Date: September 2016

a __J.I:

| - —

== = E v-T F ==

=' y_—— - — v ] - ]

s — 5 B - e .

. & = I

- —_— = - ——i [ - —

= = i a - B -
== s = —

OBJECT MANAGEMENT GROUP"

Architecture-Driven Modernization:
Knowledge Discovery Meta-Model (KDM)

Version 1.4

OMG Document Number: formal/2016-09-01
Standard document URL:  http://www.omg.org/spec/KDM/1.4

Normative Machine Consumable Files:
http://www.omg.org/spec/KDM/20160201/kdm.cmof
http://www.omg.org/spec/KDM/20160201/action.xsd
http://www.omg.org/spec/KDM/20160201/build.xsd
http://www.omg.org/spec/KDM/20160201/code.xsd
http://www.omg.org/spec/KDM/20160201/conceptual.xsd
http://www.omg.org/spec/KDM/20160201/core.xsd
http://www.omg.org/spec/KDM/20160201/data.xsd
http://www.omg.org/spec/KDM/20160201/event.xsd
http://www.omg.org/spec/KDM/20160201/kdm.xsd
http://www.omg.org/spec/KDM/20160201/platform.xsd
http://www.omg.org/spec/KDM/20160201/source.xsd
http://www.omg.org/spec/KDM/20160201/structure.xsd
http://www.omg.org/spec/KDM/20160201/ui.xsd

Non-normative Machine Consumable Files:
http://www.omg.org/spec/KDM/20160201/kdm.ecore
http://www.omg.org/spec/KDM/20160201/kdm.mdxml




Copyright © 2006, Allen Systems Group, Inc.
Copyright © 2006, EDS

Copyright © 2006, Flashline

Copyright © 2006, IBM

Copyright © 2006, KDM Analytics

Copyright © 2006, Klocwork, Inc.

Copyright © 2016, Object Management Group

USE OF SPECIFICATION - TERMS, CONDITIONS & NOTICES

The material in this document details an Object Management Group specification in accordance with the terms, conditions
and notices set forth below. This document does not represent a commitment to implement any portion of this
specification in any company's products. The information contained in this document is subject to change without notice.

LICENSES

The companieslisted above have granted to the Object Management Group, Inc. (OMG) anonexclusive, royalty-free, paid
up, worldwide license to copy and distribute this document and to modify this document and distribute copies of the
modified version. Each of the copyright holders listed above has agreed that no person shall be deemed to have infringed
the copyright in the included material of any such copyright holder by reason of having used the specification set forth
herein or having conformed any computer software to the specification.

Subject to all of the terms and conditions below, the owners of the copyright in this specification hereby grant you a fully-
paid up, non-exclusive, nontransferable, perpetual, worldwide license (without the right to sublicense), to use this
specification to create and distribute software and special purpose specificationsthat are based upon this specification, and
to use, copy, and distribute this specification as provided under the Copyright Act; provided that: (1) both the copyright
notice identified above and this permission notice appear on any copies of this specification; (2) the use of the
specificationsisfor informational purposes and will not be copied or posted on any network computer or broadcast in any
media and will not be otherwise resold or transferred for commercial purposes; and (3) no modifications are made to this
specification. Thislimited permission automatically terminates without notice if you breach any of these terms or
conditions. Upon termination, you will destroy immediately any copies of the specificationsin your possession or control.

PATENTS

The attention of adoptersis directed to the possibility that compliance with or adoption of OMG specifications may
require use of an invention covered by patent rights. OMG shall not be responsible for identifying patents for which a
license may be required by any OMG specification, or for conducting legal inquiriesinto the legal validity or scope of
those patents that are brought to its attention. OM G specifications are prospective and advisory only. Prospective users are
responsible for protecting themselves against liability for infringement of patents.

GENERAL USE RESTRICTIONS

Any unauthorized use of this specification may violate copyright laws, trademark laws, and communications regul ations
and statutes. This document contains information which is protected by copyright. All Rights Reserved. No part of this
work covered by copyright herein may be reproduced or used in any form or by any means--graphic, electronic, or
mechanical, including photocopying, recording, taping, or information storage and retrieval systems--without permission
of the copyright owner.



DISCLAIMER OF WARRANTY

WHILE THIS PUBLICATION ISBELIEVED TO BE ACCURATE, IT ISPROVIDED "ASIS" AND MAY CONTAIN
ERRORS OR MISPRINTS. THE OBJECT MANAGEMENT GROUP AND THE COMPANIES LISTED ABOVE
MAKE NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARD TO THIS PUBLICATION,
INCLUDING BUT NOT LIMITED TO ANY WARRANTY OF TITLE OR OWNERSHIP, IMPLIED WARRANTY OF
MERCHANTABILITY OR WARRANTY OF FITNESS FOR A PARTICULAR PURPOSE OR USE.

IN NO EVENT SHALL THE OBJECT MANAGEMENT GROUP OR ANY OF THE COMPANIESLISTED ABOVE
BE LIABLE FOR ERRORS CONTAINED HEREIN OR FOR DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
CONSEQUENTIAL, RELIANCE OR COVER DAMAGES, INCLUDING LOSS OF PROFITS, REVENUE, DATA OR
USE, INCURRED BY ANY USER OR ANY THIRD PARTY IN CONNECTION WITH THE FURNISHING,
PERFORMANCE, OR USE OF THIS MATERIAL, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH
DAMAGES.

The entirerisk as to the quality and performance of software developed using this specification is borne by you. This
disclaimer of warranty constitutes an essential part of the license granted to you to use this specification.

RESTRICTED RIGHTS LEGEND

Use, duplication or disclosure by the U.S. Government is subject to the restrictions set forth in subparagraph (c) (1) (ii) of
The Rightsin Technical Dataand Computer Software Clause at DFARS 252.227-7013 or in subparagraph (c)(1) and (2) of
the Commercial Computer Software - Restricted Rights clauses at 48 C.F.R. 52.227-19 or as specified in 48 C.F.R. 227-
7202-2 of the DoD F.A.R. Supplement and its successors, or as specified in 48 C.F.R. 12.212 of the Federal Acquisition
Regulations and its successors, as applicable. The specification copyright owners are as indicated above and may be
contacted through the Object Management Group, 140 Kendrick Street, Needham, MA 02494, U.SA.

TRADEMARKS

CORBA®, CORBA logos®, FIBO®, Financial Industry Business Ontology®, FINANCIAL INSTRUMENT GLOBAL
IDENTIFIER®, |110P®, IMM®, Model Driven Architecture®, MDA®, Object Management Group®, OMG®, OMG
Logo®, SoaML®, SOAML®, SysML®, UAF®, Unified Modeling Language®, UML®, UML Cube Logo®, VSIPL®,
and XMI® are registered trademarks of the Object Management Group, Inc.

For acomplete list of trademarks, see: http://www.omg.org/legal/tm_list.htm. All other products or company names
mentioned are used for identification purposes only, and may be trademarks of their respective owners.

COMPLIANCE

The copyright holders listed above acknowledge that the Object Management Group (acting itself or through its
designees) isand shall at all times be the sole entity that may authorize developers, suppliers and sellers of computer
software to use certification marks, trademarks or other specia designations to indicate compliance with these materials.

Software devel oped under the terms of this license may claim compliance or conformance with this specification if and
only if the software compliance is of a nature fully matching the applicable compliance points as stated in the
specification. Software developed only partially matching the applicable compliance points may claim only that the
software was based on this specification, but may not claim compliance or conformance with this specification. In the
event that testing suites are implemented or approved by Object Management Group, Inc., software devel oped using this
specification may claim compliance or conformance with the specification only if the software satisfactorily completesthe
testing suites.



OMG's ISSUE REPORTING

All OMG specifications are subject to continuous review and improvement. As part of this process we encourage readers
to report any ambiguities, inconsistencies, or inaccuracies they may find by completing the I ssue Reporting Form listed on
the main web page http://www.omg.org, under Documents, Report a Bug/l ssue.



Table of Contents

(=] = T TP XV
i Yol 0] o ]I PPN 1
pZ O] o1 0] 41 4 F= 1 g (o = P 1
2.1 KDM DOMAINS ..tuuiiiiiiiiiie e e e eee et s e e e e e e e e e e e e e e e e eaaaesssaa s aaaeeaeeeeaaeeeeanesnnnes 2

2.2 COMPlIANCE LEVEIS ...ttt e e e e e e e e e e e aaaaaaens 3

2.2.1 Meaning and Types of COMPIIANCE ......coooiiiiiiiiiii e 4

3 NOrMAative REFEIENCES ........oiiiii i e 6
4 Terms and DefiNitiONS .......ccooiiiiiiiiii e e e e e 7
5 SYMDOIS . 9
6 Additional INfOrmMation ..........coouiiiiiii e 9
6.1 How to Read this SPecCification ..........ccccooiiiiiiiiiiiiier e 9

6.1.1 DIagram fOMMAL .....coooiiiiiiei ettt e e e e e e et e e e e e e e e e e e e s e ennbb e e e aeaaaae s 11

SPECIfICAION OVEIVIEW ....uuiiiiiieiiiie et e et e e e e e e eaaeeeeees 13

G T D Y PP 17
S0 R O 1Y =T V1 P 17

8.2 Organization of the KDM PacCKages ........cccceeiiiiieiiiiiiiiiieeeciies e 18

Subpart | - INfrastruCtUre LAYl .......coocvieieiiieeeeeiiiie ettt 21
O COrE PACKAQE ...iiieiiiiiiii ittt ettt ettt eaaaa 23
S TR R @ Y=Y V1 PSP 23

9.2 Organization of the Core Package ........ccccceeiviiiiiiiiiiiiceiee e, 23

9.3 Elements Class DIagram .........coooeiiiiuiiiiiiiiiiaeee e e ee e e eeeeeeeernis e e e e e aeaeeeeees 23

9.3.1 Element Class (BDSLrACL) .....c.coiiiiiiiiiiiiiii et 24

9.3.2 AnnotatableElement Class (ADSIFACE) ........ccuvieviiiiiiiiie e 24

9.3.3 AnnotationElement Class (ADSIFrACE) .........cueeiiiiiiiiiiie e 24

9.3.4 ExtendableElement Class (aDSract) ..o 24

9.3.5 ExtensionElement Class (ADSIract) ..........ccoviiiiiiiiiii e 25

9.3.6 ModelElement Class (ADSIIACE) .......coiiuiiiiiiiiiiiii e e 25

9.4 CoreEntities Class DIAgram ..........uuuuuuiiiiiieaeeeeeee ittt e e e e e eeeeeeeeennees 25

9.4.1 KDMENtity Class (ADSLrACL) .......ueveiiiiiiiiiie ittt 26

Architecture-driven Modernization (ADM): Knowledge Discovery Meta-model (KDM), v1.4 i



9.5 CoreRelations Class DISgram .........ceuuiiieeaiiiiiiiii i e e e e e e e 28

9.5.1 KDMRelationship Class (ADSIract) .......cuiveeeeiiiiiiiiiiieiieiieeee e e e e e 28

9.5.2 KDMERtity (additional PrOPErti€S) .....uuuueeeeriiieeeeeiiieiiiiiiieeee e e e e e e s e s s ssenrreeereeeeaeeeeesannnnes 29

9.6 AggregatedRelations Class Diagram ...........ccoooiiiiiiiiiiiiiiiiieiiee e 30
9.6.1 AggregatedRelationShip Class ..........eeeeiieiieioiiiiiiiiie e e e e e e 31

9.6.2 KDMERtity (additional PrOPErti€S) .....uuueeeeirieieeeeeiiiiiiiieiieeeeeeee e e s e s s ssennreneeeeeeaeeeeeeannnne 33

9.6.3 KDMRelationship (additional Properti€S) ........cccoviiiiicciiiiiiiieieeee e er e e e e e e e 34

9.7 Datatypes Class DIAgram .........uuuuuioiioiiieeeeeeeieeeeeeeeiiiiias e e e e e e e e e e eeeeeeeeeeennanns 34
9.7.1 Boolean TYpe (AALALYPE) ......eeeeieiiiiiieie ittt ettt e e e st e e e e s sabaeeee e 35

9.7.2 StriNg TYPE (AALALYPE) ..eeeeiiiiiiie ettt et e e st e e e sabaeeeeeans 35

9.7.3 Integer TYPE (AAALYPE) ..coieeieiieiiitie ettt et e et e e e st e e e sabeeeeeeaaes 35

10 The Package named “KAmM” .........ccooriiiiiiiiiii e 37
L0.1 OVEIVIEW .ottt e ettt e e e e e e e e e e e e e e s s s s s s sttt ettt e e e e e aaeaaeeeaaeasssanaannnseenenees 37
10.2 Organization of the KDM Framework ............ccccuiiiiiiiiiiiiiiiiieee e 37
10.3 Framework Class DIiagram ...........uuuueiioiiiiieeeeeeeeeeeeeeiiiesaiins s s eseeeeeeeaeseeseennnnns 38
10.3.1 FrameworkElement Class (ADStract) ........cccccvoiiiiiiiiiiiiiieeeer e 39

10.3.2 KDMModel Class (ADSIrACL) .....uuuururiiiiiiiiiiiee e ee et e s e e e e e e e e e ae e e e e eeanenes 39

10.3.3 KDMEntity (additional Properti€s) .........ccceeeiieiiiie e a e e 41

O oY= T 0= A O = 1P 41

10.4 Audit Class DIAQIaAIM .......coeiiiiiiiiiiaiiieie ittt e e e e e e e e e e e 42
O I N E o [ A O = T PP 42

10.4.2 ModelElement (additional Properti€s) .......cc.uuueeeeieieeeiiiiiiiiieeer e e 43

10.5 Extensions Class DIagram ..........cooooiiiiiiiiiiiiiiiiiiieie e e e 44
OB T S (= 1T o LT O = LSS 45

O T2 - To | B I=) {1 1 1o g - TSP a7

10.5.3 EXteNSIONFamMIly ClaSS ......ccccuiiiiiiiiiiee s e e e s e e e e e e e s e eee s 49

10.5.4 ExtendableElement (additional Properties) .........cceeeeveiiiiiiiiiiieeiieeeee e 49

10.6 ExtendedValues Class DIiagram .......cccooooeeooreiiiiiiiiiiiiiiiiiiias e e e e e e e eeeeeeeeeeeens 50
10.6.1 ExtendedValue Class (DSIract) ........ceeoeiiiiiiiiiiiii e 51

10.6.2 TAQQUEAVAIUE ClASS ....cuviiiieiiiiiiiee et et e e 51

10.6.3 TAGGEARET CIASS ...eeeiiiiiiiiiiiie ittt e et e e e 52

10.7 Annotations Class Diagram .............uuuuuiiiiiiiiieeeeeeeeeeeeeeess e e e e e e e e e aeeees 52
OB A 11 o U S O = 1RSSR 53

O A AN g o] - 1 o] o = T RSP 54

10.7.3 AnnotatableElement (additional Properties) .......ccccceeviiiieieeiniiiiee e 55

ST o 10 oT T o= Tl = T [ PP 57
11,1 OVEIVIEW oiiiiiiiiiitietee et ettt e e e e e e e e e e e e e s s s s s e s bbbttt ettt e e et e e e aaeeaeeeaeeasasanannnssebeenees 57
11.2 Organization of the Source Package ..........cccccoiiiiiiiiiiiiiiiiiii e 58
11.3 InventoryModel Class Diagram .........cccooieeeieeeeeerieeeeeieeiiiiensaesseeeeeeeeseeeeseesnnnns 59

ii Architecture-driven Modernization (ADM): Knowledge Discovery Meta-model (KDM), v1.4



0 I 1 1Y/ 01 Y 1Y/ [T [ I = 1 60

11.3.2 AbstractinventoryElement Class (abstract) ...........ccocccveeeiiiiiiiiie e 60

11.3.3 AbstractinventoryRelationship Class (abstract) ..........ccccccoeiiiiiiiiiiee e, 60

11.3.4 Inventoryltem Class (QENEIIC).......ceuvvueeeiiiiiiiiiiieie e e e e e e e e e ee et e e e et a e e e e e s 61

11.3.5 InventoryContainer Class (GENENIC) .....cccvvvieieeeieiiiiiiiiees s e e e e e e e e e e e e e e e e e e eeee e 62

R G I T =T o] Y O = T 62

0 A 0 =T T 63

11.4 Inventorylnheritances Class Diagram ...........ccccccceeeeiiiiiiiieiieineeeee 64
11.5 Inventoryltems Class Diagram ..............ecciiiiiiiiiieeeeiieee e e e e e e e e e 64
11.5.1 SOUICEFIIE ClASS ...ttt et e e e e e e e s bbb e e e e e e e e e e e aaans 64

11.5.2 MOEI CIASS ... ittt ettt ettt e et e e e e e e s e e et bbb beeeeeeaaaaeeeaaaannes 65

11.5.3 DOCUMENT CIASS ...iiiiiieititietiee e e e e e e ettt et e e e e e e s e s et bbb e et e e e e e e e e e e s aannnbbebeeeeaaaaeaeseaanns 66

11.5.4 IMAgEFIlE ClIaSS ...cooiiiiiiiiieeie ettt et e e e e e e e s et e e e e e e e aaeaeeeanes 66

11.5.5 AUAIOFIIE CIASS .iiiiiiiiiiiiett ettt e e e e bbbttt e e e e e e e e e s e b b bbeeeeeeaaaaeeaaans 66

11.5.6 DAtAFIlE CIASS ..ccoiiiiiiiiiiete ettt e e et e e e e e e s e bbb e e e e e e e e e e e e aae 66

L11.5.7 SEIVICE CIASS ..eeiiiiiiiiiiiiitttt ettt et e e e e e e e e b bbbttt e e e e e e e e e e s aanbbbbaseeaeeaaaaeannn 67

11.5.8 CONFIGFIIE ClASS ...ttt ettt e e e e e e st ae e e e e e e e e e e 67

11.5.9 LinkableFile Class (QENETIC) .....cooiiiiiiiiiiiieie ettt e e e e e e e e e 67
11.5.20 ODJECIFIlE ClASS ...ttt et e e e e e e e st e e e e e e aaaaeeeanns 68

11.5.27 LiDraryFile CIASS ....uuuueeiieeiaiiaa ittt e e ettt e et e e e e e e s e e bt bbb e e eeeaeaaaeeeaaannes 68

11.5.12 EXECULADIERIIE ClASS .....ueiiiiiiiieeiiie ittt e e e e e e e 68

11.6 Traceability Class DIagram ............ouuuuuuiiiiiiiiiieeeeee e eeee e e e e e e aeaaeeeeens 69
11.6.1 SOUICERET CIASS ..ottt ettt e e e e e e s e bbb e e e e e e e e e e e aaans 69

L11.6.2 TrACK CIASS .eeiiiiiieeiiiiii ittt ettt ettt e e e e e ekt b e et e e e e e e e s e s s anbnbbeeeeeeeeeesennes 71

11.6.3 KDMEntity (additional Properti€s) ..........uuuuuuruumiiiiiiiiiiieiee e e e eeee e s 71

11.7 Regions Class DIagram ........cooivviiiiiiiiiiiiiiiiieee e e e e e ee e a s e e e e e aeaaaeeees 71
11.7.1 Region Class (ADSIIACE) .....uuuuiiiiiiiieie i e e e e s e e e e e e aeee e e 72

11.7.2 SOUICEREQION CIASS ..uuuvuiiiiiiiiiiieeee i et ieitte et e e e e e e e e s s st e e e e e e e e e s s s s s eanbreaeeereeaeeeeseannns 73

R Y g F= T Y = To T o g 4 = 1SR 74

11.7.4 ReferenceableRegion CIaSssS .........ooeeueiiiiiiiiiiiiiiis e s 74

11.8 InventoryRelations Class Diagram ..........cccoeoiieeeoeeiiiieiiieeiiiiirnnee e e e e e e 75
000 100 I I =T o T= T o £ @ T - T PR 75

11.8.2 TraceableTO CIASS ....uueiiiiiiiiiieiiiiiiiie ettt ettt ettt e sttt e e e sttt e e e snbt e e e e s snaaneee s 76

11.9 ExtendedinventoryElements Class Diagram ...........ccccovviiiiiiiiiiiiiiinneeee e 76
11.9.1 InventoryElement ClIass (QENEIIC) .....uieeiiiiriiiiiiiiiee ettt ettt 77

11.9.2 InventoryRelationship Class (QENETIC) .....uuvviiiiiiiiiieeiiiiee et 77
Subpart Il - Program EIements Layer..........ccoouuiiiiiiiiiiiiie e 79
D2 o To [l = Tod €= o [P 83
L12.0 OVEIVIEW ..ttt e et e e e e e et e e e e e e ee st e e e e e aaa e e e e eeataaeaeeaenns 83
12.2 Organization of the Code Package ........cccceevviiiiiiiiiiiiiiieerieie e 83
12.3 CodeModel Class DIiagram ............ouuuuuuuiiiiiiiiieeeeeeee et e e e e e e e aaeeeees 84

Architecture-driven Modernization (ADM): Knowledge Discovery Meta-model (KDM), v1.4 i



G 0 R @Yo [S11Y, oo [ I O F= 17 85

12.3.2 AbstractCodeElement Class (abSIracCt) ......cccoveieieieeeiiiiieeeeeeeeeer e 86
12.3.3 AbstractCodeRelationship Class (abStract) ..........cccceeiviviiiieeeeeicre e 86
12.3.4 Codeltem Class (ADSLraC) ........uuvuuuiiiiiiiiiii e e e e e e e e e e aeaans 86
12.3.5 ComputationalObject Class (ENEIIC) ...uuciiiiieie i e e e e e e e 86
12.3.6 Datatype ClasS (JENEIIC) ..evuuuuiriuuiiiiiiiiiie e e s e e e e e e e e et et ettt ee et r s e s e e eaaaeaaaeaaeeeraennes 87
12.4 Codelnheritances Class Diagram .........ccccccuuuiiiiiiiiiiiieiieee e e 87
12.5 Modules Class DIagram ..........cooevuiiiiiiiiiiieie e eeeeee e a e e e e e e e e e eeees 88
12.5.1 MOdUIE ClaSS (GENEIIC) ....eeietiiiiiieee ettt e et e e e e e e e e e e e e aaanbebeeeeeeas 88
12.5.2 CompilatioNUNIt CIASS ......ccuuiiiiiiiiiiiie et e e e e e eeeeas 89
12.5.3 Shar€dUNIL CIASS ...ccoooiiii ittt e e e e e e e e e e e aaaaees 90
12.5.4 LanguageUNIt CIASS .........uueiiiiiiiiiiaiii ettt e e e e e e eeaaaeeas 90
12.5.5 CodeASSEMDBIY CIASS ..ottt e e e e e e eb b 20
12.5.6 PACKAGE CIASS ..eeeeiiiiiiaiiiiiiitttie ettt ettt e e e e e e e e e et bbb e e e e e e e e e e s e e aanbabaeaeaeeaens 91
12.6 ControlElements Class Diagram ........cccooeeeeieeeeieiieeeiieiiiiiissees e e e eeeeeeeeeeeeeennne 91
12.6.1 ControlElement Class (JENEIIC) .....ccivvviieeeieiiiiiiiees e e e e e e e e e e e e e 92
12.6.2 CallableUnit CIASS ......ccciiiiiiiiiiii ettt e e e e e e e e rreeeaeaeeas 93
12.6.3 CallableKind Data Type (ENUMETAtION) .........ceeieieieieeeeeieieee e e e e e e e e e eee e 93
12.6.4 MethOAUNIL CIASS ..ociiiiiiiiiiiitt ettt e e e e e e e e eeeeeeeas 94
12.6.5 MethodKind data type (ENUMErAtiON) ..........ceeiiieiiieee e e e e e e e 94
12.6.6 ExportKind data type (ENUMETAtiON) ..........euiiiiiieieieeeeeeeeeee e e e e e e ae e 95
12.7 DataElements Class DIiagram ............euuiiiiriieieeeeeeeieieeeeeiiiisnnnnes e e eesaeaeeeeeees 96
12.7.1 DataElement Class (JENETIC) ..uuuuuriiiiieeiieiieieiiiriie e e e ee e e s e s ss st ee e e e e e e e e e s anannnreaeeeeeees 97
12.7.2 SOrableUNIt CIASS ....oviiiiiiiiiiiiiiit ettt s s bbb e bt e e e e nees 98
12.7.3 StorableKind data type (ENUMETAtION) .........eviiiiieeeiiiiiiiiiiieeir e e e e e e e s e e eee s 98
12.7.4 REMUNIE ClASS .oiiiieeiiiie ittt ettt e sttt e e s st e e e s ebb e e e e e nbbe e e e e e aes 99
12.7.5 INAEXUNIE ClASS ...veiiiiiiiiiiiie ittt e s b e e e e ee e e e e neeas 99
12.7.6 MeMDBEIUNIL CIASS ..oiiiiiiiiiiiie ittt sttt e e s st e e e s e nbbe e e e e eeeee 99
12.7.7 ParameterUNIt CIASS ....oooiiiiiiiiiiiiee et e e e e e e e ee e 100
12.8 ValueElements Class Diagram .......ccccooveeieeeeiiiiiiiiiiiiiiiinnnsee e e e e eeeeeeeeeeeennnens 101
12.8.1 ValueElement Class (QENEIIC) ..uuviiieeieeiiiiiciiiieiie et e e e e e e s se s er e e e e e e e e e s e e enrenaneeeeees 101
12.8.2 VAIUE ClASS ..eiieeiiiiiiiee ettt ettt ettt e e ettt e et e e e e st e e e e e st e e e e e ennaas 102
12.8.3 VAIUELISE ClASS ....uvveiieeiiiiiiee ettt ettt ettt e e e et e e e e 102
12.9 Datatypes Class DIagram ..........uuuuuuiiiiiiiaieeeeeeeeeeeeeeeeeiiiies s e e e e e e eeeeeeeeeee 102
12.10 PrimitiveTypes Class DIiagram .......ccccoeeeiiieeeieiiiiiiieeiiiiiiiiaseaseeeeeeeeeeseeeeeeenens 103
12.10.1 PrimitiveType Class (JENEIIC) ....cccviviieeeeeieiiiiiiiiees s e e e e e e e e e e e e e eee e eneaeaaeees 104
12.10.2 BOOIEANTYPE ClASS ....cceeiieieieeeeee ettt e e e e e e e e e e e aaaaeaaees 104
D O O o = T I o 1= I O - TS 105
12.10.4 OrdiNAITYPE ClaSS ....ccieeieieiiie e e et e et s e e e e e e e aeaaaaaaeaaees 105
12.10.5 DAtETYPE ClaSS ...cciiiiei et e e e e e e a e e e a e e e aaaaaes 105
12.10.6 TIMETYPE CIASS ...uuuiiiiiii it e e e et e e e s e s e e e aaeaas 106
12.10.7 INteQerTYPE ClASS ...cooeeeeeeeiiiiiitiiee et e e e e ettt e s s s e e e e e e e aaaaaaeeeeeeeaennees 106
12.10.8 DECIMAITYPE CIASS ...uiiiii i e e e a e e e e e e aaaeeees 106
12.10.9 SCAlEATYPE CIASS ...uciiiii i e e e ea e aeaeaaaaees 106
D O O o T Y i Y o= 1 = S 107

Architecture-driven Modernization (ADM): Knowledge Discovery Meta-model (KDM), v1.4



12.11

12.12

12.13

12.14

12.15

12.16

12.17

12.18

12.19

12.20

D 0 B Vo T I Y o= 1 = 107

D O I 1 ] o 1 I3 1= T O = L 107
12.10.13 BItTYPE ClASS ..vuuuuuiiiiiiiii e e ettt s s e e e e e e e e e e e e e e et e e e e e e e e teer e eas 108
12.10.14 BItSINGTYPE ClASS .. .coiiiieiieieeeeeeee s e e e e e e e e e e e e e e e e e e e e e e as 108
D O S @ T (= i 1)V = O = 1 108
12.10.16 OCtetStriNGTYPE ClASS ...cccieiei e e e e e e e e e e e e e e e e s 108
EnumeratedTypes Class Diagram ..........ccoovvvveeiiiiiiiiiiiiinneeeeeeeeeeeeeeeeeeeennnens 109
2 I O I o [0 =Y = L =T Y o = - T PSR 109
CompositeTypes Class DIiagram ...........ceeeeciiiiieeeeeeeeeeeeeeiiiiiiinna e e e e eeeeeens 110
12.12.1 CompositeTYPE ClassS (QENEIIC) ..uuurrrirriiiiiiiieeeeeesies sttt ereree e e e e e sessnenerrerrereeaeees 110
12.12.2 ChOICETYPE ClASS ..iiciiciiiiiiieiiiiie e e e e e s e e e e e e e e e s s eeeae e e s s e snnnnnrenaneeeees 111
12.12.3 RECOTATYPE ClASS ....ueiiiiiiieiiieie e e ettt e e e e e e s st e e e e e e e e s s s an e raneeeees 111
DerivedTypes Class Diagram ..........coiiiiiiiiiiiiie e e e 113
12.13.1 DerivedType Class (GENETIC) ....ovuveeieeiiiiiiie ettt et e e 113
12.13.2 ArrQYTYPE ClASS ..ooiiieeiiiieiiieee ettt st e s e e e e e 114
12.13.3 POINEITYPE ClASS . .ieiiiiiiiiiiiiee ettt et e e aneeas 115
12.13.4 RANGETYPE ClASS oottt e b e e e eaees 115
12.13.5 BAGTYPE CIASS ..eeieiiiiiiiieiiiitiie ettt ettt s ettt e ettt e e et e e e e anabe e e e s e nannes 116
12.13.6 SEITYPE ClIASS ..eeieiiiiiiiiiiei ittt ettt s bbb e e e st e e e et e e e e e nanees 116
12.13.7 SEQUENCETYPE ClIASS ..eiiiiiiiiiiie ittt ettt e e e 117
Signature Class Diagram ..........ccooiiiiiiiiiiieeiceees e e 117
12.14.7 SIGNALUIE CIASS ..uuuuttiiiiiiiiiiaae ettt ettt e e e e e e e e s e et bbb et eeaaaae e e e e e s e aabnbbebeeeeeaaaaaaaans 117
12.14.2 ParameterKind (ENUMETAtioN) .......ccouuiiiiiiiiieia et e e e e 118
DefinedTypes Class Diagram ..........ccooeeeeeiiiiiiiiiiiicie e e e e e eeeeeeeanaens 118
12.15.1 DefinedType ClasS (QENEIIC) ....ccoieueieiieiiiiiee ettt e e e aaee e 119
12.15.2 TYPEUNIL CIASS ...ttt e ettt e e ettt e e e e e e e e e s nnb et eaeeaaaaaeeens 120
12.15.3 SYNONYMUNIL CIASS ....eeiiiiiiiieiii ittt e e e e e e e e e 120
ClassTypes Class Diagram ..........coeeuvuiuiiiiiiiiieeeeeeeeee e aeeeee e 120
12.16.1 ClaSSUNIE CIASS ...uuiiiiiiiiiiiiiee e ettt ettt e e e e e e e e e e s eereeaaaaeeeas 121
12.16.2 INterfaCeUNIL CIASS .......coiiiiiieiiiiiite ettt a e e e e 121
Templates Class DIagram .........cooeevuuiiiiiiiiinieee e e e e e e 122
12.17.1 TemplateElement Class (QENENIC) .....c.uuuuuuriiiiiiieie e e e 122
12.17.2 TemplateUnNIt ClassS .......ccoooiiiiiieieee e a e e e 123
12.17.3 TemplateParameter Class ..........cccoiiiiiiiiiiiiices e 123
12.17.4 TemplateTyPe CIasS ....ccooiiiiiiieieeeee e e e e e e as 124
TemplateRelations Class Diagram .........ccccoiioiiieeeeiieeieeeieeiirn e e e 124
12.18.1 INStANCEOS CIASS ...ciiveiiiieiiiiiiie ettt ettt s s s bt e e s et e e e s e nnabe e e e s e eeees 125
12.18.2 PArameterTO ClasS ......uueiieiiiiiiiii ittt s e e e s e b e e e e snnees 125
InterfaceRelations Class Diagram ........ccccooovviiiiiiiiiiiiiiiieeeeee e 128
12.19.1 IMPIEMENLS ClASS ..coiieiiiieiiitiee ettt e e e e 129
12.19.2 ImplementationOf ClIASS .........eviiiiiiiiiiei ittt 130
TypeRelations Class Diagram ........ccccoviviiiiiiieiiiiiiiie e 133

Architecture-driven Modernization (ADM): Knowledge Discovery Meta-model (KDM), v1.4 \Y



D O I o P T I o= O = 1 133

12.20.2 HASVAIUE ClASS ...cciiiiriieeiiiiiiie ettt 134

12.21 ClassRelations Class Diagram ...........coccceuiiiiiiiiiiiiieieieee e 139
12.21.1 EXIENAS CIASS ..oeiiireiiiiiiieiiee ettt ettt e e ne e 139

12.22 PreprocessorDirectives Class Diagram ..., 141
12.22.1 PreprocessorDirective Class (QENETIC) ..uvvviiiieeeiieiiiiicciiiiieeer e e e e e e e s sesnreraeeee e 141

12.22.2 MACIOUNIL CIASS ....eiiiiiiieiriee ittt n e 143
12.22.3 MacroKind data type (ENUMEratioN) ........cccvevieeiieiiiiiiiiiiiiiieeee e e e e e e e e e s e e sssseeeeeeeeeeees 143
12.22.4 MaACrODIreCtIVE ClIASS .....ciivreeiieieiiieieiiet ettt 144

12.22.5 INCIUAEDIFECHIVE CIASS ...iiiirieirieee ittt e 144

12.22.6 Conditional DIreCtIVE CIASS ........coviueiiriiieiiiie it 144

12.23 PreprocessorRelations Class Diagram ...........coooevuiiiiiiiiiiiinnneeeeeeeeeeeeeeeiiieene 145
12.23.1 EXPANAS CIASS ...eeiiiiiiiiiiiiie ittt ettt e et e et e e e e ee e e e aee 145

12.23.2 GeneratedFromM CIASS .....ciiiiiiiieiiiiiiiciiiiiee et e e e e s e e e e e e e e e e e s e s s raeeeeees 146

D2 T [ T [ o [= SR O = 1P 148
12.23.4 VariantTo ClassS ......ccooiiuiiiiiiiiiieie ettt e e e e e e e e e e e e e e e e e e e s e e s snnnnreeneees 149

12.23.5 REAEIINES ClASS ..iiiiiiiiiiiiiiiiiiie ettt e e e r e e e e e e e e e s e e snnnenaeeeeees 151

12.24 Comments Class DIiagram .........cccceoeiiiieieeeeeiiieeeeeeeese s e e e e e e e eeeeeeeenanens 152
12.24.1 COMMENTUNIL CIASS ....uvttiiiiiiiiiiiee ettt e e e e et e e e e e e e e e e e s e e nbaabrenees 153

12.24.2 AbstractCodeElement Class (additional properties) ........cccceeeeeeeeereiiniiiiciiiiiiieeeeenn. 154

12.25 Visibility Class DIiagram .............uuuuuuiiiiiiiiieeeeeeee et e e e e e e e e e e aeeees 154
12.25.1 NAMESPACE CIASS ...uuturiiiiiiiiiaiaaae ettt ettt et e e e e e e e e e e bbb b e e et e e e e e e e e e e aeaanbabberaeeeaaaas 154

12.26 VisibilityRelations Class Diagram .......ccccccceeeeeeeieieeieeiiiiiiiesnne e e e e e eaeeeeaeeeen 155
12.26.1 ViISIDIEIN ClASS ....eeiiiiiiiiiie et 155

12.26.2 IMPOIS ClASS ...uuiiiiii i e e e e e et e e e s e e s e e e aeaaeees 157

12.27 ExtendedCodeElements Class Diagram ...............eeeeeeeieiiiiiiiiieenneeannnnnienns 157
12.27.1 CodeElement Class (QENEIIC) ....cccvvviviiieiieiiiece e e e e 158

12.27.2 CodeRelationship Class (QENETIC) ....uuuvruuriiiiiiieiee et e e e e e 158

13 ACHON PACKAGE ... 161
R T B @ 117 V1= PR 161
13.2 Organization of the Action Package ...........cccccevvviiiiiiiiiiiiiiiie e 161
13.3 ActionElements Class Diagram ........cccccooeeiieeiiiiiiieiieiiiees e ee e e e e e e e eeeeeeeannens 161
13.3.1 ACtiONEIEMENE CIASS ...iiiiiiiiiieiiii ettt e e e e e e e e e e e e s e s s reeeeees 162

13.3.2 AbstractActionRelationship Class (abStract) ..o 163

13.3.3 BIOCKUNIL ClASS ..oiiieeiiiiiiiiiiiiieeie ettt e e e e e e e s et e e e e e e e e e s e e e nnennbreeeees 164

13.3.4 AbstractCodeElement (additional properties) .........cocooviiieeiniiieie e 165

13.4 Actionlnheritances Class Diagram ..........cccccceeeiiiiiiiicieiiiciieceee e, 165
13.5 ACHIONFIOW Class DIAgram .........uuuuuuiiiiieeeeeeeeeeeeeeiieeiiiiiiaas e e e e e e e e eeeeeeeeeennen 165
13.5.1 CoNtrolFIOW Class (GENETIC) ...uvueeieeiiitiiieee ittt e e ettt ettt e e s e e e e e e s abreeeeesaaes 166

Vi

Architecture-driven Modernization (ADM): Knowledge Discovery Meta-model (KDM), v1.4



R o1 1 V] (0 A O = L 167

L1353 FIOW CIASS ..ciiiiiieiiiiit ettt ettt e e e e e e e e e e e e e e e e bbb e e e e e eaaae e s 168

13.5.4 TrUEFIOW CIASS ...ttt ettt ettt e e e e e e e e e bbb eee e e e e s 168

13.5.5 FAISEFIOW CIASS .. .oiiiiiiite ettt e e e e e e e e e e e e e e as 169

13.5.6 GUAIEAFIOW CIASS ....veiiiiiiiiieeiii ittt e e eea e e e e as 169

13.6 CallableRelations Class Diagram ................eeeeeiiiiiiiieeaeeeonnniinieeeeeeeeee 170
L13.6.1 CallS CIASS ..coeeiutiiiieeiiiit ettt s e e e s et e e e e bbb a e et a e e e anreas 171

13.6.2 DiISPALCNES CIASS ..uuvvriiiiiiiiiiieeeeisiie st e e e e e e e e et s s st e e e e e ae e e s e s anenn b rareaaaeeeaes 172

13.7 DataRelations Class Diagram ........cccccuuuviiiiiiiiiiiiiiie e 174
13.7. 1 REAAS ClASS ...ueeeeiiiiiiiiiiiie ettt ettt e st e e e et a e e et e e e s e nnanes 174

R T N 1 (=T O = 1 PR PR 175

13.7.3 AAAIESSES CIASS ...eeiiiiiiiiiiieiiiiiitt ettt ettt e e sttt e e s sttt e e e st e e s sanbbe e e e e snnbbeeeeeannees 175

13.7.4 CreatesS ClaSS ..oiiueiiiiiiiiiiiie ettt e ettt e et e e s e bt e e e e e nnbbe e e e e anees 175

13.8 ExceptionBlocks Class Diagram ...........ueeeioiiiiiieieieeieeeeeeeiiiiiiee e 176
13.8.1 EXCEPLONUNIL CIASS ....eviviiieiiiiiiiee ittt ettt e st e e e b e e e e eneees 177

13.8.2 TIYUNIL CIASS .uieeiieiieitiee ettt ettt s e e s e e e s e nbb e e e e e e 177

13.8.3 CatChUNIL CIaSS ...ooiiiiiiiiiiiiiiiie ettt e e e et e e e e e e e e s e e s nen e eeaeeaeeeeas 177

13.8.4 FINAIYUNIE CIASS ...eeiiiiiiiiiiiei ittt ettt e e e e 178

13.9 ExceptionFlow Class Diagram .............uuuuiiiiiiiiiiieeeeeeeeeeeeeeien e e e e 181
13.9.1 EXITFIOW CIASS ...ttt bbbttt et e e e e e e e et reeeaaaaeeas 182

13.9.2 EXCEPLONFIOW CIASS .....uitiiiiiiiiiiiieeei ettt ettt e e e e e e et reeeeaaaeeas 183

13.10 ExceptionRelations Class Diagram .........ccccoeeeeeeeeiiirieeeiiiiiiee e eeeeeeee 183
13.20.12 TRIOWS CIASS .. oiiiiiiiiiiieiie it e ettt et e e e e ettt et e e e e e e e e e s e e annbabbraeeeaaaaaeeas 184

13.11 InterfaceRelations Class Diagram ........ccccccoeiiiiieeeiiieiieeeeiiirne e e e e e e 184
13.11.1 ComMPHESTO ClaSS ...cciiiiiii i e e e e e e e e e e 185

13.12 UsesRelations Class DIagram .........cccccueeeerereiiiiieeeeaaeaeaase s 185
13.12.1 USESTYPE ClASS .evvruruuuuiiiiiiii et e e et e ettt s s e e e e e e e e e e e e e e teeeeeeeeeaeaneenrnnnnnnns 186

13.13 ExtendedActionElements Class Diagram ..........cccccceeeriiiiiiiiiiiiiiiiiiieeeeee, 186
13.13.1 ActionRelationship Class (QENEIIC) ....vvieeeiiiiiiiiieeeee e e e e e e e e e 187

I YT {0 T N5 ] Y PP 189
Subpart Il - RUNtime RESOUICES LAYEN ......uiiiiiiiiiiiie ettt 199
15 PIatform PaCKAQE .....ccoeuuuiiiiiiiiiiie et 203
L15.1 OVEIVIEW ..ottt e et e e e e et e e e e e e e e e e e e e et e e e e e sssa e e eeeestaaaeaaeees 203
15.2 Organization of the Platform Package ..........ccccccceeeiiiiiiiiiiiiiciceie e 204
15.3 PlatformModel Class DIiagram ............uuueeiumiiiinieeeeeee i e 205
15.3.1 PlatformMOdEl CIaSS .....uuveiiiiiiiiiiieee ittt er e e e e e e e s eeneeee s 205

15.3.2 AbstractPlatformElement Class (abStracCt) ...........oooviiiiiiiiiiiiiiie e 206

15.3.3 AbstractPlatformRelationship Class (abStract) ... 206

Architecture-driven Modernization (ADM): Knowledge Discovery Meta-model (KDM), v1.4 Vii



15.4 Platforminheritances Class Diagram .........ccccuuuvriiiiiiiiiiiiieieeee e 207

15.5 PlatformResources Class Diagram ..........c.ccccceeiiiiiieeiiiiiiiiies e e eeeeeeeeeeeeeennns 207
15.5.1 PlatformMRESOUICE ClASS ....u.iiiiniiiiiieiie ettt e e e et e e e e s e e e s e e saaeeeeees 208

15.5.2 NamiNGRESOUICE CIASS .....uuuiiiiiiiiiiaiiiei it e e 208

15.5.3 MarshalledRESOUICE ClASS ......uuiiiiiiiiiiie ettt e e e e e e a e ees 209

15.5.4 MeSSagiNgRESOUICE ClASS .....uueiiiiiiiieiiiiiiiiiiie ettt e e ee e 209

15.5.5 FIIERESOUICE ClASS ...uiiieiiiiei et e e et e e e et e e e e e e eaa e aees 209

15.5.6 EXECULIONRESOUICE CIASS ....iiiviiiiiiiiiite et e e e e e e e e et e e et e e et e s eaaeeeees 209

15.5.7 LOCKRESOUITE CIASS .....ccveiiiiei ittt e e e e et e e e e s e s st e s et e e saaessaanaeeees 209

15.5.8 StreamRESOUICE CIASS ....uuiiiiiiiieiitiie et e e et e e s e e e e e e st e e st e s esaa e e raaeeees 210

15.5.9 DataManager CIaSS .....cccuuutiiiiiiiieiaaa ettt e e e e e e e et e et e e e e e e e e e s e e anbeeaeeeeeeas 210

15.5.10 PIatfOrMEVENT CIASS ....cceeeiiiii ittt e et e e e e et e e et e e e e e e snaaaeaees 210

15.5.11 PIatfOrMACLON CIASS ...covuiiiiiiiei ettt et e e e e et e e et e e e e e s snaaaeaees 210

15.5.12 EXIEINAIACION CIASS ...oniiiiiiiiiiie ettt ettt e e e e e e e e st e e e bt e e eaaaaeees 211

15.6 PlatformRelations Class Diagram .........cccccceeieiiiiiieeiiiicisee e e e e e ee e eeeeeenens 211
15.6.1 BINASTO ClIASS ...civiiiiiiiiiiiii ettt e et e e e e e e e e s e e e e eaa e s st e e eaa e ssaaneesres 211

15.7 ProvisioningRelations Class Diagram .........ccccccevviviivieiiiiiiiiinnneee e eeeeeeeeeeeee 212
L T 00 I U= [0 1T (=TSR = USSP 212

15.8 PlatformActions Class Diagram ........cccccoooiieeeeeiiiiiieiiiiiiiiininns e e e e e eeeeeeeeeees 213
15.8.1 ManageSRESOUICE CIASS ......uviiiiiiiiiieeeiiiiiiiitieieeeeree e e e s s s s s e e e aeaee e e s e s nnnensneeeeees 213

15.8.2 REAUSRESOUICE CIASS ..cevvuiiiiieeiii e ee i ee s e e e et e e e e s et s e e s e s eaae e e e s eebba e eaeseees 214

15.8.3 WIItESRESOUICE CIASS ...evvuniiiiieetiii e ieei e e e e et e e e ettt e e e e s et s e e s e e aaaa e e e e sesbasa e eaeeeees 214

15.8.4 DefiNedBY ClASS .......ccooiiiiiiiiieiiiei et e e e e e e e e e e e e e e e e e e e e e e 215

15.8.5 ProducesPIatfOrMEVENT ........couuuiiiiiiiiiie et e e e e e e e s e e e e eeaaans 215

15.9 Deployment Class Diagram ........ccooeuiiiiiieiiiiiiiii e e e e e e aens 216
15.9.1 DeploymentElement Class (JENETIC) ...ovuveiieeiiiiiiee ettt 216

15.9.2 DeployedCompPoNnENt ClASS .......coiiiiiiiiiieiiiiiie ettt e e e eee e aees 217

15.9.3 DeployedSoftwareSystem ClassS ........coooviiiiiiiiiiiiiie e 217

15.9.4 MACKINE ClASS ...cvniiiieiiieee et e et e et e et e e e e et e e st e e eateeeesaneeseras 218

15.9.5 DeployedRESOUICE CIASS ....ciiuvviiieeiitiiiee ettt ettt e st e e e st e e e e s abnreeeesaaes 218

15.10 RuntimeResources Class Diagram ...........cccccovvviviiiiiiiiiiiiiee e eeeeeeeeeeeeeaanens 218
15.10.1 RUNtIMERESOUICE (GENEIIC) ..eeeiiiiiiiieeeiiitit ettt ettt e e 219

15.00.2 PrOCESS ClASS ...ivuuiiiiiieeiee ettt ettt e et e e et e e st e e e et e e e e e e s et s e et eeeaaaeees 219

T O R T o] (== To [ O F= 1T 219

15.11 RuntimeActions Class Diagram ........ccccccceeeeeiiiiiiiceceiiissins e e e ee e 220
S 0 5 R o Y= T o O = T T 220
15.10.2 SPAWNS CIASS ..iiiiiiiiiiiitite ittt e ettt et e e e e e e e s e e et bbb b e et e e e e e e e e e e ae e e nbab e b aeeeaaaas 221

15.12 ExtendedPlatformElements Class Diagram ............cccceeeeieiiiiieeeeeeeeseeeeennnnnns 221
15.12.1 PlatformElement Class (QENEIIC) ..uuuuuuiiiiiiie i e eeeee et e e e e e e e e e e e aaaaeeaees 221
15.12.2 PlatformRelationship Class (QENENIC) ......uuuiiiiiiiiiiee e 222

(G L = T = T [ PRSP 223
TR @ 17T V7T T 223

viii Architecture-driven Modernization (ADM): Knowledge Discovery Meta-model (KDM), v1.4



16.2 Organization of the Ul Package ..........cccceeiiiiiiiiiiiiiiieeeeee 224

16.3 UIModel Class DIiagram ..........ccooviiiiieiiiiiiiiiiiieee e ee e e e e e eeeeeesssnsnnnnnn e e e e e e aaaaes 224
16.3.1 UIMOUEI CIASS .. ittt ettt e ettt et e e e e e e e e e s anb bbb eaeeeaaaaeeeas 225

16.3.2 AbstractUIElement Class (ADSLracCt) ..........ccoiiiiiiiiiiiiieee e 225

16.3.3 AbstractUIRelationship Class (abSract) ..........cooiiiiiiiiiiiiiieieieeee e 226

16.4 Ulinheritances Class Diagram ............uuuuuiiiiiiiiiieeeeeeeeeeeeeeenveininnne e e e e eaaeaes 226
16.5 UIResources Class Diagram ...........oouvuviiiiiiiiiiiii e 227
16.5.1 UIRESOUICE ClaSS (JENEIIC) .eieiieieeiiiiiiititeieie et e e e e e e ettt et e e e e e e e s e s sbbeb e e eaaaaaeas 227

16.5.2 UIDisplay Class (QENEIIC) ..eeetiiiaiaaieiiiieiiitiiee et e et e e e e e e e e e eaab e aeeeaaaaaeas 228

16.5.3 SCIEEMN ClASS ..eeiiiiiiiiiiiii ittt ettt e e e e e e e e e bbbt et e e e e e e e e e e s e e nnbbbeaaeeeeeaas 228

16.5.4 REPOIE ClASS .. .iiiiiiiititiit ettt ettt e e ettt e e e e e e e e e e e e e a bbbt e eaeeeaaaaaaeas 228

16.5.5 UIFIEIA ClASS ....eeiueiitieiuiieitiietieeie e stee st sttt et et e be e st be e sbe e ssbe e saeeeneeesaeeanbeannnea 228

16.5.6 UIEVENT ClASS .. oottt ettt ettt et e e e e e e e e e s e et bbb beaeeaaaaaaeas 229

16.5.7 UIACLON CIASS ...ttt ettt e e e e e e e e e e e e e aeeeeaaaaeas 229

16.6 UIRelations Class Diagram .........cccccuuuiiiiiiiiiiiiiiieeeeee e e e e e e e s sssssseessnsneeeeeees 229
16.6.1 UIFIOW CIASS ...oeeiiiiiiiiiiitt ettt ettt e e e e e e bbbttt et e e e e e e e e e e s annebbabeeeeaaaaans 230

16.6.2 UILAYOUL CIASS .ciiiiiiiiiii ittt ettt e e e e e e et e e et e e e e e e e e e e nanbesaeeeeeeas 230

16.7 UIACHONS Class DIAgIam ......coooieiiiiiiiiiiiiiiiiieieeeee e e e e e e e e e e e e e s s sssiiesbbbeee e 231
16.7.1 DiSPIAYS ClASS ...vvuuuuiiiiiieii ettt e e e e e e e e e e e e e e e e e e e e e 231

16.7.2 DisplaySImage ClaSsS ......ccccciiiiiiiiiiei e e e e e e e e e et e e 232

AR YT g Vo =T U O F= 1 232

16.7.4 REAASUI CIASS ..ottt ettt ettt e et e e e e e e e s bbb e e reeaaeaeeeas 232

16.7.5 WIItESUI CIASS .. .coiiiiiiiiiiee ettt e e e e e e e e eeeeeeeeas 233

16.7.6 ProduCESUIEVENT ClaSS.......cuuiiiiiiiiiiiiiiitiee ettt a e e 233

16.8 ExtendedUIElements Class Diagram ..............ciiiiiieeeioinnnnnessiiiiiineeeeees 234
16.8.1 UIEIEMENt ClaSS (JENEIIC) .uvvriiiieieeeei ittt et e e e e e e s e s st aeeee e e ae e e s e s snnnnnrre e eereeeeeas 234

16.8.2 UIRelationship Class (ENEIIC) .....ccvvviviiiiiiiiiiicisis e e e e e e e s 234

17 EVENE PACKAGE ..uuiiiiiieiiiii ettt ettt e et e e e e e e e e e 237
A T O Y= 1 SRR 237
17.2 Organization of the Event Package ..., 238
17.3 EventModel Class DIiagram ............oouuuuuiiiiiiiiiieeeeeeeeeeeeeeeetr e e e e e e e eaa e 238
17.3.1 EVENIMOE] ClASS ...evveeiiiiiiiiieeiiis ittt e e e e e e e s e st eeeaaaaeeeeeas 239

17.3.2 AbstractEventElement Class (abSIract) .........ccooviiiiiiiiiiii e 239

17.3.3 AbstractEventRelationship Class (abstract) .........ccccoiiiiiiiiiiiii e, 239

17.4 Eventlnheritances Class Diagram ..............eeeeeeeiiiiieeeeeeenieeeeeeisseinveeeeeeeees 240
17.5 EventResources Class Diagram ............euiiiiiiiieieieiiieeeeeeiiiiii e 240
17.5.1 EVentResoUrce Class (QENETIC) .ocuiiiiieeieiiiiiieeie e et e e s eeeiiieeieeee e e e e e e e e s s senreeneeeeeaaeeeeeas 241

L17.5.2 EVENE CIASS .oiiieieiiiiiieiiitiee ettt e e e e e e e e s e ettt e e e e e e e e e e seannnbe it eaeeaeaeaeeean 241

L17.5.3 StALE ClASS .oiiiiiieeiiiiiiiiittie ettt ettt e e e e e e e e s s ettt e e e aa e e e e e e e a b araeaaes 241

17.5.4 INItIAlSTALE ClASS ...ociiiiiiiiieiiie ittt e e e e e s e e e e e e e e e e e aeeeeees 241

Architecture-driven Modernization (ADM): Knowledge Discovery Meta-model (KDM), v1.4 iX



17.5.5 TranSItioN ClaSS .....cicuuiiiiiiiiie et e e e e et e s et e e e e et e s sab e e sabeeasaneseres 242

17.5.6 ONENLNY ClaSS ...oiiiiiei i e e e e e e e e e e e e e e et e r e e e e e e e eaaaaaaees 242

17.5.7 ONEXIt ClASS ..eeeeeeiiiiieeeii ittt ettt e e e e e e st e e e e e e e e e s e e s annnbeeneeas 242

17.5.8 EVENTACHON ClASS ...ooiiiiiiiiiiitteee ettt ettt e e e e e e e e e e s aennbbeneees 242

17.6 EventRelations Class Diagram .......ccccooeeeiioeeiiiiiieiiieiiiiinnss e e e e e e eeeeeeeeenennnees 243
17.6.1 NEXISTALE CIASS ..vvviiieiiiiiiiiee ittt ettt e e e sttt e e e s st b e e e s snbaeeeeessnbaeeeeesane 243

17.6.2 CONSUMESEVENE CIASS ...eiiiiiiiiiiiieiiiiiiiee ettt te ettt ee ettt e et e e e s st ee e e s s sabeeeeeeaees 243

17.7 EventActions Class DIAgram .............iieiieieeeeeeeieeieeeeeiiiiinenseasseeeeeseseeeeeseeennes 244
17.7.1 REAASSIALE CIASS ..veiiiiiiiiiiiii ittt ettt e et e e st e e e e e sbb e e e e ennees 244

17.7.2 ProdUCESEVENT CIASS ....eeiiiiiiiiiieeiiiiiie ettt ettt e ettt ettt e e e s st e e e s s nbbeeeaesnees 245

17.7.3 HASSTALE ClASS ....uveeiiiiiiiiiii ettt ettt e e st e e e st e e e e s snbeeeeeeanes 245

17.8 ExtendedEventElements Class Diagram ............cooeveuiiiiiiiininnieeeeeeeeeeeeeeeeennns 246
17.8.1 EventElement Class (GENEIIC) ...eeiiiiiiiiiieeeiitiiee ettt ettt e et ee e e e 246

17.8.2 EventRelationship Class (GENEIIC) .....uuvviiiiiiiiieiee ittt 246

18 Data PaCKAQE .......ccoveviiiiieiieiiie et 249
L18.1 OVEIVIEW ..oeeiiteiiiiie et et e e e e e e ettt s e e e e e e e e e e e e e e e e e e e ee st e s e e s s e eeeeeeaaeeeeseeennnes 249
18.2 Organization of the Data Package ..........ccccovviiiiiiiiiii, 250
18.3 Data Model Class DIaQram ...........eeuuoiiiiiiieeeeeeeeeeeeeeeeeisiisssessseeeeeeeaeeeeeeenenen 250
18.3.1 DAtaMOAE] CIASS ...coiiieiieiii ittt ettt e e e e e e e e 251

18.3.2 AbstractDataElement Class (aDSIracCt) ........ceeeeeieiiii e 251

18.3.3 AbstractDataRelationship Class (abStract) ..........ccccceeiiiiiiieeeececr e, 252

18.4 Data Inheritances Class Diagram .........ccccccuuiiiiiiiiiiiiieieie e e e e ee e 252
18.5 DataResources Class Diagram ........ccccoeeieeeeeeiiiiieiieiiiiiieseise e s e e e e e e e eeeeeeeeaennnns 252
18.5.1 DataResource Class (QENEIIC) ....ccuieeiii ittt e e ee e 253

18.5.2 DataContainer Class (QENEIIC) ...coeiiiiiuiiiiiiiieeeia e e ettt e e e e e eeee e 254

18.5.3 CatAlOg ClIASS ...eeeiiiiiiiieieiie ittt et e e e e e e e s s bbb e et e e e e e e e e e annb e neees 254

18.5.4 RelationalSchema Class ..........oouuuiiiiiiiiiiiiii e eaaa e 254

18.5.5 DAtAEVENT CIASS ....cciiiiii it eaaaaaaas 255

18.5.6 DAtaACHION CIASS ......ccioiiiiiieiiee et aaaaaa e 255

18.6 ColumnSet Class DIagram ..........uuuuiiiiiiieeeeeeeeeeeeeeieeeiirs s e e s e e e e e eeeeeeeeeeennnen 256
18.6.1 ColUMNSEL (JENETIC) ..coiieiiieeeeeeeie e e s e e e e e et a e s e e e e e aeaeeaeeeeeeenenes 256

18.6.2 RelationalTable Class ........ccc.euiiiiiiiiie e 257

18.6.3 RelationalVIEW CIASS ......ccccuiiiiiiiiiiiie e 259

18.6.4 DataSegmMeENt CIASS .....coeuvuiiiiiiiiiiiiiiiie i i e e e e e e e et et et ee et e ese s e e e e e e e aeaaeaeearaanrann 260

18.6.5 RECOIAFIIE CIASS ..eiiiiiieiiiiiiitite ettt e e e e e e e e e e s e eanbbenee s 262

18.7 Keylndex Class DIAgram ...........uuuuuumuiiiiiaaeeeeeeeeereeeeeeasnsnnnseeeeeessseeereeeennne 266
18.7.1 IndexElement Class (QENEIIC) ..uuuuuruuriiiiieie e e e eeeeee ettt s e e e e e e e aeaaaaeeeeeeanes 267

S [ oo [ T=] SV 1 = TSP 267

18.7.3 ReferenCeKEY ClasS .......ooovviiiiiiiiiiiiiii i e e e e e e e e e e e eeaaeeanes 268

L18.7.4 INAEX ClASS ...eeeeeiiiiiieeeeie ittt e e e e e e e e s bbbt e et e e e e e e e e e s e ennbbenee s 268

18.8 Key Relations Class Diagram ...........ccoeiieiieeeeeeiieieieeeiiiiiiassessseeeeeseeeeeeeeeeenens 269

X Architecture-driven Modernization (ADM): Knowledge Discovery Meta-model (KDM), v1.4



18.8.1 KeyRelationShip CIaSS ......ciiiiiii e e e s 269

18.9 DataActions Class DIiagram .........ceevvuuiiuiiiiiiiieeeeeeeeeeeeeeeeeetriner e e e e e eeaeaaes 269
18.9.1 REadSCOIUMNSEL ClASS ...uiiiiiieeii i e e e e e s e e e e e s eaab e e s eees 270

18.9.2 WrItESCOIUMNSEL CIASS ..vuniiiiiiiiiie e ittt e et e e e e et e e e s e s st eeesesbaa e eaeeeees 271

18.9.3 MaNAgESDAta ClAaSS .......ceeiiiiieieiiiiiiiiiiiie e e s er e e e e e e e s e rreae e 271

18.9.4 HASCONIENT CIASS ..vvuiiiiiiiiie i ieieeee e ettt e e e et e e e s et e e e e e s eab e e e s eeabaa e esesessaanseeaenes 272

18.9.5 ProduceSDataEVENL ClASS ........cevuuiiiiiiiiiiiee et e e e e e e e e e s e e s seaba e eeeees 272

18.10 StructuredData Class Diagram ............eeeiiiiiiieieeeeeeieieeeeiiiiiniinn e e e e eeeeeeas 277
S0 O TR LY | IS Y] =Y 0 = 278

18.10.2 AbstractContentElement (ADSIract) ........covveeeiiiiiiiiiiiiree e 278

18.11 ContentElements Class Diagram ..........ccooeuuiiiieeiiiiiiieeeeeeiiiin e e eens 278
18.11.1 CONENLILEM (GENETIC) ..vverieiiutiieiee ittt e ettt e sttt e e ettt e e et e s e e e e e e nbbe e e e e aneees 279

18.11.2 COMPIEXCONTENTTYPE .eeiiieiiiiiiiiee ittt ettt ettt st e e s e e e e e e b e e e e anenes 279
18.11.3 SIMPIECONENITYPE ...eeieiieiiiiiie ettt e e e s e e e e snabr e e e e e naenes 280

18.11.4 CONENRESITICHION ...eeeeiiieeieie ettt e et e e e e et e e et e e ettt e e e st s e ssasesetaneesaneees 280

18.11.5 AICONTENT CIASS ....ceeeeiiiieeeitt et e et et e e ettt e et e e e e e e e et e e esaasessasesatseenraeees 283

18.11.6 SEQCONIENT ClASS .. .eeviiiieiiiiiie ettt e s e e e e s anees 283

18.11.7 ChOICECONTENE CIASS ....iiveniiiieieiee et e e et e et e e et e e st e e e et e e eatsessasesetssessaeees 283
18.11.8 GroupPCONLENE CIASS .....eiiiiiiiiiiieiiiiiie ettt ettt e s e e e e e b e e e e annees 283

18.11.9 MIXEUCONIENT CIASS ..uuiiieiiiiitt et e et e e e et e e et e e et e e e et e e eat s essasesetaeesrneaes 283
18.11.10 CoNtENtATDULE ClASS ..oevniiitii ittt et e e e e e e e et e e ea e e esaaaees 283
18.11.11 CoNtENLEIEMENT CIASS ...uniiieiiieiee ittt e e e e e e e e e e e e et e e st e e e e eees 284
18.11.12 CoNteNtREEIENCE ClASS ...cvuiiiieiiiieeee e e e e e e e e s e e e e eaes 284

18.12 ContentRelations Class Diagram ..........cccccciiiiiieeeiieiiiiieeieee e 288
18.12.1 TYPEABY ClASS . .iiiiiiiiiiiiiitie ettt e e ettt e e e e e e e e e s aabb b e e e e e aaaaaeeeas 289

18.12.2 DAtatyPeOF ClaSS ....ueeiiiiiiiiiiiiae ettt ettt e e e e e e e e e e e e as 290
18.12.3 REFEIENCETO CIASS ..ouuriiiieiiit ettt e et e et e e et e e st e e e e bt s e sab e e saba s esaaseaes 290
18.12.4 EXIENSIONTO CIASS ...ceeuiiieieiiiee ettt e et e e et e et e e e e s e e et e s e sba s e s st e ssbasesaanaes 290

18.12.5 ReESINCHONOT ClASS ...ceviiiieiiiiee ettt e e et e e e e e et e e e st s e s st e e eaaeeesaaees 291

18.13 ExtendedDataElements Class Diagram ............cccccovvvvviiiiiiiiiiiiiiee e eeeeeeeen, 291
18.13.1 ExtendedDataEIemMENTt CIASS ..........oiiiiiiiii ettt e et e e e naa s 292
18.13.2 DataRelationNShip ClAaSS .......cceiiiiiiiiiiie e 292
Subpart IV - ADSIraCtion LAYEr ........ccovvuiiiiiieiieiiiiee e e e e e eeaans 295
19 SErUCIUIe PACKAQgE .....oovveiiiiiiiiice e e e 297
e TR @ 17T V7T T 297
19.2 Organization of the Structure Package ........ccccooooiiiiiiiiiiiii i 298
19.3 StructureModel Class DIiagram .........ccccuuuerieiiiiiiiiieieee e 298
19.3.1 SrUCIUIEMOAE] CIASS ....ieeiiiii e e e e e e e e e e e eaa e ees 299

19.3.2 AbstractStructureElement Class (abStract) .........ccccceeeeiiiiiiiiiiee e 299

19.3.3 AbstractStructureRelationship Class (abstract) ........ccccceeeeviiiiiiieiieiiiieiee, 300

19.3.4 SUDSYSIEM ClASS ...uuuiiiiiiii et e e e e e e e e e e e et e e e e e e e s 300

S T I = 1 = T 300

Architecture-driven Modernization (ADM): Knowledge Discovery Meta-model (KDM), v1.4 Xi



19.3.6 COMPONENT CIASS ...coiiiiiiiieeeiieiiiii e ri s s e e e e e e e e e e e e et e e e e e e et ae et s e s e e e e aeeaeaeaaeeeeenenes 300

19.3.7 SOftWAreSYSIEM CIASS ...oevviiiiiiiiiiiiiiiiiei s e e e e e e e e s e e e e e e e aeaaaaeaaaeeanes 301

19.3.8 ArChiteCtUreViEW CIaSS .......ccciiiiiriiieiiiiiie et e e s e e e e s 301

19.4 Structurelnheritances Class Diagram ..........ccceeeeeiiiiiiiiiiiiieee e 301
19.5 ExtendedStructureElements Class Diagram ...............ccccveviiiiiiiiieeeeeeeeeeeeeee, 301
19.5.1 StructureElement Class (GENEIIC) .....cooiiiiieiiiiiieiee et ee e 302

19.5.2 StructureRelationship Class (QENETIC) ........uueiiiiiiaiiiaiiiiiiiiee et 302

20 Conceptual PACKAQE ......ccouvuiiiiiiiiiiie e 305
20.1 OVEIVIEW ..iiiiiiei ittt et et e e e e e e e e e e e e et e e e e bbbt bbbt b bbb e et e eeeeeaeeaeaaeeeeeanans 305
20.2 Organization of the Conceptual Package ...........ccccceeeeeiiiiiieeeeeeeeeeeeeeiie 306
20.3 ConceptualModel Class DIiagram ...........cooooiiiiiiiiiiiiiiiiiiiiieeeeee e e e e e 307
b2 0 5 I @0 (o7 =T ) 18 =111 o o =Y SRR 308

20.3.2 AbstractConceptualElement (@DStract) ........coooovviciiiiiiiiiiiee e 308

20.3.3 AbstractConceptualRelationship Class (abStract) .......ccccccceeiviiiiiiiiiiiiiree e, 309

20.4 Conceptuallnheritances Class Diagram .............ceuueeeiiiiineenneeeeeeeeeeeeieieeeennnnns 309
20.5 ConceptualElements Class Diagram ..........cccooociiviiiiimiiiiiieeeeee e e e e e e 309
20.5.1 ConceptualContaiNer CIASS ......cccccuuriiiiiiiiieieeeeeesissterer e e e e e e e e e e e s s s s errereeaeeeesanan 310

20.5.2 TEIMUNIE ..ceiieeie ettt et ssn e e s nnr e e e e s nnne e e nnneena 311

20.5.3 FACLUNIE ...eeiiiiiiieee ettt ettt e e 311

20.5.4 RUIBUNIL ...eeiiiiiiiieiee sttt e sttt e e ebb et e e e s bbb e e e s sabbe e e e e s nnnteaens 311

20.5.5 CONCEPLUAIROIE .....eviiiiiiiiiiie et s e r e e e e e e s e s s ear e e e e aeeeeseeann 312

20.5.6 BENAVIOTUNIL ClASS .....vviiiiiieiiiiiciiee ettt 312

20.5.7 SCENAMOUNIL ClASS ....vviiiiiiii ittt 312

20.6 ConceptualRelations Class Diagram ..........cccooiceiviiiiimiiiiiieeeeeee e e e e e e e 313
20.6.1 CoNCEPLUAIFIOW CIASS ..ieeveeeeiiiiiiciiiieee et e s e e e e e e s s et rr e e e e e e e eeaenan 313

20.7 ExtendedConceptualElements Class Diagram .........ccccceeeeeeiiiiieiieeiiviiinnnnnns 320
20.7.1 ConceptualElement Class (QENEIIC) .....uviiiiiiiiiiieiiiiiieie et 320

20.7.2 ConceptualRelationship Class (GENETIC) ....ccivuvviiieiiiiiiiie et 321

P20 =1 1] Lo = T = T [ 323
P2 I A @ V=T V1 PO PPPPRPPRPRP 323
21.2 Organization of the Build Package .............ooooiiiiiiiiiiiiiiiiiieieeeeeeeee e 324
21.3 BuildModel Class DIagram ...........cceeieeeeeeeeeeieieeieeiiiiiiiisss s e e s e e e e e e eeeeeeeeennnnnen 324
21.3.1 BUIIAMOUAEI CIASS ......evveeiieiiiiieei ettt 325

21.3.2 AbstractBuildElement Class (abstract) ...........oooevviiiiiiiiiiiiii e 325

21.3.3 AbstractBuildRelationship Class (abstract) .............cccvceiiiiiiiiiee, 325

A B A ST o] o] 1= 4 F= 1= 325

21.3.5 TOOI CIASS ...ttt 325

A G T SIS} V1 o [ o I | F= LU 326

21.4 Buildinheritances Class Diagram ..........cccoovviiieiviiiiiiiiiinieee e e e eeeeeeeeeeeeennenennnes 326

Xii

Architecture-driven Modernization (ADM): Knowledge Discovery Meta-model (KDM), v1.4



21.5 BuildResources Class DIiagram ........cccccoeeieeeeeeeiiiieiieeiiiiiinneasseeeeeeeeaeeeeeeeenne 326

21.5.1 BUIIARESOUICE ClASS ....vviiiiiiiiiiiiee ittt ettt et e e s e e e e e 327

21.5.2 BUIldCOMPONENT CIASS ......uveeiiiiiiiiiiieeee i ecct e e e e e e e e s e s eee e e e e e e e e s e e s anennrreneees 328

21.5.3 BUIlADESCHIPLION CIASS .....veviiiieiiiiiiee e s s ece e et e e e e e s e s s ee e e e e e ae e e s e e s ennnnreeneees 328

P SR = TN 1 o | I o = YA O = 1 RSP 328

21.5.5 BUIIAPIOAUCE CIASS ...cceiiiiiiieeiiiiie ettt e bbe e e e e 328

21.5.6 BUIIASTEP ClASS ..eeiiiieiieiiiiiiiiiiiiiie e s s e e e e e e e e s s e st e e e e ae e e e e e s ennnnnsennnees 329

21.6 BuildRelations Class DIagram .........cccooieeiiieeeeiiieiiieeeiiiiiiinsess e e e e e eeeeeeeeeeeenne 329

21.6.1 LINKSTO ClASS eiiuveiieeiiitiiiee ettt ettt ettt ettt e e e sttt e e e s e snb e e e s e bt ae e e e e annbe e e e s ennnees 329

21.6.2 CONSUMES ClASS ..eiiiiiiiiiiiie ittt ettt e et e e st a e e s enbe e e e e e nnenes 330

21.6.3 ProduCES CIASS .....uiiiiiiiiiiiee ittt ettt e e sttt e e st e e s e st e e e e s sbbe e e e e annees 330

21.6.4 SUPPOIEABY CIASS ...ciieiieieeiiieieiii e et e e e e s e e s e ssr ettt e e e e e e ae e e s e s st aaeereeaaeeeseessnnnnrenneees 331

21.6.5 SUPPIIEABY CIASS ...ceeceiiiiiiiiiiiieiee et e e e e s e s e e e e e e e e s e s sn e eeeaae e e e e e s annnnrrnneees 331

P G G R =T Tor ] o 1= To | = A - TSP 332

21.7 ExtendedBuildElements Class Diagram ...........ccoooeviiiiieiiiiiiiiii i 333

21.7.1 BUIldEIemeNt ClassS (JENETIC) ...oceviiiiiieeeiiiiie ettt ettt et 334

21.7.2 BuildRelationship Class (GENETIC) .....uvieeeiiiiiiieeiiiie ettt 334

Annex A - Semantics of the Micro KDM Action Elements ..............ccccvvvvvninnnee. 337
Architecture-driven Modernization (ADM): Knowledge Discovery Meta-model (KDM), v1.4 Xiii



Xiv Architecture-driven Modernization (ADM): Knowledge Discovery Meta-model (KDM), v1.4



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: //www.omg.org/spec

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
e Other Language Mapping Specifications

Middleware Specifications
. CORBA/IIOP
. CORBA Component Model
. Data Distribution
*  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
. 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
109 Highland Avenue
Needham, MA 02494
USA

Tel: +1-781-444-0404
Fax: +1-781-444-0320
http: //www.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 — Termsthat appear in italics are defined in the glossary. Italic text also 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://issues.omg.org/issues/create-new-issue.
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1 Scope

This specification referred to as the Knowledge Discovery Meta-model (KDM) defines a meta-model for representing
existing software, its elements, associations, and operational environments. 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 offering interoperability and exchange of data between tools produced 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 the software (a collection of facts).
Tool-specific knowledge may be limited in scope, restricted to a particular source language, and/or particular
transformation, and/or operational environment. Often such tool-specific knowledge is not be exported in any explicit
format. For example, such knowledge may be used internally by the tool: a compiler generates precise facts about a
compilation unit only to discard them as soon as the object file is generated. Even when access to tool-specific
knowledge is provided, it implies commitment to a proprietary definition and may involve a proprietary physical format.
All the above may hinder interoperability between different tools, integration of several pieces of knowledge about the
same system and development of common content. The meta-model for Knowledge Discovery provides a common
ontology and an interchange format that facilitates exchanges 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 allows interoperability between modernization and/or software assurance tools, services, and their respective
intermediate representations. This meta-model aso allows development of common vendor-neutral content (patterns,
rules, metrics, etc.) for modernization and software assurance based on the standard KDM meta-elements instead of
proprietary intermediate representations of software and software systems.

2 Conformance

KDM is defined via the 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 is called the KDM XMI schema. The KDM XMI schema is provided as the normative part of this
specification.

KDM elements are defined in several packages identified by the following XMI namespace URIs:

Table 2.1 XMI namespace URIs for KDM packages

KDM Package Namespace URI XSD Schema location
Core http://www.omg.org/spec/KDM/20160201/core core.xsd

kdm http://www.omg.org/spec/KDM/20160201/kdm kdm.xsd

Source http://www.omg.org/spec/KDM/20160201/source source.xsd

Code http://www.omg.org/spec/KDM/20160201/code code.xsd

Action http://www.omg.org/spec/KDM/20160201/action action.xsd

Platform http://www.omg.org/spec/KDM/20160201/platform platform.xsd

ul http://www.omg.org/spec/KDM/20160201/ui ui.xsd
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Table 2.1 XMI namespace URIs for KDM packages

KDM Package Namespace URI XSD Schema location
Event http://www.omg.org/spec/KDM/20160201/event event.xsd

Data http://www.omg.org/spec/KDM/20160201/data data.xsd

Structure http://www.omg.org/spec/KDM/20160201/structure structure.xsd

Conceptual http://www.omg.org/spec/KDM/20160201/conceptual conceptual.xsd

Build http://www.omg.org/spec/KDM/20160201/build build.xsd

KDM is a meta-model with a broad scope that covers a large and diverse landscape of applications, platforms, and
programming languages. Not al of its capabilities are equally applicable to al 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 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. KDM follows the principle of separation of
concerns to allow selection of only those parts of the meta-model that are of direct interest to a particular tool vendor.
Separation of concerns in 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 essential 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
Code domain that represent individual code elements of the system under study, such as variables, procedures and
statements. The Structure packages defines 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 viewpoint 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 serves to make KDM easier to learn and use, but not all
individual partitions within this structure represent separate compliance points. The latter strategy would lead to an excess
of compliance points and complicate interoperability. Nevertheless, the groupings provided by KDM domains and their
increments do serve to simplify the definition of KDM compliance as explained below.
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Levels of compliance

L2 = All EDM domains
Build Structure  Data Business Rules UI Event Platform Analysis
, Micro
L1= Build| Structure | Data |Conceptual Ul | Event |Platfor KDM
Lo = Core + kdm + Source + Code + Acticn

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:

e Level 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 abasisfor interoperability between
different categories of KDM tools.

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

e Level 1(L1) - Thislevel addressesthe remaining KDM domains and extends the capabilities provided by Level 0.
Specificaly, thislevel is determined by the following packages. Build, Structure, Data, Conceptual, Ul, Event,
Platform, aswell 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 alayer where tools could be complimentary since their focus would
bein different areas of concern.

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.

e Level 2(L2) - Thislevel istheunion of L1 levelsfor all KDM domains. A tool compliant at the L2 level shall be
compliant to each domain at L 1.
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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 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 XM
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 2.2 - Compliance Statements

Compliance Statement
Compliance Level Import-Analysis Import API Export
LO Compliant tool shall: Compliant tool shall: Compliant tool shall:

« Import KDM models based on e Import KDM models « Provide capability to analyze
complete KDM XMI schema into based on complete KDM existing artifacts for specified
existing tool. XMI schema. programming language or

) ) multiple languages.

* Implement mapping between KDM * Support KDM API defined
and existing internal representation by the KDM Core « Generate XMI documents
of the tool. package. corresponding to the KDM

. . XMI schema.

« Extend operations of existing tool to ¢ Support KDM framework
support meta-model elements of as defined in the package | ¢ Support KDM framework as
KDM framework. named “kdm.” defined by the package

. . ) named “kdm.”

« Extend operations of existing tool to * Support KDM API defined
support meta-model elements of by the Code and Action « Support Code and Action
Code and Action packages. packages. packages.

« Extend operations of existing tool to * Support traceability to the | ¢ Provide traceability back to
support traceability to the physical physical artifacts of the the physical artifacts as
artifacts of the application from application as defined in defined by the Source
Source package. the Source package. package.

L1 STRUCTURE Compliant tool shall: Compliant tool shall: Compliant tool shall:

« Demonstrate LO compliance for * Demonstrate LO « Demonstrate LO compliance
analysis. compliance for import. 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 Structure architecture components of
Structure package. package. existing application and

generate KDM Structure
model according to Structure
package.
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Table 2.2 - Compliance Statements

DATA Compliant tool shall: Compliant tool shall: Compliant tool shall:
« Demonstrate LO compliance for « Demonstrate LO » Demonstrate LO compliance
analysis. compliance for import. 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
Data package. package. of 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
analysis. compliance for import. 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 platform artifacts for
Platform package. and Runtime packages. specified platform and
generate KDM Platform
model according to Platform
package.
BUILD Compliant tool shall: Compliant tool shall: Compliant tool shall:
« Demonstrate LO compliance for « Demonstrate LO » Demonstrate LO compliance
analysis. compliance for import. 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.
Ul Compliant tool shall: Compliant tool shall: Compliant tool shall:
« Demonstrate LO compliance for « Demonstrate LO * Demonstrate LO compliance
analysis. compliance for import. for export.
« Extend operations of existing tool to « Support KDM API as * Provide capability to analyze
support meta-model elements of the defined by the Ul user interface artifacts for
Ul package. 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
analysis. compliance for import. 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 Event artifacts related to event-
Event package. package. driven runtime frameworks
and state-transition behavior
and generate KDM Event
model according to Event
package.

Architecture-driven Modernization (ADM): Knowledge Discovery Meta-model (KDM), v1.4




Table 2.2 - Compliance Statements

* Demonstrate LO compliance for
analysis.

« Extend operations of existing tool to
support micro KDM actions as
specified in Chapter 14 micro KDM
and Annex A.

* Demonstrate LO
compliance for import.

* Support micro KDM
actions as specified in
Chapter 14 micro KDM
and Annex A.

BUSINESS Compliant tool shall: Compliant tool shall: Compliant tool shall:
» Demonstrate LO compliance for » Demonstrate LO « Demonstrate LO compliance
analysis. compliance for import. 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 Conceptual conceptual and behavior
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 export.

Provide capability to analyze
artifacts of existing
application to the level of
detail specified in 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.

L2

Compliant tool shall:

« Demonstrate LO import compliance
for analysis.

« Demonstrate L1 import-analysis
compliance for all KDM domains.

Compliant tool shall:

» Demonstrate LO
compliance for import.

* Support KDM API as
defined by all KDM
packages.

Compliant tool shall:

« Demonstrate LO export
compliance.

« Demonstrate L1 export
compliance for all KDM
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.

ISO/IEC 19505-1:2012 “Information technology - Object Management Group Unified Modeling Language (OMG
UML), Infrastructure” (OMG Unified Modeling Language (OMG UML), Infrastructure http:// www.omg.org/spec/
UML/2.4.1/Infrastructure) http://www.omg.org/spec/UML/2.4.1/Infrastructure/PDF/)

I SO/IEC 19508:2014, “ Information technology - Object Management Group Meta Object Facility (MOF) Core”
(OMG Meta Object Facility (MOF) Specification (Version 2.4.2) - http://lwww.omg.org/spec/MOF/2.4.2)
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e |SO/EC 19509:2014, “Information technology - Object Management Group XML Metadata Interchange (XM1)”
(XML Metadata I nterchange - http://www.omg.org/spec/XM1/2.4.2)

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

e Semantics of Business Vocabularies and Business Rules (SBVR) version 1.2 - http://www.omg.org/spec/SBVR/1.2

4 Terms and Definitions

This sub clause contains only those terms which are used in a specialized way throughout the KDM specification. The
majority of termsin KDM are used either according to their accepted dictionary definitions or according to commonly
accepted definitions that may be found in 1SO 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 s 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: aprocess 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.

Component: afunctionally 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’)
rel ationships 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.
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Element: one of the parts of a compound or complex whole. For example, a model element, a meta-model element.

Group: anumber 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 datathat can be referenced as a unit. As a model element each KDM entity is an instance of some specific meta-
model element and it 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 specia 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 arelated 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.

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.

Resour ce: 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.
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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 an integrated assembly of parts 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 arelated 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 in this specification.

6 Additional Information

6.1 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
Chapter 8. KDM - Gives the overview of the packages of KDM

Subpart | - 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.
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Chapter 10. Package named “kdm” - Describes the key infrastructure elements that determine patterns for constructing
KDM maodels 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 - Describes meta-model elements that provide traceability from KDM facts to the original
representation of the physical artifact (for example, source code).

Subpart Il - 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 - 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 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 - Describes the guidelines and constraints for semantically precise KDM representations.
Subpart 111 - 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 asit 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 - Describes the meta-model elements that represent knowledge related to user interfaces,
including their logical composition, sequence of operations, etc.

Chapter 17. Event package - Describes 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.

Subpart IV - Abstractions Layer

Chapter 19. Structure package - Describes 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. Conceptual 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.
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Chapter 21. Build package - Describes 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”).

6.1.1 Diagram format

UML class 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 class diagrams
throughout this specification:

¢ An association with one end marked by a navigability arrow means that:
« the association 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.
« An association with neither end marked by navigability arrows means that:
« the association 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 constraint { 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 classto which the end is attached
starts has a meaningful prefix of uppercase letters, for example XMLxxxx, KDMxxx, UlIxxxx, the entire uppercase
prefix is modified to become lowercase. For example, the above words become xmlxxxx, kdmxxx, uixxxx. By
convention, association ends that are owned by the association are also considered non-navigable and are often left
unlabeled since, in general, thereis no need to refer to them explicitly either in the text or in formal constraints -
athough 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
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 “inControlFlow” (the counterpart of the
“to” endpoint from the ControlFlow side) and “outControlFlow” (the counterpart of the “from” endpoint from the
ControlFlow side).

« KDM specification explicitly defines several operations that correspond to navigable derived association ends where
the corresponding association end is owned by the class. These operations constitute the high-level interfaceto KDM
models. Such operations are redundant from the MOF perspective as they are already implied by the derived
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properties. A specialized, non-derived version of the corresponding property is provided through the mechanism of
association specialization and redefinition.

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

“A_" <class-namel>*“ " <association-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.

Classes marked with a stereotype “ <<enumeration>>" represent MOF enumerations.

Classes marked with a stereotype “ <<dataType>>" represent MOF DataType elements.
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7  Specification Overview

This specification 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 1SO 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 1SO 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 1SO 42010, in which case additional requirements of SO 42010 shall be satisfied by the overall document. KDM
instances are represented as XML documents conforming to the KDM XMI schema.

Infrastructure fayer

Abstractions fayer S E

Program Elements layer

Structure

Resource layer

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

KDM specification is organized into the following 4 layers:
e Infrastructure Layer

e Program Elements Layer
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¢ Runtime Resource Layer
e 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 architectural viewpoints. 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, Ul, 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 isaMeta-Object Facility (MOF) model.

» 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
operationa environment of the software system. KDM ontology addresses both physical elements (for example, a
procedure, avariable, atable), which are originaly represented by language-specific artifacts of the software (for
example source code), aswell aslogical elements (for example, user interface el ements, concepts that areimplemented
by the software, architectural components of the software, such as layers, etc.).
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KDM defines a set of concepts that can be used, for example, as the foundation of a pattern language; and KDM
defines a schemafor representing facts about specific existing software systems.

KDM isdesigned in such away that KDM facts can be represented as W3C Resource Description Framework (RDF)
triples.

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

KDM models extensively use containment relationship: it is possible to group several entitiesinto atyped 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 traceahility links.

KDM isaligned with |SO/IEC 11404 General-Purpose Datatypes and OMG Semantics of Business Vocabularies and
Business Rules (SBVR).
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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).

. R . Abstractions
b aaye ™" | Conceptud |  Build Structure e
Runtime
R
Daa | Event | Ul | Plaform g
. Program
Primitives, efplicit, Code Action I_Ha;'gms
automeati cally; extracted
Source
Infragtructure
frzr%ork kdm Lay
”‘a{m‘d 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 hame “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. 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.
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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 rel ationships determined by the run-time platform.

« Ul package defines the meta-model elements that represent the user-interface aspects of the software system.

« Event package defines meta-model elementsthat 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.
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e 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 alarge specification, since it provides a vocabulary and 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:

e Core
e kdm
e 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. The two fundamental classes of the Core
package are KDMEntity and KDMRelationship. An entity is athing 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. Such relationships are called “explicit” relations. All
KDM relationships are binary.

KDM defines several built-in relationships, most notably:

* containment

e grouping

These built-in relations alow defining some KDM entitites as containers for other entities. There is a special container
owner ship (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 explicit relations.

Core package defines a high-level reflective interface to KDM models. Other KDM packages extend this interface by
specific operations, corresponding to specific facets of knowledge about existing software systems.

The Core package is aligned with the OMG SBVR specification, as KDM provides an abstraction of software systemsin
the form of terms (various KDM entities) and facts (various attributes of KDM entities, and relationships between KDM
entities). The largest part of the KDM specification is a definition of alanguage- and platform-independent vocabulary for
describing software systems. SBVR statements and rules can be written using this vocabulary to formally describe
properties of software systems as common standard-based content.

The package named “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
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instance consists of one or more Segments, where each Segment may own several KDM models (KDM facts, views of a
particular software system). Each KDM package defines some specific collection of meta-model element, which
addresses a certain specific facet of knowledge about existing software systems (a KDM domain, an architectural
viewpoint). Individual KDM implementations may support one or more selected KDM domains, 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 design facilitates
incremental implementations, where certain pieces of knowledge about the existing software are produced by analyzing
more basic KDM facts. 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. Thisis 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 classesin all specific KDM packages.
Classes of the Core package determine the structure of KDM models, define fundamental modeling constraints, and
determine the high-level interface to KDM models.

9.2 Organization of the Core Package

The KDM specification uses packages to manage 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 five class diagrams:
* Elements
» CoreEntities
» CoreRelations
e AggregatedRelations
 Datatypes
The Core package depends on no other packages.

9.3 Elements Class Diagram

The Elements class diagram describes the top level abstract classes that identify the main categories of elementsin KDM. The
classes and associations of the Elements class diagram are shown in Figure 9.1.

Element
Fas
AnnotationElement AnnotatableElement
pa 7%
S ExtendableElement
T
ModelElement

Figure 9.1 - Elements Class Diagram
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9.3.1 Element Class (abstract)

An Element is an atomic constituent of a model. The Element class 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.

9.3.2 AnnotatableElement Class (abstract)

Some elements of KDM can be annotated with AnnotationElements. Annotations supply additional information to a
particular KDM element. The particular annotations are represented as subclasses of AnnotationElement and are
described in the package named “kdm.” The AnnotatableElement is one of the abstract top meta-elements in the KDM
class hierarchy. Its purpose is to represent KDM elements that can be annotated and to distinguish them from the
AnnotationElement. The key subclass of AnnotatableElement is ExtendableElement.

Superclass

Element

Semantics

AnnotatableElement represents the subclasses of Element that can own annotations and user-defined attributes through
mechanisms defined in the package named “kdm.”

9.3.3 AnnotationElement Class (abstract)

AnnotationElement represents various annotations to AnnotatableElements. The AnnotationElement class is one of the
abstract top meta-elements in the KDM class hierarchy. Its purpose is to represent utility KDM elements that describe
annotations to other KDM elements, and that themselves can not be annotated. The concrete subclasses to
AnnotationElement are provided in the package named “kdm.”

Superclass

Element

Semantics

AnnotationElement represents various annotations that can be owned by AnnotatableElement. Concrete subclasses of
AnnotationElement are defined in the package named “kdm.”

9.3.4 ExtendableElement Class (abstract)

Some KDM elements can be extended through the light-weight extension mechanism. Extensions introduce new
“extended” meta-model classes that represent specialized subsets within the extent of their base KDM element. Extended
elements can have new properties. Extensions are represented by the subclasses of the ExtensionElement class, and are
described in the package named “kdm.” The ExtendableElement is one of the abstract top meta-elements in the KDM
class hierarchy. Its purpose is to represent the KDM elements that can be extended and to distinguish them from the
ExtensionElement. The key subclass of ExtendableElement is Model Element.

Superclass

AnnotatableElement
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Semantics

ExtendableElement describes the subclasses of Element can be extended through the light-weight extension mechanism
defined in the package named “kdm.”

9.3.5 ExtensionElement Class (abstract)

ExtensionElement represents various elements that provide the light-weight extension mechanism of KDM.
ExtensionElement is one of the abstract top meta-elements in the KDM class hierarchy. Its purpose is to represent the
elements that are part of the light-weight extension mechanism and that themselves cannot be extended (but can be
annotated using the AnnotationElement). The concrete subclasses of ExtensionElement are described in the package
named “kdm.”

Superclass
AnnotatableElement

Semantics

ExtensionElement describes the subclasses of Element that are parts of the light-weight extension mechanism to KDM.
Concrete subclasses of ExtensionElement are defiend in the package named “kdm.”

9.3.6 ModelElement Class (abstract)

A ModelElement is an element that represents some aspect of the existing system. The ModelElement is one of the
abstract top meta-model elements in the KDM class hierarchy. The key subclasses of Model Element are KDMEntity and
KDMRelationship. Most of the meta-model elementsin KDM are subclasses of either KDMEntity or KDMRelationship.
Another important subclass of ModelElement is FrameworkElement defined in the package named “kdm.”

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

Extendabl eElement

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 Model Element meta-model element can be extended through the light-weight extension mechanism
defined in the package named “kdm.”

9.4 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 9.2.
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ModelElement

+/owner n +/group
{union} KDMEntity {union}
+name : String
0..1 0.*
0..* 0..*

+/ownedElement  +/groupedElement
{union} {union}

Figure 9.2 - CoreEntities Class Diagram

9.4.1 KDMEntity Class (abstract)
A KDMEntity is a named model element that represents an artifact of existing software systems.

In the meta-model, KDMERntity is a subclass of ModelElement. Each KDM package defines specific KDM entities that
are direct or indirect subclasses of KDMEntity. A KDMEntity can be an atomic element, a container for some
KDMEntities, and/or a group of some KDMEntities. Container and group introduce built-in 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

Model Element

Attributes

name: String Anidentifier for the KDM entity.

Associations

/ owner:KDMEntity[0..1] KDM entity that ownsthe current element. This property determinesahigh-level interface to
KDM entities. This property is aderived union. Some KDM entities define a concrete set of
owned elements that are subtypes of KDMEntity. In KDM thisis 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 aKDM entity is defined as the container
for which the given entity is an owned entity.
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/ group:KDMEntity[0..*]

/ ownedElement[0..*]

/ groupedElement[0..*]

Constraints

Set of KDM entities with which the current element has a group association. This property
determines a high-level interface to KDM entities. This property is aderived union. Some
KDM entities define a concrete set of grouped elementsthat are the subtypes of KDMEntity.
In KDM thisis 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 aKDM entity is defined as the element for which the given entity is a grouped entity.
Each KDM entity can be associated with multiple groups.

Set of KDM elements that are owned by the current element. This property determines a
high-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 thisis
represented by the CM OF “derived union” mechanism. Concrete properties subset the
“union” properties of the parent classes, defined in the Core package.

Set of KDM elements that have a group association with the current element. This property
determines a high-level interface to KDM entities. This property is a derived union. Some
KDM entities define a concrete set of grouped elementsthat are the subtypes of KDMEntity.
In KDM thisis represented by the CMOF “derived union” mechanism. Concrete properties
subset the “union” properties of the parent classes, defined in the Core package.

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 isaKDM 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

getGroup():KDMEntity[0..*]

KDM Entity. Only KDM containers can own other entities.

This operation returns the set of KDM Entities that have a group association
to the current KDM Entity. The group entity isaKDM group. Unlike KDM
containers, there may be many groups that have an association to agiven
entity.

getGroupedElement():KDMEntity[O..*] This operation returns the set of KDM entities that are “ grouped” by the

Semantics

current KDM entity. Only KDM groups can have group associations to other
entities.

An entity is athing 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. Specific subclasses of KDMEntity constitute the noun terms of the vocabulary defined by KDM.
Each KDM package defines a viewpoint language, consisting of noun terms represented as subclasses of KDMEntity, and

verb terms represented as subcl

asses of KDMRelationship.
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Derived association ends owner, ownedElement, group and groupedElement are owned by the class. Explicit operations
are defined for navigation as part of the high-level interface to KDM models. Individual KDM packages define subtypes
of KDMEntity with specific subtypes of allowed owner, group, groupedElement and ownedEIment in each package.

9.5 CoreRelations Class Diagram

The CoreRelations class diagram defines the key associations of KDM models, called “explicit relations’” between KDM
entities. The classes and associations of the CoreRelations class diagram are shown in Figure 9.3.

ModelElement

+/ownedRelation

|

{union}
KDMRelations hijp
0..*
0..* 0..*
+/outbound +/inbound
{union} {union}
+/from 1 1 *o
. KDMEntity

Figure 9.3 - CoreRelations Class Diagram

9.5.1 KDMREelationship 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.

Superclass

M odel Element
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Associations

/ to: KDMEntity[1] Thetarget entity (also referred to as the to-endpoint of the relationship). This property determines
ahigh-level interface to KDM relationships. Every specific KDM relationship redefines the to-
endpoint to a particular subtype of KDMEntity. In KDM thisis 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 high-level interface to KDM relationships. Every specific KDM relationship
redefines the from-endpoint to a particular subtype of KDMEntity. In KDM thisis 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 returnsthe 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 is an abstract meta-model element. Concrete 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.

Each KDM package defines a viewpoint language, consisting of noun terms represented as subclasses of KDMEntity, and
verb terms represented as subclasses of KDMRelationship. Relations defined as subclasses of KDMRelationship are
“explicit” and consitute the majority of the vocabulary defined by KDM. Explicit relations can be mapped to RDF triples.
KDM also includes several “built-in” relations, such as “ownedElement” and “groupedElement” defined at the
CoreEntities class diagram and several others. KDM “built-in” relations as well as attributes of KDMEntities can be also
mapped to RDF triples. The key difference between explicit and built-in relations is how they are used in the Aggregated
Relations mechanism. Only explicit relations can be aggregated. On the other hand, the Aggregated Relations mechanism
uses “ownedElement” and “groupedElement” built-in relations to define aggregations. Other built-in relations cannot be
aggregated and always remain as associations between the original endpoints.

Derived association ends to and from are owned by the class. They are redefined in individual KDM packages. Explicit
operations getTo and getFrom are defined for navigation as part of the high-level interface to KDM models. Individual
KDM packages define specific subtypes of KDM Relationship where the endpoints are specific subtypes of KDMEntity in
each package.

9.5.2 KDMEntity (additional properties)

Associations

/ ownedRelation: KDMRelationship[0..*] Set of explicit KDM relationships that originate from the current entity.
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/ inbound: KDMRelationship[0..*] Set of explicit KDM relationships that have the current entity astheir

target.
/ outbound:KDMRelationship[0..*] Set of explicit 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.
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.

Derived association ends inbound and outbound are owned by the associations. Derived association end ownedRelation is
owned by the class. Explicit operations are defined for navigation as part of the high-level interface to KDM models.
Individual KDM packages define subtypes of KDMRelationship which determine allowed inbound, outbound, and
ownedRelation for specific subtypes of KDMEntity in each package.

9.6 AggregatedRelations Class Diagram

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

The lifecycle of Aggregated Relationshipsis managed by the operations of the KDMEntity class. AggregatedRelations are
owned by a KDMEntity class that is the from-endpoint of the aggregated relation, similar to explicit KDM relations.

The classes and associations of the AggregatedRelations class diagram are shown in Figure 9.4.
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Figure 9.4 - AggregatedRelations Class Diagram

9.6.1 AggregatedRelationship Class

The set of AggregatedRelationship elements for a given entity represents all explicit relationships between the entities
that are transitively owned by the given entity as well as the entity itself. One AggregatedRelationship represents
collection of individual KDM Relationship elements (and can be referred to as their aggregate). The aggregation rules are
defined in the semantics section. AggregatedRelationship 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).
KDMEntity class includes operations for managing the lifecycle of owned AggregatedRelationship elements.

Superclass

M odel Element

Attributes

/ density:Integer The number of explicit relationships in the aggregated set. This property is derived.

Associations

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

to: KDMEntity[1] The aggregation to-endpoint of the relationships in the aggregated set. All
relationships in the aggregated set should terminate at the entity that is the to-
endpoint or at some entity that is owned (or grouped) directly or indirectly by the to-
endpoint.
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from:KDMEntity[1] The aggregation from-endpoint of the relationships in the aggregated set. All
relationships in the aggregated set should originate from the entity that is the from-
endpoint or from some entity that is owned (or grouped) directly or indirectly by the
from-endpoint.

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 equal to the number of explicit relationships represented by the given aggregated
relationship.

Semantics

AggregatedRelationhip is determined by how 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 explicit 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 explicit KDM
relationships such that the given entity is the from-endpoint and the to-endpoint is any entity that is owned (or
grouped) by the given container (directly or indirectly).

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

4. AggregatedRel ationship between two containers (and/or groups) represents the set of all explicit KDM relations
such that the from-endpoint is an entity owned (or grouped) by the first container and the to-endpoint is an entity
owned (or grouped) by the other container.

An explicit 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 explicit KDM relationships. It has density of greater
or equal than 1 and no concrete type (as it may represent explicit KDM relationships of different types). An
AggregatedRel ationship cannot be constructed between two entities if there are no explicit KDM relationships between
them (according to the definition above).

The relationship “x in* C” means that x isin 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* Clandy in* C2 and x Ry}

That is, P isthe set of pairs such that x isin* Clandy isin* C2and X R y.

Then
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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.

CEE—

1=

Figure 9.5 - AggregatedRelationships illustrated

Figure 9.5 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 (asin Figure 9.5), 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 explicit relationships, which represent some basic facts, for example,
“procedure x calls procedure y.” Such basic fact has density 1. An explicit code relationship represents some basic fact
about the existing application. Now, when there are two or more such facts, for example “procedure x in 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 explicit relationships between modules A and B as aggregation from- and to-endpoints.

Association ends to, from, owner, and relation are owned by the class.

9.6.2 KDMENtity (additional properties)

Associations

aggregatedRelation:AggregatedRelationship[0..*]  The set of aggregated relationships owned by thisKDM entity.

/ inAggregated: AggregatedRelationship[0..*] The set of aggregated relations for which the current KDM entity is
the aggregation to-endpoint.

/ outAggregated:AggregatedRelationship[0..*] The set of aggregated relations for which the current KDM entity is
the aggregation from-endpoint.
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Operations

createAggregation(otherEntity: KDMEntity) This operation creates an aggregated relationship such that the
current entity is the aggregation from-endpoint of the aggregated
relation and the “otherEntity” is the aggregation to-endpoint. The
new aggregated relationship is owned by the current entity which
becomes the from-endpoint of the aggregated relationship.

deleteAggregation This operation deletes the given aggregated relationship.
(aggregatedRelation:AggregatedRelationship)

getinAggregated():AggregatedRelationship[0..*] This operation returns the set of AggregatedRelationship for which
the aggregation to-endpoint is the current KDM Entity.

getOutAggregated():AggregatedRelationship[0..] This operation returns the set of AggregatedRelationship for which
the aggregation from-endpoint is the current KDM Entity.

Constraints

1. AggregatedRel ationship shall be owned by the KDMEntity that is the aggregation from-endpoint of the aggregated
relationship.

Semantics

Derived association ends inAggregated, outAggregated are owned by the class. Explicit operations are defined for
navigation as part of the high-level interface to KDM models. Association end aggregatedRelation is owned by the class.

9.6.3 KDMRelationship (additional properties)

Associations

| aggregate:AggregatedRelationship[0..*] The set of aggregated rel ationships that include this KDM
relationship.

Semantics

Derived association end aggregate is owned by the class. No explicit operations for navigation are defined for this derived
property. This derived property is the inverse of the relation property of AggregatedRelationship.
9.7 Datatypes Class Diagram

The Datatypes class diagram describes several predefined data types for the Core package. Each class at the Datatypes
class diagram is an instance of MOF DataType class. The classes of the Datatypes class diagram are shown in Figure 9.6.

«dataType» «dataType» «dataType»
String Boolean Integer

Figure 9.6 - Datatypes Class Diagram
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9.7.1 Boolean Type (datatype)

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

9.7.2 String Type (datatype)

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

9.7.3 Integer Type (datatype)

The meta-model uses the predefined 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 each 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, thisis 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 specification. 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 isthe key unit of a KDM instance. KDM segment can own one or more models. A segment isaminimal 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.

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.
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The package with name “kdm” consists of the following 5 class diagrams:
* Framework — defines the basic elements of the KDM framework.
e Audit — defines audit information for KDM model elements.
« Annotations - provides user-defined attributes and annotations to the modeling elements.
« Extensions- aclass 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.

ModelElernent
(core)
FrameworkElement
+name : String +owner  Extensions
1
o* +extensionFamily
ExtensionFamily
+name : String
+owner
1
Segment +mode KDMMode/
+segment
0.*
0..*
Models
0.1 +/model [0..1 {union}
+owner
Segments +/ow_nedEIement 0..*
{union} KDMEntity

(core)

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

The FrameworkElement meta-model element is an abstract class that describes the common properties of all KDM
Framework elements. FrameworkElement class is extended by Segment and KDMModel classes. These elements may
own KDM light-weight extensions (extensionFamily property). The KDM extension mechanism is described further in
this clause.

Superclass

M odel Element

Attributes

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

Associations

extensionFamily:ExtensionFamily [0..*] Extensions for the current model segment. This association end is owned
by the class.
Semantics

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

e Arrangeinstances of the KDM model elementsinto models (constrained only by the definition of each model).
¢ Arrange KDM modelsinto one or more segments.

¢ Provide namesto 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 that 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:

¢ Themeta-model elementsfor 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
“ AbstractFooRel ationship.” This class extends KDM Relationship 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.

e Class*“AbstractFooElement” owns zero or more AbstractFooRel ationship elements.

« The package “foo” includes a“Fool nheritances’ class diagram, describing inheritances of “FooModel,”
“ AbstractFooElement,” and “ AbstractFooRelationship” classes, aswell 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

FrameworkElement

Associations

/ ownedElement: KDMEntity[0..*] Instances of KDM entities owned by the model. Each KDM model defines
specific subclasses of KDMEntity class.

Operations
getOwnedElement(): KDMEntity[0..*] This operation returns the set of KDM entities that are owned by the current
KDM Modd.
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 shall be no associations from the Program Elements and
Infrastructure layer models to Resource and Abstractions layer models.

Derived association end ownedElement is owned by the class. Explicit operations are defined for navigation as part of the
high-level interface to KDM models. Each KDM package defines specific subtypes of KDMModel and a collection of the
corresponding subtypes of KDMEntity and KDM Relationship classes. Each subclass of KDMModel and related subtypes
of KDMEntity and KDMRelationship define a viewpoint. Instances of these classes for a given software system constitue
one or more KDM models, (KDM views).

Association end owner is owned by the class. This property is considered non-navigable in KDM.
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10.3.3 KDMEntity (additional properties)

Associations

/ model: KDMModel[0..1] Instance of KDM Model that owns this KDM entity.
Operations
getModel(): KDMModel[0..1] This operation returns the KDM model that owns the current KDM
Entity.
Semantics

Derived association end model is owned by class. Explicit operations are defined for navigation as part of the high-level
interface to KDM models. Each KDM package defines specific subtypes of KDMMaodel and a collection of the
corresponding subtypes of KDMEntity classes. The model property of such subclass of KDMEntity is an instance of a
specific subtype of KDMModel from the same KDM package.

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.

Superclass

FrameworkElement

Associations

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

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

Semantics

Association ends model and segment are owned by the class. Association end owner is owned by the association. This
property is considered non-navigable in KDM.

The implementer shall arrange KDM models into segments and to provide name attributes for each KDM segment
instance. A KDM segment instance may be empty or may not contain KDM models of a given kind or may contain one
or more KDM models of a given kind.

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

KDM meta-model patterns make it possible to arrange KDM instances in such a way that the models in KDM Program
Elements and Infrastructure layers are placed in a separate KDM segment, which becomes a reusable asset for multiple
derivative models from the Program Elements and Infrastructure layer.
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The implementers of KDM import tools should not make any assumptions regarding the organization of the KDM models
into KDM segments.

Example

<?xml version="1.0" encoding="UTF-8"?>
<kdm:Segment xmlns:xmi="http://www.omg.org/spec/XMI/20110701"
xmlns:code="http://www.omg.org/spec/KDM/20160201/code"
xmlns:kdm="http://www.omg.org/spec/KDM/20160201/kdm"
xmlns:source="http://www.omg.org/spec/KDM/20160201/source" name="Framework Example">
<audit xmi:id="id.0" description="Illustration of KDM Framework" author="KDM FTF" date="04-03-2007">
<attribute xmi:id="id.l1" tag="approved" value="yes"/>
</audit>
<segment xmi:id="id.2" name="foobar"/>
<model xmi:id="id.3" xmi:type="code:CodeModel" name="foo">
<annotation xmi:id="1id.4" text="This is a sample instance of a Code model"/>
</model>
<model xmi:id="id.5" xmi:type="source:InventoryModel" name="bar">
<annotation xmi:id="id.6é" text="This is a sample of an Inventory model"/>
</model>
</kdm: Segment >

10.4 Audit Class Diagram

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

The classes and associations of the Audit class diagram are shown in Figure 10.2.

ExtendableElement
(core)
AN
ModelElement
(core)
+owner |1
Audit
+description : String
Audits +audit | +author : String

+date : Stri
0~ ring

Figure 10.2 - Audit Class Diagram

10.4.1 Audit Class

Audit class represents basic audit information associated with KDM model elements. The Audit element allows
associating provenance, argument as well as other metadata with arbitrary KDM model elements.
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Superclass

Extendabl eElement

Attributes
description:String Contains the description related to the Audit of the element (the Audit message).
author:String Contains the name of the person who has created the model element, or the name of the
tool that was used to create the model element.
date:String Contains the date when the model element was created.

Associations

owner:ModelElement[1] The owner of the current Audit element.

Constraints
1. date should be represented in “dd-mm-yyyy” format.
Semantics
The Audit element provides some extra “audit” information in the form of human readable text.

Each model element can have zero or more Audit instances associated with it. The collection of Audit elements is not
ordered however the data property can be used to establish the temporal ordering. The Date format is “dd-mm-yyyy,”
where “dd” is the date, the “mm” is the number of the month, with leading zero, if needed, and “yyyy” is the year. For
example, “04-03-2007" corresponds to the “4th of March 2007.”

The content of the Audit element is provided by the implementer or the analyst.
KDM does not constrain the “description” attribute.

The implementers of KDM import tools should not make any assumptions regarding the content of the Audit element,
other than the “human-readable text.” It is expected that at least one Audit element is related to the origin of the model or
segment.

Audit element can own Annotation elements and Attribute elements. The Audit.description is the primary description and
any associated annotations may be used as optional secondary descriptions.

Audit element can be extended with ExtensionElement using the light-weight extensibility mechanism.
Association end owner is owned by the class.
Example

See example in the “ Segment Class’ sub clause.

10.4.2 ModelElement (additional properties)

Audit elements can be owned by any subclass of the Model Element element, including segment or model.
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Associations

audit:Audit[0..*] Thelist of Audit element instances for the given instance of Model Element, including Segment or
Model.

Semantics

Association end audit is owned by the class.

10.5 Extensions Class Diagram

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

The KDM light-weight extension mechanism is a standard way of adding new “extended” meta-model elementsto KDM.
An “extended” meta-model element is a base meta-model element with extended meaning, and possibly with extended
attributes. The base meta-model element can be a “regular” element (a concrete class, not marked as “generic”), or
“generic” (concrete class with under specified semantics, marked as “generic”). This mechanism is defined as part of
KDM. The light-weight extensions mechanism allows introducing new “extended” meta-model element kinds (called
stereotypes). The exact meaning and the intention of the “extended” meta-model elements is outside of KDM and should
be communicated by implementers to the users of the extended representations.

The light-weight extension mechanism provides the following capabilities:
1. Define a stereotype (introduce the partial kind of a meta-model element):

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

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

3. Organize stereotype definitions into stereotype families. Stereotype families are owned by KDM Framework
elements (KDM models and segments).

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

*  Concrete tag values can be added to the “extended” element if the stereotype defines tags.
» Eachtag valueis associated with the corresponding tag definition.
e The complete kind of the new element is defined as the union of all stereotypes added to the element.

When added to a KDM model element, a stereotype provides additional semantic details to the base meta-model element.
Stereotypes should not change the semantics of the base element.

KDM supports the light-weight extension mechanism through a Generic Element meta-model pattern. KDM defines a
relatively large number of concrete meta-model elements with under specified semantic. In KDM these elements are the
common superclasses for classes with specific semantics. However, generic elements can be used as extension points of
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the light-weight extension mechanism by using them in KDM instances with a stereotype. In addition, each KDM model
defines two viewpoint-specific generic elements: a generic entity and a generic relationship for the given KDM model.
They too can be used as extension points.

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

KDM light-weight extension mechanism does not support multiplicity of tags, constraints on tags, relationships between
tags or stereotypes. The implementer shall select the most specific extension points, by defining stereotypes in such a way
that they use the base elements with the most specific semantic description (closer to the bottom of the KDM class
hierarchy).

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

ExtensionElement
> (core) <
ExtensionFamily
+name : String
+owner |1
Bloreotyps TagDefinition
+stereotype |+name : String +owner +ag i
% - Strin | +tag : String
0..* Y 9 1 Tags 0. +type : String
Stereotypes /

+stereotype [0..*

Extension
0.*
ExtendableElement ExtendedValue
+taggedValue
(core) ] o

ExtendedValues

Figure 10.3 - Extensions Class Diagram

10.5.1 Stereotype Class

The stereotype concept provides a way of branding (classifying) certain elements so that they behave as if they were the
instances of new extended meta-model constructs. These elements have the same structure (attributes, associations,
operations) as similar non-stereotyped elements of the same kind. The stereotype may specify additional required tagged
values that apply to these elements. In addition, a stereotype may be used to indicate a difference in meaning or usage
between two elements with identical structure.

Stereotype is a named element. TaggedVal ues attached to a Stereotype apply to each ExtendableElement branded by that
Stereotype.

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

ExtensionElement

Attributes
name:String Specifies the name of the stereotype.
type:String Specifies the name of the base element to which the stereotype applies.

Associations

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

owner:ExtensionFamily[1] ExtensionFamily that owns the current stereotype.

Constraints

1. Tags associated with ExtendableElement should not clash with any meta attributes associated with this model
element.

2. A model element should have at most one tagged value with a given tag name.
3. A stereotype should not extend itself.

4. A Stereotype can be added to ExtendableElement if its class is the same as the value of the type attribute of the
Stereotype, or one of its subclasses.

5. The values of the type attribute of the TagDefinition are restricted to the names of the subclasses of
ExtendableElement and the names of the core datatypes. Names of the core datatypes (“Boolean,” “ String,”
“Integer”) define attributes of the extended meta-model element. The corresponding values are represented as
instances of the TaggedValue class. Names of the subclasses of ExtendableElement (for example, “KDMEntity,” or
“Audit”) define associations of the extended meta-element and the corresponding values are represented as
instances of the TaggedRef class.

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

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

Association ends tag and owner are owned by the class.

Example

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

<kdm:Segment xmlns:xmi="http://www.omg.org/spec/XMI/20110701"
xmlns:action=http://www.omg.org/spec/KDM/20160201/action"
xmlns:code="http://www.omg.org/spec/KDM/20160201/code"
xmlns:kdm="http://www.omg.org/spec/KDM/20160201/kdm" name="Stereotype Example">
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<extensionFamily xmi:id="id.0" name="Example extensions"s>
<stereotype xmi:id="id.1" name="Java method"/>
<stereotype xmi:id="id.2" name="C++ method"/>
<stereotype xmi:id="id.3" name="C++ procedure"/>
<stereotype xmi:id="id.4" name="C++ friend">
<tag xmi:id="1d.5" tag="friend of" type="ClassUnit"/>
</stereotype>
<stereotype xmi:id="id.6" name="IsFriendOf"/>
<stereotype xmi:id="id.7" name="native call"s>
<tag xmi:id="id.8" tag="implemented in" type="String"/>
</stereotype>
</extensionFamily>
<model xmi:id="id.9" xmi:type="code:CodeModel" name="Example">
<codeElement xmi:id="id.10" xmi:type="code:ClassUnit" name="myclass">
<codeElement xmi:id="1id.11" xmi:type="code:MethodUnit" stereotype="id.2"
name="foo" type="id.1l2">
<codeElement xmi:id="id.12" xmi:type="code:Signature" name="foo"/>
</codeElement>
</codeElement>
<codeElement xmi:id="id.13" xmi:type="code:CallableUnit" stereotype="id.4 id.3"
name="bar" type="id.16" kind="regular">
<taggedvValue xmi:id="id.14" xmi:type="kdm:TaggedRef" tag="id.5" reference="id.10"/>
<codeRelation xmi:id="id.15" xmi:type="code:CodeRelationship" stereotype="id.ée"
to="id.10" from="id.13"/>
<codeElement xmi:id="1id.16" xmi:type="code:Signature" name="bar"/>
</codeElement >
</model>
<model xmi:id="id.17" xmi:type="code:CodeModel">
<codeElement xmi:id="id.18" xmi:type="code:ClassUnit" stereotype="id.1">
<codeElement xmi:id="1id.19" xmi:type="code:MethodUnit" stereotype="id.1l"
name="foobar" type="id.23">
<codeElement xmi:id="1d.20" xmi:type="action:ActionElement" stereotype="1id.7"
name="al">
<actionRelation xmi:id="1id.21" xmi:type="action:Calls" stereotype="id.7"
to="1id.13" from="id.20">
<taggedvValue xmi:id="id.22" xmi:type="kdm:TaggedvValue" tag="1id.8" value="C"/>
</actionRelation>
</codeElement >
<codeElement xmi:id="id.23" xmi:type="code:Signature" name="foobar"/>
</codeElement>
</codeElement>
</model>
</kdm: Segment >

10.5.2 TagDefinition Class

Lightweight extensions allows information to be attached to any model element in the form of a “tagged value” pair (i.e.,
name=value). The interpretation of tagged value semantics is outside the scope of KDM. It must be determined by the
user or tool conventions. It is expected that tools will define tags to supply information needed for their operations
beyond the basic semantics of KDM. Such information could include specific entities, relationships, and attributes for a
particular programming language, runtime platform, or engineering environment.
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Even though TaggedValues is a simple and straightforward extension technique, their use restricts semantic interchange of
extended information about existing software systems to only those tools that share a common understanding of the
specific tagged value names.

Each Stereotype owns the optional set of TagDefinitions. Each TagDefinition provides the name of the tag and the name
of the KDM type of the corresponding value.

In the meta-model, TagDefinition is a subclass of Element.

Superclass

ExtensionElement

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

Associations

owner:Stereotype[1] Stereotype that owns the current TagDefinition.

Constraints

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

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

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

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

Semantics

ExtendedValues provide the values of the extended attributes and associations of the extended meta-model element
defined by one or more stereotypes.

Names of the tags, defined by each stereotype constitute an isolated namespace that does not interfere with the names of
other stereotypes or the names of the attributes of the base type. The meaning and the intention of the stereotypes and tags
is outside of the KDM specification and should be communicated by implementers to the users of the extended models.
Extensions should not change the semantics of the base KDM meta-model elements, so that the model with extensions
can still be interpreted as an approximation of the full extended meaning when extensions are ignored and only the basic
KDM semantic rules are applied.

Association end owner is owned by the class.

48 Architecture-driven Modernization (ADM): Knowledge Discovery Meta-model (KDM), v1.4



Example

See example in the “ Stereotype Class’ sub clause.

10.5.3 ExtensionFamily Class

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

Superclass

ExtensionElement

Attributes

name:String Provides the name of the extension family.

Associations

stereotype: Stereotype[0..*] The set of stereotypes that are owned by the extension family.
owner:FrameworkElement[1] The FrameworkElement (Segment or KDMModel) that ownsthe current extension
family.
Semantics

ExtensionFamily provides a named container for stereotype definitions. The implementer shall arrange stereotype
definitions into meaningful families. Some stereotype definitions may be made available as reusable assets in a separate
segment. KDM analysis tools should not make any assumptions regarding the organization of stereotypes into families.

Association ends stereotype and owner are owned by the class.
Example

See example in the “ Stereotype Class” sub clause.

10.5.4 ExtendableElement (additional properties)

Associations

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

stereotype:Stereotype[0..*] the stereotype

Constraints

1. Each tagged value added to an ExtendableElement must conform to a certain tag definition owned by the
stereotype of that ExtendableElement (the tag association of the TaggedValue should refer to a TaggedDefinition
that is owned by a Stereotype of the ExtendableElement). A tagged value conforms to a tag definition when the
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value conforms to the type of the TagDefinition. Full validation of lightweight extensions can only be performed
dynamically by a suitable KDM import tool, since the purpose and the semantics of an extension is not defined by
the KDM standard.

2. Stereotype can be associated with a certain instance of an ExtendableElement if the type of the ExtendableElement
is the same as the type property in the stereotype definition, or one of its subclasses.

Semantics
Association ends taggedValue and stereotype are owned by the class.

Example

See example in the “ Stereotype Class’ sub clause.

10.6 ExtendedValues Class Diagram

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

The classes and associations involved in the definition of extended values are shown at Figure 10.4.

ExtensionElement
(core)
ExtendedValue +tag TagDefinition
TaggedValueDefinition +tag : String
+type : String
T 1_° 1
TaggedValue TaggedRef
+value : String
0..*
Reference
1| +reference
ExtendableElerment
(core)

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

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

Superclass

ExtensionElement

Associations

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

Semantics

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

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

Each instance of ExtendedValue has an association to the corresponding TagDefinition. Association end tag is owned by
the class.

10.6.2 TaggedValue Class

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

Each TaggedVaue must conform to the corresponding TagDefinition.

Superclass

ExtendedVaue

Attributes

Value:String Contains the current value of the TaggedValue.

Constraints

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

TaggedValue element represents simple atomic extended attributes. The type constraint of the value, defined in the
corresponding TagDefinition can be the name of any KDM primitive datatype (for example, “ StringType,”
“BooleanType,” etc.).

Example

See example in the “ Stereotype Class’ sub clause.

10.6.3 TaggedRef Class

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

Superclass

ExtendedValue

Associations

reference:Model Element[1] Designates the model element referred to by the extended value.

Constraints

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

Semantics

TagRef represents complex extended attributes, which are associations to other KDM elements. TagDefinition can be a
name of any KDM meta-model element (for example, “KDMEntity,” “ AbstractCodeElement,” “Control Element,” or
“CallableUnit”). Association end reference is owned by the class.

Example

See example in the “ Stereotype Class’ sub clause.

10.7 Annotations Class Diagram

The Annotation class diagram defines meta-model elements that allow ad hoc user-defined attributes and annotations to
instances of KDM elements. The mechanism of ad hoc user-defined attributes provides a capability to add pairs <tag,
value> to an individual element instance. Thisis complimentary to the light-weight extension mechanism, which provides
a new meta-model element, each instance of which has <tag, value> pair specified by the definition of the extended
element. An ad hoc user-defined attribute is owned to an individual element instance. This means that different instances
of the same meta-model element may own completely different user-defined attributes (and some may have none at al).

52 Architecture-driven Modernization (ADM): Knowledge Discovery Meta-model (KDM), v1.4



An Annotation is an ad hoc note owned by an individual element instance. Annotations and attributes are applied to the
elements of KDM instances. They may be used by implementer to add specific information to an individual element.
They may also be used by an analyst, annotating a given KDM instance. On the other hand, stereotypes and tag
definitions are first defined as extensions to the KDM (meta-model) and then systematically used by the implementer.

The classes and associations that make up the Annotations diagram are shown in Figure 10.5.

AnnotationElement
(core)
L
AnnotatableElement
+owner | 1 +owner | 1
Attribute Annotation
+tag : String +attribute +annotation | +text : String
+value : String 0..*

ElementAttribute 0..*
ElementAnnotation

Figure 10.5 - Annotations Class Diagram

10.7.1 Attribute Class

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

Superclass

AnnotationElement

Attributes
tag:Name Contains the name of the attribute. This name determines the semanticsthat are applicableto the
contents of the value attribute.
value:String Contains the current value of the attribute.

Associations

owner:Element[1] The AnnotatableElement that owns the current Attribute.
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Constraints
1. Attribute cannot have further annotations or attributes.

Semantics

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

An attribute element is not related to a particular meta-model element. It does not define an extended attribute to an
extended meta-model element, that is instantiated with every instantiation of the new element. Instead, an attribute
element can be added to any KDM element. It defines a property of a particular instance, not a property of a class of
instances. Association end owner is owned by the class.

Example

See example in the “Segment Class’ sub clause.

10.7.2 Annotation Class

Annotations allow textual descriptions to be attached to any instance of a model element.

Superclass

AnnotationElement

Attributes

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

Associations

owner:Element[1] The AnnotatableElement that owns the current Annotation.

Constraints
1. Annotation cannot have further annotations or attributes.

Semantics

Annotation allows associating a human-readable text with an instance of any Element. Association end owner is owned
by the class.

Example

See example in the “Segment Class’ sub clause.
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10.7.3 AnnotatableElement (additional properties)

Associations

attribute:Attribute[0..*] The set of attributes owned by the given element.
annotation:Annotation[0..*] The set of annotations owned by the given element.
Semantics

No assumptions should be made regarding the order of attributes or annotations associated with a particular instance.
Association ends attribute and annotation are owned by the class.
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11 Source Package

11.1 Overview

The Source package defines a set of meta-model elements whose purpose is to represent the physical artifacts of existing
systems, such as source files, images, configuration files, resource descriptions, etc. The Source package also represents
traceability links between instances of KDM meta-elements and the corresponding regions of source code. It represents
the link between the KDM instance and the artifacts of the existing system it represents.

The Source package offers several capabilities for linking instances of the KDM representation to the corresponding
artifacts:

« Inlining the corresponding source code in the form of a“snippet” into KDM representation.
« LinkingaKDM element to aregion of the source code within some physical artifact of the system being modeled.

< Explicit relation between any KDM element (viathe Track element) and another KDM element, including elements
that represent an artifact in the InventoryModel.

A given KDM representation can implement either of the approaches, all of them, or none.

KDM Source packages uses URI reference to identify the location of an artifact. When a KDM element is linked to the
source code within a particular physical artifact of the existing system (regardless of the existence of the corresponding
snippet), KDM offers an additional two options:

* Thelink can utilize the element of the KDM inventory model to identify the particular physical artifact, in which case
the URI reference of the artifact is determined through the Inventory Model.

< Thelink can be made stand-alone and explicitly specify the URI reference of the artifact.

The nature of the “source code” represented by a particular KDM element is unspecified within KDM. In KDM, thisis
indicated by the “language” attribute.

The Source package defines an architectural viewpoint for the Inventory domain. It is determined by the entire software
development environment of the existing software system.

e Concerns,
¢ What are the artifacts (software items) of the system?

*  What isthe genera role of each artifact (for example, isit asourcefile, abinary file, an executable, or a
configuration description)?

¢ What isthe organization of the artifacts (into directories and projects)?
e What are the dependencies between the artifacts?
* Viewpoint language:

Inventory views conform to KDM XMI schema. The viewpoint language for the Inventory architectural
viewpoint is defined by the Source package. It includes an abstract entity AbstractinventoryElement, several
generic entities, such as Inventoryltem and InventoryContainer, as well as several concrete entities, such as
SourceFile, ObjectFile, ImageFile, Directory, etc. The viewpoint language for the Inventory architectural
viewpoint also includes TraceableTo and DependsOn relationships, which are subclasses of
AbstractInventoryRel ationship.
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¢ Analytic methods:
The Inventory architectural viewpoint supports the following main kinds of checking:
e What artifacts depend on the given artifact?

The Inventory viewpoint also supports check in combinations with other KDM architectural viewpoint to determine
the original artifacts that correspond to agiven KDM element.

« Construction methods:

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

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

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

e The mapping from a particular environment to KDM may produce additional information (system-specific, or
environment-specific, or extractor tool-specific). Thisinformation can be attached to KDM elements using
stereotypes, attributes, or annotations.

As ageneral rule, in agiven KDM instance, each instance of the inventory model represents a set of resources,
identifiable by URI references. A resource is any artifact that has identity, such as afile, an electronic document, an
image, a service, and a collection of other resources. Exceptions to this rule are;

« InventoryModel element, which isa part of the KDM instance infrastructure. This meta-model element is a container
for the instances of other inventory meta-model elements.

» SourceRef and Region elements that represent traceability links between other instances of KDM meta-model
elements and source code of an existing software system.

» Track element that together with the TraceableTo relation represents traceability links between instances of KDM
entities, including links from KDMEntities to Inventoryltem elements.

Inventory meta-model elements are part of the KDM instance infrastructure because they determine the traceability
mechanism between KDM entities, including links between KDM entities and the elements of the InventoryModel, or
KDM entities and the regions of the physical artifacts of the existing software system that they represent.

11.2 Organization of the Source Package
The Source package consists of the following 6 class diagrams:

e InventoryModel

« Inventorylnheritances

¢ Inventoryltems

* InventoryRelations

o SourceRef

» ExtendedinventoryElements
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The Source package depends on the following packages:
* Core

e kdm

11.3 InventoryModel Class Diagram

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

¢ InventoryMode class
e AbstractinventoryElement class
e AbstractinventoryRelationship class

The InventoryModel class diagram defines meta-model elements to represent several important categories of artifacts
according to their functional role in software systems. Software artifacts are local or network resources, identifiable by
URI resources. These meta-model elements are subclasses of the common parent class Inventoryltem. The Inventory
model also provides a generic KDM container called InventoryContainer and two specific containers: Directory and
Project.

The classes and associations of the InventoryModel are shown in Figure 11.1.

InventoryModel +model AbstractinventoryRelationship
0..1
{subsets modél} +inventoryRelation 0.*
{subsets ownedRelation}
+inventoryElement 0..*
{subsets ownedElement}
AbstractinventoryElement 1
o @
0.~
+inventoryElement
{subsets ownedElement}
InventoryContainer
AN AN
+owner [0..1
Inventoryltem

+version : String {subsets owner}

+path : String Directory

+format : String -

+md5 : String +path : String

Project

Figure 11.1 - InventoryModel Class Diagram
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11.3.1 InventoryModel Class

The InventoryModel is a specific KDM model that owns collections of facts related to the physical artifacts of the
existing software system. InventoryModel is a container for the instances of Inventoryltems. InventoryModel corresponds
to the inventory of the physical artifacts of the existing software system.

Superclass

KDMModel

Associations

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

Semantics

InventoryModel is a container for instances of inventory elements. The implementer shall arrange inventory elements into
one or more inventory models. KDM import tools shall not make any assumptions about the organization of inventory
items into inventory models.

11.3.2 AbstractinventoryElement Class (abstract)

The AbstractlnventoryElement is the abstract parent class for all inventory entities.

Superclass

K DM Entity

Associations

inventoryRelation:AbstractinventoryRelationship[0..*] ~ The set of inventory relations owned by the inventory element.

Semantics

From the meta-model perspective, this element is a common parent for all inventory entities. This element is abstract and
cannot occur in KDM instances. The name of the meta-model element can be used as the type constraint in stereotype
definitions. Inventory package provides a concrete class InventoryElement with under specified semantics, which can be
used as an extension point for defining new extended inventory entities.

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

Superclass

KDMRelationship

Constraints
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Semantics

From the meta-model perspective, this element is a common parent for all inventory relationships. This element is
abstract and cannot occur in KDM instances. The name of the meta-model element can be used as the type constraint in
stereotype definitions. Inventory package provides a concrete class I nventoryRel ationship with under specified semantics,
which can be used as an extension point for defining new extended inventory relationships.

11.3.4 Inventoryltem Class (generic)

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

Superclass

AbstractlnventoryElement

Attributes

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

path:String URI reference of the resource.

format:String Optional description of the format of the Inventoryltem.

md5:String Optional MD5 hash signature of the resource using the MD5 message-digest algorithm.
Semantics

The implementer shall provide a mapping from concrete types of the physical artifacts involved in the engineering of an
existing software system into concrete subclasses of the Inventoryltem. The implementer shall map each artifact of the
existing software system to some instance of KDM Inventoryltem.

The format attribute describes the organization of the Inventoryltem. For SourceFile the value of format attribute is
assumed “text,” and the structure is defined by the language attribute. Examples of format for various subclasses of
Inventoryltem are: “xml,” “html,” “json,” “csv,” “text,” “msword,” “coff,” “java class,” “jpeg,” “mp3,” “css.”

Inventoryltems are identified by a URI reference. The semantics of the URI references in KDM is aligned with the W3C
XML specification, and IETF RFC 3986. Inventoryltem shall be identified by arelative URI reference that refers to a
resource by describing the difference within a hierarchical namespace between the reference context and the target URI.
The reference context for identification of Inventoryltem is provided by the hierarchy of Directory elements and their
“path” attributes. Inventoryltem that is not owned by any Directory element shall be identified by a full URI reference.
The full URI of an Inventoryltem that is owned by one or more Directory element in resolved in the context the URIs of
the directory hierarchy in the following way. For a given Directory item, the URI reference to an inventory item, owned
by this Directory directly or indirectly, is a sequence of strings, the first element of which is the URI reference of the
Directory, subsequent elements are the “path” attributes of the directory elements such that each directory element is
owned by the previous directory element and that last directory element owns the inventory item. The last component of
the full URI to the inventory item is the “path” attribute of the inventory item. The slash ("/") character shall be used to
delimit components that are significant to the hierarchical interpretation of a URI identifier. The “name” attributes of the
directory elements in the hierarchy as well as the “name” attribute of the inventory item itself are ignored in the process
of URI resolution. Any Project containers involved in this hierarchical structure are ignored.
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Only the “path” attributes contribute to the determination of the full URI reference. The “name” attribute does not
contribute to the determination of the full URI reference. The “path” attribute conforms to the URI syntax, including
escaping rules, query components, etc. The “name” attribute provides the name of the Inventoryltem. In certain cases, the
name may be the same string as the last component of the path. The implementer shall use the “path” attribute for
identification of a resource, and shall provide appropriate “name” for the resource.

An optional MD5 hash signature can be computed for the content of the resource to provide ability to detect changesin
the content of the resource. The 128-bit (16-byte) hash value produced by the MD5 message-digest algorithm is
represented in text format as a string of exactly 32 characters [0-9a-fA-F] that correspond to the digits of the hexadecimal
number.

11.3.5 InventoryContainer Class (generic)

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

Superclass

AbstractinventoryElement

Associations

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

Constraints
1. InventoryContainer should have at least one stereotype.
Semantics

Concrete instances of the InventoryContainer element own other inventory elements (both inventory containers and
individual inventory items). InventoryContainer instances represent tree-like hierarchical structures in which the |eaf
elements are individual Inventoryltem instances. Each InventoryContainer represents the entity set of Inventoryltems
owned by that container directly or indirectly.

11.3.6 Directory Class
The Directory class represents directories as containers that own inventory items.

Superclass

InventoryContainer
Attributes
path:String URI reference of the directory.

Semantics

Directory items represent physical containers for the artifacts of the existing software systems, for example directories in
file systems.
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Directory elements are identified by a URI reference. The semantics of the URI references in KDM is aligned with the
W3C XML specification, and IETF RFC 3986. Directory element that is not owned by any other directory element (aroot
directory element) shall be identified by a full URI reference. Hierarchical structure of directory elements determines the
URI reference for each owned directory element in the following way. The URI reference of a given directory element,
owned by some root directory element directly or indirectly, is a sequence of strings, the first element of which isthe URI
reference of the root directory, subsequent elements are the “path” attributes of the directory elements such that each
directory element is owned by the previous directory element; the last component of the URI reference is the “path”
attribute of the directory element. The slash ("/") character shall be used to delimit components that are significant to the
hierarchical interpretation of a URI identifier. The “name” attributes of the directory elements in the hierarchy are
ignored in the process of URI resolution. Any Project containers involved in this hierarchical structure are ignored.

The implementer shall determine the appropriate root directory elements.

11.3.7 Project Class

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

Superclass

InventoryContainer

Semantics

Project is an arbitrary container for Inventory items. It can be used in combination with Directory containers. The Project
element does not contribute to the hierarchical resolution of the relative URI references of Inventoryltems.

Example

<?xml version="1.0" encoding="UTF-8"?>
<kdm:Segment xmlns:xmi="http://www.omg.org/spec/XMI/20110701"
xmlns:kdm="http://www.omg.org/spec/KDM/20160201/kdm"
xmlns:source="http://www.omg.org/spec/KDM/20160201/source" name="Inventory Example">
<model xmi:id="id.0" =xmi:type="source:InventoryModel">
<inventoryElement xmi:id="id.1" xmi:type="source:SourceFile" name="a.c"
path="file://localhost/myproject/abc/a.c">
<inventoryRelation xmi:id="id.2" xmi:type="source:DependsOn" to="id.5" from="id.1"/>
</inventoryElement >
<inventoryElement xmi:id="id.3" xmi:type="source:SourceFile" name="b.c"
path="file://localhost/myproject/abc/b.c">
<inventoryRelation xmi:id="id.4" =xmi:type="source:DependsOn" to="id.5" from="id.3"/>
</inventoryElement>
<inventoryElement xmi:id="id.5" xmi:type="source:SourceFile" name="ab.h"
path="http://reliablepartner.com/collaboration/mycompany/myproject/abc/ab.h"/>
<inventoryElement xmi:id="id.6" xmi:type="source:Directory" name="shared"
path="file://localhost/myproject/shared">
<inventoryElement xmi:id="id.7" xmi:type="source:Directory" name="images"
path="images">
<inventoryElement xmi:id="id.8" xmi:type="source:Image" name="imgl" path="imgl.jpg"/>
<inventoryElement xmi:id="1id.9" xmi:type="source:Image" name="img2.jpg" path="img2.jpg"/>
</inventoryElement>
</inventoryElement >
<inventoryElement xmi:id="id.10" xmi:type="source:SourceFile" name="makefile"
path="file://localhost/myproject/build/mak<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>