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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
to be represented on that committee. International organizations, governmental and non-governmental, in liaison with
ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical Commission (IEC) on all
matters of electrotechnical standardization.

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

The main task of technical committees is to prepare International Standards. Draft International Standards adopted by the
technical committees are circulated to the member bodies for voting. Publication as an International Standard requires
approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent rights. ISO
shall not be held responsible for identifying any or all such patent rights.

ISO/IEC 19500-1 was prepared by Technical Committee ISO/IEC JTCI1, Information technology, in collaboration with the
Object Management Group (OMG), following the submission and processing as a Publicly Available Specification (PAS)
of the OMG Common Object Request Broker Architecture (CORBA) specification Part 1 Version 3.1 CORBA Interfaces.

ISO/IEC 19506 is related to:

 ITU-T Recommendation X.902 (1995) | ISO/IEC 10746-2:1995, Information Technology - Open Distributed
Processing - Reference Model: Foundations

+ ITU-T Recommendation X.903 (1995) | ISO/IEC 10746-3:1995, Information Technology - Open Distributed
Processing - Reference Model: Architecture

+ ITU-T Recommendation X.920 (1997) | ISO/IEC 14750:1997, Information Technology - Open Distributed
Processing - Interface Definition Language

ISO/IEC 19506 consists of the following, under the general title Information technology - Open distributed processing -
Architecture-Driven Modernization (ADM): Knowledge Discovery Meta-Model (KDM).

Apart from this Foreword, the text of this International Standard is identical with that for the OMG specification for
Architecture-Driven Modernization (ADM): Knowledge Discovery Meta-Model (KDM), v1.3.
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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 Part 2 (ISO/IEC 10746-2) defines the foundational concepts and modeling framework for describing 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 which are related but not
identical (e.g., interface). Nevertheless, a specification using the Part 2 modeling concepts can 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 distributed systems, expressed using the
foundational concepts and framework defined in Part 2. Given the relation between UML as a modeling language and Part
3 of the RM-ODP standard, it is easy to show that UML is suitable as a notation for the individual viewpoint
specifications defined by the RM-ODP.

This International 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 infrastructure
required to support functional distribution of an ODP system, specifying functions required to manage physical
distribution, communications, processing and storage, and the roles of different technology objects in supporting those
functions.
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INTERNATIONAL STANDARD ISO/IEC 19506:2012(E)

Information technology - Object Management Group
Architecture-Driven Modernization (ADM):
Knowledge Discovery Meta-Model (KDM)

1 Scope

This International Standard defines a meta-model for representing existing software assets, their associations, and
operational environments, referred to as the Knowledge Discovery Meta-model (KDM). This is the first in the series of
specifications related to Software Assurance (SwA) and Architecture-Driven Modernization (ADM) activities. KDM
facilitates projects that involve existing software systems by insuring interoperability and exchange of data between tools
provided by different vendors.

One common characteristic of various tools that address SwWA and ADM challenge is that they analyze existing software
assets (for example, source code modules, database descriptions, build scripts, etc.) to obtain explicit knowledge. Each
tool produces a portion of the knowledge about existing software assets. Such tool-specific knowledge may be implicit
(“hard-coded” in the tool), restricted to a particular source language, and/or particular transformation, and/or operational
environment. All the above may hinder interoperability between different tools. The meta-model for Knowledge
Discovery provides a common repository structure that facilitates the exchange of data contained within individual tool
models that represent existing software assets. The meta-model represents the physical and logical assets at various levels
of abstraction. The primary purpose of this meta-model is to provide a common interchange format that will allow
interoperability between existing modernization and software assurance tools, services, and their respective intermediate
representations.

2 Conformance and Compliance

KDM is a meta-model with a very broad scope that covers a large and diverse set of applications, platforms, and
programming languages. Not all of its capabilities are equally applicable to all platforms, applications, or programming
languages. The primary goal of KDM is to provide the capability to exchange models between tools and thus facilitate
cooperation between tool suppliers by allowing integration information about a complex enterprise application from
multiple sources, as the complexity of modern enterprise applications involves multiple platform technologies and
programming languages. In order to achieve interoperability and especially the integration of information about different
facets of an enterprise application from multiple analysis tools, this International Standard defines several compliance
levels thereby increasing the likelihood that two or more compliant tools will support the same or compatible meta-model
subsets. This suggests that 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 particular tool vendor.
Consequently, the definition of compliance for KDM requires a balance to be drawn between modularity and ease of
interchange. Separation of concerns in the design of KDM is embodied in the concept of KDM domains.
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2.1 KDM Domains

Separate facts of knowledge discovery in enterprise application in KDM are grouped into several KDM domains (refer to
Figure 2.1). Each KDM domain consists of a single KDM package that defines meta-model elements to represent
particular aspects of the system under study. KDM domains correspond to the well-known concept of architecture views.
For example, the Structure domain enables users to discover architectural elements of source code from the system under
study, while the Business Rules domain provides users with behavioral elements of the same system such as features or
process rules.

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

From the user’s perspective, this partitioning of KDM means that they need only to be concerned with those parts of the
KDM that they consider necessary for their activities. If those needs change over time, further KDM domains can be
added to the user’s repertoire as required. Hence, a KDM user does not have to know the full meta-model to use it
effectively. In addition, most KDM domains are partitioned into multiple increments, each adding more knowledge
capabilities to the previous ones. This fine-grained decomposition of KDM serves to make the KDM easier to learn and
use, but the individual segments within this structure do not represent separate compliance points. The latter 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 to simplify the definition of KDM compliance as
explained below.

Levels of compliance

L2 => All KDM domains
Build Structure Data Business Rules UL Event Platform Analysis
domain domain  domain domain domain domain domain domain
v
L1= Build| structure | Data |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 the micro KDM domain defined in sub clause 14 “Micro KDM,” and Annex A “Semantics of the Micro KDM
Action Elements.” These packages are grouped to form above-mentioned domains. More importantly, this level
represents a layer where tools could be complimentary since their focus would be in different areas of concern. This
would be an additional reason why LO interoperability (which at this level would be viewed as information sharing
between tools) is mandated. In this case interoperability at this level would be viewed as correlation between tools to
complete knowledge puzzle that end user might need to perform a particular task.

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

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

2.3 Meaning and Types of Compliance

Compliance to Level 1 (L1) for a certain KDM domain entails full realization of all KDM packages for the corresponding
KDM Domain. This also implies full realization of all KDM packages in all the levels below that level (in this case Level
0 (LO0)). It is not meaningful to claim compliance to Level 1 without also being compliant with the Level 0. A tool that is
compliant at a Level 1 must be able (at least) to import models from tools that are compliant to Level 0 without loss of
information. So, “full realization” for a KDM domain means supporting the complete set of concepts defined for that
KDM domain at L1 and complete set of concepts defined at LO.

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

« The capability to analyze physical artifacts of existing applications and export their representations based on the XMI
schema corresponding to the given compliance level.

+ The capability to import representations of existing software systems based on the XMI schema corresponding to the
given compliance level and perform operations suggested by the corresponding packages.
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Table 2.1- Compliance Statements

Compliance Statement
Compliance Level Import-Analysis Import API Export
L0 Import KDM models based on Import KDM models based | Provide capability to analyze
complete KDM XMI schema into on complete KDM XMI artifacts of an application for
existing tool; schema; specified programming
support specified mapping between support KDM API defined | language or multiple
KDM and existing model in the tool; | by the KDM Core package; | languages;
extend operations of existing tool to support KDM framework Generate XMI documents
support meta-model elements of as defined in the Kdm corresponding to the KDM
KDM framework; package; support KDM API | XMI schema;
extend operations of existing tool to defined by the Code and Support KDM framework as
support meta-model elements of Code | Action packages; support defined by the Kdm package;
and Action packages; traceability to the physical Support Code and Action
extend operations of existing tool to artifacts of the application packages;
traceability to the physical artifacts of | as defined in the Source Provide traceability back to the
the application from Source package. | package. physical artifacts as defined by
the Source package.
L1 STRUCTURE L0 compliance for analysis;extend L0 compliance for import; LO compliance for
operations of existing tool to support Support KDM API as export;Provide capability to
meta-model elements of the Structure | defined by the Structure analyze architecture
package. package. components of existing
application and generate KDM
Structure model according to
Structure package.

DATA L0 compliance for analysis; L0 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 Data persistent data components of
Data package. package. existing application for

specified database system and
generate KDM Data model
according to Data package.

PLATFORM 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 Platform and | platform artifacts for specified
Platform package. Runtime packages. platform and generate KDM

Platform model according to
Platform package.

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.
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8] §

L0 compliance for analysis;

extend operations of existing tool to
support meta-model elements of the
UI package.

L0 compliance for import;
Support KDM API as

defined by the UI package.

L0 compliance for export;
Provide capability to analyze
user interface artifacts for
specified user interface system
and generate KDM UI model
according to UI package.

EVENT

LO compliance for analysis;

extend operations of existing tool to
support meta-model elements of the
Event package.

LO compliance for import;
Support KDM API as
defined by the Event
package.

L0 compliance for export;
Provide capability to analyze
artifacts related to event-
driven runtime frameworks
and state-trasition behavior
and

generate KDM Event model
according to Event package.

BUSINESS

LO compliance for analysis;

extend operations of existing tool to
support meta-model elements of the
Conceptual package.

LO compliance for import;
Support KDM API as
defined by the Conceptual
package.

L0 compliance for export;
Provide capability to analyze
conceptual and behavior
artifacts (e.g., domain
concepts, business rules,
scenarios) of existing
application and generate KDM
Conceptual model according
to Conceptual package.

MICRO KDM

LO compliance for analysis; extend
operations of existing tool to support
micro KDM actions as specified in sub
clause 14 micro KDM and Annex A.

LO compliance for import;
Support micro KDM
actions as specified in sub
clause 14 micro KDM and
Annex A.

L0 compliance for export;
Provide capability to analyze
artifacts ofexisting application
to the level of detail specified
in sub clause 14 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 actions and
generate KDM models that
represent the same meaning

L2 LO import compliance for analysis; LO compliance for import; L0 export compliance;
L1 import-analysis compliance for all | Support KDM API as L1 export compliance for all
KDM domains. defined by all KDM KDM domains.
packages.
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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.
*« OMG UML Infrastructure Specification, v2.3, formal/2010-05-03
*  OMG Meta-Object Facility (MOF) Specification, v2.0, formal/2006-01-01
+ OMG MOF XML Metadata Interchange (XMI) Specification, v2.1, formal/2005-09-01
«  OMG Semantics of Business Vocabularies and Business Rules (SBVR) Specification, v1.0, formal/2008-01-02

« ISO/IEC 11404:2007 Information technology -- General Purpose Datatypes (GPD)

4 Terms and Definitions

This subclause contains only those terms which are used in a specialized way throughout the KDM specification. The
majority of terms in KDM are used either according to their accepted dictionary definitions or according to commonly
accepted definitions that may be found in ISO glossaries or other well-known collections of software engineering terms.
Some combinations of common terms used in KDM, while not meriting glossary definition, are explained for clarity in
the context where they are used.

Abstraction: A view of an object that focuses on the information relevant to a particular purpose and ignores the
remainder of the information.

Aggregation: a derived relationship between two elements that are groups of other elements that represents all individual
relationships between the grouped elements of the two groups.

Architecture-Driven Modernization (ADM): ADM is the process of understanding and evolving existing software
assets of a system of interest. ADM focuses at collecting, sharing, utilizing, transforming, presenting, maintaining and
storing models of the architectural aspects of existing systems. ADM does not preclude source-to-source migrations
(where appropriate), but encourages user organizations to consider modernization from an analysis and design
perspective. In doing so, project teams ensure that obsolete concepts or designs are not propagated into modern languages
and platforms.

Build: An operational version of a system or component that incorporates a specified subset of the capabilities that the
final product provides.

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”)
relationships between the container element and owned elements. “Containment” relationships form a special group of the
corresponding 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 by practitioners
in that area.

Element: one of the parts of a compound or complex whole. For example, a model element, a meta-model element.

Group: a number of model elements regarded as a unit formed by traceability relationships to a single distinct element.
An element may be part of multiple groups, including a single group formed by the “containment” relationships between
a container and its owned elements. An element is said to group together one or more elements, if these elements have
traceability relationships to the element.

Hierarchy: an arrangement of model elements according to traceability relationships, where an element that “owns” or
“group” other elements is considered at a higher level than the owned (grouped) elements.

Interface: (1) a shared boundary or connection between two dissimilar objects, devices or systems through which
information is passed. The connection can be either physical or logical. (2) a named set of operations that characterize the
behavior of an entity

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

KDM Entity: a meta-model element (as well as the corresponding model elements) that represents a thing of significance
of the system of interest, about which information needs to be known or held. A KDM entity is an abstraction of some
element of the system of interest that has a distinct, separate existence objective or conceptual reality, a self-contained
piece of data that can be referenced as a unit. As a model element each KDM entity is an instance of some specific
metamodel element and it is usually the endpoint of distinct KDM relationships.

KDM instance: a collection of KDM model elements that represent one or more views of the system of interest.
KDM model: a meta-model element (as well as the corresponding model elements) that is a container for a KDM view.

KDM Relationship: a meta-model element (as well as the corresponding model elements) that represents some semantic
association between elements of the system of interest. All KDM relationships are binary. As a model element each KDM
relationship is an instance of some specific meta-model element.

Meta-model: a special kind of model that specifies the abstract syntax of a modeling language. The 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 and managed by the runtime platform.

Runtime platform: the set of hardware and software components that implement the services utilized by the application
software. A runtime system generally controls how several tasks are scheduled to run, and manages resources. Its
provisions for the programmer typically form an Application Programming Interface- a set the well-documented ways of
using the system.

Segment: A collection of data that corresponds to one or more coherent views of a system of interest that is stored or
transferred as a unit.

Software artifact: A software artifact is a tangible machine-readable document created during software development.
Examples are requirement specification documents, design documents, source code and executables.

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

Traceability: The degree to which a relationship can be established between two or more products of the development
process, especially products having a predecessor-successor or master-subordinate relationship to one another; for
example, the degree to which the requirements and design of a given software component match.

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

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

View: A representation of a whole system from the perspective of a related set of concerns.

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

5 Symbols

There are no symbols defined.
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6 Additional Information

6.1 Changes to Other OMG Specifications

There are no changes to other OMG specifications.

6.2 How to Read this International Standard

The 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. Core package - Describes foundation constructs for creating and describing meta-model classes in other KDM
packages. Classes and associations of the Core package determine the structure of KDM models, provide meta-modeling
services to other classes, and define fundamental constraints.

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

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

Part IT - 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 - Describes the meta-model elements related to the behavior of applications. Action package
defines detailed endpoints for most KDM relations. The key element related to behavior is a KDM action. Other packages
depend on the Action package to use actions in further modeling aspects of existing applications such as features,
scenarios, business rules, etc.

Clause 14. Micro KDM - Describes the guidelines and constraints for semantically precise KDM representations.
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
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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 behavior of
applications in terms of events, messages and responses.

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

Part IV - Abstractions Layer

Clause 19. Structure package - Describes the meta-model elements for representing the logical organization 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 knowledge about
existing applications in the context of other KDM views.

Clause 21. Build package - Describes the meta-model elements for representing the artifacts involved in building the
software system (the engineering view of the software system).
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7 Overview

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

The 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 software. The meta-model represents the physical and logical elements of software as well as their relationships
at various levels of abstraction.

KDM groups facts about existing systems into several domains each of which corresponds to an ISO 42010 architectural
viewpoint. Each KDM domain is represented by one or more KDM packages, which formalize the viewpoint language for
the domain. KDM focuses at the entities and their relationships that are essential for the given domain. A KDM
representation of a given software system - a KDM instance - is a collection of facts about that system. These facts are
organized into KDM models per each domain. KDM model corresponds to an ISO 42010 architectural view. KDM facts
are further organized into meaningful groups called segments. A KDM segment may include one or more architectural
views of the given system. KDM instances may be part of the complete architectural description of the system, as defined
by ISO 42010, in which case additional requirements of ISO 42010 shall be satisfied by the overall document. KDM
instances are represented as XML documents conforming to the KDM XMI schema.
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Figure 7.1- Layers, packages, and separation of concerns in KDM

KDM is organized into the following 4 layers:
+ Infrastructure Layer

« Program Elements Layer
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» Runtime Resource Layer
» Abstractions Layer

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

Logically, KDM consists of 9 models. Each KDM model is described by one or more KDM packages and corresponds to
one KDM domain. Most KDM domains are defined by a single package, with the exception of the Code domain, which
is split between the Code and the Action packages.

The Infrastructure Layer consists of the following 3 packages: Core, “kdm”, and Source. Core package and the package
named “kdm” do not describe separate KDM models. Instead these packages define common meta-model elements that
constitute the infrastructure for other packages. The Source package defines the Inventory model, which enumerates the
artifacts of the existing software system and defines the mechanism of traceability links between the KDM elements and
their original representation in the “source code” of the existing software system.

The Program Elements Layer consists of the Code and Action packages. These packages collectively define the Code
model that represents the implementation level assets of the existing software system, determined by the programming
languages used in the developments of the existing software system. The Code package focuses on the named items from
the “source code” and several basic structural relationships between them. The Action package focuses on behavior
descriptions and control- and data-flow relationships determined by them. The Action package is extended by other KDM
packages to describe higher-level behavior abstractions that are key elements of knowledge about existing software
systems.

The Runtime Resources Layer consists of the following 4 packages: Platform, UI, Event, and Data.
The Abstractions Layer consists of the following 3 packages: Structure, Conceptual, and Build.

Each of these knowledge facets contains large amounts of information, impossible to be processed at once by human
beings. To overcome such a roadblock, each dimension supports the capability to aggregate (summarize) information to
different levels of abstraction. This requires KDM to be scalable. In addition, KDM represents both kinds of information:
primary and aggregate information. Primary information is assumed to be automatically extracted from the source code
and other artifacts, including (but not restricted to) formal models, build scripts, configuration files, data definition files.
Some (or even all) primary information can be provided manually by analysts and experts. Aggregate information is
obtained from primary information.

Knowledge Discovery exists at progressively deeper levels of understanding, reflecting varying levels required to achieve
different objectives. These were seen as the lexical or syntactic understanding of the program code (language-dependent
level); the understanding of the application functionality and design (language-independent level); understanding of
application packaging and the corresponding dependencies (architecture level); and an understanding of the applications
behavior (business level).

The following are key design characteristics of KDM:
+ KDM is a Meta-Object Facility (MOF) model.
« KDM is an Entiry-Relationship model.

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

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

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

« KDM defines an ontology for describing existing software systems. The ontology defined by KDM is related to the
elements of existing software systems, the relationships between these elements, as well as the elements of the
operational environment of the software system. KDM ontology addresses both physical elements (for example, a
procedure, a variable, a table), which are originally represented by language-specific artifacts of the software (for
example source code), as well as logical elements (for example, user interface elements, concepts that are implemented
by the software, architectural components of the software, such as layers, etc.).
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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
domain-specific, application-specific, or implementation-specific knowledge.

The structure of KDM is defined by combining dimensions and levels of Knowledge Discovery (refer to Figure 8.1).

. s Abstractions
Higher-level, implicit, .
experfs,analysts Conceptual | Build Structure } Layer
Runtime
Data | Event | UI Platform Loper
. Program
Primitives, explicit, Code Action fj;:“‘s
automatically extracted
Source
Infratructure
work kdm Layer
mel{model Core

Figure 8.1 - Structure of KDM Packages

The KDM specification 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 KDM models.

Figure 8.1 illustrates the layers of the KDM specification and shows dependencies between KDM packages by arranging
packages into a stack. Each 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 are 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” in Figure 8.1 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 mapping from the programming language (or languages) used for the development of the existing software
system, to a language-independent KDM representation, that can be further analyzed and transformed by various KDM
tools.

Packages of the Runtime Resource Layer represent higher-level knowledge about existing software systems. Most pieces
of this knowledge are implicitly represented by the original source code of the software system and the corresponding
configuration and resource descriptions. This kind of knowledge is determined not by the syntax and semantics of the
programming language (or languages) used for the development of the existing software system, but by the corresponding
runtime platform. Incremental analysis of the primitive KDM representation may be required to extract and explicitly
represent some of these pieces of knowledge. KDM implementations of the corresponding packages define a mapping
from the platform-specific artifacts to a language- and platform-independent KDM representation, that can be further
analyzed and transformed by various KDM tools.

Packages of the Abstractions Layer represent even higher-level abstractions about existing software, such as domain-
specific knowledge, business rules, implemented by the existing software system, architectural knowledge about the
existing software system, etc. This knowledge is implicit, and often there is no formal representation of such knowledge
anywhere in the artifacts of the existing software system (and often, even in the documentation). Extracting this kind of
knowledge and part of the integrated KDM representation usually involves input from experts and analysts.

KDM instance is a single, integrated representation of different facets of knowledge about the software system.

8.2 Organization of the KDM Packages

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

» The Core package defines the basic abstractions of KDM.
« The package with name “kdm” provides shared context for all KDM models.

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

» 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.

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

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

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

« Conceptual package defines meta-model elements that represent the domain-specific elements of the software system.

+ Build package defines meta-model elements that represent the artifacts related to the build process of the software
system (including but not limited to the engineering transformations of the “source code” to “executables”).
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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 the following 3 packages:

« Core
+ kdm
« Source

The Core package defines the fundamental meta-model element types and the corresponding constraints. Core package
provides a set of types that determine each individual KDM meta-model element through subclassing. Each KDM meta-
model element is a subclass of one of the classes defined in the Core package. From the meta-model perspective KDM is
an entity-relationship representation. So, the two fundamental classes of the Core package are KDMEntity and
KDMRelationship. An entity is a thing of significance, about which information needs to be known or held. A KDM
entity is an abstraction of some element of an existing software system, that has a distinct, separate existence, a self-
contained piece of data that can be referenced as a unit. Each KDM package defines several meta-model elements that
represent specific entities for a particular KDM domain.

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

KDM defines two special relationships:
+ containment
+ grouping

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

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

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

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. Further, KDM designs facilitate
incremental implementations, where certain pieces of knowledge about the existing software is collected by analyzing
more lower level KDM representations. According to this approach certain KDM tools may perform a “KDM
enrichment” process, a “KDM to KDM transformation,” where a tool analyzes the input KDM model and produces one or
more additional 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 existing 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 which the KDM
views are created. This is an important part of the KDM Infrastructure, because other KDM packages use this 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 the reflective API to KDM instances.

9.2 Organization of the Core Package

The KDM specification uses packages to control complexity and bring together logically interrelated classes. The Core
package defines a set of meta-model elements that have the purpose of defining the fundamental patterns and constraints
implemented by all other KDM packages.

The Core package consists of the following four class diagrams:
« CoreEntities
« CoreRelations
« AggregatedRelations
« Datatypes

The Core package depends on no other packages.

9.3 CoreEntities Class Diagram

The CoreEntity class diagram defines key abstractions shared by all KDM models. The classes and associations of the
CoreEntities class diagram are shown in Figure 9.1.

© ISO/IEC 2012 - Al rights reserved Documents

Document Sharing Hub

Full document details: ISO IEC 19506-2012


http://www.avadocuments.com/doc/iso-iec-19506-2012
http://www.avadocuments.com/doc/iso-iec-19506-2012

ISO/IEC 19506:2012(E)

Element

f

ModelElem ent

+/owner +/group
{union} . .
KD M Entity {union}
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+/ownedElement {union}
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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. Element is an abstract meta-model element.

Semantics

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

9.3.2 ModelElement Class (abstract)

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

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

A ModelElement can 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 is a KDMEntity
with which other entities are associated. A KDMEntity can be owned by at most one container, and can be associated with
Zero or many groups.

Superclass
ModelElement

Attributes
name: String An identifier for the KDM entity.
Associations

owner:KDMEntity[0..1] KDM entity that owns the current element. This property determines a meta-level interface
to KDM entities. This property is a derived union. Some KDM entities define a concrete set
of owned elements that are subtypes of KDMEntity. In KDM this is represented by the CMOF
“derived union” mechanism. Concrete properties subset the “union” properties of the parent
classes, defined in the Core package. The owner of a KDM entity is defined as the container
for which the given entity is an owned entity.

group:KDMEntity[0..*] Set of KDM entities with which the current element is associated. This property determines
a meta-level interface to KDM entities. This property is a derived union. Some KDM entities
define a concrete set of grouped elements that are the subtypes of KDMEntity. In KDM this
is represented by the CMOF “derived union” mechanism. Concrete properties subset the
“union” properties of the parent classes, defined in the Core package. The group of a KDM
entity is defined as the group for which the given entity is a grouped entity. Each KDM entity
can be associated with multiple groups.

Constraints

1. KDMEntity should not reference self as groupedElement.

Operations
getOwner(): KDMEntity[0..1] 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.
getOwnedElement(): KDMEntity[0..*] This operation returns the set of KDM entities that are owned by the current
KDM Entity. Only KDM containers can own other entities.
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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 is a thing of significance, about which information needs to be known or held. A KDM entity is an abstraction
of some element of an existing software system, that has a distinct, separate existence, a self-contained piece of data that
can be referenced as a unit. Each KDM package defines several meta-model element that represent specific entities for a
particular KDM domain.

9.4 CoreRelations Class Diagram

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

ModelElement

+/ownedRelation
{union} KDMRelationship

0.*
0.. .
+/outbound 0..

*

+/inbound
) {union}
{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-
endpoint to a particular subtype of KDMEntity. In KDM this is represented by the CMOF ““subsets”
mechanism. Concrete properties redefine the properties of the parent classes, defined in the Core
package.

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 specific KDM relationship
redefines the from-endpoint to a particular subtype of KDMEntity. In KDM this is represented by
the CMOF “‘subsets” mechanism. Concrete properties redefine the properties of the parent classes,
defined in the Core package.

Operations

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

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

Semantics

KDMRelationship meta-model element is an abstract element. The concrete KDM relationships between KDM entities in
KDM views are instances of concrete subclasses of KDMRelationship. Each instance of KDMRelationship has exactly
one target and exactly one origin. Each concrete subclass of KDMRelationship defines the acceptable types of its
endpoints.

9.4.2 KDMEntity (additional properties)

Associations

ownedRelation: KDMRelationship[0..*] Primitive KDM relationships that originate from the current 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 - Al rights reserved Documents

Document Sharing Hub

Full document details: ISO IEC 19506-2012


http://www.avadocuments.com/doc/iso-iec-19506-2012
http://www.avadocuments.com/doc/iso-iec-19506-2012

ISO/IEC 19506:2012(E)

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.

Semantics

This property defines the so called “encapsulated relationship” pattern. From the infrastructure perspective, the
ownedRelation association is required to manage relationship elements. KDM relationships are owned by the entity,
which is the origin of the relationship. From the meta-model perspective, each relationship is a self-contained association
class with to- and from- properties.

9.5 AggregatedRelations Class Diagram

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

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

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

ModelElement

RelationSet
+aggregate
AggregatedRelationship +relation
<density : Integer

KDM Relationship

0..* 0..*

+/inAggregated 0.

D estination

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.
Associations

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

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

from:KDMEntity[1] The source container of the relationships in the aggregated set. All relationships in the
aggregated set should originate from the source container or from some entity that is
contained directly or indirectly in the source container.

Constraints

1. To- and from-endpoints should be distinct.
2. The 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
relationship.

Semantics
AggregatedRelationhips 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
between these two entities (such that the first entity is the from-endpoint of the relationship, and the second entity is
the to-endpoint of the relationship).

2. AggregatedRelationship between an entity and a container (or group) represents the set of all regular KDM
relationships such that the given entity is the from-endpoint and the to-endpoint is any entity that is owned by the
given container (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 relationship “x in* C” means that x is in container C or in some sub-container of C, transitively.

For relationship R, let R’ be the corresponding aggregated relationship.

Given containers C1 and C2 and the relationship R, let

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

That is, P is 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 are 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.

R

|==

Figure 9.4 - AggregatedRelationships illustrated

Figure 9.4 illustrates Containers and aggregated relationships. It uses the following notation. UML package symbols C1
and C2 represent KDM Containers, UML associations represent KDMRelations. An arrow at the end of an association
indicates the direction of the relationship, when there are no arrows at either end of the association (as in the Figure 9.4),
this indicates two relationships, one in each direction. The numbers at the ends of associations, such 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 and the
“otherEntity” is the to-endpoint. The new aggregated relationship is
owned by the model to which owns the current entity (either directly
or indirectly through container ownership).
deleteAggregation 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.

getOutAggregated():AggregatedRelationship[0..*] This operation returns 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 Datatypes class
diagram is a subclass of MOF DataType class. The classes of the Datatypes class diagram are shown in Figure 9.5.

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

<<datatype>>
Integer

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 of the meta-model elements defined by the KDM specification, where each KDM element represents a certain
element of the existing system. Although in the technical sense, KDM instance is a model of the corresponding existing
software system, KDM instance is not a model that represents constraints, like the ones used during the design phase,
rather, this is an intermediate representation that captures precise knowledge about the system.

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

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

10.2 Organization of the KDM Framework

The package with name “kdm” is a collection of classes and associations that define the overall structure of KDM
instances. From the infrastructure perspective, KDM instances are organized into segments and then further into specific
models. There are 9 kinds of models. Each KDM model is described by one or more KDM packages and corresponds to
one KDM domain. From the architectural perspective, each KDM package defines an architectural viewpoint. KDM
model is the key mechanism to organize individual facts into architecture views. From the infrastructure perspective, a
KDM model is a typed container for meta-model element instances (collection of facts organized into an architectural
view). From the meta-model perspective, each KDM model is represented by a separate KDM package that defines a
collection of the meta-model elements, which can be used to represent the facts about the given existing systems from a
particular viewpoint. KDM framework defines a common superclass model element for all models - the KDMModel class.
KDM specification uses the term “KDM model” to refer both to a meta-model element corresponding to a particular
model kind and to a particular instance of such element in a concrete representation of some existing system. Explicit
disambiguation (KDM model meta-model element vs. KDM model instance) will be provided when necessary.

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

The 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.

« Extensions - a class diagram that defines the overall organization of the light-weight extension mechanism of KDM.

» ExtendedValues - 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 Framework class diagram defines the meta-model elements that constitute the so-called KDM Framework: a
collection of KDM models organized into nested segments. These meta-model elements determine the structure of KDM
instances. The classes and association of the Framework diagram are shown in Figure 10.1.
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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
ModelElement

Attributes

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

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

Semantics

Concrete instances of the KDM Framework meta-model elements define the organization of the KDM instance. The
implementer shall:

- arrange instances of the KDM model elements into models (constrained only by the definition of each model)
 arrange KDM models into one or more segments

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

A KDMModel is an abstract class that defines common properties of KDM model instances which are collections of facts
about a given software system from the same architectural viewpoint of one of the KDM domains. KDM defines several
concrete subclasses of the KDMModel class, each of which defines a particular kind of a KDM model. The architectural
viewpoint is define by the corresponding KDM package. A KDM model instance is an architectural view of the given
system.

From the meta-model perspective, KDMModel extends the Element class. Each concrete KDM model follows the so-
called Framework Extension meta-model pattern. This pattern involves the following naming conventions. Let’s assume
that “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, called
“AbstractFooRelationship.” This class extends KDMRelationship class from the Core package.
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* Class “FooModel” owns class “AbstractFooElement.” This association subsets the association between the
KDMModel and KDMEntity defined at the Framework class diagram.

+ Class “AbstractFooElement” owns zero or more AbstractFooRelationship elements.

« The package “foo” includes a “Foolnheritances” class diagram, describing inheritances of “FooModel,”
“AbstractFooElement,” and “AbstractFooRelationship” classes, as well as any other common properties related to the
KDM Infrastructure, such as properties related to the Source package.

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

Superclass
KDMFramework

Associations

ownedElement: KDMEntity[0..*] Instances of KDM entities owned by the model. Each KDM
model defines specific subclasses of KDMEntity class.
aggregatedRelation:AggregatedRelationship[0..*] Instances of KDM aggregated relations owned by the model.
Semantics

The implementer shall arrange instances of the KDM model elements into models (constrained only by the definition of
each model) and to provide name attributes for each KDM model instance. A KDM model instance may be empty or may
contain one or more instances of the elements allowed for this KDM model. A particular KDM instance may contain no
KDM models of a given kind, or several such models.

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

Usually, KDM models corresponding to the KDM Resource Layer and Abstractions Layer have associations to the models
in KDM Program Elements and Infrastructure layer. There should be no associations from the Program Elements and
Infrastructure layer models to Resource and Abstractions layer models.

10.3.3 KDMENntity (additional properties)

Operations

getModel(): KDMModel[0..1] This operation returns the KDM model that owns the current KDM
Entity.

10.3.4 Segment Class

The Segment element is a container for a meaningful set of facts about an existing software system. Each segment may
include one or more KDM model instances and thus represents a collection of one or more architectural views for a given
software system. Segment is a unit of exchange between the tools of the KDM ecosystem. Segment without owners is the
top segment of the KDM model.

34 @ ISO/IEC Bmume:ats

Document Sharing Hub

Full document details: ISO IEC 19506-2012


http://www.avadocuments.com/doc/iso-iec-19506-2012
http://www.avadocuments.com/doc/iso-iec-19506-2012

