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Introduction 1

1.1 The OMG Vision

The CPU as an island, contained and valuablesétf, is dying in the ninetiesThe

next paradigm of computing is distributed or cooperativeputing. This is driven

by the very real demands of corporations recognizing information as an asset, perhaps
their most important asset.

To make use of information effectively, it must be accurate and accessible across the
departmenteven across the world. This means thBtUS must béntimately linked to

the networks of the world and be capable of freely passing and receiving information,
not hidden behind glass and cooling ducts orcthraplexities of the software that

drives them.

1.1.1 Current Problems

The major hurdles in entering this new world are provided by softwareintleetd
develop it, theability to maintain anénhancat, the limits on howcomplex a given
program can be in order to be profitably produced and sold, anihthet takes to
learn to use it. This leads to the major issue facing corporate information systems
today: the quality, cost, and lack of interoperabilitysoftware. While hardware costs
are plummeting, software pgnses are rising.

As information systems attain strategic importaand represent the kesompetitive
edge to the industry leaders, the cost of inaccuracies or delayed implementations is
attenuating entire MiSlepartments. As systems departments requicgnration

among a diversity of imouse, brought-in, supplier, customer, @odhmercial
applications, those applications become increasingly difficult and complex.
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1.1.2 The OMG Solution

The Object Maagement Group (OMG) was formed to help reduce complexity, lower
costs, and hasten the introduction of new software applicafltesOMG plans to
accomplish this through the intradtion of anarchitectural framework with supporting
detailed interface specifications.hd@se specifications will drive the industry towards
interoperable, reusable, portable software components based on standard object-
oriented interfaces.

The OMG is an irdrnational trade association incorporated as a nonprofit in the
United States. The OMG receives funding on a yearly dues basis from its diverse
membership of more thaf00 corporations. The OMG is headquartered in
Framingham, Massachusetts, and has marketing offices in Frankfurt, Germayy, Tok
Japan; and Hounslow, England. The OMG also sponsors the world's largest exhibition
and conference on object technology, Object Woiltie nission of the OMG is as
follows:

» The Object Management Group is dedicated to maximizing the portability,
reusablity, and interoperability of software. The OMG is the leading worldwide
organization dedicated to producing a framework and specifications for
commercially available object-oriented environments.

» The Object Management Group provides a Reference Architecture with terms and
definitions upon which all specifications areskd. Implementations of these
specifications will be made available under fair and equitedslesand
conditions. The OMG will create industry standards for commercially available
object-oriented systems by focusing Bistributed Applications, Distributed
Services, and Commadracilities.

* The OMG provides an open forum for industry discussion, education, and
promotion of OMG-endorsed object technology. The OMG coordinttes
activities with related organizations and acts as a technology/marketing center for
object-oriented software.

The OMGdefines the object management paradigm as the ability to encapsulate data
and methods for software development. This models the "real world" through
representation of program components called "objects.” This representation results in
faster applicatiordevelopment, easier maintenance, reducedrara complexityand
reusable components. A central benefit of an object-oriented sysitalslity to

grow in functionality through the extension of existing components and the addition of
new objects to the system.

The software concept of "objects," as incorporated into the technology @hfext
Management Group, will provide solutions to gwftware complexities of the 108.
Object-oriented architectures will allow applications acquired from different sources
and installed on different systems to freely exchange information. Software "objects"
will mirror the real world business objects they support, in the sense that the architect's
blueprint mirror a building.The OMG enwsions a day where users of software start
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up applications as they start up their cars, with no more concern about the underlying
structure of the objects they manipulate than the driver has about the molecular
construction of gasoline.

1.1.3 Goals of the OMG

The members of the Object Managemeéaitoup have a shared goal of developing and
using integrated software systems. These systems should be built using a methodology
that supports modular production of software; encourages reuse of code; allows useful
integration across lines of developers, operating syséamhdhardvare;and enhances
long-range maintenance of that code. Members of the @BIBve that the object-
oriented approach to software construction best supports their goals.

Object orientation, at both the programming language applications environment
levels, provides a terrific boost in programmer productivity, and greatly lends itself to
the production of integrated software systems. While not necessarily promoting faster
programming, object technology allowsu to constructore with less code. This is
partly due to the naturalness of the approach, and algs torous requirement for
interface specification. The only thing missing is a set of standard interfaces for
interoperable software components. This is the mission of the OMG.

Member companies join the OMG because they see themselves in a position to
capitalize on a decade's work in object-oriented development by constructing a real
system based on a vision of a distributed object-oriented architecture for application
development. A major goal is to define a living, evolving standard neghzed parts,

so that applications developers can deliver their applications with off-the-shelf
components for commoiacilities like object storage, class structure, peripheral
interface, user interface, etc. The function of the OMG is then to promulgate the
standard specifications throughout the international industry, and to foster the
development of tools ansbftware components compliant with the standard.

1.1.4 The OMG Process

The OMG Board oDirectors approves the standard by esipiote on a technology-
by-technology basis. The OMG Board offf€rtors base#s decisions on both
business and technicaderit. Asportions of the reference model are proposed to be
filled by various vendors' software specifications, the stangands. The purpose of
the OMG Technical Comittee (TC) is toprovide technical guidance and
recommendations to th@oard in making these technologgcisions. An end-user
special interesgroup likewise guides the Boatdward decisions in the besiterests

of technology users.

The TC is composed oépresentatives of all OMG member companies (Corporate,
Associate, and End User), with slan voting provisions to th&oard's voting

structure. It is operated by a Vice President of Technology, workihgirhd for the

OMG (as opposed to being employed by a member company). The TC operates in a
Request for Propos@RFP) mode, regesting technology téll open portions of the
reference model from thaternational industry. (This document lays theundwork

for technology response to our Requests for Proposals and subsequent adoption of
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specifications.) The responses to an RFP, taken within a specific response period, are
evaluated by a Task Force of the Technical Committee. ThefilthEC votes on a
recommendation to thBoard for approval of the proposed addition to the standard.
Once a technology specification (not source code or product) has been adopted, it is
promulgated by the OMG to the industry through a variety of distribidiamnels.

There also exists a somewhat faster model for adopting standards, one that is based on
Requests for Public Comment (R}

1.2 Bendts of Object Management

As previously mentioned, the technological approach of object technology (or object
orientation)was chosen bthe OMG founders not fats ownsake, but in order to

attain a set of end user goals. End users benefit in a number of ways from the object-
oriented approach to application construction:

* An object-oriented user interface has many advantages over more traditional user
interfaces. In an object-oriented user inteefaApplication Objects (computer
simulated representations of readrld objects) are presented &md users as
objects that can be manipulated imay that is similar to the manipulation of the
real world objects. Examples of such object-oriented unserfaces are realized
in systems such as Xerox Star, Apple Macintosh, NeXTStep from NeXT
Computer, OSF Motiind HP NewWave, and to a lted degree, Microsoft
Windows. CADsystems are alsogood example in which components of a
design can be manipulated in a way iEamto the manipulation of real
components. This results in a reduced learning curve and common "look and feel"
to multiple applications. It is easier to s&ed point than to remember and type.

* A more indirect end-user benefit of object-oriented applications, provided that
they cooperate according to some standard, is that independently developed
generalpurpose applications can be combined in a user-specific way. It is the
OMG's central purpose to create a standard that realizes interopetadtiliyen
independently developed applications across heterogeneous networks of
computers. This means that multiple software programs appeanasttothe
user of information no matter where they reside.

» Common functionality in different applications (such as storageretnigval of
objects, mailing of objects, printing of objects, creatmddeletion of objects, or
help and compter-based training) is realized by common shared objects leading
to a uniform and ensistent user interface.

» Sharing of information drastically reduces documentation rédncy. Consistent
access acrognultiple applications allows for incased focus on application
creation rather than application education.

 Transition to object-oriented application technology does not make existing

applications obsolete. Existing applicatiaram be embedded (with different
levels of integration) in an object-oriented environment.
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» Pragmatic migration of existing applications gives users control over their
computing resources, and how quickly these resources change.

» Likewise, application developers benefit from object technology and object-
oriented standards. These benefits fall into two caiegor

*Through encapsulation of object data (making data accessible only in a way
controlled by the software that implements the object) applications are built
in a truly modular fashion, preventinmintended interference. In addition,
it is possible to build applications in an incremental way, preserving
correctness during the development process.

*Reuse of existing components. Sfieaily, when the OMG standard is in
effect, thereby standardizing interactibatween independently developed
applications (and application components), cost andtieagican be saved
by making use oéxisting implementations of object classes.

* In developing standards, the OMG keeps these benefits of object orientation in
mind, together with a set of overall goals:

*Heterogeneity. Integration of applicatioarsd fcilities must be available
across hetegeneous networks @fystems independent of networking
transports and operating systems.

e Customization optins. Common Ecilities must be customizable in order to
meet specific end-user or organizational requiremandspreferences.

*Scope. The scope of OMG adopted technologh&acterized by both work
group support anthission critical applications.

*Management and control. Issues such as security, recovery, intattypt
auditing, and performance are examined.

Internationalization. As the OMG is itself an internatiogadup, the
standard reflects built-isupport forinternationalization of software.

*Technical standards. Standards to meet these user goals are the central goal
of the OMG, as well as the content of this manual.
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2.1

Introduction

Overview 2

This chapter uses typical problems and their OMG solutions to describe what the
OMG's Object Management Architecture tries to achieThe examples ithis
chapter should put the rest of the guide in perspeatidehelp the user to appreciate
the proposed technology, as outlined in the following chapters.

This chapter makes several assumptions: first, that the OMG's Object Management
Architecture is mature; second, that conforming platfoamdapplications are

abundant; and third, that the examples, taken from the mechanical CAD world, apply
to other application areas as well.

2.2 The Advantages of OMA for System Vendors

Situation

A supplier of CAD workstationdas, on the basis of hardware and a CAD-M
application, a good position in the CAD-M market.

Problem 1: A large customer requires that the manuals related to his design be created
on another supplier's publishing workstations, directly accessing the design
information.

Solution: With the OMG's Object Management Architecture in place, th®-GA

design objects are stored on a database server. These objects are accessed by CAD
application functions (methods) forawing, parts explosion, and others. The new
documentation requirements can be implemented byesimg the pubshing

equipment to the CAD network. A multimedia editor runs on the publishing
workstations and addresses the CAD-M design objects to generate the drawings to be
included in the documentation. Somditing is ofcourse required: an illustration in a
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manual usually takes a different format than a design drawing. The déggtsanay
require a method to generate a representation in a format compatible with the
publishing software, since there are many standards in the CAD world.

Equipment as well as software from differeources can interoperate. Substantial
functional extensions can be made by applying a minimum of glueebatwonrelated
but existing applications. Software is reusable and extensible.

Problem 2: A major competitor expands its product with supportciocuit board
design. To be competitive, the system vendor must port software supplied by a leading
OEM.

Solution: The solution of the second problem is even simpler: if the system vendor's
hardware andystems software is indeed a platfosapported by the Object
Management Architecture and the circuit board design application conforms to the
Object Management Architecture, the porting of the circuit board design application is
straightforward and the system vendor as well as the G&are supplier caanjoy

a prodiuctive OEM contract. Applications written in conformza with the Object
Management Architecture are portable. Translating these technical opportunities in
business terms, it means that the system vendor can profit from the OMG's Object
Management Architecture due to:

* Reducednitial cost to make new functionality available (alternatively, more
functionality offered to the customers at the same cost) since existing software
(from the System Vendor or from OEM sources) can easily be integrated.

 Early availability of a larger number of functions, leading to an extension of the
market size.

2.3 The Advantages of OMA for Independent Software Vendors

Situation

An independent software vendor (ISV) has a position in stredgsis of mechanical
parts.

Problem: The ISV wants to extend the functionalitytiwsoftware for thesimulation
of dynamic behavior of mechanical designs. The target is a set of existing CAD-M
platforms.

Solution: Object Management Architecture is notgita complex applications (like
simulation of dynamic behavior of mechanical designs) require hard work. However,
OMG's technology allows the ISV in this example to concentrate on the essentials: the
complexity of simulation.

The Object Maagement Architecture comes with standardized Object Services (for
application controlled management of objects) and a set of Comamilities, in this
case, helping to visualize the results of the simulation.
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When used in a CAD-M environmetitat provides methods for parts explosion and
retrieval of design data, OMG technology results in edéehend-user functionality
while conserving the existing design environment.

Since the simulation of dynamic behavior may involve heavy number crunching,
calculations can be delegated to a dedicated semmfiding the necessary megaflops,
and leaving the CAD warkstation resources free for interactive design work.

The Object Maagement Architecture improves productivity by reusing exispiags

(and thus focusing on essentials). Object-oriented software design using the standard
components of the Object Management Architecture imposes a design phyidbat

leads to less iteration during the design phase. Object Management Architecture
provides transparency over heterogeneous networks, allowing specific tasks to be
delegated to specific machines.

2.4 The Advantages of OMA for End Users

Situation

A central CAD department of a pump factory supplying a large variety of pumping
equipment.

Problem: The management of the central CAD department of the pump factory gets
the following tasks:

» Fine-tune the design of a series of high-precision pumps. A CAD-M system is
available but fine-tuning requires stress analysis and simulation of dynamic
behavior of the moving parts in the pump's design.

» Refine reporting of design costs to reflect the cost per product line. The
accounting department is equipped with PC workstations connected to the
factory's LAN. Reporting from accounting is based on regular word processing
and spreadsheet applications.

* Propose, in cooperationitlv the documentation department, an improved
procedure for the production of manufacturing and service documentdatran.
documentation department uses desktop publishing equipment, connected to the
factory's LAN.The sipplier of the CAD equipment has a stress analysis package
in its catalogueand is able tdonstall thatpackage on the current equipment.

(Refer to 1.) The samesupplier has recently announced tivaitability of an
extension allowing siulation of dynamic behavior of mechanical designs. A
contact with the ISV supplying that software indicates that the necessary vibration
analysis can indeed be done but will require momaler-crunching capacity

than is currently available.
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Solution: The pump factory's computer consultant indicates how the classes of the
CAD-M package can be extended with an automatic time-stanilty. Each week,
the collection of time stamps mit into a spreadsheet format and is sent to
Accounting. The implementation work needed is assignedstftaare hose
specializing in Object Management Architecture—conforming software.

Another extension to the CAD-M classes is an option to exthastingsfrom the

CAD-M object database in a format required by the desktop publishing software. The
documentation department gets (read-only) access to released design objects in the
database of the CAD department.

For the end user, standardized interfaces for object-oriented application software
provide the option of extensibility of existirgpftware. In addition, thugh

encapsulation of non-odorming applications (like the spreadshpatkage of
Accounting), the transition to the new technology can be a gradual one. The
productivity of an organization can be improved through exploitation of the
interoperability of conforming software over heterngeus networks. In addition, the
object-oriented approach to application software guarantees an intuitive user interface:
computer-simulated objects cospond withreal world objects, whether they are the
blades of a pump, a pump's service manuals, or weekly reports on the time spent on a
specific design. Standardization of object-oriented technology creates unifandity
consistency over different and independently developed applications.

2.5 Object Management Antecture

The Object Request Broker component of the Object Managemehitécture is the
communications heart of the standard. This is referred to commercially as CORBA
(Common Object Request Broker Architecture). It provides an infrastructure allowing
objects to communicate, independent of the sjpepiatforms and techniquassed to
implement the addressed objects. The Object Redaneker componenwill

guarantee portability and interoperability of objects over a network of hetemgene
system. Specifications for the Common ObjeetiRest Broker are contained in
CORBA: Common Object Request Brokechitecture and Specification.

» The Object Services component standardizedifineycle management of
objects. Functions are provided to create objects (the Object Factory), to control
access to objects, to keep track of relocated objects and to consistently maintain
the relationship between groups of objects. The Object Service components
provide the generic environment in which single objects can perform their tasks.
Standardization of Object Services leads to consistency over different applications
and improved productivity for the developer. Specifications for the Object
Services that have been adopted as standards by the OMG are contained in
CORBAservices: Common Object Services Specifications.

» The Common Facilities component provides a set of generic application functions

that can be configured to the requirements of a fpexnfiguration. Examples
are printing fadities, database falities, and electronic il facilities.
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Standardization leads to uniformity in generic operations and to optioesdor
users to configure their configurations (ggosed to configuring individual
applications).

» The Application Objects part of the architecture represents those application
objects performing specific tasks fosers. One application is typically built
from a large number of basic object classes, partly specific for the application,
partly from the set of Common Facilities. New classes of application objects can
be built by modification of existing classes thgh ¢generalization or
specialization of existing classes (inheritanceprmawided by Olfect Services.
The multi-objectclass approach to application development leads to improved
productivity for thedeveloper and to options for end users to combine and
configure their applications.

» Domain Interfaces are domain-specific interfaces for application dorsadisas

Finance, Healthcare, Manufacturing, TelecorgciEonic Commerceand
Transportation.

OMA Object Management Architecture  January 1997 2-5
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The Object Model 3

3.1 Overview

The object model provides an organized presentation of object concepts and
terminology. It defines a partial model for computation that embodielsethe
characteristics of objects as realized by the submittelthtdogies. The OM@bject
model isabstractin that it is not directly realized by amarticular technology. The
model described here iscancreteobject model. A concrete object model may differ
from the abstract object model in several ways:

* It may elaboratethe abstract object model by making it more specific, for
example, by defining théorm of request parameters or tamguage used to
specify types

* It maypopulatethe model by introducing specific instances of entities defined by
the model, for example, specific objects, specific operations, or specific types

* It mayrestrict the model by eliminating entities or placing additioredtrictons
on their use

An object system is a collection of objects that isolates the requestors of services
(clients) from the providers of services by a well-defined encapsulating interface. In
particular, clients are isolated from the implementations of services as data
representations and executable code.

The object model first describes concepts that are meaningful to clients, including such
concepts as object creation and identity, requests and operations, types and signatures.
It then describes conceptslated to object implementations, includisgch concepts

as methods, execution enginasd activaton.

The object model is most speciimd prescriptive in defining concepts meaningful to
clients. The discussion of object implementation is more suggestive, with the intent of
allowing maximal freedom fodifferent objecttechnologies to provide different ways

of implementing objects.
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There are some other characteristics of object systems that are outside the scope of the
object model. Some of these concepts are aspects of application architecture, some are
associated with specific domainswich object technology is applied. Such concepts

are more properly dealt with in an architectural reference model. Examples of excluded
concepts are compound objects, links, copying of objects, change management, and
transactions. Also outside theoge of the object model is the model of gohtaind
execution.

This object model is an example of a classical object model, where a client sends a
message to an object. Conceptually, the objeetprets the message to decide what
service to perform. In the classical model, a message identifies an object and zero or
more actual parameters. As in most classical object models, a diskirdfirst

parameter is required, which identifies the operation to be performed; the interpretation
of the message by the object involves selecting a method based on the specified
operation. Operationally, of course, method selectimnd be performed either by the
object or the ORB.

3.2 Object Semantics

An object system provides services to clientsli&nt of a service is any eityt
capable of requesting the service.

This section defines the concepts associated with object semantics, that is, the concepts
relevant to clients.

3.2.1 Objects

An object system includes entities known as objectsoBjectis an identifiable,
encapsulateéntity that provides one or more services tteat be requested by a
client.

3.2.2 Requests

Clients request services by issuing requesteeqiiestis an event, i.e. something that
occurs at a particular time. The information associated with a request consists of an
operation, a target object, zero or more (actual) paramatedsan optional request
context.

A request formis a description or pattern that can be evaluated or performed multiple
times to cause the issuing of requests. As described in the OMG IDL Syndax
Semantics chapter, request forms are defined by particular language bindings. An
alternative request form consists of calls to the dynamic invocation interface to create
an invacation structuee, add arguments to the invocation structure, and to issue the
invocation. Avalueis anything that may belagitimate (actual) parameter in a

request. A value may identify an object, for the purpose of performing the request. A
value that identifies an objectéslled anobject nameMore particularly, a value is an
instance of an OMG IDL data type.

A Discussion of the Object Management Architecture



An objectreferences an object name that reliabdienotes garticular object.

Specifically, an object reference will identify the same object each time the reference is
used in a request (subject to certain prageimits of s@ce and time). An object may

be denoted bynultiple, distinct object references.

A request may have parameters that are used to pass data to the target object; it may
also have a request context which provides additioviatmation about the request.

A request causes a service to be performed on behalf of the client. One outcome of
performing a service is returning to the client the results, if any, defined for the request.

If an abnormal condition occurs during the performance of a request, an exception is
returned. The eception may carry additional return parameters particular to that
exception.

The request parameters are identified by position. A parameter may be an input
parameter, an output parameter, or an input-output parameter. A request may also
return a singleesult value as well as any output parameters.

The followingsemantics hold for all requests:

®* Any aliasing of parameter values is neither guaranteed removed nor guaranteed to
be preserved

®* The order in which aliased output parameters are written is not guaranteed
® Any output parameters atmdefined if an egeption is returned

® The values that can be returned in an input-outptameter may be constrained by
the value thatvas input

Desciptions of the values and exceptions that are permitted, sed 3.

3.2.3 Object Creation and Destruction

Objects can be created and destghy-rom eclient’s point of view, there is no special
mechanism for creating or destroying an object. Objects are created and destroyed as
an outcome of issuing requests. The outcomebf@ad creation is revealed to the client

in the form of an object reference that denotesni object.

3.2.4 Types

A typeis an identifiable entity with an associated predicate (a single-argument
mathematical function with a boolean result) defined over values. A galisfiesa
type if the predicate is true for that value. A value Haisfies aype is called a
member of the type

Types are used in signaturesréstrict a possible parameter or to characterize a
possible result.

The extension of a types the set of values that satisfy the typamy particular time.
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An object types a type whose members are objecter@ily, values that identify
objects). In othewords, an bject type is satisfied only by (values that identify)
objects.

Constraints on the data types in this model are shown in this section.

Basic types

» 16-bit and 32-bit signed and unsigned &smplement integers

32-bit and 64-bit IEEE floating point numbers
* Characters, as defined in ISO Latin-1 (8859.1)
» A boolean type taking the values TRUE and FALSE

« An 8-bit opaque detectable, guaranteesdbundergo any conversion during
transfer between stems

« Enumerated types consisting of ordered sequencigeiofifiers

A string type which consists of a variable-length array of characters; the length of
the string is available at run-time

» A type “any” which can represent any possible basic or constructed type

Constructed types:
» A record type (called struct), consisting of an ordered set of (name,value) pairs

» A discriminated union type, consisting of acliminatorfollowed by an instance
of a type appropriate to the discriminator value

» A sequence type which consists of a variable-length array of a single type; the
length of the sequence is available at run-time

» An array type which consists of a fixed-length array of a single type

* An interface type, which specifies the set of operations which an instance of that
type must support

Values in a request are restricted to values that satisfy these type constraints. The legal
values are shown in on page 3-5. No particular representation for values is defined.
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Value

Object Reference Constructed Value

Basic Value Struct Sequence Union Array

Short Long UShort ULong Float Double Char String Boolean Octet Enum Any

Figure 3-1 Legal Values

3.2.5 Interfaces

An interfaceis a description of a set of possible operations that a client may request of
an object. An objecsatisfiesan interface if it can be specified as the target object in
each potential request described by the interface.

An interface types a type that is satisfied by any objéliterally, any value that
identifies an object) that satisfies a particular interface.

Interfaces are specified in OMG IDL. Interface inheritance provides the asitom
mechanism for permitting an object to suppatltiple inerfaces.The principal
interfaceis simply the most-specific interface that the object supports, and consists of
all operations in the transitive closure of the interface inheritance graph.

3.2.6 Operations
An operationis an identifiable entity thatenotes a service that can be requested.

An operation is identified by aoperation identifier An operation is not a value.

An operation has a signature that describes the legitimate valuesieStg@mrameters
and returnedesults. In particular, aignatureconsists of:

» A specification of the parameters required in requests for that operation
» A specification of the result of the operation

A specification of the exceptions that may be raised by a request for the operation
and the types of the parameters accompantyiam
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» A specification of additional contextual information that may affect the request

» An indication of the execution semantics the client should expect from a request
for the operation

Operations are (potentially) generic, meaning that a single operation can be uniformly
requested on objects with different implementations, possibly resulting in observably
different behavior. Genericity is achieved in this model via interface inheritance in IDL
and the total decoupling of implementatifwom interface specification.

The generaform for an operation signature is:

[oneway] <op_type sp ec> <identifier> (paraml, ..., paramL)
[raises(exceptl,....exceptN)] [co ntext(hamel, ..., nameM)]

where

» The optionaloneway keyword indicates that best-effort semantics are expected
of requests for this operation; the default semantics are exactly-once if the
operation successfully returns results or at-most-once if an exception is returned

e The<op_type_spec> is the type of the return result
» The<identifier> provides a name for the operation in the interface

» The operation parameters needed for the operation; they are flagged with the
modifiersin, out, orinout to indicate the direction in which theformation
flows (with respect to the object performing the request)

» The optionalraises expression indicates which user-defined exceptions can be
signaled taterninate a request for this operation; if such an expression is not
provided, nouser-defined exceptions will be signaled

» The optionakontext expression indicates which request context information will
be available to the object implementation; no other contextual information is
required to be transported with the request

Parameters

A parameter is characterized by its maaha its type. Thenodeindicates whether the
value should be passed from client to seru), (from server to clientout), or both
(inout). The parameter’s type constrains the possible value which may be passed in
the directions dictated by the mode.

Return Result

The returnresult is a distiguishedout parameter.
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Exceptions

An exception is an indication that an operatiequest was not performed successfully.
An exception may be accompanied by additional, exception-specific information.

The additional, exception-specific information is a specialifeuin of record. As a
record, it may consist afny of the types described ir&ion 3.2.4.

Contexts

A request context provides additional, operation-specific information that may affect
the performance of a request.

Execution Semantics

Two styles of execution semantics are defined by the object model:

» At-most-once: if an operation request returns successfulyastperformed
exactly once; if it returns an exception indicationyéts performed anhost-once.

» Best-effort: a best-effort operation isequest-only operation, i.e. it cannot return
any resultsand the requester never synchronizes with timapetion, if any, of
the request.

The executiorsemantics to be expected is associated with an operation. This prevents
a clientand object implementatioinom assuming different execution semantics.

Note that a client is able to invoke an at-most-once operation in a synchronous or
deferred-synchronous manner.

3.2.7 Attributes

An interface may have attributes. An attribute is logically equivalent to declaring a pair
of accessor functions: one tetrievethe value of the attributend one to set the value
of the attribute.

An attribute may be read-only, in which case only ribtgieval accessor function is
defined.

3.3 Object Implementation

This section defines the concepts associated with object implementation, i.e. the
concepts relevant tealizing the behavior of objects in a computational system.

The mplementation of an object system carries out the computational activities needed
to effect the behavior of requested services. Tlaeseities may includeomputing

the result of the requeand updating theystem state. In the process, additional
requests may be issued.
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The mplementation model consists wfo parts: the execution modahd the
construction modelThe executioomodel describes how services are performed. The
construction model describes how services are defined.

3.3.1 The Execution Model: Performing Services

A requested service is performed in a computational system by executing code that
operates upon some data. The data represents a component of the state of the
computational system. The code performs the requested service, which may change the
state of the system.

Code that is executed to perform a service is callegethhod A method is an
immutable description of a computation that can be interpreted by an exesngioe.
A method has an immutable attribute callechethod formathat defines the set of
execution engines that camerpret the methd. Anexecution enginé an abstract
machine (not a program) that can interpret method=segain formatscausing the
described computations to be performed. An execuditgine defines a ayamic
context for the execution of a methdithe execution of a method éalled amethod
activation

When a client issues a request, a method of the target objdteid. The input
parameters passed by the requestor are passed to the method and the output parameters
and return value (or @eption and its parameters) grassed back to the requestor.

Performing a requested service causes a method to execute that may operate upon an
object’s persistent state. If the persistent form of the method or state is not accessible
to the executiorngine, it may be necessaryfiist copy the method or state into an
execution context. This process is caliedivation the reverse process is called
deactivation

3.3.2 The ConstructioModel

A computational object system must provide mechanismeefdizing behavior of
requests. These mechanisms inclddénitions of object state, definitions of metts,
anddefinitions of how the object infrastructure is to select the methodsetutxand

to select the relevant portions of object state to be made accessible to the methods.
Mechanisms must also be provided to describe the concrete actions associated with
object creation, such as association of the new object with appropriate methods.

An object implerentatior—or implementationfor short—is a definition that provides

the informationneeded to create an object and to allow the object tipate in

providing an appropriate set of services. An implementation typically includes, among
other things, definitions of the methods that operate upon the state of an object. It also
typically includes informatiombout the intended type of the object.
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Reference Model 4

4.1 Object Management Antecture

4.1.1 Introduction

The Object Managment Achitecture GuidOMAG) describes OMG's technical
objectivesand terminology and provides the concepin&iastructureupon which
supporting specifications are based. The guide include®th® Object Modelwhich
defines common semantics for specifying the externally visible characteristics of
objects in a standard implementation-indegent way, and th@MA Reference Model.

Through a series of RFPs, OMG is populating the OMA wiétaitied specifications
for each component and interface category in the Reference Model. Adopted
specifications include the Common Obj&equest Broker Athitecture (CORBA),
CORBAservices, and CORBacilities.

The wide-scale industry adoption of OMG's OMA provides application developers and
users with the means to build interoperable software systems distributed across all
major hardvare, operating system, and programming language environments.

4.1.2 Reference Modelv@rview

The Reference Model identifies and characterizes the components, inteafates,
protocols that compose the OMA. This includes @igect Request Brok€é©ORB)
component that enables clients argjects to communicate in a distributed
environment, and four categories of object interfaces:

» Object Serviceare interfaces for general services that are likely to be used in any
program based on distributed objects

 Common Facilitiesare interfaces for horizontal end-user-orierfedlities
applicable to most application domains
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» Domain Interfacesre application domain-specific interfaces
» Application Interfacesre non-standardized application-specific interfaces

These interface categories are shown in Figure 4-1.

Non-standardized Application Horizontal
app-specific interfaces domain-specific interfaces facility interfaces
pplication Inte rfaces Domain Interfaces Common Faci lities

Object Request Broker

A A A 3 A

Object Services

General service interfaces

Figure 4-1 OMA Reference Model: Interface Categories

A second part of the Reference Model, shown in Figure 4-2, focuses on intevéaee
and introduces the notion of domain-specfibjectFrameworks An Object
Framework component is a collectionafoperating objects that provide an integrated
solution within an application or teaology domain and which is intended for
customization by the developer or user. Object Frameworks are explained in more
detail below.
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4.1.3 Interface versus Implementation

It is important to note that applications need only support or use OMG-compliant
interfaces to participate in the OMAhey need nothemselves be constructed using
the object-oriented paradigm. Figure 4lows, in thecase of Object Services, how
existing non-object-orientedoftware can be embddd in object§sometimes called
object wrappers) that participate in the OMA.

4.1.4 Object Request Broker

The Common Object Request Broker Architectdedines the programming interfaces

to the OMA ORB component. An ORB is the basic mechanism by which objects
transparently make requests to - and receive responses from - each other on the same
machine or across a network.client need not be aware of the meclkars used to
communicate with or activate an object, how the object is implemented, nor where the
object is locatedThe ORB thudorms thefoundation for building applications

constructed from distributed objects and for interoperabil@iwveen applications in

both homogeneous arittterggeneous environments.

The OMG Interface Definition_anguage(IDL) provides a standardized way to define

the interfaces to CORBA objecfEhe IDL definition is the contradbetween the
implementor of an object and the client. IDL is a strongly typed declarative language
that is programming language-independent.duege mappings enable objects to be
implemented and sent requests in the developer's programming language of choice in a
style that is natural to that language.

4.1.5 Object Services

Object Services are general purpose services that are either fundamental for developing
useful CORBA-based applications composedlisfributed objects, or thatrovide a
universal - application domain-iegendent - basis for application interopeligbi

Object Services are the basic building blocksdistributed object applications.
Compliant objects can be combined in many different ways and put to diffargnt
uses in applications. They can be used to construct higherfémilties and object
frameworks that can interoperate across multiple platform environments.

Adopted OMG Obiject Services are collectively called CORBAservices and include
Naming, Events, LifeCycleRersistent Object, Transactiongr€urrency Control,
Relationships, Externalization, Licensing, Query, Properties, Security, Time,
Collections, and Trader. See “4.2 Summary of ObjectviSes” for additional
information.

4.1.6 Common Facilities

Common Facities are interfaces for horizontal end-user-oriented facilities applicable
to most application domains. Adopted OMG Common Facilities are collectively called
CORBAfacilitiesand include an @enDoc-based Distributed Documenadéility.
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A specification of a Common Facility or Object Service typically includes the set of
interface definitions - expressed in OMG IDL - that objects in various roles must
support in order t@rovide useor participate inthe facility or service. As with all
specifications adopted by OM@acilities and services are defined tiearms of

interfaces andheir semantics, and not a particular implementation.

4.1.7 Domain Interfaces

Domain Interfaces are domain-specific interfaces for application doreaaisas
Finance, Healthcare, Manufacturing, Telecom, Electromim@erce, and
Transportation. Figure 4-1, highlights tfact that Domain Interfaces will lgrouped
by application domain bghowing a pssible set of collections of Domain Interfaces.

4.1.8 Object Frameworks

Unlike the interfaces to individual parts of the OMA “plumbingfrastructure, Object
Frameworks are complete higher level components that provide funiioofadiirect
interest to end-users in particular application or technology domains.

Object Frameworks arepllections of cooperating objects categorized fpplication,
Domain, Facility, andService ObjectsEach object in a framework suppoftsr

example, by virtue of interface inheritance) or makes use of (via client requests) some
combination of Application, Domain, Commormgility, and Object Services

interfaces

A particular Object Framework may ieain zero or more Application Objects, zero or
more Domain Objects, zero or moradiity Objects, andero or more Service

Objects. Service Objects support Objeenices (OS) interfaces; Facility Objects
support interfaces that are some combination of Common Facilities (CF) interfaces and
potentially inherited OS interfaceBpmain Objects suppoimterfaces that are some
combination of Domain Interfaces (DI) and, potentially, inherited CF and OS
interfaces; and so on for Application Objects. Thus, higher level components and
interfaces build on and reuse lower level components and interfaces.
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Objects

Domain Facility
Objects Objects

0S CF,
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Object Request Broker

Object
=" Framework
0OS (O]
Service

Objects

Figure 4-2 OMA Reference Model: Interface Usage

The concept of an Object Framework Igstrated in Figure 4-2. Objects are shown as
an implementation “core” surrounded by a partitioned concentric shell (or “donut”)
representing the interfaces that the object supports.

The pictureshowsthe most general case where objects support all the possible
interfaces for their category. In any given specific situatilagenerative cases may
exist, such as Domain Objects that support onheiited Object Services interfaces
(e.g. the event channel pull consumer interface) and no CorfRauility interfaes, or
Domain Objects that support neither Object Services or Commoailit{F interfaces in
order to provide their functionality.

Figure 4-3shows how objects in anlect Framework can make requests to other
objects in the framework in order to provide the overall functionality of the framework.
The pictureshows three requests: oftem an Application Object to a Service Object;
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onefrom a Facility Object to a Service Objeand onerom a Domain Object to an
Application Object which could, for example, be a “call back” tocarin Interface
supported by the Application Object.

Implementation provided by Implementation provided by
application developer “service” provider

CF
.
/ CF ////
(O]
request
(e.g call back)
request request
s C e . V7 Object
{/{/ {/{/ Framjework

Figure 4-3 Example request flow (runtime reuse)

4.1.9 Object Framework Spécations

A specification of an Object Framework defines such things as the structure, interfaces,
types, operation sequencing, amhlities of service of the objects that make up the
framework. This includes requirements iatplementations in order to guarantee
application portabilityand interoperability across differeplatforms. Object

Framework specifications may include new Domain Interfacepddticular

application domains.
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The applicabn-specific part of an Application Object’s interface is, by definition, not
included in the specification of an Object Framework. This part is totally defined by
the application developer. On the other hand, standardized interfextasust be
inheritedand supported in orde¢hat the Application Object can function in the
framework mayform part of the framewark specification.

4.2 Summary dDbject Services

This section provides a brief description of each Object Service.

» The Naming Service provides tlability to bind a name to an object relative to a
naming context. A naming context is an object that contains a set of name
bindings in which each name is unigue. To resolve a namedstésmine the
object associated with the name in a given context. Ugirdhe use of a very
general model and in dealingith names in their structural form, Naming Service
implementationgan be application specific or be based aragety of naming
systems currently available on system platforms.

Graphs of naming contextan be supported indistributed, federated fashion.
The scalable design allows tdestributed,heterogeneousnplementatiorand
administration of names and name contexts.

Because name component attribute values are not assigned or interpreted by the
Naming Service, higher levels of software are not constrained in terpwdicies
about the use and managemenatifibute values.

» The Event Service provides basic capabilities that can be configured together
flexibly and powerfully.The service supports asynchronous events (decoupled
event suppliers and consumers), event “fan-in,ification “fan-out,"—and
through appropriate event channel implementations—reliable elediaery.

The Event Service design is scalable ansuisable for distrioted environments.
There is no requirement for a centralized server or digrezy on any global
service. Both push and pull event delivery models are suppaoiniztis,
consumers can either request events ondidied of events.

Suppliers can generate events withoubwing theidentities of the consumers.
Conversely, consumers can receive events without knowinglémtities of the
suppliers. There can be multiple consunerd multiple suppliers of events.

Because event suppliers, consumers, and channels are objects, advantage can be
taken of performance optimizations provided by ORB implementations for local
and remote objects. No extension is required to CORBA.

The Life Cycle Service defines operationsctipy, move, and remove graphs of
related objects, while the Relationship Service allows graphslatd objects to

be traversed without activating the related objects. Distributed implementations of
the Relationship Service can have navigation performance and availahiiitgrsi
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to CORBA object references: role objects can be located with their objects and
need not depend oncantralized repository of relationship information. $\gh,
navigating a relatioship can be a local operation.

The Persistent Object Service (POS) provides a set of common interfaces to the
mechanisms used for retaining and managing the persistent state of objects. The
object ultimatelyhas the responsibility of managiitg state, butan use or

delegate to the Persistent Object Service for the actual work. A major feature of
the Persistent Object Servi¢end the OMG architecture) is its opennesghia

case, that means that there can be a variety of different ciindts

implementations of the Persistent Obj8etrvice, and they can work together.

This is particularly important for storage, where mechanisms useful for
documents may not be appropriate for employee databases, or thenmeeh
appropriate for mobile computers do not apply to mainframes.

The Transaction Service supportslitiple transaction models, including the flat
(mandatory in the specificatio@nd nested (optional) modelBhe Transaction
Service supports interoperability between diffengrtigramming models. For
instance, some users want to add object implementations to existing procedural
applications and to augment object implemeatest with code that uses the
procedural paradigm. To do so in a transaction environment requires the object
and procedural code to share a single transaction. Network interoperability is also
supported, since users nesmimmunicatiorbetweendifferent systemsincluding

the ability to rave one transaction service interoperaii \& cooperating

transaction service usirjfferent ORBs.

The Transaction Service supports both igip[(system-managed transaction)
propagation and explicit (application-managed) pgaten. With implicit
propagation, transactional behavior is nodédfied in the operation’s signature.
With explicit propagation, applications define their own mechanisms for sharing a
common transaction.

The Transaction Service can be implemented in a TP monitor environment, so it
supports the ability to execute multiple transactions concurremttyto execute
clients, servers, and transaction services in separate processes.

The Concurrency Control Service enables multiple clients to coordineite

access to shared resources. Coordinating access to a resource means that when
multiple, concurrent clients access a single resource canflicting actions by

the clients are reconciled so that the resource remains in a consfatent

Concurrent use of a resource is regulated with locks. Each lock is associated with
a single resource and a single client. Coordination is achieved by preventing
multiple clients from shultaneously possessing locks for the same resource if the
client’s activities might conflict. Ence, a client must obtain an appropriate lock
before accessing a shared resource. The Concurrency Control Service defines
several lock modes, which correspond to different categories of access. This
variety of lock modes provides flexible ctinf resolution. For example,
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providing different modes for reading and writing lets a resource support multiple
concurrent clients on a read-only transactibine Concurrency @ntrol service
also defines Intention Locks that support locking at multiple levels of granularity.

» The Relabnship Service allowentitiesand relationships to bexplicitly
represented. Entities are represented as CORBA objects. The service defines two
new kinds of objectsrelationshipsandroles A role represents a CORBA object
in a relationship. The Relationship interface can be extended to add relationship-
specificattributes and operations. bddition, relatimships of arbitrary degree
can be definedSimilarly, the Role interface can be extended to add role-specific
attributes and operations. Type acadrdinality constraints can be expressed and
checked: exceptions are raised when the constraints are violated.

» The Externalization Service defines protocat&l conventions foexternalizing
and internalizing objects. Externalizing an object is to record the object state in a
stream of data (in memory, on a disk file, across the netvemdk,soforth) and
then be internalized into a new object in the same or a different process. The
externalized object can exist for arbitrary amounts of time, be transported by
means outside of the ORB, and be internalized in a different, disconnected ORB.
For portability,clients can request that externalized data be stored in a file whose
format is defined with the Externalization Service Specification.

The Externalization Service is related to the Relationship Service and parallels the
Life Cycle Service in defining externalization protocols $ample objects, for
arbitrarily related objects, and for facilities, directory servieasl fle services.

e The Licensing Service provides a mechanism for producers to control the use of
their intellectual propertyProducers caimplement the Licensing Service
according to their own needs, and the needs of their customers, because the
Licensing Service does not impose its own business policies or practices.

A license in the Licensing Service has three types of attributes that allow
producers to apply controls flexibly: time, value mapping, and consumer. Time
allows licenses to have start/duratamd expiration dates. Value mapping allows
producers to implement a licensing scheme according to units, allocation (through
concurrent use licensing), or consumption (for example, metering or allowance of
grace periods through “overflow” licenses). Consumer attributes allow a license to
be reserved or assigd for spedic entities; forexample, a license could be
assigned to a particular machiriéhe Licensing Service allows producers to
combine and derivérom license attributes.

The Licensing Service consists of. @wenseServiceManagénterfaceand a

Producer®ecificLicenseServicaterface: these interfaces do not impose business
policies upon implementors.
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» The Query Service allows users and objects to invoke queriesli@ctions of

other objects. The queries are declarative statements with predicates and include
the ability to specify values of attributes; to invakbitrary operations; and to
invoke other Object Services.

The Query Service allows indexing; mapslto the query mechanismsed in
database systems and other systdrats gtoreand access largeollections of

objects; and is based on existing standards for query. The Query Service provides
an architecture for a nestedhd federated service that can coordimatstiple,

nested query evaluators.

The Property Service provides the ability to dynamically associate named values
with objects outside the static IDL-type system. It defines operations to create and
manipulate sets of name-value or name-value-mode tuples. The names are simple
OMG IDL strings. The values are OMG IDdnys The use of typanyis

significant in that it allows a property service implementation to deal with any
value that can be represented in the OMG-IDL-type system.

The Property Service was des@gl to be a basiouilding block, yet robust
enough to be aphble for a broad set of applications. It provides “batch”
operations to deal with sets pfoperties as a whole. The use of “batch”
operations is significant in that the systeamsl network management (SNMP,
CMIP,...) communities have proven such a ne#éndealing with “attribute”
manipulation in a distributed environment.

e The Security Service comprises:

eldentification andauthentication of principals (human users and objects
which need to operatender their own rights) to verify they are who they
claim tobe.

eAuthorization andaccessontrol - deciding whether a principal can access
an object, normally using the identity and/or other privilege attributes of the
principal (such as role, groups, security clearance) and the control attributes
of the target object (stating which principals, or principals wittich
attributes)can access it.

*Security auditing to make users accountable fbeir security related
actions. It is normally the human user who should be accountable. Auditing
mechanismshould be able to identify the user correctly, esfter a chain
of calls through many objects.

*Security of communicationbetween objects, which is often over insecure
lower layer communications. This requires trust to be establisbtdeen
the client and target, which may requénethentication of clients to targets
and authentication of targets toclients. It also requiresntegrity
protection and (optiondy) confidentiality protection of messages in
transit between objects.
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*Non-repudiation provides irrefutable evidence attionssuch as proof of
origin of data to the recipient, or proof of receipt of data to the sender to
protect against subsequent attempts to falsely deny the receiving or sending
of the data.

*Administration of security information (for example, security policy) is also
needed.

e The Time Service enables the user to obtain current time together with an error
estimate associated with it. It ascertains the ordemictw‘events” occurred and
computes the interval between two events.

Time Service consists of two services, hence defines two service interfaces:

*Time Service manages Universal Time Objgti$Os)and Tme Interval
Objects(T10s), and is represented by thieneServicanterface.

*Timer Event Service manages Tinterent Hamller objects, and is
represented by th&@imerEventServicenterface.

» The Collections Service provides a uniform way to creat manipulate the
most common collections generically. Collections gnaups of objects which, as
a group, support some operations and exhibit specific behaviors that are related to
the nature of the collection rather than to the type of object they contain.
Examples of collections are sets, queues, stéisks,and binary trees.

For example, sets might support the following operations: insert new element,
membership test, union, intersection, cardinality, aqutast, emptiness test, etc.
One of the defining semantics of a set is that, if an object O is a member of a set
S, then inserting O into S results in the set beimghanged. This pperty would

not hold for another collection type calledag.

» The Trader Service provides a matchmaking service for objEltsservice
provider registers the availability of the service by invoking an export operation
on the trader, passing as parameters information about the offered service. The
export operation carries an object reference ¢hatbe used by a client to ioke
operations on the advertised services, a description of the type of the offered
service (i.e., the names of the operations to which it will respond, along with their
parameter and result types), information on distinguishingattributes of the
offered service.

The offer space managed by traders may be partitioned to easesaiciion and
navigation. This information is stored persistently by the Trader. Whenever a
potential client wishes to obtain a reference to a service that does a particular job,
it invokes an import operation, passing as parameters a description of the service
required. Giverthis import request, the Trader checks appropriate offers for
acceptability. To be acceptable, an offer meste a type that cdorms to that
requested and have pperties consistent with the constraints specified by an
importer.
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Trading service in a single trading domain maydstributedover a number of

trader objects. Traders in different domains may be federated. Federation enables
systems in different domains to negotiate the sharing of services without losing
control of their own policieandservices. A domain can thus share information
with other domains with which it hasbn federated, and it cannot be searched

for appropriate service offers.
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Glossary A

This glossary containermsused throughout this guide. Textitalics is for
clarification only.

For more informatiorabout object-orienteterminology, refer to the Semaphore
Glossary of Object-Oriented Terminologggemaphoremail:
74743.16@compuserve.com).

activation Copying the persistent form of methods atared data into an executable
address space to allow execution of the methods on the stored data.

application A dynamic object-based application is the (end-user) functionality
provided by one or more programs consisting of a collection of interoperating objects.
In common terminology this is usually referred to as a running application or process.
A static object-based application is a set of related tgpdsclassespecific to a
particular (end user) objectivén common terminology this is usually referred to as a
program.

application facilities Comprise facilities that aneseful within a specific application
domain. Seeommon facilities

application objects Applicationsand their components that are managétiiw an
object-oriented system. Example operations on such objects emgiregiall, move
and remove.

asynchronousrequest A request where the client object does not pause to wait for
results.

atomicity The property that ensures that areigiion eithechanges the state
associated with all participating objects consistent withrélggiest, or changes none at
all. If a set of operations is atomic, themltiple requests for those operations are
serializable.
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attribute A conceptual notion. Aattribute of an object is an identifiable association
between the object and some other entity oitieat Typically, the association is
revealed by an operation with a single parameter identifying the olffes.related
definition for property

behavior The behavior of a request is the observable effects of performing the
requested service (including its results).

behavior consistency Ensures that the behavior of apject maintains its state
consistency.

binding (or, more specificallynethod binding) The sedction of the method to
perform a requested service and of the data to be accessed by thad. m@tie also
dynamic bindingandstatic binding

class An implementation thatan beinstantiated to create multipibjects with the
same behavior. An objectis an instance of a class. Types classify objects according to
a common interface; classes classifyeas according to a common implementation.

classinheritance The construction of a class by incremental modification of other
classes.

classobject An object that serves as a class. A class object servelae®ry. See
factory

client object An object issuing a request for a service. Seesdseer object A
given objecimay be a clienftor some requests and a serder other requests.

commonfacilities Providedsfacilities useful in many application domains anhiet
are made available thugh OMA-compliant class interfaces. See alpplication
facilities.

component A conceptual notion. A component is an object that is considered to be
part of some containing object.

compound object A conceptual notion. A compound object is an object that is
viewed as standing for set of related objects.

conformance A relation defined over types such that type x conforms toywypany
value that satisfies typealso satisfiesypey.

context-independentoperation An operation where all requests that identify the
operation have the same behavior. (In contrast, the effect of a coapetidbnt
operation might degnd upon the ientity or location of the client object issuing the
request.)

core object modelBasic object model that forms the basis for the OMG’s Object
Management Architecturéprmally defined in Chajer 4 of this guide. The Core
Object Model defines concepts such as object and non-object tygerations,
signatures, parameters, return values, interfaces, sudbiiity, inheritance, and
subtyping.

data model A collection of entities, operatorand consistency rules.
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delegation The ability for a method to issuer@quest in such a way thself-
reference in the method performing the request returns the saipet() as self-
reference in the method issuing the request. Saléreérence

dynamic binding Binding that is performed after the request is issued{gabng).

embedding Creating an objeaiut of a non-objecéntity by wapping it in an
appropriate shell.

exchangeformat The form of a descriptionsed to import anéxporn djects.

export To transmit a description of an object to an external entity.

extensionof a type The set of values that satisfy the type.

factory A conceptual notion. A factory provides a service for creating new objects.
generalization The inverse of the specialization relation.

genericoperation A conceptual notion. Anperation is generic if it can beobnd to
more than one method.

handle A value that unambiguously adtifies an object.See alsambjectname

implementation A definition that provides the information needed to create an object,
allowing the object to pécipate in providing an appropriate set of services. An
implementation typically includes a description of the data structure used to represent
the core state associated with an object, as well as definitions of the methods that
access that data structure. It also typically includes information about the intended
type of the object.

implementation inheritance The construction of an implementation by incremental
modification of other implementans.

import Creating an objedtased on a description of an objgetnsmitted from an
external entity.

inheritance The construction of a definition by incremental modification of other
definitions. See alsimplementatiorinheritance

instance An object created by instantiating a class. An object is an instance of a
class.

instantiation Object creation.

interface A description of a set of possible uses of an obj&gtecfically, an
interface describes a set of potential requests in which an object can participate
meaningfully. See alsobjectinterface principal interface,andtypeinterface

interface inheritance The construction of a new interface using one or more existing
interfaces as its basis. The new interface is called a subtype and the existing interfaces
are its supertypes.

interface type A type that is satisfied bgny object (liteally, by any value that
identifies an object) that satisfies a particular interface. Seeobjsot type
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interoperability The ability to exchange requests using the ORB nfarmnance with
the OMG Architecture GuideObjectsinteroperateif the methods of one object
request services of another.

link A conceptual notion. Aelationbetween two objects.
literal A value that identifies an entity that is not an obje8ee alsmbjectname

meaningful request A request where the actual parameters satisfy the signature of the
named operation.

metaobject An object that represents a type, operation, class, method, or other object
model entity that describes objects.

method Code that may be executed to perform a requested seiMiethods
associated with an object may be structured into one or mogrgms.

method binding Seebinding

multiple inheritance The construction of a definition by incremental modification of
more than one other definition.

non-object A member of the set of denotable values. Non-objects are not labeled by
an object reference.

object A combination of a state and a set of methods that explicitly embodies an
abstraction characterized by the behavior of relevaquasts. An object is an instance
of a class.An object models a real world entity and is implemented @agutational
entity thatencapsulates state and operatiditgernally implemented as datand
methods) and responds to requdstsservices.

A basic characteristic of an object is its distinct object identity, which is immutable,
persists for as long as the object exists, and is independent of the objgeisigscor
behavior.

Methods can be owned by one or more objects.

Requests can be sent to zero, one, or more objects.

State data can benmed by one or wre objects.

State data and methods can be located at one or more locations.

object creation An event that causes an object to exist that is distinct from any other
object.

object destruction An event that causes an object to ceasexist and its associated
resources to become available for reuse.

object interface A description of a set of possible uses of an object. Specifically, an
interface describes a set of potential requests in which an a@ajecheaningfully
participate as a parameter. It is the union of the object's type interfaces.

object name A value that identifies an objecSee alsdandle
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object services A collection of interfaces and objectsat support basic fictions for
using andmplemening objects. Object Services are necessary to construct any
distributed applicatiomnd are independent of application domains. Interfaces for
object services are specified by OMGGO®RBAserviceand currently include Life
Cycle, Events, Naming, Persistent Object, Transaction, Concurrency Control,
Relationships, and>&ernalization.

object type A type the extension of which is a set of objdtiterally, a set of values
that identify objects). In other words, an object type is satisfied only by (values that
identify) objects. See alsnoterfacetype

OMA-compliant application An application consisting of a set of interworking
classes and instances tlateract via the ORB. Compliance therefore means
conformance to the OMA protocol definitioasd interfacespecifications outlined in
this document.

OMG IDL Object Management Group Interface Definitioanguage. A

programming language—independent way to specify objéetfaces. OMG IDL must

be used to specify all objeittterfaces in a CORBA-compliant system; it ised only

for specifications, not for programming. The specification for OMG IDL is contained
in CORBA

operation A service that can be requested. An operation has an associated signature,
which may restrict Wich actual parameters are possible in a meaningful request.

operation name A name used in a request to identify an operation.

ORB (Object Request Broker) provides the means by which objects make and receive
requests and responses.

parameter Part of an operation's signature. It gives the g name of an argument
to the operation.

participate An object participates in a request if one or more of the actual parameters
of the request identifies the object.

passivation The reverse of activation.

persistentobject An object that can survive the process or thread that created it. A
persistent object exists until it is explicitly deleted.

principal interface The interface that describes altjumsts in which an object is
meaningful.

property A conceptuahotion. An attribute the value of which can dleanged.

protection The ability to restrict the client objects fohigh a requested service will
be performed.

qguery An activity that involves selecting objects framplicitly or explicitly
identified collectionsbased on a specified predicate.

referential integrity The property that ensures that a handle which exists in the state
associated with another object reliably identifies a single object.
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request An event consisting of an operation and zero or more acarahpters. A
client issues a request to cause a service to be performed. Also associated with a
request are the results that may be returned to the cllfemessage can be used to
implement (carry) a request and/or asult.

result The information returned to the clienthich may include values as well as
status information indicating that exceptional conditions were raised in attempting to
perform the requested service.

security domain An identifiable subset of computational resources used to define
security policy.

selfreference The abilty of a method to determine the object(s) identified in the
request for the service being performed by the metl{8e&lf-reference in Smalltalk is
indicated by thé&eyword self See alsalelegation)

server object An object providing response to a request for a service. Seelialsb
object A given object may be a client for some requasts a servefor other
requests.

service A computation that may be performed in response to a request.
signature Defines the types of the parameters for a given operation.

singleinheritance The construction of a definition by incremental modification of
one definition. See alsmultiple inheritance

specialization A classx is a specialization of a clagdf x is defined to directly or
indirectly inherit fromy.

state The informationabout the history of previous requests neededetermine the
behavior of future requests.

stateconsistency Ensures that the state associated with an object conforms to the data
model.

stateintegrity Requires that the state associated with an object is not corrupted by
external events.

state-modifying request A request that by performing the service alters the results of
future requests.

state variable Part of the state of an object.

static binding Binding that is performed prior to the actual issuing of the request.
See alsdinding

supertype When an object of type A is substitutable for an object of type B, Ais a
subtype of B, and B is a supertype of A. Although the Core Object Moi@etigély
defines its inheritace to be the same as subtyping, tthe concepts are separate.
Subtypingdetermines substitutability, whereas inheritance is a mechanism for
specifying one entity in terms of another.

synchronous request A request where the client object pauses to wait for completion
of the request.
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transient object An object the existence of which isnited by the lietime of the
process or thread that created it.

type A predicate (Boolean function) defined over values that can be used in a
signature to restrict a possible parameter or characterize a possible repels. T
classify objects according toc@mmon interface; classes classify objectsoading to
a common implementation.

type interface Defines the requests in which instances of this type can meaningfully
participate as a parametdexample: given thatatunent type and product type the
interface to document type comprises edit and print, and the interface to product type
comprises set price and check inventory, then the object interface of a particular
docunent which is also a product comprises all four requests.

type object An object that serves as a type.

value Any entity that can be a possible actual parameter in a request. Values that
serve to identify objects are called "object names." Values that identify entiées
are called "literals."

value-dependentoperation An operation where the behavior of the corresponding
requests depends upon which names are used to identify object parameters (if an object
can havanultiple names).
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