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Introduction

The rapid growth of distributed processing has led to a need for a coordinating framework for this standardization and

ITU-T Recommendations X.901-904 | ISO/IEC 10746, the Reference Model of Open Distributed Processing (RM-ODP)
providps such a framework. It defines an architecture within which support of distribution, interoperability and portability
can be|integrated.

RM-ODP Part 2 (ISO/IEC 10746-2) defines the foundational concepts and modeling framework for desctibing distributed
systents. The scopes and objectives of the RM-ODP Part 2 and the UML, while related, are not the same and, irf a number
of casgs, the RM-ODP Part 2 and the UML specification use the same term for concepts which-afe related buf not

identidal (e.g., interface). Nevertheless, a specification using the Part 2 modeling concepts-ean be expressed uging UML
with appropriate extensions (using stereotypes, tags, and constraints).

RM-OPP Part 3 (ISO/IEC 10746-3) specifies a generic architecture of open distributed systems, expressed using the
foundqtional concepts and framework defined in Part 2. Given the relation between UML as a modeling language and Part
3 of the RM-ODP standard, it is easy to show that UML is suitable as a notation for the individual viewpoint
specifications defined by the RM-ODP.

This Injternational Standard for Architecture-Driven Modernization (ADM): Knowledge Discovery Meta-Model|(KDM) is
a standard for the technology specification of an ODP system. It defines a technology to provide the infrastrudture

requirdgd to support functional distribution of an ODP system, specifying functions required to manage physicql
distribfition, communications, processing and storage, and thetoles of different technology objects in supporting those
functiqns.
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Information technology - Object Management Group
Architecture-Driven Modernization (ADM):
Knowledge Discovery Meta-Model (KDM)

This Ifternational Standard defines a meta-model for representing existing software assets, theifyassociations,
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Scope

onal environments, referred to as the Knowledge Discovery Meta-model (KDM). This is the first in the
cations related to Software Assurance (SwA) and Architecture-Driven Modernization{ADM) activities.
tes projects that involve existing software systems by insuring interoperability and.€xchange of data bety
bd by different vendors.

mmon characteristic of various tools that address SwA and ADM challenge is that they analyze existin
for example, source code modules, database descriptions, build scripts, etc.) to obtain explicit knowled
oduces a portion of the knowledge about existing software assets. \Such tool-specific knowledge may bd
coded” in the tool), restricted to a particular source language,-and/or particular transformation, and/or 0]
iment. All the above may hinder interoperability between different tools. The meta-model for Knowledg
ery provides a common repository structure that facilitates,the exchange of data contained within indiv
that represent existing software assets. The meta-modelrepresents the physical and logical assets at var
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ntations.

Conformance and Compliance

s a meta-model with a very_broad scope that covers a large and diverse set of applications, platforms, 4
mming languages. Not. alllof its capabilities are equally applicable to all platforms, applications, or prog
oes. The primary goal-of KDM is to provide the capability to exchange models between tools and thus

e sources, as the-complexity of modern enterprise applications involves multiple platform technologies
mming languages. In order to achieve interoperability and especially the integration of information aboy
pof an enterprise application from multiple analysis tools, this International Standard defines several con
thereby increasing the likelihood that two or more compliant tools will support the same or compatible n
.(This suggests that the meta-model should be structured modularly, following the principle of separati

ermediate

nd
ramming
facilitate

y from
and

t different
hpliance
eta-model
n of
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TS, WithT tire abiiity tosetect omnty those parts of the meta=todet thatare of direct imerest to @ particutar to

ol vendor.

Consequently, the definition of compliance for KDM requires a balance to be drawn between modularity and ease of
interchange. Separation of concerns in the design of KDM is embodied in the concept of KDM domains.
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2.1 KDM Domains

Separate facts of knowledge discovery in enterprise application in KDM are grouped into several KDM domains (refer to
Figure 2.1). Each KDM domain consists of a single KDM package that defines meta-model elements to represent

particular aspects of the system under study. KDM domains correspond to the well-known concept of architecture views.
For example, the Structure domain enables users to discover architectural elements of source code from the system under
study, while the Business Rules domain provides users with behavioral elements of the same system such as\fg¢atures or
procesp rules.

The following domains of knowledge have been identified as the foundation for defining compliance-in“KDM| Build,
Structyre, Data, Business Rules, Ul, Event, Platform, and micro KDM.

From the user’s perspective, this partitioning of KDM means that they need only to be concerned with those pprts of the
KDM that they consider necessary for their activities. If those needs change over time, further KDM domains [can be
added o the user’s repertoire as required. Hence, a KDM user does not have to know the-full meta-model to yse it
effectiyely. In addition, most KDM domains are partitioned into multiple increments, ¢ach adding more knowledge
capabilities to the previous ones. This fine-grained decomposition of KDM seryés te make the KDM easier to[learn and
use, but the individual segments within this structure do not represent separatg-¢ompliance points. The latter sfrategy
would |lead to an excess of compliance points and result to the interoperability problems described above. Nevlertheless,
the grqupings provided by KDM domains and their increments do serve-to.simplify the definition of KDM conjpliance as
explained below.

Lgvels of compliance

L2 =+ All KDM domeins

Build Structure Data Business Rules UL Event Platform Analysis

domain domain  domain domain  domain domain domain domain
. Mi
L1= Build| structure | Datd |conceptual UI | Event |Platfor ;;;O

Lo + Core + kdm + Source + Code + Action

Domain of compliance

Figure 2.1- Domains and levels of KDM compliance

2.2 Compliance Levels

In addition, the total set of KDM packages is further partitioned into layers of increasing capability called compliance
levels. There are two KDM compliance levels:
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« Level 0 (LO) - This compliance level contains the following KDM packages: Core, kdm, Source, Code, and Action
packages. It provides an entry-level of knowledge discovery capability. More importantly, it represents a common
denominator that can serve as a basis for interoperability between different categories of KDM tools.

To be LO compliant, a tool must completely support all model elements within all packages for LO level.

histeveladdresses KDM-domains-ane d apabititiespros Fevel6-—Speeifically, it
adds the following packages: Build, Structure, Data, Conceptual, UI, Event, Platform, as well as the set of gonstraints
for the micro KDM domain defined in sub clause 14 “Micro KDM,” and Annex A “Semantics of th§ Micrq KDM
Action Elements.” These packages are grouped to form above-mentioned domains. More importantly; this [evel
represents a layer where tools could be complimentary since their focus would be in different areas of concern. This
would be an additional reason why LO interoperability (which at this level would be viewedyds)information{sharing
between tools) is mandated. In this case interoperability at this level would be viewed as Correlation betwegn tools to
complete knowledge puzzle that end user might need to perform a particular task.

To be L1 compliant for a given KDM domain, a tool must completely support all imodel elements defined Hy the
package for that domain and satisfy all semantic constraints specified for that domain.

| Level 2 (L2) - This level is the union of L1 levels for all KDM domains.

2.3 | Meaning and Types of Compliance

Compliiance to Level 1 (L1) for a certain KDM domain entails full realization of all KDM packages for the corfesponding
KDM Pomain. This also implies full realization of all KDM packages in all the levels below that level (in this ¢ase Level
0 (L0)). It is not meaningful to claim compliance to Level-I'without also being compliant with the Level 0. A fool that is
complfant at a Level 1 must be able (at least) to import\models from tools that are compliant to Level 0 without loss of
information. So, “full realization” for a KDM domain means supporting the complete set of concepts defined for that

KDM Hdomain at L1 and complete set of concepts défined at LO.

For a given compliance level, a KDM implémentation can provide:

+ | The capability to analyze physicahartifacts of existing applications and export their representations based gn the XMI
schema corresponding to the (giyen compliance level.

+ | The capability to importTepresentations of existing software systems based on the XMI schema corresponding to the
given compliance leveland perform operations suggested by the corresponding packages.
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Table 2.1- Compliance Statements

Compliance Statement

Compliance Level Import-Analysis Import API Export
L0 Import KDM models based on Import KDM models based | Provide capability to analyze
complete KDM XMI schema into on complete KDM XMI artifacts of an applifation for
existing tool; schema; specified progsamnjing
support specified mapping between support KDM API defined | language orimultiple
KDM and existing model in the tool; | by the KDM Core package; | languages;
extend operations of existing tool to support KDM framework Gererate XMI docyments
support meta-model elements of as defined in the Kdm corresponding to the KDM
KDM framework; package; support KDM APY |, XMI schema;
extend operations of existing tool to defined by the Code and Support KDM framework as
support meta-model elements of Code | Action packages; support defined by the Kdnj package;
and Action packages; traceability to the(physical Support Code and Action
extend operations of existing tool to artifacts of thecapplication packages;
traceability to the physical artifacts of | as defined inhe Source Provide traceability|back to the
the application from Source package. | package. physical artifacts as|defined by
the Source packagel
L1 STRUCTURE L0 compliance for analysis;extend LO¢ompliance for import; LO compliance for
operations of existing tool to support Stupport KDM API as export;Provide capgbility to
meta-model elements of the Structuge.<{ defined by the Structure analyze architecturg
package. package. components of exisfing
application and gengrate KDM
Structure model acqording to
Structure package.

DATA L0 compliance-fortanalysis; L0 compliance for import; LO compliance for ¢xport;
extend operations of existing tool to Support KDM API as Provide capability to analyze
support_meta-model elements of the defined by the Data persistent data components of
Data package. package. existing application| for

specified database Jystem and
generate KDM Daty model
according to Data package.

PLATFORM L0 compliance for analysis; L0 compliance for import; L0 compliance for ¢xport;
extend operations of existing tool to Support KDM API as Provide capability to analyze
support meta-model elements of the defined by the Platform and | platform artifacts fqr specified
Platform package. Runtime packages. platform and generagte KDM

Platform model accprding to
Platform package.

BUILD LG \/Uulyhau\.\. fUl aua}_y Dib, LG \/Ulll}}}idll\;\a fUl illl}JUIt, LS bUllll}liall\/b fUl Xport;
extend operations of existing tool to Support KDM API as Provide capability to analyze
support meta-model elements of the defined by the Build build artifacts for specified
Build package. package. build environment and

generate KDM Build model
according to Build package.
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Ul L0 compliance for analysis; L0 compliance for import; L0 compliance for export;
extend operations of existing tool to Support KDM API as Provide capability to analyze
support meta-model elements of the defined by the Ul package. | user interface artifacts for
UI package. specified user interface system

and generate KDM UI model
according to Ulpadkage.

EVENT LO compliance for analysis; LO compliance for import; L0 compliancg for ¢xport;
extend operations of existing tool to Support KDM API as Provide-capability o analyze
support meta-model elements of the defined by the Event artifaCts related to dvent-
Event package. package. driven runtime franjeworks

and state-trasition Hehavior
and

generate KDM Evept model
according to Event package.

BUSINESS L0 compliance for analysis; LO compliance for<mport; L0 compliance for ¢xport;
extend operations of existing tool to Support KDMRAPI as Provide capability o analyze
support meta-model elements of the defined by, the Conceptual conceptual and behpvior
Conceptual package. package. artifacts (e.g., domgin

concepts, business fules,
scenarios) of existifig
application and gengrate KDM
Conceptual model gccording
to Conceptual packpge.

MICRO KDM LO compliance for analysis; eXtend LO compliance for import; L0 compliance for ¢xport;

operations of existing tool t0' support
micro KDM actions as Specified in sub
clause 14 micro KDMand Annex A.

Support micro KDM
actions as specified in sub
clause 14 micro KDM and
Annex A.

Provide capability o analyze
artifacts ofexisting gpplication
to the level of detai| specified
in sub clause 14 andl Annex A
provide the mappinig of
semantics of the ex|sting
application as it is determined
by the programming languages
and the runtime platform into
KDM micro actiong and
generate KDM mogels that
represent the same fmeaning

L2

LO import compliance for analysis;
L1 import-analysis compliance for all
KDM domains.

LO compliance for import;
Support KDM API as
defined by all KDM
packages.

L0 export compliarice;
L1 export compliarice for all
KDM domains.
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3

Normative References

The following normative documents contain provisions, which, through reference in this text, constitute provisions of this
International Standard. For dated references, subsequent amendments to or revisions of any of these publications do not

apply.

.

4

This s
majori
accept
Some

the cof

Abstrs
remain

Aggre
relatio

Architecture-Driven Modernization)(ADM): ADM is the process of understanding and evolving existing so

assets
storing
(wherd
perspe
and pl

Build:
final p|

OMG UML Infrastructure Specification, v2.3, formal/2010-05-03

OMG Meta-Object Facility (MOF) Specification, v2.0, formal/2006-01-01

OMG MOF XML Metadata Interchange (XMI) Specification, v2.1, formal/2005-09-01

OMG Semantics of Business Vocabularies and Business Rules (SBVR) Specification,(v1,.0, formal/2008-0
ISO/IEC 11404:2007 Information technology -- General Purpose Datatypes (GPD)

Terms and Definitions

ibclause contains only those terms which are used in a specialized way throughout the KDM specificati
y of terms in KDM are used either according to their accepted dictionary definitions or according to co
pd definitions that may be found in ISO glossaries or othe¥’ well-known collections of software engineer
combinations of common terms used in KDM, while not meriting glossary definition, are explained for
htext where they are used.

jction: A view of an object that focuses on thejinformation relevant to a particular purpose and ignores
der of the information.

bation: a derived relationship between two elements that are groups of other elements that represents all
hships between the grouped elemerits of the two groups.

pf a system of interest. ADM focuses at collecting, sharing, utilizing, transforming, presenting, maintair

models of the architectural aspects of existing systems. ADM does not preclude source-to-source migr.
appropriate), but encourages user organizations to consider modernization from an analysis and design
Ctive. In doing sg, project teams ensure that obsolete concepts or designs are not propagated into modern
ptforms.

An operational version of a system or component that incorporates a specified subset of the capabilitie
Foduct provides.

bn. The
mmonly
ing terms.
clarity in

the

individual

tware
ling and
itions

languages

that the

Build

process: a process of transforming of project code base into usable applications. The end result of a softy

ware build

is a collection of files that constitute a product in a distributable package. In this case, package can mean a standalone
application, Web service, compact disc, hotfix, or bug fix. Each step of a build process is a transformation performed by
software running on a general purpose computer. A simple software build may involve compiling a single source code file
into an executable code. A complex software build may involve orchestrating hundreds of versions of thousands of files
with millions of lines of source code such that a correct executable code results from the compilation. The implementation
of a system also involves deploying the build onto the system nodes, and applying appropriate configuration settings.
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Component: a functionally or logically distinct part of a system. A component may be hardware or software and may be
subdivided into other components. Often a component is a physical, replaceable part of a system that packages
implementation and provides the realization of a set of interfaces. Such component represents a physical piece of
implementation of a system, including software code (source, binary or executable) or equivalents such as scripts or
command files.

Contaiiner: a model element that owns one or more distinct elements through the special “owns™ (“containg’)
relatiojnships between the container element and owned elements. “Containment” relationships form a special g
corresponding owned elements. No element has more than one container.

oup of the

Domajfn: An area of knowledge or activity characterized by a set of concepts and terminology undérstood by piactitioners

in that

Elem¢

Group: a number of model elements regarded as a unit formed by traceability relationships to a single distinc

An eld

a contpiner and its owned elements. An element is said to group together one 6r more elements, if these elem
traceability relationships to the element.

Hierafchy: an arrangement of model elements according to traceability)relationships, where an element that

“grou

Interface: (1) a shared boundary or connection between two digsimilar objects, devices or systems through w

inform
behav

Item:

KDM
of the

elemeft of the system of interest that has a“distinct, separate existence objective or conceptual reality, a self-c

piece
metan]

KDM
KDM

KDM
associ
relatiof

Meta-

arca.

nt: one of the parts of a compound or complex whole. For example, a model elementy a meta-model elg

ment may be part of multiple groups, including a single group formed by thié~“Containment” relationshif

” other elements is considered at a higher level than the owned, (grouped) elements.

ation is passed. The connection can be either physical‘or.logical. (2) a named set of operations that charg
or of an entity

that which can be individually described or considered. See also Component, Element, Unit, Module.

Entity: a meta-model element (as well as\the corresponding model elements) that represents a thing of si
system of interest, about which information needs to be known or held. A KDM entity is an abstraction

hf data that can be referenced as‘a.unit. As a model element each KDM entity is an instance of some sp
odel element and it is usually the endpoint of distinct KDM relationships.

instance: a collection of ' KDM model elements that represent one or more views of the system of inter
model: a meta-modeh€lement (as well as the corresponding model elements) that is a container for a K

Relationship{a.imeta-model element (as well as the corresponding model elements) that represents som
htion between’elements of the system of interest. All KDM relationships are binary. As a model element
nship is_anvinstance of some specific meta-model element.

model® a special kind of model that specifies the abstract syntax of a modeling language. The typical rd

ment.

t element.
s between
ents have

owns” or

hich
cterize the

gnificance
of some

bntained

ecific

pst.
DM view.

e semantic
tach KDM

le of a

metan]

odel is to define the semantics for how model elements in a model get instantiated. A model typically (

ontains

model elements. These are created by instantiating model elements from a metamodel (i.e., metamodel elements).

Meta-model element: an element of a meta-model from which model elements are instantiated.

Model: a model represents a system of interest, from the perspective of a related set of concerns. The model is related to
the system by an explicit or implicit isomorphism. Models are instances of MOF meta-models and therefore consist of

model

elements and links between them.

© ISO/IEC 2012 - All rights reserved


https://standardsiso.com/api/?name=3770a23a5ff9f32068188ddd9e47004c

ISO/IEC 19506:2012(E)

Model element: instance of a meta-model element.

Module: (1) A program unit that is discrete and identifiable with respect to compiling, combining with other units, and
loading; for example, the input to, or output from, an assembler, compiler, linkage editor, or executive routine. (2) A
logically separable part of a program.

Resource: any physical or virtual component of limited availability within a computer system available forfa given
purpose and managed by the runtime platform.

Runtime platform: the set of hardware and software components that implement the services utilizedyby the dpplication
softwafe. A runtime system generally controls how several tasks are scheduled to run, and manages-resources| Its

provisfons for the programmer typically form an Application Programming Interface- a set the well-documentdd ways of
using the system.

Segment: A collection of data that corresponds to one or more coherent views of a systeth of interest that is sfored or
transfarred as a unit.

Softwgre artifact: A software artifact is a tangible machine-readable document created during software devel¢pment.
Examplles are requirement specification documents, design documents, soufee code and executables.

Software asset: A software asset is a description of a partial solution (such as a component or design documept) or
knowlg¢dge (such as requirements database or test procedures) that engineers use to build or modify software pfoducts. A
softwafe asset is a set of one or more related artifacts that have been created or harvested for the purpose of applying that
asset rgpeatedly in subsequent contexts. The asset consumer s an architect or a designer of any type of IT or business
procesp solutions from solution business modeling, analysis\(assets used are models) and design to application|
development (assets used are pieces of code).

Tracegbility: The degree to which a relationship eanbe established between two or more products of the devglopment
procesp, especially products having a predecessotr-successor or master-subordinate relationship to one another;|for
example, the degree to which the requirementsand design of a given software component match.

Unit: (1) a piece or complex of apparatus serving to perform one particular function (2) A software element that is not
subdivided into other elements.

User interface: An interface that ehables information to be passed between a human user and hardware or soffware
components of a computer system.

View: |A representationrof-a whole system from the perspective of a related set of concerns.

Viewppint: A specification of the conventions for constructing and using a view. A pattern or template from which to
develop individual/views by establishing the purposes and audience for a view and the techniques for its creatjon and
analysis.

5 Symbols

There are no symbols defined.
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6 Additional Information

6.1 Changes to Other OMG Specifications

There are no changes to other OMG specifications.

6.2 | How to Read this International Standard

The reft of this International Standard contains the technical content of KDM.
Clausd 7. Specification overview - Provides design rationale for KDM.
Clausd 8. KDM - Gives the overview of the packages of KDM.

Part I|- The KDM Infrastructure Layer

Clausq 9. Core package - Describes foundation constructs for creating and desctibing meta-model classes in other KDM
packages. Classes and associations of the Core package determine the structure”of KDM models, provide metatmodeling
servicgs to other classes, and define fundamental constraints.

Clausq 10. KDM package - Describes the key infrastructure elements that determine patterns for constructing KDM
models and integrating them. This package defines several static €lements that are shared by all KDM models| This
package determines the queries against KDM models.

Clausg 11. Source package - This package describes meta~model elements for specifying the linkage between the KDM
model |artifacts and their physical implementations in the-artifacts of existing software. Elements of the Sourcq package
allow yiewing the source code, corresponding to KDM model elements.

Part If - The Program Elements Layer

Clausd 12. Code package - Describes meta-model elements that capture programming artifacts as provided by
programming languages, such as datatypes, procedures, macros, prototypes, templates, etc.

Clausg 13. Action package - Des€ribes the meta-model elements related to the behavior of applications. Actioh package
define$ detailed endpoints for inost KDM relations. The key element related to behavior is a KDM action. Other packages
depend on the Action packageto use actions in further modeling aspects of existing applications such as featufes,

scenarlos, business rules, €fc.

Clausd 14. Micro KDM - Describes the guidelines and constraints for semantically precise KDM representations.
Part IfI - The-Runtime Resources Layer

Clausq 15. Rlatform package - Describes the meta-model elements for representing operating environments of |existing

softwale systems Application code is not self-contained as it depends not only on the selected programming language,

but also on the selected Runtime platform. Platform elements determine the execution context for the application.
Platform package provides meta-model elements to address the following:

* Resources that Runtime platforms provide to components
* Services that are provided by the platform to manage the life-cycle of each resource

+ Control-flow between components as it is determined by the platform
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* Error handling across application components

* Integration of application components

The Platform package focuses on the logical aspects of the operating environments of existing applications, while the
Runtime package further addresses the physical aspects of operating environments, such as deployment.

Clausert6— 0t package="Drescribesthe meta=mmodetetementstorepresent knmowtedge Tetatedtousermmterfaces;  including
their 1ggical composition, sequence of operations, etc.

—

Clause| 17. Event package - Describes meta-model elements that represent basic elements related to behavior g
applicgtions in terms of events, messages and responses.

Clausg| 18. Data package - Describes the Data domain of KDM, aiming primarily at databases, anid other ways |[of
organifzing persistent data in enterprise applications independent of a particular technology; vendor and platform.

Part IV - Abstractions Layer

Clause| 19. Structure package - Describes the meta-model elements for representing.the logical organization offthe
softwafe system in terms of logical subsystems, architectural layers, components.and packages.

Clausel 20. Conceptual package - Describes the meta-model elements for(representing business domain knowlddge about
existinlg applications in the context of other KDM views.

Clause| 21. Build package - Describes the meta-model elements fof representing the artifacts involved in build{ng the
softwafe system (the engineering view of the software system)-
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Overview

This International Standard defines a meta-model for representing information related to existing software, its elements,
associations, and operational environments (referred to as the Knowledge Discovery Meta-model (KDM)).

The K
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is and

moderhization tools, services, and their respective models. More specifically, (KDM) defines a common ontoldgy and an

interchange format that facilitates the exchange of data currently contained within individual tool models_that

represent

existing software. The meta-model represents the physical and logical elements of software as well as’ their relationships

at vari

KDM

bus levels of abstraction.

broups facts about existing systems into several domains each of which corresponds to anISO 42010 ar

hitectural

viewpdint. Each KDM domain is represented by one or more KDM packages, which formalize the viewpoint lagguage for

the do

organi
are fur
views

by ISQ
instang

Absir

Resoy

ther organized into meaningful groups called segments. A KDM segment'may include one or more arc/
f the given system. KDM instances may be part of the complete architectural description of the system,

es are represented as XML documents conforming to the KDM XMI schema.

Infrastructure layer

betions layer

e laper

o,

main. KDM focuses at the entities and their relationships that are essential for the‘given domain. A KDM
repres¢ntation of a given software system - a KDM instance - is a collection of fact§ about that system. These
ved into KDM models per each domain. KDM model corresponds to an 1SQ42010 architectural view. {DM facts

42010, in which case additional requirements of ISO 42010 shall be satisfied by the overall document.

facts are

itectural
as defined
KDM

Figure 7.1- Layers, packages, and separation of concerns in KDM

KDM is organized into the following 4 layers:

Infrastructure Layer

Program Elements Layer
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Runtime Resource Layer

Abstractions Layer

Each layer is further organized into packages. Each package defines a set of meta-model elements whose purpose is to
represent a certain independent facet of knowledge related to existing software systems.

Logicqlly, KDM consists of 9 models. Each KDM model is described by one or more KDM packages and corr
one KDM domain. Most KDM domains are defined by a single package, with the exception of the Code demnts
is splif between the Code and the Action packages.

The Inffrastructure Layer consists of the following 3 packages: Core, “kdm”, and Source. Core package and th

named
constit
artifac
their o

The Program Elements Layer consists of the Code and Action packages. These packiages collectively define th
that represents the implementation level assets of the existing software system, determined by the progILamming

model
langua
the “sd
descrif
packag
system

The Ry
The A

Each d
beings
differe]
primar|

and other artifacts, including (but net-réstricted to) formal models, build scripts, configuration files, data defin|

Some
obtain

Knowl|
differe
level);
applicd
behavi

The fo

“kdm” do not describe separate KDM models. Instead these packages define common megta-model elen
ute the infrastructure for other packages. The Source package defines the Inventory model, which enum
s of the existing software system and defines the mechanism of traceability linksbetween the KDM ele
riginal representation in the “source code” of the existing software system.

bes used in the developments of the existing software system. The Code package focuses on the named i
urce code” and several basic structural relationships between them, The Action package focuses on bely
tions and control- and data-flow relationships determined by them. The Action package is extended by o
es to describe higher-level behavior abstractions that are key. elements of knowledge about existing soff
S.

intime Resources Layer consists of the following 4 packages: Platform, Ul, Event, and Data.
pstractions Layer consists of the following 3 packages: Structure, Conceptual, and Build.

f these knowledge facets contains large amounts of information, impossible to be processed at once by

To overcome such a roadblock, each.dimension supports the capability to aggregate (summarize) infor|
ht levels of abstraction. This requires. KIDM to be scalable. In addition, KDM represents both kinds of in
y and aggregate information. Primary information is assumed to be automatically extracted from the sot

or even all) primary information can be provided manually by analysts and experts. Aggregate informa
bd from primary information.

cdge Discovery exastsvat progressively deeper levels of understanding, reflecting varying levels required
ht objectives. These were seen as the lexical or syntactic understanding of the program code (language-

tion packaging and the corresponding dependencies (architecture level); and an understanding of the ap
pr (business level).

llowing are key design characteristics of KDM:

bsponds to
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e package
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e Code
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ther KDM
ware

human
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tion files.
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the understanding of the application functionality and design (language-independent level); understandipg of

plications
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KDM is a Meta-Object Facility (MOF) model.

KDM is an Entiry-Relationship model.

KDM can be extended to represent language-specific, application-specific, and implementation-specific entities and

relationships.
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«  KDM models are composable (it is possible to group several entities into a typed container, that will further on
represent the entire collection of grouped entities via aggregated relationships). KDM defines multiple hierarchies of
entities via containers and groups.

«  KDM provides model refactoring capabilities. For example, a KDM tool can support moving entities between
containers and map changes in the model to changes in the code through traceability links.

« | KDM is aligned with ISO/IEC 11404 General-Purpose Datatypes and OMG Semantics of Business Vocabularies and
Business Rules (SBVR).

+ | KDM defines an ontology for describing existing software systems. The ontology defined by KIDM.1s related to the
elements of existing software systems, the relationships between these elements, as well as the.¢lements of the
operational environment of the software system. KDM ontology addresses both physical elentents (for exafnple, a
procedure, a variable, a table), which are originally represented by language-specific artifacts of the softwape (for
example source code), as well as logical elements (for example, user interface elements;-concepts that are infplemented
by the software, architectural components of the software, such as layers, etc.).

© ISO/IEC 2012 - Al rights reserved 13
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8.1
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KDM

Overview

KDM specifies a comprehensive set of common concepts required for understanding existing software systems in

prepar
domai

The st

h

htion for software assurance and modernization and provides infrastructure to support specialized defini
n-specific, application-specific, or implementation-specific knowledge.

ucture of KDM is defined by combining dimensions and levels of Knowledge Discovery (refet to Figu

i
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Figurd 8.1 - Structure of KDM Packages
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DM specification contains Jl2\packages; each package is defined by one or more class diagrams.

re package defines thé basic meta-elements (entity, relationship, container hierarchies, etc.) and well-f
f KDM models.

8.1 illustrates the layers of the KDM specification and shows dependencies between KDM packages by
es into a stack."Each package depends on one or more packages at the lower layers of the stack. In partic
e dependS.on the Core package. The nature of this dependency is that the meta-model elements defined
e are subclasses of one of the meta-model elements defined in the Core package. Also, each package d

ions of

e 8.1).

rmedness

arranging
ular, each
by each
bpends on
a KDM

kage with name “kdm.” Each KDM package above the package with name “kdm” in Figure 8.1 define

model]
‘demﬁﬂ

which corresponds to a certain facet of knowledge about an existing software system. The package wi
provides the infrastructure for all KDM models.

The nature of the dependency on the package with name “kdm” is as follows:

First, each package defines a subclass of the KDMModel class, defined in that package.

name

Second, each package provides several concrete classes that are instantiated in each KDM instance as part of the

infrastructure.
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Third, the package with name “kdm” defines several important mechanisms that are used by all KDM models: the
annotation mechanism, the mechanism of user-defined attributes, and the light-weight extension mechanism. The
corresponding meta-model elements can be instantiated by any KDM model.

The Source package and the Code package of the Program Elements Layer represent the most fundamental, primitive
knowledge about existing software systems. Most pieces of this knowledge are explicitly represented by the original

source
autom
provid
systemn
tools.

Packag
of this
config
progra
runtim|
represq

codeofthe-existingsoftware-system—It-tsexpected-that KbM-mptementatrons—extract-thiskind-of knegwledge
tically, for example by implementing a bridge to an existing software development environment. Such/pridge

bs a mapping from the programming language (or languages) used for the development of the existing software
, to a language-independent KDM representation, that can be further analyzed and transformed’ by variqus KDM

es of the Runtime Resource Layer represent higher-level knowledge about existing software systems. Most pieces
knowledge are implicitly represented by the original source code of the software system and the corresponding
hration and resource descriptions. This kind of knowledge is determined not by theé,syntax and semantics of the
mming language (or languages) used for the development of the existing softwiarg'system, but by the corresponding
e platform. Incremental analysis of the primitive KDM representation may\be/required to extract and exiplicitly
nt some of these pieces of knowledge. KDM implementations of the corresponding packages define a rhapping

from the platform-specific artifacts to a language- and platform-independentr KDM representation, that can be ffurther

analyz

Packag
specifi
existin|
anywh|
knowlg

KDM

8.2

KDM
relatio

ed and transformed by various KDM tools.

es of the Abstractions Layer represent even higher-level abstractions about existing software, such as dpmain-

c knowledge, business rules, implemented by the existing software system, architectural knowledge abojt the

o software system, etc. This knowledge is implicit, and(ften there is no formal representation of such nowledge
ere in the artifacts of the existing software system (and often, even in the documentation). Extracting thiis kind of
bdge and part of the integrated KDM representationyusually involves input from experts and analysts.

nstance is a single, integrated representation ‘of different facets of knowledge about the software systemn.

Organization of the KDM Packages

Hefines a collection of meta-model elements whose purpose is to represent existing software artifacts as eptities and
ns. The KDM has the following organization:

The Core package defines/the basic abstractions of KDM.
The package withfiame “kdm” provides shared context for all KDM models.

The Source package defines meta-model elements that represent the inventory of the physical artifacts of the existing
software§ystem and defines the key traceability mechanism of KDM - how KDM facts references back to their
originatrepresentation in the artifacts of the software system (for example, source code).

16

The €ode package defines meta-model elements that represent the low-level building blocks of software, spich as

Action package defines meta-model elements that represent statements as the end points of relations, and the majority
of low-level KDM relations.

Platform package defines meta-model elements that represent the run time resources used by the software system, as
well as relationships determined by the run-time platform.

UI package defines the meta-model elements that represent the user-interface aspects of the software system.
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- Event package defines meta-model elements that represent event-driven aspects of the software system, such as events,
states, state transitions, as well as relationships determined by the event-driven semantics of the run-time framework.

+ Data package defines meta-model elements that represent persistent data aspects of the software system.

+ Structure package defines meta-model elements that represent architectural components of existing software systems,
such as subsystems, layers, packages, etc. and define traceability of these elements to other KDM facts for the same

system.
+ [ Conceptual package defines meta-model elements that represent the domain-specific elements of the'softw

+ | Build package defines meta-model elements that represent the artifacts related to the build process’ of the s

system (including but not limited to the engineering transformations of the “source code” toy‘executables”).

hre system.

ftware
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Subpart | - Infrastructure Layer

KDM is a large specification, since it provides an intermediate representation for several facets of knowledge about
existing enterprise software systems. In order to manage the complexity of KDM, a small set of concepts was selected and
systematically used throughout the entire specification. These concepts are defined in the so-called Infrastructure Layer. It

consists-of-thefeHewing3packapges:

» [Core
+ [kdm
» [ Source

The Copre package defines the fundamental meta-model element types and the correspondifig, constraints. Core|package
providps a set of types that determine each individual KDM meta-model element through'subclassing. Each KDM meta-
model|element is a subclass of one of the classes defined in the Core package. Fromthe meta-model perspectiye KDM is
an entity-relationship representation. So, the two fundamental classes of the Core ‘package are KDMEntity and
KDMRelationship. An entity is a thing of significance, about which information needs to be known or held. A KDM
entity |s an abstraction of some element of an existing software system, that has a distinct, separate existence,|a self-
contaiped piece of data that can be referenced as a unit. Each KDM pacKage defines several meta-model elempnts that
repres¢nt specific entities for a particular KDM domain.

A relationship represents an association, linkage, or connection between entities that describes their interaction, the
dependence of one upon the other, or their mutual interdependenice. A KDM relationship represents some sempntic
associgtion between elements of an existing software system. Each KDM package defines several meta-modelfelements
that represent specific relationships for a particular KDMrdomain. All KDM relationships are binary.

KDM defines two special relationships:
+ | containment
* | grouping

Some KDM entities are containers for other entities. There is a special container ownership (containment) relationship
betwegn a container and the entities that are directly owned by this container. Some KDM entities are groups pf other
KDM pntities. There is a specialygroup association (grouping) relationship between the group and the entities [that are
directly “grouped into” this ‘gtoup.

Core plackage defines.an analysis mechanism, the so-called Aggregated Relations mechanism that brings together special
relatiopships of contdinment and grouping and regular relationships of the entity-relationship model.

Core package.defines a reflective API to KDM representation. Other KDM packages extend this API by speciffic
operatjonsy corresponding to specific facets of knowledge about existing software systems.

The Care-package is aligned with the OMG SBVR specification, as it provides an abstraction of existing softwake systems
in the form of ferms (various KDM entities) and facts (various attributes of KDM entities, and relationships between
KDM entities). Indeed, most of the KDM specification is a definition of a language- and platform-independent ontology
of existing software systems. This alignment is important since KDM can be viewed as a standard vocabulary related to
descriptions of existing software systems. SBVR rules can be written using this vocabulary to formally describe further
properties of existing software systems.

© ISO/IEC 2012 - Al rights reserved 19


https://standardsiso.com/api/?name=3770a23a5ff9f32068188ddd9e47004c

ISO/IE

C 19506:2012(E)

The package with name “kdm” defines several elements that together constitute the framework of each KDM instance.

The fra

mework determines the physical structure of a KDM representation. The elements of the framework are present in

every instance of KDM that represents a particular existing software system. From the framework perspective, each KDM
representation consists of one or more Segments, where each Segment owns several KDM models. Each KDM package

defines

some specific type of KDM model, which addresses a certain specific facet of knowledge about existing software

systems. Individual KDM implementations may support one or more selected KDM models, as defined in the KDM

compliance section. KDM tools may use multiple KDM implementations to represent different facets of knowlg¢dge about
the existing software system and integrate them into a single coherent representation. Further, KDM designs facilitate
incremlental implementations, where certain pieces of knowledge about the existing software is collected by arjalyzing

more lpwer level KDM representations. According to this approach certain KDM tools may perform(a “KDM

enrichment” process, a “KDM to KDM transformation,” where a tool analyzes the input KDM mgddel'and produces one or
more gdditional Segments and Models, explicitly representing certain derived pieces of knowledge about the slystem.

The S

urce package defines the so called Inventory model, which represents the physical artifacts of an existipg system

as KDM entities as well as the mechanism of traceability links that provide associations\between KDM elementp and their

“origir]

al” language-dependent representation in the source code of the existing softwatre system, for which thqg KDM

views fire created. This is an important part of the KDM Infrastructure, because©ther KDM packages use this mechanism

to refef to the source code and the physical artifacts of the existing software system.

20
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Core Package

Overview

The Core package provides basic constructs for creating and describing meta-model classes in all specific KDM packages.

Classe
detern

9.2

The K
packag
impler

The C

The C

9.3

The C
CoreE

5 of the Core package determine the structure of KDM models, define fundamental modeling constraint
ine the reflective API to KDM instances.

Organization of the Core Package

DM specification uses packages to control complexity and bring together logically interrelated classes.
e defines a set of meta-model elements that have the purpose of defining the fundamehtal patterns and ¢
hented by all other KDM packages.

pre package consists of the following four class diagrams:
CoreEntities

CoreRelations

AggregatedRelations

Datatypes

re package depends on no other packages.

CoreEntities Class Diagram

breEntity class diagram defines key abstractions shared by all KDM models. The classes and associatiof
htities class diagram are shown in Figure 9.1.

5, and

['he Core
onstraints

1s of the
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Element

f

ModelElem ent

+/owner +/group

{union} . .
KD M Entity {union}

——®&name : String

0..1

+/groupedElement
+/ownedElement {union}

{union}

Figure 9.1- CoreEntities Class Diagram
9.3.1] Element Class (abstract)

An Elgment is an atomic constituent of a model. In the meta-model, an Element is the top meta-clement in the {DM class
hierarghy. Element is an abstract meta-model element.

Semartics

Element is the common parent from all meta-modelelements of KDM. Most subclasses of Element can own annofations and
user-d¢fined attributes through mechanisms defined in the kdm package.

9.3.2] ModelElement Class:(abstract)

A ModelElement is an element-that represents some aspect of the existing system.

In the meta-model, a ModelEtement is the base for all meta-elements of KDM. All other meta-elements are eifher direct
or indifrect subclasses @f ModelElement. ModelElement is an abstract meta-model element.

A ModelElement can-be extended through the lightweight extension mechanism.

Supeiclass

Element

Semantics

The ModelElement is a common class for all meta-model elements that represent some element of the existing software
system. The subclasses of Element that are not the subclasses of the ModelElement class are the auxiliary elements of the
Infrastructure Layer.

Each subclass of the ModelElement meta-model element can be extended through the light-weight extension mechanism
defined in the package named “kdm.”
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9.3.3 KDMENntity Class (abstract)

A KDMEntity is a named model element that represents an artifact of existing software systems.

6:2012(E)

In the meta-model, KDMEntity is a subclass of ModelElement. Each KDM package defines specific KDM entities that
are direct or indirect subclasses of KDMEntity. A KDMEntity can be either an atomic element, a container for some

KDMH
are usg
with w
ZEero o

Supel
Model

many groups.

class

Flement

Attributes

nameg

AsSO(

owng

grouq

Const
1.

: String

Ciations

r:KDMEntity[0..1]

:KDMEntity[0..*]

raints

Operg

getOwner(): KDMEntity[0..1]

getOwnedElement(): KDMEntity[0..*]
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tions

ntities, or a group of some KDMEntities. Container and group introduce implicit relationships between,é|
d to represent hierarchies of entities. A container is a KDMEntity that owns other entities. A group_isha K|
hich other entities are associated. A KDMEntity can be owned by at most one container, and cane-assoq

An identifier for the KDM entity.

KDM entity that owns the currefit €lement. This property determines a meta-level
to KDM entities. This propetty is a derived union. Some KDM entities define a co
of owned elements that areSubtypes of KDMEntity. In KDM this is represented by t

ntities and
DMEntity
iated with

interface
hcrete set
he CMOF

“derived union” mechafiism. Concrete properties subset the “union” properties of the parent

classes, defined in the-Core package. The owner of a KDM entity is defined as the
for which the giyen-entity is an owned entity.

Set of KDMtentities with which the current element is associated. This property dq
a meta-leyel interface to KDM entities. This property is a derived union. Some KD]
defineaconcrete set of grouped elements that are the subtypes of KDMEntity. In |
isfrepresented by the CMOF “derived union” mechanism. Concrete properties sub
“wnion” properties of the parent classes, defined in the Core package. The group o
entity is defined as the group for which the given entity is a grouped entity. Each KIl
can be associated with multiple groups.

KDMEntity should not reference self as groupedElement.

container

termines
M entities
KDM this
bet the

f a KDM
DM entity

This operation returns the KDM entity that is the owner of the curre

nt KDM

Entity. The owner entity is a KDM container. There can be at most one owner

for each given entity.

KDM Entity. Only KDM containers can own other entities.

This operation returns the set of KDM entities that are owned by the current
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getGroup():KDMEntity[0..*] This operation returns the set of KDM Entities that have a group association to
the current KDM Entity. The group entity is a KDM group. Unlike KDM
containers, there may be many groups that have an association to a given
entity.

getGroupedElement():KDMEntity[0..*] This operation returns the set of KDM entities that are “grouped” by the
current KDM entity. Only KDM groups can have group associatiens to other
entities.

Semat[ﬂics

An entity is a thing of significance, about which information needs to be known or held. A KDM -entity is an gbstraction
of some element of an existing software system, that has a distinct, separate existence, a self-contained piece off data that
can be|referenced as a unit. Each KDM package defines several meta-model element that represent specific enfities for a
particylar KDM domain.

9.4 | CoreRelations Class Diagram

The Core class diagram defines key meta-model associations of KDM miodels. The classes and associations off the
CoreRglations class diagram are shown in Figure 9.2.

ModelElement

+/pwnedRelation
{union} KDMRelationship
0..*

0..
+/outbound 0.*
{union}

+/inbound
{tnion}

KDMEntity

Figure 9-2—CoureRetations Ctass Diagram
9.4.1 KDMRelationship Class (abstract)

A KDMRelationship is a model element that represents semantic association between two entities.

In the meta-model, KDMRelationship is a subclass of ModelElement. Each KDM package defines some specific KDM
relations that are either direct or indirect subclasses of KDMRelationship. Specific subclasses of KDMRelationship are
typed associations between some specific subclasses of KDMEntity.
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Superclass
ModelElement

Associations

to: KIDMEntity[1] The target entity (also referred to as the to-endpoint of the relationship). This property-d¢termines
a meta-level interface to KDM relationships. Every specific KDM relationship redéfinés the to-

endpoint to a particular subtype of KDMEntity. In KDM this is represented by the € MOF |‘subsets”
mechanism. Concrete properties redefine the properties of the parent classes,(defined in the Core
package.

from:KDMEntity[1] The origin entity (also referred to as the from-endpoint of the relationship). This proper{y
determines a meta-level interface to KDM relationships. Every speeific KDM relationship
redefines the from-endpoint to a particular subtype of KDMEntity:»In KDM this is represented by
the CMOF “‘subsets” mechanism. Concrete properties redefine the properties of the parent classes,
defined in the Core package.

Operations

getTd(): KDMEntity[1] This operation returns the KDM entity-that is the to-endpoint (the target) of the currgnt
relationship.

getFrom():KDMEntity[1] This operation returns the KDM entity that is the from-endpoint (the origin) of the cprrent
relationship.

Semantics

KDMRelationship meta-model element is an-abstract element. The concrete KDM relationships between KDM|entities in
KDM piews are instances of concrete subclasses of KDMRelationship. Each instance of KDMRelationship ha$ exactly
one tafget and exactly one origin. Eagh\concrete subclass of KDMRelationship defines the acceptable types off its
endpoints.

9.4.2] KDMEntity (additional properties)

Assog¢iations

ownedRelation: KDMRelationship[0..*] Primitive KDM relationships that originate from the current entity.
Opergtions
getinbound(): KDMRelationship[0..*] This operation returns the set of relationships such that the current

KDMEntity is the to-endpoint of these relations.

getOutbound():KDMRelationship[0..*] This operation returns the set of relationships such that the current
KDMEntity is the from-endpoint of these relationships.
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getOwnedRelation():KDMRelationship[0..*] This operation returns the set of relationships such that the current
KDMEntity owns these relationships.

Constraints

1. The set of ownedRelations for a given KDMEntity should be the same as the set of KDMRelations for which the
from property is the given KDMEntity.

Semahtics

This pyoperty defines the so called “encapsulated relationship” pattern. From the infrastructure petspéctive, th¢
ownedRelation association is required to manage relationship elements. KDM relationships aré_owned by the ¢ntity,

which [is the origin of the relationship. From the meta-model perspective, each relationship is a self-contained gssociation
class with to- and from- properties.

9.5 | AggregatedRelations Class Diagram

The AggregatedRelations class diagram defines the key analysis mechanism,of KDM. AggregatedRelationshigs are part
of the [‘meta-level” interface to KDM models, along with interfaces defified by KDMEntity and KDMRelationship.

Overall management and lifecycle of the Aggregated Relationships isidetermined by the operations of the KDMEntity
class.

The classes and associations of the AggregatedRelations class diagram are shown in Figure 9.3.

ModelElement

RelationSet
+aggregate
AggregatedRelationship +relation
<density : Integer

KDM Relationship

0..* 0..*

inAggregdted 0.

+

D estination

K D M E ntity

Figure|9:3.-"‘AggregatedRelations Class Diagram

9.5.1 AggregatedRelationship Class

The set of AggregatedRelationship elements for a given entity represents all primitive relationships between the entities
that are transitively owned by the given entity as well as the entity itself. This is a concrete class, because an
AggregatedRelationship can be instantiated, and exchanged. AggregatedRelations are meant to be built on demand (and
exchanged too, if necessary). The lifecycle of the Aggregated Relationships can be explicitly managed by the operations
of the KDMEntity class.
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ModelElement
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Assoq
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to: KIl

from:

Const
1.

2.
3.

Sema

Aggre
follow|

1.
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ntics

ty:Integer The number of primitive relationships in the aggregated set.

Ciations

DMEntity[1] The target container of the relationships in the aggregated set. All relationsh|
aggregated set should terminate at the target container’or at some entity thal
contained directly or indirectly in the target container.

KDMEntity[1] The source container of the relationships in‘the'aggregated set. All relationsh
aggregated set should originate from the sotrce container or from some ent
contained directly or indirectly in th€ source container.

raints

To- and from-endpoints should be distinct.
The density should be greater than or equal to 1.

The density should be the same as the numberof primitive relationships represented by the given aggrega
relationship.

patedRelationhips is determined.by. how atomic elements are owned by containers (or referenced by gro
ng way:

AggregatedRelationship'between two entities (no owned elements) represents the set of regular KDM relg
between these two-entities (such that the first entity is the from-endpoint of the relationship, and the secon
the to-endpoint.af'the relationship).

AggregatedRelationship between an entity and a container (or group) represents the set of all regular KD)
relationships such that the given entity is the from-endpoint and the to-endpoint is any entity that is owne
given'container (directly or indirectly).

AggregatedRelationship between a container (or group) and an entity represents the set of all regular relat

bn:KDMRelationship[0..*] The set of primitive KDM relationships represented by the'aggregated relationship.

ips in the
s

ips in the
ty that is

ted

Ips) in the

tionships
d entity is
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| by the
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(directly or indirectly).

container

AggregatedRelationship between two containers represents the set of all regular KDM relations such that the from-
endpoint is an entity owned by the first container and the to-endpoint is an entity owned by the other container.
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A regular KDM relationship is represented by a subtype of KDMRelationship class. It has a concrete type, and an implied
density of 1. An AggregatedRelationship represents a set of regular KDM relationships. It has density of greater or equal
than 1 and no concrete type (as it may represent regular KDM relationships of different types). An
AggregatedRelationship cannot be constructed between two entities if there are no regular KDM relationships between
them (according to the definition above).

The re]ationship “x in* C” means that x is in container C or in some sub-container of C, transitively.
For relationship R, let R’ be the corresponding aggregated relationship.

Given [containers C1 and C2 and the relationship R, let

P={(xy) : xin* Cl and y in* C2 and x R y}

That i, P is the set of pairs such that x is in* C1 and y is in* C2 and x R y.

Then
CIR’|IC2iff [P| >0

C1 and C2 are related by the aggregated relationship R’ if and only if‘there is at least one pair in the set P.

The dgnsity of C1 ' C2 is then simply |P|, the size of the set P.

C1

|==

Figure|9.4 - AggregatedRelationships illustrated

Figure|9.4 illustrates Containers and aggregated relationships. It uses the following notation. UML package symbols C1
and C2 represent KDM Containers, UML associations represent KDMRelations. An arrow at the end of an asdociation
indicates the.ditection of the relationship, when there are no arrows at either end of the association (as in the Fjgure 9.4),
this inglicates‘two relationships, one in each direction. The numbers at the ends of associations, such as “+2”, represent the
density ofthe corresponding KDM relationship. The KDM density has a different interpretation than UML myltiplicity:
since KDM represents an existing application, the exact relationships and their number is what the model captures. KDM
model is not a model that represents constraints, like the ones used during the design phase, rather, this is a model that
captures precise knowledge about the application. So, the KDM densities are exact.

Aggregated relationships are collections of more primitive relationships, which at the end are some basic code facts, for
example “procedure x calls procedure y.” Such basic fact has density 1. A primitive code relationship represents some
basic fact about the existing application. Now, when there are two or more such facts, for example “procedure x in
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module A calls procedure y in module B” and “procedure z in module A calls procedure y in module B,” there is an
aggregated relationship between modules A and B with density 2 (2=1+1). In this case, the aggregated relationship
represents the collection of the two primitive relationships between modules A and B.

9.5.2 KDMENntity (additional properties)

Opereltions

createAggregation(otherEntity:KDMEntity)

delet¢Aggregation
(aggregatedRelation:AggregatedRelationship)

getinAggregated():AggregatedRelationship[0..*]

getOutAggregated():AggregatedRelationship[0..*]

9.6 | Datatypes Class Diagram

The Dhtatypes class diagram collects together utility-data types for the Core package. Each class at the Dataty
diagram is a subclass of MOF DataType class. The classes of the Datatypes class diagram are shown in Figurg

<<datatype>>
<<Hatatype>> Boolean
String

<<datatype>>
Integer,

Figure] 9.5 - Datatypes Class Diagram

9.6.1| “Boolean Type (datatype)

This operation creates an aggregated relationship@uch that th
entity is the from-endpoint of the aggregatedelation and th
“otherEntity” is the to-endpoint. The new,aggiegated relati

€ current
e
nship is

owned by the model to which owns the-current entity (eithef directly

or indirectly through container ownetship).

This operation deletes the givenlaggregated relationship.

This operation returns the'set of AggregatedRelationship fof which

the target is the current'KDM Entity.

This operation returns the set of AggregatedRelationship fof which

the origin is the current KDM Entity.

pes class
9.5.

The meta-model uses the Boolean type to represent some KDM attributes, KDM operations, and their parameters.

9.6.2 String Type (datatype)

The meta-model uses the String type to represent some KDM attributes, KDM operations, and their parameters.
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9.6.3 Integer Type (datatype)

The meta-model uses the Integer type to represent some KDM attributes, KDM operations, and their parameters.
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10 The Package Named “kdm”

10.1 Overview

views of

element of the existing system. Although in the technical sense, KDM instance is a model of the correspondinlg existing
software system, KDM instance is not a model that represents constraints, like the ones used durifigythe design phase,
rather,|this is an intermediate representation that captures precise knowledge about the system(

Implethenters of KDM tools are guided by a mapping from the elements of programming languages, runtime platforms,
and other artifacts of existing software systems into KDM elements, using semantic description and implementer's
guidelines of this International Standard. The package named “kdm” describes sevetal)infrastructure elements [that are
presenf in each KDM instance. Together with the elements defined in the Core package these elements constitpite the so-
called [KDM Framework. The remaining KDM packages provide meta-model elements that represent various elements of
existinjg systems.

Each KDM package follows a uniform meta-model pattern for extending the KDM framework (the Framework|Extension
meta-mhodel pattern). KDM Framework is part of the Infrastructure Layer together with the elements defined in the Source
package.

10.20 Organization of the KDM Framework

The pdckage with name “kdm” is a collection of classes and associations that define the overall structure of KIDM
instandes. From the infrastructure perspective, KDM instances are organized into segments and then further info specific
modelq. There are 9 kinds of models. Each KDM model is described by one or more KDM packages and corr¢gsponds to
one KDM domain. From the architectural perspective, each KDM package defines an architectural viewpoint.[KDM
model|is the key mechanism to organize, individual facts into architecture views. From the infrastructure perspective, a
KDM model is a typed container fof mieta-model element instances (collection of facts organized into an architectural
view). [From the meta-model perspective, each KDM model is represented by a separate KDM package that dgfines a
collectiion of the meta-model €lemients, which can be used to represent the facts about the given existing systepns from a
particylar viewpoint. KDM+«framework defines a common superclass model element for all models - the KDMMpdel class.
KDM ppecification uses-the term “KDM model” to refer both to a meta-model element corresponding to a particular
model|kind and to a¢atticular instance of such element in a concrete representation of some existing system. Explicit
disambiguation (KDM model meta-model element vs. KDM model instance) will be provided when necessary)

KDM model.is-the key unit of a KDM instance. KDM segment can own one or more models. A segment is a minimal unit
of exchange in the KDM ecosystem. Segments can be nested.

The imptementer shall provide an adequate partitioning ot the KDM instance imo mulitipic models and segments. On the
other hand, the implementers of KDM import tools should not make any assumptions about the organization of KDM
model elements into models or organization of models into segments.

A segment is a coherent collection of one or more related models that represents a self-contained perspective on the
artifacts of the existing system. It is expected that a complete segment is extracted as a unit. It is expected that each model
segment describe artifacts that involve a single programming language and a single platform.
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An enterprise application may involve multiple segments that are exported by separate extractor tools, and may need to be
integrated to provide a coherent holistic view.

The package with name “kdm” consists of the following 5 class diagrams:

.

The p4

10.3

The Frlamework class diagram defines the meta-model elements that constituté-the so-called KDM Framework} a
ion of KDM models organized into nested segments. These meta-miodel elements determine the structurg of KDM
es. The classes and association of the Framework diagram are shown in Figure 10.1.

collect]
instand

Framework — defines the basic elements of the KDM framework.

Extensions

Audit — defines audit information for KDM model elements.

Annotations - provides user-defined attributes and annotations to the modeling elements.

ExtendedValues - the tagged values used by the light-weight extension mechanism.

ckage with name “kdm” depends only on the Core package.

Framework Class Diagram

(from core)

ModelElement

+extensionFamily
0.*

[:

xtensionFamily

+segment

N 7

KDM Framework

wname : String

+owner

Segments

Segment

+owner

Extensions - a class diagram that defines the overall organization of the light-weight extensionanechanism pf KDM.

KD M E ntity

(from core)

<name : String

+model

+/ownedEle ment

{union}

+/model

0.1 {union}

KDM Model

0.1 Models

AggregatédRelations

0..*

+/model

+/aggregatedRelation

AggregatedRelationship

(from core)

wdensity : Integer

Figure 10.1 - Framework Class Diagram
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10.3.1 KDMFramework Class (abstract)

The KDMFramework meta-model element is an abstract class that describes the common properties of all KDM
Framework elements. KDMFramework class is extended by Segment and KDMModel classes. These elements are
contains for KDM light-weight extensions (extension property). The KDM extension mechanism is described further in

this clause
Supeirclass
ModelElement
Attributes
namg: String [0..*] The name of the framework element.
Associations
exterfsion: ExtensionFamily [0..*] Extensions for the current modehsegment.
Semantics
Concr¢te instances of the KDM Framework meta-model elements define the organization of the KDM instanc¢. The
implementer shall:
- | arrange instances of the KDM model elements into models (constrained only by the definition of each modgl)
« | arrange KDM models into one or more segments
+ | provide names to KDM models and KDM segments
10.3.2 KDMModel Class (abstract)
A KDMModel is an abstract class‘that defines common properties of KDM model instances which are collectiops of facts
about § given software syste from the same architectural viewpoint of one of the KDM domains. KDM defirjes several
concrefe subclasses of theZ KDMModel class, each of which defines a particular kind of a KDM model. The arghitectural
viewpdint is define by)the corresponding KDM package. A KDM model instance is an architectural view of the given
systen.
From {he meta-<model perspective, KDMModel extends the Element class. Each concrete KDM model follows|the so-
called [Framework Extension meta-model pattern. This pattern involves the following naming conventions. Let’s assume
that “fp0”is the name of the KDM model. The following rules describe the Framework Extension meta-mode| pattern:

The meta-model elements for KDM model “foo” are described in a separate package, called “foo.”
The package defines a concrete subclass of the KDMModel, called “FooModel.”

The package defines a common abstract parent for all KDM entities specific to this KDM model, called
“AbstractFooElement.” This class extends the KDMEntity class from the Core package.

The package defines a common abstract parent for all KDM relationship specific to this KDM model, calle
“AbstractFooRelationship.” This class extends KDMRelationship class from the Core package.
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d

33


https://standardsiso.com/api/?name=3770a23a5ff9f32068188ddd9e47004c

ISO/IEC 19506:2012(E)

Class “FooModel” owns class “AbstractFooElement.” This association subsets the association between the
KDMModel and KDMEntity defined at the Framework class diagram.

Class “AbstractFooElement” owns zero or more AbstractFooRelationship elements.

The package “foo” includes a “Foolnheritances” class diagram, describing inheritances of “FooModel,”
“AbstractFooElement,” and “AbstractFooRelationship” classes, as well as any other common properties rel

Supel
KDMH

Assoq

ownel

aggre

Sem:rtics
The inmpplementer shall arrange instances of the KDM modgl elements into models (constrained only by the de

each
contaif
KDM

In gen

Usuall
in KD]
Infrast

10.3.

Operations

getM

KDM Infrastructure, such as properties related to the Source package.

The package “foo” includes “ExtendedFooElements” diagram that defines two generic meta-model-¢lemen|
“FooElement” and “FooRelationship.” These meta-model elements are extension points to package.*“foo.”

class

ramework

tiations
dElement: KDMEntity[0..*] Instances of KDM_entities owned by the model. Each K
model defines specific subclasses of KDMEntity class.

gatedRelation:AggregatedRelationship[0..*] Instances of KDM aggregated relations owned by the 1

odel) and to provide name attributes for each KDM'model instance. A KDM model instance may be emy
I one or more instances of the elements allowed for this KDM model. A particular KDM instance may
models of a given kind, or several such models.

eral, KDM does not constrain associdtions between instances across KDM models or across KDM segm

M Program Elements and Inffastructure layer. There should be no associations from the Program Eleme
fucture layer models to Resource and Abstractions layer models.

3 KDMEntity (additional properties)

bdel():\KkDMModel[0..1] This operation returns the KDM model that owns the current K1
Entity.

ated to the

ks

(DM

nodel.

finition of
ty or may
ontain no

ents.

y, KDM models corresponding to'\the KDM Resource Layer and Abstractions Layer have associations to the models

nts and

DM

10.3.4 Segment Class

The Segment element is a container for a meaningful set of facts about an existing software system. Each segment may
include one or more KDM model instances and thus represents a collection of one or more architectural views for a given
software system. Segment is a unit of exchange between the tools of the KDM ecosystem. Segment without owners is the
top segment of the KDM model.
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segnient: Segment[0..*] Nested Segment elements owned by the current Segment.

moddI[0..*:KDMModel The set of KDM models owned by the current segment. Each KDM modelydefipes an

architectural viewpoint. KDM model defines specific meta-model elements (ent
relationships specific to the viewpoint) that collectively define theviewpoint la

Sem:rtics

The inpplementer shall arrange KDM models into segments and to provide name attribites”for each KDM segi
instan¢e. A KDM segment instance may be empty or may not contain KDM models of 'a given kind or may ¢
or moffe KDM models of a given kind.

In gen

KDM
Eleme
deriva

pral, KDM does not constrain associations between instances across XDM models or across KDM segm

neta-model patterns make it possible to arrange KDM instances(in‘such a way that the models in KDM|
hts and Infrastructure layers are placed in a separate KDM segment, which becomes a reusable asset foi
ive models from the Program Elements and Infrastructure layer.

The injplementers of KDM import tools should not make any*assumptions regarding the organization of the KD

into KDM segments.
Example
<?xml |version="1.0" encoding="UTF-8"?>

<kdm:4egment xmi:version="2.1"

xmlns:xmi="http://schema.omg.eryg/spec/XMI/2.1"

xmlns:code="http://schema somg.org/spec/KDM/1.2/code"
xmlns:kdm="http://schema,omg.org/spec/KDM/1.2/kdm"
xmlns:source="http://scheéma.omg.org/spec/KDM/1.2/source" name="Framework Example">

<audit xmi:id="id.0" descxiption="Illustration of KDM Framework" author="KDM FTF" date="04-03-
<dttribute xmi:id="igd~ 3! tag="approved" value="yes"/>

</aydit>

<seqment xmi:id="1id%2+» name="foobar"/>

<model xmi:id="i#d.L3"" xmi:type="code:CodeModel" name="foo">

<gnnotation xmi:id="id.4" text="This is a sample instance of a Code model"/>

</mgdel>

<model xmiNd="id.5" xmi:type="source:InventoryModel" name="bar"s>

<gnnotation xmi:id="1id.6" text="This is a sample of an Inventory model"/>

</mqdeTs

ities and
nguage.

nent
ntain one

ents.
Program

multiple

M models

2007">

</kdm: Segment >

10.4 Audit Class Diagram

The Audit class diagram defines meta-model elements to represent some extra “audit” information related to the KDM
framework elements (models and segments).

The classes and associations of the Audit class diagram are shown in Figure 10.2.
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Element
(from core)

KD NTFTamework j&
1
Audits 0:*
Audit

+audit =description : String
&author : String
“date : String

Figure]10.2 - Audit Class Diagram
10.4.1 Audit Class

Audit ¢lass represents basic audit information associated with KDM models-

Supeiclass
Element
Attributes
descijiption:String Contains the description of the Framework element.
authdr:String Contains the. name of the person who has created the model element, or the namp of the
tool that was used to create the model element.
date:Htring Contains the date when the model element was created.

Constraints

1.| date should be represénted in “dd-mm-yyyy” format

Semahtics

The Apdit elementyprovides some extra “audit” information in the form of human readable text.

Each Hramework element can have zero or more Audit instances associated with it. The collection of Audit elgments is
not ordered however the data property can be used to establish the temporal ordering. The Date format is “dd-mhm-yyyy,”

h e 10 o <1 dat tla < 2 aila L £ 41 +la. 7S R | A 2L dad 13 2 tlo F
Wwhnere =aa—is—the CratT e T TS U oo T UT UTC TITOTTU - v It TCOaUtTiTE—ZCTU T OeCUCTU—daiTd— yyyy TS IV jeal’. or

example, “04-03-2007” corresponds to the “4th of March 2007.”
The content of the Audit element is provided by the implementer or the analyst.
KDM does not constrain the “description” attribute.

The implementers of KDM import tools should not make any assumptions regarding the content of the Audit element,
other than the “human-readable text.” It is expected that at least one Audit element is related to the origin of the model or
segment.
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Audit element can own Annotation elements and Attribute elements. The Audit.description is the primary description and
any associated annotations may be used as optional secondary descriptions.

Example

See example in the KDMFramework sub clause.

10.4.2 KDMFramework (additional properties)

Audit ¢

Assog¢iations

lements can be owned by any subclass of the KDMFramework element, including segment or model.

auditjAudit[0..*] The list of Audit element instances for the given instance of KDMFramework (segment of model).

10.5

The Extensions class diagram defines the meta-model elements that constitute the basis of the KDM light-wei
ons mechanism. Some additional meta-model elements are defined by the ExtendedValues class diagram.

extens

The KPM light-weight extension mechanism is a standard way of adding new “virtual” meta-model elements t

“virtud

attribufes. The base meta-model element can be a “regular’\elément (a concrete class, not marked as “generic’
“generjic” (concrete class with under specified semantiesiZmarked as “generic”). This mechanism is defined as

KDM.

stereotlypes). The exact meaning and the intention 6fthe “extended” meta-model elements is outside of KDM 4
be communicated by implementers to the users-of the extended representations.

The light-weight extension mechanism provides the following capabilities:

1.

Extensions Class Diagram

1” meta-model element is a base meta-model element with’extended meaning, and possibly with extend

The light-weight extensions mechanism allows introducing new “extended” meta-model element kinds

Define a stereotype (introduee, the partial kind of a meta-model element):

* A stereotype definition‘intludes the name of class of the allowed base elements. This class can be a par]
concrete meta-model ¢lement, a generic element or an abstract meta-model element.

Define tags assoéiateéd with a stereotype. Tags are additional attributes to the extended elements. Tag defi
includes the name of the extended attribute and the name of the type of the element (represented as a strin|
of extendedattributes can take the form of a string, or reference to some modeling element. Each stereoty
its ownset of tags. Tag definitions are owned by the corresponding stereotype definition.

Ofganize stereotype definitions into stereotype families. Stereotype families are owned by KDM Framew

bht

KDM. A
ed

), or

part of
called

nd should

icular
lition
o). Values

be defines

rk

elements (KDM models and segments).

Use extended model elements in KDM instances by using the base meta-model element instance with one or more

stereotypes:
* Concrete tag values can be added to the “virtual” element if the stereotype defines tags.
* Each tag value is associated with the corresponding tag definition.

* The complete kind of the new element is defined as the union of all stereotypes added to the element.
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When added to a KDM model element, a stereotype provides additional semantic details to the base meta-model element.
Stereotypes should not change the semantics of the base element.

KDM supports the light-weight extension mechanism through a Generic Element meta-model pattern. KDM defines a

relatively large number of concrete meta-model elements with under specified semantic. In KDM these elements are the
common superclasses for classes with specific semantics. However, generic elements can be used as extension points of
the liglt=weTgitextension mecanistT by using thenr i KD M irmstances withr o stereotype. T addition, Tacir KiPM model
defines two “wildcard” generic elements: a generic entity and a generic relationship for the given KDM medelf They too
can be|used as extension points.

Pure KDM instances should use only concrete meta-model elements that have semantics specified(in-KDM, wjthout
stereotlypes. KDM instances that use stereotypes are called extended KDM instances. Extended-KDM instancep can add
stereotlypes to concrete meta-model elements.

KDM [ight-weight extension mechanism does not support multiplicity of tags, constraints en tags, relationships between
tags o1f stereotypes. The implementer shall select the most specific extension points, by defining stereotypes in guch a way
that they use the base elements with the most specific semantic description (closet-tep the bottom of the KDM flass

hierardhy).

The classes and associations of the Extensions diagram are shown in Figur& 10.3.

Element

(from core)
\ E xtensionFamily

<name : String

Stereotypes
1
Steréotype 0+
T <inam.e : String ”
;faggD-esﬂtr:iI:gn ttag . Stype : String +stereotype
Litype : String 0..* Tags ..
+ste\reotype

E xténsion

0.
ModelElement

(from core)

+taggedValue 1

E xtendedValue

0..* ExtendedValues

Figure|10.3 - Extensions Class Diagram

10.5.1 _Stereotype Class

The stereotype concept provides a way of branding (classifying) model elements so that they behave as if they were the
instances of new virtual meta-model constructs. These model elements have the same structure (attributes, associations,

operations) as similar non-stereotyped model elements of the same kind. The stereotype may specify additional required
tagged values that apply to model elements. In addition, a stereotype may be used to indicate a difference in meaning or
usage between two model elements with identical structure.

In the meta-model the Stereotype is a subclass of Element. Stereotype is a named model element. TaggedValues attached
to a Stereotype apply to all ModelElements branded by that Stereotype.
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A Stereotype specifies the name of the base class to which it can be added.

Superclass

Element

Attrib

nameg

type:

Assoq

tag:TagDefinition[0..*]

Const

1.
2.

Sema

Stereo

A KD]
seman

utes

:String Specifies the name of the stereotype.

Btring Specifies the name of the model element to which the stereotype applics.

Ciations

associated with the model elements that are branded“with the given stereotype.

raints

Tags associated with model element should not clash with any:meta attributes associated with this model
A model element should have at most one tagged value with'a given tag name.

A stereotype should not extend itself.

are represented as instances of'the TaggedRef class.

ntics

ypes should not change’the semantics of the base meta-model element.

eleme
equive:ﬁent te-a'situation in which KDM has been extended by adding a new meta-model class that extends the

with th

e few ‘attributes corresponding to the tag definitions.

Stereotype owns the set of tag definitions that determine the additional tagged vhlues

tlement.

A Stereotype can be added to ModelElement if ifs-Class is the same as the baseClass, or one of its subclasges.

The values of the Type attribute of the TagDefinition are restricted to the names of the KDM meta-elemer]ts. Names
of the core datatypes (“Boolean,” “String;* “Integer””) define attributes of the extended meta-model elemept. The

corresponding values are represented as instances of the TaggedValue class. Names of other KDM meta-el¢ments (for
example, “KDMEntity,” or “Audit”) define associations of the extended meta-element and the corresponding values

M model elementwith one or more stereotypes has the semantics of the base element with some additional
ic constraints=The complete kind of the new element is defined as the union of all stereotypes added tq the
t. Extended)values are the attributes of the extended element. A KDM element with one or more stereotypes is

base class,

Example

<?xml version="1.0" encoding="UTF-8"?>

<kdm:Segment xmi:version="2.1"

xmlns:xmi="http://schema.omg.org/spec/XMI/2.1"
xmlns:action="http://schema.omg.org/spec/KDM/1.2/action"
xmlns:code="http://schema.omg.org/spec/KDM/1.2/code"
xmlns:kdm="http://schema.omg.org/spec/KDM/1.2/kdm" name="Stereotype Example">

<extensionFamily xmi:id="id.0" name="Example extensions">
<stereotype xmi:id="id.1" name="Java method"/>
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<stereotype xmi:id="id.2" name="C++ method"/>
<stereotype xmi:id="id.3" name="C++ procedure"/>
<stereotype xmi:id="id.4" name="C++ friend"s>

<tag xmi:id="1id.5" tag="friend of" type="ClassUnit"/>
</stereotype>
<stereotype xmi:id="id.é" name="IsFriendOf"/>
<stereotype xmi:id="id.7" name="native call">

<tag xmi:id="id.8" tag="implemented in" type="String"/>
</|stereotype>
</extensionFamily>
<model xmi:id="id.9" xmi:type="code:CodeModel" name="Example">
<dodeElement xmi:id="id.10" xmi:type="code:ClassUnit" name="myclass">
<codeElement xmi:id="id.11" xmi:type="code:MethodUnit" stereotype="id.2"
name="foo" type="id.12">
<codeElement xmi:id="id.12" xmi:type="code:Signature" name="foo"/>
</codeElement>
codeElement >
<dodeElement xmi:id="id.13" xmi:type="code:CallableUnit" stereotype="id.4 id.3"

A

name="bar" type="id.1l6" kind="regular">
<taggedvValue xmi:id="id.14" xmi:type="kdm:TaggedRef" tag="id.5W reference="id.10"/>
<codeRelation xmi:id="id.15" xmi:type="code:CodeRelationship! stereotype="id.e6"
to="id.10" from="id.13"/>
<codeElement xmi:id="1id.16" xmi:type="code:Signature"\name="bar"/>
</|codeElement >
</mqdel>
<model xmi:id="1d.17" xmi:type="code:CodeModel">
<dodeElement xmi:id="id.18" xmi:type="code:ClassUnit" stereotype="id.1">
<codeElement xmi:id="1d.19" xmi:type="codé;MéthodUnit" stereotype="id.1"
name="foobar" type="id.23">
<codeElement xmi:id="id.20" xmi:types®action:ActionElement" stereotype="id.7"
name="al">
<actionRelation xmi:id="1id.21%\Xmi:type="action:Calls" stereotype="id.7"
to="id.13" from="4id.20">
<taggedvValue xmi:id="i@.22" xmi:type="kdm:TaggedvValue" tag="id.8" value="C"/>
</actionRelation>
</codeElement >
<codeElement xmi:id="1d.23" xmi:type="code:Signature" name="foobar"/>
</codeElement >
</|codeElement >
</mddel>
</kdm:Segment >

10.5.2 TagDefinition Class

Lightweight extensions allows information to be attached to any model element in the form of a “tagged value” pair (i.e.,
name=value). The interpretation of tagged value semantics is outside the scope of KDM. It must be determined by the
user or tool conventions. It is expected that tools will define tags to supply information needed for their operations
beyond the basic semantics of KDM. Such information could include specific entities, relationships, and attributes for a
particular programming language, runtime platform, or engineering environment.

Even though TaggedValues is a simple and straightforward extension technique, their use restricts semantic interchange of
extended information about existing software systems to only those tools that share a common understanding of the
specific tagged value names.
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Each Stereotype owns the optional set of TagDefinitions. Each TagDefinition provides the name of the tag and the name

of the

KDM type of the corresponding value.

In the meta-model, TagDefinition is a subclass of Element.
Superclass
Element
Attributes
tag:Sjring Contains the name of the tagged value. This name determines the'sémantics that
applicable to the contents of the value attribute.
type:Btring Specifies the type of the value attribute.

Constraints

1.

Sema

ExtendedValues provide the values of.the extended attributes and associations of the extended meta-model ele

define

Nameq of the tags, defined by(each stereotype constitute an isolated namespace that does not interfere with thd
other stereotypes or the name§)of the attributes of the base type. The meaning and the intention of the stereotyps

is outs|

Extengions should ngtichange the semantics of the base KDM meta-model elements, so that the model with ex

can sti
KDM

Exam

The “value” attribute of the TaggedValue should be valid according to,the type specified in the correspong
TagDefinition.

The target of the “ref” association of the TaggedRef should be of the type specified in the corresponding
TagDefinition, or one of its subtypes.
If the type of the TaggedDefinition is one of the primitive datatypes (for example, “BooleanType,” “String
“IntegerType”), the corresponding value should bg;an instance of the TaggedValue class.
If the type of the TaggedDefinition is a name-of some other KDM meta-element (for example, “KDMEntj
“Audit”), the corresponding value should be‘an instance of the TaggedRef class.

ntics

| by one or more stereotypest

ide of the KDM _specification and should be communicated by implementers to the users of the extende

[1 be interpréted as an approximation of the full extended meaning when extensions are ignored and only
semanticirules are applied.

le

are

ing

Type,”

ty,” or

ment

names of
s and tags
d models.

tensions

' the basic

See example in the Stereotype class section.

10.5.

3 ExtensionFamily Class

ExtensionFamily provides a mechanism for managing lightweight extensions. ExtensionFamily acts as a container for a
set of related stereotypes and their corresponding tag definitions.
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Superclass

Eleme

nt

Attributes

namg;:String Provides the name of the extension family.

Associations

stereptype:Stereotype[0..%] The set of stereotypes that are owned by the extension family:
Semantics
ExtensfionFamily provides a named container for stereotype definitions. The implementer shall arrange stereotype

definitjons into meaningful families. Some stereotype definitions may be madecavailable as reusable assets in

segme

Example

See expmple in the Stereotype class section.

10.5.

Associations

tagggdValue:TaggedValue[0..*] The(set of tagged values determined by the stereotype.

stere

Constraints

1.

Exam

it. KDM analysis tools should not make any assumptions regarding the(organization of stereotypes into

4 ModelElement (additional properties)

btype:Stereotype|[0..*] the stereotype

Each tagged value added)to a ModelElement must conform to a certain tag definition owned by the stereot
ModelElement (thetag association of the TaggedValue should refer to a TaggedDefinition that is owned b
Stereotype of the,ModelElement). A tagged value conforms to a tag definition when the value conforms to
the TagDefirition. Conformance of lightweight extensions can only be validated dynamically by a suitabl
import toaly'Since lightweight extensions are not defined by the KDM standard.

Stereotype can be associated with a certain instance of a ModelElement if the type of the ModelElement i
as'the type property in the stereotype definition, or one of its subclasses.

h separate
families.

ype of that
y a

the type of
e KDM

5 the same

ple

See example in the Stereotype class section.
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10.6 ExtendedValues Class Diagram

ExtendedValues class diagram defines additional meta-model constructs as part of the KDM light-weight extension
mechanism. These constructs represent extended values that can be added to extended KDM model elements. The key of
the light-weight extension mechanism is a meta-model construct called stereotype. Stereotypes provide additional
meaning to KDM meta-model constructs. While the meaning of a stereotype is not defined within the KDM, stereotypes
allow {lifferentiation within existing KDM metamodel elements and allow adding attributes to them with exterjded value
constriict.

The clhsses and associations involved in the definition of extended values are shown at Figure 10.4;

Element
(from core)

TaggedValueDefinition o
TagDefinition

ExtendedValue +tag [Wtag : String
0.* 1 |Eatype : Siring

TaggedValue TaggedRef
gvalue : String

0.+
Reference

+reference 1

ModelElenignt
(from core)

Figure| 10.4 - ExtendedValue Class Diagram
10.6.1 ExtendedValue Class (abstract)

ExtendedValue class is an abstract superclass for the two concrete classes that represent tagged values: the TaggedValue
and the TaggedRef. ExtefidedValue class defines common properties for these classes.

Supeiclass

Elemept

Associations

tag [1]:TagDefinition the reference to the tag definition of the corresponding stereotype

Semantics

ExtendedValue is a “virtual” attribute to an extended KDM meta-model element. ExtendedValue element represents the
value of the attribute. KDM defines two concrete subclasses of ExtendedValue: TaggedValue and TaggedRef. The
definition of the attribute is provided by the TagDefinition element owned by a Stercotype element. The Stereotype
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element defines the “virtual” meta-model element that provides the context for the new attributes. “Virtual” attributes are
instantiated every time a new “virtual” meta-model element, defined by a Stereotype is instantiated. This is an important
difference between ExtendedValues and KDM attributes, which are not related to any particular meta-model element.

The TagDefinition element defines constraint on the possible values of the ExtendedValue by specifying the type of the
allowed values.

Each instance of ExtendedValue has an association to the corresponding TagDefinition.
10.6.2 TaggedValue Class

A tagged value allows information to be attached to any model element in the form of a “taggédyvalue” pair, (i.e.,
name=value). The interpretation of tagged value semantics is outside of the scope of KDM«It must be determiped by the
user off tool conventions. It is expected that tools will define tags to supply informationdieeded for their operafions
beyond the basic semantics of KDM. Such information could include specific entities, relationships, and attributes for a
particylar programming language, runtime platform, or engineering environment.

Each TaggedValue must conform to the corresponding TagDefinition. In the meta-model, TaggedValue is a sufclass of
Element.

Supeiclass

ExtendedValue

Attributes
Valug:String Contains the currentvalue of the TaggedValue.

Constraints

1.| The value of the TaggedValue instance should conform to the type of the corresponding TagDefinition.

Semahtics

TaggedValue element represents’simple atomic “virtual” attributes. The type constraint of the value, defined ir] the
corresponding TagDefinitioh'Can be the name of any KDM primitive type (for example, “StringType,” “BoolegnType,”
etc.).

Example

See expmpleinithe Stereotype class section.

10.6.3—FaggedRef-Class

A TaggedRef allows information to be attached to any model element in the form of a reference to another exiting model
element. Each TaggedRef must conform to the corresponding TagDefinition: the actual type of the model element that is
the target of the TaggedRef must be the same as the type specified in the corresponding TagDefinition, or one of its
subtypes. In the meta-model, TaggedRef is a subclass of ExtendedValue.
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Superclass
ExtendedValue

Associations

ref:ModelElement[1] Designates the model element referred to by the extended value.

Constraints

1.| The model element that is the target of the ref association must be of the type, specified by the'type attributg of the tag
definition that is the target of the tag association of the tagged ref element.

Semantics

TagRef represents complex “virtual” attributes, which are associations to other KDM ¢lements. TagDefinition [can be a
name ¢f any KDM meta-model element (for example, “KDMEntity,” “AbstractCodeElement,” “ControlElement,” or
“CallapleUnit”).

Example

See exfample in the Stereotype class clause.

10.7, Annotations Class Diagram

The Apnotation class diagram defines meta-model elenients that allow ad hoc user-defined attributes and anngtations to
instanges of KDM elements. The mechanism of ad hec user-defined attributes provides a capability to add paifs <tag,
value>| to an individual element instance. This is complimentary to the light-weight extension mechanism, which provides
a new [meta-model element, each instance of-which has <tag, value> pair specified by the definition of the extpnded
element. An ad hoc user-defined attribute is_.owned to an individual element instance. This means that different instances
of the same meta-model element may own-completely different user-defined attributes (and some may have ngne at all).

An Annotation is an ad hoc note ewned by an individual element instance. Annotations and attributes are applied to the
elements of KDM instances. They may be used by implementer to add specific information to an individual element.

They thay also be used by an.analyst, annotating a given KDM instance. On the other hand, stereotypes and tdg
definitjons as first defined-as extensions to the KDM (meta-model) and then systematically used by the implementer.

The clpsses and assoctations that make up the Annotations diagram are shown in Figure 10.5.
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Element
(from core)

: Annotation
Attnbut.e Stext : String
gtag : String
<fvalue : String
0. 0..*

+annotation

ElemeéntAnnotation

+owner
1 | Element

+owner
(from core) owne

Figure|10.5 - Annotations Class Diagram
10.7.1 Attribute Class

An attribute allows information to be attached to any model ¢lément in the form of a “tagged value” pair (i.e.|
name=value). Attribute add information to the instances ofinodel elements, as opposed to stereotypes and tagged values,
which japply to meta-model elements. Tagged value is parb of the extension mechanism (stereotypes define virfual new
model [element, and tagged values specify additional attributes of these virtual model elements). Tagged valueg are only
associgted with model elements branded by a stereotype, and the set of tagged values for a particular instance ¢f a model
element is determined by its stereotype. On the other hand, arbitrary attributes may be associated with individpal
instandes of model element. In particular, two different instances of the same model element may be annotated by
differept attributes.

In the meta-model, TaggedValue is @ subclass of Element.

Supeiclass
Element
Attributes
tag:Npme Contains the name of the attribute. This name determines the semantics that are applicaple to the
contents of the value attribute.
value:String Contains the current value of the attribute.

Constraints

1. Attribute cannot have further annotations or attributes.
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ntics

The interpretation of attribute semantics is outside the scope of KDM. It may be determined by the user or the
implementer conventions. Tools may provide capability to add arbitrary attributes to the instances of the model to supply
information needed for their operations beyond the basic semantics of KDM. Such information can support analysis of

KDM models by analysis, etc.

An att
extend
elemer
instang

Example

See ex|

10.7.

Annot

class i$ a subclass of Element.
Supefclass
Element
Attributes

text:String Contains the text of the annotation to the target model element.
Constraints

1.] Annotation cannot have furthér-annotations or attributes.

Semantics
Annotgtion allows associatinig/a human-readable text with an instance of any Element.

Exam

See example in the KDMFramework clause.

10.7.

ibute element is not related to a particular meta-model element. It does not define a “virtual” attribute 4
cd meta-model element, that is instantiated with every instantiation of the new element. Instead, an attri
it can be added to any KDM element. It defines a property of a particular instance, not a property of a d
es.

ample in the KDMFramework clause.

P Annotation Class

tions allow textual descriptions to be attached to any instance of a model element. The meta-model An

ple

3 _Element (additional properties)

0 an
bute
lass of

hotation

Associations

attribute:Attribute[0..*] The set of attributes owned by the given element.
annotation:Annotation[0..*] The set of annotations owned by the given element.
© ISO/IEC 2012 - All rights reserved
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Semantics

No assumptions should be made regarding the order of attributes or annotations associated with a particular instance.
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Source Package

Overview

of the

The S

existing system, such as source files, images, configuration files, resource descriptions, etc. The Source packa

repress
represq

existinjg system it represents.

The S

A givd

When
of the

The n4
indicaf

The S
develo
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nts traceability links between instances of KDM meta-elements and the regions of source code,hich
nted by these meta-model elements. It represents the link between the KDM instance and the-artifacts

urce package offers two capabilities for linking instances of the KDM representation to'the correspondin
Inlining the corresponding source code in the form of a “snippet” into KDM represéntation.

Linking a KDM element to a region of the source code within some physical artifact of the system being m
n KDM representation can implement either of the approaches, both of them, or none.

h KDM element is linked to the source code within a particular physieal artifact of the existing system
existence of the corresponding snippet), KDM offers an additional two options:

The link can utilize the element of the KDM inventory modelto'identify the particular physical artifact, in
the path to the artifact is determined through the Inventory@odel.

The link can be made stand-alone and explicitly specify the path to the artifact.

ture of the “source code” represented by a particular KDM element is unspecified within KDM. In KDI
ed by the “language” attribute.

urce package defines an architecturalyiewpoint for the Inventory domain. It is determined by the entir
pment environment of the existing software system.

Concerns:
* What are the artifacts (software items) of the system?

» What is the general'role of each artifact (for example, is it a source file, a binary file, an executable or 3
configuration description)?

* What is the erganization of the aritifacts (into directories and projects)?

» What,are’the dependencies between the artifacts?
Viewpoint language:

Inyventory views conform to KDM XMI schema. The viewpoint language for the Inventory architectu

be also
S
f the

g artifacts:

odeled.

regardless

hich case

M, this is

e software

al

viewpoint 1§ derined by the Source package. It mcludes an abstract entity AbStractinventorybleément, Several

generic entities, such as Inventoryltem and InventoryContainer, as well as several concrete entities, such as

SourceFile, BinaryFile, Image, Directory, etc. The viewpoint language for the Inventory architectural
also includes DependsOn relationship, which are subclasses of AbstractInventoryRelationship.

Analytic methods:

The Inventory architectural viewpoint supports the following main kinds of checking:

» What artifacts depend on the given artifact?

© ISO/IEC 2012 - All rights reserved
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The Inventory viewpoint also supports check in combinations with other KDM architectural viewpoint to determine
the original artifacts that correspond to a given KDM element.

+ Construction methods:

* Inventory views that correspond to the KDM Inventory architectural viewpoint are usually constructed by
directory scanning tools, which identify files and their types.

* Construction of an Inventory view is determined by the particular development and deployment envitopments of
the existing software system.

* Construction of an Inventory view is determined by the semantics of the environment as well.as 'the serhantics of
the corresponding artifacts, and is based on the mapping from the given environment to KDM-.

* The mapping from a particular environment to KDM may produce additional information (system-spedific, or
environment-specific, or extractor tool-specific). This information can be attachedto, KDM elements uging
stereotypes, attributes, or annotations.

As a gpeneral rule, in a given KDM instance, each instance of the inventory model-represents a file, or a set offfiles.
Excepfions to this rule are:

« [ InventoryModel element, which is a part of the KDM instance infrastricture. This meta-model element is g container
the instances of other inventory meta-model elements.

* | SourceRef and SourceRegion meta-elements that represent traceability links between other instances of KIpPM meta-
model elements and source code of the existing software system.

Inventpry meta-model elements are part of the KDM instancé.nfrastructure because they determine the traceability
mechahism between other KDM elements and the regions-of the physical artifacts of the existing software sysfem that
they rgpresent.

11.2| Organization of the Source Package

The Squrce package consists of the following 5 class diagrams:
« | InventoryModel
« [ InventoryInheritances
« | InventoryRelations
* | SourceRef
« [ ExtendedInyentoryElements

The Squrce package depends on the following packages:

o [ Cote

* kdm
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11.3 InventoryModel Class Diagram

InventoryModel class diagram defines meta-model elements that represent the physical artifacts of the existing software
system. This model corresponds to the inventory of the artifacts. The InventoryModel class diagram follows the uniform
pattern for KDM model to extend the KDM Framework with specific meta-model elements. InventoryModel defines the
following meta-model elements determined by the KDM model pattern:

¢ [ InventoryModel class
« | AbstractInventoryElement class
« | AbstractInventoryRelationship class

In addjtion, the InventoryModel class diagram defines a concrete KDM entity for each artifacty such a Sourcekile, an
Imagef a ResourceDescription, a Configuration description, a BinaryFile, and an ExecutableFile. These meta-hodel
elements are subclasses of the common parent class Inventoryltem. The Inventory model*also provides a genefic KDM
contaiper called InventoryContainer and two specific containers: Directory and Preject.

The clpsses and associations of the InventoryModel are shown at Figure 11.1.

+inventoryRelation
{subsets ownedRelation}

InventoryModel Ab stragtinventoryRelationship

+model

{subsets model} n
0..1 0..
0..* 1 .
+inventoryElement +inventoryElement

AbstractinventoryElemént {subsets ownedElement}

{subsets ownedElement}

0.. +towner
0.1 {subsets owner}
Inventoryltem —
- y - InventoryContainer

cversion : String

<path @ String
s Fil Directory Proiect

ource |e. opath - String rojec

language : String
encoding : String

ExecutableFile

BinaryFile

Image

Configuration

ResourceDescription

Figure 11.1 - InventoryModel Class Diagram
11.3.1 InventoryModel Class
The InventoryModel is a specific KDM model that owns collections of facts related to the physical artifacts of the

existing software system. InventoryModel is a container for the instances of Inventoryltems. InventoryModel corresponds
to the inventory of the physical artifacts of the existing software system.

© ISO/IEC 2012 - Al rights reserved 51


https://standardsiso.com/api/?name=3770a23a5ff9f32068188ddd9e47004c

ISO/IEC 19506:2012(E)

Superclass
KDMModel

Associations

invenforyElement:AbstractinventoryElement[0..*] The set of inventory elements owned by the inventory mode].

Semahtics

InventpryModel is a container for instances of inventory elements. The implementer shall arrange/inventory elenents into
one or|more inventory models. KDM import tools shall not make any assumptions about the prganization of ifiventory
items into inventory models.

11.3.2 AbstractinventoryElement Class (abstract)
The ApstractlnventoryElement is the abstract parent class for all inventory entities.

Supeiclass
KDMEntity

Associations

inventoryRelationship:AbstractinventoryRelationship[0..*\" The set of inventory relations owned by the inventory] element.

Sema[L:tics

From the meta-model perspective, this element is a common parent for all inventory entities. This element is aBstract and
cannot| occur in KDM instances. The name of the meta-model element can be used as the type constraint in st¢reotype

definitjons. Inventory package provides-a concrete class InventoryElement with under specified semantics, which can be
used a$ an extension point for defining new “virtual” inventory entities.

11.3.3 AbstractinventoryRelationship Class (abstract)
The AbstractinventotyR€lationship is the abstract parent class for all inventory relationships.

Superclass
KDMRelationship

Constraints

Semantics

From the meta-model perspective, this element is a common parent for all inventory relationships. This element is
abstract and cannot occur in KDM instances. The name of the meta-model element can be used as the type constraint in
stereotype definitions. Inventory package provides a concrete class InventoryRelationship with under specified semantics,
which can be used as an extension point for defining new “virtual” inventory relationships.
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11.3.4 Inventoryltem Class (generic)

Inventoryltem is a generic meta-model element that represents any artifact of an existing software system. This class is
further subclasses by several concrete meta-model elements with more precise semantics. However, Inventoryltem can be
used as an extended modeling element with a stereotype.

Supel

AbstractInventoryElement

Attributes

versipn:String Provides the ability to track version or revision numbers

path:Btring Location of the build resource
Semantics
The injplementer shall provide a mapping from concrete types of the physical artifacts involved in the enginee
existing software system into concrete subclasses of the Inventoryltent./The implementer shall map each artifa
existinfg software system to some instance of KDM Inventoryltem.

11.3.

The S
KDM
Sourcq

Instan
represq
advant
specifi

Supel

Invent

Attributes

langu

class

5 SourceFile Class

urceFile class represents source files. This metasmodel element is the key part of the traceability mech
whose purpose is to provide links between code elements and their physical implementations using the
Region mechanism from the Source package:

es of the SourceRegion meta-model(€lement refer to certain regions of source files to identify the origi
ntation corresponding to a certain KDM element. In order to achieve interoperability between KDM tool
age of the traceability links between the KDM elements and the regions of existing software system artif3
cation explicitly defines semantics of source files.

class

bryltem

lagefString Indicates the language of the source file.

'ing of the
ct of the

inism of

hal
s that take
cts, KDM

enco

Sema

H fa¥Pr] A : 1 -1 1 1 1 il 1 : 1 £
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ntics

KDM assumes that a source file is a sequence of lines, identified by a linenumber. Each line is a sequence of characters,
identified by a position within the line. Whitespace characters like tabulation are considered to be a single character. The

“end o

f line” character is not considered to be part of the line.
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KDM tools may use the information from the artifacts of the existing software system, accessible through the
SourceRegion mechanism. It is recognized that different encodings are used around the world, and it may be desired for

KDM

processors to read code snippets from the files that use them.

Specification of encoding is aligned with the XML specification from W3C. Each artifact of an existing system may use
a different encoding for its characters. The default encoding for SourceFile is “UTF-8.” Encodings other that UTF-8

shouldrbeexplicitty specified i theoptiomatencoding attribute of the-SourceFite usimg o stamdardencoding tabel. For

[e, “UTF-16,” “ISO-10646-UCS-2,” “ISO-8859-2,” “ISO-2022-JP,” “Shift _JIS,” and “EUC-JP,” etcsEn¢oding of

examp

the chgracters in the SourceFile should be taken into account by KDM consumer tools that make use of'the information
in the pource file, through the mechanism of the SourceRegion.KDM tools shall at a minimum support.UTF-8

11.3.6 Image Class

Image |element is used to represent image files.

Supeiclass

Inventpryltem

Semantics

11.3.f Configuration Class

Configuration element is used to represent various configuration files.

Superclass

Invent

Sema

11.3.

ResoufceDescription element is.ised to represent resource description files.

Supel

Invent

11.3.

SemaEtics

bryltem

ntics

B ResourceDescriptionClass

class

bryltem

BinaryFile Class

BinaryFile element is used to represent binary files.

Superclass

Inventoryltem
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Semantics

11.3.10 ExecutableFile Class

ExecutableFile element is used to represent executable files for a particular platform.

Supeiclass

Inventpryltem

Semantics

11.3.11 InventoryContainer Class (generic)

The InventoryContainer meta-model element provides a container for instances of Inventoryltem elements.

Supeirclass

AbstractInventoryElement

Associations
inventoryElement:AbstractinventoryElement[0..*] The set of.inventory elements owned by the container.

Constraints

1.| InventoryContainer should have at least oné.stereotype.

Semantics

Concr¢te instances of the InventoryContainer element own other inventory elements (both inventory containerf and
individual inventory items). InventofyContainer instances represent tree-like container structures in which the [leaf
elements are individual Inventoryltem instances. Each InventoryContainer represents the entity set of InventoryItems
owned| by that container directly)or indirectly.

11.3.12 Directory-Class
The Djrectory classtrepresents directories as containers that own inventory items.

Superclass

Inventory€ontainer

Attributes

path:String Location of the directory
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Semantics

Directory items represent physical containers for the artifacts of the existing software systems, for example directories in
file systems.

In addition to the general semantics of the InventoryContainer, Directory ownership structure determines the full “path”
for each individual inventory item in the following way. For a given Directory item, the full “path” to an inventory item,
owned| by this Directory directly or indirectly, is a sequence of strings, the first element of which is the “path? gttribute of
the Directory, and subsequent elements are name attributes of the directory items such that each directory itef] is owned
by the[previous directory item and that last directory item owns the inventory item. Any Project containers, inpolved in
this ownership structure are ignored.

11.3.13 Project Class

The Project meta-model element represents an arbitrary logical container for inventory: itemns.

Superclass

InventpryContainer

Semahtics

Project is an arbitrary container for Inventory items. It can be usedin combination with Directory containers.

Example

<?xml |version="1.0" encoding="UTF-8"?>
<kdm:degment xmi:version="2.1"
xmlns:xmi="http://schema.omg.org/sped/XMI/2.1"
xmlns:kdm="http://schema.omg.org/spec/KDM/1.2/kdm"
xmlns:source="http://schema.omg 0rg/spec/KDM/1.2/source" name="Inventory Example">
<model xmi:id="id.0" xmi:type="soureejInventoryModel">

<inventoryElement xmi:id="id.1l¢ xmi:type="source:SourceFile" name="a.c">
<inventoryRelation xmi:id="id.2" xmi:type="source:DependsOn" to="id.5" from="id.l1"/>

A

inventoryElement>

<inventoryElement xmi:id="#d.3" xmi:type="source:SourceFile" name="b.c">
<inventoryRelation xmisid="1d.4" xmi:type="source:DependsOn" to="id.5" from="id.3"/>
</inventoryElement>

<inventoryElementsxmi:id="1id.5" xmi:type="source:SourceFile" name="ab.h"/>
<inventoryEleméntvxmi:id="id.6" xmi:type="source:Directory">

<inventoryElement xmi:id="id.7" xmi:type="source:Image"/>

<inventoxyElement xmi:id="id.8" xmi:type="source:Image"/>

</|linventoryElement >

<invefitdryElement xmi:id="1id.9" xmi:type="source:SourceFile" name="makefile"/>
<inventoryElement xmi:id="id.10" xmi:type="source:ExecutableFile" name="ab.exe"/>

</model>
</kdm: Segment >

11.4 Inventorylnheritances Class Diagram

InventoryInheritances class diagram is determined by the KDM model pattern. This diagram defines how the classes of
the InventoryModel extend the KDM Framework. The classes and associations for this diagram are shown at Figure 11.2.
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KDMRelationship

(from core)

1

1

InventoryModel

AbstractinventoryElement ADbSiracitinvenioryRelationsnip

Figurel 11.2 - Inventorylnheritances Class Diagram

11.5| InventoryRelations Class Diagram

InventpryRelations class diagram defines an optional relationship “DependsOn” between/inventory elements. T

and aspociations for this diagram are shown in Figure 11.3.

AbstractinventoryRelationship

DependsOn

0..* 0..*

+fro M_| AbstractinventoryElement

+to

1

1

{redefines from} {re

Figure| 11.3 - InventoryRelations Class

11.5.1 DependsOn Class

DepenflsOn class'is a meta-model element that represents an optional relationship between two inventory itemg
one inyentory element requires another inventory element during one or more steps of the engineering process.

defines to}

Diagram

he classes

, in which

Associations

from:AbstractinventoryElement[1]

to:AbstractinventoryElement[1]
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Constraints

1.

An inventory item should not depend on itself.

Semantics

The DependsOn relationship is optional. The implementer may capture certain aspects knowledge of the engineering

proces
Infrast|

that co

involv
“sourc

When

ed in the build process of the software system (including but not limited to the engineering transformati
e code” to “executables™).

the origin of the DependsOn relationship is an Inventory container, this means that all elements owned

contaifer (directly or indirectly) depend on the target of the relationship.

When
invent

11.6

The Sq

the target of the “DependsOn” relationship is an Inventory container, this mean§ that the one or more b
ry elements (the origin of the relationship) depends on all elements owned\by the container (directly or

SourceRef Class Diagram

the elements of the KDM model of the existing software system and’the physical artifacts of that system. The
diagram shown in Figure 11.4 captures these classes and their selations.

Element
(from core)

SourceRef
<language : String
wshippet : String

&S

<€)
€

<sfartPosition : Integer

SourceRegion +region 1
artLine : Integer .
SourceRegions

hdLine : Integer 0 {ordered}
hdPosition : Integer.

<lgnguage : String 0.*
<ppth : Strin
Artifact SourceFile

Figure

11.6.

0.1/ Blanguage : String

<encoding : String

5 1n the form of “DependsOn” relations between 1inventory items. “DependsOn” relationship 1s part of.the
fucture Layer, which is available to all KDM implementations at various compliance levels. KDM Build package
nstitutes a separate L1.Build compliance point, defines additional meta-model elements that represent the facts

bns of the

by this

ise
ndirectly).

urceRef class diagram defines a set of meta-model elements whose purpose is to provide traceability links between

class

11.4 - SourceRef Class Diagram

1 SourceRef Class

The SourceRef class represents a traceability link between a particular model element and the corresponding source code.
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Superclass
Element
Attributes
languyage: String Optional attribute. Indicates the source language of the snippet attribute.
snippet:String Optional attribute. The source snippet for the given KDM element. The snippet njay have
some internal structure, for example XML tags corresponding to an abstract syntax tree of
the code fragment. The interpretation of code snippets is outside thé scope of th¢ KDM.
Constraints
1.] Language indicator has to be provided using at least one of the following methods:

Semantics

SourcgRef meta-model element represents a traceability link between an instance of a KDM element to its originall

« As the attribute of the SourceRef element.
« As the attribute of the SourceRegion element.

« As the attribute of the SourceFile element (part of the Inventory Medg¢l), accessible via the SourceRegion

If both the snippet and the language attributes of the SourceRef element are present, then the language att
should describe the nature of the code snippet, in which case.the nature of the source code region accessib
the SourceRegion may be different from the nature of theode snippet. If the snippet attribute is not preser
language attribute of the SourceRef element overrides'the language attribute of the SourceRegion element
turn overrides the one at the SourceFile element.

element.

ibute
le through

ht, then the

, which in

“source”

represgntation as part of a physical artifact ofthe-€xisting software system. KDM element that defines a traceability link to its

origingl representation owns one or more SourceRef elements.

The S

A givdn KDM represeritation can implement either of the approaches, both of them, or none.

When
of the

urce package offers two capabilities for linking instances in KDM representation to their corresponding

Inlining the corresponding source code in the form of a “snippet” into KDM representation.

existencéof the corresponding snippet), KDM offers further two options:

artifacts:

Linking a KDM elenient to a region of the source code within some physical artifact of the system being modeled.

. KDM element is linked to the source code within a particular physical artifact of the existing system (regardless

The.link can utilize the element of the KDM inventory model to identify the particular physical artifact, in which case

the/path to the artifact is determined through the Inventory Model.

The link can be made stand-alone and explicitly specify the path to the artifact.

KDM element can define more than one SourceRef traceability link. The first SourceRef element is considered as the
primary one and other elements are considered secondary. Secondary traceability links may be used to represent
alternative views of the code, links to other artifacts, such as design and documentation, represent generated code, or
target code during the software modernization process. Usually, secondary SourceRef elements have distinct “language”
attributes, so that KDM tools can select the appropriate representation to display.

The implementer shall provide adequate traceability links.
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11.6.2 SourceRegion Class

The SourceRegion class provides a pointer to a single region of source. The SourceRegion element provides the capability
to precisely map model elements to a particular region of source that is not necessarily text. The nature of the source code
within the physical artifact is indicated by the language attribute of the SourceRegion element or the language attribute of
the SourceFile element. The language attribute of the SourceRegion element overrides that of the SourceFile element if

both afe present.

The saurce region is located within some physical artifact of the existing software system (a source fil€):

Supeiclass
Element
Attributes
startlfine: Integer The line number of the first character of the source region.
startRosition:Integer Provides the position of the first character-of the source region.
endLine:Integer The line number of the last characterof'the source region.
endPpsition:Integer The position of the last character, of the source region.
language:String Optional attribute. The language indicator of the source code for the given sourcp region.
path:$tring Optional attribute. Thelééation of the physical artifact that contains the given squrce
region.
Associations
file:SpurceFile[0..1] Thistassociation allows zero or more SourceRegion elements to be associated with a single

SourceFile element of the Inventory Model.

Constraints

1.| The location of th&'source file should be provided using at least one of the following methods:

« Path attribyte of the SourceRegion element

- Path attribute of the SourceFile element of the Inventory model

Semaptics

KDM assumes that a source file is a sequence of lines, identified by a linenumber. Each line is a sequence of characters,
identified by a position within the line. Whitespace characters like tabulation are considered to be a single character. The
“end of line” character is not considered to be part of the line.

The path attribute should uniquely identify the physical artifact. The nature of the path attribute is outside of the scope of
the KDM. For example, this can be a URI.

Individual SourceRef elements may own multiple SourceRegion elements that represent a situation where there are
multiple disjoint regions of source code that correspond to the given KDM element.
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The ExtendedInventoryElements class diagram defines two “wildcard” generic elements for the inventory model as

determined by the KDM model pattern: a generic inventory entity and a generic inventory relationship. The cl
associations of the ExtendedInventoryElements diagram are shown in Figure 11.5.

asses and

AbstractinventoryRelationship

AbstractinventoryElement 7&

1R InventoryRelationship

+from 0..
{redefines from}

InventoryElement +to
{redefines to}

KD M E ntity

(from core)

Figure 11.5 - ExtendedinventoryElements Class Diagram
11.7.1 InventoryElement Class (generic)

The InjventoryElement class is a generic meta-model element that can be used to define new “virtual” meta-m
elements through the KDM light-weight extensionnéchanism.

Supefclass

AbstractInventoryElement

Constraints

1.| InventoryElement should have at least one stereotype.

Semantics

An invientory entityswith under specified semantics. It is a concrete class that can be used as the base element of a 1
“virtudl” meta-model entity type of the inventory model. This is one of the KDM extension points that can integratg
languape-specific, application-specific, or implementer-specific pieces of knowledge into the standard KDM repre

11.7.2 lnven Relationshi | eneric)

del

hew
additional
bentation.

The InventoryRelationship class is a generic meta-model element that can be used to define new “virtual” inventory

relationships through the KDM light-weight extension mechanism.

Superclass

AbstractInventoryRelationship
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Associations

from:AbstractinventoryElement[1]

to:KD

MEntity[1] the target of the relationship

the inventory element origin endpoint of the relationship

Const
1.

raints

InventoryRelationship should have at least one stereotype.

Semahtics

An iny
new “y
integrg
KDM

Fepresentation.
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entory relationship with under specified semantics. It is a concrete class that can be used as the base el¢gment of a
irtual” meta-model relationship type of the inventory model. This is one of the KDMJextension points that can
te additional language-specific, application-specific, or implementer-specific pieces-0f knowledge into thee standard
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Subpart Il - Program Elements Layer

The Program Elements Layer defines a large set of meta-model elements whose purpose is to provide a language-
independent intermediate representation for various constructs determined by common programming languages.

Packages of the Program Elements Lavyer define an architecture viewpoint for the Code domain.

+ [ Concerns:

* What are the computational elements of the system?

* What are the modules of the system?

* What is the low-level organization of the computational elements?
* What are the datatypes used by the computational elements?

* What are the units of behavior of the system?

* What are the low-level relationships between the code elements, in partictlar what are the control-flow|and data-
flow relationships ?

* What are the important non-computational elements?

» How are computational elements and modules related to the physical artifacts of the system?
+ | Viewpoint language:

Code views conform to KDM XMI schema. The viewpoint language for the Code architectural viewpoint is
defined by the Code and Action packages. It includes several abstract entities, such as AbstractCodeElgment and
Codeltem, several generic entities, such as Datatype, ComputationalObject and Module, as well as seyeral
concrete entities, such as StorableUnit, CallableUnit, CompilationUnit, and ActionElement. The viewpoint
language for the Code architectural viewpoint also includes several relationships, which are subclassep of
AbstractCodeRelationship and AbstracfActionRelationship.

+ | Analytic methods:

The Code architectural viewpoint supports the following main kinds of checking:

» Composition (for example, what code elements are owned by a CompilationUnit, SharedUnit, or a CodejAssembly;
what action elements.are owned by a CallableUnit)?

* Data flow (forlexample, what action elements read from a given StorableUnit; what action elements wrjte to a
given StorableUnit; what action elements create dynamic instances of a given Datatype; what action el¢ments
addresssa,particular StorableUnit; what data element are being read as actual parameters in a call)?

* Controlflow (for example, what CallableUnit is used in a call; what action element is executed after th¢ given
action element; what action elements are executed before the given action element; what data element is used to
ent under

* Datatypes (for example, what is the datatype of the given storable unit; what is the base datatype of the given
pointer type; what is the base datatype of the given element of the record type; what is the signature of the given
CallableUnit)?

Other kinds of checking are related to the interfaces, templates, and pre-processor. All relationships defined in the Code
model are non-transitive. Additional computations are required to derive, for example, all action elements that can be
executed after the given action element, or all CallableUnits that a given action element can dispatch control to.
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The KDM mechanism of aggregated relationship is used to derive relationships between KDM elements that own or
reference various Code elements (usually, Module and CodeAssembly) based on the low-level relationship between
individual Code elements.

« Construction methods:

* Code views that correspond to the KDM Code architectural viewpoint are usually constructed by parser-like tools
that take artifacts of the system as the input and produce one or mode Code views as output.

* Construction of the Code view is determined by the syntax and semantics of the programming lafguagg of the
corresponding artifact, and is based on the mapping from the given programming language to KDM; sudh mapping
is specific only to the programming language and not to a specific software system.

* The mapping from a particular programming language to KDM may produce additionallinformation (system-
specific, or programming language-specific, or extractor tool-specific). This information can be attachgd to KDM
elements using stereotypes, attributes, or annotations.

Prograjn Layer defines a single KDM Model, called CodeModel, and consists of thé following KDM packages:

+ | Code

| Action
Code package defines Codeltems (named elements determined by the programming language, the so-called “symbols,”
“definitions,” etc.) and structural relations between them. Codeltems\are further categorized into ComputationalObject,
Datatypes, and Modules. Action package defines behavioral elements and various behavioral relationships, whiich
determiine the control- and data- flows between code items.

Description of the Code package is further subdivided into-the following parts:
+ | Code Elements representing Modules
| Code Elements representing Computational Objects
« | Code Elements representing Datatypes
+ | Code Elements representing Préptocessor Directives
+ | Miscellaneous Code Elements

Data r¢presentation of KDM-is aligned with ISO/IEC 11404 (General-Purpose Datatypes) standard. In particular, KDM
providps distinct meta-model elements for “data elements” (for example, global and local variables, constants,|record
fields, [parameters, classsmembers, array items, and pointer base elements) and “datatypes.” Each data element|{has an
associgtion “type” to-its datatype. KDM distinguishes primitive datatypes (for example Integer, Boolean), complex user-
defined datatypes. (for example, array, pointer, sequence) and named datatypes (for example, a class, a synonym type).
KDM meta-model elements corresponding to datatypes are subclasses of a generic class Datatype. KDM metatmodel
elemerjts-corresponding to data elements are subclasses of a generic class DataElement.

KDM model elements represent existing artifacts determined by a programming language. KDM meta-model elements
provide sufficient coverage for most common datatypes and data elements, common to programming languages. KDM
also provides several powerful generic extensible elements that can be further used with stereotypes to represent

uncommon situations.

In addition to the type association, KDM relationship “HasType” is used to track named datatypes. Anonymous datatypes
can be owned by the data element that uses it.
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The meta-model elements of the Program Elements Layer uses the following naming conventions (whenever practical):
« suffix “Element” - usually designates a generic meta-model element.
« suffix “Type” - designates a meta-model element representing some datatype.

« suffix “Unit” - designates a concrete meta-model element.
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12 Code Package

Subpart 1 - General

12.1 Overview

The Cpde package defines a set of meta-model elements whose purpose is to represent implementation level program
elements and their associations. It is determined by one or more programming languages used in the(désign off the given
existili% software system. Code package includes meta-model elements, which represent commofirprogram elements
suppotted by various programming languages, such as data types, data items, classes, procedutes;’macros, protgtypes, and
templates.

As a gpneral rule, in a given KDM instance, each instance of the code meta-model elemient represents some programming
languajge construct, determined by the programming language of the existing software’system. Each instance qf a code
meta-mhodel element corresponds to a certain region of the source code in one of the artifacts of the existing spftware
systen]. Exceptions to this rule are:

+ | instances of the CodeModel meta-model element that are parts of the\KDM infrastructure. This meta-model|element is
a container for other code element instances.

- | instances of code element that explicitly represent certain abstractions provided by a programming language, such as
primitive datatypes and predefined datatypes.

12.2) Organization of the Code Package
The Cpde package consists of the following 24 -class diagrams:

1.| CodeModel

2.| Codelnheritances

3.| Modules

4. ControlElements

5. DataElements

6.| Values

7.1 PrimitiveTypes

8.] (EnumeratedTypes

9. CompositeTypes
10. DerivedTypes
11. Signature

12. DefinedTypes

13. ClassTypes
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14. Templates
15. TemplateRelations
16. ClassRelations

17. TypeRelations

18. InterfaceRelations

19. PreprocessorDirectives
2(}. PreprocessorRelations

21} Comment

22 Visibility

23| VisibilityRelations

24 ExtendedCodeElements

The Cpde package depends on the following packages:

* | Source
« | Core
e | kdm

12.3| CodeModel Class Diagram

The CpdeModel class diagram follows the uniferm pattern for KDM models and extends the KDM frameworl with
specific meta-model elements related to implémentation-level program elements and their associations.

The CpdeModel diagram defines the following classes determined by the KDM model pattern:

» | CodeModel — a class representing a model for CodeElement.

« | AbstractCodeElement £ a)class representing an abstract parent class for all KDM entities that can be used tp model
code.

« | AbstractCodeRelationship - a class representing an abstract parent of all KDM relationships that can be usdd to
represent codex

The CpdeModel diagram also defines several key abstract classes, which determine the KDM taxonomy for pfogram
elements:

» | Codeltem

» ComputationalObject
» Datatype
* Module

The class diagram shown in Figure 12.1 captures these classes and their relations.
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CodeModel

AbstractCodeRelationship

0..1
+model
{subsets model} 0.~ +codeRelation
{subsets ownedRelation}
+codeElement 0.~ ;
{subsets ownedElement}

AbstractCodeElement

Codeltem

Datatype ComputationalObject Module

Figurd 12.1 - CodeModel Class Diagram
12.3.1 CodeModel Class

The CpdeModel is the specific KDM model that owns collections of facts about the existing software system $uch that
these flacts correspond to the Code domain. CodeModel js-the only model of the Program Elements Layer of {DM.
CodeModel follows the uniform pattern for KDM modgls.

Supefclass
KDMModel

Associations

codeElement:AbstractCodeElement[0..*] {ordered} The set of the top-level elements that are defined in this code model.
The CodeModel element is the owner of such CodeElement. This

property subsets the ownedElement property of KDMMod¢l derived
union.

le models.
S.

12.3.2 AbstractCodeElement Class (abstract)

The AbstractCodeElement is an abstract class representing any generic determined by a programming language.

Superclass
KDMEntity
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Associations

codeRelation:CodeRelation[0..*] The set of code relations owned by this code model.
source: SourceRef[0..1] Link to the physical artifact for the given code element.
SemaL\tics

AbstraktCodeElement is an abstract class that is used to constrain the owned elements of some KDM containers in the
Code model.

12.3.3 AbstractCodeRelationship Class (abstract)

The AbstractCodeRelationship is an abstract class representing any relationship determiged by a programming|language.

Supeiclass
KDMRelationship

Semantics

AbstractCodeRelationship is an abstract class that is used to constrain the subclasses of KDMRelationship in the Code
model

12.3.4 Codeltem Class (abstract)

ER)

Codeltem class represents the named elements determined by the programming language (the so-called “symbpls,
“definitions,” etc.). There are AbstractCodeElements that are not Codeltems, for example ActionElements that qre defined
in the JAction package.

Supeirclass
AbstraptCodeElement

Semahtics

Codeltem is an abstracef ¢ldass that is used to constrain the owned elements of some KDM containers in the Cofle model.
12.3.6 ComputationalObject Class (generic)

ComputationalObject class represents the named elements determined by the programming language, which dgscribe
certain| computational objects at the runtime, for example, procedures. and variables.

Superclass
Codeltem

Constraints

1. Instance of the ComputationalObject element should have at least one stereotype.
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Semantics

ComputationalObject is a generic element with under specified semantics that can be used as an extension point to define
new “virtual” meta-model elements that represent specific named control elements or data elements that do not fit into
semantic categories of the concrete subclasses of ComputationalObject.

12.3.6Datatype-Class{(generic)
Datatype class represents the named elements determined by the programming language that describes-datatypes.

Supeirclass
Codelfem

Constraints

1.Instance of the Datatype element should have at least one stereotype.

Semantics

Datatype is a generic element with under-specified semantics that can be\used as an extension point to define pew
“virtugl” meta-model elements that represent specific named datatypes that do not fit into semantic categories jof the
concrefe subclasses of Datatype.

12.4 Codelnheritances Class Diagram

The Cpdelnheritances class diagram defines how classes of the Code package inherit from the Core package. The class
diagran shown in Figure 12.2 captures these relations.

DM Model KD M Enfity KDMRelationship
(from kdm) (froffi "6 ove) (from core)
odeModel AbstractCodeRelationship
AbstractCodeElement
0.1

CodeSource

+source

0.*

SourceRef
(from source)

Figure 12.2 - Codelnheritances Class Diagram
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Subpart 2: Code Elements Representing Modules

12.5

Modules Class Diagram

The Modules class diagram defines meta-model elements that represent packaging aspects of programming languages,

such a

classeq and their associations.

ot ++ L. J_£:1 P2 i £ Tl 1 = L % A 122 +
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Figure|
12.5.
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system
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compo
multip
the pra
the Iny
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Codeltem
% rowner 0.* AbstractCodeElement
{subsets owner} .
Module
0..1 +codeElement
/ {subsets ownedE Igment
| anguageUnit ordered}
CompilationUnit Package
Zr - CodeAssembly
Shared Unit

12.3 - Module Class Diagram
1 Module Class (generic)

odule class is a generic KDM modeling element that represents an entire software module or a compon
ined by the programming language and the software development environment. A module is a discrete

able program unit that contains other program elements and may be used as a logical component of the
. Usually modules promote.encapsulation (i.e., information hiding) through a separation between the int
blementation. In the context of representing existing software systems, modules provide the context for es

nent of a softwareproduct line is compiled multiple times with different compilation options and linked
e executables, Instances of the Module class represent the logical containers for program elements dete
gramming language. Modules may be further related to other KDM items, for example to KDM Inventoq
entory. model; or to KDM deployment elements of the Platform model. In the situation of modeling a ¢
re product line, logical Modules may need to be duplicated, because the exact relationships determined

particy

es these

bnt, as

hind
software
brface and
tablishing

ociations between @he*programming language elements that are owned by them, especially when the sampe logical

into
rmined by
y items of
pmplex
by the

lat_software component may depend on the engineering context.

The M

odule is an abstract KDM container that provides a common parent for several concrete classes.

Superclass

Codelt

72

em
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Associations

codeElement:AbstractCodeElement[0..*] {ordered} The list of owned CodeElement

Constraints

1.

2.] Code Model cannot directly own any code elements other than the subclasses of the Module class:
3.| Every code element should be owned by some instance of the Module class or its subclasses.
4.| Instance of the Module element should have at least one stereotype.
5. No other code element should own Module elements and its subclasses.
Semantics

Modul is a logical container for program elements. Subclasses of Module element define semantically distinct]
Module, representing common categories of containers.

The impplementer shall select an appropriate subclass of the Module eletent.

12.5.

The C
compilation unit is a logical part of the existing software system that is sufficiently complete to be processed
corresponding software development environment. Compilation unit is usually related to some artifact of the @
softwape system, for example, a physical source\file. Compilation units are supported by the selected program]
langualges of the existing software system and as determined by the corresponding engineering process.

Supeifclass
Module

Sema‘L'ntics
Compi

12.5.

The SharedUnit class is a meta-model element that represents a shared source file as supported by the selected

Module class and its subclasses should not own SourceRef elements.

2 CompilationUnit Class

bmpilationUnit class is a meta-model element that represents a logical container that owns program elen

3 SharedUnit Class

flavors of

hents. A
by the
xisting
ming

ationUnit is a stand“alone named container for program elements. Usually a CompilationUnit correspomds to a
SourcdFile in the In¥entoryModel.

programming languages of the existing software system and as determined by the engineering process.

Superclass
Module
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Sema

ntics

SharedUnit is a subclass of CompilationUnit, which emphasizes the ability of the program elements owned by the
SharedUnit to be shared among stand-alone program elements through some form of inclusion mechanism.

12.5.4 LanguageUnit Class

The LanguageUnit class is a meta-model element, which represents predefined datatypes and other common ¢
determjined by a particular programming language.

Superclass

Modul

W

Constraints

1.

Sema

Langu
as wel

PredefinedType class and its subclasses can only be contained in a LanguageUnit container.

ntics

hgeUnit is a logical container that owns definitions of primitive and.predefined datatypes for a particular|
as other common elements for a particular programming language. LanguageUnit may or may not corre

SourcgFile in the InventoryModel. Some of the predefined prograim.élements are defined in standards system
implementer shall add such files to the InventoryModel. Primitivg datatypes usually do not have any correspon

in this

12.5.

The C

situation the LanguageUnit does not have a counterpaftin the InventoryModel.
5 CodeAssembly Class

deAssembly represents a logical containerfor the program elements that were built together (for examy

compiled and linked into an executable, so that'all variant selection during the compilation and static linking w3
in a certain coordinated fashion). The same Collection of logical entities has to be analyzed together. A source
produde a different logical model when, for example, compiled and linked for a different hardware platform, d

differe]
differe]

nt operating system. The CodeAssembly represents a collection of entities that have been analyzed toge]
ht variant of the conceptual-family of software systems (even involving same compilation units) may nd

cloned|into a separate CodeAssembly.

Superclass

Modul

Sema

w

ntics

ements

language,
spond to a
iles. The

ding files,

ble,

s resolved
file may
r for a
ther. A

ed to be

CodeAlssembly is a logical container that provides the context for entities and relationships for a collection of
elements. CodeAssembly may correspond to ExecutableFile elements of the InventoryModel. CodeAssembly may contain
the so-called custom initialization block that refers to the initialization blocks of contained CompilationUnit elements.

12.5.

program

6 Package Class

The Package class is a subtype for Module that logical collections of program elements, as directly supported by some
programming languages, such as Java.
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Superclass
Module

Semantics

A Package is a logical container for program elements as well as Modules. Packages can be nested.

Part B: Code Elements Representing Computational Objects

12.6| ControlElements Class Diagram

The CopntrolElements class diagram defines basic meta-model elements to represent callable computational objects, such
as pro¢edures, functions, methods, etc. The class diagram shown in Figure 12.4 shows these/classes and their pelations.

ComputationalObject . Datatype
ﬁﬁ Signature Type
+owner
ControlElement %
0.4 AbstractCodeElement
" 0.4
+codeElement
{subsets ownedElement
ordered}
CallableUnit T <Xrerationss
Bkind : Callablekind ehodn -
Zkind : MethodKind ) MethodKind
Eexport : Exportkind amethod
- wxconstructor
<<enumerat|c.>n>> Bdestructor
CallableKind Foperator
wexternal avirtual
dregular Habstract
=operator “unknown
astored
“unknown

Figurel 12.4 - ControlElements Class Diagram
12.6.1 ControlElement Class (generic)

The ControlElement class is a common superclass that defines attributes for callable code elements. In the metp-model it
has th¢ role,of an endpoint for some KDM relations.

Superclass

ComputationalObject
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Attrib

type:Datatype[0..1]

codeElement:AbstractCodeElement[0..*] {ordered}

Const
1.

2.

Semahtics

Contrd
“virtud
the cot

Contrg
deman|

and high-level programming languages.
ContrglElement owns other program elements, which can include,nested ControlElements.
12.6.2 CallableUnit Class
The CallableUnit represents a basic stand-alone element that can be called, such as a procedure or a function.
Supeiclass
ContrqglElement
Attributes
kind:CallableKind indicator of the kind of the callable unit
Semantics
A CallpbleUnit-represents a named unit of behavior that can be invoked through a call-return mechanism. Thi
subclags of a\ControlElement. From the runtime perspective, a CallableUnit element represents a single compt
object,| which is identified directly (using the name) or indirectly (using a reference). More precisely, the call-1

mecha

utes and Associations

actions.

Optional association to the datatype of this control element

Represents owned code elements, such as local definitions and

raints

ControlElement should have at least one stereotype.

ControlElement should own a Signature.

IElement is a generic element with under specified semantics that can be usedas\an extension point to d
1” meta-model elements that represent specific named control constructs that'do not fit into semantic cat
icrete subclasses of ControlElement.

IElement represents named items of the software system that describe certain behavior that can be perf
d, through the invocation mechanism, such as a call-return mechanisi, directly supported by many proc

efine new
egories of

rmed by
PSSO units

isa
itational
eturn

NiSm 1mplics an mvocation Stack, Smce a Lallablcunit may cCall TISCI1, and there mdy bDC mulliplc mstan

es of the

behavior represented by the CallableUnit, at various stages of completion, each corresponding to an entry in the

invoca

A Call

76

tion stack.

ableUnit represents global or local procedures and functions.
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12.6.3 CallableKind Data Type (enumerated)

CallableKind enumerated data type specifies some common properties of the CallableUnit.

Literal values

regular specifies a regular definition of a procedure or function

exterpal specifies an external procedure (a prototype, definition is elsewhere)
opergtor specifies a definition of an operator

storegd specifies a stored procedure in DataModel

unknpwn properties are unknown

12.6.4 MethodUnit Class

The MethodUnit represents member functions owned by a ClassUnit.

Supeifclass
CallabJeElement

Attributes
kind:MethodKind indicator of the'kind of the method represented by this element
export: ExportKind represents.the visibility of the method (public, private, protected)
Semantics

The MethodUnit represents member functions owned by a ClassUnit, including user-defined operators, constryctors, and
destrugtors.

From the runtime perspective, each MethodUnit element represents a computational object that exists in the cgntext of

some ¢lass instance, thérefore there exists multiple instances of such objects, each identified by the method nafne as well
as the freference to ‘the corresponding class instance. A class instance is identified either directly (by name) or [indirectly
(by reference).

12.6.5-MethodKind data type (enumeration)

MethodKind enumerated data type defines additional specification of the kind of method, defined by a MethodUnit model
element.

Literal Values

method The MethodUnit represents a regular member function.
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constructor The MethodUnit represents a constructor.

destructor The MethodUnit represents a destructor.

operator The MethodUnit represents an operator.

virtual The MethodlUnit represents a virtnal method

abstract The MethodUnit represents an abstract method or member of an Interface.
unknpwn The kind of the MethodUnit is none of the above.

Example (C language)

int mgin(int argc, char* argvl[]) {
printf (“*Hello, World\n”) ;

<?xml |version="1.0" encoding="UTF-8"7?>
<kdm:Jegment xmi:version="2.1"
xmlns:xmi="http://schema.omg.org/spec/XMI/2.1"
xmlns:action="http://schema.omg.org/spec/KDM/1.2/action"
xmlns:code="http://schema.omg.org/spec/KDM/1.2/codel
xmlns:kdm="http://schema.omg.org/spec/KDM/1.2/kdm
xmlns:source="http://schema.omg.org/spec/KDM/1.2/source" name="HelloWorld Example">
<model xmi:id="1d.0" xmi:type="code:CodeModel" namésiHelloWorld">
<dodeElement xmi:id="id.1" xmi:type="code:CompitationUnit" name="hello.c">
<codeElement xmi:id="id.2" xmi:type="code:CdllableUnit"
name="main" type="id.5" kind="regular"s>
<source xmi:id="id.3" language="C" shippet="int main(int argc, char* argv[]l) {}"/>
<entryFlow xmi:id="1id.4" to="id.l2¥~from="1id.2"/>
<codeElement xmi:id="id.5" xmistype="code:Signature" name="main">
<source xmi:id="id.6" snippet£"int main(int argc, char * argv[]);"/>
<parameterUnit xmi:id="i@.7" name="argc" type="id.25" pos="1"/>
<parameterUnit xmi:id="1d.8" name="argv" type="id.9" pos="2">
<codeElement xmi:Ad="id.9" xmi:type="code:ArrayType">
<itemUnit xmi=id="id.10" type="id.19"/>

</codeElements
</parameterUnits
<parametexrUnit xmi:id="id.11" type="id.25" kind="return"/>
</codeElenents
<codeElement xmi:id="id.12" xmi:type="action:ActionElement" name="al" kind="Call">
<sotirce xmi:id="id.13" language="C" snippet="printf (&quot;Hello, World!\n&quot;);"/>

<eodeElement xmi:id="id.14" xmi:type="code:Value"

name="&quot ;Hello, World!\n&quot;" type="id.19"/>
<actionRelation xmi:id="id.15" xmi:type="action:Reads" to="id.14" from="id.12"/>
<actionRelation xmi:id="id.16" xmi:type="action:Calls" to="id.20" from="id.12"/>

<actionRelation xmi:id="id.17" xmi:type="action:CompliesTo"
to="id.20" from="id.12"/>
</codeElement >

</codeElement>
</codeElement>
<codeElement xmi:id="id.18" xmi:type="code:LanguageUnit">

<codeElement xmi:id="1d.19" xmi:type="code:StringType" name="char *"/>

<codeElement xmi:id="id.20" xmi:type="code:CallableUnit" name="printf" type="id.21">
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<codeElement xmi:

<parameterUnit
<parameterUnit
<parameterUnit
</codeElement>
</codeElement>

<codeElement xmi:id="1d.25" xmi:type="code:IntegerType" name="int"/>

id="id.21" xmi
xmi:id="id.22"
xmi:id="1id.23"
xmi:id="1id.24"

ISO/IEC 19506:2012(E)

:type="code:Signature" name="printf"s

name="" type="id.25" kind="return" pos="0"/>
name="format" type="id.19" pos="1"/>
name="arguments" kind="variadic" pos="2"/>

</codeElement >
</mgdel>

<model xmi:id="id.26" xmi:type="source:InventoryModel" name="HelloWorld"s>
<jdnventoryElement xmi:id="id.27" xmi:type="source:SourceFile"

</mddel>
</kdm{Segment >

12.7 DataElements Class Diagram

name="hello.c" language="C"/>

The DataElements class diagram defines meta-model constructs to represent the hamed data items of existing poftware
systents (for example, global and local variables, record files, and formal parameters). The class diagram at Figure 12.5
shows|these classes and their associations.

ComputationalObject

{subsets ownedElement} Datatype

+codeElement 1+type

StorableUnit

«kind : StorableKind

0.1
DataE lement :oymr
ext : String {subsets owner} Type
asize : Integer |« (g ¥
MemberUnit 7 Pda rT;meterUtnltK. .
: . : <kind : ParameterKin
Ite m Unit ssexport : ExportKind @pos : Integer
<<enumeration>> <<enumeration>>
IndexUnit StorableKind ExportKind
<global <public
<local <private
wstatic <prote cted
wexternal <final
wregister <unknown
<unknown

Figure 12.5 - DataElement Class Diagram
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12.7.1 DataElement Class (generic)

The DataElement class is a generic modeling element that defines the common properties of several concrete classes that
represent the named data items of existing software systems (for example, global and local variables, record files, and
formal parameters). KDM models usually use specific concrete subclasses. The DataElement class itself is a concrete
class that can be used as an extended code eclement, with a certain stereotype. As an extended element DataElement is
more gpecific than CodeElement.

Supeiclass
CompytationalObject
Attributes
ext:S{ring Optional extension representing the original representation of the-data element.
size: Integer Specifies the optional constraint on the number of elements.any value of the storable elemeft may

contain according to the semantics of the base datatype’,Size attribute corresponds to the mgximum-
size bound in a size-subtype of the base datatype.

Associations

codekElement:Datatype[0..*] Anonymous datatypes used in the definition of the datatype of the current
DataElement;
type:Datatype[1] The datatype of the DataElement that describes the values of the DataBlement.
Semaptics

DataElement represents computational objécts of the existing software system that are associated with a valuefof a
particylar datatype. DataElement class is an extended meta-model element, that can be used to represent variables of an
existing software system, that do'not fit into more precise semantics of the subclasses of DataElement.

Constraints

1.| DataFlementelass should have at least one Stereotype.
12.7.2 StorableUnit Class

StorableUnit class is a concrete subclass of the StorableElement class that represents variables of the existing oftware
syste

Superclass

DataElement
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Attribute
kind:StorableKind Optional attribute that specifies the common details of a StorableUnit (see
StorableKind enumeration datatype).
Semajtics

StorableUnit represents a variable of existing software system - a computational object to which different.values of the
same datatype can be associated at different times. From the runtime perspective, a StorableUnit element repr¢sents a
single jcomputational object, which is identified either directly (by name) or indirectly (by referenee).

StorableUnit represents both global and local variables.

12.7.3 StorableKind data type (enumeration)

StorabjeKind enumeration data type defines several common properties of a StorableUnit related to their life-dycle,
visibiljty, and memory type.

Literall values

globd| specifies a global variable

local specifies a local variable

static specifies a global variableWith restricted scope
exterpal specifies an externakyariable (a prototype)
regisfer specifies a temporary variable

unknpwn propertigs are unknown

12.7.4 ExportKind data type (enumeration)

ExporfKind enumeration datatype defines several common properties of a MemberUnit and MethodUnit relatdd to their
visibility and other properties.

Literall values

publi specifies a public member or method
private specifies private member or method
protected specifies a protected member or method
final specifies final member or method
unknown properties are unknown
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12.7.5 IltemUnit Class

ItemUnit class is a concrete subclass of the DataElement class that represents anonymous data items that are parts of
complex datatypes; for example, record fields, pointers, and arrays. Instances of ItemUnit class are endpoints of KDM

data re

lations that describe access to complex datatypes.

Supel
DataF]

Semahtics

An Ite
each If
but als|

12.7.

Index
of Indd

Supel
DataF]

Sema

Index(
12.7.

Memb
Memb
ItemU
existin|
the cla
some 4

Super
DataF]

class

ement

mUnit represents a data element that exists in the context of another data element. Fromthe runtime pe
emUnit represents a family of data elements, each of which is identified not only by the identity of the
o by the identity of the owner element.

b IndexUnit Class

[Jnit class is a concrete subclass of the DataElement class that represénts an index of an array datatype.
xUnit class are endpoints of KDM data relations that describe access to arrays.

class

ement
ntics

Init represents an index of an ArrayType. IndexUnit is an optional element.

7 MemberUnit Class

erUnit class is a concrete subclass of the DataElement class that represents a member of a class type. In
erUnit class are endpoints of ' KIDM data relations that describe access to classes. MemberUnit is similar
hit. The difference between an ItemUnit and a MemberUnit is that an [temUnit usually represents a part g
o computational objeet,-while the computational object corresponding to a MemberUnit is usually deter
5s instance. In case"ofiaccessing structures via pointers, this distinction becomes more subtle. MemberU
dditional attributes.

class

ement

spective,
[temUnit,

Instances

stances of
to an

f a certain
mined by
hit defines

Attrib

ttes

export:ExportKind Represents the visibility of the member (public, private, protected).

Constraints

1.

82

MemberUnit can be owned only by a ClassUnit.
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MemberUnit represents a member of a class. From the runtime perspective, each MemberUnit element represents a family
of computational objects, each of which is a part of some class instance. Each MemberUnit is identified by the name of
the MemberUnit, as well as by the direct or indirect identity of the corresponding class instance.

12.7.8—ParameterUnit-Class
ParamgterUnit class is a concrete subclass of the DataElement class that represents a formal parameter; for example, a
formall parameter of a procedure. ParameterUnits are owned by the Signature element. Instances of Parameter{nit class
are englpoints of KDM data relations that describe access to formal parameters.
Supeifclass
DataElement
Attributes
kind:ParameterKind optional attribute defining the parameter passing convention for the attribute
pos:Integer position of the attribute in the signature

Consftraints

1.| Return parameter of a signature does not have a pos-attribute.

2.| Return ParameterUnit is a signature should haye‘a kind="return.”

3.] There can be at most one ParameterUnit-within a certain Signature with a return kind.
Semantics
ParamegterUnit is a data element that-from the runtime perspective represents a computational object that exist$ in the
contex|t of an instance of some ControlElement “in the process of execution.”
Instan¢es of ParameterUnit elass are owned by instances of a Signature class. ParameterUnits within a Signatyre are
orderefl. The value of the-po§~attribute of a ParameterUnit should correspond to the position of the parameter |n the
Signatpre. The return PatameterUnit is distinguished by the value of the kind attribute. To represent signatureg of
programming languages that allow named parameters (binding of actual parameters by name rather than by a position),
the praducer of the, KDM model is responsible for computing correct positions of the named parameters and d¢termining

approfriate ParameterUnits as targets for relations to named parameters. ParameterKind enumeration datatype
descriped.in “Signature Class Diagram” on page 99.

is

12.8 ValueElements Class Diagram

ValueElements class diagram defines meta-model elements that represent data values, which are used in the artifacts of
the existing software system.

The classes and associations of the ValueElements class diagram are shown at Figure 12.6.
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DataElement

<ext : String
wsize : Integer

+valueElement
{subsets ownedElement
ordered}

ValueElement

0.*

Va

ue ValueList 0.1

Figure
12.8.

ValueH
system
provid

Super
DataEl

Const
1.

2.
3.

+owner
{subsets owner}

12.6 - ValueElements Class Diagram
1 ValueElement Class (generic)

lement class is a generic meta-model element that represents values used in the artifacts of existing sof]
s. This class defines the common properties of theseoncrete subclasses, for which more precise semanti
ed. KDM model of an existing software system.uisually uses concrete subclasses of the ValueElement cl

class

ement

raints

ValueElement and its subglasses should not have owned code elements.
ValueElement and ifs'subclasses cannot be used as the target of relations Writes and Addresses.

ValueElement €lass instance should have at least one Stereotype.

Semahtics

A valu

ValueH

e element is a data element that represents a single value of the corresponding datatype.

ware
LS 1S
ass.

lue is

letient class and its subclasses correspond to ISO/IEC 11404 literals and values. The datatype of the va

represented by the type property (defined for its superclass DataElement class).

12.8.2 Value Class

Value class is a meta-model element that represents values used in the artifacts of existing software systems.
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Superclass

ValueElement

Semantics

Value class corresponds to ISO/IEC 11404 literals of primitive types, such as boolean-literal, state-literal, enumerated-
literal,[character-literal, ordinal-literal, time-literal, integer-literal, rational-literal, scaled-literal, real-literal, vo1d-literal,
pointef-literal, bitstring-literal, string-literal.

The ngme attribute of the ValueClass represents the name or a string representation of the value.

12.8.3 ValuelList Class

The VilueList class is a meta-model element that represents values of aggregated datatypes.

Superclass

ValueHlement

Associations
valugElement:ValueElement[0..*] component values

Semantics

A ValyeList is a data element associated with a single*value of some non-primitive datatype. The value of the[complex
datatype is represented as a tuple of values for each>subcomponent of the complex datatype.

Value tlass corresponds to ISO/IEC 11404 walues for aggregated datatypes such as choice-value, record-value,|set-value,
sequerlce-value, bag-value, array-value, table<value.
Part 4: Code Elements Representing Datatypes

Data r¢presentation of KDM_is aligned with ISO/IEC 11404 (General-Purpose Datatypes) standard. In particular, KDM
providps distinct meta-model-elements for “data elements” (for example, global and local variables, constants,|record
fields, [parameters, class-mnembers, array items, and pointer base elements) and “datatypes.” Each data element| has an
associgtion “type” to(its*datatype. KDM distinguishes

« | primitive\datatypes (for example, Integer, Boolean),

« | complex user-defined datatypes (for example, array, pointer, sequence), and

o Lnamed datatunes (for example a class a svnonvm tune)
r \ I 7 7 4 J L7

KDM meta-model elements corresponding to datatypes are subclasses of a generic class Datatype. KDM meta-model
elements corresponding to data elements are subclasses of a generic class DataElement.

KDM model elements represent existing artifacts determined by a programming language. KDM meta-model elements
provide sufficient coverage for most common datatypes and data elements, common to programming languages. KDM
also provides several powerful generic extensible elements that can be further used with stereotypes to represent
uncommon situations.
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In addition to the type association, KDM relationship “HasType” is used to track named datatypes. Anonymous datatypes

can be

owned by the data element that uses it.

Concrete examples of datatypes, data items, and the use of the type association, and the HasType relationship are
provided further in the text of the specification.

12.9

PrimitiveTypes Class Diagram

The PrimitiveTypes class diagram defines meta-model elements that represent predefined types commoén to vatious

prograjnming languages. The classes and association of the PrimitiveTypes diagram are shown in Figure 12.7.

Datatype

]

PrimitiveType

BooleanType

rdinalType
CharType
- IntegerType ScaledType
TimeType
DecimalType
DateType
Figure|12.7 - PrimitiveTypes Class Diagram

12.9.

The PrimitiveType_ iS@-generic meta-model element that represents primitive data types determined by various

progra

Supel

Bitstring Type

FleatType

Octetstring Type

OctetType

BitType

StringType

1 PrimitiveType Class (generic)

mming languages.

class

e

VoidType

Datatyl

Constraints

1.

86

PrimitiveType should have at least one stereotype.
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Semantics

PrimitiveType element has under specified semantics. It can be used as an extension point to define new “virtual” meta-model
elements to represent specific primitive types that do not fit into semantic categories defined by concrete subclasses of
PrimitiveType class.

12.9.2BooteanType€lass

The BpoleanType is a meta-model element that represents Boolean data types common to various programming
languajges. A Boolean is a mathematical datatype associated with two-valued logic.

Supeirclass

Primit{veType

Semantics
The KPM BooleanType class corresponds to ISO/IEC 11404 Boolean datatype

12.9.3 CharType Class

The CharType is a meta-model element that represents character data types common to various programming languages.
Charagter is a family of datatypes whose value spaces are character-sets.

Supeirclass

Primit{veType

Semantics
The KPM CharType class corresponds to ISO/IEC 11404 Character datatype.

12.9.4 OrdinalType Class

The OrdinalType class is a meta‘model element that represents ordinal datatypes available in some programming
languafges. Ordinal is the datatype of the ordinal numbers, as distinct from the quantifying numbers (datatype [nteger).
Ordindl is the infinite énumerated type.

Supeiclass

Primit{veType

Semahtics
The KDM OrdinalType class corresponds to ISO/IEC 11404 Ordinal datatype.

12.9.5 DateType Class

The DateType is a meta-model element that represents built-in data types related to dates.
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Superclass

PrimitiveType
Semantics

12.9.pTimeType Class

The TimeType is a meta-model element that represents built-in data types related to time. Time is a family of datatypes
whose|values are points in time to various common resolutions: year, month, day, hour, minute, second,”and fijactions
thereof.

Superclass

PrimitiveType

Semahtics

The KPM TimeType class corresponds to ISO/IEC 11404 Time datatype. Thelinterpretation of the details of the Time
datatype (in particular the time unit) is outside of the scope of KDM. KDM¢analysis tools can be used to analyze the
KDM tepresentation of an existing system to systematically identify the/detailed information regarding the defpils of the
Time data items. The time-unit, and other attributes can be added to the data item of the TimeType.

12.9.7 IntegerType Class

The IntegerType is a meta-model element that representsénteger data type common to various programming lgnguages.
Integer is the mathematical datatype comprising exaet integer values.

Superclass

PrimitiveType

Semahtics

The KDM IntegerType class cortesponds to ISO/IEC 11404 Integer datatype.
12.9.8 DecimalType Class

The DgcimalType-is'a meta-model element that represents decimal data types common to various programming
languajges.

Superclass

PrimitiveType

Semantics

The KDM DecimalType class corresponds to ISO/IEC 11404 Integer datatype.
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The ScaledType is a meta-model element that represents fixed point data types common to various programming
languages. Scaled is a family of datatypes whose value spaces are subsets of the rational value space, each individual
datatype having a fixed denominator, but the scaled datatypes possess the concept of approximate value.

Supefclass

Primit

Sema
The K|

12.9.10 FloatType Class

The FlpatType is a meta-model element that represents float data types commongtowarious programming langu:
is a family of datatypes that are computational approximations to the mathematical datatype comprising the “r
numbers.”

Superclass

Primit{veType

Semantics

The KPM FloatType class corresponds to ISO/IEC 11404 Real datatype.

12.9.11 VoidType Class

The VoidType is a meta-model element.that represents built-in “void” type defined in certain programming lar
Void i3 a datatype representing an object whose presence is syntactically or semantically required, but carries

informfation is a given instance.

Supeiclass

Primit

Sema
The K|

12.9.

veType

ntics
DM ScaledType class corresponds to ISO/IEC 11404 Scaled datatype.

veType

ntics
DM VeidType class corresponds to ISO/IEC 11404 Void datatype.

ges. Float
cal

guages.
ho

12 StringType Class

The StringType is a meta-model element that represents string data type common to various programming languages.

String

is a datatype representing strings of characters from standard character-sets.

Superclass

PrimitiveType
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Semantics

The KDM StringType class corresponds to ISO/IEC 11404 defined datatype Character string. The interpretation of the
details of the character encoding of the StringType is outside of the scope of KDM. Multibyte character strings can be

repres

12.9.13BitFype-€Class

The B
the da

Supe

Primit

Semantics
The KPM BitType class corresponds to ISO/IEC 11404 defined datatype Bit.

12.9.

The B

Superclass

Primit

Semahtics

The KPM BitstringType class corresponds'to)ISO/IEC 11404 defined datatype Bit string.

12.9.

The O

Octet is a datatype of 8-bit'codes, as used for character-sets and private encodings.

Superclass

Primit

SemaEtics
The K Cletlype class corresponds to etfincd datatype Octet.

12.9.

ented as StringType with a stereotype.

JtType class is a meta-model element representing the bit datatype available in some programming,langug
atype representing the binary digits “0” and “1.”

nclass

veType

14 BitstringType Class

veType

15 OctetType Class

ctetType class is a meta~model element that represents octet datatypes available in some programming 1

veType

16 OctetstringType Class

ges. Bit is

tstringType class is a meta-model element that represents bit, string datatypes available in some progranyming
langualges. Bitstring is the datatype of variable-length strings of¢binary digits.

hinguages.

The OctetstringType class is a meta-model element that represents octet string datatypes available in some programming
languages. Octet string is a variable-length encoding using 8-bit codes.
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Superclass

PrimitiveType

Semantics
The KDM OctetstringType class corresponds to ISO/IEC 11404 defined datatype Octet string.

12.10 EnumeratedTypes Class Diagram

The EfqumeratedTypes class diagram defines meta-model elements that represent enumerated typesswhich are jommon to
varioup programming languages. The classes and associations of the EnumeratedTypes diagram-afe shown in Higure 12.8.

Datatype
ﬂl 0.”
ElnumeratedType 1 Value
+
+towner value
{subsets owner} {subsets ownedElement
ordered}

Figure| 12.8 - EnumeratedTypes Class Diagram
12.10.1 EnumeratedType Class

The EfpumeratedType is a meta-model elemerit'that represents user-defined enumerated data types. EnumeratedType
datatype defines the set of enumerated literals. Enumerated datatype is a user-defined datatype, which has a finite number
of distjnguished values.

Supeiclass

Datatype

Assog¢iations

valueiValue[0.}{ordered} The list of enumerated literals defined for the given EnumeratedType

Semaptics

EnumeratedType corresponds to ISO/IEC 11404 Enumerated and State families of datatypes. Enumerated datatype is a
family of datatypes, each of which comprises a finite number of distinguished values having an intrinsic order. State is a
family of datatypes, each of which comprises a finite number of distinguished but unordered values. KDM does not make
distinction between these two families.

Values of the Enumerated and State datatypes are represented by a Value meta-model element that is owned by the
EnumeratedType.
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12.11 CompositeTypes Class Diagram

The CompositeTypes class diagram defines meta-model elements that represent common composite datatypes provided by
various programming languages (for example, records, structures, and unions). Composite datatypes is a broad category
of user-defined datatypes that includes situations in which the value of the datatype is made up of values of multiple
component datatypes.

The classes and associations of the StructuredTypes diagram are shown in Figure 12.9.

Datatype

4 +owner

CompositeType ﬁsets owner} ltemUnit
0..1 0.*
{sub;ggrng]réizltElement
Record Type ChoiceType ordered)

Figure|12.9 - CompositeTypes Class Diagram
12.11.1 CompositeType Class (generic)

The CpmpositeType is a meta-model element that represents user-defined composite datatypes, such as records,
structures, and unions. This element is further subclassed by more specific KDM classes. CompositeType clas$ defines
comm¢n properties for its specific subclasses, eachvof which has distinct semantics. CompositeType class is a[KDM
contaiper. KDM models of existing software systems usually use the concrete subclasses of CompositeType clpss.
CompgsiteType class itself is a concrete cldss;and can be used as an extended meta-model element, with a stefeotype.
CompgsiteType class is a more specific meta-model element than CodeElement.

Superclass

Datatype

Associations

itemUnit:ltemUnit[0:.”] {ordered}  The list of named items that represent components of the composite datatype;|for
example representing the individual fields of a record.

Constraints

1. CompositeType class should be used with a stereotype.

Semantics

CompositeType class corresponds to ISO/IEC 11404 generated datatypes each of whose values is made up of values of
component datatypes. In particular, KDM CompositeType class corresponds to aggregate datatypes that involve a field list
in their definition, and choice datatype. The Name attribute of each ItemUnit owned by the CompositeType represents the
name of the field-type. The datatype of the field-type is represented by the type attribute of the ItemUnit.
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CompositeType class is an extended meta-model element, that can be used to represent generated datatypes of an existing
software system that do not fit into more precise semantics of the subclasses of CompositeType.

Any anonymous datatype used by an ItemUnit of the CompositeType should be owned by that ItemUnit.

12.11.2 ChoiceType Class

The C

softwafe systems, each of whose values is a single value from any of a set of alternative datatypes. Af examp

choice

repres¢ntation, each alternative datatype is represented as an ItemUnit.

Supeifclass

Comp

Semantics

The C

repres¢nt the field-identifier. Name attribute of each ItemUnit owned by‘the ChoiceType represents either the
identiffer of the alternative datatype or a single select item that identifi€s the variant. The datatype of the alter
repres¢nted by the type attribute of the ItemUnit owned by the ChoiceType.

12.11.3 RecordType Class

The R

software systems, whose values are heterogeneous.aggregations (tuples) of values of component datatypes, ea
aggregation having one value of each component-datatype. Component datatypes are keyed by a fixed “field-i

which

noiceType class is a meta-model element that represents choice datatypes: user-defined datatypes in'exis

datatype is a Pascal and Ada variant record, and a union in the C programming language. In\th¢ KDM

siteType

hoiceType corresponds to ISO/IEC 11404 choice generated datatype/KDM representation does not expl

pcordType class is a meta-model element that represents record datatypes: user-defined datatypes in exis

is represented by the Name attribute of the ItemUnit owned by the RecordType. Examples of record da

ting
le of a

citly
field-
hative is

ting

h
Hentifier,”
atypes

hit owned
of the

includ¢ a structure in C, a record in Cobal.
Supeiclass
Comp¢siteType
Semantics
The Re¢cordType cortesponds to ISO/IEC 11404 record aggregate datatype. The Name attribute of each ItemU
by the|RecordType \represents the field-identifier. The datatype of the field is represented by the type attribute
ItemUhit ownediby the ChoiceType.
Examrle (Cobol)
01 StudeftbDetails
02 StudentId PIC 9(7).
02 StudentName.
03 FirstName PIC X(10).
03 MiddleInitial PIC X.
03 Surname PIC X(15).
02 DateOfBirth.
03 DayOfBirth PIC 99.

03 MonthOfBirth PIC 99.
03 YearOfBirth PIC 9(4).
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02 CourseCode PIC X(4).
MOVE "Doyle" To Surname
<?xml version="1.0" encoding="UTF-8"?>

<kdm:Segment xmi:version="2.1"
mlng:xmi="http://schema.omg.org/spec/XMI/2 1"

xmlns:action="http://schema.omg.org/spec/KDM/1.2/action"
xmlns:code="http://schema.omg.org/spec/KDM/1.2/code"
xmlns:kdm="http://schema.omg.org/spec/KDM/1.2/kdm" name="Record Example">
<model xmi:id="id.O0" xmi:type="code:CodeModel" >
<dodeElement xmi:id="id.1" xmi:type="code:CompilationUnit">
<codeElement xmi:id="id.2" xmi:type="code:StorableUnit"
name="StudentDetails" type="id.3">
<codeElement xmi:id="id.3" xmi:type="code:RecordType" name="StudentDetails">
<itemUnit xmi:id="id.4" name="StudentID" type="id.23" ext="PIC 9 (WY >
<itemUnit xmi:id="id.5" name="StudentName" type="id.6">
<codeElement xmi:id="1id.6" xmi:type="code:RecordType" name=¥StudentName">
<itemUnit xmi:id="id.7" name="FirstName" type="1id.24" ext="PIC X(10)" size="10"/>
<itemUnit xmi:id="id.8" name="MiddleName" type="id.24"™.ext="PIC X" size="1"/>
<itemUnit xmi:id="id.9" name="Surname" type="id.24"\ “ext="PIC X (15)" size="15"/>
</codeElement>
</itemUnit>
<itemUnit xmi:id="1d.10" name="DateOfBirth">
<codeElement xmi:id="id.11" xmi:type="code:RécordType" name="DateOfBirth">
<itemUnit xmi:id="id.12" name="DayOfBinth" type="id.23" ext="PIC 99" size="2"/>
<itemUnit xmi:id="id.13" name="MonthOfBirth" type="id.23" ext="PIC 99" size="2"/>
<itemUnit xmi:id="1d.14" name="Yedxr@fBirth" type="id.23" ext="PIC 9(4)"
size="4"/>
</codeElement>
</itemUnit>
<itemUnit xmi:id="1id.15" namexs"CourseCode" type="id.24" ext="PIC X(4)" size="4"/>
</codeElement >
</codeElement>
<codeElement xmi:id="id.Ll6"%\Xmi:type="action:BlockUnit">
<codeElement xmi:id="Ad¥7" xmi:type="action:ActionElement">
<codeElement xmizdd="id.18" xmi:type="code:Value"
name="&qUotsDoyle&quot ;" type="id.24"/>
<actionRelatFon™xmi:id="id.19" xmi:type="action:Addresses" to="id.2" from="id.17"/>
<actionRelabion xmi:id="id.20" xmi:type="action:Reads" to="id.18" from="id.17"/>
<actionRelation xmi:id="id.21" xmi:type="action:Writes" to="id.9" from="id.17"/>
</codeElenment >
</codeElénent >
codeElement >

A

<dodéBlement xmi:id="1id.22" xmi:type="code:LanguageUnit" name="Cobol common definitions">
<codeElement xmi:id="1id.23" xmi:type="code:DecimalType"/>

<codeElement xmi:id="id.24" xmi:type="code:StringType"/>
</codeElement>
</model>
</kdm: Segment >
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12.12 DerivedTypes Class Diagram

The DerivedTypes class diagram defines meta-model elements that represent derived types, which are common to various
programming languages. Examples of derived types include pointers, arrays, and sets. Derived datatypes is a broad
category of user-defined datatypes that include situations, in which the value of the datatype is made up of values of a
single component datatype, usually referred to as the element datatype. The classes and associations of the DerivedTypes

diagram are shown in Figure 12.10.
ftemUnit Datatype
1
+itemUnit
{subsets ownedElement}
PointerT
+owner 0..1 Beedls ointerType
{subsets owner}
SequenceType
@size,: Integer
RangeType BagType
dlower : Integer M wsize : Integer
dupper : hteger wsize : Integer SetType
E8size : Integer
+owner 0.1
{subsets owner}
+indexUnit
{subsets ownedElement} 1
IndexUnit

Figure|12.10 - DerivedTypes Class Diagram
12.12.1 DerivedType Class-(generic)

DerivgdType class defines corimon properties for its specific subclasses, each of which has distinct semantics
DerivedType class is a KDM container. KDM models of existing software systems usually use the concrete subpclasses of
DerivedType class. DerivedType class itself is a concrete class and can be used as an extended meta-model element, with
a stereptype. DerivedType class is a more specific meta-model element than CodeElement.

Supeifclass
Datatype

Associations

itemUnit:[temUnit[1] The ItemUnit that represents the base class of the derived type.

Constraints

1. DerivedType class should be used with a stereotype.
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Semantics

DerivedType class corresponds to several ISO/IEC 11404 aggregated datatypes, whose values are made up of values of a
single component datatype. DerivedType class is an extended meta-model element, that can be used to represent
aggregated datatypes with a single base datatype of an existing software system, that do not fit into more precise
semantics of the subclasses of DerivedType. The name attribute of the ItemUnit can be omitted. The datatype of the

elemen

tty, pe is. rppﬁacpnfpﬂ by the t3 pe attribute of the ItemUnit owned by the Deris, PHT} pe

Any aflonymous datatype used by ItemUnit of the DerivedType should be owned by that ItemUnit.

12.1%

The AfrayType is a meta-model element that represents array datatypes.

Supel

DerivedType

Attributes

size:Ipteger the size of the array (the maximmim number of elements)

Associations

indexUnit:IndexUnit[1] the index of the artay

Semahtics

Array’]
elemer
by the

KDM
which
next (i

Any af

12.1%

.2 ArrayType Class

class

'ype corresponds to ISO/IEC 11404 array datatype. The name attribute of the ItemUnit can be omitted i
t type is anonymous. The datatype of the element-type is represented by the type attribute of the ItemU
ArrayType. The IndexItem represents the index of the array. The name attribute of the IndexUnit can b

Array Type supports a single-index. Multidimensional arrays are represented by nested ArrayType eleme
the top ArrayType reptesents the first (outer) dimension, and its ItemUnit has type ArrayType that reprq
hternal) dimension‘and so on.

lonymous datatype used by IndexUnit of the ArrayType should be owned by that IndexUnit.

.3 PointerType Class

The Pq

[ the
nit owned
b omitted.

nts, in
sents the

inferType is a meta-model element that represents pointer datatypes whose values constitute a means of

reference

to values of another datatype, designated the element datatype.

Superclass

Derive

96

dType
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Semantics

PointerType corresponds to ISO/IEC 11404 pointer generated datatype. From ISO perspective the pointer datatype is not
an aggregated datatype, which leads to some mismatch with the semantics of the superclass. The Name attribute of the

ItemUnit owned by the PointerType can be omitted. The datatype of the element-type is represented by the type attribute
of the ItemUnit owned by the PointerType.

ExamL)Ie (C)

struct
s{
i
}o* Py

<?xml
<kdm: g

<mo(g

<d

<
</mq
</kdm

12.12

Range

tlist {

ruct tlist * next;
t value;
ead, * pcurrent;

version="1.0" encoding="UTF-8"?>
egment xmi:version="2.1"
xmlns:xmi="http://schema.omg.org/spec/XMI/2.1"
xmlns:code="http://schema.omg.org/spec/KDM/1.2/code"
xmlns:action="http://schema.omg.org/spec/KDM/1.2/action"
xmlns:kdm="http://schema.omg.org/spec/KDM/1.2/kdm" name="LirkedList Example">
el xmi:id="1id.0" xmi:type="code:CodeModel">
odeElement xmi:id="id.1" xmi:type="action:BlockUnit">
<codeElement xmi:id="id.2" xmi:type="code:StorableUnit"
name="phead" type="id.3" kind="unknown">
<codeElement xmi:id="id.3" xmi:type="code:PointerType">
<itemUnit xmi:id="id.4" type="id.5">
<codeElement xmi:id="id.5" xmi:type="code:RecordType" name="tlist">
<itemUnit xmi:id="id.6" name="next'"rtype="1id.3"/>
<itemUnit xmi:id="id.7" name="value" type="id.8">
<codeElement xmi:id="id.8" xmi}type="code:IntegerType" name="int"/>
</itemUnit>
</codeElement>
</itemUnit>
</codeElement>
</codeElement>
<codeElement xmi:id="id.9' xmi:type="code:StorableUnit"
name="pcurrent" type="id.3" kind="unknown"/>
codeElement >
del>
Segment >

.4 RangeType Class

[ypenis a meta-model element that represents user-defined subtypes of any ordered datatype by placing

and/or

lower bounds on the value space

hew upper

Superclass

DerivedType
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Attributes
lower: Integer the optional lower boundary of the range
upper: Integer the optional upper boundary of the range

Constraints

1.

Sema

Range

datatype, which leads to some mismatch with the semantics of the superclass. The Name.attribute of the ItemU
RangeType can be omitted. The datatype of the base type is represented by the\typ€ attribute of the ItenUnit

by the
owned|

When

12.12.5 BagType Class

BagTy
whose

same Value to occur in a given collection; the ordering of the\walue instances is not significant.

Superclass

DerivedType

Sema
BagTy|
BagTy
the Ba

12.12.6 SetType Class

SetTyge is a meta-model element that represents set types in existing software systems: the user-defined datatyy
value gpace is the set of all subsets of the value space of the element datatype, with operations appropriate to
mathematical Set:

Super

At least one boundary value attribute should be present.

ntics

['ype corresponds to ISO/IEC 11404 range subtype. From ISO perspective the range subtype is not an a

by the RangeType.

n boundary value attribute is omitted, this means that the corresponding value is unspecified.

pe class is a meta-model element that represents bag types ifilexisting software systems: the user-defined
values are collections of instances of values from the element datatype. Bag types allow multiple instar

ntics

pe corresponds to ISO/IEC 11404\bag aggregated datatype. The Name attribute of the ItemUnit owned
pe can be omitted. The datatype of the element type is represented by the type attribute of the ItemUnit

Type.

boregated
nit owned

datatypes,
ces of the

by the
owned by

es, whose
he

class

DerivedType

Sema

ntics

SetType corresponds to ISO/IEC 11404 set aggregated datatype. The Name attribute of the ItemUnit owned by the
SetType can be omitted. The datatype of the element type is represented by the type attribute of the ItemUnit owned by
the SetType.
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12.12.7 SequenceType Class

SequenceType class is a meta-model element that represents sequence types in existing software systems: the user-defined
datatypes, whose values are ordered sequences of values from the element datatype. The ordering is imposed on the
values and not intrinsic in the element datatype; the same value may occur more than once in a given sequence.

Supefclass

DeriveddType

Semantics

SequenceType corresponds to ISO/IEC 11404 sequence aggregated datatype. The Name attribute of the ItemUpit owned
by the|SequenceType can be omitted. The datatype of the element type is represented by the type attribute of th¢ ItemUnit
owned| by the SequenceType.

12.13 Signature Class Diagram

The Sifgnature class diagram defines meta-model elements, which represent‘the signature concept common to yarious
programming languages. The classes and associations of the Signature{diagram are shown in Figure 12.11.

Datatype

+owner

+parameterUnit
{subsets ownedElement
ordered}

0+

{subsets owner}

Yignature

0.1

<<enumeration>>
ParameterKind

<byValue
<byName
<byReference
<variadic
wreturn
<throws
<exception
<catchall
<unknown

ParameterUnit
«kind : ParameterKind
<pos : Integer

Figure| 12.11{=Signature Class Diagram

The Signature is a meta-model element that represents the concept of a procedure signature, which is common to various
programming languages.

Superclass

Datatype
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Associations

parameterUnit:ParameterUnit[0..*] the list of parameters of the current Signature

Semantics

A Signature meta-model element has a dual role in KDM models. First, it corresponds to a procedure-type family of
datatypes, corresponding to the procedure-type of ISO/IEC 11404 standard. Second, it corresponds to a specific data
elemen)t as part of a computational object represented by a ControlElement. In this second sense, the Signaturg¢ element
corresponds to the mechanism of formal and actual parameters.

12.13.2 ParameterKind Enumeration Datatype

Param¢terKind datatype defines the kind of parameter passing conventions.

Literalls
byValue parameter is passed by value
byName parameter is passed by name
byRefference parameter is passed by reference
variaflic parameter is variadic
returp parameter being returned
throws parameter represents an exception thrown by the procedure
exception parameter to @ catch block
catchall special parameter to a catch block
unknpwn parameter passing convention is unknown
Semantics

If the parameter kind4s.omitted, then the corresponding parameter is passed byValue. Return parameter is only
distinguished by the,parameter kind return value. If no parameters of a Signature have parameter kind value rgturn, this
means|that the Sighature does not define a return value.

12.14-DefinedTypes Class Diagram

DefinedTypes class diagram defines meta-model constructs to represent defined datatypes (datatypes defined by a type
declaration). The capability of defining new type identifiers is supported in many programming languages.

The classes and associations involved in the definition of KDM DefinedTypes are shown in Figure 12.12.
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+codeElement
0.1 {subsets ownedElement}

+type Datatype

BaseType %

+owner
{subsets owner}

DefinedType

TypeUnit SynonymType

Figure/12.12 - DefinedTypes Class Diagram
12.14.1 DefinedType Class (abstract)

The DgfinedType class is an abstract class that defines the conmimon properties of several concrete classes that gre used to
repres¢nt type declarations in existing software systems.

Superclass

Datatype

Assog¢iations

codeElement:Datatype[0..*] Anonymous datatypes used in the definition of the datatype.
type:Datatype[1] The datatype of the DefinedType that describes the values of the corregponding
datatype.
Semahntics

DefingdType-element represents a named element of existing software system, which corresponds to a user-deffined
datatype.

12.14.2 TypeUnit Class

The TypeUnit meta-model element represents the so-called new datatype declarations. New datatype declarations define
the value-space of a new datatype, which is distinct from any other datatype.

Superclass

DefinedType
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Semantics

TypeUnit corresponds to ISO/IEC 11404 New datatype declaration and New generator declarations.

12.14.3 SynonymUnit Class

The Synonym meta-model element represents the so-called renaming declarations. Renaming declarations declare the
type ngme to be a synonym for another datatype.

Supeiclass
DefingdType

Semantics

SynonymUnit corresponds to ISO/IEC 11404 Renaming declarations.

12.15 ClassTypes Class Diagram

The ClassTypes class diagram defines meta-model elements that represent common composite datatypes provifled by
variou$ programming languages. The classes and association of the ClassTypes diagram are shown in Figure 1)2.13.

Datatype

ClassUnit

- Interface Unit
isAbstract: Boolean O\ A—

+owner
+owner

subsets owner
{sybsets owner} { }

+codeElement
{subsets ownedElement

+codeElemeént ordered}

{subsets ownedElement
ordered}

Codeltem

Figure|12.13'< ClassTypes Class Diagram

12.16 ClassUnit Class

The ClassUnit is a meta-model element that represents user-defined classes in object-oriented languages. A class datatype
is a named datatype that represents a class: an ordered collection of named elements, each of which can be another
Codeltem, such as a MemberUnit or a MethodUnit.

Superclass

Datatype
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Attributes

isAbstract:Boolean the indicator of an abstract class

Associations

6:2012(E)

codeElement:Codeltem[0..*{ordered} the list of class members

Semantics

ClassUnit is a named container for an ordered collection of named elements, each of which dan-be another Col
such ap a MemberUnit or a MethodUnit. Program elements owned by a ClassUnit may algo include other (nes|
ClassUnits), internal datatype definitions, etc. From the runtime perspective, ClassUnit\répresents a family of
compuftational objects, called class instances. MemberUnits and MethodUnits of a ceftain ClassUnit are identifi
the name of the member or method, as well as by a direct or indirect identification 0f the corresponding class

12.16.1 InterfaceUnit Class

The InfterfaceUnit is a meta-model element that represents the interfage concept common to various programm
languajges.

In the meta-model InterfaceUnit is a subclass of Datatype. InterfaceUnit is a KDM container. InterfaceUnit ow
code ifems that represent data types as well as MethodUnits*or CallableUnits. MethodUnit elements owned by
InterfaceUnit may be targets of Calls relations.

Supeiclass

Associations

codeElement:Codeltem[0..*] {ordered} The list of TypeElements that corresponds with the target Interfs

Semantics

InterfaceUnit is a lpgical container for code items. InterfaceUnit corresponds to a compile time description of
capabilities, thaf\can be implemented by computational objects. InterfaceUnit owns datatype definitions as we
ContrqdlElements, which in the representation of an existing software may be the targets of certain relationships
binding bétween the interface and the actual computational objects may occur at runtime.

deltem,
ted

bd both by
instance.

ing

hs a list of
an

the
I as
, since the

12.17 Templates Class Diagram

The Templates class diagram provide basic meta-model constructs to define templates, parameters, instantiatio
template and their relationships. Figure 12.14 shows these classes and their associations.
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D atatype

FA

TemplateUnit

TemplateType 0.1

+owner
{subsets owner}

+codeElement
{subsets ownedElement

ordered} 0..*

Codeltem

—

emplateParameter

Figure|12.14 - Templates Class Diagram
12.17.1 TemplateUnit Class
The T¢mplateUnit is a meta-model element that represents parametetized datatypes, common to some programming
langualges; for example, Ada generics, Java generics, C++ templates.
Superclass
Datatype
Assog¢iations

codeklement:Codeltem[1] témplate formal parameters and the base datatype or computational objeft
Consfraints

1.| TemplateParameter should be first in the list of code elements owned by the TemplateUnit.

Semapntics
The TegmplateUnit-class corresponds to a type declaration with formal type parameters from the ISO/IEC 11404. TemplateUnit

owns t
by the

he corresporiding datatype definition. Formal type parameters are represented by TemplateParameter elemer
TemplateUnit.

ts owned

12.17

-2 TemplateParameter Class

TemplateParameter is a meta-model element that represents parameters of a TemplateUnit. In the meta-model,
TemplateParameter is a subclass of TypeElement.

Superclass

Datatype

104
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Semantics

TemplateParameter represents a formal parameter of a type declaration with formal parameters (corresponding to ISO/IEC
11404). TemplateParameter is owned directly by a certain TemplateUnit. Correspondence between actual and formal
parameters is positional.

12.1F3FemplateFypeClass

TemplateType class is a meta-model element that represents references to parameterized datatypes. TheyTemplateType
class dwns the actual parameters to the datatype reference, represented by “ParameterTo” relationships. The
TemplateType class also owns the “InstanceOf” relationship to the TemplateUnit that represents the referenceqd
paramg¢terized datatype. TemplateType has the role of a Datatype.

Superclass

Datatype

Constraints

1.| TemplateType class should be the origin only to template relations/“InstanceOf” and “ParameterTo.”

Semantics

The T¢mplateType class corresponds to a type-reference with actual type parameters to a type declaration with formal
type pgrameters from the ISO/IEC 11404. The type declaration'with formal parameters is represented by a TenfplateUnit,
which jowns the corresponding datatype definition. Formaltype parameters are represented by TemplateParameter
elements owned by the TemplateUnit. The association between the type reference and the type declaration is r¢presented
by the|“InstanceOf” relationship.

Relatignship “ParameterTo” represents the actual‘type parameter. The association between the actual and formjal type

paramgters is positional.

12.18 TemplateRelations Class Diagram

The T¢mplateRelations class diagram defines KDM relationships that are related to the concept of an templatd. Figure
12.16 shows these classes and/their associations.
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AbstractCodeRelationship

ParameterTo
Instance Of
0.7 0.*

+o +from +o
{reglefines to} {redefines from} 1 {redefines to}
{redefines from}
! TemplateUnit
Codeltem AbstractCodeElement

Figure|12.15 - TemplateRelations Class Diagram
12.18.1 InstanceOf Class

The InstanceOf is a meta-model element that represents “instantiation” relation between an AbstractCodeElemient (for
example, a ClassUnit) and a TemplateUnit. In the meta-model InstanceOf is a subclass of AbstractCodeRelatignship.

Supeiclass
AbstractCodeRelationship

Associations

from:AbstractCodeElement[1] The AbstractCodeElement that represents the instantiation of a template.

to:TemplateUnit[1] The TemplateUnit that is being instantiated.

Constraints

1.[| The to-and'from- endpoints of the relationship should be different.

terized

entity (for example, a generic method), to the corresponding declaration of the parameterized class.

12.18.2 ParameterTo Class

The ParameterTo is a meta-model element that represents an actual type parameter in the context of a reference to a
parameterized entity. ParameterTo is “parametrization” relation between an AbstractCodeElement (for example, a
TemplateType or an ActionElement) and a Codeltem.
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Superclass

AbstractCodeRelationship

Associations

from:AbstractCodeElement[1] the reference to the parameterized entity (the context of the actual type paramgter)
to:Codeltem([1] actual parameter to template instantiation
Constraints

1.| ParameterTo relationship should be owned only by TemplateType or ActionElement.
2.| The to- and from- endpoints of the relationship should be different.
Semantics

Referejnce to a parameterized datatype is represented by a TemplateType element. Another situation is an ActignElement
that references a parameterized entity; for example, a call to a generic methed. In this situation the ActionElement
providps the context of the reference and owns the ParameterTo and InstanceOf relationships.

Example (Java)

class |foo {

statiq <T> void fromArrayToCollection (T[] a, CollectionxTs> c) {
fog (T o : a) {

c.add (o) ;

}

}

void demo() {

String[] sa = new String[100];

Collection<Strings> cs = new ArrayList<Strings();
fromArrayToCollection (sa, «cs).;// T inferred to be String

}

<?xml |version="1.0" encoding="UTF-8"?>
<kdm:d4egment xmi:versioh=42.1"
xmlns:xmi="h&tps//schema.omg.org/spec/XMI/2.1"
xmlns:actin="http://schema.omg.org/spec/KDM/1.2/action"
xmlns:cod@e="http://schema.omg.org/spec/KDM/1.2/code"
xmlnsfkdm="http://schema.omg.org/spec/KDM/1.2/kdm" name="Template Example">
<model xmisid="id.0" xmi:type="code:CodeModel">

<dodeklément xmi:id="id.1" xmi:type="code:ClassUnit" name="foo">
<codeElement xmi:id="id.2" xmi:type="code:TemplateUnit"

TIame="LTOMATIray TOCOLIIEeCtionN&It; I>">
<codeElement xmi:id="id.3" xmi:type="code:TemplateParameter" name="T"/>
<codeElement xmi:id="1d.4" xmi:type="code:MethodUnit"
name="fromArrayToCollection" type="id.6">
<entryFlow xmi:id="1id.5" to="id.14" from="id.4"/>
<codeElement xmi:id="id.6" xmi:type="code:Signature">
<parameterUnit xmi:id="id.7" name="a">
<codeElement xmi:id="1d.8" xmi:type="code:ArrayType">
<itemUnit xmi:id="id.9" type="id.3"/>
</codeElement>
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</parameterUnit>
<parameterUnit xmi:id="id.10" name="c" type="id.11">
<codeElement xmi:id="1d.11" xmi:type="code:TemplateType"
name="Collection&lt;T1>">
<codeRelation xmi:id="id.12" xmi:type="code:ParameterTo"
to="id.3" from="id.11"/>
<codeRelation xmi:id="id.13" xmi:type="code:InstanceOf"
to="id.75" from="id.11"/>
</codeElement>

</parameterUnits>
</codeElement>
<codeElement xmi:id="id.14" xmi:type="action:ActionElement"
name="al" kind="Compound">
<codeElement xmi:id="1d.15" xmi:type="action:ActionElement"
name="al.l" kind="Call">
<actionRelation xmi:id="1d.16" xmi:type="action:Addresses"
to="id.7" from="id.15"/>
<actionRelation xmi:id="id.17" xmi:type="action:Calls" to="1id.81" from="id.1l5"/>
<actionRelation xmi:id="id.18" xmi:type="action:Flow" to="id.19" from="id.15"/>
</codeElement >
<codeElement xmi:id="1d.19" xmi:type="action:ActionElement"
name="al.2" kind="Call">
<codeElement xmi:id="1d.20" xmi:type="code:StexableUnit"
name="t1l" type="id.88" kind="registécr'/>
<actionRelation xmi:id="id.21" xmi:type="&¢tion:Addresses"
to="id.40" from="id.19"/>
<actionRelation xmi:id="id.22" xmi:type="action:Calls" to="1id.83" from="1id.19"/>
<actionRelation xmi:id="id.23" xmi;type="action:Writes" to="id.20" from="id.29"/>
<actionRelation xmi:id="id.24" xmi%:type="action:Flow" to="id.25" from="id.19"/>
</codeElement >
<codeElement xmi:id="1id.25" xmirtype="action:ActionElement"
name="1.3" kind="gondition">
<actionRelation xmi:id=™id.26" xmi:type="action:Reads" to="id.20" from="id.25"/>
<actionRelation xmi:@d="1d.27" xmi:type="action:TrueFlow"
to="1d.29" sfrom="id.25" />
<actionRelation/ xmi:id="1id.28" xmi:type="action:FalseFlow"
to="13d=39" from="id.25"/>
</codeElements
<codeElement\Xmi:id="1d.29" xmi:type="action:ActionElement"
name="al.4" kind="Call">
<actionRelation xmi:id="1d.30" xmi:type="action:Addresses"
to="1id.40" from="id.29"/>
2actionRelation xmi:id="id.31" xmi:type="action:Calls" to="id.82" from="id.29"/>
<actionRelation xmi:id="id.32" xmi:type="action:Writes" to="id.44" from="id.29"/>
<actionRelation xmi:id="id.33" xmi:type="action:Flow" to="id.34" from="id.29"/>

</codeElement>

<codeElement xmi:id="1id.34" xmi:type="action:ActionElement"
name="al.5" kind="Call">
<actionRelation xmi:id="1id.35" xmi:type="action:Addresses"
to="id.10" from="id.34"/>
<actionRelation xmi:id="id.36" xmi:type="action:Reads" to="id.44" from="id.34"/>
<actionRelation xmi:id="id.37" xmi:type="action:Calls" to="id.84" from="id.34"/>
<actionRelation xmi:id="id.38" xmi:type="action:Flow" to="id.19" from="id.34"/>
</codeElement >
<codeElement xmi:id="1d.39" xmi:type="action:ActionElement" name="1.6" kind="Nop"/>
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<codeElement xmi:id="1id.40" xmi:type="code:StorableUnit"

name="iter" type="id.41" kind="register">

<codeElement xmi:id="1d.41" xmi:type="code:TemplateType" name="Iterator&lt;T1l>">

<codeRelation xmi:id="id.42" xmi:type="code:InstanceOf"

to="id.78" from="id.41"/>
<codeRelation xmi:id="1id.43" xmi:type="code:ParameterTo"
to="id.3" from="id.41"/>
</codeElement >
</codeElement >

</codeElement >
</codeElement >
</codeElement>

</codeElement>
</codeElement >

<actionRelation
<actionRelation
<actionRelation
<actionRelation
</codeElement>

</codeElement >
</codeElement >

xmi
xmi
xmi

xmi

:id="id.53"
:id="id.54"
:id="id.55"
:id="id.56"

xmi
xmi
xmi

xmi

<codeElement xmi:id="1id.44" xmi:type="code:StorableUnit"
name="o" type="id.3" kind="local"/>
<actionRelation xmi:id="id.45" xmi:type="action:Flow" to="id.15" from="idw1l4"/>

<codeElement xmi:id="1d.46" xmi:type="code:MethodUnit" name="demo" type="id.47">
<codeElement xmi:id="id.47" xmi:type="code:Signature"/>
<codeElement xmi:id="id.48" xmi:type="code:StorableUnit"
name="sa" type="1id.49" kind="local">
<codeElement xmi:id="id.49" xmi:type="code:ArrayType" name="ar2">
<itemUnit xmi:id="1id.50" type="1d.89"/>

<codeElement xmi:id="id.51" xmi:type="action:ActieonElement" name="demo.1l" kind="New">
<codeElement xmi:id="id.52" xmi:type="code:Valtie" name="100" type="id.90"/>

:type="aétion:Reads" to="id.52" from="id.51"/>
:type="action:Creates" to="1id.49" from="id.51"/>
:type£laction:Writes" to="1id.48" from="id.51"/>
:type="action:Flow"/>

<codeElement xmi:id="id.57" xmi:type="code:StorableUnit"
name="cs" type="id.58% kinhd="1local">
<codeElement xmi:id="1d.58" “xmi:type="code:TemplateType"
name="Collection&lt;String>">
<codeRelation xmi:id="id.59" xmi:type="code:ParameterTo" to="id.89" from="id.58"/>
<codeRelation xmifid="id.60" xmi:type="code:InstanceOf" to="id.75" from="id.58"/>

<codeElement xmiwid="id.61" xmi:type="action:ActionElement" name="demo.2" kind="New">
<codeElemeht “xmi:id="1d.62" xmi:type="code:TemplateType"
name="ArrayList&lt;String>">

<codeRelation xmi:id="1id.63" xmi:type="code:ParameterTo" to="id.89" from="id.é2"/>
<eO0deRelation xmi:id="1id.64" xmi:type="code:InstanceOf" to="id.85" from="id.62"/>
</coedeElement >
<actionRelation xmi:id="id.65" xmi:type="action:Creates" to="id.62" from="id.51"/>
<actionRelation xmi:id="id.66" xmi:type="action:Writes" to="id.57" from="id.61"/>
<actionRelation xmi:id="id.67" xmi:type="action:Flow"/>
</codeElement>

<codeElement xmi:id="id.68" xmi:type="action:ActionElement" name="demo.3" kind="Call">

<codeRelation xmi:id="1id.69" xmi:type="code:InstanceOf" to="id.2" from="id.68"/>

<codeRelation xmi:id="1id.70" xmi:type="code:ParameterTo" to="id.89" from="id.68"/>

<actionRelation xmi:id="id.71" xmi:type="action:Reads" to="id.48" from="id.68"/>

<actionRelation xmi:id="id.72" xmi:type="action:Reads" to="id.57" from="id.68"/>

<actionRelation xmi:id="id.73" xmi:type="action:Calls" to="id.4" from="id.é8"/>

</codeElement >
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</codeElement >
</codeElement >
<codeElement xmi:id="id.74" xmi:type="code:LanguageUnit" name="Common Java datatypes">
<codeElement xmi:id="1id.75" xmi:type="code:TemplateUnit" name="Collection&lt;T>">
<codeElement xmi:id="id.76" xmi:type="code:TemplateParameter" name="T"/>
<codeElement xmi:id="id.77" xmi:type="code:ClassUnit" name="Collection"/>
</codeElement>

<codeElement xmi:id="1d.78" xmi:type="code:TemplateUnit" name="Iterator&lt;T>">
<codeElement xmi:id="id.79" xmi:type="code:TemplateParameter" name="T"/>
<codeElement xmi:id="1d.80" xmi:type="code:ClassUnit" name="Iterator">
<codeElement xmi:id="1id.81" xmi:type="code:MethodUnit"
name="iterator" kind="constructor"/>
<codeElement xmi:id="id.82" xmi:type="code:MethodUnit" name="next"/>
<codeElement xmi:id="id.83" xmi:type="code:MethodUnit" name="hasNext"/>
<codeElement xmi:id="id.84" xmi:type="code:MethodUnit" name="add"/>
</codeElement>
</codeElement>
<codeElement xmi:id="1id.85" xmi:type="code:TemplateUnit" name="ArrayList&lt;T>">
<codeElement xmi:id="id.86" xmi:type="code:TemplateParameter™ name="T"/>
<codeElement xmi:id="1d.87" xmi:type="code:ClassUnit" name="ArrayList"/>
</codeElement >
<codeElement xmi:id="1id.88" xmi:type="code:BooleanType"{name="Boolean"/>
<codeElement xmi:id="1d.89" xmi:type="code:StringType!\name="String"/>
<codeElement xmi:id="1d.90" xmi:type="code:IntegerType" name="Integer"/>
</|lcodeElement >
</mddel>
</kdm:Segment >

12.19 InterfaceRelations Class Diagram

The InferfaceRelations class diagram definés KDM relationships that represent the usages of a “declarations” by the
corresponding “definition” code elements: The classes and associations of the InterfaceRelations diagram are ghown in
Figure|12.16.
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AbstractCodeRelationship

0..*
Implements o
ImplementationOf
0..*
+from +from
+o {redefines from} 1 1 {redefines from} o
1
Codeltem | 1 {redefines to}

redefines to}

Figure| 12.16 - InterfaceRelations Class Diagram
12.19.1 Implements Class

The Impplements is a meta-model element that represents “iniplementation” association between a Codeltem (for example,
a Clas$Unit) and an InterfaceUnit. “Implements” relationship is similar to “Extends.” For example, Java “implements”

constriict can be represented by KDM “Implements? relationship.

Supeifclass
AbstractCodeRelationship

Associations

from:Codeltem[1] The Codeltem that implements a certain InterfaceUnit.

to:Cadeltem[1] The InterfaceUnit that is being implemented by Codeltem.

Constraints

1.| The from- and to- endpoints should be different.

Semantics

See next sub clause.
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.2 ImplementationOf Class

The ImplementationOf is a meta-model element that represents “implementation” association between a Codeltem; for
example, a MethodUnit and a particular “external” entity; for example, a MethodUnit owned by an InterfaceUnit.
“ImplementationOf” relationship represents associations between a declaration and a definition of a computation object,

comm

n to various programming languages. While the “Implements” relationship is between entire containers

is an IpterfaceUnit), the “ImplementationOf” relationship represents a broader range of situations:

Supel

AbstractCodeRelationship

Assoq

from:

to:Col

Const
1.

Sema

A “deqlardtion” entity may be represented in KDM as a ComputationalObject (ControlElement or DataElement

Particular MethodUnit of a ClassUnit that “Implements” an InterfaceUnit, is an “ImplementationOfY ‘a’part
MethodUnit, owned by that InterfaceUnit.

(the prototype) of that CallableUnit.

declaration of the StorableUnit, such as, for example, the “extern” construct in theyC language.

class

ControlElement or the origin is a DataElement and the target is a DataElement.

The kind attribute of the Codeltem at the origin of the ImplementationOf relationship should not be equal
“external.”

The kind attribute of the-Codeltem at the target of the ImplementationOf relationship should be equal to “¢
“abstract.”

The from- and-t0- endpoints should be different.

ntics

the target

cular

A CallableUnit may be an “ImplementationOf” a CallableUnit with kind external, which répresents the dedlaration

A StorableUnit may be an “ImplementationOf” a StorableUnit with kind external, which represents the ext¢rnal

Liations
Codeltem[1] Codeltem that implements a certain “declaration.”
deltem[1] “declaration’/that is being implemented by the Codeltem.
raints
It is obligatory that either the origin,efithie ImplementationOf relationship is a ControlElement, and the taiget is a

to

xternal” or

with kind

“exterpal”/or “abstract.” Kind “abstract” is used for the members of the InterfaceUnit. In case of a ControlEle

ment,

Signature represents the procedure type, but not the declaration entity itself.

If both the definition and the declaration of some computational object “foo” are available:

112

The definition of “foo” may be the origin of the ImplementationOf relationship to the declaration of “foo.”

For a certain action element that uses “foo,” the target of the KDM callable or data relations will be the definition of

“f00.”
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If only the declaration of some computational object “bar” is available in the given context of capturing knowledge about
the existing software system:

For a certain action element that uses “bar,” the target of the KDM callable or data relations will be the dec

aration of

“bar.”

The action element that uses “bar” may be the origin of a “CompliesTo” action relationship (defined at the
InterfaceRelations class diagram of the Action package) to the declaration of “bar.”

Declarption elements are usually owned by a certain SharedUnit.

In cas¢ of complex engineering process that involves multiple shared units, that are included into compilation

compl
differe]
situati

bX ways, the existing software system may have multiple declarations for the sanie/eomputational objec
nt computational objects with the same name but different properties that aresed in different contexts.
n the above KDM mechanism that involves three relationships (the “real”.usage, the “ImplementationO

“CompliesTo” relationships) can be used to detect subtle maintenance issues. For example, when for the same
element the target of the “ImplementationOf” relationship originating from/the target of the “real” usage relati

differe]

Exam

nt from the target of the “CompliesTo” relationship originating fréom)the action element itself.

ple (Java):

packade flip;

publid interface iFlip {

}

public int flip(int 1i);

packade flip;

publid class foo implements iFlip {

public foo() {}
public flip(int i) {
return i * -1;

}

packade flip;

publiq class FlipClient ¥

<?xml

public stat#c\void main(Stringl[] args) {
foo f£ mew fool();
iFlip’g=(iFlip) f;
AEVip (100) ;

units in

, Or even
In this

I, and the
action
onship, if

version="1.0" encoding="UTF-8"7?>

<kdm:Segment xmi:version="2.1"

xmlns:xmi="http://schema.omg.org/spec/XMI/2.1"
xmlns:action="http://schema.omg.org/spec/KDM/1.2/action"
xmlns:code="http://schema.omg.org/spec/KDM/1.2/code"
xmlns:kdm="http://schema.omg.org/spec/KDM/1.2/kdm" name="Interface Example">

<model xmi:id="id.O0" xmi:type="code:CodeModel">

<codeElement xmi:id="id.1l" xmi:type="code:Package" name="flip">

<codeElement xmi:id="id.2" xmi:type="code:ClassUnit" name="foo">
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<codeRelation xmi:id="1id.3" xmi:type="code:Implements" to="id.21" from="id.2"/>
<codeElement xmi:id="id.4" xmi:type="code:MethodUnit" name="£flip" type="id.23">
<codeRelation xmi:id="id.5" xmi:type="code:ImplementationOf"
to="id.22" from="id.4"/>
<entryFlow xmi:id="1id.6" to="1id.10" from="id.4"/>
<codeElement xmi:id="id.7" xmi:type="code:Signature" name="flip">
<parameterUnit xmi:id="1id.8" name="i" type="id.53"/>

<parameterUnit xmi:id="1id.9" type="id.53" kind="return"/>
</codeElement>
<codeElement xmi:id="1id.10" xmi:type="action:ActionElement"
name="d1l" kind="Multiply">
<codeElement xmi:id="id.11" xmi:type="code:Value" name="-1" type="id.53'%/>
<codeElement xmi:id="id.12" xmi:type="code:StorableUnit"
name="t5" type="id.53" kind="register"/>
<actionRelation xmi:id="id.13" xmi:type="action:Reads" to="id.8" [fxom="id.10"/>
<actionRelation xmi:id="id.14" xmi:type="action:Reads" to="id.1MN“from="id.10"/>
<actionRelation xmi:id="id.15" xmi:type="action:Writes" to="id.12" from="id.10"/>
<actionRelation xmi:id="id.16" xmi:type="action:Flow" to="Jid@717" from="id.10"/>
</codeElement >
<codeElement xmi:id="1d.17" xmi:type="action:ActionElement'” name="d2" kind="Return">
<actionRelation xmi:id="id.18" xmi:type="action:Reads™ to="id.12" from="id.17"/>
</codeElement >
</codeElement>
<codeElement xmi:id="id.19" xmi:type="code:MethodWhit"
name="foo" type="1d.20" kind="constZuctor">
<codeElement xmi:id="id.20" xmi:type="code »Signature" name="foo"/>
</codeElement >
</codeElement>
<codeElement xmi:id="id.21" xmi:type="code:InterfaceUnit" name="IFlip">
<codeElement xmi:id="id.22" xmi:types'code:MethodUnit"
name="flip" type="id.23" kind="abstract"/>
<codeElement xmi:id="1d.23" xmiswkype="code:Signature" name="flip">
<parameterUnit xmi:id="id.24"% name="i" type="id.53" pos="1"/>
<parameterUnit xmi:id="i@.25" type="id.53" kind="return" pos="0"/>
</codeElement >
</codeElement >
<codeElement xmi:id=}4d,26" xmi:type="code:ClassUnit" name="Flipclient">
<codeElement xmigid="id.27" xmi:type="code:MethodUnit" name="main" type="id.29">
<entryFlow xmisid="id.28" to="id.35" from="id.27"/>
<codeElemeht, “xmi:id="1d.29" xmi:type="code:Signature" name="main">
<paranmeterUnit xmi:id="id.30" name="args" type="id.31" pos="1">
<codeElement xmi:id="id.31" xmi:type="code:ArrayType">
<itemUnit xmi:id="id.32" name="args[]" type="id.54"/>
</codeElement >
</parameterUnits>

</codeElement>

<codeElement xmi:id="1id.33" xmi:type="code:StorableUnit"
name="f" type="id.2" kind="local"/>
<codeElement xmi:id="id.34" xmi:type="code:StorableUnit"
name="g" type="id.21" kind="local"/>
<codeElement xmi:id="1d.35" xmi:type="action:ActionElement" name="al" kind="New">
<actionRelation xmi:id="id.36" xmi:type="action:Creates" to="id.2" from="id.35"/>
<actionRelation xmi:id="id.37" xmi:type="action:Writes" to="id.33" from="id.35"/>
<actionRelation xmi:id="id.38" xmi:type="action:Flow" to="id.39" from="id.35"/>
</codeElement >
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<codeElement xmi:id="1d.39" xmi:type="action:ActionElement"
name="a2" kind="MethodCall">
<actionRelation xmi:id="1d.40" xmi:type="action:CompliesTo"
to="id.20" from="id.39"/>
<actionRelation xmi:id="id.41" xmi:type="action:Addresses"
to="id.33" from="id.39"/>
<actionRelation xmi.id="3id.42" xmi:type="action:Calls" to="3id.19" from="3id.39"/>
<actionRelation xmi:id="id.43" xmi:type="action:Flow" to="id.44" from="id.39"/>

</codeElement>
<codeElement xmi:id="1id.44" xmi:type="action:ActionElement"
name="a3" kind="DynCast">
<actionRelation xmi:id="id.45" xmi:type="action:Reads" to="id.33" from=id.44"/>
<actionRelation xmi:id="id.46" xmi:type="action:UsesType" to="id.21" feom="id.44"/>
<actionRelation xmi:id="id.47" xmi:type="action:Writes" to="1id.34" from="id.44"/>
<actionRelation xmi:id="id.48" xmi:type="action:Flow" to="1d.49" fxom="1id.44"/>
</codeElement>
<codeElement xmi:id="1d.49" xmi:type="action:ActionElement"
name="a4" kind="InterfaceCall">
<actionRelation xmi:id="1id.50" xmi:type="action:CompliesTo"
to="1d.23" from="id.49"/>
<actionRelation xmi:id="id.51" xmi:type="action:Addresses"
to="id.34" from="1id.49"/>
<actionRelation xmi:id="id.52" xmi:type="action:€alls" to="id.22" from="1id.49"/>
</codeElement >
</codeElement>
</codeElement>
</|codeElement>
<qodeElement xmi:id="id.53" xmi:type="code:IdtégerType" name="int"/>
<dodeElement xmi:id="1id.54" xmi:type="code:StringType" name="String"/>
</mddel>
</kdm{Segment >

12.20 TypeRelations Class Diagram

The TypeRelations class diagram défines meta-model elements that represent semantic associations between datatypes
and data elements. The classes and associations of the TypeRelations diagram are shown in Figure 12.17.

AbstractCodeRelationship

HasType

HasValue

+from

+to

redefines from +
{redefines to} } from

1
{redefines from}

1 {redeﬁn-tetsoto D atatype

4

AbstractCodeElement

1Codeltem

Figure 12.17 - TypeRelations Class Diagram
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12.20.1 HasType Class

The HasType is a specific meta-model element that represents semantic relation between a data element and the
corresponding type element.

Superclass
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Const
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uniform representation of this information as a KDM relationship. In particular, this relationship can then be u
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Codeltem[1] the source data element

tatype[1] the target datatype element

raints

The from- and to- endpoints should be different.

be relationship represents an association between a code item that uses a certain user-defined type, and
e. Each data element has a direct association to its datatype, HasType relationship duplicates this inform:
e is a named user-defined datatype (rather than an anénymous datatype or a primitive datatype) that all

batedRelationships.

.2 HasValue Class

vation element, which can be asdata element or an action element for complex initializations that involv
sions. HasValue is an optional element that compliments the real initialization semantics by a sequence
ts in the initialization code:

hsValue is a specific meta-model element that represents semantic relation between a data element and its
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c
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Supeiclass
AbstraptCodeRelationship
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from:Codeltem[1] the source data element
to:AbstractCodeElement[1] the target AbstractCodeElement (datatype or action element)

Constraints

1.

116

If the target of the HasValue is an ActionElement, then this ActionElement should have an outgoing Writes or

Addresses relationship to the Codeltem that is the source of the HasValue relationship.
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HasValue relationship as an optional way to represent initialization. The target of the HasValue relationship can be a Value for
simple initializations that involve constants, or Data Element for simple initializations that involve another data element, or an
ActionElement that writes to the source element for complex initializations involving expressions.

In micro KDM initialization is represented by explicit initialization actions with appropriate control flow. Initialization actions

should

global
contro

flow. It provides a convenient way to associate a data element with its value.

Example (C++)

/*---{d.h---%/

class

D

privatle: int num;

publig:
D(int [x) { this-s>num=x; printf (“Hello, this is %d\n”, x); }
work () { printf (“This is %d working\n”, this->num);

}i

/*---g4.cpp---*/
#inclyde "d.h"
int g1=0;

D di1(1);

/*---Q.cpp--*/
#inclyde "d.h"
exterry D dil;
D d2(4);
main () {

iny 12=0;

D 4 d3=new D(3);

di
d2

work () ;
work () ;

d3{>work () ;

<?xml

version="1.0" enceding="UTF-8"?>

<kdm:4egment xmi:vergicdn="2.1"

xmlns:xmis*http://schema.omg.org/spec/XMI/2.1"
xmlns:action="http://schema.omg.org/spec/KDM/1.2/action"
xmlns code="http://schema.omg.org/spec/KDM/1.2/code"

<model xZm¥:id="id.0" xmi:type="code:CodeModel" >

<dodeElement xmi:id="id.1" xmi:type="code:CodeAssembly">

2 4

xmligskdm="http://schema.omg.org/spec/KDM/1.2/kdm" name="ClassD Example">

be owiied by special initiatization bIOCK Umits. Control 110w semantics of initializations (especially for initiafizations of
and static data elements) is represented using the EntryFlow relationship. HasValue relationship does net tepresent

- toke] U T TR - TR !
cITryrTrow Mot TO="TCo% Trom="Ta=T

<codeElement xmi:id="id.2" xmi:type="code:CompilationUnit" name="a.cpp">

<entryFlow xmi:id="id.121" to="id.10" from="id.2"/>

<codeElement xmi:id="id.3" xmi:type="code:IncludeDirective" name="impl">

<codeRelation xmi:id="1id.4" xmi:type="code:Includes" to="id.22"
</codeElement>
<codeElement xmi:id="id.5" xmi:type="code:StorableUnit" name="gl"
<codeRelation xmi:id="id.6" xmi:type="code:HasValue" to="id.20"
</codeElement>
<codeElement xmi:id="id.7" xmi:type="code:StorableUnit" name="d1l"
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<codeRelation xmi:id="1id.8" xmi:type="code:HasType" to="id.23" from="id.7"/>
<codeRelation xmi:id="id.9" xmi:type="code:ImplementationOf"
to="id.47" from="id.7"/>
<codeRelation xmi:id="1id.124" xmi:type="code:HasValue" to="id.16" from="id.7"/>

</codeElement>

<codeElement xmi:id="1id.10" xmi:type="action:BlockUnit" name="bil" kind="Init”>
<entryFlow xmi:id="id.11" to="id.12" from="id.10"/>
<codeElement xmi:id="id.12" xmi:type="action:ActionElement" name="1il" kind="Assign™s

<actionRelation xmi:id="id.13" xmi:type="action:Reads" to="id.20" from="id.12™/>
<actionRelation xmi:id="id.14" xmi:type="action:Writes" to="id.5" from="id(F2'/>
<actionRelation xmi:id="id.15" xmi:type="action:Flow" to="id.16" from="idwl2"/>
</codeElement>
<codeElement xmi:id="1id.16" xmi:type="action:ActionElement" name="1i2"_ kind="Calls">
<actionRelation xmi:id="id.17" xmi:type="action:Reads" to="id.21'» from="id.16"/>
<actionRelation xmi:id="id.18" xmi:type="action:Calls" to="id.25\ from="id.16"/>
<actionRelation xmi:id="id.19" xmi:type="action:Writes" to="id.y» from="id.16"/>
</codeElement>
<codeElement xmi:id="id.20" xmi:type="code:Value" name="0" /s
<codeElement xmi:id="id.21" xmi:type="code:Value" name=}1"/5>
</codeElement >
</codeElement >
<codeElement xmi:id="id.22" xmi:type="code:SharedUniti\name="d.h">
<codeElement xmi:id="1id.23" xmi:type="code:ClassUnit" name="D">
<codeElement xmi:id="id.24" xmi:type="code:MemberUnit"
name="num" type="1d.105" export="priwvate"/>
<codeElement xmi:id="id.25" xmi:type="codesMethodUnit" name="D">
<entryFlow xmi:id="id.26" to="id.28" ffom="1id.25"/>
<codeElement xmi:id="1id.27" xmi:typé="code:Value"
name="&quot ;Hello, this is %d\n&quot;" type="id.111"/>
<codeElement xmi:id="1id.28" xmirtype="action:ActionElement"
name="a4" kind="Assign™s
<actionRelation xmi:id=™id.29" xmi:type="action:Reads" to="id.37" from="id.28"/>
<actionRelation xmi:@d="1id.30" xmi:type="action:Writes" to="id.24" from="id.28"/>
<actionRelation xmisid="id.31" xmi:type="action:Flow" to="id.32" from="id.28"/>
</codeElement >
<codeElement xmi:1d="1id.32" xmi:type="action:ActionElement" name="a5" kind="Call">
<actionRelgtieon xmi:id="id.33" xmi:type="action:Reads" to="id.27" from="id.32"/>
<actionRelation xmi:id="id.34" xmi:type="action:Reads" to="id.37" from="id.32"/>
<actiehRelation xmi:id="id.35" xmi:type="action:Calls" to="id.106" from="id.32"/>
</codeElement >
<codeEYement xmi:id="id.36" xmi:type="code:Signature" name="D">
<parameterUnit xmi:id="id.37" name="x" pos="1"/>
<Y codeElement >
</codeElement >
<codeElement xmi:id="1id.38" xmi:type="code:MethodUnit" name="work"s>
<codeElement xmi:id="1d.39" xmi:type="code:Value"

name="&quot ; This is %d working\n&quot;"/>

<codeElement xmi:id="id.40" xmi:type="action:ActionElement" name="a6" kind="Call">
<actionRelation xmi:id="id.41" xmi:type="action:Reads" to="id.39" from="id.40"/>
<actionRelation xmi:id="id.42" xmi:type="action:Reads" to="id.24" from="id.40"/>
<actionRelation xmi:id="id.43" xmi:type="action:Calls" to="id.106" from="id.40"/>

</codeElement >

</codeElement>
</codeElement >
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</codeElement>
<codeElement xmi:id="id.44" xmi:type="code:CompilationUnit" name="b.cpp">
<entryFlow xmi:id="id.122" to="1id.87" from="id.44"/>
<codeElement xmi:id="1d.45" xmi:type="code:IncludeDirective" name="imp2">
<codeRelation xmi:id="1id.46" xmi:type="code:Includes" to="id.22" from="id.45"/>
</codeElement>
<codeElement xmi:id="id.47" xmi:type="code:StorableUnit"

name="extern dl1" kind="external"/>
<codeElement xmi:id="1d.48" xmi:type="code:CallableUnit" name="main">
<entryFlow xmi:id="1d.49" to="id.70" from="id.48"/>
<codeElement xmi:id="1d.50" xmi:type="code:StorableUnit" name="12" type="id.I1p5">
<codeRelation xmi:id="1id.51" xmi:type="code:HasValue" to="id.20" from="iduw50"/>
</codeElement>
<codeElement xmi:id="1d.52" xmi:type="code:StorableUnit" name="d2">
<codeRelation xmi:id="1id.53" xmi:type="code:HasType" to="id.23" frem="id.52"/>
<codeRelation xmi:id="1id.125" xmi:type="code:HasValue" to="id:89) from="id.52"/>
</codeElement>
<codeElement xmi:id="id.54" xmi:type="code:StorableUnit" name="d3" type="id.55">
<codeRelation xmi:id="1id.126" xmi:type="code:HasValue" to="id.79" from="id.54"/>
<codeElement xmi:id="1d.55" xmi:type="code:PointerType">
<itemUnit xmi:id="1id.56" type="1id.23">
<codeRelation xmi:id="1id.57" xmi:type="code:HagType" to="id.23" from="id.56"/>
</itemUnit>
</codeElement>
</codeElement>
<codeElement xmi:id="id.58" xmi:type="actidnwActionElement" name="al" kind="Call">
<actionRelation xmi:id="1id.59" xmi:type=laction:Calls" to="id.38" from="id.58"/>
<actionRelation xmi:id="id.60" xmi:typé="action:Addresses" to="id.7" from="id.58"/>
<actionRelation xmi:id="id.61" xmi:type="action:CompliesTo"
to="1d.47" from="id.58"%>
<actionRelation xmi:id="id.62MNxmi:type="action:Flow" to="id.é3" from="id.58"/>
</codeElement>
<codeElement xmi:id="1id.63" xmi:type="action:ActionElement" name="a2" kind="Call">
<actionRelation xmi:ids"id.64" xmi:type="action:Calls" to="id.38" from="id.63"/>
<actionRelation xmisdd="1d.65" xmi:type="action:Addresses"
to="1id.52" ‘from="1id.63"/>
<actionRelatiop~xmi:id="1id.66" xmi:type="action:Flow" to="id.é7" from="id.é3"/>
</codeElement >,
<codeElement~xmi:id="1id.67" xmi:type="action:ActionElement" name="a3" kind="Call">
<actionReédation xmi:id="id.68" xmi:type="action:Calls" to="id.38" from="id.67"/>
<actiopRelation xmi:id="1d.69" xmi:type="action:Addresses"
to="1id.56" from="id.67"/>
</codeElement >
<eodeElement xmi:id="id.70" xmi:type="action:BlockUnit" name="bi2" kind="Init”>
<codeElement xmi:id="id.71" xmi:type="action:ActionElement"
name="i3" kind="Assign">

<actionRelation xmi:id="id.72" xmi:type="action:Reads" to="id.20" from="id.71"/>
<actionRelation xmi:id="id.73" xmi:type="action:Writes" to="id.50" from="id.71"/>
<actionRelation xmi:id="id.74" xmi:type="action:Flow" to="id.79" from="id.71"/>
</codeElement >
<codeElement xmi:id="1id.75" xmi:type="action:ActionElement" name="i4" kind="New">
<actionRelation xmi:id="id.76" xmi:type="action:Creates"
to="id.23" from="id.75"/>
<actionRelation xmi:id="id.77" xmi:type="action:Writes" to="id.54" from="id.75"/>
<actionRelation xmi:id="id.78" xmi:type="action:Flow" to="id.79" from="id.75"/>
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</codeElement>
<codeElement xmi:id="id.79" xmi:type="action:ActionElement"
name="1i5" kind="MethodCall">
<actionRelation xmi:id="id.80" xmi:type="action:Reads" to="id.85" from="id.79"/>
<actionRelation xmi:id="1d.81" xmi:type="action:Addresses"
to="id.54" from="id.79"/>
<actionRelation xmi:id="id. 82" xmi:type="action:Calls" to="id.25" from="id.79"/>
<actionRelation xmi:id="id.83" xmi:type="action:Writes" to="1id.56" from="id.79"¢/%
<actionRelation xmi:id="id.84" xmi:type="action:Flow" to="1id.58" from="id.791/>
</codeElement>

<codeElement xmi:id="id.85" xmi:type="code:Value" name="3"/>
<entryFlow xmi:id="1id.86" to="id.71" from="id.70"/>
</codeElement>
</codeElement >
<codeElement xmi:id="1d.87" xmi:type="action:BlockUnit" name="bi3" kind=/Init”>
<entryFlow xmi:id="1d.88" to="id.89" from="id.87"/>
<codeElement xmi:id="1d.89" xmi:type="action:ActionElement" nanie="i6" kind="Call">
<actionRelation xmi:id="id.90" xmi:type="action:Reads" to="#d).93" from="id.89"/>
<actionRelation xmi:id="id.91" xmi:type="action:Calls" to&"id.25" from="id.89"/>
<actionRelation xmi:id="id.92" xmi:type="action:Writeg" ‘t¢o="1id.52" from="1id.89"/>
</codeElement >
<codeElement xmi:id="id.93" xmi:type="code:Value" name¥"2" type="id.105"/>
</codeElement>
</codeElement>
<codeElement xmi:id="id.94" xmi:type="action:BlocKBnit" name="bi4" kind="Init">
<entryFlow xmi:id="1d.95" to="id.96" from="i&.94"/>
<codeElement xmi:id="1d.96" xmi:type="action:ActionElement" name="17" kind="Init">
<entryFlow xmi:id="1id.97" to="id.10"‘'fZobm="id.96"/>
<actionRelation xmi:id="id.98" xmi:type="action:Flow" to="id.99" from="id.96"/>
</codeElement>
<codeElement xmi:id="id.99" xmi:type="action:ActionElement" name="i8" kind="Init">
<entryFlow xmi:id="id.100" .to%="id.87" from="id.99"/>
<actionRelation xmi:id="id%101" xmi:type="action:Flow" to="id.102" from="id.99"/>
</codeElement>
<codeElement xmi:id="id=102" xmi:type="action:ActionElement" name="i9" kind="Call">
<actionRelation xmi*id="id.103" xmi:type="action:Calls" to="id.48" from="id.102"/>
</codeElement>
</codeElement >
codeElement >
<dodeElement xmi:id="id.104" xmi:type="code:LanguageUnit">
<codeElement smi:id="1id.105" xmi:type="code:IntegerType" name="int"/>
<codeElement "xmi:id="1d.106" xmi:type="code:CallableUnit" name="printf" type="id.107">
<codeElement xmi:id="id.107" xmi:type="code:Signature" name="printf"s>
<parameterUnit xmi:id="1d.108" type="id.105" kind="return" pos="0"/>
<parameterUnit xmi:id="1d.109" name="format" type="id.111" pos="1"/>
<parameterUnit xmi:id="id.110" name="arguments" type="id.1l1l2"
kind="variadic" pos="2"/>

</codeElement >
</codeElement >
<codeElement xmi:id="id.111" xmi:type="code:StringType" name="char *"/>
<codeElement xmi:id="id.112" xmi:type="code:VoidType"/>
</codeElement>
</model>
</kdm: Segment >
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The ClassRelations class diagram defines meta-model elements that represent semantic associations between datatypes.

The classes and associations of the ClassRelations diagram are shown in Figure 12.18.

AbstractCodeRelationship

0.*
0" Extends
+rom +o
{redefines from} {redefines to}
1
Datatype |

1

Figure| 12.18 - ClassRelations Class Diagram

12.21.1 Extends C

lass

The Extends is a specific meta-model element that represents semantic relation between two classes, where orfe class
(called a “child” class) extends another class (called its “parent” class) through inheritance, common to objecttoriented

languages.

Supeirclass

AbstractCodeRelationship

Assog¢iations

from:Patatype[1]

to:Datatype[1]

Constraints

the child Class

the parent Class

1. The from- and fo- endpoints should be different.

Semantics

Extends relationship represents the associations between two datatypes in which the first datatype (called the “child” class)
“subclasses” the second datatype (called the “parent” class) by inheriting the semantics and owned elements of the parent

class.
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Part 5: Code Elements Representing Preprocessor Directives

A typical preprocessor allows the use of an embedded language in the source code written in some primary language. It
is different than let’s say an HTML/Javascript program or programs with embedded assembler routines where there is

more than one language but those don’t end up forming a modified version in a single language that is what gets compiled
and executed (and that could be traced after, etc.). Example of the use of the preprocessor include Cobol copy replacing,

Exec (

The E3
perspe
variab
genera
correct
execut
genera
couple

Prepro
KDM.
L0 KD
shall e

1.

2.
3.

In ordgd
represq

Prepro

1CS, Exec SQL, 4GL user-detnined language elements (Ssuch as MENTEK macro/command 1n Datatlex)

tec SQL in Cobol example might be one of the best and easiest to look at. From a modeling/représentat

es involved and their flow. However, an embedded SQL statement is expanded by the SQL(pre-process
tes some low-level code that will translate into a call to some library. By capturing this as, generated co

on realm. And our relationship between the “SQL language” elements to the “native’” code elements th
ted is the glue tying things together. Trying to do the same analysis and operationsvby simply working
of SourceRef would be very limiting indeed.

cessor directive is a language/dialect on its own and it should be handled‘\and treated as a first class citi
However, the preprocessor support is an optional part of the code m@del, so that and the non-preprocess
M tool can seamlessly ignore the embedded language and work ofily) with the primary language. The im
ither:

preprocessor directives (provided this can lead to a meaningful model).
Ignore the embedded language and represent only,the primary language in KDM.
Represent both the embedded and the generated primary code and relations between the two.

r to achieve this goal, KDM modeling framework provides a strong separation between embedded lang
ntation and primary language representation.

cessor support in KDM allows conveying information that a certain code element appeared as the result

originally coded in the printaty“language
included from another file)by a preprocessor
generated by a preprocessor as an expansion of an embedded language directive

selected by satisfying appropriate conditions by the preprocessor
brovides the following modeling elements for representing preprocessor directives:

PreprecessorDirective - representation of a generic preprocessor directive and a superclass for several othe
préprocessor directives.

on

ctive the SQL statement itself is very much what we want to capture along with the various data lelements and

br that
e and

ly associating the elements, we can understand the program both from its SQL semanticy as well as from its

ht are
vith a
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r-enabled
plementer

Represent the embedded language in KDM and ignore the primary code that results from expansion of sofne

nage

of being:

concrete
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MacroDirective - representation of an embedded language construct as distinguishable from the primary language

construct. This is also known as a Macro Call.
IncludeDirective - representation of an include directive of a preprocessor.

ConditionalDirective - representation of a pre-processor conditional branch.
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12.22 Preprocessor Class Diagram

The Preprocessor class diagram defines the meta-model elements to represent embedded language constructs and to
support common modeling situations resulting from the use of a language preprocessor (for example, preprocessor
defined as part of the C language, or the preprocessing capabilities of Cobol).

The clpssdiagranmim Figure 12719 shows these classes and theiT asSoCTations.

AbstractCodeElement +codeElement
0..* {sybsets ownedElement}

PreprocessorD irective

0..1 +owner
. {subsets owner}

ConditionalD irective

MacroUnit
kind : MacroKind

IncludeD irective -
<<enumeration>>

MaeroKind
MacroDirective Nzregular
NZoption
PZundefined
<e xternal
=unknown

Figurel 12.19 - Preprocessor Class Diagram
12.22.1 PreprocessorDirective Class (generic)

PreprofcessorDirective is a generic meta-model element that represents preprocessor directives common to somnje
programming languages (for example, the C language preprocessor capabilities). This class is extended by sevieral
concreffe meta-model elements that fepresent several key directive types common to language preprocessors. KDM
repres¢ntations of existing systems are expected to use concrete subclasses of PreprocessorDirective, however|this class
itself i a concrete meta-model elément and can be used as an extended element with an appropriate stereotyp¢ to
repres¢nt other types of preprecessing directives not covered by the standard subclasses. Semantics of preprocgssor
directipes in KDM is described later in this sub clause.

Supeirclass
AbstractCodeElement

Assogciations

codeElement:AbstractCodeElement|[0..*] This optional code element represents the content of the preprocessor
directive.

Constraints

1. PreprocessorDirective should have a stereotype.
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Semantics

From the KDM perspective, each preprocessor directive (an embedded language statement) is a container for code
elements (possibly empty). KDM preprocessor support does not define any further special elements for semantic-rich
representation of the embedded language directives. The implementer may provide additional information using
stereotypes. The macro declaration is just code written for example in the “Cpreprocessor” language and can be

represe

nted ncing standard KDM constructs, such as pnﬂpp]pmpnfc’ Ar\ﬁr\n7 F]r\\x/7 et if needed or ]ighf JALELQ

ht
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The 1

recomrIwnded approach is to clone the elements.of the SharedUnit.

on elements, like Stereotypes and ExtendedValues. In many situations, the right implementation choice
ective as an empty container with a name, and likely, a SourceRef with a code snippet.

ssible to provide a high-fidelity semantic-rich representation of the preprocessor directives thémselves
le, parameters to MacroUnit, the body of the MacroUnit as CodeElements, conditional compitation expy
micro actions and flows) however in most situations this is inadequate. Besides, since many preprocessq
evel of lexical tokens or below, the representation of the body of the MacroUnit mdy not be adequate aj
CodeModel. In many situations, only the resulting code in the primary language.dw be interpreted sem
bresented as meaningful KDM CodeElements. Relationship Alternative is a practical approximation of 4
description of the flow between the alternative branches of the conditional eompilation directive. Examy
only illustrate a simplified approach.

ated” code (code in the primary language that results from executing\the preprocessor directives) is ow

mmended that the generated code has a SourceRef with a snippet, since it is not present in the original
hnot be referred to using the SourceRegion construct.

led” code (code in the primary language that results from executing the pre-processor include directive
by a BlockUnit. There is a relation GeneratedFrom-from the entire BlockUnit to the corresponding pre
ve. From the logical perspective, the contents of‘\an included file are owned by a certain SharedUnit. Th
nenter may either clone the included code elemignts or to reuse them and keep a single copy in the Shareq

plementer of KDM has the following implementation choices:

Ignore the embedded language €oustructs, represent original and generated primary code; the resulting KDJ
contain any pre-processor directives, and relationships expand and alternative; information about the embe
language cannot be recovered from the KDM representation.

Ignore the generated primary code, provide a high-fidelity representation to the embedded construct; the er
construct is the origih and the target of KDM relationships; some details of how the embedded construct is
into the primary‘code may not be recovered from the KDM instance (but in general, the embedded constru
a better choice, since it is the construct introduced by the developer).

Represent both the embedded constructs and the primary code, provide a high-fidelity representation only
primary code; there is a BlockUnit that owns the generated code, the generated code is the origin and the ta
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KBM relationships; there are no KDM relations to and from the embedded construct (other than Expands a

€rnative), there 1S a encratedrrom relation 1rom tne entire bl1oc nit to the corresponding embedde construct.

Represent both the embedded constructs and the primary code, provide the high fidelity representation to the
embedded construct: there is a BlockUnit that owns the generated code, the embedded construct is the origin and the
target of KDM relationships; there are no KDM relationships to and from the BlockUnit representing the generated

code (but there may be some local relationships inside the BlockUnit); there is a GeneratedFrom relation fr
entire BlockUnit to the corresponding embedded construct.

om the
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12.22.2 MacroUnit Class

MacroUnit class represents macro definitions common to several programming languages. Although KDM allows
semantic-rich contents of MacroUnit (as it is a subclass of a ControlElement), usually it is sufficient to represent a macro
definition only as a names KDM element that can be the target of special Expands relations, so that its usage in the
primary code as well as in other macro definitions can be tracked, The kind attribute provides some additional semantic
information about the macro definition.

Supefclass

PreprocessorDirective

Attributes
kind:MacroKind additional semantic properties of the macro definition

Semantics

MacrolUnit represents a preprocessor directive that defines a named rulefor generating code, usually in the fofm of a
macrodlefinition, possible with the parameters and the body, where the 6ccurrence of the name of the macro wjith the
actual parameters is substituted by the body of the macro definition. KDM does not explicitly represent paramdters to the
macro|directive or the body of the macro definition, since the granularity of these objects is usually related to|string
manipyilation. However, the optional owned code element may.be used to represent these.

The inpplementer shall select a particular strategy to repreésent macro units.
12.22.3 MacroKind data type (enumeration)
MacroKind enumeration datatype describes.séveral semantic classes of MacroUnits.

Literal Value

regular Macro definition has a body and may have parameters.
option Macro definition without a body and parameters, only a name.
undefined This value represents an undefined macro as the target for some relations in the

representation of default branches of conditional compilation and variants.

exterpal external compilation option

unknown unknown class of a macro definition

12.22.4 MacroDirective Class

MacroDirective class represents the so-called “macro call,” the occurrence of a macro name (possible with parameters) in
the primary code, such that the preprocessor recognizes it and “expands” by substituting the macro directive construct
with its “definition.” A block of “generated” code elements that represent the primary code resulting from macro
expansion may be associated with the MacroDirective.
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Superclass

Prepro

Sema

cessorDirective

ntics

MacroDirective represents the so-called “macrocall,” or an occurrence of a macro name (possibly with the actual
paramgters) which 1s substituted by the body of the macro definition 1n which the occurrences of the formal-p
are substituted by the corresponding actual parameters. A MacroDirective can own an optional action elerhent

origin

bf the action relationships to the actual parameters to the MacroDirective.

12.22.5 IncludeDirective Class

Includ
prepro
directi
“inclu
includ

eDirective class represents the so-called include directive, common to several programming languages a
cessors (for example, the COPY statement in Cobol, the #include directive in the.€language). The incl
e is usually related to a SharedUnit (for example, a copybook in Cobol, or alhéader file in C). A block
led” code elements, which are the clones of the elements owned by the ShafedUnit may be associated W
b directive. Semantics of the IncludeDirective class is described later in this section in more detail.

Supeiclass

Prepro

Sema
Includ

cessorDirective

ntics

eDirective represents a preprocessor directive that isirelated to copying the content of some SharedUnit

stand-glone CompilationUnit.

12.22.6 Conditional Directive Class

ConditionalDirective class represents the so-called “variant” of a software system, resulting from the use of cd

compi

ation capabilities, common to several programming languages and their preprocessors (for example the

#endif|and #ifdef ... #endif directives/of the preprocessor of the C language). ConditionalDirective represents

“branc]

h” of the conditional compilation construct. A block of “conditional” code elements that represent the e

this particular variant that were-selected for compilation may be associated with the conditional directive. Senj
the ConditionalDirective class is described later in this section in more detail.
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called conditional compilation. Conditional directive determines a block of “generated” code, corresponding to the
selected variant. The block of “generated” code identifies the corresponding conditional directive.

12.2

3 PreprocessorRelations Class Diagram

by the so-

The Preprocessor class diagram defines several concrete relationship types for the KDM support of embedded language
constructs and pre-processor directives, common to several programming languages.
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The classes and associations of the PreprocessorRelations class diagram are shown at Figure 12.20.

AbstractCodeRelationship

VariantTo /P Q

Expands

+to

{redefines to}

Redefines

{redefines from}

{redefings to}

+from 4
Includes 0..* {redefin m} 4 1
PreprocessorD irective
o +from 1 {redefines fiqm}
a {redefines from} 1
+to
{redefines to}
+to 1
{redefines to} 0, GeneratedFrom
AbstractCodeElement o0+

1
+from
{redefines from}

Figure| 12.20 - PreprocessorRelations Class Diagram
12.23.1 Expands Class

Expandls class represents the relationship between.a MacroUnit to another MacroUnit or from a MacroDirective tofa
Macro[Jnit. This relationship results from using the name of the target macro definition in the context of the origin MacroUnit
or MagroDirective.

Supeirclass
AbstraptCodeRelationship

Associations

to:MgcroUnit[1] the target MacroUnit
from:PreprogessorDirective[1] The origin context in which the MacroUnit is used.
Semantics

The implementer shall identify and represent associations between MacroUnits, as well as a MacroDirective and the
corresponding MacroUnit according to the semantics of the preprocessor. See general description of the Preprocessor support
for the implementer guidelines.
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12.23.2 GeneratedFrom Class

GeneratedFrom class represents the relationship between a block of code elements that were not originally produced by the
developers, but were produced by the preprocessor as the result of processing a certain preprocessor directive. In particular,
according to the level of granularity selected in KDM, aligned with the concrete subclasses of the PreprocessorDirective class,
the resulting code may represent one of the following:

* | “generated” code that corresponds to a certain MacroDirective.
* | “included” code that corresponds to a certain IncludeDirective.

« [“conditional” code that was selected as a particular “variant” of a software product line with®enditional compilation.
GenergtedFrom relationship originates from the entire BlockUnit that owns the “generated” code and target the cortesponding

PreprofessorDirective.

Supeiclass
AbstragtCodeRelationship

Associations

to:Pre¢processorDirective[1] A subclass of a PreprocéssorDirective class that represents the preprocessor
directive that was inyélved in producing the code.

from:AbstractCodeElement[1] The BlockUnit that owns the “generated” code.

Constraints

1.| The origin of the GeneratedFrom relationship should be a BlockUnit.

Semantics

See th¢ general description of the preproeessor directives for the implementer’s guidelines.

Example (C preprocessor)

#defige GT(A,B) ((A)
#defige GMAX (A,B) g=
GMAX (g+gq, r+s );

<?xml |versions™1.0" encoding="UTF-8"7?>
<kdm:degment_‘xmi:version="2.1"
Xmlns:xmi="http://schema.omg.org/spec/XMI/2.1"

Xmlns:action="http://schema.omg.org/spec/KDM/1.2/action"

xmlns:code="http://schema.omg.org/spec/KDM/1.2/code"
xmlns:kdm="http://schema.omg.org/spec/KDM/1.2/kdm" name="Macro Directive Example">
<model xmi:id="id.0" xmi:type="code:CodeModel" >
<codeElement xmi:id="id.1" xmi:type="code:CompilationUnit">
<codeElement xmi:id="id.2" xmi:type="code:MacroUnit" name="GMAX">
<source language="Cpreprocessor"

snippet="#define GMAX(A,B) g=( GT(A,B) ? (&) : (B) )"/>
<codeRelation xmi:id="1id.3" xmi:type="code:Expands" to="id.4" from="id.2"/>
</codeElement>

<codeElement xmi:id="id.4" xmi:type="code:MacroUnit" name="GT">

128 © ISO/IEC 2012 - All rights reserved


https://standardsiso.com/api/?name=3770a23a5ff9f32068188ddd9e47004c

ISO/IEC 19506:2012(E)

<source language="Cpreprocessor" snippet="#define GT(A,B) ((A) > (B))"/>
</codeElement >
<codeElement xmi:id="1id.5" xmi:type="action:BlockUnit">
<codeElement xmi:id="id.6" xmi:type="code:StorableUnit" name="p" type="id.49"/>
<codeElement xmi:id="id.7" xmi:type="code:StorableUnit" name="g" type="id.49"/>
<codeElement xmi:id="id.8" xmi:type="code:StorableUnit" name="r" type="id.49"/>
<codeElement xmi:id="3id.9" xmi:type="code:StorableUnit" name="s" type="id.49"/>

<codeElement xmi:id="id.10" xmi:type="code:StorableUnit" name="g" type="1id.49"/>
<codeElement xmi:id="id.11" xmi:type="code:MacroDirective" name="ml">
<source xmi:id="id.12" language="Cpreprocessor" snippet="GMAX (p+q,r+s);"/>
<codeRelation xmi:id="1id.13" xmi:type="code:Expands" to="id.2" from="id.11"/$£
</codeElement >
<codeElement xmi:id="id.14" xmi:type="action:BlockUnit" name="bml">
<codeRelation xmi:id="1id.15" xmi:type="code:GeneratedFrom" to="id.11" frem="id.14"/>
<codeElement xmi:id="id.16" xmi:type="action:ActionElement">
<source xmi:id="id.17" language="C"
snippet="g=( ((p+qg) > (r+s)) ? (p+q) : (r+s) );"/>
<codeElement xmi:id="id.18" xmi:type="action:ActionElement!"~flame="al" kind="Add">
<actionRelation xmi:id="id.19" xmi:type="action:Reads" *to="id.é6" from="id.18"/>
<actionRelation xmi:id="1id.20" xmi:type="action:Reads™to="id.10" from="id.18"/>
<actionRelation xmi:id="id.21" xmi:type="action:Writes" to="id.47" from="id.18"/>
<actionRelation xmi:id="id.22" xmi:type="actionéFlew" to="id.23" from="id.18"/>
</codeElement >
<codeElement xmi:id="id.23" xmi:type="action:AetionElement" name="a2" kind="Add">
<actionRelation xmi:id="id.24" xmi:type="&¢tion:Reads" to="id.8" from="id.23"/>
<actionRelation xmi:id="id.25" xmi:typéslaction:Reads" to="id.9" from="id.23"/>
<actionRelation xmi:id="id.26" xmi:type="action:Writes" to="id.48" from="1id.23"/>
<actionRelation xmi:id="id.27" xmi;€ype="action:Flow" from="id.23"/>
</codeElement >
<codeElement xmi:id="1id.28" xmiype="action:ActionElement"
name="a3" kind="GreaterThan">
<codeElement xmi:id="id,29% xmi:type="code:StorableUnit"
name="c" type="id.50"\kind="register"/>
<actionRelation xmi:@d="1id.30" xmi:type="action:Reads" to="id.47" from="id.28"/>
<actionRelation xminid="id.31" xmi:type="action:Reads" to="id.48" from="id.28"/>
<actionRelation/ xmi:id="1id.32" xmi:type="action:Writes" to="id.29" from="id.28"/>
<actionRelation xmi:id="1id.33" xmi:type="action:Flow" to="id.34" from="id.28"/>
</codeElements
<codeElement\Xmi:id="1id.34" xmi:type="action:ActionElement"
namé=Va3.1" kind="Condition">
<actloenRelation xmi:id="1d.35" xmi:type="action:Reads"
to="1id.29" from="id.34"/>
2actionRelation xmi:id="id.36" xmi:type="action:TrueFlow"
to="id.38" from="id.28"/>
<actionRelation xmi:id="1d.37" xmi:type="action:FalseFlow"
to="1id.42" from="id.34"/>
</codeElement>

<codeElement xmi:id="1d.38" xmi:type="action:ActionElement"
name="a4" kind="Assign">
<actionRelation xmi:id="1id.39" xmi:type="action:Reads" to="id.47" from="id.38"/>
<actionRelation xmi:id="id.40" xmi:type="action:Writes" to="id.10" from="id.38"/>
<actionRelation xmi:id="id.41" xmi:type="action:Flow" to="id.46" from="id.38"/>
</codeElement>
<codeElement xmi:id="id.42" xmi:type="action:ActionElement"
name="a5" kind="Assign">
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<actionRelation xmi:id="id.43" xmi:type="action:Reads" to="id.48" from="id.42"/>
<actionRelation xmi:id="id.44" xmi:type="action:Writes" to="id.7" from="id.42"/>
<actionRelation xmi:id="id.45" xmi:type="action:Flow" to="id.46" from="id.42"/>
</codeElement>
<codeElement xmi:id="id.46" xmi:type="action:ActionElement" name="a6" kind="Nop"/>
<codeElement xmi:id="1id.47" xmi:type="code:StorableUnit"
name="t1" type="id.49" kind="register"/>

<codeElement xmi:id="1d.48" xmi:type="code:StorableUnit"
name="t2" type="id.49" kind="register"/>
</codeElement >
</codeElement>
<codeElement xmi:id="id.49" xmi:type="code:IntegerType" name="int"/>
<codeElement xmi:id="1d.50" xmi:type="code:BooleanType" name="boolean"/>
</codeElement >
</|codeElement >
</mddel>
</kdm:Segment >

12.23.3 Includes Class

Includgs class represents the relationship from an IncludeDirective to a SharedUnit that represents the code elemerits being
includ¢d.

Supeirclass
AbstraftCodeRelationship

Associations

from:AbstractCodeElement[1] the code elements being included (usually a SharedUnit)

from:PreprocessorDirective[1] The IncludeDirective class that represents the include directive.

Constraints

1.| The origin of the Includes relationship should be an IncludeDirective.

Sem:rtics
The impplementer shall identify and represent include relationships according to the semantics of the particular
preprogessor.

Example(C preprocessor)

/*---a.h---*/
cl
L..C2. ..
/*---a.c---%/
#include “a.h”

...cl...

<?xml version="1.0" encoding="UTF-8"?>
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<kdm:Segment xmi:version="2.1"
xmlns:xmi="http://schema.omg.org/spec/XMI/2.1"
xmlns:action="http://schema.omg.org/spec/KDM/1.2/action"
xmlns:code="http://schema.omg.org/spec/KDM/1.2/code"
xmlns:kdm="http://schema.omg.org/spec/KDM/1.2/kdm" name="Include Directive Example">
<model xmi:id="id.0" xmi:type="code:CodeModel" >
<extengionFamily xmi:id="3id.1" >

<stereotype xmi:id="id.2" name="sample"/>
</lextensionFamily>
<dodeElement xmi:id="id.3" xmi:type="code:SharedUnit" name="a.h">
<codeElement xmi:id="id.4" xmi:type="code:CodeElement" stereotype="id.2" name="cI1'
<source xmi:id="id.5" language="C"/>
</codeElement>
<codeElement xmi:id="id.é" xmi:type="code:CodeElement" stereotype="id.2" name="c2">
<source xmi:id="id.7" language="C"/>
</codeElement>
</|codeElement>
<dodeElement xmi:id="id.8" xmi:type="code:CompilationUnit" name="a.'e">
<codeElement xmi:id="id.9" xmi:type="code:IncludeDirective">
<source language="Cpreprocessor" snippet="#include &quot;a.h&quot;"/>
<codeRelation xmi:id="id.10" xmi:type="code:Includes" to=™id.3" from="id.9"/>
</codeElement>
<codeElement xmi:id="id.11" xmi:type="action:BlockUnit¥ name="bl">
<codeRelation xmi:id="id.12" xmi:type="code:GeneratedFrom" to="id.9" from="id.11"/>
<codeElement xmi:id="id.13" xmi:type="code:CodeELement"
stereotype="id.2" name="cl clone">
<gsource xmi:id="id.14" language="C"/>
</codeElement>
<codeElement xmi:id="1id.15" xmi:type="code:CodeElement"
stereotype="1id.2" name="c2_ clon&™
<source xmi:id="id.16" language=V€"/>
</codeElement>
</codeElement>
<codeElement xmi:id="1d.17" &mi:type="action:BlockUnit" name="b2">
<codeElement xmi:id="1d<s38" xmi:type="action:ActionElement" name="al">
<actionRelation xmiffid="id.19" xmi:type="action:ActionRelationship"
to="1id.13"%~from="id.18"/>
</codeElement >
</codeElement >
</|codeElement>
</mddel>
</kdm{Segment >

12.23.4'VariantTo Class

VariantTo class represents the relationship between variants of a software product line with conditional compilation. This
relationship connects the ConditionalDirective to each alternative branch of the conditional compilation directive. KDM
representation is expected to identify a single “default” variant, to which additional variants are alternatives. There is no
VariantTo relationship to the “default” variant, only to the alternative ones. Each variant is expected to contain the relationship
GeneratedFrom connecting it to the corresponding ConditionalDirective. The “default” variant is expected to have a
VariantTo relationship to every alternative branch.
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Superclass
AbstractCodeRelationship

Associations

to:PréprocessorDirective[ T] ConditionalDirective class that represents an alternafive variant of the cohditional.

from:PreprocessorDirective[1] A ConditionalDirective class that represents the default variant of the cofditional.

Constraints

1.[ The origin of the VariantTo relationship should be a ConditionalDirective.

2.| The target of the VariantTo relationship should be a ConditionalDirective.

Sem:['utics

The injplementer shall identify and represent the variants and associations between the “generated” code and the
corresponding conditional directive according to the semantics of the prepfecessor. See the general descriptior] of the
preprogessor directive support and the implementer guidelines.

Example (C preprocessor)

#defide UNIX 1
#if UNIX | DEBUG
g=1;
#endif

Ifdef |UNIX
g=1
#else
g=2
#endif

<?xml |version="1.0" encodipg="TUTF-8"?>

<kdm:degment xmi:version="2-1"

xmlns:xmi="http:V/7/schema.omg.org/spec/XMI/2.1"
xmlns:actiop=Yhttp://schema.omg.org/spec/KDM/1.2/action"
xmlns:cod€="http://schema.omg.org/spec/KDM/1.2/code"
xmlns:kdm=vhttp://schema.omg.org/spec/KDM/1.2/kdm" name="Variants Example">

<mo(q

<(

<

el xmi:id="1d.0" xmi:type="code:CodeModel">

odeElkement xmi:id="id.1" xmi:type="code:MacroUnit" name="UNIX">
<sdurce language="Cproprocessor" snippet="#define UNIX 1"/>
codeElement >

<codeElement xmi:id="id.2" xmi:type="code:MacroUnit" name="DEBUG" kind="external"/>
<codeElement xmi:id="1id.3" xmi:type="code:StorableUnit" name="g" type="id.4">
<codeElement xmi:id="id.4" xmi:type="code:IntegerType"/>
</codeElement>
<codeElement xmi:id="id.5" xmi:type="code:ConditionalDirective" name="cl">
<source language="Cpreprocessor" snippet="#if UNIX | DEBUG"/>
<codeRelation xmi:id="id.6" xmi:type="code:Expands" to="id.1" from="id.5"/>
<codeRelation xmi:id="id.7" xmi:type="code:Expands" to="id.2" from="id.5"/>
</codeElement>
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<codeElement xmi:id="id.8" xmi:type="action:BlockUnit" name="bl">
<codeRelation xmi:id="1id.9" xmi:type="code:GeneratedFrom" to="id.5" from="id.8"/>
<codeElement xmi:id="1d.10" xmi:type="action:ActionElement" name="al" kind="Assign">
<source xmi:id="id.11" language="C" snippet="g=123"/>
<codeElement xmi:id="id.12" xmi:type="code:Value" name="123" type="id.4"/>
<actionRelation xmi:id="id.13" xmi:type="action:Reads" to="id.12" from="id.10"/>
<actionRelation xmi.id="id.14" xmi:type="action:Writes" to="3id.3" from="id.10"/>

</codeElement >

</|codeElement>

<dodeElement xmi:id="id.15" xmi:type="code:ConditionalDirective" name="c2">
<source language="Cpreprocessor" snippet="#ifdef UNIX"/>

<codeRelation xmi:id="1id.16" xmi:type="code:Expands" to="id.l" from="id.1l5"/>
<codeRelation xmi:id="1id.17" xmi:type="code:VariantTo" to="id.25" from="id.16}N/>
codeElement >

A

<dodeElement xmi:id="id.18" xmi:type="action:BlockUnit" name="b2">
<codeRelation xmi:id="1id.19" xmi:type="code:GeneratedFrom" to="id.15"\fxbém="1d.18"/>
<codeElement xmi:id="1d.20" xmi:type="action:ActionElement" name="42")‘kind="Assign">
<source xmi:id="id.21" language="C" snippet="g=123"/>
<codeElement xmi:id="id.22" xmi:type="code:Value" name="1" type="id.4"/>
<actionRelation xmi:id="id.23" xmi:type="action:Reads" toz"1d.22" from="id.20"/>
<actionRelation xmi:id="id.24" xmi:type="action:Writes"sto="id.3" from="id.20"/>
</codeElement>
</|lcodeElement>
<dodeElement xmi:id="id.25" xmi:type="code:ConditionailBirective" name="c3">
<source language="Cpreprocessor" snippet="#else"/§
<codeRelation xmi:id="1id.26" xmi:type="code:Expands" to="id.l" from="id.25"/>
</|codeElement>
<dodeElement xmi:id="id.27" xmi:type="action¢;BlockUnit" name="b3">
<codeRelation xmi:id="1d.28" xmi:type="code:GeneratedFrom" to="id.25" from="id.27"/>
<codeElement xmi:id="1d.29" xmi:type="getion:ActionElement" name="a3" kind="Assign">
<source xmi:id="1id.30" language="C¥-~snippet="g=123"/>
<codeElement xmi:id="id.31" xmiskype="code:Value" name="2" type="id.4"/>
<actionRelation xmi:id="id.32".xmi:type="action:Reads" to="id.31" from="id.29"/>
<actionRelation xmi:id="idy33" xmi:type="action:Writes" to="id.3" from="id.29"/>
</codeElement>
</|codeElement >
</mddel>
</kdm{Segment >

12.23.5 Redefines’Class

Redefihes class-tepresents the relationship between a MacroUnit and another MacroUnit (usually with the same name) where
the origin MacroUnit is a redefinition of the MacroUnit that is the target of the relationship. In many preprocessors, the
redefinfition is achieved simply by providing another macro definition with the same name. KDM Expands relationghips are
expectCt o COITECty TEPITSEIT tT STIANTICS Of UIE gIVEl PIeprocessor, Dy targetng the vfacro Uit which 15 Turrent”
definition at the given point.

Superclass
AbstractCodeRelationship
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Associations

to:MacroUnit[1] the old MacroUnit

from:PreprocessorDirective[1] the new MacroUnit

Constraints

1.| The origin of the Redefines relationship should be a MacroUnit.

Semahtics

The implementer shall identify and represent redefinitions of macro units according to the semantics of the particular

preprogessor.

Example (C preprocessor)

#defige A 1
#defirje A 2
#undefl A
#pragna once

<?xml |version="1.0" encoding="UTF-8"?>
<kdm:degment xmi:version="2.1"

xmlns:xml:"httg://schema.omg.org/spec/XMI/Z.l"
xmlns:code="http://schema.omg.org/spec/KDM/1¥2¥ code"

<model xmi:id="id.0" xmi:type="code:CodeModel"s
<dxtensionFamily xmi:id="id.1" >
<stereotype xmi:id="id.2" name="directiye">
<tag xmi:id="1id.3" tag="directive~type" type="String"/>
</stereotype>

A

extensionFamily>

<dodeElement xmi:id="id.4" xmi%type="code:MacroUnit" name="A">
<source language="Cpreprocessor" snippet="#define A 1"/>
</|codeElement >

<dodeElement xmi:id="id™5!" xmi:type="code:MacroUnit" name="DEBUG"
<source language="Cpreprocessor" snippet="#define DEBUG"/>
</lcodeElement >

<dodeElement xmi:id="id.6" xmi:type="code:MacroUnit" name="A">
<source landuage="Cpreprocessor" snippet="#define A 2"/>
<codeRelatiornl xmi:id="id.7" xmi:type="code:Redefines" to="id.4"
</|codeElement >

<dodeElement xmi:id="id.8" xmi:type="code:MacroUnit" name="A" kind="undefined">

<gbuxce language="Cpreprocessor" snippet="#undef A"/>
<CodeRelation xmi:id="1id.9" xmi:type="code:Redefines" to="id.6"

xmlns:kdm="http://schema.omg.org/spec/KDM/LI:2/kdm" name="Preprocessor Directives examplg'

>

kind="option">

from="id.6"/>

from="1id.8"/>

</codeElement>
<codeElement xmi:id="1d.10" xmi:type="code:PreprocessorDirective"

stereotype="1id.2" name="dl">

<taggedvValue xmi:id="id.11" xmi:type="kdm:TaggedValue" tag="id.3" value="pragma once"/>

<source language="Cpreprocessor" snippet="#pragma once"/>
</codeElement>
</model>
</kdm: Segment >
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Subpart 7: Miscellaneous Code Elements

12.24 Comments Class Diagram

The Comments class diagram defines meta-model elements that represent comments. Comment is at the bottom of the

inherity
Comm|

Figure| 12.21 - Comments Class Diagram

12.24.1 CommentUnit Class

The C
comm
(includ

Supel
Model

Attrib

text:String the representation of the comment

L 1. tloot ot . 11 fa s+l 4 st ot Tl 1 =] P
g eCTCrarcy—so—trat T Can oCCu M am CoOa e S~ wihitnO b T oSt reTron S — T e Cras St ana—asSSOCTatonsS—oOT

ents diagram are shown in Figure 12.21.

AbstractCodeElement ModelElement

(from core)

{subsets owner}
+owner

Comments C ommentUnit
satext/String

+comment 0..*
{subsets ownedElement
ordered}

mmentUnit is a meta-model element that,represents comments in existing systems (including any speci
bnts). CommentUnit element can be Gised to introduce comments during transformation of the existing s
ing special comments).

class

Element

jutes

Sema

fithe

al
ystem

rltics

CommentUnit represents comments in the source code. CommentUnits are associated with a certain code element. The
implementer shall make an adequate decision on how to associate line comments with the surrounding elements in the

source
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12.24.2 AbstractCodeElement Class (additional properties)

Associations

comment:CommentUnit[0..*] CommentUnits associated with the AbstractCodeElement

Semantics

12.25 Visibility Class Diagram

The Visibility class diagram defines meta-model elements that represent visibility of code elements in their corresponding
contaifers. The classes and associations that make up the Visibility diagram are shown in(Figure 12.22.

+groupedCode
{subysets groupedElement} Codeltem

0..*

NamespaceUnit

+group
{subsets group}

Figure|12.22 - Visibility Class Diagram
12.25.1 Namespace Class

The Namespace is a specific meta-model element that represents the target of the Visibleln or Imports visibilify
relationships.

Supeiclass

Codeltem

Associations

groupedCode:Codeltem[0..*] A KDM group of code elements that belong to the namespace. The actual
owners of these elements are the corresponding modules, not the namespace,
since namespaces can, in general cross cut the module boundaries.
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Constraints

1. Namespace element should not belong to own group.

Semantics

A Namespace is a group of code elements. A Namespace can be owned by Module element or one of its subclasses.
Namegdpace class represents a unit of visibility (for example, the namespace concept in C++).

An angnymous namespace can represent a group of code elements that are the target of an Imports relafionship.

12.26 VisibilityRelations Class Diagram

The VisibilityRelations class diagram defines meta-model elements that represent visibility of code elements in their
corresponding containers. The classes and associations of the Visibility diagram are showi in Figure 12.22.

AbstractCodeRelationship

+from +from
{redefines fom} {redeﬁry_)\
1
|Vvisiblem o+ [ Codetem o5 mports
+to N
1 1 {redefines to} ‘ 0.~

{redefines to}

Figurel 12.23 - VisibilityRelations Class\Diagram

12.26.1 Visibleln Class

The Visibleln is a specifie-meta-model element that represents semantic relation between two code items, where one
providps the restrictedvisibility context for another code item.

Supeifclass
AbstractCodeRelationship

Associations
from:Codeltem[1] The Codeltem visibility of which is specified.
to:Codeltem[1] The Codeltem that provides the visibility context.
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Semantics

Visibleln optional relationship represents an association between a code item and one of the containers that corresponds to the
visibility scope of the first item. This relationship is optional, since all other KDM relationships are determined by the
semantics of the target language, including the visibility rules.

Example

<?xml |version="1.0" encoding="UTF-8"?>

<kdm:degment xmi:version="2.1"
xmlns:xmi="http://schema.omg.org/spec/XMI/2.1"
xmlns:action="http://schema.omg.org/spec/KDM/1.2/action"
xmlns:code="http://schema.omg.org/spec/KDM/1.2/code"
xmlns:kdm="http://schema.omg.org/spec/KDM/1.2/kdm" name="Visibility and Qofiment Examplef>
<model xmi:id="id.O0" xmi:type="code:CodeModel" >
<dodeElement xmi:id="id.1" xmi:type="code:CodeAssembly">
<codeElement xmi:id="id.2" xmi:type="code:NamespaceUnit"
name="ab" groupedCode="id.4 id.9 id.13"/>
<codeElement xmi:id="id.3" xmi:type="code:CompilationUnit" name="a">
<codeElement xmi:id="id.4" xmi:type="code:CallableUnit"
name="foo" type="1id.8" kind="regular">
<comment text="Comment #1 to foo"/>
<comment text="Comment #2 to foo"/>
<codeRelation xmi:id="1id.5" xmi:type="code:VisiplelIn" to="id.2" from="id.4"/>
<codeElement xmi:id="id.6" xmi:type="action:ActlenElement" name="al">
<comment xmi:id="id.7" text="Comment to actien element al"/>
</codeElement >
<codeElement xmi:id="id.8" xmi:type="code:tSignature" name="foo"/>
</codeElement>
<codeElement xmi:id="1id.9" xmi:type="cCode:IntegerType" name="int">
<comment xmi:id="id.10" text="Comment to integer type"/>
<codeRelation xmi:id="id.11" xmistype="code:VisibleIn" to="id.2"/>
</codeElement >
</codeElement>
<codeElement xmi:id="id.l2%.Xxmi:type="code:CompilationUnit" name="b">
<codeElement xmi:id="id.1B" xmi:type="code:RecordType" name="bar"s>
<comment xmi:id="id\ 14" text="Comment to record type bar"/>
<codeRelation xmi:id="id.15" xmi:type="code:VisibleIn" to="id.2" from="id.13"/>
<itemUnit xmi¢¥d2"id.16" name="foobar" type="id.9">
<comment xmi):1id="1d.17" text="Comment to item unit foobar"/>
<codeRelation xmi:id="1id.18" xmi:type="code:VisibleIn" to="id.13" from="id.16"/>
</itemUnit>
</codeElement >
</codeElement >
</|codeE¥€ement >
</mqdels>
</kdmlseg =

12.26.2 Imports Class

The Imports meta-model element represents an association between two Codeltems where one Codeltem “imports”
definitions from another. The “import” relationship is common to several programming languages (for example, the
import statement in Java). In this relationship the origin Codeltem (usually, a CompilationUnit or a subclass of Module)
resolves the visibility of certain names that are defined (owned) by the target Codeltem (usually, another CompilationUnit
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or some other subclass of Module, but possibly a NamespaceUnit from another Codeltem, or even an individual code
element). The Imports class simply represents the “import” relationships between Codeltem, for example, for tracking
dependencies between packages. KDM representations themselves do not require additional import statements in order to
have relationships between Codeltem, or even between different models.

Superclass

Abstral

Assoq

from:

to:Co

Const
1.

ctCodeRelationship
Ciations

Codeltem[1] A subclass of CodeResource that represents the “consumer” of the imiported definitio

deltem[1] A subclass of CodeResource that represents the “owner” of thé imported definitions.

raints

The origin of the Imports relationship should be a subclass of Module.

Semantics

The i
progral
12.2

The EJ
the K

The cl

plementer shall identify and represent import directives and theirtargets according to the semantics of the
mming language of the existing software system.

7 ExtendedCodeElements Class Diagram

ktendedCodeElements class diagram defines two “wildcard” generic elements for the code model as dete
M model pattern: a generic code entity and a generic code relationship.

hsses and associations of the Extendéd¢CodeElements diagram are shown in Figure 12.22.

AbstractCodeRelationship

ns.

rmined by

Codeltem CodeRelationship
+from 0.~
{redefines from} 0.*
h +to
{redefines to}
CodeE lement \ 1
KDMEntity

Figure

(from core)

12.24 - ExtendedCodeElements Class Diagram
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12.27.1 CodeElement Class (generic)

The CodeElement is a generic meta-model element that can be used to define new “virtual” meta-model elements through
the KDM light-weight extension mechanism.

Superclass
Codeltem

Constraints

1.| CodeElement should have at least one stereotype.

Semantics

A codd entity with under specified semantics. It is a concrete class that can be used as the base element of a new “vyirtual”
meta-npodel entity type of the code model. This is one of the KDM extension points that-ean integrate additional lahguage-
specifif, application-specific, or implementer-specific pieces of knowledge into the standard KDM representation.

12.27.2 CodeRelationship Class (generic)

The CpdeRelationship is a generic meta-model element that can be used to define new “virtual” meta-model elements
through the KDM light-weight extension mechanism.

Supeiclass
AbstractCodeRelationship

Associations

from:Codeltem[1] the Codeltem

to:KOMEntity[1] the KDMEntity

Constraints

1.| CodeRelationship-should have at least one stereotype.

Semantics

A codgq relationship with under specified semantics. It is a concrete class that can be used as the base element of a few
“virtual” mieta-model relationship type of the code model. This is one of the KDM extension points that can integrgte
additiomallanguage-specific, application-specific, or implementer-specific pieces of knowledge into the standard DM
representation.
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13 Action Package

13.1 Overview

The A./ti\Jll pabl\asc dUﬂlle a DUt Uf lllUta'lllUdU} C}Ulllclltb W}lUbC PUIPUDU ib tU chl CDUllt illlPlClllUlltatiUll"lUVUl behaViOf
descriptions determined by programming languages, for example statements, operators, conditions, features, ag well as
their agsociations, for example control and data flow. Action package extends the KDM Code package. As’a geperal rule,
in a given KDM instance, each instance of an action element represents some programming language ‘construdt,
deterniined by the programming language of the existing software system. Each instance of an actionymeta-modgl element
corresponds to a certain region of the source code in one of the artifacts of the software system. @n-action elemg¢nt usually
repres¢nts one or more statements, and an action relationship usually represents a usage of-a name in a statempnt.

13.2l Organization of the Action Package

The Aftion package consists of the following 11 class diagrams:
+ | ActionElements
* | ActionFlow
* | ActionInheritances
+ | CallableRelations
+ | DataRelations
« | ExceptionBlocks
+ [ ExceptionFlow
+ [ ExceptionRelations
+ | InterfaceRelations
« [ UsesRelations
+ | ExtendedActionElenients
The Attion packagedepends on the following packages:
+ | Core

e | kdm

. Satirce

13.3 ActionElements Class Diagram
In general, the Action package follows the uniform pattern for KDM models and extends the KDM Framework with

specific meta-model elements related to implementation-level behavior. The Action package deviates from a uniform
pattern for KDM models because the Action package does not define a separate KDM model, but rather extends the Code
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model, defined in the Code package. Therefore each Action element is a subclass of AbstractCodeElement. Action
package defines most of the relationship types to the Code model. Together, Action and Code packages constitute the

Program Elements Layer of KDM.

The ActionElements diagram defines the following classes determined by the KDM model pattern:

- ActionElement — main class of the Action package

« [ AbstractActionRelationship - a class representing an abstract parent of all KDM relationships that can be dfed to

The class diagram shown in Figure 13.1 captures these classes and their relations.

represent actions (in general, related to usages of names in programming language statements).

+actionRelation
{subsets ownedRelation

+codeElement
{subsets ownedElement} ¢ «

{subsets owner}

ordered}
ActionElement ‘1//> AbstractA ctionRelation ship
<kind : String o+
¢
[ — 0..1
BlockUnit Abstract€odeElement
+owner (flom code)

(from code)

AbstractCodeElement

Figureg 13.1 - ActionElements_Class Diagram

13.3.1 ActionElement'Class

0.

+entryFlow
{subsets ownedRelation}

EntryFlow

The AgtionElement-s.a class to describe a basic unit of behavior. ActionElements are endpoints for primitive frelations.
ActionElement ¢an be linked to the original representation through the SourceRef element from the Source pafkage.

Supeirclass

AbstraetCodeEtement

Attributes

kind:String Represents the meaning of the operations, performed by the ActionElement.
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Associations

actionRelation:ActionRelationship[0..*] Action relationships originating from the given action element.

codeElement: AbstractCodeElement[0..*] Owned code elements (for example, nested action elements, or nested
BlockUnits, or nested definitions of datatypes and computational objects).

Constraints

1.| ActionElement may own StorableUnit or ValueElement and their subclasses and nested action €lements.

Semat['uics

An actiion element represents a unit of behavior. It can represent one or more programming language statements, or even
a part pf a programming language statement. The implementer shall select the granularity/of the action elemerfts. As a

minimpm, each ControlElement should own at least one ActionElement so that it can be the endpoint of all
ActionRelationships originating from the corresponding ControlElement. Static, analysis grade KDM implementations
should use well-defined fine grained ActionElements, specified as the “micro &DM” compliance point.

Data elements owned by the ActionElement represent temporary variabl€s or values used by the action element. Action
elemenjts may be nested, when one ActionElement instance is a contain€r for other ActionElements.

For micro KDM compliance the list of the allowed action element\kind values and their meaning is described |in Annex
A. Forl non-micro KDM implementation, the value of the kind-i$-hot normative.

The inpgplementer shall map programming language statements and other descriptions of behavior into KDM
ActionElements.

An ActionElement can own other ActionElements. Such ActionElement is called a “composite action.” Compogite action
repres¢nts an entire set of leaf actions owned-directly or indirectly.

13.3.2 AbstractActionRelationship Class (abstract)

The ApstractActionRelationship is the parent class representing various KDM relationships that originate from} an
ActionElement.

Supeirclass
KDMRelationship

Semantics

Usually,-an action relationship corresponds to some usage of a name in a programming language statement. Aftion
3 £ s daralat L d

relatio aaaaa rigiaota ActiaonBElamaantc oo ooai ad-t ronchinathat-origianta foooa o a—alanaan S
ISTHPS-eftgate—tHro—reHoREre et aS-o0ppoSea—to——coacTeratoRSHpPStnat-ofigate o oac—eremes.

AbstractActionRelationship is subclassed by several concrete action relationship meta-elements.

13.3.3 BlockUnit Class

The BlockUnit represents logically and physically related blocks of ActionElement, for example, blocks of statements.
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Superclass

ActionElement

Associations

codelElement:AbstractCodeElement[0..*] owned code elements including nested BlockUnits

Semahtics

A BlogkUnit is a logical container for action elements. BlockUnit is similar to a composite ActignElement that can also
contai nested ActionElement and data elements. BlockUnit represents the entire set of leaf Actions, owned by the
BlockWUnit directly or indirectly.

13.3.4 AbstractCodeElement (additional properties)

Associations

entryFlow:EntryFlow[0..*] EntryFlow relationships that ass@Ciate the given abstract code element and some
action elements owned by it, which are designated as the entry actions.

Semahtics

Contrql flow is transferred to the Entry actions when the-AbstractCodeElement that owns them is entered. Mu]tiple
EntryHlow elements represent nondeterministic control\flow.

13.4) Actioninheritances Class Diagram

The AcgtionInheritances class diagram is determined by the uniform pattern for extending the KDM frameworl. Action
package does not define a separate KDM model, but extends the Code model. The class diagram shown in Figure 13.2
captur¢s these classes and their associations.

>

bstractCodeElement - -
(from code) KDMRelationship

(from core)

ActionElement
<kind : String AbstractActionRelationship

Figure 13.2 - Actioninheritances Class Diagram
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13.5 ActionFlow Class Diagram

The ActionFlow class diagram provides basic meta-model constructs to define the control-flow between ActionElements.
The class diagram shown in Figure 13.3 captures these classes and their relations.

AbstractActionRelationship

1 +to
0.* {redefines to}
{redgfines from}

ControlFlow ActionElement | 4 W F 1o
0.7 @kind : String yrow
+o 0.. i
\j p {redefines to} 0..
Flow +from {redefines from}

+from

1
FalseFlow AbstractCodeElement

(from code)

GuardedFlow

TrueFlow

Figure/13.3 - ActionFlow Class Diagram

13.5.1 ControlFlow Class (generic)
The ControlFlow is a generic modeling element that represents control flow relation between two ActionElemgnts. It is
further subclassed with more specificamodeling elements. ControlFlow class could be used to represent programming

constriicts that are not covered by-any of the specific subclasses as an extension point.

Supefclass
AbstractActionRelationship

Assog¢iations

from:ActignElement[1] the origin of the control flow

trace determined by the control flow.

Constraints

1. ControlFlow class should always be used with a stereotype.

© ISO/IEC 2012 - All rights reserved 145


https://standardsiso.com/api/?name=3770a23a5ff9f32068188ddd9e47004c

ISO/IE

C 19506:2012(E)

Semantics

From the KDM representation perspective, ControlFlow meta-element is an extension point that can be used as the base
element for new “virtual” meta-model elements, representing specific control flow relationships not covered by the
semantic categories of its concrete subclasses. From the meta-model perspective, the ControlFlow element defines the
common properties of various control flow relationship representations in KDM.

Multiplle ControlFlow elements represent nondeterministic choice of behavior.

The ijplementer shall map control flow mechanisms of the given programming language into ControlElow mgta-
ts. The implementer shall adequately represent the control flows of the existing system by a set.of actiof elements

elemer
and C

13.5.2 EntryFlow Class

The EntryFlow is a modeling element that represents an initial flow of control into 8 KDM element. The Entr
relationship is used in a uniform way for describing entry points to other KDM ¢0de elements. It should be us

represq
action,)
block

Super

AbstragtActionRelationship

Associations

from:AbstractCodeElement[1] AbstractCodeElement that owns one or more action elements that

to:Ac

Const
1.

Semahtics

The “d

ntrolFlow relationships between them.

nt any type of special entry flows, such as the entry from a CodeAssembly to the initialization code bl
from Module to initialization block, from a callable unit to the initialization block, from a class to the in
r from a compound action to the first internal action.

class

repfesents its behavior.

ionElement[1] The action element that is selected when the owner element is call

raints
Each AbstractCodeElement or its subclass such that it owns one or more ActionElement should have a corl

EntryFlow relationship in which the “from” attribute is the AbstractCodeElement.

The “to” attribute of an EntryFlow element should be an ActionElement that is owned by the AbstractCoq
that is the Sfrom” attribute of the EntryFlow.

Flow

ed to

ck or
tialization

bd.

esponding

eElement

nfry;” action element is the first action element in a trace that corresponds to the behavior of the owner

AbstractCodeElement. Multiple action elements that are designated as “entry” actions, represent a nondeterministic
choice, i.e., several possible trace families, each of which start with a different “entry” action element.

1.
2.

146

Represent initialization code as BlockUnit element with special micro action kind "Init."

Initialization code can belong to a ControlElement, CompilationUnit, or CodeAssembly.
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3. The EntryFlow relationship is used in a uniform way for describing entry points to other KDM code elements. It
should be used for any type of special flows, e.g., entry to a CodeAssembly to init Block or action, from Module to
init block, from callable unit to init block, from class to init block, or from compound action to the first internal
action.

4. The CodeAssembly should have custom initialization block that consists of a sequence of action elements, including
actiom etements withaction kid=""Tmit*amd amr EmryF tow Tetation to the tmittatization btocks of the oweyl
CompilationUnits (and other owned elements when appropriate), and an action element with action kind+*|Calls” and
a Calls relation to the logical entry point (for example, the CallableUnit “main”). The initialization blocks|of
compilation units referred to by custom initialization block in a CodeAssembly do not need to have’the Flow
relationship at their respective last action element. The control flow is resumed with the Flow.relationship of the
initialization action in the custom initialization block. See example at “HasValue Class’] énypage 116.

13.5.8 Flow Class

The Flpw class is a modeling element that represents control flow relationship between two ActionElements sugh that the
ActionElement that corresponds to the “to” attribute of the Flow is a successor:of the ActionElement that corr¢sponds to
the “frpm” attribute of the Flow.

Supefclass

ContrdlFlow

Constraints

1.[ Ifthere is one or more Flow elements there should®e no TrueFlow, FalseFlow, or GuardedFlow with the shme action
element as the “from” attribute.

Semantics
If therg exists two or more Flow elements, such that they share the same ActionElement as the “from” attribute, they

repres¢nt an unspecified flow of control:

13.5.

The TrueFlow class is a hedeling element that represents control flow relationship between two ActionElemen

Superkclass

A TrueFlow Class

the ActionEléntent that corresponds to the “from” attribute of the TrueFlow represents the logical conditiof

the ActienElement that corresponds to the “to” attribute of the TrueFlow is a successor of the ActionElemg)
corresponds to the “from” attribute of the TrueFlow when the value of the condition is true.

s such that
; and

nt that

ControlFlow

Constraints

1.

If there exists an ActionElement with a TrueFlow element, there should be no GuardedFlow or Flow elements that

have the same ActionElement as the “from” attribute (but there can be FalseFlow).
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Semantics

If there exists two or more TrueFlow elements, such that they share the same ActionElement as the “from” attribute, they
represent an unspecified flow of control. If there is no FalseFlow element, then the current ActionElement is terminal,
when condition is not satisfied.

13.5.5FaiseFlow-Class
The FglseFlow class is a modeling element that represents control flow relationship between two ActienElemdnts such
that
« | the ActionElement that corresponds to the “from” attribute of the FalseFlow represents thedegical conditioh, and
« | the ActionElement that corresponds to the “to” attribute of the FalseFlow is a success¢r of the ActionElem¢nt that
corresponds to the “from” attribute of the FalseFlow when the value of other conditigns is not satisfied.
FalseFlow represents the “default” control flow branch in representing conditional-statements and switch statefments.
FalseFlow is a specific modeling element that is used in combination with either TrueFlow or GuardedFlow.
Superclass
ContrdlFlow
Consfraints
1.| Ifthere exists a FalseFlow element, there should be either:
» a corresponding TrueFlow element such that both the TrueFlow and the FalseFlow elements have the sagme
ActionElement as the “from” attribute, or
« one or more GuardedFlow elements that.have the same ActionElement as the “from” attribute, and
« there are no other relationship elements that are subclasses of FlowRelationship that have the same ActipnElement
as the “from” attribute.
Semaptics
If ther¢ exists two or more FalseFlow elements, such that they share the same ActionElement as the “from” attribute, they
repres¢nt an unspecified flow of control.
13.5.6 GuardedFlow Class
The GpardedElow’class is a modeling element that represents control flow relationship between two or more
ActionElements such that:
o Lthe ActionElement that r‘{'\I‘I"PQp(\I"II‘IQ to the “from” attribute of the GuardedElow represents the selection staflement (for

148

example, a “switch” statement); and

the ActionElement that corresponds to the “to” attribute of the GuardedFlow represents the guarding condition that

determines a branch of control flow; and

the branch of control flow determined by the ActionElement that corresponds to the “to” attribute of the GuardedFlow
element is a successor of the ActionElement that corresponds to the “from” attribute of the GuardedFlow when the

guarded condition in the context of the selection statement is satisfied.
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FalseFlow element can be used in combination with one or more GuardedFlow elements to represent the default branch
of control flow, for example, to represent the default branch of a switch statement.

Superclass

ControlFlow

Const
1.

Semantics

In mic
kind=’

13.6

The C

ActionElement to ControlElement and represent control flows of the éxisting software system.

The C

raints

If there exists a GuardedFlow element, there should be no other relationship elements that are subclasses
FlowRelationship that have the same ActionElement as the “from” attribute, with exception of'one or mot
GuardedFlow elements or zero or one FalseFlow element.

0-KDM conformant implementations the ActionElement that corresponds to the “to* aftribute of the Guardg
Guard.” It has a Reads relationship to the value of the guard for the corresponding branch.

CallableRelations Class Diagram

hllableRelations class diagram defines a set of meta-model elements’to represent call-type behavior that

hllableRelations diagram describes the following types:

Calls - is a modeling element that represents a call-typerelationship between an ActionElement and a Callal

CallableElement represents the element being called.

Dispatches - is a modeling element that represents a call-type of relationship between an ActionElement an|
item, in which the ActionElement represents some form of a call, and the data item represents a pointer to a

type.

[¢)

dFlow has

associate

leElement

or one of its subclass elements, in which the ActionElement represents some form of a call statement, and the

d a data
procedure
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The class diagram shown in Figure 13.4 captures these classes and their relations.

AbstractActionRelationship

{re

Figure|
13.6.

Calls i
one of]
represg

Supel
Abstra

Assoq

from:

Dispatches Calls
0..* +from 0.*
0.* *
Neqnes from} 1 0..
- +from
ActionElement {redefines fom} +o
<kind : String ] {redefines to}
ControlElement
(from code)
+to
efines to}
1
DataElement
(from code)
wext : String

wsize : Integer

13.4 - CallableRelations Class Diagram
1 Calls Class

5 a modeling element that represents a call-type relationship between an ActionElement and a ControlE
its subclass elements. The ActionElement represents some form of a call statement, and the ControlEle
nts the element being called.\In the meta-model the Calls element is a subclass of ActionRelationship.

class

ctActionRelationship

Liations

ActionElement[1] the action element from which the call relation originates

ement or
ment

to:Co

Sema

ntrotEterment{4 thetarget- ComrotE fermert

ntics

Calls relationship corresponds to the ISO/IEC 11404 “invoke” operation on a procedure type. It can represent a call to a
procedure, a static method, a non-static method of a particular object instance, a virtual method, or an interface element.

Calls relation to a non-static method should be accompanied by an Addresses relationship to the corresponding object.

150
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Precise semantics of a call can be represented by the “kind” element of the owner ActionElement, according to the guidelines
provided in the “micro KDM” compliance point.

13.6.

2 Dispatches Class

Dispat
The A

ctionElement represents some form of a call behavior, and the data item represents a pointer to a procég

Superclass

AbstractActionRelationship

Assog¢iations

from:ActionElement[1] The action element from which the call relation originates.
to:DaftaElement[1] The data element that represents thepointer to a procedure type.
Semantics
Dispatfhes relation does not identify the actual target of the call. Additional analysis of the KDM instance maj

requirgd to determine the real targets of the Dispatches call.

Exam

typeddf int (*

int bdr( int

ple (C)

) (int 1 );

{

void floobar ()

<?xml

fp
int fqo(int i){}
i)

{

fp pf;
pf=foo;
pf=bar;
*pf (1) ;

version="1.0" encoding="UTF-8"7?>

<kdm: 4egment xmi:version="2.1"

xmlns:xmi="http://schema.omg.org/spec/XMI/2.1"
xmlns:actién="http://schema.omg.org/spec/KDM/1.2/action"

xmlns ode="http://schema.omg.org/spec/KDM/1.2/code"
xmlngakdm="http://schema.omg.org/spec/KDM/1.2/kdm" name="Dispatch Example">

<model xmi=id="id.0" xmi:type="code:CodeModel" >

<dodeElement xmi:id="id.1" xmi:type="code:CompilationUnit" name="Dispatch.c">

cheg is a mndP]ing element that represents a Pnll-‘rvpf‘ of re]nfinnqhip hetween an ActionElement and a data item.

ure type.

y be

codeFlement xmiid="id . 2" xmij:type="code:CallablelUnit"

name="foo" type="id.15" kind="regular'"s>
<codeRelation xmi:id="1id.3" xmi:type="code:HasType" to="id.14" from="id.2"/>
<codeElement xmi:id="id.4" xmi:type="code:Signature" name="foo">
<parameterUnit xmi:id="1id.5" name="a" type="id.13"/>
<parameterUnit xmi:id="id.6" type="id.13" kind="return"/>
</codeElement>
</codeElement>
<codeElement xmi:id="id.7" xmi:type="code:CallableUnit"
name="bar" type="id.15" kind="regular"s>
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<codeRelation xmi:id="1id.8" xmi:type="code:HasType" to="id.14" from="id.7"/>
<codeElement xmi:id="id.9" xmi:type="code:Signature" name="bar"s>
<parameterUnit xmi:id="1d.10" name="a" type="id.13"/>
<parameterUnit xmi:id="id.11" type="id.13" kind="return"/>
</codeElement>
</codeElement >
<codeElement xmi:id="id.12" xmi:type="code:StorableUnit" name="pf" type="id.14"/>
<codeElement xmi:id="id.13" xmi:type="code:IntegerType" name="int"/>
<codeElement xmi:id="1id.14" xmi:type="code:TypeUnit" name="fp" type="id.15">
<codeElement xmi:id="id.15" xmi:type="code:Signature" name="f">

<parameterUnit xmi:id="id.16" name="a" type="id.13"/>
<parameterUnit xmi:id="id.17" type="id.13" kind="return"/>
</codeElement >
</codeElement >
<codeElement xmi:id="1d.18" xmi:type="code:CallableUnit" name="foobar" type="1id.33">
<entryFlow xmi:id="id.19" to="id.20" from="id.18"/>
<codeElement xmi:id="1d.20" xmi:type="action:ActionElement" name="agl"' kind="Assign">
<actionRelation xmi:id="id.21" xmi:type="action:Addresses" to="1id.2" from="id.20"/>
<actionRelation xmi:id="id.22" xmi:type="action:Writes" to=¢id.12" from="id.20"/>
<actionRelation xmi:id="id.23" xmi:type="action:Flow" te="4d.24" from="id.20"/>
</codeElement >
<codeElement xmi:id="1id.24" xmi:type="action:ActionElémerit" name="a2" kind="Assign">
<actionRelation xmi:id="id.25" xmi:type="action:Addresses" to="id.2" from="id.24"/>
<actionRelation xmi:id="id.26" xmi:type="actionkWrites" to="id.12" from="id.24"/>
<actionRelation xmi:id="id.27" xmi:type="action:Flow" to="id.28" from="id.24"/>
</codeElement >
<codeElement xmi:id="id.28" xmi:type="actionyActionElement" name="a3" kind="PtrCall"s>
<codeElement xmi:id="1d.29" xmi:type="cdde:Value" name="1" type="id.13"/>
<actionRelation xmi:id="id.30" xmi:type="action:Reads" to="id.12" from="id.28"/>
<actionRelation xmi:id="id.31" xmi%type="action:Reads" to="id.29" from="id.28"/>
<actionRelation xmi:id="1id.32" xwmi:type="action:Dispatches"
to="1d.12" from="id.28M/s
</codeElement >
<codeElement xmi:id="id.33% xmi:type="code:Signature" name="foobar"/>
</codeElement >
</|JcodeElement >
</mgdel>
</kdm:Segment >

13.7| DataRelations Class Diagram

The DataRelatien$ class diagram defines a set of meta-model elements that represent data flow relationships between
action jelemients and data elements. The “from” endpoint of these relationships is some ActionElement that repfesents a
statemprit-that involves a data operation. The “to” endpoint represents some code item. Data relationships are shown at
Figure T375-
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AbstractActionRelationship

DataElement

(from code)
ComputationalObject f % wext : String
{rom code) STzefmtegeT
+to 1
{redefines to}
\o..*

Addresses

{r¢defines to}

0. Reads

Datatype

(fo m code)

- 0
Writes

+from Creates

{redefines frgm}
1

ActionElement efines from}
<kind : String 1

Figure| 13.5 - DataRelations Class Diagram
13.7.1 Reads Class

The Re¢ads relationship represents a flow of data from a DataElement to an ActionElement (read access to the
DataElement).

Superclass

AbstractActionRelationship

Assog¢iations

from:ActionElentent[1] The action element that owns the Reads relationship.
to:DataElerment[1] The DataElement that is the source of the flow of data.
Semantics

Reads relationship represents an association between an action element, which implements a flow of data from a certain
data element to the corresponding data element according to the semantics of the programming language of the existing
software system.
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13.7.2 Writes Class

The Writes represents flow of data from an ActionElement to a DataElement (write access to the DataElement).

Superclass

AbstraFtActionRelationship

Associations

from:ActionElement[1] The action element that owns the Writes relationship,
to:DataElement[1] The DataElement that is the sink of the flow of data.

Semantics

Writes|relationship represents an association between an action element, which¢implements a flow of data to 4

data element to the corresponding data element according to the semantics of the programming language of th|
softwafe system.
13.7.3 Addresses Class
Addregses relationship represents access to a complex data structure, where the Reads or Writes relationships 4
to the glements of the data structure, or where an address-6f'a data element is taken.
Supeiclass
AbstrafctActionRelationship
Assogiations
from:ActionElement[1] The action element that owns the Addresses relationship.
to:ComputationalObject[1] The Computational object that is being accessed.
Semantics
Addregses relationship represents an association between an action element that receives a reference to a certa

elemer
softwal

t to theseorresponding data element according to the semantics of the programming language of the exi
e system.

certain
e existing

re applied

In data
sting

13.7.4 Creates Class

The Creates represents an association between an ActionElement and a Datatype such that the ActionElement creates a
new instance of the Datatype.

Superclass

AbstractActionRelationship
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Associations

from:ActionElement[1] The action element that owns the Creates relationship.
to:Datatype[1] The DataElement that is instantiated by the ActionElement.
Semahtics

Createp relationship represents an association between an action element that creates a new instance of @-certajn data
element to the corresponding datatype according to the semantics of the programming language of the existing software
systen].

13.8 ExceptionBlocks Class Diagram

The Exceptions class diagram defines meta-model elements that represent container§ ihvolved in exception-haphdling
mechahism common to several programming languages. These classes are illustrated at Figure 13.6.

Basic {ry-, catch- and finally-blocks are represented by dedicated containers/defined as subclasses of the ExceptionUnit to
repres¢nt the contents of those blocks. The TryUnit provides the containnient'to track the dependent Catch clauges and the
optiongl finally block (for languages that support it).

The Catch container can own ParameterUnit to represent the data passed to it by the exception-handling mechapism when
this blpck is activated, the so-called “its catch object.” This allew’ exceptions to be modeled like any other object and to
have their own inheritance. The ParameterUnit that represents-the “catch object” of a catch-block has special
ParamgterKind value kind="exception” to represent parameter passing via exception mechanism or kind="catdhall” to
repres¢nt the catch all construct in C++.

BlockUnit
ExceptionUnit
L e CatchUnit
FinallyUnit

Figure 13.6 - ExceptionBlocks Class Diagram
13.8.1 ExceptionUnit Class

ExceptionUnit class is a generic meta-model element that provides a common superclass to various KDM containers for
representing exception handling. ExceptionUnit is a subclass of a BlockUnit. ExceptionUnit is a KDM container, which
can own both ActionElement (for example, statements in the catch-block) as well as Codeltem (for example, parameters
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to the catch-block, local definitions, and nested blocks). ExceptionUnit is a generic element, and KDM models are
expected to use concrete subclasses of ExceptionUnit with more precise semantics. However, ExceptionUnit can be used
as an extended modeling element with a stereotype. ExceptionUnit is more specific than a BlockUnit.

Superclass
Blockgsit

Constraints

1.| ExceptionUnit should have a stereotype.

Semantics

13.8.2 TryUnit Class

TryUnjt class is a meta-model element that represents try-blocks common to several/programming languages. [[ryUnit is
a container for action elements and associated definitions of Codeltems. The purpose of a TryUnit is to represpnt try-
blocks|and to manage exception flow to related catch-blocks and finally-block (for programming languages that support
this concept). In particular, the TryUnit is the origin of ExceptionFlow s¢lations to the corresponding CatchUnlits and
FinallyfUnit blocks, which represent related catch- and finally-blocks» TryUnit may own nested TryUnit blocks}

Supeiclass

ExcepfionUnit

Semantics

TryUnjt represents a try-block.
13.8.3 CatchUnit Class

Catchlnit is a meta-model element ‘that represents catch-blocks. Particular CatchUnit should be associated to af particular
TryUnjt through ExceptionFlow, relation. CatchUnit may contain ParameterUnit that represents the exception gbject
passed|to the catch-block by-the’/exception-handling mechanism.

Supeiclass

ExceptionUnit

Constraints

1.| (€atchUnit should be associated to a TryUnit. In particular, a CatchUnit should be the target of an ExceptignFlow
relationship that originates from some IryUnait.

Semantics

CatchUnit represents one of the catch-blocks associated with a certain try-block. Usually, one or more CatchUnits follow
a TryUnit. Each CatchUnit should be associated with the corresponding TryUnit through an instance of ExceptionFlow
relationship.
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13.8.4 FinallyUnit Class

FinallyUnit is a meta-model element that represents finally-block associated with a certain try-block. The FinallyUnit is
associated with the code responding TryUnit through an ExitFlow relation.

Superclass

ExceptionUnit

Constraints

1.] FinallyBlock should be associated to a TryUnit. In particular, a FinallyUnit should be the target of an ExifFlow
relationship that originates from some TryUnit.

2. TryUnit should not be associated with more than one FinallyBlock.

Semantics

FinallyBlock represents a finally-block associated with a certain try-block.

Example

.<?xm] version="1.0" encoding="UTF-8"?>
<kdm:4egment xmi:version="2.1"
xmlns:xmi="http://schema.omg.org/spec/XMI/2.1}"
xmlns:action="http://schema.omg.org/spec/KDM/L:2/action"
xmlns:code="http://schema.omg.org/spec/KDMAL". 2/code"
xmlns:kdm="http://schema.omg.org/spec/KDM/1.2/kdm" name="Exceptions Example">
<model xmi:id="id.O0" xmi:type="code:CodeModel">
<dodeElement xmi:id="id.1" xmi:type="codéxClassUnit" name="A">
<codeElement xmi:id="id.2" xmi:type&=/code:MethodUnit" name="foo">
<entryFlow xmi:id="id.3" to="4d,4" from="id.2"/>
<codeElement xmi:id="id.4" xmi:type="action:TryUnit" name="t1l">
<codeElement xmi:id="id.5% xmi:type="action:ActionElement" name="al" kind="Call">
<actionRelation xmi(:1d="id.6" xmi:type="action:Calls" to="id.23" from="id.5"/>
</codeElement>
<actionRelation &mitid="id.7" xmi:type="action:Flow" to="id.5" from="id.4"/>
<actionRelatioh xmi:id="1id.8" xmi:type="action:ExceptionFlow"
to=1id.10" from="id.4"/>
<actionRelatiion xmi:id="id.9" xmi:type="action:ExitFlow" to="id.17" from="id.4"/>
</codeElemeént >
<codeElement xmi:id="id.10" xmi:type="action:CatchUnit" name="cl">
<cedeElement xmi:id="id.11" xmi:type="code:ParameterUnit" name="e" type="id.67"/>
<codeElement xmi:id="id.12" xmi:type="action:ActionElement" name="a2" kind="Call">
<codeElement xmi:id="1id.13" xmi:type="code:Value"

name="gquot - Something went wrong&quot " typez"id 69"

<actionRelation xmi:id="id.14" xmi:type="action:Reads" to="id.13" from="id.12"/>
<actionRelation xmi:id="id.15" xmi:type="action:Calls" to="id.66" from="id.12"/>
</codeElement >
<actionRelation xmi:id="id.16" xmi:type="action:Flow" to="id.12" from="id.10"/>
</codeElement>
<codeElement xmi:id="id.17" xmi:type="action:FinallyUnit" name="£f1">
<codeElement xmi:id="1d.18" xmi:type="action:ActionElement" name="a3" kind="Call">
<codeElement xmi:id="id.19" xmi:type="code:Value"
name="&quot ; Good bye&quot;" type="id.69"/>
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<actionRelation xmi:id="id.20" xmi:type="action:Reads" to="id.19" from="id.18"/>
<actionRelation xmi:id="id.21" xmi:type="action:Calls" to="id.66" from="id.18"/>
</codeElement>
<actionRelation xmi:id="id.22" xmi:type="action:Flow" to="id.18" from="id.17"/>
</codeElement>
</codeElement>
<codeElement xmi:id="1id.23" xmi:type="code:MethodUnit" name="bar">
<entryFlow xmi:id="id.24" to="id.25" from="id.23"/>
<codeElement xmi:id="1id.25" xmi:type="action:TryUnit" name="t2">

<codeElement xmi:id="id.26" xmi:type="action:ActionElement"
name="a4" kind="ArrayReplace">
<source xmi:id="id.27" language="Java" snippet="arr[20]=20"/>
<codeElement xmi:id="id.28" xmi:type="code:Value" name="20" type="id.70MN/>
<actionRelation xmi:id="1d.29" xmi:type="action:Addresses"
to="id.59" from="id.26"/>
<actionRelation xmi:id="id.30" xmi:type="action:Reads" to="id.28\ from="id.26"/>
<actionRelation xmi:id="id.31" xmi:type="action:Reads" to="id.28" from="id.26"/>
<actionRelation xmi:id="id.32" xmi:type="action:Writes" to="id.61" from="1id.26"/>
<actionRelation xmi:id="id.33" xmi:type="action:Flow" to=¢id.34" from="id.26"/>
</codeElement >
<codeElement xmi:id="1d.34" xmi:type="action:ActionElement" name="a5" kind="Call">
<actionRelation xmi:id="id.35" xmi:type="action:Réads" to="id.59" from="id.34"/>
<actionRelation xmi:id="id.36" xmi:type="actionw€alls" to="id.66" from="id.42"/>
</codeElement>
<actionRelation xmi:id="id.37" xmi:type="action:Flow" to="id.26" from="id.25"/>
<actionRelation xmi:id="1id.38" xmi:type="adtion:ExceptionFlow"
to="id.40" from="id.25"/>
<actionRelation xmi:id="id.39" xmi:type<laction:ExitFlow"/>
</codeElement>
<codeElement xmi:id="1d.40" xmi:typestaction:CatchUnit" name="c2">
<codeElement xmi:id="id.41" xmi:type="code:ParameterUnit" name="e" type="1id.68"/>
<codeElement xmi:id="1id.42" xmiitype="action:ActionElement" name="a6" kind="Call">
<codeElement xmi:id="1d.43% xmi:type="code:Value"
name="&quot ; O&ps&quot ;" type="1d.69"/>
<actionRelation xmis3d="id.44" xmi:type="action:Reads" to="id.43" from="id.47"/>
<actionRelation xmir¥d="id.45" xmi:type="action:Calls" to="id.66" from="id.42"/>
<actionRelatiop~xmi:id="id.46" xmi:type="action:Flow" to="id.47" from="id.42"/>
</codeElement >
<codeElementxmi:id="1d.47" xmi:type="action:ActionElement" name="a7" kind="Throw">
<codeElement xmi:id="1d.48" xmi:type="code:Value"
flame="&quot ;Went too far&gquot;" type="id.69"/>
<actlenRelation xmi:id="id.49" xmi:type="action:Reads" to="id.48" from="id.47"/>
<adtionRelation xmi:id="id.50" xmi:type="action:Throws"/>
</CodeElement >
<actionRelation xmi:id="id.51" xmi:type="action:Flow" to="id.42" from="id.40"/>
</ codeElement>

<codeElement xmi:id="id.52" xmi:type="action:FinallyUnit" name="f2">
<codeElement xmi:id="id.53" xmi:type="action:ActionElement" name="a8" kind="Call">
<actionRelation xmi:id="id.54" xmi:type="action:Reads" to="1id.59" from="1id.53"/>
<actionRelation xmi:id="id.55" xmi:type="action:Calls" to="id.66" from="id.42"/>
</codeElement>
<actionRelation xmi:id="id.56" xmi:type="action:Flow" to="id.53" from="id.52"/>
</codeElement >
<codeElement xmi:id="id.57" xmi:type="code:Signature">
<parameterUnit xmi:id="id.58" type="id.63" kind="throws"/>
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</codeElement>
</codeElement >
<codeElement xmi:id="1d.59" xmi:type="code:MemberUnit"
name="arr" type="id.60" size="10">
<codeElement xmi:id="1id.60" xmi:type="code:ArrayType">
<itemUnit xmi:id="id.61" type="id.70"/>
<indexUnit xmi:id="id.62" type="id.70"/>

<d

</md
<mod
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</codeElement >

</codeElement>

codeElement >

odeElement xmi:id="id.63" xmi:type="code:ClassUnit"
name="MoreDescriptiveException" isAbstract="true">

<codeRelation xmi:id="1id.64" xmi:type="code:Extends" to="id.67" from="id.63"{/>

codeElement >

del>

el xmi:id="1d.65" xmi:type="code:CodeModel" name="Java common definitions">

odeElement xmi:id="id.66" xmi:type="code:CallableUnit" name="println"/>

odeElement xmi:id="id.67" xmi:type="code:ClassUnit" name="Exceptien)' />

odeElement xmi:id="id.68" xmi:type="code:ClassUnit"
name="ArrayIndexOutOfBoundsException" isAbstracts"false"/>

odeElement xmi:id="id.69" xmi:type="code:StringType"/>

odeElement xmi:id="id.70" xmi:type="code:IntegerType" />

dels>

Segment >

ExceptionFlow Class Diagram

ionFlow class diagram defines meta-model elements that represent flow of control determined by excep
g mechanisms common to several programniing languages.

e of their somewhat unpredictable natyre, exceptions can create havoc in performing flow analysis. Thg
ipport tracking both user-defined exceptions, normal system exceptions, and runtime exceptions.

exists certain action elements((for example, representing statements) where the exceptions are raised and

eption and initiate the transfer of control to the exception flow. The flow for these is represented by th¢

ionFlow class. The ExceptionFlow relationship goes from an ActionElement representing the source of
illableElement thatrepresents the catcher of the exception. The ExceptionFlow target is either the local
11 handle the exeeption or point back to the TryUnit.

ion flow eleiments are optional for LO KDM models. KDM export tools at LO compliance level may la
tanding necessary to precisely pinpoint the source of an Exception. KDM model produced by one tool d
analyzed by a different tool to add more information about the flow of control determined by the excej
hg-mechanism. The origin of the ExceptionFlow can be under specified and use the TryUnit as the “from

tion

concepts

that throw

the throw,
CatchUnit

k the full
an be
ption

’ point for
lefined

the Ex

ceptionFlow, thus omitting the details of exactly where the exception might have been raised. For user-

exceptions, tools should normally be able to capture the origin points by analyzing the various methods invoked and

recursively analyzing their code and also by taking advantage of the declaration throws clause (except that this might list
exceptions that are not always thrown). As for system/runtime exceptions, it is really up to the implementer to determine
how much they want to capture. Knowing what type of operations can cause those kinds of exceptions can go a long way
in supporting complex analysis.

© ISO/IEC 2012 - All rights reserved

159


https://standardsiso.com/api/?name=3770a23a5ff9f32068188ddd9e47004c

ISO/IEC 19506:2012(E)

For each exception that a method invocation can raise, there should be an ExceptionFlow from that point to the immediate
catcher, unless the user chose to only represent the exception generically from the TryUnit. In those cases there should be
as many ExceptionFlow as there are possible exceptions that can be raised by the code in the try block.

Next if there is a finally clause, a finally flow would go from the TryUnit to the FinallyUnit to cover the finalization. The
FinallyFlow is represented with a general ExitFlow relationship. This concept might appear to be a bit convoluted since
normajfrowwoutd go fronr theemd of thetry amdfiow tothe fimatty btockamdfromr theretothe rext btock; Hut the
procesp when we are analyzing the exception flow is as follows: For each TryUnit that the ExceptionFlow,mupt unwind
to reach its destination, it must check for an ExitFlow in the TryUnit and run through that flow before unwindipg the call
stack. [[his is repeated until the CatchUnit is reached (either it was local and already the endpoint of .the”ExceptionFlow
or it is| determined by analysis during unwinding). Then the flow for the catch is performed, folloewed by an EkitFlow
local tp the Catch, if one exists. This is as consistent as possible with the separate mechanism used by exceptipn
supportting languages to handle try/catch functionality in the first place. As stated by Bjarne Stroustrup, “The ¢xception
handling mechanism is a non local control structure based on stack unwinding that can Be‘s€en as an alternatiye return
mechahism.” Hence the necessity for the extra level of smarts needed to analyze those\flow paths.

Excepfions raised and caught within exceptions catch blocks should create and mandge their own flow path.

AbstractActionRelationship

ExceptionFlow

E xitF low 0.”

ActionElement
kind «8tring

+to
1 {redefines to}

{redefines to}

Figure|13.7 - ExceptionFlow Class Diagram

13.9.1 ExitFlow-Class

ExitFlpw class-is a meta-model element that represents an implicit flow of control that should be taken when the
correspofding block is exiting and has terminated normally or abruptly after executing the catch-block. For example,
ExitFl1 = i T =

Superclass

AbstractActionRelationship
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Associations

from:ActionElement[1] ActionElement (for example, a try-block) for which the “on-exit” behavior was

to:ActionElement[1]

Semantics

ExitFl
seman

Example

See example in section ExceptionBlocks.

13.9.

The ExceptionFlow relationship represents an exception flow relationship‘between a TryUnit and the correspo
Catchnit, or between a particular action element that can raise an ¢Xeeption to the corresponding CatchUnit.

Superclass

AbstractActionRelationship

Assog¢iations

from:

to:ActionElement[1] The CatchUnit to which control is transferred when an exception is rais¢

Constraints

1.

Semantics

ExceptionFlow r€lationship represents an exception control flow between an action element that raises a certa
exceptjon, andsthe CatchUnit that handles this exception according to the semantics of the programming langu
existing software system.

13.1

specified.

ActionElement (usually, a finally-block) that represents the behavior that is invoked

upon successful exit of the origin block (“on exit”).

w relationship represents an association between a TryUnit and the corresponding FinallyBlock accord
ics of the programming language of the existing software system.

2 ExceptionFlow Class

ActionElement[1] the origin of the exception flow

The target action element of the ExceptionFlow relationship should be a CatchUnit.

ng to the

nding

d.

n
age of the

0 ExceptionRelations Class Diagram

The ExceptionRelations class diagram defines a set of meta-model elements that represent data flow relationships
associated with exception handling mechanism common to various programming languages.
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AbstractActionRelationship
ActionEle ment +from

=2kind : String rec#efines from}

\ , | DataElement
fThrows | =1 (fom code)

0..* +to
{redefines to}

Figure| 13.8 - ExceptionRelations Class Diagram

13.10.1 Throws Class

The T}
These
except
throw

jrows class is a meta-model element that represents throw-statements.Supported by several programming
are the user-defined throws for exception, as opposed to the so-¢alled normal system exceptions and ruf
ons. Throw statements are essentially regular code elements, Which simply have an additional relationsh
bntity, using the Throws relationship.

See Ex{ceptionBlocks and ExceptionFlow for representation of the control flow, related to exception handling n

Superclass

AbstrafctActionRelationship

Associations

from:ActionElement[1] The ActionElement that throws the exception.
to:DataElement[1] the exception data element being thrown
Semahtics
Throwp relationship_répresents an association between an action element that raises a certain exception and th

elemenjt that is asseciated with that exception. The implementer shall identify and represent these associations

to the

13.1

semantics-of the programming language of the existing software system.

anguages.
itime
ip to their

hechanism.

b data
according

The InterfaceRelations class diagram defines KDM relationships that represent the usages of a “declarations” by the

action

162

elements. The classes and associations of the InterfaceRelations diagram are shown in Figure 13.9.

© ISO/IEC 2012 - All rights reserved


https://standardsiso.com/api/?name=3770a23a5ff9f32068188ddd9e47004c

ISO/IEC 19506:2012(E)

AbstractActionRelationship

b\

CompliesTo

0.* N
+from 0..
redefines from}

A

ActionElement 1

4

Pkind : String +to 1

{redefines to} Codeltefn

Figure| 13.9 - InterfaceRelations Class Diagram

13.11

The C
compy

Supel
Abstra

AsSsO(

from:

to:Co

Const
1.

(from codg)

.1 CompliesTo Class

mpliesTo is a meta-model element that represents an association between an action element that “uses’

tational object, and the “declaration” of that computational object.

class

ctActionRelationship

Ciations

ActionElement[1] The origin of the relationship; action element that “uses” some computatio
object.

deltem[1] the “declaration” of that computational object

raints

The kind\attribute of the Codeltem at the target of the CompliesTo relationship should be equal to “extern
“abstract.”

some

nal

hl” or

The action element that is the origin of the “CompliesTo” relationship should own a callable or data actiof

n

Sema

relationship to some computational object and the target of CompliesTo relationship should be one of the declarations

of that computational object.

ntics

See InterfaceRelations section of the Code package clause.
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13.12 UsesRelations Class Diagram

The UsesRelations class diagram defines meta-model elements that represent associations between ActionElement and
Datatype related to type cast operations. The class diagram shown in Figure 13.10 captures these classes and their

relations.
AbstractActionRelationship
UsesType
0.x 0.* +to
1 {redefines to}
1
G2 I SR (r;gltg"l:;s from} E)‘Jr:r;a?c/)'gs
<kind : String { )
Figure|13.10 - UsesRelations Class Diagram

13.1%

The UsesType relationship represents a type cast or'a type conversion performed by an ActionElement.

Supeiclass

AbstractActionRelationship

Assoc¢iations
from:ActionElement[1] The action element that performs a type cast or a type conversion.
to:Dafatype[1] The datatype involved in a type operation.

Semantics

UsesType relationship represents an association between an action element that performs a type cast or a type ¢

.1 UsesType Class

operat

on-and the corresponding Datatype. The precise nature of the type operation can be further specified by

attribute of the action element. See the “micro KDM” clause.

13.1

3 ExtendedActionElements Class Diagram

onversion

he “kind”

The ExtendedActionElements class diagram defines an additional “wildcard” generic element for the code model as
determined by the KDM model pattern: a generic action relationship.

The classes and associations of the ExtendedActionElements diagram are shown in Figure 13.11.

164
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AbstractActionRelationship

1

|

ActionRelationship

1 0..* 0..*

ActionElement +from

<kind : String +to 1 | KDM Entity

{redefines from} {redefines to} (from core)

Figure|

13.13.1 ActionRelationship Class (generic)

The AttionRelationship is a generic meta-model element that can be.used to define new “virtual” meta-model
through the KDM light-weight extension mechanism.

Supel

AbstractActionRelationship

Assog¢iations

13.11 - ExtendedActionElements Class Diagram

class

elements

from:ActionElement[1] the origin action element
to:KOQMEntity[1] the target KDM entity
Constraints
1.] ActionRelationship'should have at least one stereotype.
Semaptics
An act[:)n relatienship with under specified semantics. It is a concrete class that can be used as the base element of a new
“virtugl” metasmodel relationship types of the code model. This is one of the KDM extension points that can integrate

additid
represq

nalAdanguage-specific, application-specific, or implementer-specific pieces of knowledge into the standa
ntation.

rd KDM
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Micro KDM

Overview

This ¢

compliance point (“micro KDM”).

Let’s 4

KDM meta-model is to represent certain existing behavior corresponding to one or more statements.in the exi
software system. The term “macro action” should not be confused with the preprocessor directivés common td
programming languages.

A KDM “macro action” represents the endpoint of the action relationships, and can owfa SourceRef element

links 1
KDM
the art

In ordd
more [

coordipate producers and consumers of KDM models. The micro KDM compliance point serves this purpose.
ins the granularity of the leaf action elements, and their mé&aning by providing the set of micro actions with

constrs
predef]

Accordling to the “micro KDM” approach, the original “méaecro action” is treated as a container that owns certd
” with predefined semantics and thus precise semiantics of the “macro action” is defined. As the result mjicro KDM
ins the patterns of how to map the statements-of the existing system as determined by the programming language

actiong
constry

into KPM. This is similar to the mapping performed by a compiler into the Java Virtual Machine or Microsof]

From 4 compiler technology perspective, KDM micro actions provide the so-called Intermediate Representatia

contro
datatyj
represq

Separation into a “macro action’’ and “micro actions” allows:

Micro

to the artifacts of the existing software system. KDM L0 compliance point does not specify the seman

facts of the existing software systems and KDM.

1 to use the KDM Program Element layer for control- and data-flow.dnalysis applications, as well as for|
recision for the Resource Layer and the abstraction Layer, additional semantics constraints are required

ned semantics.

and data flow analysis. Micro KDM is a rather high-level IR. Micro KDM actions are aligned with the 1

nting program elements.

The flexibility of selecting the “macro action element” as the point for linking it to the existing artifacts. Fa
to a source fileyrto an AST, providing a meaningful source ref (a macro action can still represent one or nj
statements ifythe original existing system), and

provides-ptecise representation of the original “macro action” through a mapping to micro actions with pre
sendantics.

actions are the actual pnrlpr\infc ofthe KDM rp]qh'nnelfﬁpe The original “macro-action element” (fhp onel
<]

R -1 41 £ s £, JIZIMA 1.1 4l . e £, 1 4 41 h o R W & #h o W Wk 9 DM
AUSU ULSUITIULUS UIV TUUINIUALIVUIT TUTL INIJIVI TTTUUULIS  WILLT PlUble SUIIIAIITILS, TUITITUU U ddS UIC LT IVITUINU 1IN

se the term KDM “macro Action” to refer to an ActionElement with under specified semantics, whose fole in a
sting

certain

which
ics of a

‘macro action” leaving it up to implementers to design the mapping from thejprogramming languages involved in

providing
to

[t

in “micro

NET.

n (IR) for
SO 11404

es (operations on primitive dafatypes and access to complex datatypes) as well as with the KDM pattemns for

r example
ore

Hefined

that owns

the micro actions) aggregates these relationships through the uniform semantics of KDM aggregated relationships. The
micro actions fit into the existing flow semantics, which makes it possible to use KDM representations for precise control
and data flow analysis.
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According to the “encapsulated relationship pattern” of KDM, each action element should own the ActionRelationships
that originate from this action element. A KDM relationship originates from an element, if the “from” property of the
relationship is equal to the identity of the element. The encapsulated relationship pattern is described in the Code KDM
section. The collection of action relationships owned by an element is ordered. From the KDM perspective, the owned
ActionRelationships represent the parameters to the action element.

Each nricro KD M action s thefottowing S parts(Actionr Kind; Outputs; inputs, Comtrot;, andExtras):

» [ Action Kind - is nature of the operation performed by the micro action. This is represented as a “kind* attripute to the
micro action. The action kind may designate certain outgoing relationships as part of the Control. For exaniple, the
“Call” micro action designates the Calls outgoing relationship as part of Control. Action kindscare/defined 4s case
sensitive strings in Annex A.

« | Outputs - represented by the owned outgoing Writes relationship, which usually represents the result of the[micro
action. This part is optional.

+ | Inputs - Ordered incoming Reads and/or Addresses relationships that are owned'by the action element, the drder of the
relationships represent the order of the arguments for a micro action.

« | Control - owned outgoing control flow relationships for the action.

« | Extras - owned relationships other than Reads, Writes, and not designated as part of Control by the action Kind. For
example, these can be interface compliance relation “CompliesTo” or any extended action relationships.

Constraints
1.| Every leaf action element of the KDM model shall besa micro KDM action, where the operation performed by the
action is designated by the value of the action kindy’specified in the list of the micro actions in Annex A.

2. Implementers shall capture the meaning of the’existing artifacts as determined by the programming langugges and
runtime platform and map it into connected graphs of micro actions; the meaning of the resulting micro KPM model
is determined by the semantics of the micro actions.

Semahtics

Semanftics of KDM micro actions 1s)defined in Annex A: “Semantics of the Micro KDM Action Elements.”

Example
z=1+f (x,
*d [x+3] =
dly+3]|=&
y=*d [#+3

function 00 does not comply to micro KDM semantic constraints;

function”bar complies to micro KDM

<?xml version="1.0" encoding="UTF-8"?>

<kdm: Segment
xmi:version="2.1"
xmlns:xmi="http://schema.omg.org/spec/XMI/2.1"
xmlns:action="http://schema.omg.org/spec/KDM/1.2/action"
xmlns:code="http://schema.omg.org/spec/KDM/1.2/code"
xmlns:kdm="http://schema.omg.org/spec/KDM/1.2/kdm" name="Micro KDM Example"s>

<model xmi:id="id.O0" xmi:type="code:CodeModel" >
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<entryFlow xmi:id="1id.3" to="id.4" from="id.2"/>
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<codeElement xmi:id="id.1" xmi:type="code:CodeAssembly">
<codeElement xmi:id="id.2" xmi:type="code:CallableUnit" name="foo" kind="regular"s>

<codeElement xmi:id="id.4" xmi:type="action:ActionElement" name="f1l" kind="unknown">

id.5" language="C" snippet="z=1+f (x,y)"/>

<actionRelation xmi:id="id.6" xmi:type="action:Calls" to="id.107" from="id.4"/>

<actionRelation xmi:1d="1d.7" xml:type="action:Reads" to="1d.97" from="1d.4"/>

<actionRelation xmi:id="id.8" xmi:type="action:Reads" to="id.98" from="id.4"/>

<actionRelation xmi:id="id.9" xmi:type="action:Writes" to="id.99" from="id.4"/>

<actionRelation xmi:id="id.10" xmi:type="action:Reads" to="id.105" from="id.4%/>

<actionRelation xmi:id="id.11" xmi:type="action:Flow" from="1id.4"/>
</codeElement >

<source xmi:id="
<actionRelation
<actionRelation
<actionRelation
<actionRelation
<actionRelation
<actionRelation
<actionRelation
<actionRelation
<actionRelation
<actionRelation
<actionRelation

<actionRelation

</codeElement>
</codeElement>
<codeElement xmi:id=

<entryFlow xmi:id=

<codeElement xmi:id="id.12" xmi:type="action:ActionElement" name="£f2" kind="unknown">

id.13" language="C" snippet="*d[x+3]=1;d[y+3]=&amp/zry=*d [x+3];"/>

xmi:id="id.
xmi:id="id.
xmi:id="id.
xmi:id="id.
xmi:id="id.
xmi:id="1id.
xmi:id="1id.
xmi:id="1id.
xmi:id="1id.
xmi:id="1id.
xmi:id="id.
xmi:id="id.
"id.2e"

"id.27"

14"
15"
le"
i7n
8"
19"
20"
21"
22"
23"
24"
25"

xmi:type="action:Reads" to="id.97'"\ ‘f¥om="id.12"/>
xmi:type="action:Addresses" to="id.100" from="id.12"/>
xmi:type="action:Reads" to="id.,%06" from="id.1l2"/>
xmi:type="action:Reads" to¥™id.105" from="id.1l2"/>
xmi:type="action:Addregges" to="id.100" from="id.12"/>
xmi:type="action:Reads" to="1id.98" from="id.12"/>
xmi:type="action:Réads" to="id.106" from="id.1l2"/>
xmi:type="actioni;Addresses" to="id.99" from="id.1l2"/>
xmi:type="action:Writes" to="id.98" from="id.4"/>
xmi:type="action:Addresses" to="id.100" from="id.12"/>
xmi:type=taection:Reads" to="id.97" from="id.12"/>
xmi:type="action:Reads" to="id.106" from="id.1l2"/>

xmi:types"code:CallableUnit" name="bar" kind="regular"s>
to=lid.28" from="id.26"/>

<codeElement xmi:id="1id.28y' xmi:type="action:ActionElement" name="bl" kind="compound">

<source xmi:id="id.294 Tlanguage="C" snippet="z=1+f (x,y)"/>

<codeElement xmi:id="3d.30" xmi:type="code:StorableUnit" name="t1"

type="1id. 132" kind="register"/>

<codeElement xMi~1d="1id.31" xmi:type="action:ActionElement" name="bl.1" kind="Call">

<actionRelatiton
<actionRelation
<actionRelation
<aCtionRelation

ga¢tionRelation

<Y codeElement>

xmi
xmi
xmi
xmi

xmi

:id="id.
:id="id.
:id="id.
:id="id.
:id="id.

32"
33"
34"
35"
36"

xmi:type="action
xmi:type="action
xmi:type="action
xmi:type="action

xmi:type="action

:Calls" to="id.107" from="id.28"/>
:Reads" to="id.97" from="id.28"/>
:Reads" to="id.98" from="id.28"/>
:Writes" to="id.30" from="id.31"/>
:Flow" from="id.31"/>

<codeElement xmi:id="1d.37" xmi:type="action:ActionElement" name="bl.2" kind="Add">

<actionRelation xmi:1d="1d.38" xmil:type="action:Reads"
<actionRelation xmi:id="1d.39" xmi:type="action:Reads" to="id.30"

<actionRelation xmi:id="1d.40" xmi:type="action:Writes" to="1id.99"

</codeElement>

<actionRelation xmi:id="id.41" xmi:type="action:Flow" to="id.31"

</codeElement>

to="1d.105" from="1d.37"/>
from="1id.37"/>

from="1d.37"/>

from="1d.28"/>

<codeElement xmi:id="1id.42" xmi:type="action:ActionElement" name="b2" kind="compound">

<source xmi:id="1id.43" language="C" snippet="*d[x+3]1=1;d[y+3]=&amp;z;y=*d[x+3];"/>

<codeElement xmi:id="1id.44" xmi:type="code:StorableUnit" name="t2"
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type="1d.103" kind="register"/>

<codeElement xmi:id="1id.45" xmi:type="code:StorableUnit" name="t3"
type="1id.112" kind="register"/>

<codeElement xmi:id="id.46" xmi:type="code:StorableUnit" name="t4"
type="1id.112" kind="register"/>

<codeElement xmi:id="1id.47" xmi:type="code:StorableUnit" name="t5"
type="1d.103" kind="register"/>

<codeElement xmi:id="1d.48" xmi:type="code:StorableUnit" name="t6"
type="1id.112" kind="register"/>

<codeElement xmi:id="1d.49" xmi:type="code:StorableUnit" name="t7"

type="1d.103" kind="register"/>

<codeElement xmi:id="id.50" xmi:type="action:ActionElement" name="b2.1" kind="Add">

<actionRelation xmi:id="id.51" xmi:type="action:Reads" to="id.97" from="id.50"/>

<actionRelation xmi:id="id.52" xmi:type="action:Reads" to="id.106" “from="1d.50"/>

<actionRelation xmi:id="id.53" xmi:type="action:Writes" to="id.44" from="1id.50"/>

<actionRelation xmi:id="id.54" xmi:type="action:Flow" to="id.55" from="id.50"/>
</codeElement>

<codeElement xmi:id="id.55" xmi:type="action:ActionElemeng™, name="b2.2" kind="ArraySellect">

<actionRelation xmi:id="1d.56" xmi:type="action:AddresSes" to="1d.100" from="id.55"/>
<actionRelation xmi:id="id.57" xmi:type="action:Readg" to="id.102" from="id.55"/>
<actionRelation xmi:id="id.58" xmi:type="actioniReads" to="id.44" from="id.55"/>
<actionRelation xmi:id="id.59" xmi:type="actionWrites" to="id.45" from="id.55"/>
<actionRelation xmi:id="id.60" xmi:type="action:Flow" from="id.55"/>

</codeElement >

<codeElement xmi:id="id.61" xmi:type="action:ActionElement" name="b2.3" kind="PtrRepldce">

<actionRelation xmi:id="id.62" xmi:typé="action:Reads" to="id.45" from="id.61"/>

<actionRelation xmi:id="id.63" xmdy type="action:Reads" to="id.105" from="id.61"/>

<actionRelation xmi:id="id.64! (xmi:type="action:Writes" to="1id.104" from="id.é61"/>

<actionRelation xmi:id="id.65!) xmi:type="action:Flow" to="id.66" from="id.61"/>
</codeElement>

<codeElement xmi:id="id.g6". xmi:type="action:ActionElement" name="b2.4" kind="Add">

<actionRelation xmizsid="id.67" xmi:type="action:Reads" to="id.98" from="id.12"/>

<actionRelation xmis¥d="id.68" xmi:type="action:Reads" to="id.106" from="id.12"/>

<actionRelatiop~xmi:id="id.69" xmi:type="action:Writes" to="id.46" from="id.66"/>

<actionRelatdon=xmi:id="id.70" xmi:type="action:Flow" to="id.71" from="id.66"/>
</codeElements

<codeElemént) xmi:id="1d.71" xmi:type="action:ActionElement" name="b2.5" kind="Ptr"s>

<actionRelation xmi:id="id.72" from="id.12"/
xmi:type="action:Writes" to="id.47" from="id.71"/>

from="id.71"/>

xmi:type="action:Addresses" to="id.99"
<aCtionRelation xmi:id="id.73"

gTaétionRelation xmi:id="1id.74" xmi:type="action:Flow" to="id.75"

<YfcodeElement>

<codeElement xmi:id="id.75" xmi:type="action:ActionElement" name="b2.6" kind="ArrayReglace">
<actionRelation xmi:1id="1d.76" xmil:type="action:Addresses" to="1d.100" from="1id.1l2"/>
<actionRelation xmi:id="id.77" xmi:type="action:Reads" to="id.46" from="id.75"/>
<actionRelation xmi:id="id.78" xmi:type="action:Reads" to="id.47" from="id.75"/>
<actionRelation xmi:id="id.79" xmi:type="action:Writes" to="id.102" from="id.75"/>
<actionRelation xmi:id="id.80" xmi:type="action:Flow" from="id.75"/>

</codeElement>

<codeElement xmi:id="1id.81" xmi:type="action:ActionElement" name="b2.7" kind="Add">

<actionRelation xmi:id="1d.82" xmi:type="action:Reads" to="id.97"

<actionRelation xmi:id="1d.83" xmi:type="action:Reads" to="id.106"

from="1id.12"/>
from="1id.12"/>
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<actionRelation xmi:id="id.84" xmi:type="action:Writes" to="id.48" from="id.81"/>
<actionRelation xmi:id="id.85" xmi:type="action:Flow" from="id.81"/>
</codeElement>

6:2012(E)

<codeElement xmi:id="id.86" xmi:type="action:ActionElement" name="b2.8" kind="ArraySelect">

<actionRelation xmi:id="id.87" xmi:type="action:Addresses" to="id.100" from="id.12"/>

<actionRelation xmi:id="id.88" xmi:type="action:Reads" to="id.48" from="id.86"/>

<actionRelation xmi:id="1d.89" xmi:type=raction:Reads"™ to="1d.102" from="1d.86"/>
<actionRelation xmi:id="1id.90" xmi:type="action:Writes" to="1id.49" from="1id.86"/j»
<actionRelation xmi:id="id.91" xmi:type="action:Flow" to="id.92" from="id.86"A>
</codeElement>
<codeElement xmi:id="id.92" xmi:type="action:ActionElement" name="b2.9" kind=)"PtrSeled
<actionRelation xmi:id="id.93" xmi:type="action:Reads" to="id.49" from&Ehid.92"/>
<actionRelation xmi:id="id.94" xmi:type="action:Reads" to="id.104" from="1id.92"/>
<actionRelation xmi:id="id.95" xmi:type="action:Writes" to="id.98" “from="1id.92"/>
</codeElement>
<actionRelation xmi:id="id.96" xmi:type="action:Flow" to="id.50W from="id.42"/>
</codeElement>
</codeElement>
<codeElement xmi:id="id.97" xmi:type="code:StorableUnit" nawe="x" type="id.1l12"/>
<codeElement xmi:id="1d.98" xmi:type="code:StorableUnit)yname="y" type="id.112"/>
<codeElement xmi:id="id.99" xmi:type="code:StorableUnit" name="z" type="id.112"/>
<codeElement xmi:id="1d.100" xmi:type="code:StorableUnit" name="d" type="id.101">
<codeElement xmi:id="id.101" xmi:type="code:ArrayType" name="">
<itemUnit xmi:id="1d.102" name="d[]" type="id.103">
<codeElement xmi:id="1d.103" xmi:type=!code:PointerType">
<itemUnit xmi:id="id.104" name="*d{}" type="id.1l12"/>
</codeElement>
</itemUnit>
</codeElement>
</codeElement>
<codeElement xmi:id="id.105", xmi:type="code:Value" name="1" type="id.1l12"/>
<codeElement xmi:id="id.106U“xmi:type="code:Value" name="3" type="id.1l12"/>
<codeElement xmi:id="id7107" xmi:type="code:CallableUnit" name="f" type="id.108">
<codeElement xmi:id="1d.108" xmi:type="code:Signature">
<parameterUnit(xmi:1d="1d.109" name="a" type="id.112" pos="1"/>
<parameterUnit »xmi:1id="1d.110" name="b" type="id.112" pos="2"/>
<parametefUnit xmi:id="id.111" type="id.112" kind="return"/>
</codeElemént >
</codeElénment >
codeElement >
odeEl€ment xmi:id="1id.112" xmi:type="code:IntegerType" name="int"/>
del»

t">

</kdm:

Segment >
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Subpart lll - Runtime Resources Layer

This clause describes common patterns for representing the operating environment of existing software systems. The

follow

Since
enviro

Runtime Resources Layer analysis can use KDM models from the Prggram Elements Layer as input and producke

Resoui

Packag

ing are the common properties of the Runtime Resources Layer packages Data, Ul, Platform, and Event:

They provide modeling elements to represent “resources’” (something managed by the runtime platform).

They provide abstract “resource actions” to manage these resources.

packages.

There is a binding involved between the actions and the resources.

programmed in event-driven style.

The content of the information flow involving the resource is associated with someg'ddta organization.

understanding the logic of the existing system.

hment, which may involve advance analysis and some manual expertise KDM is designed in such a way

es of the Runtime Resources Layer package systematically uses the following KDM patterns:

management of data, etc.

These actions are implemented by the program elements as one or more API calls to some external-platforrh-specific

Resource may involve some “inverted” control in the form of callbacks and event handlersyallowing applicdtions to be

Resource often has a certain state, and tracking the changes of the state over time¢'may be an important con¢ern in

Runtime Resources Layer packages capture high-value knowledge abgut the existing system and its opefating

that the
Runtime

ces Layer models as output. There should be no references ftom lower KDM layers to higher layers; thergfore, new
Runtime Resources Layer models can be built on top of existing’Program Element layer models.

Each Runtime Resources Layer package defines entities and containers to represent specific “resources.” Epch
package may define additional elements to répresent additional concerns. For example, the Data package infolves less
resource definitions, and focuses on the representation of various data organization capabilities. The Event package
provides the meta-model elements forrepresenting state, state transitions caused by events. States, transitions, and
events can be considered as runtime platform resources. The Ul package provides the meta-model element$ for
representing user interfaces. User\interfaces can also be considered runtime platform resources. The Platforin package
deals with conventional runtime platform resources, such as inter-process communication, the use of registfies,

Each Runtime Resoutegs Layer package defines specific structural relations between “resources.” For example, the
Platform package defines relationship BindsTo, which represents a logical association between two resourdes.

Each Runtime®Resources Layer package defines specific resource actions to represent manipulation of resource
through APItcalls. Resource actions use the following KDM pattern. Each resource action is an entity of thg base
abstract-¢ldss for the corresponding package. This class is named AbstractXXXElement, where “XXX” is the name of
the¢gpackage. So, the resource action is not a subclass of ActionElement, and this promotes modularity between KDM
packages, each of which defines an independent KDM compliance point. However, each resource action oyns one or

TIOTT ACUONE [CMEITS TTOUZIT Property catted - apSraction.  Eacil TeSOUTCE action atso 1as the property catled

“implementation” that uses the KDM grouping mechanism to associate the resource action with one or more

ActionElements owned by the Code model. The “implementation” group of the resource action represents the original
API calls as they were represented in the Program Elements layer input model. The “abstraction” property uses KDM
container mechanism to add the behavior counterparts to the API calls that represent the true logic of the resource
operation, including the flow of data and control. The “abstracted” ActionElements are owned directly by the

corresponding resource action, and are not part of any Code model.
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Runtin
is imp
involv

The nature of the resource-specific operation performed by a particular resource action is represented by th

e “kind”

attribute of the resource actions. The resource action owns resource action relations through the “abstraction” action

container. It is the owned “abstracted” action that is the direct owner of the resource action relationship.

“abstraction” action container property is in fact systematically added to all elements of Runtime Resources Layer

packages. This way each resource can use the meta-model elements defined in the Program Elements layer

tlhot o

to specify

bosiog 1ot PP-CTEI0N
DoV O SPCCITHCTOTatTTosSoutce:

The “abstraction” action container pattern is used to systematically represent the forms of “inverted” e€ontrd
by runtime platforms. This pattern can be separately referred to as the KDM Event pattern. Each Ruhtime §
Layer package defines its own meta-model element for representing events. For example, the Ulpackage d
class UIEvent. The “abstraction” action container mechanism allows ActionElements to be added to event
Calls relation originating from such an abstracted action element represents the “callback® mechanism, pro
several runtime platforms.

e Resources Layer packages are independent, however they can offer additional eapabilities when morg
emented. In order not to enforce any particular order in which these packages-should be implemented, |
s the following approach: resource action relationships are subclasses of the¢”AbstractActionRelationshi

1 provided
Xesources
cfines the
blements.
vided by

than one
KDM
p class

from the Action Package. In the full KDM implementation that uses all packages, all resource actions are available for

any A(
can on
of this
elemer
which

Additi
emergy(
Instang
created
perspe

When
about

A bind
referre]
difficy|

tionElement. Code models should not use the extended relationships{ The extended resource action rela
y be used by the actions in “abstraction” action containers in Rudfitme Resources Layer models. A notabl
mechanism are the actions “HasState” defined in the Event package, which makes it possible to associs
t of an event model with any resource. Another example is the “HasContent” relation defined in the Dat
allows associating an element of a data model with any1€source.

The “abstraction” action containers, available for eaghi'resource also allow arbitrary Flow relations betweer
actions” and between resources to provide abstractions of the flow between “resource actions.”

The Runtime Resources Layer patterns are aligned with the micro KDM, which allow precise modeling of
related to resources as the foundation for holistic high-fidelity analysis of existing software systems. It can b
by associating sets of precise micro KDM actions with “abstraction” action containers.

bnal Runtime concerns involve dynamic structures (instances of some logical entities and their relations

at the so-called “run time” ¢f'the software system. For example, dynamic entities include processes an
es of processes and threads_gan be created dynamically and in many cases relations between the dynam
instances of processes(and threads are an essential part of the knowledge of existing systems. Pure log|
Ctive in that case may be insufficient.

separation of cencerns between application code and Runtime platform is considered, it is important to
he so-calledthindings and various mechanisms to achieve a binding or delay it.

ing is aseommon way of referring to a certain irrevocable implementation decision. Too much binding i
d todas("“hardcoding.” This often results in systems that are difficult to maintain and reuse. They are oft

tionships
e example
te an

h package,

“resource

behavior
e achieved

hips) that
d threads.
ically

ical

be clear

s often
en also

[t(toyunderstand. Too little binding leads to dynamic systems, where everything is resolved at run time (|

s late as

possib

managing binding time. Usually binding is managed at deployment time.

¢). This often results i systems that are difficult to understand and error-prone. Modern platforms excel in

A large number of software development practices is about efficient management of binding time, including portable
adaptors, code generation, model-driven architecture. Efficient management of binding time is often called platform
independence.
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Binding time

+ Generation time binding

« Language & platform design binding

+ Versioning time

ISO/IEC 19506:2012(E)

« | Compile time binding, including

* macro expansion

* Templates

« | Link time binding
+ | Deployment time binding
+ | Initialization time binding

* [ Run time

* Product line variants defined by conditional compilation

Table|3. Binding Time

Table 4. What is being bound

Table 5. Result

Genefation time

Syntax, variant, patterniaapping, etc.

Generated code

Langpage & platform design

Syntax, entities and relations,
including platfori resource types

Source code

Versioning

Module souxce files

Module version

Compile time

Intra-médule relations (def-use)

Module

-- [Macro

Syntax, macro to expanded code

Expanded macro (source code

-- | Template

Template parameters

Template instance

-- | Product line variant defined by
conditional compilation and
includes

Conditional compilation, macro,
includes, symbolic links.

Component Variant

(statig) Link time Intra-component relations within Deployed Component
deployable component

Deplpyment time Resource names to resources (using Deployed System
platform-specific configuration files)

Initialization time Component implementation to System

component interface; major processes
and threads; dynamic linking, dynamic

load (using platform-specific
configuration files).

Run time

User input, object factory, virtual
function, function pointer, reflection,
instances of processes, instances of
objects, instances of data, etc.

Particular Execution Path
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15 Platform Package

15.1 Overview
Platformrpackagedefmesasetof meta=modetctenents-whosepurposetstorepresent-theruntime-operatimgeny

of exigting software systems. Application code is not self-contained as it is determined not only by the selected

programming languages, but also by the selected Runtime platform. Platform elements determine the executio
for the application. Platform package defines meta-model elements that represent common Runtimeplatform

+ | Runtime platform consists of many diverse elements (platform parts).

« | Platform provides resources to deployment components.

« | Platform provides services that are related to resources.

« | Application code invokes services to manage the life-cycle of a resource.

« | Control flow between application components is often determined by the platform.
« | Platform provides error handling across application components.

« | Platform provides integration of application components.

Exampjles of Platform Parts include UNIX OS File System, UNEX OS process management system, Windows
390, Jgva (J2SE), Perl language Runtime support, IBM CICS ‘TS, IBM MQSeries, Jakarta Struts, BEA Tuxedo
HTTP,| TCP/IP, Eclipse, EJB, JMS, Database middleware; Servlets.

Platfoim package defines an architectural viewpointfor the Platform domain.

+ [ Concerns:

* What are the resources used by the software system?

» What elements of the run-time-platform are used by the software system?
* What behavior is assocrated with the resources of the run-time platform?
* What control flows(arg initiated by the events in the resources?

* What control flows are initiated by the run-time environment?

* What are the\bindings to the run-time environment?

* Whatare'the deployment configurations of the software system?

» What'are the dynamic/concurrent threads of activity within the software system?

ironments

h context
oncerns:

0000, OS/
CORBA,

+ | Yiewpoint language:

Platform views conform to KDM XMI schema. The viewpoint language for the Platform architectural

viewpoint

is defined by the Platform package. It includes an abstract entity AbstractPlatformElement, several generic
entities, such as ResourceType, RuntimeResource, as well as several concrete entities, such as PlatformAction,
PlatformEvent, External Actor, MarshalledResource, NamingResource, etc. The viewpoint language for the

Platform architectural viewpoint also includes several relationships, which are subclasses of
AbstractPlatformRelationship.
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* Analytic methods:

The Platform architectural viewpoint supports the following main kinds of checking:

* Data flow (for example, what action elements read from a given resource; what action elements write to a given
resource; what action elements manage a given resource; including indirect data flow using a MarshalledResource
or a MessagingResource where a particular resource is used to perform a data flow between the "send" action
element and the "receive" action element)

* Control flow (for example, what action elements are triggered by events in a given resource; what-actioh elements
operate on a given resource)

* Identify of resource instances based on resource handles in various modules
Platform Views are used in combination with Code views and Inventory views.

« | Construction methods:

* Platform views that correspond to the KDM Platform architectural viewpoint are usually constructed by analyzing
Code views for the given system as well as the platform-specific configuration artifacts. The platform dxtractor
tool uses the knowledge of the API and semantics for the given run-timeplatform to produce one or mode Platform
views as output

* As an alternative, for some languages like Cobol, in which the glements of the run-time platform are explicitly
defined by the language, the platform views are produced by.the parser-like tools which take artifacts ofthe system
as the input and produce one or mode Platform views as ‘output (together with the corresponding Code yiews)

* Construction of the Platform view is determined by the semantics of the run-time platform, and it basefl on the
mapping from the given run-time platform to KDM; such mapping is specific only to the run-time platfoym and not
to a specific software system

* The mapping from a particular run-time platform to KDM may produce additional information (system-$pecific, or
platform-specific, or extractor tool-specific). This information can be attached to KDM elements using
stereotypes, attributes or annotatiomns

15.2] Organization of the Platform Package

The Platform package consists of\the following 10 class diagrams:

« | PlatformModel

« | PlatformInheritances
« | PlatformResouiCes

« | PlatformRelations

« | PlatfgrmActions

« | ProyisioningRelations

+  Deployment
»  RuntimeResources
»  RuntimeActions

« ExtendedPlatformElements
The Platform package depends on the following packages:

e« Core
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* kdm
« Code
« Action

15.3 PlatformModel Class Diagram

ISO/IEC 19506:2012(E)

The PlatformModel class diagram follows the uniform pattern for extending KDM Framework followed by.eaph KDM

model

PlatformModel

0..1
+tmode
{subsets moge,}
+platformElement
1
{subsets ownedElement} 0.+

AbstractPlatformElement

+owner 0..1

{subsets owner}

+abstraction

{pubsets ownedElement

ordered} 0.”

ActionElement
(from action)

Figurg 15.1 - PlatformModel Class Diagram

15.3.1 PlatformModel Class

The classes and associations of the PlatformModel diagram are shown in Figure 15.1.

AbstractPlatform Relationship

0.* .
+relation
{subsets ownedRelation}

0.*

+group
{subsets: group}

+implementation
{subsets groupedElement}
0.*

AbstractCodeElement
(fom code)

PlatfofmiModel is a specific KDM model that owns collections of facts about the existing software system such| that these

facts ¢

Superclass
KDMModel
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Associations

platformElement:PlatformElement[0..*] owned platform elements

Semantics

PlatfoymModel is a logical container for platform elements. The implementer shall arrange platform elements iLto one or
more platform models.

15.3.2 AbstractPlatformElement Class (abstract)

The AbstractPlatformElement is an abstract meta-model element that represents entities ofithe operating envirgnments of
softwafe systems.

Supeiclass
KDMHntity

Associations

platformRelation:PlatformRelation[0..*] Platform relationghip that originates from the platform element
abstraction:ActionElement[0..*] owned “abstraction” actions
implejmentation:AbstractCodeElement[0..*] Grouped, association to the AbstractCodeElement element that gre

represented by the current PlatformElement from some CodeM¢del.

sourge:SourceRef[0..%] traceability links owned by the given platform element

Constraints

1.| Implementation AbstractCodeElement should be owned by some CodeModel.
2.| Implementation AbstractCodeElement should be subclasses of ComputationalObject or ActionElement.

3.| Abstraction ActionElement should be owned by the same PlatformModel.

Semahtics

An instance of-an"AbstractPlatformElement represents either an instance of some runtime resource or some ARI call that
managps seme runtime resource. The implementation association links AbstractPlatformElement to the corresgonding
elements-of some CodeModel. “Abstraction” action elements can be used to specify precise semantics of the
PlatformElement.

15.3.3 AbstractPlatformRelationship Class (abstract)

The AbstractPlatformRelationship is an abstract meta-model element that represents associations between platform
entities.
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Superclass
KDMRelationship

Semantics

An instance of an AbstractPlatformRelationship represents structural association between two runtime resources.

15.4 Platforminheritances Class Diagram

The PlatformInheritances class diagram represents inheritances of the meta-modeling elements of the-Platform| package.
The clhsses and associations of the PlatformInheritances diagram are shown in Figure 15.2.

KDMModel KDM Entity KDMRelationship
(from kdm) (from core) (from¢core)

PlatformModel AbstractPlatform Element AbstractPlatform Relationship

0.1

Platform Source

+source

*

SourceRef
(from souree)

Figurel 15.2 - PlatformInheritances Class Diagram

15.5| PlatformResources Class Diagram

The PlatformResources class diagram defines the meta-model elements to represent platform resources. The classes and
associgtions of the PlatformResources diagram are shown in Figure 15.3.
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*+platformElement Ab stractPlatform Element

0..*
{subsets ownedElement} Z}
\ PlatformAction
ResourceType wkind : String ’?—/0 ]
0..1 h
rowner +owner
{subsets owner}
{subsets ownelr}
MarshalledResource”| ExternalActor
DAtaManager
\
NamingResource i
LockResourcd StreamResource {Subsets ownedElement}
MessagingResourQé ;
PlatformE vent é_J
: «kind : String .
ExecutionResource FileResource 0..

+platformElement

Figure|15.3 - PlatformResources Class Diagram
15.5.1 ResourceType Class

The R¢sourceType is a meta-model element that represents a platform resource. The purpose of a platform is tp simplify
applicgtion development by closing the,gap between the application domain and the facilities that are availabl¢ to
applicgtion programmers. The latter,ate referred to as platform resources. Examples of resource types include UNIX File,
UNIX|IO Stream, UNIX socket, UNIX Process, UNIX thread, AWT widget, CICS File, CICS transaction, UN[[X
semaphore, UNIX shared memoxy: segment, OS/390 VSAM file, JDBC connection, HTTP session, HTTP requpst, UNIX
memoty block, CICS comméarea, COBOL file.

KDM |ntroduces Platferm Resource as an explicit abstraction in order to separate the explicit parts that are wiitten by
applicdtion programmers from parts that are provided by the platform. The underlying implementation details may be
quite gomplex, foreéxample, marshaled call includes client stubs, skeletons, platform-managers. The type of th¢ Platform
Resouice denotes the semantics of the resource.

Platforqmrresources can be further subdivided into smaller groups of services (resource types). Platform resour¢es are
usually-groupedinto-platform-sta Rlatformresouree—is-an-element-of-the-overalplatformused-by-apartewdar system.

Complete Platform is the entire collection of platform resources used by the segments of the system. Platform resource
may be associated with logical packages for a particular programming language.

Superclass
AbstractPlatformElement
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Associations

platformElement:AbstractPlatformElement[0..*] The set of platform elements that are owned by the given

Sema

ResoufceType may represent an individual runtime resource instance or a container for several such instances:

The injplementer shall identify runtime resources used by the existing software system according to the(semantics
platforin used by the existing system, resource configuration files, and other appropriate sources of ififormation.

Specific subclasses of ResourceType define specific categories of resources available to implementers. Other typed

resour

15.5.

NaminjgResource represents platform resources that provide registration and lookup services (e.g., registry). In

model

Supeirclass

Resou

Sema

15.5.

Marsh
calls (
is a sy

Supeiclass

ResouyceType

Sema

15.5.

Messa
messa,

ResourceType.

6:2012(E)

ntics

es can be represented by a generic instance of ResourceType meta-model element with.a/stereotype.

2 NamingResource Class

NamingResource is a subclass of ResourceType.

ceType

)ntics

3 MarshalledResource Class

hlledResource represents platform reseurces that provide intercomponent communication via remote syn

or example, RPC, CORBA method call, Java remote method invocation). In the meta-model Marshalle
bclass of ResourceType.

Intics

A MessagingResource Class

bingResource represents platform resources that provide intercomponent communication via asynchrono

bf the

of

the meta-

chronous
IResource

este o IBM MOSeries messages)
Az - < S

Superclass

ResourceType
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Semantics

15.5.5 FileResource Class

FileResource represents platform resources that provide any non-database related storage. In the meta-model the
FileResource class is a subclass of ResourceType.

Supeiclass

ResougceType

Semantics

15.5.p ExecutionResource Class

ExecufionResource represents dynamic Runtime elements (e.g., process or thread).

Superclass

ResoutceType

Semantics

15.5.f LockResource Class

LockRlesource represents a synchronization resource common to multithreaded runtime environments.

Superclass

ResougceType

Semapntics

15.5.8 StreamResource\Class

StreanfResource represents-a simple input/output resource, for example UNIX-like stream.

Supeiclass

ResoutceType

Semaptics

15.5.9 DataManager Class

DataManager represents a database management system. DataManager is associated with particular data elements that
represent the data description of the data managed by the data manager.
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Superclass

ResourceType

Sema

15.5.

The P]
platfor

Supel

Resouf

ntics

10 PlatformEvent Class

htformEvent class is a meta-model element representing various events and callbacks associated-with ry
ms. This class follows the KDM event pattern, common to Resource Layer packages.

class

ceType

Attributes

kind:

String Represents the nature of the action performed by this Event.

Semantics

15.5.

11 PlatformAction Class

PlatfogmAction class follows the pattern of a “resource action” class, specific to the Platform package. The na

action

Supel
Abstral

represented by a particular element is designated by its “kind” attribute.

class

ctPlatformElement

Attributes

kind:

Assoq

platfg

String Represents the nature of the action performed by this element.

Ciations

rmElement:PlatformEvent[0..*] The set of platform events that are owned by the given PlatformAction.

15.5.

ntime

ure of the

12-ExternalActor Class

ExternalActor is a meta-model element that represents entities outside of the boundary of the software system being
modeled. For example, external actor can be a user of the system. External actors interact with the software system.

In the meta-model ExternalActor is a PlatformElement. Semantics of External Actors is outside of the scope of KDM.

Superclass

PlatformAction
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Semantics

15.6 PlatformRelations Class Diagram

The PlatformRelations class diagram defines associations between ResourceTypes. The classes and associations of the
PlatformRelations diagram are shown in Figure 15.4.

AbstractPlatformRelationship

“" TBindsTo | ™
i
+from +o
1 {redefines from} fredefines to} | KDMEntity
ResourceType (from core)

Figure|15.4 - PlatformRelations Class Diagram
15.6.1 BindsTo Class
BindsTo defines a semantic association between two_ResourceTypes.

Supeiclass

PlatfoymRelationship

Associations

from:ResourceType[1] The ResourceType that is the source of the relationship (the from-endpoint).
to:KOMEntity[1] The KDMEntity to which the current Resource is bound (the to-endpoint).
Semaptics

15.7ProvisioningRelations Class Diagram |

The ProvisioningRelations class diagram defines meta-model elements that represent the physical elements of the
Runtime platform that provide certain services and manage resources.

The classes and associations of the ProvisioningRelations diagram are shown in Figure 15.5.
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AbstractPlatform Relationship

Requires
+from
{redefines from}
0..* 0..*
+to 1

{redefines to 1 DeployedComponent

bstractPlatform Element

Figurel

15.7.1 Requires Class

Requites defines semantic relationship between a DeployedComponent-and an AbstractPlatformElement.

Supel

PlatfofmRelationship

Associations

from:PeployedComponent[1] The DeployedComponent that is the source of the relationship (the from-¢
to:AbstractPlatformElement[1] The.AbstractPlatformElement that is the target of the relationship (the to-
Semantics
15.8 PlatformActions Class Diagram

The P]
certain

The cl

15.5 - ProvisioningRelations Class Diagram

class

atformActions class diagram defines meta-model elements that represent specific actions that are the en|
Platform relationships. The elements of this diagram extend ActionElement from the KDM Action pac

hsses and associations of the PlatformActions diagram are shown in Figure 15.6.

ndpoint).

endpoint).

dpoints of
kage.
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AbstractActionRelationship
(from action)

2

ReadsResource
WritesResource 0.~
ManagesResource
0.* 0.*
DefinedB
l ’ tto +0
f {redefings to} o) .
+ n
0..* 0.* {redefines Fr%rrg} defines f {redefines to}
{redefings from{fedefines form} ] N, 1
+to Résource Type
+to 1 {redefines to}
{redefines to} T -
1 +from 1 | ActionElement
Codeltem {redefines from (from action)
from code) wkind : String

Figure|15.6 - PlatformActions Class Diagram
15.8.1 ManagesResource Class
ManagesResource class follows the pattern of a “resource action relationship.” It represents various types of afcesses to
platform resources that are not related.tfothe flow of data to and from the resource. ManagesResource relationghip is
similal to Addresses relationship from Action Package. The nature of the operation on the resource is represented by the

“kind”| attribute of the PlatformAstion that owns this relationship through the “abstracted” action container prgperty.

Supeiclass

Action];: AbstractActionRelationship

Associations

from:ActionElement[1] “abstracted” action owned by some resource

to:ResourceType[1] the resource being accessed

Constraints

1. This relationship should not be used in Code models.
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15.8.2 ReadsResource Class

ReadsResource class follows the pattern of a “resource action relationship.” It represents various types of accesses to
platform resources where there is a flow of data from the resource. ReadsResource relationship is similar to Reads
relationship from Action Package. The nature of the operation on the resource is represented by the “kind” attribute of the
PlatformAction that owns this relationship through the “abstracted” action container property.

Supeirclass
Actionf: AbstractActionRelationship

Associations

from:ActionElement[1] “abstracted” action owned by some resource

to:ReisourceType[1] the resource being accessed

Constraints

1.| This relationship should not be used in Code models
15.8.3 WritesResource Class

WritesResource class follows the pattern of a “resource agtion relationship.” It represents various types of accgsses to
platforym resources where there is a flow of data to the wesource. WritesResource relationship is similar to Wrifes
relatiopship from Action Package. The nature of the©peration on the resource is represented by the “kind” attribute of the
PlatfoymAction that owns this relationship through the “abstracted” action container property.

Superclass

Action:: AbstractActionRelationship

Assog¢iations

from:ActionElement[1] “abstracted” action owned by some resource

to:ReisourceType[1] the resource being accessed

Constraints

1._This relationship should not be used in Code models.

15.8.4 DefinedBy Class

DefinedBy is a meta-model element that represents association between a platform resource and the logical package that
describes the interface to this resource. The Codeltem at the to-endpoint of this KDM relationship is usually an interface
or a package.
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Superclass

Action::AbstractActionRelationship

Associations

from:ActionElement[1] “abstracted” action owned by some resource

to:Codeltem[1] the Codeltem describing the resource

Constraints

1.| This relationship cannot be used in the Code Model.

Semahtics

DefingdBy is an optional relationship. The implementer shall correctly associateth® platform resource with the
corresponding logical definition of this resource (usually a Signature, an Interfade, or a Package). The logical description
of the package usually refers to some external implementation, as platformdesources are usually described by Jome third-
party gackages, provided as part of the runtime platform of the application) Individual API calls corresponding to the

given fesource, should have the CompliesTo relations to the individual API descriptions the definition represented by the
Codeltem at the to-endpoint of the DefinedBy relationship.

15.9| Deployment Class Diagram

The De¢ployment class diagram defines meta-model elemients that represent deployment elements and their reldtions. In
particular, the elements of the Deployment diagram‘address physical structures and how logical components afe mapped
to thesfe physical structures.

The clpsses and associations of the Deploymeént diagram are shown in Figure 15.7.
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AbstractPlatformElement

ki

+group ' Machine
{subsets group} 0..1

DeployedSoftwareSystem

+deployedResource

{subsets ownedElement}
+owner

{subsets owner}

trgroupedComponent
{qubsets groupedElement} 0..

0.* +deployedComponent D eployedResource
{sybsets ownedElement}
D eployedComponent 0.1
ploy P +owner
0* {subsets owner}
+group
{subsets group}
+platformElement 0.*
0..* {subs ets ownedElement} ResourceType
+
groupedCode Module
subsets groupedElement} (from code)

Figure| 15.7 - Deployment Class Diagram
15.9.1 DeployedComponent Class

The DgployedComponent represents a unit of deployment as defined by a particular platform. Major platform [parts
providp a packaging mechanism of deploying application functionality. Deployment component is a replaceablel unit of an
application. For example, DLL, shared library, COM, Eclipse plugin, Executable, Jar file, War file for Tomcat| SQL
Stored|procedure, CORBA madule, EJB, JavaBean, Jakarta Struts Action, Jakarta Struts Form.

Superclass
AbstractPlatformEleniént

Associations

groupedCode-iodutett—* Fhecode comporments thatare deptoyed-to-the target DeployedComporent (KDM
grouping association).
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Sema

15.9.

ntics

2 DeployedSoftwareSystem Class

The DeployedSoftwareSystem is a meta-model element that represents an instance of a software system at deployment or
at the initialization time. DeployedSoftwareSystem is a physical instance of some logical SoftwareSystem.

Deploy
compo

can be
Comp
Comp

unique

Superclass

Abstral

Associations

nent involves one or more model Modules. Again, each Module can be involved in more than one Co
nent is a unit of deployment. Each logical component can be deployed multiple times, eathytime repres

ctPlatformElement

DeploymentComponent element. DeployedSoftwareSystem is a counterpart of the cortesponding logicgl
SoftwdreSystem.

redSoftwareSystem is associated with a set of DeployedComponents, which correspond to the set of logjical
nents of the logical SoftwareSystem. Each SoftwareSystem involves one or more Components. Seme. cqmponents
involved in more than one SoftwareSystem (allowing description of the so-called Software Product Lines). Each

ponent.
pnted by a

grougedComponent:DeployedComponent[0..*] The set of physical DeployedComponents that make up the farget

Sema

15.9.
The M|

Super
Abstral

Assoq

deplo

deplg

system. Théphysical components correspond to the logical
components of the system.

htics
3 Machine Class
achine is a meta-model element that represents the hardware node which hosts deployed components.

class

ctPlatformElement

tiations

yedComponent:DeployedComponent[0..*] The set of DeployedComponent elements deployed to thig

yedResource:DeployedResource[0..*] The set of DeployedResource elements deployed to this n|

node.

bde.

Sema

192

ntics
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15.9.4 DeployedResource Class

The DeployedResource is a meta-model element that represents a set of platform resource instances as they are deployed
in a particular deployment configuration. DeployedResource is associated with a set of ResourceType elements.
DeployedResource provides a unique physical context for a logical resource, as each logical resource can be associated

with m

ultiple DeplovedResources

Supel
Abstra

AsSsO(

platfg

Semantics

15.1

class

ctPlatformElement

Ciations

rmElement:ResourceType[0..*] The set of ResourceTypes that are deployed intd the target DeployedR

0 RuntimeResources Class Diagram

csource.

The RfintimeResources class diagram defines meta-model elements, that represent dynamic structures (instancds of some
logical entities and their relationships) that emerge at the so-called “run time” of the software system. For example,
dynamfic entities include processes and threads. Instances of ‘processes and threads can be created dynamically|and in
many ¢ases relations between the dynamically created instances of processes and threads are an essential part pf the
knowl¢dge of existing systems. Another example of dyhamic structures involves deployed components that ar¢ loaded
dynamfically.
The clhsses and associations of the RuntimeRegsoutces diagram are shown in Figure 15.8.
ResourceType
RuntimeResource
Thread Process

Figure 15.8 - RuntimeResources Class Diagram
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15.10.1 RuntimeResource (generic)

The RuntimeResource is a generic meta-model element that represents an entity that has its own execution thread (for
example, process or thread). RuntimeResource is subclassed by Process and Thread. In the meta-model RuntimeResource
is used as the endpoint of certain relationships.

Supeiclass

ResougceType

Semapntics

15.10.2 Process Class

The Process is a meta-model element that represents instances of processes.

Supeiclass

RuntimeResource

Semantics

15.10.3 Thread Class

The Thread is a meta-model element that represents instances of the so-called threads (light-weight processes)

Superclass

RuntinpeResource
Semahtics

15.11 RuntimeActions’Class Diagram

The RiintimeActions class-diagram defines meta-model elements that represent specific Runtime actions as the|endpoints
of certhin Runtime relatignships. The elements of this diagram extend ActionElement from the KDM Action package.

The clfisses and as§peiations that make up the RuntimeActions diagram are shown in Figure 15.9.
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AbstractPlatformRelationship

7R

DeployedComponent +o
) Loads
{redefines to} 0.. N
0..
RuntimeResource |_*o Spawns
1 0..*
{redefines to} 0..*
f +from
+rom 1 {redefines fromy
{redefines from} 1
ActionElement
(from action)

wkind : String

Figurel 15.9 - RuntimeActions Class Diagram

15.11.1 Loads Class

The Lads class is a meta-model element that represents “dynamic loading relationship” between a LoadingSer)
endpoint and the DeployedComponent:

In the meta-model Loads is a subclass of a generic element RuntimeRelation.

Superclass

AbstractPlatformReldtionship

Associations

from:ActionElement[1] “abstracted” action element owned by some resource

to:DeploymentComponent[1] The component that is being loaded.
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Semantics

15.11.2 Spawns Class

The Spawns class is a meta-model element that represents “dynamic process creation” or “dynamic thread creation”
relationship between a SpawningService action endpoint and the Runnablelnterface (Process or Thread).

Supeiclass
AbstractPlatformRelationship

Associations

from:ActionElement[1] “abstracted” action element owned by some\resource
to:RuntimeResource[1] The runtime resource element (Process‘et) Thread) that is being
spawned.
Semaptics

15.12 ExtendedPlatformElements Class Diagram

The ExtendedPlatformElements class diagram defines two “wildcard” generic elements for the code model as determined
by the]KDM model pattern: a generic platform entity and>a* generic platform relationship.

The clisses and associations of the ExtendedPlatformElements diagram are shown in Figure 15.10.

AbstractPlatform Rel ationship

+
AbstractPlatformElement o™
<——— PlatformRelationship
0.t
{redefines from}
0.*
+to
1 {redefines to}
Dlah‘nrmEInmnnf KD:Av':’Euf.'i‘_y

(from core)

Figure 15.10 - ExtendedPlatformElements Class Diagram
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15.12.1 PlatformElement Class (generic)

The PlatformElement class is a generic meta-model element that can be used to define new “virtual” meta-model elements
through the KDM light-weight extension mechanism.

Superclass
AbstractPlatformElement

Const
1.

Semaptics

A plat
“virtud
additiq
represy

15.12.2 PlatformRelationship Class (generic)

The PlatformRelationship class is a generic meta-model element that can be used to define new “virtual” met3
elements through the KDM light-weight extension mechanismy

Supel

AbstractPlatformRelationship

Assog¢iations

from:AbstractPlatformElement[1] the platform element endpoint
to:KOMEntity[1] the target of the relationship
Constraints
1.| PlatformRelatronship should have at least one stereotype
Semaptics
A platform rélationship with under specified semantics. It is a concrete class that can be used as the base elem

new ‘Y

raints

PlatformElement should have at least one stereotype

orm entity with under specified semantics. It is a concrete class that can be usedas the base element of
1” meta-model entity types of the platform model. This is one of the KDM extension points that can int]
nal language-specific, application-specific, or implementer-specific pieces ‘ef’knowledge into the standa
ntation.

class

a new
grate
rd KDM

-model

ent of a

irtal” meta-model relationship type of the platform model. This is one of the KDM extension points tj

at can

integrate additional language-specific, application-specific, or implementer-specific pieces of knowledge into the standard
KDM representation.

© ISO/IEC 2012 - All rights reserved

197


https://standardsiso.com/api/?name=3770a23a5ff9f32068188ddd9e47004c

ISO/IEC 19506:2012(E)

198 © ISO/IEC 2012 - All rights reserved


https://standardsiso.com/api/?name=3770a23a5ff9f32068188ddd9e47004c

16

16.1

The U
interfa

The U

ISO/IEC 19506:2012(E)

Ul Package

Overview

1 IR “ al - 1.1 1 - 1 - - e s e s 1
PAatRdgC UCIIIIUS d SUL UL TICLa~IIIUULT CIVITIUIILS WITUSU PUlpuUst 15 TU TUPITOUIT 1dULULS U THIUTTTHAtIUIT TTIa

[ package defines an architectural viewpoint for the Ul domain.

Concerns:
* What are the distinct elements of the user interface of the systems?
* What is the organization of the user interface?
» How user interface uses artifacts of the system (for example, images) ?
* What data flows originate from the user interface ?
* What data flows output to the user interface?

* What control flows are initiated by the user interface?

Viewpoint language:

by the UI package. It includes an abstract entity AbstractUIElement, several generic entities, such as U
UlDisplay, as well as several concrete entities,\Stich as Screen, Report, UlField, UlAction, UlEvent, e

AbstractUIRelationship.
Analytic methods:

The UI architectural viewpoiat\supports the following main kinds of checking:
UI element; what aetion elements manage a given Ul element)
elements operate’on a given Ul element)

given‘one)

Ul Views are used in combination with Code views and Inventory views.

Construction methods:

ed to user

ces, including their composition, their sequence of operations, and their relationships to the existing, soffware
systenys.

Ul views conform to KDM XMI schema. The viewpoint language for the Ul architectural viewpoint is defined

Resource,
tc. The

viewpoint language for the Ul architectural ¥iewpoint also includes several relationships, which are subclasses of

* Data flow (for example; what action elements read from a given Ul element; what action elements writd to a given
* Control flow (for @xample, what action elements are triggered by events in a given Ul element; what adtion

» Workflowq(what UI elements will be displayed after the given one; what Ul elements are displayed befpre the

+ Ul views that correspond to the KDM Ul architectural viewpoint are usually constructed by analyzing Code views
for the given system as well as the Ul-specific configuration artifacts. The UI extractor tool uses the knowledge of

the API and semantics for the given run-time platform to produce one or mode UI views as output.

+ As an alternative, for some languages like Cobol, in which the elements of the UI are explicitly defined by the
language, the Ul views are produced by the parser-like tools which take artifacts of the system as the input and

produce one or mode Ul views as output (together with the corresponding Code views).
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* Construction of the UI view is determined by the semantics of the Ul platform, and it based on the mapping from
the given Ul platform to KDM; such mapping is specific only to the Ul platform and not to a specific software

system.

* The mapping from a particular Ul platform to KDM may produce additional information (system-specific, or
platform-specific, or extractor tool-specific). This information can be attached to KDM elements using

stereotvpes, attributes, or annotations

16.2

The U

16.3

The U
meta-n
shown

Organization of the Ul Package

UIModel
Ullnheritances
UlIResources
UlRelations
UlActions
ExtendedUIElements

package depends on the following packages:

Action
Code
kdm
Source

Core

UlModel Class Diagram

package consists of the following 6 class diagrams:

Model class diagram follows the uniform pattern for KDM models to extend the KDM framework witll specific
hodel elements related to static representations of the principal components of a user interface. The clasp diagram
in Figure 16.1 captures\these classes and their relations.
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+model
{subsets model}

+UIElement

x
+UIRelation
{subsets ownedRelation}

0.*

+group

+owner
{subsets owner}

+abstraction
{subsets ownedElement
ordered}

ActionElement
(from action)

Figureg 16.1 - UIModel Class Diagram

16.3.1 UlModel Class

The UJModel is the specific KDM model that gotresponds to the user interface of the existing software systenj.

Supefclass
KDMModel

Associations

UIElgment:UIElement[0.]

Semantics

{subsets groupedElement} 0..

{subsets group}

+implementation

*

AbstractC odeElement

(from code)

user interface elements owned by the given UIModel

UlIModel proyides a container for various user-interface elements. The implementer shall arrange user-interfac¢ elements

into ofelos more UIModel containers.

16.3.2 AbstractUIElement Class (abstract)

The AbstractUIElement is the abstract superclass for various concrete user interface elements. As such, it is the class that
represents both compound and elementary items in a model of a system’s user interface.

Superclass
KDMEntity
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Associations

UlIRelation:AbstractUIRelationship[0..*] UI relationships originating from the given UI element

abstraction:ActionElement[0..*] owned “abstraction” actions

impleprentatiomAbstractCodeEtementtt—*+——Grouped associatiom to AbstractCode E tement fronmrsome Codevydel that

are represented by the current UI element.

sourde: SourceRef[0..1] link to the physical artifact for the given UI element

Constraints

1.| Implementation AbstractCodeElement should be owned by some CodeModel.
2.| Implementation AbstractCodeElement should be subclasses of ComputationalObjeet or ActionElement.

3.| Abstraction ActionElement should be owned by the same UIModel.

Semahtics

The imjplementer shall map specific user interface element types determined by the particular user-interface system of the
existinlg software system, into concrete subclasses of the AbstractUlElement. The implementer shall map each|user

interfafe element into some instance of the AbstractUIElement. Implementation elements are one or more
CompytationalObjects or ActionElements from some CodeModel that are represented by the current UI element.
“Abstrpction” actions may be used to represent precise semantics of the Ul Element.

16.3.3 AbstractUIRelationship Class (abstract)

The AbstractUIRelationship is the abstract superclass for various user interface relationships.

Superclass
KDMRelationship

Semahtics

The implementer shall map/specific user interface association types determined by the particular user-interface|system of
the existing software/System, into concrete subclasses of the AbstractUIRelationship. The implementer shall mjap each
user interface association into some instance of the AbstactUIRelationship.

16.4) Ullnheritances Class Diagram

The UlTnheritances class diagram defines how classes of the Ul package are related to the meta-model elements defined

in the Core package. The classes and associations that make up the Ullnheritances class diagram are shown in Figure
16.2.
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(from kdm) (from core) (from core)
\ |
UlModel AbstractUIRelationship
AbstractU IE lem ent
'0..1
UISaurce
+source .
SourceRef
(from source)

Figure| 16.2 - Ulinheritances Class Diagram

16.5

The U
The cl

UIResources Class Diagram

[Resource class diagram defines several specific KBDM containers that own collections of user interface jelements.
hss diagram shown in Figure 16.3 captures these\elasses and their relations.

Screen

Report

+UIElement
{subsets ownedE lement}
AbstractUIElement
UlResource UlAction
y N Zikind : String €
0..1
+ownen
{subsets owneT} +owner
{subsets owner}
UDisplay
UlField
UlEvent
«kind : String o
+UElement

{subsets ownedElement}

Figure 16.3 - UIResources Class Diagram
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16.5.1 UIResource Class (generic)

The UIResource is the superclass for several user interface elements that can be containers for other user interface
elements. For example, it represents a compound unit of display. This is a generic element.

Superclass
AbstractUIElement

Assoc¢iations
UlElgment:UIElement[0..*] Ul elements owned by this UIResource

Constraints

1.[ UlResource should have at least one stereotype.

Semahtics

UlResgpurce is a generic element with under specified semantics. It can be“used as an extension point.
16.5.2 UlDisplay Class (generic)
The UlDisplay is the superclass of Screen and Report. It represents a compound unit of display.

Supeiclass
UlResgpurce

Constraints

1.| UlDisplay should have at least'one stereotype.

Semantics

UlDisplay is a generic element with under specified semantics. It can be used as an extension point.
16.5.3 Screen Class

The Sdreen is_a compound unit of display, such as a Web page or character-mode terminal that is used to pres¢nt and
captur¢ infermation. The screen may be composed of multiple instances of AbstractUIElement and its subclasses.

Superclass
UlIDisplay
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Semantics

16.5.4 Report Class

The Report is a compound unit of display, such as a printed report, that is used to present information. The report may be

compo

sed of multiple instances of AbstractUIElement and its subclasses.

Supel
UIDisj

Semantics

16.5.

The U
on a rq

Supel
UlRes

Semantics

16.5.

The U
This ¢

Supel
UlRes

Attribjutes

kind:

16.5.

UlIAct
represy

class
lay

5 UlIField Class

[Field is a unit of display, such as a control on a form, a text field on a character-mode terminal, or a fig
port.

class
burce

6 UIEvent Class

[Event class is a meta-model element representing* various events and callbacks associated with user int
ass follows the KDM event pattern, commonl.to Resource Layer packages.

class
burce

String represents the nature of the action performed by this Event

7 UlAction{Class

on class\follows the pattern of a “resource action” class, specific to the UI package. The nature of the 3
nted\by a particular element is designated by its “kind” attribute.

1d printed

brfaces.

ction

Superclass

Abstra

Attrib

ctUIElement

utes

kind:String represents the nature of the action performed by this element
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Associations

UIElement:UIEvent[0..*] UI events owned by this UlAction

Semantics

16.6| UIRelations Class Diagram

The UJRelations class diagram provides basic meta-model constructs to define the binding between.glements of a display

and the¢ir content. The class diagram shown in Figure 16.4 captures these classes and their relations:

AbstractUIRelationship

UlLayout

UIResource

+to

+from
Jedefines to} {redefines from}

Figure|16.4 - UIRelations Class Diagram

16.6.1 UlIFlow Class

o+ | UFFlow

1

+o
{redefines to}

+from
{redefines frgm}
1

AbstractUIEle ment

The UJ|Flow relationship €lass captures the behavior of the user interface as the sequential flow from one instgnce of

Display to another.

Supeiclass
AbstractUIRelationship

Assoclations

from:AbstractUIElement[1]

to:AbstractUIElement[1]

Semantics
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The UlLayout relationship class captures an association between two instances of Display — one that defines the content

for a portion of a user interface, and one that defines its layout.
Superclass
AbstractUIRelationship
Associations
from:{JIResource[1] the origin UI Resource
to:UlRResource[1] the target UI Resource
Semantics
16.7| UlActions Class Diagram

The U[Actions class diagram defines several KDM relations for the Ul package. It provides basic meta-model |constructs
to defipe the sequence of display in a user interface, and the mapping between a user interface and the events [it may
generafe.
The clhss diagram shown in Figure 16.5 captures these classes and their relations.
AbstractActionReéelationship
f ti
Ab stractU IRelationship (fraggaction)
+to
{redefines to} | UIResource
ManagesU| 1
Displaysimage (red;}:icr)\es to}
0..
0.*| 0.7
Displays
ReadsUl
#o 0. WritesU|
1{redeflnes to} 0.*
Image 0..*
(from source) {redefings from} +from
0 redefines from}
{red:&ﬁim{]\) 111 / +from
+from 1 : 1 ; {redefines from}
{redefines from} | ActionElement
(from action)
<kind : String
Figure 16.5 - UlActions Class Diagram
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16.7.1 Displays Class

The Displays relationship class represents the relationship between an instance of CallableInterface and the instance of
UlElement that is presented on the interface as a result of the execution of the Callablelnterface.

Superclass

Abstral

Assoq

from:

to:UlK

Semahtics

16.7.

The D
interfa|

Supel
Abstral

Assoq

from:

to:Image[1] the target Image element

Semahtics

16.7.

Manag
interfa
Addre
attribu|

ctUIRelationship

tiations

ActionElement[1] the ActionElement that displays a certain Ul resource

Resource[1] the target Ul resource

2 Displaysimage Class

splaysImage captures the relationship between an image file —an instance of Image — and its presentatiof
Ce — an instance of DisplayUnit.

class
ctUIRelationship

tiations

ActionElement[1] The-ActionElement that displays a certain Image.

3 ManagesUl\Class

esUI clasg follows the pattern of a “resource action relationship.” It represents various types of accesse
Ce resotirces that are not related to the flow of data to and from the resource. ManagesUI relationship is
sesAelationship from Action Package. The nature of the operation on the resource is represented by the

1 On a user

to user
similar to
Gékind”

¢-of the UlAction that owns this relationship through the “abstracted” action container property.

Superclass

Action::AbstractActionRelationship

Associations

from:

208

ActionElement[1] “abstracted” action owned by some resource
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to:UIResource[ 1] the user interface resource being accessed

Constraints

1. This relationship should not be used in Code models.
16.7.4 ReadsUl Class
ReadsUI class follows the pattern of a “resource action relationship.” It represents various types of accesses tq user
interfage resources where there is a flow of data from the resource. ReadsUI relationship is similat to"Reads rglationship
from Action Package. The nature of the operation on the resource is represented by the “kind”Cattribute of the|UIAction
that owns this relationship through the “abstracted” action container property.
Supeifclass
Actionj:: AbstractActionRelationship
Associations
from{ActionElement[1] “abstracted” action owned by.some resource
to:UlResource[1] the user interface resource, being accessed
Consftraints
1.| This relationship should not be used in Code models.
16.7.6 WritesUI Class
WritesUI class follows the pattern of a‘‘resource action relationship.” It represents various types of accesses tp user
interfape resources where there is a(tflow of data to the resource. WritesUI relationship is similar to Writes relgtionship
from Action Package. The nature\of the operation on the resource is represented by the “kind” attribute of the|UIAction
that owns this relationship through the “abstracted” action container property.
Supeiclass
Action:: AbstractActionRelationship
Associations
from.Auiqulcluclu[l] “abstracted**actiomrowred 'U_y SOTIIC TTSUUITT
to:UIResource[ 1] the user interface resource being accessed
Constraints
1. This relationship should not be used in Code models.
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16.8

ExtendedUIElements Class Diagram

The ExtendedUIElements class diagram defines two “wildcard” generic elements for the Ul model as determined by the
KDM model pattern: a generic Ul entity and a generic UI relationship.

The class diagram shown in Figure 16.6 captures these classes and their relations.

AbstractUIRelationship

AbstractUIElement
S———— | UlRelationship
1 0.
+from 0.”
{redefines from} +o
{redefifes to}
UIElement ) KDMEntity
(from core)
Figure|16.6 - ExtendedUIElements Class Diagram

16.9

The U
throug

Super
Abstral

Const
1.

Semahtics

A Ul ¢

UlElement Class (generic)

Element class is a generic meta-model element that can be used to define new “virtual” meta-model elg
h the KDM light-weight extension nmeehanism.

class
ctUIElement

raints

UlElement should have at least one stereotype.

ntity with under specified semantics. It is a concrete class that can be used as the base element of a nev

ments

i “virtual”

meta-n

hodel entity type of the Ul model. This is one of the KDM extension points that can integrate additiona

language-

specific, application-specific, or implementer-specific pieces of knowledge into the standard KDM representation.

16.9.1 UlIRelationship Class (generic)

The UlRelationship relationship is a generic meta-model element that can be used to define new “virtual” meta-model
elements through the KDM light-weight extension mechanism.
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Superclass
AbstractUIRelationship

Associations

from:AbstractUIElement[1] the origin UI element
to:KOMEntity[1] the target KDM entity
Constraints

1.| UlRelationship should have at least one stereotype.

Semaptics

A UI felationship with under specified semantics. It is a concrete class that can be-used as the base element of a new
“virtugl” meta-model relationship type of the Ul model. This is one of the KDM ‘exfension points that can integrate

additidnal language-specific, application-specific, or implementer-specific pieces of knowledge into the standard KDM
repres¢ntation.
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Event Package

Overview

The E
applicy

and event. States can be concrete, for example, the ones that are explicitly supported by some state-machine b,
runtime framework or a high level programming language, such as CHILL. On the other hand, KDM_‘Event m|

represq

The Event packages defines an architectural viewpoint for the Event domain.

‘- 1 IR - al ‘- h I | 1 - 1l - - RS P . | 11 1 -
CIIL PJabRa gl ULIIIIUS d SUL UL THULATIITUUCT UICVIHUIILS - WHUSU ' PUl'pUSU IS TU TUPITSUIHIL HIESIFIUVUT ULHIA VIUL Ul

tions, in particular event-driven state transitions. Elements of the KDM Event package represent states, transitions,

ased
odel can

nt abstract states, for example, states that are associated with a particular algorithm, resource; or a user|interface.

Concerns
» What are the distinct states involved in the behavior of the software system?
» What are the events that cause transitions between states?

* What action elements are executed in a given state?

Viewpoint language:

Event views conform to KDM XMI schema. The viewpoint Yanguage for the Event architectural viewpoint is
defined by the Event package. It includes an abstract entity AbstractEventElement, generic entity EvenfResource,
UlDisplay, as well as several concrete entities, such ‘as-State, Transition, Event, EventAction, etc. The|viewpoint

language for the UI architectural viewpoint also_iricludes several relationships, which are subclasses df
AbstractEventRelationship.

Analytic methods:

The Event architectural viewpoint supports the following main kinds of checking:

» Reachability (for example, what states are reachable from the given state).

* Control flow (for examplg, what action elements are triggered by a given state transition; what action elgments will

be executed for a gived traversal of the state transition graph).

* Data flow (what data_sequences correspond to a given traversal of the state transition graph).

Event Views aretsed in combination with Code views, Data views, Platform views, and Inventory vigws.

Construction‘methods:

» Eventwiews that correspond to the KDM Event architectural viewpoint are usually constructed by analyzing Code
views for the given system as well as the configuration artefacts specific to the event-driven framework.[The Event
extractor tool uses the knowledge of the API and semantics of the event-driven framework to produce ope or more

Event views as ontput

* Construction of the Event view is determined by the semantics of the event-driven framework, and it is based on
the mapping from the given event-driven framework to KDM; such mapping is specific only to the event-driven

framework and not to a specific software system.

* The mapping from a particular event-driven framework to KDM may produce additional information (system-
specific, or platform-specific, or extractor tool-specific). This information can be attached to KDM elements using

stereotypes, attributes, or annotations.
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17.2 Organization of the Event Package

The Event package consists of the following 6 class diagrams:

«  EventModel

« Eventlnheritances

« | EventResources
« | EventRelations
» | EventActions

« | ExtendedEventElements

The Eyent package depends on the following packages:

« [ Core

e | kdm

+ | Source
» | Code
| Action

17.3] EventModel Class Diagram

The EyentModel class diagram follows a uniform pattern for KDM models to extend the KDM framework with specific
meta-model elements related to event-driven state transifton behavior.

The class diagram shown in Figure 17.1 captures these classes and their relations.

EventModel AbstractEventRelationship

0..*

+eventRelation
{subsets ownedRelation}

+model

{subsets model}

+eventElement

+group
{subsets ownedElement}

{subsets group}

AbstractEventElement

.1

+owner

+dbstraction
{subsets owner}

bS ets ownedElement +implementation

—~
»

ordered} {subsets groupedElement} [g +
0.~ \/
ActionElement AbstractCodeElement
(from action) (from code)

Figure 17.1 - EventModel Class Diagram
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The EventModel is a specific KDM model that represents entities and relations describing events and responses to events
in an enterprise application.

Superclass
KDMWModel
Associations
even{Element:AbstractEventElement[0..*] event elements owned by the given eventunodel
Semantics
EventModel is a container for instances of event elements. The implementer shall-arrange event elements into|one or
more gvent models.
17.3.2 AbstractEventElement Class (abstract)
The ApstractEventElement is an abstract superclass for various event elements.
Supeifclass
KDMEntity
Associations
even{Relation:AbstractEventRelationship[0..*] event relations owned by the give element
abstriction:ActionElement[0..*] owned “abstracted” action elements
implementation:AbstractCodeElement[0..*] group association to AbstractCodeElement elements from jome
CodeModel that are represented by the current EventElemgnt
sourde:SourceRef[0..*] traceability links to the “source code” of the artifact
Constraints
1.| Implementation AbstractCodeElement should be owned by some CodeModel.
2.| “Implementation AbstractCodeElement should be subclass of ComputationalObject or ActionElement.
3. Abstraction ActionElement should be owned by the same EventModel.
Semantics

Implementation AbstractCodeElements are one or more ComputationalObjects or ActionElements that are represented by
the current EventElement. “Abstraction” actions can be used to represent precise semantics of the EventElement.
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17.3.3 AbstractEventRelationship Class (abstract)

The AbstractEventRelationship is the superclass of associations of the event model. This is an abstract meta-model
element for representing various relations involving states and events.

Superclass

KDMRelationship

Semahtics

17.4  Eventinheritances Class Diagram

The Evyentlnheritances class diagram defines how classes of the Event package are related,to the meta-model ¢lements
defineql in the Core package. The classes and associations that make up the EventInhiéritances diagram are shown in

Figure|17.2.

KDMModel
(from kdm)

I

FventModel

KD M E ntity
(from core)

I

KDMRelationShip
(from core)

)

AbstractEventElement

AbstractEventRelationship

0..1
EventSource

+source 0_*

SourceRef
(from source)

Figure|17.2 - Eventinheritances Class Diagram

17.5| EventResources Class Diagram

The EyentResources/class diagram defines specific event elements. The class diagram shown in Figure 17.3 cgptures
these dlasses and_thew relations.
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{subsets ownedElement}

+eventElement

AbstractEventElement

0..*

b
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Figure|

0..1
{subsets owner}
EventResource
+owner
State Transition
hitialState OnEntry

17.3 - EventResourcesClass Diagram

EventAction

<kind : String

e —
0..1

Event

+owner

{subsets owner}

+eventElement
{subsets ownedElemn

s2kind : String

OnExit

17.5.1 EventResource Class (generic)

The EyentResource is the generic AbstractEventElement that can be instantiated in KDM instances.

Supel

class

AbstractEventElement

Associations

eveni

Semantics

17.5.2 Event Class

The Eyent is the generic AbstractEventElement that can be instantiated in KDM instances.

Element:AbstractEventElement[0..*]

0..*

ent}

Event elements owned by this EventResource

Superclass

EventResource

Attributes

kind:String

represents the nature of this Event
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Semantics

17.5.3 State Class

The State class represents a state associated with certain behavior. This can be a concrete state, for example, supported by
a state-machine runtime framework. This can also be an abstract state associated with some process, algorithm,
compopnent, or resource discovered during the analysis of the software system. An example of an abstract state fis the step
of the protocol that involves a messaging resource. An abstract state may not have any direct and tangibl¢ manifestation
in the prtifacts of the software system. On the other hand, a concrete state may be implemented in a tdngible way, for
exampl|e, using a variable or as a class provided by the application framework. States can be nested.

Superclass

EventResource
17.5.4 InitialState Class

The InfitialState class is a subclass of the State class. It represents a default/initial state.

Supeiclass
State

17.5.6 Transition Class

The Tiansition class represents a transition that is performed when a certain event is consumed in a certain state.
Transifion element should be owned by some state ‘element. Transition can be associated with the corresponding Event by
using fhe “ConsumesEvent” resource relation. A,transition element can also own some Event elements. Transifion does
not haye an “implementation” group. Instedd,it is considered as some sort of a trigger. The association betweg¢n the
transition and corresponding behavior is dchieved through the “abstraction” action container of the transition. [Usually,
this is ja Calls action relation. For more-complex situations, the “CodeGroup” capability of the “abstraction” a¢tion
element can be used.

Supeiclass

EventResource
17.5.6 OnEntry Class

The OnEntrytclass represents specific transitions that are configured to be performed by the runtime framewoik when a
certain| state has been entered.

Superclass

Transition
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17.5.7 OnExit Class

The OnExit class represents specific transitions that are configured to be performed by the runtime framework when a
certain state has been

Superclass

Transi

17.5.

Event/

ion

8 EventAction Class

Action class follows the pattern of a “resource action” class, specific to the event package.“The nature of]

repres¢nted by a particular element is designated by its “kind” attribute. Descriptions of thé¢ common platform g
are prqvided in Subpart 3: Resource Layer Actions.
Supefclass
AbstraptEventElement
Attributes

kind:$tring represents the nature of the action performed by this element
Associations

even{Element:Event[0..*] The set of Event-elements that is owned by the current EventAction element.

17.6

EventH
driven

EventRelations Class Diagram

Relations diagram defines meta-model relationship elements that represent several structural properties g
systems. The class diagram-shown in Figure 17.4 captures these classes and their relations.

Ab'stractEventR elationship

Figure

NextState
0. 0.* ConsumesEvent {redefines to}
+ta
1
1 /+to 0.x Ty Event
{redefines to}
State 1
1 Transition +from
+from {redefines from}

{redefines from}

17.4 - EventRelations Class Diagram
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17.6.1 NextState Class

The NextState class represents the knowledge that upon completion of the behavior associated with a certain transition
element, the corresponding behavior will enter the given state. For example, in statically configured state-machine based
frameworks this information can be derived from the initialization of framework specific data structures. When there
exists several NextState relations originating from a given transition, this means that an unspecified choice is made by the
behavipr associated with the transition. More precise “abstraction” can be provided by using the “abstraction’ |action
contaipers associated with various elements involved.

Supeiclass

AbstractEventRelationship
Assogiations

to:Trgnsition[1] the transition

from:Btate[1] the state

17.7) ConsumesEvent Class

The CpnsumesEvent class represents the knowledge that a certain transition element is associated with a certajn event.
For expmple, in statically configured state-machine based frameworks this information can be derived from th
initialifation of framework specific data structures.

w

Superclass

AbstractEventRelationship

Associations

from:[ransition[1] the transition

to:Event[1] the’ event

17.8| EventActions Class Diagram

The EyentAections class diagram defines basic KDM relations between EventActions and other entities from the Event
package., The'class diagram shown in Figure 17.5 captures these classes and their relations.
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AbstractActionRelationship
(from action)

N

ReadssState PTOOUCESECVET
p 0 0.*
0.* 0.. .
Event 110
Late | O Bkind : Strirgefines to} HasState
{redefines to}

Figurel 17.5 - EventActions Class Diagram

17.8.

Reads]
based 1
examp
Action
owns t

0.*

(%@gﬁnes from} ‘ 0..*
+rom
+from 1 1 {redefines from} +to
{redefines fom} | ActionElement | ! 4\ lredefines to}
fi ti
(.rom ac Ic.m) AbstractE ventElem-ént
<kind : String

1 ReadsState Class

btate class follows the pattern of a “resource action relationship.” It represents various types of accesses to th
untime framework that provides a concrete implementation of states, where access is made to a particular st
e, accessing the current state, setting the next state). ReadsState relationship is similar to Addresses relation
Package. The nature of the operation on the resource is represented by the “kind” attribute of the EventActi
his relationship through the “abstracted’>action container property.

Supeiclass
Action:: AbstractActionRelationship
Associations
from:ActionElement[ “abstracted” action owned by some resource
to:EventResource[1] the event resource being accessed
Constraints:
1. —ThisTetationsiip shoutd ot beused imCode modets:
2. The to endpoint of the relationship should be State of one of its subclasses.
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17.8.2 ProducesEvent Class

ProducesEvent class follows the pattern of a “resource action relationship.” It represents various types of accesses to the
state-based runtime framework where the application produces the event. ProducesEvent relationship is similar to Writes
relationship from Action Package. The nature of the operation on the resource is represented by the “kind” attribute of the
EventAction that owns this relationship through the “abstracted” action container property

Superclass

Actionf:: AbstractActionRelationship

Associations

from:ActionElement[1] “abstracted” action owned by some resource

to:EventResource[1] the event resource being produced

Constraints

1.| This relationship should not be used in Code models.

2.| The “to” endpoint of the relationship should be Event.

17.8.3 HasState Class

HasStgte class follows the pattern of a “resource action‘relationship.” HasState is a structural relationship. It dpes not
repres¢nt resource manipulations. HasState relatioriship uses the “abstracted” action container mechanism to provide
certain| capabilities to other Resource Layer packages. “HasState” relationship makes it possible to associate an ¢lement of
an eveht model with any resource.

Supeiclass
Actionf:AbstractActionRelationship

Associations

from:ActionElement[4] “abstracted” action owned by some resource

to:EventResource[1] the event resource being accessed

Constraints

1. This relationship should not be used in Code models.

17.9 ExtendedEventElements Class Diagram

The ExtendedEventElements class diagram defines two “wildcard” generic elements for the event model as determined by
the KDM model pattern: a generic event entity and a generic event relationship.

The classes and associations of the ExtendedEventElements diagram are shown in Figure 17.6.
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AbstractE ventRelationship

/4

1 o EventRelationship

+from -
{redefines from} ON KD M E ntity

(from core)

AbstractEventElement

-

+to
{redefines to}

EventElement

Figure| 17.6 - ExtendedEventElements Class Diagram
17.9.1 EventElement Class (generic)

The EyentElement class is a generic meta-model element that can be used to define new “virtual” meta-model| elements
through the KDM light-weight extension mechanism.

Supeirclass
AbstractEventElement

Constraints

1.] EventElement should have at least one stereotype.
Semaptics

An ev¢nt entity with under speeified semantics. It is a concrete class that can be used as the base element of d new
“virtugl” meta-model entity £ype of the event model. This is one of the KDM extension points that can integrate|additional
langualge-specific, application-specific, or implementer-specific pieces of knowledge into the standard KDM
repres¢ntation.

17.9.2 EventRelationship Class (generic)

The EyentRelationship class is a generic meta-model element that can be used to define new “virtual” meta-mjpodel
s throgah the KDM licht weicht extensioninechanism
elements—through-the KPDM-licht-weight-extens:

Superclass

AbstractEventRelationship
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Associations

from:AbstractEventElement[1]

to:KDMEntity[1]

the event element origin endpoint of the relationship

the target of the relationship

Constraints

1.

EventRelationship should have at least one stereotype.

Semahtics
An evgnt relationship with under specified semantics. It is a concrete class that can be used as'the base elemenf of a new
“virtugl” meta-model relationship type of the event model. This is one of the KDM extension points that can iptegrate
additignal language-specific, application-specific, or implementer-specific pieces of knowledge into the standard KDM

represg¢ntation.
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Data Package

Overview

ata in the

The K

existing software system. Facts in the Data domain are usually determined by a Data Description Language. (fo
SQL) but may in some cases be determined by the code elements. KDM Data model uses the foundation\provi

Code {

such ap record files, relational databases, structured data stream, XML schemas, and documents.

The KPM Data package defines an architectural viewpoint for the Data domain.

AT ot nY 1 1L - ad - 1.1 1 i 1 - i - - e £
VI DJdld I dUR4AgU UUIIICS d SUL UL THULA=IITUUCLT TICVIIICVHLS WITUSU pUlpuUstU IS5 TU TUPITOUIIL UlealllZatiuil Ul

" example,
led by the

ackage related to the representations of simple datatypes. KDM Data model represents complex data repositories,

Concerns
* What is the organization of persistent data in the software systems?
* What are the information models supported by the software system?
* What action elements read persistent data?
» What action elements write persistent data?

* What control flows are determined by the events corresponding to persistent data?
Viewpoint language

Data views conform to KDM XMI schema. The viewpoint language for the Data architectural viewpo
defined by the Data package. It includes abstractientities AbstractDataElement, AbstractContentEleme
entities DataResource, DataContainer, Contentltem, as well as several concrete entities, such as Catal
RelationalSchema, DataEvent, DataAction,»ColumnSet, RecordFile, XMLSchema, etc. The viewpoint
for the Data architectural viewpoint al§o‘includes several relationships, which are subclasses of
AbstractDataRelationship.

Analytic methods:

The Data architectural viewpoint supports the following main kinds of checking:

* Data aggregation (the-set of data items accessible from the given ColumnSet by adding data items throg
key relationships\to’other tables).

Data Views drevused in combination with Code views and Inventory views.

Construction' methods:

* Data views that correspond to the KDM Data architectural viewpoint are usually constructed by analyZ]
Definition Language artifacts for the given data management platform. The Data extractor tool uses the

int is
nt, generic

g,
anguage

gh foreign

ing Data
knowledge

of the data management platfnrm to prndm‘e one or mode Data views as output

* As an alternative, for some languages like Cobol, in which some elements of the Data are explicitly defined by the

language, the Data views are produced by the parser-like tools which take artifacts of the system as the
produce one or mode Data views as output (together with the corresponding Code views).

* Construction of the Data view is determined by the semantics of the data management platform, and it

input and

based on

the mapping from the given data management platform to KDM; such mapping is specific only to the data

management platform and not to a specific software system.
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18.2 Organization of the Data Package

» The mapping from a particular data management platform to KDM may produce additional information (system-
specific, or platform-specific, or extractor tool-specific). This information can be attached to KDM elements using

stereotypes, attributes or annotations.

The D

18.3

The D
elemer]
DataM

Data Model

Data Inheritance
RelationalData
ColumnSet
StructuredData
ContentElements
ContentRelations
KeylIndex
KeyRelations
DataActions
ExtendedDataFlements

Core
kdm
Source
Code

Action

Data Model Class Diagram

odel class diagfam.

hita package consists of the following 11 class diagrams:

hita Package depends on the following packages:

hita Model follows the.uniform pattern for KDM models to extend the KDM Framework with specific mjeta-model
ts related to datda organization in complex data repositories. Figure 18.1 shows the classes and associatipns of the
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DataModel

AbstractDataRelationship

\o..1 ﬁo,,*

+dataRelation

+model {subsets ownedRelation}
{subsets model}

+dataElement 0.* 1
subsets ownedElement}
AbstractDataElement
0..1
+owner
+abstraction
{sybsets ownedElement {subsets owner}
ordered}
ActionElement o+
(from action)
wkind : String

Figurg

18.3.1 DataModel Class

18.1 - Data Model

The DataModel Class is the specific KDM miodel that corresponds to the logical organization of data of the eyisting

softwal

Supel
KDMN

Assoq

dataH

re system, in particular, relatedsto persistent data. DataModel follows the uniform pattern for KDM models.

class
odel

Ciations

lement<PataElement[0..*] data elements owned by the given DataModel

Semantics

Data model is a logical container for the instances of data elements. The implementer shall arrange the instances of the

data el

ements into one or more DataModels.
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18.3.2 AbstractDataElement Class (abstract)

The AbstractDataElement class is an abstract meta-model element that represents the discreet instance of a given data
element within a system. For example, a Customer Number is one type of data element that might be found within a
system. Data model defines several specific subclasses of AbstractDataElement, corresponding to common subcategories

of data_elements
Superclass
KDMHntity
Assogiations
abstraction: ActionElement[1] the “abstracted” actions that are owned by thé.cutrent element
dataRelation:DataRelation[0..*] data relationships that originate from this-data element
sourde: SourceRef[0..1] link to the physical artifact for the given data element
Semahtics
Abstracted actions are owned by the data model. Usually they provide an abstracted representation of one or rhore API
calls i the code model. Abstracted actions own action relations f& elements of code model, as well as some datp relations.
Abstrated actions are ordered. The first action is the entry:point.
18.3.3 AbstractDataRelationship Class,(abstract)
An AbstractDataRelationship class is an abstract superclass of the meta-model elements that represent associafions
betwegn data elements.
Superclass
KDMRelationship
Semantics
AbstractDataRelationiship is an abstract class that is used to constrain the subclasses of KDMRelationship in the Data
model
18.4) Data Inheritances Class Diagram

The Datalnheritances Diagram in Figure 18.2 shows how the meta-model elements defined in the Data package are
related to the meta-model elements defined in the Core package. Each of the Data Package classes within this diagram
inherits certain properties from KDM classes defined within the Core Package.
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KDMModel -
KD M Entity KDM Relationship

(from kdm)
(from core) (from core)

i T 7

DataModel

AbstractDataElement AbstractD ataRelationship

Figure 18.2 - Datalnheritances Diagram

18.5

The D
framey

The D
of the
resour
DataC
schem

Data npodel includes AbstractDataContent elemént-that is a direct subclass of AbstractDataElement, and not a s

DataR

0.1

DataSource

+source o0+

SourceRef
(from source)

DataResources Class Diagram

ork. The class diagram shown in Figure 18.3 captures these classes and their relations.

es common to databases, such as a DataEvent and;an IndexElement. Data model also defines a generic
bntainer class that represents various data containers, such as a relational schema, a database catalog, ar

psource. Subclasses of AbstractContentElement are owned by XMLSchema element.

© IS0/
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htaResources class diagram provides basic meta-model constructs’to represent data elements within the KDM

hitaResources diagram defines the framework for various.data models. This framework follows the commjon pattern
Runtme Resource Layer. Data model defines a generic‘DataResource meta-model element that represents various

XML

h, and a ColumnSet. DataContainer is a subglass of DataResource. DataContainer owns certain Data respurces.
ubclass of
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—~

Figure|
18.5.

The D
and In

Super
Abstra

Const
1.

AbstractDataElement

+dataElement
{subsets ownedElement}
0..*
DataResource
+owner
{subsets owner}
. 0. 1 +owner
DataAction [~ DataEvent {subsets owner}

<kind : String [ ®————=&kind : String
0.+

':%I’OUD

sets group} +dataElement
0..* {subsets ownedElement}
0.* +imPIementation
{subsets groupedElement}

ActionElement
(from action)

18.3 - RelationalData Class Diagram

1 DataResource Class (generic)

HexElement.

class

ctDataElement

raints

Semahtics

DataR.
1S asso|
elemer

DataContainer

D

0..1

b\

Catalog

RelationalSchema

DataResource shotild have at least one stereotype.

+owner
{subsets owner}

0.*

Codeltem
(from code)

+codeElement
{subsets ownedElement}

hitaResource class is a generic meta-model element that represents various database resources, such as D

psourcesista’ generic meta-model element with under specified semantics. DataResource is a database eld
ciated \with a certain data container, such as a Schema or a Table. It is a concrete class that can be used 3
tlofja new “virtual” meta-model entity type of the data model. This is one of the KDM extension point.

ataEvent

ment that
s the base
that can

integrafe additional language-specilic, application-specilic, or implementer-speciiic pieces ol knowledge into the standard
KDM representation. DataResource is more specific than a generic ExtendedDataElement.

18.5.2 DataContainer Class (generic)

The DataContainer class is a generic meta-model element that represents various database containers.
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Superclass

DataResource

Associations

dataHlement :DataResource[0..%] owned data resources

Semantics

DataCpntainer is a generic meta-model element with under specified semantics. DataContainer is’a database elgment that
is a logical container for Data resource, such as DataEvent or IndexElement. It is a concrete class that can be ysed as the
base element of a new “virtual” meta-model entity type of the data model. This is one of the KDM extension points that
can infegrate additional language-specific, application-specific, or implementer-specific¢icces of knowledge into the

standayd KDM representation. DataContainer is more specific than a generic ExtendedDataElement.

18.5.3 Catalog Class
The Chtalog class is the top level container that represents a relational ora hierarchical database.

Superclass

DataCpntainer

Semantics

18.5.4 RelationalSchema Class

The Re¢lationalSchema class is a relational database schema.

Supefclass

DataCpntainer

Associations
codeElement:Codeltem|[0..*] Stored procedures owned by this schema.

Semantics

Owned €adeElement represents stored procedures as well as scripts in data description language and data marjipulation
language, such as T-SQL. Data manipulation performed by embedded data manipulation statements (for example,
embedded SQL) from code in some programming language (for example, Cobol or C) is represented via “abstracted data
actions.” Abstracted actions represent a “virtual” data manipulation statement, which is being implemented through
embedded data manipulation constructs (and the corresponding “generated” API calls).

In the situation of the data manipulation and data description scripts that are executed directly by the relational database
engine, KDM allows more tight integration of the corresponding Codeltem with the Data Model.
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18.5.5 DataEvent Class

The DataEvent class is a meta-model element that represents various events in databases that can trigger execution of

stored procedures, the so-called triggers. KDM models database events as “first class citizens” of the KDM
representation.
Supeiclass
DataRgsource
Attributes

kind String semantic description of the data event
Semantics
Events|are changes in entities or in relations among entities, so that the core KDM elements are entities and rqlations
rather than events. However, KDM represents events as “first class citizenss-although events might have to takk on some
of the character of entities for this to be acceptable. KDM data event represents various events in databases asf KDM
entitieg. Data events are associated with triggers. A trigger is a specialkind of stored procedure that automatigally
executps when an event occurs in the database server. DML triggers'¢xecute when a user tries to modify data through a
data mpnipulation language (DML) event. DML events are INSERT, UPDATE, or DELETE statements on a table or view.
DDL tfiggers execute in response to a variety of data definition language (DDL) events. These events primarily
correspond to CREATE, ALTER, and DROP statements, afid certain system stored procedures that perform DIPL-like
operatjons. Logon triggers fire in response to the LOGON event that is raised when a user session is being established.
As a syibclass of AbstractDataElement, a DataEvent:can own “abstracted” action element. Trigger is a stored grocedure,
which [is represented as a CallableUnit, owned by-a certain RelationalSchema. Trigger is associated with a daty event
through a Calls relationship, owned by the (“abstracted” action of the corresponding data event. DataEvent is opned by a
certain DataContainer.
18.5.p DataAction Class
DataAtgtion class follows the“pattern of a “resource action” class, specific to the data package. The nature of the action
repres¢nted by a particular’élement is designated by its “kind” attribute. Descriptions of the common platform dction kind
are prqvided in Part 33 Resource Layer actions.
Superclass
AbstragtDataElement
Attributes

kind:String represents the nature of the action performed by this element
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Associations

implementation:ActionElement[0..*]

dataEl

ement:DataEvent[0..*] event elements owned by the current DataAction

Semahtics

DataAftion represents a “virtual” action element that represents the logical action performed by the runtime p

the ex{sting software system.

18.6

The C

segments of hierarchical databases, and record files as collections of columns. The €lass diagram shown in Fig

capturg

ColumnSet Class Diagram

lumnSet class diagram provides basic meta-model elements to define the tables and views of relational

s these classes and their relations.

DataContainer

+owner

{subsets owner} 0.* lte m Unit
ColumnSet - (from code)

+itemUnit

{subsets ownedElement
ordered}
DlataS egment
RecordFile
RelationalView RelationalTable
Figure| 18.4 - ColumnSet Class Diagram

18.6.1 ColumnSet (generic)

The CplumnSet class is a generic meta-model element that represents collections of columns (also referred to

Column§-are modeled as ItemUnits.

group association to ActionElement represented by the current DataAction

atform of

databases,
ure 18.4

as fields).

Super

class

DataContainer

Associations

itemUnit :ltemUnit[0..*]
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Semantics

ColumnSet corresponds to an ISO/IEC 11404 Table datatype, whose values are collections of values in the product space of
one or more field datatypes, such that each value in the product space represents an association among the values of the fields.
Although the field datatypes may be infinite, any given value of a table datatype contains a finite number of associations.

KDM defines several concrete subclasses of ColumnSet to represent several common data organizations, such as relational
Tables[and Views, Record Tiles, and Segments ol hierarchical databases.

Fields pf the Columnset are represented as ItemUnits.
18.6.2 RelationalTable Class

A RelgtionalTable is a specific subclass of ColumnSet class that represents tables of relational ‘databases.

Supeiclass

ColumnSet

Semahtics

Tables|are entities that contain all the data in relational databases. Each table represents a type of data that is npeaningful
to its ysers. A table definition is a collection of columns. In tables, data is organized in a row-and-column fornpat similar
to a spfeadsheet. Each row represents a unique record, and each column represents a field within the record. Fof example,
a table| that contains employee data for a company can contain~a“fow for each employee and columns representing

employee information such as employee number, name, address, job title, and home telephone number.

Tables|in a relational database have the following main components:

+ | Columns. Each column represents some attribute of the object modeled by the table, such as a parts table hjving
columns for ID, color, and weight.

» | Rows. Each row represents an individual occurrence of the object modeled by the table. For example, the parts table
would have one row for each particarried by the company.

The PlatformResource that corresponds to RelationalTable is DataManager.

Example (T-SQL)

CREATH TABLE products )(ID int primary key, name varchar, type varchar)

CREATH TABLE contracCts (ID int primary key, product int, revenue decimal, dateSigned date)
CREATH TABLE rewenueRecognitions (contract int, amount decimal, recognizedOn date,

PRIMARY KEY (contract, recognizedOn))

CREATH PROCEDURE INSERT RECOGNITION

(IN cdntxactID int, IN amount decimal, IN recognizedOn date, OUT result int)
LANGUAGE SQL

BEGIN

INSERT INTO revenueRecognitions VALUES( contractID, amount, recognizedOn) ;
SET result = 1;
END

CREATE TRIGGER reminderl

ON Contracts.revenueRecognitions
AFTER INSERT, UPDATE
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AS RAISERROR ('Notify Sales', 16, 10)
GO

<?xml version="1.0" encoding="UTF-8"?>
<kdm:Segment xmi:version="2.1"
xmlns:xmi="http://schema.omg.org/spec/XMI/2.1"
mlns:action="http://schema.omg.org/spec/KDM/1.2/action"
xmlns:code="http://schema.omg.org/spec/KDM/1.2/code"
xmlns:data="http://schema.omg.org/spec/KDM/1.2/data"
xmlns:kdm="http://schema.omg.org/spec/KDM/1.2/kdm"
xmlns:platform="http://schema.omg.org/spec/KDM/1.2/platform" name="Schema Example! >
<model xmi:id="id.0" xmi:type="data:DataModel" name="Contracts">
<dataElement xmi:id="id.1" xmi:type="data:RelationalSchema" name="Contracts">
<dataElement xmi:id="id.2" xmi:type="data:RelationalTable" name="productsg">
<dataElement xmi:id="id.3" xmi:type="data:UniqueKey" name="ID" implementation="id.4"/>
<itemUnit xmi:id="id.4" name="ID" type="id.57"/>

<itemUnit xmi:id="id.5" name="name" type="1id.58"/>
<itemUnit xmi:id="id.é6" name="type" type="id.58"/>
</dataElement>
<dataElement xmi:id="id.7" xmi:type="data:RelationalTable" mame="contracts">
<dataElement xmi:id="id.8" xmi:type="data:UniqueKey" name="ID" implementation="id.11"/>
<dataElement xmi:id="1id.9" xmi:type="data:ReferenceKey! Ymplementation="1id.12">
<dataRelation xmi:id="1id.10" xmi:type="data:KeyRelation" to="id.3" from="1id.9"/>
</dataElement>
<itemUnit xmi:id="id.11" name="ID" type="1id.57"{3
<itemUnit xmi:id="1id.12" name="product" type=id.57"/>
<itemUnit xmi:id="id.13" name="revenue" types"id.59"/>
<itemUnit xmi:id="id.14" name="dateSigned¥ type="id.60"/>
</dataElement>
<dataElement xmi:id="1id.15" xmi:type="data:RelationalTable" name="revenueRecognitions"s>
<dataElement xmi:id="1id.16" xmi:type="data:UniqueKey" implementation="id.25 id.27"/>
<dataElement xmi:id="1d.17" xmiskype="data:ReferenceKey" implementation="id.25">
<dataRelation xmi:id="id.18".xmi:type="data:KeyRelation" to="id.8" from="id.l17"/>
</dataElement>
<dataElement xmi:id="1id<r39" xmi:type="data:DataEvent" name="el" kind="Insert"s>
<abstraction xmi:idE"1d.20" name="el.1l" kind="Call">
<actionRelatiop~xmi:id="1id.21" xmi:type="action:Calls" to="1id.47" from="1id.20"/>
</abstractions,
</dataElement >
<dataElement” xmi:id="1d.22" xmi:type="data:DataEvent" name="e2" kind="Update">
<abstradtiden xmi:id="1id.23" name="e2.1" kind="Call">
<actionRelation xmi:id="id.24" xmi:type="action:Calls" to="id.47" from="id.23"/>
</abstraction>
</dataElement>
£itemUnit xmi:id="id.25" name="contract" type="id.57"/>
<itemUnit xmi:id="id.26" name="amount" type="id.59"/>

<itemUnit xmi:id="id.27" name="recognizedOn" type="id.60"/>
</dataElement>
<codeElement xmi:id="id.28" xmi:type="code:CallableUnit" name="INSERT RECOGNITIONS" kind="regular">
<entryFlow xmi:id="1d.29" to="id.35" from="id.28"/>
<codeElement xmi:id="1d.30" xmi:type="code:Signature">
<parameterUnit xmi:id="1d.31" name="contractID" type="id.57" pos="1"/>
<parameterUnit xmi:id="1id.32" name="amount" type="id.59" pos="2"/>
<parameterUnit xmi:id="1id.33" name="recognizedOn" type="id.60" pos="3"/>
<parameterUnit xmi:id="id.34" name="result" type="id.57" kind="byReference" pos="4"/>
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</codeElement>
<codeElement xmi:id="id.35" xmi:type="action:ActionElement" name="al" kind="Insert"s>
<source xmi:id="id.36" language="SQL"
snippet="INSERT INTO revenueRecognitions VALUES( contractID, amount, recognizedOn);"/>
<actionRelation xmi:id="id.37" xmi:type="action:Reads" to="id.31" from="id.35"/>
<actionRelation xmi:id="id.38" xmi:type="action:Reads" to="id.32" from="id.35"/>
<actionRelation xmi:id="3id.39" xmi:type="action:Reads" to="id.33" from="id.35"/>

<actionRelation xmi:id="id.40" xmi:type="data:WritesColumnSet" to="id.15" from="id.8%'l/>
<actionRelation xmi:id="id.41" xmi:type="data:ProducesDataEvent" to="id.19" from=!1d.35"/>
</codeElement>
<codeElement xmi:id="id.42" xmi:type="action:ActionElement" name="a2" kind="Asgign">
<source xmi:id="id.43" language="SQL" snippet="SET result = 1;"/>
<codeElement xmi:id="1id.44" xmi:type="code:Value" name="1"/>
<actionRelation xmi:id="id.45" xmi:type="action:Reads" to="id.44" from="%d.42"/>
<actionRelation xmi:id="id.46" xmi:type="action:Writes" to="id.34" fxom="id.42"/>
</codeElement>
</codeElement>
<codeElement xmi:id="id.47" xmi:type="code:CallableUnit" name="rewminderl">
<entryFlow xmi:id="1d.48" to="id.49" from="id.47"/>
<codeElement xmi:id="1d.49" xmi:type="action:ActionElement" wmame="a3" kind="Throw">
<codeElement xmi:id="id.50" xmi:type="code:ValuelList'"sname="error">
<valueElement xmi:id="id.51" xmi:type="code:Valued
name="&quot ;Notify sales!&quot;" type="id.58!'/>
<valueElement xmi:id="1id.52" xmi:type="code:Value" name="16" type="id.57"/>
<valueElement xmi:id="1id.53" xmi:type="code{Value" name="10" type="id.57"/>
</codeElement >
<actionRelation xmi:id="id.54" xmi:type="agction:Throws" to="id.50" from="id.49"/>
</codeElement>
</codeElement >
</|dataElement>
</mgdel>
<model xmi:id="id.55" xmi:type="code«€CodeModel" >
<dodeElement xmi:id="1d.56" xmi:type="code:LanguageUnit" name="SQL datatypes">
<codeElement xmi:id="id.57" %mi*type="code:IntegerType" name="sgl int"/>
<codeElement xmi:id="id.58%\xmi:type="code:StringType" name="sgl varchar"/>
<codeElement xmi:id="1id 59" xmi:type="code:DecimalType" name="sgl decimal"/>
<codeElement xmi:id=}4d,60" xmi:type="code:DateType" name="sqgl date"/>
<codeElement xmi:idz=™4#d.61" xmi:type="code:BooleanType"/>
</|codeElement >
</mddel>
<model xmi:id="i#d62" xmi:type="platform:PlatformModel">
<glatformElement xmi:id="id.63" xmi:type="platform:ExternalActor"s>
<abstraebion xmi:id="id.64" >
<actienRelation xmi:id="id.65" xmi:type="data:ProducesDataEvent" to="id.19" from="id.64'/>
</dbgtraction>

</[pYatformElement >

</model>
</kdm: Segment >

236 © ISO/IEC 2012 - All rights reserved


https://standardsiso.com/api/?name=3770a23a5ff9f32068188ddd9e47004c

ISO/IEC 19506:2012(E)

18.6.3 RelationalView Class

A RelationalView class is a specific subclass of the ColumnSet class that represents Views of relational databases. A view
is a virtual table whose contents are defined by a query. Like a real table, a view consists of a set of named columns and
rows of data. Unless indexed, a view does not exist as a stored set of data values in a database. The rows and columns of

data come om fapie grerenced 1n the gue derining the ew and are prod ed dyvnamica when the CW 1S

refererjced.

A vie from one
or moie tables or from other views in the current or other databases. Distributed queries can also bewsed to define views
that usfe ly

A view can be thought of as either a virtual table or a stored query. Unle§s\a' view is indexed, its data is not stgred in the
databape as a distinct object. What is stored in the database is a SELEET statement. The result set of the SELECT

statempnt forms the virtual table returned by the view. A user can use this virtual table by referencing the viey name in
SQL statements the same way a table is referenced. Usually there are no restrictions on querying through views and few
restricfions on modifying data through them.

In KDM, a RelationalView owns ItemUnits that correspond-to the fields of the virtual table. An “abstracted” actjon of the
View dan store the corresponding SELECT statement.

18.6.4 DataSegment Class

A DataSegment class is a meta-model element that represents a segment of a hierarchical database, such as IMS.

Supeirclass

ColumnSet

Semantics

A hierprchical database’is a kind of database management system that links records together in a tree data strugture such
that each recorddtype has only one owner. Hierarchical structures were widely used in the first mainframe datdbase

management systems. However, due to their restrictions, they often cannot be used to relate structures that exist|in the real
world.

A database STEIITIIT defimesthefretdsforasetof STEITICTIT TITStarces SItar tothe way a Tetatiomat tabtedefmes columns
for a set of rows in a table. In this way, segments relate to relational tables, and fields in a segment relate to columns in a
relational table.

Example (IMS):

DLR PCB1 PCB TYPE=DB, DBDNAME=DEALERDB, PROCOPT=GO, KEYLEN=42
SENSEG NAME=DEALER, PARENT=0
SENSEG NAME=MODEL, PARENT=DEALER
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SENSEG NAME=ORDER, PARENT=MODEL

SENSEG NAME=SALES, PARENT=MODEL

SENSEG NAME=STOCK, PARENT=MODEL

PSBGEN PSBNAME=DLR_ PSB,MAXQ=200, LANG=JAVA
END

DBD NAME=DEALERDB,ACCESS= (HDAM, OSAM) , RMNAME= (DFSHDC40.1.10)
SEGM NAME=DEALER, PARENT=0,BYTES=94,

FIELD |NAME= (DLRNO, SEQ, U) ,BYTES=4, START=1, TYPE=C

FIELD [NAME=DLRNAME, BYTES=30, START=5, TYPE=C

SEGM NAME=MODEL, PARENT=DEALER, BYTES=43

FIELD |[NAME= (MODTYPE, SEQ, U) ,BYTES=2, START=1, TYPE=C

FIELD [NAME=MAKE, BYTES=10, START=3, TYPE=C

FIELD |[NAME=MODEL, BYTES=10, START=13, TYPE=C

FIELD |[NAME=YEAR, BYTES=4, START=23, TYPE=C

FIELD |[NAME=MSRP, BYTES=5, START=27, TYPE=P

SEGM NAME=ORDER, PARENT=MODEL, BYTES=127

FIELD |[NAME= (ORDNBR, SEQ,U) ,BYTES=6, START=1, TYPE=C

FIELD [NAME=LASTNME, BYTES=25, START=50, TYPE=C

FIELD |[NAME=FIRSTNME, BYTES=25, START=75, TYPE=C

SEGM NAME=SALES, PARENT=MODEL, BYTES=113

FIELD |NAME= (SALDATE, SEQ, U) ,BYTES=8, START=1, TYPE=C

FIELD [NAME=LASTNME, BYTES=25, START=9, TYPE=C

FIELD [NAME=FIRSTNME, BYTES=25, START=34, TYPE=C

FIELD [NAME=STKVIN, BYTES=20, START=94, TYPE=C

SEGM NAME=STOCK, PARENT=MODEL, BYTES=62

FIELD |NAME= (STKVIN, SEQ,U) ,BYTES=20, START=1, TYPE=C

FIELD |[NAME=COLOR, BYTES=10, START=37, TYPE=C

FIELD [NAME=PRICE,BYTES=5,START=47, TYPE=C

FIELD [NAME=LOT,BYTES=10, START=52, TYPE=C

DBDGEN
FINISH
END

<?xml |version="1.0" encoding="UTE*8"?>
<kdm:degment xmi:version="2.L"
xmlns:xmi="http://sechema.omg.org/spec/XMI/2.1"
xmlns:code="httpsL/schema.omg.org/spec/KDM/1.2/code"
xmlns:data="http+//schema.omg.org/spec/KDM/1.2/data"
xmlns :kdm="Kttp" //schema.omg.org/spec/KDM/1.2/kdm" name="IMS Example">
<model xmi:id="#Jd=0" xmi:type="data:DataModel">
<dataElement xmi:id="1id.1" xmi:type="data:Catalog" name="DEALERDB">
<dataElement xmi:id="id.2" xmi:type="data:DataSegment" name="Dealer">
<dataElement xmi:id="id.3" xmi:type="data:DataSegment" name="Model">
<dataElement xmi:id="id.4" xmi:type="data:DataSegment" name="Order">
<dataElement xmi:id="id.5" xmi:type="data:UniqueKey" implementation="id.6"/>
<itemUnit xmi:id="id.6" name="ORDNBR" type="id.30" size="2"/>
<itemUnit xmi:id="id.7" name="LASTNME" type="id.30" size="25"/>
<itemUnit xmi:id="id.8" name="FIRSTNME" type="id.30" size="25"/>
</dataElement>
<dataElement xmi:id="1id.9" xmi:type="data:DataSegment" name="Sales">

<dataElement xmi:id="id.10" xmi:type="data:UniqueKey" implementation="id.11"/>
<itemUnit xmi:id="id.11" name="SALDATE" type="1id.30" size="8"/>

<itemUnit xmi:id="id.12" name="LASTNME" type="id.30" size="25"/>

<itemUnit xmi:id="id.13" name="FIRSTNME" type="id.30" size="25"/>
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<itemUnit xmi:id="id.14" name="STKVIN" type="1id.30" size="20"/>

</dataElement>

<dataElement xmi:id="1id.15" xmi:type="data:DataSegment" name="Stock">
<dataElement xmi:id="id.1l6" xmi:type="data:UniqueKey" implementation="id.17"/>
<itemUnit xmi:id="id.17" name="STKVIN" type="id.30" size="20"/>
<itemUnit xmi:id="id.18" name="COLOR" type="id.30" size="10"/>
<itemUnit xmi:id="3id.19" name="PRICE" type="3id.30" gize="5"/>

<
</mg
<mod
<d

<d
</mq
</kdm

18.6.

The R
sequery

Supel

Colum|

Semantics

In a ng
togeth
fields
examp
eachr

<itemUnit xmi:id="1d.20" name="LOT" type="id.30" size="10"/>
</dataElement>
<dataElement xmi:id="id.21" xmi:type="data:UniqueKey" implementation="id.22"/>
<itemUnit xmi:id="id.22" name="MODTYPE" type="id.30" size="2"/>
<itemUnit xmi:id="1id.23" name="MAKE" size="10"/>
<itemUnit xmi:id="id.24" name="YEAR" size="4"/>
<itemUnit xmi:id="1id.25" name="MSRP" type="id.31" size="5"/>
</dataElement>
<dataElement xmi:id="id.26" xmi:type="data:UniqueKey" implementation=%4id.27"/>
<itemUnit xmi:id="id.27" name="DRLNO" type="id.30" size="4"/>
<itemUnit xmi:id="id.28" name="DLRNAME" size="30"/>
</dataElement>
dataElement>
del>
el xmi:id="1d.29" xmi:type="code:CodeModel" name="Commofi,/IMS datatypes">
odeElement xmi:id="1id.30" xmi:type="code:StringType" mame="IMS type c"/>
odeElement xmi:id="id.31" xmi:type="code:DecimalType" name="IMS type packeddecimal"/>
del>
Segment >

5 RecordFile Class

bcordFile class is a meta-model element that represents files as a set of records. RecordFile can be inde;
tial.

class
nSet

n-relational database system, a record is an entry in a file, consisting of individual elements of informat
br provide full-details about an aspect of the information needed by the system. Individual elements are
hind all regords are held in files. An example of a record might be an employee. Every detail of the emp|
le, date of birth, department code, or full names will be found in a number of fields. A file is a set of reco|
bcordiis a sequence of fields. A sequential file is a computer file storage format in which one record fol
r. Records can be accessed sequentially only. It is required with magnetic tape. An indexed file owns o1

ked or

on, which
held in
loyee, for
rds, where
ows

€ or more

anothe]

indexe

Exam

s that allow records to be retrieved by a specific value or in a particular sort order.

ple (cobol)

The following example illustrates the representation of RecordFile. The CodeModel of this example is incomplete as it focuses
on the DataModel, and well as combined representation involving the CodeModel, DataModel, PlatformModel, and
EventModel.
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FILE-CONTROL.
SELECT SEQUENTIAL-FILE ASSIGN TO 'A:\SEQ.DAT'

ORGANIZATION IS LINE SEQUENTIAL.

SELECT INDEXED-FILE

ASSIGN TO 'A:\INDMAST.DAT'

ORGANIZATION IS INDEXED

ASSESS IS SEQUENTIAL

FILE YECTION.
FD SEQUENTIAL

RE(Q
DAT
01 SE(

RECORD KEY IS IND-SOC-SEC-NUM
FILE STATUS IS INDEXED-STATUS-BYTES.

FILE

ORD COTNAINS 39 CHARACTERS
A RECORD IS SEQUENTIAL-RECORD.
UENTIAL-
05 SEQ-SOC-SEC-NUM PIC X(9).
05 SEQ-REST-OF-RECORDPIC X(30).

RECORD.

FD INOQEXED-FILE
RECORD CONTAINS 39 CHARACTERS
DATA RECORD IS INDEXED-RECORD.
01 INDEXED-RECORD.

PROCEL]
0010-4

<?xml

CLOSE

<kdm:

05 IND-SOC-SEC-NUM PIC X(9).
05 IND-REST-OF-RECORDPIC X(30).

URE DIVISION.
PDATE-MASTER-FILE.
OPEN INPUT SEQUENTIAL-FILE
OUTPUT INDEXED-FILE.
PERFORM UNTIL END-OF-FILE-SWITCH = WES'
READ SEQUENTIAL-FILE

AT END
MOVE 'YES' TO END-OQF-FILE-SWITCH
NOT AT END
MOVE SEQ-SOC{SEC-NUM TO IND-SOC-SEC-NUM

MOVE SEQfREST-OF-RECORD TO IND-REST-OF-RECORD

WRITE ANDEXED-RECORD

INVAEID KEY PERFORM 0020-EXPLAIN-WRITE-ERROR

ENDWRITE

END-READ
END-PERFORM=

SEQUENTIAL-FILE
INDEXED-FILE.

version="1.0" encoding="UTF-8"?>
edment xmi:version="2.1"

240

xmlns
xmlns

xmlns:
xmlns:
xmlns:
xmlns:

xmi="http://schema.omg.org/spec/XMI/2.1"

:action="http://schema.omg.org/spec/KDM/1.2/action"
xmlns:

code="http://schema.omg.org/spec/KDM/1.2/code"
data="http://schema.omg.org/spec/KDM/1.2/data"
event="http://schema.omg.org/spec/KDM/1.2/event"
kdm="http://schema.omg.org/spec/KDM/1.2/kdm"

platform="http://schema.omg.org/spec/KDM/1.2/platform" name="RecordFile example">
<model xmi:id="id.0" xmi:type="data:DataModel">
<dataElement xmi:id="id.1" xmi:type="data:RecordFile" name="SEQUENTIAL-FILE">
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<itemUnit xmi:id="id.2" name="SEQ-SOC-SEC-NUM" type="id.1l15" ext="PIC X(9)" size="9"/>
<itemUnit xmi:id="id.3" name="SEQ-REST-OF-RECORD" type="id.115" ext="PIC X(30)" size="30"/>
</dataElement>
<dataElement xmi:id="id.4" xmi:type="data:RecordFile" name="INDEXED-FILE">
<dataElement xmi:id="id.5" xmi:type="data:UniqueKey" implementation="id.7"/>
<dataElement xmi:id="id.6" xmi:type="data:Index" implementation="id.7"/>
<itemUnit xmi:id="3id.7" name="IND-SOC-SEC-NUM" type="id 115" ext="PIC X(9)" gize="9"/>
<itemUnit xmi:id="id.8" name="IND-REST-OF-RECORD" type="id.115" ext="PIC X(30)" size="30V/>
</dataElement>

<dataElement xmi:id="id.9" xmi:type="data:DataAction" name="dal" kind="open" implementationg"id.44">
<abstraction xmi:id="1d.10" name="dal" kind="open"s>
<actionRelation xmi:id="id.11" xmi:type="data:ManagesData" to="id.l" from="ids10"/>
<actionRelation xmi:id="id.12" xmi:type="platform:ManagesResource" to="id.75" from="id.Jo"/>
</abstraction>
</dataElement>
<dataElement xmi:id="id.13" xmi:type="data:DataAction" name="da2" kind="Opén" implementatiorn="id.44">
<abstraction xmi:id="id.14" name="da2" kind="open"s>
<actionRelation xmi:id="id.15" xmi:type="platform:ManagesResoure€)' to="id.79" from="id.lJ4"/>
<actionRelation xmi:id="id.16" xmi:type="data:ManagesData" toe"id.4" from="id.14"/>
</abstraction>
</dataElement>
<dataElement xmi:id="id.17" xmi:type="data:DataAction" nafe="da3" kind="read" implementatiorn="id.47">
<abstraction xmi:id="1d.18" name="da3" kind="read"s>
<actionRelation xmi:id="id.19" xmi:type="data:ReddsColumnSet" to="id.1" from="id.18"/>
<actionRelation xmi:id="1id.20" xmi:type="actionfMrites" to="id.2" from="id.18"/>
<actionRelation xmi:id="id.21" xmi:type="action:Writes" to="id.3" from="id.18"/>
<actionRelation xmi:id="id.22" xmi:type="platform:ReadsResource" to="id.75" from="id.18'|/>
</abstractions>
<dataElement xmi:id="1id.23" name="at end"“kind="EOF">
<abstraction xmi:id="id.24" name="aelu>
<actionRelation xmi:id="id.25" xXmi:type="action:ExceptionFlow" to="id.50" from="id.24'1/>
</abstraction>
</dataElement>
<dataElement xmi:id="id.26" fhame="not at end" kind="NOT EOF">
<abstraction xmi:id="ids2%" name="nael">
<actionRelation xmi/7id="id.28" xmi:type="action:Flow" to="id.53" from="id.27"/>
</abstraction>
</dataElement>
</dataElement>
<dataElement xmi:3d="id.29" xmi:type="data:DataAction" name="da4" kind="write"
implementation="1id.59">
<abstraction~xmi:id="1id.30" name="da4" kind="write">
<actienRelation xmi:id="id.31" xmi:type="action:Reads" to="id.7" from="id.30"/>
<actienRelation xmi:id="id.32" xmi:type="action:Reads" to="id.8" from="id.30"/>
factionRelation xmi:id="id.33" xmi:type="data:WritesColumnSet" to="id.4" from="id.30"/>

<actionRelation xmi:id="id.34" xmi:type="platform:WritesResource" to="id.79" from="id.3q"/>

</abstraction>
<dataElement xmi:id="1id.35" name="invalid key" kind="INVALID KEY">
<abstraction xmi:id="id.36" name="ik1l">
<actionRelation xmi:id="id.37" xmi:type="action:ExceptionFlow" to="id.62" from="id.36"/>
</abstractions>
</dataElement>
</dataElement>
<dataElement xmi:id="id.38" xmi:type="data:DataAction" name="da5" kind="close">
<abstraction xmi:id="1d.39" name="da5" kind="close"/>
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</dataElement>
<dataElement xmi:id="id.40" xmi:type="data:DataAction" name="daé" kind="close">
<abstraction xmi:id="id.41" name="da5" kind="close"/>
</dataElement>
</model>
<model xmi:id="id.42" xmi:type="code:CodeModel">
<codeElement xmi:id="1id.43" xmi:type="code:CodeAssembly">

<codeElement xmi:id="1d.44" xmi:type="action:ActionElement" name="a0" kind="open"s>
<source xmi:id="id.45" language="Cobol"
snippet="OPEN INPUT SEQUENTIAL-FILE OUTPUT INDEXED-FILE."/>
<actionRelation xmi:id="id.46" xmi:type="action:Flow" to="id.47" from="id.44"/%
</codeElement>
<codeElement xmi:id="1id.47" xmi:type="action:ActionElement" name="al" kind="gead">
<source xmi:id="1id.48" language="Cobol" snippet="READ SEQUENTIAL-FILE"/>
<actionRelation xmi:id="id.49" xmi:type="action:Flow" to="id.53" from=4id.47"/>
</codeElement>
<codeElement xmi:id="1d.50" xmi:type="action:ActionElement" name="g2"
<source xmi:id="id.51" language="Cobol" snippet="MOVE 'YES' TO, ‘END-OF-FILE-SWITCH"/>
<actionRelation xmi:id="id.52" xmi:type="action:Flow" to="id 64" from="id.50"/>
</codeElement >
<codeElement xmi:id="1d.53" xmi:type="action:ActionElement™ ‘name="a3">
<source xmi:id="id.54" language="Cobol" snippet="MOVE{SE@-SOC-SEC-NUM TO IND-SOC-SEQ-NUM"/>
<actionRelation xmi:id="id.55" xmi:type="action:Flow" to="id.56" from="id.53"/>
</codeElement>
<codeElement xmi:id="id.56" xmi:type="action:ActidnElement" name="a4">
<source xmi:id="1d.57" language="Cobol" snippet="MOVE SEQ-REST-OF-RECORD TO IND-REST-OF-RECORD"/>
<actionRelation xmi:id="id.58" xmi:type="action:Flow" to="id.59" from="id.56"/>
</codeElement>
<codeElement xmi:id="id.59" xmi:type="actlon:ActionElement" name="a5" kind="call">
<source xmi:id="id.60" language="Cobol" snippet="WRITE INDEXED-RECORD"/>
<actionRelation xmi:id="id.61" xmivtype="action:Flow" to="id.64" from="id.59"/>
</codeElement>
<codeElement xmi:id="1id.62" xmi:type="action:ActionElement" name="a6" kind="write">
<source xmi:id="id.63" language="Cobol" snippet="PERFORM 0020-EXPLAIN-WRITE-ERROR"/>
</codeElement >
<codeElement xmi:id="id(64" xmi:type="action:ActionElement" name="a7" kind="write"s>
<source xmi:id="id#65! language="Cobol" snippet="UNTIL END-OF-FILE-SWITCH = 'YES'"/>
<actionRelation Xmi+i1d="id.66" xmi:type="action:FalseFlow" to="id.47" from="id.é64"/>
<actionRelation xmMi:id="id.67" xmi:type="action:TrueFlow" to="1id.68" from="id.64"/>
</codeElement
<codeElement xmi:id="1d.68" xmi:type="action:ActionElement" name="a8" kind="close">
<source.xmi:id="1id.69" language="Cobol" snippet="Close SEQUENTIAL-FILE INDEXED-FILE."/>
</codeElénent >
< /|codeElement >
</mddel>

<modeY_xmi:id="1id.70" xmi:type="platform:PlatformModel">

<platformElement xmi:id="id.71" xmi:type="platform:DeployedSoftwareSystem" groupedComponent="id.73"/>
<platformElement xmi:id="id.72" xmi:type="platform:Machine">
<deployedComponent xmi:id="1id.73" groupedCode="1d.43"/>
<deployedResource xmi:id="id.74" >
<platformElement xmi:id="id.75" xmi:type="platform:StreamResource">
<abstraction xmi:id="id.76" name="ral" kind="">
<actionRelation xmi:id="id.77" xmi:type="data:HasContent" to="id.1l" from="id.76"/>
<actionRelation xmi:id="id.78" xmi:type="event:HasState" to="id.89" from="id.76"/>
</abstractions>
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</platformElement >
<platformElement xmi:id="id.79" xmi:type="platform:FileResource">
<abstraction xmi:id="id.80" name="ra2" kind="">
<actionRelation xmi:id="id.81" xmi:type="data:HasContent" to="id.4" from="id.80"/>
</abstractions>
</platformElement >
</deployedResource>

</platformElement>
<glatformElement xmi:id="id.82" xmi:type="platform:PlatformAction" name="pal" kind="open™s
<abstraction xmi:id="1id.83" name="pal">
<actionRelation xmi:id="1id.84" xmi:type="platform:ManagesResource" to="id.75" from="id.{
</abstractions>
</AplatformElement>
<glatformElement xmi:id="1d.85" xmi:type="platform:PlatformAction" name="pa2" kind="open">
<abstraction xmi:id="1d.86" name="pa2">
<actionRelation xmi:id="1d.87" xmi:type="platform:ManagesResource" \bo=/id.79" from="1id. 4
</abstractions>
</AplatformElement>
</mddel>
<model xmi:id="id.88" xmi:type="event:EventModel">
<gventElement xmi:id="1d.89" xmi:type="event:EventResource'sname="sequential-file">
<eventElement xmi:id="id.90" xmi:type="event:State" namé="¢losed">
<eventElement xmi:id="id.91" xmi:type="event:Transition" name="trl"s>
<eventRelation xmi:id="id.92" xmi:type="event:CongumesEvent" to="id.110" from="id.91"
<eventRelation xmi:id="1id.93" xmi:type="event{NextState" to="id.103" from="id.91"/>
<eventRelation xmi:id="1id.94" xmi:type="evént :NextState" to="id.95" from="id.91"/>
</eventElement>
</eventElement>
<eventElement xmi:id="id.95" xmi:type="event:State" name="opened.not at end">
<eventElement xmi:id="id.96" xmi:type="event:Transition" name="tr2">
<eventRelation xmi:id="1id.97" xmi+type="event:ConsumesEvent" to="id.111" from="id.96"
<eventRelation xmi:id="1id.98!\xmi:type="event :NextState" to="id.103" from="id.96"/>
<eventRelation xmi:id="id.99%" xmi:type="event:NextState" to="id.95" from="1id.96"/>
</eventElement>
<eventElement xmi:id="id%300" xmi:type="event:Transition" name="tr3">
<eventRelation xmi:fd="id.101" xmi:type="event:ConsumesEvent" to="id.112" from="id.10(
<eventRelation xmi:1d="1d.102" xmi:type="event:NextState" to="id.90" from="id.100"/>
</eventElement>
</eventElement>
<eventElement &mitid="1d.103" xmi:type="event:State" name="opened.at end">
<eventElenment” xmi:id="1d.104" xmi:type="event:Transition" name="tr4">
<eventReTation xmi:id="id.105" xmi:type="event:ConsumesEvent" to="id.112" from="id.104
<eventRelation xmi:id="1d.106" xmi:type="event:NextState" to="id.90" from="id.104"/>
</aventElement >
ZeyentElement xmi:id="1id.107" xmi:type="event:Transition" name="tr5">
<eventRelation xmi:id="id.108" xmi:type="event:ConsumesEvent" to="1d.111" from="id.107
<eventRelation xmi:id="1d.109" xmi:type="event:NextState" to="id.103" from="id.107"/>
</eventElement>
</eventElement>
<eventElement xmi:id="1id.110" xmi:type="event:Event" name="open" kind="open"/>
<eventElement xmi:id="id.111" xmi:type="event:Event" name="read"/>
<eventElement xmi:id="1id.112" xmi:type="event:Event" name="close"/>
</eventElement>
</model>

<model xmi:id="id.113" xmi:type="code:CodeModel">
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<codeElement xmi:id="id.114" xmi:type="code:LanguageUnit">

</

<codeElement xmi:id="id.115" xmi:type="code:StringType" name="X"/>
codeElement >

</model>

</kdm:

Segment >

18.7

The K
model

The cl

Keyindex Class Diagram

pyIndex class diagram collects together classes and associations of the Data package. They provide basi
constructs to define the various data related relationships.

hss diagram shown in Figure 18.5 captures these classes and their relations.

DataResource

% +group

{subsets group} 4
Ind e xE lem ent Ite mAUWit
(frofM) code)

0..* 0..*

+implementation

Index {subsets groupedElement}

Figure|
18.7.

IndexH
of perd
with m]

ReferenceKey

UniqueKey

18.5 - KeyIndex Class Diagram
1 IndexElement Class (generic)

lement class is a generic meta-model element that defines the common properties of the index items and|
istent data stores. IndexElement uses the KDM group mechanism. IndexElement is subclassed by concr
ore precise semantics_IndexElement is itself a concrete class that can be used as an extended meta-mod

with af appropriate steregtype to represent situations that do not fit into the semantics of the subclasses of the

IndexH

Supel
DataR

lement.

class

Esource

C meta-

key items
bte classes
bl element

Associations

imple

Cons
1.

2.
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mentation : ltemUnit[1] The set of ItemUnits that constitute the index.

traints

Index owned by a data element should group elements that are owned by that data element.

IndexElement should have a stereotype.
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Semantics
IndexElement defines a group of data elements that can be used as an endpoint for various data relationships.
18.7.2 UniqueKey Class
A UnifueKey is a meta-model element that represents primary Keys in relational database tables, segments of hjerarchical
databakes, or indexed files. UniqueKey is a group of columns.
Supefclass
IndexHlement
Consfraints

1.] UniqueKey owned by a data element should group ItemUnit elements that are ewned by that data element.
Semantics
A UniqueKey represents the primary key to a certain table or relational database or certain fields in an indexed file.|A primary
key is pne or more columns whose values uniquely identify every row in a-table or every record in an indexed file.[Normally
an ind¢x always exists on the primary key.
18.7.3 ReferenceKey Class
A RefgrenceKey is a meta-model element that represents-foreign key in databases or indexed files. ReferenceKey is a
group pf columns.
Supefclass
IndexHlement
Consfraints
1.| ReferenceKey owned by a.data element should group ItemUnit elements that are owned by that data elemfnt.

Semantics
A forejgn key is the primary key of one data structure that is placed into a related data structure to represent a relatlonship
among| those structureS. Foreign keys resolve relationships, and support navigation among data structures. ReferengeKey is a
group pf one or more columns in a relational database table or segment of a hierarchical database or an indexed fil¢ that
implements a fitanhy-to-one relationship that the table, segment, or file in question has with another table, segment, pr file, or
with itpelf:
18.7.4 Index Class

An Index class is a meta-model element that represents an index to a relational or hierarchical database or an indexed file.

Superclass

IndexElement
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Constraints

1. Index owned by a data element should group ItemUnit elements that are owned by that data element.

Semantics

Index is a mechanism to locate and access data within a database. An index may quote one or more columns and be a
means|of enforcing uniqueness on their values.

18.8| Key Relations Class Diagram

Figure[18.6 depicts the key relations within the Data Package. A Key is a way to access data without reading through an
entire flata structure sequentially.

AbstractD ataRelationship

-

KeyRelation
0%
0..*
! 1
WUniqueKe +to
9 y {redefines to} {redggrnoersnfrm}ReferenceKey

Figure|18.6 - KeyRelations Class Diagram

A Key[Relation class associates a ReferencéKey in one data container, with a UniqueKey in another container,|which
means|that there is one and only one key ‘value for that data.

18.8.1 KeyRelationship Class

A Key[Relationship is a meta=model element that represents an association between a ReferenceKey with the
corresponding UniqueKey.

Supeiclass
AbstraptDataRelationship

Associations

from : ReferenceKey[1] Foreign key is a certain table, segment, or file.

to: UniqueKey[1] Primary key is a certain table, segment, or key.

246 © ISO/IEC 2012 - All rights reserved


https://standardsiso.com/api/?name=3770a23a5ff9f32068188ddd9e47004c

ISO/IEC 19506:2012(E)

Semantics

ReferenceKey is a group of one or more columns in a relational database table or segment of a hierarchical database or an
indexed file that implements a many-to-one relationship that the table, segment, or file in question has with another table,
segment, or file, or with itself.

18.9 DataActions Class Diagram

DataArtion class diagram defines a set of meta-model elements whose purpose is to represent semanticyassociptions
betwegn the elements of data models, as well as associations between data models and other KDM models. Figure 18.7
depictg the key classes and association of the DataAction diagram. Data actions follow the commonpattern of] “resource
actiong.” Each data action is a “projection” of one or more action elements of the Code Model ‘that uses some API to the
runtim platform to manage data resources. Each data action is linked back to the corresponding action element$ from one
or motle code models through the “implementation” association. Each data action may ewn one or more “abstfacted”
actiong, which are used to model detailed resource related semantics.

AbstractActionRelationship
(from action)

ReadsColumnSet
. ProducesDataEvent ManagesData

+to
0.* {redefines to} 0.*

| o 0.* M
edefines to} 1| DataEvent

] wXkind : String

ColumnSet
HasContent
+rom
o ] {redefines from} - 0o*
{rédefines frol {redefine 0..
{redefines to} 1 +to
+o {redefines to}
o ActionElement [~ 1 {redefines to} 1 1
N (from action) +rom
WritesColumnSef //? Bkind : String {redefines from} AbstractDataElement
+from

{redefines from}

Figure| 18.7 - DataActions Class Diagram

18.9.1“ReadsColumnSet Class

ReadsColumnSet class follows the pattern of a “resource action relationship.” It represents various types of accesses to
data resources where there is a flow of data from the resource. ReadsColumnSet relationship is similar to Reads
relationship from Action Package. The nature of the operation on the resource is represented by the “kind” attribute of the
DataAction that owns this relationship through the “abstracted” action container property.

Superclass

Action::AbstractActionRelationship
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Associations

from:

ActionElement[1] “abstracted” action owned by some resource

to:ColumnSet[1] the data resource being accessed

Constraints

1.

Sema
Reads

18.9.

Writes

user interface resources where there is a flow of data to the resource. WritesCelumnSet relationship is similar

relatio
DataA

Supeiclass

Actionf:: AbstractActionRelationship

Associations

from:

to:CalumnSet[1] the data resource being accessed

Constraints

1.

Sema

Writes

18.9.

Manag

This relationship should not be used in Code models.

ntics

ColumnSet represents a data flow from a certain ColumnSet element to a data action.
2 WritesColumnSet Class

ColumnSet class follows the pattern of a “resource action relationship.” It represents various types of ad

hship from Action Package. The nature of the operation on the resource is represented by the “kind” attri
ction that owns this relationship through the “abstracted” action‘container property.

ActionElement[1] “abstracted” action owned by some resource

This relationship should not be used in Code models.

ntics

ColumnSet reptesents a data flow from a data action to a certain ColumnSet element.

3 ManagesData Class

cesses to
to Writes
bute of the

es-elass follows the pattern of a “resonrce action relationship ” It represents various types of accesses

user

interface resources where there is no flow of data to or from the resource. ManagesData relationship is similar to
Addresses relationship from Action Package. The nature of the operation on the resource is represented by the “kind”
attribute of the DataAction that owns this relationship through the “abstracted” action container property.

Superclass

Action::AbstractActionRelationship
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Associations

from:ActionElement[1] “abstracted” action owned by some resource

to:AbstractDataElement[1] the data resource being accessed

Constraints

1.

This relationship should not be used in Code models.

Semantics

Manag

18.9.

HasCo
not ref
provid

es represents a certain change of state to a certain AbstractDataElement.
4 HasContent Class

ntent class follows the pattern of a “resource action relationship.” HasContent is a structural relationshi

element of a data model with any resource.

Supel

Action

Assoq

from

to:Al

Const
1.

class

::AbstractActionRelationship
ciations

ActionElement[ 1] “abstracted” action owned by some resource

stractDataElement[1] the data resource being accessed

raints

This relationship should not be used in Code models.

Semantics

HasCo
“abstrd

cted” action mechanism) and the data element, describing the data organization related to this element.

ExamErIe (Java, embedded SQL, JDBC)

CREAT

TABLE productg (ID int primary key, name varchar, type varchar)

ntent represent§ an association between any KDM resource or behavior abstraction element (through th¢

b. It does

resent resource manipulations. HasContent relationship uses the “abstracted” action container mechanism to
e certain capabilities to other Resource Layer packages. “HasContent? relationship makes it possible to agsociate an

CREATE TABLE contracts (ID int primary key, product int, revenue decimal, dateSigned date)

final

String findContractStatement=
"SELECT * FROM contracts c, products p" +
"WHERE ID = ? AND c.product = p.ID ";

public void calculateRecognitions( long contractID )

Connection db=DriverManager.getConnection ("jdbc:odbc:foobar", "sunny","") ;
PreparedStatement stmt=db.prepareStatement (findContractStatement) ;
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stmt.setLong (1, contractID) ;

ResultSet contracts=stmt.executeQuery() ;

contracts.next () ;

Money totalRevenue=Money.dollars (contracts.getBigDecimal ("revenue")) ;
MfDate recognitionDate=new MfDate (contracts.getDate ("dateSigned")) ;

}

<?xml |version="1.0" encoding="UTF-8"?>
<kdm:degment xmi:version="2.1"
xmlns:xmi="http://schema.omg.org/spec/XMI/2.1"
xmlns:action="http://schema.omg.org/spec/KDM/1.2/action"
xmlns:code="http://schema.omg.org/spec/KDM/1.2/code"
xmlns:data="http://schema.omg.org/spec/KDM/1.2/data"
xmlns:kdm="http://schema.omg.org/spec/KDM/1.2/kdm"
xmlns:platform="http://schema.omg.org/spec/KDM/1.2/platform" name="Date Example">
<model xmi:id="id.O0" xmi:type="data:DataModel" name="Contracts">
<dataElement xmi:id="id.1" xmi:type="data:RelationalSchema" name="Corltracts">
<dataElement xmi:id="id.2" xmi:type="data:RelationalTable" name=!"pfoducts">
<dataElement xmi:id="1id.3" xmi:type="data:UniqueKey" name="ID! Implementation="id.4"/>
<itemUnit xmi:id="id.4" name="ID" type="id.172"/>
<itemUnit xmi:id="id.5" name="name" type="id.173"/>
<itemUnit xmi:id="id.6é" name="type" type="id.173"/>
</dataElement>
<dataElement xmi:id="id.7" xmi:type="data:RelationalTable" name="contracts">
<dataElement xmi:id="1id.8" xmi:type="data:UniquéKey" name="ID" implementation="id.11"/>
<dataElement xmi:id="id.9" xmi:type="data:RefexenceKey" implementation="id.12">
<dataRelation xmi:id="1id.10" xmi:type="data:KeyRelation" to="id.3" from="id.9"/>
</dataElement>
<itemUnit xmi:id="id.11" name="ID" type="id.172"/>
<itemUnit xmi:id="id.12" name="product" type="id.172"/>
<itemUnit xmi:id="id.13" name="revenue" type="1id.174"/>
<itemUnit xmi:id="1id.14" names!dateSigned" type="id.175"/>
</dataElement>
</|[dataElement>
<dataElement xmi:id="id.15"/xmi:type="data:DataAction" name="dl" kind="Connect"
implementation=YId+=79">
<abstraction xmi:id=}4d,16" name="dal" kind="Connect">
<actionRelation Xmi+i1d="id.17" xmi:type="action:Reads" to="id.80" from="id.16"/>
<actionRelation xmMi:id="id.18" xmi:type="action:Reads" to="id.81" from="id.16"/>
<actionRelation”xmi:id="1id.19" xmi:type="action:Reads" to="id.82" from="id.1l6"/>
<actionRelatdidn xmi:id="id.20" xmi:type="platform:ManagesResource" to="id.67"/>
</abstractien>
dataElefment >

A

<dataElement xmi:id="id.21" xmi:type="data:DataAction" name="d2" kind="Select"
implementation="id.90 id.96 id.104">
<Source xmi:id="id.22" language="sqgl"

snippet="&quot;select * from contracts ¢, products p where ID = ? and c.product=p.ID &quot;"/>
<abstraction xmi:id="id.23" name="wl" kind="Equal">
<codeElement xmi:id="id.24" xmi:type="code:StorableUnit" name="t1l" type="1d.176" kind="register"/>
<actionRelation xmi:id="id.25" xmi:type="action:Reads" to="id.11" from="id.23"/>
<actionRelation xmi:id="id.26" xmi:type="action:Reads" to="id.77" from="id.23"/>
<actionRelation xmi:id="id.27" xmi:type="action:Writes" to="id.24" from="id.23"/>
<actionRelation xmi:id="id.28" xmi:type="action:Flow" to="id.29"/>
</abstraction>
<abstraction xmi:id="id.29" name="w2" kind="Equal">
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<codeElement xmi:id="id.30" xmi:type="code:StorableUnit" name="t2" type="1id.176" kind="register"/>
<actionRelation xmi:id="id.31" xmi:type="action:Reads" to="id.12" from="id.29"/>

<actionRelation xmi:id="id.32" xmi:type="action:Reads" to="id.4" from="id.29"/>

<actionRelation xmi:id="id.33" xmi:type="action:Writes" from="1id.29"/>

<actionRelation xmi:id="id.34" xmi:type="action:Flow" to="id.35" from="id.29"/>

</abstractions>

<abstraction xmi:id="1d.35" name="w3" kind="And">

<actionRelation xmi:id="1id.38"
<actionRelation xmi:id="id.39"
</abstraction>

<actionRelation xmi:id="id.41"
</abstractions>

<actionRelation xmi:id="id.43"
<actionRelation xmi:id="id.44"
<actionRelation xmi:id="id.45"
<actionRelation xmi:id="id.46"
<actionRelation xmi:id="1id.47"
<actionRelation xmi:id="id.48"
<actionRelation xmi:id="1id.49"
<actionRelation xmi:id="id.50"
<actionRelation xmi:id="id.51"
<actionRelation xmi:id="id.52"
<actionRelation xmi:id="1id.53"

</abstractions>

</dataElement>

<actionRelation xmi:id="1d.37" xmi:type="action:Reads" to="id.24"

<abstraction xmi:id="1d.40" name="w4

<abstraction xmi:id="1id.42" name="sl

:type="action:Reads" to="id.30"/>

<codeElement xmi:id="1id.36" xmi:type="code:StorableUnit" name="t3" type="id.176" kind="r{
from="1id.35"/>

:type="action:Flow" to="id.40" from="id.35"/%

" kind="Condition">
:type="action:TrueFlow" to="1id.42"

" kind="Select">

:type="data:ReadsColumnSet" to="1d.7"

from=%1d.40"/>

:type="action:Reads" to="id.J%¥") from="id.42"/>

:type="action:Reads" to="id( 12" from="id.42"/>

:type="action:Reads" toz"1¢.13" from="id.42"/>

:type="action:Reads" tfo="id.14" from="id.42"/>
:type="data:ReadsColumriSet" to="id.2"/>
:type="action:Reads" to="id.4" from="id.42"/>

:type="action:Reads" to="id.5" from="id.42"/>

:type="actiongReads" to="id.é" from="id.42"/>

:type="action:Writes" to="1id.103"

:type="platform:ReadsResource" to="id.67"

from="1id.42"/>
from="1d.42"'

<dataElement xmi:id="id.54" xmi:type="data:DataAction" name="d3" kind="Retrieve"

implementation="1id.115">

</abstractions>
</dataElement>

<actionRelation xmi:id="1id.56™.xmi:type="action:Reads" to="id.13"

<abstraction xmi:id="id.55" name=Yda2" kind="Assign">

<actionRelation xmi:id="4d.58" xmi:type="action:Writes" to="id.117"

from="id.55"/>
<actionRelation xmi:id="idu57" xmi:type="action:Addresses" to="id.103" from="id.55"/>
from="id.55"/>

<dataElement xmi:id={"1d+59" xmi:type="data:DataAction" name="d4" kind="Retrieve"

implementation=Vid.130">

</abstractions>
</dataElement >

</mqd&ls

<actionRe¥atdion xmi:id="id.61" xmi:type="action:Reads" to="id.14"
<actionRelation xmi:id="id.62" xmi:type="action:Addresses" to="id.103" from="id.60"/>
<actionRelation xmi:id="id.63" xmi:type="action:Writes" to="id.132" from="id.é0"/>

<abstraction xmi*id="1d.60" name="da3" kind="Assign"s>

from="id.60"/>

from="id.42"/>

<model xmi:id="id.64" xmi:type="platform:PlatformModel">

<platformElement xmi:id="id.65" xmi:type="platform:Machine">

<resource xmi:id="id.e6" >

<resource xmi:id="1id.67" xmi:type="platform:DataManager" name="foobar"s>

<abstraction xmi:id="id.e8"

name="dml">

<actionRelation xmi:id="id.69" xmi:type="data:HasContent" to="id.1"/>

</abstraction>
</resource>
</resource>
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</platformElement >
</model>

<model xmi:id="1id.70" xmi:type="code:CodeModel" name="Application">

<codeElement xmi:id="id.71" xmi:type="code:ClassUnit" name="DataExample">

<codeElement xmi:id="id.72" xmi:type="code:MemberUnit" name="findContractStatement">

<codeRelation xmi:id="1id.73" xmi:type="code:HasValue" to="id.145" from="id.72"/>

</codeElement>

<actionRelation xmi:id="id.
<actionRelation xmi:id="id.
<actionRelation xmi:id="id.
<actionRelation xmi:id="id.
<actionRelation xmi:id="id.
</codeElement >

<actionRelation xmi:ids"id.

<actionRelation xmifid="id.
<actionRelation xmi;id="id.
<actionRelatiop xmi:id="1d.
<actionRelatton "xmi:id="1d.
</codeElements

kind="1local"/>

<parameterUnit xmi:id="id.77"

<entryFlow xmi:id="id.75" to="id.79"

91"
92"
93"
94"
95"

98" xmi:type="action:Addresses" to="id.89"
99" xmi:type="action:Reads" to="id.97"

xmi:type="action:
xmi:type<€laction:
xmi:type="action:
xmi eype="action:
xmi: type="action:

<codeElement xmi:id="1id.74" xmi:type="code:MethodUnit" name="calculateRecognitions">
from="id.74"/>

<codeElement xmi:id="id.76" xmi:type="code:Signature">

name="contractNumber" type="id.179"/>

</codeElement>

<codeElement xmi:id="id.78" xmi:type="code:StorableUnit" name="db" type="i@NI55" kind="1

<codeElement xmi:id="1d.79" xmi:type="action:ActionElement" name="cl" kind="Call">
<codeElement xmi:id="1d.80" xmi:type="code:Value" name="&quot;jdbc yodb¢:foobar&quot;"
<codeElement xmi:id="1id.81" xmi:type="code:Value" name="&quot;sunhy&quot;" type="id.17
<codeElement xmi:id="id.82" xmi:type="code:Value" name="&gquot;&guot;" type="id.178"/>
<actionRelation xmi:id="id.83" xmi:type="action:Reads" to="idw80" from="id.79"/>
<actionRelation xmi:id="id.84" xmi:type="action:Reads" to="id:81" from="id.79"/>
<actionRelation xmi:id="id.85" xmi:type="action:Reads" go=wid.82" from="id.79"/>
<actionRelation xmi:id="id.86" xmi:type="action:Callg’~to="id.154" from="id.79"/>
<actionRelation xmi:id="id.87" xmi:type="action:Writes"V to="id.78" from="id.79"/>
<actionRelation xmi:id="id.88" xmi:type="action:Flew" to="id.90" from="id.79"/>

</codeElement>

<codeElement xmi:id="id.89" xmi:type="code:StorableUnit" name="stmt" type="id.161" kindd
<codeElement xmi:id="1d.90" xmi:type="action’ietionElement" name="c2" kind="MethodCall"

Addresses" to="id.78" from="1id.90"/>
Reads" to="id.72" from="id.90"/>
Calls" to="id.156" from="1id.90"/>
Writes" to="1d.89" from="id.90"/>
Flow" to="id.96" from="id.90"/>

<codeElement xmi:id="1id.96" xmistype="action:ActionElement" name="c3" kind="MethodCall"
<codeElement xmi:id="id.97"* xmi:type="code:Value" name="1"/>

from="id.96"/>
from="id.96"/>

100" xmi:type="action:Reads" to="id.77" from="1id.96"/>

101" xmi:type="action:Calls" to="id.162"
102" xmi:type="action:Flow" to="id.104"

from="1d.96"/>
from="1d.96"/>

<codeElement-xmi:id="1d.103" xmi:type="code:StorableUnit" name="contracts" type="id.157

<codeElement xmi:id="id.104" xmi:type="action:ActionElement" name="c4" kind="MethodCall'

<actionRelation xmi:id="id.105" xmi:type="action:Addresses" to="1d.89" from="id.104"/

<actionRelation xmi:id="id.106" xmi:type="action:Calls" to="1d.163" from="id.104"/>

<actionRelation xmi:id="id.107" xmi:type="action:Writes" to="id.103" from="id.104"/>

<actionRelation xmi:id="id.108" xmi:type="action:Flow" to="id.109" from="id.104"/>
</codeElement>

ocal"/>

8"/>

"local"/>

\

<codeElement xmi:id="id.109" xmi:type="action:ActionElement" name="c5" kind="MethodCall">

<actionRelation xmi:id="id.

<actionRelation xmi:id="id.

<actionRelation xmi:id="id.
</codeElement>

110" xmi:type="action:Addresses" to="id.103"
111" xmi:type="action:Calls" to="id.158"
112" xmi:type="action:Flow" to="id.114"

from="1d.109"/>
from="1id.109"/>

from="1d.109"/>

<codeElement xmi:id="1id.113" xmi:type="code:StorableUnit" name="totalRevenue" type="id.165"

kind="1local"/>

252

© ISO/IEC 2012 - All rights reserved


https://standardsiso.com/api/?name=3770a23a5ff9f32068188ddd9e47004c

ISO/IEC 19506:2012(E)

<codeElement xmi:id="id.114" xmi:type="action:ActionElement" name="c6" kind="Compound">
<codeElement xmi:id="id.115" xmi:type="action:ActionElement" name="c6.1" kind="Call">
<codeElement xmi:id="id.116" xmi:type="code:Value" name="&quot;revenue&quot;"/>
<codeElement xmi:id="id.117" xmi:type="code:StorableUnit" name="t4" kind="register"/>
<actionRelation xmi:id="id.118" xmi:type="action:Addresses" to="1d.103" from="id.115"/>
<actionRelation xmi:id="id.119" xmi:type="action:Calls" to="id.159" from="id.115"/>
<actionRelation xmi:id="id.120" xmi:type="action:Writeg" to="id . 117" from="id. 115"
<actionRelation xmi:id="1id.121" xmi:type="action:Flow" to="id.122" from="id.115"/§&

</codeElement>
<codeElement xmi:id="1d.122" xmi:type="action:ActionElement" name="c6.2" kind="Ca¥l">
<actionRelation xmi:id="id.123" xmi:type="action:Reads" to="id.117" from="ig,122"/>
<actionRelation xmi:id="id.124" xmi:type="action:Calls" to="id.166" from="id.122"/>
<actionRelation xmi:id="id.125" xmi:type="action:Writes" to="id.113" fgom="id.122"/
<actionRelation xmi:id="1id.126" xmi:type="action:Flow"/>
</codeElement>
<actionRelation xmi:id="1id.127" xmi:type="action:Flow" to="id.115" ‘tfom="id.114"/>
</codeElement>
<codeElement xmi:id="id.128" xmi:type="code:StorableUnit" name="fecognizedDate" type="id.168"
kind="1local"/>
<codeElement xmi:id="1d.129" xmi:type="action:ActionElement™~hame="c7" kind="MethodCall

\%

<codeElement xmi:id="1d.130" xmi:type="action:ActionElement" name="c7.1" kind="Call">
<codeElement xmi:id="id.131" xmi:type="code:Valuel ndme="&quot ;dateSigned&quot;"/>
<codeElement xmi:id="1d.132" xmi:type="code:StoxableUnit" name="t5" kind="register"/>
<actionRelation xmi:id="id.133" xmi:type="actibn:Addresses" to="1d.103" from="id.13d"/>
<actionRelation xmi:id="id.134" xmi:type="acttion:Calls" to="id.1l60" from="id.130"/>
<actionRelation xmi:id="id.135" xmi:type=action:Writes" to="id.132" from="id.130"/
<actionRelation xmi:id="id.136" xmi:types"action:Flow" to="id.137" from="id.130"/>
</codeElement>
<codeElement xmi:id="1d.137" xmi:type="action:ActionElement" name="c7.2" kind="New">
<actionRelation xmi:id="1id.138" *kmi:type="action:Creates" to="1d.168" from="id.137"/>
<actionRelation xmi:id="id.139¥~xmi:type="action:Writes" to="id.128" from="id.137"/
<actionRelation xmi:id="id-140" xmi:type="action:Flow"/>
</codeElement>
<codeElement xmi:id="1d.041" xmi:type="action:ActionElement" name="c7.3" kind="Methoddall"s>
<actionRelation xmisid="id.142" xmi:type="action:Reads" to="id.132" from="id.137"/>
<actionRelation xmir*¥d="id.143" xmi:type="action:Calls" to="id.169" from="id.141"/>
<actionRelatiom~xmi:id="1id.144" xmi:type="action:Writes" to="1d.128" from="id.141"/
</codeElement >,
</codeElement >
</codeElement
<codeElement &mi:id="1d.145" xmi:type="code:Value"
name="&quot ; SELECT * FROM contracts c, products p WHERE ID=? AND c.product=p.ID&qupt;"
type="1id.178"/>
<codeElement xmi:id="1d.146" xmi:type="code:MethodUnit" name="init" kind="constructor"s>
fentryFlow xmi:id="id.147" to="1id.148" from="id.146"/>
<todeElement xmi:id="1d.148" xmi:type="action:ActionElement" name="il" kind="Assign">
<actionRelation xmi:id="id.149" xmi:type="action:Reads" to="id.145" from="id.148"/>
<actionRelation xmi:id="id.150" xmi:type="action:Writes" to="id.72" from="id.148"/>
</codeElement >

</codeElement >
</codeElement >
</model>
<model xmi:id="id.151" xmi:type="code:CodeModel" name="Java packages">
<codeElement xmi:id="id.152" xmi:type="code:Package" name="java.sqgl">
<codeElement xmi:id="id.153" xmi:type="code:ClassUnit" name="DriverManager">
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<codeElement xmi:id="1id.154" xmi:type="code:MethodUnit" name="getConnection" kind="abstract"/>
</codeElement >
<codeElement xmi:id="1d.155" xmi:type="code:ClassUnit" name="Connection">

<codeElement xmi:id="id.156" xmi:type="code:MethodUnit" name="prepareStatement" kind="abstract"/>
</codeElement>
<codeElement xmi:id="id.157" xmi:type="code:ClassUnit" name="ResultSet">

<codeElement xmi:id="1d.158" xmi:type="code:MethodUnit" name="next" kind="abstract"/>

<codeElement xmi:id="id.159" xmi:type="code:MethodUnit" name="getBigDecimal" kind="abgtydact"/>
<codeElement xmi:id="id.160" xmi:type="code:MethodUnit" name="getDate" kind="abstract!/
</codeElement>
<codeElement xmi:id="1id.161" xmi:type="code:ClassUnit" name="Statement"s>
<codeElement xmi:id="id.162" xmi:type="code:MethodUnit" name="setLong" kind="abstract"/
<codeElement xmi:id="id.163" xmi:type="code:MethodUnit" name="executeQueryl Nkind="abstrdct"/>
</codeElement >
codeElement >
<dodeElement xmi:id="1id.164" xmi:type="code:Package" name="Money">
<codeElement xmi:id="1id.165" xmi:type="code:ClassUnit" name="Money'"'>
<codeElement xmi:id="id.166" xmi:type="code:MethodUnit" name="deIlars" kind="abstract"/
</codeElement>
codeElement >

A

<dodeElement xmi:id="id.167" xmi:type="code:Package" name="MfDate">
<codeElement xmi:id="1d.168" xmi:type="code:ClassUnit" fiame€="MfDate">
<codeElement xmi:id="id.169" xmi:type="code:MethodUnit" name="MfDate" kind="abstract"/>
</codeElement>
</|lcodeElement >
</mddel>
<model xmi:id="id.170" xmi:type="code:CodeModel" mame="Common Datatypes">
<dodeElement xmi:id="1d.171" xmi:type="code{LdiguageUnit" name="SQL datatypes">
<codeElement xmi:id="1d.172" xmi:type="code:IntegerType" name="sqgl int"/>
<codeElement xmi:id="1d.173" xmi:type=Ueode:StringType" name="sgl varchar"/>
<codeElement xmi:id="1d.174" xmi:type="code:DecimalType" name="sgl decimal"/>
<codeElement xmi:id="id.175" xmi-ztype="code:DateType" name="sqgl date"/>
<codeElement xmi:id="id.176" xmiwtype="code:BooleanType"/>
codeElement >

A

<dodeElement xmi:id="id.177Mxmi:type="code:LanguageUnit" name="Java datatypes">
<codeElement xmi:id="id 178" xmi:type="code:StringType"/>
<codeElement xmi:id=4d,179" xmi:type="code:IntegerType" name="java long"/>
<codeElement xmi:id=™4+d.180" xmi:type="code:IntegerType" name="java byte"/>
</|codeElement >
</mddel>
</kdm:Segment >

18.10 StructuredData Class Diagram

Th St £ dPDat 1 s | L 3 4 dal % tota—dafy tha NNAL _£:1 ot 1 db
¢ StrreturedPata—elass—dinpramprovidesbaste-meta-modelconstraetsto—define-the XMl—Hesthateanbeuicd by

enterprise applications for persistent storage or as an exchange mechanism between components. The class diagram
shown in Figure 18.8 captures these classes and their relations.

254 © ISO/IEC 2012 - All rights reserved


https://standardsiso.com/api/?name=3770a23a5ff9f32068188ddd9e47004c

ISO/IEC 19506:2012(E)

AbstractDataElement

MLSchema

P

AbstractContentElement

0..1

Figure| 18.8 - StructuredData Class Diagram

18.1(
The X

Supel
Abstral

Assoq

contg

+owner
{subsets owner}

).1 XMLSchema

class

ctDataElement

Ciations

Sema

XMLSchema is a logical container for AbstractContentElements as well as some other DataResource element;

tics

examplle, DataEvents).

18.10.2 AbstractContentElement (abstract)

The ApstractContentElement class is an abstract parent for several concrete classes whose purpose is to repres
of XML schentas’and documents as well as various structured data items that can be associated with o

conte

elemerts.

Supeirclass

AbstractDataElement

MLSchema class represents the top level container for a KDM metamodel of an XML document.

ntElement :AbstractContentElement[0..*]  Individual content elements owned by this schema.

0.*

+contentElement
{subsets ownedElement}

(for

ent the
ther KDM

Sema

ntics

AbstractContentElement represents common properties of content elements.

18.11 ContentElements Class Diagram

The ContentElements class diagram defines basic meta-model constructs to represent XML elements. The class diagram
shown in Figure 18.9 captures these classes and their relations.
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+contentElement
{subsets ownedElement

0.*

ordered} AbstractContentElement

N

0.*
+contentEIementT

+owner
{subsets owner}g 4

¢

ComplexContentType

+type

1

0..

+
MixedContent type

AllContent ChoiceContent

ContentType

MemberTypes

{subsets ownedElement}

Contentitem

CorntentElement

Gr\pupContent
1

\

|

\ContentReference

ContentAttribute

SimpleContentType

|

<kind : String

SeqContent

Figure|18.9 - ContentElements Class Diagram

18.11.1 Contentltem (generic)

ContentRestriction

kind : String
\savalue : String

The Contentltem class is a generic.meta-model element that represents named items and references of the XML schema:

elements, attributes, references,.and groups.

Supeiclass

AbstractContentElement

Associations

contgntElement :AbstractContentElement[0..]

owned content elements

type:ComplexContentType[0..1]

256

content type of the current Contentltem
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18.11.2 ComplexContentType

The ComplexContentType class represents Complex Types of an XML schema definition. XSD indicators are modeled as

subclasses of ComplexContentType.

Supefclass
AbstrakctContentElement

Associations

contgntElement :AbstractContentElement[0..*] Owned content elements

Semantics

18.11.3 SimpleContentType

The SimpleContentType class represents Simple Types of an XML sehema definition.

Supefclass

ComplexContentType

Attributes

kind:$tring

Associations

type:ComplexContentType[0-.%]

Semantics

Simpld types, such.as string and decimal, are built in to XML Schema, while others are derived from the built-in’s. ]
union,

9

SimpldContentType can be “list,

18.11.4-ContentRestriction

contentkind of the current SimpleContentType

content type of the current Contentltem

9 ¢

enumeration,” etc.

[he kind of

The ContentRestriction class represents restrictions to Simple Types, Elements, Attributes, and References.

Superclass

AbstractContentElement

© ISO/IEC 2012 - All rights reserved

257


https://standardsiso.com/api/?name=3770a23a5ff9f32068188ddd9e47004c

ISO/IEC 19506:2012(E)

Attributes
kind :String type of the content restriction (XML)
value:String value of the constraint
SemaLtics
kind is|an XSD restriction, such as minExclusive, minInclusive, maxExclusive, maxInclusive, totalDigits, fractionDigits,

length,

maxQOdcurs, required, fixed; or an XSD enumeration.

Example

<xsd:gimpleType name="myInteger"s>

<xsd:restriction base="xsd:integer">

<¥sd:minInclusive value="10000"/>

<¥sd:maxInclusive value="99999"/>

</xdd:restriction>

simpleType>

<xsd:gimpleType name="SKU">

<xsd:restriction base="xsd:string">
<¥sd:pattern value="\d{3}-[A-z]{2}"/>
</xdd:restriction>

simpleType>

<xsd:gimpleType name="USState">

<xsd:restriction base="xsd:string">

<¥sd:enumeration value="AK"/>

<¥sd:enumeration value="AL"/>

<¥sd:enumeration value="AR"/>

<

-- and soon ... -->

</xdd:restriction>

</xsd]]

simpleType>

<xsd:dimpleType name="1igtOfMyIntType">

<xsd:list itemType="mylnteger"/>

</xsd}]

simpleType>

<xsd:gimpleType.name="USStateList">

<xsd:1list itewType="USState"/>

</xsd]]

simplelype>

<xsd:dimpleType name="SixUSStates">

minLength, maxLength, enumeration, whiteSpace, pattern; or XSD an element attribute, such asiminOccurs,

<xsd:restriction base="USStateList">

<xsd:length value="6"/>

</xsd:restriction>

</xsd:

simpleType>

<xsd:simpleType name="zipUnion"s>

<xsd:union memberTypes="USState listOfMyIntType"/>

</xsd:

258

simpleType>
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<?xml version="1.0" encoding="UTF-8"?>

<kdm:Segment xmi:version="2.1"

xmlns:xmi="http://schema.omg.org/spec/XMI/2.1"
xmlns:code="http://schema.omg.org/spec/KDM/1.2/code"
xmlns:data="http://schema.omg.org/spec/KDM/1.2/data"
xmlns:kdm="http://schema.omg.org/spec/KDM/1.2/kdm" name="XML Simple Content Example"s>

<model xmi:id="3id.0" xmi:type="data:DataModel">
<dataElement xmi:id="id.1" xmi:type="data:XMLSchema" name="SimpleType examples">
<contentElement xmi:id="id.2" xmi:type="data:SimpleContentType" name="MyInteger"s>
<dataRelation xmi:id="id.3" xmi:type="data:RestrictionOf" to="id.27" from="id.2"/3
<contentElement xmi:id="id.4" xmi:type="data:ContentRestriction"
kind="minInclusive" value="10000"/>
<contentElement xmi:id="id.5" xmi:type="data:ContentRestriction"
kind="maxInclusive" value="99999"/>
</contentElement>
<contentElement xmi:id="id.é" xmi:type="data:SimpleContentType" name="SKU">
<dataRelation xmi:id="id.7" xmi:type="data:RestrictionOf" to="id 29" from="id.2"/>
<contentElement xmi:id="id.8" xmi:type="data:ContentRestriction®
kind="pattern" value="&quot;\d{3}-[A-Z]{2}&quot;"/>
</contentElement>
<contentElement xmi:id="id.9" xmi:type="data:SimpleContentType" name="USState">
<contentElement xmi:id="1d.10" xmi:type="data:ContentRestriction"
kind="enumeration" value="&quot ;AK&guot;"/s.
<contentElement xmi:id="id.11" xmi:type="data:CortentRestriction"
kind="enumeration" value="&quot ;AL&quot?}/>
<contentElement xmi:id="id.12" xmi:type="data;ContentRestriction"
kind="enumeration" value="&quot ;AR&Juot;"/>
</contentElement>
<contentElement xmi:id="1d.13" xmi:type="data:SimpleContentType" name="1listOfMyIntType">
<contentElement xmi:id="id.14" xmi:type="data:ListContent">
<dataRelation xmi:id="1id.15" xmivtype="data:TypedBy" to="id.2" from="id.14"/>
</contentElement>
</contentElement>
<contentElement xmi:id="1id.1®" xmi:type="data:SimpleContentType" name="USStateList">
<contentElement xmi:idsM"3d&.17" xmi:type="data:ListContent" name="">
<dataRelation xmi:id="1d.18" xmi:type="data:TypedBy" to="id.9" from="id.17"/>
</contentElement >
</contentElement>
<contentElement mmi*Tid="1d.19" xmi:type="data:SimpleContentType" name="SixUSStates">
<dataRelatien™\xmi:id="1d.20" xmi:type="data:RestrictionOf" to="id.16" from="id.19"/>
<contentE¥ement xmi:id="id.21" xmi:type="data:ContentRestriction" kind="length" value="4§
</contentElement >
<contentBlement xmi:id="1id.22" xmi:type="data:SimpleContentType" name="zipUnion">
<contentElement xmi:id="id.23" xmi:type="data:UnionContent">
<dataRelation xmi:id="id.24" xmi:type="data:TypedBy" to="id.9" from="id.23"/>
<dataRelation xmi:id="1id.25" xmi:type="data:TypedBy" to="id.13" from="id.23"/>
</contentElement >
</contentElement >
</dataElement>

<dataElement xmi:id="id.26" xmi:type="data:XMLSchema" name="xsd">

<contentElement xmi:id="1d.27" xmi:type="data:SimpleContentType" name="xsd:Integer">
<dataRelation xmi:id="1id.28" xmi:type="data:DatatypeOf" to="id.41" from="id.27"/>

</contentElement >

<contentElement xmi:id="1id.29" xmi:type="data:SimpleContentType" name="xsd:String">
<dataRelation xmi:id="1d.30" xmi:type="data:DatatypeOf" to="1id.42" from="1id.29"/>
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</contentElement >

<contentElement xmi:id="id.31" xmi:type="data:SimpleContentType" name="xsd:Decimal">
<dataRelation xmi:id="1id.32" xmi:type="data:DatatypeOf" to="id.43" from="id.31"/>

</contentElement>

<contentElement xmi:id="1id.33" xmi:type="data:SimpleContentType" name="xsd:positiveInteger"s>
<dataRelation xmi:id="id.34" xmi:type="data:DatatypeOf" to="id.41" from="id.33"/>

</contentFElement>

<contentElement xmi:id="1d.35" xmi:type="data:SimpleContentType" name="xsd:date">
<dataRelation xmi:id="1id.36" xmi:type="data:DatatypeOf" to="id.44" from="id.35"/>
</contentElement>
<contentElement xmi:id="id.37" xmi:type="data:SimpleContentType" name="xsd:any"/%
<contentElement xmi:id="id.38" xmi:type="data:SimpleContentType" name="xsd:NMTOKEN"/>
</|dataElement>
</mqdel>
<model xmi:id="1d.39" xmi:type="code:CodeModel">
<dodeElement xmi:id="1d.40" xmi:type="code:LanguageUnit">
<codeElement xmi:id="id.41" xmi:type="code:IntegerType" name="xsd integer"/>
<codeElement xmi:id="1id.42" xmi:type="code:StringType" name="xsd ‘string"/>
<codeElement xmi:id="id.43" xmi:type="code:DecimalType" name="xgd decimal"/>
<codeElement xmi:id="id.44" xmi:type="code:DateType" name="xsd-date"/>
</|codeElement >
</mddel>
</kdm:Segment >

18.11.5 AllContent Class

An AllContent class is a meta-model element that représents complex types with the “all” order indicator.

Supeiclass

CompliexContentType

Semantics

18.11.6 SeqContent Class
The SgqContent class is.a“fheta-model element that represents complex types with the “sequence” order indicdtor.

Superclass

CompllexContentType

Semaptics

18.11.7 ChoiceContent Class

A ChoiceContent class is a meta-model element that represents complex types with the “choice” order indicator.

Superclass
XMLComplexType
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ntics

18.11.8 GroupContent Class

A GroupContent class is a meta-model element that represents complex types with the “group” group indicator.

Supeiclass

ComplexContentType

Sema

tics

18.11.9 MixedContent Class

A MixfedContent class is a meta-model element that represents complex types with the\‘mixed” indicator.

Supeirclass

ComplexContentType

Semantics

18.11.10 ContentAttribute Class

A ConfentAttribute class is a meta-model element that.represents the XML “attribute” declaration mechanism
Schemas.

Superclass

Contentltem

Semantics

18.11.11 ContentElement Class

A ContentElement class~is-a meta-model element that represents the XML “element” declaration mechanism d
Schemas.

Supefclass

Conterntltem

Sema

ntics

18.11.12 ContentReference Class

of XML

f XML

A ContentReference class is a meta-model element that represents the XML “reference” declaration mechanism of XML
Schemas.
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Superclass

Contentltem

Semantics

Example

<xsd:qdlement name="letterBody">
<xsd:complexType mixed="true">
<¥sd:sequence>
<xsd:element name="salutation"s>
<xsd:complexType mixed="true">
<xsd:sequence>
<xsd:element name="name" type="xsd:string"/>
</xsd:sequence>
</xsd:complexType>
</xsd:element>

<xsd:element name="quantity" type="xsd:positiveInteger"/>
<xsd:element name="productName" type="xsd:string"/>
<xsd:element name="shipDate" type="xsd:date" minOccurs="Q"/>
<!-- etc. -->

</|xsd:sequence>
</x4d:complexType>
</xsd]element>

<xsd:domplexType name="USAddress" >
<xsd:sequence>
<¥sd:element name="name" type="xsd:stringly>
<Asd:element name="street" type="xsd:string"/>
<¥sd:element name="city" type="xsd:string"/>
<x¥sd:element name="state" type="xsdistring"/>
<¥sd:element name="zip" type="xsd:decimal"/>
</x9d:sequence>
<xsd:attribute name="country" .type="xsd:NMTOKEN" fixed="US"/>
</xsd{complexType>

<xsd:domplexType name="Items">
<xsd:sequence>
<¥sd:element names'item" minOccurs="0" maxOccurs="unbounded">
<xsd:complexType>
<xsd:sequence>
<xsdselement name="productName" type="xsd:string"/>
<xsd:element name="quantity"s
<xsd:simpleType>

<xsd:restriction base="xsd:positiveInteger">

<Xsd:maxkExclusive value="100"/>
</xsd:restriction>
</xsd:simpleType>

</xsd:element>

<xsd:element name="USPrice" type="xsd:decimal"/>

<xsd:element ref="comment" minOccurs="0"/>

<xsd:element name="shipDate" type="xsd:date" minOccurs="0"/>
</xsd:sequence>
<xsd:attribute name="partNum" type="SKU" use="required"/>

</xsd:complexType>
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