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Preface

About the Object Management Group

OMG Documents

November 2002

The Object Management Group, Inc. (OMG) is an international organization supported
by over 600 members, including information system vendors, software developers and
users. Founded in 1989, the OMG promotes the theory and practice of object-oriented
technology in software development. The organization's charter includes the
establishment of industry guidelines and object management specifications to provide a
common framework for application development. Primary goals are the reusability,
portability, and interoperability of object-based software in distributed, heterogeneous
environments. Conformance to these specifications will make it possible to develop a
heterogeneous applications environment across all major hardware platforms and
operating systems.

OMG's objectives are to foster the growth of object technology and influence its
direction by establishing the Object Management Architecture (OMA). The OMA
provides the conceptual infrastructure upon which all OMG specifications are based.
More information is available at http://www.omg.org/.

The OMG Specifications Catalog is available from the OMG website at:

http://www.omg.org/technol ogy/documents/spec_catal og.htm

The OMG documentation is organized as follows:

OMG Modeling Specifications
Includes the UML, MOF, XMI, and CWM specifications.
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OMG Middleware Specifications

Includes CORBA/IIOP, IDL/Language Mappings, Specialized CORBA specifications,
and CORBA Component Model (CCM).

Platform Specific Model and | nterface Specifications

Includes CORBAservices, CORBAfacilities, OMG Domain specifications, OMG
Embedded Intelligence specifications, and OMG Security specifications.

Obtaining OMG Documents

The OMG collects information for each book in the documentation set by issuing
Requests for Information, Requests for Proposals, and Requests for Comment and,
with its membership, evaluating the responses. Specifications are adopted as standards
only when representatives of the OMG membership accept them as such by vote. (The
policies and procedures of the OMG are described in detail in the Object Management
Architecture Guide.) OMG formal documents are available from our web site in
PostScript and PDF format. Contact the Object Management Group, Inc. at:

OMG Headquarters
250 First Avenue
Needham, MA 02494
USA
Tel: +1-781-444-0404
Fax: +1-781-444-0320
pubs@omg.org
http://www.omg.org

Typographical Conventions

Acknowl edgments

vi

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.

Helvetica bold - OMG Interface Definition Language (OMG IDL) and syntax
elements.

Couri er bol d - Programming language elements.
Helvetica - Exceptions

Terms that appear in italics are defined in the glossary. Italic text also represents the
name of a document, specification, or other publication.
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Software Process Engineering Metamodel, v1.0 November 2002



November 2002

The following people contributed directly or indirectly to the writing of this

Alcatel

Computer Associates
France Telecom
Fujitsu/DMR

IBM

Nihon Unisys Ltd.
Q-Labs

Rational Software
Siemens
SOFTEAM
Toshiba

Unisys

Valtech

specification:

Donald Baisley, Mariano Belaunde, Alan Birchenough, Alan Bradbury, John Cameron,

Steve Cook, Daniel D’Elena, Philippe Desfray, Julian Edwards, Ed Ferrara, Bjérn

Gustafsson, Brian Henderson-Sellers, Hiromichi Iwata, Sridhar lyengar, Olaf Kaestner,

Ed Kahan, Philippe Kruchten, Annie Kunzmann-Combelles, Craig Larman, Hiroshi

Miyazaki, Pierre Montminy, Mari Natori, Van-Si Nguyen, Jean-Marc Proulx, Gilbert
Raymond, Laurent Rioux, Pete Rivett, Pierre Robillard, Phillip Rossomando, Kiyoshi

Sakaguchi, John Smith, Steve Tockey, Gail Trotter, and Norbert Weber.

SPEM: Acknowledgments

Vi



viii Software Process Engineering Metamodel, v1.0 November 2002



1.1 Overview

| ntroduction 1

Contents

This chapter includes the following topics.

Topic Page
“Overview” 11
“Modeling Approach” 1-1
“ Scope’ 1-2
“Terminology” 1-2
“Relationships to Other OMG Specifications’ 1-3
“Compliance Points” 1-5

This document presents the Software Process Engineering Metamodel (SPEM). This
metamodel is used to describe a concrete software development process or a family of
related software development processes. Process enactment is outside the scope of
SPEM, although some examples of enactment are included for explanatory purposes.

1.2 Modeling Approach

November 2002

We take an object-oriented approach to modeling a family of related software
processes and we use the UML as a notation. Figure 1-1 shows the four -layered
architecture of modeling as defined by the OMG. A performing process—that is, the
real-world production process—as it is enacted, is at level MO. The definition of the
corresponding processis at level M1. For example, the Rational Unified Process 2001
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1.3 Scope

1.4 Terminology

(RUP2001), DMR Macroscope, the IBM Globa Services Method and Fujitsu SDEM
are defined at level M 1. Both a generic process like RUP and a specific customization
of this process used by a given project, are at level M1. We focus here on the
metamodel, which stands at level M2 and serves as a template for level M1.

MOF AN
MetaObject Facility M3 |
4
Process Metamodel M2 | UPMUML
%&
M1 e.g., RUP,
Process Model Sl Method, Open
/)
. MO Process as really enacted
Performing process on a given project

Figure 1-1 Levels of modeling

The SPEM specification is structured as a UML profile, and provides a complete
M OF-based metamodel. This approach facilitates exchange with both UML tools and
M OF-based tool s/repositories.

The SPEM is a metamodel for defining processes and their components. A tool based
on SPEM would be atool for process authoring and customizing. The actual enactment
of processes—that is, planning and executing a project using a process described with
SPEM, is not in the scope of this model.

In this specification, we are limiting ourselves to defining the minimal set of process
modeling elements necessary to describe any software development process, without
adding specific models or constraints for any specific area or discipline, such as project
management or analysis.

We believe this is the appropriate approach for the software-process engineering
domain, and any attempt to standardize a more complex and detailed model at thistime
would be both unwise and ineffective. The standard wants to accommodate a large
range of existing and described software development processes, and not exclude them
by having too many features or constraints.

There are a large number of process models and standards. Each one uses dlightly
different terminology, sometimes with different meaning for the same English word or
phrase. For example, a ‘phase’ in Fusion [13] is called a ‘core workflow’ in the

Software Process Engineering Metamodel, v1.0 November 2002
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Rational Unified Process (RUP) [1] and a‘domain’ in IBM’s Global Services Method.
We will designate it as a ‘discipline’ here. OPEN [4] and the Rational Unified Process
[1] both use the word *activity’ but with a different meaning. We have provided
“translations” (aliases or synonyms) to help in understanding. This also alows the
naming of various process elements by the appropriate term in various languages:
Japanese, French, and so on. See Appendix B for a comparison table and the Glossary.

1.5 Relationshipsto Other OMG Specifications

November 2002

The Unified Modeling Language (UML) is a graphical language for modeling discrete
systems. Although the UML is not necessarily tied to any particular application area or
modeling process, its greatest applicability isin the area of object-oriented software
design. Version 1.1 of the UML was submitted to the Object Management Group in
September 1997 in response to an OMG RFP requesting a standard approach to object-
oriented modeling. The proposal was ratified by the OMG in November 1997.
Version 1.3 of the UML was finalized in June 1999. UML 1.4 (January 2001) is the
version referred to throughout this document.

The UML is defined by a metamodel, which isitself defined as an instance of the MOF
(Meta-Object Facility) metametamodel. A subset of the UML graphical notation is
used to depict this metamodel. The SPEM metamodel is defined similarly, and is
formally defined as an extension of a subset of UML called SPEM_Foundation.
Chapter 2 describes SPEM_Foundation in detail.

The purpose of the Software Process Engineering Metamodel (SPEM) isto support the
definition of software development processes specifically including those processes
that involve or mandate the use of UML, such as the Rational Unified Process®.

1.5.1 UML Profile

A UML profileis akind of variant of UML that uses the extension mechanisms of
UML in a standardized way, for a particular purpose.

The UML 1.4 semantics (OMG document ad/01-02-13)) provides the following
definition in the section 2.14.4 “Semantics:”

A profile stereotype of Package contains one or more related extensions of standard
UML semantics (refer to Section 2.6, “Extension Mechanisms’). These are
normally intended to customize UML for a particular domain or purpose. Profiles
can contain stereotypes, tag definitions, and constraints. They can also contain data
types that are used by tag definitions for informally declaring the types of the values
that can be associated with tag definitions.

In addition, a profile package can specify arelated model library and identify a
subset of the UML metamodel that is applicable for the profile. In principle, profiles
merely refine the standard semantics of UML by adding further constraints and
interpretations that capture domain-specific semantics and modeling patterns. They
do not add any new fundamental concepts.

SPEM, v1.0: Relationshipsto Other OMG Specifications 1-3
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The SPEM is defined both as a metamodel and as a UML profile, which allows SPEM
modelers to use the UML as a concrete notation. Chapter 11 of this specification
discusses the profile.

1.5.2 MOF 1.3 and XMl

The Meta-Object Facility (MOF) is the OMG’s adopted technology for defining
metadata and representing it as CORBA objects. The MOF 1.3 specification was
finalized in September 1999 (OMG document ad/99-09-05). A MOF metamodel
defines the abstract syntax of the metadata in the MOF representation of a model. The
MOF model itself describes the abstract syntax for representing MOF metamodels.
MOF metamodels can be represented using a subset of UML syntax.

In addition to defining SPEM as a UML profile, it is defined as a MOF metamodel,
based on a subset of UML. This gives a more restricted version of SPEM, in which the
basic SPE elements can be described, without some of the diagramming and
structuring facilities, which are added by the profile version of SPEM. Chapter 11
describes the additional facilities gained when SPEM is treated as a UML profile.

XMI (XML Metadata Interchange) is the OMG’s adopted technology for interchanging
models in a serialized form (OMG document ad/98-10-05). XM version 1.1 was
formally adopted by the OMG in February 2000 (OMG document ad/99-10-04). XMl
focuses on the interchange of MOF metadata; that is, metadata conforming to a MOF
metamodel.

XMI is based on the W3C's eXtensible Markup Language (XML) and has two major
components:

® The XML DTD Production Rules for producing XML Document Type Definitions
(DTDs) for XMI encoded metadata. XM DTDs serve as syntax specifications for
XML documents, and allow generic XML tools to be used to compose and validate
XMI documents.

® The XML Document Production Rules for encoding metadata into an XML
compatible format. The production rules can be applied in reverse to decode XMI
documents and reconstruct the metadata.

XMI can be used to manipulate the SPEM metamodel as follows:
® To create a SPEM Document Type Definition.

® To transfer process models based on SPEM as XML documents, either by
describing the model as a direct SPEM instance (usage of the SPEM DTD) or by
describing it as a UML model conforming to the UML profile for SPEM (usage of
the UML DTD).

® To transform the SPEM metamodel itself into an XML document, based on the
MOF DTD, for interchange between MOF-compliant repositories.

OMG documents ptc/2002-05-05 and ptc/2002-05-06 contain the normative DTD and
MOF XMI for the SPEM.

Software Process Engineering Metamodel, v1.0 November 2002



1.5.3 Workflow

Within the OMG there are three initiatives that come under this heading.

The first is the Joint Workflow Management Facility (OMG document
bom/99-03-01). The scope of this facility is workflow enactment and it supports
Workflow Client Applications, Interoperability, and Process Monitoring as described in
the Workflow Reference Model. None of these areas overlaps the SPEM specification,
which addresses the domain of process description, not process enactment.

The second is the Workflow Resource Assignment Interfaces RFP (OMG document
bom/2000-01-03), which asks for submissions to extend the capabilities of the adopted
workflow management specification in the areas of the assignment and selection of
resources. The scope of this facility is also process enactment and so does not overlap
the SPEM specification.

The third area of interest is Process Definition. At this time no request for proposals
has been issued. The matter is still under consideration, pending discussions within the
UML RTF and the UML 2.0 working group about how UML Activity Diagrams will be
supported and/or extended. This discussion somewhat overlaps the scope of the current
specification.

1.5.4 Proof of Concept

The (meta)model and the UML Profile presented here supports at least the Rational
Unified Process, DMR Macroscope, IBM’s Global Services Method and the Unisys
QuadCycle method. Examples throughout the text show how particular elements in the
model are used in these and other processes. The SPEM is supported by the Rational
Process Workbench (RPW), which is a process authoring tool based on UML. The
SPEM profile has been implemented using the “Objecteering/UML Profile Builder”
tool of SOFTEAM, and then applied to the “Objecteering/UML Modeler” tool, which
has been used as a “SPEM modeler” to represent various processes. All the SPEM
extensions have been implemented with most of the SPEM well-formedness rules. The
SPEM metamodel server has been generated in the Unisys XMI/MOF tools. Finally
see Appendix C for an example based on the DMR Macroscope.

1.6 Compliance Points

November 2002

When specifying their compliance to SPEM, vendors should refer to the compliance
points defined in this section, and not loosely say they are “SPEM compliant.” Being
compliant to one point means that all elements belonging to this point are
implemented. As a general rule, al elements defined in the SPEM metamodel
(chapters 5 to 10) shall be supported except for the following optiona elements:

¢ Kinds of Guidance (see Section 5.2, “Guidance,” on page 5-2)
® Steps (see Section 7.3, “Activity and Step,” on page 7-4)
® Discipline (see Section 8.4, “Discipline,” on page 8-3)

SPEM, v1.0: Compliance Points 1-5
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Also it is not mandated that a SPEM implementation use the same terminology. Other
terminologies, and natural 1anguages other than English, can be used. In this case, a
correspondence list must present a mapping of this terminology with the SPEM
terminol ogy.

The compliance points are as follow:

UML Profile for SPEM: the compliant implementation shall implement all the
UML parts extended by SPEM, and shall define all the SPEM extensions. The
compliant specification should specify whether it implements the SPEM constraints
by an automated check or not. A SPEM Profile compliant implementation shall
provide the UML XMI exchange mechanism that supports all UML features
extended by SPEM, and the UML extension mechanism (UML Profiles).

M etamodel: the compliant implementation shall support the SPEM Metamodel,
except possibly some of the optional elements as noted above.

MOF/XMI DTD: the compliant specification should implement all the MOF based
metamodel provided by the SPEM specification. It shall implement the XMI DTD
specified by the SPEM standard.

Notation: the compliant implementation shall recognizably support all the notation
defined by the SPEM specification.

Any combination of the four compliance points can be used.

1.6.1 Examples

Implementers declare their SPEM compliance in the following form:

The XXX tool is SPEM compliant (UML Profile for SPEM without constraint
checks implementation, Notation).

The XXX tool is SPEM compliant (Metamodel, MOF/XMI DTD, Notation).
The XXX tool is SPEM compliant (Notation).

This list is not exhaustive.

Software Process Engineering Metamodel, v1.0 November 2002
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Foundation

Contents

This chapter includes the following topics.

Topic Page
“SPEM_Foundation::Data_Types’ 2-2
“SPEM_Foundation::Core’ 2-4
“SPEM_Foundation::Actions” 2-7
“SPEM_Foundation::State_Machines’ 2-8
“SPEM_Foundation::Activity Graphs” 2-9
“SPEM_ Foundation::Model_Management” 2-10

The SPEM stand-alone metamodel is built by extending a subset of the UML 1.4
physical metamodel. This UML subset is called SPEM_Foundation, as shown in

Figure 2-1 on page 2-2. This chapter describes the content of the SPEM_Foundation

package.

Software Process Engineering Metamodel, v1.0
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<<metamodel>>
SPEM_Foundation

I
|
|
|
|

<<metamodel>>
SPEM_Extensions

Figure2-1 The SPEM_Foundation and SPEM_Extensions packages

2.1 SPEM_Foundation::Data Types

2-2

The SPEM_Foundation::Data_Types package is a subset of the UML 1.4 Data Types
package, and contains definitions of the following data types as shown in Figu re2-2 on
page 2-3: Integer, Unlimitedinteger, String, AggregationKind, Boolean,
ParameterDirectionKind, PseudoStateKind, Name, Multiplicity and MultiplicityRange.

The Data_Types package also contains definitions of Expression and
BooleanExpression as shown in Figure 2-3 on page 2-3. The SPEM Foundation data
types and expressions are defined exactly asin UML 1.4 section 2.4.
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<<datatype>>
Integer

<<enumeration>>
AggregationKind

<<datatype>>
Unlimitedinteger

ak_none
ak_aggregate
ak_composite

<<datatype>>
String

November 2002

<<datatype>>
Boolean

<<enumeration>>
ParameterDirectionKind

pdk_in
pdk_inout
pdk_out
pdk_return

<<datatype>>
Name

<<Enumeration>>
PseudoStateKind

Multiplicity

pk_fork
pk_initial
pk_join
pk_junction

/ range : MultiplicityRange

1 +multiplicity

1.n | +range

Multiplicity Range

lower : Integer
upper : Unlimitedinteger
/ multiplicity : Multiplicity

Figure 2-2 Foundation Data Types Package — Data Types

Expression

language : Name
body : String

BooleanEx pression

Figure 2-3 Foundation Data Types Package — Expressions
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2.2 SPEM_Foundation::Core

The SPEM_Foundation::Core package is structured similarly to the UML 1.4 Core
packages and is shown diagrammatically in the following figures. Figure 2-4 on
page 2-5 shows the model elements that form the structural backbone of the
metamodel.

Figure 2-5 on page 2-6 shows the model elements that define relationships. Figure 2-6
on page 2-6 shows the model elements that define dependencies. Figure 2-7 on
page 2-7 shows the model elements that define auxiliary elements.

In each case, classes and associations have been omitted from the UML 1.4
metamodel, and in many cases attributes have been omitted from included classes.
What remains are the parts of the UML 1.4 definition that are required to define SPEM
models. These parts are defined exactly asin UML 1.4 section 2.5, except that some of
the classes have been made abstract. There are also three small variations as follows:

® |n Relationships (Figure 2-5 on page 2-6) the connection end of the association
between Association and AssociationEnd has multiplicity 2, instead of the 2..*
specified by UML 1.4. This is because only binary associations are supported by
SPEM.

® |n Dependencies (Figure 2-6 on page 2-6) the supplier and client associations
between Dependency and Model Element have multiplicity 1, instead of the 1..*
specified by UML 1.4. Thisis because only binary dependencies are supported by
SPEM.

® SPEM Associations are not Generalizable.
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Element

ModelElement +constrainedE lement

name : Name
/ namespace : Namespace
/ clientDependency : Dependency

0..*{ordered}

+ownedElement | 0..*

0..*| *constraint

Constraint

+namespace GeneralizableElement Parameter
0.1 / generalization : Generalization ||kind : ParameterDirectionKind
N I type : Classifier
amespace / behavioralFeature : BehavioralFeature

/ ownedElement : Model Element

body : BooleanExpression
/ constrainedElement : ModelElement

Feature

0.*

Classifier | 1

+type

BehavioralFeature

0.1

0..*| +parameter
+typedParameter {ordered}

/ parameter : Parameter

+behavioralFeature

?

Operation

November 2002

Figure 2-4  Foundation Core Package — Backbone
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ModelElement

Relationship

rgeneralization +child

Generalization

/ child : GeneralizableElement
| parent : GeneralizableElement

0..*

0.%

GeneralizableElement

i

1

+specialization +parent

/ generalization : Generalization

7

AssociationEnd
Classifier frparticipant +association |iSNavigable : Boolean 2
1 L |aggregation : AggregationKind
0.. multiplicity : Multiplicity

/ association : Association
/ participant : Classifier

+association

freconnection 4
{ordered}

Association
/ connection : AssociationEnd

Figure2-5 Foundation Core Package — Relationships

ModelElement

name : Name +supplier

Relationship

+supplierDependency

/ namespace : Namespace
/ clientDependency : Dependency 1
1

Dependency

0.*
0..*

+client

/ client : ModelElement
/ supplier : ModelElement

+clientDependency

Abstraction

Usage Permission

Figure2-6  Foundation Core Package — Dependencies
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Element

1

ModelElement

+subject

name : Name
/ namespace : Namespace
/ clientDependency : Dependency

1

+presentation

0..*

PresentationElement

/ subject : ModelElement

Figure 2-7 Foundation Core Package — Auxiliary Elements

2.3 SPEM_Foundation::Actions

The SPEM_Foundation::Actions package is a subset of the UML 1.4
Common_Behavior package, and is shown in Figure 2-8. The elements in this package
are defined asin UML 1.4 section 2.9.

November 2002

(from

ModelElement

Core)

Action

CallAction

/ operation

: Operation

+callAction

+operation

0.*

1

Oper

(from

ation
Core)

Figure 2-8 Foundation Actions Package.
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2.4 SPEM_Foundation::State Machines

The SPEM_Foundation::State_ Machines package is a subset of the UML 1.4

State Machines package, and is shown in Figure 2-9. The elements in this package are
defined asin UML 1.4 section 2.12, with the exception that the context of a
StateMachine is a composition, rather than a shared aggregation.

ModelElement
(from Core)

+context
0.1

+behavior | 0..* ‘
StateMachine Guard
/ cont'ext : ModelEleme...| | o\ cMachine expression : BooleanE xpression
/ top ._S_tate N > / transition : Transition
/ transitions .T’ransmon 0.1 0.1 | +guard
+stateMachine | 0..1 +transitions |0+ * 1 ¢ -transition
StateVertex +source +outgoing Transition
/ outgoing : Transition / guard : Guard
*SUBVErteX |/ incoming : Transition 1+ . -0 source : StateVertex
/ container : CompositeSta. .. target Incoming / target : StateVertex
*
0.. Z% 1 0.1/ stateMachine : StateMachin..
1 | +top
PseudoState State 0.1 0..1] Action
kind : PseudoStateKind / entry : Actio.. +entry | (fromActions)
+container CompositeState FinalState SimpleState
EEm—
0.1 / subvertex : StateVerte..

Figure 2-9 Foundation State Machines Package
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2.5 SPEM_Foundation::Activity Graphs

The SPEM_Foundation::Activity Graphs package is a subset of the UML 1.4
Activity _Graphs package, and is shown in Figure 2-10. The elements in this package
are defined as in UML 1.4 section 2.13.

StateMachine
(from State_M achines)

State +inState

(from State_Machines)

ActivityGraph

1.*

+type| Classifier

SimpleState
(from State_Machines)

B

ActionState

November 2002

ObjectFlowState

|/ parameter : Paramet...
/ type : Classifier

0. | +objectFlowState

0..*

+classifierln

0..*

1

+type | 1

State 0.

0..*

tclassifierinState

ClassifierinState

/ type : Classifier
/ inState : State

Parameter

+state

+parameter

(from Core)

Figure 2-10 Foundation Activity Graphs Package
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2.6 SPEM_Foundation::Model Management

The SPEM_Foundation::Model Management package is a subset of the UML 1.4
Model_Management package, and is shown in Figure 2-11. The elements in this
package are defined exactly asin UML 1.4 section 2.14. Note that there is no
Elementimport metaclass, used in UML to reify the concepts of aliasing and visibility;
in SPEM there is no concept of visibility — al elements have public visibility - and
elements imported into packages cannot be renamed.

ModelElement | +ownedElement
(from Core)

Namespace

(from Core) | +namespace

Package

Figure2-11 Foundation Model Management Package

2.7 SPEM_Foundation We&ll-Formedness Rules

The following well-formedness rules from the UML 1.4 specification apply to the
SPEM_Foundation package. Numberings such as [2.5.3.26.1] are cross-references to
the numbering of the well-formedness rules under the corresponding class in the UML
1.4 specification. OCL for these rules is found in the UML 1.4 specification.

2.7.1 Namespace
[C1][2.5.3.26.1] If a contained element that is not an Association or
Generalization has a name, then the name must be unique in
the Namespace.
[C2][2.5.3.26.2] All Associations must have a unique combination of name and
associated Classifiers in the Namespace.
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2.7.2 GeneralizableElement

[C3][2.5.3.20.3] Circular inheritance is not allowed.

[C4][2.5.3.20.4] The parent must be included in the Namespace of the
GeneralizableElement.

[C5][2.5.3.20.5] A GeneralizableElement may only be a child of
GeneralizableElement of the same kind.

2.7.3 Constraint

[C6][2.5.3.11.1] A Constraint cannot be applied to itself.

2.74 Classifier
[C7][2.5.3.8.3] No opposite AssociationEnds may have the same namein a
Classifier.
2.7.5 BehavioralFeature
[C8][2.5.3.5.1] All Parameters should have a unique name.
[C9][2.5.3.5.2] The type of the Parameters should be included in the namespace
of the Classifier.

2.7.6 AssociationEnd

[C10][2.5.3.3.2] An Instance may not belong by composition to more than one
composite Instance.

2.7.7 Association

[C11][2.5.3.1.]] The AssociationEnds must have a unique name within the
Association.

[C12][2.5.3.1.2] At most one AssociationEnd may be an aggregation or
composition.
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2.7.8 CompositeState

[C13][2.12.3.11]

A composite state can have at most one initial vertex.

[C14][2.12.3.1.6]

The substates of a composite state are part of only that
composite state.

2.7.9 FinalSate

[C15][2.12.3.21]

A final state cannot have any outgoing transitions.

2.7.10 PseudoSate

[C16][2.12.3.4.1]

Aninitial vertex can have at most one outgoing transition and
no incoming transitions.

[C17][2.12.3.4.3]

A join vertex must have at least two incoming transitions and
exactly one outgoing transition.

[C18][2.12.3.4.5]

A fork vertex must have at least two outgoing transitions and
exactly one incoming transition.

[C19][2.12.3.4.7]

A junction vertex must have at least one incoming and one
outgoing transition.

[C20][2.13.3.6.2]

All of the paths leaving a fork must eventually mergein a
subsequent join. Furthermore, multiple layers of forks and joins
must be well nested.

2.7.11 SateMachine

[C21][2.12.3.5.2]

A top state is always a composite.

[C22][2.12.3.5.3]

A top state cannot have any containing states.

[C23][2.12.3.5.4]

A top state cannot be the source of atransition.

2.7.12 ActivityGraph

[C24][2.13.3.1.1]

An ActivityGraph specifies the dynamics of (i) a Package, or
(i) a Classifier, or (iii) a BehavioralFeature.
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2.7.13 ActionSate

[C25][2.13.3.2.1] An ActionState has a non-empty entry action.

[C26] The entry action of an ActionState is a call action. Note: thisis
a modified version of the UML 1.4 constraint on Call State.

context ActionState inv:
self.entry. ocl|sKindO(Call Action)

2.7.14 ClassifierInSate

[C27][2.13.3.4.1] Classifiers-in-state have no namespace contents.

2.7.15 ObjectFlowSate

[C28][2.13.3.5.1] Parameters of an ObjectFlowState must have a type and
direction compatible with the associated classifier.

[C29][2.13.3.5.2] Downstream states must have entry actions that match.

[C30][2.13.3.5.3] Upstream states must have entry actions that match.
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Conceptual Model 3

At the core of the Software Process Engineering Metamodel (SPEM) is the idea that a
software development process is a collaboration between abstract active entities called
process roles that perform operations called activities on concrete, tangible entities
called work products [20].

Figure 3-1 depicts this fundamental conceptual model using the UML notation for a
class. Figure 3-1 and Figure 3-2 are not part of the specification and are given solely
for explanatory reasons. They are intentionally very incomplete.

Role

activityl(WorkProductl)
activity2(WorkProduct?2)

Figure 3-1 Conceptual Model

Multiple roles interact or collaborate by exchanging work products and triggering the
execution, or enactment, of certain activities. The overall goal of a process is to bring
a set of work products to a well-defined state.

From this model, a first step consists of “reifying” role, activity, and work product.
This leads to the simple model shown in Figure 3-2.
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3-2

Role

1 IsResponsibleFor 0..*

WorkProduct

input . output

0.*
Uses Produces
0.* / 0.*
Activity

Figure 3-2 Reifying the Conceptual Model: Roles, Work Products, and Activities
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Package Structure 4

Chapter 2 explained how SPEM is built from the SPEM_Foundation package, which is
a subset of UML 1.4, and the SPEM _Extensions package, which adds the constructs
and semantics required for software process engineering.

Figure 4-1 shows the internal structure of the SPEM_Extensions package, in terms of
its sub-packages, and shows the dependencies among these packages and the

SPEM _Foundations packages. We address each of the SPEM _Extensions subpackages
in turn in the next five chapters: Basic Elements, Dependencies, Process Structure,
Process Components, and Process Lifecycle.

Software Process Engineering Metamodel, v1.0 4-1



<<metamodel>> | _ | <<metamodel>> = <<metamodel>>
Data_Types Core Model_Management
(from SPEM_Foundation) (fom SPEM_Foundation) (from SPEM_Foundation)
] - - \ | |
- <<metamodel>>
<<metamodel>> /s NN Act |
- Va / N ctions
Dependencies | \ (rom SPEM_Foundation) |
(fom SPEM_Extensions) y 7 / | \ AN . — |
/ I \ N | |
<<metamodel>> / \
BasicElements \ <<metamodel>> \
(from SPEM_Extensions) / ‘ \ State_Machines |
/ | \ (rom SPEM_Foundation) |
/ | \ A
/ \ / |
/ | v |
/ | |
‘ <<metamodel>> |
/ ActivityGraphs
/ | (from SPEM_Foundation) \
/ | - \
/ |
<<metamodel>> —|—
/ ProcessStructure <<metamodel>>
/ (from SPEM_Extensions) ProcessComponents
/ P = >(fr0m SPEM_Extensions)
— - T
<<metamodel>> . —

ProcessLifecycle
(from SPEM_EXxtensions)

Figure 4-1 SPEM Package Structure
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Basic Elements 5

Contents

This chapter includes the following topics.

Topic Page
“ External Description” 5-1
“Guidance” 5-2

This package, detailed in Figure 5-1 on page 5-2, defines the basic elements used for
process description.

5.1 ExternalDescription

November 2002

With every ModelElement is associated one or more External Descriptions, which
contain a description of the Model Element suitable for a reader of the process
description. External Descriptions comprise the user-visible surface of the Software
Process Description.

An ExternalDescription has four attributes of type String:

® content: A natural language description of the Model Element.

® name: The name of the ModelElement in a natural language.

® |anguage: The name of the natural language used for the value of content and name.

®* medium: A description of the medium and format of the External Description.
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ModelElement | *Subiect +presentation PresentationElement
(from Core) 1 0..* (from Core)
1.%
+annotatedElement
ExternalDescription
. 0..* name : String
+
guidance content : String
Guidance o . medium : String
guidance +kind | GuidanceKind e
/ annotatedElement : ModelElement 0.+ 1 language : String

/ kind : GuidanceKind

5.2 Guidance

Figure 5-1 Basic Elements package

Guidance elements may be associated with Model Elements, to provide more detailed
information to practitioners about the associated Model Element.

Possible types of Guidance depend on the process family and can be for example:
Guidelines, Techniques, Metrics, Examples, UML Profiles, Tool mentors, Checklist,
Templates.

SPEM is designed to be flexible about the kinds of Guidance used in a process model,
by reifying GuidanceKin