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Overview

•Problem Statement

•The Big Picture: 

Seamless Derivation of XML-Schemata from UML Models

•UML a short introduction

•OMG's XML Metadata Interchange (XMI)

•W3C's XML Schema

•A Schema Derivation Algorithm based on XMI and UML

•Implementing Schema Derivation using XSLT
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      <mo>&int;</mo>
      <mrow>
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            <mrow>
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            </mfrac>
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•Access to Data, Systems and Services is getting XML-ized
•XML will become the ASCII of the 21st century
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Problem Statement: Creation of XML Vocabularies
•Flexibility

Future proof (i.e. easy to adapt) languages
•Speed

Amount of XML-Languages needed for today's applications (e.g. B2B, …)
•Coherence

Need to keep application's data structures and XML format in sync
•Accuracy

XML structures should reflect business structures and rules
•Style

Languages for similar applications domains should offer the same look and feel
•Integration

Current development processes do not take care of serialization formats
•Reuse

Of existing design meta-knowledge
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Seamless Derivation of XML-Schemata from UML Models

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

<XMI xmi.version="1.0">

<XMI.header>

<XMI.documentation>

<XMI.exporter>DaimlerChrysler Research and Technology FT3/EK</XMI.exporter>

<XMI.exporterVersion>1.0</XMI.exporterVersion>

</XMI.documentation>

<XMI.metamodel xmi.name="UML" xmi.version="1.3"/>

</XMI.header>

<XMI.content>

<Model_Management.Model xmi.id="Model:example">

<Foundation.Core.ModelElement.name>example</Foundation.Core.ModelElement.name>

<Foundation.Core.ModelElement.visibility xmi.value="public"/>

...

graphical UML model

XML representation

export

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

<xsd:schema xmlns:xsd="http://www.w3.org/2001/XMLSchema"

xmlns:xlink="http://www.w3.org/1999/xlink">

<xsd:annotation>

<xsd:documentation>Created by DaimlerChrysler's 
XSD-Generator 2001-04-05T14:34:00+2:00</xsd:documentation>

</xsd:annotation>

<xsd:attributeGroup name="LinkAttribs">

<xsd:attribute name="href" type="xsd:string"/>

<xsd:attribute name="idref" type="xsd:IDREF"/>

<xsd:attribute name="link" type="xsd:string"/>

<xsd:attribute name="xlink:inline" type="xsd:boolean"/>

<xsd:attribute name="xlink:actuate">

<xsd:simpleType>

...

Derivation

using XSLT

graphical XML schema

visualization

XML Schema (XSD)
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OMG's Unified Modeling Language (UML)

•Object oriented modeling language for general purpose systems

•Includes most of precursor graphical modeling languages

•Various diagram types supporting different development phases

(e.g. use case, class, sequence, activity, collaboration diagram, …)

•Defines no development process, i.e. precludes none

•Widely adopted by tool vendors

•An OMG industry standard

•Defines no textual representation

Subject to a separate RFP entitled Stream-based Model Interchange Format
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OMG's XML Metadata Interchange (XMI)

•#1 goal: Model Interchange a.k.a. Metadata Interchange
among heterogeneous object oriented modeling tools

•Purpose: Encoding of MOF-based metamodels
i.e. UML models and UML-based metamodels

•Developed by:   Unisys, IBM, DSTC, Oracle, Platinum, Fujitsu,
Softeam, Recerca Informatica, DaimlerChrysler

•Supported by:   Genesis, Inline, Rational, Select, Sprint,
Cayenne, Sybase, Xerox, Boeing, Ardent, 
MCI Systemhouse, Aviatis, ICONIX, 
Integrated Systems, Verilog, Nihon Unisys, 
NTT, Telefonica I+D, NCR, 
Universitat Politecnica de Catalunya
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XMI Application Domains

•Model Interchange

•Metamodel  Interchange

•Interchange of Data Warehouse Models (e.g. OMG's CWM)

•Middleware related component information (e.g. CORBA components)

•Vertical Data integration (e.g. clinical information)

•Model Centric Development (not CASE-Tool centric)

•Code generation (e.g. Java; also legacy systems)

•Model assessments (e.g. metrics)

•Assertion of modeling guidelines
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alt2
alt3

«enumeration»
enum2

Class4
att9 : Class3

Class3
att5 : double = 3.14 {frozen}
att6 : short
att7 : enum1

Class1

att1 : integer
att2 : foo

att10 : decimal

Class2

«enumeration»
enum1

alt1

Association1roleC11
1..1

1..*
RoleC21

Association2roleC12
0..1

0..*
RoleC22

Association3roleC13
2..5

3..6, 10..15
RoleC23

Association3
[1..*] att3 : date
att4 : long = 42

roleC14
1..*

roleC24
1..*

roleC41
1..*

A Guiding Example
Association4

[0..3] att8 : enum2

Association5

RoleC25 1..1

1..1
RoleC42
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XMI[UML] to Encode Graphical UML Models Using XML
<?xml version="1.0" encoding="UTF-8"?>
<XMI xmi.version="1.0">

<XMI.header>
<XMI.documentation>

<XMI.exporter>DaimlerChrysler Research and Technology FT3/EK</XMI.exporter>
<XMI.exporterVersion>1.0</XMI.exporterVersion>

</XMI.documentation>
<XMI.metamodel xmi.name="UML" xmi.version="1.3"/>

</XMI.header>
<XMI.content>

<Model_Management.Model xmi.id="Model:example">
<Foundation.Core.ModelElement.name>example</Foundation.Core.ModelElement.name>
<Foundation.Core.ModelElement.visibility xmi.value="public"/>
<Foundation.Core.ModelElement.isSpecification xmi.value="false"/>
<Foundation.Core.GeneralizableElement.isRoot xmi.value="false"/>
<Foundation.Core.GeneralizableElement.isLeaf xmi.value="false"/>
<Foundation.Core.GeneralizableElement.isAbstract xmi.value="false"/>
<Foundation.Core.Namespace.ownedElement>

<Foundation.Core.Class xmi.id = 'Class:Class1' >
<Foundation.Core.ModelElement.name>Class1</Foundation.Core.ModelElement.name>
<Foundation.Core.ModelElement.visibility xmi.value = "public"/>
...
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Generating the Standardized Document Type Definitions

XMI generation 
principles

Meta Object Facility

Meta Object Facility

manually generated

<!ELEMENT XMI (XMI.header?, XMI.content?, 
XMI.difference*, 

XMI.extensions*) >

<!ATTLIST XMI

xmi.version CDATA #FIXED “1.1”

timestamp CDATA #IMPLIED

verified (true | false) #IMPLIED>

XMI[MOF]

XMI[MOF]-Doc.

XMI generation principles

<!ELEMENT XMI (XMI.header?, XMI.content?, XMI.difference*,

XMI.extensions*) >

<!ATTLIST XMI

xmi.version CDATA #FIXED “1.1”

timestamp CDATA #IMPLIED

verified (true | false) #IMPLIED>

<!ELEMENT XMI.header (XMI.documentation?, XMI.model*, 
XMI.metamodel*,

XMI.metametamodel*, XMI.import*) >

<!ELEMENT XMI.documentation (#PCDATA | XMI.owner | XMI.contact |

XMI[UML]UML-Metamodell

XMI[MOF]-Doc.
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UML-Metamodell
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MOF-Meta-Metamodell
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XMI -- part of a world of interconnected standards

3/97 8/97 9/97 12/97 3/98 7/98 10/98 6/99 7/99 10/99 5/00 11/008/00

Meta Object Facility

Unified Modeling Language

eXtensible Markup Language

XML Metadata Interchange

10/002/98

1.0

1.1

1.1

RFP

1.0

1.2

UOL
CDIF

initial
submissions

1.0

1.3

1.4

1.4

1.0

1.1

XSD

1.3

2nd edition

proposed
recommendation

2.0

Beta R1

XMI

working
draft

RFP
response

XSD

3/01
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Structural Concepts of UML Relevant to Derivation Process

•Classes
•Specialization relationships
•Association classes

•Attributes
•Constants
•Default values
•Multiplicity-aware (i.e. optional and multi valued attributes)

•Data types (primitive and complex)
•pre-defined (by UML, MOF, and CORBA)
•used-defined

•Associations
•Navigability
•Multiplicies



M. Jeckle – Using XSLT to derive schemata from UML 2000-04-09 16

Research and Technology

Derivation Patterns -- Model and Packages

<xsd:complexType>
<xsd:choice minOccurs="0" 
maxOccurs="unbounded">
<xsd:element ref="Class1"/>
<xsd:element ref="Class2"/>
<xsd:element ref="Class3"/>
<xsd:element ref="Class4"/>
<xsd:element ref="Association3"/>
<xsd:element ref="Association4"/>

</xsd:choice>
</xsd:complexType>

Match pattern:
/XMI/XMI.content/Model_Management.Model/Foundation.Core.ModelElement.name
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Derivation Patterns -- Model and Packages

<xsd:complexType>
<xsd:choice minOccurs="0" 
maxOccurs="unbounded">
<xsd:element ref="Class1"/>
<xsd:element ref="Class2"/>
<xsd:element ref="Class3"/>
<xsd:element ref="Class4"/>
<xsd:element ref="Association3"/>
<xsd:element ref="Association4"/>

</xsd:choice>
</xsd:complexType>

Match pattern:
/XMI/XMI.content/Model_Management.Model/Foundation.Core.ModelElement.name
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Derivation Patterns -- Classes

Match pattern:
/XMI/XMI.content/Model_Management.Model/
Foundation.Core.Namespace.ownedElement//Foundation.Core.Class
[not(//Foundation.Extension_Mechanisms.Stereotype
[Foundation.Core.ModelElement.name='enumeration']/
@xmi.id=Foundation.Core.ModelElement.stereotype/
Foundation.Extension_Mechanisms.Stereotype/@xmi.idref)] 
| /XMI/XMI.content/Model_Management.Model/
Foundation.Core.Namespace.ownedElement//Foundation.Core.AssociationClass
[not(//Foundation.Extension_Mechanisms.Stereotype
[Foundation.Core.ModelElement.name='enumeration']/
@xmi.id=Foundation.Core.ModelElement.stereotype/
Foundation.Extension_Mechanisms.Stereotype/@xmi.idref)]

Purpose:   Get all classes including association classes 
not stereotyped as enumeration.
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Derivation Patterns -- Classes

Purpose:   Get all classes including association classes 
not stereotyped as enumeration.

<xsd:complexType name="Class1Type">
...

</xsd:complexType>

<xsd:element  name="Class1" 
type="Class1Type"/>
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Derivation Patterns -- Specialization of classes (Inheritance)

Purpose:  Usage of XSD's extension mechanism for single inheritance
Processing of multiple generalizations by hand ...
Therefore, usage of substitutionGroups, implementation of
copy-down semantics by hand

<xsd:complexType name="Class3Type">

<xsd:complexContent>

<xsd:extension base="Class1Type">

...

</xsd:extension>

</xsd:complexContent>

</xsd:complexType>
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Derivation Patterns -- Attributes 

Purpose:  Derivation of XSD content models according the the
semantics (e.g. data types) and 
meta semantics (e.g. UML structuring principles)

formulated by the UML model

<xsd:element name="attribut'sNameType"
type="matchingType"/>

<xsd:complexType name="Class1Type">
...
<xsd:element ref=" attribut'sNameType"/>
...

</xsd:complexType>
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XSD's Type System 

ur type

built-in primitive
types

built-in derived
types

derived by restriction

derived by list

cf. XML-Schema Part 2: Datatypes, PR 2001-03-30, chap. 3
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Derivation Patterns -- Attributes 

Purpose:  Identify the matchingType ...
I. data types predefined by UML/MOF/CORBA

Integer

String

Name

Boolean

Time

Uninterpreted

integer

string

Name

boolean

base64Binary
hexBinary

???
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Derivation Patterns -- Attributes

Time <xsd:simpleType name="UDtime">

<xsd:union 

memberTypes="

xsd:dateTime

xsd:time 

xsd:date 

xsd:gMonth 

xsd:gYear"/>

</xsd:simpleType>

Purpose:  Identify the matchingType ...
I. data types predefined by UML/MOF/CORBA
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Derivation Patterns -- Attributes

Purpose:  Identify the matchingType ...
II. used defined data types (e.g. enumeration types)

<xsd:simpleType name="enum1Type">

<xsd:restriction base="xsd:string">

<xsd:enumeration value="alt1"/>

</xsd:restriction>

</xsd:simpleType>

<xsd:element name="att7Type" 

type="enum1Type"/>

Class3
att5 : double = 3.14 {frozen}
att6 : short
att7 : enum1 «enumeration»

enum1
alt1
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Derivation Patterns -- Attributes

integer
nonPositiveInteger
negativeInteger
long
int
short
byte
nonNegativeInteger
unsignedLong
unsignedInt
unsignedShort
unsignedByte
positiveInteger
string
boolean
decimal
float
double
duration
dateTime
time
date

normalizedString
token
language
IDREFS
ENTITIES
NMTOKEN
NMTOKENS
Name
NCName
ID
IDREF
ENTITY
gYearMonth
gYear
gMonthDay
gDay
gMonth
hexBinary
base64Binary
anyURI
QName
NOTATION

Purpose:  Identify the matchingType ...
III. (direct) usage of XSD's pre-defined types
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Derivation Patterns -- Associations

Purpose:  Transformation from the net to structure of trees

Basic Idea: Modification of all minimal multiplicities to zero

<xsd:element name="Class1" type="Class1Type">
<xsd:complexType>
<xsd:all>

<!-- attributes -->
<xsd:element name="Class2.role21"

ref="Class2Type"
minOccurs="0"
maxOccurs="unbounded"/>

...
</xsd:all>

</xsd:element>

1..*
roleC21



M. Jeckle – Using XSLT to derive schemata from UML 2000-04-09 28

Research and Technology

Derivation Patterns -- Handling Redundancy

Purpose:  Coping with possibly multiple referenced elements

Basic Idea: Definition of unique identifier at class level,
separating defining occurence from pure reference

<xsd:element name="Class1" type="Class1Type">
<xsd:all>

<xsd:element name="Class1.att1" type="xsd:integer"
minOccurs="0"/>

...
</xsd:all>
<xsd:attribute name="xmi.id" type="ID"/>
<xsd:attribute name="xmi.idref" type="IDREF"/>

...
</xsd:element>
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OMG's PDM-Enablers

PdmProductStructure

CosCompoundLifeCyclePdmFramework

PdmFoundation

PdmDocumentManagement

CosLifeCycle

CosTransactions

CosLifeCycleReference

PdmResponsibi l i ty
TimeBase

PdmChangeManagement

FbcCurrency

CosPropertyService

CosLifeCycleContainment

PdmBaseline

PdmConfiguration
Management PdmEffectivity

PdmViews

PdmManufactoring
Implementation
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OMG's PDM-Enablers
Node

- id : String
(from CosCompoundLifeCycle)

ItemIteration
(from PdmFramework)

ItemRevision
(from PdmFramework)

Node

- id : String
(from CosCompoundLifeCycle)

ReferenceRelationship

- type : String
- description : String

(from PdmFramework)

SecurityClassifiable
(from PdmFoundation)

Alternate
- name : String
- description : String
- basis : String

AssemblyComponentUsage
- reference_designator : String
- quantity : Measurement

ReferenceRelationship

- type : String
- description : String

(from PdmFramework)

DesignSupplierRelationship

ReferenceRelationship

- type : String
- description : String

(from PdmFramework)

PartDocumentRelationship

NextAssemblyUsageOccurence

PdmContainmentRelationship
(from PdmFramework)

PartDataIteration
Relationship

PartDataRela
tionship

PartMasterCompos
ition

PartStructureIterati
onRelationship

PartStructureRel
ationship

Qualifiable
(from PdmFramework)

PartSupplierR
elationship

PromissoryUsa
geOccurenceUsage

- id : String
- name : String
- description : String 0..n

0..n

+BaseUsage

0..n

Substitute Relationship

+SubstituteUsage
0..n

SubstituteRel
ationship

PartDataIt
eration

DocumentRevision
(from PdmDocumentManagement)

PartData

1

0..n +PartDataToPartDataIteration

1

+PartDataIterationToPartData

0..n

PartDataIterationRelationship

Party
PartRevision

- change_level : string

0..n

0..n

+PartRevisionOfPartDocument

0..n

+DocumentRevisionOfPartDocument

0..n

PartDocumentRelationship

1

0..n

+PartRevisionToPartData
1

+PartDataToPartRevision

0..n

PartDataRelationship

10..n

+DesignSupplier

1

+DesignSupplied

0..n

DesignSupplierRelationship

0..n

0..n

+PartSupplied

0..n +PartSupplier

0..n

PartSupplierRelationship

PartStructure

1

0..n

+PartRevisionToPartStructure

1

+PartStructureToPartRevision0..n

PartStructureRelationship

PartMaster
- standard_part : boolean
- part_type : string
- part_classification : string

0..n

0..n

+BasePart

0..n
Alternate

+AlternatePart

0..n

1..n

1

+PartMasterToPartRevision1..n

+PartRevisionToPartMaster

1

PartMasterComposition

PartStructureIteration

0..n

1

+PartStructureIterationToPartStructure

0..n

+PartStructureToPartStructureIteration

1

PartStructureIterationRelationship

1..n1..n
+Component

1..n+Assembly1..n

NextAssemblyUsageOccurence

1..n
0..n

+Component
1..n

+Assembly

0..n

AssemblyComponentUsage

1..n
0..n

+Component

1..n
+Assembly

0..n

Usage

1..n
0..n

+Component

1..n
+Assembly

0..n

PromissoryUsageOccurenceRelationship

0..n
1..n

+Assembly

0..n

+Component

1..n

MakeFromUsageRelationship

MakeFromUsage
- quantity : Measurement

ItemMaster
(from PdmFramework)

WEPPartRevision
qualityLevel : string

Documentable
(from PdmFramework)

Qualifiable

ReferenceRelations
hip

- type : String
- description : String

PdmReferencedByRole

PdmContainmentRelationship

Manageable

- created_date : UtcT
- last_modified_date : UtcT
- short_description : String
- long_description : String

(from PdmFoundation)

PdmReferences
Role

PdmContains
Role

PdmContainedIn
Role

Changeable

Attributable

Lockable
(from PdmFoundation)

LifeCycleObject
(from CosLifeCycle)

Node

- id : String
(from CosCompoundLifeCycle)

TransactionalObject
(from CosTransactions)

Baselineable

Stateable
(from PdmFoundation)

SecurityClassifiable
(from PdmFoundation)

Relationship
(from CosLifeCycleReference)

PdmReferenceRelationship

ManagedEntity
- name : String 1

0..n
+PdmContainsRole

1

PdmContainmentRelationship+PdmContainedInRole

0..n

0..n
0..n

+PdmReferencesRole
0..n

PdmReferenceRelationship

+PdmReferencedByRole
0..n

0..n
0..n

+PdmReferencesRole0..n

PdmTypedRelationship

+PdmReferencedByRole

0..n

PdmTypedRelations
hip

- type : String
- description : String

MasterRelat
ionship

RevisionRela
tionship

IterationRelationship

Derive

Dependency

RevisionMaster
Relationship

ItemMaster

0..n

0..n

+ReferencesMaster
0..nMasterRelationship

+ReferencedByMaster

0..n

ItemRevision

0..n
0..n

+ReferencesRevision
0..n

RevisionRelationship

+ReferencedByRevision

0..n

0..n

0..n

+RevisionReferencesMaster0..n

+MasterReferencedByRevision

0..n

RevisionMasterRelationship

0..n

0..n

+Superseded

0..n

+Successor

0..n

SupersedesRelationship

SupersedesRe
lationship

ItemIteration

0..n

0..n
+ReferencesIteration

0..n

IterationRelationship

+ReferencedByIteration

0..n 0..n

0..n
+Derivative

0..n

DeriveRelationship+DeriveSource

0..n

0..n
0..n

+Dependent0..n

DependencyRelationship

+Independent

0..n

Documentable

Node

- id : String
(from CosCompoundLifeCycle)

ClosedVault
OpenVault

- location : String

ManagedEntity

- name : String
(from PdmFramework)

UnsecuredFile
- location : String
- type : String

Documentation
PdmReferenceRelationship

(from PdmFramework)

DocumentFileRelationship

DocumentRevisionCom
positionRelationship

DocumentMasterComp
ositionRelationship

PdmContainmentRelationship
(from PdmFramework)

ItemIteration
(from PdmFramework)

File

DocumentIteration
0..n

1

+FileForDocument

0..n

+DocumentForFiles1

DocumentFileRelationship

DocumentRevision

10..n

+DocumentRevisionForIterans

1

+DocumentIterationForRevision

0..n

DocumentRevisionCompositionRelationship

SecuredFile
- size : Long
- type : String

Vault

1

0..n

+VaultForFiles

1

+FileForVault

0..n

FileStorageRelationship
FileStorage

Documentable
(from PdmFramework)

DocumentMaster

0..n

1

+DocumentRevisionForMaster
0..n

+DocumentMasterForRevisions

1

DocumentMasterCompositionRelationship

0..n

0..n
+Documenter

0..n

Documentation
+Documented

0..n

ManagedEntity

- name : String
(from PdmFramework) Stateable

(from PdmFoundation)

Stateable
(from PdmFoundation)

TransactionalObject
(from CosTransactions)

LifeCycleObject
(from CosLifeCycle)

Node

- id : String
(from CosCompoundLifeCycle)

Qualifiable
(from PdmFramework)

ReferenceRelationship

- type : String
- description : String

(from PdmFramework)

AddressingRe
lationship

PdmReferencedByRole
(from PdmFramework)

ChangeDescription
Relationship

PdmContainmentRelationship
(from PdmFramework)

PdmContainedInRole
(from PdmFramework)

PdmContainsRole
(from PdmFramework)

DeliverableRelation
ship

EngChangeIssue
- priority : String

EciInitiator

0..n

0..n

+EciInitiator
0..n

+InititedEci

0..n

EciInitiationRelationship

EciInitiation

EcnCoRequiremen
tRelationship

EcnPreReq
uirement

EcoCoRequi
rement

EcoPreReq
uirement

EcrInitiation

EngChangeAffected
Data

- disposition : String

Changeable
(from PdmFramework)

Party
(from PdmProductStructure)

EngChangeItem
- change_type : String
- description : String0..n

0..n

+AddressingEngChangeItem

0..nAddressingRelationship
+AddressedEngChangeItem

0..n 0..n

0..n

+AffectedChangeableData
0..n

+AffectingEngChangeItem

0..n

EngChangeAffectedDataRelationship

0..n

0..n

+AffectingEngChange

0..n

+AffectedParty

0..n

EngChangeAffectedPartyRelationship

EngChangeAff
ectedParty

ObjectChange
Relationship

ObjectChange
Notification

EngChangeNotice

0..n

0..n

+EcnCoRequirement10..n

EcnCoRequirementRelationship

+EcnCoRequirement2

0..n

0..n

0..n

+EcnPredecessor

0..n

EcnPreRequirementRelationship

+EcnSuccessor

0..n

Changeable
(from PdmFramework)

0..n

0..n

+EcnNotice
0..n

+EcnChangedObject
0..n

ObjectChangeNotificationRelationship

EngChangeOrder
- actual_cost : Money
- planned_cost : Money
- priority : String

0..n

0..n

+EcoCoRequirement1

0..n

EcoCoRequirementRelationship

+EcoCorequirement2
0..n

0..n

0..n

+EcoPredecessor
0..n

EcoPreRequirementRelationship

+Ecosuccessor

0..n

0..n

1

+DescribingEcn

0..n

+DescribedEco
1ChangeDescriptionRelationship

0..n

0..n

+EcoChangedObject0..n

+EcoChange
0..n

ObjectChangeRelationship

EngChangeRequest
- priority : String
- proposed_change : String

EcoDeliverable
- description : String

0..n

1

+DeliverableEcoWorkItem

0..n

+EcoWorkItemDirective

1

DeliverableRelationship

Actor
(from PdmResponsibility)

0..n

0..n

+EcrInitiator

0..n

+InitiatedEcr

0..n

EcrInitiationRelationship

0..n

0..n

+OwnerOfEcoDeliverable

0..n
+OwnedEcoDeliverable

0..n

ResponibilityRelationship

PdmReferencesRole
(from PdmFramework)

Responsibility
Relationship

Measurement
- quantity : Double
- uom : String
- approximate : Boolean

Node

- id : String
(from CosCompoundLifeCycle)

TransactionalObject
(from CosTransactions)

LifeCycleObject
(from CosLifeCycle)

Stateable

IdentificationContext
- id : String
- description : String

Identifiable

0..n

0..n

+IdentifiableObjectRole

0..n

+IdentificationContextRole

0..n

IdentificationRelationship

IdentificationRel
ationship

Relationship
(from CosLifeCycleReference)

LockOwnerRelationship

ObjectCreatorRelationship

SecurityClassifica
tion

- name : String
- purpose : String
- valid_date : UtcT

SecurityClassifiable

0..n

0..n

+SecurityClassifiedObject
0..n

+SecurityClassificationLevel
0..n

ObjectSecurityClassificationRelationship

ObjectSecurityClassifi
cationRelationship

LockOwner
- date_locked : UtcT
- reason_locked : String

Relationship
(from CosLifeCycleReference)

ObjectOwnerRela
tionship

Party
(from PdmProductStructure)

Manageable
- created_date : UtcT
- last_modified_date : UtcT
- short_description : String
- long_description : String

0..1

0..n

+Owner

0..1

+Owned
0..n

ObjectOwnerRelationship

Lockable
Actor

(from PdmResponsibility)

0..1

0..n

+Creator
0..1

+Created
0..n

ObjectCreatorRelationship

0..10..n

+LockBy

0..1

+Locked

0..n

LockOwnerRelationship

TypedIdentificationContext
- type : string

<<distributedEngineering>>

ItemIteration
(from PdmFramework)

ItemMaster
(from PdmFramework)

ItemRevision
(from PdmFramework)

Baselined

PdmReferenceRelationship
(from PdmFramework)

BaselineMaster
Composition

Baselineable
(from PdmFramework)

BaselineMaster
- baseline_type : String

BaselineIteration

0..n

0..n

+BaseliningIteration
0..n

+BaselinedItem
0..n

BaselinedRelationship

BaselineRevision

0..n

1

+BaselineRevisionForMaster
0..n

+BaselineMasterForRevisions

1

BaselineMasterCompositionRelationship

1

0..n

+BaselineRevisionForIterations

1

+BaselineIterationForRevision
0..n

BaselineRevisionCompositionRelationship

BaselineRevision
Composition

PdmContainmentRelationship
(from PdmFramework)

TransactionalObject
(fro m CosTransactions)

LifeCycleObje ct
(from  Co sLifeCycle)

No de

- id : String
(from  Co sCo mpo undLifeCycle)

Attribu ta ble
(from  Pd mFram ework)

Qualifiab le
(from  PdmFram ework)

Manag edEntity

- na me : String
(from Pdm Frame work)

Manag eable

- cre ated_da te  : UtcT
- las t_ mod ified _date : UtcT
- s hort_d escription : Str in g
- lon g_des crip tio n : String

(from  PdmFound atio n)

Com pon ent
Fun ction

Pdm ReferenceRe lation ship
(fro m Pdm Fra mework)

Com pon ent
Hiera rchy

Co mpo nent
Solution

De rivedSo
lution

Fu nctionHierarch y

Iclu dedSpec
ification

In clus ion IfC
ondition

Prod uctC la ssCa te gor
y

- ma ndatory : bo olean

Pro ductClass Exp ress i
on

- d escription : string
- con dition _type : str ing

Prod uctC la ssFu nktio
n

- de scription : s tr ing
- relatio n_type : string

Prod uctC lass
Hierarchy

Pro ductC lassInclusi
o n

- description : String

Pro ductCom pone ntSa ti
sfies Spe cifica tion

ProductClas sT
o Com pon ent

SolutionPart
Master

SpecificationCateg
oryCom position

SpecificationExpre
s sionOpera nds

Specification
Ope ration

Specification
Operand

Co nfig ure dIte
mUsage

Sp ecifica tio nInclu si
on

- de scription : s tr ing

0..n

1

+Inclu sionFo rOpe ration

0..n

+SpecificationOperatio nForInclus ion

1

In clud edSpecificationRelationsh ip

0..n

1

+Inclu sionIfOpe ration

0..n

+IfOperationFo rInclu sion

1

InclusionI fConditionRelatio nship

Sp ecificatio n
- de scription : s tr ing
- na me : string
- pa ckage  : boo le an

Sp ecifica tion Categ ory
- description : String
- mutua lly_e xclu sive  : Boolea n

0..n

1

+SpecificationForSpecificationCategory
0..n

+Spe cifica tion Categ oryFo rSpecifications

1

Specificatio nCa te goryCo mp ositionRelatio nship

Spe cifica tionExp res
sion

- des criptio n : String
- ope ration : Str ing

0..n

0..n

+Op eran dForExpres sion

0..n

+Exp res sionForOpe ran ds
0..n

Sp ecifica tio nExpression Ope rand sRelatio nship

PartMaster

- standard_pa rt : b oolean
- part_typ e : str in g
- part_class ificatio n : s tr ing

(fro m Pdm ProductStructure)

Prod uctFun ction
- na me : string
- de scription : s tr ing
- is_relevan t_fo r : PartDisciplin e

0..1

0..n

+Prod uctFu nction Pa rent

0..1

FunctionHierarchyRe la tion ship

+ProductFunctionCh ild0..n

Pro ductC lass
- de scription : str in g
- na me : string
- level_typ e : string

0..n

0..n

+Prod uctUsingFun ction

0..n

+ValidProdu ctFu nction0..n

Produ ctClassFunctionRela tion ship

0 ..n

0..1

+Pro ductC lassSub Class
0 ..n

Prod uctC la ssHierarchyRelationship

+ProductC lassSub Class

0..1

0..n

0..n

+ProductUsingInclusion

0..n

+ValidPro ductIn clusio n
0..n

Pro ductC lassIn clusionRelationship

0..n

0 ..n

+ProductUsin gSp ecificatio n

0..n

0 ..n

Prod uctC la ssSpecificatio nRe la tio nsh ip

0..n

0 ..n

+ProductUsing Catego ry

0..n

+Va lid Catego ries

0 ..n Prod uctC la ssCa te goryRe la tion sh ip

0..n

0..n+Pro ductUsingExpressio n

0..n

+Valid ProductExpre ssion

0..n
Produ ctClassExpressionRelationship

Item Solution
- n am e : str in g 0..1

0..n+OriginalItem Solution

0..1

DerivedSolutionRelationship

0..n

0..n

0..1

+Item So lu tio nForMaste r

0..n

+Pa rtMas te rFo rSolution
0..1

Solutio nPartMasterRe lation ship

Proce ssOp
eration

Pro ductCom ponen t
- nam e : str ing
- description : string
- in stance_require d : b oolean

0..n

0..n

+ProductFunctio nForCom pon ent
0..n

+Produ ctComp onentFo rFun ction

0..n

Com pune ntFunctio nRe la tion sh ip

0..n
0..1

+ProductCom pon entCh ild

0..nCom pone ntHierarchyRelationship

0..1

0..n

0 ..n

+RootProd uct

0..n

+ValidProdu ctCo mp onent
0 ..n

Pro ductC lassTo Com pon entRela tionship

0..1

0..n

+Pro ductCom pone ntForSo lu tion0..1

+Item So lutio nForCom pon ent0..n

Com ponen tSolution Relationship

Con figu ration
- nam e : s tr ing

0..n

0..1

+So lu tio nCon fig uration
0..n

+Con figu rationForUs age

0..1

ConfiguredI te m

0..1

0..n

+Co nfig ura tionForUsage
0..1

+Opera tio nCon figu ration
0..n

ConfiguredIte m

ProductClas sSpecificatio
n

- a ssociation_type : String

0 ..n

0..n

+Produ ctCo mpo nentFo rSpecification

0 ..n

+ProductClass Sp ecifica tio nForSp ecificatio n
0..n

Pro ductCom pon entSatisfiesSp ecifica tio nRelationship

0..n

0..1

+Co nfigu rationForSolution

0..n

+Config ura tion Specificatio n
0..1

ConfiguredSpecificationSolution

Asso ciationClass 
Con figu red Item Us age om ...

ConfiguredSpecifi
cationSolution

ManagedEntity

- name : String
(from PdmFramework)

Qualifiable
(from PdmFramework)

Qualification
(from PdmViews)

DatedEffectivity
- start_date : UtcT
- end_date : UtcT

LotEffectivity
- lot_id : String
- lot_size : Measurement

SerialNumbered
Effectivity

- start_id : String
- end_id : String

Effectivity
Context

PdmContext

- context_item : ConfigurationItem
(from PdmViews) DatedContext

- date : UtcT

SerialNumberedContext
- serial_number : String

LotContext
- lot_id : String

Configuration
Design

PdmReferenceRelationship
(from PdmFramework)

ItemMaster
(from PdmFramework)

Configuration
Item

0..n

0..n

+DesignItemForConfiguration0..n

+ConfigurationItemForDesign
0..n

ConfigurationDesign

Effectivity
- id : String
- name : String
- description : String

0..1

0..n

+EffectivityForItem
0..1

+ItemOfEffectivity

0..n

EffectivityItem

EffectivityItem

Baseline

ProcessOperation
(from PdmConfigurationManagement)

ProcessStep
- type : String
- process_resource : String
- duration : Measurement

ManagedEntity

- name : String
(from PdmFramework)

Baselineable
(from PdmFramework)

ControlledProcess
Step

Organization
(from PdmResponsibility)

Process
Master

ItemMaster
(from PdmFramework)

ItemRevision
(from PdmFramework)

ManufactoringOr
ganization

ImportedProcess
Step

0..n

0..n

+ImportedProcessStepForOrganization0..n

+OrganizationForImportedProcessStep

0..n

ImportedProcessStepUsedAtOrganization

ImportedProcessStepUsed
AtOrganization

PdmReferenceRelationship
(from PdmFramework)

PartProducedByProcessRevision

Usage

- id : String
- name : String
- description : String

(from PdmProductStructure)

ProcessRevision

0..n

0..n

+ProducingProcess0..n

+ProducedUsage

0..n

PartProducedByProcessRevision

PartRevision

- change_level : string
(from PdmProductStructure)

0..n

0..n

+ProducingProcess

0..n

+ProducedPart0..n

PArtProducedByProcessRevision
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Summary
•Derivation algorithm is stable and could be used widely
•Flexible, since new vocabularies could be easily re-generated
•Fast, since automatic derivation is deployed instead of a

craftsmen's approach
•Coherent, built-in synchronization between data model and XML voc.
•Style, UML model (with it's modeling style) determines style of

XML vocabulary. Meta-Structure is identical due to 
consistent derivation rules.

•If UML model reflects business structures and rules, 
derived XML schema also does

•Integrated, plug able into every object oriented development process
•Reuses existing data modeling knowledge (e.g. design patterns)
•Portable since XSLT implementation precludes neither programming

language nor operating system


