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Where We Started: Object-Oriented Programming

» Object-oriented (OO) programming simplified software

development through higher level abstractions & —
patterns, e.g., operation1()
operat?onZ()
— Associating related data & operations operation3()
operationn()
data

— Decoupling interfaces & implementations

imy
Abstraction IO P » Implemenior
operation{) Q = operafionimp{)
e imp.operationimp() *
I I
ConcretelmplementorA ConcreteimplementorB
RefinedAbsiraction

operafionimp(} operafionimp{}

Well-written OO programs exhibit recurring structures that
promote abstraction, flexibility, modularity, & elegance
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Next Step: Distributed Object Computing (DOC)

» Apply the Broker pattern to F=——
abstract away lower-level OS & service
protocol-specific details for Client Z}

i | |
network programming " v
. 1 1 .
 Create distributed systems which SCeTviee Serviee
are easier to model & build using
OO techniques
.y — > | Object:

e Result: robust distributed systems :Client | _operation) | & e X
built with distributed object
computing (DOC) middleware Middleware

— e.g., CORBA, Java RMI,
etc.

We now have more robust software & more powerful distributed systems ‘
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Overview of CORBA 2.x Standard

* CORBA 2.x is DOC middleware that shields applications from dependencies

on heterogeneous platforms
*e.g., languages, operating systems, networking protocols, hardware

» CORBA 2.x automates

INTERFACE IDL IMPLEMENTATION
REPOSITORY COMPILER REPOSITORY

— Object location

in Irgl

— Connection & memory mgmt.

nperatlun[} OBJECT
CLIENT :?t:-Fl out args + return value {BEE'—'A.HT} .
U T — Parameter (de)marshaling
lv \ DL l — Event & request
DSI : :
demultiplexing

OBJECT
ADAFTER

GloP/IIOP/ESIOPS

(::]ETAHDAHD LANGUAGE MAPPING

IDL HE LETOM
Dll ORB
““B‘ m‘renmce (

— Error handling & fault tolerance

ORB CORE — Object/server activation

D STANDARD INTERFACE

-DHE-EPEEIFI-I:‘: INTERFACE @smnnnnn PROTOCOL — Security

CORBA 2.x defines interfaces & policies, but not implementations

— Concurrency & synchronization
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Example: Applying OO to Network Programming

« CORBA 2.x IDL specifies interfaces with operations
— Interfaces map to objects in OO programming languages
e e.g., C++, Java, Ada9s, etc.

| nterface Foo

{

void bar (in long arg);
& %

IDL

C++

class Foo : public virtual CORBA:: (bject

{
virtual void bar (CORBA::Long arg);
'

— Operations defined in interfaces can be invoked on local or
remote objects

6
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Drawbacks of DOC-based CORBA 2.x Middleware

CORBA 2.x application development is unnecessarily tedious & error-prone

Application
Interface
i Development &
Design
Deployment

IDL
Definitions Object “Other”
Implementations| |Implementations

v
IDL
Compiler .| |Language

Stubs Tools
e CORBA 2.x IDL doesn’t

&
‘
provide a way to group

Skeletons
together related interfaces to  « CORBA 2.x doesn’t specify how configuration

— | Applications

offer a service family & deployment of objects should be done to
—Such “bundling” must be create complete applications
done by _de_velopers via —Proprietary infrastructure & scripts are
CORBA idioms & patterns written by developers to enable this

7
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Example: Limitations of CORBA 2.X Specification
* Requirements of non-trivial DRE
systems:

—Collaboration of multiple objects &
services

—Deployment on diverse platforms

* CORBA 2.x limitations — lack of
standards for

—Server/node configuration

—QObiject/service configuration

—Application assembly

—Object/service deployment
e Conseguences:

—Brittle, non-scalable
implementation

—Hard to adapt & maintain
—Increased time-to-market

:

Boiler Plate X @ Boiler Plate Y

[ ORB/POA ||
Server

Boiler Plate X

Client
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Solution: Component Middleware

 Creates a standard * Define standard » Specify the infrastructure
“virtual boundary” around container mechanisms needed to configure &
application component needed to execute deploy components
implementations that components in generic throughout a distributed
interact only via well- component servers system
defined interfaces ’

Container

<Conponent Assenbl yDescri pti on i d="a HUDDi spl ay"> ..
<connecti on>
<nanme>CPS- Rat eGen</ name>
<i nt er nal EndPoi nt ><por t Nane>Ref r esh</ por t Nane><i nst ance>a_CGPS</ i nst ance></i nt er nal EndPoi nt >
<i nt er nal EndPoi nt ><por t Nane>Pul se</ port Nane><i nst ance>a_Rat eGen</ i nst ance></ i nt er nal EndPoi nt >
</ connecti on>
<connecti on>
<nanme>NavDi spl ay- GPS</ nane>
<i nt er nal EndPoi nt ><por t Name>Ref r esh</ por t Nane><i nst ance>a_NavDi spl ay</ i nst ance></i nt er nal EndPoi nt >
<i nt er nal EndPoi nt ><por t Nane>Ready</ port Nane><i nst ance>a_GPS</i nst ance></i nt er nal EndPoi nt >
</ connecti on>

</ Conponent Assenbl yDescri pti on>
J
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Capabilities of CORBA Com ponent Model (CCM)

» *Component Server

Component Component

Reference O Reference O .
; ; — A generic server process for
Container Container . .
O Componen O Componen hostlng Contalners &.
Home Home
component/home executors
[%] 1%
COMPONEN £\ 3 - COMPONEN < 8
g U~ EXECUTOR g a¢ g 8 O~ EXECUTORS g « g
O w07 ¢ CE [0 =0 ¢ 6§
5% 2 ; % 2 ;
QQD_; £8 é “Dgg ‘—”E‘D—; Eg é _D‘gag
22 Callback S LMz 72 Callback S o3
D—¥Hj Intaerfaacces ° _D @ D—*H: Intiisrf:é:es ° _D ?
S & | Poa S & | Poa
ORB) )
Transaction Persistent
Security Notification
COMPONENT SERVER 1 ) L COMPONENT SERVER 2 )

« Containers define operations that enable
component executors to access common
middleware services & runtime policies

’
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Capabillities of CORBA Component Model (CCM)

IDL
IDL Compiler CIDL
\& @ CIDL Compiler
« Component Implementation
Stub Skel Framework (CIF)
~ — Automates the implementation of
ﬁ many component features
Servan%
N
Executo @ EXITDCIl_Jtor
IDL Compiler

XML
Component
Impl Descriptors

1
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Capabl

Development [
Component
Assembler

Requirements

Comp%ﬂ Assembly
Component Component
OO 8 <‘#> OO 8
Component Component -
@@8® Siaje «Component packaging tools
ji — Compose implementation &
Component
Deployment

—\ configuration information into
E ‘ngz? MZ?:kﬁsse. -l package

I deployable assemblies
/1% onstraints

Componerﬁckage

Component Assembly Component Assembly
@S 55K, &)
&K, &8 &K, &9
13

o




Tutorial on Lightweight CCM D E F* E Schmidt & Otte

L

Capabillities of CORBA Component Model (CCM)

( COMPONENT REPOSITORY i
S:D S:D Domain Administrator
conflgured
package
Cheates

Get resource
er

Creates Plann

Deployment |=

plan _ e T =
Deploys

Executor

« Component deployment tools

— Automate the deployment of
component assemblies to
component servers

14
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Available CCM Implementations

Provider Open Language URL
Source
Component Vanderbilt Yes C++ www.dre.vanderbilt.edu/CIAO/
Integrated ACE University &
ORB (CIAO) Washington
University
Enterprise Java Computational | Yes Java www.cpi.com/ejccm/
CORBA Component | Physics, Inc.
Model (EJCCM)
K2 ICMG No C++ www.icmgworld.com/
products.asp
MicoCCM FPX Yes C++ www.fpx.de/MicoCCM/
OpenCCM ObjectWeb Yes Java openccm.objectweb.org/
QoS Enabled Fokus Yes C++ www.gedo.org
Distributed Object
(Qedo)
StarCCM Source Forge | Yes C++ sourceforge.net/projects/
starccm/
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CCM Compared to EJB, COM, & .NE

e Like
Microsoft’'s .NET
Framework

 Like Sun Microsystems’
Enterprise Java Beans
(EJB)
« CORBA components
created & managed
by homes

e Run in containers
that manage system
services
transparently

» Hosted by generic
application
component servers

e But can be written in
more languages than
Java

» Like Microsoft's

Component Object Model
(COM)

* Have several input &
output interfaces per
component

* Both point-to-point
sync/async operations
& publish/subscribe
events

« Component navigation

& introspection
capabilities

e But has more effective
support for distribution
& QoS properties

* Could be written
in different
programming
languages

e Could be
packaged to be
distributed

e But runs on
more platforms
than just
Microsoft
Windows

16
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CORBA 2.x User Roles

IDL File

* Object interface designers DL Compiler

"

e Server developers
« Client application developers | -Fies Files

1]

Impl
Server Files

*

Generated Hand-Written Generates Inherits

18
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CORBA 2.x Application Development Lifecycle

Specification of 'Di ‘ Implement servants & write all the code
Interfaces of objects required to bootstrap & run the server

Application
Interface PP
i Development &
Design
Deployment
IDL
Definitions Object “Other”
$ Implementations Implementations
v
IDL
Compil | Language o
omPEEt Stubs Tools —* | Applications

‘ » &
/ Skeletons

v
{ Libraries <>

CORBA 2.x supports programming by development (engineering)
rather than programming by assembly (manufacturing)

1
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CCM User Roles
 Component designers o
IDL Compiler CIDL

« Component clients Q @ CIDL Gompiler

« Composition designers . bﬁ %

« Component implementers ZEN

« Component packagers s %

« Component deployers

Executo
Stubs Executor

« Component end-users oL

{ } IDL Compiler

Execut%:%

XML
Component
Descriptors

.
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Interface Component Component Component
Design Design Implementation Packaging
M Implementation
) Artifact
Interf IDL Component Component Object Descriptors
De f_a‘?t? IDL CIDL Implementations Component & Ciad)
eninitions Definitions Definitions Home Properties '—
Monolithi
$ e
St;bs .| |Language Component [ - Description
Skeletons Tools y DLLs _ Componer_lt
Packaging _ Implementation
DL T Tools "/ Descriptors
Compiler oL Servants, (.cid)
Compiler EXeCUtOrS, Component
Contexts Interface
\ N Descriptors I Component
/ (.ccd) |
: 5 realizes o ! Pac kage
t H Descriptors
1 . -2
| (.cpd) :
Deplaoyment | : realizes |
< Plan Huiaiaiaiainintuiaininiel At T ! Component
Descriptor | realizes ! e Assembly
(-cdp) : : e Iemm————- Descriptors
1 Y
Component H
Dgflﬁﬁ?:]em ’ Package Assembly R
. . '?oolsg b Descriptors Tools
Specification of IDL (.cpd)
é Component &
2 typeS, eg, c . c A Home Properties
. omponen omponent
supported interfaces Component & Domain Implementation
oy N Home Properties Descriptor Deployment Descriptor Application
(.cdd) Planning (*.cid) Assembly

2 10
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CCM Application Development Lifecycle

Specification of IDL 3
types, e.g., provided &

Interface
Design

Component
Design

Im

Component

lementation

required interfaces

Descriptors

Interface IDL DL DL Implementations Component & i
Definitions -~ - : (.iad)
Definitions Definitions Home Properties i
Monolithic
$ Comppn_ent
St;bs Language Component Q R Description
1| Tools DLLs Component
v Skeletons . ;
Packaging Implementation
R DL T i Tools 7 Descr_igtors
Compiler CIbL Servants, (.cid)
- Executors, Component
Compiler p
P Contexts / Interface .
‘ Descrlztors : Component
7 ( ce )f realizes = ! Pac kage
t \ Descriptors
|| (.cpd) -
Deployment : : realizes :
Deployment < Plan it 4 : Component
Tools Descriptor ] ! - Assembly
) | uses .
(.cdp) H I it Ae=————= Descriptors
1 Yy
Component K
_______ {
Deployment Package Assembly T
Planning | « :
Tools Descriptors Tools
Running (.cpd)
Applications é Component &
c . ) Home Properties
omponen Component
System Component & Domain Implementation
Deployment Home Properties Descriptor  |Deployment Descriptor Application
(.cdd) Planning (*.cid) Assembly

22
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CCM Application Development Lifecycle

Interface Component Component Component
Design Design Implementation Packaging
M Implementation
. Artif:
Interf DL Component Component Object Desr(tlri?)(t:grs
nDe f'a(':t'e IDL CIDL Implementations Component & Ciad)
ennitions Definitions Definijons Home Properties '—
Monolithic
<L Comppnpnt
St;bs .| |Language Component Description
Skeletons Tools DLLS Component
Packaging _ Implementation
DL ‘ Tools 7/ Descriptors
> . .cid)
Compiler Servants, (.ci
ClDI.‘ Executors, Com onent
Compiler p
Contexts Interface
/ ‘ 7 De?crlz';ors : Component
. cc L Package
Implementation of F ™7 pescripiors
0! (-cpd) =
component executors, plus L !
P ————— 4! : C t
= = | omponen
aSSOC|at|On Of Components : realizes : '. ASSZmbW
L T N iy ;
0 | | Descriptors
with component executors & . S — , _
. . Deployment| |  / —“_ 20 /0 ] emm——— e |
their homes via the Planning | |« Package — , || Assembly !
Tools Descriptors Tools
Component Implementation (cpd)
3 ang Component &
\_Definition Language (CIDL) — N e
Component & Domain Implementation
Deployment Home Properties Descriptor | Deployment Descriptor Application
(.cdd) Planning (*.cid) Assembly

.
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CCM Application Development Lifecycle

Interface Component Component Component
Design Design Implementation Packaging
M Implementation
. Artifact
Interf IDL Component Component Object Descriptors
De f_at_:t_e IDL CIDL Implementations Component & (iad)
ennitions Definitions Definitions Home Properties Ta—
Monolithic
C
Stubs <L DZ?C?%T{ET:
& .| |[Language Component
DLLs Component
Skeletpns Packaging Implementation
DL T Tools Descriptors
"| | compiler c (-cid)
IDL
Compiler Component
Interface . \
N Descriptors : Component
7 ( CCd)f realizes l_ Pac k_age
t | Descriptors
|| (.cpd) -
%9/ : :realizes :
Deployment| | Hiataiaiaininiuinininie) duie T ! Component
= realizes | v
: | b DRS"= yvuvied
Grouping of component ! - = , '
i i i Deployment gg]c?(%nznt Assembl T :
implementation artifacts Planning | g Y|
Descriptors Tools
. Tools (.cpd)
& metadata descriptors o
5 Component &
iInto component packages ) O ome propetes
\ Component Component
Component & Domain Implementation
Deployment Home Properties Desc(;i(ﬁ)tor Deployment Descr.iptor Application
(-cdd) Planning (*.cid) Assembly

V

24

[§]§



Tutorial on Lightweight CCM

Fa) -

L/ fuy?
L=

‘"—!

Schmidt & Otte

CCM Application Development Lifecycle

Interface Component
Design Design

IDL

Interface IDL
Definitions

Definitions

Stubs

Component

Component

CIDL
Definitions

interconnections &
composition of component

. assembly packages

Deployment
Tools

A

Running
Applications

System

&

Specification of compon

CIDL
ompiler

Deployment
Plan
Descriptor

(-cdp)

Component &
Home Properties

' Component
Implementation Packaging
Implementation
. Artifact
Object Descriptors
Implementations Component & (.iad)
Home Properties 7y ot
jonolithic
<L Comppngnt
Language Component | Description
1| Tools DLLs Component
Packaging Implementation
Tools Descriptors
; .cid
Servants, (etd)
Executors, Component
Contexts Interface ~ !
N Descriztors : Component
7 (-CC )f realizesl_ PaCk_age
? H Descriptors
: : (.cpd) -
1 l
| 1
i 2 : : Component
: 7 uses™ Assembly
1 | oo emm————= Descriptors
1 ! A
Component !
_______ {
DE?;%?:IGN B Package Assembly P
9 Descriptors Tools
Tools (.cpd)
é Component &
Y Home Properties
Component Component
Domgin Implementation
Descriptor | Deployment Descriptor Application
(-cdd) Planning (*.cid) Assembly

V

25
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CCM Application Development Lifecycle

Interface Component Component Component
Design Design Packaging

Specification of deployment

M Implementation
3 ' ! Artifact
torace IDL Component target domain & configuration Desarintors
Definitions IDL Component & (iad)
Definitions Of COmponent assembly Home Properties I
Monolithi
$
St;bs R Component k Description
DLLs Component
Skeletons . .
Packaging _ Implementation
DL T Tools 7/ Descriptors
"] |Compiler (cid)
CIDL
Compiler Component
Interface . \
\ N Descriptors : Component
7 ( CCd)f realizes l_ Pac Kage
t | Descriptors
| (.cpd) 1
Deployment : : realizes :
Deployment « Plan 4 7~ TTTTTTTTT T T : Component
Tools Descriptor | realizes ! - Assembly
) | uses .
(-cdp) H ittt Pe=—————= Descriptors
1 A
Component !
_______ |
Dgfel‘(r)]ﬁ?:]em M Package Assembly T
9| Descriptors Tools
. Tools
Running (-cpd)
Applications é Component &
c . c ) Home Properties
omponen omponent
System Component & Domain Implempentation
Deployment Home Properties Descriptor Deployment Descr_iptor Application
(.cdd) Planning (*.cid) Assembly

2 16
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CCM Application Development Lifecycle

Interface Component Component Component
Design Design Implementation Packaging
M Implementation
. Artifact
Interface IDL Component Component Object Descriptors
Definitions IDL CIbL Implementations Component & (.iad)
Definitions Definitions Home Properties 7y
Monolithic
<L Comppngnt
St;bs .| |Language Component [ - Description
Tools y DLLs Component
’ Skeletgpns Packaging Implementation
- DL T ' Tools 7 Descr.iptors
Compiler CIDL Servants, (ccid)
. EXeCUtOrS, Component
Compiler p
P Contexts Interface . .
\ Descriptors : Component
7 ( CCd)f realizes l_ Pac k_age
H Descriptors
| (.cpd) =
Deployment : : realizes :
Deployment Plan i T | Component
Tools Descriptor | : uses'- Assembly
: : e Nomm————— Descriptors
Caomponent
, Deploy component
Runnin
JRuming assembly packages

onto target nodes ks

Component

System mponen main i
Deployment Hcc>:r$1e rI;c:o;;e)e:t;ge‘)s ngcria[l)tor Deployment accordlng tO a
(cdd) " Planning deployment plan/

27 161§
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CCM Application Development Lifecycle

Interface
Design

Component
Design

Stubs
&

Skeletons

I

Deployment
Plan
Descriptor

(-cdp)

Interface IDL
Definitions IDL
Definitions
A
IDL
" |compiler
Deployment| |
Tools B
Running
Applications
System
Deployment

Component Component
lementation Packaging
Implementation
. Artifact
Component Object Descriptors
CIDL Implementations Component & (.iad)
Definitions Home Properties i
Monolithic
C t
Language / Component k $ orsgo
> Tools DLLs Component
Packaging Implementation
Tools Descriptors
V (.cid)
_— Servants, :
Compiler Executors, Component
Contexts Interface
‘ Descrlgtors : Component
/ (-:cc )f ealizes) Package
? H Descriptors
| : (.cpd) -
: : realizes :
i 4 : Component
: realizes : uses Assembly
1 : yooTTT s emm————— Descriptors
1 Y
Component !
_______ {
Dsfall?%ri?]em M Package Assembly P
9| Descriptors Tools
Tools (.cpd)
é Component &
c . ) Home Properties
omponen Component
Component & Domain Implementation
Home Properties Descriptor | Deployment Descriptor Application

CCM makes explicit steps performed implicitly in CORBA 2.x
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Example CCM DRE Appllcatlon

Avionics example used

typical DRE application | “~

Rate Positioning Display
Generator Sensor Device

throughout tutorial as /“;ﬂﬁrh )

RateGen

([ GPS ) (NavDisplay )

Refresh Readyf— ) »— Refresh

GPSLocation —@

MyLocation

—

Component Server

$Cl AO ROOT/ exanpl es/ CEP/ Di spl ay/

 Rate Generator

— Sends periodic Pul se events
-~ to consumers

e Positioning Sensor

— Receives Ref r esh events
from suppliers

— Refreshes cached coordinates
available thru MyLocat i on

facet

— Notifies subscribers via
Ready events

» Display Device

— Receives Ref r esh events
from suppliers

— Reads current coordinates via
its GPSLocat i on receptacle

— Updates display

30
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Unit of Business Logic & Composition in CCM
e Context Q

—Development via composition

* Problems
—CORBA 2.x object limitations
* Objects just identify interfaces

* No direct relation w/implementations
« CCM Solution
—Define CORBA 3.0 conponent meta-type
» Extension of CORBA 2.x (bj ect interface

» Has interface & object reference
» Essentially a stylized use of CORBA interfaces/objects
—i.e., CORBA 3.x IDL maps onto equivalent CORBA 2.x IDL

.
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CORBA Component Ports

« A CORBA component can contain ports:

W(Comgﬁgem) e Facets (pr ovi des)
 Offers operation interfaces

c * Receptacles (uses)
omponent
Reference T « Required operation interfaces
e Event sources (publ i shes &em ts)

0
ofa 8
e 2 g — * Produced events
= ()
7o O° g —C 8 .« Event sinks (consunmes
o i S ©
3, S5 L)oo = 8 [)» ~ « Consumed events
wn -] =
) 5 2 1%08) B « Attributes (at t ri but e)
\ Attributes - :
N  Configurable properties

« Each component instance is created &
managed by a unique component hone

32
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Monolithic Component Implementation

» Executable piece of software

—One or more “implementation artifacts” —
(e.g., .exe, .S0, .0, .class)

—Zero or more supporting artifacts (e.g.,
configuration files)

e May have hardware or software
requirements/constraints

—Specific CPU (e.g., x86, PPC, SPARC) . Described by

—Specific OS (e.g., Windows, VxWorks, metadata, e.qg.,
Linux, Solaris) * ccd, *.iad, & *.cid
—Hardware devices (e.g., GPS sensor) files

.
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Assembly-based Component Implementation

e Set of interconnected
(sub)components

 Hardware & software
Independent

—Reuses subcomponents as
“black boxes,” independent
of their implementation

* Implements a specific (virtual) component ¢Assemblies are hierarchical

interface ei.e., can be used in an

—I.e., external ports & attributes are encompassing assembly

mapped” to internal subcomponents «Note recursion here. .

 Assemblies are fully reusable .
Y *Described by metadata, e.g.,

—Can be “standalone” applications or * ccd & *.cid files
reusable components

34
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Simple CCM Component Example

/1 1DL 3
i nterface rate_control

{

void start ();
void stop ();

H
conponent RateCen

supports rate _control {};

(RateGen )

N N

/1 Equivalent |DL 2

I nterface RateGen
. . Component s: : CCMbj ect,
rate _control {};

* Roles played by CCM conponent

—Define a unit of composition, reuse, &
implementation

—Encapsulate an interaction &
configuration model

« A CORBA conmponent has several
derivation options, i.e.,

—It can inherit from a single component
type
conponent E : D {};

—It can support multiple IDL interfaces
i nterface A {};
interface B {};
conponent D supports A B {};

35
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Managing Component Lifecycle

e Context

—Components need to be created
by the CCM run-time

* Problems with CORBA 2.x

—No standard way to manage
component’s lifecycle

—Need standard mechanisms to
strategize lifecycle management
« CCM Solution
—Integrate lifecycle service into component definitions

—Use different component home’s to provide different lifecycle
managing strategies

» Based on Factory & Finder patterns

36
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/1l 1DL 3
home Rat eGenHonme nanages Rat eGen

{

factory create pul ser
(inrateHz r);

Rl

/1 Equivalent IDL 2
I nterface RateGenHomeExplicit

Conponent s: : CCVHone {
Rat eGen create_ pul ser
(inrateHz r);

}
I nterface RateGenHonel nplicit

Conponent s: : Keyl essCCMHone ({
Rat eGen create ();

b
I nterface RateGenHone :

Rat eGenHoneExplicit,
Rat eGenHonel nplicit {};

RateGenHome

RateGen

Rate Pulse

A CORBA Component Home

* hone is new CORBA meta-type

—A hone has an interface &
object reference

« Manages one type of component

—More than one home type can
manage same component

type
—However, a component

Instance is managed by one
home instance

« Standard factory & finder
operations

—e.g., create()

 hone can have user-defined
operations

.




A Quick CCM
Client Example
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Component & Home for Simple Hel | oWor | d

Interface Hell o {
void sayHello (in string usernane);

}s
| nt erface Goodbye {
voi d sayGoodbye (in string usernane),;
};
conponent Hel | oWorl d supports Hell o {
provi des Goodbye Farewel |l

}s
hone Hel | oHome manages Hel | oVWorl d {};

» IDL 3 definitions for
« Component: Hel | oWWor | d

 Managing home: Hel | oHone
 Example in $Cl AO ROOT/ docs/tutori al / Hel | o/

.
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The Client OMG IDL Mapping

» As we've seen, each OMG IDL 3.0
construction has an equivalent in terms of OMG IDL
OMG IDL 2.x 2.X

« Component & home types are viewed by
clients through the CCM client-side OMG IDL

. extends
mapping

* This mapping requires no change in CORBA'’s OMG IDL
client programming language mapping 3.0

—l.e., clients still use their favorite
IDL-oriented tools, such as CORBA

[
stub generators, etc. generates
 Clients need not be “component-aware” Standard
: : . _ C++/Java
—l.e., they can just invoke interface Mappings

aAanaoarat lﬁlf'\t'\

UpMCTAuulils
40
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Simple Client for Hel | oW)rI 0

1 int

2 min (int argc,

char *argv[])

3 {
4 CORBA: : ORB var orb =
5 CORBA: : ORB init (argc, argv);
6 CORBA: : (bj ect _var o =
7 orb->resolve_ initial _references
8 (" NanmeServi ce");
9 CosNam ng: : Nam ngCont ext Ext _var nc =
10 CosNam ng: : Nam ngCont ext Ext:: _narrow (0);
11 0 = nc->resolve_str (“nyHel |l oHone");
12 Hel | oHone _var hh = Hell oHone:: narrow (0);
13 Hel l oWworl d _var hw = hh->create ();
14 hw- >sayHel lo (“Dennis & Brian”);
15 hw >r enove ();
16 return O;
17 }
$ ./hello-client # Triggers this on the server:

Hel | o Wor | d!

-- fromDennis & Bri an.

Component

eLines 4-10: Perform
standard ORB
bootstrapping

eLines 11-12: Obtain
object reference to home
via Naming Service

eLine 13: Use home to
create component

eLine 14: Invoke remote
operation

eLine 15: Remove
component instance

* Clients don’'t always need
to manage component

41

lifecycle directly



CCM Component
Features in Depth

www.cs.wustl.edu/~schmidt/cuj-17.doc

D-CnC



Tutorial on Lightweight CCM PDEGE \ Schmidt & Otte

i ET 2 -—al

Components Can Offer Different Views

e Context

—Components need to collaborate with other types of components
—These collaborating components may understand different interfaces
* Problems with CORBA 2.x

—Hard to extend interface without breaking/bloating it ] e

—No standard way to acquire new interfaces

» CCM Solution

Lagiless
JJJJJ

—Define facets, a.k.a. provided interfaces, that
embody a view of the component &
correspond to roles in which a client may act
relatively to the component

* Represents the “top of the Lego”

43
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oL 3 Component Facets

i nterface position » Facet characteristics:

{ long get pos (): —Define provided operation interfaces

b « Specified with pr ovi des keyword

conponent GPS _

{ — Logically represents the
provi des position MyLocati on; component itself, not a

separate entity contained by

b T the component
GPS  However, facets have
/1 Equival ent 1DL 2 independent ObJ_eCt
i nt er f ace G:)S @, MyLocation referengeS*Obta;ned from
. Conponent s: : CCMbj ect ~— proviae_ () factory
{ operation
position :
or ovi de_MyLocation () — Can be_ used to implement
Extension Interface pattern
};

p
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Extension Interface Pattern
The Extension Interface Client psk lor 8 Jeerence > _Root
deSign pattern (POSAZ) callService cuerylinterface
. . * Call an operation A
allows multiple interfaces to be lCreate,nstance on an interface
exported by a component to <<extends>>
prevent Factory |1 +3] Component
new
. . createComponent createComponent
- breaking of client code & & v
- bloating of interfaces N ? . :Enﬁte??asc'zf_‘
Server |
when developers extend or intialize oy e queryintertace
modlfy Component uninititialize service_|i
functionality o— HOME
> COMPONENT
_g<et_component() 9| EXECUTOR _chL
: Client > (ervanT) B
' « operation() 7 ? ? -
SERVANT
CONTAINER | L.ocATOR

45
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Using Other Components

e Context

types of components/applications

—These collaborating components/applications may
provide different types of interfaces

* Problems with CORBA 2.x
—No standard way to specify interface dependencies

—No standard way to connect an interface to a
component

» CCM Solution

—Define receptacles, a.k.a. required interfaces, which
are distinct named connection points for potential

connectivity -
v
* Represents the “bottom of the Lego” &@

46
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Component Receptacles
/11D 3 | » Receptacle characteristics
fo”pone”t NavDi spl ay —Define a way to connect one or more required

Interfaces to this component
uses position Geslocation - Specified with uses (nul ti pl e) keyword
}; e Can be simplex or multiplex

—Connections are established
statically via tools during
deployment phase

/'l Equivalent |DL 2

I nterface NavDi spl ay
Conponent s: : CCMMDj ect

NavDisplay

—Connections are managed
dynamically at run-time by
containers to offer interactions
. L , with clients or other components

(in position c);

posi ti on di sconnect GPSLocati on(); via callbacks
position get_connection_GPSLocation (); _CCM also enables connection
) establishment during run-time

a7

GPSLocation|

: ;

voi d connect GPSLocati on
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L

Event Passing

e Context

—Components often want to communicate using
publisher/subscriber message passing mechanism

* Problems with CORBA 2.x

—Standard CORBA Event Service is dynamically
typed, i.e., there’s no static type-checking
connecting publishers/subscribe

—Non-trivial to extend request/response interfaces to
support event passing

—No standard way to specify an object’s capability to
generate & process events

e CCM Solution

—Standard eventt ype & event t ype consumer
iInterface (which are based on val uet ypes)

—Event sources & event sinks (“push mode” only)

8
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Component Events

[/ 1DL 3
eventtype tick
{ tick event
public rateHz Rate; RateGen > GPS
} ; Pulse 1’:D Refresh
Publisher Consumer
N
N/

/1 Equivalent IDL 2

val uetype tick : Conponents::EventBase « Events are implemented as

{ IDL val uet ypes
public rateHz Rate;

b  Defined with the new IDL 3
interface tickConsumer : eventt ype keyword
Conponent s: : Event Consuner Base { _ _
voi d push ti ck —This keyword triggers
(in tick the_ tick); generation of additional
} interfaces & glue code

49
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oL 3 Component Event Sources
{Conpone”t Rat eGen « Event source characteristics
publ i shes tick Pul se; — Named connection points for event
emts tick Trigger; production
. /Rt—GT\ — Two kinds of event sources: publisher
’ ateien .
e & emitter
epubl i shes = may be multiple
/1 Equivalent IDL 2 \__ ) consumers
i nterface RateGen : een t s = only one consumer
Conponent s: : CCMObj ect { _ _
Component s: : Cooki e — Two ways to connect with event sinks

subscri be Pul se
(in tickConsuner c);

tickConsumer 2.CCM container mediates access to
?Piug%gggﬁfg  ooki oK) CosNotification/CosEvent channels
or other event delivery mechanism
o (e.g., OMG DDS, RtEC, etc.)

“

1.Consumer connects directly
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Component Event Sinks

// IDL 3
conponent NavDi spl ay  Event sink characteristics
{ —Named connection points into
consunes tick Refresh: which events of a specific
¥ type may be pushed
K_T_\NavDisplay —Multiple event si_nks of same
T Refresh type can subscribe to the

same event sources
/1 Equivalent IDL 2

—No distinction between emitter
I nterface NavD spl ay : — % publish
Conponent s: : CCMObj ect publisher
{ —Connected to event sources

via object reference obtained
from get _consuner *()

factory operation

ti ckConsuner
get _consumer _Refresh ();

b

.
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CCM Events

tick event

RateGen ([ GPS )
Pulse ED Refresh
\ Publisher Consumer
_____/

/[l 1DL 2
val uetype tick :
Conponent s: : Event Base {..};

v

i nterface tickConsuner :
Conponent s: : Event Consuner Base

)

[l C++ mappi ng
class tickConsuner : //

{

virtual void push event

(Conponent s: : Event Base *evt);

};...

« Context
—Generic event push() operation
reqguires a generic event type
* Problem
—User-defined event t ypes are not
generic
« CCM Solution
—Event Base abstract val uet ype

nodul e Conponents

{

abstract val uetype Event Base {};

i nterface Event Consuner Base {
voi d push_event (in EventBase evt);
}
}

Enables both statically- & dynamically-typed event passing
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Connecting Components

e Context

—Components need to be connected together to
form complete applications

* Problems

—Components can have multiple ports with different
types & names

—It’s not scalable to write code manually to connect
a set of components for a specific application

« CCM Solutions
—Provide introspection interface to discover component capability

—Provide generic port operations to connect components using
external deployment & configuration tools

—Represents snapping the lego bricks together

53




Tutorial on Lightweight CCM E) J E*” {T Schmidt & Otte

o

Generic Port Operations

Port Equivalent IDL2 Generic Port Operations
Operations (CCMbj ect)

Facets provi de_nane (); provi de (“nane”);

Receptacles connect _nane (con); connect (“nane”, con);
di sconnect _nane (); di sconnect (“nane”);

Event sources subscri be _nane (c); subscri be (“nane”, c);

(publishes only) |unsubscribe_nane (); |unsubscribe (“nane”);

Event sinks get _consuner _nane(); |get_consuner (“nane”);

» Generic port operations for pr ovi des, uses, subscri bes,emts, &
consunes keywords are auto-generated by the CIDL compiler

— Apply the Extension Interface pattern
— Used by CCM deployment & configuration tools
— Lightweight CCM spec doesn’t include equivalent IDL 2 operations

54
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L

Example of Connecting Components

CCM components are connected via deployment tools during launch phase

([ GPS ) (NavDisplay )

Refresh Readyf— ) »—{ Refresh

GPSLocationf—

MyLocation

—

Component Server

» Facet - Receptacle * Event Source = Event Sink
obj ref = GPS->provide consuner = NavDi spl ay->
(“MyLocation”); get _consuner (“Refresh”)
NavDi spl ay- >connect GPS- >subscri be
(“GPSLocation”, objref); (“Ready”, consuner);

Connected object references are managed by containers




Component
Deployment &
Configuration

D -G
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Overview of Deployment & Configuration Process
» Goals

— Ease component reuse

RateGen NavDisplay

— Build complex applications by
assembling existing components

GPSLocation

— Deploy component-based
application into heterogeneous
domain(s)

5 » Separation of concerns & roles
eployer

— Component development &
packaging

Deployment
Ap%lic):/ation

— Application assembly

— Application configuration
— Application deployment
— Server configuration

57
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Component Configuration Problem

Component middleware & applications are characterized by a large
configuration space that maps known variations in the application
requirements space to known variations in the solution space

« Components interact with other software artifacts & environment to achieve
specific functions

—e.g., using a specific run-time library to encrypt & decrypt
data

« Some prior knowledge of the run-time environment may be required during
development

—e.g., rates of certain tasks based on the functional role
played
* Need to configure the middleware for specific QoS properties

—e.g., transport protocols, timeouts, event correlation,
concurrency/synchronization models, etc.

O€ehnviHo -l B aCtico

O O YAY, JU C O AU

erly tight coupling 58
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CCM Configuration Concept & Solution

Concept

e Configure run-time &
environment properties late in
the software lifecycle, i.e.,
during the deployment process

CONFIGURATION AT
DEPLOYMENT

¢G
(RSSECa——

|
—3

Solution

 Well-defined exchange formats
to represent configuration
properties

— Can represent a wide variety of
data types

— Well-defined semantics to
interpret the data

 Well-defined interfaces to pass
configuration data from “off-line”
tools to components

 Well-defined configuration
boundary between the application

59
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Component Deployment Problem

« Component implementations are usually hardware-specific
—Compiled for Windows, Linux, Java — or just FPGA firmware
—Require special hardware

» e.g., GPS sensor component needs access to GPS device via a
serial bus or USB

 e.g., Navigation display component needs ... a display
—not as trivial as it may sound!
 However, computers & networks are often heterogeneous
—Not all computers can execute all component implementations
* The above is true for each & every component of an application

—I.e., each component may have different requirements

.
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OMG Component Deployment & Configuration Spec (1/2)
Goals of D&C Phase
% % « Promote component reuse B
SwW SW » Build complex applications by assembling

Crelator Creator, existing components

« Automate common services configuration

m » Declaratively inject QoS policies into
Implementations applications

| * Dynamically deploy components to target

- heterogeneous domains

Deployment . .

requirements Optlmlze gystems based on component
configuration & deployment settings

Shippingﬂ

SW Deployer

Infrastructure
Interfaces

o —» N g

- Deployment Deployment
eployment Interfaces Infrastructure

Tools (generic)

OMG Deployment & Configuration (D&C) specification (ptc/05-01-07)
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OMG Component Deployment & Configuration Spec (1/2)
% % OMG D & C Spec
(PIM & PSMs)
SW SW
Crela for  Creator, XMLSchema

Generation

IDL
...... Generation

AL A2

Implementations

=]

Deployment ===
CONEQERS = Formats

Interchange

—
RN
DepEyment
Tools (generic)

OMG Deployment & Configuration (D&C) specification (ptc/05-01-07)

Shippingﬂ

SW Deployer

L 4
O..
L4
L4
L 4

Deployment
Infrastructure
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CCM Deployment Solution

» Well-defined exchange format

—Defines what a software vendor delivers

—Requires “off-line” data format that can be stored in XML files
» Well-defined interfaces

—Infrastructure to install, configure, & deploy software

—Requires “on-line” IDL data format that can be passed to/from
Interfaces

 Well-defined software metadata model

—Annotate software & hardware with interoperable, vendor-independent,
deployment-relevant information

—Generate “on-line” & “off-line” data formats from models

e e.g., CoSMIC at www.dre.vanderbilt.edu/cosmic

.
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Deployment & Configuration “Segments
PIM Data Model Run-time Model
Component | Metadata to describe Repository Manager interfaces to
Software component-based applications | browse, store, & retrieve such
& their requirements metadata
Target Metadata to describe Target Manager interfaces to collect
heterogeneous distributed & retrieve such metadata & commit
systems & their capabilities resources
Execution Metadata to describe a specific | Execution Manager interfaces to
deployment plan for an prepare environment, execute
application into a distributed deployment plan on target, manage
system lifecycle

e Data model
— Metadata, usually in XML format
* Run-time model
— Deployment interfaces (similar to CORBA services)

64
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- Different stages & D&C Actors Development
different actors
reates Component ( ombponent Assemb

—Development e, (mpl)  (impl) (impr) | _Creaes Component Component

» Specifier/ : . COO @

Deve | 0 pe r Specifier/Developer i
 Assembler — Assembler Cct))m&())r?r;t (:C%m&())r?;t
» Packager N = =

- Targ Et reates Creates l i Packager

C
. Uses Deployment Plan \
" ncmini - Sl 1 I

Administrator Ereoutor i

— Deploym ent Deploys Access Component Packages
i Resources Configures Repository
* Repository
0= )
it%‘ i top computer

Administrat@r
Administrator p
) Planner COMPONENT REPOSITORY
« Executor | &[ } &[ }
e Actors are abstract i :
Soecifi QoS Specs M
—Usually humans o (" contgurators )
omain onfigurations
& software tools Admiristrator Target| Deploymentl

These actors & stages are simply making explicit existing processes
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Component Packaging

Goal: Associate component implementation(s) with metadata

Interface mponen Component Component
Design Design Implementation Packading
Implementation
c . c . Object Artifact
omponen omponen _ Descriptors
Inéi;fii(i:t(ieolr?sl_ DL CIDL Implementation$ Component & ( iacFi))
Definitions Definitions Home Properties y i
Monolithic
<L Comp_on_ent
St;bs Language Component k Description
Skeletons Tools DLLs Component
Packaging Implementation
R DL T : I | Tools Descr_igtors
Compiler oL Servants, (.cid)
Compiler Executors, Component
Contexts Interface
N Descristors : Component
7 (.CC )* reallzesl PaCk_age
| Descriptors
I | (.cpd) e
Deployment —I-:'F!!E! ,
Deployment| | Plan ittt T I Component
Tools " Descriptor : realizes : uses'- Assembly
(.cdp) | [ ity r——————= Descriptors
1
Component !
_______ {
Deployment Package Assembly T
Planning | .
Tools Descriptors Tools
Running (.cpd)
Applications é Component &
Home Properties
Component Component
System Component & Domain Implementation
Deployment Home Properties Descriptor  Deployment Descriptor Application
(.cdd) Planning (*.cid) Assembly

66
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Component-based Software: Component

« Component
—Modular
—Encapsulates its contents

—Replaceable “black box”, — @ Provided Intertoce
. . —{  Used Interface
conformance defined by interface — Aribute

compatibility
« Component Interface

—“Ports” consist of provided interfaces (facets) & required (used)
Interfaces (receptacles)

—Attributes
« Component Implementation
—“Monolithic” (i.e., executable software) or

—“Assembly-based” (a set of interconnected subcomponents)

67
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Monolithic Component Implementation

» Executable piece of software

—One or more “implementation artifacts” —
(e.g., .exe, .S0, .0, .class)

—Zero or more supporting artifacts (e.g.,
configuration files)

e May have hardware or software
requirements/constraints

—Specific CPU (e.g., x86, PPC, SPARC) « Described by *.ccd

—Specific OS (e.g., Windows, VxWorks, * jad, & *.cid files
Linux, Solaris)

—Hardware devices (e.g., GPS sensor)

.
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Assembly-based Component Implementation

e Set of interconnected
(sub)components

 Hardware & software
Independent

—Reuses subcomponents as
“black boxes,” independent
of their implementation

* Implements a specific (virtual) component ¢Assemblies are hierarchical

interface ei.e., can be used in an

—I.e., external ports & attributes are encompassing assembly
“mapped” to internal subcomponents .
« Note recursion here...

e Described by *.ccd & *.cid
—Can be “standalone” applications or files

reusable components

.

» Assemblies are fully reusable
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Component Package

A set of alternative, replaceable implementations of
. C t
same component interface Loy = )

— ? \?M implementations for Windows, Linux, and/or _ . (Propertes

« Can be a mix of monolithic & assembly-based Creates
Implementations

Assembler

—e.g., a parallel, scalable implementation for a
Solaris symmetric multiprocessor or a single
monolithic Java component

* Implementations may have different “quality of

service” (QoS) eamagrest camagrent
_ _ O@ O @
—e.g., latency, resolution, security
» “Best” implementation is chosen at deployment time creates l ipa"ké‘w
e S8
—Based on available hardware & QoS Component Packages

requirements



Tutorial on Lightweight CCM D E F*” L Schmidt & Otte

L E o -t

Component Packaging Tools

» Goals
. . . Implementation
—Extract systemic properties into " tifact
metadata @ i
Home Properties i —
—Configure components, co_ntai_ners, Component N —— <L Destion
target environment, & applications PLLs B oonention
) ] ] Tools / Descriptors
—Provide abstraction of physical ? (.cid)
information, e.g., OS version, Cf;;‘;‘;;;fggm :
location of DLLs, etc. pecrplors /1§ / Component
(.CCd) realizesl_ PaCkage
. Descriptor
« CCM component packages bring together o)

—Multiple component implementations
—Component properties
—Descriptors (XML Files)

» Descriptors provide metadata that describe contents of a package,
dependencies on other components, 3" party DLLS, & value factories
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Application Assembly

Goal: Group packages & metadata by specifying their interconnections

Tutorial on Lightweight CCM Schmidt & Otte

Interface mponen Component Component
Design Design Implementation Packaging
ﬁ Implementation
_ Artifact
Interface IDL Component Component Object ' Descriptors
Definitions IDL CIbL Implementations Component & (.iad)
Definitions Definitions Home Properties i
Monolithic
Stub <L (éomppn_ent
;S | |Language / Component & . escription
Tools DLLs Component
3 Skeletons Packaging Implementation
DL T i Tools Descriptors
Compiler (cid)
CIDL
Compiler Component
Interface _ .
\ > De(sc(::gz;ors : Component
I f realizes — ! PaCk'age
l | Descriptors
| (.cpd) -
Deployment I reaiizes |
Deployment| | Plan e Tt 4 ! Component
< . realizes | -
Tools Descriptor : | Uses Assembly
(-cdp) | === qem————== Descriptors
! LY ,
Component
_______ [
Deployment Package Assembly T
Planning |fji« .
Tools Descriptors Tools
Running (-cpd)
Applications | é Component &
) Home Properties
Component Component i
System Component & Domain Implementation
Deployment Home Properties Descriptor | Deployment Descriptor Application
(.cdd) Planning (*.cid) Assembly

72
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e Goals

—Compose higher level components

from set of (sub)components

—Store composition & connection

information as metadata
—Provide abstraction of logical

information, e.g., interconnections

« Component assembly description
specifies:

—Subcomponent packages

—Subcomponent instantiation &
configuration

—Interconnections

Application Assembly Tools

Component Component
Interface - Package
Descrlgtors 3 Descriptors .
(.CC ) realizes (-de)

]
T (base :
: components) !
| realizes |
| uses | /' Component
| =T ——————q .
1 v Assembly
Compoﬂ]ent Descriptors
Package '
Descriptors Assembly Fo————-=
|
(-cpd) Tools
(assembled
components)

Component &

: &

Component
Implementation
Descriptor
(*.cid)

Home Properties

—Mapping of ports & properties to subcomponents
« “Pure metadata” construct (no directly executable code, hardware-agnostic)
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Deployment Planning

Goal: Map application assembly onto target environment via deployment plan

Interface mponen Component Component
Design Design Implementation Packaging

Implementation

_ Artifact
Interface IDL m Component Object Descriptors
Definitions IDL CIbL Implementations Component & (iad)
Definitions Definitions Home Properties  —
$ Monolithic
Component
St;bs .| |Language Component [ - Description
\ Skeletons Tools ) DLLs _ Component
Packaging Implementation
DL T Tools 7 Descriptors
Compiler Servants (.cid)
CIDL !
Compiler EXeCUtOrS, Component
Contexts Interface .
\ Delscrigsors | Component
F 3 realiz'sl_ Pack_age
t I Descriptors
P! (opd) /3
Deployment : | realizes :
Deployment| | Plan 4 i 4 : | Component
Tools Descriptor | realizes ! L Assembly
| | uses .
(-cdp) H i it === Descriptors
1
Component
_______ 1
v D;F;?])r/lmem . Package / Assembly P
Tools 9\ Descriptors  /_ Tools
Running (-cpd)
Applications é Component &
J Home Properties
Component Component P
Syste Component & Domain Implementation
Deploym Home Properties Descriptor | Deployment Descriptor Application
(-.cdd) Planning (*.cid) Assembly
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Deployment Planning Tools

I

» Goals
—Concretize deployment
metadata
—Using Deployment Domain to Component
describe deployment Deiiﬂg;ms
environment Deployment !
Plan |
« Component Deployment e o
Plan description: Deplofymem Comporen
—Flatten the assembly “rools” || De;%ga?;s

hierarchy -- an assembly of
monolithic components

Component
Domain
Descriptor
(.cdd)

Component &

—Deployment details — locations Home Properties
to deploy components

—Interconnections
—Mapping of ports & properties to subcomponents
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Deployment

Goal: Deploy/execute application/components according to deployment plan

Interface mponen Component Component
Design Design Implementation Packading
ﬁ Implementation
_ Artifact
Interface IDL Component Component Object Descriptors
Definitions IDL CIDL Implementations Component & (iad)
Definitions Definitions Home Properties —
Monolithic
Stub $ Component
ubs Description
Py | |Language Component
Skeletons Tools ) DLLs _ Component
Packaging Implementation
DL T i Tools 7 Descriptors
Compiler CIbL Servants, (ccid)
Compiler Executors, Component
Contexts Interface _ .
‘ Descriptors : Component
(- CCd)* realizes L Pac k_age
1 H Descriptors
P (.cpd) =
Deployment : | realizes :
Deployment B Plan / A 4 : | Component
Tools Descriptor | realizes : uses'- Assembly
(.cdp) | | §mmm o emm————= Descriptors
1 Y
Component
_______ |
. Deployment Package / Assembly P
Planning | |« ) “
Tools Descriptors Tools
Running (-cpd)
Applications é Component &
y Home Properties
Component Component
System Compopent & Domain Implementation
Deployment Home Prpperties Descriptor  |Deployment Descriptor Application
(-cdd) Planning (*.cid) Assembly
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Deployment Infrastructure Overview

Deployment
Deployment| | Plan
Tools B Descriptor
(.cdp)
A
Running
Applications

» Goals
—Realize a deployment plan on its target deployment platform
* Deployment phase includes:

—Performing work in the target environment to be ready to execute the
software (such as downloading software binaries)

—Install component instances into the target environment
—Interconnecting & configuring component instances
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Deployment Infrastructure Overview (1/2)
T atages gy |

) Plans deployment of application
Repository based on resoruce data from
Administrator resourceDataProvider. Resolve the
package using searchPath. Produce a
compatible deployment plan. A
<<manage packages>> - ( NodeApplication Y
e p— N~
KresourceDataProvider (<<Manager>> 1.
TargetManager
<<Manager>> / +spawns
RepositoryManager Planner 1
$<<creates>> _g— ——
”~ <<Manager>> N
5 <<|Planne;;|> ( NodeApplicationManager )
eploymentPlan .
+searchPath ploy +commitResources () N A
e, I
+releaseResources ()
+findPackage 1
+spawns

Executor <<Manager>>
/ <<Manager>> \ +Spawns : S +preparePlan [<<Manager>>
' ExecutionManager P AL LAY B prep NodeManager

1.* DomainApplication \ 1.* \
A i

Uses plan. Execute it in -
the target environment. ﬁ o Gaeh MeEe i ine
Deployment Plan.

Q Infrastructure (Services)
E /8

\ +preparePlan 1 i
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Deployment Infrastructure Overview (2/2)

 Repository Manager

—Database of components that -
are available for deployment

(“staging area”)

available nodes & res.
* Execution Manager

—Execution of an application
according to a “Deployment
Plan”

« Domain Application Manager

—Responsible for deploying an
application at the domain
level

« Domain Application

—Represents a “global” application
across nodes

“Component Software”
Runtime Model :
aging a

\Q@n of an application that’s

“Target” Runtime Model

ger
—Responsible for deploying a
locality constrained application
onto a node
* Node Application

—Represents a portion of an
application that's executing within

www.cs.wustl.edu/~schmidt/PDF/DanCE.pdf

a single node
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Deployment Infrastructure: Repository Manager

» Database of components
—Metadata (from Component Data Model) <<Manager>>
—Artifacts (i.e., executable monolithic RepositoryManager

implementations) “SinstallPackage()
. _ ‘ScreatePackage()
» Applications can be configured

“®findPackageByName()
—e.g., to apply custom policies, e.q., SindPackageByUUID()
"background color" = "blue"

SfindNamesByType()
SgetAllNames()

 Applications are installed from packages

—ZIP files containing metadata in XML

WgetAllTypes()
format & implementation artifacts

SdeletePackage()
 CORBA interface for installation of packages +pac|{agel *
retrieval, & introspection of metadata —
‘ <<Description>>

 HTTP interface for downloading artifacts PackageConfiguration

—Used by Node Managers during
execution

.
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Deployment Infrastructure: Target Manager

 Singleton service, i.e., one TargetManager

per domain <<Manager>>
» Retrieval of available or total resource TargetManager
capacities $getAllResources()

$getAvailableResources|()

* Allocation & release of resources (during Rt —

application deployment)

_ o _ _ ®releaseResources)
* No “live” monitoring of resources implied SupdateDomain()
(optional)
—Assumption: all resources are properly ~ *informationManager| 1
gllocated & released through this 1| +managedinformation
interface

<<Domain Administrator>>

» Allows “off-line” scenarios where the Domain

possibility & the effect of deploying
applications is analyzed
—e.g., “Given this configuration, is it possible to run this set of application
components simultaneously? How?”

.
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Deployment Infrastructure: Execution Manager

<<Manager=> <<Manager>=
1 ExecutionManager b | Logger
<<Manager>> | W8 preparef lan() | Oied
TargetManager = W etM anagers()

| <<Manager>>

"®des troyManager() NodeManager

W
<<Manager=>
ComainApplicationManager

 Singleton service, i.e., one ExecutionManager per domain
» A “daemon-like” process always running in each domain
« User-visible front-end for executing a global (domain-level) deployment plan

—Deployment plan results from planning for the deployment of an application,
based on a specific set of nodes & resources

« Has information on all NodeManagers in the domain

* Instructs NodeManagers to execute respective per-node pieces of an
application

.
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Deployment Infrastructure: Node Manager

<<Manager=>>
d <<Manager=>>

_ | | ﬂadem anager _ 1: | Taroutkigitagme
I cinDomain()
eaveDomain() ]
%mparaplan[] = =<Manager>>
estroyManager() 0..1 Logger

<<Manager>>
ModeApplicationManager

» Mirrors the ExecutionManager, but is limited to one node only
» A “daemon-like” process that is always running on each individual node

* Responsible for deploying local (node-level) deployment plan

.
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Execution/Node Managers Interaction

* ExecutionManager computes per-node
Deployment Plan Contfo!
. }{D—[ GGGGGGGGGG Display
component

—“Virtual” assemblies of components
on the same node

—Described using the same data
structure

o All parts are sent to their
respective NodeManager

—Processing can be concurrent

» ExecutionManager then sends “provided” *
references to their users —

e Transparent to “Executor” user

o




Tutorial on Lightweight CCM D E F*” {E Schmidt & Otte

L

Launch Application: Domain vs. Node

ApplicationManager Application
DomainApplicationManaager NodeApplicationManager DomainApplication NodeApplication

Domain* provides functionality at the domain level

Node* provides similar functionality, but restricted to a Node

ApplicationManager
e« startLaunch() &destroyApplication() operations

Application
e finishLaunch() &start() operations

.
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Deployment Actors

Install and configure
ackages in repository.

%

Repository
Administrator

Plans deployment of application
based on resoruce data from
resourceDataProvider. Resolve the
package using searchPath. Produce a
compatible deployment plan.

+searchPath

<<Planner>>
DeploymentPlan

+findPackage

<<manage packages>> —
“rurceDataProvider| _~Manager>>
TargetManager
<<Manager>>
RepositoryManager Planner 1
reates>>

+commitResources ()

NodeApplication

1.*

+spawns

<<Manager>>
NodeApplicationManager

+releaseResources ()

Executor

<<Manager>>
ExecutionManager

+spawns

+preparePlan 1

1.*

<<Manager>>
Domain ApplicationManager
DomainApplication

|

Uses plan. Execute it in
the target environment.

1
+spawns
+preparePlan | <<Manager>>
\ L NodeManager

O Actors O usually, humans aided by software tools

\

For each Node in the
Deployment Plan.

j

V
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Deployment Actors: Repository Administrator

* Receives component package from software

vendor
* Installs package into repository, using Repository 8 8 8

Manager Component Packages
» Assigns “installation name”
. Optiona_llly applies custom configuration . i Repository
properties
* i.e., sets default values for an application’s a >
external attributes (can be overridden during COMPONENT REPOSITORY
deployment) @ @
» Optionally sets “selection requirements”
* Will be matched against implementation [ Qos specs | (Dependencies |
capabilities (during planning) [ Configurations ]
» Maintains repository contents . )

e Browsing repository, updating packages,
deleting packages ...
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Deployment Actors: Planner

» Accesses application metadata from
Repository Manager

— Resolving referenced packages

» Accesses resource metadata from
Domain through Target Manager

— Live “on-line” data or simulated “off-
line” data

« Matches requirements against resources
» Makes planning decisions

— Selects appropriate component
implementations

— Places monolithic component
instances onto nodes, assembly
connections onto interconnects &
bridges

* Produces Deployment Plan

—“Off-line” plans can be stored for later
reuse

I —

Deployment Plan

Creates

Planner

Ay \Package

A\

EoEe

QoS Specs Dependen0|e§

[ Configurations ]

COMPONENT REPOSITORY J

)
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Deployment Actors: Executor

» Passes Deployment Plan to Execution
Manager

» Separate “Preparation” & “Launch” phases
—Preparation readies software for execution

e Usually involves loading
iImplementation artifacts to nodes via
Node Manager

« May (implementation-specific) also
involve pre-loading artifacts into
memory, e.g., for faster launch

—Launch starts application

 Instantiating & configuring
components

* Interconnecting components
« Starting components

I —

Deployment Plan

Gets

Executor

Deploys

v

\

=

j ! e [ —

Printer Laptop computer

| |

Ethemnet | ) Bridge
K ¢ Firewall /

89
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Control

Deployment Example

~

Mapping components to nodes

 The Di spl ay component is
an assembly component

Rate

/'« When we deploy it, only the

Display component “monolithic” components will
<Depl oynent : Depl oynent Pl an ... be actually deployed
<| abel >Di spl ay Depl oynent Pl an</| abel > _
<i nstance xm :i d="Rat eGen_I| nstance" > * “Deployer actor” can SpeC|fy
<name>Rat eGen_| nst ance</ name> which “monolithic”
<node>Al i ce</ node> component(s) maps to which

</instance> nodes, as specified by the
<i nstance xm :id="GPS_I nstance" >

<name>GPS | nst ance</ name> ComponentDeploymentPlan

<node>Al i ce</ node> (.cdp) descriptor

</instance>
<i nstance xm :id="NavDi splay_I nstance">
<nanme>NavDi spl ay_I nst ance</ nane>
<node>Bob</ node>
</i nstance>
</ Depl oynent : Depl oynent Pl an>

« We deploy three components
to two nodes
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Deployment Example: Prepare Plan
% Execution NodeManager
Manager T
Executor l |]
| prepoverlan DomainApplication
U U Manager :

: i NodeApplication
| t Manager

| |

I —D [

|

|

I

Called for each | |

| nede in the plan | |
1

I

» Before calling pr epar ePl an() , ExecutionManager should be running & two
NodeManagers should be running on Alice & Bob nodes

» Retrieve Component Packages from the Component Repository
* RepositoryManager parses XML metadata into an in-memory representation

» RepositoryManager creates global deployment plan & passes it to ExecutionManager
to pr epar ePl an() , which delegates to DomainApplicationManager

« DomainApplicationManager splits it into multiple local plans

« Contacts the two NodeManagers residing in Alice & Bob nodes to create appropriate
NodeApplicationManagers & dispatch individual local plans
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Deployment Example: Start Launch

[ ; n ModeApplication
_1|.’_ ‘ DomainApplication Manager
’ ] Manager |
Executor |

: DomainApplication ||_
| | |
|
[
|

st artLamich -1 )
‘ ‘ \ ‘ startLamch )
. ]
' Called far sach | L

|

| |

| | node in the plan |
|

« Executor initiates launching of the application
 DomainApplicationManager creates a DomainApplication object

 Facilitates application launch by contacting individual
NodeApplicationManagers

* NodeApplicationManagers residing in Alice & Bob nodes will create a
NodeApplication individually

.
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Deployment Example: Finish Launch & Start

Executor

DomainApplication

NodeApplication

finishLaunch (Boolean start, ..

A

_____|._________|______

finishLaunch (Boolean start, ..

—
2

: Called for each node in the deployment plan ﬁ
|

nodes to complete application launch

Connections between components are made at this stage

Optional “start” parameter could be given to indicate whether actually “start”
the application (i.e., Set Sessi onCont ext (), etc)

Executor notifies DomainApplication of completion of application launch
DomainApplication notifies NodeApplications running on Alice & Bob
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Deployment Examp

*

Exe:;utor

e: Application Teardown

}

U

DomainApplication ModeManager
Manager i
I | NodeApplication
Execution | DomainApplication | - Manager
Manager I | D |
m | | | Node
| | | | || Application
i des trc:-yﬂf:-p lication \J_'_ | destroyhpplication : I
| ' }
| |
I
: | 1 |
; | |
destroyldan ager | X | S j(
r‘_‘ destroywanager
/|—r 1
| X | X

» Executor initiates tear-down by first terminating running applications under its

control

—DomainApplicationManager ensures tear down of NodeApplications
running on both Alice & Bob nodes

* It then tears down both managers in Alice & Bob nodes



Wrapping
Up
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. COM spec Tutorial Summary

— Extends the CORBA object model to support application development
via composition

— CORBA Implementation Framework (CIF) defines ways to automate the
implementation of many component features

— Defines standard run-time environment with Containers & Component
Servers

— Specifies deployment & configuration framework

* Deployment & Configuration specification separates key configuration
concerns

— Server configuration
— Object/service configuration
— Application configuration

— Object/service deployment

.
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Additional Information on CORBA & CCM

OMG specifications pertaining to CCM  Books pertaining to CCM
* CORBA Component Model (CCM) « CORBA 3 Fundamentals & Programming,

«ptc/02-08-03 Dr. John Siegel, published at John Wiley &
« Lightweight CCM Sons
« ptc/04-02-03 Web resources pertaining to CCM
* QoS for CCM RFP *“The CCM Page” by Diego Sevilla Ruiz
*mars/03-06-12 «www.ditec.um.es/~dsevilla/ccm/
* Streams for CCM RFP «OMG CCM specification

emars/03-06-11

* WWW.0mg.org/technology/

* UML Profile for CCM documents/formal/components.htm
» mars/03-05-09 « CUJ columns by Schmidt & Vinoski
* Deployment & Configuration (D&C)

« WwWW.cS.wustl.edu/~schmidt/report-
e ptc/05-01-07 doc.html

Complete Lightweight CCM tutorial: www.cs.wustl.edu/~schmidt/OMG-CCM-Tutorial.ppt

97




Overview of CIAO

& Future R&D
Directions

D -G



Tutorial on Lightweight CCM B r E*“ E Schmidt & Otte
Overview of CIAO
« Component Integrated ACE ORB — —p—
(ankguration Campanant & Homs mpis
—Lightweight CCM implementation | s ‘ oL
— e b b
a'[Op TAO | Adaptation ! S A
—Supports component-oriented (0% | f—
paradigm for DRE applications Lo X N v TE mﬁ““"‘“““
I *;EGI'ITIIL&I! =] Dl:ph&jm'ﬂl'ﬂ = | Machanism el
* Provides Real-time CORBA “QL;““_' Contuston | Plugins ) | "EPEIR )

policies & mechanisms
required for DRE applications

» Key DRE aspects are supported
as first-class metadata

* First official release (CIAO 0.4) was at
end of December 2003

e Latest release is downloadable from
deuce.doc.wustl.edu/Download.html

1
Clientss'——

Iy
-\ Component Server

Obect I'. __II: e Comial e
Ruferenin Ciparation (| Homa | QoS
{ megm v rwiLam Ve 2 MHNMW 4
| Mamed ] |¢u,.q,m,.. | Go8 Policies |0 4
Fobkcy < "—"' .L_l
Aggregata a1 i |y GroB Praparty I
Qg W.I| - -1
Adaptation i | Aoak-Time poa |
f (8 ]a121 L = | Qos
Machanism A i, BT-O0FB Blachanignm
| Plig-ns Flugrins
e ’ 7, e Bt
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CIAO Status

o 3 @ « Components can be built as
’m\@\ shared libs or static libs

\ « Component server supported
« MDD tools to install, host, load,

Container
| & manage component
ﬁ Container Implementations are available
g ° The CIAO Deployment and
Configuration Engine (DANCE)

provides support for component
assemblies in compliance with

» Support for IDL 3 (conponent, hone

related keywords) & most CIDL features
have been added

. Suppo_rt for all types of ports: facets 0tc/02-08-03
(pr ovi des), receptacles (uses, uses
mul ti pl e), event sources (emi t s, * CIAO also supports Real-time
publ i shes) & event sinks (consumes)  CCM extensions

» Support for the Session container via — www.cs.wustl.edu/~schmidt/
CIDL compiler CIAO.html
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CIAO Next Steps

* Deployment & Configuration (Leads: Gan Deng & Will Otte)

— Implementing the new deployment & configuration specification, ptc/03-
07-02, necessary for DARPA ARMS program

— Changes to the deployment & assembly toolset to support lightweight
components, as prescribed by ptc/04-02-03

e Core CCM Infrastructure (Leads: Johnny Willemsen & Nanbor Wang)

— Additional support for Real-time CORBA Policies at the ORB level &
object level

* |.e., at the object reference level of a component receptacle

— Integration of different event propagation mechanisms (such as Event &
Notification Services) within the container

— Compliant with Lightweight CCM specification

e Modeling tool support for CIAO (Leads: Kitty Balasubramanian & Jeff
Parsons)

— See www.dre.vanderbilt.edu/cosmic for details
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How to Learn about CCM & CIAO Programming

« Examples available with the distribution

— Cl AO docs/tutorial / Hell o, asimple example that illustrates the
use of some basic CCM concepts

— Cl AQ exanpl es/ OEP/ Basi cSP

« A simple example that shows the interaction between 4
components

— Cl AQ exanpl es/ OEP/ Di spl ay

« Similar to the BasicSP, but has an additional feature showing
iIntegration with Qt toolkit

» Step-by-step to create & deploy components based on CIAO available at
— Cl AQ exanpl es/ Hel |l o

* “Quick CORBA 37, Jon Siegel, John Wiley & Sons provides a quick start
o C/C++ User Journal articles with Steve Vinoski
— www.cs.wustl.edu/~schmidt/report-doc.html




