation dependent.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples
Calculate Arcsine for seven evenly spaced values from -1 to 1:

#i ncl ude <stdio. h>
#i nclude "vsip. h"
#define L 7 /* length */
int main()
{
doubl e data[L]; /* a user-defined data space */
int i
vsi p_vvi ew_d* ranp
vsi p_vvi ew_d* out put;
vsip_init((void *)0);
ranp = vsi p_vcreate_d(L, VSI P_MEM NONE)
out put = vsip_vbind_d(vsi p_bl ockbi nd_d(data, L, VSIP_MEM NONE), O, 1, L)
/* admit the user block with no update */
vsi p_bl ockadm t _d(vsi p_vget bl ock_d( out put), VSI P_FALSE)
/*conmpute a ranmp from-1 to 1 */
vsip_vranp_d(-1.0, 2.0/(L-1) , ranp);
/*conmpute the Arccosine value */
vsi p_vasi n_d(ranp, output);
/* rel ease the user block with update */
vsi p_bl ockrel ease_d(vsi p_vget bl ock_d( out put), VSI P_TRUE)
[*print it */
for(i=0; i<L; i++)
printf("9% ",datal[i]);
printf("\n");
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(ranp));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(output));
vsip_finalize((void *)0);
return O

/* output */
/* -1.570796 -0.729728 -0.339837 0.000000 0.339837 0.729728 1.570796 */

See Also
Vsi p_sacos_p, vsi p_satan_p, vsi p_satan2_p, vsi p_scos_p, vsip_ssin_p, and
vsip_stan_p

6.2.3. vsip_satan_p

Computes the principal radian value[-7/,, 7/, ] of the arctangent for each element of a vector/matrix.
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6.2.3 [vsip_satan p|

Functionality
rj—tan'a; for j=0,1.,N-1

rij—tan’'a;; for i=0,1 .., M-Lfor j=0,1.,N-1
Prototypes

voi d vsip_vatan_f(vsip_vview f const *a, vsip_vview f const *r)
voi d vsip_matan_f (vsip_nview f const *a, vsip_nview f const *r)

Arguments

a
View of input vector/matrix

View of output vector/matrix

Return value
None

Restrictions
Element values outside the interval [-1, 1] are a domain error. Results of domain errors are
implementation dependent.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples
Calculate arg = atan(y/x) in each quadrant at the midpoint and on each axis:

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define Pl 3.1415926535

#define N 8 /* length */

int main()

{
doubl e data[ N ; /* a user-created data space */
int i

vVsi p_vview d* arg

VSsi p_vvi ew_d* x;

Vsi p_vvi ew_d* vy;

vsip_init((void *)0);

arg = vsip_vbi nd_d(vsi p_bl ockbi nd_d(data, N, VSIP_MEM NONE), O, 1, N)
X = vsip_vcreate_d(N, VSIP_MEM NONE)

y = vsip_vcreate_d(N, VSIP_MEM NONE)

vsi p_vranp_d(0.0,2 * PI/N, y);

vsi p_vcos_d(y, X);

179



6.2.4 [vsip_satan2_p]

vsi p_vsin_d(y, Yy);
/*In the next step we assune that x val ues may be small
but will not be zero exactly */
vsi p_vdiv_d(y, X, X);
/* admit the user block with no update */
vsi p_bl ockadmi t _d(vsi p_vget bl ock_d(arg), VSI P_FALSE) ;
/*comput e the Arctangent val ue */
vsi p_vatan_d(x, arg);
/* rel ease the user block with update */
vsi p_bl ockr el ease_d(vsi p_vget bl ock_d(arg), VSI P_TRUE) ;
[*print it */
for(i=0; i<N |i++)
printf("% ",datafi]);
printf("\n");
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(y));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(x));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(arg));
vsi p_finalize((void *)0);
return O;
}
/* output */
/* 0.000000 0.785398 1.570796 -0.785398 -0. 000000 0.785398 1.570796 -0.785398 */

See Also
Vsi p_sacos_p, vsi p_satan_p, vsi p_satan2_p, vsi p_scos_p, vsi p_ssin_p, and
vsi p_stan_p

6.2.4. vsip_satan2_p

Computes the four quadrant radian value [-7, 7z] of the arc tangent of the ratio of the elements of two
input vectors/matrices.

Functionality
a
rj<—tan"b—j. for j=0,1.,N-1

ri,j<—tan'1% for i=0,1,..,M-Lfor j=0,1.,N-1

Therulesfor calculating vsi p_sat an2_p are the same as for the ANSI C math function at an2.
The following table may be used to calculate at an2, although other methods may also be used.

If Then
a=>0b#0 tan'% = cos'h/\Ja2 + b’
a<0b<0 tan’'$ = cos-b/\a2+ b’ -7
a<0b>0 tan'% = cos'b/\Ja? + b’
a>0b=0 tan'l% =1/,
a<0b=0 tan’'s = -7/,
a=0b>0 tan.1% =
a=0b<0 tan'L = 7
a=0b=0 tan'§ = Undefined or NaN
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6.2.4 [vsip_satan2_p]

Note that the use of “+” is not meant to denote an exact number, but it is expected (but not required)
to be accurate to the ! machine precision for the data type.

Prototypes

voi d vsip_vatan2_f(vsip_vview f const *a, vsip_vview f const *b
vsi p_vview f const *r);

voi d vsip_matan2_f (vsi p_nmview f const *a, vsip_nviewf const *b
vsi p_nmview_f const *r);

Arguments

a
View of input vector/matrix corresponding to numerator

View of input vector/matrix corresponding to denominator

View of output vector/matrix

Return value
None

Restrictions
Thedomain of atan2(x, y) isnot valid for both x and y zero and the result isimplementation dependent.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples
Calculate arg = atan2(y/x) in each quadrant at the midpoint and on each axis:

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define Pl 3.1415926535

#define N 8 /* length */

int nmain()

{
doubl e data[N]; /* a user-created data space */
int i

vVsi p_vview d* arg
VSsi p_vvi ew_d* x
Vsi p_vvi ew_d* vy;

vsip_init((void *)0);
arg = vsip_vbind_d(vsi p_bl ockbi nd_d(data, N, VSIP_MEM NONE), O, 1, N)
X = vsip_vcreate_d(N, VSIP_MEM NONE)
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6.2.5[vsip_scos p]

y = vsip_vcreate_d(N, VSIP_MEM NONE)

vsi p_vranp_d(0.0, 2 * PI/N, y);
vsi p_vcos_d(y, X);
vsip_vsin_d(y, y);

/* admit the user block with no update */
vsi p_bl ockadmit _d(vsi p_vget bl ock_d(arg), VSI P_FALSE)
/*conmpute the arctan2 val ue */
vsi p_vatan2_d(y, x, arg);
/* rel ease the user block with update */
vsi p_bl ockr el ease_d(vsi p_vget bl ock_d(arg), VSI P_TRUE)
[*print it */
for(i=0; i<N |i++)
printf("% ",datafi]);
printf("\n");
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(y));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(x));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(arg));
vsi p_finalize((void *)0);
return O

}
/* output */
/* 0.000000 0.785398 1.570796 2.356194 3.141593 -2.356194 -1.570796 -0.785398 */

See Also
Vsi p_sacos_p, vsip_sasin_p, vsip_satan_p, vsip_scos_p, Vvsip_ssin_p,
vsi p_stan_p,andvsi p_shypot _p

6.2.5. vsip_scos_p
Computes the cosine for each element of avector/matrix. Element angle values are in radians.

Functionality
rj<«—cosa; for j=0,1..,N-1

rij«—cosa;; for i=0,1..,M-1Lfor j=0,1.,N-1
Prototypes

voi d vsip_vcos_f(vsip_vview f const *a, vsip_vview f const *r);
voi d vsip_nctos_f(vsip_nmviewf const *a, vsip_nview f const *r);

Arguments

a
View of input vector/matrix

View of output vector/matrix

Return value
None

Restrictions
Behavior of element values outside of the closed interval [-27z, 27c]isimplementation dependent.

Errors
The arguments must conform to the following:
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6.2.6 [vsip_scosh p]

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
Input arguments are expressed in radians.

Examples
Print cosine values for angles evenly spaced between zero and 2 pi :

#i ncl ude <stdio. h>
#i ncl ude "vsip. h"

#define Pl 3.1415926535

#define L 7 /* length */

int main()

{
doubl e data[L]; /* a user-created data space */
int i

vVsi p_vvi ew_d* ranp
Vsi p_vvi ew_d* out put;

vsip_init((void *)0);
ranp = vsip_vcreate_d(L, VSIP_MEM NONE)
out put = vsi p_vbind_d(vsi p_bl ockbi nd_d(data, L, VSIP_MEM NONE), O, 1,L);
/* compute a ranmp fromzero to 2 pi */
vsi p_vranp_d(0.0, (2.0 * PI / (double) (L - 1)), ramp)
/* admit the user block with no update */
vsi p_bl ockadmi t _d(vsi p_vget bl ock_d(out put), VSI P_FALSE)
/* compute the cosine value */
vsi p_vcos_d(ranp, output);
/* rel ease the user block with update */
vsi p_bl ockr el ease_d(vsi p_vget bl ock_d( out put), VSI P_TRUE)
[* print it */
for(i=0; i<L; i++)
printf("% ",data[i]);
printf("\n");
/* destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(ranmp));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(output));
vsi p_finalize((void *)0);
return 0
}
/* output */
/* 1.000000 0.500000 -0.500000 -1.000000 -0.500000 O.500000 1.000000 */

See Also
Vsi p_sacos_p, vsi p_sasi n_p,vsi p_satan_p, vsi p_satan2_p, vsi p_ssi n_p, and
vsi p_stan_p

6.2.6. vsip_scosh_p
Computes the hyperbolic cosine for each element of a vector/matrix.

Functionality
rj<—cosha; for j=0,1.,N-1

rij«—cosha;; for i=0,1,..,M-1for j=0,1.,N-1
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6.2.6 [vsip_scosh p]

Prototypes

voi d vsip_vcosh_f(vsip_vview f const *a, vsip_vview f const *r);
voi d vsip_nctosh_f(vsip_nview f const *a, vsip_nview f const *r);

Arguments

a
View of input vector/matrix

View of output vector/matrix

Return value
None

Restrictions
Overflow behavior and domain restrictions are implementation dependent.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
Input arguments are expressed in radians.

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 7 /* length */

int main()

{
doubl e data[L]; /*a user-created data space */
int i;

vVsi p_vvi ew_d* ranp;
Vsi p_vvi ew_d* out put;

vsip_init((void *)0);
ranp = vsip_vcreate_d(L, VSIP_MEM NONE);
out put = vsi p_vbind_d(vsi p_bl ockbi nd_d(data, L, VSIP_MEM NONE), O, 1,L);
/*conmpute a ranp fromzero to L-1*%/
vsi p_vranp_d(0.0, 1.0, ranp);
/* admit the user block with no update */
vsi p_bl ockadmi t _d(vsi p_vget bl ock_d(out put), VSI P_FALSE);
/*conput e the hyperbolic cosine value */
vsi p_vcosh_d(ranp, output);
/* rel ease the user block with update */
vsi p_bl ockr el ease_d(vsi p_vget bl ock_d(out put), VSI P_TRUE) ;
[*print it */
for(i=0; i<L; i++)
printf("% ",datafi]);
printf("\n");
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(ranmp));
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6.2.7 [vsip_dsexp _p]

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(output));
vsi p_finalize((void *)0);
return O;

}
/* output */
/* 1.000000 1.543081 3.762196 10.067662 27.308233 74.209949 201. 715636 */

See Also
vsi p_ssi nh_p,andvsi p_stanh_p

6.2.7. vsip_dsexp_p
Computes the exceptional function value for each element of a vector/matrix.

Functionality
Real:

ri—e“ for j=0,1.,N-1

rij—e for i=0,1.,M-Lfor j=0,1.,N-1

Complex:

Leto=Re(a), w=Im(a)

< e°K(coswy, + jsinw,) = ek ¥k for k=0,1,..,N-1

1) < €’¥l(coswy + jsinwy ) = e’kI"kl for k=0, 1 .., M-1for [=0,1,.,N-1
Prototypes

voi d vsip_vexp_f(vsip_vviewf const *a, vsip_vview f const *r);
voi d vsip_cvexp_f(vsip_cvview f const *a, vsip_cvview f const *r);
voi d vsip_nmexp_f(vsip_nview f const *a, vsip_nview f const *r);
voi d vsip_crmexp_f(vsip_cnmview f const *a, vsip_cnviewf const *r);

Arguments

a
View of input vector/matrix

View of output vector/matrix

Return value
None

Restrictions
Overflow will occur if a(real part for complex) element is greater than the natural 1og of the maximum
defined number. The result of an overflow isimplementation dependent.

Underflow will occur if a (rea part for complex) element is less than the negative of the natural log
of the maximum defined number. The result of an underflow is implementation dependent.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
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6.2.8 [vsip_sexp10 _p]

2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
Input arguments are expressed in radians.

Examples
Calculate a= exp(x) for x ={0,1,...,N} :

#i ncl ude <stdio. h>
#i ncl ude "vsip. h"

#define N 4 /* length */

int main()
{
doubl e data[N]; /* a user-created data space */
int i;
vsi p_vvi ew d* a;
vsi p_vvi ew_d* Xx;

vsip_init((void *)0);
a = vsip_vbind_d(vsi p_bl ockbi nd_d(data, N, VSIP_MEM NONE), 0, 1, N);
X = vsip_vcreate_d(N, VSIP_MEM NONE);
vsip_vranp_d(0.0, 1.0, x);
/* admit the user block with no update */
vsi p_bl ockadmi t _d(vsi p_vget bl ock_d(a), VSI P_FALSE) ;
/*conmpute the exponential value */
vsi p_vexp_d(x, a);
/* rel ease the user block with update */
vsi p_bl ockrel ease_d(vsi p_vget bl ock_d(a), VSI P_TRUE) ;
[*print it */
for(i=0; i<N i++)
printf("9% ",datal[i]);
printf("\n");
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(x));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(a));
vsip_finalize((void *)0);
return O;
}
/* output */
/* 1.000000 2.718282 7.389056 20.085537 */

See Also
vsi p_sexplO_p, vsip_dslog p,andvsi p_slogl0 p

6.2.8. vsip_sexpl0_p
Computes the base 10 exceptional for each element of a vector/matrix.

Functionality
r;—107 for j=0,1.,N-1

rije 10" for i=0,1,.., M-Lfor j=0,1,..,N-1
Prototypes

voi d vsip_vexplO_f(vsip_vview f const *a, vsip_vview f const *r);
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6.2.8 [vsip_sexp10 _p]

voi d vsip_nmexpl0_f(vsip_nview f const *a, vsip_nview f const *r);

Arguments

a

View of input vector/matrix

View of output vector/matrix

Return value
None

Restrictions
Overflow will occur if a(real part for complex) element isgreater than the natural log of the maximum
defined number. The result of an overflow isimplementation dependent.

Underflow will occur if a (rea part for complex) element is less than the negative of the natural log
of the maximum defined number. The result of an underflow is implementation dependent.

Errors

The arguments must conform to the following:

1.

Input and output views must all be the same size.

2. All view objects must be valid.

3.

The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
Input arguments are expressed in radians.

Examples
Calculatea=10"x for x ={0,1,...,N} :

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define N 4 /* length */

int main()

{

doubl e data[N]; /* a user-created data space */
int i

vsi p_vview d* a

vVsi p_vvi ew_d* x;

vsip_init((void *)0);

a = vsip_vbind_d(vsi p_bl ockbi nd_d(data, N, VSI P_MEM NONE), 0, 1, N)
X = vsip_vcreate_d(N, VSIP_MEM NONE)

vsi p_vranp_d(0.0, 1.0, x);

/* admit the user block with no update */

vsi p_bl ockadmi t _d(vsi p_vget bl ock_d(a), VSI P_FALSE)
/*conpute the 107x val ue */

vsi p_vexplO_d(x, a);

/* rel ease the user block with update */

vsi p_bl ockr el ease_d(vsi p_vget bl ock_d(a), VSI P_TRUE)
[*print it */

for(i=0; i<N |i++)
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6.2.9 [vsip_dslog_p]

printf("% ",datafi]);
printf("\n");
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(x));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(a));
vsi p_finalize((void *)0);
return O;

}
/* output */
/* 1.000000 10. 000000 100. 000000 1000. 000000 */

See Also
vsi p_dsexp_p, vsi p_dsl og_p,andvsi p_sl 0gl0_p

6.2.9. vsip_dslog_p
Computes the natural logarithm for each element of a vector/matrix.

Functionality
Real:

ri<—loga; for j=0,1.,N-1

rij«loga; for i=0,1,..,M-1for j=0,1.,N-1

Complex:

r<logay+ jarg(a,)  for k=0,1,..,N-1

rg < logjay |+ jarg(ay,) for k=0,1,..,M-1for [=0,1..,N-1

Prototypes

void vsip_vlog_f(vsip_vview f const *a, vsip_vviewf const *r);
voi d vsip_cvlog f(vsip_cvview f const *a, vsip_cvview f const *r);
void vsip_mog f(vsip_nviewf const *a, vsip_nview f const *r);
void vsip_cmog f(vsip_cnmview f const *a, vsip_cnviewf const *r);

Arguments

a
View of input vector/matrix

View of output vector/matrix

Return value
None

Restrictions
For the real case, arguments less than or egqual to zero are not in the domain of log and the result is
implementation dependent.

For the complex case, arguments where both the real and imaginary portions are zero are not defined
and the result isimplementation dependent.

Errors
The arguments must conform to the following:
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1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples
Calculate a=log(x"2) for x ={0,1,...,N} :

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define N 4 /* length */

int main()
{
doubl e data[N]; /* a user-created data space */
int i
vsi p_vview d* a
VSi p_vvi ew_d* X
vsip_init((void *)0);
a = vsip_vbind_d(vsi p_bl ockbi nd_d(data, N, VSI P_MEM NONE), 0, 1, N)
X = vsip_vcreate_d(N, VSIP_MEM NONE)
vsi p_vranp_d(1.0, 1.0, x);
vsi p_vsqg_d(x, X);
/* admit the user block with no update */
vsi p_bl ockadmi t _d(vsi p_vget bl ock_d(a), VSI P_FALSE)
/* conmpute the |og value */
vsi p_vlog_d(x, a);
/* rel ease the user block with update */
vsi p_bl ockr el ease_d(vsi p_vget bl ock_d(a), VSI P_TRUE)
[* print it */
for(i=0; i<N |i++)
printf("% ",data[i]);
printf("\n");
/* destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(x));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(a));
vsi p_finalize((void *)0);
return O
}
/* output */
/* 0.000000 1.386294 2.197225 2.772589 */

See Also
vsi p_dsexp_p,vsi p_sexplO_p,andvsi p_sl 0ogl0 _p

6.2.10. vsip_slogl0 p
Compute the base ten logarithm for each element of a vector/matrix.

Functionality
rj<—10g10aj for j=0,1,..,N-1

rij logloai,j for i=0,1,..,M-Lfor j=0,1.,N-1
Prototypes

voi d vsip_vlogl0_f(vsip_vview f const *a, vsip_vview f const *r);
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voi d vsip_m ogl0_f(vsip_nview f const *a, vsip_nview f const *r);

Arguments

a
View of input vector/matrix

View of output vector/matrix

Return value
None

Restrictions
Arguments less than or equal to zero are not in the domain of log and the result is implementation
dependent.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
Input arguments are expressed in radians.

Examples
Calculate a=10g10(x*2) for x ={0,1,...,N} :

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define N 4 /* length */

int main()

{
doubl e data[N]; /* a user-created data space */
int i

vsi p_vview d* a
VSsi p_vvi ew_d* x;

vsip_init((void *)0);
a = vsip_vbind_d(vsi p_bl ockbi nd_d(data, N, VSI P_MEM NONE), 0, 1, N)
X = vsip_vcreate_d(N, VSIP_MEM NONE)
vsi p_vranp_d(1.0, 1.0, x);
/* admit the user block with no update */
vsi p_bl ockadmi t _d(vsi p_vget bl ock_d(a), VSI P_FALSE)
/*conmpute the [ 0g1l0 val ue */
vsi p_vl 0ogl0_d(x, a);
/* rel ease the user block with update */
vsi p_bl ockr el ease_d(vsi p_vget bl ock_d(a), VSI P_TRUE)
[*print it */
for(i=0; i<N i++)
printf("% ",data[i]);
printf("\n");
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(x));
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vsi p_bl ockdestroy_d(vsi p_vdestroy_d(a));
vsi p_finalize((void *)0);
return 0

}
/* output */
/* 0.000000 0.602060 0.954243 1.204120 */

See Also
vsi p_dsexp_p,vsi p_sexplO_p,andvsi p_sl ogl0 _p

6.2.11. vsip_ssin_p
Compute the sine for each element of a vector/matrix. Element angle values are in radians.

Functionality
ri<—sina; for j=0,1.,N-1

rij«< sina;; for i=0,1,.,M-Lfor j=0,1.,N-1
Prototypes

void vsip_vsin_f(vsip_vview f const *a, vsip_vview f const *r)
void vsip_nsin_f(vsip_nview f const *a, vsip_nmview f const *r)

Arguments

a
View of input vector/matrix

View of output vector/matrix

Return value
None

Restrictions
Behavior of element values outside of the closed interval [-27z, 27r] isimplementation dependent.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
Input arguments are expressed in radians.

Examples
Print a sine wave for seven evenly spaced values between zero and two pi :

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define Pl 3.1415926535
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#define L 7 /* length */

int nmain()

{
doubl e data[lL]; /* a user-created data space */
int i;

vVsi p_vvi ew_d* ranp;
Vsi p_vvi ew_d* out put;

vsip_init((void *)0);
ranp = vsip_vcreate_d(L, VSIP_MEM NONE);
out put = vsi p_vbind_d(vsi p_bl ockbi nd_d(data, L, VSIP_MEM NONE), O, 1,L);
/*compute a ranp fromzero to 2 pi */
vsi p_vranp_d(0.0, (2.0 * PI / (double) (L - 1)), ranp);
/* admit the user block with no update */
vsi p_bl ockadmi t _d(vsi p_vget bl ock_d(out put), VSI P_FALSE);
/*conpute the sine value */
vsi p_vsin_d(ranp, output);
/* rel ease the user block with update */
vsi p_bl ockr el ease_d(vsi p_vget bl ock_d(out put), VSI P_TRUE) ;
[*print it */
for(i=0; i<L; i++)
printf("% ",datafi]);
printf("\n");
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(ranmp));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(output));
vsi p_finalize((void *)0);
return O;

}
/* output */
/* 0.000000 0.866025 0.866025 0.000000 -0.866025 -0.866025 -0. 000000 */

See Also
Vsi p_sacos_p, vsi p_sasi n_p,vsi p_satan_p, vsi p_satan2_p, vsi p_scos_p, and
vsi p_stan_p

6.2.12. vsip_ssinh_p
Compute the hyperbolic sine for each element of a vector/matrix.

Functionality
rj<— sinha; for j=0,1.,N-1

rij« sinhaj; for i=0,1. ,M-Lfor j=0,1.,N-1
Prototypes

voi d vsip_vsinh_f(vsip_vviewf const *a, vsip_vview f const *r);
voi d vsip_mnsi nh_f (vsip_nviewf const *a, vsip_nview f const *r);

Arguments

a
View of input vector/matrix

View of output vector/matrix

Return value
None
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Restrictions
Overflow behavior and domain restrictions are implementation dependent.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples
Print sinh(x) for x=0,1,...,6 :

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 7 /* length */

int main()
{
doubl e data[lL]; /* a user-created data space */
int i
vsi p_vvi ew_d* ranp;
Vsi p_vvi ew_d* out put;

vsip_init((void *)0);
ramp = vsip_vcreate_d(L, VSIP_MEM NONE)
out put = vsi p_vbind_d(vsi p_bl ockbi nd_d(data, L, VSIP_MEM NONE), O, 1,L);
/*conmpute a ranp fromzero to L-1*%/
vsi p_vranp_d(0.0, 1.0, ranp);
/* admit the user block with no update */
vsi p_bl ockadmi t _d(vsi p_vget bl ock_d(out put), VSI P_FALSE)
/*conmput e the hyperbolic sine value */
vsi p_vsi nh_d(ranp, output);
/* rel ease the user block with update */
vsi p_bl ockr el ease_d(vsi p_vget bl ock_d( out put), VSI P_TRUE)
[*print it */
for(i=0; i<L; i++)
printf("% ",data[i]);
printf("\n");
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(ranmp));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(output));
vsi p_finalize((void *)0);
return O
}
/* output */
/* 0.000000 1.175201 3.626860 10.017875 27.289917 74.203211 201. 713157 */

See Also
vsi p_scosh_p,andvsi p_stanh_p

6.2.13. vsip_dssqrt_p
Compute the square root for each element of avector/matrix.

Functionality
Real:
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rjea; for j=0,1.,N-1

rije—\a; for i=0,1 .., M-Lfor j=0,1,..,N-1I

Complex:

9, = arg(a;)

rk<—\/|a_k|(cos¢—2k +jsin¢—2k) for k=0,1,..,N-1

P = arg(a)

Tl < ak,l\(cos@ +jsin@) for k=0,1,. ., M-1for /[=0,1.,N-1
Prototypes

voi d vsip_vsqrt_f(vsip_vviewf const *a, vsip_vviewf const *r);
voi d vsip_msqrt_f(vsip_nview f const *a, vsip_nview f const *r);
voi d vsip_cvsqrt_f(vsip_cvview f const *a, vsip_cvview f const *r);
voi d vsip_cmsqrt_f(vsip_cnview f const *a, vsip_cnmviewf const *r);

Arguments

a
View of input vector/matrix

View of output vector/matrix

Return value
None

Restrictions
For square root calculation in the real case the argument must be greater than or egqual to zero to
be within the domain of the function. Results for cases where the argument is less than zero is
implementation dependent.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
Examples

Compute \’2@1”% for n=0,1...,7

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define Pl 3.1415926535
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6.2.14 [vsip_stan p]

#define N 8 /* length */
int main()
{
vsip_scalar_d R= 2.0
vsi p_scalar_d dataR[N]; /* a user created data space for real */
vsi p_scalar_d datal[N; /* a user created data space for inmaginary */
int i;
vsi p_vvi ew_d* radi us
vVsi p_vview d* arg
vsi p_cvvi ew_d* cVsi pVector
vsi p_cbl ock_d* Usr Bl ock
vsi p_cvvi ew_d* cUsr Vector

vsip_init((void *)0);
radi us = vsip_vcreate_d(N, VSIP_VMEM NONE)
arg = vsip_vcreate_d(N, VSIP_MEM NONE)
cVsi pVector = vsip_cvcreate_d(N, VSIP_MEM NONE)
Usr Bl ock = vsi p_cbl ockbi nd_d(dat aR, datal, N, VSIP_MEM NONE)
cUsrVector = vsip_cvbind_d(UsrBlock, 0,1,N
/* Admit the user block as Conplex data */
vsi p_cbl ockadmi t _d( Usr Bl ock, VS| P_FALSE)
/* compute arg */
vsi p_vranp_d(0.0, (2.0 * PI / (double) N), arg);
/* conpute radius */
vsip_vfill_d(R radius);
/* make the input vector */
vsi p_veul er_d(arg, cVsi pVector);
vsi p_rcvnul _d(radi us, cVsipVector, cVsipVector);
/* compute the sqrt value */
vsi p_cvsqrt_d(cVsi pVector, cUsrVector);
/* rel ease the usr block */
{
vsip_scalar_d *a,*b
vsi p_cbl ockr el ease_d(Usr Bl ock, VSIP_TRUE, &a, &b);
}
[* print it */
for(i=0; i <N i++)
printf("%.4f + %.4fi = sqrt(%.4f + %.4fi) \n"
dataR[i],datal[i],
vsi p_real _d(vsi p_cvget _d(cVsi pVector,i)),
vsi p_i mag_d(vsi p_cvget _d(cVsi pVector,i)));
/* destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(radius));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(arg));
vsi p_cbl ockdestroy_d(vsi p_cvdestroy_d(cUsrVector));
vsi p_cbl ockdestroy_d(vsi p_cvdestroy_d(cVsi pVector));
vsi p_finalize((void *)0);

return O;

}

/* output */

/*

1.4142 + 0.0000i = sqgrt( 2.0000 + 0.0000i)

1.3066 + 0.5412i = sqrt( 1.4142 + 1.4142i)

1. 0000 + 1.0000i = sqgrt( 0.0000 + 2.0000i)

0.5412 + 1.3066i = sqrt(-1.4142 + 1.4142i)

0. 0000 + 1.4142i = sqrt(-2.0000 + 0.0000i)

0.5412 + -1.3066i = sqrt(-1.4142 + -1.4142i)

1. 0000 + -1.0000i = sqgrt(-0.0000 + -2.0000i)

1.3066 + -0.5412i = sqrt( 1.4142 + -1.4142i) */
See Also

vsi p_dsrsqgrt_p
6.2.14. vsip_stan_p

Compute the tangent for each element of a vector/matrix. Element angle values are in radians.
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Functionality

rj<—tana; for j=0,1.,N-1
rij«tang;; for i=0,1.,M-1for j=0,1.,N-1
Prototypes

voi d vsip_vtan_f(vsip_vview f const *a,
void vsip_ntan_f(vsip_nview f const *a,

Arguments

a
View of input vector/matrix

View of output vector/matrix

Return value
None

Restrictions

vsi p_vview f const *r);
vsi p_mview f const *r);

Behavior of element values outside of the closed interval [-27r, 27r] isimplementation dependent.

For element values (2 + 1/2)x, the tan function has a singularity. The results of these values are

implementation dependent.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.

2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not

overlap.
Notes/References

Examples

Calculate a= tan(x) in each quadrant at the midpoint:

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define Pl 3.1415926535
#define N 4 /* length */
int nmain()

{

doubl e data[ N ;
int i;

Vsi p_vvi ew_d* a;
VSi p_vvi ew_d* x;

vsip_init((void *)0);

/* a user-created data space */

a = vsip_vbind_d(vsi p_bl ockbi nd_d(data, N, VSI P_MEM NONE), 0, 1, N) ;

X = vsip_vcreate_d(N, VSIP_MEM NONE);

vsi p_vranp_d(PI/4.0,2.0 * PI/N, x);

/* admit the user block with no update */
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vsi p_bl ockadmit _d(vsi p_vget bl ock_d(a), VSI P_FALSE) ;
/*conmpute the tan val ue */
vsi p_vtan_d(x, a);
/* rel ease the user block with update */
vsi p_bl ockr el ease_d(vsi p_vget bl ock_d(a), VSI P_TRUE) ;
[*print it */
for(i=0; i <N i++)
printf("% ",datafi]);
printf("\n");
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(x));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(a));
vsi p_finalize((void *)0);
return O;

}
/* output */
/* 1.000000 -1.000000 1.000000 -1.000000 */

See Also
VsSi p_sacos_p, vsi p_sasi n_p,vsi p_satan_p, vsi p_satan2_p, vsi p_scos_p, and
vsip_ssin_p

6.2.15. vsip_stanh_p
Compute the hyperbolic tangent for each element of avector/matrix.

Functionality
rj<—tanha; for j=0,1.,N-1

rij<—tanhg;; for i=0,1.,M-1for j=0,1.,N-1
Prototypes

voi d vsip_vtan_f(vsip_vview f const *a, vsip_vview f const *r);
void vsip_ntan_f(vsip_nviewf const *a, vsip_nview f const *r);

Arguments

a
View of input vector/matrix

View of output vector/matrix

Return value
None

Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
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6.3 [Unary Operations]

Examples
Print tanh(x) for x=0,1,...,6:

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 7 /* length */

int main()

{
doubl e data[L]; /*a user-created data space */
int i

vsi p_vvi ew_d* ranp
vsi p_vvi ew_d* out put;

vsip_init((void *)0);
ranmp = vsip_vcreate_d(L, VSIP_MEM NONE)
out put = vsi p_vbind_d(vsi p_bl ockbi nd_d(data, L, VSIP_MEM NONE), O, 1,L)
/*conpute a ranp fromzero to L-1*%/
vsi p_vranp_d(0.0, 1.0, ranp);
/* admt the user block with no update */
vsi p_bl ockadm t _d(vsi p_vget bl ock_d(out put), VSI P_FALSE)
/*conmput e the hyperbolic tangent val ues */
vsi p_vtanh_d(ranp, output);
/* rel ease the user block with update */
vsi p_bl ockr el ease_d(vsi p_vget bl ock_d( out put), VSI P_TRUE)
[*print it */
for(i=0; i < L; i++)
printf("% ",data[i]);
printf("\n");
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(ranp));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(output));
vsi p_finalize((void *)0);
return O
}
/* output */
/*0. 000000 0.761594 0.964028 0.995055 0.999329 0.999909 0.999988*/

See Also
vsi p_scosh_p,andvsi p_ssinh_p

6.3. Unary Operations

The following functions represent operations done on a single vector/matrix.

vsip_sarg_p Vector/Matrix Argument
vsip_sceil _p p Vector/Matrix Ceiling

VSi p_csconj _p Vector/Matrix Conjugate

vsi p_dscunsum p Cumulative Sum

vsi p_seuler_p Vector/Matrix Euler
vsip_sfloor _p p Vector/Matrix Floor

vsi p_dsmag_p Vector/Matrix Magnitude

vsi p_scmagsq_p Vector/Matrix Complex Magnitude Squared
vsi p_dsmeanval _p Vector/Matrix Mean Value

vsi p_dsneansqgval _p Vector/Matrix Mean Square Value
vsi p_dvnodul ate_p Vector Modulate
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vsi p_dsneg_p Vector/Matrix Negate

vsi p_dsrecpi _p Vector/Matrix Reciprocal
vsip_sround_p p Vector/Matrix Round

vsi p_dsrsqrt_p Vector/Matrix Reciprocal Square Root
vsi p_dssq_p Vector/Matrix Square

vsi p_dssunval _p Vector/Matrix Sum Value

vsi p_dssunsqval _p Vector/Matrix Sum of Squares Vaue

6.3.1. vsip_sarg_p
Compute the radian value argument, in the interval [ -7, 7], for each element of a complex vector/matrix.
Functionality
r,«—tan‘l(lm(aj)/Re(aj)) for j=0,1.,N-1
rij tan-l(lm(ai»j)/Re(ai,j)) for i=0,1,.,M-1for j=0,1.,N-1
Prototypes

voi d vsip_varg_f(vsip_cvviewf const *a, vsip_vview f const *r);
void vsip_marg_f(vsip_cnview f const *a, vsip_nview f const *r);

Arguments

a
View of input vector/matrix

View of output vector/matrix

Return value
None

Restrictions
For in-place the output argument may be either the derived real view or the imaginary view of the
input complex view. In-place is not defined if the output datais not either area or imaginary view
of the input data.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.

2. All view objects must be valid.

3. Theinput and output views must be “in-place” as described in the restrictions, or must not overlap.
Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"
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6.3.2 [vsip_sceil p p]

#define Pl 3.1415926535
#define L 7 /* length */

int nmain()

{ . .
int i;
vsi p_vvi ew_d* dat aArg;
vVsi p_cvvi ew_d* dat aCnpl x;
vsi p_vvi ew_d* dat aRe;
vsi p_vview d* datalm

vsip_init((void *)0);
dataArg = vsip_vcreate_d(L, VSIP_MEM NONE);
dat aCmpl x = vsip_cvcreate_d(L, VSIP_MEM NONE);
dat aRe = vsi p_vreal vi ew_d(dat aCmpl x) ;
datal m = vsi p_vi nagvi ew_d( dat aCnpl x) ;
/* Make up sone data to find the arg of */
/* First conpute a ranp fromzero to 2pi */
vsi p_vranp_d(0.0, (2.0 * PI / (double) (L - 1)), dataArg);
/*and transformit to a sin (real) and a cos (inaginary).*/
vsi p_vsi n_d( dat aAr g, dat aRe) ;
vsi p_vcos_d(dat aArg, datal m;
/* Find the argument */
vsi p_var g_d(dat aCnpl x, dat aAr g) ;
/*now print out dataCnplex and its argunent*/
for(i=0; i < L; i++)
printf("(%.4f, %.4f) => %.4f\n",
vsi p_vget _d(dataRe, i),
vsi p_vget _d(datalmi),
vsi p_vget _d(dataArg,i));
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataArg));
vsi p_vdestroy_d(dat aRe) ;
vsi p_vdestroy_d(datal m;
vsi p_cbl ockdest roy_d(vsi p_cvdestroy_d(dat aCmpl x) ) ;
vsi p_finalize((void *)0);

return O
}
/* output */
/* ( 0.0000, 1.0000) => 1.5708
( 0.8660, 0.5000) => 0.5236
( 0.8660, -0.5000) => -0.5236
( 0.0000, -1.0000) => -1.5708
(-0.8660, -0.5000) => -2.6180
(-0.8660, 0.5000) => 2.6180
(-0.0000, 1.0000) => 1.5708 */
See Also

vsi p_sat an2_p, vsi p_seul er _p,andvsi p_spol ar _p
6.3.2. vsip_sceil_p_p

For each element in the input view round to the smallest integral value not less than the input and place
the result in the output view elementwise.

Functionality
ri<—|[x] for j=01.,N-1
rij<—[xy| for i=0,1, .., M-Lfor j=0,1.,N-1

Prototypes

voi d vsip_vceil _f_f(vsip_vview f const *x, vsip_vview f const *r);

200



6.3.3 [vsip_csconj_p]

voi d vsip_vceil _f_i(vsip_vview f const *x, vsip_vview.i const *r);
voi d vsip_nceil _f_f(vsip_nview f const *x, vsip_mviewf const *r);
voi d vsip_nceil _f_i(vsip_nview f const *x, vsip_mview.i const *r);

Arguments

X
View of input vector/matrix

View of output vector/matrix

Return value
None

Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
Although there is no VSIPL requirement to fully support IEEE 754 the intent of this function is to
support the round to +INFINITY functionality as described in |EEE 754.

Examples

See Also
vsi p_sfloor _p_pandvsi p_sround_p_p.

6.3.3. vsip_csconj_p
Compute the conjugate for each element of a complex vector/matrix.

Functionality
ri—da; for j=0,1.,N-1

ri,j<_a1i'<,j for l:()s L'--aM'l;for j:O, L..,N-l
Prototypes

voi d vsip_cvconj _f(vsip_cvview f const *a, vsip_cvview f const *r);
voi d vsip_cntonj _f(vsip_cnview f const *a, vsip_cnview f const *r);

Arguments

a
View of input vector/matrix

View of output vector/matrix
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6.3.3 [vsip_csconj_p]

Return value
None

Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define Pl 3.1415926535
#define L 7 /* length */

int main()
{ . .
int i;
vsi p_vvi ew_d* dat aRe;
vsi p_vview d* datalm
vsi p_cvvi ew_d* dat aCnpl x;
vsi p_cvvi ew_d* dat aCnpl xConj ;
vsi p_cscal ar_d cscal ar;
vsi p_cscal ar_d cconj scal ar;

vsip_init((void *)0);

dat aRe = vsip_vcreate_d(L, VSIP_MEM NONE);

datal m = vsi p_vcreate_d(L, VSIP_MEM NONE);

dat aCmpl x = vsip_cvcreate_d(L, VSIP_MEM NONE);

dat aCnmpl xConj = vsip_cvcreate_d(L, VSIP_MEM NONE);

/* Make up sone data to find the conpl ex conjugate of */

/* First conpute a ranp fromzero to 2pi */

vsi p_vranp_d(0.0, (2.0 * PI / (double) (L - 1)), dataRe);

/*and transformit to a sin.*/

vsi p_vsi n_d( dat aRe, dat aRe) ;

/* Then conpute a ranp fromzero to 3pi */

vsi p_vranp_d(0.0, (3.0 * PI / (double) (L - 1)), datalm;

/* and transformit to a cos. */

vsi p_vcos_d(datal mdatal m;

/* Finally make a conplex vector. */

vsi p_vcnpl x_d(dat aRe, datalm dataCnpl x);

/* Find the Conplex Conjugate */

vsi p_cvconj _d(dat aCnpl x, dat aCnpl xConj ) ;

/* now print out dataCmplex and its Conjugate */

for(i=0; i < L; i++)

{
cscal ar = vsip_cvget_d(dataCnpl x, (vsip_scalar_vi) i);
cconj scal ar = vsi p_cvget_d(dataCnpl xConj, (vsip_scalar_vi) i);
printf("(%.4f, %.4f) => (%.4f, %.4f)\n",cscalar.r, cscalar.i,

cconjscalar.r, cconjscalar.i);

}
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataRe));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataln));
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6.3.4 [vsip_dscumsum_p]

vsi p_cbl ockdest roy_d(vsi p_cvdestroy_d(dat aCmpl x));
vsi p_cbl ockdestroy_d(vsi p_cvdestroy_d(dataCnmpl xConj));

vsi p_finalize((void *)0);
return O
}
/* output */
/* ( 0.0000, 1.0000) => ( 0.0000, -1
( 0.8660, 0.0000) => ( 0.8660, -0
( 0.8660, -1.0000) => ( 0.8660, 1
( 0.0000, -0.0000) => ( 0.0000, O
(-0.8660, 1.0000) => (-0.8660, -1
(-0.8660, 0.0000) => (-0.8660, -0
(-0.0000, -1.0000) => (-0.0000, 1
See Also
vsi p_dsneg_p

6.3.4. vsip_dscumsum_p

. 0000)
. 0000)
. 0000)

0000)

. 0000)
. 0000)

0000) */

Compute the cumulative sum of the elements of a vector.

Functionality

i’n<—zlr,l=0x,~ for n=0,1, .. N-1

Row:

rm,n<—zlr,l=0xm’i for m=0,1,.,M-1Lfor n=0,1,..,N-1

Column:

Fima Y, Xin for m=0,1, .., M-TLfor n=0,1..,N-1

Prototypes

voi d
voi d
voi d
voi d
voi d
voi d
voi d

voi d

Arguments

X

vsi p_cncunsum f (const

vsi p_cncunmsum i (const

vsi p_vcunsum f (const vsip_vview f *x
vsi p_vcunsum i (const vsip_vview_i
vsi p_cvcunsum f (const vsip_cvview f *x
vsi p_cvcunsum i (const vsip_cvview_i
vsi p_ncunsum f (const vsip_nview f *x

const vsip_vviewf *r)
const vsip_vview.i *r)
const vsip_cvviewf *r)
const vsip_cvview.i *r)
vsip_major dir,

E3%

E3%

const vsip_nview f *r)

vsi p_nctunsum i (const vsip_nview_i

const vsip_nview.i
const

const

View of input vector/matrix

dir

vsip_cnview f *x

vsip_crmview f *r)
vVsi p_cnvi ew_i
vsi p_cnvi ew_i

*X,
*f%

vsip_major dir,
vsip_major dir,

*X,
*f%

vsip_major dir,

For matrix cumulative sum specifies the direction the sum is done over.

View of output vector/matrix
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6.3.5[vsip_seuler p]

Return value
None

Restrictions

Errors
The following cause a runtime VSIPL error if compiled in development mode. If compiled in
production mode the results will be implementation dependent.

1. Arguments for input and output must be the same size.
2. Arguments passed to the function must be defined and must not be null.
3. Theinput and output views must either be the same or must not overlap.

Notes/References
Used to compute boxcar integration, moving average, and other sliding window functions.

Examples

See Also
6.3.5. vsip_seuler_p

Computes the complex numbers corresponding to the angle of a unit vector in the complex plane for each
element of avector/matrix.

Functionality
rj < cosa, + jsina,=e/%  for k=0,1,.,N-1

rij < cosay + jsina = e/l for k=0,1 ., M-Lfor [=0,1.,N-1

Prototypes

voi d vsip_veul er_f(vsip_vviewf const *a, vsip_cvview f const *r);
voi d vsip_mneul er_f(vsip_nviewf const *a, vsip_cnmviewf const *r);

Arguments

a
View of input vector/matrix

View of output vector/matrix

Return value
None

Restrictions
In-place operation impliesthat the input is either aderived real or imaginary view of the output view.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
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6.3.6 [vsip_sfloor_p p]

2. All view objects must be valid.
3. Theinput and output views must be“in-place” as described in the restrictions, or must not overlap.

Notes/References
Theresult for large arguments may not be accurate and is limited by the method of conversion of the
argument to its principal value.

The speed may be adversely impacted for large arguments because of conversion of the argument to
its principal vaue.

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define Pl 3.1415926535
#define L 7 /* length */

int nain()

{ . .
int i
vsi p_cvvi ew_d* dat aEul er
vsi p_vvi ew_d* data

vsip_init((void *)0);

dat aEul er = vsip_cvcreate_d(L, VSIP_MEM NONE)

data = vsip_vcreate_d(L, VSIP_MEM NONE)

/* Make up sone data */

/* Conmpute a ranp fromzero to 2pi */

vsi p_vranp_d(0.0, (2.0 * PI / (double) (L - 1)), data);
/* Compute Euler */

vsi p_veul er _d(dat a, dat aEul er);

/* Now print out data and dataEul er */

for(i=0; i <L; i++)

{
printf(" %.4f => (%.4f, %.4f)\n",vsip_vget_d(data,i),
vsi p_real _d(vsi p_cvget _d(dataEuler,i)),
vsi p_i mag_d(vsi p_cvget _d(dataEuler,i)));

}

/* Destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(data));

vsi p_cbl ockdest roy_d(vsi p_cvdestroy_d(dataEul er));

vsi p_finalize((void *)0);

return 0

}

/* output */

/* 0.0000 => ( 1.0000, 0.0000)
1.0472 => ( 0.5000, 0.8660)
2.0944 => (-0.5000, 0.8660)
3.1416 => (-1.0000, 0.0000)
4.1888 => (-0.5000, -0.8660)
5.2360 => ( 0.5000, -0.8660)
6.2832 => ( 1.0000, -0.0000) */

See Also

vsi p_dsexp_p,andvsi p_dvnodul ate_p
6.3.6. vsip_sfloor_p_p

For each element in the input view round to the largest integral value not greater than the input and place
the result in the output view elementwise.
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6.3.7 [vsip_dsmag_p]

Functionality
ri<—|x] for j=01.,N-1
rij<|xy| for i=0,1 .., M-Lfor j=0,1.,N-1

Prototypes

void vsip_vfloor_f_f(vsip_vview f const *x, vsip_vviewf const *r);
void vsip_vfloor_f_i(vsip_vviewf const *x, vsip_vview.i const *r);
void vsip_nfloor_f_f(vsip_nviewf const *x, vsip_nview f const *r);
void vsip_nfloor_f_i(vsip_nviewf const *x, vsip_nview.i const *r);

Arguments
X
View of input vector/matrix
View of output vector/matrix

Return value
None

Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
Although there is no VSIPL requirement to fully support IEEE 754 the intent of this function is to
support the round to +INFINITY functionality as described in |EEE 754.

Examples

See Also
vsi p_sceil _p _pandvsi p_sround_p_p.

6.3.7. vsip_dsmag_p
Compute the magnitude for each element of a vector/matrix.

Functionality
ri<—laj for j=0,1.,N-1

rij«<—laj for i=0,1,.,M-1for j=0,1..,N-1
Prototypes

voi d vsip_vmag_f (vsip_vview f const *a, vsip_vview f const *r);
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6.3.7 [vsip_dsmag_p]

voi d vsip_cvmag_f (vsip_cvview f const *a, vsip_vview f const *r);
voi d vsip_mrag_f (vsip_nmview f const *a, vsip_nview f const *r);
voi d vsip_cmrag_f (vsip_cnview f const *a, vsip_nview f const *r);

Arguments

a
View of input vector/matrix

View of output vector/matrix

Return value
None

Restrictions
In the complex case in-place implies that the output is either areal view or an imaginary view of the
input vector. Output views that do not exactly match either a real view, or an imaginary view, are
not defined for in-place.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. Arguments passed to the function whose data space overlap with different offsets or strides may
cause overwriting of data beforeit is used.

Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define Pl 3.1415926535
#define L 7 /* length */

int main()

{ . .
int i;
vsi p_vvi ew_d* dat aRe;
vsi p_vview d* datalm
vsi p_vvi ew_d* dat aMag;
vsi p_cvvi ew_d* dat aCnpl x;
vsi p_cscal ar_d cscal ar;

vsip_init((void *)0);

dataRe = vsip_vcreate_d(L, VSIP_MEM NONE);

datal m = vsi p_vcreate_d(L, VSIP_MEM NONE);

dat aMag = vsip_vcreate_d(L, VSIP_MEM NONE);

dat aCnmpl x = vsi p_cvcreate_d(L, VSIP_MEM NONE);

/* Make up sone data to find the nagnitude of */

/* First conmpute a ranp fromzero to 2pi and apply sin */
vsi p_vranp_d(0.0, (2.0 * PI / (double) (L - 1)), dataRe);
vsi p_vsi n_d(dat aRe, dataRe);

/* Then conpute a ranp fromzero to 3pi and apply cos */
vsi p_vranp_d(0.0, (3.0 * PI / (double) (L - 1)), datalm;
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6.3.8 [vsip_scmagsqg p]

vsi p_vcos_d(datalm datalm;

/* Finally make a conplex vector. */

vsi p_vcnpl x_d(dat aRe, datalm dataCnpl x);

/* Find the Magnitude */

vsi p_cvnag_d(dat aCmpl x, dat aMag) ;

/*now print out dataCnplex and its argunments*/
for(i=0; i < L; i++)

{
cscal ar = vsip_cvget_d(dataCnpl x, (vsip_scalar_vi) i);
printf("(%.4f, %.4f) => 9%.4f\n",cscalar.r, cscalar.i,
vsi p_vget _d(dataMag, (vsip_scalar_vi) i));
}

/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataRe));

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataln));

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dat aMag));

vsi p_cbl ockdest roy_d(vsi p_cvdestroy_d(dat aCmpl x) ) ;

vsi p_finalize((void *)0);

return O

}

/* output */

/* ( 0.0000, 1.0000) => 1.0000
( 0.8660, 0.0000) => 0.8660
( 0.8660, -1.0000) => 1.3229
( 0.0000, -0.0000) => 0.0000
(-0.8660, 1.0000) => 1.3229
(-0.8660, 0.0000) => 0.8660
(-0.0000, -1.0000) => 1.0000 */

See Also

Vsi p_scmagsqg_p
6.3.8. vsip_scmagsqg_p
Computes the square of the magnitudes for each element of a vector/matrix.

Functionality

ri—(Re(a;))+(m(a;)Y=jaf for j=0,1.,N-1

rij (Re(aj))y +(Im(ay)Y =laf for i=0,1..,M-Lfor j=0,1.,N-1
Prototypes

voi d vsip_vcmagsq_f(vsi p_cvview f const *a, vsip_vviewf const *r);
voi d vsip_ncmagsq_f(vsi p_cnview f const *a, vsip_nview f const *r);

Arguments

a
View of input vector/matrix

View of output vector/matrix

Return value
None

Restrictions
There is no requirement that intermediate overflows do not occur. Domain restrictions and overflow
behavior are implementation dependent.
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6.3.8 [vsip_scmagsqg p]

In-place functionality requires that the output be either areal view or an imaginary view of the input
vector. Output views that encompass both real and imaginary portions of the input, or which do not
exactly overlay area or imaginary view of the input are not defined for in-place operations.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. Arguments passed to the function whose data space overlap with different offsets or strides may
cause overwriting of data before it is used.

Notes/References
The order of summation is not specified, therefore significant numerical errors can potentially occur.

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define Pl 3.1415926535
#define L 7 /* length */

int main()

{ . .
int i
vsi p_vvi ew_d* dat aRe
vsi p_vvi ew _d* datal m
vsi p_vvi ew_d* dat aMagsq
vsi p_cvvi ew_d* dat aCnpl x;
vsi p_cscal ar_d cscal ar

vsip_init((void *)0);
dat aRe = vsip_vcreate_d(L, VSIP_MEM NONE)
datal m = vsi p_vcreate_d(L, VSIP_MEM NONE)
dat aMagsq = vsip_vcreate_d(L, VSIP_MEM NONE)
dat aCmpl x = vsip_cvcreate_d(L, VSIP_MEM NONE)
/* Make up sone data to find the nagnitude of */
/* First conpute a ranp fromzero to 2pi and apply sin */
vsi p_vranp_d(0.0, (2.0 * PI / (double) (L - 1)), dataRe)
vsi p_vsi n_d( dat aRe, dat aRe) ;
/* Then conpute a ranp fromzero to 3pi and apply cos */
vsi p_vranp_d(0.0, (3.0 * PI / (double) (L - 1)), datalm;
vsi p_vcos_d(datal mdatalm;
/* Finally make a conplex vector. */
vsi p_vcnpl x_d(dat aRe, datalm dataCnpl x);
/* Find the Magnitude */
vsi p_vcnagsqg_d(dat aCnpl x, dat aMagsq) ;
/*now print out dataCnplex and its argunments*/
for(i=0; i < L; i++)
{
cscal ar = vsip_cvget_d(dataCpl x, (vsip_scalar_vi) i);
printf("(%.4f, %.4f) => 9%.4f\n",cscalar.r, cscalar.i,
vsi p_vget _d(dat aMagsq, (vsip_scalar_vi) i));
}
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataRe));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(datalm);
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dat avagsq));
vsi p_cbl ockdestroy_d(vsi p_cvdestroy_d(dataCnpl x));
vsip_finalize((void *)0);
return O
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}

/* output */

/* ( 0.0000, 1.0000) => 1.0000
( 0.8660, 0.0000) => 0.7500
( 0.8660, -1.0000) => 1.7500
( 0.0000, -0.0000) => 0.0000
(-0.8660, 1.0000) => 1.7500
(-0.8660, 0.0000) => 0.7500
(-0.0000, -1.0000) => 1.0000 */

See Also

vsi p_dsmag_p
6.3.9. vsip_dsmeanval_p
Returns the mean value of the elements of a vector/matrix.
Functionality
7 N-1
mean «— ﬁzj: A
7 INM-1
mean <— mzj= 021‘:0 ai’j

Prototypes

vsi p_scal ar_f vsip_vneanval _f (vsi p_vview f const *a)
vsi p_cscal ar_f vsi p_cvmeanval _f (vsi p_cvview f const *a)
vsi p_scal ar_f vsi p_meanval _f (vsi p_nvi ew_f const *a)
vsi p_cscal ar _f vsi p_cnmeanval _f (vsi p_cnvi ew_f const *a)

Arguments

a
View of input vector/matrix

Return value
Returns the mean value of the elements of the vector/matrix.

Restrictions

Errors
The arguments must conform to the following:

1. All view objects must be valid.
Notes/References

Examples

#i ncl ude <stdio. h>

#i ncl ude "vsip.h"
#define L 7 /* length */
int nmain()

{

vsi p_vvi ew_d* data

vsip_init((void *)0);
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6.3.10 [vsip_dsmeansqval_p]

data = vsip_vcreate_d(L, VSIP_MEM NONE)

/* Make up sone data to find the nean val ue of */

/* Compute a ranp fromzero to L-1 */

vsi p_vranp_d(0.0, 1.0, data);

/* And find and print its mean */

printf("% \n", vsip_vrmeanval _d(data));

/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(data));

vsi p_finalize((void *)0);

return O

}
/* output */
/* 3.000000 */

See Also
vsi p_dsnmeansqgval _p,vsi p_dssumval _p,andvsi p_dssumsqval _p

6.3.10. vsip_dsmeansqval_p
Returns the mean magnitude squared value of the elements of a vector/matrix.
Functionality
meansq «— #Zjv:,l,la ¥
meansq «— M—[NZj/:;ZZO]|aIf
Prototypes

vsi p_scal ar_f vsi p_vneansqval _f (vsi p_vview f const *a);
vsi p_scal ar_f vsip_cvneansqval _f (vsi p_cvview_f const *a);
vsi p_scal ar_f vsi p_meansqval _f (vsi p_nview f const *a);
vsi p_scal ar_f vsi p_cmmeansqval _f (vsi p_cnvi ew_f const *a);

Arguments

a
View of input vector/matrix

Return value
Returns the mean of the sguares of all the elements of the vector/matrix.

Restrictions

Errors
The arguments must conform to the following:

1. The vector/matrix passed to the function must be defined and must not be null.
Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 7 /* length */

int main()

{
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6.3.11 [vsip_dvmodulate p]

vsi p_vvi ew _d* data;

vsip_init((void *)0);

data = vsip_vcreate_d(L, VSIP_MEM NONE);

/* Make up sone data to find the nean square val ue of */
/* Compute a ranp fromzero to L-1 */

vsi p_vranp_d(0.0, 1.0, data);

/* And find and print its nmean square val ue */
printf("% \n",vsip_vmeansqval _d(data));

/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(data));

vsi p_finalize((void *)0);

return O;

}
/* output */
/* 13.000000 */

See Also
vsi p_dsmeanval _p,vsi p_dssunval p,andvsi p_dssunsqval p

6.3.11. vsip_dvmodulate_p
Computes the modulation of areal vector by a specified complex frequency.

Functionality
re < ai(cos(kv+g) + jsin(kv+e))=a,e/ fork=0,1,..,N-1

Where,, isthe frequency in radians per index and ) istheinitial phase.
Prototypes

vsi p_scal ar_f vsip_vnodul ate_f(const vsip_vview f *a,
vsi p_scal ar_f nu,
vsi p_scal ar_f phi,
const vsip_cvviewf *r);
vsi p_scal ar_f vsip_cvnodul ate_f (const vsip_cvview f *a,
vsi p_scal ar_f nu,
vsi p_scal ar_f phi,
const vsip_cvviewf *r);

Arguments

a
View of input vector/matrix

nu
Scalar frequency in radians per index

phi
Scalar initial phasein radians.
View of output vector

Return value
Returns avalue to be used as the initial phase argument for the next call of vsi p_vnodul ate_f.
For avector of length N, the return value would be N# +

Restrictions
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6.3.11 [vsip_dvmodulate p]

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.

2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not

overlap.

Notes/References

The return value would be used as the initial phase # in the next frame if the modulation function

intended to be continuous but processed by frames.

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define Pl 3.1415926535

#define L 7 /* length */
#define M6 [* L-1 */
int main()
{

int i, j;

vsip_scalar_d nu = 1.0, phi = 0.0, start = 0.0;
vsi p_vview d *data;

vsi p_cvvi ew_d *dat aR;

vsi p_vvi ew_d *dat aA;

vsip_init((void *)0);

data = vsip_vcreate_d(L, VSIP_MEM NONE);

dataR = vsi p_cvcreate_d(M VSI P_MEM NONE) ;

dat aA = vsi p_vbi nd_d(vsi p_vget bl ock_d(data), 0,1, M;
/* Make up sone data and nodul ate */

vsi p_vfill_d(0.0,data);

printf(" input output\n");

for(i=0; i < 3; i++)

{
vsi p_vranp_d(start,(1.65 * Pl / (double) (M), data);
start = vsip_vget_d(data, M;
vsi p_vcos_d(dat aA, dat aA);
phi = vsi p_vnodul ate_d(dat aA, nu, phi, dataR);
for(j =0, j <M j++)
printf("%.4f => ( %W.4f, %.4f)\n",
vsi p_vget _d(dataA, j),
vsi p_real _d(vsip_cvget_d(dataR,j)),
vsi p_i mag_d(vsi p_cvget _d(dataR j)));
}

vsi p_vdest roy_d(dat aA)
vsi p_cval | destroy_d(dat aR)
vsi p_val | destroy_d(dat a)
vsi p_finalize((void *)0);
return O
}
/* output */
/* input output
1.0000 => ( 1.0000, 0.0000)
0.6494 => ( 0.3509, 0.5465)
-0.1564 => ( 0.0651, -0.1422)
First three and last three results
0.9239 => ( -0.7019, 0.6008)
0.3090 => ( -0.2959, -0.0890)
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-0.5225 => ( 0.1438, 0.5023) */

See Also
vsi p_dseul er _p

6.3.12. vsip_dsneg_p
Computes the negation for each element of a vector/matrix.

Functionality
rj«—-a; forj=0,1,...,N-1

rij< -ajj fori=0,1,..,M-1; forj=0,1,...,N-1
Prototypes

voi d vsip_vneg_i (const vsip_vview.i *a, const vsip_vview.i *r);
voi d vsip_vneg_f(const vsip_vview f *a, const vsip_vviewf *r);
voi d vsip_cvneg_f(const vsip_cvviewf *a, const vsip_cvview f *r);
voi d vsip_meg_i (const vsip_mview_ i *a, const vsip_nview.i *r);
voi d vsip_meg_f(const vsip_mview f *a, const vsip_nviewf *r);
voi d vsip_cmeg_f(const vsip_cnview f *a, const vsip_cnview f *r);

Arguments

a
View of input vector/matrix

View of output vector/matrix
Return value
Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define Pl 3.1415926535
#define L 7 /* length */

int nmain()
{

int i

214
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vsi p_cvvi ew_d* dat aCnpl x;
vsi p_vvi ew d* dataRe

vsi p_vvi ew _d* datal m

vsi p_cvvi ew_d* dat aNeg
vsi p_cscal ar_d cscal ar
vsi p_cscal ar_d cnegscal ar

vsip_init((void *)0);
dat aCnmpl x = vsip_cvcreate_d(L, VSIP_MEM NONE)
dat aRe = vsi p_vreal vi ew_d(dat aCmpl x) ;
datal m = vsi p_vi nagvi ew_d( dat aCnpl x) ;
dat aNeg = vsip_cvcreate_d(L, VSIP_MEM NONE)
/* Make up sone data to find the negative of */
/* First conpute a ranp fromzero to 2pi and apply sin */
vsi p_vranp_d(0.0, (2.0 * PI / (double) (L - 1)), dataRe)
vsi p_vsi n_d( dat aRe, dat aRe) ;
/* Then conpute a ranp fromzero to 3pi and apply sin */
vsi p_vranp_d(0.0, (3.0 * PI / (double) (L - 1)), datalm;
vsi p_vcos_d(datal mdatalm;
/* Find the negative */
vsi p_cvneg_d(dat aCmpl x, dat aNeg) ;
/*now print out dataCnplex and its negative*/
for(i=0; i < L; i++)
{
cscal ar = vsip_cvget_d(dataCnpl x, (vsip_scalar_vi) i);
cnegscal ar = vsip_cvget_d(dataNeg, (vsip_scalar_vi) i);
printf("(%.4f, %.4f) => (9% . 4f, %.4f)\n",
vsi p_real _d(cscal ar), vsip_inag_d(cscalar),
vsi p_real _d(cnegscal ar), vsip_img_d(cnegscal ar));
}
vsi p_vdestroy_d(dataRe); vsip_vdestroy_d(datalm;
vsi p_cbl ockdestroy_d(vsi p_cvdestroy_d(dataCnpl x));
vsi p_cbl ockdestroy_d(vsi p_cvdestroy_d(dat aNeg));
vsip_finalize((void *)0);
return 0
}
[ *out put */
/* ( 0.0000, 1.0000) =>
8660, 0.0000) =>
8660, -1.0000) =>

(-0.0000, -1.0000)
. (-0.8660, -0.0000)
. (-0.8660, 1.0000)
. 0000, -0.0000) => (-0.0000, 0.0000)
. 8660, 1.0000) => ( 0.8660, -1.0000)
. 8660, 0.0000) => ( 0.8660, -0.0000)
.0000, -1.0000) => ( O

[eNeoNeoNoNoNo]

(
(
(
(_
(_
(- .0000, 1.0000) */

See Also
Vsi p_csconj _p,andvsip dssub_p

6.3.13. vsip_dsrecip_p
Computes the reciprocal for each element of a vector/matrix.

Functionality
ri—a forj=0,1,.,N-I

rije—a; fori=0,1,...M-1; forj=0,1,...N-1
Prototypes

voi d vsip_vrecip_f(const vsip_vviewf *a, const vsip_vviewf *r);
voi d vsip_cvreci p_f(const vsip_cvview f *a, const vsip_cvviewf *r);
voi d vsip_nrecip_f(const vsip_nviewf *a, const vsip_nview f *r);
voi d vsip_cnreci p_f(const vsip_cnview f *a, const vsip_cnviewf *r);
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6.3.13 [vsip_dsrecip_p]

Arguments

a
View of input vector/matrix

View of output vector/matrix
Return value

Restrictions
Theinverse of zero is not defined. The result of the reciprocal of zero isimplementation dependent.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 7 /* length */

int main()
{ . .
int i;
vsi p_cvvi ew_d* dat aCnpl x;
vsi p_cvvi ew_d* dat aReci p;
vsi p_vvi ew_d* dat aRe;
vsi p_vview d* datalm
vsi p_cscal ar_d cscal ar;
vsi p_cscal ar_d creci pscal ar;

vsip_init((void *)0);

dat aCmpl x = vsip_cvcreate_d(L, VSIP_MEM NONE);
dat aReci p = vsip_cvcreate_d(L, VSIP_MEM NONE);
dat aRe = vsi p_vreal vi ew _d(dat aCmpl x) ;

datal m = vsi p_vi nagvi ew_d( dat aCnpl x) ;

/* Make up sone data to find the reciprocal of */
/* First conpute a ranp from1 to L */

vsi p_vranp_d(1.0, 1.0, dataRe);

/* Then conpute a ranp from1l to 0 */

vsi p_vranp_d(1.0, -1.0/(double)(L-1), datalm;
/* Find the Reciprocal of dataCpl x*/

vsi p_cvreci p_d(dat aCnpl x, dat aReci p) ;

/*now print out dataCnplex and its reciprocal */
for(i=0; i < L; i++)

{
cscal ar = vsip_cvget_d(dataCnpl x, (vsip_scalar_vi) i);
creci pscal ar = vsi p_cvget _d(dat aRecip, (vsip_scalar_vi) i);
printf("(%.4f, %.4f) => (9% . 4f, %.4f)\n",
vsi p_real _d(cscal ar), vsip_inag_d(cscal ar),
vsi p_real _d(crecipscalar), vsip_inmag_d(crecipscalar));
}
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/*destroy the vector views and any associ ated bl ocks */
vsi p_vdestroy_d(dataRe); vsip_vdestroy_d(dataln;

vsi p_cbl ockdest roy_d(vsi p_cvdestroy_d(dat aCmpl x) ) ;

vsi p_cbl ockdest roy_d(vsi p_cvdestroy_d(dat aReci p));

vsi p_finalize((void *)0);

return O
}
/* output */
/* ( 1.0000, 1.0000) => ( 0.5000, -0.5000)
( 2.0000, 0.8333) => ( 0.4260, -0.1775)
( 3.0000, 0.6667) => ( 0.3176, -0.0706)
( 4.0000, 0.5000) => ( 0.2462, -0.0308)
( 5.0000, 0.3333) => ( 0.1991, -0.0133)
( 6.0000, 0.1667) => ( 0.1665, -0.0046)
( 7.0000, 0.0000) => ( 0.1429, -0.0000) */

See Also
vsi p_dsrsqgrt_p,andvsi p_dsdiv_p

6.3.14. vsip_sround_p_p
For each element in the input view round to the nearest integral value.

Functionality
For each element in theinput view round to the nearest integral value. If two integral valuesare equally
near, round to the value whose least significant bit is zero.

Prototypes

voi d vsip_vround_f_f(const vsip_vview f *x, const vsip_vviewf *r);
voi d vsip_vround_f_i(const vsip_vview f *x, const vsip_vview.i *r);
voi d vsip_nround_f_f(const vsip_nview f *x, const vsip_nview f *r);
voi d vsip_nround_f_i(const vsip_nview f *x, const vsip_nview.i *r);

Arguments

X
View of input vector/matrix

View of output vector/matrix

Return value
None

Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
Although there is no VSIPL requirement to fully support IEEE 754 the intent of this function is to
support the round to nearest functionality as described in |[EEE 754.
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Examples

See Also
vsip_sceil _p pandvsip_sfloor_p p

6.3.15. vsip_dsrsqrt_p
Computes the reciprocal of the square root for each element of a vector/matrix.
Functionality
1 .
ri«——-—= forj=0,1,..,N-1
J \/‘;
) . .
ri;«——-— fori=0,1,. ,M-1; forj=0,1,...,N-1
ij \la J

Prototypes

voi d vsip_vrsqrt_f(const vsip_vviewf *a, const vsip_vviewf *r);
void vsip_nrsqrt_f(const vsip_nviewf *a, const vsip_nview f *r);

Arguments

a
View of input vector/matrix

View of output vector/matrix
Return value

Restrictions
Input arguments less than or equal to zero are not in the domain of the function. The result is
implementation dependent.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 7 /* length */

int nmain()
{ . .
int i
vsi p_vvi ew_d* data
vsi p_vvi ew_d* dataRsqrt;
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vsip_init((void *)0);
data = vsip_vcreate_d(L, VSIP_MEM NONE);
dataRsqrt = vsip_vcreate_d(L, VSIP_MEM NONE);
/* Make up sone data */
/* Compute a ranmp from1 to L */
vsi p_vranp_d(1.0, 1.0, data);
/* Find the inverse square root and print it */
vsi p_vrsqrt_d(data, dataRsqrt);
for(i =0; i < L; i++)
printf("% => %\n",vsip_vget_d(data, i),
vsi p_vget _d(dataRsqrt, i));
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(data));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataRsqrt));
vsi p_finalize((void *)0);
return O;

}
/* output */

/* 1.000000 => 1.000000
2.000000 => 0.707107
3. 000000 => 0.577350
4, 000000 => 0.500000
5. 000000 => 0.447214
6. 000000 => 0.408248
7.000000 => 0.377964 */

See Also
vsi p_dsreci p_p,andvsi p_dsdiv_p

6.3.16. vsip_dssq_p
Computes the square for each element of a vector/matrix.

Functionality
ri<(a)y forj=0,1,.,N-1

rij (@) fori=0,1,..,M-1; forj=0,1,...N-1
Prototypes

voi d vsip_vsq_f(const vsip_vview f *a, const vsip_vviewf *r);
voi d vsip_nsq_f(const vsip_nview f *a, const vsip_nviewf *r);

Arguments

a
View of input vector/matrix

View of output vector/matrix
Return value

Restrictions
Overflow will occur if an element’ s magnitude is greater than the square root of the maximum defined
number. The result of an overflow isimplementation dependent.

Underflow will occur if an element’s magnitude is less than the square root of the minimum defined
number. The result of an underflow isimplementation dependent.
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Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 7 /* length */

int nain()

{ . .
int i
vsi p_vvi ew_d* data
vsi p_vvi ew_d* dataSq;

vsip_init((void *)0);
data = vsip_vcreate_d(L, VSIP_MEM NONE)
dataSq = vsip_vcreate_d(L, VSIP_MEM NONE)
/* Make up sone data to find the square of */
/* Compute a ranp from1 to L */
vsi p_vranp_d(1.0, 1.0, data);
/* Find the square */
vsi p_vsq_d(dat a, dat aSq) ;
/* print the results */
for(i =0; i <L; i++)
printf("% => %\n",vsip_vget_d(data, i), vsip_vget_d(dataSq, i));

/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(data));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataSq));
vsi p_finalize((void *)0);
return O

}

/* output */

/* 1.000000 => 1.000000

. 000000 => 4.000000

. 000000 => 9.000000

. 000000 => 16. 000000

. 000000 => 25. 000000

. 000000 => 36. 000000

. 000000 => 49. 000000 */

~NOoO b~ WN

See Also
For complex, usevsi p_scnagsq_p.

6.3.17. vsip_dssumval_p
Returns the sum of the elements of a vector/matrix.
Functionality
(_ ZN—]
sum o

M-1

-1
sum <«— Zj:( =0 ai;
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Prototypes

vsi p_scal ar_i vsip_vsunval _i (const vsip_vview.i *a);
vsip_cscal ar_i vsip_cvsunval _i (const vsip_cvview.i *a);
vsi p_scal ar_i vsip_nmsunval _i (const vsip_nview.i *a);
vsi p_cscal ar_i vsip_cnsunmval _i (const vsip_cnmview.i *a);
vsi p_scal ar _f vsip_vsunval _f(const vsip_vview f *a);
vsi p_cscal ar _f vsip_cvsunval _f(const vsip_cvview f *a);
vsi p_scal ar _f vsip_nsunval _f(const vsip_nview f *a);
vsi p_cscal ar _f vsip_cnsunval _f(const vsip_cnview f *a);
vsi p_scal ar _vi vsip_vsunval _bl (const vsip_vview bl *a);
vsi p_scal ar_vi vsip_nsunval _bl (const vsip_nview bl *a);

Arguments

a
View of input vector/matrix

Return value
If the input is a Boolean type then the function returns an integer value of type vsip_scalar_vi
consisting of the number of true values. Otherwise, it returns ascalar sum of the elements of the same
type and precision as the input vector/matrix.

Restrictions
If an overflow occurs, the result isimplementation dependent.

Errors
The arguments must conform to the following:

1. The vector/matrix passed to the function must be defined and must not be null.

Notes/References
A Boolean is defined so that zero is false and anything else is true. The boolean sumval function
returns the number of non false values in a boolean object. The return type of vsip_scalar_vi for the
boolean case was chosen since it resolves to an unsigned integer type large enough to represent the
size of avector, matrix, or tensor. Thisallows usto portably specify theinteger return type. The order
of summation is not specified, therefore significant numerical errors can potentially occur.

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 7 /* length */

int main()

{
vsi p_vvi ew_d* data
vsip_init((void *)0);
data = vsip_vcreate_d(L, VSIP_MEM NONE)
/* Make up sone data to find the sum of */
/* Compute a ranp fromzero to L-1 */
vsi p_vranp_d(0.0, 1.0, data);
/* And find and print its sum*/
printf("% \n", vsip_vsunval _d(data));
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(data));
vsi p_finalize((void *)0);
return O
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/* output */
/* 21.000000 */

See Also
vsi p_dsmeanval _p,vsi p_dsneansqval p,andvsi p_dssunsqval p

6.3.18. vsip_dssumsqval_p
Returns the sum of the squares of the elements of a vector/matrix.

Functionality
N-1 2
sumsq «— 3\ a))

N-IaM-1, 2
sumsq < ZFOZ, , (@)

=

Prototypes

vsi p_scal ar_f vsip_vsumsqgval _f(const vsip_vview f *a);
vsi p_scal ar_f vsi p_nmsumsqval _f (const vsip_nview f *a);

Arguments

a
View of input vector/matrix

Return value
Returns the sum of the vector elements squared.

Restrictions
If an overflow occurs, the result isimplementation dependent.

Errors
The arguments must conform to the following:

1. The vector/matrix passed to the function must be defined and must not be null.

Notes/References
The order of summation is not specified, therefore significant numerical errors can potentially occur.

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 7 /* length */

int main()

{
vsi p_vvi ew_d* data
vsip_init((void *)0);
data = vsip_vcreate_d(L, VSIP_MEM NONE)
/* Make up sone data to find the sum of squares of */
vsi p_vranp_d(0.0, 1.0, data);
printf("% \n", vsip_vsunsqval _d(data));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(data));
vsi p_finalize((void *)0);
return O
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} /* output */
/* 91. 000000 */

See Also
vsi p_dsmeanval _p,vsi p_dsneansqval _p,andvsi p_dssunval _p

6.4. Binary Operations

Thefollowing man pages represent operationsrequiring two inputs, either two vectors/matrices or avector/
matrix and a scalar for input.

vsi p_dsadd_p Vector/Matrix Add

vsi p_dssadd_p Scalar Vector/Matrix Add

vsi p_dsdiv_p Vector/Matrix Divide

vsi p_dssdiv_p Scalar Vector/Matrix Divide

vsi p_dssdiv_p Vector/Matrix Scalar Divide

vsi p_dsexpoavg_p Vector/Matrix Exponential Average
vsi p_shypot _p Vector/Matrix Hypotenuse
vsip_csjmul _p Vector/Matrix Conjugate Multiply (Elementwise)
vsip_dsmul _p Vector/Matrix Multiply (Elementwise)
vsi p_dssnmul _p Scalar Vector/Matrix Multiply

vsi p_dvdmul _p Vector-Matrix Multiply (Elementwise)
vsi p_dssub_p Vector/Matrix Subtract

vsi p_dsssub_p Scalar Vector/Matrix Subtract

6.4.1. vsip_dsadd_p
Computes the sum, by element, of two vectors/matrices.

Functionality
rj«—a;+b;, forj=0,1,. ,N-1

rij<—ajj+b;j fori=0,1,..,M-1; forj=0,1,..,N-1
Prototypes

voi d vsip_vadd_i (const vsip_vview.i *a, const vsip_vview.i *b,
const vsip_vview.i *r);
voi d vsip_vadd_f(const vsip_vview f *a, const vsip_vviewf *b,
const vsip_vview f *r);
voi d vsip_rcvadd_f(const vsip_vviewf *a, const vsip_cvview f *b,
const vsip_cvviewf *r);
voi d vsip_cvadd_f(const vsip_cvview f *a, const vsip_cvview f *b,
const vsip_cvviewf *r);
voi d vsip_madd_i (const vsip_nview.i *a, const vsip_mview.i *b,
const vsip_miew.i *r);
voi d vsip_madd_f (const vsip_nview f *a, const vsip_nmview f *b,
const vsip_mview f *r);
voi d vsip_rcmadd_f (const vsip_nviewf *a, const vsip_cnview f *b,
const vsip_cnview f *r);
voi d vsip_crmadd_f (const vsip_cnview f *a, const vsip_cnview f *b,
const vsip_cnview f *r);
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Arguments

a

View of input vector/matrix

View of input vector/matrix

View of output vector/matrix

Return value

Restrictions
If an overflow occurs, the result isimplementation dependent.

In the case of amixed datatype, for instance areal vector added to acomplex vector, in-place implies
thereal input may be area or imaginary view of the output. Input views which encompass both real
and imaginary segments of the output, or which do not exactly overlay therea or imaginary view of

the output, are not defined for in-place.

Errors

The arguments must conform to the following:

1. Input and output views must all be the same size.

2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude" vsi p. h"

#define L 7 /* length */

int main()

{

int i
vsi p_vvi ew _d* datalLeft;
vsi p_vvi ew_d* dat aRi ght;
vsi p_vvi ew_d* dataSum
vsip_init((void *)0);
dataLeft = vsip_vcreate_d(L, VSIP_MEM NONE)
dat aRi ght = vsip_vcreate_d(L, VSIP_MEM NONE)
dat aSum = vsi p_vcreate_d(L, VSIP_MEM NONE)
/* Make up sone data to find the nagnitude of */
vsi p_vranp_d(1.0, 1.0, dataleft);
vsi p_vranp_d(1.0, -2.0/(double)(L-1), dataRight);
/* Add the vectors */
vsi p_vadd_d(dat aLeft, dataRi ght, dataSunj;
/* now print out the data and its sum */
for(i=0; i<L; i++)
printf("%.4f = (%.4f) + (%.4f) \n", vsip_vget_d(dataSumi),
vsi p_vget _d(dataLeft,i), vsip_vget_d(dataRight,i));
/* destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataLeft));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataRi ght));
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vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataSum);
vsi p_finalize((void *)0);

return O

}

/* output */

/* 2.0000 = (1.0000) + ( 1.0000)
2.6667 = (2.0000) + ( 0.6667)
3.3333 = (3.0000) + ( 0.3333)
4.0000 = (4.0000) + ( 0.0000)
4.6667 = (5.0000) + (-0.3333)
5.3333 = (6.0000) + (-0.6667)
6. 0000 = (7.0000) + (-1.0000) */

See Also

vsi p_dssadd_p
6.4.2. vsip_dssadd_p
Computes the sum, by element, of a scalar and a vector/matrix.

Functionality
ri«—a+b; forj=0,1,..,N-1

rij«—a+b;; fori=0,1,..M-1; forj=0,1,...,N-1

Prototypes

voi d vsip_svadd_i (vsip_scal ar_i al pha, const vsip_vview.i *b
const vsip_vview.i *r);
voi d vsi p_svadd_f (vsip_scal ar_f al pha, const vsip_vviewf *b
const vsip_vview f *r);
voi d vsip_rscvadd_f (vsi p_scal ar_f al pha, const vsip_cvview_f
const vsip_cvviewf *r);
voi d vsi p_csvadd_f (vsi p_cscal ar_f al pha, const vsip_cvview_f
const vsip_cvviewf *r);
voi d vsip_smadd_i (vsi p_scal ar_i al pha, const vsip_nview.i *b
const vsip_mview.i *r);
voi d vsip_smadd_f (vsi p_scal ar_f al pha, const vsip_nviewf *b
const vsip_mview f *r);
voi d vsip_rscnadd_f (vsi p_scal ar_f al pha, const vsip_cnview_f
const vsip_cnview f *r);
voi d vsip_csmadd_f (vsi p_cscal ar_f al pha, const vsip_cnview_f
const vsip_cnview f *r);

Arguments
alpha
input scalar

View of input vector/matrix

View of output vector/matrix

Return value
None.

Restrictions

Errors
The arguments must conform to the following:

*p,

*p,
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1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 7 [/* length */

int main()
{ . .
int i
vsi p_scal ar_d datalLeft;
vsi p_vvi ew_d* dataRi ght;
vsi p_vvi ew_d* dataSum
vsip_init((void *)0);
dat aRi ght = vsip_vcreate_d(L, VSIP_MEM NONE)
dat aSum = vsi p_vcreate_d(L, VSIP_MEM NONE)
/* Make up sone data to find the nagnitude of */
/* First set the scalar equal to 1*/
datalLeft = 1.0;
/* Then conpute a ranp fromone to mnus one */
vsi p_vranp_d(1.0, -2.0/(double)(L-1), dataRight);
/* Add the scalar and the vector */
vsi p_svadd_d(dat aLeft, dataRi ght, dataSunj;
/* now print out the data and its sum */
for(i=0; i <L; i++)
printf("%.4f = (%.4f) + (%.4f) \n", vsip_vget_d(dataSumi),
dat aLeft, vsip_vget_d(dataRi ght,i));
/* destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataRi ght));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataSum);
vsi p_finalize((void *)0);

return O

}

/* output */

/* 2.0000 = (1.0000) + ( 1.0000)
1.6667 = (1.0000) + ( 0.6667)
1.3333 = (1.0000) + ( 0.3333)
1. 0000 = (1.0000) + ( 0.0000)
0. 6667 = (1.0000) + (-0.3333)
0.3333 = (1.0000) + (-0.6667)
0. 0000 = (1.0000) + (-1.0000) */

See Also
vsi p_dsadd_p

6.4.3. vsip_dsdiv_p
Computes the quotient, by element, of two vectorsmatrices.

Functionality
ar

rpe—5 forj=0,1,..,N-I

rie—m fori=0,1,.,M-1; forj=0,1,..N-I
) bl,']
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Prototypes

voi d vsip_vdiv_f(const vsip_vview f *a, const vsip_vviewf *b
const vsip_vview f *r);
voi d vsip_rcvdiv_f(const vsip_vviewf *a, const vsip_cvview f *b
const vsip_cvviewf *r);
voi d vsip_crvdiv_f(const vsip_cvviewf *a, const vsip_vview f *b
const vsip_cvviewf *r);
voi d vsip_cvdiv_f(const vsip_cvviewf *a, const vsip_cvview f *b
const vsip_cvviewf *r);
voi d vsip_ndiv_f(const vsip_nview f *a, const vsip_nviewf *b
const vsip_mview f *r);
voi d vsip_rcndiv_f(const vsip_nviewf *a, const vsip_cnview f *b
const vsip_cnview f *r);
voi d vsip_crmdiv_f(const vsip_cnview f *a, const vsip_nview f *b
const vsip_cnview f *r);
voi d vsip_cndiv_f(const vsip_cnviewf *a, const vsip_cnview f *b
const vsip_cnview f *r);

Arguments

a
View of input vector/matrix

View of input vector/matrix

View of output vector/matrix

Return value
None.

Restrictions
Results of division by zero are implementation dependent.

Overflows and underflows are possible. Results are implementation dependent.

In the case of a mixed data type, for instance a real vector divided by a complex vector, in-place
implies the real input may be area or imaginary view of the output. Input views which encompass
both real and imaginary segments of the output, or which do not exactly overlay thereal or imaginary
view of the output, are not defined for in-place.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"
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#define L 5

int nmain()
{ . .
int i;
/* define some vectors */
vsi p_vvi ew_d* dat aReOne;
vsi p_vvi ew_d* dat aReTwo;
vsi p_vvi ew_d* dataReQuoti ent;
vsi p_cvvi ew_d* dat aConpl ex;
vsi p_cvvi ew_d* dat aConpl exQuoti ent;

vsip_init((void *)0);

dat aReOne = vsip_vcreate_d(L, VSIP_MEM NONE);

dat aReTwo = vsip_vcreate_d(L, VSIP_MEM NONE);

dat aReQuoti ent = vsip_vcreate_d(L, VSIP_MEM NONE);

dat aConpl ex = vsip_cvcreate_d(L, VSIP_MEM NONE);

dat aConpl exQuoti ent = vsip_cvcreate_d(L, VSIP_MEM NONE);
/* make up sone data */

vsi p_vranp_d(1, 1, dat aReOne) ;

vsi p_vfill_d(2, dataReTwo);

vsi p_vcnpl x_d( dat aReTwo, dat aReOne, dat aConpl ex) ;

/*divide one by two and print the input and output */
vsi p_vdi v_d( dat aReOne, dat aReTwo, dat aReQuoti ent);
for(i=0; i<L; i++)
printf("%.4f | %.4f = % . 4f\n",
vsi p_vget _d(dat aReOne, i), vsip_vget_d(dataReTwo,i),
vsi p_vget _d(dataReQuotient,i)); printf("\n");
/*di vide one by conplex and print the input and output */
vsi p_rcvdi v_d(dat aReOne, dat aConpl ex, dat aConpl exQuoti ent) ;
for(i=0; i<L; i++)
printf("9%.4f /| (9%.4f + 9%.4fi) = (9%.4f + 9%.4fi)\n",
vsi p_vget _d(dat aReOne, i),
vsi p_real _d(vsi p_cvget _d(dataConplex,i)),
vsi p_i mag_d(vsi p_cvget _d(dat aConpl ex,i)),
vsi p_real _d(vsi p_cvget _d(dat aConpl exQuotient,i)),
vsi p_i mag_d(vsi p_cvget _d(dat aConpl exQuotient,i)));
/* destroy created objects */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dat aReOne));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dat aReTwo));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dat aReQuotient));
vsi p_cbl ockdestroy_d(vsi p_cvdestroy_d(dat aConpl ex));
vsi p_cbl ockdestroy_d(vsi p_cvdestroy_d(dat aConpl exQuotient));
vsi p_finalize((void *)0);

return O
}
/* output */
/* 1.0000 / 2.0000 = 0.5000
2.0000 / 2.0000 = 1.0000
3.0000 / 2.0000 = 1.5000
4.0000 / 2.0000 = 2.0000
5.0000 / 2.0000 = 2.5000
1.0000 / ( 2.0000 + 1.0000i) = ( 0.4000 + -0.2000i)
2.0000 / ( 2.0000 + 2.0000i) = ( 0.5000 + -0.5000i)
3.0000 / ( 2.0000 + 2.0000i) = ( 0.4615 + -0.6923i)
4.0000 / ( 2.0000 + 4.0000i) = ( 0.4000 + -0.8000i)
5.0000 / ( 2.0000 + 5.0000i) = ( 0.3448 + -0.8621i) */
See Also

vsi p_dssdi v_p,andvsi p_dssdiv_p
6.4.4. vsip_dssdiv_p

Computes the quotient, by element, of a scalar and a vector/matrix.

228



6.4.4 [vsip_dssdiv_p]

Functionality
rj<—bij forj=0,1,...N-1

rii—7 fori=0,1,.,M-1;forj=0,1,..,N-1
2 bl,_]
Prototypes

voi d vsip_svdiv_f(vsip_scalar_f al pha, const vsip_vview f *b
const vsip_vview f *r);
void vsip_rscvdiv_f(vsip_scalar_f al pha, const vsip_cvview f *b
const vsip_cvview f *r);
voi d vsip_csvdiv_f(vsip_cscalar_f al pha, const vsip_cvview f *b
const vsip_cvview f *r);
void vsip_sndiv_f(vsip_scalar_f al pha, const vsip_nview f *b
const vsip_mview f *r);
void vsip_rscndiv_f(vsip_scalar_f al pha, const vsip_cnview f *b
const vsip_crmview f *r);
void vsip_csndiv_f(vsip_cscalar_f al pha, const vsip_cnview f *b
const vsip_cmview f *r);

Arguments

alpha
Input scalar

View of input vector/matrix

View of output vector/matrix

Return value
None.

Restrictions
Theresult of division by zero isimplementation dependent.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 5
int main()

{

int i
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vsi p_cvvi ew_d* dat aConpl ex;
vsi p_cscal ar_d scal ar Conpl ex;
vsi p_cvvi ew_d* dat aConpl exQuoti ent;

vsip_init((void *)0);
dat aConpl ex = vsip_cvcreate_d(L, VSIP_MEM NONE)
dat aConpl exQuoti ent = vsip_cvcreate_d(L, VSIP_MEM NONE)
/* put some conplex data in dataConpl ex */
for(i =0; i < L; i++)
vsi p_cvput _d(dat aConpl ex, i, vsi p_cnpl x_d((double) (i * i),
(double) (i + 1)));
/* define a conplex scalar */
scal ar Conpl ex = vsi p_cnpl x_d(3, 4);
/*di vi de scal ar Conpl ex by dat aConpl ex and print the input and output */
vsi p_csvdi v_d(scal ar Conpl ex, dataConpl ex, dataConpl exQuotient);
for(i=0; i<L; i++)
printf("(%.4f + %.4fi) | (W.4f + . 4fi) = (9%.4f + %. 4fi)\n",
vsi p_real _d(scal ar Conpl ex),
vsi p_i mag_d( scal ar Conpl ex),
vsi p_real _d(vsi p_cvget _d(dataConplex,i)),
vsi p_i mag_d(vsi p_cvget _d(dat aConpl ex,i)),
vsi p_real _d(vsi p_cvget _d(dat aConpl exQuotient,i)),
vsi p_i mag_d(vsi p_cvget _d(dat aConpl exQuotient,i)));
vsi p_cbl ockdestroy_d(vsi p_cvdestroy_d(dat aConpl ex));
vsi p_cbl ockdestroy_d(vsi p_cvdestroy_d(dat aConpl exQuotient));
vsi p_finalize((void *)0);

return O;
}
/* output */
/* ( 3.0000 + 4.0000i) / ( 0.0000 + 1.0000i) = ( 4.0000 + -3.0000i)
( 3.0000 + 4.0000i) / ( 1.0000 + 2.0000i) = ( 2.2000 + -0.4000i)
( 3.0000 + 4.0000i) / ( 4.0000 + 3.0000i) = ( 0.9600 + 0.2800i)
( 3.0000 + 4.0000i) / ( 9.0000 + 4.0000i) = ( 0.4433 + 0.2474i)
( 3.0000 + 4.0000i) / (16.0000 + 5.0000i) = ( 0.2420 + O0.1744i) */
See Also

vsi p_dsdiv_p,andvsi p_dssdiv_p
6.4.5. vsip_dssdiv_p
Computes the quotient, by element, of a vector/matrix and a scalar.

Functionality
rie—% forj=0,1,.,N-1

rje—= fori=0,1,.,M-1;forj=0,1,.,N-I
Prototypes

voi d vsip_vsdiv_f(const vsip_vview f *a, vsip_scalar_f beta
const vsip_vviewf *r);
voi d vsip_cvrsdiv_f(const vsip_cvview f *a, vsip_scalar_f beta
const vsip_cvview f *r);
voi d vsip_nsdiv_f(const vsip_nmview f *a, vsip_scalar_f beta
const vsip_nmview f *r);
voi d vsip_cnrsdiv_f(const vsip_cnmview f *a, vsip_scalar_f beta
const vsip_cnview f *r);

Arguments

a
View of input vector/matrix
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beta
Input scalar

View of output vector/matrix

Return value
None.

Restrictions
Division by zero is not defined and the result isimplementation specific.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
This function was included for those who require increased accuracy when doing a divide. It is
recommended that vsi p_dssnul _p be used if increased accuracy is not required. The increased
accuracy of using vector/matrix scalar divide isimplementation dependent.

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 5
#defi ne denom (vsi p_scal ar_d) 10

int main()
{ . .
int i;
/* define some data space */
vsi p_cvvi ew_d* dat aConpl ex;
vsi p_cvvi ew_d* dat aConpl exQuoti ent;

vsip_init((void *)0);
dat aConpl ex = vsip_cvcreate_d(L, VSIP_MEM NONE);
dat aConpl exQuoti ent = vsip_cvcreate_d(L, VSIP_MEM NONE);
/* put some conplex data in dataConpl ex */
for(i =0; i < L; i++)
vsi p_cvput _d(dat aConpl ex, i,
vsi p_cnpl x_d((double)(i * i), (double)(i+1)));
/*di vi de dat aConpl ex by sone denom and print the input and output */
vsi p_cvrsdi v_d(dat aConpl ex, denom dat aConpl exQuoti ent);
for(i=0; i<L; i++)
printf("(%.4f + o.4fi) | 9. 4f) = (%.4f + 9%.4fi)\n",
vsi p_real _d(vsi p_cvget _d(dataConplex,i)),
vsi p_i mag_d(vsi p_cvget _d(dat aConpl ex,i)),
denom
vsi p_real _d(vsi p_cvget _d(dat aConpl exQuotient,i)),
vsi p_i mag_d(vsi p_cvget _d(dat aConpl exQuotient,i)));
vsi p_cbl ockdestroy_d(vsi p_cvdestroy_d(dat aConpl ex));
vsi p_cbl ockdestroy_d(vsi p_cvdestroy_d(dat aConpl exQuotient));
vsi p_finalize((void *)0);
return O;
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}
/* output */
/* ( 0.0000 + 1.0000i) / 10.0000 = ( 0.0000 + 0.1000i)
( 1.0000 + 2.0000i) / 10.0000 = ( 0.1000 + 0.2000i)
( 4.0000 + 3.0000i) / 10.0000 = ( 0.4000 + 0.3000i)
( 9.0000 + 4.0000i) / 10.0000 = ( 0.9000 + 0.4000i)
(16. 0000 + 5.0000i) / 10.0000 = ( 1.6000 + 0.5000i) */
See Also

The function vsi p_dssnul _p is recommended for most cases where the multiplying scalar
is the inverse of the divisor of vsi p_dssdiv_p. vsi p_dssmul _p, vsi p_dsdi v_p, and
vsi p_dssdiv_p.

6.4.6. vsip_dsexpoavg_p
Computes an exponential weighted average, by element, of two vectors/matrices.

Functionality
cj«—oab;+(l-a)c;, forj=0,1,.. ,N-1

Cij< abi,j+(1-a)ci,j fori= O,l,...,M-l; forj = 0,1,...,N-1
where 4 isthe weighting factor.

Prototypes

voi d vsi p_vexpoavg_f (vsi p_scal ar_f al pha, const vsip_vview f *b
const vsip_vview f *c);
voi d vsi p_nmexpoavg_f (vsi p_scal ar_f al pha, const vsip_nview f *b
const vsip_mviewf *c);
voi d vsi p_cvexpoavg_f (vsi p_scal ar_f al pha, const vsip_cvviewf *b
const vsip_cvview f *c);
voi d vsi p_crmexpoavg_f (vsi p_scal ar_f al pha, const vsip_cnviewf *b
const vsip_cnview f *c);

Arguments
alpha
Scalar weighting factor

View of input vector/matrix

View of output vector/matrix

Return value
None.

Restrictions
Division by zero is not defined and the result isimplementation specific.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.

2. All view objects must be valid.

232



6.4.7 [vsip_shypot_p]

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
If thisfunction is called L times with input vectors b, (and recursively with vector ¢) and the weight

is set equal to the inverse of the iteration number /Z, (o = 1/ ), then the result will be an average of

L
the vectors ¢ = + 2 b
Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 7 /* Alength */

int nain()

{
int i =0, j=0
vsi p_scal ar_d al pha = 0
vsi p_vvi ew_d* dataB
vsi p_vvi ew_d* dat aC;
char out[5][7][8];

vsip_init((void *)0);
dataB = vsi p_vcreate_d(L, VSIP_MEM NONE)
dataC = vsi p_vcreate_d(L, VSIP_MEM NONE)
/* make up sone data and average it*/
vsi p_vfill_d(0.0, dataC);
for (j =0; j <5; j++)
{
vsi p_vranp_d(0.0, (vsip_scalar_d) j ,dataB)
al pha = (vsip_scalar_d)(1.0 / (double)(j + 1.0));
vsi p_vexpoavg_d(al pha, dataB, dataC)
for(i =0; i < L; i++)
sprintf(out[j][i],"%.4f", vsip_vget_d(dataB,i))
}
[*print it out */
for(i =0; i <L; i++)

printf("(");
for(j =0, j <4 j+4)
printf("% + ",out[j][i]);
printf("% ) / 5.0 = %.4f \n",out[4][i], vsip_vget_d(dataC,i));

vsi p_val | destroy_d(dat aB)
vsi p_val | destroy_d(dat aC)
vsi p_finalize((void *)0);

return 0
}
/* output */
/* ( 0.0000 + 0.0000 + 0.0000 + 0.0000 + 0.0000 ) / 5.0 = 0.0000
( 0.0000 + 1.0000 + 2.0000 + 3.0000 + 4.0000) / 5.0 = 2.0000
( 0.0000 + 2.0000 + 4.0000 + 6.0000 + 8.0000 ) / 5.0 = 4.0000
( 0.0000 + 3.0000 + 6.0000 + 9.0000 + 12.0000 ) / 5.0 = 6.0000
( 0.0000 + 4.0000 + 8.0000 + 12.0000 + 16.0000 ) / 5.0 = 8.0000
( 0.0000 + 5.0000 + 10.0000 + 15.0000 + 20.0000 ) / 5.0 = 10.0000
( 0.0000 + 6.0000 + 12.0000 + 18.0000 + 24.0000 ) / 5.0 = 12.0000 */
See Also

6.4.7. vsip_shypot_p

Computes the square root of the sum of squares, by element, of two input vectors/matrices.
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Functionality
ri<\(a)+(b) forj=0,1,.,N-1

rij— (@ + (B fori=0,1,...M-1; forj=0,1,...,N-1

Prototypes

voi d vsi p_vhypot _f(const vsip_vviewf *a, const vsip_vview f *b
const vsip_vview f *r);

voi d vsi p_mhypot _f(const vsip_nviewf *a, const vsip_nview f *b
const vsip_mview f *r);

Arguments

a
View of input vector/matrix

View of input vector/matrix

View of output vector/matrix

Return value
None.

Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
The implementation shall ensure that intermediate overflows do not occur.

Examples

#i ncl ude <stdio. h>
#i ncl ude"vsi p. h"

#define L 7 /* length */

int nmain()
{ . .
int i
vsi p_vvi ew_d* dat aA;
vsi p_vvi ew_d* dataB
vsi p_vvi ew_d* dat aHypot ;
vsip_init((void *)0);
dat aA = vsi p_vcreate_d(L, VSIP_MEM NONE)
dataB = vsi p_vcreate_d(L, VSIP_MEM NONE)
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dat aHypot = vsip_vcreate_d(L, VSIP_MEM NONE)

/* Make up sone data to use */

vsi p_vranp_d(1.0, 1.0 , dataA)

vsi p_vranp_d(1.0, -2.0/(double)(L-1), dataB)

/* Now cal cul ate the hypotenuse of A &anp; B */
vsi p_vhypot _d( dat aA, dat aB, dat aHypot ) ;

/* and print out the data and the Result */
for(i=0; i < L; i++)

{
printf("hypot (%.4f, %.4f) => %.4f\n",
vsi p_vget _d(dataA, i),
vsi p_vget _d(dataB, i),
vsi p_vget _d(dataHypot,i));
}

/* and don't forget to recover nmenory */

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataA));

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataB));

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataHypot));
vsi p_finalize((void *)0);

return 0

}

/* output */

/* hypot( 1.0000, 1.0000) => 1.4142
hypot ( 2. 0000, 0.6667) => 2.1082
hypot ( 3. 0000, 0.3333) => 3.0185
hypot ( 4. 0000, 0.0000) => 4.0000
hypot ( 5. 0000, -0.3333) => 5.0111
hypot ( 6. 0000, -0.6667) => 6.0369
hypot ( 7.0000, -1.0000) => 7.0711 */

See Also

Thisisacompanion function for vsi p_sat an2_p.
6.4.8. vsip_ssjmul_p

Computes the product of a complex vector/matrix with the conjugate of a second complex vector/matrix,
by element.

Functionality
rj<—ajbj- forj=0,1,...,N-l

Tije ai’jbf’j fori=0,1,..,M-1; forj=0,1,...,N-1
Prototypes

voi d vsip_cvjnul _f(const vsip_cvview f *a, const vsip_cvviewf *b
const vsip_cvviewf *r);

voi d vsip_cnjnul _f(const vsip_cnview f *a, const vsip_cnviewf *b
const vsip_cnviewf *r);

Arguments
a
View of input vector/matrix

View of conjugate multiplier input vector/matrix

View of output vector/matrix
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Return value
None.

Restrictions
Results of underflows or overflows are implementation dependent.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 7 /* length */

int main()

{ . .
int i;
vsi p_cvvi ew_d* dataleft;
vsi p_cvvi ew_d* dat aRi ght;
vsi p_cvvi ew_d* dataJnul ;
Vsi p_vview d* reView,
VSsi p_vvi ew_d* inView,

vsip_init((void *)0);

dataLeft = vsip_cvcreate_d(L, VSIP_MEM NONE);

dat aRi ght = vsip_cvcreate_d(L, VSIP_MEM NONE);

dataJmul = vsip_cvcreate_d(L, VSIP_MEM NONE);

/* Make up sone data for the left vector */

reView = vsip_vreal view d(dataLeft);

i mvi ew = vsip_vi magvi ew_d(dataLeft);

vsi p_vranp_d(1.0, 1.0, reView;

vsi p_vranp_d(1.0, -2.0/(double)(L-1), inView);

/* remenber to destroy the views before naking new ones */

vsi p_vdestroy_d(reView);

vsi p_vdestroy_d(i mvi ew);

reVi ew = vsip_vreal vi ew_d(dat aRi ght);

i mvi ew = vsi p_vi magvi ew_d(dat aRi ght);

/* Make up sone data for the right vector */

vsi p_vranp_d(-1.0, -1.0 , reView);

vsi p_vranp_d(2.0, -3.0/(double)(L-1), inView);

/* Conjugate Multiply the vectors */

vsi p_cvj nul _d(dataLeft, dataRi ght, dataJnul);

/*now print out the data and its sunt/

for(i=0; i < L; i++)

printf("(%.3f + %.3fi) * conj(%.3f + %.3fi) =>"
(%.3f + 9%.3fi)\n",

vsi p_real _d(vsi p_cvget _d(datalLeft,i
vsi p_i mag_d(vsi p_cvget _d(dataLeft,i
vsi p_real _d(vsi p_cvget _d(dat aRi ght,
vsi p_i mag_d(vsi p_cvget _d(dat aRi ght,
vsi p_real _d(vsi p_cvget _d(datadmul ,
vsi p_i mag_d(vsi p_cvget _d(datadmul ,

))
),
i),
i),
1)),
i)));
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vsi p_vdestroy_d(reView); vsip_vdestroy_d(inview);
vsi p_cbl ockdestroy_d(vsi p_cvdestroy_d(dataLeft));
vsi p_cbl ockdest roy_d(vsi p_cvdestroy_d(dataRi ght));
vsi p_cbl ockdestroy_d(vsi p_cvdestroy_d(datadmul));

vsi p_finalize((void *)0);

return O

}

/* output */

/*( 1.000 + 1.000i) * conj(-1.000 +
( 2.000 + 0.667i) * conj(-2.000 +
( 3.000 + 0.333i) * conj(-3.000 +
( 4.000 + 0.000i) * conj(-4.000 +
( 5.000 + -0.333i) * conj(-5.000 +
( 6.000 + -0.667i) * conj(-6.000 +
( 7.000 + -1.000i) * conj(-7.000 +

See Also

. 000i )
. 500i )
. 000i )
500i )
. 000i )
. 500i )
. 000i )

ROOORRN

=>
=>
=>
=>
=>
=>
=>

vsi p_dsmul _p,vsi p_dssnul _p,andvsi p_dvdmrul _p

6.4.9. vsip_dsmul_p

Computes the product, by element, of two vectors/matrices.

Functionality
rj<—ajbj forj:(),l,...,N-l

Vij<— ai’jbi,j fori= 0,1,...,M-1; forj = O,l,...,N-l

Prototypes

void vsip_vrul _i (const vsip_vview_i
const vsip_vview.i

voi d vsip_vrul _f(const vsip_vview f
const vsip_vviewf

void vsip_rcvrul _f(const vsip_vview

voi d vsip_cvrul _f(const vsip_cvview
const vsip_cvview_
voi d vsip_nmmul _i (const vsip_nview_i
const vsip_nview.i
voi d vsi p_mmul _f(const vsip_nmview f
const vsip_nviewf
voi d vsip_rcmul _f(const vsip_nmview_

*a, const vsip_vview_i

*ry);

. 000
. 000
. 667
. 000
. 000
. 667

000

o+ o+ o+ o+

-3.
-4,
. 000i )
-2.
. 667i)
. 000i )
14.

-4

*b,

*a, const vsip_vviewf *b

*ry);

000i )
333i)

000i )

000i )

f *a, const vsip_cvview f *b
const vsip_cvviewf *r)
f *a, const vsip_cvview f *b

f *r)

*a, const vsip_nview_i

*ry);

*b,

*a, const vsip_nview f *b

*r);
f *a

const vsip_cnview f *r)

voi d vsip_cmul _f(const vsip_cnview_
const vsip_cnview_

Arguments

a
View of input vector/matrix

View of input vector/matrix

View of output vector/matrix

Return value
None.

f *a
f o*r)

const vsip_cmview f *b

const vsip_cmview f *b

*/
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Restrictions
In the case of a mixed data type, for instance a real vector multiplied by a complex vector, in-place
implies the real input may be areal or imaginary view of the output. Input views which encompass
both real and imaginary segments of the output, or which do not exactly overlay thereal or imaginary
view of the output, are not defined for in-place.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude" vsi p. h"

#define L 7 /* length */

int main()
{ . .
int i;
vsi p_vvi ew_d* dat aRe;
vsi p_vview d* datalm
vsi p_cvvi ew_d* cvector Ml ;
vsi p_cvvi ew_d* cvectorLeft;
vsi p_cvvi ew_d* cvectorRi ght;
vsi p_cscal ar_d cscal ar, cLeft, cRi ght;

vsip_init((void *)0);

dat aRe = vsip_vcreate_d(L, VSIP_MEM NONE);

datal m = vsi p_vcreate_d(L, VSIP_MEM NONE);

cvectorMul = vsip_cvcreate_d(L, VSIP_MEM NONE);
cvectorLeft = vsip_cvcreate_d(L, VSIP_MEM NONE);
cvectorRi ght = vsip_cvcreate_d(L, VSIP_MEM NONE);

/* Make up sone data to use for a vector nultiply */
vsi p_vranp_d(1.0, 1.0 , dataRe);

vsi p_vranp_d(1.0, -2.0/(double)(L-1), datalm;

vsi p_vecnpl x_d(dat aRe, datalm cvectorlLeft);

/* We will just use a sinple constant vector for the right */
cscal ar = vsip_cnplx_d(2,1);
vsi p_cvfill_d(cscal ar, cvectorRi ght);

/* Now nultiply the two vectors */

vsi p_cvnul _d(cvectorLeft, cvectorRi ght, cvector Ml ) ;
/* and print out the data and the Result */
for(i=0; i < L; i++)

{
cLeft = vsip_cvget_d(cvectorLeft, i);
cRight = vsip_cvget_d(cvectorRight, i);
cscal ar = vsip_cvget_d(cvectorMil, i);
printf("(%.4f + %.4fi) * (W.4f + . 4fi) = (9%.4f + %. 4fi)\n",
vsi p_real _d(cLeft),vsip_img_d(cLeft),
vsi p_real _d(cRight), vsi p_i nag_d(cRi ght),
vsi p_real _d(cscal ar), vsi p_i nag_d(cscal ar));
}

/* and don't forget to recover nmenory */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataRe));
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vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataln));

vsi p_cbl ockdestroy_d(vsi p_cvdestroy_d(cvectorLeft));
vsi p_cbl ockdestroy_d(vsi p_cvdestroy_d(cvectorRight));
vsi p_cbl ockdestroy_d(vsi p_cvdestroy_d(cvectorMl));
vsi p_finalize((void *)0);

return O;

See Also
vsi p_csjmul _p,vsi p_dssmul _p,andvsi p_dvdmul _p

6.4.10. vsip_dssmul_p
Computes the product, by element, of a scalar and a vector/matrix.
Functionality
rj<—(xbj forj:(),l,...,N-l
rij«—ab;; fori=0,1,.. ,M-1; forj=0,1,..,.N-1

Prototypes

voi d vsip_svmul _f(vsip_scalar_f alpha, const vsip_vviewf *b,
const vsip_vviewf *r);
voi d vsip_rscvnul _f(vsip_scal ar_f al pha, const vsip_cvviewf *b,
const vsip_cvview f *r);
voi d vsip_csvmul _f(vsip_cscal ar_f al pha, const vsip_cvview f *b,
const vsip_cvview f *r);
voi d vsip_smmul _f(vsip_scalar_f alpha, const vsip_mviewf *b,
const vsip_mview f *r);
voi d vsip_rscmmul _f(vsi p_scal ar_f al pha, const vsip_cnview f *b,
const vsip_cnmview f *r);
voi d vsip_csmul _f(vsip_cscal ar_f al pha, const vsip_cnview f *b,
const vsip_cnmview f *r);

Arguments
alpha
Input scalar

View of input vector/matrix

View of output vector/matrix

Return value
None.

Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.
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Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 5

int nmain()
{ . .
int i;
vsi p_cvvi ew_d* dat aConpl ex;
vsi p_cscal ar_d scal ar Conpl ex;
vsi p_cvvi ew_d* dat aConpl exProduct ;

vsip_init((void *)0);

dat aConpl ex = vsip_cvcreate_d(L, VSIP_MEM NONE)

dat aConpl exProduct = vsip_cvcreate_d(L, VSIP_MEM NONE)

/* put some conplex data in dataConpl ex */

for(i =0; i < L; i++)

vsi p_cvput _d(dat aConpl ex, i, vsi p_cnpl x_d((double) (i * i),
(doubl e) (i+1)));

/* define a conplex scalar */

scal ar Conpl ex = vsi p_cnpl x_d(3,4);

/* Multiply scal ar Conpl ex by dataConpl ex

and print the input and output */
vsi p_csvnul _d( scal ar Conpl ex, dat aConpl ex, dat aConpl exPr oduct) ;
for(i=0; i < L; i++)
printf("(%.4f + %.4fi) * (%.4f + . 4fi) = (9%.4f + 9. 4fi)\n",

vsi p_real _d(scal ar Conpl ex),
vsi p_i mag_d( scal ar Conpl ex),
vsi p_real _d(vsi p_cvget _d(dataConplex,i)),
vsi p_i mag_d(vsi p_cvget _d(dat aConpl ex,i)),
vsi p_real _d(vsi p_cvget _d(dat aConpl exProduct,i)),
vsi p_i mag_d(vsi p_cvget _d(dat aConpl exProduct,i)));

vsi p_chbl ockdestroy_d(vsi p_cvdestroy_d(dat aConpl ex));

vsi p_cbl ockdest roy_d(vsi p_cvdestroy_d(dat aConpl exProduct));

vsi p_finalize((void *)0);

return O;
}
/* output */
/* ( 3.0000 + 4.0000i) * ( 0.0000 + 1.0000i) = (-4.0000 + 3.0000i)
( 3.0000 + 4.0000i) * ( 1.0000 + 2.0000i) = (-5.0000 + 10.0000i)
( 3.0000 + 4.0000i) * ( 4.0000 + 3.0000i) = ( 0.0000 + 25.0000i)
( 3.0000 + 4.0000i) * ( 9.0000 + 4.0000i) = (11.0000 + 48.0000i)
( 3.0000 + 4.0000i) * (16.0000 + 5.0000i) = (28.0000 + 79.0000i) */
See Also

vsi p_csjmul _p,vsip_dsmul _p,andvsi p_dvdnmul _p
6.4.11. vsip_dvdmmul_p
Computes the product, by element, of avector and the rows or columns of a matrix

Functionality
rij«—a;b;; fori=0,1,..,M-1; forj=0,1,...,N-1

rij«—a:b;j fori=0,1,.. . M-1; forj=0,1,...,N-1
Prototypes

voi d vsip_vmmul _f(const vsip_vview f *a, const vsip_nviewf *b
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vsi p_maj or major, const vsip_mview f *r);
voi d vsip_cvmul _f(const vsip_cvview f *a, const vsip_cmview f *b,
vVsi p_maj or major, const vsip_cnviewf *r);
voi d vsip_rvemmul _f(const vsip_vview f *a, const vsip_cnmview f *b,
vVsi p_maj or major, const vsip_cnviewf *r);

Arguments
a
Vector view - by rows: length N, by columns: length M
Matrix view - sizeM by N
major
Apply by element to the rows or the columns
Result matrix view - sizeM by N

Return value
None.

Restrictions
Errors
The arguments must conform to the following: Assuming an input matrix B of size M rows by N
columns then we have the following conditions:
1. Theinput and output views must be conformant.
2. All view objects must be valid.

3. The mgjor argument must be valid. major € {VSIP_ ROW, VSIP _COL}

4. The input and output matrix views must be identical views of the same block (in-place), or must
not overlap. The input vector view and output matrix view must not overlap.

Notes/References
Examples

See Also
vsi p_csjmul _p,vsi p_dsmul _p,andvsi p_dssnul _p

6.4.12. vsip_dssub_p
Computes the difference, by element, of two vectors/matrices.

Functionality
rj<—aj—bj forj=0,1,...,N—1

rij<— ai,j—bi,j fori= O,l,...,M—l; fOI'j = 0,1,...,N—1
Prototypes

voi d vsip_vsub_i (const vsip_vview.i *a, const vsip_vview.i *b,
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const vsip_vview.i *r);
voi d vsip_vsub_f(const vsip_vview f *a, const vsip_vviewf *b
const vsip_vview f *r);
voi d vsip_rcvsub_f(const vsip_vviewf *a, const vsip_cvview f *b
const vsip_cvviewf *r);
voi d vsip_crvsub_f(const vsip_cvviewf *a, const vsip_vview f *b
const vsip_cvview f *r);
voi d vsip_cvsub_f(const vsip_cvviewf *a, const vsip_cvview f *b
const vsip_cvviewf *r);
voi d vsip_msub_i (const vsip_nview_i *a, const vsip_nview.i *b
const vsip_mview.i *r);
voi d vsip_msub_f(const vsip_nview f *a, const vsip_nviewf *b
const vsip_mview f *r);
voi d vsip_rcmsub_f(const vsip_nviewf *a, const vsip_cnview f *b
const vsip_cnview f *r);
voi d vsip_crmsub_f(const vsip_cnview f *a, const vsip_nview f *b
const vsip_cnview f *r);
voi d vsip_cnmsub_f(const vsip_cnviewf *a, const vsip_cnview f *b
const vsip_cnview f *r);

Arguments
a
View of input vector/matrix

View of input vector/matrix

View of output vector/matrix

Return value
None.

Restrictions
In the case of amixed datatype in-placeimpliesthe real input may be areal or imaginary view of the
output. Input views which encompass both real and imaginary segments of the output, or which do
not exactly overlay the real or imaginary view of the output, are not defined for in- place.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 7 /* length */

int nmain()
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int i;

vsi p_vvi ew _d* datalLeft;
vsi p_vvi ew_d* dat aRi ght;
vsi p_vvi ew_d* dat aSub;

vsip_init((void *)0);
datalLeft = vsip_vcreate_d(L, VSIP_MEM NONE);
dat aRi ght = vsip_vcreate_d(L, VSIP_MEM NONE);
dataSub = vsip_vcreate_d(L, VSIP_MEM NONE);
/* Make up sone data to find the nagnitude of */
vsi p_vranp_d(1.0, 1.0 , dataleft);
vsi p_vranp_d(1.0, -2.0/(double)(L-1), dataRight);
/* Add the vectors */
vsi p_vsub_d(dataLeft, dataRi ght, dataSub);
/*now print out the data and its sunt/
for(i=0; i <L; i++)
printf("%.4f = (%.4f) - (%.4f) \n",vsip_vget_d(dataSub,i),
vsi p_vget _d(dataLeft,i), vsip_vget_d(dataRight,i));
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataLeft));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataRi ght));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataSub));
vsi p_finalize((void *)0);

return O

}

/* output */

/* 0.0000 = (1.0000) - ( 1.0000)
1.3333 = (2.0000) - ( 0.6667)
2.6667 = (3.0000) - ( 0.3333)
4.0000 = (4.0000) - ( 0.0000)
5.3333 = (5.0000) - (-0.3333)
6.6667 = (6.0000) - (-0.6667)
8.0000 = (7.0000) - (-1.0000) */

See Also

6.4.13. vsip_dsssub_p
Computes the difference, by element, of a scalar and a vector/matrix.

Functionality
rj<—a—bj forj=0,1,...,N—1

rij«—a-bjj fori=0,1,...M-1; forj=0,1,...,.N-1
Prototypes

voi d vsip_svsub_i (vsip_scalar_i al pha, const vsip_vview.i *b,
const vsip_vview.i *r);
voi d vsip_svsub_f(vsip_scalar_f al pha, const vsip_vviewf *b,
const vsip_vview f *r);
voi d vsip_rscvsub_f(vsi p_scal ar_f al pha, const vsip_cvview f *b,
const vsip_cvviewf *r);
voi d vsip_csvsub_f(vsip_cscal ar_f al pha, const vsip_cvview f *b,
const vsip_cvviewf *r);
voi d vsip_smsub_i (vsip_scalar_i al pha, const vsip_nmview.i *b,
const vsip_miew.i *r);
voi d vsip_smsub_f(vsip_scalar_f al pha, const vsip_nmview f *b,
const vsip_mview f *r);
voi d vsip_rscnsub_f(vsi p_scal ar_f al pha, const vsip_cnview f *b,
const vsip_cnview f *r);
voi d vsip_csnmsub_f(vsip_cscal ar_f al pha, const vsip_cnview f *b,
const vsip_cnview f *r);
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Arguments

a
View of input vector/matrix

View of input vector/matrix

View of output vector/matrix

Return value
None.

Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
To subtract a scalar from a vector just multiply the scalar by minusoneand usevsi p_svadd_f.

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 7 /* length */

int nmain()
{ . .
int i
vsi p_scal ar_d dataScalar = 5.5
vsi p_vvi ew_d* dat aVect or
vsi p_vvi ew_d* dat aSub

vsip_init((void *)0);
dat aVector = vsip_vcreate_d(L, VSIP_MEM NONE)
dat aSub = vsip_vcreate_d(L, VSIP_MEM NONE)
/* Make up sone data */
vsi p_vranp_d(1.0, -2.0/(double)(L-1), dataVector);
/* Subtract the vectors fromthe scal ar*/
vsi p_svsub_d(dat aScal ar, dataVector, dataSub);
/*now print out the data and the result*/
for(i=0; i < L; i++)
printf("%.4f = (%.4f) - (%.4f) \n", vsip_vget_d(dataSub,i),
dat aScal ar, vsip_vget_d(dataVector,i));
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataVector));
vsi p_bl ockdest roy_d(vsi p_vdestroy_d(dataSub));
vsi p_finalize((void *)0);
return O

}
/* output */
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/* 4.5000 = ( 5.5000) - ( 1.0000)
4.8333 = ( 5.5000) - ( 0.6667)
5.1667 = ( 5.5000) - ( 0.3333)
5.5000 = ( 5.5000) - ( 0.0000)
5.8333 = ( 5.5000) - (-0.3333)
6.1667 = ( 5.5000) - (-0.6667)
6.5000 = ( 5.5000) - (-1.0000) */

See Also
6.5. Ternary Operations

This section contains transformations which require three inputs; either three vectors, two vectors and a
scalar, or two scalars and a vector.

vsi p_dvam p Vector Add and Multiply

vsi p_dvme_p Vector Multiply and Add

vsi p_dvnsa_p Vector Multiply, Scalar Add

vsi p_dvmsb_p Vector Multiply and Subtract

vsi p_dvsam p Vector Scalar Add, Vector Multiply
vsi p_dvsbm p Vector Subtract and Multiply

vsi p_dvsma_p Vector Scalar Multiply, Vector Add
vsi p_dvsmsa_p Vector Scalar Multiply, Scalar Add

6.5.1. vsip_dvam_p
Computes the sum of two vectors and product of athird vector, by element.

Functionality
Vi<« (aj+bj)cj forj = O,l,...,N-l

Prototypes

void vsip_vamf(vsip_vview f const *a, vsip_vviewf const *b,
vsip_vview f const *c, vsip_vview f const *r);

void vsip_cvamf(vsip_cvview f const *a, vsip_cvview f const *b,
vsip_cvview f const *c, vsip_cvview f const *r);

Arguments

a
View of input vector

b
View of input vector
c
View of input vector
r
View of output vector
Return value
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Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 7 /* length */

int nmain()

{ . .
int i;
vsi p_vvi ew_d* dat aA;
vsi p_vvi ew_d* dat aB;
vsi p_vvi ew_d* dataC,
vsi p_vvi ew_d* dataVam

vsip_init((void *)0);

dat aA = vsip_vcreate_d(L, VSIP_MEM NONE);
dataB = vsip_vcreate_d(L, VSIP_MEM NONE);
dataC = vsi p_vcreate_d(L, VSIP_MEM NONE);
dat aVam = vsi p_vcreate_d(L, VSIP_MEM NONE);

/* Make up sone data */
/* First conpute a ranp fromOne to L */
vsi p_vranp_d(1.0, 1.0 , dataA);
vsi p_vranp_d(1.0, .25, dataB);
vsi p_vranp_d(1.0, -1.5 , dataCO;
/* Add A and B and nultiply times C */
vsi p_vam d(dat aA, dataB, dataC, dataVam;
/*now print out the data and the result */
for(i=0; i < L; i++)
printf("(%.4f + %.4f) * 9. 4f => 9. 4f \n",
vsi p_vget _d(dataA, i),
vsi p_vget _d(dataB, i),
vsi p_vget _d(dataC, i),
vsi p_vget _d(dataVam i));

/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataA));

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataB));

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataC));

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataVam);

vsi p_finalize((void *)0);

return 0

}

/* output */

/* ( 1.0000 + 1.0000) * 1.0000 => 2.0000
( 2.0000 + 1.2500) * -0.5000 => -1.6250
( 3.0000 + 1.5000) * -2.0000 => -9.0000
( 4.0000 + 1.7500) * -3.5000 => -20.1250
( 5.0000 + 2.0000) * -5.0000 => -35.0000
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( 6.0000 + 2.2500) * -6.5000 => -53.6250
( 7.0000 + 2.5000) * -8.0000 => -76.0000 */

See Also
vsi p_dvma_p, vsip_dvnsa_p, vsip_dvmsb_p, vsip_dvsam p, vsip_dvsbmp,
vsi p_dvsna_p,andvsi p_dvsnsa_p

6.5.2. vsip_dvma_p
Computes the product of two vectors and sum of athird vector, by element.

Functionality
r1<—(aj*bj)+cj forj = 0;13""N_1

Prototypes

voi d vsip_vma_f(vsip_vview f const *a, vsip_vviewf const *b
vsi p_vview f const *c, vsip_vview f const *r);
voi d vsip_cvme_f (vsip_cvview f const *a, vsip_cvview f const *b
vsi p_cvview f const *c, vsip_cvview f const *r);

Arguments

a
View of input vector

View of input vector
View of input vector

View of output vector
Return value
Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 7 /* length */
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int nmain()

{ . .
int i;
vVsi p_vvi ew_d* dat aA;
vsi p_vvi ew_d* dat aB;
vsi p_vvi ew_d* dataC,
vsi p_vvi ew_d* dat aVng;

vsip_init((void *)0);

dataA = vsip_vcreate_d(L, VSIP_MEM NONE);
dataB = vsip_vcreate_d(L, VSIP_MEM NONE);
dataC = vsi p_vcreate_d(L, VSIP_MEM NONE);
dataVma = vsip_vcreate_d(L, VSIP_MEM NONE);

/* Make up sone data */
/* First conpute a ranp fromOne to L */
vsi p_vranp_d(1.0, 1.0 , dataA);
vsi p_vranp_d(1.0, .25, dataB);
vsi p_vranp_d(1.0, -1.5 , dataC;
/* Add A and B and nultiply times C */
vsi p_vme_d(dat aA, dataB, dataC, dataVma);
/*now print out the data and the result */
for(i=0; i < L; i++)
printf("(%.4f * o%.4f) + 9. 4f => %&.4f \n",
vsi p_vget _d(dataA, i),
vsi p_vget _d(dataB, i),
vsi p_vget _d(dataC, i),
vsi p_vget _d(dataVma, i));

/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataA));

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataB));

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataC));

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataVm));

vsi p_finalize((void *)0);

return O
}
/* output */
/* ( 1.0000 * 1.0000) + 1.0000 => 2.0000
( 2.0000 * 1.2500) + -0.5000 => 2.0000
( 3.0000 * 1.5000) + -2.0000 => 2.5000
( 4.0000 * 1.7500) + -3.5000 => 3.5000
( 5.0000 * 2.0000) + -5.0000 => 5.0000
( 6.0000 * 2.2500) + -6.5000 => 7.0000
( 7.0000 * 2.5000) + -8.0000 => 9.5000 */
See Also

vsi p_dvam p, vsip_dvnsa_p, vsip_dvmsb _p, vsip_dvsamp, vsip_dvsbmp,
vsi p_dvsna_p,andvsi p_dvsnsa_p

6.5.3. vsip_dvmsa_p
Computes the product of two vectors and sum of a scalar, by element.

Functionality
ri<—(a;*b)+a forj=0,1,..N-1

Prototypes

voi d vsip_vmsa_f(vsip_vview f const *a, vsip_vview f const *b,
vsi p_scal ar_f al pha, vsip_vview f const *r);
voi d vsip_cvmsa_f (vsip_cvview f const *a, vsip_cvview f const *b,
vsi p_scal ar_f al pha, vsip_cvview f const *r);
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Arguments

a
View of input vector

View of input vector

alpha
Input scalar

View of output vector
Return value
Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"
#define L 7 /* length */
int main()
{ . .

int i;

vVsi p_vvi ew_d* dat aA;

vsi p_vvi ew_d* dat aB;

vsi p_scal ar_d dat aC,

vsi p_vvi ew_d* dat aVnsa;

vsip_init((void *)0);
dataA = vsip_vcreate_d(L, VSIP_MEM NONE);
dataB = vsip_vcreate_d(L, VSIP_MEM NONE);
dat aVmsa = vsip_vcreate_d(L, VSIP_MEM NONE);
/* Make up sone data*/
/* First conpute sone ranps */
vsi p_vranp_d(1.0, 1.0 , dataA);
vsi p_vranp_d(1.0, .25, dataB);
/* and nake up a scalar */
dataC = 4.5;
/* Multiply A and B and add C */
vsi p_vnsa_d(dat aA, dataB, dataC, dataVirsa);
/*now print out the data and the result */
for(i=0; i < L; i++)
printf("(%.4f * %.4f) + 9. 4f => %&.4f \n",
vsi p_vget _d(dataA, i),
vsi p_vget _d(dataB, i),
dat aC,
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vsi p_vget _d(dataVmsa,i));
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataA));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataB));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataVnsa));
vsi p_finalize((void *)0);

return O

}

/* output */

/* ( 1.0000 * 1.0000) + 4.5000 => 5.5000
( 2.0000 * 1.2500) + 4.5000 => 7.0000
( 3.0000 * 1.5000) + 4.5000 => 9.0000
( 4.0000 * 1.7500) + 4.5000 => 11.5000
( 5.0000 * 2.0000) + 4.5000 => 14.5000
( 6.0000 * 2.2500) + 4.5000 => 18.0000
( 7.0000 * 2.5000) + 4.5000 => 22,0000 */

See Also

vsi p_dvam p, vsip_dvma_p, vsip_dvnsb _p, vsip_dvsam p,
vsi p_dvsna_p,andvsi p_dvsnsa_p

6.5.4. vsip_dvmsb_p
Computes the product of two vectors and difference of athird vector, by element.

Functionality
rj<—(a_,-*bj)-cj forj = 0,1,...,N-1

Prototypes

void vsip_vnsb_f(vsip_vview f const *a, vsip_vviewf const *b
vsi p_vview f const *c, vsip_vview f const *r)
void vsip_cvnsb_f(vsip_cvview f const *a, vsip_cvview f const *b
vsi p_cvview f const *c, vsip_cvview f const *r)

Arguments
a
View of input vector
View of input vector

View of input vector

View of output vector

Return value
None.

Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.

vsi p_dvsbm p,
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2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"
#define L 7
int nmain()

{

int

/* length */

VSi p_vvi ew_d*
VSi p_vvi ew_d*
VSi p_vvi ew_d*
VSi p_vvi ew_d*

vsi p_i
dat aA
dat aB

dat aA;
dat aB;
dat aC,
dat aVnsb;

nit((void *)0);
vsi p_vcreate_d(L, VSIP_MEM NONE);
vsi p_vcreate_d(L, VSIP_MEM NONE);

dat aVmsb = vsip_vcreate_d(L, VSIP_MEM NONE);
/* Make up sone data*/

/* First conpute sone ranps */

vsi p_vranp_d(1.0, 1.0 ,
vsi p_vranp_d(1.0, .25,
vsi p_vranp_d(1.0, -.25

dat aA) ;
dat aB) ;

dat aC);

/* Multiply A and B and Subtract C */

vsi p_vnsb_d(dat aA, dataB, dataC, dataVirsb);
/*now print out the data and the result */
for(i=0;

< L; i++)
printf("(%.4f * %.4f)
vsi p_vget _d(dataA, i),
vsi p_vget _d(dataB, i),
vsi p_vget _d(dataC, i),
vsi p_vget _d(dataVmsb,i));

- . 4f

=> o%/.4f \n",

/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataA));

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataB));

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataC));

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataVnsh));

vsi p_finalize((void *)0);

return O;

}

/* output */

I+ (
(

~~~ e~~~

See Also

vsi p_dvam p,

6.5.5. vsip_dvsam_p
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vsi p_dvma_p,
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. 7500
. 0000
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dvnsa_p, vsip_dvsamp, vsip_dvsbmp,

Computes the sum of avector and a scalar, and product with a second vector, by element.
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Functionality
rj<—(aj+ﬂ)*cj forj = 0,1,...,N-1

Prototypes

voi d vsip_vsam f(vsip_vview f const *a, vsip_scalar_f beta
vsi p_vview f const *c, vsip_vview f const *r)
voi d vsip_cvsam f(vsip_cvview f const *a, vsip_cscalar_f beta
vsi p_cvview f const *c, vsip_cvview f const *r)

Arguments

a
View of input vector

beta
Input scalar

View of input vector

View of output vector

Return value
None.

Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.

2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 7 /* length */

int nmain()

{ . .
int i
vVsi p_vvi ew_d* dat aA;
vsi p_scal ar_d dat aB
vsi p_vvi ew_d* dat aC;
vsi p_vvi ew_d* dat aVsam

vsip_init((void *)0);
dat aA = vsi p_vcreate_d(L, VSIP_MEM NONE)
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dataC = vsi p_vcreate_d(L, VSIP_MEM NONE)
dat aVsam = vsi p_vcreate_d(L, VSIP_MEM NONE)
/* Make up sone data*/
/* First conpute sone ranps */
vsi p_vranp_d(1.0, 1.0 , dataA)
vsi p_vranp_d(1.0, .25, dataC
/* and nake up a scalar */
dataB = 4.5;
/* Add A and B and Multiply C */
vsi p_vsam d(dat aA, dataB, dataC, dataVsan)
/*now print out the data and the result */
for(i=0; i < L; i++)
printf("(%.4f + %.4f) * 9. 4f => 9. 4f \n"
vsi p_vget _d(dataA, i),
dat aB,
vsi p_vget _d(dataC, i),
vsi p_vget _d(dataVsami));
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataA));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataC));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataVsam);
vsi p_finalize((void *)0);

return 0

}

/* output */

/* ( 1.0000 + 4.5000) * 1.0000 => 5.5000
( 2.0000 + 4.5000) * 1.2500 => 8.1250
( 3.0000 + 4.5000) * 1.5000 => 11.2500
( 4.0000 + 4.5000) * 1.7500 => 14.8750
( 5.0000 + 4.5000) * 2.0000 => 19.0000
( 6.0000 + 4.5000) * 2.2500 => 23.6250
( 7.0000 + 4.5000) * 2.5000 => 28.7500 */

See Also

vsi p_dvam p, vsip_dvrme_p, vsip_dvnsa_p, vsip_dvmsb_p, vsip_dvsbmp,
vsi p_dvsnma_p,andvsi p_dvsnsa_p

6.5.6. vsip_dvsbm_p
Computes the difference of two vectors, and product with a third vector, by element.

Functionality
rj<—(aj—bj)*cj forj = 0,1,...,N-1

Prototypes

void vsip_vsbm f(vsip_vview f const *a, vsip_vview f const *b
vsi p_vview f const *c, vsip_vview f const *r)
voi d vsip_cvsbm f(vsip_cvview f const *a, vsip_cvview f const *b
vsip_cvview f const *c, vsip_cvview f const *r)

Arguments
a
View of input vector

View of input vector

View of input vector

253



6.5.6 [vsip_dvsbm p]

View of output vector

Return value
None.

Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 7 /* length */

int nmain()

{ . .
int i;
vsi p_vvi ew_d* dat aA;
vsi p_vvi ew_d* dat aB;
vsi p_vvi ew_d* dataC,
vsi p_vvi ew_d* dataVsbm

vsip_init((void *)0);

dataA = vsip_vcreate_d(L, VSIP_MEM NONE);
dataB = vsip_vcreate_d(L, VSIP_MEM NONE);
dataC = vsi p_vcreate_d(L, VSIP_MEM NONE);
dat aVsbm = vsi p_vcreate_d(L, VSIP_MEM NONE);

/* Make up sone data*/
/* First conpute a ranp fromOne to L */
vsi p_vranp_d(1.0, 1.0 , dataA);
vsi p_vranp_d(1.0, .25, dataB);
vsi p_vranp_d(1.0, -1.5 , dataC;
/* Subtract A and B and nmultiply times C */
vsi p_vsbm d(dat aA, dataB, dataC, dataVsbnj;
/*now print out the data and the result */
for(i=0; i <L; i++)
printf("(%.4f - 9%.4f) * . 4f => %.4f \n",
vsi p_vget _d(dataA, i),
vsi p_vget _d(dataB,i),
vsi p_vget _d(dataC, i),
vsi p_vget _d(dataVsbmi));
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataA));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataB));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataC));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataVsbm);
vsi p_finalize((void *)0);
return O;

254



6.5.7 [vsip_dvsma p]

/* output */

/* ( 1.0000 - 1.0000) * 1.0000 =>  0.0000
( 2.0000 - 1.2500) * -0.5000 => -0.3750
( 3.0000 - 1.5000) * -2.0000 => -3.0000
( 4.0000 - 1.7500) * -3.5000 => -7.8750
( 5.0000 - 2.0000) * -5.0000 => -15.0000
( 6.0000 - 2.2500) * -6.5000 => -24.3750
( 7.0000 - 2.5000) * -8.0000 => -36.0000 */
See Also

vsip_dvam _p, vsip_dvma_p, vsip_dvmsa p, vsip_dvmsb_p, vsip_dvsam_p, vsip_dvsma p, and
vsip_dvsmsa p

6.5.7. vsip_dvsma_p
Computes the product of a vector and a scalar, and sum with a second vector, by element.

Functionality
rj<—(aj*ﬂ)+cj forj = 0,1,...,N-1

Prototypes

void vsip_vsma_f(vsip_vview f const *a, vsip_scalar_f beta,
vsip_vview f const *c, vsip_vviewf const *r);

void vsip_cvsma_f(vsip_cvview f const *a, vsip_cscalar_f beta,
vsip_cvview f const *c, vsip_cvview f const *r);

Arguments

a
View of input vector

beta
Input scalar

View of input vector

View of output vector

Return value
None.

Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
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Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 7 /* length */

int main()

{ . .
int i;
vsi p_vvi ew_d* dat aA;
vsi p_scal ar_d dat aB;
vsi p_vvi ew_d* dataC,
vsi p_vvi ew_d* dat aVsng;

vsip_init((void *)0);
dat aA = vsi p_vcreate_d(L, VSIP_MEM NONE)
dataC = vsi p_vcreate_d(L, VSIP_MEM NONE)
dataVsma = vsip_vcreate_d(L, VSIP_MEM NONE)
/* Make up sone data*/
vsi p_vranp_d(1.0, 1.0 , dataA)
vsi p_vranp_d(1.0, .25, dataC
dataB = 4.5;
/* Multiply A and B and add C */
vsi p_vsna_d(dat aA, dataB, dataC, dataVsnm);
/*now print out the data and the result */
for(i=0; i < L; i++)
printf("(%.4f * %.4f) + 9%.4f => %.4f \n"
vsi p_vget _d(dataA i),
dat aB,
vsi p_vget _d(dataC, i),
vsi p_vget _d(dataVsma,i));
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataA));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataC));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataVsma));
vsi p_finalize((void *)0);

return 0
}
/* output */
/* ( 1.0000 * 4.5000) + 1.0000 => 5.5000
( 2.0000 * 4.5000) + 1.2500 => 10. 2500
( 3.0000 * 4.5000) + 1.5000 => 15.0000
( 4.0000 * 4.5000) + 1.7500 => 19. 7500
( 5.0000 * 4.5000) + 2.0000 => 24.5000
( 6.0000 * 4.5000) + 2.2500 => 29. 2500
( 7.0000 * 4.5000) + 2.5000 => 34.0000 */
See Also

vsi p_dvam p, vsip_dvrma_p, vsip_dvnsa_p, vsip_dvnmsb_p, vsip_dvsamp,
vsi p_dvsbm p,andvsi p_dvsnsa_p

6.5.8. vsip_dvsmsa_p
Computes the product of a vector and a scalar, and sum with a second scalar, by element.

Functionality
ri<—(a;*p)+y forj=0,1,.,N-1

Prototypes

voi d vsip_vsmsa_f(vsip_vview f const *a, vsip_scalar_f beta
vsi p_scal ar_f gamma, vsip_vview f const *r);
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voi d vsip_cvsnsa_f(vsip_cvview f const *a, vsip_cscalar_f beta,
vsi p_cscal ar_f gamma, vsip_cvview f const *r);

Arguments

a
View of input vector

beta
Input scalar

gamma
Input scalar

View of output vector

Return value
None.

Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip. h"

#define L 7 /* length */

int nmain()
{ . .
int i;
vsi p_vvi ew_d* dat aA;
vsi p_scal ar_d dat aB;
vsi p_scal ar_d dat aC,
vsi p_vvi ew_d* dataVsnsa;

vsip_init((void *)0);
dataA = vsip_vcreate_d(L, VSIP_MEM NONE);
dat aVsmsa = vsip_vcreate_d(L, VSIP_MEM NONE);
/* Make up sone data*/
vsi p_vranp_d(1.0, 1.0 , dataA);
dataB = 4.5;
dataC = -1.8;
/* Multiply A and B and add C */
vsi p_vsnsa_d(dat aA, dataB, dataC, dataVsnsa);
/*now print out the data and the result */
for(i=0; i < L; i++)
printf("(%.4f * %.4f) + 9%.4f => 9. 4f \n",
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vsi p_vget _d(dataA, i),

dat aB,
dat aC
vsi p_vget _d(dataVsnsa,i));
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataA));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataVsnsa));

vsi p_finalize((void *)0);

return O

}

/* output */
/* ( 1.0000
. 0000
. 0000
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. 0000
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vsi p_dvma_p,

vsi p_dvsbm p,andvsi p_dvsma_p

6.6. Logical Operations

. 7000
. 2000
11.
16
20
25
29.

7000
2000
7000
2000
7000 */

vsi p_dvnsa_p, vsip_dvnmsb_p, vsip_dvsamp,

The following functions are of two types. The first type compare two vectorsmatrices elementwise using
alogical test and returns a Boolean true or false depending on the result of thetest. The second typetestsa
Boolean vector/matrix and produces a Boolean true or fal se depending on the state of the Boolean vector.

vsi p_sal ltrue_bl

Vector/Matrix All True

vsi p_sanytrue_bl

Vector/Matrix Any True

vsip_dsleq_p

Vector/Matrix Logical Equal

vsi p_dssl eq_p

Scalar Vector/Matrix Logical Equal

vsip_slge_p Vector/Matrix Logical Greater Than or Equal
vsip_sslge p Scalar Vector/Matrix Logical Greater Than or Equal
vsip_slgt p Vector/Matrix Logical Greater Than

vsip_sslgt _p

Scalar Vector/Matrix Logical Greater Than

vsip_slle_p

Vector/Matrix Logical Less Than or Equal

vsip_sslle p

Scalar Vector/Matrix Logical Less Than or Equal

vsip_sllt p

Vector/Matrix Logical Less Than

vsip_ssllt_p

Scalar Vector/Matrix Logical Less Than

vsi p_dsl ne_p

Vector/Matrix Logical Not Equal

vsi p_dssl ne_p

Scalar Vector/Matrix Logical Not Equal

6.6.1. vsip_salltrue_bl

Returns true if all the elements of avector/matrix are true.

Functionality

all — /\?Ha ;

all « /\j-v'l A g

i)j
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Prototypes

vsi p_scal ar_bl vsip_valltrue_bl (const vsip_vview bl *a);
vsi p_scal ar_bl vsip_nalltrue_bl (const vsip_nview bl *a);

Arguments

a
View of input vector

Return value
Returns false if any of the elements are false, otherwise it returns true.

Restrictions

Errors
None

Notes/References

Examples

#i ncl ude<stdi 0. h>
#i ncl ude "vsip.h"

#define L 5 /* length */

int main()

{
int i =0; int j =0;
vVsi p_vvi ew_d* dat aA;
vsi p_vvi ew_d* dataB
vsi p_vvi ew_bl * dat aBl

vsip_init((void *)0);

dat aA = vsi p_vcreate_d(L, VSIP_MEM NONE)

dataB = vsi p_vcreate_d(L, VSIP_MEM NONE)

dataBl = vsip_vcreate_bl (L, VSIP_MEM NONE)

vsi p_vfill_d(O, dat aB)

/* Make up sone data and determine if any of it is equal to zero*/
printf("Any equal to zero?\n");

for (i=-2; i<4; i++)

{

vsi p_vranp_d(i, 1 , dataA)
vsi p_vl ne_d( dat aA, dat aB, dat aBl ) ;
for(j=0; j<L; j++)

printf("93.0f", vsip_vget_d(dataA j));
if(vsip_valltrue_bl (dataBl))

printf(" => None zero\n")
el se

printf(" => Yes\n");

}

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataA));
vsi p_bl ockdestroy_bl (vsi p_vdestroy_bl (dataBl));
vsi p_finalize((void *)0);

return O
}
/* output */
/* Any equal to zero ?
-2-1 0 1 2 => Yes
-1 0 1 2 3 => Yes
0 1 2 3 4 => Yes
1 2 3 4 5 => None zero
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6 => None zero
7 => None zero */

5
6
See Also

vsi p_sanytrue_bl

6.6.2. vsip_sanytrue_bl
Returnstrueif one or more elements of a vector/matrix are true.

Functionality
N-1
all V j a j

N-1y yM-1
all«— V j V,- aij
Prototypes

vsi p_scal ar _bl vsip_vanytrue_bl (const vsip_vview bl *a);
vsi p_scal ar _bl vsip_nmanytrue_bl (const vsip_nview bl *a);

Arguments

a
View of input vector

Return value
Returns false if any of the elements are false, otherwise it returns true.

Restrictions

Errors
None

Notes/References

Examples

#i ncl ude<stdi 0. h>
#i ncl ude "vsip.h"

#define L 5 /* length */

int main()

{
int i =0; int j =0;
vVsi p_vvi ew_d* dat aA;
vsi p_vvi ew_d* dataB
vsi p_vvi ew_bl * dat aBl

vsip_init((void *)0);
dat aA = vsi p_vcreate_d(L, VSIP_MEM NONE)
dataB = vsi p_vcreate_d(L, VSIP_MEM NONE)
dataBl = vsip_vcreate_bl (L, VSIP_MEM NONE)
vsi p_vfill_d(O, dat aB)
/* Make up sone data and determine if it is greater than zero */
printf("Any greater than zero\n");
for (i=-6; i<0; i++)
{

vsip_vranmp_d(i, 1 , dataA)

vsi p_vl gt _d(dat aA, dat aB, dataBl ) ;
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for(j=0; j<L; j++)
printf("93.0f",vsip_vget_d(dataA j));
i f(vsip_vanytrue_bl (dataBl))
printf(" => Some true\n");
el se
printf(" => None true\n");

}
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataA));
vsi p_bl ockdestroy_bl (vsi p_vdestroy_bl (dataBl));
vsi p_finalize((void *)0);
return O;
}
/* output */
/* Any greater than zero
-6 -5 -4 -3 -2 => None true
-5-4-3-2-1=> None true

-4 -3 -2 -1 0 => None true
-3-2-1 0 1 => Sone true
-2-1 0 1 2 => Sone true
-1 0 1 2 3 => Sone true */

See Also
vsi p_sal I true_bl

6.6.3. vsip_dsleq_p

Computes the boolean comparison of “equal,” by element, of two vectors/matrices.

Functionality
forj=0,1,...,N-1|fori=0,1, ..., M-1
ifa; = b;then forj=0,1, ..., N-1
r; < true; ifa;;= b;jthen
else rij<— true;
r; < false; else
rij<— false;
Prototypes

voi d vsip_vleq_i(const vsip_vview.i *a, const vsip_vview.i *b,
const vsip_vview bl *r);
voi d vsip_cvleqg_i(const vsip_cvview.i *a, const vsip_cvview.i *b,
const vsip_vview bl *r);
voi d vsip_vleq_f(const vsip_vview f *a, const vsip_vviewf *b,
const vsip_vview bl *r);
voi d vsip_cvleq_f(const vsip_cvviewf *a, const vsip_cvview f *b,
const vsip_vview bl *r);
void vsip_meq_i(const vsip_nview.i *a, const vsip_mview.i *b,
const vsip_nview bl *r);
void vsip_cmeq_i(const vsip_cnview.i *a, const vsip_cnview.i *b,
const vsip_nview bl *r);
voi d vsip_meq_f(const vsip_nview f *a, const vsip_mview f *b,
const vsip_nview bl *r);
void vsip_cmeq_f(const vsip_cnviewf *a, const vsip_cnview f *b,
const vsip_nmview bl *r);

Arguments

a
View of input vector/matrix
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View of input vector/matrix

View of Boolean output vector/matrix

Return value
None

Restrictions
Since the input and output vectors are of a different precision there is no in-place functionality for
this function.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.
Notes/References

Examples

#i ncl ude<stdi 0. h>
#i ncl ude "vsip.h"

#define L 9 /* length */

int main()
{
vVsi p_vvi ew_d* dat aA;
vsi p_vvi ew_d* dat aB;
vsi p_vvi ew bl * dat aBl ;
Vsi p_vview_ vi * dataVi;
vsi p_scal ar_vi nunflrue = O;
int i =0;

vsip_init((void *)0);

dataA = vsip_vcreate_d(L, VSIP_MEM NONE);
dataB = vsip_vcreate_d(L, VSIP_MEM NONE);
dataBl = vsip_vcreate_bl (L, VSIP_MEM NONE);
dataVi = vsip_vcreate_vi (L, VSIP_MEM NONE);

/* Make up sone data */
vsi p_vranp_d(-2.0, 1 , dataA);
vsi p_vranp_d(2.0, -1 , dataB);
printf("index A B\n");
for(i = 0; i<L; i++)
printf("98i %.1f %.1f \n", i,
vsi p_vget _d(dataA, i),
vsi p_vget _d(dataB,i));
/* now see if our ranps are equal somepl ace */
vsi p_vl eq_d( dat aA, dat aB, dat aBl ) ;
/* find the spots where dataA equal s dataB */
i f(vsip_vanytrue_bl (dataBl))
{
nunilrue = vsi p_vi ndexbool (dat aBl , dataVi);
/* print out the results */
for(i = 0; i < nunmlrue; i++)
printf("A = B at index 9%i\n", (int)vsip_vget_vi(dataVvi,i));
}

el se

printf("No true cases\n");
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}

/* recover allocated nenory */

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataA));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataB));
vsi p_bl ockdestroy_bl (vsi p_vdestroy_bl (dataBl));
vsi p_bl ockdestroy_vi (vsi p_vdestroy_vi (dataVi));
vsi p_finalize((void *)0);

return O;

}

/* output */

/* index A B
0 -2.0 2.0
1 -1.0 1.0
2 0.0 0.0
3 1.0 -1.0
4 2.0 -2.0
5 3.0 -3.0
6 4.0 -4.0
7 5.0 -5.0
8 6.0 -6.0

A = B at index 2 */
See Also

6.6.4. vsip_dssleq_p
Computes the boolean comparison of “equal,” by element, of a scalar constant with a vector/matrix.

Functionality
forj=0,1,...,N-1|fori=0,1, ..., M-1
ifalpha = b,then forj=0,1, ..., N-1

r; < true; ifalpha = b; then
else rij<— true;
r; < false; else

r;j<— false;
Prototypes

voi d vsip_svleqg_i(vsip_scalar_i alpha, const vsip_vview.i *b,
const vsip_vview_ bl *r);
voi d vsip_csvleqg_i(vsip_cscalar_i al pha, const vsip_cvview_.i *b,
const vsip_vview_ bl *r);
voi d vsip_svleq_f(vsip_scalar_f alpha, const vsip_vviewf *b,
const vsip_vview_ bl *r);
voi d vsip_csvleq_f(vsip_cscal ar_f al pha, const vsip_cvview f *b,
const vsip_vview_ bl *r);
voi d vsip_smeq_i(vsip_scalar_i alpha, const vsip_nview.i *b,
const vsip_mview bl *r);
voi d vsip_csm eqg_i(vsip_cscal ar_i al pha, const vsip_cnview_.i *b,
const vsip_mview bl *r);
voi d vsip_smeq_f(vsip_scalar_f al pha, const vsip_nmviewf *b,
const vsip_mview bl *r);
voi d vsip_csm eq_f(vsip_cscal ar_f al pha, const vsip_cnview f *b,
const vsip_mview bl *r);

Arguments

alpha
A scalar constant
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View of input vector/matrix

View of Boolean output vector/matrix

Return value
None

Restrictions
Since the input and output vectors are of a different precision there is no in-place functionality for
this function.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.
Notes/References
Examples
See Also
6.6.5. vsip_dslge_p
Computes the boolean comparison of “greater than or equal,” by element, of two vectors/matrices.

Functionality

forj=0,1,..,N-1|fori=0,1, .., M-1
ifa; > b;jthen forj=0,1, ..., N-1
rj<«— true; ifa;;= b;jthen
else rij < true;
r; <« false; else
rij < false;

Prototypes

void vsip_vlge_i(const vsip_vview.i *a, const vsip_vview.i *b,
const vsip_vview. bl *r);

void vsip_vlge_f(const vsip_vview f *a, const vsip_vview f *b,
const vsip_vview. bl *r);

void vsip_mge_i(const vsip_nview.i *a, const vsip_mview.i *b,
const vsip_nview bl *r);

voi d vsip_m ge_f(const vsip_nview f *a, const vsip_mview f *b,
const vsip_nview bl *r);

Arguments

a
View of input vector/matrix

View of input vector/matrix
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View of Boolean output vector/matrix

Return value
None

Restrictions
Since the input and output vectors are of a different precision there is no in-place functionality for
this function.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.
Notes/References

Examples
For example see example withvsi p_dsgat her _p.

See Also
6.6.6. vsip_dsslge p

Computesthe bool ean comparison of “greater than or equal,” by element, of ascalar constant with avector/
matrix.

Functionality
forj=0,1,..,N-1|fori=0,1, ..., M-1
ifalpha > b,then forj=0, 1, ..., N-1

r; < true; ifalpha > b; then
else rij < true;
r; <« false; else

rij < false;
Prototypes

voi d vsip_svlge_i(vsip_scalar_i alpha, const vsip_vview.i *b,
const vsip_vview_ bl *r);

voi d vsip_svlge_f(vsip_scalar_f alpha, const vsip_vviewf *b,
const vsip_vview_ bl *r);

voi d vsip_smge_i(vsip_scalar_i alpha, const vsip_nview.i *b,
const vsip_mview bl *r);

voi d vsip_sm ge_f(vsip_scalar_f al pha, const vsip_nmviewf *b,
const vsip_mview bl *r);

Arguments

alpha
A scalar constant

View of input vector/matrix
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View of Boolean output vector/matrix

Return value
None

Restrictions
Since the input and output vectors are of a different precision there is no in-place functionality for
this function.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.
Notes/References
Examples
See Also
6.6.7. vsip_dslgt_p
Computes the boolean comparison of “greater than,” by element, of two vectors/matrices.

Functionality

forj=0,1,..,N-1|fori=0,1, ..., M-1
ifa;> b;then forj=0,1, ..., N-1
r; < true; ifa;;> b;jthen
else rij < true;
r; <« false; else
rij < false;

Prototypes

void vsip_vlgt_i(const vsip_vview.i *a, const vsip_vview.i *b,
const vsip_vview. bl *r);

void vsip_vlgt_f(const vsip_vview f *a, const vsip_vviewf *b,
const vsip_vview. bl *r);

void vsip_mgt_i(const vsip_nview.i *a, const vsip_mview.i *b,
const vsip_nview bl *r);

void vsip_mgt_f(const vsip_nview f *a, const vsip_nmview f *b,
const vsip_nview bl *r);

Arguments
a
View of input vector/matrix

View of input vector/matrix

View of Boolean output vector/matrix
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Return value
None

Restrictions
Since the input and output vectors are of a different precision there is no in-place functionality for
this function.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.
Notes/References

Examples
For example see examplewithvsi p_dsscat ter _p.

See Also
6.6.8. vsip_dsslgt_p
Computes the boolean comparison of “greater than,” by element, of ascalar constant with avector/matrix.

Functionality
forj=0,1,..,N-1|fori=0,1, ..., M-1
ifalpha > b,then forj=0,1, ..., N-1

r; < true; ifalpha > b; then
else rij<— true;
r; < false; else

rij < false;
Prototypes

void vsip_svlgt_i(vsip_scalar_i alpha, const vsip_vview.i *b,
const vsip_vview. bl *r);

void vsip_svlgt_f(vsip_scalar_f alpha, const vsip_vview f *b,
const vsip_vview. bl *r);

void vsip_smgt_i(vsip_scalar_i alpha, const vsip_nview.i *b,
const vsip_mview bl *r);

void vsip_smgt_f(vsip_scalar_f alpha, const vsip_nview f *b,
const vsip_mview bl *r);

Arguments
alpha
A scalar constant

View of input vector/matrix

View of Boolean output vector/matrix
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Return value
None

Restrictions
Since the input and output vectors are of a different precision there is no in-place functionality for
this function.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.
Notes/References

Examples
For example see example included with vsi p_dsscat t er _p.

See Also
6.6.9. vsip_dslle_p
Computes the boolean comparison of “less than or equal,” by element, of two vectors/matrices.

Functionality

forj=0,1,..,N-1|fori=0,1, ..., M-1
ifa; < b;jthen forj=0,1, ..., N-1
r; < true; ifa;; < b;jthen
else rij<— true;
r; < false; else
rij<— false;

Prototypes

void vsip_vlle_i(const vsip_vview.i *a, const vsip_vview.i *b,
const vsip_vview. bl *r);

void vsip_vlle_f(const vsip_vview f *a, const vsip_vview f *b,
const vsip_vview. bl *r);

void vsip_mle_i(const vsip_nview.i *a, const vsip_nview.i *b,
const vsip_mview bl *r);

void vsip_mle_f(const vsip_nview f *a, const vsip_nview f *b,
const vsip_mview bl *r);

Arguments
a
View of input vector/matrix

View of input vector/matrix

View of Boolean output vector/matrix
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Return value
None

Restrictions
Since the input and output vectors are of a different precision there is no in-place functionality for
this function.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.
Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 9
#define Pl 3.14159265358979323846

int nain()

{ . .
int i;
vsi p_vview d *dataCos, *dataSin;
vsi p_vvi ew_bl *datall e;

vsip_init((void *)0);

dat aCos = vsip_vcreate_d(L, VSIP_MEM NONE)
dataSin = vsip_vcreate_d(L, VSIP_MEM NONE)

datall e = vsip_vcreate_bl (L, VSIP_MEM NONE)

/* Make up sone data and do the check*/

vsi p_vranp_d(0.0, 2 * PI/(L-1), dataCos);

vsi p_vsi n_d(dat aCos, dataSin);

vsi p_vcos_d(dat aCos, dataCos);

vsi p_vl | e_d(dataSi n, dataCos, datalle);

/* Print the results */

printf(" Sin Cos" "Sin < or equal Cos?\n")

for(i=0; i<L; i++)

printf("920.17f 9%0.17f %bs\n"
vsi p_vget _d(dataSin,i), vsip_vget_d(dataCos,i),
vsi p_vget bl (dataLle,i) ? "true" : "false");

vsi p_val | destroy_d (dataCos);
vsi p_val | destroy_d (dataSin);
vsi p_val | destroy_bl (dat aLl e);
vsi p_finalize((void *)0);

return O

}

/* output */

/* Sin Cos Sin < or equal Cos?
0. 00000000000000000 1.00000000000000000 true

.70710678118654746 0.70710678118654757 true

. 00000000000000000 0. 00000000000000006 fal se

. 70710678118654757 -0.70710678118654746 fal se

. 00000000000000012 - 1. 00000000000000000 fal se
.70710678118654746 -0.70710678118654768 fal se
-1.00000000000000000 -0.00000000000000018 true
-0.70710678118654768 0.70710678118654735 true

- 0. 00000000000000024 1.00000000000000000 true */

OO OoOrOo
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See Also
6.6.10. vsip_dsslle_p

Computes the boolean comparison of “less than or equal,” by element, of a scalar constant with a vector/
matrix.

Functionality
forj=0,1,...,N-1|fori=0,1, ..., M-1
ifalpha < b,then forj=0,1, ..., N-1

r; < true; ifalpha < b; then
else rij<— true;
r; < false; else

rij < false;
Prototypes

void vsip_svlle_i(vsip_scalar_i alpha, const vsip_vview.i *b,
const vsip_vview. bl *r);

void vsip_svlle_f(vsip_scalar_f alpha, const vsip_vview f *b,
const vsip_vview. bl *r);

void vsip_smle_i(vsip_scalar_i alpha, const vsip_nview.i *b,
const vsip_mview bl *r);

void vsip_smle_f(vsip_scalar_f alpha, const vsip_nview f *b,
const vsip_mview bl *r);

Arguments
alpha
Input scalar

View of input vector/matrix

View of Boolean output vector/matrix

Return value
None

Restrictions
Since the input and output vectors are of a different precision there is no in-place functionality for
this function.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.
Notes/References
Examples

See Also
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6.6.11. vsip_dsllt p
Computes the boolean comparison of “less than,” by element, of two vectors/matrices.

Functionality

forj=0,1,..,N-1|fori=0,1, .., M-1
ifa; < b;then forj=0,1, ..., N-1
r; < true; ifa;; < b;jthen
else rij<— true;
r; < false; else
rij<— false;

Prototypes

void vsip_vllt_i(const vsip_vview.i *a, const vsip_vview.i *b
const vsip_vview_ bl *r);

void vsip_vllt_f(const vsip_vviewf *a, const vsip_vviewf *b
const vsip_vview_ bl *r);

void vsip_mIt_i(const vsip_nview.i *a, const vsip_nview.i *b
const vsip_mview bl *r);

void vsip_mlIt_f(const vsip_nview f *a, const vsip_nviewf *b
const vsip_mview bl *r);

Arguments

a
View of input vector/matrix

View of input vector/matrix

View of Boolean output vector/matrix

Return value
None

Restrictions
Since the input and output vectors are of a different precision there is no in-place functionality for
this function.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.
Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 9
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#define Pl 3.14159265358979323846

int nmain()

{ . .
int i
vsi p_vview d *dataCos, *dataSin
vsi p_vview bl *dataLlt;

vsip_init((void *)0);

dat aCos = vsip_vcreate_d(L, VSIP_MEM NONE)
dataSin = vsip_vcreate_d(L, VSIP_MEM NONE)
datalLlt = vsip_vcreate_bl (L, VSIP_MEM NONE)

/* Make up sone data and do the check*/

vsi p_vranp_d(0.0, 2 * PI/(L-1), dataCos);

vsi p_vsi n_d(dat aCos, dataSin);

vsi p_vcos_d(dat aCos, dataCos);

vsi p_vlIt_d(dataSin, dataCos, dataLlt);

/* Print the results */

printf(" Sin Cos Sin < Cos?\n");

for(i=0; i<L; i++)

{
printf("920.17f 9%0.17f %bs\n"
vsi p_vget _d(dataSin,i), vsip_vget_d(dataCos,i),
vsi p_vget _bl (dataLlt,i) ? "true" : "false");

vsi p_val | destroy_d (dataCos);

vsi p_val | destroy_d (dataSin);

vsi p_val | destroy_bl (dataLl t);

vsi p_finalize((void *)0);

return 0
}
/* output */
/[* Sin Cos Sin < Cos?
. 00000000000000000 1. 00000000000000000 true
.70710678118654746 0.70710678118654757 true
. 00000000000000000 0. 00000000000000006 f al se
. 70710678118654757 -0.70710678118654746 fal se
. 00000000000000012 - 1. 00000000000000000 fal se
. 70710678118654746 -0.70710678118654768 fal se
-1.00000000000000000 -0.00000000000000018 true
-0.70710678118654768 0.70710678118654735 true
- 0. 00000000000000024 1. 00000000000000000 true */

OO OFr oo

See Also
6.6.12. vsip_dsslit_p
Computes the boolean comparison of “lessthan,” by element, of a scalar constant with a vector/matrix.

Functionality
forj=0,1,..,N-1|fori=0,1, ..., M-1
ifalpha < b,then forj=0,1, ..., N-1

r; < true; ifalpha < b; then
else rij<— true;
r;«— false; else

rij < false;
Prototypes

void vsip_svllt_i(vsip_scalar_i alpha, const vsip_vview.i *b
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const vsip_vview_ bl *r);

void vsip_svllt_f(vsip_scalar_f alpha, const vsip_vviewf *b,
const vsip_vview_ bl *r);

void vsip_sm It _i(vsip_scalar_i alpha, const vsip_nmview.i *b,
const vsip_mview bl *r);

void vsip_smIt_f(vsip_scalar_f alpha, const vsip_nmviewf *b,
const vsip_mview bl *r);

Arguments
alpha
Input scalar

View of input vector/matrix

View of Boolean output vector/matrix

Return value
None

Restrictions
Since the input and output vectors are of a different precision there is no in-place functionality for
this function.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.
Notes/References
Examples
See Also
6.6.13. vsip_dslne_p
Computes the boolean comparison of “not equal,” by element, of two vectors/matrices.

Functionality

forj=0,1,..,N-1|fori=0,1, ..., M-1
ifa; # b;then forj=0,1, ..., N-1
r; < true; ifa;;# b;jthen
else rij<— true;
r; < false; else
rij<— false;

Prototypes

voi d vsip_vlne_i(const vsip_vview.i *a, const vsip_vview.i *b,
const vsip_vview_ bl *r);
voi d vsip_cvlne_i(const vsip_cvview.i *a, const vsip_cvview.i *b,
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const vsip_vview_ bl *r);
voi d vsip_vlne_f(const vsip_vview f *a, const vsip_vviewf *b,
const vsip_vview_ bl *r);
voi d vsip_cvlne_f(const vsip_cvviewf *a, const vsip_cvview f *b,
const vsip_vview_ bl *r);
voi d vsip_mne_i (const vsip_nview.i *a, const vsip_nmview.i *b,
const vsip_mview bl *r);
voi d vsip_cm ne_i (const vsip_cnview.i *a, const vsip_cnview.i *b,
const vsip_mview bl *r);
voi d vsip_m ne_f(const vsip_nview f *a, const vsip_nmview f *b,
const vsip_mview bl *r);
voi d vsip_cm ne_f(const vsip_cnviewf *a, const vsip_cnview f *b,
const vsip_mview bl *r);

Arguments

a
View of input vector/matrix

View of input vector/matrix

View of Boolean output vector/matrix

Return value
None

Restrictions
Since the input and output vectors are of a different precision there is no in-place functionality for
this function.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.
Notes/References

Examples
For example of vector logical not equal see example included withvsi p_sal | true_bl .

See Also
6.6.14. vsip_dsslne_p
Computes the boolean comparison of “not equal,” by element, of ascalar constant with a vector/matrix.

Functionality
forj=0,1,...,N-1|fori=0,1, ..., M-1
ifalpha # b,then forj=0,1, ..., N-1

r; < true; ifalpha # b; then
else rij<— true;
r; < false; else

rij<— false;
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Prototypes

voi d vsip_svlne_i(vsip_scalar_i alpha, const vsip_vview.i *b,
const vsip_vview bl *r);
voi d vsip_csvlne_i(vsip_scalar_i al pha, const vsip_cvview.i *b,
const vsip_vview bl *r);
voi d vsip_svlne_f(vsip_scalar_f alpha, const vsip_vviewf *b,
const vsip_vview bl *r);
voi d vsip_csvlne_f(vsip_cscal ar_f al pha, const vsip_cvview f *b,
const vsip_vview bl *r);
voi d vsip_sm ne_i (vsip_scalar_i alpha, const vsip_nmview.i *b,
const vsip_mview bl *r);
voi d vsip_scm ne_i(vsip_scalar_i al pha, const vsip_cnview.i *b,
const vsip_mview bl *r);
voi d vsip_sm ne_f(vsip_scalar_f al pha, const vsip_nmview f *b,
const vsip_mview bl *r);
voi d vsip_scm ne_f(vsip_cscal ar_f al pha, const vsip_cnview f *b,
const vsip_mview bl *r);

Arguments
alpha
Input scalar

View of input vector/matrix

View of Boolean output vector/matrix

Return value
None

Restrictions
Since the input and output vectors are of a different precision there is no in-place functionality for
this function.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.
Notes/References
Examples

See Also

6.7. Selection Operations

The selection operationsinclude functionswhich select an element or el ementsfrom an input vector/matrix
or apair of input vectors/matrices based on some logical comparison between two input vectors/matrices
or a comparison between the elements of a single input vector/matrix and some selection criterion.

vsi p_sclip_p Vector/Matrix Clip
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vsi p_svfirst_p Vector Find First Vector Index
vsip_sinvclip_p Vector/Matrix Inverted Clip

vsi p_si ndexbool Vector/Matrix Index a Boolean

VSi p_snmax_p Vector/Matrix Maximum

VSi p_smaxng_p Vector/Matrix Maximum Magnitude

VSi p_scmaxngsq_p Vector/Matrix Complex Max Magnitude Squared
vsi p_scnmaxngsqval _p Vector/Matrix Complex Max Mag Squared Value
vsi p_smaxngval _p Vector/Matrix Maximum Magnitude Value

vsi p_smaxval _p Vector/Matrix Maximum Value

vsip_smn_p Vector/Matrix Minimum

vsi p_snmi nng_p Vector/Matrix Minimum Magnitude

VSi p_scm nngsq_p Vector/Matrix Complex Min Magnitude Squared
vsi p_scm nngsqval _p Vector/Matrix Complex Min Mag Squared Value
vsi p_sm nngval _p Vector/Matrix Minimum Magnitude Vaue
vsip_sminval _p Vector/Matrix Minimum Magnitude Vaue

6.7.1. vsip_sclip_p
Computes the generalized double clip, by element, of two vectors/matrices.

Functionality
For a vector/matrix a, filter each element according to the following rules, in order, producing the
output vector/matrix r. Note that once arule is met for an element the following rules are ignored.

r
c2

cl

tl t2 a

Cl lfajfll
ri={a; ifa;=t, forj=0,1, ..., N-1
Cy otherwise

or

Qs 01, M-

2 forj=0,1,.. N-1
(e otherwise

rig=\aj ifa;=t

Prototypes

voi d vsip_vclip_f(const vsip_vviewf *a, vsip_scalar_f tl1, vsip_scalar_f t2,
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vsi p_scal ar_f cl1, vsip_scalar_f c2, const vsip_vviewf *r);
void vsip_vclip_i(const vsip_vview.i *a, vsip_scalar_i tl1, vsip_scalar_i t2,
vsi p_scalar_i cl, vsip_scalar_i c2, const vsip_vview.i *r);
void vsip_nclip_f(const vsip_nmviewf *a, vsip_scalar_f tl1, vsip_scalar_f t2,
vsi p_scal ar_f cl, vsip_scalar_f c2, const vsip_nview f *r);
void vsip_nclip_i(const vsip_nmview.i *a, vsip_scalar_i tl1, vsip_scalar_i t2,
vsi p_scalar_i cl, vsip_scalar_i c2, const vsip_nmview.i *r);

Arguments

a
View of input vector/matrix

t1
Lower threshold

t2
Upper threshold

cl
Lower threshold clip value

c2
Upper threshold clip value
View of output vector/matrix

Return value
None

Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
The clipping rules are evaluated (in order) sequentially. Once a rule is met, the following rules are
ignored. The variablestl and t2 are unrestricted; it isnot an error if t2 < t1.

Examples

y Single-sided limiter

# VSi p_vview sp *x, *y;
vsi p_scal ar_sp al pha;

vsi p_vclip_sp(x, -VSIP_MAX_SP, alpha,
-VSI P_MAX_SP, al pha, vy);
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r Double-sided symmetric limiter
#
vsip_vview.il6 *x, *y;
vsi p_scal ar_i 16 al pha;
0 v3| p_vclip_i16(x, - al pha, al pha,
-al pha, al pha, y);
-#
-# 0 # a
y Bi-level thresholder
1
vsi p_vview uc *x, *y;
vsi p_scal ar _uc al pha;
v5| p_vclip_i16(x, alpha, alpha, 0, 1, y)j
0
X
r Clip off hi & low
/ VSi p_vview uc *x, *y;
vsi p_scal ar_uc al pha, beta;
v5| p_vclip_i1l6(x, alpha, beta, 0, 0, y);

# 0 # a

/* exanple of clip, double sided symretric linmter */

#i ncl ude<stdi 0. h>
#i ncl ude "vsip.h"

#define L 9
#define Pl 3.14159265359

int main()

{
vsi p_vview d *dataln, *datadip;
vsip_init((void *)0);

dataln = vsip_vcreate_d(L, VSIP_MEM NONE);
dataClip = vsip_vcreate_d(L, VSIP_MEM NONE);

/* make some data */
vsi p_vranp_d(0.0, (2 * PI)/(L -
vsi p_vcos_d(dat al n, dat al n);

datal n);

vsi p_vclip_d(dataln,-.8,.8,-.8,.8,datadip);
printf("clip Cosine between -.8 and .8\n in => out\n ");

vsi p_vget _d(dataln,i),vsip_vget_d(datadip,i));

{ . .
int i;
for(i=0; i<L; i++)
printf("%.4f => %.4f\n",
}
vsi p_finalize((void *)0);
return O;

}

/* output clip Cosine between -.8 and .8 in => out

1. 0000 => 0.8000
0.7071 => 0.7071
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- 0. 0000
. 7071
0000
7071
0000
7071
. 0000

...
poooroo

See Also

= -
= -
= -
= -

=>
=>
=>

coocoocoo

. 0000

7071
8000
7071
0000
7071

. 8000 */

vsip_sinvclip_p

6.7.2. vsip_dvfirst_p

Returns the index of the first element of a pair of vector view objects for which a user-specified binary
scalar function, applied by element, returns true.

Functionality

Givenastarting index j, apair of vectorsx and y, and a user-specified binary function f(xj, yj) returns:

Vector Index Return Value

When

j # length where length is the length in elements
of the vector view objectsx and y

I ength

f(xj, yj) isfalsefor al vector indicesj, such that O
2] <length where length isthe length in elements
of the vector view objectsx and y

FOxj, yi)

First vector

i ndex

is true

j for which

otherwise

Where f(x], yj) is a user-specified binary function that takes two scalar elements as arguments and
returns a boolean value.

Prototypes

vsi p_i ndex

vsi p_i ndex

vsi p_i ndex

vsi p_i ndex

vsi p_i ndex

vsi p_i ndex

Arguments

j

vsip_vfirst_f(vsip_index j,
vsi p_bool (*f)(vsip_scalar_f, vsip_scalar_f),
const vsip_vview f *x, const vsip_vviewf *y);
vsip_vfirst_i(vsip_index j,
vsi p_bool (*f)(vsip_scalar_i, vsip_scalar_i),
const vsip_vview.i *x, const vsip_vview.i *y);
vsip_vfirst_bl (vsip_index j,
vsi p_bool (*f)(vsip_scalar_bl, vsip_scalar_bl),
const vsip_vview bl *x, const vsip_vviewbl *y);
vsi p_vfirst_vi(vsip_index j,
vsi p_bool (*f)(vsip_index, vsip_index),

const vsip_vviewyvi *x, const vsip_vviewvi *y);
vsip_vfirst_m (vsip_index j,
vsi p_bool (*f)(vsip_scalar_m, vsip_scalar_m),
const vsip_vview m *x, const vsip_vviewm *y);
vsip_vfirst_ti(vsip_index j,
vsi p_bool (*f)(vsip_scalar_ti, vsip_scalar_ti),
const vsip_vviewti *x, const vsip_vviewti *y);

User specified starting index of search

User specified binary function of two scalars, returning a boolean
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X
Vector view object of x operand
y
Vector view object of y operand
Return value

This function returns a vector index value of:
1. j,if j is greater than the length of the vector view arguments

2. Thelength, if f*(x;, v, ) isfaseforal kj <k <length
3. Thefirst vector index & > j, for whichf(xk, Y, ) isnot false.

Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.
3. The pointer to the user-specified function must be valid - non-null.

Notes/References
There are no complex versions of this function. This is a consequence of supporting the
implementation of complex blocks with split storage, which is not compatible with avsip_cscalar_p
data type.

Examples
See Also
6.7.3. vsip_sinvclip_p
Computes the generalized inverted double clip, by element, of two vectors/matrices.

Functionality
For vector/matrix a, filter each element according to the following rules producing an output vector/
matrix r. Note that once aruleis met for an element the following rules are ignored.

Y,
#

# X

Clj ifaj<l‘1
¢ ifa;=1t, )
. forj=0,1, ..., N-1
Cz lfaJ§I3

a;  otherwise
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or
aij ifai,j < 4
¢, ifaj;=t, fori=0,1,.., M-1
ri;= . .
Yo e, ifa;;<t; forj=0,1,..,N-1
aij  otherwise
Prototypes

voi d vsip_vinvclip_f(const vsip_vviewf *a

vsi p_scalar_f t1, vsip_scalar_f
vsi p_scal ar_f cl1, vsip_scalar_f

voi d vsip_vinvclip_i(const vsip_vview.i *a,

vsip_scalar_i tl, vsip_scalar_i
vsi p_scalar_i cl, vsip_scalar_i

voi d vsip_mnvclip_f(const vsip_nview f *a,

vsi p_scalar_f t1, vsip_scalar_f
vsi p_scal ar_f cl1, vsip_scalar_f

voi d vsip_mnvclip_i(const vsip_nview.i *a,

vsip_scalar_i t1, vsip_scalar_i
vsi p_scalar_i cl, vsip_scalar_i

Arguments

a
View of input vector/matrix

t1
Lower threshold

t2
Mid threshold

t3
Upper threshold

cl
Lower threshold clip value

c2
Upper threshold clip value
View of output vector/matrix

Return value
None

Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.

2. All view objects must be valid.

t2,
c2,

t2,
c2,

t2,
c2,

t2,
c2,

vsi p_scal ar_f t3,
const vsip_vview f

vsi p_scalar_i t3,
const vsip_vview. i

vsi p_scal ar_f t3,
const vsip_mnmvi ew f

vsi p_scalar_i t3,
const vsip_mview. i

*ry);

*r);

*ry);

1)
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3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
The clipping rules are evaluated (in order) sequentially. Once a rule is met, the following rules are
ignored. The variablestl, t2, and t3 are unrestricted; it is not an error if therelationship ¢, < 7, < 5

does not hold.
Examples
y Clip out small values
# Vsi p_vview_ i1l6 *x, *y
vsi p_scal ar_i 16 al pha
Qéip_vinchip_ilG(x,-aIpha, 0, al pha
-al pha, al pha, y);
# X
See Also
vsip_sclip_p

6.7.4. vsip_sindexbool_p

Computesan index vector of theindices of the non-fal se elements of the bool ean vector/matrix, and returns
the number of non-false elements.

Functionality
Returns an index vector of the indices of the non-false elements of the boolean vector b, or boolean
meatrix B. The index vector is ordered; lower indices appear before higher indices. For a matrix,
elements appear in the index vector in accord with the magjor ordering of the matrix. If no non-false
elementsarefound, theindex vector isunmodified, otherwise the length of the vector view is set equal
to the number of non-false elements.

The Return value is the number of non-false elements.

Prototypes

vsi p_l engt h vsi p_vi ndexbool (const vsip_vview bl *b, vsip_vview.vi *index);
vsi p_l engt h vsi p_ni ndexbool (const vsip_nview bl *b, vsip_vview nm *index);

Arguments

b
View of input boolean vector/matrix

index
View of output vector/matrix

Return value
The Return value is the number of non-false elements.

Restrictions
The length of the return index vector is dependent on the number of non-false values in the boolean
object. The user must make sure that the index vector's length attribute is greater than or equal to the
maximum number of non-false elements expected. If the index vector isre-used for multiple calls, its
length may change after each call; therefore, the user should reset the length to the maximum value.
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No in-place operations are allowed.

Errors
The arguments must conform to the following:

1. All view objects must be valid.

2. The index vector must be of length greater than or equal to the number of non-false boolean
elements.

Notes/References

VSIPL does not support zero length vectors. It isimportant to test the return value for zero to handle
the case of no non-false elements.

Examples
For example of vsi p_si ndexbool _p seevsi p_dsgat her _p example.

See Also
vsi p_dsgat her _p,andvsi p_dsscatter _p

6.7.5. vsip_smax_p
Computes the maximum, by element, of two vectors/matrices.

Functionality
r;=max{a; b;} forj=0,1, .., N-I

rij=max{a;; bij} fori=0,1,..,M-1;forj=0,1, .., N-1

Prototypes

voi d vsip_vmax_f(const vsip_vview f *a, const vsip_vview f *b,
const vsip_vview f *r);

voi d vsip_mmax_f(const vsip_nview f *a, const vsip_mview f *b,
const vsip_mview f *r);

Arguments

a
View of input vector/matrix

View of input vector/matrix

View of output vector/matrix

Return value
None

Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.

2. All view objects must be valid.
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3. The input and output views must be identical views of the same block (in-place), or must not

overlap.
Notes/References

Examples

#i ncl ude<stdi 0. h>
#i ncl ude "vsip.h"

#define L
#define Pl

int nain()

{ . .
int i =
VSi p_vvi
VSi p_vvi
VSi p_vvi
VSi p_vvi
VSi p_vvi

Vsi p_i ni
dat aA =
dataB =
dat aMax
dataM n

dat aRanp

vsi p_vsi n_d( dat aRanp,
vsi p_vcos_d(dat aRanp,

9

3. 14159265359

0;

ew_
ew_
ew_
ew_d
ew_d

d *dat aA;
d *dat aB;
d *dat aMax;

*dat aM n;
*dat aRanp;

t((void *)0);
vsi p_vcreate_d(L, VSIP_MEM NONE);
vsi p_vcreate_d(L, VSIP_MEM NONE);

vsi p_vcreate_d(L, VSIP_MEM NONE);
vsi p_vcreate_d(L, VSIP_MEM NONE);

vsi p_vcreate_d(L, VSIP_MEM NONE);
/* Make up sone data */
vsi p_vranp_d(0. 0,

(2 * PI)/((double)(L-1)), dataRanp);

dat aA) ;
dat aB) ;

/* find the Max and M n of dataA and dataB */
vsi p_vnax_d( dat aA, dat aB, dat aMax) ;
vsi p_vm n_d( dat aA, dat aB, dat aM n) ;

/* print out the results */

printf(" A B Max Mn\n");
i <L

for(i =

0;

printf("%. 4f
vsi p_vget _d(dataA, i), vsip_vget_d(dataB, i),

vsi p_vget _d(dataMax,i), vsip_vget_d(dataMn,i));
/* recover allocated nenory */

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataA));

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataB));

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dat aMax));

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dat aRam));

vsi p_finalize((void *)0);
return O;

}

/* out put

/* A
0. 0000
0. 7071
1. 0000
0. 7071
-0. 0000
-0.7071
-1.0000
-0.7071

See Also

*/
B

1.
0.
-0.
-0.
-1.
-0.
0.
0.

0000
7071
0000
7071
0000
7071
0000
7071

%’

i ++)

LAf o, Af

Max

. 0000
. 7071
. 0000
. 7071
. 0000
. 7071
. 0000
. 7071

%. 4f\ n",

Mn

. 0000
. 7071
-0.
-0.
-1.
-0.
-1.
-0.

0000
7071
0000
7071
0000
7071 */

VSi p_smaxng_p, VSi p_scnaxngsqg_p, vsi p_scmaxngsqval _p, vsi p_snmaxngval _p,
vsi p_smn_p, Vsi p_sm nng_p, vsi p_scni nngsg_p,

vsi p_snmaxval _p,

vsi p_scm nngsqval _p,vsi p_sm nngval _p,andvsi p_smi nval _p
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6.7.6. vsip_smaxmg_p
Computes the maximum magnitude (absolute value), by element, of two vectors/matrices.

Functionality
ri=max{ajpft forj=0,1, .., N-1

rij=max{a;} |bij} fori=0,1,..,M-1;forj=0,1, ..., N-1
Prototypes

voi d vsip_vmaxng_f(const vsip_vviewf *a, const vsip_vviewf *b
const vsip_vview f *r);

voi d vsip_mraxng_f (const vsip_nmview f *a, const vsip_nview f *b
const vsip_mview f *r);

Arguments

a
View of input vector/matrix

View of input vector/matrix

View of output vector/matrix

Return value
None

Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples

#i ncl ude<stdi 0. h>
#i ncl ude "vsip.h"

#define L 9
#define Pl 3.14159265359

int main()

{
int i =0;
vsi p_vvi ew_d *dat aA;
vsi p_vview d *dat aB
vsi p_vvi ew_d *dat aMax
vsi p_vview_d *dataM n;
vsi p_vvi ew_d *dat aRanp
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vsip_init((void *)0);

dat aA = vsi p_vcreate_d(L, VSIP_MEM NONE)

dataB = vsi p_vcreate_d(L, VSIP_MEM NONE)

dat aMax vsi p_vcreate_d(L, VSIP_MEM NONE)

dat aM n vsi p_vcreate_d(L, VSIP_MEM NONE)

dat aRanp = vsip_vcreate_d(L, VSIP_MEM NONE)

/* Make up sone data */

vsi p_vranp_d(0.0, (2 * PlI)/((double)(L-1)), dataRanp);

vsi p_vsi n_d(dat aRanp, dataA)

vsi p_vcos_d(dat aRanp, dataB)

/* find the Maxi mum Magni tde dataA or dataB*/

vsi p_vmaxng_d( dat aA, dat aB, dat aMax)

vsi p_vm nng_d( dat aA, dat aB, dat aM n) ;

/* print out the results */

printf("A B Max Mag M n Mag\n");

for(i =0; i < L; i++)

printf("oa.4f 9% . 4f 9%.4f %.4f\n",

vsi p_vget _d(dataA, i), vsip_vget_d(dataB,i)
vsi p_vget _d(dataMax,i), vsip_vget_d(dataMn,i));

/* recover allocated nenory */

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataA));

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataB));

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dat aMVax));

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataM n));

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dat aRamp));

vsi p_finalize((void *)0);

return O

}

/* output */

I* A B Max Mag M n Mag
0.0000 1.0000 1.0000 O0.0000
0.7071 0.7071 0.7071 0.7071
1. 0000 -0.0000 1.0000 0.0000
0.7071 -0.7071 0.7071 0.7071

-0.0000 -1.0000 1.0000 O0.0000
-0.7071 -0.7071 0.7071 0.7071
-1.0000 0.0000 1.0000 O0.0000
-0.7071 0.7071 0.7071 0.7071
0. 0000 1.0000 1.0000 0.0000 */

See Also
For complex datausevsi p_scnaxnmgsq_p.

Vsi p_smax_p, vsi p_scrmaxngsq_p, vsi p_scrmaxnmgsqval _p, vsi p_snmaxngval _p,
vsi p_snmaxval _p, vsi p_smn_p, vsi p_sni nng_p, vsi p_scmi nngsq_p,
vsi p_scm nngsqval _p,vsi p_sm nngval _p,andvsi p_smi nval _p

6.7.7. vsip_scmaxmgsq_p
Computes the maximum magnitude squared, by element, of two complex vectors/matrices.

Functionality
ri=max{af,pf} forj=0,1,..,N-1

ri,jzmax{]aif, |bi,j2} fori=0,1, .., M-1;forj=0,1, ..., N-1
Prototypes

voi d vsip_vcmaxng_f (const vsip_cvview f *a, const vsip_cvviewf *b
const vsip_vview f *r);

voi d vsi p_ncrmaxng_f (const vsip_cnview f *a, const vsip_cnviewf *b
const vsip_mview f *r);
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Arguments

a
View of input vector/matrix

View of input vector/matrix

View of output vector/matrix

Return value
None

Restrictions
In-place operation for thisfunction meansthe output vector iseither area view, or animaginary view,
of one of the input vectors. No in-place operation is defined for an output vector which contains both
real and imaginary components of an input vector, or which does not exactly overlap a real view or
an imaginary view of one of the input vectors.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples

#i ncl ude<stdi 0. h>
#i ncl ude "vsip.h"

#define L 9
#define Pl 3.14159265359

int main()
{
/* Make up sone data space */
vsi p_cvvi ew_d *cdat aA;
vsi p_cvvi ew_d *cdat aB;
vsi p_vvi ew_d *dat aReA,

vsi p_vview_d *dat al mA

vsi p_vvi ew_d *dat aReB;

vsi p_vvi ew_d *dat al nB;

vsi p_vvi ew d *dat aMaxngsq;
vsi p_vvi ew d *dat aM nngsq;
int i =0;

vsip_init((void *)0);

cdataA = vsip_cvcreate_d(L, VSIP_MEM NONE);
cdataB = vsip_cvcreate_d(L, VSIP_MEM NONE);
dat aReA = vsi p_vreal vi ew _d(cdat aA);

datal mA = vsi p_vi magvi ew_d( cdat aA) ;

dat aReB = vsi p_vreal vi ew d(cdat aB);

datal mB = vsi p_vi magvi ew_d( cdat aB) ;
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dat aMaxmgsq = vsi p_vcreate_d(L, VSIP_MEM NONE)
dat aM nmgsq = vsi p_vcreate_d(L, VSIP_MEM NONE)
vsi p_vranp_d(0.001, (2 * PI)/((double)(L-1)), datalnB);
vsi p_vsin_d(datal nB, dataReA); vsip_vcos_d(datal nB, dataReB)
vsi p_vsqrt_d(datal mB, datal md); vsip_vrsqrt_d(datal mB, datalnB);
/* find the Maxi mum Magni tude Sq. of cdataA and cdat aB*/
vsi p_vcmaxngsq_d( cdat aA, cdat aB, dat aMaxngsq) ;
vsi p_vcm nngsq_d( cdat aA, cdat aB, dat aM nngsq) ;
/* print out the input */
printf("A B Max Mag Sg M n Mag Sg\n");
for(i =0; i < L; i++)
printf("(%.4f, %.4f) (9%.4f, % .4f) => 9. 4f 9%.4f\n"
vsi p_vget _d(dataReA, i), vsip_vget_d(datalm i)
vsi p_vget _d(dataReB, i), vsip_vget_d(datalnB,i)
vsi p_vget _d(dat aMaxngsq, i), vsi p_vget _d(dataM nngsq,i));
vsi p_vdestroy_d(dat aReA); vsip_vdestroy_d(datal m);
vsi p_vdestroy_d(dat aReB); vsip_vdestroy_d(datal nB);
vsi p_cbl ockdestroy_d(vsi p_cvdestroy_d(cdataA));
vsi p_cbl ockdestroy_d(vsi p_cvdestroy_d(cdataB));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dat aMaxnmgsq)) ;
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dat aM nngsq)) ;
vsi p_finalize((void *)0);

return 0

}

/* A B Max Mag S Mn Mag Sq
( 0.0010, 0.0316) ( 1.0000, 31.6228) => 1001.0000 0. 0010
( 0.7078, 0.8868) ( 0.7064, 1.1277) => 1.7706 1.2874
( 1.0000, 1.2537) (-0.0010, 0.7976) => 2.5718 0. 6362
( 0.7064, 1.5353) (-0.7078, 0.6513) => 2.8562 0. 9252
(-0.0010, 1.7727) (-1.0000, 0.5641) => 3.1426 1.3182
(-0.7078, 1.9819) (-0.7064, 0.5046) => 4.4290 0. 7536
(-1.0000, 2.1710) ( 0.0010, 0.4606) => 5.7134 0. 2122
(-0.7064, 2.3449) ( 0.7078, 0.4264) => 5.9978 0. 6829
( 0.0010, 2.5068) ( 1.0000, 0.3989) => 6.2842 1.1591 */

See Also

For real datausevsi p_smaxng_p.

Vsi p_smax_p, Vsip_smaxng_p, Vsip_scnaxngsqval _p, vsip_snmaxngval _p,
vsi p_smaxval _p, vsi p_smn_p, vsi p_sni nng_p, vsi p_scmi nnmgsq_p,
vsi p_scmi nngsqval _p,vsi p_sm nngval _p,andvsi p_smni nval _p

6.7.8. vsip_scmaxmgsqval_p

Returns the index and value of the maximum magnitude squared of the elements of a complex vector/
matrix. The index is returned by reference as one of the arguments.

Functionality

max «— |a,,|2 ;index «— 0 max «— \ao’olz ;index «— (0, 0)
forj=1,2,...,N-1 fori=1,2,..M-1
ifla f > maxthen forj=12,...N-1
max < |a ]{Z;index —j iﬂaif > maxthen
max «— |aif;index —(@ )

Where: [ =(Re(a) ) +(Im(a))
Prototypes

vsi p_scal ar_f vsi p_vcmaxnmgsqval _f (const vsip_cvview f *a, vsip_scalar_vi *index);
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vsi p_scal ar _f vsi p_ncnmaxnmgsqval _f (const vsip_cnview f *a, vsip_scalar_m *index);

Arguments

a
View of input vector/matrix

index
Pointer to index, if null the index is not returned

Return value
Returns the maximum magnitude squared val ue of the elements. The index isreturned using the index
pointer, if non-null.

Restrictions

Errors
The arguments must conform to the following:

1. All view objects must be valid.

Notes/References
If the vector/matrix has more than one element with identical maximum magnitude squared values,
the index of the first maximum magnitude squared is returned in the index.

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define Pl 3.1415926535
#define L 7 /* length */

int main()

{ . .
int i;
vsi p_vvi ew_d *dat aMagsq;
vsi p_cvvi ew_d *dat aCnpl x;
vsi p_vvi ew _d *dat aRe;
vsi p_vview d *datalm
vsi p_cscal ar_d cscal ar;
vsi p_scal ar_d ngsqgval ;
vsi p_scal ar_vi index = 0;

vsip_init((void *)0);

dat aMagsq = vsi p_vcreate_d(L, VSIP_MEM NONE);

dat aCmpl x = vsip_cvcreate_d(L, VSIP_MEM NONE);

dat aRe = vsi p_vreal vi ew _d(dat aCmpl x) ;

datal m = vsi p_vi nagvi ew_d( dat aCnpl x) ;

/* Make up sone data to find the nagnitude of */

vsi p_vranp_d(0.0, (2.0 * PI / (double) (L - 1)), dataRe);
vsi p_vsi n_d( dat aRe, dat aRe) ;

vsi p_vranp_d(0.0, (3.0 * PI / (double) (L - 1)), datalm;
vsi p_vcos_d(datal mdatal m;

vsi p_vdestroy_d(dataRe); /*don't need these views any nore*/
vsi p_vdestroy_d(datal m;

/* Find the Magnitude */

vsi p_vcnagsq_d(dat aCnpl x, dat aMagsq) ;

/*now print out dataCnplex an its magnitude squared*/
printf(" conplex vector => Mag Squared\n");

for(i=0; i<L; i++)

{
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cscal ar = vsip_cvget_d(dataCnpl x, (vsip_scalar_vi) i);
printf("(%.4f, %.4f) => %.4f\n",
vsip_real _d(cscalar), vsip_inmag_d(cscalar),
vsi p_vget _d(dat aMagsq, i));
}
/* now find the maxi mum and mi ni mum val ue and its index */
mgsqval = vsi p_vcnaxmgsqval _d(dat aCmpl x, & ndex);
printf("Max Mag Squared of 9%.4f at index %\n", ngsqval, (int) index);
mgsqval = vsi p_vcm nmgsqval _d(dat aCpl x, & ndex) ;
printf("Mn Mag Squared of %.4f at index %\n", ngsqval, (int) index)
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dat aMagsq));
vsi p_cbl ockdest roy_d(vsi p_cvdestroy_d(dat aCmpl x) ) ;
vsi p_finalize((void *)0);

return O
}
/*
conpl ex vector => Mag Squared
( 0.0000, 1.0000) => 1.0000
( 0.8660, 0.0000) => 0.7500
( 0.8660, -1.0000) => 1.7500
( 0.0000, -0.0000) => 0.0000
(-0.8660, 1.0000) => 1.7500
(-0.8660, 0.0000) => 0.7500
(-0.0000, -1.0000) => 1.0000
Max Mag Squared of 1.7500 at index 2
M n Mag Squared of 0.0000 at index 3 */
See Also

For real datausevsi p_smaxng_p.

Vsi p_smax_p, VSi p_snmaxng_p, Vsi p_scrmaxngsq_p, vsi p_smaxngval _p,
vsi p_smaxval _p, VSi p_sm n_p, vsi p_smi nng_p, vsi p_scmi nngsq_p,
vsi p_scm nngsqval _p,vsi p_sm nngval _p,andvsi p_smi nval _p

6.7.9. vsip_smaxmgval_p

Returns the index and value of the maximum absolute value of the elements of avector/matrix. The index
isreturned by reference as one of the arguments.

Functionality
max «— |a ;index «— 0 max < |ag gindex « (0, 0)
forj=1,2,..,N-1 fori=1,2,...M-1
ifla ) > maxthen forj=1,2,..,.N-1
max «— |a fiindex < j ifla; { > maxthen
max <« |a; ;index «— (i, j)
Prototypes

vsi p_scal ar _f vsip_vmaxngval _f(const vsip_vview f *a, vsip_scalar_vi *index)
vsi p_scal ar _f vsi p_mraxngval _f(const vsip_nview f *a, vsip_scalar_m *index)

Arguments

a
View of input vector/matrix

index
Pointer to index, if null the index is not returned
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Return value
Returns the maximum absolute value of the elements. The index is returned using the index pointer,
if non-null.

Restrictions

Errors
The arguments must conform to the following:

1. All view objects must be valid.

Notes/References
If the vector/matrix has more than one element with identical maximum absolute value values, the
index of the first maximum absolute value is returned in the index.

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define Pl 3.1415926535
#define L 7 /* length */
int nain()
{ . .

int i

vsi p_vvi ew_d* data

vsi p_scal ar_d ngval

vsi p_scalar_vi index =0

vsip_init((void *)0);
data = vsip_vcreate_d(L, VSIP_MEM NONE)
/* Make up sone data to find the nagnitude of */
vsi p_vranp_d(0.0, (2.0 * PI / (double) (L - 1)), data);
vsi p_vsi n_d(dat a, dat a);
printf(" data \n");
for(i=0; i<L; i++)
printf("%.4f\n", vsip_vget_d(data, i));
/* now find the max and min magni tude value and their index */
mgval = vsi p_vmaxngval _d(data, & ndex);
printf("Max Mag of %.4f at index %\n", ngval, (int) index);
mgval = vsip_vm nngval _d(data, & ndex);
printf("Mn Mag of %.4f at index %\n", mgval, (int) index)
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(data));
vsi p_finalize((void *)0);
return O

/* output */
/* 0.0000
0. 8660
0. 8660
0. 0000
-0. 8660
-0. 8660
-0.0000
Max Mag of 0.8660 at index 5
Mn Mag of 0.0000 at index 0 */

See Also
VSi p_smax_p, VSip_smaxng_p, VSip_scnaxngsq_p, Vsip_scnmaxngsqval _p,
vsi p_snmaxval _p, vsip_smn_p, vsi p_sm nng_p, vsi p_scmi nngsq_p,
vsi p_scm nngsqval _p,vsi p_sm nngval _p,andvsi p_smi nval _p
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6.7.10. vsip_smaxval_p

Returnstheindex and value of the maximum value of the elements of avector/matrix. Theindex isreturned
by reference as one of the arguments.

Functionality

max «— agiindex «— 0 max «— dag g;index < (0, 0)
forj=1,2,...N-1 fori=1,2,...M-1
ifa; > maxthen forj=1,2,...,.N-1
max «— ajindex « j ifa;;> maxthen
max < g jindex < (i, /)

Prototypes

vsi p_scal ar_f vsip_vnaxval _f(const vsip_vview f *a, vsip_scalar_vi *index);
vsi p_scal ar_f vsi p_mmaxval _f(const vsip_nview f *a, vsip_scalar_m *index);

Arguments

a
View of input vector/matrix

index
Pointer to index, if null the index is not returned

Return value
Returnsthe maximum value of the elements. Theindex isreturned using theindex pointer, if non-null.

Restrictions

Errors
The arguments must conform to the following:

1. All view objects must be valid.

Notes/References
If the vector/matrix has more than one element with identical maximum values, the index of the first
maximum is returned in the index.

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip. h"

#define Pl 3.1415926535
#define L 9 /* length */

int nmain()
{ . .
int i;
Vsi p_vvi ew_d* data;
vsi p_scal ar_vi index = 0;
vsi p_scal ar_d nmaxval = 0, minval = 0;

vsip_init((void *)0);

data = vsip_vcreate_d(L, VSIP_MEM NONE);

/* Make up sone data */

vsi p_vranp_d(0.0, (2.0 * PI / (double) (L - 1)), data);
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vsi p_vsin_d(data, data);
/*now print out data */
printf("lInput Vector \n");
for(i=0; i<L; i++)

printf("%.4f \n", vsip_vget_d(data, i));

}

/* Now find the maxi mum and mi ni mum val ue and their indices */
maxval = vsip_vmaxval _d(data, & ndex);

printf("Max Value of %.4f at index %\n", naxval, (int) index);
m nval = vsip_vm nval _d(data, & ndex);

printf("Mn Value of %.4f at index %\n", ninval, (int) index)
/* Destroy the vector views and any associ ated bl ocks */

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(data));

vsi p_finalize((void *)0);

return O

/ *out put */
/* 1nput Vector
0. 0000
7071
. 0000
. 7071
. 0000
-0.7071
-1. 0000
-0.7071
- 0. 0000
Max Val ue of 1.0000 at index 2
Mn Value of -1.0000 at index 6 */

coro

See Also
VSi p_smax_p, VSip_smaxng_p, VSip_scnmaxngsq_p, Vsip_scmaxnmgsqval _p,
vsi p_smaxmgval _p, vsi p_sm n_p, vsi p_sm nnyg_p, vVsi p_scm nngsq_p,
vsi p_scm nnmgsqval _p,vsi p_sm nngval _p,andvsi p_smi nval _p

6.7.11. vsip_smin_p
Computes the minimum, by element, of two vectors/matrices.

Functionality
r;=min{a; b;} forj=0,1, ..., N-1
rij=min{a;; b} fori=0,1,..,M-1;forj=0,1, ..., N-1

Prototypes

void vsip_vmn_f(const vsip_vview f *a, const vsip_vview f *b
const vsip_vviewf *r);

void vsip_nmmn_f(const vsip_nview f *a, const vsip_nviewf *b
const vsip_mview f *r);

Arguments
a
View of input vector/matrix

View of input vector/matrix

View of output vector/matrix
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Return value
None

Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples
For example of vsi p_sm n_p see examplewith vsi p_smax_p.

See Also

vsip_smn_p, Vsip_smaxng_p, VSip_scnaxngsq_p, Vsip_scnmaxngsqval _p,
vsi p_smaxngval _p, vsip_snmaxval _p, vsip_smnng_p, Vvsip_scnminngsq_p,
vsi p_scm nngsqval _p,vsi p_sm nngval _p,andvsi p_smi nval _p

6.7.12. vsip_sminmg_p
Computes the minimum magnitude (absolute value), by element, of two vectors/matrices.

Functionality
ri=minfajpf forj=0,1, .., N-1
rij=minfa;j |pif} fori=0,1,..,M-1;forj=0,1, .., N-1

Prototypes

voi d vsip_vm nng_f(const vsip_vviewf *a, const vsip_vview f *b,
const vsip_vview f *r);

voi d vsip_nmm nng_f(const vsip_nviewf *a, const vsip_nview f *b,
const vsip_nview f *r);

Arguments

a
View of input vector/matrix

View of input vector/matrix

View of output vector/matrix

Return value
None

Restrictions

Errors
The arguments must conform to the following:
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1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples
For example of vsi p_sni nng_p see examplewithvsi p_snmaxng_p.

See Also
For complex datausevsi p_scm nngsqg_p.

VSi p_smax_p, VSip_smaxng_p, VSip_scnaxngsqg_p, Vsip_scnmaxngsqval _p,
vsi p_smaxngval _p, vsip_smaxval _p, vsip_smn_p, Vvsip_scmnngsq_p,
vsi p_scm nngsqval _p,vsi p_sm nngval _p,andvsi p_sm nval _p

6.7.13. vsip_scminmgsq_p
Computes the maximum magnitude squared, by element, of two complex vectors/matrices.

Functionality
ri=min{af, b} forj=0,1, .., N-1

rij=min{a f, |pif} fori=0,1,..,M-1;forj=0, 1, ..., N-1
Prototypes

voi d vsip_vcm nng_f(const vsip_cvview f *a, const vsip_cvview f *b,
const vsip_vviewf *r);

voi d vsip_ncm nng_f(const vsip_cnview f *a, const vsip_cnviewf *b,
const vsip_nmview f *r);

Arguments

a
View of input vector/matrix

View of input vector/matrix

View of output vector/matrix

Return value
None

Restrictions
In-place operation for thisfunction meansthe output vector iseither areal view, or animaginary view,
of one of theinput vectors. No in-place operation is defined for an output vector which contains both
real and imaginary components of an input vector, or which does not exactly overlap area view or
an imaginary view of one of the input vectors.

Errors
The arguments must conform to the following:
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1. Input and output views must all be the same size.

2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples
For example of vsi p_scmni nnmgsq_p seeexampleof vsi p_scrmaxngsqg_p.

See Also
For real datausevsi p_sm nng_p.

VSi p_smax_p, VSip_smaxng_p, VSip_scnaxngsq_p, Vsip_scmaxnmgsqval _p,
vsi p_smaxngval _p, vsi p_smaxval _p, VsSi p_smi n_p, Vsi p_sni nng_p,
vsi p_scm nnmgsqval _p,vsi p_sm nngval _p,andvsi p_smi nval _p

6.7.14. vsip_scminmgsqgval_p

Returns the index and value of the minimum magnitude squared of the elements of a complex vector/
matrix. The index is returned by reference as one of the arguments.

Functionality

min «|a,/;index « 0 min «— |aq ¢ ;index < (0, 0)
forj=1,2,..,.N-1 fori=1,2,...M-1
ifla < minthen forj=1,2,..,N-1
min « | fjindex < j|  ifls;f < minthen
min «— |aif ;index «— (i, j)

Where: | = (Re(a))*+(Im(a) )
Prototypes

vsi p_scal ar_f vsip_vcni nngsqval _f (const vsip_cvview f *a, vsip_scalar_vi *index);
vsi p_scal ar_f vsi p_ntnm nngsqval _f (const vsip_cnview_ f *a, vsip_scalar_m *index);

Arguments

a
View of input vector/matrix

index
Pointer to index, if null the index is not returned

Return value
Returns the minimum magnitude squared value of the elements. The index isreturned using the index

pointer, if non-null.
Restrictions

Errors
The arguments must conform to the following:
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1. All view objects must be valid.

Notes/References
If the vector/matrix has more than one element with identical minimum magnitude sgquared values,
the index of the first minimum magnitude squared is returned in the index.

Examples
For example of vsi p_scni nngsqval _p seevsi p_scrmaxngsqval _p.

See Also
For real datausevsi p_smni nng_p.

VSi p_smax_p, VSip_smaxng_p, VSip_scnmaxngsq_p, Vsip_scmaxnmgsqval _p,
vsi p_smaxngval _p, vsi p_smaxval _p, VSi p_smi n_p, VsSi p_smi nng_p,
vsi p_scm nngsq_p, vsi p_sm nngval _p,andvsi p_sm nval _p

6.7.15. vsip_sminmgval_p

Returns the index and value of the minimum absolute value of the elements of a vector/matrix. The index
isreturned by reference as one of the arguments.

Functionality

min < |a ;index < 0 min < |ag g;index < (0, 0)
forj=1,2,..,N-1 fori=1,2,...M-1
ifja | < minthen forj=1,2,..,N-1
min < |a findex « j iflz; { < minthen
min < |a; index < (i, /)

Prototypes

vsi p_scal ar_f vsip_vm nngval _f(const vsip_vview f *a, vsip_scalar_vi *index);
vsi p_scal ar_f vsi p_mm nngval _f (const vsip_mview f *a, vsip_scalar_m *index);

Arguments

a
View of input vector/matrix

index
Pointer to index, if null the index is not returned

Return value
Returns the minimum absolute value of the elements. The index is returned using the index pointer,
if non-null.

Restrictions

Errors
The arguments must conform to the following:

1. All view objects must be valid.

Notes/References
If the vector/matrix has more than one element with identical minimum absolute value values, the
index of the first minimum absolute value is returned in the index.
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Examples
For example of vsi p_snmi nngval _p seeexampleof vsi p_smaxngval _p.

See Also
VSi p_smax_p, VSip_smaxng_p, VSip_scnaxngsq_p, Vsip_scmaxnmgsqval _p,
vsi p_smaxngval _p, vsi p_smaxval _p, VsSi p_sni n_p, Vsi p_sni nng_p,

vsi p_scm nnmgsq_p, Vvsi p_scm nngsqgval _p,andvsi p_smi nval _p
6.7.16. vsip_sminval_p

Returnstheindex and value of the minimum val ue of the elements of avector/matrix. Theindex isreturned
by reference as one of the arguments.

Functionality

min «— a index < 0 min < a p;index < (0, 0)
forj=1,2,...,N-1 fori=1,2,...M-1
ifa; <minthen forj=1,2,..,N-1
min < ajindex « j ifg;; < minthen
min < a; index < (i, )

Prototypes

vsi p_scal ar_f vsip_vninval _f(const vsip_vview f *a, vsip_scalar_vi *index);
vsi p_scal ar_f vsip_mm nval _f(const vsip_nview f *a, vsip_scalar_m *index);

Arguments

a
View of input vector/matrix

index
Pointer to index, if null the index is not returned

Return value
Returnsthe maximum val ue of the elements. Theindex isreturned using theindex pointer, if non-null.

Restrictions

Errors
The arguments must conform to the following:

1. All view objects must be valid.

Notes/References
If the vector/matrix has more than one element with identical minimum values, the index of the first
minimum is returned in the index.

Examples
For example of vsi p_smi nval _p seeexample of vsi p_snaxval _p.

See Also
VSi p_smax_p, VSip_smaxng_p, VSip_scnaxngsq_p, Vsip_scnmaxngsqval _p,
vsi p_smaxngval _p, vsi p_snmaxval _p, vsip_smn_p, vsi p_sm nny_p,

vsi p_scm nngsq_p, Vvsi p_scm nngsqgval _p,andvsi p_sm nngval _p
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6.8 [Bitwise and Boolean Logical Operations]

6.8. Bitwise and Boolean Logical Operations

These functions correspond to by element application of bitwise logical operators to vectors/matrices of
integers or logical operations to Boolean vectors/matrices.

vsi p_sand_p Vector/Matrix AND

vsi p_snot _p Vector/Matrix NOT

VSi p_sor_p Vector/Matrix OR

VSi p_sxor_p Vector/Matrix Exclusive OR

6.8.1. vsip_sand_p
Computesthe “AND”, by element, of two vectors/matrices.

Functionality
rj<—aj/\bj forj=0,1,...,N—l

rij<— ai,j/\bi,j fori= 0,1,...,M-1; fOI'j = O,l,...,N-l
Prototypes

voi d vsip_vand_i (const vsip_vview.i *a, const vsip_vview.i *b,
const vsip_vview.i *r);
voi d vsip_mand_i (const vsip_nview.i *a, const vsip_mview.i *b,
const vsip_nmview.i *r);
voi d vsi p_vand_bl (const vsip_vview bl *a, const vsip_vview bl *b,
const vsip_vview. bl *r);
voi d vsi p_mand_bl (const vsip_nview bl *a, const vsip_nview bl *b,
const vsip_nview bl *r);

Arguments

a
View of input vector/matrix

View of input vector/matrix

View of output vector/matrix
Return value
Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
For integers, the “AND” is bitwise, for booleans, it islogical.

299



6.8.2 [vsip_snot_p]

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 4

int nain()
{ . .
int i
vVsi p_vview bl *blA;
vsi p_vview bl *blB
vsi p_vvi ew_bl *andBl
vsi p_scal ar_bl vsip_false =0
vsi p_scal ar_bl vsip_true = !vsip_false

vsip_init((void *)0);

bl A = vsip_vcreate_bl (L, VSIP_MEM NONE)
bl B = vsip_vcreate_bl (L, VSIP_MEM NONE)
andBl = vsip_vcreate_bl (L, VSIP_MEM NONE)
/* Make up sone data */

vsi p_vput _bl (bl A 0, vsi p_fal se);

vsi p_vput _bl (bl B, 0, vsi p_f al se);

vsi p_vput _bl (bl A 1, vsi p_fal se);

vsi p_vput _bl (bl B, 1, vsi p_true);

vsi p_vput _bl (bl A 2, vsi p_true);

vsi p_vput _bl (bl B, 2, vsi p_fal se);

vsi p_vput _bl (bl A, 3, vsi p_true);

vsi p_vput _bl (bl B, 3, vsi p_true);

/* do a boolean AND of Awith B */

vsi p_vand_bl (bl A, bl B, andBl ) ;

/* print the results */

printf(" A B => A and B\n");

for(i = 0; i<L; i++)

{

printf("%s %s %s \n",

vsi p_vget _bl (bl Aji) ? "True ":"Fal se"

vsi p_vget _bl (bl B,i) ? "True ":"Fal se"

vsi p_vget _bl (andBl ,i) ? "True ":"Fal se");
}

/* recover allocated nenory */

vsi p_bl ockdestroy_bl (vsi p_vdestroy_bl (bl A));
vsi p_bl ockdestroy_bl (vsi p_vdestroy_bl (bl B));
vsi p_bl ockdestroy_bl (vsi p_vdestroy_bl (andBl));
vsi p_finalize((void *)0);

return 0

}

/* output */

/* A B => A and B
Fal se Fal se Fal se
Fal se True Fal se
True False Fal se
True True True */

See Also

vsi p_snot _p,vsi p_sor_p,andvsi p_sxor_p
6.8.2. vsip_snot_p
Computes the NOT (one's complement), by element, of a vector/matrix.

Functionality
rij<— —b; forj=0,1,.,N-1

rij<— —by; fori=0,1,..,M-1; forj=0,1,...,N-1
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Prototypes

voi d vsip_vnot_i(const vsip_vview.i *a, const vsip_vview.i *r);
voi d vsip_mot _i (const vsip_nview_ i *a, const vsip_nview.i *r);
voi d vsip_vnot_bl (const vsip_vview bl *a, const vsip_vview bl *r);
voi d vsi p_mot _bl (const vsip_nview bl *a, const vsip_nview bl *r);

Arguments

a
View of input vector/matrix

View of output vector/matrix
Return value
Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
For integers, the “NOT” is bitwise, for booleans, it islogical.

Examples

#i ncl ude <stdi o. h>
#i ncl ude "vsip.h"
#define L 4
mai n()
{ . .
int i;
vsi p_vview bl *blA;
vsi p_vview bl *bl B;
vsi p_vview bl *xorBl;
vsi p_vview bl * notBl;
vsi p_scal ar_bl vsip_false = 0;
vsi p_scal ar_bl vsip_true = !vsip_false;

vsip_init((void *)0);

bl A = vsip_vcreate_bl (L, VSIP_MEM NONE);
bl B = vsip_vcreate_bl (L, VSIP_MEM NONE);
xorBl = vsip_vcreate_bl (L, VSIP_MEM NONE);
not Bl = vsip_vcreate_bl (L, VSIP_MEM NONE);
/* Make up sone data */

vsi p_vput _bl (bl A 0, vsi p_fal se);

vsi p_vput _bl (bl B, 0, vsi p_f al se);

vsi p_vput _bl (bl A 1, vsi p_fal se);

vsi p_vput _bl (bl B, 1, vsi p_true);

vsi p_vput _bl (bl A, 2, vsip_true);

vsi p_vput _bl (bl B, 2, vsi p_fal se);

vsi p_vput _bl (bl A, 3, vsi p_true);

vsi p_vput _bl (bl B, 3, vsi p_true);

/* do a boolean XOR of Awith B */
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vsi p_vxor _bl (bl A, bl B, xorBl ) ;
/* do a bool ean not of xorBl);*/
vsi p_vnot _bl (xor Bl , not Bl ) ;
/* print the results */
printf(" A B => A xor B => not(A xor B)\n");
for(i = 0; i<L; i++)
{
printf("%s %s %s %s\n",
vsi p_vget _bl (bl Aji) ? "True ":"Fal se",
vsi p_vget _bl (bl B,i) ? "True ":"Fal se",
vsi p_vget _bl (xorBl,i) ? "True ":"Fal se",
vsi p_vget _bl (notBl,i) ? "True ":"Fal se");
}
/* recover allocated nenory */
vsi p_bl ockdestroy_bl (vsi p_vdestroy_bl (bl A));
vsi p_bl ockdestroy_bl (vsi p_vdestroy_bl (bl B));
vsi p_bl ockdestroy_bl (vsi p_vdestroy_bl (xorBl));
vsi p_finalize((void *)0);

return O

}

/* output */

I* A B => A xor B => not (A xor B)
Fal se Fal se Fal se True
Fal se True True Fal se
True False True Fal se
True True Fal se True */

See Also

vsi p_sand_p, vsi p_sor _p, andvsi p_sxor _p
6.8.3. vsip_sor_p
Computesthe “OR”, by element, of two vectors/matrices.

Functionality
ri<—a;Vb; forj=0,1,..N-1

rij<— ai,j\/bi,j fori= 0,1,...,M-1; fOI'j = O,l,...,N-l
Prototypes

voi d vsip_vor_i(const vsip_vview.i *a, const vsip_vview.i *b,
const vsip_vview.i *r);
voi d vsip_nor_i(const vsip_nview.i *a, const vsip_mview.i *b,
const vsip_nview.i *r);
voi d vsip_vor_bl (const vsip_vview bl *a, const vsip_vview bl *b,
const vsip_vview bl *r);
voi d vsip_nor_bl (const vsip_nview bl *a, const vsip_nview bl *b,
const vsip_nview bl *r);

Arguments

a
View of input vector/matrix

b
View of input vector/matrix
r
View of output vector/matrix
Return value
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Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
For integers, the “OR” is bitwise, for booleans, it islogical.

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 4

mai n()
{ . .
int i;
vsi p_vview bl *blA;
vsi p_vview bl *bl B;
vsi p_vview bl *orBl;
vsi p_scal ar_bl vsip_false = 0;
vsi p_scal ar_bl vsip_true = !vsip_false;

vsip_init((void *)0);

bl A = vsip_vcreate_bl (L, VSIP_MEM NONE);
bl B = vsip_vcreate_bl (L, VSIP_MEM NONE);
orBl = vsip_vcreate_bl (L, VSIP_MEM NONE);
/* Make up sone data */

vsi p_vput _bl (bl A 0, vsi p_fal se);

vsi p_vput _bl (bl B, 0, vsi p_f al se);

vsi p_vput _bl (bl A 1, vsi p_fal se);

vsi p_vput _bl (bl B, 1, vsi p_true);

vsi p_vput _bl (bl A 2, vsip_true);

vsi p_vput _bl (bl B, 2, vsi p_fal se);

vsi p_vput _bl (bl A, 3, vsi p_true);

vsi p_vput _bl (bl B, 3, vsi p_true);

/* do a boolean OR of Awith B */

vsi p_vor _bl (bl A bl B,orBl);

/* print the results */

printf(" AB=>Aor B\n");

for(i = 0; i<L; i++)

{
printf("%s %s %s \n",
vsi p_vget _bl (bl Aji) ? "True ":"Fal se",
vsi p_vget _bl (bl B,i) ? "True ":"Fal se",
vsi p_vget _bl (orBl,i) ? "True ":"Fal se");
}

/* recover allocated nenory */
vsi p_bl ockdestroy_bl (vsi p_vdestroy_bl (bl A));
vsi p_bl ockdestroy_bl (vsi p_vdestroy_bl (bl B));
vsi p_bl ockdestroy_bl (vsi p_vdestroy_bl (orBl));
vsi p_finalize((void *)0);
return O;

}

/* output */

/* A B =>Aor B
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Fal se Fal se Fal se
Fal se True True
True False True
True True True */

See Also
vsi p_sand_p,vsi p_snot _p,andvsi p_sxor_p
6.8.4. vsip_sxor_p

Computes the “XOR”, by element, of two vectorg/matrices.

Functionality
I’J'(—Clj@bj forj=0,l,...,N—1
ij<— ai’j®bi’j fori= 0,1,...,M-1; forj = 0,1,...,N-1

Prototypes

voi d vsip_vxor_i(const vsip_vview.i *a, const vsip_vview.i *b
const vsip_vview.i *r);

voi d vsip_mxor _i(const vsip_nview.i *a, const vsip_nview.i *b
const vsip_nmview.i *r);

voi d vsi p_vxor_bl (const vsip_vview bl *a, const vsip_vview bl *b
const vsip_vview. bl *r);

voi d vsip_nmxor_bl (const vsip_nview bl *a, const vsip_nview bl *b
const vsip_nmview bl *r);

Arguments

a
View of input vector/matrix

View of input vector/matrix

View of output vector/matrix
Return value
Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
For integers, the “XOR” is bitwise, for booleans, it islogical.

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"
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#define L 4

int nmain()
{ . .
int i;
/* Make up sone Bool ean data space */
VSsi p_vview bl * bl A;
vVsi p_vvi ew bl * bl B;
vsi p_vview bl * xorBl;
vsi p_scal ar_bl vsip_false = 0;
vsi p_scal ar_bl vsip_true = !vsip_false;

vsip_init((void *)0);

bl A = vsip_vcreate_bl (L, VSIP_MEM NONE);
bl B = vsip_vcreate_bl (L, VSIP_MEM NONE);
xorBl = vsip_vcreate_bl (L, VSIP_MEM NONE);
/* Make up sone data */

vsi p_vput _bl (bl A 0, vsi p_fal se);

vsi p_vput _bl (bl B, 0, vsi p_f al se);

vsi p_vput _bl (bl A 1, vsi p_fal se);

vsi p_vput _bl (bl B, 1, vsi p_true);

vsi p_vput _bl (bl A, 2, vsip_true);

vsi p_vput _bl (bl B, 2, vsi p_fal se);

vsi p_vput _bl (bl A, 3, vsi p_true);

vsi p_vput _bl (bl B, 3, vsi p_true);

/* do a boolean XOR of Awith B */

vsi p_vxor _bl (bl A, bl B, xorBl ) ;

/* print the results */

printf(" A B => A xor B\n");

for(i = 0; i<L; i++)

{
printf("%s %s %s \n",
vsi p_vget _bl (bl Aji) ? "True ":"Fal se",
vsi p_vget _bl (bl B,i) ? "True ":"Fal se",
vsi p_vget _bl (xorBl,i) ? "True ":"Fal se");
}

/* recover allocated nenory */

vsi p_bl ockdestroy_bl (vsi p_vdestroy_bl (bl A));
vsi p_bl ockdestroy_bl (vsi p_vdestroy_bl (bl B));
vsi p_bl ockdestroy_bl (vsi p_vdestroy_bl (xorBl));
vsi p_finalize((void *)0);

return O

}

/* output */

/* A B => A xor B
Fal se Fal se Fal se
Fal se True True
True False True
True True Fal se */

See Also

vsi p_sand_p,vsi p_snot_p,andvsi p_sxor_p
6.9. Element Generation and Copy

Thefollowing functions generate elementstofill avector/matrix view based upon scalar parameters. These
include random numbers, scalar fills, and ramps.

vsi p_dscopy_p_p Vector/Matrix/Tensor Copy

vsi p_dscopyt o_user _p Vector/Matrix Copy To User Memory
vsi p_dscopyfrom user _p Vector/Matrix Copy From User Memory
vsi p_dsfill _p Vector/Matrix Fill
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VSi p_vranp_p ‘Vector Ramp

6.9.1. vsip_dscopy_p_p

Copy the source vector/matrix/tensor to the destination vector/matrix/tensor performing any necessary
type conversion of the standard ANSI C scalar types.

Functionality
Copies the source data of the source vector/matrix/tensor view object to the destination data of the
destination vector/matrix/tensor view object performing any necessary type conversion of the standard
ANSI C scalar types.

Prototypes

voi d vsip_vcopy_s_t(const vsip_vviews *x, const vsip_vviewt *y);

voi d vsi p_vcopy_vi _vi(const vsip_vview vi *x, const vsip_vview.vi *y);
voi d vsip_vcopy_vi _i(const vsip_vview vi *x, const vsip_vview.i *y);
voi d vsip_vcopy_i_vi(const vsip_vview.i *x, const vsip_vview.vi *y);
voi d vsip_vcopy_m _m (const vsip_vview m *x, const vsip_vviewm *y);
voi d vsip_vcopy_ti_ti(const vsip_vview ti *x, const vsip_vviewti *y);
voi d vsip_vcopy_bl _t(const vsip_vview bl *x, const vsip_vviewt *y);
voi d vsip_vcopy_s_bl (const vsip_vviews *x, const vsip_vview.bl *y);
voi d vsip_cvcopy_s_t(const vsip_cvviews *x, const vsip_cvviewt *y);
voi d vsip_ntopy_s_t(const vsip_mviews *X, const vsip_nmiewt *Y);

voi d vsip_ntopy_bl _t(const vsip_nview bl *X, const vsip_nmiewt *Y);
voi d vsip_ntopy_s_bl (const vsip_nviews *X, const vsip_nview bl *Y);
voi d vsip_cntopy_s_t(const vsip_cnviews *X, const vsip_cnmviewt *Y);
voi d vsip_tcopy_s_t(const vsip_tviews *X const vsip_tviewt *Y);

voi d vsip_tcopy_bl_t(const vsip_tview bl *X, const vsip_ tviewt *Y);
voi d vsip_tcopy_s_bl (const vsip_tviews *X, const vsip_tviewbl *Y);
voi d vsip_ctcopy_s_t(const vsip_ctviews *X, const vsip_ctviewt *Y);

Where _s, and _t can be any combination of:

st ANSI C Type
i C signed char
s short int
i int
_li long int
N long long int (non-ANSI)
_uc unsigned char
_us unsigned short int
_ui unsigned int
_ul unsigned long int
_ull unsigned long long int (non-
ANSI)
f f float
_ double
_Id long double
VSIPL Type
Vi vsip_scalar_vi or vsip_index
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VSIPL Type
_mi vsip_scalar_mi
_ti vsip_scalar_ti
_hl vsip_scalar_bl or vsip_bool
Arguments
X

Source vector/matrix/tensor view object.

y
Destination vector/matrix/tensor view object.

Return value

Restrictions
If the source and destination overlap, the result is undefined.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
Booleans as a source map false and true into 0 and 1 (or 0.0 and 1.0) respectively. Booleans as a
destination map 0 (or 0.0) to false and everything else to true.

There are many possible different prototypes of thisfunction. Most implementationswill only support
a small subset. Profiles may define required copy functionality. An example of the core profile
required copiesis below.

Core Profile Required Copy functions

Vector _f i _bl _vi _mi _ti
f X X X
i X X X
_bl X X
Vi X X
_mi X
i X
Matrix _f _i _bl
f X
i
_bl
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The"“Core Profile” requires11vsip_vcopy + 1 vsip_mcopy + 1 vsip_cvcopy + 1 vsip_cmcopy. There
must be one base float _f type and one base integer _i typein aprofile. (Typically the base types are
float and int or double and int.) The base types must be fully supported in terms of the indicated table.

If an implementation supports more than one float or integer type, it must support copy functions
from/to that type to/from the base type as indicated by the table. For example, if the base types are
float and int, and the library also supports long int and unsigned char, then the following additional
copy routines are required to support the copy to/from the base int type:

vsip_vcopy_i_li, vsip_vcopy_li_i, vsip_vcopy_i_uc, vsip_vcopy_uc i
Examples
Prototype Examples:

Convert unsigned char to signed int:

voi d vsip_vcopy_uc_i(const vsip_vview.uc *x, const vsip_vview.i *y);

Convert complex user-specified unsigned 12 bit integers to complex single precision floating point:

voi d vsip_cvcopy_i12_f(const vsip_cvview_il2 *x, const vsip_cvview f *y);

See Also
6.9.2. vsip_dscopyto_user_p
Copy datareferenced by a VSIPL view to user alocated memory.

Functionality
The functionality is demonstrated using pseudo C code and well-defined VSIPL functionality. The
method described indicates functionality and not the actual method used by an implementation.

VSIPL considers user data arrays to always have unit stride. Copy to user memory implies a major
direction for matrices. The major argument in the prototypes indicates the major and minor stridein
the user memory, and the direction of copy from the view. User memory has a unit stride in the major
direction, and (for matrices) a stride the length of the major dimension in the minor direction.

In the notation below the view object we copy from is a, and the memory we copy into is R and
possibly I. The memory pointer | isused if the output data are split complex.

The value N is the vector length (vsip_dvgetlength_p(a)) for vectors, and for matrices N is
the row length (vsip_dmgetrowlength p(a)). The value M is the column length for matrices
(vsip_dmgetcollength_p(a)). The vector index is k and the matrix index is (j,k). Using the above
notation we have the following functionality for the copy to user memory.

For real vectors:

for(k=0; k<N, k++)
*(R+k) = vsip_vget_p(a,k);

For interleaved-complex vectors:

for(k=0; k<N, k++)

*(R+2*k) = vsip_real _p(vsip_cvget_p(a,k));
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*(R+1+2*Kk) = vsip_imag_p(vsip_cvget_p(a, k));
}

For split-complex vectors:

for(k=0; k<N, k++)
{
*(Rrk)
*(1+k)

vsi p_real _p(vsip_cvget_p(a,k));
vsi p_i mag_p(vsi p_cvget _p(a, k));

}

For real matrices copied as column major:

for(k=0; k<N, k++)
for(j=0; j<M j++)
*(R+j +k*M = vsip_nget_p(a,j,Kk);

For real matrices copied as row major:

for(j=0; j<M j++)
for(k=0; k<N; k++)
*(R+k+ *N) = vsip_nget _p(a,j,k);

For interleaved-complex matrices copied as column major:

for(k=0; k<N, k++)
for(j=0; j<M j++)
{

*(R+2*(j +k*M) = vsip_real _p(vsip_cnget_p(a,j,k))
*(R+1+2*(j +k*M)) = vsip_i mage_p(vsi p_cnget_p(a,j,k))
}

For split-complex matrices copied as column major:

for(k=0; k<N, k++)
for(j=0; j<M j++)
{

*(Rej +k*M

(14 +k M)
}

vsi p_real _p(vsip_cnget_p(a,j,k));
vsi p_i mage_p(vsi p_cnget _p(a,j, k));

For interleaved-complex matrices copied as row major:

for(j=0; j<M j++)
for(k=0; k<N, k++)
{
*(R+2*(k+j*N)) = vsip_real _p(vsip_cnget_p(a,j,k));
*(R+1+2*(k+j *N)) = vsip_i mage_p(vsip_cnget_p(a,j,k));
}

For split-complex matrices copied as row major:

for(j=0; j<M j++)
for(k=0; k<N, k++)
{
* (Rek+ *N)
*(1+k+ *N)

vsi p_real _p(vsip_cnget_p(a,j,k));
vsi p_i mage_p(vsi p_cnget _p(a,j, k));
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Prototypes

voi d vsip_vcopyto_user_p(const vsip_vview p *a, vsip_scalar_p* const R);
voi d vsi p_ntopyto_user_p(const vsip_nview p *a, vsip_nmjor ngjor,
vsi p_scal ar_p* const R);
voi d vsi p_cvcopyto_user_p(const vsip_cvview p *a,
vsi p_scal ar_p* const R, vsip_scalar_p* const 1);
voi d vsi p_cntopyto_user_p(const vsip_cnview p *a, vsip_major najor,
vsi p_scal ar_p* const R, vsip_scalar_p* const 1);

Arguments

a
View of input vector/matrix

major
The direction of copy, either by rows or by columns, for matrix copies.

R
Pointer to beginning of output memory. For real views, or complex views where | is not a null
pointer then R should point to allocated memory of size [ELEMENTS*sizeof(vsip_scalar_p)].
For complex if | is NULL then R should point to user memory of size
[2*ELEMENTS*sizeof (vsip_scalar_p)] and the output of the copy will be interleaved complex.
|
Pointer to output of imaginary part of complex data or NULL. If | is not a null pointer then it
should point to allocated memory of sizef ELEMENTS*sizeof(vsip_scalar_p)] and the output of
the copy will be split complex.
Return value
Restrictions

The arguments must conform to the following:
1. All view objects must be valid.
Errors

Notes/References
It is the responsibility of the user to ensure that sufficient memory is available to receive the data
copied from the input view.

The major and minor stride of the view object is not relevant to the functionality. For thisfunction the
major argument indicates the direction of copy from matrices and the major and minor stride direction
of user memory.

Examples

See Also
vsi p_dscopyfrom user_p

6.9.3. vsip_dscopyfrom_user_p

Copy datafrom user allocated memory to aVSIPL view.
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Functionality
The functionality is demonstrated using pseudo C code and well-defined VSIPL functionality. The
method described indicates functionality and not the actual method used by an implementation.

VSIPL considers user data arrays to always have unit stride. Copy from user memory implies amajor
direction for matrices. The major argument indicates the major and minor stride in the user memory,
and the direction of copy into the view. User memory has a unit stride in the major direction, and (for
matrices) a stride the length of the major dimension in the minor direction.

In the notation below the view object we copy to is a, and the memory pointer we copy fromisR and
possibly I. The memory pointer | isused if the input data are split complex.

The value N is the vector length (vsip_dvgetlength_p(a)) for vectors, and for matrices N is
the row length (vsip_dmgetrowlength_p(a)). The value M is the column length for matrices
(vsip_dmgetcollength_p(a)). The vector index is k and the matrix index is (j k).

Using the above notation we have the following functionality for the copy to aVSIPL view

For rea vectors:

for(k=0; k<N, k++)

{
vsip_scalar_p re = *(R+k);
vsip_vput_p(a, k, re);

}

For interleaved-complex vectors:

for(k=0; k<N, k++)

{
vsip_scalar_p re = *(R+2*k), im= *(R+2*k+1);

vsi p_cvput _p(a, k,vsip_cnpl x_p(re,in);
}

For split-complex vectors:

for(k=0; k<N, k++)
{

vsip_scalar_p re = *(R+k), im= *(1+K);
vsi p_cvput _p(a, k, vsi p_cnpl x_p(re,im);

For real matrices copied as column major:

for(k=0; k<N; k++)
for(j=0; j<M j++)
{

vsip_scalar_p re = *(R+ +k* M) ;
vsip_nput_p(a,j, Kk re);
}

For real matrices copied as row major:

for(j=0; j<M j++)
for(k=0; k<N, k++)
{
vsip_scalar_p re = *(Rtk+j *N);
vsip_nmput _p(a,j,k, re);
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For interleaved-complex matrices copied as column major:

for(k=0; k<N, k++)
for(j=0; j<M j++)
{

vsip_scalar_p re = *(R+2*(j +k*M)),

im = *(ReLl+2%(j +k*M);

vsi p_cnput _p(a,j,k,vsip_crmplx_p(re,im);
}

For split-complex matrices copied as column major:

for(k=0; k<N, k++)
for(j=0; j<M j++)
{

vsip_scalar_p re = *(R+j+k*M, im= *(1+j +k*M;
vsi p_cnput _p(a,j,k,vsip_cnplx_p(re,im);
}

For interleaved-complex matrices copied as row major:

for(j=0; j<M |++)
for(k=0; k<N, k++)
{
vsip_scalar_p re = *(R+t2*(k+j *N)),
im= *(R+t1+2* (k+j *N));
vsi p_cnput _p(a,j,k,vsip_cnplx_p(re,im);
}

For split-complex matrices copied as row major:

for(k=0; k<N, k++)
for(j=0; j<M j++)
{

vsip_scalar_p re = *(R+k+j *N), im= *(I+k+j*N);
vsi p_cnput _p(a,j, k,vsip_crmplx_p(re,im);
}

Prototypes

voi d vsi p_vcopyfrom user_p(vsip_scal ar_p* const R const vsip_vviewp *a);
voi d vsi p_ntopyfrom user_p(vsip_scal ar_p* const R vsip_najor ngjor,
const vsip_nmviewp *a);
voi d vsi p_cvcopyfrom user_p(vsip_scal ar_p* const R vsip_scalar_p* const I,
const vsip_cvview p *a);
voi d vsi p_cntopyfrom user_p(vsi p_scal ar_p* const R vsip_scalar_p* const I,
vVsi p_maj or major, const vsip_cnview.p *a);

Arguments
Note that ELEMENTS is the number of elements of data referenced by the view. For vectors thisis
the vector length and for matrices thisis the row length times the column length.

R
Pointer to input memory holding data. For real views, or complex views where | is not a null
pointer then R should point to allocated memory of size [ELEMENTS*sizeof(vsip_scalar_p)].
For complex if | is NULL then R should point to alocated memory of size
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[2*ELEMENTS*sizeof(vsip_scalar_p)] and the input data area assumed to be interleaved
complex.

Pointer to input memory holding theimaginary part of the complex dataor NULL. If l isnot anull
pointer then it should point to allocated memory of size[ ELEMENTS* sizeof(vsip_scalar_p)] and
the input data are assumed to be split complex.

major
The direction of copy, either by rows or by columns, for matrix copies.
View of output vector/matrix.
Return value
Restrictions

Errors
The arguments must conform to the following:

1. All view objects must be valid.

Notes/References
The major and minor stride of the view object is not relevant to the functionality. For thisfunction the
major argument indicates the direction of copy from matrices and the major and minor stride direction
of user memory.

Examples

See Also
vsi p_dscopyfrom user _p

6.9.4. vsip_dsfill_p
Fill avector/matrix with a constant value.

Functionality
ri<—oa forj=0,1,..,N-1

rij«<—a fori=0,1,..,M-1;forj=0,1, .. N-1

Prototypes
void vsip_vfill_i(vsip_scalar_i alpha, const vsip_vview.i *r);
void vsip_vfill_f(vsip_scalar_f alpha, const vsip_vviewf *r);
voi d vsip_cvfill_f(vsip_cscalar_f al pha, const vsip_cvview f *r);
void vsip_nfill_i(vsip_scalar_i alpha, const vsip_nview.i *r);
void vsip_nfill_f(vsip_scalar_f alpha, const vsip_nviewf *r);
void vsip_cnfill _f(vsip_cscalar_f al pha, const vsip_cnview f *r);
Arguments
alpha
Scalar fill value

View of output vector/matrix
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Return value
Restrictions

Errors
The arguments must conform to the following:

1. All view objects must be valid.
Notes/References

Examples
There are numerous instances of vsi p_dsfi || _p in other examples. See, the example included
withvsi p_dsexpoavg_p.

See Also
vsi p_vranp_p

6.9.5. vsip_vramp_p

Computes a vector ramp by starting at an initial value and incrementing each successive element by the
ramp step size.

Functionality
ri<—a+k*p forj=0,1,..,N-1

Prototypes

voi d vsip_vranp_i (vsip_scalar_i al pha, vsip_scalar_i beta, const vsip_vview.i *r);
voi d vsip_vranp_f(vsip_scal ar_f al pha vsip_scalar_f beta, const vsip_vviewf *r);

Arguments

alpha
Initial value of vector ramp

beta
Ramp increment (decrement if negative)

View of output vector
Return value
Restrictions

Errors
The arguments must conform to the following:

1. All view objects must be valid.
Notes/References

Examples
There are numerous examples of ramp in other examples. See for instance the example included with
vsi p_shypot _p.

See Also
vsip_dsfill _p
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6.10. Manipulation Operations

These functions operate by copying vectors/matrices, or parts of vectors/matrices, from one vector/matrix
location to another. In addition, functions whose primary job isto convert to or from a complex data type
from areal or polar datatype are included here.

vsip_scmplx_p Vector/Matrix Complex
vsip_dsgather_p Vector/Matrix Gather
vsip_dtgather p Tensor Gather
vsip_simag_p Vector/Matrix Imaginary
vsip_spolar_p Vector/Matrix Polar
vsip_sreal_p Vector/Matrix Real
vsip_srect_p Vector/Matrix Rectangular
vsip_dsscatter_p Vector/Matrix Scatter
vsip_dtscatter p Tensor Scatter
vsip_dsswap_p Vector/Matrix Swap

6.10.1. vsip_scmplx_p
Form a complex vector/matrix from two real vectors/matrices.

Functionality
Re(}"j) <—a],Im(r])<—bJ forj=0, 1,...,N-1
Re(ri’j) <« ai’j;Im(ri’j) «— bi,j fori= 0,1,..., M-l, fij = 0, 1, ceey N-1

Prototypes

voi d vsip_vecnpl x_f(const vsip_vviewf *a, const vsip_vview f *b,
const vsip_cvviewf *r);

voi d vsip_ncnpl x_f(const vsip_nviewf *a, const vsip_nview f *b,
const vsip_cnview f *r);

Arguments

a
View of input vector/matrix which contains the real part

View of input vector/matrix which contains the imaginary part

View of output vector
Return value

Restrictions
In-place operation for this function means the input vectors (one or both) are either area view, or
an imaginary view, of the output vector. No in-place operation is defined for an input vector which
contains both real and imaginary components of the output vector, or which do not exactly overlap a
real view or an imaginary view of the output vector.

Errors
The arguments must conform to the following:
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1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples
For example of complex see example included with vsi p_cvj dot _p.

See Also
vsi p_simag_p,vsi p_spol ar_p,vsi p_sreal _p,andvsi p_srect_p

6.10.2. vsip_dsgather_p

The gather operation selects elements of a source vector/matrix using indices supplied by an index vector.
The selected elements are placed sequentially in an output vector so that the output vector and the index
vector are indexed the same.

Functionality
y/ (_xindexj fOI‘_] = O, 1, ceey N—l

Where N isthe index vector length.

Notethat an index vector for avector contains scalar el ements suitable for indexing avector. Anindex
vector for a matrix contains elements consisting of pairs of scalars (row index and column index)
suitable for indexing a matrix. The output of a gather is aways avector.

Prototypes

voi d vsip_vgather_i (const vsip_vview.i *x, const vsip_vview vi *index,
VSi p_vview.i *y);
voi d vsi p_ngat her_i (const vsip_nmview.i *x, const vsip_vview m *index,
VSi p_vview.i *y);
voi d vsi p_vgat her_m (const vsip_vview m *x, const vsip_vviewvi *index,
VSi p_vview m *y);
voi d vsi p_vgat her_f(const vsip_vview f *x, const vsip_vview vi *index,
vsi p_vview f *y);
voi d vsi p_ngat her _f(const vsip_nmview f *x, const vsip_vview m *index,
vsi p_vview f *y);
voi d vsi p_cvgat her_f (const vsip_cvview f *x, const vsip_vviewvi *index,
vsi p_cvview f *y);
voi d vsi p_cngat her _f (const vsip_cnview f *x, const vsip_vview m *index,
vsi p_cvview f *y);

Arguments

X
View of input source vector/matrix

index
View of input vector/matrix index vector

y
View of output destination vector/matrix

Return value
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Restrictions
The length of the destination vector must be (set to) the same size as the index vector.

Errors
The arguments must conform to the following:

1. Theindex and output vectors views must be the same length.
2. All view objects must be valid.
3. Index valuesin the index vector must be valid indexes into the source vector.

Notes/References
The destination vector must be the same size as the index vector. If these are not predetermined they
should be checked and set at runtime.

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 10 /* A length */
#define Pl 3.141592653589793

int main()

{
vsi p_vvi ew_d *dat aA;
vsi p_vvi ew_d *dat aB;
Vsi p_vvi ew_ vi *Index;
vsi p_vvi ew bl *dataBl;
int i;
vsi p_length N

vsip_init((void *)0);

dataA = vsip_vcreate_d(L, VSIP_MEM NONE);
dataB = vsip_vcreate_d(L, VSIP_MEM NONE);
I ndex = vsip_vcreate_vi (L, VSIP_MEM NONE);

dataBl = vsip_vcreate_bl (L, VSIP_MEM NONE);

/* Make up sone data */

vsi p_vranp_d(0,2 * PI/(L-1), dataA);

vsi p_vcos_d(dat aA, dat aB) ;

/* Find out where dataB is greater than zero */

vsi p_vfill_d(O, dataA);

vsi p_vl ge_d( dat aB, dat aA, dataBl ) ;

/* Find the index where dataB is greater than zero */
i f((N = vsip_vindexbool (dat aBl , | ndex)))

{
/* make a vector of those points where dataB is greater than zero*/
vsi p_vgat her _d(dat aB, | ndex, vsi p_vput| engt h_d(dataA, N));
/*print out the results */
printf("lIndex Val ue\n");
for(i=0; i<N |i++)
printf("%i 9%.3f\n", vsip_vget_vi(lIndex,i),
vsi p_vget _d(dataA,i));
}
el se

printf("Zero Length | ndex");

}

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataA));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataB));
vsi p_bl ockdest roy_vi (vsi p_vdestroy_vi (I ndex));
vsi p_bl ockdestroy_bl (vsi p_vdestroy_bl (dataBl));
vsi p_finalize((void *)0);
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return O;
}
/* output */
/* I ndex Val ue
0 1. 000
. 766
. 174
. 174
. 766
. 000 */

© 0o~NNBE
P OOOOo

See Also
Thefunctionvsi p_si ndexbool may be used to produce index vectors from boolean results. The
functionvsi p_sscat t er _p isaninversefunction of gather.

6.10.3. vsip_dtgather_p
Gather tensor elements into avector.

Functionality
Selects values from tensor U to gather (place) into vector v, using indices from vector t, such that:

VU forj=0,1, .., N-1
Prototypes

voi d vsip_tgather_f(const vsip_tviewf *U, const vsip_vviewti *t,
const vsip_vview f *v);
voi d vsip_ctgather_f(const vsip_ctview f *U const vsip_vviewti *t,
const vsip_cvview f *v);
voi d vsip_tgather_i(const vsip_tview.i *U const vsip_vviewti *t,
const vsip_vview.i *v);
voi d vsip_ctgather_i(const vsip_ctview.i *U, const vsip_vviewti *t,
const vsip_cvview.i *v);
voi d vsip_tgather_bl (const vsip_tviewbl *U const vsip_vviewti *t,
const vsip_vview bl *v);

Arguments

U
Input — Tensor view of source

Input - View of index vector

Output — Vector view of destination
Return value

Restrictions
The length of the destination vector must be (set to) the same size as the index vector.

Errors
Thefollowing cause aV SIPL runtime error in development mode; in production mode the resultswill
be implementation dependent.

1. Theindex input vector and the output vector must have identical lengths.

2. Arguments passed to the function must be defined and must not be null.
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3. Index valuesin the index vector must be valid indexes into the source tensor.
Notes/References
Examples

See Also

6.10.4. vsip_simag_p

Extract the imaginary part of acomplex vector/matrix.

Functionality
ri<—Im(a;) forj=0,1,.., N-1

rij<—Im(a;) fori=0,1,..,M-1;forj=0,]1,..,N-1
Prototypes

void vsip_vimag_f(const vsip_cvview f *a, const vsip_vviewf *r);
void vsip_mnmag_f(const vsip_cnview f *a, const vsip_nviewf *r);

Arguments

a
View of complex input vector/matrix

View of real output vector(matrix)
Return value

Restrictions

If donein-place the output isplaced in areal or imaginary view of the input. No in-place functionality
is defined which places the output in aview which encompasses both real and imaginary spacein the
input vector. The output vector for in-place must exactly overlap the data space of the real view or

theimaginary view of the input, and must not be disjoint.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.

2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not

overlap.

Notes/References

Frequently it would be preferable to use the support function vsi p_i magvi ew_p instead of
vsi p_i mag_p. The difference is whether a copy of the imaginary portion of the vector is made, or

just aview of the imaginary portion is returned.

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"
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#define Pl 3.1415926535
#define L 7 /* length */

int nmain()
{ . .
int i;
vsi p_cvvi ew_d*dat aEul er;
vsi p_vview d *data, *real, *imag;

vsip_init((void *)0);
dat aEul er = vsip_cvcreate_d(L, VSIP_MEM NONE)
data = vsip_vcreate_d(L, VSIP_MEM NONE)
real vsi p_vcreate_d(L, VSIP_MEM NONE)
i mag vsi p_vcreate_d(L, VSIP_MEM NONE)
/* Make up sone data */
/* compute a ranp fromzero to 2pi */
vsi p_vranp_d(0.0, (2.0 * PI / (double) (L - 1)), data);
vsi p_veul er_d(data, dataEuler);
/* find the real and imaginary parts */
vsi p_vreal _d(dataEul er, real)
vsi p_vi nag_d(dat akEul er, imag);
/* print the results */
printf(" Conplex Real |maginary\n");
for(i=0; i<L; i++)
{
printf("(%.4f, %.4f) => 9%.4f; %.4f\n",
vsi p_real _d(vsi p_cvget _d(dataEuler,i)),
vsi p_i mag_d(vsi p_cvget _d(dataEuler,i)),
vsi p_vget _d(real,i),
vsi p_vget _d(inag,i));
}
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(data));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(real));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(inag));
vsi p_cbl ockdestroy_d(vsi p_cvdestroy_d(dataEul er));
vsip_finalize((void *)0);

return 0

}

/* output */

/* Conpl ex Real | magi nary
( 1.0000, 0.0000) => 1.0000; 0.0000
( 0.5000, 0.8660) => 0.5000; 0.8660
(-0.5000, 0.8660) => -0.5000; O0.8660
(-1.0000, 0.0000) => -1.0000; 0.0000
(-0.5000, -0.8660) => -0.5000; -0.8660
( 0.5000, -0.8660) => 0.5000; -0.8660
( 1.0000, -0.0000) => 1.0000; -0.0000 */

See Also
vsi p_si magvi ew_f, vsi p_scnpl x_p, vsi p_si mag_p, vsi p_spol ar _p,

vsi p_sreal _p,andvsi p_srect_p
6.10.5. vsip_spolar_p

Convert a complex vector/matrix from rectangular to polar form. The polar data consists of areal vector/
matrix containing the radius and a corresponding real vector/matrix containing the argument (angle) of
the complex input data.

Functionality
rj<—\a_]{;goj<—arg(aj) forj=0,1, .., N-1

ri,j<—|ai’j;goi’j<— arg(a;j) fori=0,1,..,M-1;forj=0,1, .., N-1
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Prototypes

voi d vsip_vpol ar_f(const vsip_cvviewf *a

const vsip_vview f *r, const vsip_vview f *phi);
voi d vsip_npol ar_f(const vsip_cnviewf *a

const vsip_mview f *r, const vsip_nview f *phi);

Arguments

a
View of input rectangular form vector/matrix

View of output radius (magnitude) vector/matrix

phi
View of output angle (argument), 0 vector/matrix

Return value

Restrictions
In-place operation for this function requires that the radius and argument output vectors be placed
inareal or imaginary view of the input vector. No in-place functionality is defined where an output
view contains both real and imaginary data space. The in-place real or imaginary view must exactly
overlap the input data space and must not be digjoint.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
For in-place there is no requirement on which view which output vector is placed in. So the radius
vector could go in either the real or imaginary view, and the argument vector would go in the view
not used by the radius vector.

In VSIPL, complex numbers are always in rectangular (Cartesian) format. The polar form is
represented by two real vectors/matrices.

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define Pl 3.1415926535
#define L 7 /* length */

int main()
{ . .
int i
vsi p_cvvi ew_d* dat aEul er
vsi p_vview d *data, *radius, *arg

vsip_init((void *)0);
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dat aEul er = vsip_cvcreate_d(L, VSIP_MEM NONE)
data = vsip_vcreate_d(L, VSIP_MEM NONE)
radi us = vsip_vcreate_d(L, VSIP_MEM NONE)
arg = vsip_vcreate_d(L, VSIP_MEM NONE)
/* Make up sone data */
/* compute a ranp fromzero to 2pi */
vsi p_vranp_d(0.0, (2.0 * PI / (double) (L - 1)), data);
vsi p_veul er _d(dat a, dat aEul er);
/* find the radius and argunent */
vsi p_vpol ar_d(dat akul er, radius, arg);
/* print the results */
printf("rect radius argunent\n");
for(i=0; i<L; i++)
{
printf("(%.4f, %.4f) => 9%.4f; %.4f\n",
vsi p_real _d(vsi p_cvget _d(dataEuler,i)),
vsi p_i mag_d(vsi p_cvget _d(dataEuler,i)),
vsi p_vget _d(radi us,i),
vsi p_vget _d(arg,i));
}
/*destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(data));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(radius));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(arg));
vsi p_cbl ockdestroy_d(vsi p_cvdestroy_d(dataEul er));
vsip_finalize((void *)0);

return O

}

/* output */

/* rect radi us ar gunent
( 1.0000, 0.0000) => 1.0000; 0. 0000
( 0.5000, 0.8660) => 1.0000; 1.0472
(-0.5000, 0.8660) => 1.0000; 2.0944
(-1.0000, 0.0000) => 1.0000; 3. 1416
(-0.5000, -0.8660) => 1.0000; -2.0944
( 0.5000, -0.8660) => 1.0000; -1.0472
( 1.0000, -0.0000) => 1.0000; -0.0000 */

See Also

vsi p_scnpl x_p,vsi p_sinmag_p,vsip_sreal _p,andvsi p_srect_p
6.10.6. vsip_sreal_p
Extract the real part of a complex vector/matrix.

Functionality
ri<—Re(a;) forj=0,1,..,N-1

rij<—Re(ay;) fori=0,1,..,M-1;forj=0,1, .., N-1
Prototypes

void vsip_vreal _f(const vsip_cvview f *a, const vsip_vviewf *r)
void vsip_nreal _f(const vsip_cnview f *a, const vsip_mview f *r)

Arguments

a
View of complex input vector/matrix

View of real output vector(matrix)
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Return value

Restrictions
If donein-placethe output isplaced in areal or imaginary view of theinput. No in-place functionality
is defined which places the output in aview which encompasses both real and imaginary spacein the
input vector. The output vector for in-place must exactly overlap the data space of the real view or
the imaginary view of the input, and must not be digjoint.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
Frequently it would be preferable to use the support function vsi p_sr eal vi ew_p instead of
vsi p_sreal _p. The difference is whether a copy of the imaginary portion of the vector is made,
or just aview of theimaginary portion is returned.

Examples
For example of vsi p_sreal _p seeexampleunder vsi p_si mag_p

See Also
vsi p_sreal view p, vsip_scnplx_p, vsip_sinmg_p, vVvsip_spolar_p, and
vsip_srect_p

6.10.7. vsip_srect_p
Convert apair of real vectors/matrices from complex polar to complex rectangular form.

Functionality
Y, ricos(p,) +jsin( g, )) fork=0,1, .., N-1

yk1<—rk1(cos(gokl) +jsin((/)k1)) fork=0,1,..,M-1;for1=0,1, ..., N-1
Prototypes

void vsip_vrect_f(const vsip_vview f *r, const vsip_vviewf *phi,
const vsip_cvview f *y);

void vsip_nrect _f(const vsip_nview f *r, const vsip_nviewf *phi,
const vsip_cnview f *y);

Arguments

r
View of input radius (magnitude) vector/matrix

phi
View of input radius (magnitude) vector/matrix

y
View of output rectangular form vector/matrix
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Return value

Restrictions
In-place operation for this function requires that the radius and argument input vectors bein area or
imaginary view of the output vector. No in-place functionality is defined where an input view contains
both real and imaginary data space of the output view. For in-place the datain the views must exactly
overlap and not be digoint.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References
For in-place there is no requirement on which view which output vector is placed in. So the radius
vector could go in either the real or imaginary view, and the argument vector would go in the view
not used by the radius vector.

In VSIPL, complex numbers are always in rectangular (Cartesian) format. The polar form is
represented by two real vectors/matrices.

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define Pl 3.1415926535
#define L 7 /* length */

int nmain()

{ . .
int i;
vsi p_cvvi ew_d *dat akul er, *dataRect;
vsi p_vview d *data, *radius, *arg;

vsip_init((void *)0);
dat aEul er = vsip_cvcreate_d(L, VSIP_MEM NONE);
dat aRect = vsip_cvcreate_d(L, VSIP_MEM NONE);
data = vsip_vcreate_d(L, VSIP_MEM NONE);
radi us = vsip_vreal vi ew_d(dat akul er);
arg = vsip_vi magvi ew_d(dat akul er);
/* Make up sone data */
/* compute a ranp fromzero to 2pi */
vsi p_vranp_d(0.0, (2.0 * PI / (double) (L - 1)), data);
vsi p_veul er _d(dat a, dat aEul er);
/* find the conplex assuming real view of Euler is Radius
and the inmaginary viewis the Argunment */
vsi p_vrect_d(radius, arg, dataRect);
/* print the results */
printf("rect radius argunent\n");
for(i=0; i<L; i++)
{
printf("(%.4f, %.4f) <= %.4f; %.4f\n",
vsi p_real _d(vsi p_cvget _d(dataRect,i)),
vsi p_i mag_d(vsi p_cvget _d(dataRect,i)),
vsi p_vget _d(radi us,i),

324



6.10.

8 [vsip_dsscatter p]

vsi p_vget _d(arg,i));
}

/*destroy the vector views and any associ ated bl ocks */

vsi p_bl ockdestroy_d(vsi p_
vsi p_bl ockdestroy_d(vsi p_
vsi p_bl ockdestroy_d(vsi p_

vsi p_cbl ockdestroy_d(vsip
vsi p_cbl ockdestroy_d(vsip
vsi p_finalize((void *)0);

return 0

}

/* output */

/* rect r
( 1.0000, 0.0000) <= 1
( 0.3239, 0.3809) <= O
(-0.3239, -0.3809) <= -0
(-1.0000, -0.0000) <= -1
(-0.3239, 0.3809) <= -0
( 0.3239, -0.3809) <= O
( 1.0000, -0.0000) <= 1

See Also

vdestroy_d(data));
vdestroy_d(radius));
vdestroy_d(arg));
_cvdestroy_d(dataEul er));
_cvdestroy_d(dataRect));

adi us ar gunent
0000; 0.0000
5000; 0.8660
.5000; 0.8660
. 0000; 0.0000
.5000; -0.8660
5000; -0.8660
0000; -0.0000 */

vsi p_scnpl x_p,vsi p_si mag_p,vsi p_spol ar_p,andvsi p_sreal _p

6.10.8. vsip_dsscatter_p

The scatter operation sequentially utilizes elements of a source vector and an index vector. The element
sed to select a storage location in the output vector/matrix to store

of the vector index (matrix index) is u
the element from the source vector.

Functionality
yindexj-<_xj fOI'j = 0, 1, ey

N-1

Where N isthe index vector length.

Notethat an index vector for avector contains scalar elements suitable for indexing avector. Anindex
vector for a matrix contains elements consisting of pairs of scalars (row index and column index)

suitable for indexing a matrix. The input of a scatter is always a vector.

Prototypes
voi d vsip_vscatter_i(const
const
voi d vsip_nscatter_i(const
const
voi d vsip_vscatter_mni (const
const
voi d vsip_vscatter_f(const
const
voi d vsip_nscatter_f(const
const
voi d vsip_cvscatter_f(const
const
voi d vsip_cnscatter_f(const
const
Arguments
X

VSi p_vview.i *X, const vsip_vview.i *y,
VSi p_vview_vi *index);

VSi p_vview.i *Xx, const vsip_nview.i *y,
Vsi p_vview_m *index);

vsi p_vview m *x, const vsip_vviewnm *y,
VSi p_vview_vi *index);

vsi p_vview f *x, const vsip_vview f *y,
VSi p_vview_ vi *index);

vsi p_vview f *x, const vsip_nviewf *y,
Vsi p_vview_m *index);

vsi p_vview f *x, const vsip_vview f *y,
VSi p_vview_vi *index);

vsi p_cvview f *x, const vsip_cnview f *y,
Vsi p_vview_m *index);

View of input source vector/matrix
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y
View of output destination vector/matrix

index
View of input vector/matrix index vector

Return value

Restrictions
If theindex vector contains duplicate entries, the val ue stored in the destination will be from the source
vector, but which value is not defined.

There is no in-place functionality for this function.

Errors
The arguments must conform to the following:

1. Theindex and input vectors views must be the same length.
2. All view objects must be valid.
3. Index valuesin the index vector must be valid indexes into the output.

Notes/References
The attributes of the destination vector/matrix are not modified. Vauesin the destination not indexed
are not modified.

Examples

/* Use gather and scatter to clip at zero a cosine */
#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 10 /* A length */
#define Pl 3.141592653589793

int main()

{
vsi p_vvi ew_d *dat aA;
vsi p_vvi ew_d *dat aB;
Vsi p_vview vi *Index;
vsi p_vvi ew bl *dataBl;
int i;
vsi p_length N

vsip_init((void *)0);

dataA = vsip_vcreate_d(L, VSIP_MEM NONE);
dataB = vsip_vcreate_d(L, VSIP_MEM NONE);
I ndex = vsip_vcreate_vi (L, VSIP_MEM NONE);
dat aBl = vsi p_vcreate_bl (L, VSIP_MEM NONE);

/* make up sone data */

vsi p_vranp_d(0,2 * PI/(L-1), dataA);

vsi p_vcos_d(dat aA, dat aB) ;

/* find out where dataB is greater than zero */

vsi p_vfill_d(O, dataA);

vsi p_vl gt _d(dat aB, dat aA, dataBl ) ;

/* find the index where dataB is greater than zero */
i f((N = vsip_vindexbool (dataBl, | ndex)))

/* make a vector of those points where dataB is greater than zero*/
vsi p_vgat her _d(dat aB, | ndex, vsi p_vput| engt h_d(dataA, N));
/*print out the results */
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printf("lIndex Val ue\n");
for(i=0; i<N |i++)
printf("%i 9%.3f\n",
vsi p_vget _vi (I ndex, i),
vsi p_vget _d(dataA,i));
}
el se
{
printf("Zero Length |ndex");
exit(0);

}
vsi p_vfill_d(0, dataB);
vsi p_vscatter_d(dat aA dataB, | ndex);
for(i=0; i<L; i++)
printf("%.3f\n", vsi p_vget_d(dataB,i));

/*recover the data space*/
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataA));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataB));
vsi p_bl ockdest roy_vi (vsi p_vdestroy_vi (I ndex));
vsi p_bl ockdestroy_bl (vsi p_vdestroy_bl (dataBl));
vsi p_finalize((void *)0);
return O;

}

/* output */

/* I ndex Val ue

0 1. 000
1 0. 766
2 0.174
7 0.174
8 0. 766
9 1. 000
1. 000 0. 766
0.174 0. 000
0. 000 0. 000
0. 000 0.174
0.766 1.000 */

See Also
Thefunctionvsi p_si ndexbool may be used to produce index vectors from boolean results.

Thefunctionvsi p_dsgat her _p isaninversefunction of scatter only if the index vector contains
no duplicate entries.

6.10.9. vsip_dtscatter_p
Scatter the e ements of a vector into atensor.

Functionality
Selects locations in tensor V to scatter (place) the values from vector u using tensor indices from
vector t such that:

vij«—u; forj=0,1,..,N-1
Prototypes

voi d vsip_tscatter_f(const vsip_vview f *u, const vsip_vviewti *t,
const vsip_tview f *V);
voi d vsip_ctscatter_f(const vsip_cvview f *u, const vsip_cvviewti *t,
const vsip_ctviewf *V);
voi d vsip_tscatter_i(const vsip_vview.i *u, const vsip_vviewti *t,
const vsip_tview.i *V);
voi d vsip_ctscatter_i(const vsip_cvview.i *u, const vsip_cvviewti *t,
const vsip_ctview.i *V);
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voi d vsip_tscatter_bl (const vsip_vview bl *u, const vsip_vviewti *t,
const vsip_tview bl *V);

Arguments

u
Input — Tensor view of source

Input - View of index vector

\Y
Output — Tensor view of destination

Return value

Restrictions
If theindex vector contains duplicate entriesthe value stored in the destination will be from the source
vector but which value is not defined.

There is no in-place functionality for this function.

Errors
Thefollowing causeaV SIPL runtime error in devel opment mode; in production mode the resultswill
be implementation dependent.

1. Theindex input vector and the output vector must have identical lengths.
2. Arguments passed to the function must be defined and must not be null.
3. Index valuesin the index vector must be valid indexes into the source tensor.
Notes/References
Examples
See Also
6.10.10. vsip_dsswap_p
Swap elements between two vectors/matrices.

Functionality

forj=0,1,..,N-1|forj=0,1, ..., N-1
T=a; forj=0,1, .., N-1
b;=a; 7= aj
a;=t bij= aj;

aij=Tt
Prototypes

voi d vsip_vswap_i (const vsip_vview_i *a, const vsip_vview.i *b);
voi d vsip_vswap_f(const vsip_vview f *a, const vsip_vview f *b);
voi d vsip_cvswap_f(const vsip_cvview f *a, const vsip_cvview f *b);
voi d vsip_mswap_i (const vsip_mview_ i *a, const vsip_nview.i *b);
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voi d vsip_mswap_f (const vsip_mnmview f *a, const vsip_nview f *b);
voi d vsip_crmswap_f (const vsip_cnview f *a, const vsip_cnmview f *b);

Arguments

a
View of input/output vector/matrix

View of input/output vector/matrix
Return value

Restrictions
This function may not be done in-place.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 7 /* Alength */
#define Pl 3.141592653589793

int main()

{
vsi p_vvi ew_d *dat aA;
vsi p_vvi ew_d *dat aB;
int i;

vsip_init((void *)0);
dataA = vsip_vcreate_d(L, VSIP_MEM NONE);
dataB = vsip_vcreate_d(L, VSIP_MEM NONE);
vsi p_vranp_d(0,2 * PI/(L-1), dataA);
vsi p_vcos_d(dat aA, dat aB) ;
printf(" AB\n");
for(i=0; i<L; i++)
printf("9%.3f %.3f\n",vsip_vget_d(dataA i), vsip_vget_d(dataB,i));
printf(" Swap\n A B \n");
vsi p_vswap_d( dat aA, dat aB) ;
for(i=0; i<L; i++)
printf("9%.3f 9%.3f\n",vsip_vget_d(dataA i), vsip_vget_d(dataB,i));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataA));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataB));
vsi p_finalize((void *)0);
return O;
}
/* A B
0.000 1.000
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1.047 0.500
2.094 -0.500
3.142 -1.000
4.189 -0.500
5.236 0.500
6.283 1.000
Swap
A B
1.000 0.000
0.500 1.047
-0.500 2.094
-1.000 3.142
-0.500 4.189
0.500 5.236
1.000 6.283 */
See Also

6.11. User-Specified By Element Functions

This section describes a set of functionsthat allows the user to specify afunction to be applied by element
to a set of vector/matrix/tensors view objects, and simple by element “get” and “put.”

vsi p_sbhinary p User-Specified Binary Function

vsi p_sbool p User-Specified Boolean Binary Function
vsip_snary_p User-Specified M-ary Vector Function
vsi p_shary_p User-Specified Stream Function
vsip_sserialmary_p User-Specified Serial M-ary Function
vsi p_sunary_p User-Specified Unary Function

6.11.1. vsip_shinary p
Computes a user-specified binary scalar function, by element, of two vectors/matrices/tensors.

Functionality
Computes the binary vector/matrix/tensor function

2= (xrYy)
Zi,j = f(xi,j? yi,j)
Zhij = f(xh,i,ja yh,i’j)

element by element. The exact order of computation isundefined. The user specifiesabinary function
of two scalars that returns a scalar result.

Prototypes

voi d vsip_vbinary_f(vsip_scalar_f (*f)(vsip_scalar_f, vsip_scalar_f),
const vsip_vview f *x, const vsip_vviewf *y,
const vsip_vview f *z);
voi d vsip_vbinary_i(vsip_scalar_i (*f)(vsip_scalar_i, vsip_scalar_i),
const vsip_vview_.i *x, const vsip_vview.i *y,
const vsip_vview.i *z);
voi d vsi p_vbi nary_vi (vsi p_scalar_vi (*f)(vsip_scalar_vi, vsip_scalar_vi),
const vsip_vview.vi *x, const vsip_vview.yvi *y,
const vsip_vview.vi *z);
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voi d vsip_vbinary_m (vsip_scalar_m (*f)(vsip_scalar_m, vsip_scalar_m),
const vsip_vview m *x, const vsip_vviewm *y,
const vsip_vview.m *z);
voi d vsip_vbinary_ti(vsip_scalar_ti (*f)(vsip_scalar_ti, vsip_scalar_ti),
const vsip_vviewti *x, const vsip_vviewti *y,
const vsip_vviewti *z);
voi d vsip_nbinary_f(vsi p_scalar_f (*f)(vsip_scalar_f, vsip_scalar_f),
const vsip_mview f *x, const vsip_nview f *y,
const vsip_mviewf *z);
voi d vsip_nbinary_i(vsip_scalar_i (*f)(vsip_scalar_i, vsip_scalar_i),
const vsip_mview_.i *x, const vsip_nview.i *y,
const vsip_mview.i *z);
voi d vsi p_nbi nary_bl (vsi p_scal ar_bl (*f)(vsip_scalar_bl, vsip_scalar_bl),
const vsip_mview bl *x, const vsip_nview bl *y,
const vsip_mview bl *z);
voi d vsip_tbinary_f(vsip_scalar_f (*f)(vsip_scalar_f, vsip_scalar_f),
const vsip_tview f *x, const vsip_tviewf *y,
const vsip_tviewf *z);
voi d vsip_tbinary_i(vsip_scalar_i (*f)(vsip_scalar_i, vsip_scalar_i),
const vsip_tview.i *x, const vsip_tview.i *y,
const vsip_tview.i *z);
voi d vsip_tbinary_bl (vsip_scalar_bl (*f)(vsip_scalar_bl, vsip_scalar_bl),
const vsip_tview bl *x, const vsip_tview bl *y,
const vsip_tview bl *z);

Arguments
f
Pointer to user-specified binary function of two scalars
X
V ector/matrix/tensor view object of sourcel operand
y
V ector/matrix/tensor view object of source2 operand
z
V ector/matrix/tensor view object of result
Return value
Restrictions

This function may not be done in-place.

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

4. The pointer to the user-specified function must be valid — non-null.

Notes/References
There are no complex versions of this function. This is a consequence of supporting
the implementation of complex blocks with split storage, which is not compatible with a
vsi p_cscal ar _p datatype.
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Examples

See Also
vsi p_sbool _p, vsip_smary p, vsip_snary p, vsip_sserialnmary p, and
VSi p_sunary_p

6.11.2. vsip_smary_p

Computes a user-specified specified m-ary scalar function, by element, of m vectors/matrices/tensors. The
order of evaluation is not specified.

Functionality
This function applies the scalar function

Vector
void (*f)(vsip_scalar_p *p[], vsip_length m vsip_scalar_vi index)
Matrix

void (*f)(vsip_scalar_p *p[], vsip_length m vsip_scalar_m index);

Tensor

void (*f)(vsip_scalar_p *p[], vsip_length m vsip_scalar_ti index);
with

p
Pointer to array of m+1 pointersto scalars

m
array length

index
vector/matrix/tensor index.

by element to the elements of an m+1 array of vector/matrix/tensor view objects. Typical application
isan m-ary scalar function that produces a single scalar output.

Since the user function takes an argument of a pointer to an array of m+1 pointersto scalars, itisfree
to treat any of the scalars as input, outputs, or inputs-outputs.

The exact order of computation is undefined.

Prototypes

void vsip_vmary_f(void (*f)(vsip_scalar_f *[], vsip_length m vsip_scalar_vi i),
const vsip_vview f *v[], vsip_length m;
void vsip_vmary_i(void (*f)(vsip_scalar_i *[], vsip_length m vsip_scalar_vi i),
const vsip_vview.i *v[], vsip_length m;
voi d vsip_vmary_bl (void (*f)(vsip_scalar_bl *[], vsip_length m vsip_scalar_vi i),
const vsip_vview bl *v[], vsip_length m;
voi d vsip_vmary_vi(void (*f)(vsip_scalar_vi *[], vsip_length m vsip_scalar_vi i),
const vsip_vviewvi *v[], vsip_length m;
void vsip_vmary_m (void (*f)(vsip_scalar_m *[], vsip_length m vsip_scalar_vi i),
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const vsip_vviewm *v[], vsip_length m;
void vsip_vmary_ti(void (*f)(vsip_scalar_ti *[], vsip_length m vsip_scalar_vi i),
const vsip_vviewti *v[], vsip_length m;
void vsip_mmary_f(void (*f)(vsip_scalar_f *[], vsip_length m vsip_scalar_m i),
const vsip_mview f *v[], vsip_length m;
void vsip_mmary_i (void (*f)(vsip_scalar_i *[], vsip_length m vsip_scalar_m i),
const vsip_mview.i *v[], vsip_length m;
voi d vsip_mmary_bl (void (*f)(vsip_scalar_bl *[], vsip_length m vsip_scalar_m i),
const vsip_mview bl *v[], vsip_length m;
void vsip_tmary_f(void (*f)(vsip_scalar_f *[], vsip_length m vsip_scalar_ti i),
const vsip_tview f *v[], vsip_length m;
void vsip_tmary_i(void (*f)(vsip_scalar_i *[], vsip_length m vsip_scalar_ti i),
const vsip_tview.i *v[], vsip_length m;
void vsip_tmary_bl (void (*f)(vsip_scalar_bl *[], vsip_length m vsip_scalar_ti i),
const vsip_tviewbl *v[], vsip_length m;

Arguments

f
Pointer to user-specified function of an array of pointersto vector/matrix/tensor view objects, the
length of the array, and the current element i; returning void.

Array of m+1 pointersto vector/matrix/tensor view objects

m
One less than the number of elementsin the array v. (m-ary order of the user-specified function.)

Return value
Restrictions

Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

4. The pointer to the user-specified function must be valid —non-null.
5. m must be positive

Notes/References
There are no complex versions of this function. This is a consequence of supporting the
implementation of complex blocks with split storage, which is not compatible with avsip_cscalar_p
data type.
By convention, the vector of pointersto view objectsisordered: inputs, input/outputs, and last outputs.
Examples

1. To implement the common vector function VMMA: v, = (ab))+(c;d))

[Static isjust to limit the scope of the function name.]
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static void mma_f (vsip_scalar_f *q [], unsigned int m vsip_index i)

*q[4] = (*q[0] * *q[1]) + (*q[2] * *q[3]);

voi d user_vmme_f (const vsip_vview f *a, const vsip_vview f *b,
const vsip_vview f *c, const vsip_vviewf *d,
const vsip_vviewf *y)

{
const vsip_vview f *qgnary[5];
gnary[0] = a; gnary[1] = b; gnary[2] = c; gnary[3] = d; gnary[4] =;
vsip_vmary_f (mma_sp, qnary, 4);

}

2. To sum four vectors together:

static void vmsumd(vsip_scalar_d *v [], unsigned int M vsip_index i)
{ . .
int i;
*viM 1] = *v[O0];
for(i=1; i<M1; i++)*v[M1] += *v[i];
}
voi d user_vsumd_d(const vsip_vview.d *a, const vsip_vview.d *b,
const vsip_vviewd *c, const vsip_vview.d *d,
const vsip_vviewd *y)

{
const vsip_vview.d *gnary[5];
gnary[0] = a; gnary[1] = b; qnary[2] = c; qnary[3] = d; qgnary[4] =y;
vsi p_vmary_d(vnsumd, gnary, 4);

}
3. To implement the common matrix function MMMA: Yii= (aijbij) + (cijdij)

static void mra_f(vsip_scalar_f *qary[], vsip_length m vsip_scalar_m index)
*gary[4] = (*qary[0] * *qary[1]) + (*qgary[2] * *qary[3]);

voi d user_mmre_f (const vsip_nview f *a, const vsip_mview f *b,
const vsip_nview f *c, const vsip_nmview f *d,
const vsip_nmview f *y)
{
const vsip_nmview f *X[5];
X[0] =a; X[1] =b; X[2] =c; X3] =d; X4 =y;
vsi p_mrandom f (mma_sp, X, 4);

}

[Of course you should use a more efficient method for such lightweight functions.]

See Also

vsi p_sbool p, vsip_sbinary p, vsip_snary_p, vsip_sserialmry p, and
Vsi p_sunary_p

6.11.3. vsip_shary_p

Computes a user-specified scalar function that takes the vector/matrix/tensor index of the element and
returns a scalar, by element, of a vector/matrix/tensor.

Functionality
Computes the “null-ary” (no element value arguments) vector/matrix/tensor function
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y,<—f(i)
Y =S J))
Vi< S (Bd )

element by element. The exact order of computation is undefined The user specifiesafunction of one/
two/three indices that returns a scalar resullt.

Prototypes

voi d vsip_vnary_f(vsip_scalar_f (*f)( vsip_index), const vsip_vviewf *y);
void vsip_vnary_i(vsip_scalar_i (*f)( vsip_index), const vsip_vview.i *y);
voi d vsip_vnary_bl (vsip_scalar_bl (*f)(vsip_index), const vsip_vviewbl *y);
voi d vsip_vnary_vi(vsip_scalar_vi (*f)(vsip_index), const vsip_vviewyvi *y);
voi d vsip_vnary_m (vsip_scalar_m (*f)( vsip_index), const vsip_vviewm *y);
void vsip_vnary_ti(vsip_scalar_ti (*f)( vsip_index), const vsip_vviewti *y);
voi d vsip_mary_f(vsip_scalar_f (*f)(vsip_index, vsip_index),
const vsip_nmview f *y);
void vsip_mary_i (vsip_scalar_i (*f)(vsip_index, vsip_index),
const vsip_miew.i *y);
voi d vsip_mary_bl (vsi p_scal ar_bl (*f)(vsip_index, vsip_index),
const vsip_nmview bl *y);
void vsip_tnary_f(vsip_scalar_f (*f)(vsip_index, vsip_index, vsip_index),
const vsip_tview f *y);
void vsip_tnary_i(vsip_scalar_i (*f)(vsip_index, vsip_index, vsip_index),
const vsip_tview.i *y);
voi d vsip_tnary_bl (vsip_scalar_bl (*f)(vsip_index, vsip_index, vsi p_i ndex),
const vsip_tview bl *y);

Arguments

f
User specified null-ary function of one/two/three indices

y
Vector/matrix/tensor view object of result

Return value
Restrictions

Errors
The arguments must conform to the following:

1. All view objects must be valid.
2. The pointer to the user-specified function must be valid — non-null.

Notes/References
There are no complex versions of this function. This is a consequence of supporting the
implementation of complex blocks with split storage, which is not compatible with avsip_cscalar_p
data type.

Examples

See Also
vsi p_sbool p, vsip_shinary p, vsip_smary p, vsip_sserialmry p, and
Vsi p_sunary_p
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6.11.4. vsip_sserialmary p

Computes a user-specified specified m-ary scalar function, by element, of m vectors/matrices/tensors. The
order of evaluation is serial.

Functionality
This function applies the scalar function

Vector

void (*f)(vsip_scalar_p *p[], vsip_length m vsip_scalar_vi index);

Matrix

void (*f)(vsip_scalar_p *p[], vsip_length m vsip_scalar_m index);

Tensor

void (*f)(vsip_scalar_p *p[], vsip_length m vsip_scalar_ti index);

with

Pointer to array of m+1 pointers to scalars

m
array length

index
vector/matrix/tensor index.

by element to the elements of an m+1 array of vector/matrix/tensor view objects. Typical application
isan m-ary scalar function that produces a single scalar output.

Since the user function takes an argument of a pointer to an array of m+1 pointersto scalars, itisfree
to treat any of the scalars as input, outputs, or inputs-outputs.

The semantics of the order of evaluation is serial from smallest to largest index. For matrices and
tensors, this means that the index with the smallest intra-indices stride varies the fastest and the index
with thelargest intra-indices stride varies the slowest. For example, amatrix where the stride between
successive elements of arow is one element is evaluated in the order:

fori=0to M-1
fori=0toM-1

wei— f(v,m, (i, ]))

Prototypes

voi d

vsip_vserialmary_f(void (*f)(vsip_scalar_f *[], vsip_length m vsip_scalar_vi i),
const vsip_vview f *v[], vsip_length m;

voi d

vsip_vserialmary_i(void (*f)(vsip_scalar_i *[], vsip_length m vsip_scalar_vi i),
const vsip_vview.i *v[], vsip_length m;

voi d
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vsi p_vserialmary_bl (void (*f)(vsip_scalar_bl *[], vsip_length m vsip_scalar_vi i),
const vsip_vview bl *v[], vsip_length m;
voi d
vsi p_vserialmary_vi(void (*f)(vsip_scalar_vi *[], vsip_length m vsip_scalar_vi i),
const vsip_vviewvi *v[], vsip_length m;
voi d
vsip_vserialmary_m (void (*f)(vsip_scalar_m *[], vsip_length m vsip_scalar_vi i),
const vsip_vviewm *v[], vsip_length m;
voi d
vsip_vserialmary_ti(void (*f)(vsip_scalar_ti *[], vsip_length m vsip_scalar_vi i),
const vsip_vviewti *v[], vsip_length m;
voi d
vsi p_mserialmary_f(void (*f)(vsip_scalar_f *[], vsip_length m vsip_scalar_m i),
const vsip_mview f *v[], vsip_length m;
voi d
vsi p_mserialmary_i(void (*f)(vsip_scalar_i *[], vsip_length m vsip_scalar_m i),
const vsip_mview.i *v[], vsip_length m;
voi d
vsi p_mserial mary_bl (void (*f)(vsip_scalar_bl *[], vsip_length m vsip_scalar_m i),
const vsip_mview bl *v[], vsip_length m;
voi d
vsip_tserialmary_f(void (*f)(vsip_scalar_f *[], vsip_length m vsip_scalar_ti i),
const vsip_tview f *v[], vsip_length m;
voi d
vsip_tserialmary_i(void (*f)(vsip_scalar_i *[], vsip_length m vsip_scalar_ti i),
const vsip_tview.i *v[], vsip_length m;
voi d
vsip_tserialmary_bl (void (*f)(vsip_scalar_bl *[], vsip_length m vsip_scalar_ti i),
const vsip_tviewbl *v[], vsip_length m;

Arguments

f
User specified function of an array of pointers to vector/matrix/tensor view objects, the length of
the array, and the current element i; returning void.

Array of m+1 pointers to vector/matrix/tensor view objects

m
One less than the number of elementsin the array v. (m-ary order of the user-specified function.)

Return value
Restrictions

Errors
The arguments must conform to the following:

1. Input/output views must al be the same size.

2. All view objects must be valid.

3. The pointer to the user-specified function must be valid —non-null.
4. The arity, m, of the function must be positive.

Notes/References
Sincethe order of evaluation is specified, it isallowed for theinput and output to overlap. Thereareno
complex versions of thisfunction. Thisisaconsequence of supporting theimplementation of complex
blocks with split storage, which is not compatible with avsip_cscalar_p datatype.
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By convention, the vector of pointersto view objectsisordered: inputs, input/outputs, and last outputs.
Examples

See Also
vsi p_sbool _p, vsi p_sbi nary_p, VSi p_snary_p, vsi p_snary_p, and
Vsi p_sunary_p

6.11.5. vsip_sunary_p
Computes a user-specified unary scalar function, by element, of a vector/matrix/tensor.

Functionality
Computes the unary tensor function xy,;;= f (4, i, j) element by element where the exact order

of computation is undefined. The user-specified function is a function of a scalar tensor index and
returns aresult scalar.

This function computes the unary vector/matrix/tensor function

v, (D)
yiyj(_f(i’ ])
yh’i,j<_f(h9 I, ])

element by element. The exact order of computation isundefined. The user specifiesaunary function
of ascalar that returns a scalar result.

Prototypes

void vsip_vunary_f(vsip_scalar_f (*f)(vsip_scalar_f),
const vsip_vview f *x, const vsip_vviewf *y);
void vsip_vunary_i(vsip_scalar_i (*f)(vsip_scalar_i),
const vsip_vview.i *x, const vsip_vview.i *y);
voi d vsip_vunary_vi (vsip_scalar_vi (*f)(vsip_scalar_vi),
const vsip_vviewyvi *x, const vsip_vviewvi *y);
void vsip_vunary_m (vsip_scalar_m (*f)(vsip_scalar_m),
const vsip_vview m *x, const vsip_vviewm *y);
void vsip_vunary_ti(vsip_scalar_ti (*f)(vsip_scalar_ti),
const vsip_vviewti *x, const vsip_vviewti *y);
void vsip_nunary_f(vsip_scalar_f (*f)(vsip_scalar_f),
const vsip_mview f *x, const vsip_mview f *y);
void vsip_nunary_i(vsip_scalar_i (*f)(vsip_scalar_i),
const vsip_nmview.i *x, const vsip_mview.i *y);
void vsip_tunary_f(vsip_scalar_f (*f)(vsip_scalar_f),
const vsip_tviewf *x, const vsip_tviewf *y);
void vsip_tunary_i(vsip_scalar_i (*f)(vsip_scalar_i),
const vsip_tview.i *x, const vsip_tview.i *y);

Arguments

f
User specified null-ary function of one/two/three scalar indices

V ector/matrix/tensor view object of result
Return value

Restrictions
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Errors
The arguments must conform to the following:

1. Input and output views must all be the same size.
2. All view objects must be valid.

3. The input and output views must be identical views of the same block (in-place), or must not
overlap.

4. The pointer to the user-specified function must be valid —non-null.

Notes/References
There are no complex versions of this function. This is a consequence of supporting the
implementation of complex blocks with split storage, which is not compatible with avsip_cscalar_p
datatype.

Examples

See Also
vsi p_sbool p, vsi p_sbhinary_p, vVsi p_smary_p, vsi p_snary_p, and
vsi p_sserialmary_p
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7.1. Introduction

This chapter provides specifications for the FFT, Window, Convolution/Correlation, Filter and
Miscellaneous routines for the VSIPL library.

7.1.1. FFT Routines
7.1.1.1. Introduction

All FFT routines compute a forward or inverse operation with a user provided scaling. 1D Fourier
transform operations are supported for all values of N. The basic implementation requirement is for an

O(Nlog(N) ) fast algorithm for the cases N = 2" or N = 32", where n is a nonnegative integer. Some
implementations may provide fast algorithms for other combinations of small prime factors and may even
handle the general case of large prime factors or prime sizes. When an implementation does not provide a

fast algorithm, a discrete Fourier transform of O(Nz) or faster will be performed.

2D FFT operations are supported for all values of M and N. However, the basic implementation
requirement is for an O(MNlog(MN)) fast algorithm for the cases of M =2" or M = 32" and

N =2"or N =32" where m and n are nonnegative integers. Some implementations may provide fast
algorithms for other combinations of small prime factors and may even handle the general case of large
prime factors or prime sizes. When an implementation does not provide a fast algorithm, a DFT of

O(M*N +MN?) or faster will be performed.

3D FFT operations are supported for al values of M, N, and P. However, the basic implementation
requirement is for an O (MNPlog(MNP)) fast algorithm for the cases of M =2" or M = 32",
N=2"or N=32"and P=2" or P=32" where m, n, and p are nonnegative integers. Some
implementations may provide fast algorithms for other combinations of small prime factors and may even
handle the general case of large prime factors or prime sizes. When an implementation does not provide a

fast algorithm, aDFT of O( M>*NP+ MNP+ MN P?) or faster will be performed.

7.1.1.2. 1D FFT

vsip_ccfftop_create_f initialize FFT  object for the routine
vsi p_ccfftop_f

vsip_ccfftip_create_f initialize FFT  object for the routine
vsip_ccfftip_f

vsip_crfftop create f initialize FFT  object for the routine
vsip_crfftop_f

vsi p_rcfftop_create_f initialize  FFT  object for the routine
vsi p_rcfftop_f

vsip_ccfftop_f complex-to-complex out-of-place

vsip_ccfftip_f complex-to-complex in-place

vsip_crfftop_f complex-to-real out-of-place

vsi p_rcfftop_f real-to-complex out-of-place




7.1.1.3 [Multiple 1D FFT]

7.1.1.3. Multiple 1D FFT

7.1.1.4.2D FFT

7.1.1.5. 3D FFT

vsip_ccfftnmop_create f initialize FFT  object for the routine
vsip_ccfftmf

vsip_ccfftmp _create f initialize FFT  object for the routine
vsip_ccfftmf

vsi p_crfftnop_create_f initialize FFT  object for the routine
vsip_crfftmf

vsip_rcfftrmop_create_f initialize FFT  object for the routine
vsip_rcfftmf

vsi p_ccfftmop_f complex-to-complex out-of-place

vsip_ccfftmp_f complex-to-complex in-place

vsi p_crfftnop_f complex-to-real out-of-place

vsi p_rcfftmop_f real-to-complex out-of-place

vsi p_ccfft2dop_create_f initialize.  FFT  object for the routine
vsi p_ccfft 3dop_f

vsi p_ccfft2dip_create_f initialize FFT  object for the routine
vsi p_ccfft3dip_f

vsip_crfft2dop_create_f initialize FFT  object for the routine
vsi p_crfft3dop_f

vsip_rcfft2dop create f initializee FFT  object for the routine
vsi p_rcfft3dop_ f

vsi p_ccfft2dop_f complex-to-complex out-of-place

vsi p_ccfft2dip_f complex-to-complex in-place

vsi p_crfft2dop_f complex-to-real out-of-place

vsip_rcfft2dop f real-to-complex out-of-place

vsi p_ccfft3dop_create_f initialize FFT  object for the routine
vsi p_ccfft2dop_f

vsip_ccfft3di p_create_f initialize FFT  object for the routine
vsi p_ccfft2dip_f

vsip_crfft3dop create f initialize FFT  object for the routine
vsip_crfft2dop_ f

vsi p_rcfft3dop_create_f initialize. FFT  object for the routine

vsi p_rcfft2dop_f

vsi p_ccfft3dop_f

complex-to-complex out-of-place

vsi p_ccfft3dip_f

complex-to-complex in-place

vsip_crfft3dop_f

complex-to-real out-of-place

vsi p_rcfft3dop_f

real-to-complex out-of-place
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7.1.1.6. FFT Object Utility Routines

vsip_fft_destroy_f

destroy the FFT object

vsip_fft_getattr_f

get the attributes of the FFT obj ect

vsip_fft_setw ndow f

wi ndow t he FFT i nput as part of the
FFT cal cul ation

7.1.1.7. Summary of VSIPL FFT Routines

The following table lists the functionality supported by the FFT routines

Table 7.1. Computational Routines

1D Multi 1D

2D 3D

vsi p_ccfftop_f vsi p_ccfftnmop_f

vsip_ccfftip_f vsip_ccfftmp_f

vsi p_ccfft2dop_f |vsip_ccfft3dop_f

vsi p_ccfft2di p_f |vsip_ccfft3dip_f

vsip_crfftop_f vsip _crfftmop_f

vsip_crfft2dop f |vsip_crfft3dop f

vsi p_rcfftop_f vsip_rcfftmop_f

vsi p_rcfft2dop_f |vsip_rcfft3dop_f

Table7.2. FFT Object Initialization Routines

1D Multi 1D 2D 3D
vsip_ccfftop_create_f vsi p_ccfftnop_create_f vsi p_ccfft2dop_create_f |vsip_ccfft3dop_create_f
vsip_ccfftip_create_f vsip_ccfftm p_create_f vsip_ccfft2dip_create_f |vsip_ccfft3dip_create_f
vsip_crfftop_create_f vsip_crfftnop_create_f vsip_crfft2dop_create_f |vsip_crfft3dop_create_f
vsip_rcfftop_create_f vsip_rcfftnop_create_f vsip_rcfft2dop_create_f |vsip_rcfft3dop_create_f

7.1.1.8. References

Charles Van Loan, Computational Frameworks for the Fast Fourier Transform, Society for Industrial and Applied

Mathematics, 1992.

Winthrop W. Smith and Joanne M. Smith, Handbook of Real-Time Fast Fourier Transforms, |EEE Press, 1995.

7.1.2. Window Routines

7.1.2.1. Introduction

VSIPL provides only aminimum set of common window functions. All window routines create ablock of
the requested window length, create and bind areal vector of unit stride, zero offset, and window length
to the block, and return the vector initialized to the window weights. For other windows the user can bind
a block to a user array of pre-computed weights and admit the data to VSIPL, or can compute a set of
appropriate weights using VSIPL functionality.

7.1.2.2. Window Routines

vsi p_vcreate_hanni ng_f

create a Hanning window vector

vsi p_vcreate_ bl ackman_f

create a Blackman window vector

vsi p_vcreat e_kai ser _f

create a Kaiser window vector
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vsi p_vcreate_cheby_f

‘ create a Dol ph-Chebyshev window vector

7.1.2.3. References

Alan V. Oppenheim, Ronald W. Schagefer, Discrete-Time Signal Processing, Prentice-Hall, Inc., 1989

Edited by the IEEE ASSP Society, Programs for Digital Signal Processing, |EEE Press, 1979.

Ronald Diderich, Calculating Chebyshev Coefficients via the Discrete Fourier Transform, Proceedings of the IEEE,

pg. 1395, October 1974.

Albert H. Nuttall, Generation of Dolph-Chebyshev Weights via a Fast Fourier Transform, Proceedings of the |IEEE,

pg. 1396, October 1974.
7.1.3. Filter Routines

7.1.3.1. Introduction

7.1.3.2. Filter Routines

vsi p_dfir_create_f

Create Decimated FIR Filter

vsip_dfirflt_f

Decimated FIR Filter

vsip_dfir_getattr _f

Get FIR Filter Attributes

vsip_dfir_destroy f

Destroy FIR Filter

vsi p_dfir_reset _f

Reset FIR filter object to initia state

vsip_iir_create_f

Create | IR Filter

vsip_iirflt_f

IR Filter

vsip_iir_getattr f

Get |IR Filter Attributes

vsi p_iir_destroy_f

Destroy IR Filter

7.1.3.3. References

Alan V. Oppenheim, Ronald W. Schaefer, Discrete-Time Signal Processing, Prentice-Hall, Inc., 1989.

7.1.4. Convolution/Correlation Routines

7.1.4.1. Introduction

7.1.4.2. 1D Convolution Routines

vsi p_dconvld create f

create 1D filter convolution object

vsi p_dconvol veld f

compute 1D convolution

vsi p_dconvld _destroy_f

destroy a 1D convolution object

vsi p_dconvld getattr _f

get 1D convolution object attributes

7.1.4.3. 2D Convolution Routines

vsi p_dconv2d_create_f

create 2D filter convolution object




7.1.4.4 [1D Correlation Routines]

vsi p_dconvol ve2d_f

compute 2D convolution

vsi p_dconv2d_destroy_f

destroy a 2D convolution object

vsi p_dconv2d getattr f

get 2D convolution object attributes

7.1.4.4. 1D Correlation Routines

vsip_corrld_create_f

create 1D correlation object

vsip_ccorrld create f

create 1D complex correlation object

vsi p_correl ateld_f

compute 1D correlation

vsi p_ccorrel ateld_f

compute 1D complex correlation

vsi p_corr1ld_destroy_f

destroy a 1D correlation object

vsi p_ccorrld destroy_f

destroy a 1D complex correlation object

vsip_corrld getattr f

get 1D correlation object attributes

vsip_ccorrld getattr _f

get 1D complex correlation object attributes

7.1.4.5. 2D Correlation Routines

vsip_corr2d _create f

create 2D correlation object

vsi p_ccorr2d_create_f

create 2D complex correlation object

vsi p_correl ate2d_f

compute 2D correlation

vsi p_ccorrel ate2d f

compute 2D complex correlation

vsi p_corr2d_destroy f

destroy a 2D correlation object

vsi p_ccorr2d_destroy_f

destroy a 2D complex correlation object

vsip_corr2d_getattr _f

get 2D correlation object attributes

vsip_ccorr2d getattr f

get 2D complex correlation object attributes

7.1.4.6. References

Alan V. Oppenheim, Ronald W. Schaefer, Discrete-Time Signal Processing, Prentice-Hall, Inc., 1989.

7.1.5. Miscellaneous Routines

7.1.5.1. Introduction

7.1.5.2. Miscellaneous Routines

vsip_histo_f

Compute the histogram of a vector (matrix)

vsi p_dsfreqswap_f

Frequency swap (map zero frequency to center)

7.1.5.3. References

7.2. FFT Functions

vsip_ccfftx_f

FFT Complex to Complex

vsip_crfftop_f

FFT Complex to Real




7.2.1[vsip_ccfftx_f]

vsip_rcfftop_f FFT Real to Complex
vsip_dfftx_create_f Create 1D FFT Object
vsip_ccfftnx f FFT Multiple Complex to Complex
vsi p_crfftmop_f FFT Multiple Complex to Redl
vsi p_rcfftmop_f FFT Multiple Real to Complex
vsip_fft_setw ndow f Set aFFT Window
vsip_dfftnx_create f Create Multiple FFT Object
vsi p_ccfft2dx_f 2D FFT Complex to Complex
vsi p_crfft2dop_f 2D FFT Complex to Real

vsi p_rcfft2dop_f 2D FFT Real to Complex

vsi p_fftm setw ndow f Set aMultiple FFT Window
vsi p_df ft2dx_create_f Create 2D FFT Object

vsi p_ccfft3dx_f 3D FFT Complex to Complex
vsi p_crfft3dop_f 3D FFT Complex to Real

vsi p_rcfft3dop_f 3D FFT Real to Complex

vsi p_df ft3dx_create_f Create 3D FFT Object

vsi p_fftn_destroy_f Destroy FFT Object
vsip_fftn_getattr _f FFT Get Attributes

7.2.1. vsip_ccfftx_f
Apply a complex-to-complex Fast Fourier Transform (FFT)

Functionality
Computes a complex-to-complex Fast Fourier Transform (FFT) of the complex vector x = (x,,), and
stores the results in the complex vector y = ().

N-1 .
Y, scaleznzoon’f\, for k=0,1..,N-1
where:

= signj2x/N
W\ = estgnj2m

j=\1
sign = -1for a forward transform or + 1for an inverse transform

Prototypes
Out-of-place:

void vsip_ccfftop_f(const vsip_fft_f *fft,
const vsip_cvview f *x, const vsip_cvviewf *y);

In-place:

void vsip_ccfftip_f(const vsip_fft_f *fft, const vsip_cvview f *xy);




7.2.1[vsip_ccfftx_f]

Arguments

fft
Pointer to a1D FFT object, created by vsi p_ccfftx_create_f

View of input complex vector of length N

y
View of output complex vector of length N

Xy
View of input/output complex vector of length N

Return value
None

Restrictions

Errors
The arguments must conform to the following:

1. All objects must be valid.
2. The FFT object must be a complex-to-complex FFT object.

3. vsip_ccfftop_f requires an out-of-place FFT object, vsi p_ccffti p_f requires an in-
place FFT object.

4. The input and output must be complex vector views of length N, where N is obtained from the
FFT object.

5. For an out-of-place FFT, the input and output vector views must not overlap.
Notes/References

Examples
In-place complex-to-complex FFT

#i ncl ude <stdio. h>
#i ncl ude <vsip. h>

#define N 8
#define ACMPLX(x) vsip_real _d(x),\

(vsip_imag_d(x) < 0.0 ? "-i" : "+4i"), fabs(vsip_img_d(x))
#defi ne SCVPLX " %g%s%Q"

int nmain()
{ . .
int i
vsi p_cscalar_d z
vsi p_randstate *state
vsi p_scal ar_d data[2*N]; /* a public data space for 1/0 */
vsi p_scalar_d *ptrl, *ptr2; /* for use in rel ease */
vsip_fft_d *ccfftNp
vsi p_cbl ock_d *bl ock
vsi p_cvview d *inout;

/* Initialize Random Nunber GCenerator */
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int seed =0, num procs=1, id=1;

vsip_init((void *)0);
state = vsip_randcreate(seed, numprocs, id, VSIP_PRNG;
ccfftNip = /* Create an in-place Cnpl x->Cnpl x N-pt FFT */
vsip_ccfftip_create_d(N, 1.0, VSIP_FFT_FWD, 1, VSIP_ALG Tl ME);
/* Create a block object and bind it to the array data */
bl ock = vsi p_cbl ockbi nd_d(data, NULL, N, VSIP_MEM NONE);
inout = vsip_cvbind_d(block, 0, 1, N);
/* Admit block to VSIPL for processing and initialize with
conpl ex Gaussi an noise N(O,1) */
vsi p_cbl ockadnit _d(bl ock, VSIP_FALSE);
vsi p_cvrandn_d(state, inout);
printf("\'nConpl ex Input Vector\n");
for(i=0; i<N |i++)
{
z = vsip_cvget_d(inout, i);
printf(SCWMPLX "\ n", ACMPLX(Zz));
}
/* Compute an in-place Cmpl x->Crpl x N-pt FFT using the ccfftNi p object */
vsi p_ccfftip_d(ccfftN p, inout);
[* Print it */
/* Rel ease the block fromVSIPL so that data can be directly accessed */
vsi p_cbl ockr el ease_d( bl ock, VSI P_TRUE, &ptr 1, &tr2);
printf("\ nConpl ex Qutput Vector (Real, Imag)\n");
for(i=0; i<N |i++)
printf("(%, %)\n", data[2*i], data[2*i+1]);
/* Destroy the ccfftN p and bl ock objects */
vsi p_fft_destroy_d(ccfftN p);
vsi p_cval | destroy_d(i nout);
vsi p_randdestroy(state);
vsi p_finalize((void *)0);
return(0);
}
[* Qutput */
/* Compl ex | nput Vector
- 0. 615549+ 0. 217406
0.810217+i 1.18112
1. 46004+i 0. 540183
-1. 27425+ 0. 688241
-0.956159-i 0. 135591
0. 434556-i 0. 432679
-0.209061+i 0. 719197
-0.0821027-i 1. 4201
Conpl ex CQut put Vector (Real, |nmag)
(-0.432307, 1.35778)
(3.90216, -1.08846)
(-1.34239, -3.77869)
(2.04297, 2.94914)
(-0.209147, 1.32461)
(-3.57896, -1.54376)
(-4.30299, 1.42356)
(-1.00372, 1.09507) */

See Also
vsip dfftx _create f,andvsip fftn destroy f

7.2.2. vsip_crfftop_f
Apply acomplex-to-real Fast Fourier Transform (FFT)

Functionality
Computes acomplex-to-real (inverse) Fast Fourier Transform (FFT) of the complex vector x = (x,,),
and stores the results in the real vector y = (yk).
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Y, scaleZ::_(l)x,,W’,‘\f’ for k=0,1..N-1

where:

= ,+j2n/N
Wy=et/

J

-

Prototypes

void vsip_crfftop_f(const vsip_fft_f *fft,
const vsip_cvview f *x, const vsip_vviewf *y);

Arguments

fft

Pointer to a 1D FFT object, created by vsi p_crfftop_create_f

View of input complex vector of length N/2 +1 where the value indexed as 0 contains the DC
(O frequency) value and the value indexed as N/2 contains the folding frequency (one half the
sample rate) value.

View of output real vector of length N

Return value
None

Restrictions
Only unit stride views are supported.

Thelength, N, must be even.

Errors
The arguments must conform to the following:

1

2.

5.

6.

All objects must be valid.

The FFT object must be a complex-to-real out-of-place FFT object.

. The input must be a complex vector view of length N/2 +1, where N is obtained from the FFT

object.

. The output must be areal vector view of length N, where N is obtained from the FFT object.

For an out-of-place FFT, the input and output vector views must not overlap.

The input and output vector views must be unit stride.

Notes/References
Generally, the FFT transforms a complex sequence into a complex sequence. However, in certain
applications we may know the output sequence is real. Often, this is the case because the complex
input sequence was the transform of a real sequence. In this case, you can save about half of the
computational work.
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For the output sequence, v, to be areal sequence, the following identity on the input sequence, X,
must be true:

Xp= X3 forlN/, [ <n< N

The input values x;,, for n >V /2] need not be supplied; they can be inferred from the first half of
the input.

Thus, in the complex-to-rea routine, vsi p_cr f f t x_f , x isacomplex vector of length|~/, H-1
and y isarea vector of length N. Even though only | 7/, |+1 input complex values are supplied,
the size of the transform is still N in this case, because implicitly you are using the FFT formula for
a segquence of length N.

The first value of the input vector, X, must be a real number that is, it must have zero imaginary
part. The first value corresponds to the zero (DC) frequency component of the data. Since we restrict
N to be an even number then the last value of the input vector, XN/>» must also be real. The last

value corresponds to one half the Nyquist rate (or sample rate). This value is sometimes called the
folding frequency Theroutinevsi p_crfft op_f assumesthat these values are real; if you specify
anonzero imaginary part, it isignored.

Examples

#i ncl ude <stdio. h>
#i ncl ude <vsip. h>
#define N 8
#define ACMPLX(x) vsip_real _d(x), \
(vsip_imag_d(x) < 0.0 ? "-i" : "+4i"), fabs(vsip_img_d(x))
#define SCVPLX "%g%s%Q"

int main()
{ . .
int i;
vsi p_cscal ar_d z;
vsi p_scalar_d data[N; /* a public data space for |/O */
vsip_fft_d *rcfftNop;
vsi p_bl ock_d *bl ock;
vsi p_vview d *xin;
vsi p_cvview d *yout;

vsip_init((void *)0);

rcfftNop = /* Create an out-of-place Real ->Cnpl x N-pt FFT */
vsip_rcfftop_create_d(N, 1.0, 1, VSIP_ALG TIM);

/* Create a block object and bind it to the array data */

bl ock = vsi p_bl ockbi nd_d(data, N, VSIP_MEM NONE);

Xin = vsip_vbind_d(block, 0, 1, N);

/* Create another block and conpl ex vector view for the
symmetric output */

yout = vsip_cvcreate_d((N 2)+1, VSIP_MEM NONE);

/* Admit block to VSIPL for processing and initialize with a

linear ramp */

vsi p_bl ockadmit _d(bl ock, VSIP_FALSE); vsip_vranp_d(0.0, 1.0, xin);

/* Compute an out-of -place Real ->Cnpl x N-pt FFT using the rcfftNop
obj ect */

vsi p_rcfftop_d(rcfftNop, xin, yout);

[* print it */

printf("Real |nput Vector\n");

for(i=0; i<N |i++)

{
printf("%\n", vsip_vget_d(xin,i));

printf("\ nConpl ex Qutput Vector\n");
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for(i=0; i<(N2)+1; i++)
{
z = vsip_cvget_d(yout,i);
printf(SCMPLX "\ n", ACMPLX(Zz));
}
/* Destroy the rcfftNop, blocks, and view objects */
vsi p_fft_destroy_d(rcfftNop);
vsi p_cval | destroy_d(xin);
vsi p_cval | destroy_d(yout);
vsi p_finalize((void *)0);
return(0);

See Also
vsip_dfftx_create_f,vsip_rcfftop_f,andvsi p_fftn_destroy_f

7.2.3. vsip_rcfftop_f
Apply areal-to-complex Fast Fourier Transform (FFT)

Functionality
Computes areal-to-complex (forward) Fast Fourier Transform (FFT) of thereal vector x = (x,,), and
stores the results in the complex vector y = ().

N-1 -
Y, scaleznzoon’f\, for k=0,1.,N-1
(See Notes/References for more details.)

where:

WN = ot+/2n/N
j=\1
Prototypes

void vsip_rcfftop_f(const vsip_fft_f *fft,
const vsip_vview f *x, const vsip_cvviewf *y);

Arguments
fft
Pointer to a1D FFT object, created by vsi p_rcfftop_create_f
X
View of input real vector of length N
y
View of output complex vector of length N/2+1. The first value placed in the output vector is
the DC freguency value, and the last value is the folding frequency value equal to one half the
sample rate of the input vector.
Return value
None
Restrictions

Only unit stride views are supported.
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Thelength, N, must be even.

Errors
The arguments must conform to the following:

1. All objects must be valid.

2. The FFT object must be a real-to-complex out-of-place FFT object.

3. N even, where N is obtained from the FFT object.

4. Theinput must be areal vector view of even length N.

5. The output must be a complex vector view of length (N/2) + 1.

6. For an out-of-place FFT, the input and output vector views must not overlap.
7. Theinput and output vector views must be unit stride.

Notes/References
The mathematical definition of the Fourier transform takes a sequence N complex values and
transforms it to another sequence of N complex values. A complex-to-complex FFT routine, such as
vsi p_ccfftx_f,will take N complex input values, and produce N complex output values.

The purpose of a separate real-to-complex FFT routine is efficiency. Since the input data are real,
you can make use of this fact to save almost half of the computational work. The theory of Fourier
transforms tells us that for real input data, you have to compute only the first [NV / 2]+ 7 complex
output values, because the remaining values can be computed from the first half of the values by the
simple formula:

Y, =V e 0N/ 2l<k<N

For real input data, the first output value, yO, will always be area number; therefore, the imaginary
part will be exactly zero. The first output value is sometimes called the DC component of the FFT
and corresponds to zero frequency. Since we restrict N to be an even number, yN/2, will also be real
and thus, have zero imaginary part. The last valueis called the folding frequency and is equal to one
half the sample rate of the input data.

Thus, in the real-to-complex routine, vsi p_rcfftop_f, xisared array of even length N and y
isacomplex array of length N/2 +1.

Examples

#i ncl ude <stdio. h>
#i ncl ude <vsip. h>

#define N 8
#define ACMPLX(x) vsip_real _d(x), \
(vsip_imag_d(x) < 0.0 ? "-i" : "+4i"), fabs(vsip_img_d(x))

#defi ne SCVWPLX "%g%s%Q"

int nmain()
{ . .
int i
vsi p_cscalar_d z
vsi p_scalar_d data[N; /* a public data space for |/O */
vsip_fft_d *rcfftNop
vsi p_bl ock_d *bl ock
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vsi p_vview d *xin;
vsi p_cvview d *yout;

vsip_init((void *)0);
rcfftNop = /* Create an out-of-place Real ->Cnpl x N-pt FFT */
vsip_rcfftop_create_d(N, 1.0, 1, VSIP_ALG TIM);

/* Create a block object and bind it to the array data */

bl ock = vsi p_bl ockbi nd_d(data, N, VSIP_MEM NONE);

Xin = vsip_vbind_d(block, 0, 1, N);

/* Create another block and conpl ex vector view for the
symmetric output */

yout = vsip_cvcreate_d((N 2)+1, VSIP_MEM NONE);

/* Admit block to VSIPL for processing and initialize with a
linear ramp */

vsi p_bl ockadmit _d(bl ock, VSIP_FALSE);

vsi p_vranp_d(0.0, 1.0, xin);

/* Compute an out-of -place Real ->Cnpl x N-pt FFT using the
rcfftNop object */

vsi p_rcfftop_d(rcfftNop, xin, yout);

[* print it */

printf("Real |nput Vector\n");

for(i=0; i<N |i++)

printf("%\n", vsip_vget_d(xin,i));
}
printf("\ nConpl ex Qutput Vector\n");
for(i=0; i<(N2)+1; i++)
{
z = vsip_cvget_d(yout,i);
printf(SCMPLX "\ n", ACMPLX(Zz));

}
/* Destroy the rcfftNop, blocks, and view objects */

vsi p_fft_destroy_d(rcfftNop);
vsi p_val | destroy_d(xin);

vsi p_cval | destroy_d(yout);
vsi p_finalize((void *)0);
return(0);

See Also
vsip dfftx _create f,vsip crfftop f,andvsip fftn _destroy f

7.2.4. vsip_dfftx_create_f
Create a 1D FFT object.

Functionality
Createsa 1D FFT object. The FFT object encapsul ates the information on what type of FFT isto be
computed and may at the implementor’ s discretion partialy pre-compute or optimize the FFT based
on thisinformation.

The FFT object is used to compute a complex to complex, real to complex, or complex-to-real Fast
Fourier Transform (FFT) of vector x = (x,,) , which stores the results in the vector y = (yk) .

Y, scalean:_(l)on’]‘\? for k=0,1..N-1
where:

= psignj2x/N
W\ = estgnj2m

j=\1
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sign = -1for a forward transform or + Ifor an inverse transform

Prototypes

vsip_fft_f *
vsip_dfftx_create_f(vsip_length N, vsip_scalar_f scale, vsip_fft_dir dir,
vsip_length ntinmes, vsip_alg_hint hint);

Where:

d
isone of {cc, cr, rc} which corresponds to:

complex-to-complex, complex-to-real, and real-to-complex

isone of {op, ip} which corresponds to:

out-of-place, and in-place

vsip_fft_f *

vsip_ccfftip_create_f(vsip_length N, vsip_scalar_f scale, vsip_fft_dir dir,
vsi p_length ntinmes, vsip_alg _hint hint);

vsip_fft_f *

vsip_ccfftop_create_f(vsip_length N, vsip_scalar_f scale, vsip_fft_dir dir,
vsi p_length ntinmes, vsip_alg _hint hint);

vsip_fft_f *

vsip_rcfftop_create_f(vsip_length N, vsip_scalar_f scale,
vsi p_length ntinmes, vsip_alg _hint hint);

vsip_fft_f *

vsip_crfftop_create_f(vsip_length N, vsip_scalar_f scale,
vsi p_length ntinmes, vsip_alg _hint hint);

Arguments

N
Length of FFT

scae
Real scale factor, typical values of scalearel, 1/ N , and 1/\/;

dir
Forward or Inverse FFT (note the argument is only for complex-to- complex)

ntimes
Estimate how many times the FFT object will be invoked. A value of zero is treated as semi-
infinite.

hint

Hint to help determine filtering approach.

Return value
The return valueis apointer to a 1D FFT object, or null if it fails.

Restrictions
For complex-to-real and real-to-complex FFTs, N must be even.
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Errors
The arguments must conform to the following:

1. N, the length of the FFT must be positive, non-zero. For complex-to-real and real-to- complex
FFTs, N must be even.

2. di r must be avalid member of the vsip_fft_dir enumeration.
3. hi nt must be avalid member of thevsip_alg_hint enumeration.

Notes/References
For the complex-to-complex Fourier transform, the transform direction must be specified. For thereal -
to-complex Fourier transform, it is an implied forward transform. For the complex-to- real Fourier
transform, it is an implied inverse transform.

FFT operations are supported for al values of N. However, the basic implementation requirement is

for an O(N log N) fast algorithm for the cases N = 2" or N = 32", where n is anonnegative integer.
Some implementations may provide fast algorithmsfor other combinations of small prime factorsand
may even handle the general case of large prime factors or prime sizes. When an implementation does

not provide afast algorithm, a DFT of O(N?) or faster will be performed.

An implementation of this function may do nothing beyond save a copy of its calling parameters. It
is suggested that this function be used to initialize (if necessary) aglobal twiddle tablethat al threads
can read.

The parameter ntimes in conjunction with the hint is used (at the implementor’s discretion) to pre-
compute or optimize the FFT based on thisinformation. If an FFT isto be called once or afew times,
pre-computing may be not worthwhile. Pre-computing/optimization may include, but is not limited
to, building a “twiddle table,” alocating a workspace, building an algorithmic plan, and building
an optimal FFT. Ideally the implementation uses a-priori time and space information with ntimes to
optimize the FFT object to meet the user’ s hint.

Hintsarejust that. Implementationsarefreetoignorethem andit isup to theimplementor to determine
the precise effect of the hints. However, the spirit of the hintsis:

* Minimizetotal FFT execution time.

e Minimizethe FFT total memory reguirements.

» Maximize numeric accuracy/stability (minimize numeric noise).
» Only one hint may be specified.

Examples
Seeexamplesinvsi p_ccfftx_f,vsip_crfftx_f,andvsip_rcfftx_f.

See Also
vsi p_dfftx_f

7.2.5. vsip_fft_setwindow_f
Set awindow (data taper) as part of the FFT object.

Functionality
The FFT object is created with astandard default boxcar window. Thisfunction will set a user defined
window as part of the FFT object which will do the data windowing in conjunction with the FFT.
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The FFT object is used to compute a complex to complex, real to complex, or complex-to-real Fast
Fourier Transform (FFT) of vector x = (x,,) , which stores the results in the vector y = (yk) .

When awindow ¢ = (Z,,) is set then
Y, scalean:_(l)tnonﬁ‘\}? for k=0,1..,N-1
where:

= signj2x/N
W\ = estens2m

j=\1
sign = -1for a forward transform or + Ifor an inverse transform

Prototypes
void *vsip_fft_setw ndow f(vsip_vview f *t, vsip_fft_f *fft);

Arguments

t
Vector of window values. This vector must be the same length as the fft input data set when the
FFT object was created.

fft
The FFT object to modify with new window values.

Return value
Restrictions

Errors
The arguments must conform to the following:

1. All objects nmust be valid.
2. The window vector must be the proper length for the FFT object.

Notes/References
When the FFT object is created the default window is ¢,, = 1for al n.

Examples
See Also
7.2.6. vsip_ccfftmx_f
Apply amultiple complex-to-complex Fast Fourier Transform (FFT)

Functionality
Computes a complex-to-complex Fast Fourier Transform (FFT) of the complex matrix X = (xm n),
and stores the results in the complex matrix ¥ = (yk,l)'

By rows:
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Yy sealey i W for k=0,1..N-1and1=0,1, ... M-1
or by columns:

V< scalezrz_(l)xn’lW'f\f for k=0,1,..,N-1land1=0, 1, ..., M-1
where:

W p = esien2e/PforP € {M, N}

=\

sign = -1for a forward transform or + Ifor an inverse transform

Prototypes
Out-of-place:

void vsip_ccfftnop_f(const vsip_fftmf *fft,
const vsip_cnview f *X, const vsip_cnmview f *Y);

In-place:
void vsip_ccfftm p_f(const vsip_fftmf *fft, const vsip_cnview f *XY);

Arguments

fft
Pointer to a 1D FFT object, created by vsi p_ccfftnx_create_f

X
View of input complex matrix of sizeM by N

Y
View of output complex matrix of sizeM by N

XY
View of input/output complex matrix of sizeM by N

Return value
None

Restrictions

Errors
The arguments must conform to the following:

1. All objects must be valid.
2. The FFT object must be a complex-to-complex multiple FFT object.

3. vsip_ccfftmop_f requires an out-of-place multiple FFT object, vsi p_ccfftm p_f
requires an in-place multiple FFT object.

4. Theinput and output must be acomplex matrix views of sizeM by N, where M and N are obtained
from the FFT object.
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5. For an out-of-place FFT, the input and output matrix views must not overlap.

Notes/References

Examples
In-place complex-to-complex FFT

#i ncl ude <stdio. h>
#i ncl ude <vsip. h>

#defi ne ROAS 64
#define N 16
#define ACMPLX(x) vsip_real _d(x),\

{

(vsip_imag_d(x) < 0.0 ? "-i" : "+4i"), fabs(vsip_img_d(x))
#defi ne SCVWPLX "%g%s%Q"
int main()
int i;

vsi p_randstate *state;

vsi p_cnvi ew_d *Xxy;

VSi p_cvview_d *Xxy_row,

vsi p_l ength stride;

vsi p_cvview d *sum

vsip_fftmd *ccfftmp;

vsi p_l ength seed =0, num procs=1, id=1;

vsip_init((void *)0);

/* Initialize Random Nurmber GCenerator */

state = vsip_randcreate(seed, numprocs, id, VSIP_PRNG;

/* Row nmmjor, 64 (ROA5) of 16 point data vectors */

Xy = vsip_cncreate_d(ROA5, 16, VSIP_ROWN VS| P_MEM NONE);

/* Bind xy_row viewinitially to row 0 of xy */

Xy_row = vsip_cnrowiew d(xy, 0);

/* Stride between columm el ements of xy */

stride = vsip_cngetcol stride_d(xy);

sum = vsi p_cvcreate_d(N, VSIP_MEM NONE);

/* Create an in-place Cmpl x->Cnpl x Mul tiple N-pt FFT */

ccfftmp = vsip_ccfftmp_create_d(ROA5, N, 1.0, VSIP_FFT_FWD,

VSI P_RON 1, VSIP_ALG Tl ME);

/* Initialize xy by rows with conpl ex Gaussi an noise N(O,1) */

for (i=0; i<ROA5; i++)

{
vsi p_cvputof fset _d(xy_row, i*stride); /* viewof rowi of xy */
vsi p_cvrand_d(state,xy_row); /* Initialize rowi of xy */

}

/* Compute an in-place Cnplx->Cnplx Miultiple N-pt FFT using the
ccfftm p object*/

vsip_ccfftmp_d(ccfftmp, xy);

/* Coherently sumthe rows together (in the Freq domain) */

vsi p_cvput of f set _d(xy_row, 0);

vsi p_cvcopy_d_d(xy_row, sum); /* sum=row O of xy */

for (i=1; i<ROA5; i++)

{
vsi p_cvputof fset _d(xy_row, i*stride); /* viewof rowi of xy */
vsi p_cvadd_d(xy_row, sum sum; /* sum+=row i of xy */

}

[* Print it */

printf("\nConpl ex Qutput Vector (Real, Imag)\n");

for(i=0; i<N |i++)
printf("%l:\t" SCMPLX "\ n", i, ACMPLX(vsip_cvget_d(sumi)));

printf("\n");

/* Destroy all the objects */

vsi p_fftmdestroy_d(ccfftmp);

vsi p_cvdestroy(xy_row);

vsi p_cvdestroy(sum;
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vsi p_cnal | destroy_d(xy);
vsi p_randdestroy(state);
vsi p_finalize((void *)0);
return(0);

See Also
vsip_dfftmx_create f,andvsip _fftn_destroy_f

7.2.7. vsip_crfftmop_f
Apply amultiple complex-to-rea Fast Fourier Transform (FFT)

Functionality
Computes a complex-to-real (inverse) Fast Fourier Transform (FFT) of the complex matrix

X = (xm,n), and stores the resultsin the real matrix ¥ = (ykl).

By rows:

Yy scaley) o W for k=0,1,.., N-1,and1=0,1,.., M - 1
or by columns:

V< scalezs;(l)xn,lW’f\f’ for k=0,L,..,N-1,and1=0,1,..,M -1

where:

Wp=e 2P forP €{M, N}

j=\1
Prototypes

void vsip_crfftnmop_f(const vsip_fft_f *fft,
const vsip_cvview f *X const vsip_vviewf *Y);

Arguments

fft
Pointer to a 1D FFT object, created by vsi p_crfftnop_create_f

X
View of input complex matrix of size- M/2 +1 by N, or M by N/2 +1

Y
View of output real matrix of sizeM by N

Return value
None

Restrictions
Only unit stride along the specified row or column FFT direction is supported. The output length of
theindividua FFTs must be even.
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Errors
The arguments must conform to the following:

1. All objects must be valid.
2. The FFT object must be a complex-to-real multiple FFT object.
3. vsip_crfftnop_f requiresan out-of-place multiple FFT object.
4. Theinput must be a complex matrix view of length of size:
* By Rows: M by N/2 +1, N even.
» By Column: M/2 +1 by N, M even.
where M and N are obtained from the FFT object.

5. The output must be areal matrix view of length of sizeM by N, where M and N are obtained from
the FFT object.

6. For amultiple out-of-place FFT, the input and output matrix views must not overlap.
7. Theinput and output matrix views must be unit-stride in the transform direction.

Notes/References
The mathematical definition of the Fourier transform takes a sequence N complex values and
transforms it to another sequence of N complex values. A complex-to-complex FFT routine, such as
vsi p_ccfftm f,will takeM (N) setsof N (M) complex input values, and produce N (M) complex
output values.

Fourier transforms of length N (M), for the output matrix, Y, to be areal vector, the following identity
on the input matrix, X, must be true;

Xix = Xiymope forl M/, | <k <M
or
xk,l = xIT/I-k,l’ fOfI_N/zj <k<N

And, in fact, the input values x i for k > [ /2] (5 ; for k& > .M /2]) are unnecessary; they can be
inferred from the first half of the input.

Another implication isthat x o (X0, 1), must be areal number. Also since N (M) is an even number,
X1.,N/2 (Xmy2,1) Will bereal. Theroutine vsi p_cr fft mop_f assumes that these values are real.
The imaginary part isignored.

Thus, X isacomplex matrix view of sizeM/2 +1 by N, or M by N/2 +1.
Examples

See Also
vsip_dfftmk_create f,andvsip _fftn_destroy_f

7.2.8. vsip_rcfftmop_f

Apply amultiple real-to-complex out of place Fast Fourier Transform (FFT)
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Functionality
Computes areal-to-complex (forward) Fast Fourier Transform (FFT) of the real matrix X = (xm n),

and stores the results in the complex matrix ¥ = (ykl)'

A seriesof 1D real vectors are stored in amatrix object in row major or column major order. Multiple
1D FFTsarethen performed on the series along the unit stride (row or column) direction and the result
is stored as a complex matrix.

By rows:

Vi< scalezg;;xl,pr)k for k=0,1,..,N-1land1=0,1,...M -1
or by columns:

Y, scalean:_(l)on’]‘\? for k=0,1..N-1

(See Notes/References for more details.)

where:

= ,+j27n/N
Wy =etem

j=\
Prototypes

void vsip_rcfftop_f(const vsip_fft_f *fft,
const vsip_vview f *x, const vsip_cvviewf *y);

Arguments

fft
Pointer to a 1D FFT object, created by vsi p_rcfft nop_create_f

X
View of input real matrix of sizeM by N

Y
View of output complex matrix of size M/2 +1 by N, or M by N/2 +1

Return value
None

Restrictions
Only unit stride aong the specified row or column FFT direction is supported. (FFT direction is
specified in the create function.)

Theinput lengths of the individual FFTs must be even.

Errors
The arguments must conform to the following:

1. All objects must be valid.
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2. The FFT object must be a real-to-complex multiple FFT object.
3. vsi p_rcfftnop_f requiresan out-of-place multiple FFT object.

4. Theinput must be areal matrix view of length of size M by N, where M and N are obtained from
the FFT object.

5. The output must be a complex matrix view of length of size:

* By Rows: M by N/2 +1, N even

e By Column: M/2 +1 by N, M even

where M and N are obtained from the FFT object.
6. For amultiple out-of-place FFT, the input and output matrix views must not overlap.
7. Theinput and output matrix must be unit-stride in the transform direction.

Notes/References
The mathematical definition of the Fourier transform takes a sequence of N complex values and
transforms it to another sequence of N complex values. A complex-to-complex FFT routine, such as
vsi p_ccfftmf,will takeM (N) setsof N (M) complex input values, and produce N (M) complex
output values.

The reason for having a separate real-to-complex FFT routine is efficiency. Because the input data
are real, you can make use of this fact to save aimost half of the computational work. For real input
data, you have to compute only thefirst| ~/, |+ 1 ((#/, ]|+ I) complex output values, because the
remaining values can be computed from the first half of the values by the simple formula:

Yk = Vine forlM /2] <k <M
or
Y~ Mkr forlN/2]|<k<N

For real input data, the output value, Yio (y0 l) will always be areal number. Also, since N(M) is
an even number, 3, o » (¥ m/2,1) Will bereal.

Thus, inthereal-to-complex routing, vsi p_rcfftmx_f, X isareal matrix of szeM by N,and Y !
isacomplex matrix of size| #/, |+ Iby N,orM by [~ /, |+ 1.

Examples

See Also
vsip_dfftx _create f

7.2.9. vsip_dfftmx_create_f
Create a 1D multiple FFT object.

Functionality
Createsa 1D multiple FFT object. The FFT object encapsulates the information on what type of FFT
is to be computed and may at the implementor’ s discretion pre-compute or optimize the FFT based
on thisinformation.
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This FFT object is used to compute multiple complex to complex, rea to complex, or complex- to-
real Fast Fourier Transforms (FFTs) of matrix X = (Xm n), Which stores the results in the matrix Y

= (V)

The 1D data to be transformed is stored in a matrix object in row major or column major order.
Multiple 1D FFTs are then performed along the specified row or column direction.

By rows:

Vi scalezl}:)xi’pWﬁk for k=0,1,..,N-1land1=0, .., M-1
or by columns:

Ve scalez:;;xn’lWﬁ;’ for k=0,1.,M-1and1=0, ..., N-1
where:

WP = esigann/P’ for P = M, N

j=\1
sign = -1for a forward transform or + Ifor an inverse transform

Prototypes

vsip_fftmf *

vsip_dfftmx_create_f(vsip_length M vsip_length N, vsip_scalar_f scale,
vsip_fft_dir dir, vsip_najor ngjor,
vsip_length ntinmes, vsip_alg_hint hint);

Where:

d
isone of {cc, cr, rc} which corresponds to:

complex-to-complex, complex-to-real, and real -to-complex

isone of {op, ip} which corresponds to:

out-of-place, and in-place

vsip_fftmf *

vsi p_ccfftrmop_create_f(vsip_length M vsip_length N,
vsi p_scal ar_f scale, vsip_fft_dir dir, vsip_mgjor mgjor,
vsi p_l ength ntimes, vsip_alg_hint hint);

vsip_fftmf *

vsi p_ccfftm p_create_f(vsip_length M vsip_length N,
vsi p_scal ar_f scale, vsip_fft_dir dir, vsip_mgjor mgjor,
vsi p_l ength ntimes, vsip_alg_hint hint);

vsip_fftmf *

vsip_rcfftrmop_create_f(vsip_length M vsip_length N,
vsi p_scal ar_f scal e, vsip_ngjor ngjor,
vsi p_l ength ntimes, vsip_alg_hint hint);

vsip_fftmf *

vsip_crfftrmop_create_f(vsip_length M vsip_length N,

362



7.2.9 [vsip_dfftmx_create f]

vsi p_scal ar_f scal e, vsip_nmjor ngjor,
vsi p_l ength ntimes, vsip_alg_hint hint);

Arguments

M
Length of column FFT or number of row ffts

N
Length of row FFT or number of column ffts

scale
Redl scale factor, typical valuesof scaleare1, 1/N, 1/N , I/\/_ , and 1/\/]7

dir

Forward or Inverse FFT (note the argument is only for complex-to- complex)
major

Direction of multiple FFT

ntimes
Estimate how many times the FFT object will be invoked. A value of zero is treated as semi-
infinite.

hint
Hint to help determine filtering approach.

Return value
The return valueis a pointer to a 1D FFT object, or null if it fails.

Restrictions
Real-to-complex and complex-to-real FFTs are restricted to unit stride along the specified, maj or ,
row or column FFT direction.

Thelength in the unit stride direction of these functions must be even. Implementations may limit the
maximum size, M and/or N.

Errors
The arguments must conform to the following:

1. M, and N, must be greater than zero.

2. di r must be avalid member of thevsip_fft_dir enumeration.

3. maj or must be avalid member of the vsip_major enumeration.
4. hi nt must be avalid member of thevsip_alg_hint enumeration.

Notes/References
For the complex-to-complex Fourier transform, the transform direction must be specified. For the
real-to-complex Fourier transformitisan implied forward transform. For the complex-to- real Fourier
transform it is an implied inverse transform.

FFT operations are supported for al values of N and M (up to implementation-dependent limits).
However, the basic implementation requirement is for an O(N log N) fast algorithm for the cases

N =2"or N =32" where n is a nonnegative integer. Some implementations may provide fast
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algorithms for other combinations of small prime factors and may even handle the general case of
large prime factors or prime sizes. When an implementation does not provide afast algorithm, aDFT

of O ( Nz) or faster will be performed.

For many computer systems, multiple 1D FFTs can be computed more efficiently with a special
algorithm than simply calling a 1D FFT multiple times. Thisis particularly true for small FFTs. This
method is sometimes called stacked FFT or vector FFT.

Performing amultiple 1D FFT on the data by rows and then by columns (or vice versa) isequivalent to
performing a 2D FFT on the matrix, although it might be less efficient than thevsi p_df f t 2dx_p.
Note that this would require two multiple FFT objects, one by rows, and one by columns.

FFTs performed along directions which have large strides between successive elements will have
lower performance on many systems.

An implementation of this function may do nothing beyond save a copy of its calling parameters. It
is suggested that this function be used to initialize (if necessary) aglobal twiddle table that al threads
can read.

The parameter ntimes in conjunction with the hint is used (at the implementor’s discretion) to pre-
compute or optimize the FFT based on thisinformation. If an FFT isto be called once or afew times,
pre-computing may be not worthwhile. Pre-computing/optimization may include, but is not limited
to, building a “twiddle table,” alocating a workspace, building an agorithmic plan, and building
an optimal FFT. Ideally the implementation uses a-priori time and space information with ntimes to
optimize the FFT object to meet the user’ s hint.

Hintsarejust that. Implementationsarefreetoignorethem andit isup to theimplementor to determine
the precise effect of the hints. However, the spirit of the hintsis:

* Minimizetotal FFT execution time.
* Minimize the FFT total memory requirements.
» Maximize numeric accuracy/stability (minimize numeric noise).
e Only one hint may be specified.
Examples

See Also
vsip dfftnx_f,andvsip_fftn_destroy f

7.2.10. vsip_fftm_setwindow_f
Set awindow (data taper) as part of the multiple FFT object.

Functionality
The FFT object is created with astandard default boxcar window. Thisfunction will set a user defined
window as part of the FFT object which will do the data windowing in conjunction with the FFT.

Themultiple FFT object isused to compute acomplex to complex, real to complex, or complex-to-real
Fast Fourier Transform (FFT) of vector X = (xm n) , Which storestheresultsinthevector ¥ = (ykl) .

When awindow ¢ = (z,,) is set then

By rows
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Yy sealed. tpx WE for k=01, N-1and1=0, .., M-1
or by columns:
Vi scaleZ:;;tnxn,lW’fV” for k=0,1,..,M-1and1=0, ..., N-1

where:

WP = esigan;r/P’ forP = N’M

=

sign = -1for a forward transform or + 1for an inverse transform

Prototypes

void *vsip_fftmsetw ndow f(vsip_vview f *t, vsip_fftmf *fft);

Arguments

t
Vector of window values. This vector must be the same length as the fft input data set when the
multiple FFT object was created.

fft
The multiple FFT object to modify with new window values.

Return value
Restrictions

Errors
The arguments must conform to the following:

1. All objects nmust be valid.
2. The window vector must be the proper length for the multiple FFT object.

Notes/References
When the multiple FFT object is created the default window is ¢,, = 1for al n.

Examples
See Also
7.2.11. vsip_ccfft2dx_f
Apply acomplex-to-complex 2D Fast Fourier Transform (FFT)

Functionality
Computes a complex-to-complex 2D Fast Fourier Transform (FFT) of the complex M by N matrix
X = (m,n), and stores the results in the complex matrix ¥ = (y, ,)-

Vpq < scaley SN o WATWY for u=0, 1., M-1;forv=0,1, .., N-1
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where:

W p = esien2e/PforP € {M, N}

j=\1
sign = -1for a forward transform or + Ifor an inverse transform

Prototypes
Out-of-place:

voi d vsip_ccfft2dop_f(const vsip_fft2d_f *fft,
const vsip_cnview f *X const vsip_cnview f *Y);

In-place:

voi d vsip_ccfft2dip_f(const vsip_fft2d_f *fft, const vsip_cnview f *XY);

Arguments

fft
Pointer to a2D FFT object, created by vsi p_ccfft 2dx_create_f

X
View of input complex matrix of sizeM by N

Y
View of output complex matrix of sizeM by N

XY
View of input/output complex matrix of sizeM by N

Return value
None

Restrictions

Errors
The arguments must conform to the following:

1. All objects must be valid.
2. The FFT object must be a complex-to-complex 2D FFT object.

3. vsi p_ccfft2dop_f requiresan out-of-place 2D FFT object, vsi p_ccf ft 2di p_f requires
an in-place multiple FFT object.

4. Theinput and output must be complex matrix views of sizeM by N, where M and N are obtained
from the FFT object.

5. For an out-of-place 2D FFT, the input and output matrix views must not overlap.
Notes/References

Examples
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See Also
vsip_dfft2dx _create f,andvsip_fftn_destroy f

7.2.12. vsip_crfft2dop_f
Apply acomplex-to-real 2D Fast Fourier Transform (FFT)

Functionality
Computes a complex-to-real (inverse) 2D Fast Fourier Transform (FFT) of the complex matrix
X = (m,n), and stores the resultsin the real matrix ¥ = (v, . )-

Vpq scaled S o oW WA for u=0,1..,M-1,andv=0,1,..,N- 1

where:

Wp=e 2P forP €{M, N}

j=\
The 2D data to be transformed is stored in a matrix object in row major or column major order.

Prototypes

voi d vsip_crfft2dop_f(const vsip_fft2d_f *fft,
const vsip_cnview f *X const vsip_nviewf *Y);

Arguments

fft
Pointer to a2D FFT object, created by vsi p_crfft2dop_create_ f

X
View of input complex matrix of size

* Unit Column Stride: M by | M/, |+ 1
* Unit Row Stride: [ M/, |+ 71by N

Y
View of output real matrix of size M by N

Return value
None

Restrictions
Unit strideis required along one of the stride directions.

The length in the unit stride direction of the real matrix must be even.

Errors
The arguments must conform to the following:

1. All objects must be valid.

2. The FFT object must be a complex-to-real 2D FFT object.
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3. vsip_crfft2dop_f requiresan out-of-place 2D FFT object, vsi p_crfft 2di p_f requires
an in-place 2D FFT object.

4. Theinput must be a complex matrix view of length of size:
* By Rows: M by N/2 +1, N even.
» By Column: M/2 +1 by N, M even.
where M and N are obtained from the FFT object.

5. The output must be areal matrix view of sizeM by N, where M and N are obtained from the FFT
object.

6. For an out-of-place 2D FFT, the input and output matrix views must not overlap.
7. Theinput and output matrix views must be unit-stride in either the row or column axis direction.

Notes/References
Knowing the output is real, this routines takes the complex-to-complex FFT in the non-unit stride
dimension, followed by the complex-to-real FFT in the unit-stride dimension.

In order for the output to be real, the input must have the two-dimensional conjugate symmetry:
Xm,n = xf\k/[_m,N.n: fOI‘i_N/zj <n<N

And, in fact, theinput values Xm n for n>|N /2| need are not necessary; they can be inferred from
the first half of the input.

Thus, in the complex-to-rea routine, X is a complex matrix of sizeM by |~/, |+ 7and Y isareal
matrix of size M by N. Although only [ ¥/, |+ 7 input complex values are supplied, the size of the
transform is still N in this case. Because, implicitly you are using the FFT formula for a sequence
of length N.

Another implication isthat X o (X0, 1), must be areal number. Also since N (M) is an even number,
X1N/2 (Xmy2,) Will bereal. Theroutine vsi p_cr fftmop_f assumes that these values are real.
Theimaginary part isignored.

Thus, X isacomplex matrix view of size M/2 +1 by N, or M by N/2 +1.
Examples

See Also
vsi p_dfft2dx_create f,andvsip_fftn_destroy_f

7.2.13. vsip_rcfft2dop_f
Apply areal-to-complex 2D Fast Fourier Transform (FFT)

Functionality
Computes a real-to-complex (forward) 2D Fast Fourier Transform (FFT) of the real M by N matrix
X = (xm n), and stores the results in the complex matrix ¥ = (yk,l)'

Vpq scaled S o oW WA for u=0,1..,M-1andv=0,1,..,N-1

where:
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Wp=et2Pfor P=M, N

j=\
The 2D datato be transformed is stored in a matrix object in row major or column major order.

Prototypes

voi d vsip_rcfft2dop_f(const vsip_fft2d_f *fft,
const vsip_mview f *X, const vsip_cnview f *Y);

Arguments
fft
Pointer to a2D FFT object, created by vsi p_rcfft 2dop_create_f
X
View of input real matrix of sizeM by N
Y
View of output complex matrix of size
* Unit Column Stride: M by N/2 +1
* Unit Row Stride: M/2 +1 by N
Return value
None
Restrictions

Unit stride is required along one of the stride directions.
Thelength in the unit stride direction for the real matrix must be even.

Errors
The arguments must conform to the following:

1. All objects must be valid.
2. The FFT object must be a real-to-complex 2D FFT object.
3. vsi p_rcfft2dop_f requiresan out-of-place 2D FFT object.

4. Theinput must be areal matrix view of length of size M by N, where M and N are obtained from
the FFT object.

5. The output must be a complex matrix view of length of size:
* By Rows: M by N/2 +1, N even
e By Column: M/2 +1 by N, M even
where M and N are obtained from the FFT object.
6. For an out-of-place 2D FFT, the input and output matrix views must not overlap.

7. Theinput and output matrix must be unit-stride in either the row or column axis direction.

369



7.2.14 [vsip_dfft2dx_create f]

Notes/References
The mathematical definition of the Fourier transform takes a sequence of N complex values and
transforms it to another sequence of N complex values. A complex-to-complex FFT routine, such as
vsi p_ccfftip f,will takeN complex input values, and produce N complex output values.

This routine computes a real-to-complex transform along the unit stride dimension, followed by the
complex-to-complex transform in the other dimension. The reason for having a separate rea-to-
complex FFT routine is efficiency. Because the input data are real, you can make use of this fact to
save almost half of the computational work The two-dimensional analog of the conjugate formulais
asfollows:

Yuv = VMeuN-v? folN/2|<v<N

Thus, you have to compute only (slightly more than) half of the output values, namely:
Yy fOr0=u =< IN/2]+1landO<v <N

For real input data, the output value, ), o (yo ) Will always be areal number. Also, since N(M) is
an even number, ¥, 5 (¥ m/2,1) will bereal.

Thus, in the real-to-complex routine, vsi p_r cf ft 2dx_f, X isarea matrix of sizeM by N, and
Y isacomplex matrix of sizeM/2+ 1 by N, or M by N/2 + 1.

Examples

See Also
vsip_dfft2dx _create f,andvsip_fftn_destroy f

7.2.14. vsip_dfft2dx_create_f
Create a2D FFT object.

Functionality
Creates a 2D FFT object. The FFT object encapsul ates the information on what type of FFT isto be
computed and may at the implementor’s discretion pre-compute or optimize the FFT based on this
information.

This2D FFT object isused to compute complex to complex, real to complex, or complex- to-real Fast
Fourier Transforms (FFTs) of matrix X = (Xm n), Which stores the resultsin the matrix Y = (,, ,)-

Yy < scaleZ:: ::_:)xm,nWﬁ”le for u=0,1,..,M-1andv=0, ..., N-1

where:

Wp=esien2mP for P =M, N

j=\1
sign = -1for a forward transform or + 1for an inverse transform

Prototypes

vsip_fft2ad_f *
vsi p_df ft 2dx_create_f(vsip_length M vsip_length N,
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vsi p_scal ar_f scale, vsip_fft_dir dir,
vsi p_l ength ntimes, vsip_alg_hint hint);

Where:

d
isone of {cc, cr, rc} which corresponds to:

complex-to-complex, complex-to-real, and real -to-complex

isone of {op, ip} which corresponds to:

out-of-place, and in-place

vsip_fft2d_f *
vsip_ccfft2dop_create_f(vsip_length M vsip_length N,
vsip_scalar_f scale, vsip_fft_dir dir,
vsip_l ength ntinmes, vsip_alg_hint hint);
vsip_fft2d_f *
vsip_ccfft2dip_create_f(vsip_length M vsip_length N,
vsip_scalar_f scale, vsip_fft_dir dir,
vsip_l ength ntinmes, vsip_alg_hint hint);
vsip_fft2d_f *
vsip_rcfft2dop_create_f(vsip_length M vsip_length N,
vsi p_scal ar _f scale,
vsip_l ength ntines, vsip_alg_hint hint);
vsip_fft2d_f *
vsip_crfft2dop_create_f(vsip_length M vsip_length N,
vsi p_scal ar _f scale,
vsip_l ength ntines, vsip_alg_hint hint);

Arguments

M
FFT sizeisM by N.

N
FFT sizeisM by N.

scale
Real scale factor, typical values of scaleare1, 1/ N, 1/ N, 1/\/17 1/\/‘ ,and / N

dir

Forward or Inverse FFT (note the argument is only for complex-to- complex)
major

Direction of multiple FFT
ntimes

Estimate how many times the FFT object will be invoked. A value of zero is treated as semi-
infinite.

hint
Hint to help determine filtering approach.

Return value
Thereturn value is a pointer to a2D FFT object, or null if it fails.
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Restrictions
Real-to-complex and complex-to-real FFTs are restricted to unit stride along the specified, maj or ,
row or column FFT direction.

The length in the unit stride direction of these functions must be even. Implementations may limit the
maximum size, M and/or N.

Errors
The arguments must conform to the following:

1. M, and N, must be greater than zero.
2. di r must be avalid member of the vsip_fft_dir enumeration.
3. hi nt must be avalid member of thevsip_alg_hint enumeration.

Notes/References
For the complex-to-complex Fourier transform, the transform direction must be specified. For the
real-to-complex Fourier transformit isan implied forward transform. For the complex-to- real Fourier
transform it is an implied inverse transform.

2D FFT operations are supported for all values of N and M. However, the basic implementation
requirement is for an O(M*N log(M*N)) fast algorithm for the cases M =2" or M = 32", and

N =2"or N =32", where m and n are nonnegative integers. Some implementations may provide
fast algorithms for other combinations of small prime factors and may even handle the general case
of large prime factors or prime sizes. When an implementation does not provide a fast algorithm, a

DFT of O(N M?+M N?) or faster will be performed.

An implementation of this function may do nothing beyond save a copy of its calling parameters. It
is suggested that this function be used to initialize (if necessary) aglobal twiddle table that al threads
can read.

The parameter ntimes in conjunction with the hint is used (at the implementor’s discretion) to pre-
compute or optimize the FFT based on this information. This may include, but is not limited to,
building a “twiddle table,” alocating a workspace, building an algorithmic plan, and building an
optimal FFT. Ideally the implementation uses a-priori time and space information with ntimes to
optimize the FFT object to meet the user’ s hint.

Hintsarejust that. Implementationsarefreetoignorethem andit isup to theimplementor to determine
the precise effect of the hints. However, the spirit of the hintsis:

* Minimizetotal FFT execution time.
* Minimizethe FFT total memory reguirements.
» Maximize numeric accuracy/stability (minimize numeric noise).
Only one hint may be specified.
Examples

See Also
vsip _dfft2dx f,andvsip fftn _destroy f

7.2.15. vsip_ccfft3dx_f

Apply acomplex-to-complex 3D Fast Fourier Transform (FFT)
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Functionality
Computes a complex-to-complex 3D Fast Fourier Transform (FFT) of the complex P by M by N
tensor X' = (Xp,m,n), and stores the resultsin the complex tensor ¥ = (1

Vo SCASY S oW WA R
for u=0,1,...,M-1;forv=0,1, .., N-1;forw=0, ..., P-1;

where:

W = esieni2rKforK =M, N, P

=\

sign = -1for a forward transform or + Ifor an inverse transform

Prototypes
Out-of-place:

voi d vsip_ccfft3dop_f(const vsip_fft3d_f *fft,
const vsip_ctviewf *X const vsip_ctviewf *Y);

In-place:
voi d vsip_ccfft3dip_f(const vsip_fft3d_f *fft, const vsip_ctview f *XY);

Arguments

fft
Pointer to a 3D FFT object, created by vsi p_ccfft 3dx_create_f

X
View of input complex tensor of size Pby M by N

Y
View of output complex tensor of size Pby M by N

XY
View of input/output complex tensor of size Pby M by N

Return value
None

Restrictions

Errors
The arguments must conform to the following:

1. All objects must be valid.
2. The FFT object must be a complex-to-complex 3D FFT object.

3. vsi p_ccfft3dop_f requiresan out-of-place 3D FFT object, vsi p_ccf ft 3di p_f requires
an in-place 3D FFT object.
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4. Theinput and output must be complex tensor views of size Pby M by N, where P, M, and N are
obtained from the FFT object.

5. For an out-of-place 3D FFT, the input and output tensor views must not overlap.
Notes/References
Examples

See Also
vsip _dfft3dx_create f,andvsip_fftn _destroy f

7.2.16. vsip_crfft3dop_f
Apply acomplex-to-real 3D Fast Fourier Transform (FFT)

Functionality
Computes a complex-to-real (inverse) 3D Fast Fourier Transform (FFT) of the complex tensor
X = (Xp,m,n), and stores the resultsin the P by M by N real tensor ¥ = ()

u>V,W)'

M-1 N-1—P-1 mu NV vy, PW
Vavaw < scalezmzozn: o oW W Wp

for u=0,L .. M-1,andv=0,1,..,N-1;forw=0, ..., P-1;
where:

W=e 27K forK =M, N, P

j=\
The 3D datato be transformed is stored in atensor object in Y major, X major, or Z major order.

Prototypes

void vsip_crfft3dop_f(const vsip_fft3d_f *fft,
const vsip_ctview f *X, const vsip_tviewf *Y);

Arguments
fft
Pointer to a 3D FFT object, created by vsi p_crfft 3dop_create_f
X
View of input complex tensor of size
* Unit X Stride: Pby M by | ¥/, |+ 1
* UnitY Stridet P by | #/,|+1byN
* UnitZ Stride:| 7/, ]+ 7by M by N
Y
View of output real tensor of size Pby M by N
Return value
None
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Restrictions
Unit stride is required along one of the stride directions.

The length in the unit stride direction of the real tensor must be even.

Errors

The arguments must conform to the following:

1

2.

6.

7.

All objects must be valid.

The FFT object must be a complex-to-real 3D FFT object.

. vsip_crfft3dop_f requiresan out-of-place 3D FFT object.

. The input must be a complex tensor view of length of size:

* Pby M by N/2 +1, N even.
e orPby M/2+1by N, M even.
e or P2+ 1by M by N, Peven.

where P, M, and N are obtained from the FFT object.

. The output must be areal tensor view of size Pby M by N, where P, M, and N are obtained from

the FFT object.
For an out-of-place 3D FFT, the input and output tensor views must not overlap.

Theinput and output tensor views must be unit-stride in either the Z, Y, or X axis direction.

Notes/References
Knowing the output is real, this routines takes the complex-to-complex FFT in the non-unit stride
dimensions, followed by the complex-to-real FFT in the unit stride dimension.

Examples

See Also
vsi p_dfft3dx_create_f,andvsi p_fftn_destroy_f

7.2.17. vsip_rcfft3dop_f

Apply areal-to-complex 3D Fast Fourier Transform (FFT)

Functionality
Computes a real-to-complex (forward) 3D Fast Fourier Transform (FFT) of thereal P by M by N
tensor X = (Xp,m.n), and stores the resuilts in the complex tensor ¥ = (y,, , ,)-

M-1 N-I—P-1 U 371V 147 PW
Novw < ScaleZmZOZn: p=0 0P WyuWnxWp

for u=0,L,..M-landv=0,1,...,N-1;forw=0, ..., P-1;

where:

Wy =e27Kfor K =M, N, P

j=\1
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The 3D datato be transformed is stored in atensor object in X major, Y major, or Z major order.

Prototypes

voi d vsip_rcfft3dop_f(const vsip_fft3d_f *fft,
const vsip_tview f *X const vsip_ctviewf *Y);

Arguments

fft
Pointer to a 3D FFT object, created by vsi p_rcfft 3dop_create_f

X
View of input real tensor of size Pby M by N

Y
View of output complex tensor of size

» Unit X Stride: Pby M by N/2 +1
e UnitY Stride: Pby M/2+1by N
* Unit Z Stride: P/2+ 1 by M by N

Return value
None

Restrictions
Unit stride is required along one of the stride directions.

Thelength in the unit stride direction for the real tensor must be even.

Errors
The arguments must conform to the following:

1. All objects must be valid.
2. The FFT object must be a real-to-complex 3D FFT object.

3. vsi p_rcfft3dop_f requiresan out-of-place 3D FFT object.

4. The input must be areal tensor view of size P by M by N, where P, M, and N are obtained from

the FFT object.
5. The output must be a complex tensor view of size:
* Pby M by N/2+1, N even
e or Pby M/2+1 by N, M even
e orPI2+1by M by N, Peven
where P, M, and N are obtained from the FFT object.
6. For an out-of-place 3D FFT, the input and output tensor views must not overlap.

7. Theinput and output tensors must be unit-stride in either the Z, X, or Y axis.
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Notes/References
Knowing the input is real, this routines takes the real-to-complex FFT in the unit stride dimension,

followed by the complex-to-complex FFT in the remaining dimensions.
Examples

See Also
vsip _dfft3dx_create f,andvsip_fftn_destroy f

7.2.18. vsip_dfft3dx_create_f
Create a3D FFT object.

Functionality
Creates a 3D FFT object. The FFT object encapsulates the information on what type of FFT isto be
computed and may at the implementor’s discretion pre-compute or optimize the FFT based on this
information.

This 3D FFT object is used to compute complex to complex, real to complex, or complex- to-real
Fast Fourier Transforms (FFTs) of tensor X = (Xp,m,n), Which stores the results in the tensor Y =

(yu’vaw)‘

Yy scaler:OZiéxm DWWy
for u=0,1 ... M-1;forv=0, .. N-1;forw=0, ..., P-1;

where:

W = esienj2rK for K =M, N,P

j=\
sign = -1for a forward transform or + 1for an inverse transform

Prototypes

vsip_fft3d_f *vsip_dfft3dx_create_f(vsip_length P, vsip_length M vsip_length N,
vsi p_scal ar_f scale, vsip_fft_dir dir,
vsip_length ntines, vsip_alg_hint hint);

Where:

d
isone of {cc, cr, rc} which corresponds to:

complex-to-complex, complex-to-real, and real -to-complex

isone of {op, ip} which corresponds to:
out-of-place, and in-place

vsi p_fft3d_f *vsip_ccfft3dop_create_f(vsip_length P, vsip_length M vsip_length N,
vsi p_scal ar_f scale, vsip_fft_dir dir,
vsi p_l ength ntimes, vsip_alg_hint hint);

vsi p_fft3d_f *vsip_ccfft3dip_create_f(vsip_length P, vsip_length M vsip_length N,
vsi p_scal ar_f scale, vsip_fft_dir dir,
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vsi p_l ength ntimes, vsip_alg_hint hint);
vsip_fft3d_f *vsip_rcfft3dop_create_f(vsip_length P, vsip_length M vsip_length N,

vsi p_scal ar_f scal e,

vsi p_l ength ntimes, vsip_alg_hint hint);
vsip_fft3d_f *vsip_crfft3dop_create_f(vsip_length P, vsip_length M vsip_|length N,

vsi p_scal ar_f scal e,

vsi p_l ength ntimes, vsip_alg_hint hint);

Arguments

P
FFT sizeisPby M by N.

M
FFT sizeisP by M by N.

N
FFT sizeisP by M by N.

scale
Real scale factor, typical values of scaleare 1, and I/W

dir
Forward or Inverse FFT (note the argument is only for complex-to- complex)

ntimes
Estimate how many times the FFT object will be invoked. A value of zero is treated as semi-

infinite.

hint
Hint to help determine filtering approach.

Return value
The return value is a pointer to a 3D FFT object, or null if it fails.

Restrictions
Real-to-complex and complex-to-real FFTs are restricted to views with unit stride along one of the

storage directions.
Implementations may limit the maximum size, P, M, and N.

Errors
The arguments must conform to the following:

1. P, M, and N, must be greater than zero.
2. di r must be avalid member of the vsip_fft_dir enumeration.
3. hi nt must be avalid member of thevsip_alg_hint enumeration.
Notes/References
For the complex-to-complex Fourier transform, the transform direction must be specified. For the

real-to-complex Fourier transformit isan implied forward transform. For the complex-to- real Fourier
transform it is an implied inverse transform.

3D FFT operations are supported for al values of M, N, and P. However, the basic implementation
requirement is for an O( MNPlog( MNP)) fast agorithm for the cases M =2" or M = 32",
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N=2"or N=32" and P=2" or P =32", where m, n, and p are nonnegative integers. Some
implementations may provide fast algorithms for other combinations of small prime factors and may
even handle the general case of large prime factors or prime sizes. When an implementation does not

provide afast algorithm, aDFT of O( MNP*+ MN*P+ M*NP) or faster will be performed.

An implementation of this function may do nothing beyond save a copy of its calling parameters. It
is suggested that this function be used to initialize (if necessary) aglobal twiddle tablethat al threads
can read.

The parameter ntimes in conjunction with the hint is used (at the implementor’s discretion) to pre-
compute or optimize the FFT based on this information. This may include, but is not limited to,
building a “twiddle table,” alocating a workspace, building an algorithmic plan, and building an
optimal FFT. Ideally the implementation uses a-priori time and space information with ntimes to
optimize the FFT object to meet the user’ s hint.

Hintsarejust that. Implementationsarefreetoignorethem and it isup to theimplementor to determine
the precise effect of the hints. However, the spirit of the hintsis:

* Minimizetotal FFT execution time.
* Minimizethe FFT total memory reguirements.
» Maximize numeric accuracy/stability (minimize numeric noise).
Only one hint may be specified.
Examples

See Also
vsip dfft3dx _f,andvsip fftn _destroy f

7.2.19. vsip_dfftn_destroy f
Destroy an FFT object.

Functionality
Destroys (free memory) an FFT object returning null on success, and non- null on failure.

Prototypes

int vsip_fftn_destroy f(vsip_fftn_f *fft);

Where n isone of { , m, 2d, 3d} which corresponds to 1D FFT, Multiple 1D FFTs, 2D FFT, and
3D FFT respectively.

int vsip_fft_destroy_f(vsip_fft_f *fft);

int vsip_fftmdestroy_f(vsip_fftmf *fft);
int vsip_fft2d_destroy_f(vsip_fft2d_f *fft);
int vsip_fft3d_destroy_f(vsip_fft3d_f *fft);

Arguments

fft
Pointer to an FFT object, created by vsi p_df ftx_create f,vsip_dfftnx_create_f,
vsip_dfft2dx _create f,orvsip dfft3dx create_ f
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Return value
Returns zero on success and non-zero on failure.

Restrictions

Errors
The arguments must conform to the following:

1. The FFT object must be valid. An argument of null isnot an error.

Notes/References
An argument of null is not an error.

Note to Implementors: If the create of an FFT object createsymodifies shared information such as
atwiddle table, then the shared object must maintain sufficient information to determine when it is
possible to delete this shared information.

Examples

See Also
vsip dfftx _create f, vsip dfftnx _create f, vsip_dfft2dx _create f, and
vsi p_dfft3dx_create f

7.2.20. vsip_fftn_getattr_f

Returns the attributes of an FFT object.

Functionality
Returns the attribute values of an FFT object in structure passed by reference.

The attributes are:

* input datasize in elements of input type (N, M by N, or Pby M by N)

output data size in elements of output type (N, M by N, or P by M by N)

FFT sign

In-Place/Out-of-Place

* scalefactor
Prototypes
typedef enum { VSIP_FFT_FWD = -1, VSIP_FFT_INv= 1} vsip_fft_dir;
typedef enum { VSIP_FFT_IP = 0, VSIP_FFT_OP = 1} vsip_fft_place;
typedef enum{ VSIP_RON= 0, VSIP_COL = 1} vsip_ngsjor;
typedef struct

{

vsi p_scal ar_t input;
vsi p_scal ar_t out put;
vsi p_fft_place place;
vsi p_scal ar_f scal e;
vsip_fft_dir dir;

} vsip_fftn_attr_f;

t ypedef
{

struct

vsi p_scal ar_m input;
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vsi p_scal ar_m out put;
vsi p_fft_place place;
vsi p_scal ar_f scal e;
vsip_fft_dir dir;
VSi p_mmaj or mgj or;

} vsip_fftmattr_f;

Where:

n
oneof { , 2d, 3d} which correspondsto 1D FFT, 2D FFT, and 3D FFT respectively

one of { vi, mi, ti} which correspondsto 1D, 2D, and 3D

void vsip_fft_getattr_f(const vsip_fft_f *fft, vsip_fft_attr_f *attr);

void vsip_fftmgetattr_f(const vsip_fftmf *fft, vsip_fftmattr_f *attr);
void vsip_fft2d_getattr_f(const vsip_fft2d_f *fft, vsip_fft2d_attr_f *attr);
void vsip_fft3d_getattr_f(const vsip_fft3d_f *fft, vsip_fft3d_attr_f *attr);

Arguments

fft
Pointer to an FFT object, created by vsi p_df ft nx_create_f

attr
Pointer to attribute structure

Return value
Restrictions

Errors
The arguments must conform to the following:

1. The FFT object must be valid.
2. The output attribute pointer must be valid —non-null.

Notes/References
There is no attribute that explicitly indicates complex-to-complex, real-to-complex, or complex- to-
real FFTs. Thismay beinferred from examining the input and output view sizes.

Examples

See Also
vsip_dfftnx_create f,andvsip _fftn_destroy_f

7.3. Convolution/Correlation Functions

vsi p_dconvld_create_f Create 1D Convolution Object
vsi p_dconvld_destroy_f Destroy Conv1D Object

vsi p_dconvld _getattr _f Conv1D Get Attributes

vsi p_dconvol veld f 1D Convolution

vsi p_conv2d_create_f Create 2D Convolution Object
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vsi p_conv2d_destroy_f

Destroy Conv2d Object

vsi p_conv2d_getattr _f

Conv2d Get Attributes

vsi p_convol ve2d_f

2D Convolution

vsi p_dcorr1d_create_f

Create 1D Correlation Object

vsi p_dcorr1d_destroy_f

Destroy CorrlD Object

vsi p_dcorrld_getattr _f

CorrlD Get Attributes

vsi p_dcorrel ateld f

1D Correlation

vsi p_dcorr2d_create_f

Create 2D Correlation Object

vsi p_dcorr2d_destroy_f

Destroy Corr2d Object

vsi p_dcorr2d_getattr _f

Corr2d Get Attributes

vsi p_dcorrel ate2d f

2D Correlation

7.3.1. vsip_dconvld_create f

Create adecimated 1D convolution filter object.

Functionality

Creates adecimated convolution filter object and returns a pointer to the object. The user specifiesthe
kernel (filter order, symmetry, and filter coefficients), the region of support, and the integral output
decimation factor.

A 1D convolution object is used to compute the convolution of afilter (kernel) vector h, of length M,
with adatavector x, of length N, with an output decimation factor of D, producing the output vector, y.

Full: Length|(V + M -2)/ D]+ 1
M-1 _ M+N-2

yn < Z/FOhk<an-k>9 for n= 07 "'JI.TJ

Samesize: Length|[(~V - 1)/ D]+ 1
M-1 N-1

yn <« chohk<an+[M/2J—k>> forn= 0, ,lTJ

Minimum (non-zero-padded): Length [(V - 1)/ D]-|(M - 1)/ D]+ 1
M-1 . g

YV, Z,FOhk<XnDﬂM-1}k>, forn=0, ,lNTlJ - l%]

Case D=1

Full: Length N + M -1

M-1
yn - zkzohk<xn-k>a forn = 0, ,M +N-2
Same size: Length N

M-1
V< Z;F()hk<xn+[M/2 ly> forn=0, ...,N-1
Minimum (non-zero-padded): Length N - M + 1

Y ZZ:hk<xnﬂM—1)-k>, forn=0, ...,.N-M

382



7.3.1[vsip_dconvld create f]

Where:

)Cj 0§j<N

o) =]

Thefilter kernel can be even (conjugate) symmetric or non-symmetric. If it is (conjugate) symmetric,
only the non-redundant values are specified.

0 otherwise

Prototypes

vsi p_convld_f *vsip_convld_create_f(const vsip_vview f *h, vsip_symetry symm
vsip_length N, vsip_length D,
VSi p_support_regi on support,
vsi p_length ntimes, vsip_alg_hint hint);
vsip_rcconvld_f *vsip_rcconvld_create_f(const vsip_vview f *h, vsip_symetry symm
vsi p_length N, vsip_length D,
VSi p_support _regi on support,
vsi p_l ength ntimes, vsip_alg_hint hint);
vsi p_cconvld_f *vsip_cconvld_create_f(const vsip_cvview f *h, vsip_symetry symm
vsip_length N, vsip_length D,
VSi p_support _regi on support,
vsi p_length ntimes, vsip_alg_hint hint);

Arguments

h
Pointer to vector view object of filter coefficients,

* non-symmetric: length M
* symmetric: length[A7 /2]

symm
Filter symmetry, including length symmetry { even, odd}

N
Length of input vector view
D
Decimation factor (>= 1)
support
Output region of support (indicates which output points are computed).
ntimes
Estimate of how many convolution will be applied. A value of zero is treated as semi-infinite
(alot of times).
hint
Hint to help determine algorithm approach.
Return value

Returns a pointer to a 1D convolution filter object, or null if the create fails.

Restrictions
Thefilter length must be equal to or smaller than the datalength, A/ < N

Errors
The arguments must conform to the following:
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1. kernel must be a pointer to avalid vector view object.

N

. symm must be avalid member of the vsip_symmetry enumeration.

w

. N must be greater than or equal to M (see kernel above).

4. D must be greater than zero.

5. support must be avalid member of the vsip_support_region enumeration.
6. hint must be avalid member of the vsip_alg_hint enumeration.

Notes/References
If al of thedataare not available at onetime, usethe FIR filtering routinesto filter the datain segments.

The decimation factor, D, is normally one for non-lowpass filters.

The parameter ntimes in conjunction with the hint is used (at the implementor’s discretion) to pre-
compute or optimize the convolution based on this information. Ideally the implementation uses a
priori time and space information with ntimes to optimize the convolution object to meet the user’'s
hint.

Hintsarejust that. Implementationsarefreetoignorethem andit isup to theimplementor to determine
the precise effect of the hints. However, the spirit of the hints are:

1. Minimize total convolution execution time.
2. Minimize the convolution total memory requirements.
3. Maximize numeric accuracy/stability (minimize numeric noise).
Only one hint may be specified.

Examples

See Also

7.3.2. vsip_dconvld_destroy_f
Destroy a 1D convolution object and deallocate any associated memory.

Functionality
Destroys a 1D convol ution object.

Prototypes

vsi p_l ength vsip_convld_destroy_f(vsip_convld_f *convld);
vsi p_l ength vsip_rcconvld_destroy_f (vsip_rcconvld_f *convld);
vsi p_l ength vsi p_cconvld_destroy_f(vsip_cconvld_f *convid);

Arguments

convld
Pointer to a 1D convolution object

Return value
Returns zero on success and non-zero on failure.

Restrictions
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Errors
The arguments must conform to the following:

1. The 1D convolution object must be valid. An argument of null is not an error.

Notes/References
An argument of null is hot an error.

Examples
See Also
7.3.3. vsip_dconvld_getattr f
Returns the attributes for a 1D convolution object.

Functionality
Returns the attributes for a 1D convolution object.

The attributes are:

filter kernel length

filter kernel symmetry
* required length of input data (vector view)
« required length of output data (vector view)

* region of support for output

output decimation factor

Prototypes

typedef enum
{
VSI P_NONSYM = 0,
VSI P_SYM EVEN_LEN ODD = 1,
VSI P_SYM EVEN _LEN EVEN = 2
} vsip_symetry;
typedef enum
{
VSI P_SUPPORT_FULL =
VS| P_SUPPORT_SAME =
VSI P_SUPORT_MN = 2
} vsip_support _region;

typedef struct

{
vsi p_scal ar_vi kernel _I en;
VSi p_symmetry synmm
vsi p_scal ar_vi data_l en;
VSi p_support _regi on support,
vsi p_scal ar_vi out_len;
vsi p_l engt h deci mati on;

} vsip_convld_attr_f;

voi d vsip_convld_getattr_f(const vsip_convld_f *convld,
vsi p_convld_attr_f *attr);
voi d vsip_rcconvld_getattr_f(const vsip_rcconvld_f *convid,
vsi p_convld_attr_f *attr);
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voi d vsip_cconvld_getattr_f(const vsip_cconvld_f *convld,
vsi p_convld_attr_f *attr);

Arguments

convld
Pointer to a 1D convolution object

attr
Pointer to avsip_convld attr_f structure

Return value
None

Restrictions

Errors
The arguments must conform to the following:

1. The 1D convolution object must be valid.
2. The output attribute pointer must be valid — non-null.

Notes/References
The length of the kernel is also known to as the “filter order.”

Examples
See Also
7.3.4. vsip_dconvolveld_f
Compute adecimated real one-dimensional (1D) convolution of two vectors.

Functionality
Uses a 1D convolution object isto compute the convolution of afilter (kernel) vector h, of length M,
with adatavector x, of length N, with an output decimation factor of D, producing the output vector, y.

Full: Length (N + A -2)/ D]+ 1

V<o zkA:(:hk<an-k>: forn=0, .. |*5>]

Samesize: Length|[(~V - 1)/ D]+ 1

y, — ZZ_Olhk<anﬂM/2}k>= forn=0, ..]%|

Minimum (non-zero-padded): Length |(V - 1)/ D|-[(M - 1)/ D]+ 1
YVu < ZZEhk<an4(M-1}k>’ forn=0, alNTlJ - l%]
CaseD=1:

Full: Length N + M -1

Y= o i, ), forn =0, . M+N-2
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Samesize: Length N

M-1
yn A Zk:()hk<xn+|_M/2 j.k>; for n-= O, ...,N—l

Minimum (non-zero-padded): Length N - M + 1

Yo zk/‘i-o]hk<xn-l(M-1).k>, forn=0, ....N-M

Where:
_fx; 0=j<N
(xp)= -
0 otherwise
Prototypes

voi d vsi p_convol veld_f (const vsip_convld_f *convld,
const vsip_vview f *x, const vsip_vviewf *y);
voi d vsi p_rcconvol veld_f (const vsip_rcconvld_f *convld,
const vsip_cvview f *x, const vsip_cvview f *y);
voi d vsi p_cconvol veld_f (const vsip_cconvld_f *convld,
const vsip_cvview f *x, const vsip_cvview f *y);

Arguments

convld
Convolution filter object, (it includes the filter kernel, h)

” View of real input data vector of length N
y
View of real destination vector of length
* Full:|(N+M-2)/D]+1
* Same: |(N-1)/ D]+ 1
* Minimum: |(N - 1)/ D|-|(M -1)/ D]+ 1
Return value
None
Restrictions
Errors

The arguments must conform to the following:
1. The 1D convolution object must be valid.
2. Thex input vector view must be of length N (conformant with the 1D convolution object).
3. They output vector view must be of length
* Full:|(V+M-2)/D]+1

* Same |((N-1)/D]+1
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* Minimum: |[(NV -1)/D|-|(M -1)/D|+1
(conformant with the 1D convolution object).

4. Theinput X, and the output y, must not overlap.

Notes/References

The decimation factor, D, is normally one for non-lowpass filters.
Notevsi p_rcconvol veld_f convolvesarea kernel with acomplex vector.

If all of the dataare not avail able at onetime, usethe FIR filtering routinestofilter the datain segments.

Examples

See Also

7.3.5. vsip_dconv2d_create_f

Create adecimated 2D convolution filter object.

Functionality

Creates adecimated convol ution filter object and returns a pointer to the object. The user specifiesthe
kernel (filter order, symmetry, and filter coefficients), the region of support, and the integral output
decimation factor.

A 2D convolution object is used to compute the convolution of areal filter (kernel) matrix H, of size

M by N, with areal data matrix X, of size P by Q, producing the output matrix Y. The filter must be
smaller than or equal to the size of the data.

Let H = (h;) € RN X =(x,) €R™?

Full: Size|(P + M -2)/ D|+ 1byl(Q+ N -2)/ D]+ 1

- - . _ . N-2
yi,j A ZiolZi(l)hU,V(xiD-u,iD-v% fori= 09 1P+T?“Ja fOI’_] = 0> 1Q+D

Samesize: Size|(P-1)/ D]+ 1by|(Q-1)/D]+1

yi,j «— Zuj\:)lz]v-lhu»"(xiDﬂM/zJ—u,jDFlN/zj—V>’ fori= 0, ,l%], fOI’j = 0, ,l%]

v=0

Minimum (non-zero-padded): Size|(P - 1)/ D|-|(M - 1)/ D]+ 1by |(Q- 1)/ D]-|[(N - 1)/ D]+ 1

Vi< ZﬁjZﬁ;huxxmﬂM-w,jDﬂN-uv>, fori=0, .| |-|25] forj =0, .15 H%]
Case D=1

Full: Length P+ M -1by O+ N -1

Ve 2 i)y fOri=0, P+ M -2, forj=0, .. 0+N-2

=0

Samesize: Length P by Q

M-I~ N-1 ) )
Vi Zu:ozvzohu’V(xiﬂM/z}mﬁ{N/z}V>’ fori=0,..P-1forj=0,..0-1
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Minimum (non-zero-padded): Length P-M +1 by Q - N + 1

M-Ix—~N-1 ) )
Vi Zu:ozv:oh“’V(xHM'Wz FN-Dps TOri=0, ...,P-M, for j=0, ....,O-N
Where:

(x; E{

Thefilter kernel can be even (conjugate) symmetric or non-symmetric. If it is (conjugate) symmetric,
only the non-redundant values are specified.

0 otherwise

Prototypes

vsi p_conv2d_f *vsip_conv2d_create_f(const vsip_nview f *H, vsip_symetry synm
vsip_length P, vsip_length Q
vsi p_l ength deci mate, vsip_support_region support,
vsi p_length ntinmes, vsip_alg _hint hint);

Arguments

H
Pointer to matrix view object of filter coefficients,

* non-symmetric: length M by N
* symmetric: length[A /2] by [N /2]

symm
Filter row and column symmetry, including length symmetry { even, odd} . The symmetry applies
to both directions of thefilter.

P
Number of rows in input data matrix, X
N
Number of columnsin input data matrix X
D
Decimation factor (>= 1)
support
Output region of support (indicates which output points are computed).
ntimes
Estimate of how many convolution will be applied. A value of zero is treated as semi-infinite
(alot of times).
hint
Hint to help determine algorithm approach.
Return value

Returns a pointer to a 2D convolution filter object, or null if the create fails.

Restrictions
Thisimplementation requiresthat M < P, and N < Q (filter is smaller than the data).
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Memory major order must be the same for kernel, data, and output.
The kernel, data, and output matrix views must be unit-stride in the major direction.

Errors
The arguments must conform to the following:

1. H must be a pointer to avalid matrix view object.
2. symm must be avalid member of the vsip_symmetry enumeration.
e M<P
* N < QO (seeH above)
3. D must be greater than zero.
4. support must be avalid member of the vsip_support_region enumeration.
5. hint must be avalid member of the vsip_alg_hint enumeration.
6. Memory major order must be the same for kernel, data, and outpuit.
7. The kernel, data, and output matrix views must be unit-stride in the major direction.

Notes/References
Note: symmetry, support, and decimation attributes apply uniformly to all dimensions.

The parameter ntimes in conjunction with the hint is used (at the implementor’s discretion) to pre-
compute or optimize the 2D convolution based on this information. Ideally the implementation uses
a-priori time and space information with ntimes to optimize the 2D convolution object to meet the
user’s hint.

Hintsarejust that. Implementationsarefreetoignorethem andit isup to theimplementor to determine
the precise effect of the hints. However, the spirit of the hints are:

1. Minimize total convolution execution time.
2. Minimize the convolution total memory requirements.
3. Maximize numeric accuracy/stability (minimize numeric noise).
Only one hint may be specified.

Examples

See Also

7.3.6. vsip_dconv2d_destroy_f
Destroy a 2D convol ution object.

Functionality
Destroys a 2D convol ution object.

Prototypes

vsi p_l ength vsi p_conv2d_destroy_f (vsi p_conv2d_f *convld);
vsi p_l ength vsi p_rcconv2d_destroy_f (vsip_rcconv2d_f *convld);
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vsi p_l ength vsi p_cconv2d_destroy_f (vsi p_cconv2d_f *convid);

Arguments

conv2d
Pointer to a 2D convolution object

Return value
Returns zero on success and non-zero on failure.

Restrictions

Errors
The arguments must conform to the following:

1. The 2D convolution object must be valid. An argument of null is not an error.

Notes/References
An argument of null is not an error.

Examples
See Also
7.3.7. vsip_dconv2d_getattr f
Returns the attributes for a 2D convolution object.

Functionality
Returns the attributes for a 2D convolution object.

The attributes are:

« filter kernel length

filter kernel symmetry

* required size of input data (matrix view)
* required size of output data (matrix view)
* region of support for output

* output decimation factor

Prototypes

typedef enum
{
VSI P_NONSYM = 0,
VSI P_SYM EVEN_LEN ODD = 1,
VSI P_SYM EVEN _LEN EVEN = 2
} vsip_symetry;
typedef enum
{
VSI P_SUPPORT_FULL =
VS| P_SUPPORT_SAME =
VSI P_SUPORT_MN = 2
} vsip_support _region;

typedef struct
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vsi p_scal ar_m kernel _| en;
VSi p_symmetry synmm
vsi p_scal ar_m data_l en;
VSi p_support _regi on support,
vsi p_scal ar_m out_|en;
vsi p_l ength deci mati on;

} vsip_conv2d_attr_f;

voi d vsip_conv2d_getattr_f(const vsip_conv2d_f *conv2d,
vsi p_conv2d_attr_f *attr);
voi d vsip_rcconv2d_getattr_f(const vsip_rcconv2d_f *conv2d,
vsi p_conv2d_attr_f *attr);
voi d vsip_cconv2d_getattr_f(const vsip_cconv2d_f *conv2d,
vsi p_conv2d_attr_f *attr);

Arguments

conv2d
Pointer to a 2D convolution object

attr
Pointer to avsip_conv2d_attr_f structure

Return value
None

Restrictions

Errors
The arguments must conform to the following:

1. The 2D convolution object must be valid.
2. The output attribute pointer must be valid —non-null.

Notes/References
The size of the kernel is also known to as the “filter order.”

Examples
See Also
7.3.8. vsip_convolve2d_f
Compute a decimated real two-dimensional (2D) convolution of two matrices.

Functionality
Uses a 2D convolution object to compute the convolution of areal filter (kernel) matrix H, size M
by N, with areal data matrix X, size P by Q, producing the output matrix Y. The filter size must be
less than or equal to the size of the data.

Let H = (h) ERY™N X =(x;) € R”© denote the filter and data matrices.

Full: Size|(P + M -2)/ D|+ 1byl(Q+ N -2)/ D]+ 1

Py S husdXipaipays for i = 0, | PR ] forj=0, .| %57

Samesize: Size|(P-1)/ D]+ 1by|[(Q-1)/D]+1
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i - . _ . 0-1
Vi ZZOIZN lhu,v<xim{M/2}u’jDﬂN/2}v>, fori=0, ...]5], forj=0, ,lTJ

v=0

Minimum (non-zero-padded): Size|(P - 1)/ D|-|(M - 1)/ D]+ 1by |(Q- 1)/ D]-|[(N - 1)/ D]+ 1

yi,j <~ zggz&ghu,V<xiD+(M—l)—u,jD+(N—1)—v>a fOf 1= 07 ’l%-lj - lMT-lja fOTj = Oa 1%]".%]

Case D=1

Full: Length P+ M -1by O+ N -1

M-1x~N-1 . .
Ve ZFOZFOhu,V(x,-_uJ_v), fori=0,..P+M-2 forj=0,...0+N-2
Samesize: Length P by Q

M-I N-1 . .
yi,j (_ZFOZ hU,"<xi+[M/2J-u,j+[N/2J-v>’ fori= O, ,P— 1, fOI'J = 0, ...,Q— 1

V=0

Minimum (non-zero-padded): Length P-M +1 by Q - N + 1

M-INoN-1 . .
yi,j «— ZLFOZ hu,v<xl~+(M_1}u’j+(N_1}v>, fori= 0, ...,P-M, for_] = 0, ...,Q-N

V=0
Where:

Xij 051<MandOS]<N

(xigy = { 0

Prototypes

otherwise

voi d vsi p_convol ve2d_f (const vsip_conv2d_f *conv2d,
const vsip_mview f *X const vsip_nviewf *Y);

Arguments

conv2d
Convolution filter object, (it includes the filter kernel, H)

§ View of real input data matrix of size Pby Q
Y
View of real destination matrix of size
* Full:|(P+M-2)/D]+1by|(Q+N-2)/D]+1
* Same [(P-1)/D]+1by|(O-1)/D]+1
* Minimum: [(P-1)/D]-|(M -1)/D]+1by [(Q-1)/D]-|(N-1)/D]+1
Return value
None
Restrictions

Memory major order must be the same for kernel, data, and output.

The kernel, data, and output matrix views are restricted to unit-stride in the mgjor direction.
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Errors
The arguments must conform to the following:

1

2.

6.

The 2D convolution object must be valid.

The X input matrix view must be of size: P by Q (conformant with the 2D convolution object).

. The Y output vector view must be of size:

* Full:[(P+M-2)/D]+1by[(O+N-2)/D]+1
* Same |(P-1)/ D]+ 1by|(Q- 1)/ D]+ 1

* Minimum: [(P-1)/D]-|(M - 1)/ D]+ 1by |(Q- 1)/ D]-[(N -1)/ D]+ 1

. Theinput X, and the output Y, must not overlap.

. Theinput X, and the output Y, and kernel H, must have the same memory major order (i.e. if row

stride < column stride for H, this must also hold for X, and Y).

The kernel, data, and output matrix views are restricted to unit-stride in the major direction

Notes/References
The decimation factor, D, is normally one for non-lowpass filters.

Examples
Codelet for a 3!3 Laplacian filter of a480!640 image. Only the output values where the filter kernel
does not extend beyond the image data are computed. The output is 378!638.

The kernel for aLaplacian filter is:

H =(.6667 -3.3333 .666

1667 .6667 1 .667]
7

1667 .6667 .1667.

Because the kernel is symmetric in both the row and column direction, only the bold coefficients
need to be specified.

#def i ne FOREVER 0
#define M3
#define N 3
#define P 480
#define Q 640

float |aplacian[ MN| {.1667, 0.6667, .6667, -3.3333};
vsip_nmview f *flt_in vsi p_nctreate_f (P, Q VSI P_VEM NONE) ;
vsip_mview f *flt_out = vsip_ntreate_f(P-M1l, Q N+1, VSI P_MVEM NONE) ;
vsi p_bl ock_f *bl k = vsip_bl ockbi nd_f (I apl aci an, M*N, VSI P_MEM CONST) ;
vsip_mview f *H = vsip_nbind_f(blk,0, MN, N 1);
vsi p_conv2d_f *filter;
vsi p_bl ockadmi t _f (bl k, VSI P_TRUE) ;
filter = vsip_conv2d_create_f(H VSIP_SYMEVEN LEN ODD, P, Q 1,
VSI P_SUPPORT_M N, FOREVER, VSI P_ALG Tl ME) ;

vsi p_convol ve2d_f(filter, flt_in, flt_out);

vsi p_conv2d_destroy_f(filter);
vsi p_ndestroy_f(H);

vsi p_bl ockdestroy_f (bl k) ;

vsi p_nmdestroy_f(flt_in);

vsi p_ndestroy_f(flt_out);
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See Also
7.3.9. vsip_dcorrld_create_f
Create a 1D correlation object.

Functionality
Creates a (cross-)correlation object and returns a pointer to the object. The user specifies the length
of the reference vector r and the data vector x.

A correlation object is used to compute the correlation of areference vector r of length M, with adata
vector x of length N, producing the output vector y.

Full: Length N+ M -1

A M-1 * —
yn(_zk=0rk<xn+k_(M_1)>, for n=— 0, ...,N+M'2

1/(n+1) for0<n<M-1
v, <y UM forM -1<n<N
I/(N+M-1-n) forN<n<N+M-1

Samesize: Length N

A

M, B
Vo 2o X inrayp))s forn =0, ..N -1

1/(n+1) forO<n<|M/,]
v, — W1/ M fol M/, |<n<N-|M/,]
1/(N+M-1-n) forN-|[M/,|<n<N

Minimum (non-zero-padded): Length N - M + 1

y, — Zgrk<x;+k>, forn=0,..N-M

y,<—y,/M
Where:

) E{

The values j;j are the biased correlation estimates while y,ae unbiased estimates. (The unbiased
estimates are scaled by the number of termsin the summation for each lag where <yj> is not defined

0 otherwise

to be zero.)

Prototypes
Real vectors

vsi p_corrld_f *vsip_corrild_create_f(vsip_length M vsip_length N,
VSi p_support _regi on support,
vsi p_l ength ntimes, vsip_alg_hint hint);
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Complex vectors

vsip_ccorrld_f *vsip_ccorrld_create_f(vsip_length M vsip_length N,
VSi p_support _regi on support,
vsip_length ntinmes, vsip_alg_hint hint);

Arguments

M
Length of input reference vector view, r

N
Length of input data vector view, x

support
Output region of support (indicates which output points are computed).

ntimes
Estimate of how many convolution will be applied. A value of zero is treated as semi-infinite

(alot of times).

hint
Hint to help determine algorithm approach.

Return value
Returns a pointer to an 1D correlation object, or null if the create fails.

Restrictions
The reference length must be equal to or smaller than the data length, A < N

Errors
The arguments must conform to the following:

1. M must be greater than zero.
N must be greater than zero and greater than or equal to M.
2. symm must be avalid member of the vsip_symmetry enumeration.
3. support must be avalid member of the vsip_support_region enumeration.
4. hint must be avalid member of the vsip_alg_hint enumeration.
Notes/References
The parameter ntimes in conjunction with the hint is used (at the implementor’s discretion) to pre-

compute or optimize the correlation based on this information. Ideally, the implementation uses a-
priori time and spaceinformation with ntimesto optimize the correl ation object to meet the user’ shint.

Hintsarejust that. Implementations arefreeto ignorethem and it isup to theimplementor to determine
the precise effect of the hints. However, the spirit of the hints are:

1. Minimizetotal convolution execution time.
2. Minimize the convolution total memory requirements.
3. Maximize numeric accuracy/stability (minimize numeric noise).

Only one hint may be specified.
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If all of the dataare not available at onetime, usethe FIR filtering routinestofilter the datain segments.
Specify the FIR kernel as the reverse indexed clone of the reference data.

Examples
See Also
7.3.10. vsip_dcorrld_destroy_f
Destroy a 1D correlation object.

Functionality
Destroys a 1D correlation object. Returns zero on failure.

Prototypes
Real vectors

int vsip_corrld_destroy_f(vsip_corrld_f *corrld);

Complex vectors

int vsip_ccorrld_destroy_f(vsip_ccorrld_f *corrld);

Arguments

corrld
Pointer to a 1D correlation object

Return value
Returns zero on success and non-zero on failure.

Restrictions

Errors
The arguments must conform to the following:

1. The 1D correlation object must be valid. An argument of null is not an error.

Notes/References
An argument of null is not an error.

Examples
See Also
7.3.11. vsip_dcorrld_getattr f
Returns the attributes for a 1D correlation object.

Functionality
Returns the attributes for a 1D (cross-) correlation object.

The attributes are:
* required length of reference data (vector view)

* required length of input data (vector view)
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* output region of support
* required length of output data (vector view)

Prototypes

typedef struct
{

vsip_scalar_vi ref_len;
vsi p_scal ar_vi data_l en;
VSi p_support_regi on support;
vsip_scalar_vi lag_len;
} vsip_corrild_attr_f;

typedef struct
{
vsip_scalar_vi ref_len;
vsi p_scal ar_vi data_l en;
VSi p_support_regi on support;
vsip_scalar_vi lag_len;
} vsip_ccorrld_ attr_f;
voi d vsip_corrld getattr_f(const vsip_corrild_f *corrld,
vsip_corrld_attr_f *attr);

voi d vsip_ccorrld_getattr_f(const vsip_ccorrld f *corrld,
vsip_ccorrld_attr_f *attr);

Arguments

corrld
Pointer to a 1D correlation object

attr
Pointer to avsip_dcorrld_attr f structure

Return value
None

Restrictions

Errors
The arguments must conform to the following:

1. The 1D correlation object must be valid.
2. The output attribute pointer must be valid —non-null.
Notes/References
Examples
See Also
7.3.12. vsip_dcorrelate_f
Compute areal one-dimensional (1D) correlation of two vectors.

Functionality
Computes the (cross-) correlation of a reference vector r of length M, with a data vector x of length
N, producing the output vector y.
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Full: Length N+ M -1

A M-1 * —
Yy 2o "Xy, forn =0, . N +M-2

1/(n+1) for0<n<M-1
v, =y UM forM -1<n<N
I/(N+M-1-n) forN<n<N+M-1

Samesize: Length N

A -1 %
yn(_zjc\i()rk<xn+k-|_M/2J>’ forn = 0, ...,N- 1

1/(n+1) for0<n<|M/,]
I/(N+M-1-n) forN-|M/,|<n<N
Minimum (non-zero-padded): Length N - M + 1

B ,Zﬁ.lrk@;k}, forn=0,.. ,N-M

y,—y,/M
Where:

) E{

0 otherwise

The values j/j are the biased correlation estimates while Y, ae unbiased estimates. (The unbiased
estimates are scaled by the number of termsin the summation for each lag where <yi> is not defined
to be zero.) ‘

Prototypes

Real vectors

voi d vsip_correl ateld_f(const vsip_corrld_f *corrild, vsip_bias bias,
const vsip_vview f *ref,
const vsip_vview f *x, const vsip_vviewf *y);

Complex vectors

voi d vsip_ccorrel ateld_f(const vsip_corrld_f *corrld, vsip_bias bias,
const vsip_cvview f *ref,
const vsip_cvview f *x, const vsip_cvview f *y);

Arguments

corrld
Pointer to correlation object
bias
Select biased or unbiased correlation estimate
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ref
View of real (complex) reference data vector of length M

View of real (complex) input data vector of length N

y
View of real (complex) lag vector of length (N +M - 1), N, or (N - M + 1) (full, same, or minimum)

Return value
None.

Restrictions
The reference length must be equal to or smaller than the data length, M < N

Errors
The arguments must conform to the following:

1. The 1D correlation object must be valid.
2. biasmust be avalid member of the vsip_bias enumeration.
3. Ther referenceinput vector view must be of length M (conformant with the 1D correl ation object).
4. Thex datainput vector view must be of length N (conformant with the 1D correlation object).
5. They output vector view must be of length:
e FUl:N+M -1,
» Same: N, or
e Minimum: N-M +1
(conformant with the 1D correlation object).
6. The output y cannot overlap either of the input vector views, r or x.
Notes/References
Examples
If al of the dataare not avail able at onetime, usethe FIR filtering routinesto filter the datain segments.
Specify the FIR kernel as the reverse indexed clone of the reference data.
See Also
7.3.13. vsip_dcorr2d_create_f
Create a 2D correlation object.

Functionality
Creates a 2D correlation object and returns a pointer to the object. The user specifies the size of the
reference matrix R and the data matrix X.

Compute the correlation of a reference matrix R with a data matrix X, producing the output matrix
Y. Thisimplementation requires that M < P, and N < O (reference size is less than or equal to the
datasize).
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Let R=(rij))= RY™N X =(x)= R"? denote the reference and data matrices.

Full: Size P+ M-1by O+N-1

A M-IxN-1 N . .
yl,J(_z ZFOI"u,V<XuH_(M_1)’v+j_(N_D>, fOI‘J - 0, ...,P+M—2, fOI‘_] - 0, PR Q + N - 2

=0
1@+ 1) for0<i<M-1
1/ M forM-1<i<P
V(P+M-1-i) forP<i<P+M-1
ViV (/G +1) for0< j<N-1
*1/N forN-1<;<Q

1/(Q+N-1-j) forQ<;j<Q+N-1
Samesize: SizeP by Q

A M-I~N-1 . . )
yi’j<—zu=0 o xu+i—[M/2J,v+j-[N/2]>’ fori=0,..P-Lforj=0,.. Q-1

1/G+[M/5]) for0<i<[m/,]
*1/ M forfM/,1<i< P-[ M/,]
1/(P-1+[M/5]-i) forP<i<P+M-1
Vi TN (/G A+ ) for0< j<[N/>]
*1/N for{N/,1<j< Q-[n/7]

1(Q-1+[N/21-j) forQ-[N/]<j<0O
Minimum (non-zero-padded): SizeP-M +1by Q-N+1
A M-1xoN-1 . . .
yi’j&zfoz‘;oru,vxuﬁ’vﬂ, fori=0,..,P-M,forj=0,..,Q-N
yij<—f/ij/(MN), for0<i<P-M-1,for0<j<Q-N-1
Where:

)X 0§1<Pand0§j<Q
"=,
The values )A;ij are the biased correlation estimates while ;e unbiased estimates. (The unbiased

estimates are scaled by the number of terms in the summation for each lag where < v j> isnot defined
to be zero.)

otherwise

Prototypes
Real vectors

vsip_corr2d_f *vsip_corr2d_create_f(vsip_length M vsip_length N,
vsip_length P, vsip_length Q
Vsi p_support _region support,
vsip_length ntines, vsip_alg_hint hint);

Complex vectors

vsi p_ccorr2d_f *vsip_ccorr2d_create_f(vsip_length M vsip_length N,
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vsip_length P, vsip_length Q
VSi p_support _regi on support,
vsi p_l ength ntimes, vsip_alg_hint hint);

Arguments

M
Reference matrix view sizeis M rows by N columns

N
Reference matrix view sizeis M rows by N columns

P
Data matrix view sizeis P rows by Q columns

Q

Data matrix view sizeis P rows by Q columns

support
Output region of support (indicates which output points are computed).

ntimes
Estimate of how many correlation will be applied. A value of zero is treated as semi-infinite (a
lot of times).

hint
Hint to help determine filtering approach.

Return value
Returns a pointer to an 2D correlation object, or null if the create fails.

Restrictions

Errors
The arguments must conform to the following:

1. P must be greater than or equal to M

Q must be greater than or equal to N (see H above).
2. support must be avalid member of the vsip_support_region enumeration.
3. hint must be avalid member of the vsip_alg_hint enumeration.

Notes/References
Note:, support attributes apply uniformly to all dimensions.

The parameter ntimes in conjunction with the hint is used (at the implementor’s discretion) to pre-
compute or optimize the 2D correlation based on this information. Ideally the implementation uses
a-priori time and space information with ntimes to optimize the 2D correlation object to meet the
user’s hint.

Hintsarejust that. Implementationsarefreetoignorethem andit isup to theimplementor to determine
the precise effect of the hints. However, the spirit of the hints are:

1. Minimize total convolution execution time.
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2. Minimize the convolution total memory requirements.
3. Maximize numeric accuracy/stability (minimize numeric noise).
Only one hint may be specified.
Examples
See Also
7.3.14. vsip_dcorr2d_destroy_f
Destroy a 2D correlation object.

Functionality
Destroys a 2D correlation object. Returns zero on failure.

Prototypes
Real vectors

int vsip_corr2d_destroy_f(vsip_corr2d_f *corrld);

Complex vectors

int vsip_ccorr2d_destroy_f(vsip_ccorr2d_f *corrid);

Arguments

corr2d
Pointer to a 2D correlation object

Return value
Returns zero on success and non-zero on failure.

Restrictions

Errors
The arguments must conform to the following:

1. The 2D correlation object must be valid. An argument of null is not an error.

Notes/References
An argument of null is not an error.

Examples
See Also
7.3.15. vsip_dcorr2d_getattr_f
Returns the attributes for a 2D correlation object.

Functionality
Returns the attributes for a 2D (cross-) correlation object.

The attributes are:
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* required size of reference data (matrix view)
* required size of input data (matrix view)

* output region of support

* required size of output lags (matrix view)

Prototypes

typedef struct
{

vsi p_scal ar_m ref_size;
vsi p_scal ar_m data_si ze;
VSi p_support_regi on support;
vsi p_scal ar_m |ag_si ze;
} vsip_corr2d_attr_f;
typedef struct
{
vsip_scal ar_m ref_size;
vsi p_scal ar_m data_si ze;
Vsi p_support _region support;
vsi p_scal ar_m |ag_si ze;
} vsip_ccorrld_ attr_f;
voi d vsip_corr2d_getattr_f(const vsip_corr2d_f *corr2d,
vsip_corr2d_attr_f *attr);

voi d vsip_ccorr2d_getattr_f(const vsip_ccorr2d_f *corr2d,
vsip_ccorr2d_attr_f *attr);

Arguments

corr2d
Pointer to a 2D correlation object

attr
Pointer to avsip_dcorr2d_attr f structure

Return value
None

Restrictions

Errors
The arguments must conform to the following:

1. The 2D correlation object must be valid.
2. The output attribute pointer must be valid —non-null.
Notes/References
Examples
See Also
7.3.16. vsip_dcorrelate2d_f

Compute atwo-dimensional correlation of two matrices.
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7.3.16 [vsip_dcorrelate2d f]

Functionality

Computes the (cross-) correlation of areference matrix R with a data matrix X, producing the output
matrix Y. This implementation requires that M 2 P, and N 2 Q (reference size is less than or equal
to the data size).

Let R=(rij) = RYN x = (x)= R"? denote the reference and data matrices.

Full: SzeP+M-1by O+ N -1

. M-IaN-1 . . _
yi,j‘_ZFOZFOFU’V<xu+i{M—1),v+j{N—1)>’ forj=0,...P+M-2,forj=0,..,Q+N-2

1/G+1) for0<i<M-1
*1/ M forM -1<i<P
1/(P+M-1-i) forP<i<P+M-1
Yii ™Y (1/G+ for0< j<N-1
*1/N forN-1<;<Q

1/(Q+N-1-j) forQ<j<Q+N-1

Samesize: SizeP by Q

N M-1x—~N-1 . . .
yi,j(_Z,Foz‘;or“"’<xu+i{M/gJ,v+j{N/2J>’ fori=0,..,P-Lforj=0,..,Q-1

1/(@+[4/5]) for0<i<[#/,]
1/ M forfM/,1<i< P-[ M/,]
1/(P-1+[M/5]-i) forP<i<P+M-1
T (1 GHIND for0 < j <[V/]
*1/N for{N/,]1<j< Q-[N/:]

1/(Q-1+[N/>1-)) forQ-[N/z1<j<QO
Minimum (non-zero-padded): SizeP-M +1by Q-N +1
A M-1xN-1 N . .
Vi =2 2 JuvXa i p fori=0,..,P-M,forj=0,..,Q-N
yij<—j/ij/(MN), for0<i<P-M-1;for0< j<Q-N-1
Where:

Xij 0§z<PandOS]<Q

(xigy = { 0

The values j;ij are the biased correlation estimates while ;e unbiased estimates. (The unbiased
estimates are scaled by the number of terms in the summation for each lag where ( v, j> isnot defined

otherwise

to be zero.)

Prototypes

Real vectors

voi d vsip_correl ate2d_f(const vsip_corr2d_f *corr2d, vsip_bias bias,
const vsip_mviewf *R
const vsip_mview f *X const vsip_nviewf *Y);
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Complex vectors

void vsip_ccorrel ate2d_f(const vsip_ccorr2d_f *corr2d, vsip_bias bias,
const vsip_cmview f *R
const vsip_cnmview f *X, const vsip_cmview f *Y);

Arguments

corr2d
Correlation object
bias
Biased or unbiased correlation estimate

R
View of real (complex) reference data matrix of sizeM by N
X
View of real (complex) input data matrix of size P by Q
Y
View of real (complex) lag matrix of size
e FUl:P+M-1byQ+N-1
» Same SizePby Q
e Minimum: P-M +1byQ-N+1
Return value
None
Restrictions

Thereference R, data X, and lag output Y must all have the same memory major ordering. The matrix
views must be unit-stride in the major direction.

Errors
The arguments must conform to the following:

1. The 2D correlation object must be valid.
2. bias must be avalid member of the vsip_bias enumeration.

3. The R reference input matrix view must be of size M by N (conformant with the 2D correlation
object).

4. The X datainput matrix view must be of size P by Q (conformant with the 2D correlation object).
5. The'Y output matrix view must be of size

e FUl:P+M-1byQ+N-1

» Same SizePby Q

e Minimum: P- M + 1 by Q- N + 1 (conformant with the 2D correlation object).

6. Theoutput Y cannot overlap either the reference R or the data X.
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7. Theinputs R, and X, and the output Y, must have the same memory major order (i.e. if row stride
< column stride for R, this must also hold for X, and Y).

8. Theinput and output matrix views must be all be unit-stride in the major direction.
Notes/References
Examples
See Also

7.4. Window Functions

vsi p_vcreat e_bl ackman_f Create Blackman Window
vsi p_vcreate_cheby f Create Chebyshev Window
vsi p_vcreate_hanni ng f Create Hanning Window
vsi p_vcreate_ kaiser f Create Kaiser Window

7.4.1. vsip_vcreate_blackman_f
Create a vector with Blackman window weights.

Functionality
Creates a vector initialized with a Blackman window of length N,

wind, « 0.42*0.5%cos (%% ) +0.08*cos( 35 ), fork=0, ..., N-1
and returns a pointer to areal vector view object, or null if the create fails.

Prototypes

vsi p_vview f *vsip_vcreate_bl ackman_f (vsip_length N, vsip_nenory_hint hint);

Arguments

N
Length of window vector

hint
Memory type hints (Typicaly VSIP_ MEM_CONST)

Return value
Returns a pointer to the vector view object, or null on failure.

Restrictions

Errors
The arguments must conform to the following:

1. N>1
2. hint must be avalid member of the vsip_memory_hint enumeration.

Notes/References
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7.4.2 [vsip_vcreate cheby f]

Examples

#define N 256

vsi p_vvi ew_sp bl ackman = vsi p_vcreate_bl ackman_sp(N,
VS| P_MEM_CONST) ;

VSsi p_vview sp x = vsip_vcreate(N, VSIP_MEM NONE);

/* window the data in x */

vsi p_vmul _sp(x, bl acknan, x) ;

vsi p_val | destroy_sp(bl ackman); vsip_valldestroy_sp(x);

See Also
7.4.2. vsip_vcreate_cheby f
Create a vector with Dol ph-Chebyshev window weights.

Functionality
Creates areal vector initialized with a Dolph-Chebyshev window of length N,

51) _ lO-ripple/ZO
p=(+0p)/dp

oy = %COS“[Cosh(COSh'ITPa /(N - D)_l]
src,=(3-cos(2md,))/(1+cos(2ndy))

1 -1
X, =L *cos(27k/ N ) +-L
N isan odd integer:

5Pcosh( Lcosh xk)kaI> LO<k<N

Wi =
5Pcos( coslx, )< LO<k<N
N isan even integer:

Spcosh (5 cosh™x, ) e/ /Ny |> 1,0 < k <| ]
-dpcosh (S cosh'x, ) e/ Ny | > 1|5 |<k<N-1

W, =
g Spcos(Scosix, ) eV | < 1,0 <k <|5|
-0pcos( 5 cosly, ) e/ N | < 1| F|<k<N-1
-1 J2mkn
= Zk:O W we—x—(FFT of W)
Re( .||/ p) 0= k<|5]
wind, «— (Frequency swap ofw,)

A A N
Re(wk_[%J/wo) |¥]<k<N
This function returns a pointer to areal vector view object, or null if the create fails.
Prototypes

vsi p_vview f *vsip_vcreate_cheby_ f(vsip_length N, vsip_scalar_f ripple,
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vsi p_menory_hint hint);

Arguments

N
Length of window vector

ripple
Window ripple in db (side-lobes are ripple db below the main-lobe)

hint
Memory type hints (Typicaly VSIP_MEM_CONST)

Return value
Returns a pointer to the vector view object, or null on failure.

Restrictions

Errors
The arguments must conform to the following:

1. N must be greater than zero.
2. hint must be avalid member of the vsip_memory_hint enumeration.
Notes/References

Examples

#define N 256
#define RIPPLE 60.0 /* dB */

vsi p_vvi ew_sp cheby = vsip_vcreate_cheby_sp(N, RI PPLE, VSIP_MEM CONST);
vsi p_vview sp x = vsip_vcreate_sp(N, VSIP_MEM NONE);

/* window the data in x */
vsi p_vmul _sp(x, cheby, x);

vsi p_val | destroy_sp(cheby); vsip_valldestroy_sp(x);

See Also
References for the Dol ph-Chebyshev window are in the introduction to this chapter.

7.4.3. vsip_vcreate_hanning_f
Create a vector with Hanning window weights.

Functionality
Creates a vector initialized with a Hanning window of length N,

wind, < é(l-cos(%ﬁn )) fork=0,..,N-1

and returns a pointer to areal vector view object, or null if the create fails.

Prototypes

vsip_vview f *vsip_vcreate_hanning_f(vsip_length N, vsip_nenory_hint hint);
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Arguments

N
Window length

hint
Memory type hints (Typicaly VSIP_ MEM_CONST)

Return value
Returns a pointer to the vector view object, or null on failure.

Restrictions

Errors
The arguments must conform to the following:

1. N must be greater than zero.

2. hint must be avalid member of the vsip_memory_hint enumeration.

Notes/References
There are two different widely used definitions of the Hanning window. The other being:

wind, — 4(1-cos(32 )), fork =0, ..., N-1

Thisform has aweight of zero for both end points of the window; we use the form that does not have
zero end points.

If you want the window to be periodic of length N, you must generate a Hanning window of length
N —1, copy it to a vector view of length N, and set the last point to 0.0.

Examples

#define N 256

vsi p_vvi ew_sp hanni ng = vsi p_vcreate_hanni ng_sp(N, VSIP_MEM CONST);
vsi p_vview sp x = vsip_vcreate(N, VSIP_MEM NONE);

/* window the data in x */
vsi p_vmul _sp(x, hanni ng, x) ;

v3| p_val | destroy_sp(hanni ng); vsip_valldestroy_sp(x);
See Also
7.4.4. vsip_vcreate_kaiser_f
Create a vector with Kaiser window weights.

Functionality
Creates a vector initialized with a Kaiser window of length N,

o[ﬁ ’1 2k{N 1)

wind; < -, fork=0, ..., N-1

where
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L[x]=Y"

P\
p=0(2pp!)
This function returns a pointer to a real vector view object, or null if the create fails. Increasing #

widens the main-laobe (transition width) and reduces the side-lobes.

Prototypes

vsi p_vview f *vsip_vcreate_kaiser_f(vsip_length N, vsip_scalar_f beta,
vsi p_menory_hint hint);

Arguments

N
Length of window vector

beta
Real scalar, transition width parameter

hint
Memory type hints (Typicaly VSIP_MEM_CONST)

Return value
Returns a pointer to the vector view object, or null on failure.

Restrictions

Errors
The arguments must conform to the following:

1. N must be greater than zero.
2. hint must be avalid member of the vsip_memory_hint enumeration.
Notes/References

Examples

#define N 256
#defi ne BETA 0.4

vsi p_vvi ew_sp kai ser = vsip_vcreate_kai ser_sp(N, BETA, VSIP_MEM CONST);
Vsi p_vview sp x = vsip_vcreate_sp(N, VSIP_MEM NONE);

/* window the data in x */
vsi p_vmul _sp(x, kai ser, x);

vsi p_val | destroy_sp(kai ser); vsip_valldestroy_sp(x);

See Also

7.5. Filter Functions

vsip _dfir_create_f Create Decimated FIR Filter
vsi p_dfir_destroy_f Destroy FIR Filter Object
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vsip_dfirflt_f Decimated FIR Filter
vsip_dfir_getattr_f FIR Get Attributes

vsip_ dfir_reset f Reset FIR Filter Object to Initial State
vsip_diir_create_f Create Cascaded | IR Filter
vsip_diir_destroy_f Destroy IR Filter Object
vsip_diirflt_f Cascaded I IR Filter

vsip diir_getattr f Get IR Attributes
vsip_diir_reset _f Reset IR Filter Object to Initial State

7.5.1. vsip_dfir_create_f
Create adecimated FIR filter object.

Functionality
Creates adecimated FIR filter object and returns a pointer to the object. The user specifies the kernel
(filter coefficients and filter order), the integral output decimation factor, D, and the length of input
segments (vectors) that will befiltered. The user al so provides portableinformation on how to optimize
thefilter:

1. the number of segmentsto be filtered (e.g. 1, 16, etc.),

2. hints on what to optimize, and

3. if thefilter will save state information for continuous filtering.
If the create fails, null is returned.

If requested the FIR filter object also encapsul atesthefilter’ s state information. The stateisinitialized
to zero. The filter state allows long (semi-infinite) data streams to be processed in segments by
successivecalstovsi p_dfirflt _f.

Given a filter kernel of order M with coefficients ht, the segment length is N, and the decimation
factor is D. The decimated output vy, is of length[(V - p)/ D].

Thefollowing is an example of how aFIR may be done. The actual method used is vendor dependent
and must only supply the same functionality.

A FIR filter object is used to compute:
¥, 20 M s for k=0, L J(V - p)/ D]- 1
Where:

N Xj ]ZO
X S j<0

Final conditions, sand p, are private internal state information.

S Xn4j, forj=-1,-2, ..., -M
p<—D-1-[(N-1-p)mod D]

There are M+1 coefficients for an M order filter.
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When the FIR filter object is created, s and p are initialized to zeros. If the save state option is not
selected then sand p will remaininitialized to zero.

Prototypes

vsip_fir_f *vsip_fir_create_f(const vsip_vview f *kernel, vsip_symetry synm
vsip_length N, vsip_length D,
vsi p_obj _state state,
vsi p_l ength ntimes, vsip_alg_hint hint);
vsip_rcfir_f *vsip_rcfir_create_f(const vsip_vview f *kernel, vsip_symetry symm
vsip_length N, vsip_length D,
vsi p_obj _state state,
vsi p_l ength ntimes, vsip_alg_hint hint);
vsip_cfir_f *vsip_cfir_create_f(const vsip_cvview f *kernel, vsip_symetry synmm
vsip_length N, vsip_length D,
vsi p_obj _state state,
vsi p_l ength ntimes, vsip_alg_hint hint);

Arguments

kernel
Pointer to vector view object of non-redundant FIR filter coefficients,

* non-symmetric: length M+1
* (conjugate) symmetric: length[(M + 1)/2]

symm
Kernel symmetry, including length symmetry { even, odd}

N
Length of input data segment

D
Decimation factor

state
Object state history requirement. If the object is going to be used to filter more than one vector
set to VSI P_STATE_SAVE. If the object is going to be used for single call filtering set state to
VS| P_STATE_NO_SAVE.

ntimes
Estimate of how many segments will be filtered. A value of zero is treated as semi-infinite (a
lot of times).

hint
Hint to help determine algorithm approach.

Return value
Returns a pointer to an FIR filter object, or null if the create fails.

Restrictions
The decimation factor must be less than or equal to the filter length.

Errors
The arguments must conform to the following:

1. kernel must be a pointer to avalid vector view object.
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2. symm must be avalid member of the vsip_symmetry enumeration.
3. N = M (seekernel above).

4 1<D=< M.,

5. hint must be avalid member of the vsip_alg_hint enumeration.

6. state must be avalid member of the vsip_obj_state enumeration.

Notes/References
For non-lowpassfilters, D = 1 should be specified.

It isimportant that the kernel vector be only as long as defined under Arguments; i.e., the symmetric
values of the filter between the kernel’ s center and its last value are not to be included in the kernel.

It is safe to destroy the kernel after creating the FIR filter object. [Note to implementors: the FIR
object is required to encapsulate the information in the kernel, but is not required to encapsulate the
data values of the kernel.]

The parameter ntimes in conjunction with the hint may be used (at the implementor’s discretion) to
pre-compute or optimize the FIR filter based on thisinformation. This may include, but is not limited
to, converting the kernel to the frequency domain for fast convolution. Ideally the implementation
uses a-priori time and space information with ntimes to optimize the FIR filter object to meet the
user’s hint.

Hintsarejust that. Implementationsarefreetoignorethem and it isup to theimplementor to determine
the precise effect of the hints. However, the spirit of the hints are:

1. Minimize tota filtering execution time.

2. Minimize the filtering total memory requirements.

3. Maximize numeric accuracy/stability (minimize numeric noise).
Only one hint may be specified.

[Notes to Implementors: If minimum execution time is the goal, both direct and frequency domain
fast convolution should be examined to determine the fastest method and the ideal FFT size for fast
convolution. Decimation can be implemented with frequency domain fast convolution by using the
equivalent poly-phase filter form. The direct time domain method uses minimal space.]

Examples

See Also
vsip_dfirflt_f,andvsi p_dfir_destroy_f

7.5.2. vsip_dfir_destroy_f
Destroy a FIR filter object.

Functionality
Destroys a FIR filter object freeing the associated memory. Returns non-zero on failure.

Prototypes

int vsip_fir_destroy_f(vsip_fir_f *filt);
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int vsip_rcfir_destroy_f(vsip_rcfir_f *filt);
int vsip_cfir_destroy_f(vsip_cfir_f *filt);

Arguments

filt
Pointer to a FIR filter object

Return value
Returns zero on success and non-zero on failure.

Restrictions

Errors
The arguments must conform to the following:

1. The FIR filter object must be valid. An argument of null is not an error.

Notes/References
An argument of null isnot an error.

[Implementors Note: a FIR filter object may also reference shared information such as a private FFT
object. The shared object must maintain sufficient information to determine when it is possible to
delete this shared information.]

Examples
See Also
7.5.3. vsip_dfirflt_f
FIR filter an input sequence and decimate the output.
Functionality
AppliesaFIR filter, specified by the FIR filter object to an input segment x, and computes adecimated

output segment y. Initial and final filter stateisencapsulated inthe FIR filter object. Long data streams
can be processed in segments by successivecallstovsi p_dfirflt _f.

Case Number of Output Samples Length of y
NmodD=0 N/D N/D
Nmod D=0 LN/ Dlod N/ D] [N/ D]

Thereturn valueisthe number of output samples computed. When| N / D] # [N / D], the output vector
y will not be fully populated for every invocation.

N and D are determined by the creation of the FIR filter object.

Prototypes

int vsip_firflt_f(vsip_fir_f *filt,
const vsip_vview f *x, const vsip_vviewf *y);
int vsip_rcfirflt_f(vsip_rcfir_f *filt,
const vsip_cvview f *x, const vsip_cvview f *y);
int vsip_cfirflt_f(vsip_cfir_f *filt,
const vsip_cvview f *x, const vsip_cvview f *y);
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Arguments
filt
Pointer to FIR filter object

Pointer to input sequence (vector view object)

y
Pointer to output sequence (vector view object)

Return value
The return value is the number of output samples computed.

Restrictions
Filtering can not be performed in place.

Errors
The arguments must conform to the following:

1. The FIR filter object must be valid.

2. Thex input vector view must be of length N (conformant with the FIR filter object).

3. They output vector view must be of length [V / D] (conformant with the FIR filter object).
4. Theinput X, and the output y, must not overlap.

Notes/References
Thefilter object isnot “const” since it is modified with the updated state.

Notethatvsi p_rcfirflt _f impliesareal filter applied to a complex vector.

[Note to Implementors: The final conditions, s and p, are abstractions and need not explicitly exist.
Implementations are only required to correctly handle the filter state to support segment based
filtering.]

Examples
Codelet to continuoudly filter data in segments of 1000 samples. Data comes from external source
viaa“ping-pong” buffer.
#i ncl ude <vsip. h>

#defi ne FOREVER 0O

#define N 1000 /* Segnent is 1000 sanples */
#define N2 (N 2)
#define M 17 /* Filter order is 16 */

#define M2 ((M+1)/2)
extern const volatile vsip_scalar_f *buf_ping, *buf_pong;
float usr_kernel [M] = {-0.0440,-0.0359, 0.0507, 0. 0304,

-0. 0364, -0. 0965, 0. 0529, 0. 3092, 0. 4536} ;

/* Low pass half band filter kernel coefficients (symetric, order 16):
* -0. 0440, - 0. 0359, 0. 0507, 0. 0304, - 0. 0364, - 0. 0965, 0. 0529, 0. 3092,
* 0.4536, 0.3092, 0. 0529, - 0. 0965, - 0. 0364, 0. 0304, 0. 0507, - 0. 0359, - 0. 0440 */
int pingpong = 0;
vsi p_bl ock_f* buf_bl k = vsi p_bl ockbi nd_f (buf _ping, N, VSIP_MEM NONE);
vsi p_vview f* flt_in = vsip_vbind_f(buf_blk, 0U, 1, (vsip_|l ength)N);
vsi p_bl ock_f *kbl k = vsi p_bl ockbi nd_f (usr_kernel, M, VSIP_MEM RDONLY);
vsi p_vview f *kernel = vsip_vbind_f(kblk,0U, 1, (vsip_I ength)M);
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vsi p_vview f *flt_out = vsip_vcreate_f((vsip_length)N2, VSIP_MEM NONE);
vsip_fir_f *| owpass;
vsi p_bl ockadmi t _f (kbl k, VSI P_TRUE) ;
/* Create lowpass filter: segment length N, deci mate by 2
* filter is linear phase (symetric) with odd nunber of coefficients */
| owpass = vsip_fir_create_f(kernel,VSIP_SYM EVEN LEN ODD, N, 2, FOREVER, VSI P_ALG TI ME) ;
whi | e{1)
{
/* Wait until data ready in buf_ping (buf_pong) */
wait_until_data_ready();
pi ngpong = ! pi ngpong;
/* Rel ease buf _pong (buf_ping) */
vsi p_bl ockr el ease_f ( buf _bl k, VS| P_FALSE) ;
/* Start DMA of next data frame into buf_pong (buf_ping) */
/* Rebind and admt buf_ping (buf_pong) */
dme_write((vsip_bl ockrebind_f (buf_blk, (pingpong ? buf_ping : buf_pong)));
vsi p_bl ockadmi t _f (buf _bl k, VSI P_TRUE);
/* Continuously filter and decimate in segments */
n =vsip_firflt_f(lowass, buf, flt_out);
/* Do sone nore processing with the decimated filter output */

See Also
vsip_dfirflt_f,andvsi p_dfir_destroy_f

7.5.4. vsip_dfir_getattr_f
Return the attributes of an FIR filter object.

Functionality
Returns the attribute values of a FIR filter object in structure passed by reference. The attributes are:

« filter kernel length, M +1

e kernel symmetry,

« required length of an input segment (vector view),

* required length of an output segment (vector view), [in_len/ D]
* output decimation factor,

* save state object.

Prototypes

typedef struct

{
vsi p_scal ar_vi kernel _| en;
VSi p_symmetry synmm
vsi p_scal ar_vi in_len;
vsi p_scal ar_vi out_| en;
vsi p_l engt h deci mati on;
vsi p_obj _state state;

} vsip_fir_attr_f;

typedef struct

{
vsi p_scal ar_vi kernel _l en;
Vsi p_symmetry synm
vsip_scalar_vi in_len;
vsi p_scal ar_vi out_|en;
vsi p_l engt h deci mati on;
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vsi p_obj _state state;
} vsip_rcfir_attr_f;
typedef struct
{

vsi p_scal ar_vi kernel _| en;
VSi p_symmetry synmm
vsi p_scal ar_vi in_len;
vsi p_scal ar_vi out_| en;
vsi p_l ength deci mati on;
vsi p_obj _state state;
} vsip_cfir_attr_f;
void vsip_fir_getattr_f(const vsip_fir_f *filt, vsip_fir_attr_f *attr);
void vsip_rcfir_getattr_f(const vsip_rcfir_f *filt, vsip_rcfir_attr_f *attr);
void vsip_cfir_getattr_f(const vsip_cfir_f *filt, vsip_cfir_attr_f *attr);

Arguments

filt
Pointer to a FIR filter object

attr
Pointer toavsi p_dfir_attr_f structure

Return value
None

Restrictions

Errors
The arguments must conform to the following:

1. Thefilter object must be valid.
2. The output attribute pointer must be valid —non-null.

Notes/References
The filter coefficient values are not accessible attributes.

For asymmetric kernel, thefilter kernel length, M + 1, isnot the length of thevector view, [(M + 1)/2].
Examples

See Also
vsip_dfir_create_f

7.5.5. vsip_dfir_reset_f
Reset the state of adecimated FIR filter object.

Functionality
Resets the internal state of a previously created FIR filter object to the same state it would have
immediately after creation.

Prototypes

void vsip_fir_reset_f(vsip_fir_f *filt);
void vsip_rcfir_reset_f(vsip_rcfir_f *filt);
void vsip_cfir_reset_f(vsip_cfir_f *filt);
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Arguments

filt
Pointer to the FIR filter object to be reset

Return value
None

Restrictions

Errors
The arguments must conform to the following:

1. Thefilter object must be valid.
Notes/References
Examples

See Also
vsip dfir_create f,vsip dfirflt_f

7.5.6. vsip_diir_create_f
Create a cascaded |IR filter object.

Functionality
Creates a cascaded 2nd order section IR filter object, of order 2M, and return a pointer to the object.
Thefilter transfer function is:

H M-1 bl(,0+bl<, 1z 1+bk22—2

J=0 l+ak 0z 1+ak 12—2

For an order 2,M filter, the numerator coefficients, B, are passed asan M by 3 matrix view object, and
the denominator coefficients, A, are passed as an M by 2 matrix view object. Second order sections
are applied in matrix row order.

The IR filter object also encapsulates the filter’ s state information if the save state input object is set
to VSI P_STATE_SAVE. The state isinitialized to zero. The filter state allows long (semi- infinite)
data streams to be processed in segments by successive calstovsi p_diirflt _f.If itisdesred
that the filter not save state information then the state object isset to VSI P_STATE_NO_SAVE.

If the create fails, null isreturned, otherwise a pointer to the IR filter object is returned.

Prototypes

vsip_iir_f *vsip_iir_create_f(const vsip_nview f *B, const vsip_nmview f *A
vsi p_length N, vsip_obj_state state,
vsi p_l ength ntimes, vsip_alg_hint hint);

Arguments

B
Pointer to a matrix view object of IIR filter numerator coefficients, M by 3

A
Pointer to amatrix view object of IIR filter denominator coefficients, M by 2
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N
Length of data segment

state
Object state history requirement. If the object is going to be used to filter more than one vector
set to VSI P_STATE_SAVE. If the object is going to be used for single call filtering set state to
VS| P_STATE_NO_SAVE.

ntimes
Estimate of how many segments will be filtered. A value of zero is treated as semi-infinite (a
lot of times).

hint
Hint to help determine algorithm approach.

Return value

Returns apointer to an IR filter object, or null if the create fails.
Restrictions

Errors
The arguments must conform to the following:

1. All objects must be valid.

2. B matrix of sizeM by 3.

3. A matrix of sizeM by 2.

4. N must be greater than or equal to 2,M.

5. hint must be avalid member of the vsip_alg_hint enumeration.
6. state must be avalid member of the vsip_obj_state enumeration.

Notes/References
It is safe to destroy the filter coefficient matrices after creating the IIR filter object. [Note to
implementors: the IIR object is required to encapsulate the information in the filter coefficient
matrices, but is not required to encapsul ate the data values of the filter coefficient matrices.)
The parameter ntimes in conjunction with the hint is used (at the implementor’s discretion) to pre-
compute or optimize the I IR filter based on thisinformation. Ideally the implementation uses a-priori
time and space information with ntimes to optimize the IR filter object to meet the user’s hint.

Hintsarejust that. Implementationsarefreetoignorethem and it isup to theimplementor to determine
the precise effect of the hints. However, the spirit of the hints are:

1. Minimizetotal filtering execution time.

2. Minimize the filtering total memory requirements.

3. Maximize numeric accuracy/stability (minimize numeric noise).
Only one hint may be specified.

Examples
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See Also
vsip diirflt f,andvsip _diir_destroy f

7.5.7. vsip_diir_destroy_f
Destroy allR filter object.

Functionality
Destroys allR filter object freeing the associated memory. Returns non-zero on failure.

Prototypes

int vsip_iir_destroy_f(vsip_fir_f *filt);

Arguments

filt
Pointer to a FIR filter object

Return value
Returns zero on success and non-zero on failure.

Restrictions

Errors
The arguments must conform to the following:

1. Thefilter object must be valid. An argument of null is not an error.

Notes/References
An argument of null is not an error.

Noteto Implementors: an IR filter object may al so reference shared information/object(s). The shared
object(s) must maintain sufficient information to determine when it is possible to delete this shared
information.

Examples

See Also
vsip_ diir_create_f

7.5.8. vsip_diirflt_f
IR filter an input sequence.

Functionality
Applies acascaded 2nd order section | IR filter object, of order 2,M, specified by the lIR filter object
to an input segment x, and compute an output segment y. Initial and final filter state is encapsulated
in the 1R filter object if VSIP_STATE_SAVE was selected when the filter objecect was created
so that long data streams can be processed in segments by successive calls to vsip_diirflt_f. If
VSIP_STATE_NO_SAVE was selected when the filter object was created then each call will filter
the input into the output without state information from any previous call.

Prototypes

void vsip_iirflt_f(vsip_iir_f *filt, const vsip_vview f *x, const vsip_vview f *y);
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Arguments
filt
Pointer to IR filter object

Pointer to input sequence (vector view object)

y
Pointer to output sequence (vector view object)

Return value
None

Restrictions
Filtering can not be performed in place.

Errors
The arguments must conform to the following:

1. All the objects must be valid.
2. Thex input, and y output vectors must be of length N.
3. Theinput x, and the output y, must not overlap.

Notes/References
Thefilter object is not “const” since it may be modified with the updated state.

Examples

See Also
vsip diir _create f,andvsip _diir_destroy f

7.5.9. vsip_diir_getattr_f
Returns the attributes of an IR filter object.

Functionality
Returns the attribute values of allR filter object in structure passed by reference. The attributes are:

« filter order, number of 2nd order sections,
* required length of an input/output segment (vector view),
» save state object.

Prototypes

typedef struct

{
vsi p_Il engt h n2nd;
vsi p_scal ar_vi seg_| en;
vsi p_obj _state state;

} vsip_iir_attr_f;

void vsip_iir_getattr_f(const vsip_iir_f *filt, vsip_iir_attr_f *attr);
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Arguments

filt
Pointer to alIR filter object

attr
Pointer toavsi p_diir_attr_f structure

Return value
None

Restrictions

Errors
The arguments must conform to the following:

1. Thefilter object must be valid.

2. The output attribute pointer must be valid —non-null.

Notes/References

The filter coefficient values are not accessible attributes.
Examples
See Also

vsip diir _create f,vsip diir_destroy f,andvsip diir_reset f.
7.5.10. vsip_diir_reset_f
Reset the state of an IR filter object.

Functionality
Resets the internal state of a previously created IIR filter object to the same state it would have
immediately after creation.

Prototypes
void vsip_iir_reset_f(vsip_iir_f *filt);

Arguments

filt
Pointer to the IR filter object to be reset

Return value
None

Restrictions

Errors
The arguments must conform to the following:

1. Thefilter object must be valid.

Notes/References
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Examples

See Also
vsip_diir_create_f,vsip_diirflt_f

7.6. Miscellaneous Signal Processing Functions

vsi p_shisto_p Histogram

vsi p_dsfreqswap_f Frequency Swap

7.6.1. vsip_shisto_p

Compute the histogram of a vector (matrix).

Functionality

Toform ahistogram of avector (matrix). The length of the output vector is P. Thefirst element of the
output vector (index 0) and the last element of the output vector (index P-1) are used to accumulate
values of the input vector outside the range of interest. The bin size is therefore determined using
(P-2)(number of bins to collect values less than than src_max and greater than or equal to src_min).
The output vector isinitialized to zero if the VSIP_HIST _RESET option is selected, or the histogram
is accumulated on top of the current data in the output vector if the VSIP_HIST_ACCUM option is

selected:

Cj

k(—c]'k+1 fork=0,1, ..., N-1

CjM(—Cjk’l-Fl fork=0,1, .., M-1,for1=0,1, ..., N-1

where
0 src, <src_min
. - >
je P-1 SIC, > src_max
k srcy-src_min .
(P-25cmaxsrc min |+ 1 src_min < sr¢;, <src_max
or
0 src, <src_min
. P-1 SIC, > Src_max
Jk] <« . k -
SICj-Src_min .
(P- Z)WJ +1 src_min < src, <src_max
Prototypes

typedef enum{ VSIP_H ST_RESET = 1, VSIP_H ST_ACCUM = 2 } vsip_hist_opt;

voi d vsip_vhisto_f(const vsip_vview f *src,
vsi p_scal ar_f mn_bin, vsip_scalar_f max_bin,
vsi p_hi st _opt opt, const vsip_vview f *hist);

voi d vsip_vhisto_i(const vsip_vview.i *src,
vsi p_scalar_i mn_bin, vsip_scalar_i max_bin,
vsi p_hi st _opt opt, const vsip_vview.i *hist);
voi d vsi p_mhisto_f(const vsip_nviewf *src,
vsi p_scal ar_f mn_bin, vsip_scalar_f max_bin,
vsi p_hi st _opt opt, const vsip_vview f *hist);
voi d vsip_mhisto_i(const vsip_nview.i *src,
vsi p_scal ar_i mn_bin, vsip_scalar_i max_bin,
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vsi p_hi st _opt opt, const vsip_vview.i *hist);

Arguments

src
View of source vector (matrix)

min_bin
Threshold for minimum bin

max_hin
Threshold for maximum bin

opt
Enumerated type to determine if the output histogram isfirst initialized to zero, or isaccumulated
on top of previous data.

hist
View of histogram vector, of length P

Return value
None

Restrictions

Errors
The arguments must conform to the following:

1. All view objects must be valid.
2. min_bin < max_hin.

Notes/References
The first and last bins collect all the values less than min_val, and greater or equal to max_val,
respectively. If these outlier values are not desired, create and bind a view of length P, and create a
derived view (using the vsi p_vsubvi ew_f function) of the first view starting at index 1 and of
length P-2. Collect the histogram into the larger view. Just the histogram values without the outliers
are availablein the derived view.

Examples
See Also
7.6.2. vsip_dsfreqswap_f
Swaps halves of avector, or quadrants of amatrix, to remap zero frequenciesfrom the origin to the middle.

Functionality
Swap:

X; <= X(N/2H)modN) forj=0,1, .., N-1
Xij <= X(M/2bimodM(N/2H jmodny) TOri=0,1, .., M-1forj=0,1, .., N-1

Prototypes

voi d vsip_vfreqswap_f (const vsip_vview f *x);
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voi d vsip_cvfregswap_f (const vsip_cvviewf *x);
voi d vsip_nfreqswap_f (const vsip_nview f *x);
voi d vsip_cnfreqgswap_f (const vsip_cnmviewf *x);

Arguments

X
Pointer to an input/output vector (matrix) view object

Return value
None

Restrictions

Errors
The arguments must conform to the following:

1. Theinput/output object must be valid
Notes/References
Examples

See Also
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8. Linear Algebra Functions

[Linear Algebra Functions]

8.1. Introduction

The following functions operate on or produce matrix results. They are currently only defined for floating
point types.

In VSIPL, values in a block can be viewed as a vector (vsi p_dvvi ew _p) or as a matrix
(vsi p_dnvi ew_p). For notational convenience, the matrix functions treat the vector view objects as
column vectors.

Matrix objects may be stored in memory in either row major or column major order (C order or FORTRAN
order) by the application programmers choice of matrix view strides.

Note: Many of the matrix functionsthat make up afamily, such asmatrix multiply, have been implemented
in other libraries like BLAS as one function with many parameters. BLAS and other libraries historically
made such choicesdueto thelimitations of aseven letter (or short) subroutine names. Herethey are handled
as separately named functions. This eliminates some runtime checking by moving it to compile time, and
may simplify some optimizations. (The namespace approach is also more closely matched to potential
future object oriented bindings.) Both approaches have similar code development sizes. However, the
separately named function approach reduces the size of the linked program by not including unnecessary

functionality.

8.2. Matrix and Vector Operations

vsi p_cnhermp

Matrix Hermitian

vsi p_cvjdot_p

Complex Vector Conjugate Dot Product

vsi p_dgenp_p

Genera Matrix Product

vsi p_dgens_p

General Matrix Sum

vsi p_dskron_p

Kronecker Matrix Product

vsi p_dnprod3 p

3 by 3 Matrix Product

vsi p_dnprod4_p

4 by 4 Matrix Product

vsi p_dnprod_p

Matrix Product

vsi p_cnprodh_p

Matrix Hermitian Product

vsip_cnprodj p

Matrix Conjugate Product

vsi p_dnprodt _p Matrix Transpose Product
vsi p_dnvprod3_p 3 by 3 Matrix Vector Product
vsi p_dnvprod4 p 4 by 4 Matrix Vector Product
vsi p_dmvprod_p Matrix Vector Product
vsip_dntrans_p Matrix Transpose

vsi p_dvdot _p

Vector Dot Product

vsi p_dvnprod _p

Vector Matrix Product

vsi p_dvouter p

Vector Outer Product
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8.2.1. vsip_cmherm_p

Complex Hermitian (conjugate transpose) of a matrix

Functionality
Returnsthe N by M matrix C, which is the Hermitian (conjugate transpose) of an M by N matrix A.

Ce A"

Prototypes

voi d vsip_crmhermf(const vsip_cnmview f *A const vsip_cmiewf *O);

Arguments

A
View of input M by N matrix.

C
View of output N by M matrix.

Return value
None

Restrictions
If the matrix A is square, the transpose is in place if A and C resolve to the same object, otherwise
A and C must be digjoint.

Errors
The arguments must conform to the following:

1. All objects must be valid.
2. The matrices A, and C must be conformant.

3. If the matrix is not square, M # N, the input and output matrix views must not overlap. If the
matrix is square, M = N, the input and output views must be identical views of the same block,
or must not overlap.

Notes/References
Examples

See Also
vsip_dntrans_f,andvsi p_dgens_f

8.2.2. vsip_cvjdot_p

Compute the conjugate inner (dot) product of two complex vectors.

Functionality
Compute the conjugate dot product

* -1 *
r—alb*=3%""ab;

=07
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Where "*" denotes complex conjugate.

Prototypes

vsip_cscal ar _f vsip_cvjdot_f(const vsip_cvview f *a, const vsip_cvviewf *b);

Arguments

a
View of input vector.

View of input vector.

Return value
This function returns a complex scalar of the same precision as the input vectors.

Restrictions
Overflow may occur. The result of overflow isimplementation dependent.

Errors
The arguments must conform to the following:

1. Argumentsfor input must be the same size.
2. All view objects must be valid.
Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 7 /* length */

int main()
{ . .
int i;
vsi p_vvi ew_d* dat aRe;
vsi p_vview d* datalm
vsi p_cvvi ew_d* cvectorLeft;
vsi p_cvvi ew_d* cvectorRi ght;
vsi p_cscal ar_d cjdotpr, cLeft, cRi ght;

vsip_init((void *)0);
dat aRe = vsip_vcreate_d(L, VSIP_MEM NONE);
datal m = vsi p_vcreate_d(L, VSIP_MEM NONE);
cvectorLeft = vsip_cvcreate_d(L, VSIP_MEM NONE);
cvectorRi ght = vsip_cvcreate_d(L, VSIP_MEM NONE);
/* Make up sone data to use for a dot product*/
vsi p_vranp_d(1.0, 1.0 , dataRe);
vsi p_vranp_d(1.0, -2.0/(double)(L-1), datalm;
vsi p_venpl x_d(dat aRe, datalm cvectorlLeft);
vsi p_vecnpl x_d(datalm dataRe, cvectorRi ght);
cjdotpr = vsip_cvjdot_d(cvectorLeft, cvectorRi ght);
for(i=0; i<L-1; i++)
{
cLeft = vsip_cvget_d(cvectorLeft, i);
cRight = vsip_cvget_d(cvectorRight, i);
printf("(%.4f + %.4fi) * conj(%.4f + %.4fi) +\n",
vsi p_real _d(cLeft), vsip_img_d(cLeft),
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vsi p_real _d(cRight), vsip_img_d(cRight));

cLeft = vsip_cvget_d(cvectorLeft, L-1);

cRight = vsip_cvget_d(cvectorRi ght, L-1);
printf("(%.4f + %.4fi) * conj (%.4f + %.4fi)
(. 4f + . 4fi)\n",

vsi p_real _d(cLeft),vsip_real _d(cLeft),

vsi p_real _d(cRight), vsi p_i nag_d(cRi ght),

vsi p_real _d(cjdotpr),vsip_img_d(cjdotpr)); printf("\n");
/* Do the same conjugate dot product with inputs reversed */
cjdotpr = vsip_cvjdot_d(cvectorRi ght, cvectorlLeft);

/* now print out the data and the Result */
for(i=0; i<L-1; i++)
{
cLeft = vsip_cvget_d(cvectorLeft, i);
cRight = vsip_cvget_d(cvectorRight, i);

printf("(%.4f + %.4fi) * conj(%.4f + %.4fi) +\n",
vsi p_real _d(cRight),cRight.i,vsip_real _d(cLeft),cLeft.i);

}
cLeft = vsip_cvget_d(cvectorLeft, L-1);

cRight = vsip_cvget_d(cvectorRi ght, L-1);
printf("(%.4f + %.4fi) * conj (%.4f + %.4fi)
(. 4f + . 4fi)\n",

vsi p_real _d(cRight), vsip_inmag_d(cRight),

vsi p_real _d(cLeft), vsip_img_d(cLeft),

vsi p_real _d(cjdotpr),vsip_inmag_d(cjdotpr));

/* destroy the vector views and any associ ated bl ocks */

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataRe));
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataln));

vsi p_cbl ockdestroy_d(vsi p_cvdestroy_d(cvectorLeft));
vsi p_cbl ockdestroy_d(vsi p_cvdestroy_d(cvectorRight));

vsi p_finalize((void *)0);

return O;

}

/* (1.0000 + 1.0000i) * conj( 1.0000 + 1.0000i) +
(2.0000 + 0.6667i) * conj( 0.6667 + 2.0000i) +
(3.0000 + 0.3333i) * conj( 0.3333 + 3.0000i) +
(4.0000 + 0.0000i) * conj( 0.0000 + 4.0000i) +
(5.0000 + -0.3333i) * conj(-0.3333 + 5.0000i) +
(6.0000 + -0.6667i) * conj(-0.6667 + 6.0000i) +
(7.0000 + 7.0000i) * conj(-1.0000 + 7.0000i) =
(1.0000 + 1.0000i) * conj( 1.0000 + 1.0000i) +
(0.6667 + 2.0000i) * conj( 2.0000 + 0.6667i) +
(0.3333 + 3.0000i) * conj( 3.0000 + 0.3333i) +
(0.0000 + 4.0000i) * conj( 4.0000 + 0.0000i) +
(-0.3333 + 5.0000i) * conj( 5.0000 + -0.3333i)
(-0.6667 + 6.0000i) * conj( 6.0000 + -0.6667i)
(-1.0000 + 7.0000i) * conj( 7.0000 + -1.0000i)

See Also
vsi p_dvdot _p

8.2.3. vsip_dgemp_p
Calculate the general product of two matrices and accumulate.

Functionality
Computes the following matrix operation

C«—oaop(A)op(B)+pC
where op( X') isone of the following

op(X)=X,op(X)=X"op(X)=X" op(X)=X"*

(_

I+ +

18. 6667 + -136.8889i)

(-18.6667 + 136.8889i)

*/
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o and S are scaars, A, B, C are matrices, op(4) isan M by P matrix, op(B) isaP by N matrix
and C isan M by N matrix.

Prototypes

typedef enum

{
VSI P_MAT_NTRANS = 0, // op(A)
VSIP_MAT_TRANS = 1, // op(A)
VSI P_VAT_HERM = 2, /1 op(A)
VSI P_MAT_CONJ 3 /1 op(X)

} vsip_mat_op;

A

AT

AMH (conpl ex only)
A+ (conpl ex only)

voi d vsip_genp_f(vsip_scalar_f al pha, const vsip_nview f *A vsip_nat_op OpA
const vsip_nview f *B, vsip_nmat_op OpB, vsip_scalar_f beta,
const vsip_mview f *O);
voi d vsip_cgenp_f(vsip_cscalar_f al pha, const vsip_cnview f *A vsip_mat_op A
const vsip_cnviewf *B, vsip_nat_op OpB, vsip_cscalar_f beta,
const vsip_cmviewf *C);

Arguments

alpha
(Real/Complex) scalar.

A
View of input matrix A.

OpA
Specifies the form of op(A).

B
View of input matrix B.

OpB
Specifies the form of op(B).

beta
(Real/Complex) scalar

C
View of output M by N matrix.

Return value
None

Restrictions
The result matrix view, may not overlap either input matrix view.

Errors
The arguments must conform to the following:

1. All objects must be valid.
2. Thematrices A, B, and C must be conformant.
3. Theinput and output matrix views must not overlap.

4. OpA and OpB must be valid.
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- Real: OpA, OpB 1 {VSIP_MAT_NTRANS, VSIP_MAT_TRANS}

» Complex: OpA, OpB [ {VSIP_MAT_NTRANS, VSIP_MAT_TRANS, VSIP_MAT_HERM,
VSIP_ MAT_CONJ}

Notes/References
Examples
See Also
vsi p_dnprodt _f, vsi p_cnprodh_f, vsi p_dnprod_f, vsi p_cnprodj _f,
vsi p_dnprod3_f,andvsi p_dnprod4_f
8.2.4. vsip_dgems_p

Calculate ageneral matrix sum.

Functionality
Computes the following matrix operation

C«—aop(A) +pC

where op( X' ) isone of the following

op(X)=X,op(X)=X" op(X)=X" op(X)=X"

o and S arescalars, A and C are matrices, op(4) isan M by N matrix, and C isan M by N matrix.

Prototypes

typedef enum

{
VSI P_VAT_NTRANS = 0, // op(A)
VSIP_MAT TRANS = 1, // op(A)
VSIP_MAT HERM = 2, // op(A)
VSI P_MAT CONJ = 3 11 op(X)

} vsip_nat_op;

A

AT

AMH (conpl ex only)
Ar* (conpl ex only)

voi d vsip_gens_f (vsip_scalar_f al pha,
const vsip_nmview f *A vsip_mat_op OpA,
vsip_scal ar_f beta, const vsip_nviewf *QC);
voi d vsip_cgens_f (vsip_cscal ar_f al pha,
const vsip_cmview f *A vsip_mat_op OpA,
vsi p_cscal ar _f beta, const vsip_cnview f *C);

Arguments

alpha
(Real/Complex) scalar.

A
View of input matrix A.

OpA
Specifies the form of op(A).

beta
(Real/Complex) scalar
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C
View of output M by N matrix.

Return value
None

Restrictions
The result matrix view C may not overlap the input matrix view A.

Errors
The arguments must conform to the following:

1. All objects must be valid.
2. Thematrices A and C must be conformant.
3. Theinput and output matrix views must not overlap.
4. OpA must bevalid.
« Real: OpA, OpB {VSIP_MAT_NTRANS, VSIP_MAT_TRANS}

» Complex: OpA, OpB [ {VSIP_MAT_NTRANS, VSIP_MAT_TRANS, VSIP_MAT_HERM,
VSIP_MAT_CONJ}

Notes/References
Examples

See Also
vsip_dntrans_f,andvsi p_dnmherm f

8.2.5. vsip_dskron_p
Calculate the Kronecker tensor product of two vectors or matrices.
Functionality
If x and y are vectors of length N and M respectively, then this function computes a scalar multiple
of aKronecker product of x andy. That is,

C—ax®y)

where

x® y=[xoyxy - xn1Y]
op(X)=X,op(X)=X",0p(X)=X" op(X)=X"
and atisascalar. Theresulting matrix, C, isan M by N matrix.

If Aisan M by N matrix and B isan K by L matrix , then this function computes a scalar multiple
of aKronecker product of A and B. That is,

C—o(A®B)

where
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apoB ap B - aon-1B
al,OB a1,1B - al,N—lB
AR B = . . . .
am1,0B8 av1 B - avinaB

and o isascalar. The resulting matrix, C, isan M K by N L matrix.

Prototypes

voi d vsip_vkron_f(vsip_scal ar_f al pha, const vsip_vviewf *x,
const vsip_vview f *y, const vsip_nviewf *C);
voi d vsi p_cvkron_f(vsi p_cscal ar_f al pha, const vsip_cvview f *Xx,
const vsip_cvview f *y, const vsip_cnmviewf *C);
voi d vsip_nkron_f (vsip_scal ar_f al pha, const vsip_nmview f *A
const vsip_mview f *B, const vsip_nviewf *C);
voi d vsip_cnkron_f (vsi p_cscal ar_f al pha, const vsip_cnview f *A,
const vsip_cnview f *B, const vsip_cnmview f *C);

Arguments

apha
(Real/Complex) scalar.

View of input vector.

y
View of input vector.
A
View of input matrix.
B
View of input matrix.
C
View of output matrix.
Return value
None
Restrictions

The result matrix view may not overlap either input matrix view.

Errors

The arguments must conform to the following:
1. All objects must be valid.
2. The vectors and matrix X, y, and C or the matrices A, B, and C must be conformant.

3. The output matrix view and the input vector/matrix views must not overlap.

Notes/References

Examples




8.2.6 [vsip_dmprod3 p]

See Also
vsi p_dvouter f

8.2.6. vsip_dmprod3_p
Calculate the product of a3 by 3 matrix and a3 by N matrix.

Functionality
Computes the product of a 3 by 3 matrix A and a 3 by N matrix, B. The result of this operation,
C «— AB,isa3 by N matrix.

cije Y. by, fori=0,1,2;forj=0,1, ..., N-I
Prototypes

voi d vsip_nprod3_f(const vsip_nviewf *A const vsip_nview f *B,
const vsip_miewf *CO);
voi d vsip_cnprod3_f(const vsip_cnview f *A const vsip_cnmviewf *B,
const vsip_cnmviewf *C);

Arguments

A
View of input 3 by 3 matrix.

B
View of input 3 by N matrix.

C
View of output 3 by N matrix.

Return value
None

Restrictions
The result matrix view may not overlap either input matrix view.

Errors
The arguments must conform to the following:

1. All objects must be valid.
2. Thematrices A, B, and C must be conformant.
3. Theinput and output matrix views must not overlap.

Notes/References

Examples

See Also
vsi p_dnprodt _f, vsi p_cnprodh_f, vsi p_dnprod_f, vsi p_cnprodj _f,
vsi p_dnprod4_f,andvsi p_dgenp_f

8.2.7. vsip_dmprod4_p

Calculate the product of a4 by 4 matrix and a4 by N matrix.
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Functionality
Computes the product of a 4 by 4 matrix A and a 4 by N matrix, B. The result of this operation,
C «— AB,isa4 by N matrix.

cij Y @b fori=0,1,2,3;forj=0,1,...,N-1
Prototypes

voi d vsip_nprod4_f(const vsip_nview f *A const vsip_nview f *B,
const vsip_mview f *O);
voi d vsip_cnprod4_f(const vsip_cnview f *A const vsip_cnview f *B,
const vsip_cmview f *CO);

Arguments

A
View of input 4 by 4 matrix.

B
View of input 4 by N matrix.

C
View of output 4 by N matrix.

Return value
None

Restrictions
The result matrix view may not overlap either input matrix view.

Errors
The arguments must conform to the following:

1. All objects must be valid.
2. Thematrices A, B, and C must be conformant.
3. Theinput and output matrix views must not overlap.

Notes/References

Examples

See Also
vsi p_dnprodt _f, vsi p_cnprodh_f, vsi p_dnprod_f, vsi p_cnprodj _f,
vsi p_dnprod3_f,andvsi p_dgenp_f

8.2.8. vsip_dmprod_p

Calculate the product of two matrices.

Functionality
Computes the product of an M by P matrix A and a P by N matrix, B. The result of this operation,
C «— AB,isaM by N matrix.

Cj,j(_ZQLai,kbk,jﬁ fori= 0, 1, vees M-l, fOI'j = 0, 1, cees N-1
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Prototypes

voi d vsip_nprod_f(const vsip_nview f *A const vsip_nview f *B,
const vsip_mview f *O);
voi d vsip_cnprod_f(const vsip_cmview f *A const vsip_cnviewf *B,
const vsip_cmiewf *C);

Arguments

A
View of input M by P matrix.

B
View of input P by N matrix.

C
View of output M by N matrix.

Return value
None

Restrictions
The result matrix view may not overlap either input matrix view.

Errors
The arguments must conform to the following:

1. All objects must be valid.
2. Thematrices A, B, and C must be conformant.
3. Theinput and output matrix views must not overlap.

Notes/References

Examples

See Also
vsi p_dnprodt _f, vsi p_cnprodh_f, vsi p_dnprodj _f, vsi p_cnprod3_f,
vsi p_dnprod4_f,andvsi p_dgenp_f

8.2.9. vsip_dmprodh_p

Calculate the product a complex matrix and the Hermitian of a complex matrix.

Functionality
Computesthe product of an M by P complex matrix A and the Hermitian of aN by P complex matrix,

B. The result of this operation, C < AB”, isaM by N complex matrix.
¢ X oaihi fori=0,1, ., M-1;forj=0,1,...,N-1
Prototypes

voi d vsi p_cnprodh_f (const vsip_cnview f *A const vsip_cnmviewf *B,
const vsip_cnmviewf *C);
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Arguments

A
View of input M by P matrix.

B
View of input N by P matrix.

C
View of output M by N matrix.

Return value
None

Restrictions
The result matrix view may not overlap either input matrix view.

Errors
The arguments must conform to the following:

1. All objects must be valid.

2. Thematrices A, B, and C must be conformant.

3. Theinput and output matrix views must not overlap.
Notes/References
Examples

See Also
vsi p_dnprodt f, vsi p_cnprod_f, vsi p_dnprodj f, vsi p_cnprod3_f,
vsi p_dnmprod4_f,andvsi p_dgenp_f

8.2.10. vsip_dmprodj_p
Calculate the product amatrix and the conjugate of a matrix.

Functionality
Computes the product of an M by P matrix A and the conjugate of a P by N matrix, B. The result of

this operation, C < AB", isaM by N complex matrix.

P-1 * . :
Cjj k:()ai,kbk,j’ fori=0,1,.., M-1;forj=0,1, ..., N-1

Prototypes

voi d vsip_cnprodj _f(const vsip_cnmview f *A const vsip_cnviewf *B,
const vsip_cmviewf *C);

Arguments

A
View of input M by P matrix.

B
View of input N by P matrix.
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C
View of output M by N matrix.

Return value
None

Restrictions
The result matrix view may not overlap either input matrix view.

Errors
The arguments must conform to the following:

1. All objects must be valid.

2. Thematrices A, B, and C must be conformant.

3. Theinput and output matrix views must not overlap.
Notes/References
Examples

See Also
vsi p_dnprodt _f, vsi p_cnprodh_f, vsi p_dnprod_f, vsi p_cnprod3_f,
vsi p_dnprod4_f,andvsi p_dgenp_f

8.2.11. vsip_dmprodt_p
Calculate the product of a matrix and the transpose of a matrix.

Functionality
Computes the product of an M by P matrix A times the transpose of a N by P matrix, B. The result

of this operation, C «<— AB’, isaM by N matrix.

P-1 . .
Cjj iFoaiakbj»k’ fori=0,1,..,M-1;forj=0,1, ..., N-1

Prototypes

voi d vsip_nprodt_f(const vsip_nviewf *A const vsip_nview f *B,
const vsip_mview f *O);
voi d vsip_cnprodt_f(const vsip_cnview f *A const vsip_cnview f *B,
const vsip_cmiew f *C);

Arguments

A
View of input M by P matrix.

B
View of input N by P matrix.

C
View of output M by N matrix.

Return value
None
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Restrictions
The result matrix view may not overlap either input matrix view.

Errors
The arguments must conform to the following:

1. All objects must be valid.
2. Thematrices A, B, and C must be conformant.
3. Theinput and output matrix views must not overlap.

Notes/References

Examples

See Also
vsi p_dnprodh_f, vsi p_cnprod_f, vsi p_dnprodj f, vsi p_cnprod3_f,
vsi p_dnmprod4 _f,andvsi p_dgenp_f

8.2.12. vsip_dmvprod3_p

Calculate the product of a3 by 3 matrix and a vector.

Functionality
Computes product of an 3 by 3 matrix and a vector.

y=Ax
yj A Zizoai,jxje fori= O, 1, 2
Prototypes

voi d vsip_nvprod3_f(const vsip_nview f *A const vsip_vviewf *x,
const vsip_vview f *y);
voi d vsip_cnvprod3 f(const vsip_cnview f *A const vsip_cvviewf *x,
const vsip_cvview f *y);

Arguments

A
View of input 3 by 3 matrix.

View of input vector of length 3.

y
View of output vector of length 3.

Return value
None

Restrictions
The result vector view may not overlap either input matrix/vector view.

Errors
The arguments must conform to the following:
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1. All objects must be valid.
2. The matrix and vectors A, x, and y must be conformant.
3. Theinput and output matrix/vector views must not overlap.

Notes/References
These functions may be implemented as macros.

Examples

See Also
vsi p_dnvprod_f,vsi p_dnmvprod4 _f,andvsi p_dvnprod_f

8.2.13. vsip_dmvprod4_p
Calculate the product of a4 by 4 matrix and a vector.

Functionality
Computes product of an 4 by 4 matrix and a vector.

y=Ax
yj A Zi‘:()ai,jxja fori= 0, 1, 2, 3
Prototypes

voi d vsip_nvprod4_f(const vsip_nview f *A const vsip_vviewf *x,
const vsip_vview f *y);
voi d vsip_cnmvprod4_f(const vsip_cnview f *A, const vsip_cvviewf *x,
const vsip_cvview f *y);

Arguments

A
View of input 4 by 4 matrix.

View of input vector of length 4.

y
View of output vector of length 4.

Return value
None

Restrictions
The result vector view may not overlap either input matrix/vector view.

Errors
The arguments must conform to the following:

1. All objects must be valid.
2. The matrix and vectors A, X, and y must be conformant.

3. Theinput and output matrix/vector views must not overlap.
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Notes/References
These functions may be implemented as macros.

Examples

See Also
vsi p_dnmvprod_f,vsi p_dnmvprod3_f,andvsi p_dvnprod_f

8.2.14. vsip_dmvprod_p
Calculate a matrix - vector product.

Functionality
Computes product of an M by N matrix and a vector.

y=Ax
N-1 .
Y Z;:oaivixf’ fori=0,1, .., M-1
Prototypes

voi d vsip_nvprod_f(const vsip_nview f *A const vsip_vview f *x,
const vsip_vview f *y);
voi d vsip_cnvprod_f(const vsip_cnview f *A const vsip_cvviewf *x,
const vsip_cvview f *y);

Arguments

A
View of input M by N matrix.

View of input vector of length N.

y
View of output vector of length M.

Return value
None

Restrictions
The result vector view may not overlap either input matrix/vector view.

Errors
The arguments must conform to the following:

1. All objects must be valid.
2. The matrix and vectors A, X, and y must be conformant.
3. Theinput and output matrix/vector views must not overlap.

Notes/References
These functions may be implemented as macros.

Examples
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See Also
vsi p_dnmvprod3 f,vsi p_dnmvprod4 f,andvsi p_dvnprod_f

8.2.15. vsip_dmtrans_p
Transpose a matrix

Functionality
Returnsthe N by M matrix C, which isthe transpose of an M by N matrix A.

c=4"
Prototypes

void vsip_mrans_f(const vsip_nview f *A const vsip_nviewf *C);
voi d vsip_cmtrans_f(const vsip_cnview f *A const vsip_cmviewf *C);

Arguments

A
View of input M by N matrix.

C
View of output M by N matrix.

Return value
None

Restrictions

If the matrix A is square, the transpose is in place if A and C resolve to the same object, otherwise
A and C must not overlap.

Errors
The arguments must conform to the following:

1. All objects must be valid.
2. The matrices A and C must be conformant.
3. If the matrix is not square, M # N, the input and output matrix views must not overlap.

4. If the matrix is square, M = N, the input and output views must be identical views of the same
block, or must not overlap.

Notes/References
Examples

See Also
vsi p_cnmherm f,andvsi p_dgens_f

8.2.16. vsip_dvdot_p
Compute the inner (dot) product of two vectors.

Functionality
Compute the dot product




8.2.16 [vsip_dvdot_p]

r<«—alb= ngajbj
Prototypes

vsi p_scal ar_f vsip_vdot_f(const vsip_vview f *a, const vsip_vview f *b);
vsi p_cscal ar_f vsip_cvdot _f(const vsip_cvview f *a, const vsip_cvview f *b);

Arguments

a
View of input vector.

View of input vector.

Return value
For real input vectors this function returns areal scalar of the same precision as the input vectors.

For complex input vectors, this function returns a complex scalar of the same precision as the input
vectors.

Restrictions
Overflow may occur. The result of overflow isimplementation specific.

Errors
The arguments must conform to the following:

1. All objects must be valid.
2. Arguments for input must be the same size.
Notes/References

Examples

#i ncl ude <stdio. h>
#i ncl ude "vsip.h"

#define L 7 /* length */

int main()
{ . .
int i;
vsi p_vvi ew_d* dat aRe;
vsi p_vview d* datalm
vsi p_cvvi ew_d* cvectorLeft;
vsi p_cvvi ew_d* cvectorRi ght;
vsi p_cscal ar_d cdot pr, cLeft, cRi ght;

vsip_init((void *)0);

dataRe = vsip_vcreate_d(L, VSIP_MEM NONE);

datal m = vsi p_vcreate_d(L, VSIP_MEM NONE);
cvectorLeft = vsip_cvcreate_d(L, VSIP_MEM NONE);
cvectorRi ght = vsip_cvcreate_d(L, VSIP_MEM NONE);
vsi p_vranp_d(1.0, 1.0 , dataRe);

vsi p_vranp_d(1.0, -2.0/(double)(L-1), datalm;
vsi p_vecnpl x_d(dat aRe, datalm cvectorlLeft);

vsi p_vecnpl x_d(datalm dataRe, cvectorRi ght);

/* do a real vector dot product and print the data and results*/
for(i=0; i<L-1; i++)




8.2.17 [vsip_dvmprod_p]

printf("%. 4f

* 0. 4fi

vsi p_vget _d(dataRe, i),

vsi p_vget _d(datalmi));
printf("%. 4f
vsi p_vget _d(dataRe, i), vsip_vget_d(datalmi),
vsi p_vdot _d(dat aRe, datalm);

/* do a conplex vector dot product and print the data and results*/

* 0. 4fi

+Hn",

= o%. 4f\n\n",

cdot pr = vsip_cvdot_d(cvectorlLeft, cvectorRi ght);
for(i=0; i<L-1; i++)

{
cLeft =

cRight =

vsi p_cvget _d(cvectorLeft, i);

vsi p_cvget _d(cvector Ri ght,

printf("(%.4f + %.4fi)
vsi p_real _d(cRight), vsi p_i nag_d(cRi ght),

vsi p_real _d(cLeft),

}

i)

* (9. 4F + 9. 4fi) H\n",

cLeft = vsip_cvget_d(cvectorLeft,

cRight = vsip_cvget_d(cvectorRight,

printf("(%.4f + %.4fi)

"(9F. 4f + 9F. 4fi)\n",

vsi p_real _d(cLeft),
vsi p_real _d(cdot pr), vsi p_i mag_d(cdot pr));

/* destroy the vector views and any associ ated bl ocks */
vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataRe));

vsi p_bl ockdestroy_d(vsi p_vdestroy_d(dataln));

vsi p_cbl ockdestroy_d(vsi p_cvdestroy_d(cvectorLeft));

vsi p_cbl ockdestroy_d(vsi p_cvdestroy_d(cvectorRight));

vsi p_finalize((void *)0);

return O;

}
/* output *
/* 1.0000 *
. 0000 *
. 0000 *
*
*
*

-~

. 0000

0000

. 0000

. 0000 *
1. 0000
0. 6667
0. 3333
0. 0000
0. 3333
0. 6667
1. 0000

NN~~~ OO DN WN

See Also
vsi p_cvj dot

8.2.17. vsip_dvmprod_p

1. 0000i
0. 6667i
0. 3333i
0. 0000i
-0. 3333
-0. 6667i
- 1. 0000i
. 0000i )
. 0000i )
. 0000i )

+ o+ + o+ o+
NoOUA®WNRE

+ o+ o+ o+

I+ +

* %k ok ok ok kX 1

0000i )

. 0000i )
. 0000i )
. 0000i )

L-1);

vsi p_imag_d(cLeft));

L-1);

* (99 4f + 9. 4fi) ="

vsi p_i mag_d(cLeft),

©

NN~~~

Calculate a vector - matrix product.

Functionality

w

NOUAWON W

w
w

0000
0000
0000
0000
0000
. 0000
. 0000

+
+
+
+

1. 0000i )
0. 6667 )
0.3333i)
0. 0000i )
+ -0.3333i)
+ -0.6667i)
+ -1.0000i )

+ o+ o+ o+

I+ +

Computes product of avector and an M by N matrix.

y=xT4

yj@zj{‘olaj,ixj, fori=0, 1, ..., N-1

Prototypes

voi d vsip_vnprod_f(const vsip_vview f *x,

const vsip_mnvi ew f

vsi p_real _d(cRight), vsi p_i nag_d(cRi ght),

( 0.0000 + 143.1111i)

* A,

*/
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const vsip_vview f *y);
voi d vsip_cvnprod_f(const vsip_cvview f *x, const vsip_cmviewf *A
const vsip_cvview f *y);

Arguments

X
View of input vector of length M.

A
View of input M by N matrix.

y
View of output vector of length N.

Return value
None

Restrictions
The result vector view may not overlap either input matrix/vector view.

Errors
The arguments must conform to the following:

1. All objects must be valid.

2. The matrix and vectors A, X, and y must be conformant.

3. Theinput and output matrix/vector views must not overlap.
Notes/References
Examples

See Also
vsi p_dmvprod_f,vsi p_dnvprod3 f,andvsi p_dnvprod4 f

8.2.18. vsip_dvouter_p
Calculate the outer product of two vectors.

Functionality
If x and y are vectors of length M and N respectively, then this function computes the scalar multiple
of an outer product of x andy. That is,

XoVy X0V, 0 XoVy
'xlyo xlyl xlyN_l

C—oaxyT=ao* . ) . )
M-y M-V M-

If x and y are complex vectors, then this function computes

XoVg  XoV] v Xo){,
x y* x y* e o x £
C o x| 0 17 N1
—oaxy? =a . . )
My XmaV] v XMy,
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8.3 [Specia Linear System Solvers]

Prototypes

voi d vsip_vouter_f(vsip_scalar_f al pha, const vsip_vviewf *x,
const vsip_vview f *y, const vsip_nviewf *C);
voi d vsip_cvouter_f(vsip_cscalar_f al pha, const vsip_cvview f *Xx,
const vsip_cvviewf *y, const vsip_cnmiewf *CO);

Arguments
alpha
(Real/Complex) scalar.

View of input vector of length M.

y
View of input vector of length N.

C
View of output M by N matrix.

Return value
None.

Restrictions
The result matrix view may not overlap either input vector view.

Errors
The arguments must conform to the following:

1. All objects must be valid.

2. The vectors and matrix X, y, and C must be conformant

3. The output matrix view and the input vector views must not overlap.
Notes/References
Examples

See Also
vsi p_dskron_f

8.3. Special Linear System Solvers

vsi p_dcovsol _p Solve Covariance System
vsi p_dl I sgsol _p Solve Linear Least Squares Problem
vsi p_dt oepsol _p Solve Toeplitz System

8.3.1. vsip_dcovsol_p
Solve a covariance linear system problem.

Functionality
Solves a covariance linear system problem,

ATAX =B
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or
A"AX =B
where A isamatrix of order M by N withrank N, M > N, and B isamatrix of order N by K.

Prototypes

int vsip_covsol _f(const vsip_nviewf *A const vsip_nviewf *XB);
int vsip_ccovsol _f(const vsip_cnview f *A const vsip_cnmview f *XB);

Arguments

A
On entry, view of input matrix A, of sizeM by N, M = N.

XB
View of output X/input matrix B, of size N by K.

Return value
» 0Oif successful
» -1if memory alocation failure
* Positiveif A does not have full column rank, rank(A) = N

Restrictions
The matrix A may be overwritten.

Errors
Theinput and output/input objects must conform to the following:

1. All objects must be valid.
2. The matrices A and XB must be conformant and must not overlap.

Notes/References
This function may alocate and free temporary workspace, which may result in nondeterministic
execution time. The more general QR routines may be used to solve a covariance problem and they
support explicit creation and destruction.

The matrix A is assumed to be of full rank. This property is not checked. A positive return value
indicates that an error occurred and a zero pivot el ement was encountered.

Examples

See Also
Section — Overdetermined Linear System

8.3.2. vsip_dlisgsol_p

Solve alinear least squares problem.

Functionality
Solves the linear least squares problem,

minx||AX-B||2
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where A isamatrix of order M by N with rank N, M = N, and B isamatrix of order M by K.

Prototypes

int vsip_llsqgsol _f(const vsip_nview f *A const vsip_nview f *XB);
int vsip_cllsqgsol _f(const vsip_cnview f *A const vsip_cnview f *XB);

Arguments

A
On entry, view of input matrix A, of sizeM by N, M = N.

XB
On entry view of input matrix B, of size M by K. The view is const; however on exit the first
N rows starting at index zero are the output data. Contents of the view starting at index N are
implementation dependent.

Return value
* Oif successful
e -1if memory alocation failure
» Positiveif A doesnot have full column rank, rank(A) = N

Restrictions
The matrix A may be overwritten.

Errors
Theinput and output/input objects must conform to the following:

1. All objects must be valid.
2. The matrices A and XB must be conformant.

Notes/References
This function may alocate and free temporary workspace, which may result in nondeterministic
execution time. The more general QR routines may be used to solve a linear least squares problem
and they support explicit creation and destruction.

The matrix A is assumed to be of full rank. This property is not checked. A positive return value
indicates the matrix did not have full column rank and the algorithm failed to be completed.

Since the output data length may be smaller than the input datalength it isrecomended that a subview
of the input vector be created which defines a vector view of the output data.

Examples

See Also
Section — Overdetermined Linear System

8.3.3. vsip_dtoepsol_p
Solve areal symmetric or complex Hermitian positive definite Toeplitz linear system.

Functionality
Solve areal symmetric positive definite N by N Toeplitz linear system, 7x = b, where,
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Solve a complex Hermitian positive definite N by N Toeplitz linear system, 7'x = b, where,
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We only need avector t, the first row of T to specify the system.

Prototypes

int vsip_toepsol _f(const vsip_vview f *t, const vsip_vviewf *b,

const vsip_vview f *w const vsip_vviewf *x);
int vsip_ctoepsol _f(const vsip_cvview f *t, const vsip_cvview f *b,

const vsip_cvview f *w, const vsip_cvview f *x);
Arguments

t
View of input vector, t, of length N, the first row of the Toeplitz matrix T.

b

View of input vector, b, of length N.
w

View of vector, w, of length N used for temporary workspace.
X

View of output vector, x, of length N.

Return value
» 0if successful
» -1if memory alocation failure
» Positiveif T isnot positive definite

Restrictions
The result vector view may not overlap either input vector view.

Errors
The arguments must conform to the following:

1. All objects must be valid.

2. Thevectorst, x, w, and b must be conformant.
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3. Theinput vector views and output vector view must not overlap.

Notes/References
The matrix T is assumed to be of full rank and positive definite. This property is not checked. A
positive return value indicates that an error occurred and the algorithm failed to be completed.

Examples
See Also

8.4. General Square Linear System Solver

vsi p_dlud_p Matrix LU Decomposition
vsip_dlud_create_p Create LU Decomposition Object
vsi p_dlud _destroy p Destroy LUD Object

vsi p_dlud_getattr_p LUD Get Attributes

vsi p_dl usol _p Solve General Linear System

8.4.1. vsip_dlud_p
Compute an LU decomposition of a square matrix A using partial pivoting.

Functionality
Computes the LU decomposition of ageneral N by N matrix A using partial pivoting, with either row
interchanges or column interchanges. An example of an LU decomposition is a factorization using
row interchanges that has the form,

A=PLU
or using column interchanges has the form,
A=LUP

where P is a permutation matrix, L islower triangular, and U is upper triangular. The choice of the
particular factorization and row or column interchanges is implementation dependent.

Prototypes

int vsip_lud_f(vsip_lu_f *lud, const vsip_nviewf *A);
int vsip_clud_f(vsip_clu_f *lud, const vsip_cnview f *A);

Arguments

lud
Pointer to an LU decomposition object, created by vsi p_dl ud_create_f.

A
On entry, view of input matrix A, N by N.

Return value
Returns zero if successful. Thisroutine will fail and return non-zero if A does not have full rank.

Restrictions
The matrix A may be overwritten by the decomposition, and the matrix A must not be modified as
long as the factorization is required.
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Errors
The arguments must conform to the following:

1. All objects must be valid.
2. The matrix A and the LU decomposition object must be conformant.

Notes/References
The matrix A is assumed to be of full rank. This property is not checked. A positive return value
indicates that an error occurred and a zero pivot e ement was encountered.

Examples

See Also
vsi p_dlud _create_p, vsi p_dl usol _p, vsi p_dl ud_destroy_p, and
vsip_dlud getattr _p

8.4.2. vsip_dlud_create_p
Create an LU decomposition object.

Functionality
Creates an LU decomposition abject. The LU decomposition object encapsulates the information
concerning the properties of the decomposition and required workspace. The LU decomposition object
is used to compute the LU decomposition of a general N by N matrix A using partial pivoting with
either row interchanges or column interchanges. As an example an LU decomposition, using row
interchanges has the form,

A=PLU
or using column interchanges has the form,
A=LUP

where P is a permutation matrix, L is lower triangular, and U is upper triangular. The choice of the
particular factorization and row or column interchanges is implementation dependent.

Prototypes

vsip_lu_f *vsip_lud_create_f(vsip_length N);
vsip_clu_f *vsip_clud _create_f(vsip_length N);

Arguments

N
The number of rowsin the matrix A.

Return value
Thereturn value is a pointer to an LU decomposition object, or null if it fails.

Restrictions

Errors
The arguments must conform to the following:

1. Nisgreater than zero

Notes/References
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Examples

See Also
vsi p_dl ud_p,vsi p_dl usol _p,vsi p_dlud_destroy_p,andvsi p_dl ud_getattr_p

8.4.3. vsip_dlud_destroy p
Destroy an LU decomposition object.

Functionality
Destroys (frees memory) an LU decomposition object returning zero on success, and non-zero on
failure.

Prototypes

int vsip_lud_destroy_f(vsip_lu_f *lud);
int vsip_clud_destroy_f(vsip_clu_f *lud);

Arguments

lud
Pointer to an LU decomposition object, created by vsi p_dl ud_create_f.

Return value
Returns zero if successful.

Restrictions

Errors
The arguments must conform to the following:

1. The LU decomposition object must be valid. An argument of null is not an error.

Notes/References
An argument of null is not an error.

Examples

See Also
vsi p_dlud_create_p,vsi p_dlud_p,vsi p_dl udsol _p,andvsi p_dl ud_getattr_p

8.4.4. vsip_dlud_getattr_p
Returns the attributes of an LU decomposition object.

Functionality
Returnsthe attributes of an LU decomposition object in an LU attribute structure passed by reference.

Prototypes

typedef struct
{

vsi p_length n; // nunber of rows and columms in the matrix
} vsip_dlu_attr_f;

void vsip_lud_getattr_f(const vsip_lu_f *lud, vsip_lu_ attr_f *attr);
void vsip_clud_getattr_f(const vsip_clu_f *lud, vsip_clu_attr_f *attr);
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Arguments

lud
Pointer to an LU decomposition object, created by vsi p_dl ud_create_f.

attr
Pointer to output attribute structure.

Return value
None.

Restrictions

Errors
The arguments must conform to the following:

1. The LU decomposition object must be valid.
2. The attribute pointer must be valid —non-null.
Notes/References
Examples

See Also
vsip_dlud create_p,vsip_dlud_p,vsi p_dl udsol p,andvsi p_dl ud_destroy _p

8.4.5. vsip_dludsol_p
Solve asquare linear system.

Functionality
Solve the following linear system

op(A)X =B
where op( A) isone of the following
op(A)=A4,0op(A)=A", orop(4) =4"

for a general matrix A using the decomposition computed by the routine vsi p_dl ud_f. Aisa
meatrix of order N by N with rank N, and B isamatrix of order N by K.

Prototypes

int vsip_lusol _f(const vsip_lu_f *lud, vsip_mat_op OpA, const vsip_nviewf *XB);
int vsip_clusol _f(const vsip_clu_f *lud, vsip_mat_op OpA, const vsip_cnview f *XB);

Arguments

lud
Pointer to an LU decomposition object for the N by N matrix, A, computed by the routine
vsi p_dl ud_f.

OpA
Specifies the form of op(A).
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XB
View of output X/input B, matrix of size N by K.

Return value
Returns zero if successful.

Restrictions

Errors
Theinput and input/output objects must conform to the following:

1. All objects must be valid.
2. The matrix XB (X and B) and the LU decomposition object must be conformant.
3. OpA must be valid.

« Real: OpA 7 {VSIP_MAT_NTRANS, VSIP_ MAT_TRANS}

» Complex: OpA 7 {VSIP_MAT_NTRANS, VSIP_MAT_HERM }

Notes/References
It is okay to call vsi p_dl usol _f after vsi p_dl ud_f fails. This will result in a non-zero
unsuccessful return value.

Examples

See Also
vsi p_dlud_create_p, vsi p_dl ud_p, vsi p_dl ud_destroy_p, and
vsi p_dlud_getattr_p

8.5. Symmetric Positive Definite Linear System

Solver
vsip_dchold_p Matrix Cholesky Decomposition
vsip_dchold create p Create Cholesky Decomposition Object
vsip_dchold_destroy p Destroy CHOLD Object
vsip_dchold_getattr_p CHOLD Get Attributes
vsip_dcholsol_p Solve SPD Linear System

8.5.1. vsip_dchold_p
Compute a Cholesky decomposition of a symmetric (Hermitian) positive definite matrix A.

Functionality
The Cholesky decomposition of asymmetric (Hermitian) positive definite N by N matrix A isgiven by

A=LL" (4= LL"), where L isalower triangular matrix,
or
A=R"R (4= R"R), where R is an upper triangular matrix.

The particular type of factorization is an implementation dependent feature. There is not a utility
function for accessing the factors.
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Prototypes

int vsip_chold_f(vsip_chol _f *chold, const vsip_nviewf *A);
int vsip_cchold_f(vsip_cchol _f *chold, const vsip_cnview f *A);

Arguments

chold
Pointer to a Cholesky decomposition object, created by vsi p_dchol d_create_f.

A
On entry, view of input matrix A, N by N.

Return value
Returns zero if successful. Thisroutine will fail if aleading minor of A isnot symmetric (Hermitian)
positive definite and the algorithm could not be completed.

Restrictions
The matrix A may be overwritten by the decomposition, and the matrix A must not be modified as
long as the decomposition is required.

Errors
Theinput and input/output objects must conform to the following:

1. All objects must be valid.
2. The matrix A and the Cholesky decomposition object must be conformant.

Notes/References
The matrix, A, is assumed to be symmetric (Hermitian). This property is not checked. Since VSIPL
does not have a symmetric (Hermitian) object type storage for the full matrix must be specified. Only
half of the matrix is referenced and modified; the other half is not modified.

Examples

See Also
vsi p_dchol d_create_p, vsip_dcholsol_p, vsip_dchold_destroy_p, and
vsi p_dchol d_getattr_p

8.5.2. vsip_dchold_create p

Create a Cholesky decomposition object.

Functionality
Create a Cholesky decomposition (CHOL D) object. The Cholesky decomposition object encapsul ates
the information concerning the properties of the decomposition and required workspace.

The Cholesky decomposition object is used to compute the Cholesky decomposition of a symmetric
positive definite N by N matrix A.

The Cholesky decomposition of asymmetric (Hermitian) positive definite N by N matrix A isgiven by

A=LL" (4= LL"), where L isalower triangular matrix,

or
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A=R'R (A= R"R), whereR isan upper triangular matrix.

The particular type of factorization is an implementation dependent feature. There is not a utility
function for accessing the factors.

Prototypes

typedef enum { VSIP_TR LON= 0, VSIP_TR UPP = 1} vsip_nat_uplo;

vsi p_chol _f *vsip_chold_create_f(vsip_nat_uplo uplo, vsip_length N);
vsi p_cchol _f *vsip_cchold_create_f(vsip_nmat_uplo uplo, vsip_length N);

Arguments

N
The number of row or columnsin the input matrix.

uplo
Specifiesif the upper or lower triangular half of the matrix is stored.

Return value
Thereturn value is a pointer to a Cholesky decomposition object, or null if it fails.

Restrictions

Errors
Theinput parameters must conform to the following:

1. Nisgreater than zero.

2. uploisvalid: uplo 7 {VSIP_TR_LOW, VSIP_TR_UPFP}
Notes/References
Examples

See Also
vsi p_dchol d_p, vsi p_dchol sol _p, vsi p_dchol d_destroy_p, and
vsi p_dchol d _getattr_p

8.5.3. vsip_dchold_destroy p
Destroy a Cholesky decomposition object.

Functionality
Destroy (free memory) a Cholesky decomposition object returning zero on success, and nonzero on
failure.

Prototypes

int vsip_chold_destroy_f(vsip_chol _f *chold);
int vsip_cchold_destroy_f(vsip_cchol _f *chol d);

Arguments

chold
Pointer to a Cholesky decomposition object, created by vsi p_dchol d_create_f.
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Return value
Returns zero on success, and non-zero on failure.

Restrictions

Errors
Theinput object must conform to the following:

1. The Cholesky decomposition object must be valid. An argument of null is not an error.

Notes/References
An argument of null is not an error.

Examples

See Also
vsi p_dchol d_p, vsi p_dchol d_create_p, vsi p_dchol sol _p, and
vsi p_dchol d _getattr_p

8.5.4. vsip_dchold_getattr_p
Returns the attributes of a Cholesky decomposition object.

Functionality
Returns the attributes of a Cholesky decomposition object in structure passed by reference.

Prototypes

typedef struct
{

vsi p_mat _upl o uplo; // Upper or lower triangular natrix
vsip_l ength n; /1 Nurmber of rows and columms in the natrix
} vsip_dchol _attr_f;

void vsip_chold_getattr_f(const vsip_chol _f *chold, vsip_chol _attr_f *attr);
voi d vsip_cchold_getattr_f(const vsip_cchol _f *chold, vsip_cchol _attr_f *attr);

Arguments

chold
Pointer to a Cholesky decomposition object, created by vsi p_dchol d_create_f.

attr
Pointer to output attribute structure.

Return value
Restrictions

Errors
Theinput and output arguments must conform to the following:

1. The Cholesky decomposition object must be valid.
2. The attribute pointer must be valid —non-null.

Notes/References
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Examples

See Also
vsi p_dchol d_p, vsi p_dchol d_create_p, vsi p_dchol sol _p, and
vsi p_dchol d_destroy_p

8.5.5. vsip_dcholsol_p
Solve a symmetric (Hermitian) positive definite linear system.

Functionality
Solve the following linear system

AX =B

for a symmetric (Hermitian) positive definite matrix A using the decomposition computed by the
routinevsi p_dchol d_f . A isamatrix of order N by N, and B isamatrix of order N by K.

Prototypes

int vsip_chol sol _f(const vsip_chol _f *chold, const vsip_nviewf *XB);
int vsip_cchol sol _f(const vsip_cchol _f *chold, const vsip_cnviewf *XB);

Arguments

chold
Pointer to a Cholesky decomposition object for the N by N matrix, A, computed by the routine
vsi p_dchol d_f.

XB
View of input B/output X, matrix of size N by K.

Return value
Returns zero if successful.

Restrictions

Errors
Theinput and input/output objects must conform to the following:

1. All objects must be valid.
2. The matrix XB (X and B) and the Cholesky decomposition object must be conformant.

Notes/References
Itisokay tocal vsi p_dchol sol _f after vsi p_dchol d_f fails. Thiswill result in a non-zero,
unsuccessful, return value.

Examples

See Also
vsi p_dchol d_p, vsi p_dchol d_create_p, vsi p_dchol d_destroy_p, and
vsi p_dchol d_getattr_p

8.6. Over-determined Linear System Solver

vsi p_dgrd_p Matrix QR Decomposition
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vsi p_dqrd_create_p Create QR Decomposition Object

vsi p_dqrd_destroy_p Destroy QRD Object

vsip_dqrd _getattr _p QRD Get Attributes

vsi p_dqr dprodqg_p Product with Q from QR Decomposition

vsi p_dgrdsolr_p Solve Linear System Based on R from QR Dec.
vsi p_dgrsol _p Solve Covariance or LLSQ System

8.6.1. vsip_dqrd_p

Compute a QR decomposition of amatrix .

Functionality
Compute a QR decomposition of a matrix. It is a requirement that M = N. The QR decomposition
of an M by N matrix A is given by

A=OR
where Q isan M by N orthogonal matrix (Q”Q = I) or Q isan M by N unitary matrix (0" Q = I)

and R is an upper triangular matrix. If A has full rank, then R is a nonsingular matrix. This routine
does not perform any column interchanges.

Prototypes

int vsip_qgrd_f(vsip_qgr_f *qrd, const vsip_nviewf *A);
int vsip_cqrd_f(vsip_cqr_f *qgrd, const vsip_cnviewf *A);

Arguments

grd
Pointer to a QR decomposition object, created by vsi p_dqrd_create f.

A
On entry, view of input matrix A, M by N.

Return value
Returns zero on success. This routine will fail and return non-zero if A does not have full column
rank, rank(A) = N.

Restrictions
The matrix A may be overwritten by the decomposition, and matrix A must not be modified as long
asthe factorization is required.

Errors
Theinput and input/output objects must conform to the following:

1. All objects must be valid.
2. The matrix A and the QR decomposition object must be conformant.

Notes/References
The matrix A is assumed to be of full rank. This property is not checked. A positive return value
indicates that an error occurred and an exactly zero diagonal element of R was encountered.

Examples
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See Also
vsip_dqrd create_p, vsip_dqgrsol _p, vsip_dqgrdprodg_p, vsip_dgrdsolr_p,
vsi p_dqrd_destroy _p,andvsi p_dqrd_getattr_p

8.6.2. vsip_dqgrd_create_p
Create a QR decomposition object.

Functionality
Createa QR decomposition (QRD) object. The QR decomposition object encapsul atestheinformation
concerning the properties of the decomposition and required workspace. For example, given that
M = N, the QR decomposition of an M by N matrix A is given by

A=OR
where Q isan M by N orthogonal matrix (Q"Q = ) or Q isan M by N unitary matrix (0”0 = I)

and R isan N by N upper triangular matrix. If A has full rank, then R is a nonsingular matrix. This
routine does not perform any column interchanges.

The R matrix will be generated and retained for later usage. However, there is a flag to indicate if
the Q matrix isretained. It is an option to either retain the “skinny” Q or afull Q, where Q isan M
by M orthogonal (unitary) matrix.

Prototypes

typedef enum
VSI P_QRD _NOSAVEQ = 0, // Do not save Q
VSI P_QRD_SAVEQ = 1, /1 Save full Q
VSI P_QRD_SAVEQL = 2 /| Save skinny Q
} vsip_qrd_qgopt;
vsip_qr_f *vsip_qgrd_create_f(vsip_length M vsip_length N, vsip_qrd_gopt qopt);
vsi p_cqr_f *vsip_cqrd_create_f(vsip_length M vsip_length N, vsip_qrd_qopt qopt);

Arguments

M
The number of rows for the input matrix A.

N
The number of columns for the input matrix A.

gopt
Indicatesif the matrix Q is retained.

Return value
Thereturn value is a pointer to a QR decomposition object, or null if it fails.

Restrictions

Errors
The input arguments must conform to the following:

1. M and N positivewith N < M.

2. Qoptisvalid: qopt [ {VSIP_QRD_NOSAVEQ, VSIP_QRD_SAVEQ, VSIP_QRD_SAVEQ1}.
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Notes/References
Examples
See Also
vsi p_dgrd_p, vsi p_dgrsol _p, vsi p_dgr dpr odg_p, vsi p_dgrdsol r _p,
vsi p_dqrd_destroy p,andvsi p_dqrd_getattr_p
8.6.3. vsip_dqrd_destroy_p
Destroy a QR decomposition object.

Functionality
Destroy (free memory) a QR decomposition object returning zero on success, and non-zero on failure.

Prototypes

int vsip_qrd_destroy_f(vsip_qr_f *qrd);
int vsip_cqrd_destroy_f(vsip_cqr_f *qrd);

Arguments

grd
Pointer to a QR decomposition object, created by vsi p_dqrd_create_f.

Return value
Returns zero on success, and non-zero on failure.

Restrictions

Errors
Theinput object must conform to the following:

1. The QR decomposition object must be valid. An argument of null is not an error.

Notes/References
An argument of null is not an error.

Examples
See Also
vsip _dqgrd _p, vsip_dqrd create p, vsip_dqgrsol_p, vsip_dqgrdprodq_p,
vsi p_dgrdsolr_p,andvsi p_dqgrd_getattr_p
8.6.4. vsip_dqrd_getattr p

Returns the attributes of a QR decomposition object.

Functionality
Returns the attributes of a QR decomposition object in structure passed by reference.

Prototypes

typedef struct
{

vsi p_length m /1l The number of rows for the input matrix A
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vsi p_l ength n; /1 The number of columms for the input matrix A
vsi p_qrd_opt Qopt; // Indicates if the matrix Qis retained or not
} vsip_dgr_attr_f;
typedef enum

{
VSI P_QRD _NOSAVEQ = 0, // Do not save Q
VSI P_QRD_SAVEQ = 1, /'l Save Q
VSIP_QRD SAVEQL = 2 // Save Skinny Q

} vsip_qrd_qgopt;

void vsip_qgrd_getattr_f(const vsip_qr_f *qrd, vsip_qr_attr_f *attr);
voi d vsip_cqrd_getattr_f(const vsip_cqr_f *qrd, vsip_cqr_attr_f *attr);

Arguments

grd
Pointer to a QR decomposition object, created by vsi p_dqrd_create f.

attr
Pointer to output attribute structure.

Return value
None.

Restrictions

Errors
The arguments must conform to the following:

1. The QR decomposition object must be valid.
2. The attribute pointer must be valid —non-null.
Notes/References
Examples

See Also
vsip_dqrd_p, vsip_dqrd_create p, vsip_dqrsol_p, vsip_dqgrdprodqg_p,
vsi p_dgrdsol r_p,andvsi p_dgrd_destroy_p

8.6.5. vsip_dqrdprodg_p

Multiply amatrix by the matrix Q from a QR decomposition.

Functionality
This function overwritesa R by S matrix C with
MAT_LSIDE MAT_RSIDE
MAT_NTRANS ocC coO
MAT_TRANS o’'c co”
MAT_HERM QH C CQH

Where the matrix Q was generated by theroutinevsi p_dqrd_f . If aM by N matrix was the input
matrix for the function vsi p_dqrd_f, then Q iseither aM by M or M by N matrix, depending
which option was used to generate Q.
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If Q was computed using the QRD_SAVEQL option, then the following table lists the possible
dimensions of the matrix C before and after this operation:

I nput Output
MAT_LSIDE MAT_RSIDE MAT_LSIDE MAT_RSIDE
MAT_NTRANS [N by S Rby M M by S Rby N
MAT_TRANS (M by S Rby N N by S R by M
MAT_HERM |MbyS Rby N Nby S R by M

Given that M = N, then for some options the result of this operation is a matrix that is larger than
the input matrix. The matrix view object used for the input/output data is const. The first element of
the input and the first element of the output are stored at element location (0,0) of the input/output
matrix. Other elements are stored in their natural location in the block determined by the row stride
and column stride of the input/output view.

If Q was computed using the QRD_SAVEQ option, then the following table lists the possible
dimensions of the matrix C before and after this operation:

Input & Output

MAT_LSIDE MAT_RSIDE
MAT_NTRANS M by S R by M
MAT_TRANS M by S R by M
MAT_HERM Mby S Rby M

Prototypes

typedef enum
{
VSI P_MAT_NTRANS = 0,
VSI P_MAT_TRANS = 1,
VSI P_VMAT_HERM = 2
} vsip_nmat_op;
typedef enum
{
VSI P_MAT_LSI DE
VS| P_MAT_RSI DE
} vsip_nmat _si de;

int vsip_qgrdprodq_f(const vsip_qr_f *qrd, vsip_mat_op opQ vsip_nmat_side apQ
const vsip_mviewf *C);
int vsip_cqrdprodq_f(const vsip_cqr_f *qrd, vsip_mat_op opQ vsip_mat_side apQ
const vsip_cnmviewf *C);

Arguments

grd
Pointer to a QR decomposition object, generated by vsi p_dqr d_f.

opQ
Specifies the form of op(Q).

apQ
Indicatesif op(Q) is applied on the left or right of C.
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C
On entry, view of input matrix C, R by S. On output the datais stored in natural order in the block
determined by the offset, row stride, and column stride of the input matrix view. See restrictions
below.

Return value
Returns zero if successful.

Restrictions
Since the output data space may be larger than the input data space it is required that the input data

view allow storage in the block for the output data. This means the row stride and column stride must
be calculated to accommodate the larger data space, whether it be input or output.

Errors
The arguments must conform to the following:

1. All objects must be valid.
2. opQisvalid:
* Rea: opQ#{VSIP_ MAT_NTRANS, VSIP_ MAT_TRANS}
« Complex: opQ #{VSIP_MAT_NTRANS, VSIP MAT_HERM}
3. apQisvalid: 8pQ (yf VSIP_MAT_LSIDE, VSIP_MAT_RSIDE}
4. The matrix C and the QR decomposition object must be conformant.
5. The QR decomposition object must have specified retaining the Q matrix when it was created.

Notes/References
Itisokay tocal vsi p_dqr dprodq_f after vsi p_dqrd_f fails. Thiswill result in a non-zero,
unsuccessful, return value.

Oneway to ensure the input/output data spaceis proper isto cal cul ate the size of the output data space
either using thetablesunder functionality above, or directly given knowledge of theinput matrix sizes.
If the output data space is larger than the input data space create a matrix view large enough to hold
the output data. Create a subview of thiswith index offset at (0,0) of proper sizeto hold theinput data.
The new (sub) view isthen the input to the function, and the original view will hold the output data.

Examples
See Also
vsip_dqrd_p, vsip_dqrd_create_p, vsip_dqgrsol_p, vsip_dgrdsolr_p,
vsi p_dqrd_destroy_p,andvsi p_dqrd_getattr_p
8.6.6. vsip_dqrdsolr_p
Solve linear system based on the matrix R, from QR decomposition of the matrix A.

Functionality
Solve atriangular linear system of the form,

op(R)X =aB

where op( R) isone of the following
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op(R) =R,op(R) =R",op(R) =R"
R isan upper triangular N by N matrix ,and X and B are N by K matrices.

Prototypes

typedef enum
VS| P_MAT_NTRANS = 0,
VS| P_MAT_TRANS = 1,
VS| P_VAT_HERM = 2
} vsip_nmat_op;
int vsip_qgrdsolr_f(const vsip_qr_f *qrd, vsip_mat_op OpR, vsip_scalar_f al pha,
const vsip_nmview f *XB);

int vsip_cqrdsolr_f(const vsip_cqr_f *qrd, vsip_mat_op OpR vsip_cscalar_f al pha,
const vsip_cnview f *XB);

Arguments

grd
Pointer to a QR decomposition object, generated by vsi p_dqrd_f.

OpR
Specifies the form of op(R).

alpha
(Real/Complex) scalar.

XB
View of input/output matrix of size N by K.

Return value
Returns zero if successful.

Restrictions

Errors
The arguments must conform to the following:

1. All objects must be valid.
2. opRisvalid:
+ Red: opR#{VSIP_MAT_NTRANS, VSIP_ MAT_TRANS}
« Complex: opR# VSIP_MAT_NTRANS, VSIP MAT_HERM}
3. The matrix XB (X and B) and the QR decomposition object must be conformant.

Notes/References

It is okay to call vsi p_dqrdsol r _f after vsi p_dqrd_f fails. This will result in a non-zero,
unsuccessful, return value.

Examples

See Also

vsip_dgrd p, vsip_dqrd create p, vsip_dqgrsol_p, vsip_dqgrdprodq_p,
vsi p_dqrd_destroy p,andvsi p_dqrd_getattr_p
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8.6.7. vsip_dqrsol_p
Solve either alinear covariance or linear least squares problem.

Functionality
Assume that A isamatrix of order M by N with rank N, M > N and B is a matrix of order N by K
for the covariance problem or M by K for the least squares problem. This routine solves one of the
following problems using the decomposition computed by theroutinevsi p_dqr d_f : A covariance
linear system problem,

ATAX =B
or
ATAX =B

or alinear least squares problem,
minx||AX-B||2
Prototypes

typedef enum

VSIP_COV = 0, // Solve a covariance |linear system problem
VSIP LLS =1 // Solve a linear |east squares problem
} vsip_qrd_prob;

int vsip_qgrsol _f(const vsip_qr_f *qrd, vsip_qrd_prob prob, const vsip_nview f *XB);
int vsip_cqrsol _f(const vsip_qr_f *qrd, vsip_qrd_prob prob, const vsip_cnview f *XB);

Arguments

grd
Pointer to QR decomposition object for the M by N matrix, A, computed by the routine
vsi p_dgrd _f.

prob
Selects between the covariance and linear least squares problem.

XB
On input view of input matrix B of size N by K for the covariance problem or M by K for the
least squares problem. The view is const. The output data overwrites the input data starting at
index zero. For the least squares problem elements of the input/output view starting at index N
are vendor dependent on output.

Return value
Returns zero if successful.

Restrictions
Thisroutine will fail if rank(A) < N.

Errors
The arguments must conform to the following:

1. All objects must be valid.
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2. The matrix XB (X and B) and the QR decomposition object must be conformant and must not
overlap with the input matrix.

3. probisvalid: prob 7 {VSIP_COV, VSIP_LLS}

Notes/References

It is okay to call vsi p_dqrsol _f after vsi p_dqgrd_f fails. This will result in a non-zero,
unsuccessful, return value.

Examples

See Also

vsip_dqgrd _p, vsip_ dgrd create_p, vsip_dgrdprodqg p, vsip_dgrdsolr_p,
vsi p_dqrd _destroy p,andvsi p_dqrd_getattr_p

8.7. Singular Value Decomposition

This section defines the singular value decomposition (SV D) routines. Unlike other matrix decomposition
routinesthe SV D routinesdo not include alinear equation solver. However, systems of linear equationscan
be solved by using thematrix multiplicationroutinesvsi p_dsvdpr odu_p andvsi p_dsvdpr odv_p.

vsi p_dsvd_p Matrix Singular Vaue Decomposition

vsi p_dsvd create_p Create Singular Value Decomposition Object
vsi p_dsvd_destroy_p Destroy SVD Object

vsi p_dsvd_getattr_p SVD Get Attributes

vsi p_dsvdprodu_p Product with U from SV Decomposition

vsi p_dsvdprodv_p Product with V from SV Decomposition

vsi p_dsvdmat u_p Return with U from SV Decomposition

vsi p_dsvdmatv_p Return with V from SV Decomposition

8.7.1. vsip_dsvd_p
Compute the singular value decomposition of a matrix.

Functionality

Computes singular value decomposition of a matrix. The singular value decomposition of an M by
N real matrix A isgiven by

A=USV"

where U is an M by M orthogonal matrix (U U = I), Sisan M by N zero matrix except for its
min(M, N) diagonal elements, V isan N by N orthogona matrix (V7 V = I).

The singular value decomposition of an M by N complex matrix A is given by

A=Usv"

where U isan M by M unitary matrix (UHU =1), Sisan M by N zero matrix except for itsmin(M,
N) diagonal elements, V isan N by N unitary matrix (VHV =1).

The diagonal elements of S are called the singular values of A, they are real and non-negative, and

are returned in descending order. The first min(M, N) columns of U and V are called the singular
vectors of A.
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Prototypes

int vsip_svd_f(vsip_sv_f *svd, const vsip_nviewf *A vsip_vviewf *s);
int vsip_csvd_f(vsip_csv_f *svd, const vsip_cnviewf *A vsip_vviewf *s);

Arguments

svd
Pointer to an SVD object, created by vsi p_dsvd_create_f.

A
On entry, view of input matrix A, M by N.
S
A real vector of length min(M, N), containing the output singular values of A in descending order.
Return value

Returns zero if successful. Returns a nonzero if the algorithm failed to be compl eted.

Restrictions
The matrix A is overwritten by the decomposition, and matrix A must not be modified aslong as the
factorization is required.

Errors
Theinput and input/output objects must conform to the following:

1. All objects must be valid.

2. The matrix A, vector s, and the SVD object must be conformant.
Notes/References
Examples

See Also
vsi p_dsvd_create_p, vsi p_dsvdprodu_p, vsi p_dsvdprodv_p,
vsi p_dsvd_destroy_p,andvsi p_dsvd_getattr_p

8.7.2. vsip_dsvd_create p
Create the singular value decomposition (SV D) object.

Functionality
Creates a singular value decomposition (SVD) object. The singular value decompoasition of an M by
N real matrix A isgiven by

A=USVT

where U isan M by M orthogonal matrix (UTUZI), Sisan M by N zero matrix except for its
min(M, N) diagonal elements, V isan N by N orthogonal matrix (VTV =1).

The singular value decomposition of an M by N complex matrix A is given by
A=Usv"

where U isan M by M unitary matrix (UHU =), Sisan M by N zero matrix except for its min(M,
N) diagonal elements, V isan N by N unitary matrix (VHV =1).
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The diagonal elements of S are called the singular values of A, they are real and non-negative, and
are returned in descending order. The first min(M, N) columns of U and V are called the singular
vectors of A.

Prototypes

typedef enum

{
VSI P_SVD UVNCS = 0, // no colums of U are conputed

VSI P_SVD UVFULL = 1, // all colums of U are conputed
VSI P_SVD UVPART = 2 // first mn(MN colums of U are conputed
} vsip_svd_uv;

vsip_sv_f *vsip_svd_create_f(vsip_length M vsip_length N,
vsi p_svd_uv Usave, vsip_svd_uv Vsave);
vsi p_csv_f *vsip_csvd_create_f(vsip_length M vsip_length N
vsi p_svd_uv Usave, vsip_svd_uv Vsave);

Arguments

M
The number of rows for the input matrix A.

N
The number of columns for the input matrix A.

Usave
Specifies the options for computing U.

Vsave
Specifies the options for computing V7 (V7).

Return value
Thereturn value is a pointer to an SVD object, or null if it fails.

Restrictions

Errors
The arguments must conform to the following:

1. M and N must be positive.
2. Usave and Vsave valid:
Usave, Vsave o {VSIP_SVD_UVNOS, VSIP_SVD_UVFULL, VSIP_SVD_UVPART }.
Notes/References
Examples

See Also
vsi p_dsvd_p, vsi p_dsvdprodu_p, vsi p_dsvdprodv_p, vsi p_dsvd_destroy_p,
andvsi p_dsvd _getattr_p

8.7.3. vsip_dsvd_destroy_p

Destroy an SVD object.
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Functionality
Destroy (free memory) an SVD object.

Prototypes

int vsip_svd_destroy_f(vsip_sv_f *svd);
int vsip_csvd_destroy_f(vsip_csv_f *svd);

Arguments

svd
Pointer to an SVD object, created by vsi p_dsvd_create_f.

Return value
Return zero on success, and non-zero on failure.

Restrictions

Errors
The input object must conform to the following:

1. The SVD object must be valid. An argument of null is not an error.

Notes/References
An argument of null is not an error.

Examples

See Also
vsi p_dsvd _create_p, vsi p_dsvdprodu_p,
vsi p_dsvd _destroy_p,andvsi p_dsvd_getattr_p

vsi p_dsvdprodv_p,

8.7.4. vsip_dsvdprodu_p

Multiply amatrix by the matrix U from a singular value decomposition.

Functionality
This function overwritesa R by S matrix C with

MAT_LSIDE MAT_RSIDE
MAT_NTRANS uc CcU

MAT_TRANS Ulc cu’

MAT_HERM UHC cu”

Where the matrix U was generated by the routine vsi p_dsvd_f. If aM by N matrix was the
input matrix for the function vsi p_dsvd_f, then U iseither aM by M or M by min(M,N) matrix,
depending which option was used to generate U.

If U was computed using the SVD_UVPART option, then the following table lists the possible
dimensions of the matrix C before and after this operation:

I nput Output
MAT_LSIDE MAT_RSIDE MAT_LSIDE MAT_RSIDE
MAT_NTRANS |min(M,N) by S Rby M M by S R by min(M,N)

471




8.7.4 [vsip_dsvdprodu_p]

I nput Output
MAT_LSIDE MAT_RSIDE MAT_LSIDE MAT_RSIDE
MAT_TRANS |[MbyS Rby min(M,N) |min(M,N)byS |RbyM
MAT_HERM (M by S R by min(M,N) min(M,N) by S Rby M

For some options, the result of this operation is a matrix that is larger than the input matrix. The
matrix view object used for the input/output data is const. The first element of the input and the first
element of the output are stored at element location (0,0) of the input/output matrix. Other elements
are stored in their natural location in the block determined by the row stride and column stride of the
input/output view.

If U was computed using the SVD_UVFULL option, then the following table lists the possible
dimensions of the matrix C before and after this operation:

Input & Output

MAT_LSIDE MAT_RSIDE
MAT_NTRANS M by S Rby M

MAT_TRANS M by S R by M

MAT_HERM M by S Rby M

Prototypes

int vsip_svdprodu_f(const vsip_sv_f *svd, vsip_mat_op OpU, vsip_nmat_side ApU,
const vsip_nmviewf *C);
int vsip_csvdprodu_f(const vsip_csv_f *svd, vsip_mat_op OpU, vsip_mat_side ApU,
const vsip_cnviewf *C);

Arguments

svd
Pointer to an SVD object, created by vsi p_dsvd_f .

opU
Specifies the form of op(U).

ApU
Indicatesif op(U) is applied on the left or right of C.

C
On entry, view of input matrix C, R by S. On output the datais stored in natural order in the block
determined by the offset, row stride, and column stride of the input matrix view. See restrictions
below.

Return value

Returns zero if successful.

Restrictions

Since the output data space may be larger than the input data space it is required that the input data
view allow storage in the block for the output data. This means the row stride and column stride must
be calculated to accommaodate the larger data space, whether it be input or output.

Errors

The input arguments must conform to the following:
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1. All objectsare valid.
2. OpU isvdlid:

* Red: OpU {VSIP_MAT_NTRANS, VSIP_ MAT_TRANS}

« Complex: OpU ;{VSIP_MAT_NTRANS, VSIP_ MAT_HERM }
3. ApUisvalid: ApU  {VSIP_MAT_LSIDE, VSIP MAT_RSIDE}.

4. The SVD object must have been created with the argument "Usave" set to VSI P_SVD_UVFULL
or VS| P_SVD_UVPART.

5. The matrix C, and the SVD object must be conformant.

Notes/References
It isokay to call vsi p_dsvdpr odu_f after vsi p_dsvd_f fails. Thiswill result in a non-zero,
unsuccessful, return value.

Oneway to ensure the input/output data spaceis proper isto cal cul ate the size of the output data space
either using the tables under functionality above, or directly given knowledge of theinput matrix sizes.
If the output data space is larger than the input data space create a matrix view large enough to hold
the output data. Create asubview of thiswith index offset at (0,0) of proper sizeto hold theinput data.
The new (sub) view isthen the input to the function, and the original view will hold the output data.

Examples

See Also
vsi p_dsvd_create_p,
vsi p_dsvd_getattr_p

vsi p_dsvdprodv_p, vsi p_dsvd_destroy_p, and

8.7.5. vsip_dsvdprodv_p
Multiply amatrix by the matrix V from a singular value decomposition.

Functionality
This function overwritesa R by S matrix C with

MAT_LSIDE MAT_RSIDE
MAT_NTRANS VC cv
MAT_TRANS vTc cv?
MAT_HERM v c crt

Where the matrix V was generated by the routinevsi p_dsvd_f . If aM by N matrix was the input
matrix for thefunctionvsi p_dsvd_f ,thenV iseither aN by N or N by min(M,N) matrix, depending
which option was used to generate V.

If V was computed using the SVD_UVPART option, then the following table lists the possible
dimensions of the matrix C before and after this operation:

I nput Output
MAT_LSIDE MAT_RSIDE MAT_LSIDE MAT_RSIDE
MAT_NTRANS |min(M,N) by S Rby N N by S R by min(M,N)
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I nput Output
MAT_LSIDE MAT_RSIDE MAT_LSIDE MAT_RSIDE
MAT_TRANS |Nby S Rby min(M,N) |min(M,N)byS |RbyN
MAT_HERM [NbyS R by min(M,N) min(M,N) by S Rby N

For some options, the result of this operation is a matrix that is larger than the input matrix. The
matrix view object used for the input/output data is const. The first element of the input and the first
element of the output are stored at element location (0,0) of the input/output matrix. Other elements
are stored in their natural location in the block determined by the row stride and column stride of the
input/output view.

If V was computed using the SVD_UVFULL option, then the following table lists the possible
dimensions of the matrix C before and after this operation:

Input & Output

MAT_LSIDE MAT_RSIDE
MAT_NTRANS Nby S Rby N

MAT_TRANS Nby S Rby N

MAT_HERM Nby S Rby N

Prototypes

int vsip_svdprodv_f(const vsip_sv_f *svd, vsip_mat_op OpV, vsip_nmat_side ApV,
const vsip_nmviewf *C);
int vsip_csvdprodv_f(const vsip_csv_f *svd, vsip_mat_op OpV, vsip_mat_side ApV,
const vsip_cnviewf *C);

Arguments

svd
Pointer to an SVD object, created by vsi p_dsvd_f .

opV
Specifies the form of op(V).

ApV
Indicatesif op(V) is applied on the left or right of C.

C
On entry, view of input matrix C, R by S. On output the datais stored in natural order in the block
determined by the offset, row stride, and column stride of the input matrix view. See restrictions
below.

Return value

Returns zero if successful.

Restrictions

Since the output data space may be larger than the input data space it is required that the input data
view allow storage in the block for the output data. This means the row stride and column stride must
be calculated to accommaodate the larger data space, whether it be input or output.

Errors

The input arguments must conform to the following:
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1. All objectsare valid.
2. OpV isvdlid:

* Red: OpV {VSIP_MAT_NTRANS, VSIP_ MAT_TRANS}

« Complex: OpV ;{VSIP_MAT_NTRANS, VSIP_ MAT_HERM }
3. ApV isvdid: ApV 7 {VSIP_MAT_LSIDE, VSIP_MAT_RSIDE}.

4. The SVD object must have been created with the argument "Vsave" set to VSI P_SVD UVFULL
or VS| P_SVD_UVPART.

5. The matrix C, and the SVD object must be conformant.

Notes/References
It is okay to call vsi p_dsvdpr odu_f after vsi p_dsvd_f fails. Thiswill result in a non-zero,
unsuccessful, return value.

One way to ensure the input/output data spaceis proper isto cal cul ate the size of the output data space
either using the tables under functionality above, or directly given knowledge of theinput matrix sizes.
If the output data space is larger than the input data space create a matrix view large enough to hold
the output data. Create asubview of thiswith index offset at (0,0) of proper size to hold theinput data.
The new (sub) view isthen the input to the function, and the original view will hold the output data.

Examples

See Also
vsi p_dsvd _create_p, vsi p_dsvdprodu_p, vsi p_dsvd_destroy_p, and
vsi p_dsvd getattr_p

8.7.6. vsip_dsvdmatu_p
Returns consecutive columns in the matrix U from a singular value decomposition.
Functionality

Returns consecutive columns in the matrix U from a singular value decomposition of an M by N
matrix, starting with the column low and finishing with column high. Let z£; denote the jth column

in the matrix U. This functions returns the following matrix:
C= [Ulow Ulow+1 Ulow+2 e Uhigh]
Prototypes

int vsip_svdmatu_f (const vsip_sv_f *svd, vsip_scalar_vi |ow, vsip_scalar_vi high,
const vsip_nmview f *C);
int vsip_csvdmatu_f (const vsip_csv_f *svd, vsip_scalar_vi |ow, vsip_scalar_vi high,
const vsip_cnmview f *CO);

Arguments

svd
Pointer to an SVD object, created by vsi p_dsvd_f .

low
Specifies the first columnin U
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high
Specifiesthelast columnin U

C
On output the datais stored in natural order in the block determined by the offset, row stride, and
column stride of the input matrix view. See restrictions below.

Return value
Returns zero if successful.

Restrictions
Low and high are required to be less than the number of columnsin U.

Errors
The input arguments must conform to the following:

1. All objects are valid.
2. low must be less than or equal to high

3. The SVD object must have been created with the argument "Usave" set to VSI P_SVD_ UVFULL
or VS| P_SVD_UVPART.

4. If the SVD object was created with the argument “Usave” set to VSI P_SVD_UVPART, then high
must be less than or equal to the number of columns for the matrix U.

Notes/References
It isokay to call vsi p_dsvdmat u_f after vsi p_dsvd_f fails. This will result in a non-zero,
unsuccessful, return value.

Examples

See Also
vsi p_dsvd_create_p, vsi p_dsvdprodv_p, vsi p_dsvd_destroy_p, and
vsi p_dsvd_getattr_p

8.7.7. vsip_dsvdmatv_p
Returns consecutive columns in the matrix V from a singular value decomposition.

Functionality
Returns consecutive columns in the matrix V from a singular value decomposition of an M by N
matrix, starting with the column low and finishing with column high. Let v ; denote the jth column

in the matrix V. This functions returns the following matrix:
C= [Vlow Viewrt Views2 - Vhigh]
Prototypes

int vsip_svdmatv_f (const vsip_sv_f *svd, vsip_scalar_vi low, vsip_scalar_vi high,
const vsip_mviewf *C);
int vsip_csvdmatv_f(const vsip_csv_f *svd, vsip_scalar_vi |low, vsip_scalar_vi high,
const vsip_cnmviewf *C);

Arguments

svd
Pointer to an SVD object, created by vsi p_dsvd_f.
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low

Specifiesthefirst columnin V
high

Specifiesthe last columnin Vv

C

On output the datais stored in natural order in the block determined by the offset, row stride, and
column stride of the input matrix view. See restrictions below.

Return value
Returns zero if successful.

Restrictions
Low and high are required to be less than the number of columnsin V.

Errors
The input arguments must conform to the following:

1. All objectsare valid.
2. low must be less than or equal to high

3. The SVD object must have been created with the argument "Usave" set to VSI P_SVD_UVFULL
or VS| P_SVD_UVPART.

4. |If the SVD object was created with the argument “Usave” set to VSI P_SVD_UVPART, then high
must be less than or equal to the number of columns for the matrix V.

Notes/References
It is okay to call vsi p_dsvdmat v_f after vsi p_dsvd_f fails. This will result in a non-zero,
unsuccessful, return value.

Examples

See Also

vsi p_dsvd _create_p, vsi p_dsvdprodv_p, vsi p_dsvd_destroy_p, and
vsi p_dsvd getattr_p
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9. Interpolation [Interpolation]

issue 18266

9.1. Introduction
This chapter defines interpolation functionality for VSIPL.

For VSIPL interpolation an initial set of data points (x,y) are obtained either through a measurement
process (such as collecting data from a set of sensors), or calculated from some functional relationship.
Eachy data point is associated with an x data point. The x data points are ordered from smallest to largest.
The term node is used to describe a particular (x,y) pair.

The data x is stored in a vector x and the datay is stored in a vector y. If x and y are of length n then
the range of x is[x(0),x(n-1)].

Users should note that node values contained in x must be ordered from smallest to largest and must not
be the same. This meansthat x[i] is strictly less than x[i+1] and may not be equal.

Interpolation is the process of creating a function y = f'(x) suchthat if x=x(i) then y= y (i) for
for any x residing in the range of x. Values of y calculated for values of x which are not nodes are
interpolated values. Of course there is no guarantee that interpolated val ues correspond to any physical or
mathematical truth. The usefulness of interpolated val ues depends upon the selection of the interpolation
method and the physical data being interpolated.

Interpolation methods are well known! and it would be pointless to try to define interpolation in this
document. For V SIPL theinterpolation methodsfor which function APlsaredefined are nearest, piecewise
linear, and natural cubic spline.

VSIPL does not exactly define the algorithm and functionality for each interpolation method. Library
implementors methods might differ although linear and natural cubic spline methods are fairly standard
and there is not much room for variance.

Nearest interpolation methods do not appear to be well defined although this method is easiest to
implement. In particular the method for deciding theinterpolation valueif an x value lies exactly between
two node pointsis problematic.

The user should always test an interpolation algorithm if exact numerical equivalence between two
library vendors is a requirement. If needed users should write their own routine to meet their numerical
requirement. Interpolation is not an exact science.

9.2. Interpolation Fundamentals

V SIPL interpolating functions will take asinput data the node set described above in the introduction, and
avector of x values for which interpolated values are desired.

Three interpolation functions are defined; vsi p_vinterp_nearest _p,
vsip_vinterp_linear_pandvsi p_vinterp_spline_p.

For the spline method avendor dependent interpolation object is defined to allow for early binding of work
space which may be needed for best performance using the cubic spline interpolation.

1Cheny and Kincaid. Numerical Mathematics And Computing, 1985, Atkinson and Han. Elementary Numerical Analysis,2004
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9.3 [Interpolation Type Definitions]

This spline object requires the definition of create and destroy support functions as well as the spline
function. The nearest and linear methods require no interpolation object so have no additional support
functionality.

This document also defines matrix interpolation; however matrix interpolation is basically an iteration of
vector interpolation over rows or columns of the matrix.

9.3. Interpolation Type Definitions

struct vsip_splinestruct_p; /* vendor dependent */
typedef struct vsip_splinestruct_p vsip_spline_p;

9.4. Interpolation Functions

The following represent interpolation operations defined in VSIPL.

vsi p_spline_create p Create a (cubic) spline object

vsi p_spline_destroy_p Destroy a spline object

vsip_vinterp_spline_p Perform a (cubic) spline interpolation

vsip_mnterp_spline_p Perform a (cubic) spline interpolation on a matrix
(by row or by column).

vsi p_vinterp_nearest_p Perform a nearest neighbor interpolation.

vsi p_m nterp_nearest_p Perform anearest neighbor interpol ation on amatrix
(by row or by column).

vsip_vinterp_linear_p Perform alinear interpolation.

vsi p_mnterp_linear_p Perform a linear interpolation on a matrix (by row

or by column)

9.4.1. vsip_spline_create_p
Create a spline object.

Functionality
Create a spline object. The spline object is available to alow early binding for any data space the
library implementor might need for the spline interpolation function.

Prototypes
vsi p_spline_p* vsip_spline_create_p(vsip_length nax);

Arguments

max
Maximum number of known input data points. N must be greater than 2.

Return value
Pointer to created spline object or null on create failure.

Restrictions
Errors

1. Thelength argument for the longest spline supported must be greater than 2.
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9.4.2 [vsip_spline_destroy_p]

Notes/References
The object must be created with a size equal to or greater than the size of the known data input to
the interpolation function. For a vector spline fit max must be greater than or equal to the length of
the input vector of known (y) values. For amatrix spline fit max must be greater than or equal to the
product of the row length and the column length of the input matrix of known (y) values.

This object is reused as needed. It has no history requirement.

Implementors should note that a development mode implementation must have an attribute which
indicates a valid object. The spline object is set to valid after a successful create. This alows error
codeto check for avalid object.

Examples
Seeexampleinvsi p_vi nt er spl i ne_p API page.

See Also
vsi p_spline_destroy_p,vsip_vinterp_spline_p,vsip_mnterp_spline_p

9.4.2. vsip_spline_destroy p
Destroy a spline object.

Functionality
Free any memory allocated when the spline object was created.

Prototypes
voi d vsip_spline_destroy_p(vsip_spline_p *spl);

Arguments

spl
Spline abject to be destroyed or null.

Return value
None

Restrictions
Errors
1. The spline object must be valid or NULL.

Notes/References
It isnot an error to destroy a null spline object.

A development mode implementation will set the object to invalid before freeing the object.

Examples
Seeexampleinvsi p_vi nt erspl i ne_p API page.

See Also
vsi p_spline_create p,vsip vinterp spline_p,vsip ninterp spline p

9.4.3. vsip_vinterp_spline_p

Calculate interpolated values using the cubic spline method.
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9.4.3 [vsip_vinterp_spline_p]

Functionality
This function implements anatural cubic spline interpolation method. A natural cubic spline assumes
a cubic polynomial of degree less than or equal to three. The polynomial constants are calculated
piecewise between each of the consecutive node points using boundary conditions that the first and
second derivative of the polynomial is continuous at each node point. For a natural cubic spline the
second derivative is defined as zero at the first and last node.

Prototypes

void vsip_vinterp_spline_p(const vsip_vviewp *x0, const vsip_vviewp *y0
vsi p_spline_p *spl
const vsip_vview p *x, const vsip_vviewp *y);

Arguments

x0
Ordered (smallest to largest) vector of input x values.

yO
Vector of input y values.

spl
spline object

Input vector of x values for which an interpolated y value is requested. This vector is ordered
from smallest to largest.

y
Output y vector of the same length as x.

Return value
None

Restrictions
Errors
1. Theview sizes must be conformant.
2. Theview objects must be valid.
3. The spline object must be valid.
4. The spline object must be conformant.

Notes/References
No in-place functionality is defined for this function.

A conformant spline object will have been created with enough space. If enough spaceisnot available
adevelopment mode implementation will fail. For aproduction mode library using a non-conformant
spline object the result isimplementation dependent.

Examples

#i ncl ude <stdio. h>
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9.4.4 [vsip_minterp_spline p]

#i ncl ude <vsip. h>

/* Bel ow we inplenment exanple from"help interpl" in octave 2.9.9
* xf=[0:0.05:10]; yf = sin(2*pi*xf/5);

* xp=[0:10]; yp = sin(2*pi *xp/5);

* spl =i nterpl(xp,yp, xf, spline');

*/

#define VPRINT(_x) { vsip_length L = vsip_ vgetlength f(x); \
vsip_index i; printf("[\n");

for(i=0; i< L; i++) printf("9%.4f;\n" ,v3|p_vget_f(_x,|)), \
printf("];\n"); }

int main (int argc, const char * argv[])
{
int retval = vsip_init((void*)0);
vsi p_length NO = 11;
vsi p_spline_f *spl = vsip_spline_create_f(NO);
vsi p_length N = 201;
vsi p_vvi ew f *yf vsi p_vcreate_f (N, VSI P_VEM NONE) ;
vsi p_vvi ew f *xf vsi p_vcreate_f (N, VSI P_VEM NONE) ;
vsi p_vview f *xp vsi p_vcreate_f (N0, VSI P_MEM NONE) ;
vsi p_vview f *yp vsi p_vcreate_f (N0, VSI P_MEM NONE) ;
vsi p_vranp_f (0.0, 1.0, xp);
vsi p_vranp_f (0.0, 0. 05, xf);
vsi p_svnul _f(2.0/5.0 * MPI, xp,yp);
vsi p_vsin_f(yp,yp);
printf("xp ") VPRI NT(xp) ;
printf("yp ="); VPRINT(yp);
printf("xf = "); VPRI NT(xf);
vsi p_vi nterp_spline_f(xp,yp,spl, xf,yf);
printf("spline = "); VPRI NT(yf);
vsi p_spline_destroy_f(spl);
vsi p_val | destroy_f (xf);
vsi p_val | destroy_f (xp);
vsi p_val | destroy_f(yp);
vsi p_val | destroy_f (yf);
vsi p_finalize((void*)0);
return retval;

B

Output from this code istoo long to include in this document. To test redirect the output to an octave
file (<file_name>.m) and run the file in octave. This will input the data into the octave environment
allowing easy plotting of input and output data for comparison.

See Also
vsi p_spline_create_p,vsip_spline_destroy_p,vsip_mnterp_spline_p

9.4.4. vsip_minterp_spline_p
Calculate interpolated values by row or by column using the cubic spline method.

Functionality
Given a measured initial data set contained in vector X0 and a matrix yO where x0 is ordered from
smallest to largest. The vector x0 is associated with yO by rows or by columns. If X0 is associated
with y0 by rows then a vector cubic spline interpolation is done for each row in the matrix. If X0 is
associated with y0 by columnsthen a cubic spline interpolation is done for each column in the matrix.

Prototypes

voi d vsip_m nterp_spline_p(const vsip_vview p *x0, const vsip_nview p *yO,
vsi p_spline_p *spl, vsip_nmgjor dim
const vsip_vview p *x, const vsip_nviewp *y);
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9.4.4 [vsip_minterp_spline p]

Arguments

x0
Ordered (smallest to largest) vector of input node values.

yO0
Matrix of input nodey values.

spline object

Input vector of x values for which an interpolated y value is requested. This vector is ordered
from smallest to largest.

Output y matrix.

Return value
None

Restrictions
Errors
1. Theview sizes must be conformant.
2. The view objects must be valid.
3. The spline object must be valid.
4. The spline object must be conformant.

Notes/References
No in-place functionality is defined for this function.

Note a conformant spline object will have been created with enough space. If enough space is not
available a development mode implementation will fail. A production mode implementations action
isimplementation dependent.

For a dim argument of VSIP_ROW (VSIP_COL) the row (column) size of the output y matrix is
equal to the length of the x vector and the column (row) size is equal to the column (row) size of
the input yO matrix.

Examples

#i ncl ude <stdio. h>
#i ncl ude <vsip. h>

#define VPRINT(_x) { vsip_length L = vsip_ vgetlength f(x); \
vsip_index i; printf("[\n");
for(i=0; i< L; i++) printf("9%.4f;\n" v5|p_vget_f(_x i)); \

printf("];\n"); }

#define MPRINT(_x) { \

vsi p_length N = vsip_ngetrowl ength_f(_x); \
vsi p_l ength M = vsip_ngetcollength_f(_x); \
vsip_index i,j; printf("[\n"); \
for(i=0; i< M i++) { for(j=0; j<N, j++){ \
printf("9.4f ", vsip_nmget _f(_x,i,j));} \
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9.4.5[vsip vinterp_linear_p]

printf(";\n");} \
printf("];\n"); }

/* Bel ow we inplenment exanple from"help interpl" in octave 2.9.9
* xf=[0:0.05:10]; yf = sin(2*pi*xf/5);

* xp=[0:10]; yp = sin(2*pi *xp/5);

* lin=interpl(xp,yp, xf);

*/
int main (int argc, const char * argv[])
{
int retval = vsip_init((void*)0);
vsi p_length NO = 11;
vsi p_length N = 201;
vsip_length M= 3;
vsi p_spline_f *spl = vsip_spline_create_f(NO * N);
vsi p_mview f *yf = vsip_nctreate_f(M N, VSI P_ROWV VS| P_MVEM NONE) ;
vsip_vview f *xf = vsip_vcreate_f(N, VSI P_VEM NONE) ;
vsip_vview f *xp = vsip_vcreate_f (N0, VSI P_VEM NONE) ;
vsi p_nmview f *yp = vsip_nctreate_f (M NO, VSI P_COL, VSI P_VEM NONE) ;
vsip_vview f *ypO = vsip_nrowiew f(yp,0);
vsip_vview f *ypl = vsip_nrowiew f(yp,1);
vsip_vview f *yp2 = vsip_nrowiew f(yp,2);
vsi p_vranp_f (0.0, 1.0, xp);
vsi p_vranp_f (0.0, 0. 05, xf);
vsip_svrmul _f(2.0/5.0 * M.PI, xp, yp0);
vsi p_svadd_f (M_PI /8.0, yp0, ypl);
vsi p_svadd_f(M.PI/8.0,ypl, yp2);
vsi p_vsin_f (yp0, yp0);
vsi p_vsin_f(ypl,ypl);
vsi p_vsin_f(yp2,yp2);
printf("xp = "); VPRI NT(xp);
printf("yp = "); MPRINT(yp);
printf("xf = "); VPRI NT(xf);
vsi p_m nterp_spline_f(xp,yp,spl, VSI P_ROW xf, yf);
printf("spline ="); MPRINT(yf);
vsi p_spline_destroy_f(spl);
vsi p_vdestroy_f (yp0);
vsi p_vdestroy_f(ypl);
vsi p_vdestroy_f(yp2);
vsi p_val | destroy_f (xf);
vsi p_val | destroy_f (xp);
vsi p_mal | destroy_f (yp);
vsi p_mal | destroy_f (yf);
vsi p_finalize((void*)0);
return retval;
}

Output from this code istoo long to include in this document. To test redirect the output to an octave
file (<file_name>.m) and run the file in octave. This will input the data into the octave environment
allowing easy plotting of input and output data for comparison.

See Also
vsi p_spline_create_p,vsip_spline_destroy_p,vsip_vinterp_spline_p

9.4.5. vsip_vinterp_linear_p
Calculate interpolated values using the linear method.

Functionality
The vector x0 is an input vector of length n and associated with an equal length vector y0 of known
values. The vectors x0 and y0 form the node pairs. A vector x of valuesis supplied and ay vector
of interpolated valuesiis cal cul ated.

A slope




9.4.5[vsip vinterp_linear_p]

yO1+ly
8 < X0, %0, “fori=0, 1, -1

is calculated between consecutive node pairs. The interpolated value is then given by
y;=y0.+ s{x;-x0;)forx0; < x; < x0;,,
therange of x isless than or equal to the range of xO.

Prototypes

voi d vsip_vinterp_linear_p(const vsip_vviewp *x0, const vsip_vviewp *yO
const vsip_vview p *x, const vsip_vviewp *y);

Arguments

x0
Vector of known x data points.

y0
Vector of know y data points

Input vector of x values for which interpolated y values are calculated. This vector is ordered
from smallest to largest.

Output y vector of the same length as x.
Return value
Restrictions
Errors
1. Theview sizes must be conformant.
2. The view objects must be valid.

Notes/References
No in-place functionality is defined for this function.

Examples

#i ncl ude <stdio. h>
#i ncl ude <vsip. h>

#define VPRINT(_x) { vsip_length L = vsip_ vgetlength f(x); \
vsip_index i; printf("[\n");

for(i=0; i< L; i++) printf("9%.4f;\n" ,v5|p_vget_f(_x,|)), \
printf("];\n"); }

/* Bel ow we inplenment exanple from"help interpl" in octave 2.9.9
* xf=[0:0.05:10]; yf = sin(2*pi*xf/5);

* xp=[0:10]; yp = sin(2*pi*xp/5);

* lin=interpl(xp,yp, xf);

*/

int main (int argc, const char * argv[])
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9.4.6 [vsip_minterp_linear_p]

int retval = vsip_init((void*)0);

vsi p_length NO = 11;

vsi p_length N = 201;

vsi p_vvi ew f *yf vsi p_vcreate_f (N, VSI P_VEM NONE) ;
vsi p_vvi ew f *xf vsi p_vcreate_f (N, VSI P_VEM NONE) ;
vsi p_vview f *xp vsi p_vcreate_f (N0, VSI P_MEM NONE) ;
vsi p_vview f *yp vsi p_vcreate_f (N0, VSI P_MEM NONE) ;
vsi p_vranp_f (0.0, 1.0, xp);

vsi p_vranp_f (0.0, 0. 05, xf);

vsi p_svmul _f(2.0/5.0 * MPI, xp,yp);

vsi p_vsin_f(yp,yp);

B

printf("xp = "); VPRI NT(Xp);
printf("yp ="); VPRINT(yp);
printf("xf ="); VPRI NT(xf);

vsi p_vinterp_linear_f(xp,yp, xf,yf);
printf("linear ="); VPRI NT(yf);

vsi p_val | destroy_f (xf);
vsi p_val | destroy_f (xp);
vsi p_val | destroy_f(yp);
vsi p_val | destroy_f (yf);
vsi p_finalize((void*)0);
return retval;

Output from this code istoo long to include in this document. To test redirect the output to an octave
file (<file_name>.m) and run the file in octave. This will input the data into the octave environment
allowing easy plotting of input and output data for comparison.

See Also
9.4.6. vsip_minterp_linear_p
Calculate interpolated values using the linear method.

Functionality
The functionality for matrix interpolate linear is the same as for vector interpolation except that the
interpolation is repeated over each row or column as selected by the dim argument.

Prototypes

void vsip_minterp_linear_p(const vsip_vviewp *x0, const vsip_nviewp *yO,
vsip_major dim
const vsip_vview p *x, const vsip_nmviewp *y);

Arguments

x0
Vector of known x data points.

y0
Vector of know y data points.
dim
Indicates interpolation by row or by column.

Input vector of x values for which interpolated y values are calculated. This vector is ordered
from smallest to largest.
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9.4.6 [vsip_minterp_linear_p]

y
Output y matrix.

Return value

Restrictions

Errors
1. Theview sizes must be conformant.
2. The view objects must be valid.

Notes/References
No in-place functionality is defined for this function.

For a dim argument of VSIP_ROW (VSIP_COL) the row (column) size of the output y matrix is
equal to the length of the x vector and the column (row) size is equal to the column (row) size of

the input yO matrix.

Examples

#i ncl ude <stdio. h>
#i ncl ude <vsip. h>

#define VPRINT(_x) { vsip_length L = vsip_vgetlength_f(_x); \
vsip_index i; printf("[\n"); \

for(i=0; i< L; i++) printf("9%b.4f;\n",vsip_vget_f(_x,i)); \
printf("];\n"); }

#define MPRI NT(_x) { \

vsi p_length N = vsip_ngetrowl ength_f(_x); \
vsi p_length M= vsip_ngetcollength_f(_x); \
vsip_index i,j; printf("[\n"); \
for(i=0; i< M i++) { for(j=0; j<N, j++){ \
printf("9%.4f ",vsip_nmget _f(_x,i,j));} \
printf(";\n");} \
printf("];\n"); }

/* Bel ow we inplenment exanple from"help interpl" in octave 2.9.9
* xf=[0:0.05:10]; yf = sin(2*pi*xf/5);
* xp=[0:10]; yp = sin(2*pi*xp/5);
* lin=interpl(xp,yp, xf);
*/
int main (int argc, const char * argv[])
{
int retval = vsip_init((void*)0);
vsi p_length NO = 11;
vsi p_length N = 201;
vsip_length M= 3;
vsi p_nmvi ew_f *yf
vsi p_vvi ew f *xf
vsi p_vview f *xp

vsi p_ncreate_f (M N, VSI P_ROWV VS| P_MVEM _NONE) ;
vsi p_vcreate_f (N, VSI P_VEM NONE) ;

vsi p_vcreate_f (N0, VSI P_MEM NONE) ;

vsi p_mview f *yp vsi p_ncreate_f (M NO, VSI P_COL, VSI P_MEM NONE) ;
vsi p_vview f *yp0 = vsip_nmowiew f(yp,0);

vsi p_vview f *ypl = vsip_mowiew f(yp,1);

vsi p_vview f *yp2 = vsip_mowiew f(yp,2);

vsi p_vranp_f (0.0, 1.0, xp);

vsi p_vranp_f (0.0, 0. 05, xf);

vsi p_svnul _f(2.0/5.0 * MPI, xp, yp0);

vsi p_svadd_f (M_PI /8.0, yp0, ypl);

vsi p_svadd_f (M_PI /8.0, ypl, yp2);

vsi p_vsin_f (yp0, yp0);
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9.4.7 [vsip_vinterp_nearest_p]

vsip_vsin_f(ypl,ypl);

vsi p_vsin_f(yp2, yp2);

printf("xp = "); VPRI NT(xp);
printf("yp = "); MPRINT(yp);
printf("xf = "); VPRI NT(xf);
vsip_minterp_linear_f(xp,yp, VSI P_RON xf, yf);
printf("linear ="); MPRINT(yf);
vsi p_vdestroy_f (yp0);

vsi p_vdestroy_f(ypl);

vsi p_vdestroy_f(yp2);

vsi p_val | destroy_f (xf);

vsi p_val | destroy_f (xp);

vsi p_mal | destroy_f (yp);

vsi p_mal | destroy_f (yf);

vsi p_finalize((void*)0);

return retval;

Output from this code istoo long to include in this document. To test redirect the output to an octave
file (<file_name>.m) and run the file in octave. This will input the data into the octave environment
allowing easy plotting of input and output data for comparison.

See Also
9.4.7. vsip_vinterp_nearest_p
Calculate interpolated values using the nearest neighbor method.

Functionality
The vector x0 is an input vector of length n and associated with an equal length vector y0 of known
values. The vectors x0 and y0 form the node pairs. A vector x of valuesis supplied and ay vector
of interpolated valuesis calcul ated.

For an x0[i] <= x[j] < xQ[i+1] the interpolated value y[j] is equa to y0[i] if x[j] is closer to x0[i]
otherwise y[j] isequal to yO[j+1].

Prototypes

voi d vsip_vinterp_nearest_p(const vsip_vview p *x0, const vsip_vview p *yO0,
const vsip_vview p *x, const vsip_vviewp *y);

Arguments
x0
Vector of known x data points.
y0
Vector of know y data points.
X
Input vector of x values for which an interpolated y value is requested.
y
Output y vector of the same length as x.
Return value
Restrictions
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Errors
1. Theview sizes must be conformant.
2. The view objects must be valid.

Notes/References
This function is done out-of-place and no in-place functionality exists.

Examples

#i ncl ude <stdio. h>
#i ncl ude <vsip. h>

/* Bel ow we inplenent exanple from"help interpl" in octave 2.9.9
* xf=[0:0.05:10]; yf = sin(2*pi*xf/5);

* xp=[0:10]; yp = sin(2*pi*xp/5);

* near =i nterpl(xp,yp, xf, ' nearest');

*/
#define VPRINT(_x) { vsip_length L = vsip_vgetlength_f(_x); \
vsip_index i; printf("[\n"); \

for(i=0; i< L; i++) printf("9%.4f;\n",vsip_vget_f(_x,i)); \
printf("];\n"); }
int main (int argc, const char * argv[])
{
int retval = vsip_init((void*)0);
vsip_length NO = 11;
vsip_length N = 201;
vsi p_vview f *yf vsi p_vcreate_f (N, VSI P_VEM NONE) ;
vsi p_vvi ew_ f *xf vsi p_vcreate_f (N, VSI P_VEM NONE) ;
vsi p_vview f *xp vsi p_vcreate_f (N0, VSI P_MVEM NONE) ;
vsip_vview f *yp = vsip_vcreate_f (N0, VSI P_VEM NONE) ;
vsip_vranp_f (0.0, 1.0, xp);
vsi p_vranp_f (0.0, 0. 05, xf);
vsip_svrmul _f(2.0/5.0 * M_PI, xp,yp);
vsip_vsin_f(yp,yp);
printf("xp = "); VPRI NT(xp);
printf("yp ="); VPRINT(yp);
printf("xf "); VPRI NT( xf);
vsi p_vi nterp_nearest _f(xp,yp, xf, yf);
printf("nearest = "); VPRINT(yf);
vsi p_val | destroy_f (xf);
vsi p_val | destroy_f (xp);
vsi p_val | destroy_f(yp);
vsi p_val | destroy_f (yf);
vsip_finalize((void*)0);
return retval;

B

Output from this code istoo long to include in this document. To test redirect the output to an octave
file (<file_name>.m) and run the file in octave. This will input the data into the octave environment
allowing easy plotting of input and output data for comparison.

See Also
9.4.8. vsip_minterp_nearest_p
Calculate interpolated values using the nearest method.

Functionality
The functionality for matrix interpolate nearest is the same as for vector interpolation except that the
interpolation is repeated over each row or column as selected by the dim argument.
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Prototypes

voi d vsip_m nterp_nearest_p(const vsip_vview p *x0, const vsip_mviewp *y0
vsi p_maj or di m
const vsip_vviewp *x, const vsip_mviewp *y);

Arguments

x0
Vector of known x data points.

yO0
Matrix of know y data points.

dim

Indicates interpolation by row or by column.

Input vector of x values for which an interpolated y value is requested. This vector is ordered
from smallest to largest.

Output y matrix.
Return value
Restrictions
Errors
1. The view sizes must be conformant.
2. The view objects must be valid.

Notes/References
This function is done out-of-place and no in-place functionality exists.

For a dim argument of VSIP_ROW (VSIP_COL) the row (column) size of the output y matrix is
equal to the length of the x vector and the column (row) size is equal to the column (row) size of
the input yO matrix.

Examples

#i ncl ude <stdio. h>
#i ncl ude <vsip. h>

#define VPRINT(_x) { vsip_length L = vsip_ vgetlength f(_x); \
vsip_index i; printf("[\n");

for(i=0; i< L; i++) printf("9%.4f;\n" ,v3|p_vget_f(_x,|)), \
printf("];\n"); }
#define MPRINT(_x) { \

vsi p_length N = vsip_ngetrowl ength_f(_x); \
vsi p_length M = vsip_ngetcollength_f(_x); \
vsip_index i,j; printf("[\n"); \
for(i=0; i< M i++) { for(j=0; j<N, j++){ \
printf("9%.4f ", vsip_nget f( X,i,j)):} \
printf(";\n");}

printf(" ] \n"); }
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/* Bel ow we inplenment exanple from"help interpl" in octave 2.9.9
* xf=[0:0.05:10]; yf = sin(2*pi*xf/5);
* xp=[0:10]; yp = sin(2*pi *xp/5);
* lin=interpl(xp,yp, xf);
*/
int main (int argc, const char * argv[])
{
int retval = vsip_init((void*)0);
vsi p_length NO = 11;
vsi p_length N = 201;
vsip_length M= 3;
vsi p_nmvi ew_f *yf
vsi p_vvi ew f *xf
vsi p_vview f *xp

vsi p_ncreate_f (M N, VSI P_ROW VS| P_MVEM _NONE) ;
vsi p_vcreate_f (N, VSI P_VEM NONE) ;
vsi p_vcreate_f (N0, VSI P_MEM NONE) ;
vsi p_mview f *yp vsi p_ncreate_f (M NO, VSI P_COL, VSI P_MEM NONE) ;
vsip_vview f *yp0O = vsip_nrowiew f(yp,0);
vsip_vview f *ypl = vsip_nrowiew f(yp,1);
vsip_vview f *yp2 = vsip_nrowiew f(yp,2);

vsi p_vranp_f (0.0, 1.0, xp);

vsi p_vranp_f (0.0, 0. 05, xf);

vsip_svrmul _f(2.0/5.0 * M.PI, xp, yp0);

vsi p_svadd_f (M_PI /8.0, yp0, ypl);

vsi p_svadd_f(M_PI/8.0,ypl, yp2);

vsi p_vsin_f (ypO, yp0);

vsip_vsin_f(ypl,ypl);

vsi p_vsin_f(yp2, yp2);

printf("xp "); VPRI NT(xp) ;

printf("yp ="); MPRINT(yp);

printf("xf = "); VPRI NT(xf);

vsi p_m nterp_nearest _f(xp,yp, VSI P_ROW xf, yf);
printf("nearest = "); MPRINT(yf);

vsi p_vdestroy_f (yp0);

vsi p_vdestroy_f(ypl);

vsi p_vdestroy_f(yp2);

vsi p_val | destroy_f (xf);

vsi p_val | destroy_f (xp);

vsi p_mal | destroy_f (yp);

vsi p_mal | destroy_f (yf);

vsi p_finalize((void*)0);

return retval;

Output from this code istoo long to include in this document. To test redirect the output to an octave
file (<file_name>.m) and run the file in octave. This will input the data into the octave environment
allowing easy plotting of input and output data for comparison.

See Also
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10.1. Introduction

This chapter defines functionality for a permute operation on VSIPL matrices. The permute is done either
by row or by column. This function may be done in place.

10.1.1. Permute Fundamentals

We define both a single function for permute without a permute object, and a function set which uses a
permute object. The single functionis simpler to use but does not maintain the state of the permute vector.

The more complicated permute defines a reusable object allowing for early binding of information and
data space to optimize the permutation operation.

The permute function set consists of a permute object, a create function, an initialize function, a permute
operation, and adestroy function. The permute obj ect and method areimplementation dependent; however,
the implementor must support in-place, as well as out of place permutes for both permute functions.

To keep the interface simple permute is only done in one dimension at atime. To permute both the rows
and columns you must permute twice, once for the row permute and once for the column permute.

10.1.1.1. Functionality

A permutation matrix P is an identity matrix with rows re-ordered. Note the permute matrix will have
exactly one “1” in each row and in each column. All other elements in the row and column where a one
resides will be zero, and every row and column will contain a one.

The matrix product

C—P4

will permute the rows of and A place the result in C, and the matrix product

C— 4P

will permute the columns of A and place the result in C . For example (row permute)

dro dx) dxp Ar3 dp,0 do,1 dop ApJ
doo don doz Aoj3
h

1

0 0] |410 411 Q12 13
0 1| |%0 921 2y A3
0 0l 430 431 a3z a4z

azo dz) dzp Az
diop din d1p A3

and (column permute)

dp,1 do3 doo o2 doo Ao, Qo2 A3l TO O |

ap 13 dio 4Aip o din A12 A3l (1 0 0 0
Q1 p3 Qro Qo2 - ro Q1 Az Ap x 0 0 0 1
a1 33z Az 4as, Bo Az dzp A3, 0 1 0 0

Although permutation can be done with a matrix multiply, thisis not an efficient mechanism. In addition
the permute matrix P is sparse and not very handy to work with for the actual permute operation. Note
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10.1.2 [Type Definitions for Permute]

that P is always square and of size column length for row permutes and of size row length for column
permutes. The common mechanism isto create an index vector of the proper size (size of permute matrix)
and to store the information contained in the P matrix by storing the location of the onesin a vector P ..
Basicaly if aoneislocated at P matrix location

p<—I[2 0 3 1]
Note the permutation vector is defined the same for both row and column permutations.

10.1.2. Type Definitions for Permute
Theimplementation dependent typevsip_permute is defined for the permute object. Note that the permute
object name does not contain depth, precision, or shape. Having a single type for permute means only a
single destroy and a single initialize function are needed; however the create function and the permute

function have depth, precision and shape to allow the implementor freedom to properly alocate any
temporary space in the permute object.

struct vsip_pernuteattributes;/* vendor dependent */
typedef struct vsip_pernuteattributes vsip_pernute

10.2. Permutation Functions

The following man pages represent permutation operations defined in VSIPL.

vsi p_dnpernute_create p Create a permute object.

Vsi p_permute_init Initialize a permute object.

vsi p_per nut e_destroy Free memory associated with a permute object

vsi p_dnpernute_p Permute a matrix using a reusable permute object.

vsi p_dnpernmut e_once_p Permute a matrix using a permutation vector. The
vector is modified in the permutation so may only
be used once unlessreinitialized.

10.2.1. vsip_dmpermute_create p
Create a permute object.

Functionality
Allocate memory for apermute object and any necessary memory needed for all permutefunctionality.
At create an object is created that can permute either by row or by column. The permute direction
(row or column) may not be changed after the permute object is created, and the size of the matrix
which can be permuted is also set at create time. All permute objects have the same type; however
every permute create is keyed to the type of matrix that will be permuted.

Prototypes

VSi p_pernute *
vsi p_dnpernute_create_p(vsip_length m vsip_length n, vsip_nmajor ngjor);

Arguments

m
Number of rows in matrix to be permuted.
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Number of columnsin matrix to be permuted.

major
Permute direction. VSIP_ROW implies that rows are permuted and VSIP_COL implies that
columns are permuted.

Return value
Pointer to permute object or NULL on failure.

Restrictions
Errors
1. Thelengths m and n must be greater than zero.
2. The mgjor argument must be valid.
Notes/References
The permute direction is set with the create function and may not be reset. If permutes in both
directions are required then they must be done with two different permute objects; one for row

permutes and one for column permutes.

Thisfunctionisto provide early binding for permute functionality. The returned permute object must
beinitialized beforeuse usingvsi p_permute_init.

A development mode permute create function must set state information indicating a valid object on
create. This allows error checking for a valid permute object. After this call the object will either be
valid or NULL.

Examples
Seeexampleinvsi p_dnper nut e_p description page.

See Also
10.2.2. vsip_permute_init
Initialize (or re-initialize) permute object.
Functionality
This function initializes a permute object with a permute vector. The permute vector is not attached
to the permute object and is not modified by the initialization phase. A permute object may be re-
initialized by calling this function with a new permute vector. The information stored in a permute

object is not changed whenvsi p_dnper nut e_p iscalled.

Prototypes

VSi p_pernute *
vsi p_dnpermnmute_create_p(vsip_length m vsip_length n, vsip_nmajor ngjor);

Arguments

perm
Permute object.
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Index vector of rows or columnsto permute.

Return value
Convenience pointer to permute object.

Restrictions
The index vector p must be avalid permute vector. A valid permute vector will have one index entry
for each indexed element of the permute vector. There will be exactly one index 0 and exactly one
index n-1 where n is the length of the vector p. Every element in the index vector will have a value
less than n, and no value will be used more than once. The result of an invalid index vector are
implementation dependent.

Errors

1. The vector p must match the size of matrix and associated permute direction used in the permute
create function (conformant).

2. Thevector p must be valid.
3. The permute object must be valid or NULL.

Notes/References
If thisfunction is called with aNULL permute object it does nothing and returns NULL.

Examples
Seeexampleinvsi p_dnper nut e_p description page.

See Also
10.2.3. vsip_permute_destroy
Destroy a permute object.

Functionality
Free memory associated with a permute object.

Prototypes

voi d vsi p_pernute_destroy(vsi p_pernmute *perm;

Arguments

perm
Valid permute object to destroy or NULL.

Return value

Restrictions
The permute object must be valid or NULL

Errors

1. The permute object must be valid or NULL
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Notes/References
A development mode permute destroy function must set the permute object to invalid before
destroying the permute object. Since the object may remain in memory after destruction setting it to
invalid will allow error code to determineit isinvalid even if the object is not overwritten.

Examples
Seeexampleinvsi p_dnper nut e_p description page.

See Also
10.2.4. vsip_dmpermute_p
Permute a matrix.

Functionality
Using an initialized permute object permute an input matrix and place the output in an output matrix.
If the input matrix and the output matrix is the same as the input matrix then an in-place operation
occurs. If the output matrix is not the same as the input matrix then elements that are not permuted
are copied into the corresponding element of the output matrix.

Prototypes

voi d vsi p_dnpernute_p(const vsip_dnview p *A, const vsip_pernute *perm
const vsip_dmview p *C);

Arguments

A
Matrix view of input matrix.

perm
Conforming permute object created with permute create function
vsi p_dnmpermute_create_p

C
Matrix view of input matrix.

Return value

Restrictions
The permute object must have been made with the proper createfunction. Theresult of using apermute
object which was not created for the proper matrix type is implementation dependent.

The size of the input matrix must equal the size used when the permute object was created.

If A and C reference the same data space (in-place operation) they must reference the exact same
data space.

Errors
1. The matrix A and C must be conformant with each other.
2. The permute object must be conformant.
3. The permute object must be valid.

4. The views must be valid.
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Notes/References
For the permute object to be conformant it must have been created with proper sizes and initialized.

Examples

#i ncl ude<vsi p. h>

#define PRINTM _A) {for(i=0; i<10; i++){ for(j=0; j<10; j++){ \
printf("93.1f, ",vsip_nmget _f(_Ai,j)); } printf("\n");}}

#define | NI T_DATA {for(i=0; i<10; i++){for(j=0; j<10; j++){ \
vsi p_mput _f(indta,i,j,(float)j/10.0 + (float)i ); } }}

int main()

{
int retval = vsip_init((void*)0);
int i,j;

vsip_vview vi *p = vsip_vcreate_vi (10, VSI P_MVEM NONE) ;
/* permute data for p */
vsip_scalar_vi vi[1l0]={4, 3, 2, 1, 6, 5 0, 7, 8, 9};
vsi p_nmview f *indta = vsip_ntreate_f (10, 10, VSI P_ROW VSI P_MEM NONE) ;
vsi p_nmview f *outdta = vsip_ncreate_f (10, 10, VSI P_CCOL, VSI P_MEM NONE) ;
VSi p_pernute* perm
/* Exanpl e of by row */
| NI T_DATA
for(i=0; i<10; i++)
{ /* initialize vector p */
vsi p_vput _vi(p,i,vi[i]);
}
perm = vsi p_npernmute_create_f (10, 10, VSI P_ROW ;
vsi p_pernute_init(permp); /* initialize the object with p */
printf("pernute vector p\n"); /* print vector p */
for(i=0; i<10; i++)
{
printf("%&d,", (int)vi[i]);

}
printf("\'ninput\n"); PRI NTMindta);
vsi p_mpermute_f(indta, perm outdta); /* permute out of place */
printf("\ noutput (by row out-of-place)\n"); PRI NTMoutdta);
vsi p_nmpermute_f (indta, perm indta);
printf("\'noutput (by rowin-place)\n"); PRI NTMi ndta);
/* re-init input matrix and destroy and create new perm object */
| NI T_DATA
vsi p_pernute_destroy(perm; /* destroy old pernutation object */
perm = vsi p_npernmute_create_f (10, 10, VSI P_COL) ;
vsi p_pernute_init(permp);/* initialize the object with p */
vsi p_mpermute_f(indta, perm outdta); /* permute out of place */
printf("\ noutput (by columm out-of-place)\n"); PRI NTMoutdta);
vsi p_nmpermute_f (indta, perm indta);
printf("\ noutput (by columm in-place)\n"); PRI NTMindta);
vsi p_pernut e_destroy(perm;
vsi p_val | destroy_vi (p);
vsi p_mal | destroy_f (i ndta);
vsi p_mal | destroy_f (outdta);
vsi p_finalize((void*)0);
return retval;
}
[* Qutput */
/* pernute vector p
4, 3, 2, 1, 6, 5, 0, 7, 8, 9,

i nput

0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9,
1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9,
2.0, 2.1, 2.2, 2.3, 2.4, 2.5, 2.6, 2.7, 2.8, 2.9,
3.0, 3.1, 3.2, 3.3, 3.4, 3.5, 3.6, 3.7, 3.8, 3.9,
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10.2.5 [vsip_dmpermute_once p]

the same as the input matrix then elements that are not permuted are copied into the corresponding
element of the output matrix. The permute vector may be modified by the permute operation.

Prototypes

voi d vsi p_dnper mut e_once_p(const vsi p_dnview p *A, vsip_major mgjor
const vsip_vviewvi *p, const vsip_dnviewp *C)

Arguments

A
Matrix view of input matrix.

major
Permute direction. VSIP_ RONinplies that rows are pernuted and
VSIP_COL inplies that columms are permnuted.

Index vector of rows or columnsto permute.

C
Matrix view of output matrix.

Return value

Restrictions
The permute vector must be a proper permute vector. Proper means each row or column is indexed
exactly onetime.

If A and C reference the same data space (in-place operation) they must reference the exact same
data space.

Errors
1. Thematrix A and C must be conformant with each other.

2. The permute vector must be conformant with the size of the input/output matrices and the direction
(major) of permutation.

3. Theviews must be valid.
Notes/References

Examples

#i ncl ude<vsi p. h>

#define PRINTM _A) {for(i=0; i<10; i++){ for(j=0; j<10; j++){ \
printf("93.1f, ",vsip_nget _f(_Ai,j)); } printf("\n");}}

#define | NI T_DATA {for(i=0; i<10; i++){for(j=0; j<10; j++){ \
vsip_mput _f(indta,i,j,(float)j/10.0 + (float)i ); } }}

#define INIT_P {for(i=0; i<10; i++){vsip_vput_vi(p,i,vi[i]); } }

int main()

{
int retval = vsip_init((void*)0);
int i,j;
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VSi p_vview vi *p = vsip_vcreate_vi (10, VSI P_MEM NONE) ;
/* permute data for p */
vsip_scalar_vi vi[1l0]={4, 3, 2, 1, 6, 5 0, 7, 8, 9};

vsi p_nmview f *indta = \
vsi p_ncreate_f (10, 10, VSI P_ROW VSI P_MEM _NONE) ;
vsi p_nmview f *outdta = \

vsi p_ncreate_f (10, 10, VSI P_COL, VSI P_MEM_NONE) ;
/* Exanpl e of by row */
I NI T_DATA
INNT_P
printf("pernute vector p\n"); /* print vector p */
for(i=0; i<10; i++)
{
printf("%d,",(int)vi[i]);

}
printf("\'ninput\n"); PRI NTMindta);

vsi p_nper mut e_once_f (i ndta, VSI P_ROW p, outdta); /* out-of-place */
printf("\ noutput (by row out-of-place)\n"); PRI NTMoutdta);
INNT_P

vsi p_nmpermut e_once_f (indta, VSIP_RON p, indta); /* in-place */
printf("\'noutput (by rowin-place)\n"); PRI NTMi ndta);

/* re-init input matrix */

I NI T_DATA

INNT_P

vsi p_nper mut e_once_f (i ndta, VSI P_COL, p, outdta); /* out-of-place */
printf("\ noutput (by columm out-of-place)\n"); PRI NTMoutdta);
INNT_P

vsi p_nmpermut e_once_f (i ndta, VSIP_COL, p, indta); /* in-place */
printf("\ noutput (by columm in-place)\n"); PRI NTMindta);

vsi p_val | destroy_vi (p);

vsi p_mal | destroy_f (i ndta);

vsi p_mal | destroy_f (outdta);

vsi p_finalize((void*)0);

return retval;

Output of exampleis the same as that for vsip_dmpermute_p.

See Also
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11.1. Introduction

The goal of this chapter is to define functionality for sorting VSIPL vectors. No matrix sort is currently
defined although it is straightforward to write user functions which will accomplish simple sorts by row
or column using the vector sort. This document is an addendum to the VSIPL specification and does not
stand-alone.

11.1.1. Sort Fundamentals

All sort functionality in VSIPL isdefined only on data of typereal. Vectors of type complex may be sorted
using gather functionality and an index vector (see select sort section below).

Sorts are done in place. If the original vector is desired it must be copied to a new vector before calling
the function.

If an index vector which records the sort permutation is desired then an index vector should be created and
passed in as an argument. If the index vector argument isNULL then the sort permutation is not recorded.
A bool argument of VSIP_TRUE for fill indicates that the (nonnull) index vector should be initialized as
aramp starting at zero with a unit increment. A bool argument of VSIP_FALSE for fill means the input
index vector values should not be modified. The input index vector is permuted element-wise to match
the permutation of the data vector.

Note that, for instance, a returned index vector that was initialized with the fill argument set to true will
allow the permutation of an associated vector by using VSIPL gather functionality.

11.1.1.1. Select Sort

A function called select sort was originaly envisioned for this section; however it quickly became
complicated. The APl was complicated to design, and the function was hard to write and difficult to use.
Theideas behind select sort are strait-forward and easy to implement using other library functionality, and
performance gains from a dedicated function don’t seem to be worthwhile. So instead of select sort this
section isincluded as a clue to better optimize your sorts. The section a so supplies clues on why we have
included the index vector as part of the sort functionality.

There are many different requirements for sorting which are application specific. In particular one may
have avery large amount of datato sort through even though only asmall portionisof interest. For instance
data greater than some value; or there may be some other condition or a set of conditions which define
the data of interest.

The point here is that it is computationally expensive to sort data and sorting data of no interest is not
efficient. Before doing the sort first the application should prune off unwanted values using logical and/
or selection operations. Boolean vector result of true/false values from the logical operators can be turned
into index vectors using the indexbool function (see selection operations from the main specification).
Gather functionality allows the collection of the proper data to be sorted. If an index relationship back
to the original data is required then the index vector from the boolean operation which is used to gather
the boolean data is passed in as the index argument and the fill flag is set to false. This index vector is
permuted to match the data permutation and the index relationship of the sorted data back to the original
vector is maintained.

This type sorting is also used for sorting complex vectors. Since only vectors of type real may be sorted
the implication is that the complex vector must have some operation on it that converts it from complex
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11.1.2 [Type Definitions for Sort]

to real. By maintaining an index vector through all the operations and passing this into sort then the sort
results may be trandated back to the complex data.

11.1.2. Type Definitions for Sort

The following are type definitions for VSIPL sort functionality.

typedef enum

{
VS| P_SORT_ASCENDI NG = 0,

VS| P_SORT_DESCENDI NG = 1
} vsip_sort_dir;
typedef enum

VS| P_SORT_BYVALUE = 0,

VS| P_SORT_BYMAGNI TUDE = 1,
} vsip_sort_node;

The enumerated value VSIP_SORT_ASCENDING will cause a sort so that the smaller value after the
mode condition is evaluated has the smaller index (smallest to largest).

The enumerated value VSIP_SORT_DESCENDING will cause a sort so that the largest value after the
mode condition is evaluated has the smaller index (largest to smallest).

The enumerated value VSIP_SORT_BYVALUE will cause the value to be sorted asis.

The enumerated value VSIP_SORT_BYMAGNITUDE will cause the sort to be done on the absolute
value.

11.2. Sort

The following man pages represent sort operations defined in VSIPL.

Vsi p_vsortip_p Vector sort in-place.

11.2.1. vsip_vsortip_p
Sort datain a vector.

Functionality
Sort a data vector in ascending or descending order either by value or by magnitude. If avalid index
vector isincluded as the index argument then that vector is permuted to match the permutation of the
data vector. If the boolean fill argument is true and the index vector is valid then the index vector
isinitialized with a ramp index starting at zero with increment one. If the index vector is null it and
the fill flag are ignored.

Prototypes

voi d vsip_vsortip_p(const vsip_vview p *a, vsip_sort_node node,
vsip_sort_dir dir, vsip_bool fill, const vsip_vview vi *index);

Arguments

a
Vector/Matrix view of input/output data.

mode
Sort type.
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11.2.1 [vsip_vsortip_p]

dir
Sort direction.

fill
Indicates if the function should initialize the index vector (VSIP_TRUE); or assume the index
vector has aready been initialized (VSIP_FALSE).

index
An index vector of the proper type to store the original index of the sorted values or null if no
index vector is desired. The length of a non-null index vector index length must match the total
number of valuesin the input views.

Return value
Restrictions
Errors
1. Theindex argument must be avalid index vector or NULL.
2. Theviews must be conformant.
3. The view objects must be valid.
4. Arguments for mode, dir, and fill must be valid.
Notes/References

Examples
This example creates a complex vector of random values and then sorts the vector according to
magnitude.

#i ncl ude<st di 0. h>

#i ncl ude<vsi p. h>

#define NSIZE 10

#define SEED 4

#define PROCS 1

#define 1D 1

#define CPRINT(_v) { /* conplex vector print macro */\
int i; \

printf("\n[");\

for(i=0; i<vsip_cvgetlength_d(_v); i++){ \

vsi p_cscalar_d a = vsip_cvget_d(_v,i); \

printf("(%, %) \n", vsip_real _d(a),vsip_img_d(a)); \
Poprintf("]\n");}

#define PRINT(_v) { /* real vector print macro */\

int i; \

printf("\n[");\

for(i=0; i<vsip_vgetlength_d(_v); i++){ \
vsip_scalar_d a = vsip_vget _d(_v,i); \

printf("%\n", a);\

}oprintf("]\n");}

int main(){

int retval = vsip_init((void*)0);

vsi p_l ength N = NSI ZE;

/* create objects */

vsi p_cvview d *cdata_in = vsip_cvcreate_d(N, VSI P_MEM NONE)
vsi p_cvview d *cdata_sorted =\

vsi p_cvcreat e_d(N, VSI P_MEM NONE)

vsi p_vview d *re = vsip_vreal view d(cdata_in);

vsi p_vview. d *im = vsi p_vi magvi ew_d(cdata_in);

vsi p_vview d *rdata = vsip_vcreate_d(N, VSI P_MVEM NONE)
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11.2.1 [vsip_vsortip_p]

vsi p_vview vi *ind = vsip_vcreate_vi (N, VSI P_MEM NONE)
vsi p_randstate *state =\
vsi p_randcr eat e( SEED, PRCCS, | D, VSI P_PRNG) ;
/* make some conpl ex data for cdata_in*/
vsi p_vrandn_d(state,re);
vsi p_vrandn_d(state,im;
printf("\ni nput vector"); CPRI NT(cdata_in);
/* sort the conplex data by magnitude */
vsi p_cvmag_d(cdata_in, rdata);
vsi p_vsortip_d(rdata, VSI P_SORT_BYVALUE, \
VS| P_SORT_ASCENDI NG, VSI P_TRUE, i nd) ;
vsi p_cvgat her _d(cdata_i n, i nd, cdata_sorted);
printf("\ noutput vector"); CPRI NT(cdata_sorted)
vsi p_cvmag_d(cdata_sorted, rdata);
printf("\ nmagni tude of output data"); PRI NT(rdata);
/* destroy objects */
vsi p_randdestroy(state);
vsi p_vdestroy_d(re);
vsi p_vdestroy_d(im;
vsi p_cval | destroy_d(cdata_in);
vsi p_cval | destroy_d(cdata_sorted);
vsi p_val | destroy_d(rdata);
vsi p_val I destroy_vi (ind);
vsi p_finalize((void*)0);
return retval;
}
/* output */
/* input vector
[(-1.213093, -0.207605)
(1.507828, -0.331832)
(1.683972, -0.671796)
(0.243529, 0.384777)
(0.451852, -0.150182)
(0.973947, -0.927580)
(0.124482, -0.136170)
(0.305283, -1.190044)
(-0.369669, 0.771362)
(-1.261732, -0.429227)
]
out put vector
[(0.124482, -0.136170)
(0.243529, 0.384777)
(0.451852, -0.150182)
(-0.369669, 0.771362)
(0.305283, -1.190044)
(-1.213093, -0.207605)
(-1.261732, -0.429227)
(0.973947, -0.927580)
(1.507828, -0.331832)
(1.683972, -0.671796)
]
magni t ude of output data
[0. 184494
. 455367
. 476156
. 855369
. 228577
. 230729
. 332743
. 344982
. 543910
. 813028
*/

— R RPRRRRPRROOO

See Also
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12. Implementation Dependent Input and Output [Implementation Dependent Input and Output]

12.1. Introduction

Unlike VSIPL block objects that have a well defined counterpart in user memory, other opagque V SIPL
objects have a totally implementation dependent content. For instance the information stored in FFT
objectsis dependent on theimplementation and is not defined by the specification. Only the characteristics
of the FFT object are defined in VSIPL.

Itisdesirableto be ableto copy these objectsinto user memory so they may be stored for later use or sent to
another process. The purpose of this chapter isto define sufficient functionality so that all VSIPL objects
have a counterpart in user memory. Because these objects are implementation dependent the content of
the user memory is not defined. Objects from different implementations are not required to be compatible.

12.1.1. Methodology

The general method for implementation dependent 1/0 will be to query the implementation dependent
object for its size and then use that size to allocate user memory. The user memory is then passed to an
export function that fills the memory with implementation dependent information suitable to recreate the
exported object. The user memory can be stored for later use, or it can be passed as a message to another
process whereit is used to recreate the functionality of the original object.

To recreate the object the user memory is associated with an object of the proper type using an import
function. The import function uses the exported data and does whatever is necessary to return an object
which isa copy of the original object.

Theimport function takes either a pointer to a created object of the proper object type or anull pointer as
an input parameter. If anull pointer isinput the import function returns a new object of the proper type. If
an object of the proper typeisinput then the import function is free to make use of the object. The import
function’s use of the input object is implementation dependent.

Only objects created initialy with import can be used as an input to import. The method used to create
the object is entirely implementation dependent. There is no reguirement for import to return the same
object as that input.

The import function is required to destroy any memory associated with the input object if that memory
is not required for use in the returned object. If an object is returned it must be destroyed by the user
using the normal destroy functions. The implementation is always responsible for cleaning up after itself.
If import returns NULL because of an allocation failure or some other reason then any input object must
be destroyed by the implementation.

Any memory allocated by the user for storage of the exported object must be destroyed by the user. The
memory should not be destroyed until it is no longer associated with an imported object. Thiswill happen
after the imported object is destroyed or when the imported object is reimported using another exported
object.

12.1.2. Functionality and Naming

There are many functions associated with all the VV SIPL implementation dependent objects, however there
are only afew root names to remember for 1/O functions. The root name of the 1/0 function goes with the
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12.2 [1/O Functionality]

root name (or object name) of the object to create the functions names for 1/0. So the function name will
look likevsi p_d<obj ect > _<root > p.

Three new root names are required which are not used elsewherein VSIPL. Thefirst issizewhich indicates
aquery for the amount of user memory required for a VSIPL object to be stored in. The second is export
which indicates an export of the VSIPL object to the user memory. The final isimport which is used to
create and/or modify the VSIPL objects and import the data.

In addition to these three new functions we a so define afind function to return a pointer to user memory
associated with an imported object.

Root Functionality
export Export aVSIPL object to user memory.
import Import a VSIPL object stored in user memory.

Create the object if necessary. Allocate or free
VSIPL memory as necessary for use by the VSIPL
object.

size Return the amount of user memory required to
export aVSIPL object.

find Return a pointer to user memory.

12.2. I/O Functionality

The specification pages for all implementation dependent input/output functions are essentially identical
and so are overloaded into a single set of specification pages. To create valid prototypes using
the overloaded prototypes replace the <object> place holder with a valid object root and the
<object_type> placeholder with a valid object root type. For instance for the QRD object the name
is grd and the type is gr so the proper prototype resulting from the overloaded prototype si ze_t
vsi p_d<obj ect > _export_p(vsi p_d<object _type> p *obj, sizet N, void
*mem ptr); wouldbesize t vsip_dqrd_export p(vsip_dqgr_p *obj, size t N,
void *memptr);

Of course only 1/0 functions for which avalid create function are defined in the VSIPL specification are
defined for 1/0O. All specified VSIPL 1/O functions are listed bel ow.

12.2.1. Signal Processing Prototypes
12.2.1.1. FFT objects

Since all FFT objects are of asingle type we only require one set of 1/O functions.

<object> fft
<object_type> fft

size t vsip_fft_export_f(vsip_fft f *obj, size t N,|FFT export
void * mem_ptr);

vsip_fft f *vsip_fft_import_f(vsip_fft f *obj, void| FFT import
*mem_ptr);

size tvsip fft size f(vsip_fft_f *obj); FFT size
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void *vsip_fft_find_f(vsip_fft_f *obj);

Find a pointer to the user data associated with an
FFT object

12.2.1.2. Multiple FFT objects

Since al FFTM objects are of a single type we only require one set of 1/0 functions.

<object>

fftm

<object_type>

fftm

size t vsip_fftm_export_f(vsip_fftm_f *obj, size t
N, void *mem_ptr);

Multiple FFT export

vsip_fftm_f*vsip_fftm_import_f(vsip_fftm_f *obj,
void *mem_ptr);

Multiple FFT import

size tvsip_fftm_size f(vsip_fftm_f *obj);

Multiple FFT size

void *vsip_fftm_find_f(vsip_fftm_f *obj);

Find a pointer to the user data associated with a
Multiple FFT object

12.2.1.3. Two Dimensional FFT objects

Since all two dimensional FFT objects are of a single type we only require one set of 1/0 functions.

<object>

fft2d

<object_type>

fft2d

size tvsip_fftad _export_f(vsip_fft2d f *obj, size t
N, void *mem_ptr);

Two dimensional FFT export

vsip ffted f *vsip_fftm_import_f(vsip_fft2d f
*0obj, void *mem_ptr);

Two dimensional FFT import

size tvsip fft2d size f(vsip_fft2d f *obyj);

Two dimensional FFT size

void *vsip_fft2d find_f(vsip_fft2d_f *obj);

Find a pointer to the user data associated with atwo
dimensional FFT object

12.2.1.4. Three Dimensional FFT objects

Since al three dimensional FFT objects are of a single type we only require one set of 1/0O functions.

<object>

fft3d

<object_type>

fft3d

size tvsip_fft3d _export_f(vsip_fft3d _f *obj, size t
N, void *mem_ptr);

Three dimensional FFT export

vsip fft3d f *vsip_fftm_import_f(vsip_fft3d f
*obj, void *mem_ptr);

Three dimensional FFT import

size tvsip fft3d size f(vsip_fft3d _f *obj);

Three dimensional FFT size
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12.2.1.5 [One Dimensional Convolution]

void *vsip_fft3d_find_f(vsip_fft3d_f *obj);

Find apointer to the user dataassociated with athree
dimensional FFT object

12.2.1.5. One Dimensional Convolution

Only real float convolution objects are defined in the current VSIPL specification.

<object>

convld

<object_type>

convld

size t vsip_convld export_f(vsip_convld f *obj,
size t N, void *mem_ptr);

One dimensional convolution export

vsip_convld f
*vsip_convld import_f(vsip_convld_f *obj, void
*mem_ptr);

One dimensional convolution import

size tvsip_convld size f(vsip_convld_f *obj);

One dimensiona convolution size

void *vsip_convld_find f(vsip_convld f *obj);

Find apointer to the user dataassociated with an one
dimensional convolution object

12.2.1.6. Two Dimensional Convolution

Only real float convolution objects are defined in the current VV SIPL specification.

<object>

convad

<object_type>

convad

size t vsip_conv2d export_f(vsip_conv2d_f *obj,
size t N, void *mem_ptr);

Two dimensional convolution export

vsip_conv2d_f
*vsip_conv2d import_f(vsip_conv2d_f *obj, void
*mem_ptr);

Two dimensional convolution import

size tvsip_conv2d size f(vsip_conv2d_f *obyj);

Two dimensional convolution size

void *vsip_conv2d_find_f(vsip_conv2d f *obj);

Find a pointer to the user data associated with atwo
dimensional convolution object

12.2.1.7. One Dimensional Correlation

Real and complex float correlation objects are defined in the specification

<object>

corrld

<object_type>

corrld

size t vsip_corrld export_f(vsip_corrld f *obj,
size t N, void *mem_ptr);

One dimensional correlation export

vsip_corrld f
*vsip_corrld_import_f(vsip_corrld f *obj, void
*mem_ptr);

One dimensional correlation import
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size tvsip_corrld size f(vsip_corrld_f *obyj);

One dimensiona correlation size

void *vsip_corrld find_f(vsip_corrld f *obj);

Find a pointer to the user data associated with aone
dimensional correlation object

size t vsip_ccorrld export_f(vsip_ccorrld f *obj,
size t N, void *mem_ptr);

One dimensional complex correlation export

vsip_ccorrld_f
*vsip_ccorrld _import_f(vsip_ccorrld f *obj, void
*mem_ptr);

One dimensional complex correlation import

size tvsip_ccorrld size f(vsip_ccorrld f *obj);

One dimensional complex correlation size

void *vsip_ccorrld find_f(vsip_ccorrld f *obj);

Find a pointer to the user data associated with aone
dimensional complex correlation object

12.2.1.8. Two Dimensional Correlation

Real and complex float correlation objects are defined in the specification

<object>

corr2d

<object_type>

corr2d

size t vsip_corr2d_export_f(vsip_corr2d f *obyj,
size t N, void *mem_ptr);

Two dimensional correlation export

vsip_corr2d f
*vsip_corr2d_import_f(vsip_corr2d f *obj, void
*mem_ptr);

Two dimensional correlation import

size tvsip_corr2d_size f(vsip_corr2d_f *obj);

Two dimensional correlation size

void *vsip_corr2d_find_f(vsip_corr2d_f *obj);

Find a pointer to the user data associated with atwo
dimensional correlation object

size t vsip_ccorr2d_export_f(vsip_ccorr2d_f *obyj,
size t N, void *mem_ptr);

Two dimensional complex correlation export

vsip_ccorr2d f
*vsip_ccorr2d_import_f(vsip_ccorr2d_f *obj, void
*mem_ptr);

Two dimensional complex correlation import

size tvsip_ccorr2d size f(vsip_ccorr2d f *obj);

Two dimensional complex correlation size

void *vsip_ccorr2d_find_f(vsip_ccorr2d_f *obj);

Find a pointer to the user data associated with atwo
dimensional complex correlation object

12.2.1.9. FIR Filter Object

Real and complex float FIR filter objects are defined in the specification.

<object>

fir

<object_type>

fir

size t vsip fir_export_f(vsip_fir_f *obj, size t N,
void *mem_ptr);

FIR export
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vsip_fir_f *vsip_fir_import_f(vsip_fir_f *obj, void|FIR import

*mem_ptr);
size tvsip fir_size f(vsip_fir_f *obj); FIR size
void *vsip_fir_find f(vsip_fir_f *obj); Find a pointer to the user data associated with aFIR

filter object

size tvsip_cfir_export_f(vsip_cfir_f *obj, size tN,|Complex FIR export
void *mem_ptr);

vsip_cfir_f *vsip_cfir_import_f(vsip_cfir_f *obj,|Complex FIR import
void *mem_ptr);

size tvsip cfir_size f(vsip_cfir_f *obj); Complex FIR size

void *vsip_cfir_find_f(vsip_cfir_f *obj); Find a pointer to the user data associated with a
complex FIR filter object

12.2.1.10. IR Filter Object

Only real float IR objects are in the specification.

<object> iir

<object_type> iir

size t vsip_iir_export_f(vsip_iir_f *obj, size t N,|IIR export
void *mem_ptr);

vsip_iir_f *vsip_iir_import_f(vsip_iir_f *obj, void|lIR import

*mem_ptr);
size tvsip_iir_size f(vsip_iir_f *obj); IR size
void *vsip_iir_find_f(vsip_iir_f *obj); Find apointer to the user dataassociated withan IR

filter object

12.2.2. Linear Algebra Prototypes
Linear algebra objects are associated with a decomposition of a matrix which is a separate operation from
the create function. It is erroneous to export a decomposition object without an associated decomposed
matrixX.

12.2.2.1. LUD Object I/O

Float and complex LUD objects are defined in the specification

<object> lud

<object_type> lu

size t vsip_lud_export_f(vsip_lu_f *obj, size t N,|LUD export
void *mem_ptr);

vsip_lu_f *vsip_lud_import_f(vsip_lu_f *obj, void|LUD import
*mem_ptr);

size tvsip_lud size f(vsip_lu_f *obj); LUD size
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12.2.2.2 [Cholesky Object 1/0]

void *vsip_lud_find_f(vsip_lu_f *obj);

Find apointer to the user dataassociated withaL UD
object

size t vsip_clud_export_f(vsip_clu_f *obj, size t
N, void *mem_ptr);

Complex LUD export

vsip_clu f *vsip _clud import_f(vsip_clu f *obj,
void *mem_ptr);

Complex LUD import

size tvsip_clud_size f(vsip_clu_f *obj);

Complex LUD size

void *vsip_clud_find_f(vsip_clu_f *obj);

Find a pointer to the user data associated with a
Complex LUD object

12.2.2.2. Cholesky Obiject I/O

Float and complex cholesky objects are defined in the specification

<object> chold
<object_type> chol
size tvsip_chold_export_f(vsip_chol_f *obj, size t|Cholesky export

N, void *mem_ptr);

vsip_chol_f *vsip_chold_import_f(vsip_chol_f
*obj, void *mem_ptr);

Cholesky import

size tvsip_chold_size f(vsip_chol_f *obj);

Cholesky size

void *vsip_chold find f(vsip_chol_f *obj);

Find a pointer to the user data associated with a
Cholesky object

size t vsip_cchold_export_f(vsip_cchol_f
size t N, void *mem_ptr);

*0byj,

Complex Cholesky export

vsip_cchol_f *vsip_cchold_import_f(vsip_cchol_f
*obj, void *mem_ptr);

Complex Cholesky import

size tvsip_cchold_size f(vsip_cchol_f *obyj);

Complex Cholesky size

void *vsip_cchold_find f(vsip_cchol_f *ohj);

Find a pointer to the user data associated with a
complex Cholesky object

12.2.2.3. QRD Object I/O

Float and complex QRD objects are defined in the specification

void * mem_ptr);

<object> grd
<object_type> ar
size t vsip_grd_export_f(vsip_gr_f *obj, size t N,| QRD export

vsip_gr_f *vsip_grd _import_f(vsip_gr_f *obj, void
*mem_ptr);

QRD import

size tvsip _grd _size f(vsip_gr_f *obj);

QRD size

void *vsip_grd_find_f(vsip_gr_f *obj);

Find a pointer to the user data associated with a
QRD object
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size t vsip_cqrd_export_f(vsip_car_f *obj,size t
N, void *mem_ptr);

Complex QRD export

vsip_car_f *vsip_cgrd_import_f(vsip_cgr_f *obyj,
void * mem_ptr);

Complex QRD import

size tvsip _cqrd_size f(vsip_cqr_f *obj);

Complex QRD size

void *vsip_cgrd_find_f(vsip_cqr_f *obj);

Find a pointer to the user data associated with a
complex QRD object

12.2.2.4. SVD Object I/O

Float and complex SV D objects are defined in the specification

<object> svd
<object_type> sv

size t vsip_svd_export_f(vsip_sv_f *obj, size t N,|SVD export
void * mem_ptr);

vsip_sv_f*vsip_svd import_f(vsip_sv_f *obj, void| SVD import
*mem_ptr);

size tvsip _svd size f(vsip_sv_f *obj); SVD size

void *vsip_svd_find_f(vsip_sv_f *obj);

Find apointer to the user dataassociated withaSV D
object

size t vsip_csvd_export_f(vsip_csv_f *obj, size t
N, void *mem_ptr);

Complex SVD export

vsip_csv_f *vsip_csvd_import_f(vsip_csv_f *obj,
void *mem_ptr);

Complex SVD import

size tvsip_csvd size f(vsip_csv_f *obj);

Complex SVD size

void *vsip_csvd_find_f(vsip_csv_f *obj);

Find a pointer to the user data associated with a
complex SV D object

12.2.3. vsip_d<obj ect >_export_p

Export an object and any associated data to user memory.

Functionality

This function allows an object to export information to user memory that can be used to create a new
object of identical functionality as the original object. If the exported object is normally associated
with array decomposition then the object must include the decomposition before the export is done.

Prototypes

size_t vsip_d<object> export_p(vsi p_d<object_type> p *obj,

Arguments

obj
Valid object.

size_t N, void *memptr);
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12.2.4 [vsip_d<aobject> find p]

N
Size of memory in bytes referenced by mem_ptr.

mem_ptr
User data array of sufficient size to hold the exported object and its data. This pointer must be
byte aligned on along word.

Return value
Size of memory in bytes used to store the exported information.

Restrictions
If the object is associated with a matrix decomposition, the decomposition must be performed before
the export function is called.

Errors
The arguments must conform to the following:

1. The objects must be valid.
Notes/References
If the memory required to export the object is not sufficient the export will fail and the returned value
will be zero.
Theresult of using amemory pointer which is not long word aligned isimplementation dependent.

Any valid object of the proper data type may be exported.

Examples
See example at the end of this chapter.

See Also
12.2.4. vsip_d<obj ect >_find_p
Return the memory pointer of a user memory associated with an object.
Functionality
Return the pointer to the beginning of user memory associated with an object. If the object has no user

memory associated with it then the function returns anull pointer.

Prototypes

voi d *vsi p_d<obj ect>_find_p(vsi p_d<object_type>_p *obj);

Arguments

obj
Valid object.

Return value
Pointer to user memory associated with an object, or NULL if the object is not associated with any
user memory.

Restrictions
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12.2.5[vsip_d<object> import_p]

Errors
The arguments must conform to the following:

1. The objects must be valid.

Notes/References
Even though a pointer to the user memory is returned, any user memory associated with
an object is owned by VSIPL until the object is either destroyed, or reused by the
vsi p_d<obj ect>_i nport _p function. The results of modifying memory associated with an
object isimplementation dependent and is erroneous in a compliant VSIPL program.

Examples
See example at the end of this chapter.

See Also
12.2.5. vsip_d<obj ect >_import_p
Import an object.

Functionality
This function will re-create an object exported using vsi p_d<obj ect >_export _p.

The import function is called with anull pointer if no object is available. Objects used in the import
function must be created by the import function.

The import function may be used in a loop to import objects. It is the responsibility of the import
function to allocate or free memory in the input object as necessary. The object returned by theimport
function must be destroyed after it is no longer needed using thevsi p_d<obj ect > destroy_p
function.

User memory associated with the import is not destroyed by VSIPL and must be destroyed by the
user after the object is destroyed or associated with other user memory (used in another import). The
object owns the associated user memory until either the object is destroyed, or other user memory
is imported to the object. User memory associated with the object must not be destroyed until the
object is destroyed.

If the import fails returning anull pointer, the input argument is also destroyed.

Prototypes

vsi p_d<obj ect _type>_p *
vsi p_d<obj ect>_i nport _p(vsi p_d<object_type> p *obj, void *memptr);

Arguments

obj
Valid object or NULL.

mem_ptr
Pointer to user memory initialized withvsi p_d<obj ect >_export _p.

Return value
A valid object or anull pointer if the import fails.

Restrictions
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12.2.6 [vsip_d<object> size p]

Errors
The arguments must conform to the following:

1. Theimported user memory must be avalid pointer to an exported object if the proper type.
2. Theinput object must either be anull pointer or an object previously created with import.

Notes/References
Sinceimport allowsthereuse of VSIPL objectsit isimportant that the implementation query theinput
VSIPL object to determine its state and destroy any VSIPL memory which may not be needed by the
implementation. The methods for importing an object are implementation dependent. The intent of
this note is to prevent memory leaks.

Only objects created with the import function may be used as input to import.

Examples
See example at the end of this chapter.

See Also
12.2.6. vsip_d<obj ect >_size p

Return the minimum memory size of user data required to hold an object and any data associated with
the object.

Functionality
Calculate the amount of memory required to store an object exported with the
vsi p_d<obj ect >_export _p function. The size includes all the data or other information
associated with the object.

Prototypes

size_t vsip_d<object>_size p(vsip_d<object_type> p *obj);

Arguments

obj
Valid object.

Return value
Memory size in bytes required to hold user data exported by vsi p_d<obj ect > _export _p.

Restrictions

Errors
The arguments must conform to the following:

1. The object must be valid.
Notes/References

Examples
See example at the end of this chapter.

See Also
vsi p_d<obj ect >_export _p
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12.3 [Examples]

12.3. Examples

This section showsV SIPL example codefor 1/0 functions. The Example useaa QR decompostion to solve
the problem

A Ax=b
for x given afloat matrix A of size (aRows, aCols) and aright-hand side vector b.

Example 12.1. VSIPL QR Export code

/* Declarations */

#defi ne ARONS 20

#defi ne ACOLS 10

#def i ne NDECOWP 15

#def i ne QR_BI G_BUFFER_SI ZE 1000000

vsi p_mvi ew_f *A;

int iD

void *qrBuffer;

vsi p_qgr_f *qrdObj ect;
size_t qrBytes,

gr Check;

/* Construction: allocate nenory for the matrix and for its deconposition
The 'Q matrix fromthe factorization will not be saved */
A = vsip_ncreate_f(A RON5, A COLS, VSIP_ROW VSIP_MEM NONE);
qrdObj ect = vsip_qrd_create_f(A RON5, A COLS, VSIP_QRD NGCSAVEQ) ;
/* Allocate nmenory for an export buffer of the nmaxi mum anticipated size */
grBuffer = (void *) mall oc(QR Bl G BUFFER_SI ZE) ;
/* Loop over the nunber of deconpositions to be done */
for (iD= 0; iD < NDECOW; i D++)
{
/* Acquire the matrix A sonehow */
/* Compute the QR deconposition of the matrix A */
vsi p_qrd_f(qrdObject, A);
/* Export the deconposition: find out howlarge it is,
call the export function, and verify that everything
wor ked properly */
qrBytes = vsip_qrd_size_f(qrdObject);
if (grBytes > QR Bl G BUFFER S| ZE)

printf("QR deconposition too |large for buffer.\n");
exit(1l);
}
gr Check = vsip_qrd_export_f(qrdObject, QR Bl G BUFFER SI ZE, qrBuffer);
if (qrCheck == 0)
{
printf("Failed to properly export QR deconposition.\n");
exit(1l);
}

/* At this point, send the QR buffer to the other process (for exanple
with MPI_SEND or with a file wite operation). It is possible to
send the size of the buffer in a separate nessage so that the
other process can allocate a buffer of exactly the right size
In this exanple, the other process is required to allocate
buffers that are "“sufficiently large'' */

}

/* Cean-up */

vsi p_mal | destroy_f (A);

vsi p_qrd_destroy_f (qrdCbject);
free(qrBuffer);
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Example 12.2. VSIPL QR Import code

/* Declarations */

#define A ROAS 20

#define A COLS 10

#def i ne NDECOWP 15

#def i ne QR_BI G_BUFFER_SI ZE 1000000

vsi p_vvi ew f *bx;

int iD

void *recvBuffer;

voi d *qrBufferA,

*qr Buf f er B;

size_t qgrBytes;

vsi p_qgr_f *qrdObj ect = NULL;

/* Construction: allocate nenory for the vectors and the buffers */
bx = vsip_vcreate_f (A _COLS, VSIP_MEM NONE);
grBufferA = (void *) nalloc(QR Bl G BUFFER_SI ZE) ;
grBufferB = (void *) nalloc(QR Bl G BUFFER_SI ZE) ;
/* Loop over the nunber of deconpositions to be done */
for (iD= 0; iD < NDECOW; i D++)
{
/* Choose the buffer to be used by this Ioop
/* Perform doubl e-buffering: on even iterations use buffer A
on odd iterations use buffer B */
if ((iD%2) ==0)

recvBuffer = qgrBufferA;
}

el se

{
}

/* Presune that the exported QR deconposition information is
acquired (for exanple, via an MPI _RECV or a file read operation)
into recvBuffer at this point. Notice that a single buffer would
not work here because the buffer currently underlying grdObject
is owned by VSIPL until the inmport operation is perfornmed
Destroying qrdOoj ect would also allow the buffer to be reused,
but destroy may be expensive in an inner |oop */

/* lnmport the QR deconposition of the matrix A
Notice that no create or destroy operation on the grdbject is
needed: indeed, using the 'create' operation to create qrdObject
first would have resulted in a menory | eak
The 'create' operation happens in the first loop iteration because
gqrdObj ect was initialized to be a NULL pointer.

On subsequent calls to vsip_qrd_inmport, the menory associated with
the grdObject is re-used or re-allocated by the inplenentation */
qrdObj ect = vsip_qgrd_i nport(qrdQObj ect, recvBuffer);

/* Presune the right-hand side b is acquired here */

/* Use the deconposition to solve for x
First line solves R*T ¢ = b for the vector c;

Second |ine solves Rx = c¢ for the vector x */
vsi p_grsol r_f(qgrdbj ect, VSIP_MAT_TRANS, 1.0, bx);
vsi p_grsol r_f(qrdoj ect, VSIP_MAT_NONE, 1.0, bx);

}

/* O ean-up */

/* Destroy the last QR object inmported */
vsi p_qrd_destroy_f (qrdCbject);

vsi p_val | destroy_f (bx);

free(qrBufferA);

free(qrBufferB);

recvBuffer = qgrBufferB;
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13. Notes to Implementers [Notes to Implementers]

13.1. Incomplete Type Definitions

VSIPL objects are implemented via incomplete type definitions. All members of the resulting objects
are opague. Incomplete type definitions are accomplished in the following manner. Example: The library
implementation uses a header file that contains the following definition of the type vsip_bar:

struct foo

{ .
int x;
int vy;
float *x;

}s

typedef struct foo vsip_bar;

The application programmer is provided a related header file (but not given access to the implementation
header files) that contains the following definition of the type vsip_bar:

struct foo;
typedef struct foo vsip_bar;

This allows the application programmer to declare pointers to objects of type vsip_bar. Functions are
provided by the implementation to create the vsip_bar structure and return the pointer to the structure.
for instance

vsi p_bar *bar =vsip_bar_create(arg);

This returned pointer is then used as an argument to functions. Since the user has no knowledge of
the private structures the implementor must supply all functions which operate on the structure. The
purpose hereisto prevent the user from producing non-portabl e applications, and to allow theimplementor
maximum ability to optimize their code in a portable library. The compiler provides strict type checking.
It does not allow the application programmer to access any of the elements of the structure.

13.2. Checking for Object Validity

All VSIPL objects in development mode should be implemented with a “magic number” data tag. When
an object is destroyed the magic number should be set to a value that indicates an invalid object. Thisis
so that development mode can detect attempts to operate on destroyed objects. Thisiswhat isimplied by
an errors requirement such as, “All the objects must be valid.”

It is further suggested that the magic number be unique for each object type. This is a convenience for
debugging. The application programmer relies on the compiler to enforce type correctness of arguments
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Appendix A. Glossary

Admitted
Block state where the data array (memory) and associated views are available for VSIPL
computations, and not available for user I/O or access.

Attribute
Characteristic or state of an object, such as admitted/rel eased, stride, or length.

Binary Function
A function with two input arguments.

Block
A data storage abstraction representing contiguous data elements consisting of a data array and a
VSIPL block object.

Block Object
Descriptor for a data array and its attributes, including a reference to the data array, the state of the
block, data type and size.

Block Offset
The number of elements from the start of a block. A view with a block offset of zero starts at the
beginning of the block.

Boolean
Used to represent the values of true and false, where false is always zero, and true is non-zero.

Bound
A view or block isbound to a data array if it references the data array.

Cloned View
An exact duplicate of aview object.

Column
Rightmost dimension in a matrix.

Column Stride
The number of block elements between successive el ements within a column.

Complex Block
Block containing only complex elements. There are two formats for released complex blocks — split
and interleaved. The complex data format for admitted complex blocks are not specified by this
standard.

Conformant Views
Viewsthat are the correct shape/size for a given computation.

const Object
An object that is not modified by the function, although data referenced by the const object may be
modified.

Creste
To alocate memory for an object and initialize it (if appropriate).

Data Array
Memory where data is stored.
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Derived Block
A real block derived from a complex block. Note that the only way to create a derived block is to
create a derived view of the real or complex component of a split complex view. In all other cases,
retrieving the block from a view returns areference to the original block.

Derived View
A derived view isaview created using a VSIPL function whose arguments include another view (a
parent view). The derived view's datais some subset of the parent view'sdata. The data subset depends
on the function call, and is physically co-located in memory with the parent view's data.

Destroy
To release the memory alocated to an object.

Development Library
An implementation of VSIPL that maximizes error reporting at the possible expense of performance.

Domain
The set of al valid input values to a function.

Element
The atomic portion of data associated with ablock or aview. For example, an element of a complex
block of precision doubleisacomplex number of precision double; for aview of typefloat an element
isasingle float number.

Hermitian Transpose
Conjugate transpose.

Hint
Information provided by the user to some V SIPL functionsto aid optimization. Hints are optional and
may be ignored by the implementation. Wrong hints may result in incorrect behavior.

Implementor
Theindividual or group creating a V SIPL implementation.

In-Place
A type of algorithm implementation in which the memory used to hold the input to an algorithm is
overwritten (completely or partially) with the output data. Often referred to in the context of an FFT
algorithm.

Interleaved Complex
Storage format for user data arrays where the real and complex element components alternate in
physical memory.

Kernel
Thefilter vector used in aFIR filter, or the vector or matrix used as the weightsin a convolution.

Length
Number of elementsin aview along aview dimension.

M-ary Function
A function with M arguments.

Matrix
A two dimensional view.

N-ary Function
A null-ary function without input arguments (for by-element functions, function of element index,
not element value).
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Opaque
An opague object may not be manipulated by simple assignment statements. I ts attributes must be set/
retrieved through access functions. All VSIPL objects are opague.

Out-of-place
If none of the output views in afunction call overlap the input views, the function is considered out-
of-place.

Overlapped
Indicates that two or more views or blocks share one or more memory locations.

Portable Precision
A datatype with a guarantee of a specified minimum precision or an exact precision on all supported
implementations.

Production Library
A VSIPL implementation that maximizes performance at the possible expense of not detecting user
errors.

Range
Valid output values from a function.

Real Block
A block containing only real elements.

Region of Support
For neighborhood operations (i.e. FIR filtering, convolution, ...), the non-zero values in the kernel,
or the output. [ 3x3 FIR filter has a“kernel region of support” of 3x3.]

Released
Block state where the associated data array is available for user 1/0 and application access, but not
available for VSIPL computations.

Varlistentry
Left-most dimension of a matrix.

Varlistentry Stride
The number of block elements between successive el ements within a varlistentry.

Split Complex
Storage format for released complex blocks where the real element components are stored in one
physically contiguous data array, and the imaginary components are stored in a separate physically
contiguous data array.

Stride
Distance between successive elements of the block data array in a view along a view dimension.
Strides can be positive, negative, or zero.

Subview
A derived view that describes a subset of the data from the original view, and is the same type as
the original view.

Tensor
An n-dimensional matrix. VSIPL only supports 3 dimensional tensors (3-tensor). The three
dimensions arereferred toas X, Y and Z.
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Ternary Function
A function with 3 input arguments.

Unary Function
A function with a single input argument.

User Block
A block which is associated with user data arrays. User blocks are created in the released state and
may be admitted and released.

User Data Array
Memory that has been alocated by the application for the storage of data using some functionality
not part of the VSIPL standard.

Vector
A one dimensiona view.

View
A portion of a block, and a view object describing it. The view object has structural information
allowing the datato be interpreted as a one, two or three-dimensional array for arithmetic processing.

View Dimension
A view represents a one, two, or three dimensional data organization termed respectively a
vector, matrix or tensor. A view dimension represents one of the standard directions of these data
representations.

View Object
A description of a portion of a block including structural information that allows the data to be
interpreted as a one, two or three-dimensional array for arithmetic processing. Attributes of the view
object include offset, stride(s) and length(s).

VSIPL Block
Block referencing or bound to VSIPL data. A VSIPL block is created in the admitted state and may
not be released.

VSIPL Data Array
Memory that has been allocated for the storage of data using some functionality that is part of the
VSIPL standard.
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Appendix B. Specification Changes

Revision History

Revision 1.0 Approved:

Initial VSIPL specification.

Revision 1.1 Approved: 2002-06-11

¢ Added complex to sum value (vsi p_dssumnval _p).
« Added complex to elementwise logical equa (vsi p_dsl eq_p).
* Added complex to elementwise logical not equal (vsi p_dsl ne_p).

e Added vsi p_fft_setw ndow f and vsi p_fftm setw ndow f routines to FFT section. Modified
functionality tablein FFT section and signal processing introduction to reflect additions.

e Added SVD routines vsi p_dsvdmat u_f and vsi p_dsvdmat v_f . Modified functionality table in SVD
section to reflect additions.

« Added chapter for implementation dependent input and output.

Revision 1.2 Approved: 2006-04-02

« Added functions vsi p_dscopyt o_user_p and vsi p_dscopyfrom_ user _p to support copying data
from user memory to the data space referenced by a view, and copying data referenced by a view directly to
user memory.

e Added functionality to support vector and matrix elementwise floor (vsi p_sfl oor_p_p), ceiling
(vsi p_sceil _p_p)andround (vsi p_sround_p_p) operations. Although these functions may be donein
place or copied to afloat output, sometimes the output is desired to be integer. The naming convention is used
to support atype change in the output view to integer.

« Added type vector index (_vi) as a standard (unsigned) integer type. This means that any defined function
supporting integer cal culations may be implemented to support vector index view types. This makes vector index
manipulations easier and eliminates the need for copies to and from other integer types.

» Added section in Change Notes for Deprecated Functions

e Added vsi p_cstorage_p. Deprecated vsip_cstorage. Allows the use of different complex storage for
different types. Also note changes to public header file defined on the new complex storage page.

Revision 1.3 Approved: 2008-01-31

« Added short section alowing new functionality to be added to VSIPL in companion documents not part of this
main document. (See additonal functions below).

» Added gather and scatter functionality for matrix index vectors.

» Added scalar vector/matrix compares to Logical Operations

Revision 1.4 Approved: 7?7?

Various formatting changes are applied as part of the adoption of the specification by the Object Management
Group. In particular:

e Additional APIs from the "Addendum" chapter have been properly integrated into the main body of the
specification.
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