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Preface

About the Object Management Group

OMG

Founded in 1989, the Object Management Group, Inc. (OMG) is an open membership, not-for-profit computer industry
standards consortium that produces and maintains computer industry specifications for interoperable, portable and
reusable enterprise applications in distributed, heterogeneous environments. Membership includes Information
Technology vendors, end users, government agencies and academia.

OMG member companies write, adopt, and maintain its specifications following a mature, open process. OMG's
specifications implement the Model Driven Architecture® (MDA®), maximizing ROI through a full-lifecycle approach to
enterprise integration that covers multiple operating systems, programming languages, middleware and networking
infrastructures, and software development environments. OMG's specifications include: UML® (Unified Modeling
Language™); CORBA® (Common Object Request Broker Architecture); CWM™ (Common Warehouse Metamodel);
and industry-specific standards for dozens of vertical markets.

More information on the OMG is available at http://www.omg.org/.

OMG Specifications

As noted, OMG specifications address middleware, modeling and vertical domain frameworks. A catalog of all OMG
Specifications is available from the OMG website at:

http://mww.omg.org/technol ogy/documents/spec _catalog.htm

Specifications within the Catalog are organized by the following categories:

Business Modeling Specifications

. Business Rules and Process Management Specifications

Language Mappings
. IDL/Language Mapping Specifications
. Other Language Mapping Specifications

Middleware Specifications
. CORBA/IIOP
. CORBA Component Model
. Data Distribution
e Specialized CORBA
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Modeling and Metadata Specifications

. UML
. MOF
« XMl

. CWM

. Profile specifications.

Modernization Specifications
. KDM

Platform Independent Model (PIM), Platform Specific Model (PSM), and Interface Specifications
. CORBAservices
e CORBAfacilities
. OMG Domain specifications
. OMG Embedded Intelligence specifications
. OMG Security specifications
All of OMG’s formal specifications may be downloaded without charge from our website. (Products implementing OMG
specifications are available from individual suppliers.) All specifications are available in PostScript and PDF format and

may be obtained from the Specifications Catalog cited above. Certain OMG specifications are also available as SO
standards. Please consult http://www.iso.org

OMG Contact Information

OMG Headquarters
140 Kendrick Street
Building A, Suite 300
Needham, MA 02494
USA

Tel: +1-781-444-0404
Fax: +1-781-444-0320
http: //mwww.omg.org/
Email: pubs@omg.org

Typographical Conventions

The type styles shown below are used in this document to distinguish programming statements from ordinary English.
However, these conventions are not used in tables or section headings where no distinction is necessary.

Times/Times New Roman - 10 pt.: Standard body text
Helvetica/Arial - 10 pt. Bold: OMG Interface Definition Language (OMG IDL) and syntax elements.
Courier - 10 pt. Bold: Programming language elements.

Helvetica/Arial - 10 pt: Exceptions
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Note — Terms that appear in italics are defined in the glossary. Italic text al so represents the name of a document, specification,

or other publication.

Issues

The reader is encouraged to report any technical or editing issues/problems with this specification to http://www.omg.org/

technol ogy/agreement.htm.

Roadmap

This roadmap provides a list of documents including all documents that were generated during the revision task force
process. The source documents for this specification include:

ptc/2009-06-04: Inventory file

ptc/2009-06-02: RTF Report

ptc/2009-06-03: Convenience document with change bars
ptc/2009-06-05: Convenience document without change bars
ptc/2009-05-22: CMOF XMI

ptc/2009-05-23: EMF XMI

ptc/2009-05-24: KDM XMI Schema
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1 Scope

This specification defines a meta-model for representing existing software, its elements, associations, and operational
environments, referred to as the Knowledge Discovery Meta-model (KDM). Thisisthe 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 SwA and ADM challenge is that they analyze existing software
artifacts (for example, source code modules, database descriptions, build scripts, etc.) to obtain explicit knowledge. Any
tool that operates on existing software produces a portion of the knowledge about existing software system. However,
such tool-specific knowledge may not be exported in any explicit format. For example, such knowledge may be used
internally by the tool: a compliler generates precise knowledge about a compilation unit only to discard it as soon as the
object file is generated. Tool-specific knowledge may be limited in scope, 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 ontology and an interchange format that facilitates
the exchange of data contained within individual tool models that represent existing software. The meta-model represents
the physical and logical elements of software as well as their relations at various levels of abstraction. The primary
purpose of this meta-model is to enable a common interchange format that will allow interoperability between existing
modernization and software assurance tools, services, and their respective intermediate representations.

2 Conformance

KDM is defined via Meta-Object Facility (MOF). KDM determines the interchange format via the XML Metadata
Interchange (XMI) by applying the standard MOF to XMI mapping to the KDM MOF model. The interchange format
defined by KDM s called the KDM XMI schema. The KDM XMI schema is provided as the normative part of this
specification.

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 to integrate multiple facts about a complex enterprise application, as the complexity
of modern enterprise applications involves multiple platform technologies and programming languages. In order to
achieve interoperability and especialy the integration of information about different facets of an enterprise application
from multiple analysis tools, this specification 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. Separation of concernsin the design of KDM
is embodied in the concept of KDM domains.

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 defines an architectural viewpoint. The viewpoint language for the domain is defined by
the corresponding KDM package that defines meta-model elements to represent particular facts of the system under study
that are essentia to the given domain. The meta-model elements defined by all KDM packages constitute the ontology for
describing existing software systems. For example, the Code and Action package define the viewpoint language for the
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Code domain that represent individual code elements of the system under study, such as variables, procedures, and
statements. The Structure packages define the viewpoint language for the Structure domain that represents architectural
elements of the same system, such as subsystems and components. The Conceptual package corresponds to the Business
Rules domain and defines the viewpaint language to represent behavioral elements of the same system such as features or
business rules. KDM formally defines traceability between facts, aggregation and derivation of facts across domains.

The following domains of knowledge have been identified as the foundation for defining compliance in KDM: Inventory,
Code, 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= Al KEDM domains
Build Structure  Data Business Rules UL Event Platform Analysis
domain domain  domain domain domain domain domain domain
] M1
L1= Build| structure | Data |Conceptual uI | Event |Blatfor ;;;[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 three KDM compliance levels:
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Leve 0 (LO) - Thiscompliance level addresses the Inventory and Code domains and is determined by the following
KDM packages: Core, kdm, Source, Code, and Action packages. It provides an entry-level of knowledge discovery
capability. More importantly, it represents acommon denominator that can serve as abasis for interoperability between
different categories of KDM tools.

To be LO compliant, atool shall completely support all meta-model elements within all packagesfor LO level.

Level 1(L1) - Thislevel addresses the remaining KDM domains and extends the capabilities provided by Level 0.
Specifically, thislevel is determined by the following packages: Build, Structure, Data, Conceptual, Ul, 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, thislevel represents alayer where tools could be complimentary since their focus would
bein different areas of concern. Thiswould be an additional reason why L0 interoperability (which at this level would
be viewed as information sharing between tools) is mandated. In this case interoperability at thislevel 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 agiven KDM domain, atool shall completely support all meta-model elements defined by the
corresponding packages and satisfy all semantic constraints specified for the domain.

Level 2(L2) - Thislevel istheunion of L1 levelsfor all KDM domains.

2.2.1 Meaning and Types of Compliance

Complianceto Level 1 (L1) for acertain 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 (L0)). It is not meaningful to claim compliance to Level 1 without also being compliant with the Level 0. A tool that is
compliant at aLevel 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:
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The capability to analyze physical artifacts of existing applications and export their representations based on the XMl
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.



Table 2.1 - Compliance Statements

Compliance Statement
ComplianceLevel | Import-Analysis Import API Export
LO Compliant tool shall: Compliant tool shall: Compliant tool shall:
¢ Import KDM models based on ¢ Import KDM models based ¢ Provide capability to analyze
complete KDM XMI schema into on complete KDM XMl existing artifacts for specified
existing tool; schema; programming language or
« Implement mapping between «  Support KDM API defined multiple languages;
KDM and existing internal by the KDM Core package; ¢ Generate XMI documents
representation of the tool; «  Support KDM framework as corresponding to the KDM XMl
« Extend operations of existing tool defined in the Kdm schema;
to support meta-model elements of package; ¢ Support KDM framework as
KDM framework; «  Support KDM API defined defined by the Kdm package;
« Extend operations of existing tool by the Code and Action ¢ Support Code and Action
to support meta-model elements of packages; packages;
Code and Action packages; +  Support traceability to the +  Provide traceability back to the
« Extend operations of existing tool physical artifacts of the physical artifacts as defined by
to support traceability to the application as defined in the the Source package.
physical artifacts of the application Source package.
from Source package.
L1 STRUCTURE Compliant tool shall: Compliant tool shall: Compliant tool shall:
« Demonstrate LO compliance for « Demonstrate LO « Demonstrate LO compliance for
analysis; compliance for import; export;
« Extend operations of existing tool ¢ Support KDM API as ¢ Provide capability to analyze
to support meta-model elements of defined by the Structure architecture components of
the Structure package. package. existing application and
generate KDM Structure model
according to Structure package.
DATA Compliant tool shall: Compliant tool shall: Compliant tool shall:
« Demonstrate LO compliance for « Demonstrate LO « Demonstrate LO compliance for
analysis; compliance for import; export;
« Extend operations of existing tool ¢ Support KDM API as ¢ Provide capability to analyze
to support meta-model elements defined by the Data persistent data components of
of the Data package. package. existing application for specified
database system and generate
KDM Data model according to
Data package.
PLATFORM Compliant tool shall: Compliant tool shall: Compliant tool shall:
« Demonstrate LO compliance for « Demonstrate LO « Demonstrate LO compliance for
analysis; compliance for import; export;
« Extend operations of existing tool ¢ Support KDM API as ¢ Provide capability to analyze
to support meta-model elements of defined by the Platform and platform artifacts for specified
the Platform package. Runtime packages. platform and generate KDM
Platform model according to
Platform package.
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Table 2.1 - Compliance Statements

BUILD Compliant tool shall: Compliant tool shall: Compliant tool shall:

« Demonstrate LO compliance for « Demonstrate LO ¢ Demonstrate LO compliance for
analysis; compliance for import; export;

« Extend operations of existing tool ¢ Support KDM API as ¢ Provide capability to analyze
to support meta-model elements of defined by the Build build artifacts for specified build
the Build package. package. environment and generate

KDM Build model according to
Build package.
ul Compliant tool shall: Compliant tool shall: Compliant tool shall:

« Demonstrate LO compliance for « Demonstrate LO « Demonstrate LO compliance for
analysis; compliance for import; export;

« Extend operations of existing tool ¢ Support KDM API as ¢ Provide capability to analyze
to support meta-model elements defined by the Ul package. user interface artifacts for
of the Ul package. specified user interface system

and generate KDM Ul model
according to Ul package;
EVENT Compliant tool shall: Compliant tool shall: Compliant tool shall:

« Demonstrate LO compliance for « Demonstrate LO * Demonstrate LO compliance for
analysis; compliance for import; export;

« Extend operations of existing tool ¢ Support KDM API as *  Provide capability to analyze
to support meta-model elements defined by the Event artifacts related to event-driven
of the Event package. package. runtime frameworks and state-

transition behavior and

generate KDM Event model

according to Event package.
BUSINESS Compliant tool shall: Compliant tool shall: Compliant tool shall:

« Demonstrate LO compliance for ¢« Demonstrate LO « Demonstrate LO compliance for
analysis; compliance for import; export;

« Extend operations of existing tool ¢ Support KDM API as ¢ Provide capability to analyze
to support meta-model elements of defined by the Conceptual conceptual and behavior
the Conceptual package. package. artifacts (e.g., domain concepts,

business rules, scenarios) of
existing application and
generate KDM Conceptual
model according to Conceptual
package;

MICRO KDM Compliant tool shall: Compliant tool shall: Compliant tool shall:

« Demonstrate LO compliance for « Demonstrate LO * Demonstrate LO compliance for
analysis; compliance for import; export;

« Extend operations of existing tool ¢ Support micro KDM actions | ¢ Provide capability to analyze
to support micro KDM actions as as specified in Chapter 14 artifacts of existing application
specified in Chapter 14 micro KDM micro KDM and Annex A. to the level of detail specified in
and Annex A. Chapter 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.
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Table 2.1 - Compliance Statements

L2 Compliant tool shall: Compliant tool shall: Compliant tool shall:
« Demonstrate LO import « Demonstrate LO « Demonstrate LO export
compliance for analysis; compliance for import; compliance;
« Demonstrate L1 import-analysis ¢ Support KDM API as « Demonstrate L1 export
compliance for all KDM domains. defined by all KDM compliance for all KDM
packages. domains.

3 Normative References

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

« OMG UML Infrastructure Specification, v2.2 formal/2009-02-04

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

¢ OMG Semantics of Business Vocabularies and Business Rules (SBVR), v1.0 formal/08-01-02
e ISO/IEC 19502:2005 Information technology -- Meta Object Facility (MOF)

e ISO/IEC 19503:2005 Information technology -- XML Metadata Interchange (XM1)

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

4 Terms and Definitions

There are no special terms or definitions in this specification.

5 Symbols

There are no symbols defined in this specification.

6 Additional Information

6.1 Changes to Other OMG Specifications

There are no changes to other OMG specifications.

6.2 How to Read this Specification

The rest of this document contains the technical content of this specification.

Chapter 7. Specification overview - Provides design rationale for the KDM specification.
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Chapter 8. KDM - Contains an overview of the KDM packages.
Part | - The KDM Infrastructure Layer

Chapter 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.

Chapter 10. KDM package - Contains 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 instances. This
package determines the queries against KDM instances.

Chapter 11. Source package - Includes meta-model elements that provide traceability from KDM facts to the original
representation of the physical artifact (for example, source code).

Part Il - The Program Elements Layer

Chapter 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.

Chapter 13. Action package - Contains 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 isa 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.

Chapter 14. Micro KDM - Provides the guidelines and constraints for semantically precise KDM representations.
Part Il - The Runtime Resources L ayer

Chapter 15. Platform package - Describes the meta-model elements that represent 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

« Servicesthat are provided by the platform to manage the life-cycle of each resource

« Control-flow between components as it is determined by the platform

 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.

Chapter 16. Ul package - Contains the meta-model elements that represent knowledge related to user interfaces, including
their logical composition, sequence of operations, etc.

Chapter 17. Event package - Includes meta-model elements that represent basic elements related to behavior of
applications in terms of states, transitions between states, events, messages, and responses.

Chapter 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.
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Part IV - Abstractions Layer

Chapter 19. Structure package - Contains the meta-model elements that represent the logical organization of the software
system in terms of logical subsystems, architectural layers, components and packages.

Chapter 20. Conceptua package - Describes the meta-model elements that represent facts related to the business domain
of the existing system and provide traceability to other KDM facts.

Chapter 21. Build package - Includes the meta-model elements that represent the facts related to the build process of the
software system (including but not limited to the engineering transformations of the “source code” to “executables’).

6.2.1 Diagram Format

Meta-model diagrams in this specification are used to mechanically produce the Meta-Object Facility (MOF) definition of
KDM, and the corresponding KDM XMI schema. The following conventions are adopted for all metamodel diagrams
throughout this specification:

e An association with one end marked by a navigability arrow means that:
 theassociation is navigable in the direction of that end,
 the marked association end is owned by the classifier, and
« the opposite (unmarked) association end is owned by the association.
¢ Anassociation with neither end marked by navigability arrows means that:
 theassociation is navigable in both directions,
 each association end is owned by the classifier at the opposite end (i.e., neither end is owned by the association),

« additionally, properties “owner,” “group,” and “model” are automatically renamed to ownerProperty,
groupProperty, and model Property respectively.

» Association specialization and redefinition are indicated by appropriate constraints situated in the proximity of the
association ends to which they apply. Thus:

« the congraint { subsets endA} means that the association end to which this constraint is applied is a specialization
of association end endA that is part of the association being specialized.

« acongtraint { redefines endA} means that the association end to which this constraint is applied redefines the
association end endA that is part of the association being specialized.

« Derived unionisindicated by placing constraint { union} in the proximity of the association end to which it applies.
The corresponding association endpoint is marked as derived and read only.

» If an association end is unlabeled, the default name for that end is the name of the class to which the end is attached,
modified such that the first letter is alowercase letter. In addition, if the name of the class to which the end is attached
starts has a meaningful prefix of uppercase letters, for example XMLxxxx, KDMxxx, UIxxxx, the entire uppercase
prefix is modified to become lowercase. For example, the above words become xmlxxxx, kdmxxx, uixxxx. (Note that,
by convention, non-navigable association ends are often left unlabeled since, in general, there is no need to refer to
them explicitly either in thetext or in formal constraints - although there may be needed for other purposes, such as
M OF language bindings that use the metamodel.)

 unlabeled association ends attached to the class KDM Entity that correspond to KDM Relationships are
additionally prefixed with“in” or “out” according to the direction of the relationship. The corresponding properties
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at the KDM Relationship class side are “to” and “from.” For example, association ends for the ActionElement
class corresponding to the associations to Control Flow class are named “inControl Flow” (the counterpart of the
“to” endpoint from the Control Flow side) and “ outControlFlow” (the counterpart of the “from” endpoint from the
ControlFlow side).

» Associations that are not explicitly named, are given names that are constructed according to the following production
rule:

"A_" <class-namel> <associ ation-end-name2>

where <class-namel> is the name of the class that owns the first association end and <association-end-name2>
is the name of the second association end.
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