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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has the right
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lectrotechnical standardization.

1 Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

sk of technical committees is to prepare International Standards. Draft International Standards
mmittees are circulated to the member bodies for voting. Publication as,an International Stan
at least 75 % of the member bodies casting a vote.
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i Common Object Request Broker Architecture (CORBA) specification Part 1 Version 3.1 CO
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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)
provides such a framework. It defines an architecture within which support of distribution, interoperability and portability
can be integrated

RM-ODP Pprt 2 (ISO/IEC 10746-2) defines the foundational concepts and modeling framework for deseribing distributed
systems. THe scopes and objectives of the RM-ODP Part 2 and the UML, while related, are not the’ Same and, in a number
of cases, the RM-ODP Part 2 and the UML specification use the same term for concepts whigh(re relatefl but not

identical (elg., interface). Nevertheless, a specification using the Part 2 modeling concepts éan-be expressed using UML
with appropriate extensions (using stereotypes, tags, and constraints).

RM-ODP Part 3 (ISO/IEC 10746-3) specifies a generic architecture of open distribaited’ systems, expressed using the
foundationdl concepts and framework defined in Part 2. Given the relation between\UML as a modeling larjguage and Part
3 of the RM-ODP standard, it is easy to show that UML is suitable as a notatien“for the individual viewpoint
specificatiops defined by the RM-ODP.

This Interndtional 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 infrgstructure
required to [support functional distribution of an ODP system, specifying functions required to manage phlysical
distribution, communications, processing and storage, and thé roles of different technology objects in supporting those
functions.
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Knowledge Discovery Meta-Model (KDM)

£
Scope

This Intern:
operational
specificatio
facilitates p
provided by

ntional Standard defines a meta-model for representing existing sofiware assets, their-associati
environments, referred to as the Knowledge Discovery Meta-model (KDM). This-is’ the first i
hs related to Software Assurance (SwA) and Architecture-Driven Modernization)(ADM) activ
rojects that involve existing software systems by insuring interoperability and exchange of dat3
r different vendors.

One comm
assets (for

tool produg]
(“hard-codd
environmen
Discovery |
models that
of abstracti
interoperab
representati

n characteristic of various tools that address SwA and ADM challenge is that they analyze ex
pxample, source code modules, database descriptions, build scripts;“etc.) to obtain explicit kno
s a portion of the knowledge about existing software assets. Such tool-specific knowledge m
d” in the tool), restricted to a particular source language,-and/or particular transformation, and
t. All the above may hinder interoperability between different tools. The meta-model for Knoy
rovides a common repository structure that facilitates,the exchange of data contained within i
represent existing software assets. The meta-modél'represents the physical and logical assets a|
bn. The primary purpose of this meta-model is-t6’provide a common interchange format that y
lity between existing modernization and software assurance tools, services, and their respectiy
ons.

2 Conformance and Compliance

KDM is a 1
programmi
languages.

cooperatiorl
multiple so
programmi

heta-model with a vefy-broad scope that covers a large and diverse set of applications, platfor
g languages. Not-all-of its capabilities are equally applicable to all platforms, applications, or
The primary goal .of KDM is to provide the capability to exchange models between tools and

between to0l suppliers by allowing integration information about a complex enterprise applid
irces, as the complexity of modern enterprise applications involves multiple platform technol
g languages. In order to achieve interoperability and especially the integration of information

bns, and

h the series of
ties. KDM
between tools

isting software
wledge. Each
hy be implicit
or operational
vledge
ndividual tool
t various levels
ill allow

¢ intermediate

ms, and
programming
hus facilitate
ation from
bgies and
about different

facets of an
levels therel

dl compliance
ible meta-model

subsets. This suggests tat the meta-model should be structured modularly, following the principle of separation of

concerns, with the ability to select only those parts of the meta-model that are of direct interest to a particu
Consequently, the definition of compliance for KDM requires a balance to be drawn between modularity
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 features or
process rulg

n

The following domains of knowledge have been identified as the foundation for defining compliance'in " {DM: Build,
Structure, [pata, Business Rules, Ul, Event, Platform, and micro KDM.

From the uger’s perspective, this partitioning of KDM means that they need only to be concerned with thgse parts of the
KDM that they consider necessary for their activities. If those needs change over time, futther KDM donfains can be
added to the user’s repertoire as required. Hence, a KDM user does not have to know-the full meta-mode| to use it
effectively. |In addition, most KDM domains are partitioned into multiple incrementss each adding more knowledge
capabilities|to the previous ones. This fine-grained decomposition of KDM seryes\te make the KDM easipr to learn and
use, but the individual segments within this structure do not represent separate-compliance points. The lafter strategy
would lead |to an excess of compliance points and result to the interoperability problems described above| Nevertheless,
the groupings provided by KDM domains and their increments do serve t6.8implify the definition of KDM compliance as
explained below.

Levels df compliance

L2 => Al KDM domains
Build Structure Data Business Rules UL Event Platform Analysis
domain domain  domain domain domain domain domain domain
v
L1= Build | structure | Satd |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.

Level 1 (L1) - This level addresses KDM domains and extends the capabilities provided by Level 0. Specifically, it

adds the following packages: Build, Structure, Data, Conceptual, UI, Event, Platform, as well as the set of constraints

for fie micro KDM domain defined in sub clause 14 ~Micro KDM,” and Annex A -~ Semantics ol the

Acti
repr|
wou
betw
com

To b
pacl

Lev

2.3

Compliancy
KDM Dom
0 (L0)). It 1
compliant g
information
KDM dom4

For a given|

The
schd

The
givd

on Elements.” These packages are grouped to form above-mentioned domains. More importantly;
psents a layer where tools could be complimentary since their focus would be in different areas of|
Id be an additional reason why L0 interoperability (which at this level would be viewed:as inform
een tools) is mandated. In this case interoperability at this level would be viewed as correlation b
plete knowledge puzzle that end user might need to perform a particular task.

e L1 compliant for a given KDM domain, a tool must completely support all'miodel elements defi
fage for that domain and satisfy all semantic constraints specified for that\domain.

el 2 (L2) - This level is the union of L1 levels for all KDM domains,

Meaning and Types of Compliance

to Level 1 (L1) for a certain KDM domain entails full realization of all KDM packages for thd
hin. This also implies full realization of all KDM paekages in all the levels below that level (in
5 not meaningful to claim compliance to Level-JGwithout also being compliant with the Level
t a Level 1 must be able (at least) to import models from tools that are compliant to Level 0 ¥

Micro KDM
this level
concern. This
ation sharing
btween tools to

hed by the

corresponding
this case Level
. A tool that is
vithout loss of

. So, “full realization” for a KDM domaifi“means supporting the complete set of concepts defined for that

in at L1 and complete set of concepts.defined at LO.
compliance level, a KDM implementation can provide:

capability to analyze physical,artifacts of existing applications and export their representations bal
ma corresponding to the given compliance level.

capability to importrépresentations of existing software systems based on the XMI schema corres
n compliance level and perform operations suggested by the corresponding packages.

sed on the XMI

ponding to the
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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 application for
existing tool; schema; specified programming
support specified mapping between support KDM API defined | language'er‘fjultiple
KDM and existing model in the tool; | by the KDM Core package; | languages;
extend operations of existing tool to support KDM framework Generate XM| documents
support meta-model elements of as defined in the Kdm corfesponding 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 thg¢ Kdm package;
and Action packages; traceability to theplysical Support Code[and Action
extend operations of existing tool to artifacts of thefapplication packages;
traceability to the physical artifacts of | as defined ifi.the Source Provide tracegbility back to the
the application from Source package. | package. physical artifacts as defined by
the Source pagkage.
L1 STRUCTURE L0 compliance for analysis;extend L0 _gompliance for import; LO compliancg for
operations of existing tool to support Support KDM API as export;Providp capability to
meta-model elements of the Structure\{* defined by the Structure analyze architecture
package. package. components off existing
application and generate KDM
Structure model according to
Structure paclfage.

DATA L0 compliance foranalysis; L0 compliance for import; LO compliancg for export;
extend operations of existing tool to Support KDM API as Provide capalility to analyze
support meta-model elements of the defined by the Data persistent datd components of
Data package. package. existing appli¢ation for

specified datapase system and
generate KDMI Data model
according to [Data package.

PLATFORM L0 compliance for analysis; L0 compliance for import; L0 complianc for export;
extend operations of existing tool to Support KDM API as Provide capaljility to analyze
support meta-model elements of the defined by the Platform and | platform artifgcts for specified
Platform package. Runtime packages. platform and generate KDM

Platform modgl according to
Ptatformrpackage.

BUILD LO compliance for analysis; LO compliance for import; LO 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 Build build artifacts for specified
Build package. package. build environment and

generate KDM Build model
according to Build package.
4 © ISO/IEC 2012 - All rights reserved
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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 UI package.

EVENT LO compliance for analysis; LO compliance for import; L0 compliancg for export;
extend operations of existing tool to Support KDM API as Provide ¢apafjility to analyze
support meta-model elements of the defined by the Event artifacts.relatgd to event-
Event package. package. driven’runtimg frameworks

and state-trasition behavior
and

generate KDNI Event model
according to Event package.

BUSINESS L0 compliance for analysis; LO complianceAfor, import; L0 compliancg for export;
extend operations of existing tool to Support KDMAPI as Provide capaljility to analyze
support meta-model elements of the defined by the”Conceptual conceptual and behavior
Conceptual package. packageg. artifacts (e.g.,Jdomain

concepts, business rules,
scenarios) of ¢xisting
application and generate KDM
Conceptual mpdel according
to Conceptual package.

MICRO KDM LO compliance for analysis; extend LO compliance for import; L0 compliancg for export;

operations of existing tool-fo support
micro KDM actions as$pecified in sub
clause 14 micro KBDM and Annex A.

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

Provide capaljility to analyze
artifacts ofexisting application
to the level offdetail specified
in sub clause |4 and Annex A
provide the mapping of
semantics of the existing
application as|it is determined
by the programming languages
and the runtime platform into
KDM micro 4ctions and
generate KDNI models that
represent the $ame meaning

L2

LO import compliance for analysis;

LO compliance for import;

L0 export compliance;
L1 export compliance for all

L1 import-analysis compliance for all | Support KDM API as
KDM domains. defined by all KDM KDM domaiqs.
packages:

© ISO/IEC 2012 - All rights reserved
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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.

+ OM
oM
oM
oM

ISO

4

This subcla]
majority of]
accepted dd
Some comH
the context

TINAL T

UIVIL, lllflabtl upﬁuc Spcuiﬁ\/aﬁuu, V2.3, fuuua‘ 2GlG‘GJ'UJ

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

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

(G Semantics of Business Vocabularies and Business Rules (SBVR) Specification,w].0, formal/20

TIEC 11404:2007 Information technology -- General Purpose Datatypes (GPD)

Terms and Definitions

use contains only those terms which are used in a specidalized way throughout the KDM speci
terms in KDM are used either according to their accepted dictionary definitions or according
finitions that may be found in ISO glossaries or other well-known collections of software eng
inations of common terms used in KDM, while-snot meriting glossary definition, are explaineg
where they are used.

Abstraction: A view of an object that focuses on the,information relevant to a particular purpose and ign

remainder (

f the information.

Aggregation: a derived relationship between.two elements that are groups of other elements that represent

relationship

Architectu
assets of a

storing mod
(where app
perspective

s between the grouped elements’of the two groups.

Fe-Driven Modernization.(ADM): ADM is the process of understanding and evolving existin
system of interest. ADM focuses at collecting, sharing, utilizing, transforming, presenting, ma
els of the architectural aspects of existing systems. ADM does not preclude source-to-source

opriate), but eficourages user organizations to consider modernization from an analysis and dg
In doing sgproject teams ensure that obsolete concepts or designs are not propagated into mo

and platforis.

Build: An
final produ

perational version of a system or component that incorporates a specified subset of the capab
t'provides.

D8-01-02

fication. The
to commonly
ineering terms.
for clarity in

ores the

s all individual

g software
ntaining and
migrations

sign

dern languages

lities that the

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

Container: a model element that owns one or more distinct elements through the special “owns” (“contains”)

relationshiy

s between the container element and owned elements. “Containment” relationships form a spe

ial group of the

correspond

ng owned elements. No element has more than one container.

Domain: An area of knowledge or activity characterized by a set of concepts and terminology understood

in that area.

Element: g

Group: a1
An elemen
a container
traceability]

Hierarchy
“group” otl

Interface:
informatiof
behavior of

Item: that

KDM Enti
of the systg
element of
piece of da|
metamodel

KDM inst§

KDM mo

ne of the parts of a compound or complex whole. For example, a model elemént;-a meta-mod|

umber of model elements regarded as a unit formed by traceability relationships to a single di
may be part of multiple groups, including a single group formed by the<’containment” relatio
and its owned elements. An element is said to group together one dr more elements, if these
relationships to the element.

ler elements is considered at a higher level than the own€d, (grouped) elements.

1) a shared boundary or connection between two dissimilar objects, devices or systems throu
is passed. The connection can be either physical of-logical. (2) a named set of operations that
an entity

[ty: a meta-model element (as well as the corresponding model elements) that represents a thing]
m of interest, about which information needs to be known or held. A KDM entity is an abstra
the system of interest that has @ distinct, separate existence objective or conceptual reality, a S
ta that can be referenced aga unit. As a model element each KDM entity is an instance of so
element and it is usually*the endpoint of distinct KDM relationships.

ince: a collection of KDM model elements that represent one or more views of the system of

el: a meta-model element (as well as the corresponding model elements) that is a container fo

KDM Reldtionship;aymeta-model element (as well as the corresponding model elements) that represents|
association|between-elements of the system of interest. All KDM relationships are binary. As a model elenpent each KDM
relationship is’an-instance of some specific meta-model element.

by practitioners

el element.

stinct element.
nships between
tlements have

an arrangement of model elements according to traceability relationships, where an element that “owns” or

bh which
Ctharacterize the

vhich can be individually described or cousidered. See also Component, Element, Unit, Module.

of significance
ction of some
elf-contained
he specific

nterest.
r a KDM view.

some semantic

Meta-model: a special Kind of model that specilics the abstract syntax ol a modeling language. 1he typical role of a
metamodel is to define the semantics for how model elements in a model get instantiated. A model typically contains
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.
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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 for a given

purpose ang

Runtime p
software. Al
provisions 1
using the sy

Segment: A
transferred

Software a
Examples 4

Software a
knowledge
software as
asset repeat

process solyitions from solution business modeling, analysis’(assets used are models) and design to applic

developmer]

Traceabilit]
process, esj
example, th

Unit: (1) a
subdivided

User interflace: An interface that enables information to be passed between a human user and hardware @

component
View: A re

Viewpoint:
develop ind
analysis.

TIAaged Dy IS TUIHITE pIatforT,

atform: the set of hardware and software components that implement the services utilized by
runtime system generally controls how several tasks are scheduled to run, and manages/resoy
for the programmer typically form an Application Programming Interface- a set thewell-docur]
rstem.

L collection of data that corresponds to one or more coherent views of a syStem of interest tha
ps a unit.

rtifact: A software artifact is a tangible machine-readable document-eteated during software d
re requirement specification documents, design documents, source.Code and executables.

kset: A software asset is a description of a partial solution{such as a component or design dod
such as requirements database or test procedures) that.engineers use to build or modify softw
ket is a set of one or more related artifacts that have been created or harvested for the purpose d
edly in subsequent contexts. The asset consumer is\an architect or a designer of any type of I’

t (assets used are pieces of code).

y: The degree to which a relationship canwbe established between two or more products of the
ecially products having a predecessor-successor or master-subordinate relationship to one anog
e degree to which the requirements-and design of a given software component match.

piece or complex of apparatus'serving to perform one particular function (2) A software elem
into other elements.

of a computer system.
bresentation’of\a whole system from the perspective of a related set of concerns.

A specification of the conventions for constructing and using a view. A pattern or template fi
ividial) views by establishing the purposes and audience for a view and the techniques for its

the application
rces. Its
hented ways of

is stored or

evelopment.

ument) or

hre products. A
f applying that
[ or business
ation

development
ther; for

ent that is not

r software

lom which to
creation and

5

There are n

Symbols

o 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 rest of|this International Standard contains the technical content of KDM.
Clause 7. Specification overview - Provides design rationale for KDM.
Clause 8. KDM - Gives the overview of the packages of KDM.

Part I - THe KDM Infrastructure Layer

Clause 9. (Jore package - Describes foundation constructs for creating and describing meta-model classes|in other KDM
packages. (flasses and associations of the Core package determine the structure’of KDM models, provide meta-modeling
services to pther classes, and define fundamental constraints.

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

Clause 11. Bource package - This package describes meta=thodel elements for specifying the linkage between the KDM
model artifacts and their physical implementations in the“artifacts of existing software. Elements of the Spurce package
allow viewlng the source code, corresponding to KDM model elements.

Part I - The Program Elements Layer

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

Clause 13. Action package - Deseribes the meta-model elements related to the behavior of applications. Action package
defines detgiled endpoints for.most KDM relations. The key element related to behavior is a KDM action. Pther packages
depend on the Action package/to use actions in further modeling aspects of existing applications such as [features,

scenarios, Qusiness rules, etc.

Clause 14. Micro KDM - Describes the guidelines and constraints for semantically precise KDM represertations.

Part III - The Runtime Resources Layer

Clause 15. Platform package - Describes the meta-model elements for representing operating environments of existing
software 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

© ISO/IEC 2012 - All rights reserved 9
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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.

Clause 16. UI package - Describes the meta-model elements to represent knowledge related to user interfaces, including
their logical composition, sequence of operations, etc.

Clause 17. Event package - Describes meta-model elements that represent basic elements related to behadior of
applicationg in terms of events, messages and responses.

Clause 18. Pata package - Describes the Data domain of KDM, aiming primarily at databases and other yays of
organizing persistent data in enterprise applications independent of a particular technology; Veéndor and platform.

Part IV - Abstractions Layer

Clause 19. Btructure package - Describes the meta-model elements for representingsthe logical organizati¢n of the
software system in terms of logical subsystems, architectural layers, components-and packages.

Clause 20. [Conceptual package - Describes the meta-model elements for representing business domain krjowledge about
existing applications in the context of other KDM views.

Clause 21. Build package - Describes the meta-model elements foxrepresenting the artifacts involved in puilding the
software syptem (the engineering view of the software system):

10 © ISO/IEC 2012 - All rights reserved
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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 KDM provides a common interchange format that allows interoperability between existing software analysis and
modernization tools, services, and their respective models. More specifically, (KDM) defines a common ontology and an
interchange| format that facilitates the exchange of data currently contained within individual tool models|that represent

existing so
at various |

KDM grouf
viewpoint. |
the domain
representati
organized i
are further
views of th{
by ISO 42()
instances af

Abstraction

Resource /4

bvels of abstraction.

e represented as XML documents conforming to the KDM XMI schema.

Infrastructure layer

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

s facts about existing systems into several domains each of which corresponds te ‘an ISO 42010 architectural
Fach KDM domain is represented by one or more KDM packages, which formalize'the viewpoipt language for
KDM focuses at the entities and their relationships that are essential for the given domain. Al KDM

on of a given software system - a KDM instance - is a collection of facts about that system. Tlhese facts are
hto KDM models per each domain. KDM model corresponds to an ISO, 42010 architectural view. KDM facts
brganized into meaningful groups called segments. A KDM segment-may include one or mord architectural
given system. KDM instances may be part of the complete architectural description of the sysfem, as defined
10, in which case additional requirements of ISO 42010 shall be satisfied by the overall docyment. 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

© ISO/IEC 2012 - All rights reserved
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Abs

Runtime Resource Layer

tractions 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.

Logically, KDM consists of 9 models. Each KDM model is described by one or more KDM packages and corresponds to

one KDM

omain. Most KDM domains are defined by a single package, with the exception of the Code

omain, which

is split bety

The Infrasti

constitute tl

artifacts of
their origin

The Progra
model that

languages (

the “source

descriptiong

packages tq
systems.

The Runtinj
The Abstra

Each of the
beings. To

different ley
primary and
and other a
Some (or e}
obtained fr

Knowledge
different ob

een the Code and the Action packages.

il representation in the “source code” of the existing software system.

Fepresents the implementation level assets of the existing software-system, determined by the

and control- and data-flow relationships determined by theém. The Action package is extended
describe higher-level behavior abstractions that are key elements of knowledge about existing

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

se knowledge facets contains large amounts of information, impossible to be processed at onc
vercome such a roadblock, each dimension supports the capability to aggregate (summarize)
bels of abstraction. This requires\KelDM to be scalable. In addition, KDM represents both kinds
| aggregate information. Primary information is assumed to be automatically extracted from th
tifacts, including (but not restricted to) formal models, build scripts, configuration files, data

ben all) primary information can be provided manually by analysts and experts. Aggregate infi
m primary informdtion.

Discovery exists at progressively deeper levels of understanding, reflecting varying levels reqy
jectives. These were seen as the lexical or syntactic understanding of the program code (langy

level); the ynderstanding of the application functionality and design (language-independent level); unders

application
behavior (b

usiness level).

ucture Layer consists of the following 3 packages: Core, “kdm”, and Source. Core package af
named “kdm” do not describe separate KDM models. Instead these packages define common meta-model,
he infrastructure for other packages. The Source package defines the Inventory miedel, which ¢
the existing software system and defines the mechanism of traceability links between the KDN

sed in the developments of the existing software system. The Codepackage focuses on the naif
code” and several basic structural relationships between them JThe Action package focuses o1

nd the package
elements that
numerates the
1 elements and

m Elements Layer consists of the Code and Action packages. These packages collectively define the Code

brogramming
ned items from
1 behavior

by other KDM
b software

b by human
Information to
pf information:
e source code
lefinition files.
brmation is

ired to achieve
age-dependent
tanding of

packaging and the corresponding dependencies (architecture level); and an understanding of the applications

The following are key design characteristics of KDM:

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

KDM is an Entiry-Relationship model.

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

B tmacce Daoloc (CDY/DN
uspressRites{(SBYRY-

« KDM defines an ontology for describing existing software systems. The ontology defined by KDM.1s
elenpents of existing software systems, the relationships between these elements, as well as the ¢leme

related to the
hts of the

opetational environment of the software system. KDM ontology addresses both physical glemeénts (for example, a

prodedure, a variable, a table), which are originally represented by language-specific artifaets of the s

ftware (for

exaiple source code), as well as logical elements (for example, user interface elements;.concepts that gre implemented

by the software, architectural components of the software, such as layers, etc.).

© ISO/IEC 2012 - All rights reserved

13


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

ISO/IEC 19506:2012(E)

14

© ISO/IEC 2012 - All rights reserved


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

ISO/IEC 19506:2012(E)

8 KDM

8.1 Overview

KDM specifies a comprehensive set of common concepts required for understanding existing software systems in
preparation for software assurance and modernization and provides infrastructure to support specialized definitions of

domaln_spp 1ﬁr‘, app]u\qhnn epprﬂﬁn’ or. lmplpmpnfahnn qpprwﬁr\ l{nn\xrlpr‘lgp

The structufe of KDM is defined by combining dimensions and levels of Knowledge Discovery (referto [Figure 8.1).

. J oo Abstractions
Higher-level, implicit, .
experfs, anays Conceptual | Build Structure } Layer
Runtime
R«
Data | Event | UI Platform Layer
. Program
Primitives, explicit, Code Action I:E;;:ems
automatically eiktracted
Source
Infratructure

work k dm Layer

metg-model Core

Figure 8.1  Structure of KDM Packages

The KDM s$pecification contains 12 packages; each package is defined by one or more class diagrams.

The Core package defines the‘basic meta-elements (entity, relationship, container hierarchies, etc.) and well-formedness
rules of KM models.

Figure 8.1 {llustrates,the Tayers of the KDM specification and shows dependencies between KDM packag¢s by arranging
packages into a stack-Fach package depends on one or more packages at the lower layers of the stack. In particular, each
package depends on the Core package. The nature of this dependency is that the meta-model elements defined by each
package arg subclasses of one of the meta-model elements defined in the Core package. Also, each package depends on
the package with name ~kdm.” Each KDM package above the package with name " kdm’ 1n Figure 3.1 defines a KDM
model, which corresponds to a certain facet of knowledge about an existing software system. The package with name
“kdm” 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.

« 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 code of the existing software system. It is expected that KDM implementations extract this kind of knowledge
automatically, for example by implementing a bridge to an existing software development environment. Such bridge

provides a
system, to 4
tools.

Packages o
of this knoy
configurati
programming language (or languages) used for the development of the existing software/system, but by thd
runtime pla
represent sq
from the pl
analyzed ar

Packages o
specific kn
existing sofftware system, etc. This knowledge is implicit, and-often there is no formal representation of s
anywhere iJ
knowledge

KDM insta

8.2

KDM defin|
relations. T

16

C

The
The

The
softy
orig|

language-independent KDM representation, that can be further analyzed and transformed by

vledge are implicitly represented by the original source code of the software system and the c
n and resource descriptions. This kind of knowledge is determined not by.the syntax and sem

tform. Incremental analysis of the primitive KDM representation may, be Tequired to extract aj
me of these pieces of knowledge. KDM implementations of the corresponding packages defir
htform-specific artifacts to a language- and platform-independent"KDM representation, that ca
d transformed by various KDM tools.

F the Abstractions Layer represent even higher-level absfractions about existing software, such
wledge, business rules, implemented by the existing.software system, architectural knowledgg

1 the artifacts of the existing software system (afid often, even in the documentation). Extracti
and part of the integrated KDM representationsusually involves input from experts and analys

ce is a single, integrated representation‘of different facets of knowledge about the software sy

)rganization of the KDM Packages

es a collection of meta-model’ elements whose purpose is to represent existing software artifacts
he KDM has the following organization:

Core package defines-the basic abstractions of KDM.
package witlitname “kdm” provides shared context for all KDM models.

Source package defines meta-model elements that represent the inventory of the physical artifactg
vare system and defines the key traceability mechanism of KDM - how KDM facts references bag
ndlrepresentation in the artifacts of the software system (for example, source code).

napping from the programming language (or languages) used for the development of the exisfing software

various KDM

F the Runtime Resource Layer represent higher-level knowledge about existing software systenhs. Most pieces

brresponding
antics of the
corresponding
nd explicitly

€ a mapping

h be further

as domain-
about the

hch knowledge
hg this kind of
.

stem.

as entities and

of the existing
k to their

The Code package defines meta-model elements that represent the low-level building blocks of software, such as
procedures, datatypes, classes, variables, etc. (as determined by a programming language).

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.

© ISO/IEC 2012 -
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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.

« Conlceptual package defines meta-model elements that represent the domain-specific elements of the s

+ Build package defines meta-model elements that represent the artifacts related to the build proeess of
systtm (including but not limited to the engineering transformations of the “source code” tg;eXecutal

oftware system.

he software
les™).
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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

Cor

the following 3 packages:

kdn]

Sou

The Core p
provides a

model elen]
an entity-re
KDMRelatj
entity is an
contained p
represent sj

A relations
dependencd
association
that represg

KDM defin|

conf

groy

Some KDM
between a (
KDM entiti
directly “gr

Core packa
relationship

Core packa

[CC

nckage defines the fundamental meta-model element types and the corresponding.¢onstraints.
bet of types that determine each individual KDM meta-model element through'subclassing. Ea
ent is a subclass of one of the classes defined in the Core package. Fromrthe/meta-model persy
lationship representation. So, the two fundamental classes of the Core\package are KDMEntit)
onship. An entity is a thing of significance, about which information needs to be known or hg
abstraction of some clement of an existing software system, that\has a distinct, separate existd
iece of data that can be referenced as a unit. Each KDM package defines several meta-model
ecific entities for a particular KDM domain.

hip represents an association, linkage, or connection bétween entities that describes their inter§
of one upon the other, or their mutual interdependénce. A KDM relationship represents some
between elements of an existing software system. Each KDM package defines several meta-nj
nt specific relationships for a particular KDM\domain. All KDM relationships are binary.

es two special relationships:
ainment
ping

[ entities are containers for other entities. There is a special container ownership (containmen
ontainer and the entities\that are directly owned by this container. Some KDM entities are grd

ouped into” this group.

be defines am-analysis mechanism, the so-called Aggregated Relations mechanism that brings t
s of containment and grouping and regular relationships of the entity-relationship model.

pe/defines a reflective API to KDM representation. Other KDM packages extend this API by

operations,

corresponding to specific facets of knowledge about existing software systems

Core package

ch KDM meta-

ective KDM is
and

ld. A KDM

nce, a self-

clements that

ction, the
semantic
odel elements

) relationship
ups of other

es. There is a special jgroup association (grouping) relationship between the group and the entities that are

ogether special

specific

The Core package is aligned with the OMG SBVR specification, as it provides an abstraction of existing software 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.
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The package with name “kdm” defines several elements that together constitute the framework of each KDM instance.
The framework 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 knowledge about
the existing-software system-and-integrate them into-a-single coherent representation her, KDM designs facilitate
incremental] implementations, where certain pieces of knowledge about the existing software is collectéd py analyzing
more lower|level KDM representations. According to this approach certain KDM tools may performra “KDM
enrichment] process, a “KDM to KDM transformation,” where a tool analyzes the input KDM model and produces one or
more additipnal Segments and Models, explicitly representing certain derived pieces of knowledge about the system.

The Source|package defines the so called Inventory model, which represents the physical artifacts of an gxisting system
as KDM entities as well as the mechanism of traceability links that provide associations between KDM elements and their
“original” language-dependent representation in the source code of the existing software system, for whidh the KDM

views are cfeated. This is an important part of the KDM Infrastructure, because @©ther KDM packages use fhis mechanism
to refer to the source code and the physical artifacts of the existing software ‘system.
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9 Core Package

9.1 Overview

The Core package provides basic constructs for creating and describing meta-model classes in all specific KDM packages.
Classes of the Core package determine the structure of KDM models, define fundamental modeling constraints, and

determine t

ereflectivve API to KDM instances

92 (

The KDM
package de
implementd

The Core p
« Cor
« Cor
© Agg
+ Dat

The Core p

93 (C

The CoreEj
CoreEntitie]

Jrganization of the Core Package

pecification uses packages to control complexity and bring together logically interrelated clas
fines a set of meta-model elements that have the purpose of defining the fundamental patterns
d by all other KDM packages.

hckage consists of the following four class diagrams:
pEntities

eRelations

regatedRelations

itypes

hckage depends on no other packages.

oreEntities Class Diagram

itity class diagram defines key abstractions shared by all KDM models. The classes and assoc
5 class diagram are shown in-Rigure 9.1.

ses. The Core
and constraints

ations of the
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Element

f

ModelElem ent

+/owner
{unipn}

+/group
KDM Entity {union}
—®&name : String

+/groupedElement
H/ownedElement {union}

{union}

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

An Element is an atomic constituent of a model. In the meta-model, an Element is the top meta-element in {the KDM class
hierarchy. Hlement is an abstract meta-model element.

Semantic

Element is I1e common parent from all meta-model elements of KDM. Most subclasses of Element can own ¢nnotations and
user-defined attributes through mechanisms defined in the kdm package.

9.3.2 ModelElement Class (abstract)

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

In the metafmodel, a ModglETement is the base for all meta-eclements of KDM. All other meta-elements are either direct
or indirect ubclasses gfXModelElement. ModelElement is an abstract meta-model element.

A ModelEl¢gment ean be extended through the lightweight extension mechanism.

Superclass

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.

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
KDMEntities, or a group of some KDMEntities. Container and group introduce implicit relationships between entities and

are used to represent hierarchies of entities A container is a KDMEntity that owns other entities A group i

s a KDMEntity

with which [other entities are associated. A KDMEntity can be owned by at most one container, and can be
Zero or mary groups.

Superclags
ModelElement

Attributes

name: String

Associatipns

owner:KDMEntity[0..1]

group:KDMERtity[0..*]

Constraints

1. KIDMEntity should not reference self as groupedElement.

An identifier for the KDM entity.

KDM entity that owns the curtent-element. This property determines a meta-
to KDM entities. This propenty, is a derived union. Some KDM entities defing
of owned elements that ar&subtypes of KDMEntity. In KDM this is representeq
“derived union” mechafniism. Concrete properties subset the “union” propertid
classes, defined in th¢“Core package. The owner of a KDM entity is defined aj
for which the giyen entity is an owned entity.

Set of KDM entities with which the current element is associated. This prope
a meta-level interface to KDM entities. This property is a derived union. Somg
define aConcrete set of grouped elements that are the subtypes of KDMEntity
issepresented by the CMOF “derived union” mechanism. Concrete propertie
“union” properties of the parent classes, defined in the Core package. The grq
entity is defined as the group for which the given entity is a grouped entity. Ea
can be associated with multiple groups.

hssociated with

level interface
a concrete set
| by the CMOF
s of the parent
5 the container

rty determines
KDM entities

. In KDM this
subset the

up of a KDM
h KDM entity

Operations

getOwner(): KDMEntity[0..1]

getOwnedElement(): KDMEntity[0..*]

© ISO/IEC 2012 - All rights reserved

This operation returns the KDM entity that is the owner of the current 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 associations to other
entities

Semantics

An entity iy a thing of significance, about which information needs to be known or held. A KDWentity i an abstraction
of some element of an existing software system, that has a distinct, separate existence, a self-contained pi¢ce of data that
can be refefenced as a unit. Each KDM package defines several meta-model element that.represent specifjc entities for a
particular KDM domain.

9.4 (GoreRelations Class Diagram

The Core class diagram defines key meta-model associations of KDM medels. The classes and associatiops of the
CoreRelatigns class diagram are shown in Figure 9.2.

ModelElement

+/ownediRelation
{union} KDMRelationship
0.*

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

+/inbeund
{union}

+
*+from to

KDMEntity

Figure 9.2 - CoreRelations Class 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: KDMEntity[1] The target entity (also referred to as the to-endpoint of the relationship). This property determines
a meta-level interface to KDM relationships. Every specific KDM relationship redefines the to-

package.

endpoint to a particular subtype of KDMEntity. In KDM this is represented by the®lGNIOF “subsets”
mechanism. Concrete properties redefine the properties of the parent classessdefingd in the Core

from:KDMEntity[1] The origin entity (also referred to as the from-endpoint of the relationship). This property

determines a meta-level interface to KDM relationships. Every spéeific KDM relat

defined in the Core package.
Operations

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

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

Semantic$

KDMRelatjonship meta-model element is an abstract element. The concrete KDM relationships between K
KDM views are instances of concrete sub¢lasses of KDMRelationship. Each instance of KDMRelationsh
one target gnd exactly one origin. Each goncrete subclass of KDMRelationship defines the acceptable typ
endpoints.

9.4.2 KDMEntity (additional properties)

Associatipns

onship

redefines the from-endpoint to a particular subtype of KDMEntity. In KDM this is fepresented by
the CMOF “‘subsets” mechanism. Concrete properties redefine the properties of the parent classes,

current

the current

[DM entities in
p has exactly
es of its

ownedReIrtion: KDMRelationship[0..*] Primitive KDM relationships that originate from the currgnt entity.
Operations
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.

© ISO/IEC 2012 - All rights reserved
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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.

Semanticl

This property defines the so called “encapsulated relationship” pattern. From the infrastructure petrspectivge, the
ownedRelafion association is required to manage relationship elements. KDM relationships are\owned by|the entity,
which is th¢ origin of the relationship. From the meta-model perspective, each relationship i§-a-self-contaiped association
class with tp- and from- properties.

9.5 AggregatedRelations Class Diagram

The AggregatedRelations class diagram defines the key analysis mechanismhof’KDM. AggregatedRelatiopships are part
of the “metp-level” interface to KDM models, along with interfaces defined by KDMEntity and KDMRelationship.

Overall mapagement and lifecycle of the Aggregated Relationshipsds determined by the operations of thg 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..*

+/inAgpregated 0.

D elstination

KD 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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Superclass
ModelElement

Attributes

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

Associatipns

relation:KIDMRelationship[0..*] The set of primitive KDM relationships represented by the-dggregated|relationship.

to: KDMEntity[1] The target container of the relationships in the aggregated set. All relatjonships in the
aggregated set should terminate at the target container or at some entitly that is
contained directly or indirectly in the target codtainer.

from:KDMEntity[1] The source container of the relationships in'the aggregated set. All relatjonships in the
aggregated set should originate from the.seurce container or from somg entity that is
contained directly or indirectly in the-Source container.

Constraints

1. Tof and from-endpoints should be distinct.
2. Th density should be greater than or equal to 1.

3. The density should be the same as the number of primitive relationships represented by the given aggregated
relptionship.

Semantic

Aggregatedﬁielationhips is determined(by*how atomic elements are owned by containers (or referenced by groups) in the
following Way:

1. AggregatedRelationship between two entities (no owned elements) represents the set of regular KDM relationships
befween these two,entities (such that the first entity is the from-endpoint of the relationship, and the $econd entity is
thg to-endpoint.gfthe relationship).

2. AggregatedRelationship between an entity and a container (or group) represents the set of all regular|] KDM
relhtionships such that the given entity is the from-endpoint and the to-endpoint is any entity that is gwned by the
givericontainer (directly or indirectly).

—

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

4. 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 relatiogship— X Tm*—C*Treans tat X 1S 11T COMAiner € Or 11T SOIME SUD-COMAINer of C, mansitivety., ]

For relationship R, let R’ be the corresponding aggregated relationship.
Given contginers C1 and C2 and the relationship R, let

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

That is, P i$ the set of pairs such that x is in* C1 and y is in* C2 and x R y.
Then
CIR’ C2iff|P| >0
C1 and C2 fre related by the aggregated relationship R’ if and only if{there is at least one pair in the set P.

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

c1

|==

Figure 9.4 {1 AggregatedRelationships illustrated

Figure 9.4 {llustrates Containers and aggregated relationships. It uses the following notation. UML package symbols C1
and C2 repfesenf KDM Containers, UML associations represent KDMRelations. An arrow at the end of an association
indicates the«difection of the relationship, when there are no arrows at either end of the association (as in the Figure 9.4),
this indicatcSTWO TCIationSiPs, ONT 11T cact AITeCHOI, 1 ¢ MUMDETS at e ends of associations, sucn as 2, represent the
density of the corresponding KDM relationship. The KDM density has a different interpretation than UML multiplicity:
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)

Operations
createAggregation(otherEntity: KDMEntity) This operation creates an aggregated relationship-such that the current
entity is the from-endpoint of the aggregated relation gnd the
“otherEntity” is the to-endpoint. The newaggregated felationship is
owned by the model to which owns the current entity (either directly
or indirectly through container ownership).
deleteAggfegation This operation deletes the given aggregated relationship.

(aggregatedRelation:AggregatedRelationship)

getinAggregated():AggregatedRelationship[0..*] This operation returns the’Set of AggregatedRelationsHip for which
the target is the current KDM Entity.

getOutAgdregated():AggregatedRelationship[0..*] This operation rettirns the set of AggregatedRelationsHip for which
the origin is the current KDM Entity.

9.6 Datatypes Class Diagram

The Datatypes class diagram collects together utility;data types for the Core package. Each class at the Djatatypes class
diagram is g subclass of MOF DataType class. The classes of the Datatypes class diagram are shown in Higure 9.5.

<<datatype>>
<<datatype>> Boolean
Strimg

<<datatype>>
Inteder

Figure 9.5 { Datatypes Class Diagram

9.6.1 Boolean Type (datatype)
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

The package named “kdm” defines the key infrastructure elements that determine patterns for constructing KDM views of
existing software systems. KDM views (also referred to as KDM instances) are collections of the elements that are

instances o
element of
software sy
rather, this

Implementd
and other a
guidelines

present in d
called KDM
existing sys

Each KDM
meta-mode
package.

10.2 C

The packag
instances. H
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model is th
KDM modg
view). Fron|
collection d
particular v

KDM speciffication usesythe term “KDM model” to refer both to a meta-model element corresponding to

model kind|
disambigua

KDM modg

the meta-model elements defined by the KDM specification, where each KDM element repre
the existing system. Although in the technical sense, KDM instance is a model of the correspd
stem, KDM instance is not a model that represents constraints, like the ones used during-the d
is an intermediate representation that captures precise knowledge about the system.

rs of KDM tools are guided by a mapping from the elements of programming(anguages, runt
'tifacts of existing software systems into KDM elements, using semantic description and impl
f this International Standard. The package named “kdm” describes sevefal-infrastructure elem
ach KDM instance. Together with the elements defined in the Core package these elements cd
{ Framework. The remaining KDM packages provide meta-modelelements that represent vari
tems.

package follows a uniform meta-model pattern for extendifig the KDM framework (the Framey
pattern). KDM Framework is part of the Infrastructure Layer together with the elements defing

)rganization of the KDM Framework

e with name “kdm” is a collection of classes and associations that define the overall structure
rom the infrastructure perspective, KBM instances are organized into segments and then furth
pre are 9 kinds of models. Each KDM model is described by one or more KDM packages and
Jomain. From the architectural perspective, each KDM package defines an architectural viewp
b key mechanism to organizeindividual facts into architecture views. From the infrastructure
1 is a typed container for- m&ta-model element instances (collection of facts organized into an
I the meta-model perspective, each KDM model is represented by a separate KDM package th
f the meta-model.elements, which can be used to represent the facts about the given existing
ewpoint. KDM, framework defines a common superclass model element for all models - the K[j

and to a(particular instance of such element in a concrete representation of some existing sys
fion (KPM model meta-model element vs. KDM model instance) will be provided when nece

sents a certain
nding existing
esign phase,

me platforms,
bmenter's

ents that are
nstitute the so-
us elements of

vork Extension
d in the Source

of KDM

er into specific
corresponds to
oint. KDM
berspective, a
architectural
at defines a
bystems from a
MModel class.
p particular
em. Explicit
Esary.

a minimal unit
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The implementer shall provide an adequate partitioning of the KDM instance into multiple 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:

» Framework — defines the basic elements of the KDM framework.

» Audit — defines audit information for KDM model elements.

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

» Extdnsions - a class diagram that defines the overall organization of the light-weight extension fuechapism of KDM.

» ExtgndedValues - the tagged values used by the light-weight extension mechanism.

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

10.3 Framework Class Diagram

The Frameyork class diagram defines the meta-model elements that constitut¢_the so-called KDM Framepvork: a
collection df KDM models organized into nested segments. These meta-madel elements determine the strjicture of KDM

instances. The classes and association of the Framework diagram are shown in Figure 10.1.

Extensions

ModelElement
(from core)

+extensionFamily
0.*

ExtendionFamily

N 7

KDM Framework
wname : String

KD M E ntity

(from core)
<name : String

0.* {union}

+/model

+owner 0.1 {union}

+model
+segment Ségment KDM Model
0p." 1 .
Selgmelnts 0..1 Models
+owner 0.1
+/model

AggregatédRelations

+/ownedEle ment

0..*
+/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.

Superclass
ModelElemfent

Attributes

name: String [0..*] The name of the framework element.

Associatipns

extension:|ExtensionFamily [0..*] Extensions for the current model(segment.

Semantic$

Concrete infstances of the KDM Framework meta-model eleents define the organization of the KDM ins
implementdr shall:

- arrapge instances of the KDM model elements into models (constrained only by the definition of each|
« arrahge KDM models into one or more segments

+ proyide names to KDM models and KDM segments
10.3.2 KDMModel Class (abstract)

A KDMMaoadel is an abstract class that defines common properties of KDM model instances which are coll
about a given software systemfrom the same architectural viewpoint of one of the KDM domains. KDM
concrete supclasses of thetKDMModel class, each of which defines a particular kind of a KDM model. Th
viewpoint i$ define bythe corresponding KDM package. A KDM model instance is an architectural view
system.

tance. The

model)

cctions of facts
defines several
¢ architectural
of the given

From the mletasmodel perspective, KDMModel extends the Element class. Each concrete KDM model fo

calledFraIr K O d-1MOdcCl Patlcrt [ PAlLCITl INVOIVC [1C 1O0IIOWIINE Naimning CONnvceitior

lows the so-

. Let’s assume

that “foo” is the name of the KDM model. The following rules describe the Framework Extension meta-model 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,
“AbstractFooRelationship.” This class extends KDMRelationship class from the Core package.
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KDMModel and KDMEntity defined at the Framework class diagram.

Class “AbstractFooElement” owns zero or more AbstractFooRelationship elements.

Class “FooModel” owns class “AbstractFooElement.” This association subsets the association between the

The package “foo” includes a “Foolnheritances” class diagram, describing inheritances of “FooModel,”

“AbstractFooElement,” and “AbstractFooRelationship” classes, as well as any other common properties related to the
KDM Infrastructure, such as properties related to the Source package.

The
“FO

Superclass

KDMFramg

Associati

ownedElement: KDMEntity[0..*]

aggregate

Semantic

The imple
each model
contain one
KDM modg

In general,

Usually, KT
in KDM Pr
Infrastructul

10.3.3 K

Operations

rIenter shall arrange instances of the KDM modelelements into models (constrained only by th

package “foo” includes “ExtendedFooElements” diagram that defines two generic meta-model-gl
Element” and “FooRelationship.” These meta-model elements are extension points to package.”f]

work

DNS

Instances of KDM entities owned by the model. Ej
model defines spegific subclasses of KDMEntity q

HRelation:AggregatedRelationship[0..*] Instances of KDM aggregated relations owned by

and to provide name attributes for each KDM'model instance. A KDM model instance may bq

Is of a given kind, or several such medels.
KDM does not constrain associationis between instances across KDM models or across KDM

M models corresponding to the KDM Resource Layer and Abstractions Layer have association
bgram Elements and Infrastructure layer. There should be no associations from the Program E
re layer models to Réseuirce and Abstractions layer models.

DMEntity (additional properties)

getModel(

bments

2

DO.

ach KDM
lass.

the model.

e definition of
empty or may

or more instances of the elements allowed: for this KDM model. A particular KDM instance fnay contain no

segments.

s to the models
ements and

;' KDMModel[0..1] This operation returns the KDM model that owns the curre

nt KDM

10.34 S

Entity.

egment 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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Superclass
KDMFramework

Associations

segment: Segment[0..*] Nested Segment elements owned by the current Segment.

model[0..*:KDMModel The set of KDM models owned by the current segment. Each KDM mode] defines an
architectural viewpoint. KDM model defines specific meta-model elerhenty (entities and
relationships specific to the viewpoint) that collectively define the'yiewpont language.

Semantic

The implerIenter shall arrange KDM models into segments and to provide name attributes for each KDM segment
instance. A|[KDM segment instance may be empty or may not contain KDM model§,0f‘a given kind or mjay contain one
or more KIPM models of a given kind.

In general, [KDM does not constrain associations between instances across, KDM models or across KDM pegments.

KDM metatmodel patterns make it possible to arrange KDM instances in“such a way that the models in KDM Program
Elements apd Infrastructure layers are placed in a separate KDM segment, which becomes a reusable ass¢t for multiple
derivative thodels from the Program Elements and Infrastructure layer.

The implengenters of KDM import tools should not make any‘assumptions regarding the organization of the KDM models
into KDM s$egments.

Example

<?xml verdion="1.0" encoding="UTF-8"?>
<kdm:Segmgnt xmi:version="2.1"
xfplns:xmi="http://schema.omg,org/spec/XMI/2.1"
xfplns:code="http://schema~ong. org/spec/KDM/1.2/code"
xmlns:kdm="http://schema.owmg.org/spec/KDM/1.2/kdm"
xmlns:source="http://8chéma.omg.org/spec/KDM/1.2/source" name="Framework Example">
<audit xmi:id="id.0" desgription="Illustration of KDM Framework" author="KDM FTF" date="04-03-2007">
<attrijute xmi:id="id" 1" tag="approved" value="yes"/>
</audit
<segment] xmi:id="1id).2" name="foobar"/>
<model xmi:id="¥AN\3" xmi:type="code:CodeModel" name="foo">
<annotfationexmi:id="1id.4" text="This is a sample instance of a Code model"/>
</model
<model xmi¥id="id.5" xmi:type="source:InventoryModel" name="bar"s>

<annotationm XMiTId="1a. 6" CexXt="Inig 15 & Sanple Or anil INvVentory Mooer /S
</model>
</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)
KDMFramework

-
T
Audits 0%
Audit
+audit

=description : String
author : String
ddate : String

Figure 10.2|- Audit Class Diagram
10.4.1 Audit Class

Audit class|represents basic audit information associated with KDM models.

Superclass
Element
Attributes|
description:String Contains the description of the Framework element.
author:Strihg Contains the name of the person who has created the model element, or the|name of the
tool that was used to create the model element.
date:String Contdins the date when the model element was created.

Constraints

1. dafe should be represented in “dd-mm-yyyy” format

Semantics

The Audit ¢lementprovides some extra “audit” information in the form of human readable text.

Each Framg¢werk element can have zero or more Audit instances associated with it. The collection of Audit elements is
not ordered however the data property can be used to establish the temporal ordering. The Date format is “dd-mm-yyyy,”
where “dd” is the date, the “mm” is the number of the month, with leading zero, if needed, and “yyyy” is the year. For
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 K

DMFramework (additional properties)

Audit elemd

Associatis

audit:Audi

10.5 E

The Extens
extensions

The KDM light-weight extension mechanism is a standard way ef adding new “virtual” meta-model elemg
pta-model element is a base meta-model element with extended meaning, and possibly with e3
'he base meta-model element can be a “regular’;element (a concrete class, not marked as “generic”), or

“virtual” m
attributes. ]
“generic” (
KDM. The

DNS

mechanism. Some additional meta-model elements are defined by the ExtendedValues class di

nts can be owned by any subclass of the KDMFramework element, including segment or nmrodel.

[0..4] The list of Audit element instances for the given instance of KDMFramework (segm

xtensions Class Diagram

ons class diagram defines the meta-model elements that constitute the basis of the KDM light

oncrete class with under specified semantics, marked as “generic”). This mechanism is defing
light-weight extensions mechanism allowstintroducing new “extended” meta-model element ki

ent or model).

-weight

noram.

mts to KDM. A

tended

d as part of

inds (called
DM and should

stereotypes). The exact meaning and the intention ©f-the “extended” meta-model elements is outside of K1
be commuricated by implementers to the users-of the extended representations.
The light-weight extension mechanism provides the following capabilities:

1. Dgfine a stereotype (introduce the partial kind of a meta-model element):

* A stereotype definitioftincludes the name of class of the allowed base elements. This class can be p particular
concrete meta-model.element, a generic element or an abstract meta-model element.

2. Ddfine tags assoeiated with a stereotype. Tags are additional attributes to the extended elements. Tag|definition
indludes the name of the extended attribute and the name of the type of the element (represented as a|string). Values
of pxtendedhattributes can take the form of a string, or reference to some modeling element. Each stefeotype defines
its fown(set of tags. Tag definitions are owned by the corresponding stereotype definition.

3. Orbarrestereotypedefinttomsttostereotypefamthes—Stereotypefanttesare-owred-bycbBMFraincwork
elements (KDM models and segments).

4. 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.
© ISO/IEC 2012 - All rights reserved
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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 light-weight extension mechanism by using them in KDM instances with a stereotype. In addition, each KDM model
defines two “wildcard” generic elements: a generic entity and a generic relationship for the given KDM model. They too
can be used as extension points.

Pure KDM |instances should use only concrete meta-model elements that have semantics specified~in ) KXDM, without
stereotypes| KDM instances that use stereotypes are called extended KDM instances. Extended’ KDM insfances can add
stereotypes|to concrete meta-model elements.

KDM light{weight extension mechanism does not support multiplicity of tags, constraints\on tags, relatiopships between
tags or ster¢otypes. The implementer shall select the most specific extension points, by.defining stereotypep in such a way
that they uge the base elements with the most specific semantic description (closei\te’the bottom of the K|DM class

hierarchy).

The classes| and associations of the Extensions diagram are shown in Figure 10.3.

Element
(from core)

\ E xtensionFamily

<name : String

Stereotypes

Stereotype
T <name : String 0.
LfaggD esfltr:;:;)n ttag . Ztypje : String +stereotype
wtype : String 0..* Tags ..
+ste\reotype

E xténsion

0.
ModelElement

(from core)

+taggedValue 1

E xtended)Malue

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.

38 © ISO/IEC 2012 - Al rights reserved


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

ISO/IEC 19506:2012(E)

A Stereotype specifies the name of the base class to which it can be added.

Superclass
Element
Attributes
name:String Specifies the name of the stereotype.
type:String Specifies the name of the model element to which the stereotype applics.

Associatipns

tag:TagDefinition[0..*] Stereotype owns the set of tag definitions that deterinine the additional tagged values
associated with the model elements that are brapded with the given stereotype.

Constraints

1. Tags associated with model element should not clash with anymjeta attributes associated with this mpdel element.
2. A model element should have at most one tagged value with'a given tag name.
3. A jtereotype should not extend itself.

4. A Ptereotype can be added to ModelElement if its class is the same as the baseClass, or one of its sulpclasses.

5. Thg values of the Type attribute of the TagDefinition are restricted to the names of the KDM meta-elpments. Names
of the core datatypes (“Boolean,” “Stringy” “Integer”) define attributes of the extended meta-model glement. The
cofresponding values are representedlas instances of the TaggedValue class. Names of other KDM meta-elements (for
exgmple, “KDMEntity,” or “Audit’?y define associations of the extended meta-element and the corregponding values
ard represented as instances of'the TaggedRef class.

Semantics$

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

A KDM mgdel element{with one or more stereotypes has the semantics of the base element with some additional
semantic cqnstraints, The complete kind of the new element is defined as the union of all stereotypes added to the
element. Extended) values are the attributes of the extended element. A KDM element with one or more sfereotypes is
equivalent {onaSsituation in which KDM has been extended by adding a new meta-model class that extendq the base class,
with the new attributes corresponding to the tag definitions.

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"/>

</stereetype

</extenslionFamily>
<model xfmi:id="1id.9" xmi:type="code:CodeModel" name="Example">
<codeHlement 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">
<dodeElement xmi:id="id.12" xmi:type="code:Signature" name="foo"/>
</cddeElement >
</codeElement >
<codeHlement xmi:id="id.13" xmi:type="code:CallableUnit" stereotypeée=I"¥d.4 id.3"
name="bar" type="id.1l6" kind="regular">
<taggedvValue xmi:id="id.14" xmi:type="kdm:TaggedRef" tag="id\, 5" reference="id.10"/>
<codeRelation xmi:id="id.15" xmi:type="code:CodeRelationship" stereotype="id.é6"
to="id.10" from="id.13"/>
<codeElement xmi:id="1id.16" xmi:type="code:Signature' name="bar"/>
</codeElement >
</model
<model xfmi:id="1d.17" xmi:type="code:CodeModel">
<codeHlement xmi:id="id.18" xmi:type="code:ClassUnit" stereotype="id.1">
<codeElement xmi:id="1d.19" xmi:type="code:MethodUnit" stereotype="id.1l"
name="foobar" type="id.23">
<dodeElement xmi:id="1d.20" xmi:typestaction:ActionElement" stereotype="id.7"
name="al">
<actionRelation xmi:id="1d.21"™\Xmi:type="action:Calls" stereotype="id.7"
to="id.13" from=*id.20">
<taggedValue xmi:id="#d»22" xmi:type="kdm:TaggedvValue" tag="id.8" value="C"/>
</actionRelation>
</lcodeElement >
<dodeElement xmi:id="1d.23" xmi:type="code:Signature" name="foobar"/>
</cddeElement >
</codeElement >
</model
</kdm: Segnent >

10.5.2 TagBefinitionGlass

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
AttributeJ
tag:String Contains the name of the tagged value. This name determines the sémanticg that are
applicable to the contents of the value attribute.
type:String Specifies the type of the value attribute.

Constraints

1. The “value” attribute of the TaggedValue should be valid according to'th€ type specified in the corresponding
TagDefinition.

2. The target of the “ref” association of the TaggedRef should bg. of the type specified in the corresponding
TagDefinition, or one of its subtypes.

99 ¢

3. If the type of the TaggedDefinition is one of the primitive datatypes (for example, “BooleanType,
“IntegerType”), the corresponding value should be(air'instance of the TaggedValue class.

btring Type,”

4. If the type of the TaggedDefinition is a name-o0f some other KDM meta-element (for example, “KDMEntity,” or
“Audit”), the corresponding value should be'an instance of the TaggedRef class.

Semantic$

ExtendedV4lues provide the values of(the*extended attributes and associations of the extended meta-modgl element
defined by pne or more stereotypes.

Names of the tags, defined by ‘eagch stereotype constitute an isolated namespace that does not interfere with the names of
other steredtypes or the names-of the attributes of the base type. The meaning and the intention of the stereptypes and tags
is outside of the KDM speeification and should be communicated by implementers to the users of the extiended models.
Extensions [should net~change the semantics of the base KDM meta-model elements, so that the model with extensions
can still be[interpreted as an approximation of the full extended meaning when extensions are ignored and only the basic
KDM semantie fules are applied.

Example

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

Element

Attributes

name:String Provides the name of the extension family.

Associations

stereotype|:Stereotype[0..*] The set of stereotypes that are owned by the extension family.
Semantics
ExtensionFamily provides a named container for stereotype definitions. The implem€nter shall arrange stg

definitions

segment. KPDM analysis tools should not make any assumptions regarding the-organization of stereotypes

Example

See example in the Stereotype class section.

10.5.4 ModelElement (additional properties)

Associatipns
taggedVallie:TaggedValue[0..*] The set of tagged values determined by the stereotype.
stereotypd:Stereotype[0..*] the stereotype
Constraints
1. Eath tagged value added.to a ModelElement must conform to a certain tag definition owned by the st

M
S

=

im

2. Stg

as
Example

dreotype of the ModelElement). A tagged value conforms to a tag definition when the value conforr
thd TagDefidition. Conformance of lightweight extensions can only be validated dynamically by a sy

nto meaningful families. Some stereotype definitions may be made(available as reusable asse

bort tool;since lightweight extensions are not defined by the KDM standard.

reotype can be associated with a certain instance of a ModelElement if the type of the ModelElen

treotype
s in a separate
into families.

ereotype of that
delElement (the tag association of the TaggedValue should refer to a TaggedDefinition that is owfed by a
ns to the type of

itable KDM

ent is the same

he type property in the stereotype delinition, or one of 1ts subclasses.

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 differentiation within existing KDM metamodel elements and allow adding attributes to them with extended value
construct.

The classes| 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 : String

TaggejdValue TaggedRef
<value|: String

0.+
Reference

+reference 1

ModelElenignt
(from core)

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

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

Superclags

Element

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 “taggedvalue” gair, (i.e.,
name=valu¢). The interpretation of tagged value semantics is outside of the scope of KDM. Itymust be determined by the
user or tool conventions. It is expected that tools will define tags to supply information needed for their gperations
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.

Each TaggegdValue must conform to the corresponding TagDefinition. In the meta-model, TaggedValue is fa subclass of
Element.

Superclass
ExtendedV3lue

Attributes
Value:Strir{g Contains the current-value of the TaggedValue.

Constraints

1. Thg value of the TaggedValue instance should conform to the type of the corresponding TagDefinitig

[

Semantics$

TaggedValye element represénts simple atomic “virtual” attributes. The type constraint of the value, defined in the
corresponding TagDefinitign -can be the name of any KDM primitive type (for example, “StringType,” “BooleanType,”
etc.).

Example

See exampleinthe Stereotype class section.

10.6.3 TaggedRef 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.

Constrain|ls

1. The model element that is the target of the ref association must be of the type, specified by th¢ type atfribute of the tag
definition that is the target of the tag association of the tagged ref element.

Semantic$

TagRef repfesents complex “virtual” attributes, which are associations to other KDN ‘elements. TagDefinjtion can be a
name of any KDM meta-model element (for example, “KDMEntity,” “AbstractCodeElement,” “ControlElement,” or
“CallableUpit”).

Example

See example in the Stereotype class clause.

10.7 Annotations Class Diagram

The Annotdtion class diagram defines meta-model elements that allow ad hoc user-defined attributes and [annotations to
instances of KDM elements. The mechanism of ad hoe user-defined attributes provides a capability to adfl pairs <tag,
value> to ap individual element instance. This is eomplimentary to the light-weight extension mechanism, which provides
a new metaFmodel element, each instance of which has <tag, value> pair specified by the definition of thp extended
element. A ad hoc user-defined attribute js\ewned to an individual element instance. This means that different instances
of the samd meta-model element may ewn completely different user-defined attributes (and some may hapye none at all).

An Annotafion is an ad hoc note owned by an individual element instance. Annotations and attributes are| applied to the
elements off KDM instances. They~may be used by implementer to add specific information to an individyal element.
They may 4lso be used by af analyst, annotating a given KDM instance. On the other hand, stereotypes gnd tag
definitions ps first defined \as' extensions to the KDM (meta-model) and then systematically used by the inplementer.

The classes| and assgciations that make up the Annotations diagram are shown in Figure 10.5.
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Element
(from core)

Annatation
Attri buFe Stext : String
<tag : String
<valug : String
0. 0.*

+annotation

ElemeéntAnnotation

+owner
1 | Element

+owner
(from core) owne

Figure 10.5/- Annotations Class Diagram
10.7.1 Attribute Class

An attribut¢ allows information to be attached to any model ¢lement in the form of a “tagged value” pair|(i.e.,
name=valug¢). Attribute add information to the instances of éhodel elements, as opposed to stereotypes and| tagged values,
which apply to meta-model elements. Tagged value is part of the extension mechanism (stereotypes defing virtual new
model element, and tagged values specify additional attributes of these virtual model elements). Tagged values are only
associated with model elements branded by a steredtype, and the set of tagged values for a particular instance of a model
element is dletermined by its stereotype. On the other hand, arbitrary attributes may be associated with individual
instances of model element. In particular, two different instances of the same model element may be anngtated by
different atfributes.

In the metafmodel, TaggedValue is a subclass of Element.

Superclass
Element
Attributes
tag:Name Contains the name of the attribute. This name determines the semantics that are ap licable 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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Semantics

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 attribute element is not related to a particular meta-model element. It does not define a “virtual” attribute to an
extended ta-maodel p]pmpnf’ that is instantiated wath everinstantiation of the new element Tncquﬂ) an attribute

element canp be added to any KDM element. It defines a property of a particular instance, not a property ¢f a class of
instances.

Example

See example in the KDMFramework clause.
10.7.2 Annotation Class

Annotation$ allow textual descriptions to be attached to any instance of a medel element. The meta-modgl Annotation
class is a sybclass of Element.

Superclags

Element

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

Constraints

1. Annotation cannot have further.ahnotations or attributes.

Semantic$

Annotation|allows associating-a human-readable text with an instance of any Element.

Example

See example in thesKDMFramework clause.

10.7.3 Element (additlonal properties)

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.
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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

11.1 Overview

9506:2012(E)

The Source package defines a set of meta-model elements whose purpose is to represent the physical artifacts of the
existing system, such as source files, images, configuration files, resource descriptions, etc. The Source package also

represents fraceability links between instances of KDM meta-elements and the regions of source code, wh
represented|
existing sys

The Source

A given K|

When a KIJ
of the exist

The nature
indicated b

The Source
development environment of the existing software system.

Inlix

Lin}

The
the |

The

Corn

Viey

tem it represents.

ence of the corresponding snippet), KDM offers an additiofial two options:

bath to the artifact is determined through the Inventory\Model.

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

What are the artifacts (software items) of the system?

ich is

by these meta-model elements. It represents the link between the KDM instance and the astifacts of the

package offers two capabilities for linking instances of the KDM representation fo.thé corresp

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

nding artifacts:

ing a KDM element to a region of the source code within some physical aftifact of the system being modeled.

M representation can implement either of the approaches, both of-them, or none.

M element is linked to the source code within a particular physical artifact of the existing sys

em (regardless

link can utilize the element of the KDM inventory modélto identify the particular physical artifaqt, in which case

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

KDM, this is

package defines an architectural wiewpoint for the Inventory domain. It is determined by the fentire software

cerns:

What is the general tole of each artifact (for example, is it a source file, a binary file, an executablp or a

configuration déscription)?
What is thelerganization of the aritifacts (into directories and projects)?

What are-the dependencies between the artifacts?

vpoint language:

Inventory views conform to KDM XMI schema. The viewpoint language for the Inventory architectural
viewpoint is defined by the Source package. It includes an abstract entity AbstractlnventoryElement, 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 viewpoint
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?
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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 environments of
‘llC C)&ibtillg bUled.lC S ySUICIIL.

* Construction of an Inventory view is determined by the semantics of the environment as well'as the semantics of
he 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}specific, or
environment-specific, or extractor tool-specific). This information can be attachedt0. KDM elements using
Stereotypes, attributes, or annotations.

As a genergl rule, in a given KDM instance, each instance of the inventory model, fepresents a file, or a set of files.
Exceptions [to this rule are:

« InvgntoryModel element, which is a part of the KDM instance infrastructute. This meta-model elemerjt is a container
the Instances of other inventory meta-model elements.

+ SoufceRef and SourceRegion meta-elements that represent tradeability links between other instances ¢f KDM meta-
model elements and source code of the existing software system.

Inventory npeta-model elements are part of the KDM instancennfrastructure because they determine the tijaceability
mechanism|between other KDM elements and the regions~of the physical artifacts of the existing softwarg system that
they repres¢nt.

11.2 OQrganization of the Source Package

The Source|package consists of the following 5 class diagrams:
« InvgntoryModel
« Invgntorylnheritances
» InvdntoryRelations
+  SoufceRef

« ExtgndedInventoryElements

The Sourcel[package depends on the following packages:

« Core

* 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

+ AbspractInventoryElement class
« AbstractInventoryRelationship class

In addition the InventoryModel class diagram defines a concrete KDM entity for each artifaetysuch a SourceFile, an
Image, a R¢sourceDescription, a Configuration description, a BinaryFile, and an ExecutableFile. These meta-model
elements are subclasses of the common parent class Inventoryltem. The Inventory medel also provides a jgeneric KDM
container cglled InventoryContainer and two specific containers: Directory and Project.

The classes| and associations of the InventoryModel are shown at Figure 11.1«

+inventoryRelation
hventoryModel {subsets ownedRelation}

+model

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

AbstractinventoryElemg&nt {subsets ownedElement}

{spbsets ownedElement} R
0.. +owner
0.1 {subsets owner}

Inventoryltem -
y InventoryContainer

cversion : String

<path @ String
Directory
<2path : String

Ab straetinventoryRelationship

SoyrceFile Project
&langdage : String

wencoding : 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.
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Superclass
KDMModel

Associations

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

Semantic

InventoryModel is a container for instances of inventory elements. The implementer shall arrange inyentorly elements into
one or mor¢ inventory models. KDM import tools shall not make any assumptions about the erganization| of inventory
items into ipventory models.

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

Superclass
KDMEntity

Associations
inventoryRelationship:AbstractinventoryRelationship[0..1] ™" The set of inventory relations owned by the inveptory element.

Semantics$

From the meta-model perspective, this elemént is a common parent for all inventory entities. This elemen{ is abstract and
cannot occyr in KDM instances. The nami¢-of the meta-model element can be used as the type constraint fin stereotype

definitions.|Inventory package provides-a concrete class InventoryElement with under specified semanticq, which can be
used as an ¢xtension point for defihing new “virtual” inventory entities.

11.3.3 AbstractinventoryRelationship Class (abstract)

The AbstragtinventofyRelationship is the abstract parent class for all inventory relationships.

Superclass
KDMRelatiomship

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.

Superclass

AbstractInvientoryElement

Attributes

version:String

path:String

Semantic

Provides the ability to track version or revision numbers

Location of the build resource

The implementer shall provide a mapping from concrete types of the physital artifacts involved in the engineering of the
existing software system into concrete subclasses of the Inventoryltend,, The implementer shall map each prtifact of the

existing software system to some instance of KDM Inventoryltem,

11.3.5 SlourceFile Class

The SourcelFile class represents source files. This meta-model element is the key part of the traceability mechanism of
KDM whose purpose is to provide links between code*clements and their physical implementations using| the

SourceRegion mechanism from the Source package:

Instances of the SourceRegion meta-model gletent refer to certain regions of source files to identify the priginal
representatjon corresponding to a certain/ KDM element. In order to achieve interoperability between KDM tools that take
advantage g¢f the traceability links betweén the KDM elements and the regions of existing software system Jartifacts, KDM

specification explicitly defines semantics of source files.

Superclags

Inventoryltem

Attributes

language:String

encoding:String

Semantics

T 1 3 £l o
HIAICALTS UIC 1dllgud g0 O1 UHIC SOUITC 111C.

An optional attribute that represents the encoding of the characters in the file.

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.
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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
should be explicitly specified in the optional encoding attribute of the SourceFile using a standard encoding label. For
example, “UTF-16,” “ISO-10646-UCS-2,” “ISO-8859-2,” “ISO-2022-JP,” “Shift JIS,” and “EUC-JP,” etc. Encoding of

the charactq
in the sourd

11.3.6 In

Image elen]

Superclass

Inventoryltg

Semantics

11.3.7 C

Configurati

Superclags

Inventorylt

Semantics$

11.3.8 R

ResourceDg

Superclass

Inventorylt

hage Class

ent is used to represent image files.

m

onfiguration Class

pn element is used to represent various configuration files.

71}

esourceDescription Class

E1M

Semantics

scription element-is-used to represent resource description files.

rs in the SourceFile should be taken into account by KDM consumer tools that make use ofthe information
e file, through the mechanism of the SourceRegion.KDM tools shall at a minimum support. U[[F-8.

11.39 B

inaryFile 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.

Superclass

Inventorylt

Semantics$

11.3.111

The Invent

Superclags

Pm

hventoryContainer Class (generic)

ryContainer meta-model element provides a container for instances of Inventoryltem element

AbstractInvientoryElement

Associatipns

inventoryHlement:AbstractinventoryElement[0..*] The set afinventory elements owned by the container.

Constrain

ts

1. InyentoryContainer should have at least oneStereotype.

Semantics$

Concrete infstances of the InventoryContainer element own other inventory elements (both inventory cont
individual inventory items). InventoryContainer instances represent tree-like container structures in which
elements are individual Inventoryltém instances. Each InventoryContainer represents the entity set of Inv

owned by t

hat container directly or indirectly.

11.3.12 Directory Class

hiners and
the leaf
entoryltems

The Directqry class. represents directories as containers that own inventory items.
Superclass
InventoryContainer
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” attribute of
the Directo *-‘“ and en]’\cpqnphf elements are name attributes of the r‘{rpr\fr\ry items such that each A;rppfr\ry ltem is Owned

by the prevjous directory item and that last directory item owns the inventory item. Any Project containefs, involved in
this ownership structure are ignored.

11.3.13 Project Class

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

Superclass

InventoryCpntainer

Semantics

Project is ap arbitrary container for Inventory items. It can be uséd/in combination with Directory contairfers.

Example

<?xml versglion="1.0" encoding="UTF-8"?>
<kdm:Segmgnht xmi:version="2.1"
xmlns:xmi="http://schema.omg.org/sped/XMI/2.1"
xnlns:kdm="http://schema.omg.org/spec/KDM/1.2/kdm"
xnlns:source="http://schema.omg%org/spec/KDM/1.2/source" name="Inventory Example">
<model xmi:id="id.0" xmi:type="sourcesInventoryModel">
<inventoryElement xmi:id="id.lM\ xmi:type="source:SourceFile" name="a.c">
<inventoryRelation xmi:id="3d.2" xmi:type="source:DependsOn" to="id.5" from="id.l1"/>
</inventoryElement >
<inventoryElement xmi:id=41d.3" xmi:type="source:SourceFile" name="b.c">
<invlentoryRelation @mi<id="1d.4" xmi:type="source:DependsOn" to="id.5" from="id.3"/>
</invenhtoryElement
<inventoryElementy xmi:id="1id.5" xmi:type="source:SourceFile" name="ab.h"/>
<inventoryEleménts xmi:id="id.6" xmi:type="source:Directory">
<invlentoryElément xmi:id="1id.7" xmi:type="source:Image"/>
<invlentoryElement xmi:id="1id.8" xmi:type="source:Image"/>
</inveptetyElement >

<i1’lVeI l.UJ_YDlClllCJJl. lllJl..Jl.l:I.— Jl.l:l. lllJl.. C PC— DU\J.J_\_C.DU\J.J_L,CL‘J‘.].C IIAlllT= Illﬂ.}\:LJ‘.l:
<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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1

AbstractinventoryElement AbstractinventoryRelationship

InventoryModel

Figure 11.2[- Inventorylnheritances Class Diagram

11.5 InventoryRelations Class Diagram

InventoryREglations class diagram defines an optional relationship “DependsOn” betweenpinventory elements. The classes

and associafions for this diagram are shown in Figure 11.3.

AbstractinventoryRelationship

DependsOn

+fron> AbstractinventoryE lement

+to

1

{redefings from} {redefines to}

Figure 11.3|- InventoryRelations Class

11.5.1 DependsOn Class

DependsOr elass 1s a meta-model element that represents an optional relationship between two inventory

Diagram

one inventoTy STt TeQUITTS Aot TIVEIToTy CISIeIt GUTTITE OTE O TITOIT StEPS Ot UIe CNgiIeeTing process.

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
process in the form of “DependsOn” relations between inventory items. “DependsOn” relationship is part of the
Infrastructure Layer, which is available to all KDM implementations at various compliance levels, KDM Build package
that constitutes a separate L1.Build compliance point, defines additional meta-model elements that repfésgnt the facts
involved in[the build process of the software system (including but not limited to the engineering transfogmations of the
“source code” to “executables”).

When the grigin of the DependsOn relationship is an Inventory container, this means that all-elements owned by this
container (directly or indirectly) depend on the target of the relationship.

When the target of the “DependsOn” relationship is an Inventory container, this means-that the one or mqre base
inventory elements (the origin of the relationship) depends on all elements owned by 'the container (directly or indirectly).

11.6 SourceRef Class Diagram

The SourceRef class diagram defines a set of meta-model elements whose purpose is to provide traceability links between
the elements of the KDM model of the existing software system and the physical artifacts of that system.| The class
diagram sh¢wn in Figure 11.4 captures these classes and their, r¢lations.

Element
(from core)

SourceRef
[@language : String
wshippet : String
SourgeRegion y

wstartLirje : Integer .
wstartPogition : Integer SourceRegions

<endLing : Integer 0.9 {ordered}
wendPogition : Integer

<language : String 0.*
«path : Jtrin
Artifact SourceFile

0.1/ Blanguage : String

2l of
eRCoaHg—StiNg

Figure 11.4 - SourceRef Class Diagram
11.6.1 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

language: String Optional attribute. Indicates the source language of the snippet attribute.

snippet:Stfing Optional attribute. The source snippet for the given KDM element. The snippet may have
some internal structure, for example XML tags corresponding to an abstract yntax tree of
the code fragment. The interpretation of code snippets is outside the)scope pf the KDM.
Constraints
1. Lapguage indicator has to be provided using at least one of the following methods:
« Aglthe attribute of the SourceRef element.
« A4 the attribute of the SourceRegion element.
« A4 the attribute of the SourceFile element (part of the Inventory Model), accessible via the SourceRdgion element.
2. If poth the snippet and the language attributes of the SourceRef €lement are present, then the language attribute
should describe the nature of the code snippet, in which cas¢)the nature of the source code region acdessible through
thd SourceRegion may be different from the nature of the\code snippet. If the snippet attribute is not present, then the
laniguage attribute of the SourceRef element overrides‘the language attribute of the SourceRegion eldgment, which in
turh overrides the one at the SourceFile element.
SemanticI‘
SourceRef meta-model element represents a traceability link between an instance of a KDM element to its original “source”
representatipn as part of a physical artifact of the-existing software system. KDM element that defines a tracegbility link to its

original rep}
The Source

Inlix
« Lin}

A given KI|

When a KIJ
of the exist]

Fesentation owns one or more SourceRef elements.
package offers two capabilities for linking instances in KDM representation to their correspoj

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

fing a KDM element to a region of the source code within some physical artifact of the system bei
M represenitation can implement either of the approaches, both of them, or none.

M element is linked to the source code within a particular physical artifact of the existing sys
bnge ‘of the corresponding snippet), KDM offers further two options:

The

nding artifacts:

ng modeled.

em (regardless

1Nk can utiliz€ the €liement o (S mventory model to 1identt € particular physical artitac

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.

t, in which case

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 are present.

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

Superclass
Element
Attributes
startLine: Integer The line number of the first character of the source region.
startPositipn:Integer Provides the position of the first character of the source region.
endLine:Integer The line number of the last character-of the source region.
endPosition:Integer The position of the last character, of the source region.
language: $tring Optional attribute. The language indicator of the source code for the given gource region.
path:String Optional attribute. The Tecation of the physical artifact that contains the givien source
region.
Associatipns
file:SourcdFile[0..1] This association allows zero or more SourceRegion elements to be associateql with a single

SeurceFile element of the Inventory Model.

Constraints

1. Th location of the source file should be provided using at least one of the following methods:

« Patth attribute of the SourceRegion element

- Pathattribute of the SourceFile element of the Inventory model

Semantics

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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11.7 ExtendedinventoryElements Class Diagram

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 classes and
associations of the ExtendedInventoryElements diagram are shown in Figure 11.5.

AbstractinventoryRelationship

AbstrdctinventoryElement 7&

1R InventoryRelationship

+from 0..
{redefines from}

Inve ptoryElement +to
{redefines to}

KD M E ntity

(from core)

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

The InventgryElement class is a generic meta-model element that can be used to define new “virtual” mefa-model
elements thirough the KDM light-weight extension.fuechanism.

Superclags

AbstractInvientoryElement

Constraints

1. InyentoryElement should have at least one stereotype.

Semantic$

An inventoty entity ‘with under specified semantics. It is a concrete class that can be used as the base element of a new
“virtual” mgta-model entity type of the inventory model. This is one of the KDM extension points that can intggrate additional
language-specifie, application-specific, or implementer-specific pieces of knowledge into the standard KDM fepresentation.

11.7.2 InventoryRelationship Class (generic)

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] the inventory element origin endpoint of the relationship

to:KDMEntity[1] the target of the relationship

Constraints

1. InvyentoryRelationship should have at least one stereotype.

Semantics$

An inventofy relationship with under specified semantics. It is a concrete class that can be used as the bage element of a
new “virtugl” meta-model relationship type of the inventory model. This is one of the KDM ‘extension pojnts that can

integrate additional language-specific, application-specific, or implementer-specific pieees of knowledge iffto the standard
KDM representation.
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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 Layer define an architecture viewpoint for the Code domain.

« Concerns:

+ Viewpoint language:

C

defined by the Code and Action packages. It includ€s several abstract entities, such as AbstractCd
Cofdeltem, several generic entities, such as Datatype, ComputationalObject and Module, as well 4
comcrete entities, such as StorableUnit, CallableUnit, CompilationUnit, and ActionElement. The |
lanjguage for the Code architectural viewpoint also includes several relationships, which are subc
AbsstractCodeRelationship and AbstractActionRelationship.

« Anglytic 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
what action elements-are owned by a CallableUnit)?

hat are the computational elements of the system?

hat are the modules of the system?

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

hat are the units of behavior of the system?

hat are the low-level relationships between the code elements, in particular'what are the control
ow relationships ?

hat are the important non-computational elements?

ow are computational elements and modules related to the physical artifacts of the system?

e views conform to KDM XMI schema. The viewpoint language for the Code architectural

flow and data-

iewpoint is
deElement and
1s several
iewpoint
asses of

CodeAssembly;

Pata flow (forexample, what action elements read from a given StorableUnit; what action elements write to a
piven StorableUnit; what action elements create dynamic instances of a given Datatype; what acti
hddress a.particular StorableUnit; what data element are being read as actual parameters in a call)

bn elements

Control/ flow (for example, what CallableUnit is used in a call; what action element is executed after the given
hctioh element; what action elements are executed before the given action element; what data element is used to

dispatch control flow from a given action element; what action element is executed after the given element under
what conditions; what is the exceptional flow of control; what action elements are executed as entry points to a
given module or a CallableUnit)?

* 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

t

hat take artifacts of the system as the input and produce one or mode Code views as output.

Program Lgyer defines a single KDM Model, called CodeModel, and consists of thé fellowing KDM pac
+ Code
« Action
Code packdge defines Codeltems (named elements determined by the{rogramming language, the so-callg
“definition,” etc.) and structural relations between them. Codeltenis are further categorized into Comput
Datatypes, and Modules. Action package defines behavioral elements and various behavioral relationship
determine the control- and data- flows between code items.
Description| of the Code package is further subdivided into-the following parts:
« Codg Elements representing Modules

Cod
Cod|
Cod

+ Mis
Data repres|
provides di
fields, para
association
defined dat
KDM meta

Construction of the Code view 15 determined Dy e syntax and Semantics ol the programining 1ang
Corresponding artifact, and is based on the mapping from the given programming language to KDM

The mapping from a particular programming language to KDM may produce additionalinformati
kpecific, or programming language-specific, or extractor tool-specific). This informéation can be at
blements using stereotypes, attributes, or annotations.

s specific only to the programming language and not to a specific software system.

e Elements representing Computational Objects
c Elements representing Datatypes

e Elements representing Preprocessor Directives
tellaneous Code Elemegnts

entation of KDM\is' aligned with ISO/IEC 11404 (General-Purpose Datatypes) standard. In pa
tinct meta-model elements for “data elements” (for example, global and local variables, const
meters, clas§\members, array items, and pointer base elements) and “datatypes.” Each data ele
“type’to.its datatype. KDM distinguishes primitive datatypes (for example Integer, Boolean),
hitypes (for example, array, pointer, sequence) and named datatypes (for example, a class, a sy

ruage of the
[; such mapping

n (system-
tached to KDM

kages:

d “symbols,”
ationalObject,
, which

rticular, KDM
ants, record
ment has an
complex user-
honym type).
meta-model

model elements corresponding to datatypes are subclasses of a generic class Datatype. KDM

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.

In addition to the type association, KDM relationship “HasType” is used to track named datatypes. Anonymous datatypes

can be own

64

ed 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 Code ¢
elements ar

ackage defines a set of meta-model elements whose purpose is to represent implementation ¢}
d their associations. It is determined by one or more programming languages used in the desi

vel program
bn of the given

existing software system. Code package includes meta-model elements, which represent common program elements

supported Y
templates.

As a generd
language c
meta-mode
system. Ex

+ inst
a col

 inst;
prin

12.2 (

The Code ¢
1. Co
2. Co
3. M
4. Co
5. D4
6. Va
7. Pri

y various programming languages, such as data types, data items, classes, procedufes,“macros,

1 rule, in a given KDM instance, each instance of the code meta-model elefnent represents som|
nstruct, determined by the programming language of the existing softwate system. Each insta
element corresponds to a certain region of the source code in one ¢f'the artifacts of the exist
eptions to this rule are:

nces of the CodeModel meta-model element that are parts of the\KKDM infrastructure. This meta-n|
ntainer for other code element instances.

inces of code element that explicitly represent certain abstractions provided by a programming lan
itive datatypes and predefined datatypes.

)rganization of the Code Package

ackage consists of the following 24 class diagrams:
deModel

delnheritances

dules

ntrolElements

taElements

ues

mitive Types

prototypes, and

e programming
hce of a code
ng software

nodel element is

guage, such as

8.  EnumeratedTypes

9. Co

10. De

mpositeTypes

rivedTypes

11. Signature

12. De

finedTypes

13. ClassTypes
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14. Templates

15. TemplateRelations
16. ClassRelations

17. TypeRelations

18. InterfaceRelations

19. PrgprocessorDirectives
20. PrgprocessorRelations

21. Comment

22. Vigibility

23. VigibilityRelations

24. ExfendedCodeElements

The Code package depends on the following packages:

*  Source
« Cor¢
o kdm

12.3 GodeModel Class Diagram

The CodeModel class diagram follows the uniferm pattern for KDM models and extends the KDM framgwork with
specific mefa-model elements related to implementation-level program elements and their associations.

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

+ CodeModel — a class represénting a model for CodeElement.

« AbsfractCodeFlement ='a ¢lass representing an abstract parent class for all KDM entities that can be used to model
codg.

«  AbsjractCodeRelationship - a class representing an abstract parent of all KDM relationships that can He used to
represent code.

The CodeModel\diagram also defines several key abstract classes, which determine the KDM taxonomy for program
elements:

+ Codeltem

» ComputationalObject
» Datatype

* Module

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

0..1
+model
{subsets model}

ISO/IEC 1

AbstractCodeRelationship

0.~ +codeRelation
{subsets ownedRelation}

+codeElement 0..* ;
[ {(suDsels ownedElement) r 4
AbstractCodeElement
Codeltem
D atatype ComputationalObject Module

Figure 12.1 - CodeModel Class Diagram

12.3.1 CodeModel Class

The CodeModel is the specific KDM model that owns collections of facts about the existing software sys
these facts forrespond to the Code domain. CodeModel, is*the only model of the Program Elements Layer
CodeModel follows the uniform pattern for KDM models.

Superclags
KDMMode|

Associatipns

codeElement:AbstractCodeElement[0..*] {ordered} The set of the top-level elements that are defined in th

Semantic$

The CodeModel element is the owner of such CodeE
property subsets the ownedElement property of KDM
union.

9506:2012(E)

tem such that

of KDM.

s code model.
ement. This
Model derived

CodeModel is a container for code elements. The implementer shall arrange code elements into one or more code models.
KDM import tools should not make any assumptions about the organization of code elements into code models.

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.
Semantics

AbstractCofleElement is an abstract class that is used to constrain the owned elements of some KDM ¢onftainers in the
Code mode].

12.3.3 AbstractCodeRelationship Class (abstract)

The Abstra¢gtCodeRelationship is an abstract class representing any relationship determined by a programming language.

SupercIaT

KDMRelafionship

Semantics

AbstractCofleRelationship is an abstract class that is used to constrain’ the subclasses of KDMRelationship in the Code
model.

12.3.4 Codeltem Class (abstract)

Codeltem dJlass represents the named elements determined by the programming language (the so-called “4ymbols,”
“definitiong,” etc.). There are AbstractCodeElements that are not Codeltems, for example ActionElements that are defined
in the Actign package.

Superclass
AbstractCofleElement

Semantics$

Codeltem i$ an abstracf class that is used to constrain the owned elements of some KDM containers in the Code model.

12.3.5 ComputationalObject Class (generic)

ComputationalObject class represents the named elements determined by the programming language, which describe
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.

12.3.6 Datatype Class (generic)

Datatype class represents the named elements determined by the programming language that describescdagatypes.

Superclags
Codeltem

ConstrainIs

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

Semantic$

Datatype is|a generic element with under-specified semantics that can be‘used as an extension point to ddfine new
“virtual” mpta-model elements that represent specific named datatypes‘that do not fit into semantic categgries of the
concrete supclasses of Datatype.

12.4 Godelnheritances Class Diagram

The Codelrheritances class diagram defines how classes of the Code package inherit from the Core packjige. The class
diagram shpwn in Figure 12.2 captures these relations.

KDM Model KD M Ehtity KDMRelationship

(from kdm) (from. coTe) (from core)

X 7

Codellodel AbstractCodeRelationship

AbstractCodeElement

go.ﬂ
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 as compilation units, shared files, and binary components. The class diagram shown in Figure 12.3 captures these

classes and

their associations.

Codeltem

i

Module

+owner

AbstractCodeElement
{subsets owner}

+codeElement
{subs ets ownedEleméent

/

LangpageUnit ordered
CompilationUnit P ackage
ShajﬂUnit CodeAsseinbly
Figure 12.3|- Module Class Diagram
12.5.1 Module Class (generic)

The Modul
determined
identifiable

system. Usgally modules promote encapsulation (i.e., information hiding) through a separation between th

the implem

the associations between«the programming language elements that are owned by them, especially when th

component
multiple ex
the progran
the Invento

e class is a generic KDM modeling element that represents an entire software module or a con
by the programming language and the software development environment. A module is a disc
program unit that contains other program elements and may be used as a logical component d

pntation. In the cantext of representing existing software systems, modules provide the context

of a softwareproduct line is compiled multiple times with different compilation options and 1
pcutables.JInstances of the Module class represent the logical containers for program elements
yming language. Modules may be further related to other KDM items, for example to KDM Iny|
Fy.medel; or to KDM deployment elements of the Platform model. In the situation of modelin|

hponent, as
rete and

f the software
e interface and
for establishing
e same logical
nked into
determined by
entory items of
b a complex

software pr

auct I1n€, Iogical ModuleS may necd to b€ duplicaled, because the €Xact relationsnips determ

particular software component may depend on the engineering context.

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

Superclass

Codeltem
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Associations

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

Constraints

1. Module class and its subclasses should not own SourceRef elements.

2. Code Model cannot directly own any code elements other than the subclasses of the Module class!
3. Evpry code element should be owned by some instance of the Module class or its subclassest
4. Ingtance of the Module element should have at least one stereotype.
5. Ngother code element should own Module elements and its subclasses.
Semantics
Module is 4 logical container for program elements. Subclasses of Module element define semantically dis

Module, rej

presenting common categories of containers.

The implenjenter shall select an appropriate subclass of the Module element.

12.5.2 C

The Compi
compilation

ompilationUnit Class

ationUnit class is a meta-model element thatuepresents a logical container that owns program
unit is a logical part of the existing software system that is sufficiently complete to be proce

corresponding software development environment: Compilation unit is usually related to some artifact of

software syl
languages d

Superclags

Module

Semantics$

Compilatio
SourceFile

stem, for example, a physical source file. Compilation units are supported by the selected prog
f the existing software system and\as determined by the corresponding engineering process.

hUnit is a stand=alone named container for program elements. Usually a CompilationUnit corr|
in the InventoryModel.

tinct flavors of

elements. A
sed by the
the existing
bramming

bsponds to a

12.5.3 SlharedUnit Class

The SharedUnit class is a meta-model element that represents a shared source file as supported by the selected
programming languages of the existing software system and as determined by the engineering process.

Superclass

Module
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Semantics

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 elements
determined |by a particular programming language.

Superclags
Module

Constraints

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

Semantics$

LanguageUhit is a logical container that owns definitions of primitive and.predefined datatypes for a partifular language,
as well as other common elements for a particular programming language. LanguageUnit may or may not ¢orrespond to a
SourceFile fn the InventoryModel. Some of the predefined prograin ¢lements are defined in standards system files. The

implementer shall add such files to the InventoryModel. Primitive. datatypes usually do not have any corrdsponding files,
in this situdtion the LanguageUnit does not have a counterpart.in the InventoryModel.

12.5.5 CodeAssembly Class

The CodeAfsembly represents a logical container for the program elements that were built together (for gxample,
compiled afd linked into an executable, so that'all variant selection during the compilation and static linkirlg was resolved
in a certain|coordinated fashion). The samie collection of logical entities has to be analyzed together. A squrce file may
produce a different logical model when, for example, compiled and linked for a different hardware platfofm, or for a
different operating system. The CodeAssembly represents a collection of entities that have been analyzed|together. A
different variant of the conceptuakfamily of software systems (even involving same compilation units) mpy need to be
cloned into|a separate CodeASsembly.

Superclags
Module

Semantics$

CodeAssembly is a logical container that provides the context for entities and relationships for a collection of program
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.

12.5.6 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 3:

12.6 C

The Contro|
as procedu

ontrolElements Class Diagram

[Elements class diagram defines basic meta-model elements to represent callable,computation

11 objects, such

es, functions, methods, etc. The class diagram shown in Figure 12.4 shows these classes and their relations.

Figure 12.4{ - ControlElements Class Diagram

12.6.1 C

The Contro|

ComputationalObject . Datatype
ﬁﬁ Signature Type
+owner
ControlElement %
0.4 AbstractCodeElement
" 0.4
+oodeElement
{subsets ownedElement
ordered}
CallgbleUnit T P, W
Bkind : GallableKind ethodtni )
2kind : MethodKind il
Eexport : Exportkind amethod
- wconstructor
<<enumerat|c.>n>> Bdestructor
CallableKind Foperator
wexternal Bvirtual
dregular Fabstract
operator “unknown
astored
“unknown

ontrolElement Class (generic)

|Elément class is a common superclass that defines attributes for callable code elements. In thg

meta-model it

has the role o an endpoint for some KDM relations.

Superclass

ComputationalObject
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Attributes and Associations

type:Datatype[0..1] Optional association to the datatype of this control element
codeElement:AbstractCodeElement[0..*] {ordered} Represents owned code elements, such as local definitions and
actions.

Constrainfs

1. ControlElement should have at least one stereotype.

2. CoptrolElement should own a Signature.

Semantic

ControlEleIAent is a generic element with under specified semantics that can be used as/an extension poinf to define new
“virtual” mgta-model elements that represent specific named control constructs that.do not fit into semant|c categories of
the concret¢ subclasses of ControlElement.

ControlElemnent represents named items of the software system that describe certain behavior that can be [performed by
demand, thfough the invocation mechanism, such as a call-return mechéanism, directly supported by many processor units
and high-leyel programming languages.

ControlElemnent owns other program elements, which can include.nested ControlElements.
12.6.2 CallableUnit Class

The CallableUnit represents a basic stand-alone elemiént that can be called, such as a procedure or a function.

Superclass

ControlElement

Attributes
kind:CallableKind indicator of the kind of the callable unit

Semantics$

A Callable(nit represents a named unit of behavior that can be invoked through a call-return mechanism/| This is a
subclass ofla_ControlElement From the rintime pPerPr“riVP a CallablelInit element represents 2 Qiﬂglf‘ (‘jmputational
object, which is identified directly (using the name) or indirectly (using a reference). More precisely, the call-return
mechanism implies an invocation stack, since a CallableUnit may call itself, and there may be multiple instances of the
behavior represented by the CallableUnit, at various stages of completion, each corresponding to an entry in the
invocation stack.

A CallableUnit represents global or local procedures and functions.
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allableKind 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

external specifies an external procedure (a prototype, definition is elsewhere)

operator specifies a definition of an operator

stored specifies a stored procedure in DataModel

unknown properties are unknown
12.6.4 MethodUnit Class
The Metho¢lUnit represents member functions owned by a ClassUnit.
Superclags
CallableElgment
Attributesq

kind:Meth¢dKind indicator of the'kind of the method represented by this element

export: ExportKind represents ‘the visibility of the method (public, private, protected)
Semantics
The Metho@lUnit represents meniber' functions owned by a ClassUnit, including user-defined operators, cqnstructors, and
destructors,
From the ryntime perspettive, each MethodUnit element represents a computational object that exists in fhe context of
some class [instance, thétefore there exists multiple instances of such objects, each identified by the method name as well
as the referpnce to-the’corresponding class instance. A class instance is identified either directly (by namg¢) or indirectly
(by referenge),

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 Val

method

© ISO/IEC 20

ues

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 MethodUnit represents a virtual method.

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

Example (IC language)

int main(ijpt argc, char* argvl[]) {
pyintf (*Hello, World\n”) ;

<?xml versfion="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"
xnlns:code="http://schema.omg.org/spec/KDM/1.2/code™
xnlns:kdm="http://schema.omg.org/spec/KDM/1.2/kdm!
xnlns:source="http://schema.omg.org/spec/KDM/1 2% source" name="HelloWorld Example">
<model xfmi:id="1d.0" xmi:type="code:CodeModel" names™HelloWorld">
<codeHlement xmi:id="id.1" xmi:type="code:CompilationUnit" name="hello.c">
<codeElement xmi:id="id.2" xmi:type="code:CallableUnit"
name="main" type="id.5" kind=!'Xegular"s>
<gource xmi:id="id.3" language="C" sgmippet="int main(int argc, char* argv[]l) {}"/>
<gntryFlow xmi:id="1id.4" to="id.l12" from="id.2"/>
<dodeElement xmi:id="1d.5" xmi:type="code:Signature" name="main">
<source xmi:id="id.6" snippet="int main(int argc, char * argv[]);"/>
<parameterUnit xmi:id="id\7?" name="argc" type="id.25" pos="1"/>
<parameterUnit xmi:id="1d.8" name="argv" type="id.9" pos="2">
<codeElement xmi;id="id.9" xmi:type="code:ArrayType">
<itemUnit xmi:Hd="id.10" type="id.19"/>
</codeElement{>
< /parameterUndt>
<parameterUnit xmi:id="id.11" type="id.25" kind="return"/>
</lcodeElenfents
<godeElément xmi:id="id.12" xmi:type="action:ActionElement" name="al" kind="Call">
<souxrce xmi:id="id.13" language="C" snippet="printf (&quot;Hello, World!\n&quot;);|/>

<eO0déElement xmi:id="id.14" xmi:type="code:Value"

name="&quot ;Hello, World!\n&quot;" type="1d.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">

78 © ISO/IEC 2012 - Al rights reserved


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

<codeElement xmi:

id="id.21" xmi

ISO/IEC 19506:2012(E)

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

<parameterUnit xmi:id="1id.22" name="" type="id.25" kind="return" pos="0"/>
<parameterUnit xmi:id="id.23" name="format" type="id.19" pos="1"/>
<parameterUnit xmi:id="id.24" name="arguments" kind="variadic" pos="2"/>
</codeElement>
</codeElement>
<codeElement xmi:id="id.25" xmi:type="code:IntegerType" name="int"/>
</codeElement >
</model

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

</model
</kdm: Segnjent >

12.7 DataElements Class Diagram

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

The DataElements class diagram defines meta-model constructs to represent the-named data items of exigting software
systems (for example, global and local variables, record files, and formal parameters). The class diagram|at Figure 12.5
shows thes¢ classes and their associations.

ComputationalObject

{subsets ownedElement} Datatype

+codeElement 1+type

0.1
DataE lement ;oymr
<ext : String {§uosets owner} Type
asize : Integer | (g)+
MemberUnit ParameterUnit
Sftorable Unit . 5 - @kind : ParameterKind
«king : StorableKind erpuiit e el I <pos : Integer
<<enumeration>> <<enumeration>>
IndexUnit StorableKind ExportKind
<global <public
<local <private
wstatic <prote cted
external 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 element, with a certain stereotype. As an extended element DataElement is
more specific than CodeElement.

Superclasls
ComputatignalObject
Attributes
ext:String Optional extension representing the original representation of the data element.
size: Integpr Specifies the optional constraint on the number of elements any value of the storable element may

contain according to the semantics of the base datatype. SiZe attribute corresponds to the maximum-
size bound in a size-subtype of the base datatype.

Associations

codeElement:Datatype[0..*] Anonymous datatypes used in the definition of the datatype of thg current
DataElement.
type:Datatlype[1] The datatype of the DataElement that describes the values of the DataElement.
Semantic

DataElement represents computational’objects of the existing software system that are associated with a yalue of a
particular dptatype. DataElement class is an extended meta-model element, that can be used to represent yariables of an
existing software system, that dosnot fit into more precise semantics of the subclasses of DataElement.

Constraints

1. DptaFlementelass 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 software
system.

Superclass

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

p 4 b T | ' g b 4 omempdoen I vt P | h B/ "
StorableUngt TCPITSCINS a vallaoIT Ol CXISTITZ SOItwarc systtir - a conputationar o0Jeet {0 WITICIT artreren values of the

same datatype can be associated at different times. From the runtime perspective, a StorableUnit element{represents a

single com

StorableUn

12.7.3 StorableKind data type (enumeration)

StorableKif]

visibility, ahd memory type.

Literal values

global
local
static
external
register

unknown

12.7.4 ExportKind data type (enumeration)

ExportKind
visibility af

d other properties.

Literal values

utational object, which is identified either directly (by name) or indirectly (by reference):

t represents both global and local variables.

d enumeration data type defines several common properties of a Storabl¢Unit related to their [ife-cycle,

specifies a global variable

specifies a local variable

specifies a global variable with restricted scope
specifies an externahvariable (a prototype)
specifies a temporary variable

properties aré unknown

enumeration data type defines several common properties of a MemberUnit and MethodUnit felated to their

public
private
protected
final

unknown
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specifies a public member or method
specifies private member or method
specifies a protected member or method
specifies final member or method

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 relations that describe access to complex datatypes.

Superclass

DataElement

Semantics$

An TtemUnjt represents a data element that exists in the context of another data element. From the runtinle perspective,
each ItemUpit represents a family of data elements, each of which is identified not only by’the identity of the ItemUnit,
but also by|the identity of the owner element.

12.7.6 IndexUnit Class

IndexUnit class is a concrete subclass of the DataElement class that represents an index of an array datafype. Instances
of IndexUnjt class are endpoints of KDM data relations that describe dccess to arrays.

Superclass
DataElement

Semantics

IndexUnit fepresents an index of an ArrayType. IndéxUnit is an optional element.

12.7.7 MemberUnit Class

MemberUnjt class is a concrete subclass)of the DataElement class that represents a member of a class tyge. Instances of
MemberUnjt class are endpoints of KDM data relations that describe access to classes. MemberUnit is sifilar to an
ItemUnit. Tlhe difference betweenan ItemUnit and a MemberUnit is that an [temUnit usually represents a part of a certain
existing computational object, while the computational object corresponding to a MemberUnit is usually fletermined by
the class ingtance. In case 0f accessing structures via pointers, this distinction becomes more subtle. MemberUnit defines
some additional attributes-

Superclass
DataElemJt

Attributes

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

Constraints

1. MemberUnit can be owned only by a ClassUnit.
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Semantics

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

ParameterUnit class is a concrete subclass of the DataElement class that represents a formal parameter;for example, a
formal parameter of a procedure. ParameterUnits are owned by the Signature element. Instances of RarameterUnit class
are endpoirfts of KDM data relations that describe access to formal parameters.

Superclags

DataElement

Attributeg
kind:ParameterKind optional attribute defining the parameter passing convention for the attributg
pos:Integer position of the attribute in the signatute

Constrainfts

1. Refurn parameter of a signature does not have a pos.attribute.
2. Refurn ParameterUnit is a signature should have'a kind="return.”

3. There can be at most one ParameterUnit-within a certain Signature with a return kind.

Semantic$

ParameterUnit is a data element that, frem the runtime perspective represents a computational object that pxists in the
context of gn instance of some ControlElement “in the process of execution.”

Instances of ParameterUnit ¢lass’are owned by instances of a Signature class. ParameterUnits within a Sipnature are
ordered. THe value of the pes attribute of a ParameterUnit should correspond to the position of the parameter in the
Signature. The return ParameterUnit is distinguished by the value of the kind attribute. To represent signgtures of
programming languages that allow named parameters (binding of actual parameters by name rather than by a position),
the producdr of the\KDM model is responsible for computing correct positions of the named parameters ahd determining

appropriate| ParameterUnits as targets for relations to named parameters. ParameterKind enumeration datdtype is
Q0

3T 4

described i—Stenature-ClassDiagram—onpage

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

Value

Figure 12.6)

12.8.1 V

ValueElemgd
systems. TH
provided. K

Superclags

DataElemef

Constraints

1. Va
2. Va
3. Va

Semantics$

\ {subsets ownedElement

ordered}
ValueElement

0.*

ValueList 0.1

+owner
{subsets owner}

- ValueElements Class Diagram
alueElement Class (generic)

nt class is a generic meta-model element that represents values used in the artifacts of existin
is class defines the common properties of theeoncrete subclasses, for which more precise sern
DM model of an existing software system, usually uses concrete subclasses of the ValueElemd

Nt

ueElement and its subclasses should not have owned code elements.
ueElement and its.siibclasses cannot be used as the target of relations Writes and Addresses.

ueElement<lass instance should have at least one Stereotype.

A value elg]

b software
hantics is
nt class.

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

ValueElement class and its subclasses correspond to ISO/IEC 11404 literals and values. The datatype of the value is

represented

128.2 V

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

alue 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, void-literal,
pointer-literal, bitstring-literal, string-literal

The name dttribute of the ValueClass represents the name or a string representation of the value.
12.8.3 VjalueList Class

The Valuellist class is a meta-model element that represents values of aggregated datatypes:

Superclags

ValueElemgnt

Associatipns
valueElement:ValueElement[0..%] component values

Semantic$
A ValueLis} is a data element associated with a singléivalue 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 class|corresponds to ISO/IEC 11404 vahies for aggregated datatypes such as choice-value, record-vplue, set-value,
sequence-value, bag-value, array-value, table-value.

Part 4: Code Elements Representing Datatypes

Data representation of KDM.is.aligned with ISO/IEC 11404 (General-Purpose Datatypes) standard. In patticular, KDM
provides diftinct meta-model-elements for “data elements” (for example, global and local variables, consfants, record
fields, parameters, classymembers, array items, and pointer base elements) and “datatypes.” Each data elejment has an
association [“type” tq7its*datatype. KDM distinguishes

« prinpitiye datatypes (for example, Integer, Boolean),

¢ Conyp

- named datatypes (for example, a class, a synonym type).

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.

© ISO/IEC 2012 - Al rights reserved 85


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

ISO/IEC 19506:2012(E)

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 PrimitilveTypes class diagram defines meta-model elements that represent predefined types commén fo various
programming languages. The classes and association of the PrimitiveTypes diagram are shown in Figure |2.7.

Datatype

]

PrimitiveType

Bitstring Type

OctetstringType

OvctetType

BitType

StringType

BogleanType
OrdingdIType
FloatType
CharType
- IntegerType ScaledType
TimeType
DlecimalType
DateType
Figure 12.7|- PrimitiveTypes Class\Diagram

12.9.1 PrimitiveType Class (generic)

VoidType

The PrimitiveType i8_a)generic meta-model element that represents primitive data types determined by various
programming lapguages.

Superclass

Datatype

Constraints

1. 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.

12.9.2 BooleanType Class

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

Superclags

PrimitiveType

Semantics
The KDM 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 programnjing languages.
Character i$ a family of datatypes whose value spaces are character-sets.

Superclags

PrimitiveType

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

12.9.4 QrdinalType Class

The Ordinaf Type class is a meta<model element that represents ordinal datatypes available in some progrgmming
languages. Prdinal is the datatype of the ordinal numbers, as distinct from the quantifying numbers (datafype Integer).
Ordinal is the infinite §numerated type.

Superclags

PrimitiveTyjpe

Semantics
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

12.9.6 TimeType Class

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

Superclags

PrimitiveTyjpe

Semantics$

The KDM TimeType class corresponds to ISO/IEC 11404 Time datatype. The-interpretation of the detaild of the Time
datatype (inl particular the time unit) is outside of the scope of KDM. KDM analysis tools can be used to [analyze the
KDM representation of an existing system to systematically identify the detailed information regarding thie details of the
Time data ifems. The time-unit, and other attributes can be added td the data item of the TimeType.

12.9.7 IntegerType Class

The IntegerType is a meta-model element that represents.integer data type common to various programming languages.
Integer is the mathematical datatype comprising exactiinteger values.

Superclags

PrimitiveTyjpe

Semantics$

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

The DecimalTypeSis“a meta-model element that represents decimal data types common to various prograthming
languages.

Superclass

PrimitiveType

Semantics

The KDM DecimalType class corresponds to ISO/IEC 11404 Integer datatype.
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12.9.9 ScaledType Class

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.

Superclass

PrimitiveType

Semantics
The KDM BcaledType class corresponds to ISO/IEC 11404 Scaled datatype.

12.9.10 kloatType Class

The FloatType is a meta-model element that represents float data types commonto, various programming languages. Float
is a family pf datatypes that are computational approximations to the mathematical datatype comprising the “real
numbers.”

Superclags

PrimitiveType

Semantic$
The KDM FloatType class corresponds to ISO/IEC 11404 Real datatype.

12.9.11 YoidType Class

The VoidTyfpe is a meta-model element-that represents built-in “void” type defined in certain programmirlg languages.
Void is a ddtatype representing an objeet whose presence is syntactically or semantically required, but cafries no
informatior] is a given instance.

Superclags

PrimitiveType

Semantic$
The KDM WMoidType class corresponds to ISO/IEC 11404 Void datatype.

12.9.12 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
represented as StringType with a stereotype.

12.9.13 BitType Class

The BitTypg class is a meta-model element representing the bit datatype available in some programmingignguages. Bit is
the datatyp¢ representing the binary digits “0” and “1.”

Superclass

PrimitiveType

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

12.9.14 BitstringType Class

The BitstringType class is a meta-model element that represents bib stfing datatypes available in some prggramming
languages. Bitstring is the datatype of variable-length strings of\binary digits.

Superclass

PrimitiveType

Semantics
The KDM BitstringType class corresponds-to-ISO/IEC 11404 defined datatype Bit string.

12.9.15 QctetType Class

The OctetType class is a meta-model element that represents octet datatypes available in some programmjng languages.
Octet is a datatype of 8-biticodes, as used for character-sets and private encodings.

Superclags

PrimitiveTyjpe

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

12.9.16 OctetstringType Class

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 Ctass Diagram

The EnumefatedTypes class diagram defines meta-model elements that represent enumerated typess which jare common to
various programming languages. The classes and associations of the EnumeratedTypes diagramcate'showr] in Figure 12.8.

D atatype
ﬂl 0.”
EnumeratedType 1 Value
+
+towner value
{subsets owner} {subsets ownedElement
ordered}

Figure 12.8 - EnumeratedTypes Class Diagram
12.10.1 EnumeratedType Class
The EnumdratedType is a meta-model element'that represents user-defined enumerated data types. EnumgratedType
datatype deffines the set of enumerated literals: Enumerated datatype is a user-defined datatype, which has p finite number

of distinguished values.

Superclags

Datatype

Associatipns

value:Valug[0-.%] {ordered} The list of enumerated literals defined for the given Enumerated[l'ype.

Semantics

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
Recofd Type ChoiceType ordered)

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

The CompdsiteType is a meta-model element that represents user-defined composite datatypes, such as rgcords,
structures, and unions. This element is further subclassed by more specific KDM classes. CompositeType|class defines
common prpperties for its specific subclasses, eachihof which has distinct semantics. CompositeType class is a KDM
container. DM models of existing software systems usually use the concrete subclasses of CompositeType class.
CompositeType class itself is a concrete clags and can be used as an extended meta-model element, with & stereotype.
Compositeype class is a more specific ineta-model element than CodeElement.

Superclass

Datatype

Associations

itemUnit:ltemUnit[0..”] {ordered}  The list of named items that represent components of the composite datafype; 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 Choicg
software sy
choice data
representati

Superclags

Composite’l

Semantics$

The Choicd
represent th
identifier o
represented|

12.11.3 R

The Record
software sy
aggregation
which is re

include a sfructure in C, a record in Cobol:

Superclags

Composite'l

Semantics$

The Record

'ype

Type corresponds to ISO/IEC 11404 choice generated datatype. KPM representation does not

 the alternative datatype or a single select item that identifi€s the variant. The datatype of the

e field-identifier. Name attribute of each ItemUnit owned by the' ChoiceType represents either
by the type attribute of the ItemUnit owned by the ChoiceType.
RecordType Class

Type class is a meta-model element that represents record datatypes: user-defined datatypes ir
stems, whose values are heterogeneous.aggregations (tuples) of values of component datatype
having one value of each component datatype. Component datatypes are keyed by a fixed “fj
presented by the Name attribute of\the ItemUnit owned by the RecordType. Examples of recoj

'ype

Type corfesponds to ISO/IEC 11404 record aggregate datatype. The Name attribute of each It

pe-classisa-meta-model element that represents—choice datatypes-user-defined datatypes-ig existing
stems, each of whose values is a single value from any of a set of alternative datatypes. An &3
fype is a Pascal and Ada variant record, and a union in the C programming language. I the K
on, each alternative datatype is represented as an ItemUnit.

fample of a
DM

explicitly
the field-
alternative is

existing

5, cach
eld-identifier,”
d datatypes

emUnit owned
bute of the

by the RecordType represents the field-identifier. The datatype of the field is represented by the type attri
ItemUnit oywned by the ChoiceType.
Example (Cobol)
01 StudentDetails.
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"
xmlns:xmi="http://schema.omg.org/spec/XMI/2.1"
xmlns:action="http://schema.omg.org/spec/KDM/1.2/action"

1 - de="Hhtt - h KDM/1 2 dal!
ne.c = v chema—omg ro/spec code

xmlns:kdm="http://schema.omg.org/spec/KDM/1.2/kdm" name="Record Example">
<model xfmi:id="id.0" xmi:type="code:CodeModel" >
<codeHlement xmi:id="id.1" xmi:type="code:CompilationUnit">
<codeElement xmi:id="id.2" xmi:type="code:StorableUnit"
name="StudentDetails" type="id.3">
<dodeElement xmi:id="id.3" xmi:type="code:RecordType" name="StudentDetails">
<itemUnit xmi:id="1id.4" name="StudentID" type="id.23" ext="PIC 9,(7)"/>
<itemUnit xmi:id="id.5" name="StudentName" type="id.6">
<codeElement xmi:id="1id.6" xmi:type="code:RecordType" namez"StudentName">
<itemUnit xmi:id="id.7" name="FirstName" type="1id.24" éxt="PIC X(10)" size="1¢Q"/>
<itemUnit xmi:id="id.8" name="MiddleName" type="id.24" Jext="PIC X" size="1"/>
<itemUnit xmi:id="1d.9" name="Surname" type="1id.24"\ ext="PIC X (15)" size="15"[>
</codeElement>
</itemUnit>
<itemUnit xmi:id="1d.10" name="DateOfBirth"s>
<codeElement xmi:id="id.11" xmi:type="code:RecordType" name="DateOfBirth">
<itemUnit xmi:id="1d.12" name="DayOfBirth! 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="YearQfBirth" type="id.23" ext="PIC 9(4)"
size="4"/>
</codeElement >
</itemUnit>
<itemUnit xmi:id="1id.15" name=UCourseCode" type="id.24" ext="PIC X(4)" size="4"/>
</lcodeElement >
</cddeElement >
<codeElement xmi:id="id.1le" "xmi:type="action:BlockUnit">
<codeElement xmi:id="id.17" xmi:type="action:ActionElement">
<codeElement xmiyid="id.18" xmi:type="code:Value"
name="&qtiot ;Doyle&quot ;" type="id.24"/>
<actionRelation: xmi:id="1id.19" xmi:type="action:Addresses" to="id.2" from="id.17"[>
<actionRelation 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"/>
</lcodeEX¥ement >
</codeElement >
</codeELémént >
<codeElement xmi:id="1d.22" xmil:type="code:LanguageUnit" name="Cobol common definitions">

<codeElement xmi:id="id.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.

ltemUnit

D atatype
1
+itemUnit
{syibsets ownedElement}
PointerT
+owner 0..1 DerivedType ointerType
{subsets owner}
SequenceType
@size(tinteger
BagT
RangeType ArrayType 'ag. ype
<lower|: Integer = wsize : Integer
Supper : Integer osize : Integer SetType
Wsize : Integer
+owner 0.1
{subsets owner}
+indexUnit
{subsets ownedElement} 1
IndexUnit

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

DerivedTyge class defines common properties for its specific subclasses, each of which has distinct semaptics.

DerivedType class is a KDM“eontainer. KDM models of existing software systems usually use the concrefe subclasses of
DerivedType class. DeriyedType class itself is a concrete class and can be used as an extended meta-modg|l element, with
a stereotyp¢. DerivedType class is a more specific meta-model element than CodeElement.

Superclags

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
element-type is represented by the type attribute of the ItemUnit owned by the DerivedType.

Any anonymous-datatyp

12.12.2

ArrayType Class

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

Superclass

DerivedTyp

Attributes

size:Integq

@)

=

the size of the array (the maximtnrnumber of elements)

Associations

indexUnit:IndexUnit[1] the index of the array
Semantics
ArrayType porresponds to ISO/IEC 11404 atray datatype. The name attribute of the ItemUnit can be omifted if the

element type is anonymous. The datatype of the element-type is represented by the type attribute of the I
by the ArrayType. The IndexItem represents the index of the array. The name attribute of the IndexUnit d

KDM ArrayType supports a single index. Multidimensional arrays are represented by nested ArrayType ¢
which the tpp ArrayType represents the first (outer) dimension, and its ItemUnit has type ArrayType that
next (internal) dimension.and so on.

Any anonymous datdtype used by IndexUnit of the ArrayType should be owned by that IndexUnit.

12.12.3

RPointerType Class

emUnit owned
an be omitted.

lements, in
represents the

The PointerType 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

DerivedType
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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.

Example (

C)

struct tli
struct
int vd
} * phead,

<?xml verg
<kdm: Segmeg
xn

xn

xn

xny

<model X
<codeH
<cod

<g

<
</cq
<cod

</codg

</model
</kdm: Segr]

12.12.4 R

st {

tlist * next;
lue;

* pcurrent;

ion="1.0" encoding="UTF-8"?>
Int xmi:version="2.1"
lns:xmi="http://schema.omg.org/spec/XMI/2.1"
\1lns:code="http://schema.omg.org/spec/KDM/1.2/code"
\lns:action="http://schema.omg.org/spec/KDM/1.2/action"
1lns:kdm="http://schema.omg.org/spec/KDM/1.2/kdm" name="LinkedList Example">
mi:id="1id.0" xmi:type="code:CodeModel">
lement xmi:id="id.1" xmi:type="action:BlockUnit">
eElement xmi:id="id.2" xmi:type="code:StorableUnit!
name="phead" type="id.3" kind="unknown">
odeElement xmi:id="1id.3" xmi:type="code:PointerType">
<itemUnit xmi:id="id.4" type="id.5">
<codeElement xmi:id="id.5" xmi:type="cogde:RecordType" name="tlist">
<itemUnit xmi:id="id.6" name="next{\{type="1id.3"/>
<itemUnit xmi:id="id.7" name="valle" type="id.8">
<codeElement xmi:id="id.8" xm¥;type="code:IntegerType" name="int"/>
</itemUnit>
</codeElement>
</itemUnit>
codeElement >
deElement >
eElement xmi:id="id 9" xmi:type="code:StorableUnit"
name="pcurrent " Eype="1d.3" kind="unknown"/>
Element>

ent >

RangeType Class

RangeType 1s a meta-model element that represents user-defined subtypes of any ordered datatype by placing new upper
and/or lower bounds on the value space.

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. At

Semantics$

RangeType
datatype, w
by the Rang
owned by t

When a bol

12.12.5 E

BagType cl
whose valu
same value

Superclags

DerivedTyp

Semantics$

BagType cq
BagType c4
the BagTyp

12.12.6 3

SetType is
value space
mathematic

least one boundary value attribute should be present.

corresponds to ISO/IEC 11404 range subtype. From ISO perspective the range subtype is not
hich leads to some mismatch with the semantics of the superclass. The Name dtthibute of the I
beType can be omitted. The datatype of the base type is represented by the-type attribute of th
he RangeType.

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

BagType Class

ps are collections of instances of values from the elemient datatype. Bag types allow multiple i
to occur in a given collection; the ordering of the value instances is not significant.

[¢)

rresponds to ISO/IEC 11404 bag aggregated datatype. The Name attribute of the ItemUnit ow
n be omitted. The datatype of the element type is represented by the type attribute of the Item

@

setType Class

meta-model element that represents set types in existing software systems: the user-defined ds
is the set of all subsets of the value space of the element datatype, with operations appropriaf
Al sét.

an aggregated
emUnit owned
e [temUnit

hss is a meta-model element that represents bag types inzeXisting software systems: the user-detElned datatypes,

stances of the

ned by the
Unit owned by

tatypes, whose
e to the

Superclass

DerivedType

Semantics

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.

Superclass

DerivedTyge

Semantic$

SequenceType corresponds to ISO/IEC 11404 sequence aggregated datatype. The Name attribute of the IfemUnit owned
by the SequenceType can be omitted. The datatype of the element type is represented by thetype attribute pf the ItemUnit
owned by the SequenceType.

12.13 Signature Class Diagram

The Signatyre class diagram defines meta-model elements, which represent.the signature concept commoh to various
programmipg languages. The classes and associations of the Signature’diagram are shown in Figure 12.1].

Datatype
+owner
{subsets owner} +parameterU nit
SignatJre {subsetslownedElement
0.1 ordered}
0
eramererind
byVal «kind : ParameterKind

zngg;Z <pos : Integer

“byReference

avariadic

Lareturn

ithrows

Lsexception

lzcatchall

2unknown

Figure 12.1{1 ~ Signature Class Diagram

12.13.1 Signature Class

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, LUMCbpuudiug tothe plUbCL‘lulC-LypU of 1SOAECH =404 standard: Scuuud, Tt LUIICprlldb 0 a S ecific data
element as part of a computational object represented by a ControlElement. In this second sense, the Sigrature element
correspondg to the mechanism of formal and actual parameters.

12.13.2 ParameterKind Enumeration Datatype

ParameterK]ind datatype defines the kind of parameter passing conventions.

Literals
byValue parameter is passed by value
byName parameter is passed by name
byRefererice parameter is passed by reference
variadic parameter is variadic
return parameter being returned
throws parameter representsian exception thrown by the procedure
exception parameter to-alcatch block
catchall special parameter to a catch block
unknown parameter passing convention is unknown

Semantics$

If the parameter kind-is¢omitted, then the corresponding parameter is passed byValue. Return parameter i§ only
distinguishg¢d by the.parameter kind return value. If no parameters of a Signature have parameter kind value return, this
means that the Signature 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

SynonymType

—

TypeUn|

Figure 12.12 - DefinedTypes Class Diagram
12.14.1 DefinedType Class (abstract)

The DefinefiType class is an abstract class that defines the ggmmon properties of several concrete classes that are used to
represent type declarations in existing software systems:

Superclags

Datatype

Associatipns

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 gorresponding
datatype.

Semantic$

DefinedType ¢lement represents a named element of existing software system, which corresponds to a usgr-defined
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 name to be a synonym for another datatype.

Superclass
DefinedTyp

[@)

Semantics

SynonymUhit corresponds to ISO/IEC 11404 Renaming declarations.

12.15 GlassTypes Class Diagram

The ClassTypes class diagram defines meta-model elements that represenf common composite datatypes provided by
various propramming languages. The classes and association of the ClassTypes diagram are shown in Figure 12.13.

Datatype

ClassUnit
<isAbstract: Boolean

InterfaceUnit

+owner

+owher

subsets owner
{subsets|owner} { }

+codeElement
{subsets ownedElement
ordered}

HcodeElement Codeltem
{subj$ets ownedElement
ordered}
Figure 12.13—6GlassFypes-GlassBiagram

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

19506:2012(E)

codeElem

Semantic$

ClassUnit i

ent-Codetternio—*Kordered;} the st of TlasS Iembers

5 a named container for an ordered collection of named elements, each of which can be anothg

r Codeltem,

such as a MemberUnit or a MethodUnit. Program elements owned by a ClassUnit may alsoyinclude otherf (nested
ClassUnits), internal datatype definitions, etc. From the runtime perspective, ClassUnit represents a familly of
computatiohal objects, called class instances. MemberUnits and MethodUnits of a cerfain ClassUnit are id¢ntified both by
the name of the member or method, as well as by a direct or indirect identificationnof the corresponding ¢lass instance.
12.16.1 InterfaceUnit Class
The InterfageUnit is a meta-model element that represents the interface*concept common to various progiamming
languages.
In the metafmodel InterfaceUnit is a subclass of Datatype. InterfaceUnit is a KDM container. InterfaceUnit owns a list of
code items [that represent data types as well as MethodUnifs’or CallableUnits. MethodUnit elements owngd by an
InterfaceUrlit may be targets of Calls relations.
Superclags
Datatype
Associatipns

codeElement:Codeltem[0..*] {drdered} The list of TypeElements that corresponds with the target Interface.

Semantic$

InterfaceUn
capabilities

it is a Jogical container for code items. InterfaceUnit corresponds to a compile time descriptio
thaf cah be implemented by computational objects. InterfaceUnit owns datatype definitions a

ControlEleqnents, which in the representation of an existing software may be the targets of certain relation

n of the
5 well as
ships, since the

binding between the interface and the actual computational objects may occur at runtime.

12.17 Templates Class Diagram

The Templates class diagram provide basic meta-model constructs to define templates, parameters, instantiations of
template and their relationships. Figure 12.14 shows these classes and their associations.
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D atatype

TemplateUnit

TemplateType 0.1

+owner
{subsets owner}

+codeElement
{subsets ownedElement

ordered} 0..*
Codeltem

Temp|ateParameter

Figure 12.14 - Templates Class Diagram
12.17.1 TemplateUnit Class

The TemplgteUnit is a meta-model element that represents parametérized datatypes, common to some progfamming
languages; for example, Ada generics, Java generics, C++ templates.

Superclass

Datatype

Associations

codeElemgnt:Codeltem[1] template formal parameters and the base datatype or computational [object

Constraian

1. TemplateParameter should be first in the list of code elements owned by the TemplateUnit.

Semantic

The TemplateUnit€lass corresponds to a type declaration with formal type parameters from the ISO/IEC 11404. TemplateUnit
owns the copresponding datatype definition. Formal type parameters are represented by TemplateParameter ellements owned
by the TemplateUnit

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
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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.

12.17.3 TemplateType Class

TemplateTyjpe class is a meta-model element that represents references to parameterized datatypes. TheyTpmplateType
class owns [the actual parameters to the datatype reference, represented by “ParameterTo” relationships: The
TemplateTylpe class also owns the “InstanceOf” relationship to the TemplateUnit that represents the refer¢nced
parameteriged datatype. TemplateType has the role of a Datatype.

Superclags

Datatype

Constraints

1. TemplateType class should be the origin only to template relations SInstanceOf” and “ParameterTo.”

Semantic$

The TemplgteType class corresponds to a type-reference with agtual type parameters to a type declaration with formal
type paramegters from the ISO/IEC 11404. The type declaration'with formal parameters is represented by g TemplateUnit,
which owng the corresponding datatype definition. Formahfype parameters are represented by TemplateParameter
elements oywned by the TemplateUnit. The association between the type reference and the type declaratior) is represented
by the “InsfanceOf” relationship.

Relationship “ParameterTo” represents the actual type parameter. The association between the actual and [formal type

parameters [is positional.

12.18 TemplateRelations Class Diagram

The TemplgteRelations class,diagram defines KDM relationships that are related to the concept of an template. Figure
12.16 showp these classesand-their associations.
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AbstractCodeRelationship

Para mnter-rr\
Instance Of
0.7% + o
Ho +from +o
{redefines|to} {redefines from} 1 {redefines to}
{redefines from} 1
! TemplateUnit

Cogleltem AbstractCodeElement

Figure 12.16 - TemplateRelations Class Diagram
12.18.1 InstanceOf Class

The InstandeOf is a meta-model element that represents “instantiation” relation between an AbstractCodeElement (for
example, a [ClassUnit) and a TemplateUnit. In the meta-niodel InstanceOf is a subclass of AbstractCodeRElationship.

Superclass
AbstractCofleRelationship

Associations

from:AbstractCodeElement[1] The AbstractCodeElement that represents the instantiation of a tgmplate.

to:TemplateUnit[1] The TemplateUnit that is being instantiated.

Constraints

1. Thp to-@nd from- endpoints of the relationship should be different.

Semantics

InstanceOf relationship represents an association between a reference to a parameterized datatype or a parameterized
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 parameter)

to:Codeltem[1] actual parameter to template instantiation

Constraints

1. PafameterTo relationship should be owned only by TemplateType or ActionElement.

2. Thg to- and from- endpoints of the relationship should be different.

Semantics

Reference to a parameterized datatype is represented by a TemplateType element/ Another situation is an JActionElement
that references a parameterized entity; for example, a call to a generic method:"In this situation the ActionElement
provides thg context of the reference and owns the ParameterTo and InstanceOf relationships.

Example (Java)

class foo | {
static <Ty void fromArrayToCollection (T[] a, CollectionzT> c) {
for (Tlo : a) {
c.add (o) ;
}
}
void demo () {
S§ring[] sa = new String[100];
Cdllection<String> cs = new AxrayList<Strings();
ffomArrayToCollection (sa, &8)%// T inferred to be String

}

<?xml verdion="1.0" encoding=<"UTF-8"?>
<kdm:Segmgnt xmi:versiop="2.1"
xflns : xmi="h&tp: //schema.omg.org/spec/XMI/2.1"
xflns:action="http://schema.omg.org/spec/KDM/1.2/action"
xmlns:code="http://schema.omg.org/spec/KDM/1.2/code"
xmplns {kdm="http://schema.omg.org/spec/KDM/1.2/kdm" name="Template Example">
<model Hmivdid="id.0" xmi:type="code:CodeModel">

m E

L] T m 2 L = m
e mrtyre=

ol T-Taos 5
TCrassTnTT rame="r

<codeEtrememe—emi—ic—

<codeElement xmi:id="id.2" xmi:type="code:TemplateUnit"
name="fromArrayToCollection&lt;T>">
<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="1id.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=0'¥d.81" from="id.15/>
<actionRelation xmi:id="id.18" xmi:type="action:Flow" _ to="id.19" from="id.15"[>
</codeElement >
<codeElement xmi:id="id.19" xmi:type="action:ActionElement"
name="al.2" kind="Call">
<codeElement xmi:id="1d.20" xmi:type="code:S&OrableUnit"
name="t1l" type="1id.88" kind="register"/>
<actionRelation xmi:id="id.21" xmi:type="astion:Addresses"
to="id.40" from="id.19"/>
<actionRelation xmi:id="id.22" xmi:type="action:Calls" to="id.83" from="id.19|/>
<actionRelation xmi:id="id.23" xmiitype="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="1d.25" xmi:type="action:ActionElement"
name="1.3" kind="Condition">
<actionRelation xmi:id="1d.26" xmi:type="action:Reads" to="id.20" from="id.25(/>
<actionRelation xmigid="1d.27" xmi:type="action:TrueFlow"
to="1d.29" from="id.25"/>
<actionRelation %mi:id="id.28" xmi:type="action:FalseFlow"
to="1d/39Y from="id.25"/>
</codeElement{>
<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"/>
<actionRelation xmi:id="id.31" xmi:type="action:Calls" to="id.82" from="id.29|/>
CactionRelation xmi:id="id.32" xmi:type="action:Writes" to="id.44" from="id.29"/>

<actionRelation xmi:1id="1d.33" xmi:type="action:Flow" to="1d.34" from="1d.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 >

codelbllement

<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="id.l%"/>
</codeElement>
</lcodeElement >

</cddeElement >
<codeElement xmi:id="1d.46" xmi:type="code:MethodUnit" name="demo" type="id.47">

<dodeElement xmi:id="id.47" xmi:type="code:Signature"/>
<dodeElement xmi:id="id.48" xmi:type="code:StorableUnit"
name="sa" type="1id.49" kind="local">
<codeElement xmi:id="id.49" xmi:type="code:ArrayType" namés="ar2">
<itemUnit xmi:id="1id.50" type="1d.89"/>
</codeElement>
</lcodeElement>
<dodeElement xmi:id="id.51" xmi:type="action:ActionElement" name="demo.1l" kind="New
<codeElement xmi:id="id.52" xmi:type="code:Value" name="100" type="id.90"/>
<actionRelation xmi:id="id.53" xmi:type="action:Reads" to="id.52" from="id.51"/>
<actionRelation xmi:id="id.54" xmi:type="@ction:Creates" to="id.49" from="id.51"/
<actionRelation xmi:id="id.55" xmi:typésVaction:Writes" to="id.48" from="id.51"/>
<actionRelation xmi:id="id.56" xmi:type="action:Flow"/>
</lcodeElement >
<dodeElement xmi:id="id.57" xmi:type="code:StorableUnit"
name="cs" type="1id.58" kind="local">
<codeElement xmi:id="1d.58) Xmi:type="code:TemplateType"
name="Collectiong&rtyString>">
<codeRelation xmi:id="%¥d.59" xmi:type="code:ParameterTo" to="1id.89" from="id.58
<codeRelation xmi:dd="id.60" xmi:type="code:InstanceOf" to="id.75" from="id.58"
</codeElement >
</lcodeElement >
<dodeElement xmi:did="1id.61" xmi:type="action:ActionElement" name="demo.2" kind="New
<codeElement "xmi:id="1d.62" xmi:type="code:TemplateType"
name="ArrayListé&lt;String>">
<codeRelation xmi:id="1id.63" xmi:type="code:ParameterTo" to="1id.89" from="id.62
<«codeRelation xmi:id="1id.64" xmi:type="code:InstanceOf" to="1id.85" from="id.62"
<Y ColeElement >

<actionRelation xmi:id="1d.65" xmi:type="action:Creates" to="1d.62" from="1id.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="id.70" xmi:type="code:ParameterTo" to="id.89" from="id.é68"/

<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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</co
</code
<codeE

deElement>
Element>
lement 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>">
< CodeElemant ook TN I~ P | I~ My AN TR ~type=lcodeTemplateRarameterl name="T!
<dodeElement xmi:id="1d.80" xmi:type="code:ClassUnit" name="Iterator">

</l

</cd
<cod|

<d

<d

</cd
<cod|
<cod|
<cod|
</code
</model
</kdm: Segny

12.19 InterfaceRelations Class Diagram

The Interfa
correspond]
Figure 12.1

<codeElement xmi:id="id.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 >
[deElement >
eElement xmi:id="1id.85" xmi:type="code:TemplateUnit" name="AnrayListé&lt;T>">
odeElement xmi:id="1id.86" xmi:type="code:TemplateParameter" name="T"/>
odeElement xmi:id="id.87" xmi:type="code:ClassUnit" name="ArrayList"/>
[deElement >
eElement xmi:id="id.88" xmi:type="code:BooleanType'V name="Boolean"/>
eElement xmi:id="1d.89" xmi:type="code:StringTypeM \ame="String"/>
eElement xmi:id="1d.90" xmi:type="code:IntegerType" name="Integer"/>
Element >

ent >

teRelations class diagram defines KDM relationships that represent the usages of a “declaratigns” by the
ng “definition” code elements.\The classes and associations of the InterfaceRelations diagram|are shown in
6.
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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}

{redefirles to}

Figure 12.16 - InterfaceRelations Class Diagram

12.19.1 Implements Class

The Implenpents is a meta-model element that represents <{implementation” association between a Codelter]

h (for example,

a ClassUnif) and an InterfaceUnit. “Implements” relationship is similar to “Extends.” For example, Java fimplements”
construct cgn be represented by KDM “Implementsi’relationship.
Superclags
AbstractCofleRelationship
Associatipns

from:Cod¢lltem[1] The Codeltem that implements a certain InterfaceUnit.

to:Codeltem[1] The InterfaceUnit that is being implemented by Codeltem.
Constrainfts

1. T‘llC ﬁUlll' dllL‘l i,U' UllL‘llJUill‘Lb bllUuiL‘l ‘UC L‘llffcl CIIL.

Semantics
See next sub clause.
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12.19.2 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,
common to various programming languages. While the “Implements” relationship is between entire containers (the target
is an InterfaceUnit), the “ImplementationOf” relationship represents a broader range of situations:

+ Partjcular MethodUnit of a ClassUnit that “Implements” an InterfaceUnit, is an “ImplementationOf’} g particular
MethodUnit, owned by that InterfaceUnit.

« A ChllableUnit may be an “ImplementationOf” a CallableUnit with kind external, which represents the declaration
(the[prototype) of that CallableUnit.

» A StorableUnit may be an “ImplementationOf” a StorableUnit with kind external, which represents thg external
declaration of the StorableUnit, such as, for example, the “extern” construct in the.C language.

Superclass
AbstractCofleRelationship

Associations

from:Codefltem[1] Codeltem that impleiments a certain “declaration.”

to:Codeltem[1] “declaration® ‘that is being implemented by the Codeltem.

Constraints

1. It ik obligatory that either the origin of the ImplementationOf relationship is a ControlElement, and the target is a
CoptrolElement or the origin is a.DataElement and the target is a DataElement.

2. Thp kind attribute of the Codeltem at the origin of the ImplementationOf relationship should not be gqual to
“external.”

3. Thg kind attribute ofithe Codeltem at the target of the ImplementationOf relationship should be equal|to “external” or
“alstract.”

4. Thg from- andto- endpoints should be different.

Semantic
A “declaration entity may be represented in as a Computationatopject (ControlElement or DataElement) with kind

“external” or “abstract.” Kind “abstract” is used for the members of the InterfaceUnit. In case of a ControlElement,
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:
+ 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
“fo0.”
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 The action element that uses “foo” may be the origin of a “CompliesTo” action relationship (defined at the
InterfaceRelations class diagram of the Action package) to the declaration of “foo.”

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 declaration of
Gﬁbar.’7

+ Thelaction element that uses “bar” may be the origin of a “CompliesTo” action relationship (definedat the
InteffaceRelations class diagram of the Action package) to the declaration of “bar.”

Declaration| elements are usually owned by a certain SharedUnit.

In case of domplex engineering process that involves multiple shared units, that are included-into compildtion units in
complex ways, the existing software system may have multiple declarations for the same computational gbject, or even
different computational objects with the same name but different properties that are-used in different confexts. In this
situation th¢ above KDM mechanism that involves three relationships (the “real” usage, the “Implementat{onOf,” and the
“CompliesTo” relationships) can be used to detect subtle maintenance issues. For/example, when for the $ame action
element thq target of the “ImplementationOf” relationship originating from the‘target of the “real” usage telationship, if
different frgm the target of the “CompliesTo” relationship originating fromthe action element itself.

Example (Java):
package fllip;
public interface iFlip {
pyblic int flip(int 1i);

}

package flip;
public class foo implements iFlip {
pyblic foo() {}
pyblic flip(int i) {
return i * -1;

}

package flip;
public class FlipClient\\{
pUblic stat#d void main(Stringl] args) {
foo £f£ new fool();
iFlip-g=(iFlip) £f;
fNLVip(100) ;

<?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="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">

© ISO/IEC 2012 - All rights reserved 113


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

ISO/IEC 19506:2012(E)

<C

<C

odeRelation xmi:id="id.3" xmi:type="code:Implements" to="id.21" from="id.2"/>
odeElement 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="id.8" name="i" type="id.53"/>

<parameterUnit xmi:id="1id.9" type="id.53" kind="return"/>

codeElement

</|

<d

</
</cd
<cod|
<q

<d

</
</cd
<cod|

<d

<codeElement xmi:id="1d.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" from="id.10"/>
<actionRelation xmi:id="id.14" xmi:type="action:Reads" to="id.1l1" from="id.10"/
<actionRelation xmi:id="1id.15" xmi:type="action:Writes" to="#dwl2" from="id.10"
<actionRelation xmi:id="id.16" xmi:type="action:Flow" to="1d,¥7" from="id.10"/>
</codeElement >
<codeElement xmi:id="id.17" xmi:type="action:ActionElement! name="d2" kind="Returi
<actionRelation xmi:id="id.18" xmi:type="action:Reads! to="id.12" from="id.17"/
</codeElement >
codeElement >
lodeElement xmi:id="1d.19" xmi:type="code:MethodUnit"
name="foo" type="1id.20" kind="conspructor">
<codeElement xmi:id="1d.20" xmi:type="code:Signature" name="foo"/>
codeElement >
[deElement >
eElement xmi:id="id.21" xmi:type="codek:InterfaceUnit" name="IFlip">
lodeElement xmi:id="1id.22" xmi:type=stcode:MethodUnit"
name="flip" type="id.23"™ kind="abstract"/>
lodeElement xmi:id="1d.23" xmi:type="code:Signature" name="flip">
<parameterUnit xmi:id="id.24% name="i" type="id.53" pos="1"/>
<parameterUnit xmi:id="#d»25" type="id.53" kind="return" pos="0"/>
codeElement >
[deElement >
eElement xmi:id=%id 26" xmi:type="code:ClassUnit" name="Flipclient">
lodeElement xmi{id="1d.27" xmi:type="code:MethodUnit" name="main" type="id.29">
<entryFlow xmi;id="1d.28" to="id.35" from="id.27"/>
<codeElemeht "xmi:id="1d.29" xmi:type="code:Signature" name="main">
<paraneterUnit xmi:id="id.30" name="args" type="id.31" pos="1">
<GodeElement xmi:id="1id.31" xmi:type="code:ArrayType">
kitemUnit xmi:id="id.32" name="args[]" type="id.54"/>
¢ /codeElement>

L" >

114

</parameterUnit>
</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"/>

ISO/IEC 1

<actionRelation xmi:id="id.42" xmi:type="action:Calls" to="id.19" from="id.39"/>
<actionRelation xmi:id="id.43" xmi:type="action:Flow" to="id.44" from="id.39"/>

codelllement

<

</cd
</codd
<codeH
<codeH
</model
</kdm: Segn]

12.20 T

The TypeR
and data el

<codeElement xmi:id="1id.44" xmi:type="action:ActionElement"
name="a3" kind="DynCast">

</codeElement>
<codeElement xmi:id="1d.49" xmi:type="action:ActionElement"
name="a4" kind="InterfaceCall">
<actionRelation xmi:id="1id.50" xmi:type="action:CompliegTo"
to="1d.23" from="id.49"/>
<actionRelation xmi:id="id.51" xmi:type="action:Addresses"
to="id.34" from="1id.49"/>

</codeElement >
codeElement >
deElement >
Element>

AbstractCodeRelationship

HasType

Has\alue

<actionRelation xmi:id="id.45" xmi:type="action:Reads" to="id.33" from="id.24"/
<actionRelation xmi:id="1id.46" xmi:type="action:UsesType" to="1d.21" fxom="id.44
<actionRelation xmi:id="1d.47" xmi:type="action:Writes" to="1d.34" from="1id.44"
<actionRelation xmi:id="id.48" xmi:type="action:Flow" to="1id.49" from="id.44"/>

<actionRelation xmi:id="id.52" xmi:type="actiom:Galls" to="id.22" from="id.49"/

lement xmi:id="id.53" xmi:type="code:IrntegerType" name="int"/>

lement xmi:id="1id.54" xmi:type="codeiStringType" name="String"/>
ent >
ypeRelations ClasscDiagram

elations class diagram defines meta-model elements that represent semantic associations betwd
bments. The classes afidiassociations of the TypeRelations diagram are shown in Figure 12.17.

{redefines to}
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+to i
redefines from} +from
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1 +to
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4
AbstractCodeElement
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Figure 12.1

7 - TypeRelations Class Diagram

© ISO/IEC 2012 - All rights reserved

1

D atatype

9506:2012(E)

||/>

en datatypes

115


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

ISO/IEC 19506:2012(E)

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.

Superclas

S

AbstractCodeRelationship

Associati

from:Code

to:Datatyp

Constraints

1. Th

Semantics

HasType re
datatype. E
datatype is
uniform req

AggregatedRelationships.
12.20.2 HasValue Class

The HasValue is a specific meta-model elément that represents semantic relation between a data element

initializatio
expressions|
elements in|

Superclass

AbstractCo

Associati¢

DNS
Item[1] the source data element
B[1] the target datatype element

e from- and to- endpoints should be different.

ationship represents an association between a code itein that uses a certain user-defined type,
hich data element has a direct association to its datatype. HasType relationship duplicates this inf
h named user-defined datatype (rather than an anonymous datatype or a primitive datatype) th|
resentation of this information as a KDM relationship. In particular, this relationship can then|

h element, which can be a(data element or an action element for complex initializations that i
HasValue is an optional element that compliments the real initialization semantics by a sequ
the initialization code.

HeRelationship

DNS

and that
ormation if the
nt allows a

be used in

and its
Ivolve
tnce of action

from:Codeltem[1] the source data element

to:AbstractCodeElement[1] the target AbstractCodeElement (datatype or action element)

Constrain

ts

1. 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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Semantics

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 be owned by special initialization block units. Control flow semantics of initializations (especially for initializations of
global and static data elements) is represented using the EntryFlow relationship. HasValue relationship does not represent

control flow. It provides a convenient way to associate a data element with its value.

Example (C++)

/*----d.h---*/
class D {
private: int num;

public:
D(int x) {| this-s>num=x; printf (“Hello, this is %d\n”, x); }
work () { grintf (“This is %d working\n”, this->num);

Vi
/*---a.cpg---*/
#include "ld.h"
int gl1=0;
D di(1);

/*---b.cpg--*/
#include "|d.h"
extern D d1;

D d2(2);

main() {
int 1240;
D * d3gnew D(3) ;
dl.worK() ;
d2.worK() ;
d3->work () ;

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

<kdm:Segmgnt xmi:vergion="2.1"
xmlns :xmi="*h€tp://schema.omg.org/spec/XMI/2.1"
xmlns:actien="http://schema.omg.org/spec/KDM/1.2/action"
xmlns yCode="http://schema.omg.org/spec/KDM/1.2/code"

xmlig” Kdm="http://schema.omg.org/spec/KDM/1.2/kdm" name="ClassD Example">
<model mi »1d_"id Q" mi -fAILhQ—"r'mHQ-("mHQMmHQ‘I "

<codeElement xmi:id="id.1" xmi:type="code:CodeAssembly">
<entryFlow xmi:id="1id.120" to="id.94" from="id.1"/>
<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="id.4" xmi:type="code:Includes" to="id.22" from="id.3"/>
</codeElement>
<codeElement xmi:id="id.5" xmi:type="code:StorableUnit" name="gl" type="1id.105">
<codeRelation xmi:id="1id.6" xmi:type="code:HasValue" to="id.20" from="id.5"/>
</codeElement>
<codeElement xmi:id="id.7" xmi:type="code:StorableUnit" name="dl" type="id.23">
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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="id.10" xmi:type="action:BlockUnit" name="bil" kind="Init”>
<entryFlow xmi:id="id.11" to="id.12" from="id.10"/>

ccodeblement—xmiedd="134 12" ~md o txsme - ootdion  Aotionbloment" name="41" kind-"Acciopn"s
.- =)

<actionRelation xmi:id="id.13" xmi:type="action:Reads" to="id.20" from="id.12("Y
<actionRelation xmi:id="id.14" xmi:type="action:Writes" to="id.5" from="ids12V/
<actionRelation xmi:id="id.15" xmi:type="action:Flow" to="id.16" from="id.12"/>
</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" ‘£xom="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="#dw7" from="id.1l6"/
</codeElement >
<codeElement xmi:id="id.20" xmi:type="code:Value" name="0"/>
<codeElement xmi:id="id.21" xmi:type="code:Value" name="1"/>
</lcodeElement >
</cddeElement >
<codeElement xmi:id="id.22" xmi:type="code:SharedUnit" \nlame="d.h">
<dodeElement xmi:id="id.23" xmi:type="code:ClassUnit" name="D">
<codeElement xmi:id="id.24" xmi:type="code:MemberUnit"
name="num" type="1d.105" export="private"/>
<codeElement xmi:id="id.25" xmi:type="codeyMethodUnit" name="D">
<entryFlow xmi:id="id.26" to="id.28" *from="1id.25"/>
<codeElement xmi:id="1d.27" xmi:type="code:Value"
name="&quot ;Hello, this is &d\n&quot;" type="id.111"/>
<codeElement xmi:id="1d.28" xmi:type="action:ActionElement"
name="a4" kind="Assign">
<actionRelation xmi:id="1d.29" xmi:type="action:Reads" to="id.37" from="id.28/>
<actionRelation xmigid="id.30" xmi:type="action:Writes" to="id.24" from="id.28"/>
<actionRelation xmi:¥d="id.31" xmi:type="action:Flow" to="id.32" from="id.28"[>
</codeElement >
<codeElement xmijidd="id.32" xmi:type="action:ActionElement" name="a5" kind="Call">
<actionReldtion 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|/>
<actienRélation xmi:id="id.35" xmi:type="action:Calls" to="id.106" from="id.32"/>
</code€Element >
<codekElement xmi:id="id.36" xmi:type="code:Signature" name="D">
<parameterUnit xmi:id="id.37" name="x" pos="1"/>
S/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"/>

<codeilement—xmiid=""18-48" xmi-tyvoe="code:Callablelnit! name="mada"
*

<entryFlow xmi:id="1d.49" to="id.70" from="id.48"/>
<codeElement xmi:id="1d.50" xmi:type="code:StorableUnit" name="12" type="id.&Q5">
<codeRelation xmi:id="1id.51" xmi:type="code:HasValue" to="id.20" from="id.50"/>
</codeElement>
<codeElement xmi:id="1d.52" xmi:type="code:StorableUnit" name="d2">
<codeRelation xmi:id="1id.53" xmi:type="code:HasType" to="id.23" from="id.52"/>
<codeRelation xmi:id="id.125" xmi:type="code:HasValue" to="id.89™ from="id.52"}>
</codeElement>
<codeElement xmi:id="id.54" xmi:type="code:StorableUnit" namé="d3" type="id.55">
<codeRelation xmi:id="id.126" xmi:type="code:HasValue" to="id.79" from="id.54"{>
<codeElement xmi:id="1d.55" xmi:type="code:PointerTypel's
<itemUnit xmi:id="1id.56" type="1id.23">
<codeRelation xmi:id="1id.57" xmi:type="code:HasType" to="id.23" from="id.56}/>
</itemUnit>
</codeElement>
</codeElement>
<codeElement xmi:id="1d.58" xmi:type="actioh*ActionElement" name="al" kind="Call"
<actionRelation xmi:id="id.59" xmi:type=haction:Calls" to="id.38" from="id.58"/
<actionRelation xmi:id="1id.60" xmi:type="action:Addresses" to="id.7" from="id.58"/>
<actionRelation xmi:id="id.61" xmistype="action:CompliesTo"
to="1d.47" from="id.58" A4S
<actionRelation xmi:id="id.62% xmi:type="action:Flow" to="id.é3" from="id.58"/>
</codeElement>
<codeElement xmi:id="id.63)Xmi:type="action:ActionElement" name="a2" kind="Call"
<actionRelation xmi:id=%“*d.64" xmi:type="action:Calls" to="id.38" from="id.é63"/
<actionRelation xmi:;id="id.65" xmi:type="action:Addresses"
to="1id.52" from="id.63"/>
<actionRelation xmi:id="id.66" xmi:type="action:Flow" to="id.é7" from="id.é3"/>
</codeElement>
<codeElement %mi:id="id.67" xmi:type="action:ActionElement" name="a3" kind="Call"
<actionRelation xmi:id="id.68" xmi:type="action:Calls" to="id.38" from="id.é67"/
<actidnRelation xmi:id="1d.69" xmi:type="action:Addresses"
to="1id.56" from="id.67"/>
</codeElement >
<eodéElement xmi:id="id.70" xmi:type="action:BlockUnit" name="bi2" kind="Init”>

<codeElement xmi:id="1d.71" xml: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="id.56" from="id.79"/>

scticnRelatich—ihimed=l1d 84" xmitype="gcticn+Elow! to="1d 58" frgom_nid 7gu/-
*

</codeElement>
<codeElement xmi:id="id.85" xmi:type="code:Value" name="3"/>
<entryFlow xmi:id="1id.86" to="id.71" from="id.70"/>
</codeElement >
</lcodeElement >
<dodeElement xmi:id="1d.87" xmi:type="action:BlockUnit" name="bi3" kind="Init”>
<entryFlow xmi:id="i1d.88" to="id.89" from="id.87"/>
<codeElement xmi:id="1d.89" xmi:type="action:ActionElement" name=Yi6" kind="Call"
<actionRelation xmi:id="id.90" xmi:type="action:Reads" to="1d¥93" from="id.89"/
<actionRelation xmi:id="id.91" xmi:type="action:Calls" td="id.25" from="id.89"/
<actionRelation xmi:id="1id.92" xmi:type="action:Writes{" to="id.52" from="id.89"[>
</codeElement >
<codeElement xmi:id="id.93" xmi:type="code:Value" pnéme="2" type="id.105"/>
</lcodeElement >
</codeElement >
<codeElement xmi:id="id.94" xmi:type="action:BlockWnit" name="bi4" kind="Init"s>
<gntryFlow xmi:id="1d.95" to="id.96" from="id\94"/>
<dodeElement xmi:id="id.96" xmi:type="actigniActionElement" name="1i7" kind="Init">
<entryFlow xmi:id="1id.97" to="id.10" frem="id.96"/>
<actionRelation xmi:id="id.98" xmi :fype="action:Flow" to="id.99" from="id.96"/>
</|]codeElement >
<dodeElement xmi:id="1id.99" xmi:type="action:ActionElement" name="i8" kind="Init">
<entryFlow xmi:id="id.100" to="id.87" from="id.99"/>
<actionRelation xmi:id="ig. 101" xmi:type="action:Flow" to="id.102" from="id.99"/
</|codeElement >
<dodeElement xmi:id="id,102" xmi:type="action:ActionElement" name="i9" kind="Call">
<actionRelation xmi:1id="id.103" xmi:type="action:Calls" to="id.48" from="id.102|/>
</|codeElement >
</cddeElement >
</codeElement >
<codeHlement xmi¥:id="1d.104" xmi:type="code:LanguageUnit">
<codeElement! xmi:id="1id.105" xmi:type="code:IntegerType" name="int"/>
<codeEleménts xmi:id="1d.106" xmi:type="code:CallableUnit" name="printf" type="id.107"
<cdodeElement xmi:id="id.107" xmi:type="code:Signature" name="printf"s>
<pdvameterUnit xmi:id="1d.108" type="1id.105" kind="return" pos="0"/>

<parameterUnit xmi:1d="1d.109" name="format" type="1d.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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12.21 ClassRelations Class Diagram

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 frgm} {redefines to}
1
Datatype -

1

Figure 12.18 - ClassRelations Class Diagram
12.21.1 Extends Class

The Extends is a specific meta-model element that represents semantic relation between two classes, whefe one class
(called a “dhild” class) extends another class (caled its “parent” class) through inheritance, common to opject-oriented

languages.

Superclags
AbstractCofleRelationship

Associatipns

from:Datatype[1] the child Class

to:Datatypp[1] the parent Class

Constraints
1. The from- and to- 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 CICS, Exec SQL, 4GL user-defined language elements (such as MENTER macro/command in Dataflex).
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ever, the preprocessor support is an optional part of the code model; so that and the non-preprd
ol can seamlessly ignore the embedded language and work only'with the primary language. Tl

present the embedded language in KDM and ignore the pfimary code that results from expansion
processor directives (provided this can lead to a meaningful model).

ore the embedded language and represent onlystheprimary language in KDM.
present both the embedded and the generated primary code and relations between the two.

pchieve this goal, KDM modeling framework provides a strong separation between embedded
on and primary language representation.

r support in KDM allows ¢onveying information that a certain code element appeared as the 1
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+ inclpded from another file by a preprocessor
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- sele
KDM provi

* Preq

rated by a preptoce€ssor as an expansion of an embedded language directive

bted by satisfying appropriate conditions by the preprocessor
des th&following modeling elements for representing preprocessor directives:

rocessorDirective - representation of a generic preprocessor directive and a superclass for several

QL in Cobol example might be onc of the best and casiest to [0ooK at. From a modeling/representation
the SQL statement itself is very much what we want to capture along with the various data elements and
volved and their flow. However, an embedded SQL statement is expanded by the SQIspre-pracessor that
me low-level code that will translate into a call to some library. By capturing this a8 generatdd code and
sociating the elements, we can understand the program both from its SQL semantic) as well a$ from its
palm. And our relationship between the “SQL language” elements to the “native’} code elemerts that are
the glue tying things together. Trying to do the same analysis and operations by simply workling with a

5 citizen in
cessor-enabled
e implementer

bf some

language

esult of being:

other concrete

preprocessor directives.

«  MacroUnit -representation of macro definitions.

» 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.

« Con

122

ditionalDirective - 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 class diagram in Figure 12.19 shows these classes and their associations.

AbstractCodeElement +codeElement
0..* {sybsets ownedElement}

PreprocessorD irective

0..1 +owner
. {subsets owner}

ConditionalD irective

MpcroUnit
<kind|: MacroKind

IncludeD irective

<<enufmeération>>
MaetoKind
MacroDirective Edtegular
[option
Mundefined
<e xternal
=unknown

Figure 12.19 - Preprocessor Class Diagram
12.22.1 PreprocessorDirective Class(generic)

PreprocessqrDirective is a generic meta-model element that represents preprocessor directives common tq some
programming languages (for example,the'C language preprocessor capabilities). This class is extended by several
concrete meta-model elements that represent several key directive types common to language preprocessdqrs. KDM
representations of existing systems\are expected to use concrete subclasses of PreprocessorDirective, however this class
itself is a cpncrete meta-model\element and can be used as an extended element with an appropriate stergotype to
represent other types of preprecessing directives not covered by the standard subclasses. Semantics of prg¢processor
directives ih KDM is deseribed later in this sub clause.

Superclags
AbstractCofleElement

Associations

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
represented using standard KDM constructs, such as CodeElements, Action, Flow, etc., if needed or light-weight
extension elements, like Stereotypes and ExtendedValues. In many situations, the right implementation choice is to leave

the directiv
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example, p4
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at the level
of the Coddg
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precise desq
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“Generated|’

BlockUnit.
1S recommej
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Ignd
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into
a be]
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prima

C as an empty contaimner with a name, and likely, a SourceRer with a code snippet.

e to provide a high-fidelity semantic-rich representation of the preprocessor directives themse
rameters to MacroUnit, the body of the MacroUnit as CodeElements, conditional compitation

actions and flows) however in most situations this is inadequate. Besides, since, many prepro
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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.

SupercIaJs

PreprocessqrDirective

Attributes

kind:MacrgKind additional semantic properties of the macro definition

Semantic$

MacroUnit [represents a preprocessor directive that defines a named rule for' generating code, usually in the form of a
macrodefinjtion, possible with the parameters and the body, where theccurrence of the name of the madro with the
actual parameters is substituted by the body of the macro definitiofi) KDM does not explicitly represent parameters to the
macro diregtive or the body of the macro definition, since the gtanularity of these objects is usually relatg¢d to string
manipulatign. However, the optional owned code element may be used to represent these.

The implenjenter shall select a particular strategy to represeént macro units.
12.22.3 MacroKind data type (enumeration)
MacroKind|enumeration datatype describes\several semantic classes of MacroUnits.

Literal Vallue

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 ir} the

representation of default branches of conditional compilation and variants.

external external r‘nmpi]nﬁnn npﬁnn

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

PreprocessorDirective

Semantics

MacroDirective represents the so-called “macrocall,” or an occurrence of a macro name (possibly with the actual
parameters) which is substituted by the body of the macro definition in which the occurrences of the formal parameters
are substituted by the corresponding actual parameters, A MacroDirective can own an optional action element as the
origin of thp action relationships to the actual parameters to the MacroDirective.

12.22.5 IncludeDirective Class

IncludeDirqctive class represents the so-called include directive, common to several programming languages and their
preprocessdrs (for example, the COPY statement in Cobol, the #include directive in the C'language). The| include
directive is|usually related to a SharedUnit (for example, a copybook in Cobol, or & hedder file in C). A block of
“included” fode elements, which are the clones of the elements owned by the SharedUnit may be associafed with the
include dirgctive. Semantics of the IncludeDirective class is described later imthis section in more detail.

Superclass

PreprocessqrDirective

Semantics$

IncludeDirgctive represents a preprocessor directive that.s.related to copying the content of some Shared{Unit into a
stand-alone{ CompilationUnit.

12.22.6 Conditional Directive Class

ConditionalDirective class represents the.$orcalled “variant” of a software system, resulting from the use jof conditional
compilation] capabilities, common to several programming languages and their preprocessors (for examplg¢ the #if ...
#endif and fifdef ... #endif directiyes.of the preprocessor of the C language). ConditionalDirective repredents a single
“branch” of the conditional compilation construct. A block of “conditional” code elements that represent the elements of
this particular variant that were selected for compilation may be associated with the conditional directive] Semantics of
the ConditipnalDirective class is described later in this section in more detail.

Superclass

PreprocessqrDirective

Semantics

Conditional directive identifies a variant of the software system within a software product line that is controlled by the so-
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.

12.23 PreprocessorRelations Class Diagram

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

EXpands

+to

{redefines to}

Redefines

{redefines from}

{redefings to}

+from 4
Includes 0..* {redefin m} 4 1
PreprocessorD irective
- +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

Expands cldss represents the relationship betweetn’a MacroUnit to another MacroUnit or from a MacroDirectipe to a
MacroUnit.|This relationship results from usiig the name of the target macro definition in the context of the otigin MacroUnit
or MacroDifective.

Superclags
AbstractCogleRelationship

Associatipns

to:MacroUhit[1] the target MacroUnit

from:PrepiacessorDirective[1 The origin context in which the MacrolInit is nsed

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.

134

+  “included” code that corresponds to a certain IncludeDirective.

113

«  “conditional” code that was selected as a particular “variant” of a software product line with conditional compilation.
GeneratedFfom relationship originates from the entire BlockUnit that owns the “generated” codé-and target th¢ corresponding

PreprocessarDirective.

Superclass
AbstractCodleRelationship

Associations

to:PreprocessorDirective[1] A subclass of a PreprocéssorDirective class that represents the pr¢processor
directive that was involved in producing the code.

from:AbstractCodeElement[1] The BlockUnit that owns the “generated” code.

Constraints

1. Thg origin of the GeneratedFrom relationship should be a BlockUnit.

Semantics

See the gengral description of the preprocessor directives for the implementer’s guidelines.

Example (IC preprocessor)

#define GT|(A,B) ((A)
#define GMAX (A,B) g=
GMAX (p+q, [c+s );

<?xml versfion="1).0" encoding="UTF-8"7?>
<kdm: Segmght xmMi:version="2.1"

XMINS :XMI="HNCCLp://Schema.ong.org/ Spec/ XML/ 2. I
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">
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<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="id.9" xmi:type="code:StorableUnit" name="s" type="id.49"/>
<codeElement xmi:id="id.10" xmi:type="code:StorableUnit" name="g" type="1id.49"/>
< GedeElement—xmiid=t3id 11 xmityupe='codeMacrolDixective! name="mnl!
<source xmi:id="id.12" language="Cpreprocessor" snippet="GMAX (p+q,r+s);"/>
<codeRelation xmi:id="id.13" xmi:type="code:Expands" to="id.2" from="id.1l1l"/s
</lcodeElement >
<dodeElement xmi:id="id.14" xmi:type="action:BlockUnit" name="bml">

<codeRelation xmi:id="1id.15" xmi:type="code:GeneratedFrom" to="id.11"
<codeElement xmi:id="id.16" xmi:type="action:ActionElement">

from="1id.14

<source xmi:id="id.17" language="C"

((p+q) > (r+s)) ? (p+q) (r+s) )i"/>

<codeElement xmi:id="id.18" xmi:type="action:ActionElement" ‘name="al" kind="Add
<actionRelation

snippet="g=(

xmi:id="1id.19" xmi:type="action:Reads" (to="id.6" from="id.18"

<actionRelation xmi:id="1id.20" xmi:type="action:Readg™ to="id.10" from="id.18

<actionRelation xmi:id="id.21" xmi:type="action:Writes" to="1d.47" from="id.1l

<actionRelation xmi:id="1id.22" xmi:type="action’Flow" to="id.23" from="id.18"
</codeElement >

<codeElement xmi:id="id.23" xmi:type="action:fActionElement" name="a2" kind="Add

<actionRelation xmi:id="1id.24" xmi:type="agtion:Reads" to="id.8" from="id.23"

<actionRelation xmi:id="1d.25" xmi:types™action:Reads" to="id.9" from="id.23"

<actionRelation xmi:id="id.26" xmi:type="action:Writes" to="1id.48" from="id.2]

<actionRelation xmi:id="id.27" xmiitype="action:Flow" from="id.23"/>
</codeElement>

<codeElement xmi:id="1id.28" xmi:type="action:ActionElement"
name="a3" kind="GreaterThan">
<codeElement xmi:id="1id.29"xmi:type="code:StorableUnit"

name="c" type="id.50M Kind="register"/>

<actionRelation xmigid="1d.30" xmi:type="action:Reads" to="id.47" from="id.28
<actionRelation xmi:¥d="1id.31" xmi:type="action:Reads" to="id.48" from="id.28
<actionRelation wmi:id="1d.32" xmi:type="action:Writes" to="1id.29" from="id.2
<actionRelati¥on“xmi:id="1id.33" xmi:type="action:Flow" to="1id.34" from="id.28"

</codeElement{>
<codeElement, xmi:id="1d.34" xmi:type="action:ActionElement"
namé€="a3.1" kind="Condition">
<actionRelation xmi:id="1d.35" xmi:type="action:Reads"
to="1id.29" from="id.34"/>
<actionRelation xmi:id="id.36" xmi:type="action:TrueFlow"

to="id.38" from="id.28"/>

<actionRelation xmi:1id="1d.37" xml: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="1d.39" xmi:type="action:Reads" to="id.47"
<actionRelation xmi:id="1d.40" xmi:type="action:Writes" to="id.10"
<actionRelation xmi:id="1id.41" xmi:type="action:Flow" to="id.46"
</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="t1l" type="1id.49" kind="register"/>
<codeElement xmi:id="1d.48" xmi:type="code:StorableUnit"

name="t2" t+xma 414 40N Lind_lroogiotgil
T =

</codeElement >
</lcodeElement >
<dodeElement xmi:id="1d.49" xmi:type="code:IntegerType" name="int"/>
<dodeElement xmi:id="1d.50" xmi:type="code:BooleanType" name="boolean"/>

</codeElement >
</codeElement >
</model
</kdm: Segment >

12.23.3 Includes Class

Includes cldss represents the relationship from an IncludeDirective to a SharedUnit that represents the code elpments being
included.

Superclass
AbstractCodleRelationship

Associations

from:AbstractCodeElement[1] the code elements being included (usually a SharedUnit)

from:PreplocessorDirective[1] The IncludeDirective class that represents the include directiye.

Constraints

1. Thg origin of the Includes relationship should be an IncludeDirective.

Semantics$

The implenjenter-shall identify and represent include relationships according to the semantics of the partigular
preprocessdr.

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" >
<extensionFamily xmi:id="id.1" >
<stereotype xmi:id="id.2" name="sample"/>

</ ext epsioniamd 15

<codeHlement xmi:id="id.3" xmi:type="code:SharedUnit" name="a.h">
<codeElement xmi:id="id.4" xmi:type="code:CodeElement" stereotype="id.2" name="ca! >
<dource xmi:id="id.5" language="C"/>
</cddeElement >
<codeElement xmi:id="id.6" xmi:type="code:CodeElement" stereotype="id.2" gdame="c2">
<gource xmi:id="id.7" language="C"/>
</cddeElement >
</codgElement >
<codeHlement xmi:id="id.8" xmi:type="code:CompilationUnit" name="a \&I"¥
<codeElement xmi:id="id.9" xmi:type="code:IncludeDirective">
<dource language="Cpreprocessor" snippet="#include &quot;a.h&quot;"/>
<dodeRelation xmi:id="id.10" xmi:type="code:Includes" to='id.3" from="id.9"/>
</cddeElement >
<codeElement xmi:id="id.11" xmi:type="action:BlockUnit", ‘name="bl">
<dodeRelation xmi:id="id.12" xmi:type="code:GeneratedFrom" to="id.9" from="id.11"/>
<dodeElement xmi:id="id.13" xmi:type="code:CodeElement"
stereotype="id.2" name="cl clone">
<source xmi:id="id.14" language="C"/>
</lcodeElement>
<dodeElement xmi:id="1id.15" xmi:type="Code:CodeElement"
stereotype="1id.2" name="c2_ clone!s
<source xmi:id="id.16" language="C"/>
</lcodeElement >
</cddeElement >
<codeElement xmi:id="1id.17"/xm}:type="action:BlockUnit" name="b2">
<dodeElement xmi:id="1d.18%" xmi:type="action:ActionElement" name="al">
<actionRelation xmi:dd="id.19" xmi:type="action:ActionRelationship"
to="1id.13"/frem="id.18"/>
</lcodeElement>
</cddeElement >
</codegElement >
</model
</kdm: Segnent >

12.23.4 VVariantTo Ciass

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.

© ISO/IEC 2012 - All rights reserved 131


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

ISO/IEC 19506:2012(E)

Superclass
AbstractCodeRelationship

Associations

to:PreprocessorDirective[1] ConditionalDirective class that represents an alternative variant of the conditional.

from:PrepfocessorDirective[ 1] A ConditionalDirective class that represents the defaulf variant oL tHe conditional.

Constraints

1. Thp origin of the VariantTo relationship should be a ConditionalDirective.

2. Thp target of the VariantTo relationship should be a ConditionalDirective.

Semantic

The implerIenter shall identify and represent the variants and associations befween the “generated” code pnd the
corresponding conditional directive according to the semantics of the preptocessor. See the general description of the
preprocessdr directive support and the implementer guidelines.

Example (C preprocessor)

#define UNIX 1
#if UNIX || DEBUG
g=1;
#endif

Ifdef UNIX
g=1
#else
g=2
#endif

<?xml verslion="1.0" encodings"UTF-8"?>

<kdm:Segmgnt xmi:version<£"2 1"
xmlns:xmi="https//schema.omg.org/spec/XMI/2.1"
xnlns:actiom@"http://schema.omg.org/spec/KDM/1.2/action"
xmlns:codé="http://schema.omg.org/spec/KDM/1.2/code"
xmlns:kdma'"http://schema.omg.org/spec/KDM/1.2/kdm" name="Variants Example">

<model xmi yid="id.0" xmi:type="code:CodeModel" >
<codeHlement xmi:id="id.1" xmi:type="code:MacroUnit" name="UNIX">

<source language="Cproprocessor" snippet="#defline 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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lement xmi:id="1id.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">

<s
<c
<a
<a
</co

</codeElement

ource xmi:id="id.11" language="C" snippet="g=123"/>
odeElement xmi:id="id.12" xmi:type="code:Value" name="123" type="id.4"/>

ctionRelation xmi:id="id.13" xmi:type="action:Reads" to="id.12" from="id.10"/>
ctionRelation xmi:id="id.14" xmi:type="action:Writes" to="id.3" from="id.10"/>
deElement >

<codeHlement xmi:id="id.15" xmi:type="code:ConditionalDirective" name="c2">
<soyrce language="Cpreprocessor" snippet="#ifdef UNIX"/>
<codeRelation xmi:id="1id.16" xmi:type="code:Expands" to="id.l" from="id.15"/>
<codeRelation xmi:id="1id.17" xmi:type="code:VariantTo" to="id.25" from="id.15"Ys
</codgElement >
<codeHlement xmi:id="id.18" xmi:type="action:BlockUnit" name="b2">
<codeRelation xmi:id="1id.19" xmi:type="code:GeneratedFrom" to="id.15) from="id.18"/>
<codeElement xmi:id="1d.20" xmi:type="action:ActionElement" name="g2%.kind="Assign">
<dource xmi:id="id.21" language="C" snippet="g=123"/>
<dodeElement xmi:id="id.22" xmi:type="code:Value" name="1" type="id.4"/>
<gctionRelation xmi:id="id.23" xmi:type="action:Reads" to=!"id.22" from="id.20"/>
<gctionRelation xmi:id="id.24" xmi:type="action:Writes" to="1id.3" from="id.20"/>
</cddeElement >
</codgElement >
<codeHlement xmi:id="id.25" xmi:type="code:ConditiondlDirective" name="c3">
<soyrce language="Cpreprocessor" snippet="#else"/>
<codeRelation xmi:id="id.26" xmi:type="code:Expanhds" to="id.1" from="id.25"/>
</codegElement >
<codeHlement xmi:id="id.27" xmi:type="action:BlockUnit" name="b3">
<codeRelation xmi:id="1id.28" xmi:type="code:GeneratedFrom" to="id.25" from="id.27"/>
<codeElement xmi:id="1d.29" xmi:type=laetion:ActionElement" name="a3" kind="Assign">
<dource xmi:id="1id.30" language="C" snippet="g=123"/>
<dodeElement xmi:id="id.31" xmi:type="code:Value" name="2" type="id.4"/>
<gctionRelation xmi:id="id.32" Xmi:type="action:Reads" to="id.31" from="id.29"/>
<gctionRelation xmi:id="id-33" xmi:type="action:Writes" to="id.3" from="id.29"/>

</cq
</codd
</model
</kdm: Segrn]

12.23.5 R

Redefines ¢

deElement >
Element >

ent >

Redefines Class

as§represents the relationship between a MacroUnit and another MacroUnit (usually with the sar

he name) where

the origin M

acrollnit is a redefinition of the MacrolInit that is the. target of the relationshin In many PLEproce
T

ssors, the

redefinition is achieved simply by providing another macro definition with the same name. KDM Expands relationships are
expected to correctly represent the semantics of the given preprocessor, by targeting the MacroUnit which is “current”
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. Th origin of the Redefines relationship should be a MacroUnit.

Semantics$

The implenienter shall identify and represent redefinitions of macro units according to the semantics of the pafticular
preprocessof.

Example (IC preprocessor)

#define A |1
#define A |2
#undef A
#pragma once

<?xml verslion="1.0" encoding="UTF-8"?>
<kdm:Segment xmi:version="2.1"
xnlns:xml:"httg://schema.omg.org/spec/XMI/Z.1"
xnlns:code="http://schema.omg.org/spec/KDM/1 .2 /code"
xnlns:kdm="http://schema.omg.org/spec/KDM/12/kdm" name="Preprocessor Directives expmple">
<model xmi:id="id.0" xmi:type="code:CodeModel">
<extensionFamily xmi:id="id.1" >

<stgreotype xmi:id="id.2" name="directive">

<tlhg xmi:id="1id.3" tag="directive~type" type="String"/>
</stlereotype>
</extemsionFamily>
<codeHlement xmi:id="id.4" xmi:bype="code:MacroUnit" name="A">
<source language="Cpreprocessor" snippet="#define A 1"/>
</codeElement >
<codeHlement xmi:id="id.5™ xmi:type="code:MacroUnit" name="DEBUG" kind="option"s>
<source language="Cpyeprocessor" snippet="#define DEBUG"/>
</codeElement >
<codeHlement xmi;id="id.6" xmi:type="code:MacroUnit" name="A">
<source landuage="Cpreprocessor" snippet="#define A 2"/>
<codeRelafifon xmi:id="id.7" xmi:type="code:Redefines" to="id.4" from="id.é"/>
</codeE]l ement >
<codeHlement xmi:id="1id.8" xmi:type="code:MacroUnit" name="A" kind="undefined">

<source language="Cpreprocessor" snippet="#undef A"/>
<codeRelation xmi:id="id.9" xmi:type="code:Redefines" to="id.é6" from="id.8"/>

</codeElement>

<codeElement xmi:id="1d.10" xmi:type="code:PreprocessorDirective" stereotype="id.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
inheritance hierarchy so that it can occur in all containers without restrictions. The classes and associations of the
Comments diagram are shown in Figure 12.21.

AbstractCodeElement ModelElement

(from core)

{sUbsets owner}
+owner

Comments C ommentUnit
satext » String

+comment 0..*
{subsets ownedElement
ordered}

Figure 12.2[1 - Comments Class Diagram
12.24.1 CommentUnit Class

The CommgntUnit is a meta-model element thatyrepresents comments in existing systems (including any ppecial
comments){ CommentUnit element can be used to introduce comments during transformation of the existjng system
(including §pecial comments).

Superclags
ModelElement

Attributes

text:String the representation of the comment

Semantics

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 code.
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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 Visibiljty class diagram defines meta-model elements that represent visibility of code elements in theif corresponding
containers. [The classes and associations that make up the Visibility diagram are shown in(Bigure 12.22.

+groupedCode
{subsets |groupedElement} Codeltem

0..*

NamespaceUnit

+group
{subsets group}

Figure 12.2p2 - 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 vigibility
relationships.

Superclajs

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.

Namespace

class represents a unit of visibility (for example, the namespace concept in C++).

An anonym

12.26 V

The Visibil
correspondi

ous namespace can represent a group of code elements that are the target of an Imports relati

isibilityRelations Class Diagram

tyRelations class diagram defines meta-model elements that represent visibility,0f code elemd
ng containers. The classes and associations of the Visibility diagram are shownin Figure 12.2

AbstractCodeRelationship

Visih

Figure 12.2

12.26.1 Visibleln Class

The Visiblg
provides th

Superclags

AbstractCo

+from +from
{redefines from} {redeﬁry\
1
leln 4\ Codeltem 0 Imports
+to h
+to 1 1 {redefines to} ‘ 0.*

{redefines to}

3 - VisibilityRelations Class Diagram

In is a specificimeta-model element that represents semantic relation between two code items|
 restricted<visibility context for another code item.

nship.

nts in their
2.

where one

HeRelationship

Associations

from:Code

to:Codelte

Item[1] The Codeltem visibility of which is specified.

m[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: Segmgnht xmi:version="2.1"
xmlns:xmi="http://schema.omg.org/spec/XMI/2.1"
xnlns:action="http://schema.omg.org/spec/KDM/1.2/action"
xnlns:code="http://schema.omg.org/spec/KDM/1.2/code"
xnlns:kdm="http://schema.omg.org/spec/KDM/1.2/kdm" name="Visibility and Comment Exapple">
<model xmi:id="1id.0" xmi:type="code:CodeModel" >
<codeHlement 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">
<dodeElement 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:VisipleIn" to="id.2" from="id.4"/>
<codeElement xmi:id="id.6" xmi:type="action:ActlonElement" name="al">
<comment xmi:id="id.7" text="Comment to action element al"/>
</codeElement >
<codeElement xmi:id="id.8" xmi:type="cgdéiSignature" name="foo"/>
</lcodeElement >
<dodeElement xmi:id="1id.9" xmi:typez""oode:IntegerType" name="int">
<comment xmi:id="id.10" text="Comment to integer type"/>
<codeRelation xmi:id="id.11" xm{i)type="code:VisibleIn" to="id.2"/>
</lcodeElement >
</cddeElement >
<codeElement xmi:id="id.12"{ xmi:type="code:CompilationUnit" name="b">
<godeElement xmi:id="1d.'13" xmi:type="code:RecordType" name="bar"s>
<comment xmi:id="idy14" text="Comment to record type bar"/>
<codeRelation xmi;id="id.15" xmi:type="code:VisibleIn" to="id.2" from="id.13"/>
<itemUnit xmi:id="i1d.16" name="foobar" type="id.9">
<comment Xmi*id="1d.17" text="Comment to item unit foobar"/>
<codeReldtion xmi:id="1id.18" xmi:type="code:VisibleIn" to="id.13" from="id.1l6"/
</1itemUndit>
</lcodeElement >
</cddeElement >

</codeElement

</model>
</kdm: Segment >

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 relatio

Superclas

nships between Codeltem, or even between different models.

S

AbstractCodeRelationship

Associatis

from:Cod¢

to:Codelte)

Constraints

1. Th

Semantic$

The implem
programmi

12.27 B

The Extend
the KDM nf

The classes

DNS
Item([1] A subclass of CodeResource that represents the “consumer” of the imported def]
m[1] A subclass of CodeResource that represents the “owner” of the.mported definit

e origin of the Imports relationship should be a subclass of Module,

enter shall identify and represent import directives and their targets according to the semantics of
)g language of the existing software system.

xtendedCodeElements Class-Diagram

edCodeElements class diagram defines tw0' “wildcard” generic elements for the code model as
lodel pattern: a generic code entity and\a generic code relationship.

and associations of the ExtendedCodeElements diagram are shown in Figure 12.22.

AbstractCodeRelationship

initions.

ons.

the

determined by

Copeltem CodeRelationship
+from 0..*
4& {redefines from} o.*
= +1o
r {redefines to}
CodeElement 1

KDMEntity

(from core)

Figure 12.24 - ExtendedCodeElements Class Diagram

© ISO/IEC 2012 - All rights reserved

139


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

ISO/IEC 19506:2012(E)

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 code entify with under specified semantics. It is a concrete class that can be used as th¢ base element of a n¢gw “virtual”
meta-model entity type of the code model. This is one of the KDM extension points that ean integrate additional language-
specific, application-specific, or implementer-specific pieces of knowledge into the standard KDM representation.

12.27.2 CodeRelationship Class (generic)

The CodeRglationship is a generic meta-model element that can beyused to define new “virtual” meta-mofdel elements
through the] KDM light-weight extension mechanism.

Superclass
AbstractCofleRelationship

Associations

from:Codefltem[1] the Codéltem

to:KDMEntity[1] the KDMEntity

Constraints

1. CodeRelationship'should have at least one stereotype.

Semantic$
A code relationship with under specified semantics. It is a concrete class that can be used as the base element pf a new
“virtual” meta-mmodet Tetationshiptype of the tode modetThis Tsone of the KDMexrension poinrstirat Tamr rtegrate
additional language-specific, application-specific, or implementer-specific pieces of knowledge into the standard KDM
representation.
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13 Action Package

13.1 Overview

The Action package defines a set of meta-model elements whose purpose is to represent implementation-level behavior
descriptions determined by programming languages, for example statements, operators, conditions, features, as well as

their associ
in a given |
determined
correspond
represents

13.2 (

The Action|

The Action|

ActionElements

Acti
Act]
Call
Dat
Exc
Exc
Exc
Inte

Use

Ext¢ndedActionElements

Cor¢

htions, for example control and data flow. Action package extends the KDM Code package. As
KDM instance, each instance of an action element represents some programming language“con

by the programming language of the existing software system. Each instance of an action'meta
to a certain region of the source code in one of the artifacts of the software system. Amn action
ne or more statements, and an action relationship usually represents a usage of @-ntame in a st

)rganization of the Action Package

package consists of the following 11 class diagrams:

onFlow
onlnheritances
ableRelations
Relations
eptionBlocks
eptionFlow
eptionRelations
FfaceRelations

kR elations

package(depends on the following packages:

a general rule,
struct,

model element
tlement usually
atement.

kdm

Source

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.

* Abs

be used to

reprpsent actions (in general, related to usages of names in programming language statements).

The class d

BlocklUnit

{sub{

FcodeElement
ets ownedE lement}

0.*

{subsets owner}

AbstractCodeElement

(from code)

Figure 13.1

13.3.1 ActionElemeént Class

The Action
ActionElen]

ractActionRelationship - a class representing an abstract parent of all KDM relationships that can

agram shown in Figure 13.1 captures these classes and their relations.

+actionRelation
{subsets ownedRelation

ordered}
ActionElement ‘1//> AbstractA ctionRelation ship
<kind : String 0.+
¢
0..1
Abstract€odeElement
+owner (ftem code)

- ActionElements Class Diagram

Flementis-a class to describe a basic unit of behavior. ActionElements are endpoints for prim
ent ¢an‘be linked to the original representation through the SourceRef element from the Sour

+entryFlow
{subsets ownedRelation}

EntryFlow

tive relations.
e package.

Superclass
AbstractCodeElement

Attributes

kind:String

142

Represents the meaning of the operations, performed by the ActionElement.
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Associations

actionRelation:ActionRelationship[0..*]

codeElement: AbstractCodeElement[0..*]

Constrain
1. Ad

Semantic$

An action ¢
a part of a
minimum, {
ActionRela
should use

Data eleme
elements m|

For micro K
A. For non

The implenpenter shall map programming language statements and other descriptions of behavior into KIJ

ActionElen]

An ActionH
represents g

13.3.2 AbstractActionRelationship Class (abstract)

The Abstra
ActionElen]

Superclags

KDMRelati

Owned code elements (for example, nested action elements,
BlockUnits, or nested definitions of datatypes and computati

Action relationships originating from the given action element.

or nested
onal objects).

S

tionElement may own StorableUnit or ValueElement and their subclasses and nested actionceleme

lement represents a unit of behavior. It can represent one or more programming/language statd
brogramming language statement. The implementer shall select the granularity of the action el
ach ControlElement should own at least one ActionElement so that it ¢an be the endpoint of
ionships originating from the corresponding ControlElement. Static,analysis grade KDM impl
well-defined fine grained ActionElements, specified as the “micrg”’KPM” compliance point.

hts owned by the ActionElement represent temporary variables\or values used by the action el
ay be nested, when one ActionElement instance is a container for other ActionElements.

(DM compliance the list of the allowed action element<ind values and their meaning is desc
micro KDM implementation, the value of the kind, is*hot normative.

ents.

lement can own other ActionElements) Such ActionElement is called a “composite action.” C
n entire set of leaf actions owned. ditectly or indirectly.

CtActionRelationship ds\the parent class representing various KDM relationships that originate
ent.

onship

SemanticT

nts.

ments, or even
ements. As a

h11
ementations

ement. Action

ibed in Annex

M

mposite action

from an

Usually, an action relationship corresponds to some usage of a name in a programming language statement. Action
relationships originate from ActionElements as opposed to code relationships that originate from code elements.
AbstractActionRelationship is subclassed by several concrete action relationship meta-elements.

13.3.3 B

lockUnit Class

The BlockUnit represents logically and physically related blocks of ActionElement, for example, blocks of statements.
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Superclass

ActionElement

Associations

codeElement:AbstractCodeElement[0..*] owned code elements including nested BlockUnits

Semantics$

A BlockUnjt is a logical container for action elements. BlockUnit is similar to a composite ActionElemer
contain nesfed ActionElement and data elements. BlockUnit represents the entire set of leaf Actions, own
BlockUnit dlirectly or indirectly.

13.3.4 AbstractCodeElement (additional properties)

Associations

entryFlow:EntryFlow[0..*] EntryFlow relationships that asseciate the given abstract code elem
action elements owned by it, Which are designated as the entry acti

Semantics$

Control flow is transferred to the Entry actions when the\AbstractCodeElement that owns them is entered
EntryFlow glements represent nondeterministic control\flow.

13.4 Actioninheritances Class Diagram

The Action|nheritances class diagram is.determined by the uniform pattern for extending the KDM frame
package dops not define a separate KDM model, but extends the Code model. The class diagram shown i
captures th¢se classes and their associations.

AbstrdctCodeElement

(from code) KDMRelationship

(from core)

t that can also
ed by the

ent and some
ns.

Multiple

iwork. Action
n Figure 13.2

f

\

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}

ActionElement | 4
0.* ©kind : String

ControlFlow

EntryF low

+to (V8

\j p {redefines to} 0.~
Flo +from

{redefines from}

+from

1
AbstractCodeElement

(from code)

FalseFlow

GuardedFlow

TrueFlow

Figure 13.3| - ActionFlow Class Diagram
13.5.1 ControlFlow Class (generic)
The Contro|Flow is a generic modeling .clenient that represents control flow relation between two ActionElements. It is
further sub¢lassed with more specific modeling elements. ControlFlow class could be used to represent pfogramming

constructs that are not covered byany of the specific subclasses as an extension point.

Superclags

AbstractActionRelationship

Associatipns

. 1 I +[11 L M £ 41 1_£1
from:ActiorElermenttH the-ortgtrotthe-eontrol-How

to:ActionElement[1] The target of control flow, when represented by the next action element in the
trace determined by the control flow.

Constraints

1. ControlFlow class should always be used with a stereotype.
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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.

Multiple ControlFlow elements represent nondeterministic choice of behavior.

The implenenter shall map control flow mechanisms of the given programming language into ControlFld
elements. The implementer shall adequately represent the control flows of the existing system by a set'of
and Contro

13.5.2 E

The EntryF
relationship is used in a uniform way for describing entry points to other KDM code’elements. It should
represent any type of special entry flows, such as the entry from a CodeAssembly to the initialization cog
action, fronp Module to initialization block, from a callable unit to the initialization block, from a class to tl
block or frqm a compound action to the first internal action.

Superclass

AbstractAc

Flow relationships between them.
ntryFlow Class

low is a modeling element that represents an initial flow of control into,a ' KDM element. The

ionRelationship

Associations

from:AbstriactCodeElement[1] AbstractCodeElement that owns one or more action elements

to:ActionE

Constrain

1.

Semantics

Ea
En|

Th

reptesents its behavior.

ement[1] The action element that is selected when the owner element i

ts

th AbstractCodeElement or its subclass such that it owns one or more ActionElement should have
fryFlow relationiship in which the “from” attribute is the AbstractCodeElement.

e “to” attribute of an EntryFlow element should be an ActionElement that is owned by the Abstra

that is the“ftom” attribute of the EntryFlow.

W meta-
iction elements

EntryFlow

be used to

e block or

he initialization

that

called.

h corresponding

tCodeElement

The “entry” 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

Re

Ini

present initialization code as BlockUnit element with special micro action kind "Init."

tialization 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
action elements with action kind="Init” and an EntryFlow relation to the initialization blocks of the owned
CompilationUnits (and other owned elements when appropriate), and an action element with action kind="Calls” and

a(

alls relation to the logical entry point (for example, the CallableUnit “main”). The initializatiomb

compilation units referred to by custom initialization block in a CodeAssembly do not need to havet]

relptionship at their respective last action element. The control flow is resumed with the Flow)relatio
inifialization action in the custom initialization block. See example at “HasValue Class’-0fpage 114.
13.5.3 Flow Class
The Flow class is a modeling element that represents control flow relationship betweeni two ActionElemen
ActionElenjent that corresponds to the “to” attribute of the Flow is a successor'‘of/'the ActionElement that
the “from” fattribute of the Flow.
Superclags
ControlFloyw

Constraian

1. If
elg

Semantics$

If there exi

ere is one or more Flow elements there shouldbe no TrueFlow, FalseFlow, or GuardedFlow with
ment as the “from” attribute.

5ts two or more Flow elements( such that they share the same ActionElement as the “from” at

represent af unspecified flow of control.

ocks of
he Flow
hship of the

s such that the

corresponds to

the same action

ribute, they

ments such that
lition; and

lement that

13.5.4 TrueFlow Class

The TrueFlpw class is a modéling element that represents control flow relationship between two ActionEld
+ the ActionElément that corresponds to the “from” attribute of the TrueFlow represents the logical con
« the ActionBlement that corresponds to the “to” attribute of the TrueFlow is a successor of the ActionE

corrpSponds to the “from” attribute of the TrueFlow when the value of the condition is true.

Superclass

ControlFlow

Constraints

1. Ifthere 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.

13.5.5 FalseFlow Class

The FalseF

that
the |

.

the |
corr

FalseFlow 1

FalseFlow 1

Superclag

ControlFloy

Constrai
1.

o1

Semantics

If there exiy
represent af

13.5.6 G

The Guardq

A ctionElement that corresponds to the “from” attribute of the FalseFlow represents the (ogical con

nis
If tLere exists a FalseFlow element, there should be either:

ow class is a modeling element that represents control flow relationship between two ActionH

A ctionElement that corresponds to the “to” attribute of the FalseFlow is a successon.of the Action]
esponds to the “from” attribute of the FalseFlow when the value of other conditions is not satisfie

epresents the “default” control flow branch in representing conditional statements and switch

s a specific modeling element that is used in combination with eithet~FrueFlow or GuardedFl

S

vV

L corresponding TrueFlow element such that both the TrueFlow and the FalseFlow elements have
ActionElement as the “from” attribute, or

ne or more GuardedFlow elements that-have the same ActionElement as the “from” attribute, and

here are no other relationship elements that are subclasses of FlowRelationship that have the same
hs the “from” attribute.

ts two or more FalseFlow elements, such that they share the same ActionElement as the “from]
I unspecified flow.of control.
uardedFlow Class

dElew’class is a modeling element that represents control flow relationship between two or m

lements such

dition, and

flement that
.

statements.
Ww.

the same

ActionElement

attribute, they

o1

ents such that:

ActionElen

example, a “switch” statement); and

dete

rmines a branch of control flow; and

the ActionElement that corresponds to the “from” attribute of the GuardedFlow represents the selection statement (for

the ActionElement that corresponds to the “to” attribute of the GuardedFlow represents the guarding condition that

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

Constraints

1. If tlhere exists a GuardedFlow element, there should be no other relationship elements that are subcla
FlqwRelationship that have the same ActionElement as the “from” attribute, with exception of on¢ o

GuardedFlow elements or zero or one FalseFlow element.

Semantics$

In micro-KIPM conformant implementations the ActionElement that corresponds to the ‘ito” attribute of the G

kind="Guard.” It has a Reads relationship to the value of the guard for the correspondihg branch.

13.6 GallableRelations Class Diagram

The CallableRelations class diagram defines a set of meta-model elements to represent call-type behavior

ActionElenjent to ControlElement and represent control flows of the, existing software system.

The CallableRelations diagram describes the following types;

sses of
I more

hardedFlow has

that associate

+ Calls - is a modeling element that represents a call-typerelationship between an ActionElement and a (allableElement

or ohe of its subclass elements, in which the ActionElement represents some form of a call statement,

CallableElement represents the element being called.

and the

+ Dispatches - is a modeling element that repreésents a call-type of relationship between an ActionElemdnt and a data
itend, in which the ActionElement represents some form of a call, and the data item represents a pointefr to a procedure

typd.
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The class diagram shown in Figure 13.4 captures these classes and their relations.

AbstractActionRelationship

D ispatches Calls
FIE 0..* +from 0.”
- Neqnes from} 1 0.*
- +from
ActionElement {redefines fom} +o
kind : Strin
—~ 9 1 {redefines to}
ControlElement
(from code)
+tp
{redefineqy to}
1

DataElement
(from code)

ext : String
size : Integer

O &

Figure 13.4|- CallableRelations Class Diagram
13.6.1 Calls Class

Calls is a njodeling element that represents-a call-type relationship between an ActionElement and a ConfrolElement or
one of its spibclass elements. The ActienElement represents some form of a call statement, and the Contr¢lElement
represents the element being called. In the meta-model the Calls element is a subclass of ActionRelationship.

Superclass

AbstractActionRelationship

Associations

from:ActionEtermentftt—————————thc actiom ciement from witich the catt Tetation origimates

to:ControlElement[1] the target ControlElement

Semantics

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.
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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

Dispatches is a modeling element that represents a call-type of relationship between an ActionElement and a data item.
The ActionElement represents some form of a call behavior, and the data item represents a pointer to a procedure type.

Su perclaJs
AbstractActionRelationship

Associatipns

from:ActiopnElement[1] The action element from which the call(relation originates.

to:DataElgment[1] The data element that represents the _pointer to a procedure type.

Semantics$

Dispatches [relation does not identify the actual target of the call. Additional analysis of the KDM instance may be
required to |[determine the real targets of the Dispatches call.

Example (C)

typedef int (*fp
int foo(idt i){}
int bar( ijnt i)
void foobdr () {
fg pf;
pi=foo;
p=bar;
*pf (1) ;

<?xml verdion="1.0" encoding="UTF-8"?>
<kdm:Segmgnt xmi:version="2.1"
xmlns:xmi="h¥tp://schema.omg.org/spec/XMI/2.1"
xmlns:actlion="http://schema.omg.org/spec/KDM/1.2/action"
xmlns yeode="http://schema.omg.org/spec/KDM/1.2/code"
xmlnSskdm="http://schema.omg.org/spec/KDM/1.2/kdm" name="Dispatch Example">
<model xmivid="id.O0" xmi:type="code:CodeModel" >

<codeElement xmi:id="id.1" xmi:type="code:CompilationUnit" name="Dispatch.c">
<codeElement xmi:id="id.2" xmi:type="code:CallableUnit"
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="1id.12" xmi:type="code:StorableUnit" name="pf" type="1id.14"/>
<codeElement xmi:id="id.13" xmi:type="code:IntegerType" name="int"/>

+ i i 3-_n33 14u i Lt —n de . T it N EN ¢ —nig3 15N
<codeElemen mied i mistype="code - TypeUnd name P ee=13]

<dodeElement 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"/>

</lcodeElement >
</codeElement >
<codeElement xmi:id="1d.18" xmi:type="code:CallableUnit" name="foobar" type="id.33">

<ehtryFlow xmi:id="1id.19" to="id.20" from="id.18"/>

<dodeElement xmi:id="1d.20" xmi:type="action:ActionElement" name=#"al" kind="Assign"
<actionRelation xmi:id="id.21" xmi:type="action:Addresses" to=I'¥d.2" from="id.20"[>
<actionRelation xmi:id="id.22" xmi:type="action:Writes" to#"id.12" from="1id.20"/>
<actionRelation xmi:id="id.23" xmi:type="action:Flow" to="id.24" from="id.20"/>
</lcodeElement >
<dodeElement xmi:id="id.24" xmi:type="action:ActionElémerit" name="a2" kind="Assign"
<actionRelation xmi:id="1d.25" xmi:type="action:Addresses" to="id.2" from="id.24"[>
<actionRelation xmi:id="id.26" xmi:type="actiodiWrites" to="id.12" from="id.24"/>
<actionRelation xmi:id="id.27" xmi:type="actien:Flow" to="id.28" from="id.24"/>
</lcodeElement >
<dodeElement xmi:id="id.28" xmi:type="actioRyActionElement" name="a3" kind="PtrCalll>
<codeElement xmi:id="1d.29" xmi:type="code: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" xmivtype="action:Reads" to="id.29" from="id.28"/>
<actionRelation xmi:id="1id.32" xmi:type="action:Dispatches"

to="1d.12" from="id.28"A>
</lcodeElement >
<dodeElement xmi:id="id.33"\xmi:type="code:Signature" name="foobar"/>
</codeElement >
</codeElement >

</model

</kdm: Segment >

13.7 DataRelations Class Diagram

The DataRglations class diagram defines a set of meta-model elements that represent data flow relations
actionelem data-clements he < 5----555-75 these ':5'.'5.v seome-A 75-_-----77-:
statement that involves a data operation. The “to” endpoint represents some code item. Data relationships are shown at

Figure 13.5.
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AbstractActionRelationship

D ataElement
(from code)
ComputationalObject wext : String
(from code) @size @ Integer
+{0 N +i0 /

—~
=

defines to}

0..*
Addresses

{r¢defines to}

0. Reads

Datatype
(from code)

- 0
Writes

+from Creates

rpdefines frgm}

-~

ActionElement efines from}
<kind : String 1

Figure 13.5 - DataRelations Class Diagram
13.7.1 Reads Class

The Reads felationship represents a flow of data from a DataElement to an ActionElement (read access t¢ the
DataElement).

Superclags

AbstractActionRelationship

Associatipns

from:ActiopnElement[1] The action element that owns the Reads relationship.
to:DataElgment]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

AbstractActionRelationship

Associations
from:ActiohElement[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 dat

data element to the corresponding data element according to the semantics of‘fhe programming language
software syptem.

13.7.3 Addresses Class

Addresses telationship represents access to a complex data strueture, where the Reads or Writes relationsh

to the elemgnts of the data structure, or where an address-0f’a data element is taken.

Superclass

AbstractActionRelationship

Associations
from:ActiohElement[1] The action element that owns the Addresses relationship.
to:ComputationalObject[1] The Computational object that is being accessed.
Semantic

Addresses
element to

Ielationship represents an association between an action element that receives a reference to a
heleorresponding data element according to the semantics of the programming language of th

to a certain
of the existing

ips are applied

certain data
e existing

software sybtema-

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.
Semantics

Creates rels

element to
system.
13.8 E

The Excepffions class diagram defines meta-model elements that represent containers involved in exceptid

mechanism

Basic try-,
represent th
optional fin

The Catch

this block i
have their ¢
ParameterK]
represent tH

TryUnit

tionship represents an association between an action element that creates a new instance of a
he corresponding datatype according to the semantics of the programming language of the‘ex

xceptionBlocks Class Diagram

common to several programming languages. These classes are illustrated at Figure 13.6.

atch- and finally-blocks are represented by dedicated containers défined as subclasses of the E
e contents of those blocks. The TryUnit provides the containment to track the dependent Catch
ally block (for languages that support it).

ontainer can own ParameterUnit to represent the data passed to it by the exception-handling m|
b activated, the so-called “its catch object.” This allows exceptions to be modeled like any othg
wn inheritance. The ParameterUnit that represents‘the “catch object” of a catch-block has sp¢)
ind value kind="exception” to represent pararmeter passing via exception mechanism or kind=
e catch all construct in C++.

BlockUnit

§

ExceptionUnit

CatchUnit

certain data
sting software

n-handling

kceptionUnit to
clauses and the

bchanism when
r object and to
cial

catchall” to

Fi

attytnit

Figure 13.6

13.81 E

- ExceptionBlocks Class Diagram

xceptionUnit 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
BlockUnit

Constrainfts

1. ExpeptionUnit should have a stereotype.

Semantics

13.8.2 TryUnit Class

TryUnit clags is a meta-model element that represents try-blocks common to seyeral programming langualges. TryUnit is
a container |for action elements and associated definitions of Codeltems. Thepurpose of a TryUnit is to r¢present try-
blocks and o manage exception flow to related catch-blocks and finally-block™(for programming languagps that support
this concept). In particular, the TryUnit is the origin of ExceptionFlow, relations to the corresponding Cat¢hUnits and
FinallyUnit| blocks, which represent related catch- and finally-blocks=~TFryUnit may own nested TryUnit bjocks.

Superclass

ExceptionUnit

Semantics

TryUnit regresents a try-block.
13.8.3 GatchUnit Class

CatchUnit is a meta-model element, that represents catch-blocks. Particular CatchUnit should be associated to a particular
TryUnit thrpugh ExceptionFlow~trélation. CatchUnit may contain ParameterUnit that represents the excepfion object
passed to the catch-block by(the“exception-handling mechanism.

Superclass

ExceptionUnit

Constraings

1. CatchUnit should be associated to a TryUnit. In particular, a CatchUnit should be the target of an ExceptionFlow
relationship that originates from some TryUnit.

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 tafget of ar] ExitFlow
relptionship that originates from some TryUnit.

2. TryUnit should not be associated with more than one FinallyBlock.

Semantic

FinallyBloIk represents a finally-block associated with a certain try-block.

Example

.<?xml veysion="1.0" encoding="UTF-8"?>
<kdm:Segmegnt xmi:version="2.1"
xfplns:xmi="http://schema.omg.org/spec/XMI/2.1"
xfplns:action="http://schema.omg.org/spec/KDM/M.2/action"
xmlns:code="http://schema.omg.org/spec/KBM/Y.2/code"
xmlns:kdm="http://schema.omg.org/spec/KDM/1.2/kdm" name="Exceptions Example">
<model Hmi:id="id.O0" xmi:type="code:CodeModel" >
<codeHlement xmi:id="id.1" xmi:type="codé:ClassUnit" name="A">
<codeElement xmi:id="id.2" xmi:type={'code:MethodUnit" name="foo">
<gntryFlow xmi:id="id.3" to="4id.4" from="id.2"/>
<dodeElement xmi:id="id.4" xmi;’type="action:TryUnit" name="t1l">
<codeElement xmi:id="idl5{" xmi:type="action:ActionElement" name="al" kind="Call">
<actionRelation xmisid="id.6" xmi:type="action:Calls" to="id.23" from="id.5"/>
</codeElement>
<actionRelation xmi:id="id.7" xmi:type="action:Flow" to="id.5" from="id.4"/>
<actionRelation xmi:id="1d.8" xmi:type="action:ExceptionFlow"
te=™1d.10" from="id.4"/>
<actionRelation xmi:id="id.9" xmi:type="action:ExitFlow" to="id.17" from="id.4"/>
</lcodeElement >
<dodeEZement xmi:id="id.10" xmi:type="action:CatchUnit" name="cl">
<cbdeElement xmi:id="id.11" xmi:type="code:ParameterUnit" name="e" type="id.67"/>

<cedeElement xmi:id="id.12" xmi:type="action:ActionElement" name="a2" kind="Call"

<codeElement xmi:id="1id.13" xmi:type="code:Value"
name="&quot ; Something went wrong&guot;" type="1id.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="id.23" xmi:type="code:MethodUnit" name="bar"s>
<entryFlow xmi:id="id.24" to="id.25" from="id.23"/>

< codeilement—xmimid=""1d25" xmi-type="gcticnTelnitl name=">r2"
*

<codeElement xmi:id="1id.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.70M/s

<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="1id.32" xmi:type="action:Writes" toa™id.61" from="id.26"[>

<actionRelation xmi:id="id.33" xmi:type="action:Flow" to="id.34" from="id.26"/>
</codeElement >
<codeElement xmi:id="id.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="action:Galls" to="id.66" from="id.42"/
</codeElement >
<actionRelation xmi:id="id.37" xmi:type="actien:Flow" to="id.26" from="id.25"/>
<actionRelation xmi:id="1d.38" xmi:type="action:ExceptionFlow"
to="id.40" from="id.25"/>
<actionRelation xmi:id="id.39" xmi:typéstaction:ExitFlow"/>
</lcodeElement >
<dodeElement 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" xmirtype="action:ActionElement" name="a6" kind="Call"
<codeElement xmi:id="1d.43¥ xmi:type="code:Value"

name="&quot ; Qopg&quot ; " type="1d.69"/>
<actionRelation xmi:id="id.44" xmi:type="action:Reads" to="id.43" from="id.47"/
<actionRelation xmi:id="id.45" xmi:type="action:Calls" to="id.66" from="id.42"/
<actionRelation xmi:id="id.46" xmi:type="action:Flow" to="id.47" from="id.42"/>
</codeElement >
<codeElement %mi:id="id.47" xmi:type="action:ActionElement" name="a7" kind="Throw|>
<codeElement xmi:id="1d.48" xmi:type="code:Value"
name="&quot ;Went too far&gquot;" type="id.69"/>

<actienRelation xmi:id="id.49" xmi:type="action:Reads" to="id.48" from="id.47"/
sactionRelation xmi:id="id.50" xmi:type="action:Throws"/>
</ CodeElement >

<actionRelation xmi:id="1d.51" xmi:type="action:Flow" to="1d.42" from="1d.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 >
deElement>

<codeElement xmi:id="1d.59" xmi:type="code:MemberUnit"

<C

</

name="arr" type="id.60" size="10">
odeElement xmi:id="id.60" xmi:type="code:ArrayType">
<itemUnit xmi:id="id.61" type="id.70"/>
<indexUnit xmi:id="id.62" type="id.70"/>
codeElement >

oElcoment

</c
</codg
<codeH

<cod
</codg
</model
<model
<codeH
<codeH
<codeH

<codeH
<codeH
</model
</kdm: Segnj

13.9 E

ExceptionF
handling m

Because of]
here suppot

There exist
the excepti
ExceptionF
to a Callab]
that will ha

Element>

lement xmi:id="1id.63" xmi:type="code:ClassUnit"
name="MoreDescriptiveException" isAbstract="true">

eRelation xmi:id="1id.64" xmi:type="code:Extends" to="id.67" from="id.63!"/s

Element>

mi:id="1id.65" xmi:type="code:CodeModel" name="Java common definitions"x>
lement xmi:id="id.66" xmi:type="code:CallableUnit" name="printInw/>
lement xmi:id="id.é67" xmi:type="code:ClassUnit" name="ExceptionV/>
lement xmi:id="1id.68" xmi:type="code:ClassUnit"
name="ArrayIndexOutOfBoundsException" isAbstract=4false"/>

lement xmi:id="1d.69" xmi:type="code:StringType"/>
lement xmi:id="1id.70" xmi:type="code:IntegerType"/>
ent >

xceptionFlow Class Diagram

low class diagram defines meta-model.elements that represent flow of control determined by ¢
bchanisms common to several programuiing languages.

their somewhat unpredictable naturé, exceptions can create havoc in performing flow analysig
t tracking both user-defined €xcéptions, normal system exceptions, and runtime exceptions.

certain action elements (for example, representing statements) where the exceptions are raised
n and initiate the trafisfeér of control to the exception flow. The flow for these is represented |
low class. The ExceptionFlow relationship goes from an ActionElement representing the sourd
cElement that tepresents the catcher of the exception. The ExceptionFlow target is either the 1
ndle the exegption or point back to the TryUnit.

Exception flow elements are optional for LO KDM models. KDM export tools at LO compliance level m
understanding necessary to precisely pinpoint the source of an Exception. KDM model produced by one {
further analyzéd’by a different tool to add more information about the flow of control determined by the

xception

. The concepts

and that throw
y the

¢ of the throw,
ocal CatchUnit

y lack the full
ool can be
exception

handling mechanism. The origin of the ExceptionFlow can be under specified and use the TryUnit as the “from” point for
the ExceptionFlow, thus omitting the details of exactly where the exception might have been raised. For user-defined

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.
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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
normal flow would go from the end of the try and flow to the finally block and from there to the next block, but the
process when we are analyzing the exception flow is as follows: For each TryUnit that the ExceptionFlow must unwind
to reach its|destination, it must check for an ExitFlow in the TryUnit and run through that flow before ynwinding the call
stack. This [is repeated until the CatchUnit is reached (either it was local and already the endpoint of the”ExceptionFlow
or it is detefmined by analysis during unwinding). Then the flow for the catch is performed, followed by jan ExitFlow
local to the|Catch, if one exists. This is as consistent as possible with the separate mechanism-used by exception
supporting |anguages to handle try/catch functionality in the first place. As stated by Bjarné Stroustrup, “[The exception
handling mgchanism is a non local control structure based on stack unwinding that can be seen as an altefnative return
mechanism|” Hence the necessity for the extra level of smarts needed to analyze those flow paths.

Exceptions [raised and caught within exceptions catch blocks should create and manage their own flow path.

AbstractActionRelationship

E xceptionFlow

ExitF 0.*
of.
+to 1 | ActionElement
| [ gkind : String
+to
{redefines to} 1 {redefines to}

Figure 13.7|- ExceptionFlow Class Diagram

13.9.1 ExitFlow Class

ExitFlow class is a meta-model element that represents an implicit flow of control that should be taken when the
corresponding block is exiting and has terminated normally or abruptly after executing the catch-block. For example,
ExitFlow can be used to relate a try-block with the corresponding finally-block.

Superclass

AbstractActionRelationship
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Associations

from:ActionElement[1]

to:ActionElement[1]

ISO/IEC 19506:2012(E)

ActionElement (for example, a try-block) for which the “on-exit” behavior was

specified.

ActionElement (usually, a finally-block) that represents the behavior that is invoked

upon successful exit of the origin block (“on exit”).

Semanticl

ExitFlow r¢lationship represents an association between a TryUnit and the corresponding FinallyBlock ag
semantics df the programming language of the existing software system.

Example

See example in section ExceptionBlocks.

13.9.2 ExceptionFlow Class

The ExceptionFlow relationship represents an exception flow relationship between a TryUnit and the corf
CatchUnit, for between a particular action element that can raise anexeeption to the corresponding Catchl

Superclags

AbstractActionRelationship

Associatipns

from:ActiopElement[1]

to:ActionElement[1]

Constraints

the origin of the exception flow

The*CatchUnit to which control is transferred when an exception is|

1. Th target action element of the ExceptionFlow relationship should be a CatchUnit.

Semantic

ExceptionFlow relationship represents an exception control flow between an action element that raises a
exception, gndthe CatchUnit that handles this exception according to the semantics of the programming |

cording to the

esponding
Unit.

raised.

certain
anguage of the

existing so e-SysteHt

13.10 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

kind : String reciefines from}

Figure 13.8|- ExceptionRelations Class Diagram

13.10.1 Throws Class

The Throw

These are the user-defined throws for exception, as opposed to the soz¢alled normal system exceptions an

exceptions.

throw entity, using the Throws relationship.

See Except

Superclags
AbstractAc

Associations

from:ActiohElement[1] The ActionElement that throws the exception.
to:DataElement[1] the exception data element being thrown
Semantic

Throws relgtionship represents an association between an action element that raises a certain exception af

element th
to the sem

\ \ , | DataElement
0. Throws / (from code)

0..* +to
{redefines to}

Throw statements are essentially regular code elements,&vhich simply have an additional relat

ionRelationship

is associated with that exception. The implementer shall identify and represent these associa
tics of the programming language of the existing software system.

13.11 InterfaceRelations Class Diagram

class is a meta-model element that represents throw-statements‘supported by several programnping languages.

d runtime
onship to their

onBlocks and ExceptionFlow for representation ofithe control flow, related to exception handljng mechanism.

1d the data
ions according

The InterfaceRelations class diagram defines KDM relationships that represent the usages of a “declarations” by the
action elements. The classes and associations of the InterfaceRelations diagram are shown in Figure 13.9.
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AbstractActionRelationship

CompliesTo

0.* N
rom 0..
nes from}

+
{redef
ActiopElement 1
wking : String +to 1
{redefines to} Codeltem
(from code)
Figure 13.9| - InterfaceRelations Class Diagram
13.11.1 CompliesTo Class
The CompljesTo is a meta-model element that represents an asspciation between an action element that “pses” some
computatiohal object, and the “declaration” of that computational object.
Superclags
AbstractActionRelationship
Associations
from:ActiopnElement[1] The origin of the relationship; action element that “uses” some compytational
object.
to:Codeltem[1] the “declaration” of that computational object
Constrainfts

1. The kind attribute of the Codeltem at the target of the CompliesTo relationship should be equal to “ekternal” or
“abpstract.”

2. The action element that is the origin of the “CompliesTo” relationship should own a callable or data action
relationship to some computational object and the target of CompliesTo relationship should be one of the declarations
of that computational object.

Semantics

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.

ADStraCtActionRrelationsnip

UsesType
0.* 0.* +o
1 {redefines to}
1
ActionElement +rom Datatype
defi fi
Bkind String {redefines from} (from code),

Figure 13.10 - UsesRelations Class Diagram
13.12.1 UsesType Class
The UsesType relationship represents a type cast or'@ type conversion performed by an ActionElement.

Superclass

AbstractActionRelationship

Associations

from:ActiohElement[1] The action element that performs a type cast or a type conversion.
to:Datatypg[1] The datatype involved in a type operation.
Semantic

UsesType relationship represents an association between an action element that performs a type cast or a type conversion
operation and the corresponding Datatype. The precise nature of the type operation can be further specified by the “kind”
attribute of the action element. See the “micro KDM” clause.

13.13 ExtendedActionElements Class Diagram

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.
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AbstractActionRelationship

Aot aalat Balbin.
stiorRelationship
1 0..* 0..*
AI((:ti dnESIement +from
<kinld : String ) +to 1 | KDM Entity
{redefines from} {redefines to} (from core)
Figure 13.1{1 - ExtendedActionElements Class Diagram

13.13.1 ActionRelationship Class (generic)

The Action
through the]

Superclags

AbstractActionRelationship

Associatipns
from:ActionElement[1] the origin action element
to:KDMEntity[1] the target KDM entity

Constraints

1. Ag

Semantics

An action r
“virtual” m|

Relationship is a generic meta-model element that can be-used to define new “virtual” meta-n
KDM light-weight extension mechanism.

tionRelationship.should have at least one stereotype.
b

blatignship with under specified semantics. It is a concrete class that can be used as the base el
eta-model relationship types of the code model. This is one of the KDM extension points that

odel elements

ement of a new
can integrate

additional I

e 1. s bl - 1 4 b 0l . £.1 R I | e 41
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representation.
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14 Micro KDM

14.1 Overview

This clause describes the foundation for KDM models with precise semantics, referred to as the L1 MICRO KDM
compliance point (“micro KDM”).

Let’s use the term KDM “macro Action” to refer to an ActionElement with under specified semantics, whose role in a
KDM metatmodel is to represent certain existing behavior corresponding to one or more statements.in th¢ existing

software system. The term “macro action” should not be confused with the preprocessor directiyes‘Commjon to certain
programming languages.

A KDM “njacro action” represents the endpoint of the action relationships, and can own'a SourceRef element, which
links it to the artifacts of the existing software system. KDM L0 compliance point does)not specify the sgmantics of a
KDM “madro action” leaving it up to implementers to design the mapping from the‘ptogramming languages involved in
the artifactq of the existing software systems and KDM.

In order to pise the KDM Program Element layer for control- and data-flowxanalysis applications, as well gs for providing
more precigion for the Resource Layer and the abstraction Layer, additional semantics constraints are reqpired to
coordinate producers and consumers of KDM models. The micro KDM compliance point serves this purgose. It
constrains the granularity of the leaf action elements, and their medning by providing the set of micro actions with
predefined pemantics.

According to the “micro KDM” approach, the original “macto action” is treated as a container that owns |certain “micro
actions” with predefined semantics and thus precise semantics of the “macro action” is defined. As the resfilt micro KDM
constrains the patterns of how to map the statements>0f the existing system as determined by the programjming language
into KDM. [This is similar to the mapping performed by a compiler into the Java Virtual Machine or Micfosoft .NET.

From a comppiler technology perspective, KIDM micro actions provide the so-called Intermediate Represemtation (IR) for
control and|data flow analysis. Micro KDMVis a rather high-level IR. Micro KDM actions are aligned with| the ISO 11404
datatypes (¢perations on primitive datatypes and access to complex datatypes) as well as with the KDM patterns for

representing program elements.

Separation fnto a “macro actien’and “micro actions” allows:

« The|flexibility of Selecting the “macro action element” as the point for linking it to the existing artifac}s. For example
to afsource file-0f to an AST, providing a meaningful source ref (a macro action can still represent ong or more
stat¢gments innthe original existing system), and

 proyides precise representation of the original “macro action” through a mapping to micro actions with predefined
sem nfics

Micro actions are the actual endpoints of the KDM relationships. The original “macro action element” (the one 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 micro KDM action has the following 5 parts (Action Kind, Outputs, Inputs, Control, and Extras):

e Actiorr Kimd =15 Trature of e OpPeration Performed by IS TITIO Ao, 1 1S 1S TePIesemed a3 @ - KITd
micfo action. The action kind may designate certain outgoing relationships as part of the Control.)For
“Call” micro action designates the Calls outgoing relationship as part of Control. Action kinds-arg def
sengitive strings in Annex A.

» Outputs - represented by the owned outgoing Writes relationship, which usually represerits the result g
actign. This part is optional.

+ Inpyts - Ordered incoming Reads and/or Addresses relationships that are owned by the action element,
relafionships represent the order of the arguments for a micro action.

« Confrol - owned outgoing control flow relationships for the action.

+ Extifas - owned relationships other than Reads, Writes, and not designated as part of Control by the acf
example, these can be interface compliance relation “CompliesT0™ or any extended action relationshi

Constraints
1. Evpry leaf action element of the KDM model shall be’a micro KDM action, where the operation perf
action is designated by the value of the action kind,'specified in the list of the micro actions in Anne3

2. Implementers shall capture the meaning of the’existing artifacts as determined by the programming 1
rugtime platform and map it into connegted graphs of micro actions; the meaning of the resulting mig
is determined by the semantics of the mircro actions.

Semantics

Semantics ¢f KDM micro actions.i$vdefined in Annex A: “Semantics of the Micro KDM Action Elements.

Example
z=1+f (x,y)|;
*d[x+3]=1;
dly+3]1=&z;
y=*d [x+3];

attribute to the
example, the
ned as case

f the micro

the order of the

ion Kind. For
S.

ormed by the
A.

hnguages and
ro KDM model

function fO00 dOes mot comply TO MICro KDM Semantic CONSCralits;
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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<codeElement xmi:id="id.2" xmi:type="code:CallableUnit" name="foo" kind="regular"s>

<entryFlow xmi:id="1id.3" to="id.4" from="id.2"/>

<codeElement xmi:id="id.4" xmi:type="action:ActionElement" name="f1l" kind="unknown">

<source xmi:id="

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:id="id.7" xmi:type="action:Reads" to="id.97" from="id.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="1id.99" from="id.4"/>
<actionRelation xmi:id="id.10" xmi:type="action:Reads" to="id.105" from="id.4' /s>
<actionRelation xmi:id="id.11" xmi:type="action:Flow" from="1id.4"/>
</lcodeElement >
<dodeElement xmi:id="1id.12" xmi:type="action:ActionElement" name="£f2" kind="unknown
<source xmi:id="id.13" language="C" snippet="*d[x+3]=1;d[y+3]=&amppzyy=*d[x+3];"/
<actionRelation xmi:id="id.14" xmi:type="action:Reads" to="id.97/ from="id.12"/>
<actionRelation xmi:id="1id.15" xmi:type="action:Addresses" to=1id.100" from="id.1!:
<actionRelation xmi:id="id.16" xmi:type="action:Reads" to='"id\ 106" from="id.12"/>
<actionRelation xmi:id="id.17" xmi:type="action:Reads" td=.id.105" from="id.12"/>
<actionRelation xmi:id="1d.18" xmi:type="action:Addres§es"¥ to="1d.100" from="id.1!:
<actionRelation xmi:id="id.19" xmi:type="action:Reads™ . to="1id.98" from="id.12"/>
<actionRelation xmi:id="id.20" xmi:type="action:Reads" to="id.106" from="id.12"/>
<actionRelation xmi:id="1id.21" xmi:type="actionAddresses" to="1d.99" from="id.12
<actionRelation xmi:id="id.22" xmi:type="actien:Writes" to="1id.98" from="id.4"/>
<actionRelation xmi:id="1id.23" xmi:type="actlon:Addresses" to="1id.100" from="id. 1l:
<actionRelation xmi:id="id.24" xmi:types4dcétion:Reads" to="id.97" from="id.1l2"/>
<actionRelation xmi:id="id.25" xmi:type>"action:Reads" to="id.106" from="id.12"/>
</lcodeElement>
</cddeElement>
<codeElement xmi:id="id.26" xmi:type="code:CallableUnit" name="bar" kind="regular"s>
<gntryFlow xmi:id="1id.27" to=%id.28" from="id.26"/>
<dodeElement xmi:id="id.28™ 'xXmi:type="action:ActionElement" name="bl" kind="compoun
<source xmi:id="1id.29" Ylanguage="C" snippet="z=1+f (x,y)"/>
<codeElement xmi:id="id.30" xmi:type="code:StorableUnit" name="t1"
type="id. 142y kind="register"/>
<codeElement xmi:id="id.31" xmi:type="action:ActionElement" name="bl.1" kind="Cal
<actionRelation xmi:id="1id.32" xmi:type="action:Calls" to="id.107" from="id.28"
<actionRetation xmi:id="id.33" xmi:type="action:Reads" to="id.97" from="id.28"/
<actionRelation xmi:id="id.34" xmi:type="action:Reads" to="id.98" from="id.28"/
<aftionRelation xmi:id="1d.35" xmi:type="action:Writes" to="1d.30" from="id.31"
<édctionRelation xmi:id="id.36" xmi:type="action:Flow" from="id.31"/>
codakl +
<codeElement xmi:id="1d.37" xmi:type="action:ActionElement" name="bl.2" kind="Add">
<actionRelation xmi:id="1id.38" xmi:type="action:Reads" to="id.105" from="id.37"/>
<actionRelation xmi:id="1id.39" xmi:type="action:Reads" to="id.30" from="id.37"/>
<actionRelation xmi:id="id.40" xmi:type="action:Writes" to="1d.99" from="id.37"/>
</codeElement>
<actionRelation xmi:id="id.41" xmi:type="action:Flow" to="id.31" from="id.28"/>
</codeElement>

<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="1d.50" xmi:type="action:ActionElement" name="b2.1" kdnd="Add[|>

<actionRelation
<actionRelation
<actionRelation
<actionRelation
</codeElement >

xmi
xmi
xmi

xmi

:id="id.51"
:id="id.52"
:id="id.53"
:id="id.54"

xmi:type="action
xmi:type="action
xmi:type="action
xmi:type="action

:Reads" to="id.97" ffem="id.50"/
:Reads" to="id.106!~from="id.50"[f>
:Writes" to="idr44" from="id.50"[>
:Flow" to="id{55" from="1id.50"/>

<codeElement xmi:id="1id.55" xmi:type="action:ActionElement! “hame="b2.2" kind="ArrgySelect">

<actionRelation
<actionRelation
<actionRelation
<actionRelation
<actionRelation

</codeElement >

xmi
xmi
xmi
xmi

xmi

:id="id.56"
:id="id.57"
:id="id.58"
:id="id.59"
:id="id.60"

xmi:type="action

xmi:type="action:
xmi:type="actions
xmi:type="action:

xmi:type="action:

:Addrésses" to="id.100" from="id]|55"/>
Reads" to="1d.102" from="id.55"[>
Réads" to="id.44" from="id.55"/
Writes" to="id.45" from="id.55"[>

Flow" from="id.55"/>

<codeElement xmi:id="id.61" xmi:type="action:ActionElement" name="b2.3" kind="PtrReplace">

<actionRelation
<actionRelation
<actionRelation
<actionRelation

</codeElement>

<codeElement xmi:id="id,66W~xmi:type="action:ActionElement" name="b2.4" kind="Add|>

<actionRelation
<actionRelation
<actionRelation
<actionRelation

</codeElement®

<codeElemént-xmi:id="1d.71" xmi:type="action:ActionElement" name="b2.5" kind="Ptr|>
<actionRelation xmi:id="1id.72" xmi:type="action:Addresses" to="1id.99"
<aftionRelation xmi:id="1id.73" xmi:type="action:Writes" to="id.47"

<dctionRelation xmi:id="id.74" xmi:type="action:Flow" to="id.75"

codall £

xmi
xmi
xmi

xmi

xmi
XM,
Xmi

xmi

rid="id.62"
:id="id.63"
:id="1id.64"
:id="1id. 65"

:id="id.67"
:id="1id.68"
:id="id.69"
:id="id.70"

xmi:type="action
xmdbitype="action
xmi:type="action

xmi:type="action

xmi:type="action
xmi:type="action
xmi:type="action

xmi:type="action

:Reads" to="id.45" from="id.e61"/
:Reads" to="id.105" from="id.61"[>
:Writes" to="id.104" from="id.e611|/>
:Flow" to="id.66" from="id.61"/>

:Reads" to="id.98" from="id.12"/
:Reads" to="id.106" from="id.12"[>
:Writes" to="id.46" from="id.66"[>
:Flow" to="id.71" from="id.66"/>

from="id.12"/>
from="1id.71"[>

from="id.71"/>

<codeElement xmi:id="id.75" xmi:type="action:ActionElement" name="b2.6" kind="ArrayReplace">

<actionRelation
<actionRelation
<actionRelation
<actionRelation
<actionRelation

</codeElement>

xmi
xmi
xmi
xmi

xmi

:id="id.76"
:id="id.77"
:id="id.78"
:id="id.79"
:id="id.8o"

xmi:type="action:
xmi:type="action:
xmi:type="action:
xmi:type="action:

xmi:type="action:

Addresses" to="id.100"
to="id.46" from="id.75"/>
to="1id.47" from="id.75"/>
Writes" to="id.102" from="id.75"/>
from="id.75"/>

from="id.12"/>
Reads"

Reads"

Flow"

<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="1id.48" from="id.81"/>

<actionRelation xmi:id="id.85" xmi:type="action:Flow" from="id.81"/>

</codeElement >

<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="id.89" xmi:type="action:Reads" to="id.102" from="id.86"/>
<actionRelation xmi:id="id.90" xmi:type="action:Writes" to="1id.49" from="id.86"/>
<actionRelation xmi:id="id.91" xmi:type="action:Flow" to="id.92" from="id.86"/»
</codeElement>
<codeElement xmi:id="id.92" xmi:type="action:ActionElement" name="b2.9" kind="Ptr$elect">
<actionRelation xmi:id="id.93" xmi:type="action:Reads" to="id.49" from="id.92"/
<actionRelation xmi:id="1d.94" xmi:type="action:Reads" to="id.104" from="id.92"[>
<actionRelation xmi:id="1d.95" xmi:type="action:Writes" to="id.98!“from="id.92"[>
</codeElement>
<actionRelation xmi:id="id.96" xmi:type="action:Flow" to="id.50" from="id.42"/>
</lcodeElement >
</cddeElement >
<codeElement xmi:id="id.97" xmi:type="code:StorableUnit" néme="x" type="id.1l12"/>
<codeElement xmi:id="1d.98" xmi:type="code:StorableUnit} name="y" type="id.112"/>
<codeElement xmi:id="id.99" xmi:type="code:StorableUnit" name="z" type="id.1l12"/>
<codeElement xmi:id="1d.100" xmi:type="code:StorablelUnit" name="d" type="id.101">
<dodeElement xmi:id="1d.101" xmi:type="code:ArrayType" name="">
<itemUnit xmi:id="1id.102" name="d[]" type="3d7103">
<codeElement xmi:id="1d.103" xmi:typestédde:PointerType">
<itemUnit xmi:id="id.104" name="*d[M' type="id.1l12"/>
</codeElement>
</itemUnit>
</lcodeElement>
</cddeElement>
<codeElement xmi:id="id.105" Xwt:type="code:Value" name="1" type="id.1l12"/>
<codeElement xmi:id="id.1l06%xmi:type="code:Value" name="3" type="id.1l12"/>
<codeElement xmi:id="1d. 207" xmi:type="code:CallableUnit" name="f" type="id.108">
<dodeElement xmi:id="1d.108" xmi:type="code:Signature">
<parameterUnit (xmi:1d="1d.109" name="a" type="id.112" pos="1"/>
<parameterUniti\xmi:id="1d.110" name="b" type="id.112" pos="2"/>
<parametefUnmit xmi:id="id.111" type="id.1l12" kind="return"/>
</lcodeElement >
</cddeElément >
</codgEXement >
< codeBtremert—itititi-delid il smi-trpenleodertrtegerTypel el
</model>

</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
following 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.

+ Thepe actions are implemented by the program elements as one or more API calls to some externalpl4
paclkages.

« Thefe is a binding involved between the actions and the resources.

tform-specific

« Respurce may involve some “inverted” control in the form of callbacks and event handlers, allowing applications to be

programmed in event-driven style.
+ The|content of the information flow involving the resource is associated with some data organization.
« Respurce often has a certain state, and tracking the changes of the state over titie'may be an importan
understanding the logic of the existing system.

Since Runtime Resources Layer packages capture high-value knowledge about the existing system and it

concern in

operating

environmert, which may involve advance analysis and some manual expertise KDM is designed in such § way that the
Runtime Rgsources Layer analysis can use KDM models from the Program Elements Layer as input and poduce Runtime

Resources lLayer models as output. There should be no references from lower KDM layers to higher layers
Runtime R¢sources Layer models can be built on top of existing.Program Element layer models.

Packages of the Runtime Resources Layer package systematically uses the following KDM patterns:

« Each Runtime Resources Layer package definestentities and containers to represent specific “resource

therefore, new

s.” Each

package may define additional elements to repfésent additional concerns. For example, the Data packajge involves less

resource definitions, and focuses on the representation of various data organization capabilities. The H

vent package

proyides the meta-model elements for representing state, state transitions caused by events. States, trapsitions, and
eveits can be considered as runtime(platform resources. The Ul package provides the meta-model elements for

representing user interfaces. Usér interfaces can also be considered runtime platform resources. The P

atform package

deals with conventional runtime platform resources, such as inter-process communication, the use of fegistries,

marjagement of data, etc,

« Each Runtime Resouree$ Layer package defines specific structural relations between “resources.” For
Platform package‘defines relationship BindsTo, which represents a logical association between two re

« Each Runtime Resources Layer package defines specific resource actions to represent manipulation of
through APL calls. Resource actions use the following KDM pattern. Each resource action is an entity
abstractclass for the corresponding package. This class is named AbstractXXXElement, where “XXX

the \ar\]zagp So, the resource actionis not a-subclass of Anﬁnnplpmpnf’ and this promotes. modularity

example, the
sources.

resource
of the base

> is the name of
between KDM

packages, each of which defines an independent KDM compliance point. However, each resource action owns one or
more ActionElements through property called “abstraction.” Each resource action also has the property called
“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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The nature of the resource-specific operation performed by a particular resource action is represented by the “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 to specify
behavior specific to that resource.

The
by 1]
Lay
clas
Call
sevd

Runtime R¢
is impleme;
involves th
from the A
any Action]
can only be
of this mec]
element of
which allow

The
acti

The
rela
by 4

Additional

emerge at t
Instances o
created inst
perspective

When sepai
about the s

A binding {

referred to

intime platforms. This pattern can be separately referred to as the KDM Event pattern. Each Runt,
er package defines its own meta-model element for representing events. For example, the Ul pack
b UIEvent. The “abstraction” action container mechanism allows ActionElements to be added to e
s relation originating from such an abstracted action element represents the “callback?™mechanism
ral runtime platforms.

sources Layer packages are independent, however they can offer additional capabilities when
hited. In order not to enforce any particular order in which these packagés should be implemen|
b following approach: resource action relationships are subclasses ofthe ‘AbstractActionRelati
tion Package. In the full KDM implementation that uses all packages, all resource actions arg
Element. Code models should not use the extended relationships, The extended resource actiof
used by the actions in “abstraction” action containers in Runtime Resources Layer models. A n
hanism are the actions “HasState” defined in the Event package, which makes it possible to as
hn event model with any resource. Another example is the “HasContent” relation defined in the
s associating an element of a data model with any, résource.

“abstraction” action containers, available for caeh‘fesource also allow arbitrary Flow relations bet
ns” and between resources to provide abstractions of the flow between “resource actions.”

Runtime Resources Layer patterns are aligned with the micro KDM, which allow precise modelin]
ed to resources as the foundation for helistic high-fidelity analysis of existing software systems. It
ssociating sets of precise micro KDM actions with “abstraction” action containers.

Runtime concerns involve dyhamic structures (instances of some logical entities and their rela
he so-called “run time” of the software system. For example, dynamic entities include process
[ processes and threads.can be created dynamically and in many cases relations between the d
ances of processes-and threads are an essential part of the knowledge of existing systems. Pur
in that case may b¢ insufficient.

-called hindings and various mechanisms to achieve a binding or delay it.

5 a_eommon way of referring to a certain irrevocable implementation decision. Too much bing

ontrol provided
me Resources
hoe defines the
vent elements.

, provided by

more than one
ted, KDM
nship class
available for
relationships
otable example
sociate an
Data package,

'ween “‘resource

g of behavior
can be achieved

tionships) that
es and threads.
namically

e logical

ation of cenceérns between application code and Runtime platform is considered, it is important to be clear

ing is often

g “hardeadina > Thic often reculte 11 cuctome that ara ot 0 maintain and rance Thoy ar
& Y - )

e often also

difficult to understand. Too little binding leads to dynamic systems, where everything is resolved at run time (as late as
possible). This often results in systems that are difficult to understand and error-prone. Modern platforms excel in
managing binding time. Usually binding is managed at deployment time.

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

« Compile time binding, including

ISO/IEC 19506:2012(E)

. Jnacro expansion

[emplates

Product line variants defined by conditional compilation

« Link time binding
+ Deplloyment time binding
+ Initialization time binding
+  Run/time
Table 3. Bipding Time Table 4. What is being bound Table 5. Result
Generatiof time Syntax, variant, pattern,xmapping, etc. | Generated code
Language |& platform design Syntax, entities andrelations, Source code
including platferm resource types
Versioning Module soutee files Module version
Compile time Intra-module relations (def-use) Module
--  Madro Syntax, macro to expanded code Expanded macro (source code)
--  Template Template parameters Template instance
-- Product line variant defined by " Conditional compilation, macro, Component Variant

function, function pointer, reflection,
instances of processes, instances of
objects, instances of data, etc.

conglitional compilation and includes, symbolic links.
includes
(static) Limk time Intra-component relations within Deployed Component
deployable component
Deployment time Resource names to resources (using Deployed System
platform-specific configuration files)
Initializatipn time Component implementation to System
COMPONENT INTeTTace; Major ProCesses
and threads; dynamic linking, dynamic
load (using platform-specific
configuration files).
Run time User input, object factory, virtual Particular Execution Path
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15 Platform Package

15.1 Overview

Platform package defines a set of meta-model elements whose purpose is to represent the runtime operating environments
of existing software systems. Application code is not self-contained as it is determined not only by the selected

programmi
for the app

* Run
+ Plat
- Plat
© App
« Con|
- Plat
« Plat

Examples d
390, Java (|
HTTP, TCH

Platform p4

« Con

g languages, but also by the selected Runtime platform. Platform elements determine the exe
ication. Platform package defines meta-model elements that represent common Runtime platfa

time platform consists of many diverse elements (platform parts).

form provides resources to deployment components.

form provides services that are related to resources.

lication code invokes services to manage the life-cycle of a resource.

trol flow between application components is often determined by the-platform.
form provides error handling across application components.

form provides integration of application components.

f Platform Parts include UNIX OS File System, UNEX OS process management system, Wind
2SE), Perl language Runtime support, IBM CICS TS, IBM MQSeries, Jakarta Struts, BEA Tu
/IP, Eclipse, EJB, JMS, Database middlewargy Servlets.

ckage defines an architectural viewpoingfor the Platform domain.

cerns:

What are the resources used by the-software system?

What elements of the run-titne)platform are used by the software system?
What behavior is associated with the resources of the run-time platform?
What control flows. are initiated by the events in the resources?

What control flows are initiated by the run-time environment?

What are thedbindings to the run-time environment?

What ate-the deployment configurations of the software system?

What are the dynamic/concurrent threads of activity within the software system?

cution context
Im CONCerns:

ows 2000, OS/
kedo, CORBA,

« Viewpoint 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:

Construction methods:

* 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)

+ Comtrot ffow (for TXaImpic, WITat actiol CICMTMS are U1ggered by SVEITs 11T @ gIVel TeSOUTTe; WAt
bperate on a given resource)

* [dentify of resource instances based on resource handles in various modules

Platform Views are used in combination with Code views and Inventory views.

Views as output

* Construction of the Platform view is determined by.the semantics of the run-time platform, and it

o0 a specific software system

action elements

* Platform views that correspond to the KDM Platform architectural viewpoinit are usually constructpd by analyzing
Code views for the given system as well as the platform-specific configuration artifacts. The platfprm extractor
ool uses the knowledge of the API and semantics for the given run-time-platform to produce one of mode Platform

* s an alternative, for some languages like Cobol, in which the elements of the run-time platform gre explicitly
Hefined by the language, the platform views are produced by the parser-like tools which take artifadts of the system
hs the input and produce one or mode Platform views as‘eutput (together with the corresponding (ode views)

based on the

mapping from the given run-time platform to KD such mapping is specific only to the run-time platform and not

* [Che mapping from a particular run-time platform to KDM may produce additional information (system-specific, or
blatform-specific, or extractor tool-speeific). This information can be attached to KDM elements ysing

15.2 C

The Platfor]

- Plat
» Plat
« Plat
- Plat
» Plat

Stereotypes, attributes or annotations

formModel
formInheritances
formResourees

formRelations

formA ctions

)rganization of the Platform Package

In package consists oftthe following 10 class diagrams:

+ ProvisioningRelations

+  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

The PlatformMadel class diagmm follows the nniform pattern for ex’rending KDM Framework followed y each KDM
model. The|classes and associations of the PlatformModel diagram are shown in Figure 15.1.

PlatformModel

AbstractPlatformRelationship

0..1
+mode
{subsets moge,}
0.* .
+relation
+platformElement {subsgtshownedRelation}
1
subsets ownedElement} 0.+
AbstractPlatformElement | 0~
+group
+owner 0.1 {subsetsgroup}
{subsets owner} +implementation
{subsets groupedElement}
0..*
+abstraction AbstractCodeElement
{subsels ownedElement (from code)
ordered} 0.”

ActionElement
(from action)

Figure 15.1 - PlatformModel Class Diagram

15.3.1 PllatformModel Class

PlatformModel is a specific KDM model that owns collections of facts about the existing software system such that these
facts correspond to the Platform domain. PlatformModel provides a container for platform elements.

Superclass
KDMModel
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Associations

platformElement:PlatformElement[0..*] owned platform elements

Semantics

PlatformModel is a logical container for platform elements. The implementer shall arrange platform elements into one or
more platform models.

15.3.2 AbstractPlatformElement Class (abstract)

The Abstra¢tPlatformElement is an abstract meta-model element that represents entities ofthe)operating ehvironments of
software syptems.

Superclass
KDMEntity

Associations

platformRglation:PlatformRelation[0..*] Platform relationship that originates from the platform elefnent.
abstraction:ActionElement[0..*] owned “abstraction” actions
implementation:AbstractCodeElement[0..*] Grouped association to the AbstractCodeElement element that are

représented by the current PlatformElement from some CodeModel.

source:SoprceRef[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 ActionElemgnt.

3. Abstraction ActionElement should be owned by the same PlatformModel.

Semantics$

An instancq of an”“AbstractPlatformElement represents either an instance of some runtime resource or sonje API call that
manages someruntimnetresource—lhe cmentatd iationHnks-AbstractPlatfo SHRE c

elements of some CodeModel. “Abstraction” action elements can be used to specify precise semantics of the
PlatformElement.

e runtimereseo ce he—tmplementation-assoec oh 0 Ab D ormElemen o-the ‘rresponding

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

KDMRelati

onship

Semantics

An instance of an AbstractPlatformRelationship represents structural association between two runtime resources.

154 P

The Platfor
The classes

tatformimheritances Cltass Diagram

inheritances class diagram represents inheritances of the meta-modeling elements of the)Plaf
and associations of the PlatformInheritances diagram are shown in Figure 15.2.

KDMModel KDM Entity KDMRelationship
(frdm kdm) (from core) (from.care)
PlatfbrmModel AbstractPlatform Element AbstractPlatform Relationship
0.1
Platform Source
+source .
SourceRef
(from souree)
Figure 15.2) - PlatformInheritances Class Diagram
15.5 BlatformResources Class Diagram
The PlatformResources elass’diagram defines the meta-model elements to represent platform resources. T|
association§ of the PlatformResources diagram are shown in Figure 15.3.

form package.

he classes and
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*+platformElement Ab stractPlatform Element

0..*
{subsets ownedElement}

PlatformAction
ResourceType oKind : String ;OT—/
0..1 a
bl +owner
{subsets owner}
{subsets owneKy
MafshalledResource” ExternalActor
DAtaManager
\
Namj|ngResource "
LOCkReSOUrcd StreamResource {subsets ownedElement}
Mes§ agingResourgyé ;
PlatformE vent

S

ExgcutionResource

s2kind : String 0"

FileResource

+platformElement

Figure 15.3
15.5.1 R

The Resour]
application
application
UNIX IO §
semaphore,
memory bl

KDM intro
application
quite comp
Resource d

- PlatformResources Class Diagram
esourceType Class

ceType is a meta-model element/that represents a platform resource. The purpose of a platforn
development by closing the-gap’between the application domain and the facilities that are av
programmers. The latter are-referred to as platform resources. Examples of resource types incly
tream, UNIX socket, UNIX Process, UNIX thread, AWT widget, CICS File, CICS transaction
UNIX shared memory segment, OS/390 VSAM file, JDBC connection, HTTP session, HTTP
ck, CICS commarea, COBOL file.

Juces Platform*Resource as an explicit abstraction in order to separate the explicit parts that a
programimers from parts that are provided by the platform. The underlying implementation de|
ex, for'example, marshaled call includes client stubs, skeletons, platform-managers. The type
pnotes the semantics of the resource.

h is to simplify
ilable to
de UNIX File,
L, UNIX
request, UNIX

re written by
tails may be
bf the Platform

Platform resources can be further subdivided into smaller groups of services (resource types). Platform resources are
usually grouped into platform stacks. Platform resource is an element of the overall platform used by a particular 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

182

© ISO/IEC 2012 -

All rights reserved


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

ISO/IEC 19506:2012(E)

Associations

platformElement:AbstractPlatformElement[0..*] The set of platform elements that are owned by the given
ResourceType.

Semantics
ResourceType may represenf an individual Tuntime resource Instance or a container 10T several such instances.

The implenienter shall identify runtime resources used by the existing software system according to the semantics of the
platform us¢d by the existing system, resource configuration files, and other appropriate sources of informatiqn.

Specific subclasses of ResourceType define specific categories of resources available to implemienters. Other ftypes of
resources cgdn be represented by a generic instance of ResourceType meta-model element with-a Stereotype.

15.5.2 NamingResource Class

NamingRedource represents platform resources that provide registration and\}gokup services (e.g., registry). In the meta-
model NamingResource is a subclass of ResourceType.

Superclags

ResourceType
Semantic$

15.5.3 MarshalledResource Class

MarshalledResource represents platform resources that provide intercomponent communication via remotg synchronous
calls (for example, RPC, CORBA methodccall, Java remote method invocation). In the meta-model MarshalledResource
is a subclags of ResourceType.

Superclags

ResourceType

Semantic$

15.5.4 MessagingResource Class

MessagingResource represents platform resources that provide intercomponent communication via asynchronous
messages (e.g., IBM MQSeries messages).

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.

Superclass

ResourceType
Semantic$
15.5.6 EixecutionResource Class

ExecutionRlesource represents dynamic Runtime elements (e.g., process or thread):

Superclass

ResourceType
Semantics$
15.5.7 LpckResource Class

LockResource represents a synchronization resource gommon to multithreaded runtime environments.

Superclags

ResourceType
Semantics$
15.5.8 StreamResource Class

StreamResdurce represents*a simple input/output resource, for example UNIX-like stream.

Superclass

ResourceTypée

Semantics

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

Semantics

15.5.10 PlatformEvent Class

The PlatformEvent class is a meta-model element representing various events and callbacks associated-with runtime
platforms. This class follows the KDM event pattern, common to Resource Layer packages.

Superclags

ResourceType

Attributes

=i

kind:Strin Represents the nature of the action performed by this Evént.

=]

Semantic$

15.5.11 PlatformAction Class

PlatformAdtion class follows the pattern of a “resource action” class, specific to the Platform package. The nature of the
action reprgsented by a particular element is designated by its “kind” attribute.

Superclags
AbstractPlajformElement

Attributes

kind:Strin

S

Represents the nature of the action performed by this element.

=]

Associatipns

platformElement:PlatformEvent[0..*] The set of platform events that are owned by the given PlatformAct{on.

15.5.12 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

0..* *
BindsTo | °-

1
+from +o J/
{redefines from} {redefines to} | KDMEn tity
(from core)

1
ResoulceType

Figure 15.4|- PlatformRelations Class Diagram
15.6.1 BindsTo Class
BindsTo defines a semantic association between two ResourceTypes.

Superclass

PlatformRe|ationship

Associations

=

).

from:ResolurceType[1] The ResourceType that is the source of the relationship (the from-endpoif

to:KDMEntity[1] The KDMEntity to which the current Resource is bound (the to-endpoint).

Semantics$

15.7 ProvisioningRelations 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
AbstractP latform Element

Figure 15.5 - ProvisioningRelations Class Diagram
15.7.1 Requires Class
Requires dgfines semantic relationship between a DeployedComponent and an AbstractPlatformElement.

Superclags

PlatformRejationship

Associatipns

from:DeplgpyedComponent[1] The DeployedComponent that is the source of the relationship (the fiom-endpoint).
to:AbstractPlatformElement[1] TheAbstractPlatformElement that is the target of the relationship (thee to-endpoint).
Semantics

15.8 PlatformActions Class Diagram

The PlatfornActions _class diagram defines meta-model elements that represent specific actions that are the endpoints of
certain Platform relationships. The elements of this diagram extend ActionElement from the KDM Action package.

The classes| and associations of the PlatformActions diagram are shown in Figure 15.6.
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AbstractActionRelationship
(from action)

ReadsResource

WritesResource 0.~
ManagesResource
0.” 0.*
DefifedBy
0} 410
+from {redefines to}
0.* 0.* {redefines from} - p
{redefinds fromfjedefines form} ] K1
+to Resource Type
+to 1 {redefines to}
{fedefines to} T -
1 +from 1 | ActionElement
Coddltem {redefines from (from action)
(from gode) 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 accesses to
platform regources that are not related(toythe flow of data to and from the resource. ManagesResource relationship is

similar to Addresses relationship from Action Package. The nature of the operation on the resource is reptesented by the
“kind” attripute of the PlatformA¢tion that owns this relationship through the “abstracted” action containgr property.

Superclass

Action::AbstractActienRelationship

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.

Superclass
Action::AbgtractActionRelationship

Associatipns

from:ActiopnElement[1] “abstracted” action owned by some resource

to:Resourg¢eType[1] the resource being accessed

Constrainrs

1. This relationship should not be used in Code models

15.8.3 WritesResource Class
WritesResource class follows the pattern of a “resource aetion relationship.” It represents various types of accesses to
platform repources where there is a flow of data to the\resource. WritesResource relationship is similar tol Writes
relationship from Action Package. The nature of the@peration on the resource is represented by the “kind”|attribute of the

PlatformAdtion that owns this relationship through the “abstracted” action container property.

Superclags
Action::AbgtractActionRelationship

Associatipns

from:ActionElement[1] “abstracted” action owned by some resource
to:Resourg¢eType[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.

Semantics

DefinedBy [is an optional relationship. The implementer shall correctly associate the“platform resource with the
corresponding logical definition of this resource (usually a Signature, an Interface] or a Package). The log]cal description
of the packjge usually refers to some external implementation, as platform, resources are usually described by some third-
party packalges, provided as part of the runtime platform of the application) Individual API calls correspopding to the
given resource, should have the CompliesTo relations to the individualMAPI descriptions the definition repfesented by the
Codeltem aft the to-endpoint of the DefinedBy relationship.

15.9 Deployment Class Diagram

The Deployment class diagram defines meta-model elements that represent deployment elements and theil relations. In
particular, the elements of the Deployment diagram‘address physical structures and how logical componepts are mapped
to these physical structures.

The classes| and associations of the Deployment diagram are shown in Figure 15.7.
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AbstractPlatformElement

DeployedSoftwareSystem

+group ' Machine

{sWibsets group} 0..1

+deployedResource
{subsets ownedElement}

+owner
{subsets owner}

+groypedComponent

{subset$ groupedElement} 0..
0.* +deployedComponent D eployedResaurce
{sybsets ownedElement}
D eployedComponent (U
oy 2 +owner
0_* {subs ets 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 DeplojjedComponent represents aunit of deployment as defined by a particular platform. Major platform parts
provide a packaging mechanism of deploying application functionality. Deployment component is a replacg¢able unit of an
application| For example, DLL, shared library, COM, Eclipse plugin, Executable, Jar file, War file for Tomcat, SQL
Stored progedure, CORBA module, EJB, JavaBean, Jakarta Struts Action, Jakarta Struts Form.

Superclags
AbstractPlatformElement

Associatipns

groupedCode:Module[0..*] The code components that are deployed to the target DeployedComponent (KDM
grouping association).
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Semantics

15.9.2 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.

DeployedSoftwareSystem is associated with a set of DeployedComponents, which correspond to the set of logical
rs = L Q¢ Q 4 3

components-ef-thetogteal-SoftwareSystem—Eaeh-SeftwareSystemtrvelves-one-or-more-Compenents—Sofic components
can be invglved in more than one SoftwareSystem (allowing description of the so-called Software Produgt Lines). Each
Component| involves one or more model Modules. Again, each Module can be involved in more thanyone| Component.
Component|is a unit of deployment. Each logical component can be deployed multiple times, each time r¢presented by a
unique DeploymentComponent element. DeployedSoftwareSystem is a counterpart of the corteésponding lpgical
SoftwareSygtem.

Superclass
AbstractPlatformElement

Associations

groupedComponent:DeployedComponent[0..*] The set of ph¥sical DeployedComponents that make up] the target
system. The\physical components correspond to the logical
components of the system.

Semantics$

15.9.3 Machine Class

The Machine is a meta-model element that-represents the hardware node which hosts deployed componerts.

Superclass
AbstractPlatformElement

Associations

deployedJomponent:DeployedComponent[0..*] The set of DeployedComponent elements deployed t¢ this node.
deployedResotree:BeptoyedResourceft— Fhesetof Dcplu_ycdRcbuuluc clermemnts dc:plu_ycd to—this node.
Semantics
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eployedResource 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 multip

Superclass
AbstractPlatformElement

Associatipns

platformEl

Semantic$

15.10 RuntimeResources Class Diagram

The Runtin
logical enti
dynamic en|
many cases
knowledge
dynamically

The classes|

le DeployedResources.

eResources class diagram defines meta-model elements that represent dynamic structures (ins
ies and their relationships) that emerge at the so-called “run time” of the software system. Fo
tities include processes and threads. Instances of precesses and threads can be created dynamil
relations between the dynamically created instances of processes and threads are an essential
of existing systems. Another example of dynamic structures involves deployed components th
V.

and associations of the RuntimeReseurces diagram are shown in Figure 15.8.

H

ResourceType

7

Rur

timeResource

ement:ResourceType[0..*] The set of ResourceTypes that are deployedinto the target DeplolyedResource.

tances of some
- example,
cally and in
part of the

at are loaded

L\\

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.

Superclass

ResourceType
Semantics$
15.10.2 Process Class

The Proces$ is a meta-model element that represents instances of processes.

Superclass

RuntimeRegource
Semantics
15.10.3 Thread Class
The Thread) is a meta-model element that represents instances of the so-called threads (light-weight procefses).

Superclags

RuntimeRegource
Semantics$

15.11 RuntimeActions Class Diagram

The RuntinjeActions classtdiagram defines meta-model elements that represent specific Runtime actions as the endpoints
of certain Runtime relationships. The elements of this diagram extend ActionElement from the KDM Actjon package.

The classes| and associations that make up the RuntimeActions diagram are shown in Figure 15.9.
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AbstractPlatformRelationship

bService action

DeployedComponent +o
) Loads
{redefines to} 0.. o
RuntimeResource |_*o Spawns
1 0..*
{redefines to} 0..*
+from
+from 1 {redefines from}
{redefines from} 1
ActionElement
(from action)
«2kind : String
Figure 15.9 - RuntimeActions Class Diagram
15.11.1 Loads Class
The Loads ¢lass is a meta-model element\that represents “dynamic loading relationship” between a Loadin
endpoint arld the DeployedComponent.
In the metatmodel Loads is a subelass of a generic element RuntimeRelation.
Superclags
AbstractPlatformRelationship
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).

Superclass
AbstractPlatformRelationship

Associations

from:ActiohElement[1] “abstracted” action element owned by some-resource
to:RuntimgResource[1] The runtime resource element (Process\or*Thread) that is being
spawned.

Semantics$

15.12 BExtendedPlatformElements Class Diagram

The ExtendedPlatformElements class diagram defines two ‘wildcard” generic elements for the code mode| as determined
by the KDM model pattern: a generic platform entity and a generic platform relationship.

The classes|and associations of the ExtendedPlatformElements diagram are shown in Figure 15.10.

AbstractPlatform Rel ationship

AbstradtPlatformElement Kfrgm
~———— PlatformRelationship
0.1
{redefines from}
0.*
+to
} 1 N {redefines to}
PlatformElement KDMEntity

(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

Constraints

1. PlgtformElement should have at least one stereotype
Semantics

A platform|entity with under specified semantics. It is a concrete class that can be used as the base elemgnt of a new
“virtual” mgta-model entity types of the platform model. This is one of the KDM ¢éxterision points that can integrate
additional language-specific, application-specific, or implementer-specific pieces~of* knowledge into the sfandard KDM
representatjon.

15.12.2 PlatformRelationship Class (generic)

The PlatformRelationship class is a generic meta-model element, that can be used to define new “virtual” jmeta-model
elements through the KDM light-weight extension mechanism.

Superclags
AbstractPlatformRelationship

Associatipns

from:AbstractPlatformElement[1] the platform element endpoint

to:KDMEntity[1] the target of the relationship

Constrainfts

1. PlgtformRelationship should have at least one stereotype

Semantics

A platform ‘refattonship—with-tnder-speetfied-semanttes—ttts—a—conerctectass-that-eanbeused-as—the-base'element of a
new “virtual” meta-model relationship type of the platform model. This is one of the KDM extension points that 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://iecnorm.com/api/?name=3770a23a5ff9f32068188ddd9e47004c

ISO/IEC 19506:2012(E)

198 © ISO/IEC 2012 - All rights reserved


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

ISO/IEC 19506:2012(E)

16 Ul Package

16.1 Overview

The UI package defines a set of meta-model elements whose purpose is to represent facets of information related to user
interfaces, including their composition, their sequence of operations, and their relationships to the existing software

systems.
The UI pac
« Con
*  Viey
Ul
by
Ul
vie
Ab
« Ang

Th

kage defines an architectural viewpoint for the Ul domain.

cerns:

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?
vpoint language:

views conform to KDM XMI schema. The viewpoirit language for the Ul architectural viewp
the UI package. It includes an abstract entity AbstractUIElement, several generic entities, such
Display, as well as several concrete entitiesy stich as Screen, Report, UlField, UlAction, UIEvq
wpoint language for the Ul architectural @iewpoint also includes several relationships, which at
stractUIRelationship.

lytic methods:

e Ul architectural viewpoint supports the following main kinds of checking:

Data flow (for example,'what action elements read from a given Ul element; what action elements
UI element; what acfion elements manage a given Ul element)

Control flow (for example, what action elements are triggered by events in a given Ul element; w}
elements opesate on a given Ul element)

Workflow (what UI elements will be displayed after the given one; what Ul elements are displaye
piven-one)

pint is defined
as UIResource,
nt, etc. The

e subclasses of

write to a given

hat action

d before the

Ul

Views are used in combination with Code views and Inventory views.

« Construction methods:

+ 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

stereotypes, attributes, or annotations.

16.2 Qrganization of the Ul Package

The UI package consists of the following 6 class diagrams:

« UIModel

« Ullpheritances

+ UlResources

« UlRelations

e UlActions

« ExtgndedUIElements

The Ul package depends on the following packages:
« Action
+ Code
e kdn
« Soufce
+ Corg

16.3 UIModel Class Diagram

The UIMod

meta-mode
shown in F

200

el class diagram follows the uniform pattern for KDM models to extend the KDM framework| with specific
elements related to-static representations of the principal components of a user interface. The class diagram
gure 16.1 captures these classes and their relations.
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+model
{subsets model}

AbstractUIRelationship

+UIRelation
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+abstraction
{sublsets ownedElement
ordered}

ActionElement
(from action)

P e ardierarsar
1oUDSTS UWITCURTIatron,

+UIElement

*

AbstractUIElement |°-

+group
{subsets group}

+owner

{subsets owner} . X
+implementation

{subsets groupedElement} 0..*

AbstractC odeElement
(from code)

Figure 16.1 - UIModel Class Diagram

16.3.1 UIModel Class

The UIModel is the specific KDM model that gorresponds to the user interface of the existing software s

Superclags
KDMModel

Associatipns

UlElemen{:UIElementf0.2]

Semantic$
UIModel ptavi

user interface elements owned by the given UIModel

into one or more UIModel containers.

16.3.2 AbstractUIElement Class (abstract)

stem.

prface elements

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
implementation:AbstractCodeElement[0..*] Grouped association to AbstractCodeElement from some CodeModel that

are represented by the current UI element.

source: SqurceRef[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 ComputationalObject or ActionElemgnt.

3. Abstraction ActionElement should be owned by the same UIModel.

Semantics$

The implenjenter shall map specific user interface element types determined by the particular user-interfacg system of the
existing software system, into concrete subclasses of the AbstractUlElement. The implementer shall map [each user

interface elgment into some instance of the AbstractUIElement.\lmplementation elements are one or morg
ComputatignalObjects or ActionElements from some CodeMaode! that are represented by the current UI element.
“Abstraction” actions may be used to represent precise semantics of the Ul Element.

16.3.3 AbstractUIRelationship Class (abstract)

The AbstragtUIRelationship is the abstract superclass for various user interface relationships.

Superclags

The implementer shall map*specific user interface association types determined by the particular user-intetface system of
the existing software system, into concrete subclasses of the AbstractUIRelationship. The implementer shall map each
user interfape assoeiation into some instance of the AbstactUIRelationship.

16.4

The Ullnheritances 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 IElem ent
'0..1
UISaurce
+source .
SourceRef

(from source)

Figure 16.2) - Ulinheritances Class Diagram

16.5 UIResources Class Diagram

The UlResurce class diagram defines several specific KBM containers that own collections of user inteffface elements.
The class djagram shown in Figure 16.3 captures these, classes and their relations.

+UIElement
{subgets ownedE lement}
AbstractUIElement
0..*
01 RUIResource UlAction
Zikind : String €
0..1
+owner
{subsets owneT} +owner
{subsets owner}
otDsptay 1
UlField
UlEvent
«kind : String o
Screen +UElement
Report {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

Associations

UlElement:UIElement[0..*] Ul elements owned by this UIResource

Constraints

1. UlResource should have at least one stereotype.

Semantics$

UlIResourcq is a generic element with under specified semantics. It can,b¢ used as an extension point.

16.5.2 UlIDisplay Class (generic)
The UlDisplay is the superclass of Screen and Report. It répresents a compound unit of display.

Superclass

UlIResourcd

Constraints

1. UlIDisplay should have at least'one stereotype.

Semantics

UlDisplay s a generic element with under specified semantics. It can be used as an extension point.

16.5.3 Screen-Class

The Screen|is’d compound unit of display, such as a Web page or character-mode terminal that is used to[present and
capture information. The Screen May be composed of multipic instances of AbsiractUIEement 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

composed of multiple instances of AbstractUIElement and its subclasses.

Superclass
UlDisplay

Semantic$

16.5.5 UlField Class

The UlField is a unit of display, such as a control on a form, a text field on a character-mode terminal, of
on a report

Superclags
UlIResourcq

Semantic

16.5.6 LIIEvent Class

The UlEvent class is a meta-model element representing various events and callbacks associated with usd
This class follows the KDM event pattern, commoddo Resource Layer packages.

Superclags
UIResourcq

Attributes

kind:Strin

=

represents the nature of the action performed by this Event

=]

16.5.7 UlAction.Class

UlAction class{follows the pattern of a “resource action” class, specific to the Ul package. The nature of

a field printed

r interfaces.

the action

represented by a particular element 1S designated by 1ts “Kind™ attribute.

Superclass
AbstractUIElement

Attributes

kind:String represents the nature of the action performed by this element
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Associations

UlElement:UIEvent[0..*]

Semantics

16.6 |Relations

UI events owned by this UlAction

Clace Dina
W IV W I A

The UlRelations class diagram provides basic meta-model constructs to define the binding between €lements of a display

and their cqntent. The class diagram shown in Figure 16.4 captures these classes and their relationss

UlLayout

UIResource

+p

AbstractUIRelationship

+from

{redefines to} {redefines from}

Figure 16.4) - UIRelations Class Diagram

16.6.1 UlFlow Class

o+ | UFFlow

1

+o
{redefines to}

+from
{redefines frgm}
1

AbstractUIEle ment

The UIFloW relationshipsclass captures the behavior of the user interface as the sequential flow from one|instance of

Display to another.

Superclals

AbstractUIRelationship

Associations

from:AbstractUIElement[1]

to:AbstractUIElement[1]

Semantics

206

© ISO/IEC 2012 - All rights reserved


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

16.6.2 UlLayout Class

ISO/IEC 19506:2012(E)

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

Associatipns

from:UIRepource[1]

to:UIResotirce[1]

Semantics$

the origin UI Resource

the target Ul Resource

16.7 UlActions Class Diagram

The UlActipns class diagram defines several KDM relations for the{UIpackage. It provides basic meta-mjodel constructs
to define thie sequence of display in a user interface, and the mapping between a user interface and the eyents it may

generate.

The class djagram shown in Figure 16.5 captures these classes and their relations.

AbstractU IRelationship

AbstractActionRelationship
(from~action)

Displaysimage

ManagesU|

isplays

+to

ReadsUlI

+to

{redefines to}

UIResource

+to
{redefines to}

1

(from source)

redefines fr
{redefin mh\1 | 1
+from

{redefines from}

ActionElement
(from action)

<kind : String

Figure 16.5 - UlActions Class Diagram
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16.71 D

isplays 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.

Superclas

S

AbstractUIRelationship

Associati

from:Actio

to:UIReso

Semantic

16.7.2 [Iisplayslmage Class

The Display
interface —

Superclass

AbstractUI]

Associati

from:Actio

to:lmage[1

Semantics

16.7.3 M

ManagesU]
interface re

DNS
nElement[1] the ActionElement that displays a certain Ul resource
irce[1] the target Ul resource

rsimage captures the relationship between an image file <an‘instance of Image — and its presen
an instance of DisplayUnit.

Relationship

DNS

NElement[1] The ActionElement that displays a certain Image.

I the target Image element

anagesUl Class

class~follows the pattern of a “resource action relationship.” It represents various types of acg
botirces that are not related to the flow of data to and from the resource. ManagesUI relationsh

ation on a user

esses to user
ip is similar to

1

Addresses 1
attribute of

PR L £ Aats D 1 Tl + £ 41 41 £l % tad
CTatrOTISTITp— T O 7Y CTTOT T UK A ST T OV TTIator T 0T T U P atioT U T TOSOUTUTTTS TOPTOS IO

the UIAction that owns this relationship through the “abstracted” action container property.

Superclass

Action::AbstractActionRelationship

Associations

from: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 ReadsUI Class

ReadsUI class follows the pattern of a “resource action relationship.” It represents various types of accesses to user

interface repources where there is a flow of data from the resource. ReadsUI relationship is similar te’ Redds relationship
from Actiop Package. The nature of the operation on the resource is represented by the “kind” (attribute off the UIAction
that owns this relationship through the “abstracted” action container property.

Superclags
Action::AbgtractActionRelationship

Associatipns

from:ActipnElement[ 1] “abstracted” action owned by Some resource

to:UIResopurce[1] the user interface resource, being accessed

Constrainrs

1. This relationship should not be used in Code models.

16.7.5 WritesUI Class

WritesUI class follows the pattern of @ “resource action relationship.” It represents various types of accesses to user
interface refources where there is a flow of data to the resource. WritesUI relationship is similar to Writep relationship
from Actiop Package. The naturé: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.

Superclags
Action::AbgtractActienRelationship

Associatipns

from:ActionElement[1] “abstracted” action owned by some resource

to:UIResource[ 1] the user interface resource being accessed

Constraints

1. This relationship should not be used in Code models.

© ISO/IEC 2012 - Al rights reserved 209


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

ISO/IEC 19506:2012(E)

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.*

+rom

{redefines from} +o

{redefines to}

UIElgment

1 | KDMEntity

(from core)

Figure 16.6/- ExtendedUIElements Class Diagram

16.9 UlElement Class (generic)

The UlElement class is a generic meta-model¢lement that can be used to define new “virtual” meta-modgl elements
through the] KDM light-weight extension mechanism.

Superclass
AbstractUIElement

Constraints

1. UlIElement should have at least one stereotype.

Semantic
A Ul entitiwmmmﬁrWWWMMMWa new “virtual”

meta-model entity type of the Ul model. This is one of the KDM extension points that can integrate additional 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:KDMEnfity[1] the target KDM entity

Constraints

1. UlRelationship should have at least one stereotype.

Semantics

A UI relatipnship with under specified semantics. It is a concrete class that can bewwsed as the base elemg¢nt of a new
“virtual” mgta-model relationship type of the Ul model. This is one of the KD extension points that can integrate
additional language-specific, application-specific, or implementer-specific pi€éees of knowledge into the sfandard KDM
representation.
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17 Event Package

17.1 Overview

The Event package defines a set of meta-model elements whose purpose is to represent high-level behavior of
applications, in particular event-driven state transitions. Elements of the KDM Event package represent states, transitions,
and event. Ptates can be concrete, for example, the ones that are explicitly supported by some state-maehjne based
runtime framework or a high level programming language, such as CHILL. On the other hand, KDM"Evgnt model can
represent alpstract states, for example, states that are associated with a particular algorithm, resource;-or aluser interface.

The Event packages defines an architectural viewpoint for the Event domain.

+ Concerns
» What are the distinct states involved in the behavior of the software system?

3

» What are the events that cause transitions between states?

3

* What action elements are executed in a given state?
» Vieywpoint language:

Evgnt views conform to KDM XMI schema. The viewpoint Tanguage for the Event architectural|viewpoint is
defined by the Event package. It includes an abstract entity AbstractEventElement, generic entity EventResource,
UlDisplay, as well as several concrete entities, such as-State, Transition, Event, EventAction, etc.|The viewpoint
lanjguage for the UI architectural viewpoint also.in€ludes several relationships, which are subclasses of
AbstractEventRelationship.

» Anglytic 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 example; what action elements are triggered by a given state transition; what acti¢n elements will
be executed for a given.traversal of the state transition graph).

* Data flow (what data-sequences correspond to a given traversal of the state transition graph).

Evgnt Views aretused in combination with Code views, Data views, Platform views, and Inventofy views.

«  Constructionmethods:

+ Event views that correspond to the KDM Event architectural viewpoint are usually constructed by janalyzing Code

tews 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 one or more
Event views as output.

* 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
« EveptActions

« Ext¢ndedEventElements

The Event package depends on the following packages:

« Cor¢

e kdm

+ Soufce
+ Code

« Action

17.3 BventModel Class Diagram

The EventModel class diagram follows a uniform pattern fory KDM models to extend the KDM framework with specific
meta-model elements related to event-driven state transition behavior.

The class djagram shown in Figure 17.1 captures these classes and their relations.

FventModel AbstractEventRelationship

0..*
+eventRelation

+model {subsets ownedRelation}

{sulfsets model}

+eventElement

+group
{subsets ownedElement}

{subsets group}

AbstractEventElement

0..*
/..1
+albstraction rowner
{subsets owner} : :

{subsets ownedElement +implementation

ordered} {subsets groupedElement} [g +

0..*
ActionEIelment AbstractCodeElement
(from action) (fom code)

Figure 17.1 - EventModel Class Diagram
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17.3.1 EventModel Class

The EventModel is a specific KDM model that represents entities and relations describing events and responses to events
in an enterprise application.

Superclass
KDMModel

Associatipns

eventElenent:AbstractEventElement[0..*] event elements owned by the given event model

Semantic$

EventMode] is a container for instances of event elements. The implementer shall\arfange event elements|into one or
more event|models.

17.3.2 AbstractEventElement Class (abstract)
The AbstragtEventElement is an abstract superclass for various event elements.

Superclags
KDMEntity

Associatipns

eventRelation:AbstractEventRelationship[Q-.5] event relations owned by the give element
abstraction:ActionElement[0..*] owned “abstracted” action elements
implementation:AbstractCodeElement[0..*] group association to AbstractCodeElement elements from some

CodeModel that are represented by the current Eventllement

source:SoprceRef[0..*] traceability links to the “source code” of the artifact

Constraian

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

Semantics

17.4 Eventinheritances Class Diagram

The Eventlpheritances class diagram defines how classes of the Event package are related.to the meta-mqdel elements
defined in the Core package. The classes and associations that make up the EventInheritances diagram arg¢ shown in

Figure 17.2

KDMModel
(frojp kdm)

i

EventModel

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 EventResources/class diagram defines specific event elements. The class diagram shown in Figure 17.3 captures
these classgs and their relations.
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AbstractEventElement

0..*

0.1
{subsets owner} EventAction
EventResource Zkind : String @————————
rowner 0"1+owner
{subsets owner}
o +eventElement
Sjtate Transition Event {subsets ownedE|ement}
s2kind : String
0.*
nitihIState OnEntry SnEnit
Figure 17.3| - EventResourcesClass Diagram
17.5.1 EventResource Class (generic)
The EventResource is the generic AbstractEventElement that can be instantiated in KDM instances.
Superclags
AbstractEventElement
Associatipns
eventElenlent:AbstractEventElement[0..*] Event elements owned by this EventResource

Semantics$

17.5.2 E

vent Class

The Event is the generic AbstractEventElement that can be instantiated in KDM instances.

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,
component, or resource discovered during the analysis of the software system. An example of an abstract state is the step

of the protqeet-thatinvelres—amessaginsresotree—Anabstract-state-maynot-have-anry-direet-and-tangtble manifestation

in the artifacts of the software system. On the other hand, a concrete state may be implemented in a tangible way, for
example, uging a variable or as a class provided by the application framework. States can be nested.

Superclass

EventResoyrce
17.5.4 InitialState Class

The InitialState class is a subclass of the State class. It represents a default initial state.

Superclass
State

17.5.5 Transition Class

The Transitjion class represents a transition that is performed when a certain event is consumed in a certaln state.
Transition glement should be owned by some state\element. Transition can be associated with the correspohding Event by
using the “ConsumesEvent” resource relation. Aytransition element can also own some Event elements. Transition does
not have an| “implementation” group. Instead, if is considered as some sort of a trigger. The association bgtween the
transition and corresponding behavior issachieved through the “abstraction” action container of the transifion. Usually,
this is a Calls action relation. For more.complex situations, the “CodeGroup” capability of the “abstractiqn” action
element carn be used.

Superclass

EventResoyrce

17.5.6 QnEntry Class

4 1 + L . L £ 1l £ 11 +l — £
The OnEnl Yy CI4SS TUPITSUIILS SPUTUITIU U AIISTUUILIS "UIdl dI'C CUIIITZSUTITU U UU PUTTUTIIICU Uy UIC TUIUIIIIC TTdlx Cwork When a

certain state has been entered.

Superclass

Transition
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The OnExit class represents specific transitions that are configured to be performed by the runtime framework when a
certain state has been

Superclass

Transition

17.5.8 E

EventActio

represented|

are provide

Superclags

AbstractEvd

Attributes

kind:String
Associatis

eventElen

17.6 E

EventRelat
driven syst{

ventAction Class

| in Subpart 3: Resource Layer Actions.

ntElement

represents the nature of the action performed by this element

DNS

ventRelations Class Diagram

ons diagram defines meta-model relationship elements that represent several structural proper
ms. The class diagram shown in Figure 17.4 captures these classes and their relations.

AbstractE ventRelationship

NextState

h class follows the pattern of a “resource action” class, specific to the event package, The natufe of the action
by a particular element is designated by its “kind” attribute. Descriptions of th€)cemmon platfprm action kind

ent:Event[0..*] The set of Event elements that is owned by the current EventAction elerhent.

ies of event-

1

{redefines to}
+to

1
0.% \ Event

0. 0.* ConsumesEvent

+to
edefines to}

State 1
1 Transition +from
+from {redefines from}
{redefines from}
Figure 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
behavior associated with the transition. More precise “abstraction” can be provided by using the “abstraction” action

COntainerS d bbUbidlCL‘l WiLh leiUub Cit:lllt:lllb illVUiVCL‘l.

Superclass

AbstractEve¢ntRelationship

Associations

to:Transitipn[1] the transition

from:State[1] the state

17.7 GonsumesEvent Class

The ConsumesEvent class represents the knowledge that a certain transition element is associated with a fertain event.
For examplp, in statically configured state-machine based frameworks this information can be derived from the
initialization of framework specific data structures.

Superclags
AbstractEve¢ntRelationship

Associations

from:Trangition[1] the transition

to:Event[1 the’event

17.8 BEventActions Class Diagram

The EventActions class diagram defines basic KDM relations between EventActions and other entities from the Event
package. The class diagram shown 1n Figure 17.5 captures these classes and their relations.
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AbstractActionRelationship
(from action)

A

ReadsState ProducesEvent
0 i
0.* 0.. 1 U..
Event fto
S|l *to Skind : Stringiefines to} HasState
{redefines to}
0..*
(%@gﬁnes from} 0..*
+f 1 +from
rom 1 {redefines from} +to
{redefines fom} | ActionElement | ! 4\, lredefines to}
i ti

ok(i:;'asct:'ci):z;] AbstractE ventElement

Figure 17.5 - EventActions Class Diagram
17.8.1 ReadsState Class

ReadsState plass follows the pattern of a “resource action relationship.” It represents various types of accesseq to the state-
based runtithe framework that provides a concrete implementation of states, where access is made to a particullar state (for
example, agcessing the current state, setting the next state). ReadsState relationship is similar to Addresses relationship from
Action Package. The nature of the operation on the.fesource is represented by the “kind” attribute of the EventAction that
owns this rdlationship through the “abstracted”,action container property.

Superclags
Action::AbgtractActionRelationship

Associatipns

from:ActiopElement[4] “abstracted” action owned by some resource

to:EventResouree[]] the event resource being accessed

Constraints:

1. This relationship should not be used in Code models.

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
Action::AbgtractActionRelationship

Associations

from:ActiohElement[1] “abstracted” action owned by some resource

to:EventRe¢source[1] the event resource being produced

Constraints

1. This relationship should not be used in Code models.

2. Thp “to” endpoint of the relationship should be Event.
17.8.3 HasState Class

HasState class follows the pattern of a “resource action‘relationship.” HasState is a structural relationship} It does not
represent rgsource manipulations. HasState relationship uses the “abstracted” action container mechanism(to provide
certain capgbilities to other Resource Layer packages. “HasState” relationship makes it possible to associatp an element of
an event m¢del with any resource.

Superclass
Action::AbgtractActionRelationship

Associations

from:ActiohElement|1] “abstracted” action owned by some resource

to:EventRésource[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

AbstractEventElement

1 o EventRelationship

+from -
{redefines from} ON KD M E ntity

(from core)

-

+to
{redefines to}

ElventElement

Figure 17.6( - ExtendedEventElements Class Diagram
17.9.1 EventElement Class (generic)

The EventHlement class is a generic meta-model element that can*be used to define new “virtual” meta-nodel elements
through thel KDM light-weight extension mechanism.

Superclags
AbstractEventElement

Constraints

1. EvpentElement should have at least‘one stereotype.
Semantics

An event eftity with under speCified semantics. It is a concrete class that can be used as the base elemen{ of a new
“virtual” mgta-model entity fype of the event model. This is one of the KDM extension points that can integrate additional
language-specific, application-specific, or implementer-specific pieces of knowledge into the standard KI)M
representation.

17.9.2 EventRelationship Class (generic)

The EventRelationship 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

AbstractEventRelationship
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Associations

from:AbstractEventElement[1] the event element origin endpoint of the relationship

to:KDMEntity[1] the target of the relationship

Constraints

1. EvpntRelationship should have at least one stereotype.

Semantics$

An event rglationship with under specified semantics. It is a concrete class that can be used @as.the base el¢gment of a new
“virtual” mpta-model relationship type of the event model. This is one of the KDM extensioi points that fan integrate
additional language-specific, application-specific, or implementer-specific pieces of knowledge into the sfandard KDM
representation.
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The KDM Data Package defines a set of meta-model elements whose purpose is to represent organization of data in the
existing software system. Facts in the Data domain are usually determined by a Data Description Language (for example,

SQL) but may in some cases be determined by the code elements. KDM Data model uses the foundation f
Code packdge related to the representations of simple datatypes. KDM Data model represents complex, d4
such as recprd files, relational databases, structured data stream, XML schemas, and documents.

The KDM Data package defines an architectural viewpoint for the Data domain.

Cornlcerns

+ What is the organization of persistent data in the software systems?

» What action elements read persistent data?
 What action elements write persistent data?

* What control flows are determined by the events corresponding to persistent data?
Vieywpoint language

Data views conform to KDM XMI schema. The viewpoint language for the Data architectural vi
defined by the Data package. It includes abstract.entities AbstractDataElement, AbstractContentE
enfities DataResource, DataContainer, Contentltem, as well as several concrete entities, such as (
RelationalSchema, DataEvent, DataAction,»ColumnSet, RecordFile, XMLSchema, etc. The viewp
for| the Data architectural viewpoint also includes several relationships, which are subclasses of
AbsstractDataRelationship.

Anglytic methods:

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

* Pata aggregation (the-set of data items accessible from the given ColumnSet by adding data items

Data Views ar¢wused in combination with Code views and Inventory views.

Confstrucfion methods:

What are the information models supported by the software system?

key relationships.to other tables).

rovided by the
ta repositories,

ewpoint is
ement, generic
atalog,

pint language

through foreign

* Data‘views that correspond to the KDM Data architectural viewpoint are usually constructed by af

nalyzing Data

Definition Language artifacts for the given data management platform. The Data extractor tool uses the knowledge

of the data management platform to produce 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 input and

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 based on

the mapping from the given data management platform to KDM; such mapping is specific only to
management platform and not to a specific software system.
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» 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.

18.2 Organization of the Data Package

The Data package consists of the following 11 class diagrams:

« Datgd Model

. Datc
* Relc
« Col{

Inheritance
tionalData

imnSet

» StructuredData

«  ConfentElements

» ConfentRelations

« Keylndex
+ Key[Relations
« DataActions
» Ext¢ndedDataElements
The Data Package depends on the following packages:
+ Cor¢
+ kdm
+ Soufce
» Code
+ Actjon

18.3 D

The Data M
elements re
DataModel

ata Model Class Diagram

class diagram.

[odel follows_the uniform pattern for KDM models to extend the KDM Framework with specific meta-model
lated to datdorganization in complex data repositories. Figure 18.1 shows the classes and assdciations of the
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DataModel - -
AbstractDataRelationship
0.1
0.*
+dataRelation
+model {subsets ownedRelation}
{s\ypSets moael}
+dptaElement 0.” 1
{subsdts ownedElement}
AbstractDataElement
0..1
+owner
+hbstraction
{subsets jownedElement {subsets owner}
ordered}
ActipnElement o+
(frpm action)
wkinfl : String

Figure 18.1 - Data Model
18.3.1 DataModel Class

The DataMpdel Class is the specific KDM model that corresponds to the logical organization of data of the existing
software system, in particular, related {ojpersistent data. DataModel follows the uniform pattern for KDM models.

Superclasgs
KDMMode]

Associatipns

dataElemgnt¢DataElement[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 elements into one or more DataModels.
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18.3.2 A

bstractDataElement 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

KDMEntity

Associati¢
abstraction

dataRelati

source: Sd

Semantics$

Abstracted
calls in the

Abstracted

18.3.3 AbstractDataRelationship Class;(abstract)

An Abstrac
between da

Superclags

KDMRelati

Semantics$

AbstractDa
model.

DNS

: ActionElement[1] the “abstracted” actions that are owned by the current element
bn:DataRelation[0..*] data relationships that originate from this.ddata element

urceRef[0..1] link to the physical artifact for the gryen data element

pctions are owned by the data model. Usually they prévidé an abstracted representation of ong
code model. Abstracted actions own action relations.t0- elements of code model, as well as som|

actions are ordered. The first action is the entry(point.

tDataRelationship class is an abstract superclass of the meta-model elements that represent ass
a elements.

onship

aRelationship is an abstract class that is used to constrain the subclasses of KDMRelationship

or more API
e data relations.

ociations

in the Data

18.4 D

ratatmheritances 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
(from kdm)

KD M Entity
(from core)

T

1

KDMRelationship

(from core)

7

DataModel

AbstractD ataElement

AbstractD ataRelationship

ISO/IEC 19506:2012(E)

+source

0..1

DataSource

0..*

SourceRef
(from source)

Figure 18.2 - Datalnheritances Diagram

18.5 DataResources Class Diagram

The DataR¢sources class diagram provides basic meta-model construets to represent data elements withinl the KDM

framework | The class diagram shown in Figure 18.3 captures these elasses and their relations.

The DataRg¢sources diagram defines the framework for various data models. This framework follows the common pattern
of the Runtine Resource Layer. Data model defines a generic DataResource meta-model element that repgesents various
resources cpmmon to databases, such as a DataEvent and(an IndexElement. Data model also defines a geperic
DataContaiper class that represents various data containers, such as a relational schema, a database cataldg, an XML
schema, anfl a ColumnSet. DataContainer is a subclass of DataResource. DataContainer owns certain Datp resources.
Data model| includes AbstractDataContent element-that is a direct subclass of AbstractDataElement, and n¢t a subclass of

DataResource. Subclasses of AbstractContentElement are owned by XMLSchema element.
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AbstractDataElement
+dataElement
{subsets ownedElement}
0..*
DataResource
towner b
{subsets owner}
. 0. 1 +owner
DkataActlon - DataEvent {subsets owner}
<kind : String ’ﬁo..* <kind : String DataContainer
+grodp 0..1
(Su%set group} +dataElement
0.* {subsets ownedElement}
Catalog RelationalSchema
+owner
{subsets owner} 0..1
0.* +imPIementation .
{subsets groupedElement} 0..
ActionElement Codeltem

+codeElement
{subsets ownedElement}

(from action) (from code)

Figure 18.3|- RelationalData Class Diagram

18.5.1 DataResource Class (generic)

The DataRd
and IndexE

source class is a generic meta-model-elément that represents various database resources, such
lement.

Superclags

AbstractDataElement

Constrain
1. D

S

aResource shiould have at least one stereotype.

DataResourceds a generic meta-model element with under specified semantics. DataResource is a databa

as DataEvent

e element that

is associated h 2 certain data containe h-a

sed 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
integrate additional language-specific, application-specific, or implementer-specific pieces of 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

dataElement :DataResource[0..*] owned data resources

Semantic$

DataContaiper is a generic meta-model element with under specified semantics. DataContainer is a|ddtabase element that
is a logical [container for Data resource, such as DataEvent or IndexElement. It is a concrete class that can be used as the
base element of a new “virtual” meta-model entity type of the data model. This is one of the"KDM extengion points that
can integrate additional language-specific, application-specific, or implementer-specific pieees of knowledlge into the

standard KIDM representation. DataContainer is more specific than a generic ExtendedDataElement.

18.5.3 Catalog Class
The Catalog class is the top level container that represents a relational or(@ hierarchical database.

Superclags

DataContaiher

Semantic$

18.5.4 RelationalSchema Class

The RelatignalSchema class is a relationaldatabase schema.

Superclags

DataContaiper

Associatipns

codeElement:Codeltem|[0..*] Stored procedures owned by this schema.

Semantics$

Owned CodeElement represents stored procedures as well as scripts in data description language and data manipulation
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.

Superclass

DataResouIIce

Attribute

kind :String

Semantics$

Events are

rather than

of the charg
entities. Da]
executes wi
data manipy
DDL trigge
correspond
operations.

As a subcld
which is rej

through a

certain Dat

18.5.6 D

DataActio
represente

are provide

S|

semantic description of the data event

hanges in entities or in relations among entities, so that the core KDM elements are entities
events. However, KDM represents events as “first class citizens,“although events might have t
cter of entities for this to be acceptable. KDM data event repfesents various events in databas|
fa events are associated with friggers. A trigger is a specialkind of stored procedure that auto
en an event occurs in the database server. DML triggeTs execute when a user tries to modify
ilation language (DML) event. DML events are INSERT, UPDATE, or DELETE statements on
rs execute in response to a variety of data definition’language (DDL) events. These events pri
to CREATE, ALTER, and DROP statements, and certain system stored procedures that perfor
Logon triggers fire in response to the LOGON event that is raised when a user session is bein

ss of AbstractDataElement, a DataEveint’can own “abstracted” action element. Trigger is a sto
bresented as a CallableUnit, owned by a certain RelationalSchema. Trigger is associated with
alls relationship, owned by the{‘abstracted” action of the corresponding data event. DataEven
Container.

g

ataAction Class

n
d

class follows the\pattern of a “resource action” class, specific to the data package. The naturg
by a particular-element is designated by its “kind” attribute. Descriptions of the common platfc
1 in Part 3~ Resource Layer actions.

nd relations

O take on some
es as KDM
matically

data through a
h table or view.
marily

m DDL-like

g established.

red procedure,
h data event
is owned by a

of the action
rm action kind

Superclajs
AbstractDateElement
Attributes
kind:String represents the nature of the action performed by this element
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implementation:ActionElement[0..*]

dataElement:DataEvent[0..*]

Semantics
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group association to ActionElement represented by the current DataAction

event elements owned by the current DataAction

DataAction| represents a “virtual” action element that represents the logical action performed by the runti]ne platform of

the existing software system.

18.6 QolumnSet Class Diagram

The ColumhSet class diagram provides basic meta-model elements to define the tables-and views of relati
segments of hierarchical databases, and record files as collections of columns. Thelass diagram shown 1

captures th¢se classes and their relations.

DataContainer

+owner

—— {subsets owner} 0.* ltem U nit
> (from code)

+itemUnit

{subsets ownedElement
ordered}
DataSegment
RecordFile
RelationalView RelationalTable

Figure 18.4 - ColumnSet Class Diagram

18.6.1 ColumnSet (generic)

The ColumhSet class is a gpnprin meta-model element that represents collections of columns (also referre

Columns are modeled as ItemUnits.

Superclass

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 files, and Segments of hierarchical databases.

Fields of th¢Cotummsetare Tepresemnted-as Ttenrmits:

18.6.2 RelationalTable Class

A RelationglTable is a specific subclass of ColumnSet class that represents tables of relatiofial-databases.

Superclass

ColumnSet

Semantics$

Tables are ¢ntities that contain all the data in relational databases. EacH table represents a type of data thaf is meaningful
to its users.| A table definition is a collection of columns. In tables, data'is organized in a row-and-column| format similar
to a spreadgheet. Each row represents a unique record, and each column represents a field within the record. For example,
a table that|contains employee data for a company can contain ‘arfow for each employee and columns repfesenting

employee ipformation such as employee number, name, address, job title, and home telephone number.

Tables in a|relational database have the following main components:

+ Colymns. Each column represents some attribute of the object modeled by the table, such as a parts taple having
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 paft ¢arried by the company.

The PlatformResource that corresponds to RelationalTable is DataManager.

Example (T-SQL)

CREATE TABLE products'(ID int primary key, name varchar, type varchar)

CREATE TABLE contracts (ID int primary key, product int, revenue decimal, dateSigned date)
CREATE TABLE revénueRecognitions (contract int, amount decimal, recognizedOn date,

PRIMARY KEY (contract, recognizedOn))

CREATE PROCEDURE INSERT RECOGNITION
(IN contractID 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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<?xml vers
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OR ('Notify Sales', 16, 10)

ion="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"

lns - data-"htto. schema Vea¥ad o nec/KDM/1 2 /datgl
™ = = T

Xy

X1y

1lns:kdm="http://schema.omg.org/spec/KDM/1.2/kdm"
\lns:platform="http://schema.omg.org/spec/KDM/1.2/platform" name="Schema Example' >

<model xmi:id="id.0" xmi:type="data:DataModel" name="Contracts">

<dataH

lement xmi:id="id.1" xmi:type="data:RelationalSchema" name="Contracts"s>

<datlaElement xmi:id="id.2" xmi:type="data:RelationalTable" name="products¥x>
<dataElement xmi:id="1id.3" xmi:type="data:UniqueKey" name="ID" implementation="id.4
<itemUnit xmi:id="id.4" name="ID" type="id.57"/>
<iftemUnit xmi:id="id.5" name="name" type="1id.58"/>
<iftemUnit xmi:id="id.6" name="type" type="id.58"/>
</ddtaElement>
<datjaElement xmi:id="id.7" xmi:type="data:RelationalTable" name="contracts"s>
<dataElement xmi:id="id.8" xmi:type="data:UniqueKey" name="ID" implementation="id.1l
<dataElement xmi:id="1id.9" xmi:type="data:ReferenceKe¥'" ‘fmplementation="1id.12">
<dataRelation xmi:id="1id.10" xmi:type="data:KeyRelation" to="id.3" from="id.9"/>
</[dataElement >
<iltemUnit xmi:id="id.11" name="ID" type="1id.57"/>
<iltemUnit xmi:id="id.12" name="product" type=13%d.57"/>
<iltemUnit xmi:id="id.13" name="revenue" type="id.59"/>
<iftemUnit xmi:id="id.14" name="dateSigned!»type="id.60"/>
</dgtaElement>
<datjaElement xmi:id="id.15" xmi:type=I!data:RelationalTable" name="revenueRecognitions
<dataElement xmi:id="id.16" xmi:type="data:UniqueKey" implementation="id.25 id.27"/
<dataElement xmi:id="id.17" xmi:type="data:ReferenceKey" implementation="id.25">
<dataRelation xmi:id="id.18"{Xmi:type="data:KeyRelation" to="id.8" from="id.17"/>
</|[dataElement>
<dataElement xmi:id="id.19" xmi:type="data:DataEvent" name="el" kind="Insert"s>
<abstraction xmi:id="id.20" name="el.1l" kind="Call">
<actionRelatiog xmi:id="id.21" xmi:type="action:Calls" to="1id.47" from="id.20"/
</abstractions>
</|[dataElement>
<dataElement” xmi:id="1d.22" xmi:type="data:DataEvent" name="e2" kind="Update">
<abstradtlon xmi:id="id.23" name="e2.1" kind="Call">
<actienRelation xmi:id="id.24" xmi:type="action:Calls" to="id.47" from="id.23"/
</abstraction>
</|[dataElement >
<itemUnit xmi:1d="1d.25" name="contract" type="1d.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">

<e

<C

ntryFlow xmi:id="1d.29" to="id.35" from="id.28"/>

odeElement 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="id.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.35"/>

+ 3 Delatd i .13 143 aq™n it =l'datail =l Datal L to=lid.19n" f =11 "
acticnRelatichn—xXmiii i Tad See ataRProducesDataiven i rom=l'id.35" />

</lcodeElement >
<dodeElement xmi:id="1id.42" xmi:type="action:ActionElement" name="a2" kind="Asgign"
<source xmi:id="1id.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="id.42"/>
<actionRelation xmi:id="id.46" xmi:type="action:Writes" to="id.34" from="id.42"/>
</lcodeElement >
</codeElement >
<codeElement xmi:id="id.47" xmi:type="code:CallableUnit" name="rémiwderl">
<gntryFlow xmi:id="1d.48" to="id.49" from="id.47"/>
<dodeElement xmi:id="1d.49" xmi:type="action:ActionElementyname="a3" kind="Throw">
<codeElement xmi:id="1d.50" xmi:type="code:ValueList" name="error">
<valueElement xmi:id="id.51" xmi:type="code:Value”
name="&quot ;Notify sales!&quot;" type="id.58%V/>
<valueElement xmi:id="1id.52" xmi:type="code:Valué" name="16" type="id.57"/>
<valueElement xmi:id="1id.53" xmi:type="codewValue" name="10" type="id.57"/>
</codeElement >
<actionRelation xmi:id="id.54" xmi:type="@¢tion:Throws" to="id.50" from="id.49"/>
</lcodeElement >
</codeElement >
</dataElement >
</model
<model xfmi:id="1d.55" xmi:type="code:CedeModel" >
<codeHlement xmi:id="id.56" xmi:typé="code:LanguageUnit" name="SQL datatypes">
<codeElement xmi:id="id.57"xm}:type="code:IntegerType" name="sgl int"/>
<codeElement xmi:id="1id.58" “xmi:type="code:StringType" name="sgl varchar"/>
<codeElement xmi:id="1d.59" xmi:type="code:DecimalType" name="sgl decimal"/>
<codeElement xmi:id=YidM0" xmi:type="code:DateType" name="sqgl date"/>
<codeElement xmi:id="dd.61" xmi:type="code:BooleanType"/>
</codeElement >
</model
<model xmi:id="id.p2" xmi:type="platform:PlatformModel">
<platflormElément xmi:id="id.63" xmi:type="platform:ExternalActor"s>

<absftraction xmi:id="id.64" >
<gctionRelation xmi:id="id.65" xmi:type="data:ProducesDataEvent" to="id.19" from="id.64"/>

</abstraction>
</platformElement>
</model>
</kdm: Segment >
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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 from tables referenced in the query defining the view and are produced dynamically when the view is

referenced.

A view act
or more tab
that use dat
structured d

Superclags

ColumnSet

Semantics$

A view can|
database as
statement f

as a filter on the underlying tables referenced in the view. The query that defines the view €3
les or from other views in the current or other databases. Distributed queries can also berused

a from multiple heterogeneous sources. This is useful, for example, if you want to combine si
ata from different servers, each of which stores data for a different region of your-erganizatio

be thought of as either a virtual table or a stored query. Unless\a view is indexed, its data is n|
a distinct object. What is stored in the database is a SELECT statement. The result set of the
rms the virtual table returned by the view. A user canuse/this virtual table by referencing thd

SQL statenjents the same way a table is referenced. Usually there are no restrictions on querying through
restrictions jon modifying data through them.

In KDM, a RelationalView owns ItemUnits that correspond\to the fields of the virtual table. An “abstracted
View can store the corresponding SELECT statement.

18.6.4 DataSegment Class

A DataSeginent class is a meta-model eleméent that represents a segment of a hierarchical database, such
Superclags

ColumnSet

Semantics

A hierarchi
that each rq
managemer]

Cal database is a kind of database management system that links records together in a tree datg
cordctype has only one owner. Hierarchical structures were widely used in the first mainframg
t.Systems. However, due to their restrictions, they often cannot be used to relate structures that

n be from one
o define views
milarly

n.

pt stored in the
SELECT

view name in
views and few

" action of the

hs IMS.

structure such
database
exist in the real

world.

A database segment defines the fields for a set of segment instances similar to the way a relational table defines 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 NAM
SENSEG NAM
SENSEG NAM
PSBGEN PSB
END

DBD NAME=D
SEGM NAME=
FIELD NAM

E=ORDER, PARENT=MODEL
E=SALES, PARENT=MODEL
E=STOCK, PARENT=MODEL
NAME=DLR_ PSB,MAXQ=200, LANG=JAVA

EALERDB, ACCESS= (HDAM, OSAM) , RMNAME= (DFSHDC40.1.10)
DEALER, PARENT=0, BYTES=94,

—(DILRNO SEO 11 BVYVTES_4 START-1 TVDE_C

FIELD NAMH
SEGM NAME-]
FIELD NAMH
FIELD NAMH
FIELD NAMH
FIELD NAMH
FIELD NAMH
SEGM NAME-]
FIELD NAMH
FIELD NAMH
FIELD NAMH
SEGM NAME-]
FIELD NAMH
FIELD NAMH
FIELD NAMH
FIELD NAMH
SEGM NAME-]
FIELD NAMH
FIELD NAMH
FIELD NAMH
FIELD NAMH
DBDGEN
FINISH

END

<?xml versg
<kdm: Segmg]
Py

xn

xXn

Xm

<model x
<dataH
<dat]

<d

=DLRNAME, BYTES=30, START=5, TYPE=C

ODEL, PARENT=DEALER, BYTES=43

- (MODTYPE, SEQ, U) , BYTES=2, START=1, TYPE=C
-MAKE , BYTES=10, START=3, TYPE=C

-MODEL, BYTES=10, START=13, TYPE=C

~YEAR, BYTES=4, START=23, TYPE=C

=MSRP, BYTES=5, START=27, TYPE=P

ORDER , PARENT=MODEL , BYTES=127

- (ORDNBR, SEQ, U) , BYTES=6, START=1, TYPE=C
-LASTNME, BYTES=25, START=50, TYPE=C
-FIRSTNME, BYTES=25, START=75, TYPE=C
SALES, PARENT=MODEL, BYTES=113

= (SALDATE, SEQ, U) , BYTES=8, START=1, TYPE=C
- LASTNME, BYTES=25, START=9, TYPE=C
_FIRSTNME, BYTES=25, START=34, TYPE=C
-STKVIN, BYTES=20, START=94 , TYPE=C

STOCK, PARENT=MODEL , BYTES=62

= (STKVIN, SEQ,U) ,BYTES=20, START=1, TYPE=C
=COLOR, BYTES=10, START=37, TYPE=C
_PRICE,BYTES=5, START=47, TYPE=C

~1.OT, BYTES=10, START=52, TYPE=C

ion="1.0" encoding="UTF-8"7>

Nt xmi:version="2.1"

llns:xmi="http://gchema.omg.org/spec/XMI/2.1"
i1lns:code="http{//schema.omg.org/spec/KDM/1.2/code"
Ins:data="http://schema.omg.org/spec/KDM/1.2/data"
Ins:kdm="Http://schema.omg.org/spec/KDM/1.2/kdm" name="IMS Example">
mi:id="14d.\0" xmi:type="data:DataModel">

lementoxmi:id="id.1" xmi:type="data:Catalog" name="DEALERDB">
aElement xmi:id="id.2" xmi:type="data:DataSegment" name="Dealer"s>
atdElement xmi:id="1d.3" xmi:type="data:DataSegment" name="Model">

238

<dataElement xmi:id="1d.4" xml: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="id.19" name="PRICE" type="id.30" size="5"/>
<itemUnit xmi:id="1d.20" name="LOT" type="id.30" size="10"/>

databElcment

<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="1id.24" name="YEAR" size="4"/>

<itemUnit xmi:id="id.25" name="MSRP" type="id.31" size="5"/>

</|[dataElement>
<dataElement xmi:id="id.26" xmi:type="data:UniqueKey" implementation="id.27"/>
<iftemUnit xmi:id="id.27" name="DRLNO" type="id.30" size="4"/>
<iltemUnit xmi:id="id.28" name="DLRNAME" size="30"/>
</ddtaElement>
</datgElement >
</model
<model Hmi:id="id.29" xmi:type="code:CodeModel" name="Commofi, IMS datatypes">
<codeHlement xmi:id="id.30" xmi:type="code:StringType" ame="IMS type c"/>
<codeHlement xmi:id="id.31" xmi:type="code:DecimalType” nhame="IMS type packeddecimal"/>
</model
</kdm: Segnjent >

18.6.5 RecordFile Class

The Record
sequential.

Superclags

ColumnSet

Semantics

In a non-re
together pr
fields and 4
example, ds

File class is a meta-model element €hat represents files as a set of records. RecordFile can be

3

ational database system, a record is an entry in a file, consisting of individual elements of info
vide full.details about an aspect of the information needed by the system. Individual element
11 recornds are held in files. An example of a record might be an employee. Every detail of the
te 0f birth, department code, or full names will be found in a number of fields. A file is a set of

indexed or

rmation, which
are held in
employee, for
records, where

each record 1s a sequence of fields. A sequential Tile 1s a computer file storage format in which one record follows
another. Records can be accessed sequentially only. It is required with magnetic tape. An indexed file owns one or more
indexes that allow records to be retrieved by a specific value or in a particular sort order.

Example (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
RECORD KEY IS IND-SOC-SEC-NUM

FIL STATUS TS INDEXED _STATUS BYTES

FILE SECTION.
FD SEQUENT|IAL FILE
RECORD [COTNAINS 39 CHARACTERS
DATA RHCORD IS SEQUENTIAL-RECORD.
01 SEQUENT[IAL-RECORD.
04 SEQ-SOC-SEC-NUM PIC X(9).
09 SEQ-REST-OF-RECORDPIC X(30).

FD INDEXED-FILE
RHECORD CONTAINS 39 CHARACTERS
DATA RECORD IS INDEXED-RECORD.
01 INDEXED-RECORD.
09 IND-SOC-SEC-NUM PIC X (9).
09 IND-REST-OF-RECORDPIC X(30).

PROCEDURE [DIVISION.
0010-UPDATE-MASTER-FILE.

OHEN INPUT SEQUENTIAL-FILE
OUTPUT INDEXED-FILE.

PHRFORM UNTIL END-OF-FILE-SWITCH = \YES'
READ SEQUENTIAL-FILE
AT END
MOVE 'YES' TO ENP-OF-FILE-SWITCH
NOT AT END

MOVE SEQ-SOC-SEC-NUM TO IND-SOC-SEC-NUM
MOVE SEQ-REST-OF-RECORD TO IND-REST-OF-RECORD
WRITE INDEXED-RECORD
INVALID KEY PERFORM 0020-EXPLAIN-WRITE-ERROR
END<WRITE
END-READ
END-PERFORM.
CIHOSE SEQUENTIAL-FILE
INDEXED-FILE.

<?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:data="http://schema.omg.org/spec/KDM/1.2/data"
xmlns:event="http://schema.omg.org/spec/KDM/1.2/event"
xmlns:kdm="http://schema.omg.org/spec/KDM/1.2/kdm"
xmlns: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="id.7" name="IND-SOC-SEC-NUM" type="id.1l15" ext="PIC X(9)" size="9"/>

<itemUnit xmi:id="id.8" name="IND-REST-OF-RECORD" type="id.115" ext="PIC X(30)"
</dat
<dataHlement xmi:id="id.9" xmi:type="data:DataAction" name="dal" kind="open"

size="30"/>

Elcoment

implementation="id.44">
<abdtraction xmi:id="1d.10" name="dal" kind="open"s>
<dctionRelation xmi:id="id.11" xmi:type="data:ManagesData" to="id.l" from="id.10"/>
<dctionRelation xmi:id="id.12" xmi:type="platform:ManagesResource" to="id.%5}* from=1id.10"/>
</alstraction>
</dataElement>
<dataHlement xmi:id="id.13" xmi:type="data:DataAction" name="da2" kind=!"open" implementgtion="id.44">
<abdtraction xmi:id="id.14" name="da2" kind="open"s>
<dctionRelation xmi:id="id.15" xmi:type="platform:ManagesResource? to="id.79" from=1id.14"/>
<gdctionRelation xmi:id="id.16" xmi:type="data:ManagesData" td="1d.4" from="id.14"/>
</alstraction>
</datgElement >
<dataHlement xmi:id="id.17" tion="id.47">

xmi:type="data:DataAction" nafhe="da3" kind="read" implement

<abdtraction xmi:id="id.18" name="da3" kind="read"s>

<gdctionRelation xmi:id="id.19" xmi:type="data:ReddsColumnSet" to="id.1" from="id.18%1/>
<gctionRelation xmi:id="1id.20" xmi:type="actionwWrites" to="id.2" from="id.18"/>
<gctionRelation xmi:id="id.21" xmi:type="acti®n:Writes" to="id.3" from="id.18"/>
<gdctionRelation xmi:id="id.22" xmi:type="pl@tform:ReadsResource" to="id.75" from="idl.18"/>
</alstraction>
<datfaElement xmi:id="1id.23" name="at endMkind="EOF">
<gbstraction xmi:id="id.24" name="aell>
<actionRelation xmi:id="id.25" xmi:type="action:ExceptionFlow" to="id.50" from="id.24"/>

</labstraction>
</dataElement>
kind="NOT EOF">

<datjaElement xmi:id="id.26"/mame="not at end"

<gbstraction xmi:id="1id.27" name="nael">
<actionRelation xmi:%d="id.28" xmi:type="action:Flow" to="id.53" from="id.27"/>
</labstraction>
</dataElement >
</dataElement>
<dataHlement xmi:id="id.29" xmi:type="data:DataAction" name="da4" kind="write"
implementation="1id.59">
kind="write">

<abdtractiom xmi:id="id.30" name="da4"

<gctionRelation xmi:id="id.31" xmi:type="action:Reads" to="id.7" from="id.30"/>

<gctionRelation xmi:id="id.32" xmi:type="action:Reads" to="id.8" from="id.30"/>

<actionRelation xmi:id="1d.33" xml:type="data:WritesColumnSet" to="1d.4" from="1d.30"/>

<actionRelation xmi:id="id.34" xmi:type="platform:WritesResource" to="1id.79" from="id.30"/>
</abstractions>

<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="id.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="id.43" xmi:type="code:CodeAssembly">
<codeElement xmi:id="1d.44" xmi:type="action:ActionElement" name="a0" kind="open"s>

<Seurce Xmisid=13id 45" lancuace="Colball
FeaS

snippet="OPEN INPUT SEQUENTIAL-FILE OUTPUT INDEXED-FILE."/>

Element xmi:id="1d.50" xmi:type="action:ActionElement" name="za2">
<slource xmi:id="id.51" language="Cobol" snippet="MOVE 'YES' TO \END-OF-FILE-SWITCH"/

<codeElement xmi:id="1d.53" xmi:type="action:ActionElement"\ name="a3">
<sjource xmi:id="id.54" language="Cobol" snippet="MOVE/ SEQ-SOC-SEC-NUM TO IND-SOC-SEQ-NUM"/>
ctionRelation xmi:id="1id.55" xmi:type="action:Flaw" ‘to="id.56" from="id.53"/>

Element xmi:id="id.56" xmi:type="action:ActienElement" name="a4">
<gjource xmi:id="1id.57" language="Cobol" snipp&t="MOVE SEQ-REST-OF-RECORD TO IND-REST-OF-RECORD"/>
tionRelation xmi:id="1id.58" xmi:type="actlon:Flow" to="id.59" from="id.56"/>

<codeElement xmi:id="1id.62" xmiztype="action:ActionElement" name="a6" kind="write">

Element xmi:id="1d.64" xmi:type="action:ActionElement" name="a7" kind="write">

<slpurce xmi:id="id 65" language="Cobol" snippet="UNTIL END-OF-FILE-SWITCH = 'YES'"/
tionRelation Xmiy:id="id.66" xmi:type="action:FalseFlow" to="id.47" from="id.é64"/
tionRelation\xmi:id="id.67" xmi:type="action:TrueFlow" to="1id.68" from="id.64"/>

Element{ xmi:id="1d.68" xmi:type="action:ActionElement" name="a8" kind="close">
<slource *xmi : 1d="1id.69" language="Cobol" snippet="Close SEQUENTIAL-FILE INDEXED-FILE|"/>

</model>
<model xmi:id="id.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>

242 © ISO/IEC 2012 - All rights reserved


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

</
<p

ISO/IEC 19506:2012(E)

platformElement>
latformElement xmi:id="1id.79" xmi:type="platform:FileResource">
kind="">

<actionRelation xmi:id="1d.81" xmi:type="data:HasContent" to="id.4"

<abstraction xmi:id="1d.80" name="ra2"

from="1d.80"/>

</abstractions>
</platformElement >
</deployedResources>
</platformElement>
<plat fexmElement—xmiid=l1Id 82" xmitype="platform RlaticrmActiconl name=lpal! kind="cpen" >
<abdtraction xmi:id="1id.83" name="pal">
<gctionRelation xmi:id="id.84" xmi:type="platform:ManagesResource" to="id.75" from=1id.83"/>
</afstraction>
</platformElement >
<platflormElement xmi:id="1d.85" xmi:type="platform:PlatformAction" name="pazZ}i kind="open">
<abdtraction xmi:id="1id.86" name="pa2">
<gctionRelation xmi:id="id.87" xmi:type="platform:ManagesResource" . .to="id.79" from=1id.86"/>
</akstractions>
</platformElement >
</model
<model xmi:id="id.88" xmi:type="event:EventModel">
<eventyElement xmi:id="1d.89" xmi:type="event:EventResource" name="sequential-file">
<evgntElement xmi:id="1id.90" xmi:type="event:State" namé="closed">
<gventElement xmi:id="id.91" xmi:type="event:Transition" name="trl">
<eventRelation xmi:id="1d.92" xmi:type="event:ConsumesEvent" to="id.110" from="id|91"/>
<eventRelation xmi:id="1d.93" xmi:type="eventiNextState" to="1id.103" from="id.91"[>
<eventRelation xmi:id="1d.94" xmi:type="evehat<NextState" to="id.95" from="id.91"/
</leventElement >
</evlentElement >
<evegntElement xmi:id="id.95" xmi:type="event:State" name="opened.not at end">
<gventElement xmi:id="id.96" xmi:type="event:Transition" name="tr2">
<eventRelation xmi:id="id.97" xmi:type="event:ConsumesEvent" to="id.111" from="1id|96"/>
<eventRelation xmi:id="id.98" "xmi:type="event:NextState" to="1id.103" from="1d.96"[>
<eventRelation xmi:id="id.99"7 xmi:type="event:NextState" to="id.95" from="id.96"/
</leventElement >
<gventElement xmi:id="id.I00" xmi:type="event:Transition" name="tr3">
<eventRelation xmi;id="id.101" xmi:type="event:ConsumesEvent" to="id.112" from="id.100"/>
<eventRelation xnpijdd="1d.102" xmi:type="event:NextState" to="id.90" from="id.100}/>
</leventElement >
</evlentElement >
<evegntElement (xXmd:1d="1d.103" xmi:type="event:State" name="opened.at end">
<gventElenent’ xmi:id="1d.104" xmi:type="event:Transition" name="tr4">
<eventRelation xmi:id="id.105" xmi:type="event:ConsumesEvent" to="id.112" from="idl.104"/>
<eventRelation xmi:id="1d.106" xmi:type="event:NextState" to="id.90" from="id.1041/>
</levéntElement >
<eventElement xmil:1d="1d.107" xmi:type="event:Transition" name="tr5">

<eventRelation xmi:id="id

<eventRelation xmi:id="id.

</eventElement>

</eventElement>

<eventElement
<eventElement
<eventElement
</eventElement>

xmi
xmi
xmi

:id="id.110"
:id="id.111"
:id="id.112"

xmi
xmi
xmi

:type="event
:type="event
:type="event

.108" xmi:type="event:ConsumesEvent" to="id.111"
109" xmi:type="event:NextState" to="id.103"

:Event" name="read"/>
:Event" name="close"/>

:Event" name="open" kind="open"/>

</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 Keylndex Class Diagram

The KeyIndex class diagram collects together classes and associations of the Data package. They providé
model consfructs to define the various data related relationships.

The class

dlagram shown in Figure 18.5 captures these classes and their relations.

DataResource

% +group

{subsets group} .
Ind e xE lem ent Ite m Uinit
(from code)

0..* 0..*

+implemeqgtation

Inde

X {subsets groupedElement}

Figure 18

18.7.1

IndexElemgnt class is a generic meta-model element that defines the common properties of the index item
t data stores. IndexElenient uses the KDM group mechanism. IndexElement is subclassed by ¢
with more precise semantics( IndexElement is itself a concrete class that can be used as an extended meta-
ropriate stereotype to represent situations that do not fit into the semantics of the subclasses o

of persisten|

with an app
IndexElemgdnt.

SupercIaT

DataReso

Associa

ReferenceKey

UniqueKey

.5- Keylndex Class Diagram

IndexElement Class (generic)

basic meta-

and key items
oncrete classes
model element
f the

urce

tions

implementation : ltemUnit[1] The set of ItemUnits that constitute the index.

Constraints

1. 1

ndex owned by a data element should group elements that are owned by that data element.

2. 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 UniqueKey is a meta-model element that represents primary keys in relational database tables, segments of hierarchical
databases, or indexed files. UniqueKey is a group of columns.

Superclags

IndexElemgnt

Constraints

1. UniqueKey owned by a data element should group ItemUnit elements that are,owned by that data elgment.

Semantic$

A UniqueKey represents the primary key to a certain table or relational database ot certain fields in an indexed file. A primary
key is one gr more columns whose values uniquely identify every row in a table or every record in an indexed file. Normally
an index alyays exists on the primary key.

18.7.3 ReferenceKey Class

A ReferenceKey is a meta-model element that representsoreign key in databases or indexed files. RefergnceKey is a
group of cdlumns.

Superclags

IndexElemgnt

Constraints

1. RefferenceKey owned by a-data element should group ItemUnit elements that are owned by that data [element.

Semantic$

A foreign key is the primary key of one data structure that is placed into a related data structure to represent a|relationship
among thosg structures/Foreign keys resolve relationships, and support navigation among data structures. ReferenceKey is a
group of onf or more columns in a relational database table or segment of a hierarchical database or an indexgd file that
implements|a faany-to-one relationship that the table, segment, or file in question has with another table, segmient, or file, or
with itself.

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. Ind

ex 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 K

Figure 18.6

entire data ptructure sequentially.

ey Relations Class Diagram

depicts the key relations within the Data Package. A Key is a way to access data without read

AbstractD ataRelationship

-

KeyRelation

0.3

1 1

Uniqy

eKey +to

{redefines to} {redglrnoersnfmm}ReferenceKey

Figure 18.6)

A KeyRela
means that

18.8.1 K

A KeyRela
correspond]

Superclass

AbstractDa

- KeyRelations Class Diagram

ion class associates a ReferenceKey in one data container, with a UniqueKey in another contg
there is one and only one keyvdlue for that data.

eyRelationship Class

ionship is a meta*model element that represents an association between a ReferenceKey with
ng UniqueKey.

aRelationship

ing through an

iner, which

the

Associations

from : ReferenceKey[1] Foreign key is a certain table, segment, or file.

to: Unique
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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

DataAction| class diagram defines a set of meta-model elements whose purpose is to represent semanticyapsociations
between th¢ elements of data models, as well as associations between data models and other KDM aodels. Figure 18.7
depicts the [key classes and association of the DataAction diagram. Data actions follow the commbon pattefn of “resource
actions.” Eqch data action is a “projection” of one or more action elements of the Code Modekthat uses spme API to the
runtime plafform to manage data resources. Each data action is linked back to the corresponding action elements from one
or more codle models through the “implementation” association. Each data action may own-one or more ‘|abstracted”
actions, whiich are used to model detailed resource related semantics.

AbstractActionRelationship
(from action)

ReadsColumnSet
. ProducesDataEvent ManagesData

+o
0.* {redefines to} 0.*
+p 0.* b\
{redefings to} " 1| DataEvent
1 wkind : String
ColymnSet
+from HasContent
+ol ] {redefines from} oo
{redefines frol {redefine; 0..*
{redefifes to} +to
1
+o {redefines to}
o ActionElement [~ {redefines to} !
- (from action) +from AbstractDataElement
WritesColumnSet /*/? Bkind : String | {redefines from}
+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

© ISO/IEC 2012 - Al rights reserved 247


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

ISO/IEC 19506:2012(E)

Associations

from:ActionElement[1] “abstracted” action owned by some resource
to:ColumnSet[1] the data resource being accessed
Constraints
1. Thjs relationship should not be used in Code models.

Semantic

ReadsColuImSet represents a data flow from a certain ColumnSet element to a data action.

18.9.2 WritesColumnSet Class

WritesColu
user interfa

mnSet class follows the pattern of a “resource action relationship.” It tepresents various types
Ce resources where there is a flow of data to the resource. WritesColumnSet relationship is sin

relationship from Action Package. The nature of the operation on the resoutee is represented by the “kind”

DataAction

Superclass

Action::Ab

that owns this relationship through the “abstracted” action/container property.

tractActionRelationship

Associations

from:ActionElement[1] “abstracted” action owned by some resource
to:ColumnfSet[1] the data resource being accessed
Constrainfs
1. This relationship should not be used in Code models.
Semantic$
WritesColumnSet represents a data flow from a data action to a certain ColumnSet element.

18.9.3 ManagesData Class

of accesses to
hilar to Writes
attribute of the

Manages class follows the pattern of a “resource action relationship.” It represents various types of accesses to 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.

Semantic

Manages rejpresents a certain change of state to a certain AbstractDataElement.
18.9.4 HasContent Class

HasConten{ class follows the pattern of a “resource action relationship.” HasCdgntent is a structural relatignship. It does
not represeft resource manipulations. HasContent relationship uses the “abstrdcted” action container mechanism to
provide cerfain capabilities to other Resource Layer packages. “HasContent® relationship makes it possible|to associate an
element of p data model with any resource.

Superclags
Action::AbgtractActionRelationship

Associatipns

from:ActipnElement[1] “abstracted” action owned by some resource

to:AbstradtDataElement[1] the data resource being accessed

Constrainrs

1. Thijs relationship should not be used in Code models.

Semantic$

HasConten{ represents/an association between any KDM resource or behavior abstraction element (through the
“abstracted| actionnmechanism) and the data element, describing the data organization related to this element.

Example (Java;embedded-SQL;JDBC)

CREATE TABLE products (ID int primary key, name varchar, type varchar)
CREATE TABLE contracts (ID int primary key, product int, revenue decimal, dateSigned date)

final String findContractStatements=
"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:segm nt R Son=2 1!

xmlns:xmi="http://schema.omg.org/spec/XMI/2.1"
xmlns:action="http://schema.omg.org/spec/KDM/1.2/action"
xnlns:code="http://schema.omg.org/spec/KDM/1.2/code"
xnlns: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="Data')Example">
<model xfmi:id="1id.0" xmi:type="data:DataModel" name="Contracts">
<dataHlement xmi:id="id.1" xmi:type="data:RelationalSchema" name="Corntracts">
<datfaElement xmi:id="id.2" xmi:type="data:RelationalTable" name="preducts">
<dataElement xmi:id="1id.3" xmi:type="data:UniqueKey" name="ID" )Jimplementation="1id.4'|/>
<iltemUnit xmi:id="id.4" name="ID" type="id.172"/>
<iltemUnit xmi:id="id.5" name="name" type="id.173"/>
<iltemUnit xmi:id="id.6é" name="type" type="id.173"/>
</dajtaElement >
<datjaElement xmi:id="id.7" xmi:type="data:RelationdalTable" name="contracts">
<dataElement xmi:id="1id.8" xmi:type="data:UniqueKey" name="ID" implementation="id.13]"/>
<dataElement xmi:id="1d.9" xmi:type="data:Refé€renceKey" implementation="1id.12">
<dataRelation xmi:id="id.10" xmi:type="data:KeyRelation" to="id.3" from="id.9"/>
</KdataElement>
<iftemUnit xmi:id="id.11" name="ID" type="id.172"/>
<iftemUnit xmi:id="id.12" name="product" type="id.172"/>
<iftemUnit xmi:id="id.13" name="reyvenue" type="1id.174"/>
<iltemUnit xmi:id="1id.14" name="dateSigned" type="id.175"/>
</dajtaElement >
</dataElement>
<dataHlement xmi:id="id.15" xmi:type="data:DataAction" name="dl" kind="Connect"
implementation="1d.79">

<abstraction xmi:id=7id>6" name="dal" kind="Connect"s>
<alctionRelation ¥miy:id="id.17" xmi:type="action:Reads" to="id.80" from="id.16"/>

<adlctionRelation\xmi:id="id.18" xmi:type="action:Reads" to="id.81" from="id.1l6"/>
<alctionRelatibn xmi:id="id.19" xmi:type="action:Reads" to="id.82" from="id.16"/>
<gctionRelation xmi:id="id.20" xmi:type="platform:ManagesResource" to="id.67"/>

</abstractien>
</dataElement >
<dataHlement xmi:id="id.21" xmi:type="data:DataAction" name="d2" kind="Select"
implementation="1d.90 1d.96 1d.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="1id.35" name="w3" kind="And">
<codeElement xmi:id="id.36" xmi:type="code:StorableUnit" name="t3" type="id.176" kind="register"/>

< b icnRelaticn—tiiid ="t A3 i time="actichReads!—to=""1d 24" from=lid 35"
*

<gctionRelation xmi:id="1id.38" xmi:type="action:Reads" to="id.30"/>
<gctionRelation xmi:id="id.39" xmi:type="action:Flow" to="id.40" from="id.35"/s
</afstraction>
<abdgtraction xmi:id="1id.40" name="w4" kind="Condition">
<gdctionRelation xmi:id="id.41" xmi:type="action:TrueFlow" to="id.42" frogm="id.40"/>
</alstraction>
<abgtraction xmi:id="id.42" name="sl" kind="Select">
<gctionRelation xmi:id="id.43" xmi:type="data:ReadsColumnSet" to#£"id.7" from="id.421/>
<dctionRelation xmi:id="id.44" xmi:type="action:Reads" to="id.lNWVfrom="id.42"/>
<dctionRelation xmi:id="id.45" xmi:type="action:Reads" to="id.12" from="id.42"/>
<gctionRelation xmi:id="id.46" xmi:type="action:Reads" to=!"id.13" from="id.42"/>
<gctionRelation xmi:id="id.47" xmi:type="action:Reads" to="1d.14" from="id.42"/>
<gctionRelation xmi:id="id.48" xmi:type="data:ReadsColumriSet" to="id.2"/>
<gctionRelation xmi:id="id.49" xmi:type="action:Reads™ to="id.4" from="id.42"/>
<gctionRelation xmi:id="id.50" xmi:type="action:Reads" to="id.5" from="id.42"/>
<gctionRelation xmi:id="id.51" xmi:type="actionswReads" to="id.é6" from="id.42"/>
<gctionRelation xmi:id="1id.52" xmi:type="acti®n:Writes" to="id.103" from="id.42"/>
<gdctionRelation xmi:id="id.53" xmi:type="pl@tform:ReadsResource" to="id.67" from="idl.42"/>
</alstraction>
</datgElement>
<dataHlement xmi:id="id.54" xmi:type="dat&:DataAction" name="d3" kind="Retrieve"
jmplementation="1id.115">
<abdtraction xmi:id="1d.55" name="da2" kind="Assign">
<gctionRelation xmi:id="id.56" %Xmi:type="action:Reads" to="id.13" from="id.55"/>
<gctionRelation xmi:id="id~5%" xmi:type="action:Addresses" to="1d.103" from="id.55"[f>
<gdctionRelation xmi:id="1id<58" xmi:type="action:Writes" to="id.117" from="id.55"/>
</afstraction>
</datgElement>
<dataHlement xmi:id='Yid.59" xmi:type="data:DataAction" name="d4" kind="Retrieve"
Jmplementations™id.130">
<abdtraction xmi*id="id.60" name="da3" kind="Assign"s>
<gdctionRelatjion xmi:id="id.61" xmi:type="action:Reads" to="id.14" from="id.60"/>
<gctionRedation xmi:id="1id.62" xmi:type="action:Addresses" to="1d.103" from="id.60"[f>
<gdctionRelation xmi:id="id.63" xmi:type="action:Writes" to="id.132" from="id.é0"/>
</alstrattion>

</dataElement>
</model>
<model xmi:id="id.64" xmi:type="platform:PlatformModel">
<platformElement xmi:id="id.65" xmi:type="platform:Machine">
<resource xmi:id="id.66" >
<resource xmi:id="1id.67" xmi:type="platform:DataManager" name="foobar"s>
<abstraction xmi:id="id.68" name="dml">
<actionRelation xmi:id="id.69" xmi:type="data:HasContent" to="id.1"/>
</abstractions>
</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 >

<codeElement xmi:id="1id.74" xmi:type="code:MethodUnit" name="calculateRecognitions">

i Al ]
<emtry L T

edid=tid 75u

to=id 7gn

from=tid 74"

<dodeElement xmi:id="id.76" xmi:type="code:Signature">

codeElement >

</|

<dodeElement xmi:id="id.78"
<dodeElement xmi:id="id.79"

<actionRelation
<actionRelation
<actionRelation
<actionRelation
<actionRelation
<actionRelation
codeElement >

</|

<dodeElement xmi:id="1id.89" xmi:type="code:StorableUnit" name="stmt" type="id.1l61"
<dodeElement xmi:id="1d.90" xmi:type="action:ActionElement" name="c2" kind="MethodC{
to="1id.78"

<actionRelation
<actionRelation
<actionRelation
<actionRelation
<actionRelation
lcodeElement >

</|

<dodeElement xmi:id="1d.96" xmiitype="action:ActionElement" name="c3" kind="MethodC{

xmi
xmi

xmi

xmi :

xmi

xmi

xmi
xmi
xmi
xmi

xmi

<parameterUnit xmi:id="id.77"

<codeElement xmi:id="id.80"
<codeElement xmi:id="id.81"
<codeElement xmi:id="id.82"

:id="id.
:id="id.
:id="id.

id="id.
:id="id.
:id="id.

:id="id.
:id="id.
:id="id.
:id="id.
:id="id.

xmi

xmi

xmi:type="code
xmi:type="code
xmi:type="code

83"
84"
85"
86"
87"
88"

91"
92"
93"
94"
95"

:type="action

:Value"
:Value"
:Value"

xmi:type="action:Reads" to="id go™
xmi:type="action:Reads" to="id.81"
xmi:type="action:Reads" to=%id.82"
xmi:type="action:Calls" to="1id.154"
xmi:type="action:Writes"™ to="1id.78"
xmi:type="action:Rlow" to="id.90"

xmi:type="@ction:Addresses"
xmi:typéstaction:Reads" to="id.72"
xmi:type="action:Calls" to="id.1l56"
xmivEype="action:Writes" to="id.89"
xmi:type="action:Flow" to="id.96"

:ActionElement™"

name="contractNumber" type="id.179"/>

name="&quot ; jdbc ;0dbc: foobar&qu
name="&quot ; sunny&gquot ;"
name="&quot ; &quot ;" type="id.1l7

<codeElement xmi:id="idg9%" xmi:type="code:Value" name="1"/>

name="cl1"

:type="code:StorableUnit" name="db" type="id( 155" kigd="local"/>

kind="Call">
t;"/>
d.178"/>
u/>

type="1

from="id.79"/>
from="id.79"/>
from="1d4.79"/>
from="1d4.79"/>
from="1id.79"/>
from="id.79"/>

ind="local"/>
11">
from="1d.90/>
from="1id.90"/>
from="id.90"/>
from="id.90"/>

from="id.90"/>

11v>

<actionRelation xmi:id="#d.98" xmi:type="action:Addresses" to="1id.89" from="id.96|/>
<actionRelation xmi:#d="id.99" xmi:type="action:Reads" to="id.97" from="id.96"/>
<actionRelation xmi»1d="id.100" xmi:type="action:Reads" to="id.77" from="id.96"/>
<actionRelatiorn xmi:id="id.101" xmi:type="action:Calls" to="id.162" from="id.96"/
<actionRelation: xmi:id="id.102" xmi:type="action:Flow" to="id.104" from="id.96"/>

</lcodeElements

<dodeElement) xmi:id="1d.103" xmi:type="code:StorableUnit" name="contracts" type="id{157"

kind="1local"/>

<dodeElement xmi:id="1id.104" xmi:type="action:ActionElement" name="c4" kind="Method¢all"s>
<actAonRelation xmi:id="id.105" xmi:type="action:Addresses" to="1d.89" from="id.1¢4"/>
<actionRelation xmi:1d="1d.106" xmi:type="action:Calls" to="1d.1l63" from="1d.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>

<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="1d.109"/>
from="1id.109"/>

<codeElement xmi:id="1id.113" xmi:type="code:StorableUnit" name="totalRevenue" type="id.165"
kind="1local"/>
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<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"/>

<g

</cg
<cod

<cod

<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="1id.120" xmi:type="action:Writes" to="id.117" from="id.115"/>
<actionRelation xmi:id="1id.121" xmi:type="action:Flow" to="id.122" from="id.115"/>
codeBlocment

<codeElement xmi:id="1d.122" xmi:type="action:ActionElement" name="c6.2" kind="Call">
<actionRelation xmi:id="id.123" xmi:type="action:Reads" to="id.117" from="a4d.122"/>
<actionRelation xmi:id="id.124" xmi:type="action:Calls" to="id.166" from£'"1d.122"/>
<actionRelation xmi:id="id.125" xmi:type="action:Writes" to="1d.113" fxom="id.122"/>
<actionRelation xmi:id="1id.126" xmi:type="action:Flow"/>

</codeElement>

<actionRelation xmi:id="id.127" xmi:type="action:Flow" to="id.115" from="id.114"/

codeElement >

odeElement xmi:id="1id.128" xmi:type="code:StorableUnit" namei"re€cognizedDate" typ¢="1id.168"

kind="1local"/>

odeElement xmi:id="1id.129" xmi:type="action:ActionElement” name="c7" kind="Method¢all">

<codeElement xmi:id="id.130" xmi:type="action:ActionEleément" name="c7.1" kind="Call">
<codeElement xmi:id="id.131" xmi:type="code:Value”, name="&quot ;dateSigned&quot;}/>
<codeElement xmi:id="id.132" xmi:type="code:SterableUnit" name="t5" kind="register"/>
<actionRelation xmi:id="id.133" xmi:type="action:Addresses" to="1d.103" from="idl.130"/>
<actionRelation xmi:id="id.134" xmi:type="aetion:Calls" to="id.160" from="id.130"/>
<actionRelation xmi:id="1id.135" xmi:type=taction:Writes" to="id.132" from="id.130"/>
<actionRelation xmi:id="id.136" xmi:type="action:Flow" to="1d.137" from="1d.1301/>

</codeElement>

<codeElement xmi:id="1d.137" xmi:type="action:ActionElement" name="c7.2" kind="Ney">
<actionRelation xmi:id="id.138" xWi:type="action:Creates" to="id.168" from="id.1}37"/>
<actionRelation xmi:id="id.139" xmi:type="action:Writes" to="1id.128" from="id.137"/>
<actionRelation xmi:id="id,.I140" xmi:type="action:Flow"/>

</codeElement>

<codeElement xmi:id="idg142" xmi:type="action:ActionElement" name="c7.3" kind="MethodCall">
<actionRelation xmi:;id="id.142" xmi:type="action:Reads" to="id.132" from="id.137"/>
<actionRelation xmi:id="id.143" xmi:type="action:Calls" to="id.169" from="id.141"/>
<actionRelation xmi:id="id.144" xmi:type="action:Writes" to="id.128" from="id.141"/>

</codeElement>

codeElement >

deElement ¥

eElement xmi:id="1id.145" xmi:type="code:Value"

name="&quot ; SELECT * FROM contracts c, products p WHERE ID=? AND c.product=p.Ip&gquot;"

type="1d.178"/>
eElefment xmi:id="id.146" xmi:type="code:MethodUnit" name="init" kind="constructor

<e

ntryFlow xmi:1d="1d.147" to="1d.148" from="1d.1l46"/>

<codeElement xmi:id="1d.148" xmi:type="action:ActionElement" name="il" kind="Assign">

</

</co
</code
</model>
<model x
<codeE
<cod

© ISO/IEC 20

<actionRelation xmi:id="1d.149" xmi:type="action:Reads" to="id.145"
<actionRelation xmi:id="1d.150" xmi:type="action:Writes" to="id.72"
codeElement >

deElement >

Element>

mi:id="1id.151" xmi:type="code:CodeModel" name="Java packages"s>

lement xmi:id="1id.152" xmi:type="code:Package" name="java.sqgl">
eElement xmi:id="id.153" xmi:type="code:ClassUnit" name="DriverManager">

12 - All rights reserved

from="1id.148"/>
from="1id.148"/>
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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="id.158" xmi:type="code:MethodUnit" name="next" kind="abstract"/>
<codeElement xmi:id="id.159" xmi:type="code:MethodUnit" name="getBigDecimal" kind="abstract"/>

<cedebElement—xmiid="41d160" xmityuoe="code:MethodlUnit! name="getDate! kind="gbstract"/>
* 3

</cddeElement >
<codeElement xmi:id="1d.161" xmi:type="code:ClassUnit" name="Statement"s>
<cdodeElement xmi:id="id.162" xmi:type="code:MethodUnit" name="setLong" kind="absStraq¢t"/>
<cdodeElement xmi:id="id.163" xmi:type="code:MethodUnit" name="executeQuery!rkind="alpstract"/>
</codeElement >
</codeElement >
<codeHlement xmi:id="id.164" xmi:type="code:Package" name="Money">
<codeElement xmi:id="1id.165" xmi:type="code:ClassUnit" name="Money*>
<dodeElement xmi:id="id.166" xmi:type="code:MethodUnit" name="dol¥ars" kind="abstrag¢t"/>
</codeElement >
</codeElement >
<codeHlement xmi:id="1d.167" xmi:type="code:Package" name="MfDate">
<codeElement xmi:id="1d.168" xmi:type="code:ClassUnit" same="MfDate">
<cdodeElement xmi:id="id.169" xmi:type="code:MethodUnit" name="MfDate" kind="abstract"/>
</codeElement >
</codeElement >
</model
<model xfmi:id="1d.170" xmi:type="code:CodeModel" fame="Common Datatypes">
<codeHlement xmi:id="1d.171" xmi:type="code:languageUnit" name="SQL datatypes">
<codeElement xmi:id="1d.172" xmi:type="code:IntegerType" name="sqgl int"/>
<codeElement xmi:id="1d.173" xmi:type=l€bde:StringType" name="sgl varchar"/>
<codeElement xmi:id="1d.174" xmi:type="code:DecimalType" name="sgl decimal"/>
<codeElement xmi:id="id.175" xmi:type="code:DateType" name="sgl date"/>
<codeElement xmi:id="id.176" xmpi:itype="code:BooleanType"/>
</codeElement >
<codeHlement xmi:id="1id.177", xml:type="code:LanguageUnit" name="Java datatypes">
<codeElement xmi:id="id.h78" xmi:type="code:StringType"/>
<codeElement xmi:id=Y1d»79" xmi:type="code:IntegerType" name="java long"/>
<codeElement xmi:id="1d.180" xmi:type="code:IntegerType" name="java byte"/>
</codeElement >
</model
</kdm: Segnent >

18.10 S$tructuredData Class Diagram
The StructuredData class diagram provides basic meta-model constructs to define the XML files that can be used 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.
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Figure 18.8

18.10.1 )

The XMLS

Superclags

AbstractDa)

Associatis

contentElg

Semantics$

XMLSchen|
example, D

+owner +contentElement
{subsets owner} {subsets ownedElement}

- StructuredData Class Diagram
(MLSchema

chema class represents the top level container for a KDM metamodel of an XML document.

aElement

DNS

ment :AbstractContentElement[0..”]  Individual content elements owned by this schema.

htaEvents).

18.10.2 AbstractContentElement (abstract)

The Abstra
content of ]
elements.

CtContentElement’ class is an abstract parent for several concrete classes whose purpose is to T
KML schemyas-and documents as well as various structured data items that can be associated W

la is a logical container for AbStractContentElements as well as some other DataResource eleents (for

epresent the
ith other KDM

Superclaqs

AbstractDataElement

Semantics

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.

© ISO/IEC 2012 - All rights reserved

255


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

ISO/IEC 19506:2012(E)

+owner
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0.*

AbstractContentElement

0.*
+contentElement

i
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¢
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ChoiceContent
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1
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Contentitem

ContentType
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|
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[Bkind : String
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Figure 18.9|- ContentElements Class Diagram

18.11.1 Contentltem (generic)

The Contenftltem class is a genericumeta-model element that represents named items and references of the
elements, aftributes, references,and groups.

Superclass

AbstractCoptentElement

Associations

XML schema:

contentElement :AbstractContentElement[0..*]

type:ComplexContentType[0..1]

256

owned content elements

content type of the current Contentltem
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Semantics

18.11.2 ComplexContentType

The ComplexContentType class represents Complex Types of an XML schema definition. XSD indicators are modeled as
subclasses of ComplexContentType.

Superclass
AbstractCoptentElement

Associatipns

contentElgment :AbstractContentElement[0..*] Owned content elements

Semantic

18.11.3 limpIeContentType

The SimpldContentType class represents Simple Types of an XML.Schema definition.

Superclags

ComplexCdntentType

Attributes
kind:String content kind of the current SimpleContentType
Associations
type:ComplexContentType[Q7*] content type of the current Contentltem

Semantic$

Simple types, suchas'string and decimal, are built in to XML Schema, while others are derived from the built-in’s. The kind of
SimpleContentType can be “list,” “union,” “enumeration,” etc.

9 ¢

18.11.4 ContentRestriction

The ContentRestriction class represents restrictions to Simple Types, Elements, Attributes, and References.

Superclass

AbstractContentElement
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Attributes
kind :String type of the content restriction (XML)
value:String value of the constraint

Semantics

kind is an X|SD restriction, such as minExclusive, minInclusive, maxExclusive, maxInclusive, totalDigits, fra¢tionDigits,
length, minl.ength, maxLength, enumeration, whiteSpace, pattern; or XSD an element attribute, such ag-mminQccurs,

maxOccurs, required, fixed; or an XSD enumeration.

Example

<xsd:simplleType name="myInteger"s>
<xsd:regtriction base="xsd:integer">
<xsd:minInclusive value="10000"/>
<xsd:maxInclusive value="99999"/>
</xsd:relstriction>
</xsd:simpleType>

<xsd:simplleType name="SKU">
<xsd:regtriction base="xsd:string">
<xsd:plattern value="\d{3}-[A-z]{2}"/>
</xsd:relstriction>
</xsd:simgleType>

<xsd:simplleType name="USState">
<xsd:regtriction base="xsd:string">
<xsd:gnumeration value="AK"/>
<xsd:enumeration value="AL"/>
<xsd:enumeration value="AR"/>
<!-- and soon ... -->
</xsd:restrictions>
</xsd:simpleType>

<xsd:simplleType name="1igtOfMyIntType">
<xsd:lisft itemType=!"mylnteger"/>
</xsd:simpleType>

<xsd:simplleType “name="USStateList">
<xsd:ligt iItemType="USState"/>
</xsd:simplelype>

<xsd:simpleType name="SixUSStates">
<xsd:restriction base="USStateList">
<xsd:length value="6"/>
</xsd:restriction>
</xsd:simpleType>

<xsd:simpleType name="zipUnion"s>

<xsd:union memberTypes="USState listOfMyIntType"/>
</xsd:simpleType>
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<?xml vers

<kdm: Segme

ISO/IEC 19506:2012(E)

ion="1.0" encoding="UTF-8"7?>

nt 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="id.0" xmi:type="data:DataModel">

<dataElement xmi:id="id.1" xmi:type="data:XMLSchema" name="SimpleType examples">
< contentilement—miid=11d 2" _xmitype=tdata:SimpleContentType! name="MyIntegexr!
<dataRelation xmi:id="id.3" xmi:type="data:RestrictionOf" to="id.27" from="id.2"/>

<g

<d

</cd

<Cory

ontentElement xmi:id="id.4" xmi:type="data:ContentRestriction"
kind="minInclusive" value="10000"/>

ontentElement xmi:id="1d.5" xmi:type="data:ContentRestriction"
kind="maxInclusive" value="99999"/>

ntentElement>

tentElement xmi:id="id.é6" xmi:type="data:SimpleContentType" name=!SKU">

<dataRelation xmi:id="id.7" xmi:type="data:RestrictionOf" to="ids29Y from="id.2"/>

<d
</cq
<con
<d
<d
<d
</cd

<COory
<d

ontentElement xmi:id="1d.8" xmi:type="data:ContentRestriction™
kind="pattern" value="&quot;\d{3}-[A-Z]{2}&quot;"/>

ntentElement>

tentElement xmi:id="id.9" xmi:type="data:SimpleContentIype" name="USState">

ontentElement xmi:id="1d.10" xmi:type="data:ContentRestriction"
kind="enumeration" value="&quot ;AK&quot;" /&

ontentElement xmi:id="id.11" xmi:type="data:CortentRestriction"
kind="enumeration" value="&quot ;AL&gquobV />

ontentElement xmi:id="1d.12" xmi:type="data%ContentRestriction"
kind="enumeration" value="&quot ;AR&Juot;"/>

ntentElement>

tentElement xmi:id="id.13" xmi:type="data:SimpleContentType" name="1istOfMyIntTyps

ontentElement xmi:id="1id.14" xmi:type="data:ListContent">

<dataRelation xmi:id="1id.15" xmi:type="data:TypedBy" to="id.2" from="id.14"/>

\%

1e="6"/>

</lcontentElement>
</cdntentElement >
<corftentElement xmi:id="id.z6% 'xmi:type="data:SimpleContentType" name="USStateList">
<dontentElement xmi:id="id+17" xmi:type="data:ListContent" name="">
<dataRelation xmi:id="id.18" xmi:type="data:TypedBy" to="id.9" from="id.17"/>
</lcontentElement>
</cdntentElement >
<corjtentElement xwmi«id="1d.19" xmi:type="data:SimpleContentType" name="SixUSStates">
<dataRelatien) xmi:id="1d.20" xmi:type="data:RestrictionOf" to="id.1l6" from="id.19"/
<dontentElement xmi:id="id.21" xmi:type="data:ContentRestriction" kind="length" wval
</cdntentE¥ement >
<conftentElement xmi:id="id.22" xmi:type="data:SimpleContentType" name="zipUnion">
<dontenhtElement xmi:id="id.23" xmi:type="data:UnionContent">
<dataRelation xmi:1d="1d.24" xmi:type="data:TypedBy" to="1d.9" from="1d.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="id.27" xmi:type="data:SimpleContentType" name="xsd:Integer"s>

<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"/>

© ISO/IEC 2012 - All rights reserved

259


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

ISO/IEC 19506:2012(E)

</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"/>

</contentElement >

<contentElement xmi:id="1d.35" xmi:type="data:SimpleContentType" name="xsd:date">

<dataRelatichi—xtiiiid=""10d-356" xmityne="dataDatatmelft to="1d 44" from=tid 35"
* F

</contentElement>
<conftentElement xmi:id="id.37" xmi:type="data:SimpleContentType" name="xsd:any"/s
<contentElement xmi:id="id.38" xmi:type="data:SimpleContentType" name="xsd:NMTOKEN"/>
</dataElement>
</model
<model i:id="1d.39" xmi:type="code:CodeModel">
<codeHlement xmi:id="1d.40" xmi:type="code:LanguageUnit">
<codeElement xmi:id="id.41" xmi:type="code:IntegerType" name="xsd #nteger"/>
<codeElement xmi:id="1id.42" xmi:type="code:StringType" name="xsd \St¥ing"/>
<codeElement xmi:id="id.43" xmi:type="code:DecimalType" name="xsd decimal"/>
<codeElement xmi:id="id.44" xmi:type="code:DateType" name="xgd date"/>
</codeElement >
</model
</kdm: Segnent >

18.11.5 AllContent Class

An AllConfent class is a meta-model element that represénts complex types with the “all” order indicator

Superclass

ComplexCdantentType
Semantics$
18.11.6 $eqContent Class
The SeqContent class is.a-meta-model element that represents complex types with the “sequence” order indicator.

Superclags

ComplexCanténtType

Semantics

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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Semantics

18.11.8 GroupContent Class

A GroupContent class is a meta-model element that represents complex types with the “group” group indicator.

Superclass

ComplexCdntentType
Semantic
18.11.9 ILixedContent Class

A MixedCqntent class is a meta-model element that represents complex types with the ¥mixed” indicator.

Superclags

ComplexCqntentType
Semantics

18.11.10|ContentAttribute Class

A ContentAttribute class is a meta-model element that reépresents the XML “attribute” declaration mechapism of XML
Schemas.

Superclags

Contentltem
Semantic$

18.11.11|ContentElemeént Class

A ContentHlement clags)is'a meta-model element that represents the XML “element” declaration mechan{sm of XML
Schemas.

Superclags

ContentltenT

Semantics

18.11.12 ContentReference Class

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:element name="letterBody">

<xsd:coﬂzlexType mixed="true">
<xsd: slequence>
<xsdl:element name="salutation">
<xlsd:complexType mixed="true">
<xsd:sequence>
<xsd:element name="name" type="xsd:string"/>
</xsd:sequence>
</lksd:complexType>

</xgld:element>

<xsd:element name="quantity" type="xsd:positiveInteger"/>
<xsd:element name="productName" type="xsd:string"/>
<xsd:element name="shipDate" type="xsd:date" minOccurs=%0"7/>
<!-- etc. -->

</xsd:[sequence>
</xsd:complexType>
</xsd:element>

<xsd:compllexType name="USAddress" >
<xsd:sequence>

<xsd:eflement name="name" type="xsd:string/>
<xs8d:element name="street" type="xsd:string"/>
<xsd:ellement name="city" type="xsd:string"/>
<xsd:ellement name="state" type="xsd:string"/>
<xsd:ellement name="zip" type="xsd:decimal"/>

</xsd:sequence>
<xsd:attjribute name="country" type="xsd:NMTOKEN" fixed="US"/>
</xsd:complexType>

<xsd:compllexType name="ItEms">
<xsd:sequence>
<xsd:ellement namesUitem" minOccurs="0" maxOccurs="unbounded">
<xsd|: complexType>
<xlsd: sequerice>
<xsd:ellement name="productName" type="xsd:string"/>
<xsOrselement name="quantity"s

sarsTmpreTyre
<xsd:restriction base="xsd:positiveInteger"s>
<xsd:maxExclusive 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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