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• CWM Overview (10 mins, Dan Chang)
• CWM Metamodel, Part 1 (20 mins, Doug Tolbert)
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CWM
(Common Warehouse Metamodel)

Overview

Dan Chang (dtchang@us.ibm.com)



CWM
• A complete specification of  the syntax and

semantics needed to export/import shared
warehouse metadata and the common
warehouse metamodel, including:
– The CWM Metamodel (Volume 1)
– Interchange format for shared warehouse

metadata (CWM DTD, Volume 2)
– Interchange format for the CWM Metamodel

(CWM XML, Volume 2)
– Access API for shared warehouse metadata

(CWM IDL, Volume 2)



CWM Co-submitting Companies
• IBM (Dan Chang, J. J. Daudenarde, Debra LaVergne,

Christoph Lingenfelder)
• Unisys (Sridhar Iyengar, Don Baisley, Doug Tolbert)
• NCR (Vilhelm Rosenqvist, Bruce McLean)
• Hyperion (John Poole, David Zhang)
• Oracle (Gordon Callan, David Last, David Mellor,

Mark Hornick)
• UBS (Hans-Peter Hoidn, Jeffrey Peckham)
• Genesis (David Frankel, Phil Longden)
• Dimension EDI (Chris Nelson, Anders Tornqvist)

Expertise in UML, XML, metadata repository, databases, data
warehousing, and business intelligence (OLAP, data mining)



CWM Supporting Companies

• Deere (Dave Smith)
• Sun (Chuck Mosher, Karsten Riemer, Nidhi Rao)
• HP (Jishnu Mukerji)
• Data Access (Cory Casanave)
• InLine Software (Jack Greenfield)
• Aonix (Charles Simon)
• Hitachi (Yuichi Yugawa)

Primary expertise in using databases, data warehouses, and
business intelligence tools



CWM Design Basis

• OMG Metamodeling Architecture
– UML as the standard language for defining

metamodels
– XMI as the standard mechanism for

interchanging metadata and metamodels in XML
– MOF to IDL Mapping as the standard

mechanism for accessing metadata through APIs
(independent of programming languages and
object models)



OMG Metamodeling Architecture
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<Stock name=“IBM”
            price=“112”/>

Stock: name, price

UML: Class, Attribute
CWM: Table, Column
     ElementType, Attribute 

MOF: Class, Attribute,
           Operation,
           Association 



OMG Modeling Architecture

Metamodels (UML, CWM, … )

 Applications, Tools, Repositories

Meta Object Facility (MOF Model, MOF-IDL)
 XML Metadata Interchange (XMI)



Roles of UML in CWM

• The metamodeling language (as in the MOF
Model)
– UML Semantics, UML Notation, OCL

• The foundation metamodel
– UML Foundation, Common_Behavior, and

Model_Management packages

• The object (resource) metamodel
– Same as above



The CWM Metamodel
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CWM Metamodel, Part 1

Doug Tolbert
(doug.tolbert@unisys.com)



Package Architecture

Modular Design
– Minimum dependencies

• Cross package services
provided by links to UML

– Avoid subpackages
– Reduced complexity,

improved understanding
– Use only the packages you

need

org.omg
      UML
      CWM
            Foundation
                      <<metamodel>> DataTypes
                      <<metamodel>> TypeMapping
                      <<metamodel>> KeysIndexes
                      <<metamodel>> Expressions
                      <<metamodel>> BusinessInformation
                      <<metamodel>> SoftwareDeployment
            Resource
                      <<metamodel>> Relational
                      <<metamodel>> Record
                      <<metamodel>> Multidimensional
                      <<metamodel>> XML
            Analysis
                      <<metamodel>> Transformation
                      <<metamodel>> Olap
                      <<metamodel>> BusinessNomenclature
                      <<metamodel>> DataMining
                      <<metamodel>> InformationVisualization
            Management
                      <<metamodel>> WarehouseProcess
                      <<metamodel>> WarehouseOperation
      CWMX



Base

• UML notation
used as
diagramming
technique

• UML metamodel
extended to
support
warehouse
concepts
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Foundation

Metamodels shared by other packages

• Foundation
– Business

Information
– Data Types
– Expressions
– Keys & Indexes
– Software

Deployment
– Type Mapping
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Foundation
• Business Information

– Responsible parties & their contact information
– Documentation and general commentary
– Hierarchies of business types can be constructed

Email
emailAddress : String
emailType : String
/ contact : Contact

Location
locationType : String
address : String
city : String
postCode : String
area : String
country : String
/ contact : Contact

ResourceLocator
url : String
/ contact : Contact

Telephone
phoneNumber : String
phoneType : String
/ contact : Contact

Contact
/ responsibleParty : ResponsibleParty
/ email : Email
/ location : Location
/ telephone : Telephone
/ url : ResourceLocator

*

*

* {ordered}

*

*

*

*
{ordered}

*

** url *

{ordered}

*

*
*

*
{ordered}*

Document
reference : String
/ modelElement : ModelElement

ResponsibleParty
responsibility : String
/ modelElement : ModelElement
/ contact : Contact

*

*

*{ordered}

*

Description
body : String
language : Name
/ modelElement : ModelElement

ModelElement
(from Core)*

*

*

*

*

*

*

*

*

*

*

*

Namespace
(from Core)

*

0..1

+ownedElement *

+namespace 0..1



Foundation
• Data Types

– Supporting classes for modeling of data type systems
– Extent class represents collections of instances

Attr ibute
(from Core)

DataType
(from Core)

ModelE lement
(from Core)

Classifier
(from Core)

TypeAlias
/ type : Classifier

1

*

type

1

*

Enumeration
isOrdered : Boolean
/ literal : EnumerationLiteral

EnumerationLiteral
value : Expression
/ enumeration : Enumeration

1

1..*

1

literal 1..*

StructuralFeature
(from Core)

Union
/ discriminator : StructuralFeature

0..1

*

discriminator

0..1

*

UnionM ember
memberCase : Expression
isDefault : Boolean

0..1

*

/owner 0.. 1

/feature *
{ordered}

Package
(from Model_Management)

Instance
(from Common_Behavior)

Extent

*

0..1

/ownedElement *

/namespace 0..1



Foundation
• Keys & Indexes

– Shared by several data resource models
– Promotes similar representation across models

Relationsh ip
(from Core)

ModelElement
(from Core)

StructuralFeature
(from Core)

KeyRelationship

/ feature : StructuralFeature
/ uniqueKey : Uni queKey1..*

*

feature1..*

{ordered} *

UniqueKey
/ feature : StructuralFeature
/ keyRelationship : KeyRelationship

1..*

*

feature 1..*

{ordered}

*

*

1

*

1

IndexedFeature

isAscending : Boolean
/ index : Index
/ feature : StructuralFeature

1

*

feature 1

*

Class
(from Core)

0..1

*

/namespace

0..1

/ownedElement

*

0..1

*

/namespace
0..1

/ownedElement*
Index

isUnique : Boolean
isSo rted : Boolean
isPa rtitioning : Boolean
/ indexedFeature : IndexedFeature
/ spannedClass : Class

1

*

1

*

{ordered}

1

*

spannedClass 1

*



Foundation
• Expressions

– Tree-structured, functional model of expressions
– Full access to all CWM objects
– Supports both “black box” and “white box” expressions
– Use “white box” expressions for interchange and lineage

ConstantNode
value : Any Feature

(from Core)

Classifier
(from Core)

FeatureNode
/ argument : ExpressionNode
/ feature : Feature 1* 1*

ExpressionNode
expression : Expression
/ type : Classifier
/ featureNode : FeatureNode0..1 *

type

0..1 *

0..1

*

0..1

argument

* {orde red}

ModelElement
(from Core)

El ementNod e
/ modelElement : ModelElement

1

*

1

*

Element
(from Core)



Foundation

• Software Deployment
– SoftwareSystem

• A software package
on a CD

– A Deployed Software
System is a set of
DeployedComponents

• An installed SoftwareSystem

Subsystem
(from M odel_Management)

Location
(from BusinessInformation)

Package
(from Model_Management)

Site
/ containingSite : Site

*

*

containingSite

*

containedSite

*

SoftwareSystem
supplier : String
version : String
/ typespace : Namespace

Component
(from Core)

0..1

*

/namespace0..1

/ownedElement*

Machine
internetAddress : String
/ deployedComponent : DeployedComponent
/ site : Site

0..1

*

0..1

*

DeployedSoftwareSystem
/ softwareSystem : SoftwareSystem

*1

deployment

*1

DeployedComponent
pathname : String
/ component : Component
/ machine : Machine*1

deployment

*1

1

*

1

*

*

*

*

*

Node
(from Core)

– Each Deployed Component is on a specific
Machine

• An installed program



Foundation

• Software Deployment
– DataManagers

provide access
to data

• A deployed DBMS

– DataProviders wrap other
DataManagers as specified
by ProviderConnections

• ODBC and JDBC drivers DataProvider
/ resourceConnection : ProviderConnection

ProviderConnection
isReadOnly : Boolean
/ dataProvider : DataProvider
/ dataManager : DataManager

1

*

1

resourceConnection

*

Package
(from Model_Management)

DataManager
isCaseSensitive : Boolean
/ dataPackage : Package

1

*

1

clientConnection*

*

*

dataPackage *

*

Relationship
(from Core)

Namespace
(from Core)

SoftwareSystem
supplier : String
version : String
/ typespace : Namespace

**

typespace

*

supportingSystem

*

Component
(from Core)

0..1

*

/namespace0..1

/ownedElement*

Machine
internetAddress : String
/ deployedComponent : DeployedComponent
/ site : Site

DeployedComponent
pathname : String
/ component : Component
/ machine : Machine

*1

deployment

*1

1

*

1

*

Package
(from M odel_Management)

Node
(from Core)



Re lat io nsh ip
(from Core)

Package
(f rom Model_Management)

Classifier
(from Core)

TypeS ystemM appi ng

T ypeMapping
isB estMatch  : Boolean
isLossy : Bool e an
/ so urceT yp e : Classifier
/ targetType : Classifier

1

*

sourceType 1

mappingFrom*

1

*

targetType 1

mappingTo*

0.. 1

*

/namespace0.. 1

/ownedElement *

• Type Mapping
– Map types to corresponding types in other systems
– Designed for simple data type exchanges
– Use Transformations for more complex mappings

Foundation



Data Resources

Describe logical and physical data containers

• Operational
sources

• Warehouse
targets

• Logical models

Warehouse
Process

Warehouse
Operation

Transfor-
mation

XMLRecord Multi-
DimensionalRelational

Business
Informa-

tion

Software
Deploy-

ment

UML 1.3
(Foundation, Behavioral_Elements, Model_Management)

Management

Resource

Analysis

Object
(UML)

Foundation

OLAP Data 
Mining

Information
Visuali-
zation

Business
Nomen-
clature

Data
TypesExpressions Keys

Index
Type

Mapping



Data Resource Matrix

Catalog/
Schema

Table ColumnRelational

Record RecordFile FieldRecordDef

XML Schema AttributeElementType

Multi-
dimensional

Dimension Dimensioned
Object

Schema

ClassPackageObject
Oriented

Attribute

RowSet Row Column
Value

RecordSet Field
Value

Record

Document Element

Member Member
Value

MemberSet

ObjectExtent Data
Value

Intent ExtentResource

Data
Value



View
isReadOnly : Boolean
checkOption : Boolean
queryExpression : QueryExpression

SQLQuery
query : QueryExpression

Table
is System : Boolean
/ optionScopeC olumn :  Column
/ type : SQLStr ucturedType
/ usingTrigger : Tri gger

SQLSimpleType
characterMaximumLength : Integer
characterOctetLength : Integer
numericPrecision : Integer
numericPrecisionRadix : Integer
numericScale : Integer
dateTimePrecision : Integer

SQLDistinctType
length : Integer
precision : Integer
scale : Integer
/ sqlSimpleType  : SQLSimpleT ype

1

0..*

sqlSimpleType

1

sqlDistinctType0..*
DistinctTypeHasSimpleType

BaseTable
isTemporary : Boolean
temporaryScope : String
/ trigger : Trigger

ColumnSet

SQLDataType

typeNumber : Integer

CheckC ons traint
deferrability : DeferrabilityType

0..*

0..*

/constraint0..*

/constrainedElement
0..*

{ordered}

Column
precision : Integer
scale : Integer
isNullable : NullableType
length : Integer
collationName : String
characterSetName : String
/ optionScopeTable : Table
/ referencedTableType : SQLStructuredType

0..*

0..1 /feature

0..*
{ordered}

/owner

0..1

0..*
1/structuralFeature

0..* /type

1

0..* 0.. *

/constraint
0..* /constrainedElement 0.. *

{ordered}

Data Resource Packages
• Relational

– RDBMS catalogs & ODBC/JDBC client catalog views
– SQL-99 compliant



Mod elEle men t
(from Core)

FixedOffsetField

o ffset : In teger
o ffsetUn itBits : Integer

Package
( from Model_Manag emen t)

Attribute
(from Core)

RecordFile

isSelfDescribing : Boolean
skipRecords : Integer
/ record : RecordDef

RecordDef

fieldDelimiter : String
isFixe dWidth : Bool ean
reco rdDe l im i te r : St ring
textDe l im ite r : Strin g
/ fi l e :  Reco rdF i le

*

*

file*

record

*

{ordered}

Group

FieldValueCondition

value : Expression
/ field : Field

Field
/ valueCondition : FieldValueCondition

*

1

valueCondition *

field1

Classifier
(from Core)

*

0.. 1

/feature *

{ordered}/owner

0.. 1

*

1

*

1

DataType
(from Core)

Class
(from Core)

/type

Data Resource Packages
• Record

– Basis for traditional databases & files
– Self-describing, delimited, & fixed-offset supported



MemberValue

Object
(f rom Common_Behavior)

DataV alue
(from Common_Behavi o r)

Extent
(from DataType s)

Instance
(from Common_Behavior)

0..1

*

/namespace0..1

/ownedElement

*

DimensionedObject
/ dimension : Dimension

Schema

0..1

*

/namespace

0..1

/ownedElement
*

Member

Dimension
/ dimensionedObject : DimensionedObject
/ component : Dimension
/ composite : Dimension** **

{ordered}
*

*

composite

*

component

**

0..1

/ownedElement *

/namespace

0..1

MemberSet
0..1*

/namespace

0..1

/ownedElement

*

0..1

*

/namespace

0..1

/ownedElement

*

Data Resource Packages
• Multidimensional

– Physical representation of multidimensional databases



Schema
version : String
xmlNamespace : String
/ elementType : ModelElement

Attribute
defaultKind : AttributeDefault
/ elementType : Classifier

Content
type : ContentType
occurrence : OccurrenceType
/ elementType : ElementType
/ ownedElementType : ElementTypeReference

ElementType
/ schema : Namespace
/ attribute : Feature
/ content : Content

*

0..1 +/ownedElement

*+/namespace

0..1

*

0..1

+/feature *

+/owner 0..1

0..1

*

+content0..1

+elem ent Type*

ElementContent
order : ElementOrderType
/ ownedContent : ElementContent
/ ownerContent : ElementContent

*

*

+ownedContent*

+ownerContent

*

ElementTypeReference
occurrence : OccurrenceType
/ ownerContent : Content

Content
type : ContentType
occurrence : OccurrenceType
/ elementType : ElementType
/ ownedElementType : ElementTypeReference

*

* +ownedElementType

*+ownerContent

*

Text
/ ownerContent : MixedContent

MixedContent
/ text : Text 1..11..1

+text

1..1

+ownerContent

1..1

ElementDocument *

0..1 +/ownedElement

*+/namespace

0..1

Data Resource Packages
• XML

– Supports XML 1.0
– Basis for XML

documents
– Allows use as

sources and as
targets



CWM Metamodel, Part 2

John Poole
(john_poole@hyperion.com)



Data Analysis
Describes production & analysis of warehouses

• Describe analytical
& deployment
structures

• Design data
movement &
transformations

• Deployable on a
number of data
resources
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Transformation
• General mechanism describing

data movement and lineage

• Generic transformations from any
physical object to any other
physical object

• Maps logical structures and
concepts in the warehouse onto
physical implementation

• Provides for multiple physical
implementations of logical
structures and concepts

Logical
Object

Physical
Object

Logical
Object

Physical
Object

Mapping Mapping

X-Form

X-Form

Conceptual
Object

Conceptual
Object

Mapping

X-Form

Mapping



Transformation
• Support for “White-Box”

transformation mappings

• Leverages the UML
hierarchy: Mapping of
Classifier-to-Classifier
and Feature-to-Feature

• Mapping of Classifier-to-
Feature

Feature
(from Core)

TransformationMap
/ classifierMap : ModelElement

Classifier
(from Core)

FeatureMap
funct ion : ProcedureExpression
funct ionDescription : String
/ source : Feature
/  target : Feature
/ classifierMap : ClassifierMap

1.. ** 1.. **

1..** 1..**

ClassifierMap
function : ProcedureExpression
functionDescription : String
/ source : Classifier
/ target : Classifier
/ transformationMap : Namespace
/ featureMap : FeatureMap
/ cfMap : ClassifierFeatureMap

*

0..1

*

0..1

1..**

source

1..**

1..**

target

1..**

*

0..1

*

0..1

Classifier
(from Core)

Feature
(from Core)

ClassifierFeatureMap
function : ProcedureExpression
functionDescription : String
classifierToFeature : Boolean
/ classifier : Classifier
/ feature : Feature
/ classifierMap : ClassifierMap

*

0..1

*

0..1

1..** 1..**

1..** 1..**

source

target

classifier

feature



Transformation
• Transformations can

be specified for
arbitrary model
elements

• Reification of the
transformation
“process”

• Relates to Warehouse
Process and
Warehouse Operation
metamodels

ModelElement
(from Core)

DataObjectSet
/ element : ModelElement
/ sourceTransformation : Transformation
/ targetTransformation : Transformation

1..*
*

1..*
*

Transformation
function : ProcedureExpression
functionDescription : String
isPrimary : Boolean
/ source : DataObjectSet
/ target : DataObjectSet
/ use : Dependency

* 1..**
source

1..*

* 1..**
target

1..*

TransformationTask
/  t ransformation : Transformation
/ inverseTask : TransformationTask
/  originalTask : TransformationTask *

*

originalTask

*

inverseTask

*
*

1..*

*

1..*

TransformationActivity
creationDate : String
/ step : ModelElement

TransformationStep
/ task : TransformationTask
/ activity : Namespace
/ precedence : Constraint
/ precedingStep : Dependency
/ succeedingStep : Dependency

*

1

*

1

0..1* 0..1*



OLAP
• Analytical model: Cubes, measures,

dimensions, attributes, levels, and hierarchies
• Cubes contain multiple measures and are

implemented via cube regions

CubeRegion
isReadOnly : Boolean
isFullyRealized : Boolean
/ memberSelGrp : MemberSelGrp
/ cube : Cube

MemberSelGrp
/ memberSelection : MemberSelection
/ cubeRegion : CubeRegion1 *1 *

Cube
isVirtual : Boolean
/  c ubeDimAssoc : CubeDimAssoc
/  c ubeRegion : CubeRegion

*

1

*

1

Hierarchy
/ dimension : Dimension
/  cubeDimAssoc : CubeDimAssoc

CubeDimAssoc
/ dimension : Dimension
/ cube : Cube
/  ca lcHierarchy : Hierarc hy

0..1

*

calcHierarchy
0..1

*

*1 *1

MemberSelection
/ dimension : Dimension
/ memberSelGrp : MemberSelGrp1..** 1..**

Schema

0..1

*

0..1

* Dimension
isTime : Boolean
isMeasure : Boolean
/ hierarchy : Hierarchy
/ memberSelection : MemberSelection
/ cubeDimAssoc : CubeDimAssoc
/ displayDefault : Hierarchy

*

1

*

10.. 1

0..1

0.. 1
displayDefault

0..1

* 1* 1

*

1

*

1

0..1
*

0..1
*



OLAP

• Dimensions:
Multiple levels,
attributes, and
hierarchies

• Levels are used in
multiple hierarchies;
support a subset of
the dimension
attributes

Hierarchy
/ dimension : Dimension
/ cubeDimAssoc : CubeDimAssoc

Dimension
isTime : Boolean
isMeasure : Boolean
/ hierarchy : Hierarchy
/ memberSelection : MemberSelection
/ cubeDimAssoc : CubeDimAssoc
/ displayDefault : Hierarchy

1

*

1

*

0..1

0..1

displayDefault

0..1

defaultedDimension

0..1

LevelBasedHierarchy
/ hierarchyLevelAssoc : HierarchyLevelAssoc

Level
/ hierarchyLevelAssoc : HierarchyLevelAssoc

1

*

/dimension

1

/memberSelection
*

HierarchyLevelAssoc
/ levelBasedHierarchy : LevelBasedHierarchy
/ currentLevel : Level
/ structureMap : StructureMap
/ listOfValues : StructureMap
/ immediateParent : StructureMap

*

1

*
{ordered}

1

*

1

*

currentLevel 1

StructureMap
/ hierarchyLevelAssoc : Hierarchy LevelAssoc
/  valueBasedHierarchy : ValueBasedHierarchy0..1 *0..1 *

0..1

0..1

0..1 listOfValues

0..1

0..1

0..1

0..1 immediateParent

0..1

ValueBasedHierarchy
/ structureMap : StructureMap
/ immediateParent : StructureMap

*

0..1

*

0..1

0..1

0..1

immediateParent
0..1

0..1



Data Mining

• Models the
fundamental meta
data necessary for
constructing and
managing Data
Mining models

• Three conceptual
areas: Model,
Settings and
Attributes

MiningSettings
function : String
algorithm : String
/ attributeUsage : AttributeUsageRelation
/ dataSpecification : MiningDataSpecification

MiningModelResult
type : String
/ model : MiningModel

MiningModel
function : String
algorithm : String
/ settings : MiningSettings
/ inputSpec : ApplicationInputSpecification

0..1

1

settings 0..1

miningModel
1 1

*

model

1

*

ApplicationInputSpecification
/ miningModel : MiningModel
/ inputAttribute : ApplicationAttribute0..1 1..*

miningModel

0..1

inputSpec

1..*

ApplicationAttribute
usageType : AttributeUsage
attributeType : AttributeType

1..*

1

inputAttribute 1..*

inputSpec 1

SupervisedMiningModel
/ target : ApplicationAttribute

1*

target

1*



Data Mining

• Models major
settings types:
Statistical,
Clustering,
Association
Rules,
Supervised

• Relates settings
to specification
and attributes

StatisticsSettings

ClusteringSettings

maxNumberOfClusters : Integer
clusterIdAttributeName : String

RegressionSettingsCostM atrix
ClassificationSettings

/ costMatri x : CostMatrix
0..1 *

costMatrix

0..1

se tt ings

*

SupervisedMiningSettings

confidenceAttributeName : String
predictedAttributeName : String
costFunction : String
/ target : MiningAttribute

AssociationRulesSettings

minimumSupport : Float
minimumConfidence : Float
/ itemId : MiningAttribute
/ transactionId : MiningAttribute

MiningAttribute

1

*

target

1

settings

*

1

*

itemId

1

settings

*

1

*

transactionId

1

settings
*

AttributeUsageRelation

usageType : AttributeUsage
includeInApplyResult : Boolean
weight : Float
suppressNormalization : Boolean
/ attribute : MiningAttribute

1

*

attribute1

a tt ri buteUsage

*

MiningDataSpecification

/ attribute : MiningAttribute
1..*1

attribute

1..*

dataSpecification

1

MiningSettings

function : String
algorithm : String
/ attributeUsage : AttributeUsageRelation
/ dataSpecification : MiningDataSpecification

1..*

1

attributeUsage

1..*

settings
1

1*

dataSpecification

1

settings

*



Information Visualization
• CWM core

metamodel for
information
visualization and
publishing

• Separation of
“logical” rendered
object from
rendering
“transformation”

• Recursive/composite
structuring

XSLRendering

ModelElement
(from Core)

RenderedObject
formula : ExpressionNode
/ rendering : Rendering
/ defaultRendering : Rendering
/ component : RenderedObject
/ composite : RenderedObject
/ neighbor : RenderedObject
/ referencingNeighbor : RenderedObject

*

*

composite

*

component

*

*

0..1

*

0..1

** neighbor
*

referencingNeighbor

*

RenderedObjectSet
0..1

*

0..1

*

Rendering
formula : ExpressionNode
/ renderedObject : RenderedObject** **

0..1
* defaultRendering

0..1
*

0..1

*

0..1

*



Business Nomenclature

• CWM metamodel for
“Business Metadata”

• Intended for Data
Warehousing and
Business Intelligence
domains

• Common business terms
and concepts

• Used in conjunction
with analysis and
reporting tools

ModelElement
(from Core)

Concept
/  taxonomy :  Namespace
/ relatedConcept : Concept

Term
/ glossary : Namespace
/ concept : Concept
/ relatedTerm : Term
/ preferredTerm : Term
/ narrowerTerm : Term

VocabularyElement
definition : String
example : String
usage : String
/ modelElement : ModelElement



Business Nomenclature

• Taxonomies
consists of
concepts

• Glossaries consist
of terms

• Taxonomies and
Glossaries can be
associated

• All are relevant to
some “business
domain”

BusinessDomain
/ taxonomy : ModelElement

Taxonomy
/ domain : Namespace
/ concept : ModelElement
/ subtaxonomy : Nomenclature

0..1

*

0..1

*

Glossary
language : String
/ taxonomy : Taxonomy
/ term : ModelElement
/ subglossary : Nomenclature

*

*

*

*

Concept
/ taxonomy : Namespace
/ relatedConcept : Concept

*

*

+relatedConcept

*

*0..1 *0..1 *

Term
/ glossary : Namespace
/ concept : Concept
/ relatedTerm : Term
/ preferredTerm : Term
/ narrowerTerm : Term

0..1 *0..1 *

*

*

*

*

*

**

+relatedTerm



Warehouse Management

Orchestrates warehouse activities

• Warehouse
Process relates
– Transformations
– Triggering events

• Warehouse
Operation logs
– Transformation

activity
– Metrics

Warehouse
Process

Warehouse
Operation

Transfor-
mation

XMLRecord Multi-
DimensionalRelational

Business
Informa-

tion

Software
Deploy-

ment

UML 1.3
(Foundation, Behavioral_Elements, Model_Management)

Management

Resource

Analysis

Object
(UML)

Foundation

OLAP Data 
Mining

Information
Visuali-
zation

Business
Nomen-
clature

Data
TypesExpressions Keys

Index
Type

Mapping



Warehouse Process
• A Warehouse

Process identifies
warehouse tasks
and the events
that trigger them
(“what gets
done”)

• Relates
Transformation
Activity to Event
types

ScheduleEvent

PointInTimeEv ent
Interv alEv ent

duration : F loat

ExternalEv ent
description : String

CascadeEv ent
waitRule : WaitRuleTy pe

Retry Ev ent
waitDuration : Duration
maxCount : Integer

RecurringPointInTimeEv ent
recurringTy pe : RecurringTy pe
f requencyFactor : Integer = 1
month : Integer
dayO fMonth : Integer
dayOfWeek : DayOfWeek
hour : Integer
minute : Integer
second : Integer

CustomCalendarEv ent
/ customCalendar : CustomCalendar

C ustomCalendar
/ customCalendarEvent : CustomCalendarEv ent

0..*

1

0..*

1

CalendarDate
specif icDate : Time

1
0..*

/namespace

1

/ ownedElement

0..*

Event
(from State_Machines)

Pac kage
(from Model_Management)

WarehouseEvent

/ warehouseProcess : WarehouseProcess

InternalEvent
condition : BooleanExpression
/ triggeringWP : WarehouseProcess

Transf ormationActiv ity
(from Transformation)

WarehouseProcess

stat ic D ef ini ti on : Boolean = f als e
is Sequential : B oolean
/ transformationActivity  :  Trans format ionAct ivity
/  i nt erna lEv ent  :  InternalEv ent
/ warehouseEvent  :  WarehouseEvent

1..*

1..*

1..*

1..*

0..*

1..*

0..*

triggeringWP

1..*

1..*

0..*

1..*

0..*

ModelElement
(from Core)



Warehouse Operation
• Activity and Step

Execution track
details of
executions of
Transformations
(tracks “what got
done when”)

• Step Execution
may be related to
a UML
CallAction model
element

ModelE lement
(from Core)

TransformationActivity
(from Transformation) TransformationStep

(from Transformation)

ActivityExecution
/ transformationActivity : TransformationActivity
/ stepEx ecution : StepExecut ion

1

*

1

execut ion

*

CallAction
(from Common_Behavior)

StepExecution
/ transformationStep : TransformationStep
/ activityExecution : ActivityExecution
/ callAction : CallAction

*

1

execution
*

1

0..1 *0..1 *

0..1

*

0..1

*

Transformat ionExecution
startDate : Time
endDate : Time
inProgress : Boolean
successful : Boolean
status : Expression



Warehouse Operation
• ChangeRequest

objects represent a
proposed change
or one that has
been implemented
or rejected.

• Measurement
objects can hold
values for any
object (such as
volumetric
details)

StepExecution
/ transformationStep : TransformationStep
/ activityExecution : ActivityExecution
/ callAction : CallAction

ModelElement
(from Core)

ActivityExecution
/ transformationActivity : TransformationActivity
/ stepExecution : StepExecution

Measurement
value : Float
unit : String
type : String
creationDate : Time
effect iveDate : Time
/ modelE lement : ModelElement

ChangeRequest
changeDescription : String
changeReason : St ring
status : String
completed : Boolean
requestDate : Time
completionDate : Time
/ modelE lement : ModelElement

TransformationExecution
startDate :  Time
endDate : Time
inProgress : Boolean
successful : Boolean
status : Expression



CWM Generation, Validation,
and Extension

David Mellor
(dmellor@us.oracle.com)



CWM Generation

<<metamodel>> 
CWM Packages
(Rational Rose)

CWM                 Team

Apply UML to MOF
Transformation Rules

Package XML Files

(MOF Model DTD) 

MOF Facility

CWM 
PackagesCWM CORBA IDL

Files CWM DTD Files

CWM
Repository

Server

IDL In/Out In/Out XMI
Interfaces

Document Type

• Metamodel
– Single logical  source
– Multiple packages

• Generated for each
package
– XML document
– CWM DTD
– CWM IDL

The
Definitive

CWM
MetaModel



CWM Development
• Metamodel Proposal

– An information metamodel is
proposed to be included in
the submission

– Group analysis to determine
if the metamodel should
become part of CWM

• Model Team
– A team is formed to develop

a metamodel as part of the
CWM submission

Information 
Metamodel for the

CWM team to
consider

CWM                 Team

Metamodel Accepted Metamodel Rejected

Information 

Covered

Information

Outside Scope



CWM Development
• Metamodel Development

– Metamodels constructed
by domain knowledgeable
modelers

– A CWM Metamodel is
constructed by analyzing
common portions of
existing Warehouse tool
models as well as public
reference models

– Tool logical models can be
re-constructed using
CWM as common starting
point

Tool X
Metamodel

Tool Y
Metamodel

Tool Z
Metamodel

Common

Representation

<<metamodel>> 
CWM Packages
(Rational Rose)



CWM Validation
• Use Case Scenarios

– Develop use cases of the individual models

– Develop representative use cases that involve
several packages used in combination

– Develop use cases that represent entire target tools



CWM Validation
Validation

– Each Use Case
defines a “slice”
through the
model being
validated

– Use Cases
represent
“typical”
problems that the
model must solve

OLAP
Model

Deployment
Model

Abstraction Refinement

Semantic Mapping
(Abstract) (Concrete)



CWM Extensions

• CWM provides interchange of
the common portions of
warehouse tool meta models

• CWM should be used as the
new foundation of a
warehouse tool model

• Volume 3 of the Specification
contains examples of CWM
Extensions

Tool X
Metamodel

CWM

Metamodel



CWM Extension Packages

Olap
<<metamodel>>

(from Analys is )

Informat ionSet
<<metamode l>>

( from Ana lys is )
Informat ion
Reporting

<<metamode l>>

(from  A nalysis)

Record
<<metamode l>>

( from Resource)

Mult id imensional
<<metamode l>>

( from  R esource)

COBOLData
<<metamode l>>

(from Resource)

D M S II
<<metamodel>>

(from Resource)

IMSDatabase
<<metamode l>>

(from Resource)

Essbase
<<metamodel>>

(from Resource)

Express
<<metamodel>>

(from Resource)

DataTypes
<<metamodel>>

(from Foundat ion)

CORBAIDLData
Types

<<metamode l>>

(from Foundat ion)

U M L

( from o rg.omg)

E R
<<metamode l>>

(from Foundat ion)

Inform a t ion
V isualization

<<metamodel>

( from Ana lys i s )



CWM Extensions
• CWM Extensions

– Extensions
• Published tool

specific information
for the purpose of
interchange

• Physical
characteristics of
databases not
common in general
but interchangeable
in a heterogeneous
environment

Conjoint

Formula

Composite

Variable

Relation Dimension

ValueSet

AliasDimension

Classifier
(from Core)

SimpleDimension

DimensionedObject
(from Multidimensional)

Dimension
(from Mul tidimensional)



CWM Extensions
• CWM Extensions

– Extensions
• Common ancestry

in base metamodel
• Tool-specific

default structures
(e.g., Database)

OLAPServerApplication
* ** *

PartitionDatabase

0..1

*

0..1

*

*0..1 *0..1

Outline

1

1

1

1

DimensionedObject
(from Multidimensional)

Dimension

*

1

*

1

** **



Extending CWM
• Extending the model to redefine a working tool metamodel

without generating a new DTD.
– Categorized into three generic types:

• Proprietary Attributes: Tool specific definitions not intended
for interchange

• Proprietary Associations and or Classes: Tool specific areas not
common and not intended for interchange

• Sharable Extensions: Tool specific definitions proposed for
interchange via tagged value pairs



Extending CWM
• Extending the model to redefine a

working tool metamodel without
generating a new DTD.

• Proprietary Attributes: Tool
specific definitions not intended
for interchange

• Proprietary Associations and or
Classes: Tool specific areas not
common and not intended for
interchange

• Sharable Extensions: Tool
specific definitions proposed for
interchange via tagged value pairs

CWM - Relational

Table

Column

ToolX - Relational

Column

DisplayName

ToolX - Relational.Column

Inherited Class Attributes

Leaf Class Attributes

Interchanged
Via CWM

Proprietary



Extending CWM
• Extending the model to redefine a

working tool metamodel without
generating a new DTD.

• Proprietary Attributes: Tool
specific definitions not intended
for interchange

• Proprietary Associations and or
Classes: Tool specific areas not
common and not intended for
interchange

• Sharable Extensions: Tool
specific definitions proposed for
interchange via tagged value
pairs

CWM - Relational

Table

Column

ToolX - Relational

Column

WidgetA

Interchanged
Via CWM

Proprietary



Extending CWM
• Extending the model to redefine a

working tool metamodel without
generating a new DTD.

• Proprietary Attributes: Tool
specific definitions not intended
for interchange

• Proprietary Associations and or
Classes: Tool specific areas not
common and not intended for
interchange

• Sharable Extensions: Tool
specific definitions proposed for
interchange via tagged value
pairs

CWM - Relational

Table

Column

ToolX - Relational

Column

DisplayName

ToolX - Relational.Column

Inherited Class Attributes

Leaf Class Attributes

Interchanged
Via CWM

Interchanged Via 
CWM Tagged

 ValuePairs



CWM
Summary and Actions

Dan Chang (dtchang@us.ibm.com)



CWM
• A common specification that defines, in

UML, the structure and semantics of shared
metadata in data warehousing and
business intelligence
– Resource: Object, Relational, Record,

Multidimensional, XML
– Analysis: Transformation, OLAP, Data Mining,

Information Visualization, Business Nomenclature

• A common specification that defines, in
XML, the interchange format and, in IDL,
the access API for such shared metadata



CWM Specification:
CWM XML, CWM DTD, CWM IDL

CWM 
Metamodel

( in UML 
Notation)

CWM 
Specification

CWM 
Metadata 
Access

CWM IDL

CWM DTD

CWM 
Metadata 

Interchange 
(in XML)

CWM XML 

MOF DTD



CWM Extensions (CWMX)
• Published vendor specific metamodel for

the purpose of metadata interchange
(Volume 3 & Volume 4, non-normative)
– Common ancestry in the CWM metamodel
– Demonstrates the validity of the CWM

metamodel
– Demonstrates the extensibility of the CWM

metamodel



Data Resource Matrix

Catalog/
Schema

Table ColumnRelational

Record RecordFile FieldRecordDef

XML Schema AttributeElementType

Multi-
dimensional

Dimension Dimensioned
Object

Schema

ClassPackageObject
Oriented

Attribute

RowSet Row Column
Value

RecordSet Field
Value

Record

Document Element

Member Member
Value

MemberSet

ObjectExtent Data
Value

Intent ExtentResource

Data
Value



CWM
• Enables interchange and access of shared

metadata at three abstraction levels

UML

CWM

CWMX

Object:Class, Attribute

Relational:Table, Column
XML:ElementType, Attribute
...

ER: Entity, Attribute
Your own ...



CWM: Past, Present and Future
• Past

– Initial submission: 9/17/99
– OMG Demo: 11/99
– Evaluation: 9/99 - 1/00

• Present
– Final submission: 2/11/00
– Evaluation: 2/00 - present

• Future
– Adopted specification: 3/10/00 (we hope!)
– CWM FTF : 3/10/00 (we hope!)
– Available specification: 9/00 (we plan)
– Product enablement and interoperability showcase



November 1999 OMG Demo



http://www.cwmforum.org


