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!�CHANGE�IN�THE�$UTCH�SOCIAL�SECURITY�SYSTEM�HAS�LED�TO�THE�COMMERCIAL�INTRODUC
TION�OF� INSURANCES� THAT�PROTECT�AGAINST� THE� LOSS�OF� INCOME�WHEN�BECOMING�UNFIT
FOR�WORK��/NE�INSURANCE�COMPANY�HAS�SET�UP�A�BUSINESS�UNIT�THAT�HAS�BECOME�VERY
SUCCESSFUL�IN�SELLING�THESE�INSURANCES��4HIS�SUCCESS�AND�THE�SHORT�TIME�IN�WHICH�THE
BUSINESS�UNIT�WAS�SET�UP�HAVE�THEIR�DRAWBACK��THE�PROCESSES�OF�THE�BUSINESS�UNIT
ARE� QUITE� CHAOTIC�� &OR� EXAMPLE�� FIVE� ëDOCUMENT� SEEKERSì� CONTINUOUSLY� SEARCH
DESKS� AND� ARCHIVES� FOR� DOCUMENTS� REQUIRED� BY� OTHER� EMPLOYEES�� -ANAGEMENT
WANTS�MORE�INSIGHT�IN��AND�CONTROL�OVER�THE�PROCESSES��7HAT�SHOULD�THEY�DO�

4HE�MONEY�TRANSFER�DEPARTMENT�OF�A�BANK�HAS�EVOLVED�OVER�TIME�AND�SHOWS�SIGNS
OF�AGEING��&OR�EXAMPLE��DUE�TO� ITS�DECENTRALISED�ORGANISATION��WITH� LITTLE�CONTACT
BETWEEN�UNITS�� IT� IS�HARD�TO�GIVE�CLIENTS�INSIGHT�IN�THE�STATUS�OF�THEIR�ORDERS��0AST
EMPHASIS�ON�SECURITY�HAS� LED� TO�MANY�COSTLY�AND� LABOURINTENSIVE�CONTROLS��!ND
THE�DEPARTMENT�IS�NOT�EQUIPPED�TO�SUPPORT�ëELECTRONIC�BANKINGì�ON�A�LARGE�SCALE�
-ANAGEMENT�DECIDES� THE�BUSINESS�PROCESS� SHOULD�BE� REDESIGNED�AND� SUPPORTED
BY�A�NEW�TELEMATICS�SYSTEM��7HAT�SHOULD�THEY�DO�

)N�BOTH�EXAMPLES�MANAGEMENT�REQUIRES�INSIGHT�IN�THEIR�BUSINESS�PROCESSES��THE�ACTIVI
TIES� CARRIED�OUT� AND� THE� RELATIONS�BETWEEN� THESE� ACTIVITIES��4HE�MANAGEMENT� OF� THE
INSURANCE� COMPANY� NEEDS� INSIGHT� IN� THEIR� CURRENT� BUSINESS� PROCESSES�� 4HE�MANAGE
MENT�OF�THE�BANK�NEEDS�INSIGHT�IN�POTENTIAL�NEW�BUSINESS�PROCESSES�

"UT�NOT�ONLY�MANAGEMENT�REQUIRES�INSIGHT��!�REASON�THE�INSURANCE�COMPANY�EMPLOYS
SO�MANY�DOCUMENT�SEEKERS�IS�THAT�OTHER�EMPLOYEES�DO�NOT�KNOW�WHERE�TO�OBTAIN�THE
DOCUMENTS�THEY�NEED��)F�THE�MANAGEMENT�OF�THE�BANK�WANTS�TO�CONVINCE�ITS�EMPLOY
EES�THAT�THEY�NEED�TO�WORK�IN�NEW�WAYS��THESE�EMPLOYEES�NEED�TO�BE�SHOWN�THEIR�ROLE
IN�THE�CURRENT�PROCESS�AND�WHY�THIS�IS�NOT�OPTIMAL��)F�THE�BUSINESS�PROCESSES�ARE�RE
DESIGNED��THE�EMPLOYEES�NEED�TO�KNOW�WHAT�THEIR�NEW�TASKS�ARE�AND�HOW�THESE�RELATE
TO�OTHER�TASKS��4HE�DESIGNERS�OF�THE�NEW�BUSINESS�PROCESS�NEED�INSIGHT�IN�ALL�ASPECTS
OF�THE�POTENTIAL�NEW�BUSINESS�PROCESS��AND�IN�ITS�ALTERNATIVES��TO�DESIGN�IT�SUCH�THAT�IT
BEST�CONFORMS�TO�THE�REQUIREMENTS��!ND�THE�DESIGNERS�OF�THE�TELEMATICS�SYSTEM�NEED
INSIGHT�IN�THE�NEW�BUSINESS�PROCESSES�TO�DETERMINE�HOW�THE�TELEMATICS�SYSTEM�CAN�OF
FER�THE�BEST�SUPPORT�
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"USINESS�PROCESSES� ARE�OFTEN�VERY� COMPLEX�� )N� THIS� THESIS�WE� SHOW�HOW� STRUCTURING
CAN�AID�IN�OBTAINING�INSIGHT�IN�CURRENT�AND�NEW�BUSINESS�PROCESSES��4HE�STRUCTURING�OF
A�SYSTEM�IS�THE�CONCEPTION�AND�SUBSEQUENT�REPRESENTATION�OF�THE�SYSTEM�IN�A�SUCH�A
WAY� THAT� ITS� COMPLEXITY� CAN� BE� CONTROLLED�� 3YSTEM� STRUCTURING� IS� SOMETIMES� CALLED
ARCHITECTING�;2ECHTIN������=�

2OLE�OF�STRUCTURING�IN�SYSTEMS�DEVELOPMENT

3TRUCTURING�CAN�BE�USEFUL� IN�ANY� SITUATION� IN�WHICH�ONE�WISHES� TO�GET� INSIGHT� IN� AN
EXISTING�SYSTEM��(OWEVER��STRUCTURING�IS�ESPECIALLY�IMPORTANT�IN�THE�DEVELOPMENT�OF
NEW�SYSTEMS��4HIS�IS�BECAUSE�SYSTEMS�DEVELOPMENT�REQUIRES�GOOD�INSIGHT�IN�MANY�AS
PECTS�OF�SYSTEMS��AND�THEIR�RELATIONS��%XAMPLES�OF�THESE�ASPECTS�ARE��ALL�REQUIREMENTS
FOR�THE�SYSTEM�UNDER�DESIGN��ALL�PARTS�OF�THIS�SYSTEM�AND�THEIR�FUNCTIONS�AT�MANY�AB
STRACTION�LEVELS��POSSIBLE�ALTERNATIVES� FOR� THESE�PARTS�AND� THEIR� FUNCTIONS��ALL� SYSTEMS
THAT�SHOULD�INTERACT�WITH�THE�SYSTEM�UNDER�DESIGN��AND�A�SYSTEM�TO�BE�REPLACED�BY�THE
SYSTEM�UNDER�DESIGN�

4HE�FOLLOWING�IS�A�LIST�OF� �NOT�NECESSARILY� INDEPENDENT	�SITUATIONS� IN�WHICH�BUSINESS
PROCESSES��AND�OR�MODELS� THEREOF��HAVE�TO�BE�DEVELOPED��4HE� LIST� IS�PARTLY�BASED�ON
;/ULD������=�

• -ANAGEMENT� WANTS� MORE� CONTROL� OVER� THEIR� CURRENT� BUSINESS�� FOR� EXAMPLE�� IF
THINGS�OFTEN�GO�WRONG�

• %MPLOYEES�NEED�INFORMATION�ABOUT�THEIR�TASKS�AND�RELATED�TASKS�� FOR�EXAMPLE�� IF
NEW�EMPLOYEES�ARE�INTRODUCED�IN�THE�ORGANISATION�

• "USINESS�PROCESSES�NEED� TO�BE�DOCUMENTED�OR� STANDARDISED�� FOR�EXAMPLE�� IF�ONE
INTRODUCES�AN�)3/�����QUALITY�SYSTEM�

• "USINESS�PROCESSES�ARE�TO�BE�IMPROVED�IN�AN�EVOLUTIONARY�WAY��FOR�EXAMPLE��IF�ONE
INTRODUCES�A�SYSTEM�KNOWN�AS�4OTAL�1UALITY�-ANAGEMENT�

• "USINESS�PROCESSES�ARE�TO�BE�REPLACED�BY�OTHER�BUSINESS�PROCESSES��WHICH�IS�KNOWN
AS�BUSINESS�PROCESS�REDESIGN�

• "USINESS�PROCESSES�ARE�TO�BE�SUPPORTED�BY�TELEMATICS�SYSTEMS��FOR�EXAMPLE��WORK
FLOW�MANAGEMENT�SYSTEMS�OR�GROUPWARE�

"USINESS�PROCESSES�AS�DISTRIBUTED�SYSTEMS

!�PART�OF�THIS�THESIS�DEALS�WITH�DISTRIBUTED�SYSTEMS�DEVELOPMENT��"USINESS�PROCESSES
ARE�DISTRIBUTED� SYSTEMS�AND� THUS�HAVE�MANY�ASPECTS� IN� COMMON�WITH�OTHER�DISTRIB
UTED�SYSTEMS��"Y�INITIALLY�CONSIDERING�THE�LARGER�CLASS�OF�DISTRIBUTED�SYSTEMS�WE�TRY�TO
REACH�THE�FOLLOWING�OBJECTIVES�

• %NHANCEMENT�OF�UNDERSTANDING��&ERREIRA�0IRES� ;����=� SPEAKS�OF�A�ëMETHODOLOGY
CRISISì� TO� DENOTE� THE� ENORMOUS� DIFFICULTIES� IN� COMMUNICATION� BETWEEN� PEOPLE
USED� TO� DIFFERENT� DEVELOPMENT�METHODS��"Y� FIRST� TREATING� THE� GENERIC� ASPECTS� OF
DISTRIBUTED�SYSTEMS��WE� TRY� TO�SHOW�THAT�MANY�ASPECTS�OF�BUSINESS�PROCESSES�ARE
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SYSTEMIC�AND� INDEPENDENT�OF� THE� SPECIFIC� APPLICATION�AREA�OF�BUSINESS�PROCESSES�
"ECAUSE� THESE� GENERIC� ASPECTS� ARE� �POTENTIALLY	� COMMON� TO� MANY� DEVELOPMENT
METHODS��WE�TRY�TO�ENHANCE�IN�THIS�WAY�THE�UNDERSTANDING�OF�DEVELOPMENT�METH
ODS�FOR�BOTH�DISTRIBUTED�SYSTEMS�AND�BUSINESS�PROCESSES�

• 'ENERAL� APPLICABILITY�� "Y� SEPARATING� THE� GENERIC� ASPECTS� OF� DISTRIBUTED� SYSTEMS
FROM�THE�SPECIFIC�ASPECTS�OF�BUSINESS�PROCESSES��A�PART�OF�THIS�THESIS�IS�ALSO�APPLICA
BLE�TO�TELEMATICS�SYSTEMS��4HIS�IS�IMPORTANT��BECAUSE�NEW�TELEMATICS�SYSTEMS�OFTEN
ENABLE�BUSINESS�PROCESS�REDESIGN��4HE�DEVELOPMENT�OF�THESE�SUPPORTING�TELEMAT
ICS�SYSTEMS�IS�MUCH�EASED�IF�IT�CAN�BE�CARRIED�OUT�ACCORDING�TO�A�SIMILAR�METHOD�AS
THE�ONE�USED�FOR�THE�DEVELOPMENT�OF�THE�BUSINESS�PROCESSES�

4OPICS�OF�THIS�THESIS

*UST�AS�THE�ARCHITECT�OF�A�HOUSE�MAKES�DRAWINGS�OF�THE�HOUSE��THE�ARCHITECT�OF�A�BUSI
NESS�PROCESS�SHOULD�MAKE�CONCEPTIONS�AND�SPECIFICATIONS�OF�THE�BUSINESS�PROCESS��*UST
AS� THE� ARCHITECT� OF� A� HOUSE� IS� PROVIDED� WITH� PREDEFINED� BUILDING� BLOCKS� FOR� HIS
DRAWINGS��WHICH�REPRESENT�DOORS��WINDOWS��ETC��� THE�ARCHITECT�OF�A�BUSINESS�PROCESS
SHOULD�BE�PROVIDED�WITH�A�COMPLETE��CONSISTENT��AND�GENERALLY�APPLICABLE�SET�OF�ARCHI
TECTURAL�CONCEPTS��AND�THEIR�REPRESENTATIONS��THAT�FORM�THE�BUILDING�BLOCKS�OF�BUSINESS
PROCESS�MODELS�

"ASIC� ARCHITECTURAL� CONCEPTS� ARE� THE� ELEMENTARY� BUILDING� BLOCKS� OF� BUSINESS� PROCESS
MODELS��7E�ARGUE�IN�THIS�THESIS�THAT�THE�BASIC�ARCHITECTURAL�CONCEPTS�SHOULD�INCLUDE�
ENTITIES��TO�MODEL�OBJECTS�THAT�CARRY�OUT�BEHAVIOUR��ACTIONS��TO�MODEL�ACTIVITIES��INTER
ACTIONS��TO�MODEL�THE�JOINT�ACTIVITY�OF�ENTITIES��AND�CAUSALITY�RELATIONS�� TO�MODEL�THE
DYNAMIC�RELATIONS�BETWEEN�ACTIVITIES�

7E�ALSO�ARGUE�THAT�DATA�IS�IMPORTANT�FOR�CONCISELY�MODELLING�RESULTS�OF�ACTIVITIES��RELA
TIONS� BETWEEN� THESE� RESULTS�� AND� STATES� OF� BEHAVIOURS��7E� SHOW�� HOWEVER�� THAT� THE
DATA�CONCEPTS�AND�THE�BASIC�CONCEPTS�ARE�NOT�ORTHOGONAL�� INSTEAD��ALL�DATA�CONCEPTS
CAN�BE�DEFINED�IN�TERMS�OF�THE�BASIC�CONCEPTS�AND�ARE�THUS�NOT�ELEMENTARY�BUILDING
BLOCKS��$ATA� CAN�BE�USED� AS� ëSHORTHANDì� CONCEPTS� FOR� THE� BASIC� CONCEPTS�� ENABLING
THE�DEVELOPMENT�OF�INSIGHTFUL�STRUCTURES�AND�EFFICIENT� IMPLEMENTATIONS��4HIS� INSIGHT
ALLOWS�US�TO�DESCRIBE�IN�WHAT�CASES�DATA�IS�USEFUL�IN�BEHAVIOUR�MODELLING��THUS�PRO
VIDING�ARCHITECTS�WITH�DEVELOPMENT�CRITERIA�

*UST�AS�THE�ARCHITECT�OF�A�HOUSE�MAY�SIMPLIFY�HIS�DESIGN�BY�CONSIDERING�DIFFERENT�PARTS
OF�THE�HOUSE�SEPARATELY�� THE�ARCHITECT�OF�A�BUSINESS�PROCESS�NEEDS�TO�DECOMPOSE�THE
BUSINESS�PROCESS�INTO�DIFFERENT�ASPECTS�TO�KEEP�ITS�COMPLEXITY�MANAGEABLE�

7E�ARGUE�THAT�MODELLING�STYLES�ARE�APPROPRIATE�TO�SUPPORT�ARCHITECTS�IN�DOING�SO��!
MODELLING�STYLE�IS�A�SET�OF�RULES�FOR�THE�STRUCTURING�OF�A�MODEL�TO�MEET�PARTICULAR�DE
VELOPMENT�OBJECTIVES��4HE�PROVISION�OF� A� LIMITED�NUMBER� OF�WELLCHOSEN� AND�WELL
DEFINED�MODELLING�STYLES�DOES�NOT�ONLY�AID�ARCHITECTS�IN�STRUCTURING�BUSINESS�PROCESS
MODELS�� BUT� ALSO� LEADS� TO�MORE� UNIFORMLY� STRUCTURED�MODELS�� THUS� ENHANCING� THEIR
COMPREHENSIBILITY�
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*UST�AS�THE�ARCHITECT�OF�A�HOUSE�MAY�FIRST�CONSIDER�THE�MAIN�STRUCTURE�OF�THE�HOUSE�IN
TERMS�OF��E�G���THE�FOUNDATION��THE�SUPPORTING�WALLS�AND�THE�ROOF��BEFORE�CONSIDERING
THE�MORE�ORNAMENTAL�ASPECTS��THE�ARCHITECT�OF�A�BUSINESS�PROCESS�NEEDS�TO�BE�ABLE�TO
CONSIDER�THE�BUSINESS�PROCESS�AT�SUBSEQUENT�LEVELS�OF�DETAIL�

7E�ARGUE� THAT� ABSTRACTION� LEVELS� ARE� APPROPRIATE� TO� SUPPORT� ARCHITECTS� IN� DOING� SO�
-ODELS�OF�A�BUSINESS�PROCESS�AT�DISTINCT�ABSTRACTION�LEVELS�ARE�ORDERED�ON�THE�BASIS�OF
THE�AMOUNT�OF�DETAIL�THEY�POSSESS��!T�A�PARTICULAR�ABSTRACTION�LEVEL��AN�ARCHITECT�MOD
ELS�PARTICULAR�ASPECTS�OF�A�BUSINESS�PROCESS��&OR�EXAMPLE��AT�A�HIGH�ABSTRACTION�LEVEL
THE�ARCHITECT�MODELS� THE� REQUIREMENTS� FOR� THE�BUSINESS�PROCESS� THAT� REFLECT� THE� CUS
TOMER�WISHES�� !T� LOWER� ABSTRACTION� LEVELS�� THE� ARCHITECT�MODELS� ADDITIONAL� ASPECTS�
WHICH� DEFINE� HOW� THE� CUSTOMER� REQUIREMENTS� ARE� IMPLEMENTED�� AND� THE� ARCHITECT
THUS�GRADUALLY�INTRODUCES�MORE�DETAIL�IN�BUSINESS�PROCESS�MODELS�

*UST�AS�THE�ARCHITECT�OF�A�HOUSE�CONSIDERS�DIFFERENT�ASPECTS�OF�THE�HOUSE�IN�A�PARTICULAR
ORDER��THE�ARCHITECT�OF�A�BUSINESS�PROCESS�NEEDS�TO�DETERMINE�THE�ORDER�IN�WHICH�HE
CARRIES�OUT�HIS�DEVELOPMENT�STEPS�

!�DEVELOPMENT� STRATEGY�DETERMINES� THE� ORDER� IN�WHICH� AN� ARCHITECT� CARRIES� OUT� HIS
DEVELOPMENT�STEPS��%XAMPLES�OF�DEVELOPMENT�STRATEGIES�ARE�THE�WATERFALL�MODEL�AND
THE�EVOLUTIONARY�STRATEGY��7E�ARGUE�THAT�NO�DEVELOPMENT�STRATEGY�IS�APPROPRIATE�FOR
ALL�DEVELOPMENT�PROCESSES��7E�THEREFORE�CONSTRUCT�CRITERIA�FOR�THE�SELECTION�OF�DEVEL
OPMENT�STRATEGIES�BY��	�IDENTIFYING�THE�MAIN�ELEMENTS�OF�DEVELOPMENT�STRATEGIES���	
IDENTIFYING�THE�DEVELOPMENT�OBJECTIVES�THAT�DEVELOPMENT�STRATEGIES�MAY�SUPPORT��AND
�	�IDENTIFYING�THE�RELATION�BETWEEN�EACH�IDENTIFIED�ELEMENT�OF�A�DEVELOPMENT�STRATEGY
AND�ITS�SUPPORT�FOR�THE�DEVELOPMENT�OBJECTIVES��4HE�SELECTION�OF�A�DEVELOPMENT�STRAT
EGY�CAN�THEN�BE�BASED�ON�THE�NEED�FOR�THE�SUPPORT�OF�PARTICULAR�DEVELOPMENT�OBJEC
TIVES�IN�A�DEVELOPMENT�PROCESS�

7E� FINALLY� ARGUE� THAT� DEVELOPMENT� METHODS� FOR� BUSINESS� PROCESSES� NEED� NOT� BE
ëMETHODS�OF�THE�COOKBOOKì�;3IMON������=��WHICH�ARE�ALMOST�SOLELY�BASED�ON�THE�IN
DUCTION�OF� PRACTICAL� EXPERIENCE��7E� SHOW� INSTEAD� THAT� CONCRETELY� APPLICABLE� DEVEL
OPMENT�METHODS�CAN�BE�CONSTRUCTED�BY�THE�SYNTHESIS�AND�REFINEMENT�OF� STRUCTURING
TECHNIQUES�THAT�ARE�APPROPRIATE�FOR�PARTICULAR�DEVELOPMENT�PROCESSES�

3TRUCTURE�OF�THIS�THESIS

#HAPTER���� )NTRODUCTION�� INTRODUCES�DISTRIBUTED�SYSTEMS��BUSINESS�PROCESSES�� SYSTEMS
DEVELOPMENT�� AND� SYSTEMS� DEVELOPMENT� METHODS�� )T� ALSO� OUTLINES� OUR� RESEARCH
APPROACH�

#HAPTER� ��� 3TRUCTURING�� ANALYSES� ASPECTS� OF� COMPLEXITY� AND� INTRODUCES� STRUCTURING
TECHNIQUES�TO�CONTROL�THESE�ASPECTS��)T�ALSO�TREATS�QUALITY�CRITERIA�FOR�STRUCTURES�AND
DISCUSSES�THE�ROLE�OF�STRUCTURING�IN�DEVELOPMENT�PROCESSES�

#HAPTERS� �� TO� �� PRESENT� STRUCTURING� TECHNIQUES��WHICH� CAN� BE� USED� AS� ELEMENTS� OF
METHODS�FOR�DISTRIBUTED�SYSTEMS�DEVELOPMENT�
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#HAPTER����"ASIC�ARCHITECTURAL�CONCEPTS��INTRODUCES�BASIC�CONCEPTS�FOR�DISTRIBUTED�SYS
TEMS�MODELLING��4HESE�INCLUDE�ENTITIES��WHICH�MODEL�THINGS��ACTIONS��WHICH�MODEL
ACTIVITIES��AND�CAUSALITY�RELATIONS��WHICH�MODEL�DYNAMIC�RELATIONS�BETWEEN�ACTIVI
TIES�

#HAPTER����2OLE�OF�DATA� IN�BEHAVIOUR�MODELLING�� INTRODUCES�ADDITIONAL� CONCEPTS� FOR
DISTRIBUTED�SYSTEMS�MODELLING��4HESE� INCLUDE�ACTION�VALUES��WHICH�MODEL� RESULTS
OF�ACTIVITIES��REFERENCE�RELATIONS��WHICH�MODEL�RELATIONS�BETWEEN�RESULTS��AND�STATE
VALUES��WHICH�MODEL� ONE�OR�MORE� STATES� OF� A� SYSTEM��4HE� CHAPTER� SHOWS�WHEN
DATA�IS�USEFUL�IN�MODELLING�BEHAVIOUR�COMPREHENSIBLY��WHY�DATA�IS�USEFUL�IN�THOSE
CASES��AND�THAT�ALL�DATA�CONCEPTS�CAN�BE�DEFINED�IN�TERMS�OF�THE�BASIC�ARCHITECTURAL
CONCEPTS�

#HAPTER����3TRUCTURING�OF�BEHAVIOUR�MODELS��INTRODUCES�SOME�MODELLING�STYLES��TECH
NIQUES� FOR� THE� STRUCTURING�OF�BEHAVIOUR�MODELS� THAT� SUPPORT� THE�PURSUIT�OF�PAR
TICULAR�DEVELOPMENT�OBJECTIVES��4HE�CHAPTER�SHOWS�HOW�THE�DEFINED�STYLES�AID�IN
MAKING�COMPREHENSIBLE�MODELS�OF�FREQUENTLY�ENCOUNTERED�STRUCTURES�OF�BUSINESS
PROCESSES�

#HAPTER����!BSTRACTION� LEVELS�� INTRODUCES� SOME�ABSTRACTION� LEVELS��WHICH� ARE� SYSTEM
PERSPECTIVES�� SUCH� THAT� EACH�MODEL� OF� A� SYSTEM� AT� A� PARTICULAR� ABSTRACTION� LEVEL
CONTAINS�EITHER�MORE�OR� LESS�DETAIL� THAN�A�MODEL�OF� THE� SYSTEM�AT�ANY�OTHER�AB
STRACTION�LEVEL��4HE�CHAPTER�DEFINES�THE�RELATIONS�BETWEEN�THE�INTRODUCED�ABSTRAC
TION�LEVELS�AND�SHOWS�THE�USE�OF�EACH�ABSTRACTION�LEVEL�IN�THE�PURSUIT�OF�PARTICULAR
DEVELOPMENT�OBJECTIVES�

#HAPTER����$EVELOPMENT�STRATEGIES��INTRODUCES�AN�APPROACH�TO�THE�SELECTION�AND�CON
STRUCTION� OF� DEVELOPMENT� STRATEGIES�� WHICH� PRESCRIBE� THE� ORDER� OF� STEPS� TO� BE
TAKEN� IN�A�DEVELOPMENT�PROCESS��4HE�CHAPTER�ANALYSES� THE� STRUCTURE�OF�DEVELOP
MENT� STRATEGIES� AND� SHOWS� HOW� THE� DIFFERENT� ASPECTS� OF� DEVELOPMENT� STRATEGIES
SUPPORT�THE�PURSUIT�OF�PARTICULAR�DEVELOPMENT�OBJECTIVES�

#HAPTERS���AND��� TREAT� THE�CONSTRUCTION�AND�APPLICATION�OF�METHODS� FOR� THE�DEVEL
OPMENT�OF�BUSINESS�PROCESSES�

#HAPTER����3YNTHESIS�OF�DEVELOPMENT�METHODS�� INTRODUCES�AN�APPROACH� FOR� THE�CON
STRUCTION�OF�METHODS� FOR� THE� DEVELOPMENT� OF� BUSINESS� PROCESSES�� 4HE� APPROACH
COMPRISES�THE�SYNTHESIS�AND�REFINEMENT�OF�SELECTED�STRUCTURING�TECHNIQUES�

#HAPTER� ���!�WORKFLOWORIENTED� EVOLUTIONARY� DEVELOPMENT�METHOD�� PRESENTS� A� DE
VELOPMENT�METHOD�FOR�BUSINESS�PROCESSES� TO� ILLUSTRATE� THE�USE�OF� THE�STRUCTURING
TECHNIQUES�AND�TO�SHOW�THAT�THESE�ABSTRACT�TECHNIQUES�CAN�BE�SYNTHESISED�AND�RE
FINED�TO�A�CONCRETELY�APPLICABLE�DEVELOPMENT�METHOD�

#HAPTER�����#ONCLUSIONS�AND�FURTHER�RESEARCH��PRESENTS�OUR�CONCLUSIONS�AND�RECOM
MENDATIONS�FOR�FURTHER�RESEARCH�
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4HE�FIGURE�BELOW�ILLUSTRATES�THE�STRUCTURE�OF�THE�BODY�OF�THIS�THESIS��!RROWS�REPRESENT
DEPENDENCIES� BETWEEN� CHAPTERS�� WHICH� ARE� EXPLAINED� BELOW�� AND� THUS� INDICATE� THE
PREFERRED�READING�ORDER��4HE�GENERAL�STRUCTURING�TECHNIQUES��DISCUSSED�IN�CHAPTER���
FORM� THE� BASIS� OF� THE�MORE� SPECIFIC� STRUCTURING� TECHNIQUES� FOR� DISTRIBUTED� SYSTEMS�
DISCUSSED�IN�CHAPTERS���TO����4HE�ARCHITECTURAL�CONCEPTS��DISCUSSED�IN�CHAPTERS���AND
��� ARE�USED� IN� THE�DEFINITION�OR�PRESENTATION�OF� THE�OTHER� SPECIFIC� STRUCTURING� TECH
NIQUES��4HE�SYNTHESIS�OF�DEVELOPMENT�METHODS��DISCUSSED�IN�CHAPTER����TAKES�PLACE�ON
THE�BASIS�OF� ALL� OF� THE� SPECIFIC� STRUCTURING� TECHNIQUES��4HE�DEVELOPMENT�METHOD�OF
CHAPTER���FORMS�AN�EXAMPLE�OF�THE�SYNTHESIS�OF�DEVELOPMENT�METHODS�

3PECIFIC
STRUCTURING
TECHNIQUES

'ENERAL
STRUCTURING
TECHNIQUES

#ONSTRUCTION�OF
DEVELOPMENT
METHODS�FROM
STRUCTURING
TECHNIQUES

���3TRUCTURING
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���� )NTRODUCTION

������ -OTIVATION

!�BUSINESS�PROCESS�IS�THE�SET�OF�RELATED�ACTIVITIES�CARRIED�OUT�BY�AN�ORGANISATION��OR�A
PART�THEREOF��TO�DELIVER�PARTICULAR�SERVICES�TO�CLIENTS��!�WELLSTRUCTURED�BUSINESS�PROC
ESS�THAT�EFFECTIVELY�AND�EFFICIENTLY�MEETS�THE�CLIENTSè�REQUIREMENTS�WILL�GIVE�AN�ORGANI
SATION�AN�IMPORTANT�COMPETITIVE�ADVANTAGE�OVER�OTHER�ORGANISATIONS��!�BADLY� STRUC
TURED�BUSINESS�PROCESS�IS�LIKELY�TO�YIELD�POOR�SERVICE�TO�CLIENTS��AND��GIVEN�THE�MANY
ALTERNATIVES� CLIENTS�HAVE�NOWADAYS�� THEY�WILL� QUICKLY� SWITCH� TO�OTHER�ORGANISATIONS�
-ORE�AND�MORE�ORGANISATIONS�THEREFORE�REALISE�THAT�THEIR�BUSINESS�PROCESSES�ARE�THEIR
KEY�RESOURCES�;,EYMANN���!LTENHUBER������=�

4HEREFORE��NEW�BUSINESS�PROCESSES�SHOULD�BE�DEVELOPED�CONSCIOUSLY��ALWAYS�KEEPING
IN� MIND� THE� CUSTOMER� REQUIREMENTS� THEY� SHOULD� FULFIL�� #URRENT� BUSINESS� PROCESSES
SHOULD�BE�EVALUATED�AND�IMPROVED�OR�REDESIGNED�WHEN�NECESSARY��"USINESS�PROCESSES
SHOULD�NOT�EVOLVE�IN�UNCONTROLLED�WAYS�

0RACTICE�SHOWS�THIS�IS�HARD�TO�MEET��BECAUSE�MOST�BUSINESS�PROCESSES��AND�THE�PROC
ESSES�OF�THEIR�DEVELOPMENT��ARE�COMPLEX��-ANY�ORGANISATIONS�HAVE�DIFFICULTY�COPING
WITH�AN�ENVIRONMENT�IN�WHICH�CUSTOMERS�HAVE�TAKEN�THE�UPPER�HAND��IN�WHICH�COM
PETITION�HAS�INTENSIFIED��IN�WHICH�NEW�TECHNOLOGY�OFFERS�OPPORTUNITIES�TO�WORK�MORE
EFFECTIVELY��AND�IN�WHICH�CHANGE�IS�CONSTANT��%VEN�IF�ORGANISATIONS�REALISE�THEY�NEED�TO
CHANGE�THEIR�BUSINESS�PROCESSES��THEY�OFTEN�DO�NOT�KNOW�HOW�TO�DO�SO�;(AMMER��
#HAMPY������=�

4HIS� THESIS� CONTRIBUTES� TO� THE� FIELD� OF� BUSINESS� PROCESS� DEVELOPMENT� BY� PROVIDING
METHODS�AND�STRUCTURING�TECHNIQUES�TO�CONTROL�THE�COMPLEXITY�OF�BUSINESS�PROCESSES
AND�OF�THEIR�DEVELOPMENT�
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4HIS�CHAPTER�INTRODUCES�THE�PROBLEMS�ADDRESSED�IN�THIS�THESIS��)T�INTRODUCES�BUSINESS
PROCESSES�AND�DISTRIBUTED�SYSTEMS��A�CLASS�OF�SYSTEMS�BUSINESS�PROCESSES� FORM�A�PART
OF��)T�INTRODUCES�SYSTEM�DEVELOPMENT��THE�OBJECTIVES�OF�SYSTEM�DEVELOPMENT�METHODS�
AND�THE�MAIN�ELEMENTS�OF�SUCH�METHODS��&INALLY�� IT�FORMULATES�THE�OBJECTIVES�OF� THIS
THESIS�AND�DISCUSSES�THE�WAY�IN�WHICH�WE�HAVE�STRIVEN�TO�REACH�THESE�OBJECTIVES�

������ 3TRUCTURE

3ECTION�����DELIMITS�THE�CLASS�OF�SYSTEMS�UNDER�CONCERN��)T�DEFINES�DISTRIBUTED�SYSTEMS
AND�BUSINESS�PROCESSES��AND�GIVES�EXAMPLES�OF�THESE�

3ECTION�����DEFINES�SYSTEM�DEVELOPMENT�AND�DEVELOPMENT�METHODS��AND�DISCUSSES�THE
MAIN�ELEMENTS�OF�DEVELOPMENT�METHODS�

3ECTION�����DEFINES�OUR�RESEARCH�OBJECTIVES�AND�DISCUSSES�OUR�RESEARCH�APPROACH�

���� 3YSTEMS��DISTRIBUTED�SYSTEMS��AND�BUSINESS�PROCESSES

7�CONSIDER�AN�ORGANISATION�AS�A�SYSTEM��AND�A�BUSINESS�PROCESS�AS�THE�BEHAVIOUR�OF
THIS�SYSTEM�

������ 3YSTEMS��DELIMITATION

!�SYSTEM�IS�A�REGULARLY�INTERACTING�OR�INTERDEPENDENT�GROUP�OF�ITEMS�FORMING�A�UNI
FIED�WHOLE�;7EBSTERèS=��4HE�CLASS�OF�SYSTEMS�THUS�INCLUDES�-ICHELANGELOèS�-ONA�,ISA�
AN� INSURANCE� COMPANY� HANDLING� CLAIMS�� THE� WORD� PROCESSOR� THIS� THESIS� IS� WRITTEN
WITH��HURRICANES��ATOMS��A�SWINGING�PENDULUM��ELEPHANTS��AND�THE�TAX�OFFICE�

4HIS�THESIS�IS�CONFINED�TO�ARTIFICIAL�SYSTEMS��SYSTEMS�MADE�BY�MAN��4HUS��WE�DO�NOT
CONSIDER�HURRICANES��ATOMS��AND�ELEPHANTS��WHICH�ARE�NATURAL�SYSTEMS�

4HIS�THESIS�IS�FURTHER�CONFINED�TO�DYNAMIC�SYSTEMS��SYSTEMS�WHOSE�PROPERTIES�CHANGE
OVER�TIME��)N�CHAPTER���WE�CALL�THE�SET�OF�CHANGING�AND�RELATED�PROPERTIES�OF�THE�DY
NAMIC�SYSTEMS�WE�CONSIDER�THEIR�BEHAVIOUR��4HUS��WE�DO�NOT�CONSIDER�THE�-ONA�,ISA�
WHICH�IS�A�STATIC�SYSTEM�

4HIS� THESIS� IS� FURTHER�CONFINED� TO�DISCRETE� SYSTEMS�� SYSTEMS�WHOSE�BEHAVIOUR�CAN�BE
PROPERLY�DESCRIBED�IN�TERMS�OF�THEIR�RELATED�PROPERTIES�AT�SELECTED�MOMENTS�IN�TIME��

)N�CHAPTER���WE�CALL� THE�BEHAVIOUR�PROPERTIES�OF�DISCRETE� SYSTEMS� CONSIDERED� AT� SE
LECTED�MOMENTS�THEIR�ACTIONS��4HUS��WE�DO�NOT�CONSIDER�A�SWINGING�PENDULUM��WHICH
IS� A� CONTINUOUS� SYSTEM�WHOSE�BEHAVIOUR� �MOVEMENT	� CAN�BE�PRECISELY�DESCRIBED�BY
MEANS�OF�A�DIFFERENTIAL�EQUATION�

�������������������������������������������

�� !�DISTINCTION� IS� SOMETIMES�MADE�BETWEEN�DISCRETE� TIME� SYSTEMS�AND�DISCRETE� EVENT� SYS
TEMS��)N�DISCRETE�TIME�SYSTEMS�THE�INTERVAL�BETWEEN�THE�SELECTED�MOMENTS�OF�TIME�IS�CON
STANT��4HIS�NEED�NOT�BE�THE�CASE�IN�DISCRETE�EVENT�SYSTEMS�;-ITRANI������=�



������3YSTEMS��DISTRIBUTED�SYSTEMS��AND�BUSINESS�PROCESSES �

������ $ISTRIBUTED�SYSTEMS

4HIS� THESIS� CONCENTRATES� ON� DISTRIBUTED� SYSTEMS� IN� GENERAL��$ISTRIBUTED� SYSTEMS� ARE
SYSTEMS�WHOSE�PARTS�EXHIBIT�BEHAVIOUR�THAT�IS�PARTLY�INDEPENDENT�OF�OTHER�PARTS��3UCH
PARTS�ARE�SOMETIMES�CALLED�AUTONOMOUS�PARTS��)N�CHAPTER���WE�CALL�THE�ACTIONS�A�PART
CAN�EXECUTE� INDEPENDENT�OF�OTHER�PARTS� INTERNAL�ACTIONS�OF�THE�PART�AND� THE�ACTIONS
THAT� THE�PART� CAN� EXECUTE�ONLY� IN� COOPERATION�WITH�OTHER�PARTS� INTERACTIONS� OF� THE
PART�

%XAMPLES�OF�DISTRIBUTED�SYSTEMS�ARE�THE�TAX�OFFICE��A�COMMUNICATION�PROTOCOL��A�ZOO�
A�WORKFLOW�MANAGEMENT�SYSTEM��AND�A�UNIVERSITY��4HE�WORD�PROCESSOR�THIS�THESIS�IS
WRITTEN�ON�IS�NOT�A�DISTRIBUTED�SYSTEM��BUT�A�CENTRALISED�SYSTEM��SINCE�IT�CARRIES�OUT�ALL
ITS�ACTIVITIES�SEQUENTIALLY�

3INCE�THE�PARTS�OF�DISTRIBUTED�SYSTEMS�MAY�BE�CENTRALISED�SYSTEMS��OUR�CONCENTRATION
ON�DISTRIBUTED�SYSTEMS�DOES�NOT�EXCLUDE�CENTRALISED�SYSTEMS�

������ "USINESS�PROCESSES

4HIS�THESIS�CONCENTRATES�ON�BUSINESS�PROCESSES�IN�PARTICULAR��!�BUSINESS�PROCESS�IS�THE
SET�OF� RELATED�ACTIVITIES�CARRIED�OUT�BY�AN�ORGANISATION��OR�A�PART� THEREOF�� TO�DELIVER
PARTICULAR�SERVICES�TO�CLIENTS��3UCH�SERVICES�MAY�INCLUDE�TANGIBLE�PRODUCTS��4HE�BUSI
NESS�PROCESSES�WE�CONSIDER��AND�THE�ENTITIES�THAT�EXECUTE�THEM��FOR�EXAMPLE��EMPLOY
EES�� MANAGERS�� COMPUTER� PROGRAMS�� AND� CARS	�� ALWAYS� COMPRISE� AUTONOMOUS� PARTS
AND�ARE�THEREFORE�DISTRIBUTED�SYSTEMS�

%XAMPLES�OF�BUSINESS�PROCESSES�ARE�THE�TAX�OFFICE�COLLECTING�TAX��ZOO�KEEPERS�FEEDING
THEIR� ANIMALS�� AN� INSURANCE� COMPANY� HANDLING� CLAIMS�� AND� UNIVERSITY� LECTURERS
TEACHING�THEIR�STUDENTS�

!�BUSINESS�PROCESS�CAN�BE�VIEWED�IN�TERMS�OF�THE�SERVICES�IT�PROVIDES��)N�THAT�CASE�IT�IS
VIEWED� FROM� THE�PERSPECTIVE� OF� ITS� ENVIRONMENT��WHICH� INCLUDES� ITS� CUSTOMERS�� &OR
EXAMPLE��THE�HANDLING�OF�A�CLAIM�BY�AN�INSURANCE�COMPANY�CAN�BE�DESCRIBED�FROM�THE
PERSPECTIVE�OF�THE�ENVIRONMENT�AS�FOLLOWS�

• A�CUSTOMER�PRESENTS�A�CLAIM�BY�FILLING�IN�A�DAMAGE�FORM�AND�SENDING�IT�TO�THE�IN
SURANCE�COMPANY�

• THE�CUSTOMER�RECEIVES�THE�FORM�BACK�IF�THE�INFORMATION�ON�THE�FORM�IS�INCOMPLETE
OR�INCORRECT�

• OTHERWISE��THE�CUSTOMER�IS�INFORMED�BY�MAIL�OF�THE�VALIDITY�OF�THE�CLAIM�

• THE�CUSTOMER�RECEIVES�A�PAYMENT�OF�THE�DAMAGE�IF�THE�CLAIM�IS�VALID�

!�BUSINESS�PROCESS�CAN�ALSO�BE�VIEWED� IN� TERMS�OF� THE� RELATED�ACTIVITIES� REQUIRED� TO
PROVIDE�ITS�SERVICES��)N�THAT�CASE�IT�IS�VIEWED�FROM�AN�INTERNAL�PERSPECTIVE��&OR�EXAM
PLE��THE�HANDLING�OF�A�CLAIM�BY�AN�INSURANCE�COMPANY�CAN�BE�DESCRIBED�FROM�AN�IN
TERNAL�PERSPECTIVE�OF�THE�INSURANCE�COMPANY�AS�FOLLOWS�
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• A�CUSTOMER�PRESENTS�A�CLAIM�BY�FILLING�IN�A�DAMAGE�FORM�AND�SENDING�IT�TO�THE�IN
SURANCE�COMPANY�

• A�JUNIOR�EMPLOYEE�JUDGES�THE�INFORMATION�ON�THE�FORM�ON�COMPLETENESS�AND�COR
RECTNESS�

• THE�JUNIOR�EMPLOYEE�SENDS�THE�FORM�BACK�TO�THE�CUSTOMER� IF� THE� INFORMATION�ON
THE�FORM�IS�INCOMPLETE�OR�INCORRECT�

• THE�JUNIOR�EMPLOYEE�PASSES�A�FORM�WITH�COMPLETE�AND�CORRECT�INFORMATION�ON�TO�A
MANAGER�

• THE�MANAGER�DECIDES�WHICH�SENIOR�EMPLOYEE�IS�TO�VALIDATE�THE�CLAIM�

• THE�MANAGER�PASSES�THE�CLAIM�TO�THE�APPOINTED�SENIOR�EMPLOYEE�

• THE�SENIOR�EMPLOYEE�VALIDATES�THE�CLAIM�

• THE�SENIOR�EMPLOYEE�INFORMS�THE�CUSTOMER�BY�MAIL�OF�HIS�OR�HER�DECISION�

• THE�SENIOR�EMPLOYEE�PASSES�A�VALID�CLAIM�ON�TO�THE�DEBIT�DEPARTMENT�OF�THE�INSUR
ANCE�COMPANY�

• THE�DEBIT�DEPARTMENT�PAYS�THE�DAMAGE�TO�THE�CUSTOMER�

���� 3YSTEM�DEVELOPMENT

!N�ARTIFICIAL�SYSTEM�IS��BY�DEFINITION��CREATED�BY�MAN��)T�IS�DEVELOPED�TO�SERVE�ITS�ENVI
RONMENT�� THE� ENVIRONMENT� SHOULD� BE� ABLE� TO� FUNCTION� BETTER�WITH� THE� SYSTEM� THAN
WITHOUT� IT�� 3YSTEM� DEVELOPMENT� IS� THE� SET� OF� RELATED� ACTIVITIES�WITH� THE� PURPOSE� OF
CREATING�SUCH�A�SYSTEM�

������ )MPLEMENTATION��CONCEPTION��AND�REPRESENTATION

!LEXANDER�;����=�DISTINGUISHES�THREE�TYPES�OF�DEVELOPMENT�PROCESSES�

)N� THE� FIRST� TYPE� OF� DEVELOPMENT� PROCESSES�� WHICH� !LEXANDER� CALLS� THE
ëUNSELFCONSCIOUSì�TYPE��A�DEVELOPER�DIRECTLY�REACTS�TO�ëMISFITSì�PERCEIVED�IN�A�CURRENT
SITUATION��!LMOST�WITHOUT�THINKING�THE�DEVELOPER�MAKES�CHANGES�TO�THE�SITUATION��RE
SULTING�IN�A�SYSTEM�THAT�ALLOWS�ITS�ENVIRONMENT�TO�FUNCTION�BETTER�THAN�BEFORE��!LEX
ANDER�SHOWS�THAT�THIS�IS�THE�WAY�IN�WHICH�FOR�THOUSANDS�OF�YEARS�THE�SHAPES�OF�SHEL
TERS�AND�HOUSES�EVOLVED��-ODERN�EXAMPLES�OF�THIS�TYPE�OF�DEVELOPMENT�PROCESS�ARE
THE�FIXING�OF�A�BICYCLE�TIRE�OR�THE�ASSIGNMENT�OF�AN�ADDITIONAL�CASHIER�IN�A�SUPERMAR
KET�WHEN�THE�QUEUES� IN�FRONT�OF� THE�PAYDESKS�GET� TOO� LONG��3INCE� THE�CHANGES� THAT
CAN�BE�MADE�BY�THIS�TYPE�OF�DEVELOPMENT�PROCESS�ARE�SMALL��IT�IS�SOMETIMES�REFERRED
TO�AS�ADAPTATION�OR�EVOLUTION�

)N� THE� SECOND� TYPE� OF� DEVELOPMENT� PROCESSES�� WHICH� !LEXANDER� CALLS� THE
ëSELFCONSCIOUSì�TYPE��A�DEVELOPER� THINKS�ABOUT� THE�DESIRED�SYSTEM��CREATING�CONCEP
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TIONS�OR� ëMENTAL�PICTURESì�OF� IT��WHICH�MODEL� THE� ASPECTS�OF� CONCERN� TO� THE� DEVEL
OPER��"Y�DOING�SO��THE�DEVELOPER�CAN�ANALYSE�WHICH�ASPECTS�OF� THE�CURRENT�SITUATION
NEED�IMPROVEMENT�AND�HOW�A�NEW�SYSTEM�CAN�PROVIDE�THIS�IMPROVEMENT��!N�EXAM
PLE� PROVIDED� BY� !LEXANDER� OF� THIS� TYPE� OF� DEVELOPMENT� PROCESS� IS� THE� WAY� MOST
HOUSES�WERE�BUILT�IN�THE�-IDDLE�!GES�AND�THE�WAY�IN�WHICH�SIMPLE�HOUSES�ARE�BUILT
EVEN�TODAY�IN�MANY�COUNTRIES��/THER�EXAMPLES�ARE�THE�PLANNING�OF�A�DELIVERY�ROUTE
BY�A�MAIL�MAN��OR�THE�WRITING�OF�A�SIMPLE�COMPUTER�PROGRAM�

)N� THE� THIRD� TYPE� OF� DEVELOPMENT� PROCESSES�� DEVELOPERS� DO� NOT� ONLY� CREATE�MENTAL
PICTURES�OF� THE�SYSTEM�UNDER�DEVELOPMENT��BUT�ALSO�ëREAL�PICTURESì�� REPRESENTATIONS
OF� THEIR� CONCEPTIONS�� 3UCH� REPRESENTATIONS� SERVE� AT� LEAST� FOUR� PURPOSES�� &IRST�� THEY
HELP�DEVELOPERS�IN�OVERCOMING�THE�LIMITS�OF�THEIR�MENTAL�CAPACITY��ë4WO�MINUTES�ON
THE�BACK�OF�AN�ENVELOPE�LETS�US�SOLVE�PROBLEMS�WHICH�WE�COULD�NOT�DO�IN�OUR�HEADS�IF
WE�TRIED�FOR�A�HUNDRED�YEARSì�;!LEXANDER��������P���=��3ECOND��THEY�HELP�DEVELOPERS
IN�MAKING�THEIR�IDEAS�PRECISE��CONSISTENT��AND�COMPLETE��ë4HE�ACT�OF�WRITING�TURNS�OUT
TO� REQUIRE� HUNDREDS� OF�MINIDECISIONS�� AND� IT� IS� THE� EXISTENCE� OF� THESE� THAT� DISTIN
GUISHES� CLEAR�� EXACT� POLICIES� FROM� FUZZY�ONESì� ;"ROOKS�� ������ P�� ���=�� 4HIRD�� SUCH
REPRESENTATIONS�ALLOW�THE�COMMUNICATION�OF�IDEAS�AND�DECISIONS�BETWEEN�DEVELOPERS�
4HIS�IS�REQUIRED�IN�DEVELOPMENT�PROCESSES�THAT�ARE�TOO�COMPLEX�TO�BE�CARRIED�OUT�BY
A� SINGLE� DEVELOPER�� &OURTH�� SUCH� REPRESENTATIONS� ALLOW� THE� COMMUNICATION� OF� RE
QUIREMENTS�BETWEEN�DEVELOPERS�AND�USERS��4HIS�IS�REQUIRED�IN�DEVELOPMENT�PROCESSES
IN�WHICH�THE�USER�OF�A�SYSTEM�DOES�NOT�DEVELOP�THE�SYSTEM�ON�HIS�OWN��%XAMPLES�OF
THE�THIRD�TYPE�OF�DEVELOPMENT�PROCESSES�ARE�THE�DEVELOPMENT�PROCESSES�OF�SKY�SCRAP
ERS��AEROPLANES��TELEMATICS�SYSTEMS��AND�BUSINESS�PROCESSES�

)T�IS�THE�THIRD�TYPE�OF�DEVELOPMENT�PROCESS�WE�CONSIDER�IN�THIS�THESIS��SINCE�IT� IS�THE
ONLY�ONE�SUITABLE�FOR�THE�DEVELOPMENT�OF�COMPLEX�SYSTEMS�

&IGURE�����DEPICTS�THE�ELEMENTS�OF�A�DEVELOPMENT�PROCESS�DISCUSSED�ABOVE��!�SYSTEM
UNDER�DEVELOPMENT�IS�TO�BECOME�AN�ELEMENT�OF�THE�REAL�WORLD��4O�DISTINGUISH�A�SYS
TEM�IN�THE�REAL�WORLD�FROM�A�CONCEPTION�OR�A�REPRESENTATION�OF�THIS�SYSTEM��WE�CALL�A
SYSTEM�IN�THE�REAL�WORLD�A�SYSTEM�IMPLEMENTATION��"Y�ABSTRACTING�FROM�A�SYSTEM�IM
PLEMENTATION�AND�CONSIDERING�ONLY� THE�ASPECTS� RELEVANT� TO�ONEèS�PURPOSE��ONE�CON
STRUCTS�A�CONCEPTION�OF�THE�SYSTEM��#ONVERSELY��THE�SYSTEM�IN�THE�REAL�WORLD�IS�AN�IM
PLEMENTATION�OF� THIS� CONCEPTION��!� CONCEPTION�OF� A� SYSTEM�CAN�BE� REPRESENTED�� RE
SULTING�IN�A�REPRESENTATION�OR�SPECIFICATION�OF�THE�SYSTEM��#ONVERSELY��THE�INTERPRETA
TION�OF�A�SPECIFICATION�RESULTS�IN�A�CONCEPTION�OF�THE�SYSTEM�

!BOVE�WE�ARGUED� THAT�DEVELOPERS�MAKE� CONCEPTIONS� AND� SPECIFICATIONS� OF� A� SYSTEM
FOR� PARTLY� THE� SAME� PURPOSES�� BOTH� CONCEPTIONS� AND� SPECIFICATIONS� ALLOW� THEM� TO
STUDY� ASPECTS� OF� THE� SYSTEM� AND�� TO� SOME� EXTENT�� TEST� THEIR� IDEAS� WITHOUT� FIDDLING
AROUND�WITH�THE�SYSTEM�IMPLEMENTATION��)F�IT�IS�IRRELEVANT�WHETHER�WE�REFER�TO�A�CON
CEPTION� OR� A� SPECIFICATION� OF� A� SYSTEM�� WE� USE� THE� TERM� SYSTEM� MODEL�� 4HE� TERM
MODEL�IS�USED�HERE�ACCORDING�TO�THE��QUITE�BROAD	�DEFINITION�OF�2OTHENBERG�;����=�
THE�COSTEFFECTIVE�USE�OF�SOMETHING�IN�PLACE�OF�SOMETHING�ELSE�
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&IGURE�������)MPLEMENTATION��CONCEPTION��AND�REPRESENTATION�OF�A�SYSTEM�
AND�THEIR�RELATIONS

������ !NALYSIS�AND�DESIGN

!�DEVELOPMENT�PROCESS�COMPRISES�TWO�TYPES�OF�ACTIVITIES�THAT�ARE�SO�DIFFERENT�WE�DIS
TINGUISH�THEM�FROM�EACH�OTHER��ANALYSIS�AND�DESIGN�

!NALYSIS�IS�THE�DETAILED�EXAMINATION�OF�AN�EXISTING�SYSTEM�IN�ORDER�TO�UNDERSTAND�IT�
!NALYSIS�USUALLY�INVOLVES�THE�BREAKING�UP�OF�A�SYSTEM�INTO�ITS�CONSTITUENT�PARTS��)N�A
DEVELOPMENT�PROCESS�ANALYSIS�IS�APPLIED�IN�ORDER�TO�IDENTIFY�THE�REQUIREMENTS�FOR�THE
SYSTEM�UNDER�DEVELOPMENT��)T�MAY�INVOLVE�THE�ANALYSIS�OF�A�CURRENT�SYSTEM�THAT�IS�TO
BE�REPLACED�BY�THE�SYSTEM�UNDER�DEVELOPMENT��TO�IDENTIFY�THE�WAYS�IN�WHICH�THE�NEW
SYSTEM�CAN�IMPROVE�ON�THE�CURRENT�SYSTEM��)T�MAY�INVOLVE�THE�ANALYSIS�OF�USER�OR�CUS
TOMER�REQUIREMENTS��TO�MAKE�THEIR�WISHES�PRECISE��!ND�IT�MAY�INVOLVE�THE�ANALYSIS�OF
THE�REMAINDER�OF�THE�ENVIRONMENT�OF�THE�SYSTEM��TO�IDENTIFY�THE�CONSTRAINTS�THIS�ENVI
RONMENT�PUTS�ON�THE�SYSTEM�

3INCE� ANALYSIS� DESCRIBES� EXISTING� THINGS��WHETHER� IT� BE� A� CURRENT� SYSTEM�� OR� CURRENT
USER�REQUIREMENTS�� IT� IS�A�DESCRIPTIVE�ACTIVITY���/NLY�WHEN�THE�RESULTS�OF� THE�ANALYSIS
TURN� INTO� REQUIREMENTS� FOR�A�NEW�SYSTEM�� THESE� RESULTS� FORM�A�PRESCRIPTION� FOR� THIS
NEW�SYSTEM�

$ESIGN�OR� SYNTHESIS� IS� THE� CONSTRUCTION�OF� A� NEW� SYSTEM� FROM�PARTS�� )DEALLY�� DESIGN
STARTS�OF�WITH� A� SET�OF� REQUIREMENTS� AND� A� SET� OF� PARTS� �OR� IMPLEMENTATION� COMPO
NENTS	�FROM�WHICH�A�SYSTEM�THAT�SATISFIES�THESE�REQUIREMENTS�SHOULD�BE�CONSTRUCTED�
)N�PRACTICE��HOWEVER��THE�REQUIREMENTS�ARE�USUALLY�INCOMPLETE�AND�INCONSISTENT��AND

�������������������������������������������

�� 4HE�DESCRIPTION�OF� A� SYSTEM�SHOULD�NOT�BE� CONFUSED�WITH� THE�OBSERVATION�OF� A� SYSTEM�
/BSERVING�A�SYSTEM�IS�A�MEANS�TO�IDENTIFY�ELEMENTS�OF�THE�SYSTEM�TO�BE�DESCRIBED���/THER
MEANS� FOR� IDENTIFYING� SUCH� ELEMENTS� ARE� E�G�� CONSIDERING� A� SPECIFICATION� OF� THE� SYSTEM
AND�INTERVIEWING�A�DEVELOPER�OF�THE�SYSTEM�	�#ERTAIN�THINGS�THAT�CAN�BE�DESCRIBED�CANNOT
BE�OBSERVED��#AUSALITY�RELATIONS�ARE�A�WELLKNOWN�EXAMPLE�OF�THIS�
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THE�SET�OF�PARTS� IS�USUALLY��PARTLY	�UNDEFINED��$ESIGN�THEREFORE�ALSO� INVOLVES�CHOICES
REGARDING�THE�REQUIREMENTS�AND�THE�PARTS�

3INCE� DESIGN� RESULTS� IN� A� SPECIFICATION� OF� HOW� FUTURE� THINGS� SHOULD� BE�� RATHER� THAN
HOW�CURRENT�THINGS�ARE��IT�IS�A�PRESCRIPTIVE�ACTIVITY��7E�CALL�A�PRESCRIPTIVE�MODEL�OF�A
SYSTEM�A�DESIGN�OF�THE�SYSTEM�

)N�A�DEVELOPMENT�PROCESS�ANALYSIS�AND�DESIGN�ACTIVITIES�ARE�USUALLY�INTERMINGLED�

������ $EVELOPMENT�METHODS

!�METHOD�IS�A�SYSTEMATIC�WAY�OF�WORKING�TO�REACH�AN�OBJECTIVE��!��SYSTEM	�DEVELOP
MENT�METHOD�IS�A�SYSTEMATIC�WAY�OF�WORKING�TO�DEVELOP�A�SYSTEM�

7E�ARGUE�IN�THIS�THESIS�THAT�THE�FOLLOWING�ELEMENTS�SHOULD�BE�PART�OF�A�DEVELOPMENT
METHOD�

• !RCHITECTURAL�CONCEPTS��!RCHITECTURAL�CONCEPTS�ARE�ABSTRACTIONS�OF�SYSTEM�ELEMENTS
AND�MODEL�REQUIRED�CHARACTERISTICS�OF�SYSTEMS��4HEY�ARE�THE�BUILDING�BLOCKS�AVAIL
ABLE� TO� DEVELOPERS� FOR� MODELLING� SYSTEMS�� "ASIC� ARCHITECTURAL� CONCEPTS� ARE� THE
MOST�ELEMENTARY�ARCHITECTURAL�CONCEPTS��FROM�WHICH�OTHER��DERIVED��ARCHITECTURAL
CONCEPTS�CAN�BE�CONSTRUCTED�

!�DEVELOPMENT�METHOD�SHOULD�PROVIDE�A�COMPLETE��CONSISTENT��AND�GENERALLY�AP
PLICABLE�SET�OF�BASIC�ARCHITECTURAL�CONCEPTS�;6ISSERS�ET�AL�������=��-OREOVER��IF�CER
TAIN�DERIVED�ARCHITECTURAL�CONCEPTS�ARE�FREQUENTLY�USED�IN�SYSTEM�CONCEPTIONS��AND
IF� THESE� ARCHITECTURAL� CONCEPTS� ARE� COMPLEX� COMPOSITIONS� OF� BASIC� ARCHITECTURAL
CONCEPTS��A�DEVELOPMENT�METHOD�SHOULD�ALSO�BE�CAPABLE�TO�PROVIDE�THESE�DERIVED
ARCHITECTURAL�CONCEPTS�

• 3PECIFICATION�LANGUAGE��"ECAUSE�SYSTEM�CONCEPTIONS�NEED�TO�BE�REPRESENTED��A�DE
VELOPMENT�METHOD�SHOULD�PROVIDE�A�SPECIFICATION�LANGUAGE�IN�WHICH�SYSTEM�CON
CEPTIONS�CAN�BE�REPRESENTED�

)DEALLY�� EACH� BASIC� ARCHITECTURAL� CONCEPT� PROVIDED� BY� A� DEVELOPMENT�METHOD� IS
REPRESENTED�BY�ONE�ELEMENT�OF�THE�SPECIFICATION�LANGUAGE��)N�PRACTICE��THERE�IS�NOT
ALWAYS�A�ONETOONE�RELATION��4HE�RELATION�SHOULD��HOWEVER��ALWAYS�BE�CLEAR��7E
CALL�THIS�RELATION�BETWEEN�THE�ELEMENTS�OF�A�SPECIFICATION�LANGUAGE�AND�THE�ARCHI
TECTURAL�CONCEPTS�THE�ARCHITECTURAL�SEMANTICS�OF�THE�SPECIFICATION�LANGUAGE�

)N�GENERAL��THE�SEMANTICS�OF�SOMETHING�IS�ITS�MEANING�IN�TERMS�OF�SOMETHING�ELSE�
4HE�ARCHITECTURAL�SEMANTICS�OF�SOMETHING�IS�ITS�MEANING�IN�TERMS�OF��ABSTRACTIONS
OF	�REALWORLD�PHENOMENA��)N�ORDER�TO�MAKE�A�SPECIFICATION�LANGUAGE�MORE�PRE
CISE��THIS�LANGUAGE�IS�SOMETIMES�EQUIPPED�WITH�A�FORMAL�SEMANTICS��WHICH�DEFINES
THE�MEANING�OF�THE�SPECIFICATION�LANGUAGE�IN�TERMS�OF�A�MATHEMATICAL�MODEL�

&IGURE������WHICH� IS�BASED�ON� ;6ISSERS�ET�AL�������=�� REPRESENTS� THE�RELATIONS�BE
TWEEN�ARCHITECTURAL�CONCEPTS��A�SPECIFICATION�LANGUAGE��A�SYSTEM�CONCEPTION��AND�A
SPECIFICATION�



� ����)NTRODUCTION

IS�A�COMBI
NATION�OF

SYSTEM
CONCEPTION

ARCHITECTURAL
CONCEPTS

�SYSTEM
�SPECIFICATION

REPRESENTATION

INTERPRETATION
�ARCHITECTURAL
SEMANTICS	

REPRESENTATION

INTERPRETATION

SPECIFICATION
LANGUAGE

IS�WRITTEN�IN

&IGURE�������2ELATIONS�BETWEEN�ARCHITECTURAL�CONCEPTS��A�SPECIFICATION�LAN
GUAGE��A�SYSTEM�CONCEPTION�AND�A�SYSTEM�SPECIFICATION�

• &URTHER� STRUCTURING� SUPPORT��!RCHITECTURAL� CONCEPTS� AND�A� SPECIFICATION� LANGUAGE
ALLOW�DEVELOPERS�TO�MODEL�SYSTEMS��3UCH�MODELS�MAY��HOWEVER��BE�VERY�COMPLEX�
&URTHER� SUPPORT� IS� THEREFORE� REQUIRED� TO� AID� DEVELOPERS� IN� STRUCTURING� SYSTEMS�
3UCH�SUPPORT�MAY�VARY�FROM�GENERAL�GUIDELINES�THAT�ARE�APPLICABLE�TO��E�G���MOST
DISTRIBUTED�SYSTEMS�� TO�SPECIFIC�GUIDELINES�THAT�ARE�APPLICABLE� TO��E�G��� TAX�OFFICES
OR�TELESALES�PROCESSES�ONLY��)N�THIS�THESIS�WE�ARE�MAINLY�CONCERNED�WITH�THE�MORE
GENERAL� SUPPORT��7E� ARGUE� THAT� IN� ORDER� TO� PROPERLY� GIVE� THIS� SUPPORT�� THE� FOL
LOWING�IS�REQUIRED�

 -ODELLING� STYLES�� !�MODELLING� STYLE� IS� A� SET� OF� RULES� FOR� THE� STRUCTURING� OF� A
MODEL� TO�MEET�PARTICULAR�DEVELOPMENT�OBJECTIVES��4HE�PROVISION�OF�A� LIMITED
NUMBER�OF�WELLCHOSEN�AND�WELLDEFINED�MODELLING�STYLES�DOES�NOT�ONLY�AID�IN
DIVIDUAL�DEVELOPERS�IN�STRUCTURING�SYSTEM�MODELS��BUT�SHOULD�ALSO�LEAD�TO�MORE
UNIFORMLY�STRUCTURED�MODELS��THUS�ENHANCING�THEIR�COMPREHENSIBILITY�

 !BSTRACTION�LEVELS��-ODELS�OF�A�SYSTEM�AT�DISTINCT�ABSTRACTION�LEVELS�ARE�ORDERED
ON� THE� BASIS� OF� THE� AMOUNT� OF� DETAIL� THEY�POSSES�� !T� A� PARTICULAR� ABSTRACTION
LEVEL�A�DEVELOPER�TAKES�PARTICULAR�DEVELOPMENT�DECISIONS�THAT�REGARD�PARTICULAR
DEVELOPMENT�OBJECTIVES��4HESE�DECISIONS�ARE�THEN�REFLECTED� IN�A�SYSTEM�MODEL
AT�THAT�ABSTRACTION�LEVEL��!T�LOWER�ABSTRACTION�LEVELS��A�DEVELOPER�MAKES�OTHER
DEVELOPMENT�DECISIONS� THAT� REGARD�OTHER�DEVELOPMENT�OBJECTIVES�� THUS�GRADU
ALLY�INTRODUCING�MORE�DETAIL�IN�SYSTEM�MODELS�

• $EVELOPMENT� STRATEGIES�� 4HE� APPLICATION� OF� FURTHER� STRUCTURING� LEADS� TO� RELATED
DEVELOPMENT� STEPS� IN� WHICH� DEVELOPMENT� DECISIONS� ARE� TAKEN�� !� DEVELOPMENT
STRATEGY�DETERMINES�THE�ORDER� IN�WHICH� THESE� STEPS�ARE�CARRIED�OUT��%XAMPLES�OF
DEVELOPMENT� STRATEGIES� ARE� THE� WATERFALL� MODEL� AND� THE� EVOLUTIONARY� STRATEGY�
#URRENT� DEVELOPMENT� METHODS� USUALLY� PROVIDE� ONLY� ONE� DEVELOPMENT� STRATEGY�
4HIS�THESIS�ARGUES�THAT�DIFFERENT�DEVELOPMENT�PROCESSES�MAY�REQUIRE�DIFFERENT�DE
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VELOPMENT�STRATEGIES��$EVELOPERS�SHOULD�THEREFORE�BE�ALLOWED�TO�SELECT�AN�APPRO
PRIATE�DEVELOPMENT�STRATEGY�

)N� CHAPTER� �� IT� IS� SHOWN� THAT� THE� ABOVE� ELEMENTS� OF� DEVELOPMENT� METHODS� AID� IN
STRUCTURING�SYSTEMS��AND�ARE�THEREFORE�STRUCTURING�TECHNIQUES�

!LL�OF�THESE�STRUCTURING�TECHNIQUES�SHOULD�BE�APPLICABLE�TO�BOTH�THE�ANALYSIS�OF�A�CUR
RENT�SYSTEM�AND�THE�DESIGN�OF�A�NEW�SYSTEM��3INCE�A�SYSTEM�IS�DEVELOPED�TO�MEET�PAR
TICULAR�OBJECTIVES��THE�STRUCTURING�TECHNIQUES�SHOULD�EXPLICITLY�SUPPORT�THE�PURSUIT�OF
CERTAIN�OBJECTIVES�

4HE� ABOVE� ELEMENTS� OF� DEVELOPMENT�METHODS� CAN� BE� CONSIDERED� CONCEPTUAL� TOOLS�
$EVELOPMENT�METHODS�MAY�ALSO�PROVIDE�AUTOMATED�SUPPORT�TOOLS��4HESE�TOOLS��USU
ALLY� COMPUTER� PROGRAMS�� SUPPORT� DEVELOPERS� IN� CARRYING� OUT� DEVELOPMENT� STEPS� BY
AUTOMATING�PARTS�OF�THEM��%XAMPLES�OF�SUPPORT�TOOLS�ARE�EDITORS��WHICH�SUPPORT�DE
VELOPERS�IN�SPECIFYING�SYSTEMS��AND�SIMULATORS��WHICH�SUPPORT�DEVELOPERS�IN�SIMULAT
ING� AND� THEREBY� ANALYSING� CERTAIN� ASPECTS� OF� SYSTEMS��!UTOMATED� SUPPORT� TOOLS� ARE
NOT�CONSIDERED�IN�THIS�THESIS�

���� 2ESEARCH�OBJECTIVES�AND�APPROACH

������ 2ESEARCH�OBJECTIVES

4HE�OBJECTIVES�OF�THIS�THESIS�ARE�THE�FOLLOWING�

�� 4HE�DEFINITION�OF� STRUCTURING� TECHNIQUES� FOR� BUSINESS� PROCESSES� THAT� AID� IN� CON
TROLLING�THEIR�COMPLEXITY��AND�THE�COMPLEXITY�OF�THEIR�DEVELOPMENT�PROCESSES�

4HE�STRUCTURING�TECHNIQUES�SHOULD�INCLUDE�THE�ONES�MENTIONED�IN�SECTION�������

7HEREVER�POSSIBLE��THE�STRUCTURING�TECHNIQUES�SHOULD�BE�GENERAL�AND�APPLICABLE�TO
OTHER�DISTRIBUTED�SYSTEMS�AS�WELL�IN�ORDER�TO��	�AID�IN�IDENTIFYING�THE�FUNDAMENTAL
ASPECTS� OF� BUSINESS� PROCESSES� THAT� ARE� APPLICABLE� TO� OTHER� SYSTEMS�� THEREBY� EN
HANCING�THE�UNDERSTANDING�OF�DEVELOPMENT�METHODS�FOR�BOTH�BUSINESS�PROCESSES
AND�DISTRIBUTED�SYSTEMS��AND��	�BE�APPLICABLE�TO�TELEMATICS�SYSTEMS��THEREBY�EASING
THE�DEVELOPMENT�OF�TELEMATICS�SYSTEMS�AND�THE�BUSINESS�PROCESSES�THEY�SUPPORT�IN
A�COHERENT�FRAMEWORK�

�� 4HE�EXPLICATION�OF�THE�DEVELOPMENT�OBJECTIVES�SUPPORTED�BY�EACH�DEFINED�STRUC
TURING�TECHNIQUE�

7E�OBSERVED�THAT�THE�DEMAND�FOR�GENERALITY�LEADS�TO�STRUCTURING�TECHNIQUES�THAT�ARE
PERCEIVED�BY�SOME�DEVELOPERS�AS�TOO�ABSTRACT�AND�THEREBY�TOO�DIFFICULT�TO�UNDERSTAND
FOR�PRACTICAL�APPLICATION��4HEREFORE��WE�ADD�A�THIRD�OBJECTIVE�

�� 4O�SHOW�HOW�THE�DEFINED�STRUCTURING�TECHNIQUES�CAN�BE�SYNTHESISED�AND�REFINED
TO�CONCRETELY�APPLICABLE�DEVELOPMENT�METHODS�FOR�BUSINESS�PROCESSES�
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)N�ORDER�TO�BE�ABLE�TO�PROVIDE�STRUCTURING�TECHNIQUES�OF�HIGH�QUALITY�THAT�AID�IN�CON
TROLLING� THE� COMPLEXITY� OF� BUSINESS� PROCESSES� AND� THEIR� DEVELOPMENT� PROCESSES�� WE
HAVE�INVESTIGATED�WHAT�COMPLEXITY�IS��HOW�GENERIC�STRUCTURING�TECHNIQUES�MAY�AID�IN
CONTROLLING� ASPECTS� OF� COMPLEXITY�� AND� HOW� STRUCTURING� TECHNIQUES� SHOULD� SATISFY
QUALITY�CRITERIA��#HAPTER���PRESENTS�AN�OVERVIEW�OF� THIS� RESEARCH��WHICH�HAS�GUIDED
THE�DEVELOPMENT�OF�STRUCTURING�TECHNIQUES�FOR�DISTRIBUTED�SYSTEMS�AND�BUSINESS�PROC
ESSES�IN�THE�REMAINDER�OF�THIS�THESIS�

!RCHITECTURAL�CONCEPTS

)N�OUR�APPROACH�TO�THE�DEFINITION�OF�BASIC�ARCHITECTURAL�CONCEPTS��WE�FIRST�MAKE�A�DIS
TINCTION�BETWEEN�THE�DYNAMIC�ASPECT�OF�BUSINESS�PROCESSES��BEHAVIOUR��AND�THE�CARRI
ERS�OF�BEHAVIOUR��ENTITIES��!�BEHAVIOUR�IS�A�SET�OF�RELATED�ACTIVITIES��4HUS��ARCHITECTURAL
CONCEPTS�ARE�REQUIRED�TO�MODEL�ACTIVITIES�AND�THEIR�RELATIONS��!N�ACTION�IS�AN�ABSTRAC
TION�OF�AN�ACTIVITY�AND�MODELS�THE�RELEVANT�RESULT�OF�THIS�ACTIVITY��!�CAUSALITY�RELATION
MODELS�THE�WAY�IN�WHICH�THE�OCCURRENCE�OF�AN�ACTION�DEPENDS�ON�THE�OCCURRENCES�OR
NONOCCURRENCES�OF�OTHER�ACTIONS��#HAPTER���INTRODUCES�AND�MOTIVATES�THESE�AND�RE
LATED�ARCHITECTURAL�CONCEPTS�

$ATA�IS�A�GROUP�OF�ARCHITECTURAL�CONCEPTS�THAT�CAN�BE�USED�TO�CONCISELY�MODEL�RESULTS
OF�ACTIVITIES�� RELATIONS�BETWEEN� THESE� RESULTS�� AND� STATES�OF�BEHAVIOURS��3INCE�DATA� IS
WELLKNOWN�IN�PRACTICE��WE�HAVE�FOCUSED�ON�THE�RELATION�BETWEEN�THE�DATA�CONCEPTS
AND�THE�BASIC�ARCHITECTURAL�CONCEPTS��4HIS�RESEARCH�HAS�RESULTED�IN�THE�INSIGHT�THAT�THE
DATA�CONCEPTS�AND�THE�BASIC�CONCEPTS�ARE�NOT�ORTHOGONAL�� INSTEAD��ALL�DATA�CONCEPTS
CAN�BE�DEFINED�IN�TERMS�OF�THE�BASIC�CONCEPTS�AND�ARE�THUS�DERIVED�CONCEPTS��4HIS�IN
SIGHT�HAS�ALLOWED�US�TO�DESCRIBE�IN�EXACTLY�WHAT�CASES�DATA�IS�USEFUL�IN�CONCISELY�MOD
ELLING� BEHAVIOURS�� THUS� PROVIDING� DEVELOPERS�WITH� DEVELOPMENT� CRITERIA�� #HAPTER� �
PRESENTS�THE�RESULTS�OF�THIS�RESEARCH�

&URTHER�STRUCTURING�SUPPORT

3OME�MODELLING�STYLES�FOR�DISTRIBUTED�SYSTEMS�WERE�ALREADY�DEFINED�BY�6ISSERS�ET�AL�
;����=��7E�HAVE�STRIVEN�TO�IMPROVE�THESE�MODELLING�STYLES�TO�COMPLY�TO�OUR�NEW�IN
SIGHTS� REGARDING� ARCHITECTURAL� CONCEPTS�� 4HIS� HAS� RESULTED� IN� A� NUMBER� OF� GENERIC
MODELLING� STYLES� FOR� DISTRIBUTED� SYSTEMS�� .EXT�� OUR� PRACTICAL� EXPERIENCE� WITH� THE
STRUCTURING�OF�BUSINESS�PROCESSES�HAS�LED�TO�THE�DISTINCTION�OF�SOME�FREQUENTLY�OCCUR
RING�STRUCTURES�OF�BUSINESS�PROCESSES��"Y�DEFINING�THESE�STRUCTURES��DESCRIBING�THEM�IN
TERMS� OF� THE� GENERIC� MODELLING� STYLES�� AND� IDENTIFYING� THE� DEVELOPMENT� OBJECTIVES
THEY� SUPPORT�� WE� HAVE� DEFINED� CONCRETE� MODELLING� STYLES� FOR� BUSINESS� PROCESSES�
#HAPTER���PRESENTS�THE�RESULTS�OF�THIS�RESEARCH�

-ANY�SYSTEM�DEVELOPMENT�METHODS�SUPPORT�ëPERSPECTIVESì��ABSTRACTIONS�OF�A�SYSTEM
UNDER�DEVELOPMENT��5NFORTUNATELY��THE�RELATIONS�BETWEEN�THESE�PERSPECTIVES�ARE�NOT
ALWAYS�WELLDEFINED��3INCE�A�COMPLETE�MODEL�OF�A�SYSTEM�IS�FORMED�BY�THE�COMPOSI
TION�OF�ALL�CORRECT�ABSTRACTIONS�OF� THE�SYSTEM�� IT� IS�USEFUL� TO�KNOW�HOW�THE�ABSTRAC
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TIONS�RELATE�TO�EACH�OTHER��7E�HAVE� THEREFORE�DEFINED�A�GROUP�OF�ABSTRACTION� LEVELS�
WHICH�ARE�PERSPECTIVES�WITH�CLEARLY�DEFINED��REFINEMENT	�RELATIONS�BETWEEN�THEM��4HE
DEFINITION�OF� THE� DEVELOPMENT� OBJECTIVES� TO� BE� DEALT�WITH� AT� EACH� ABSTRACTION� LEVEL
AND�THE�DEFINITION�OF�THE�RESULTING�STRUCTURE�OF�A�MODEL�AT�EACH�ABSTRACTION�LEVEL�HAS
BEEN�GUIDED�BY�OUR�PRACTICAL�EXPERIENCE�WITH�BUSINESS�PROCESS�DEVELOPMENT��#HAPTER
��PRESENTS�THE�RESULTS�OF�THIS�RESEARCH�

$EVELOPMENT�STRATEGIES

%XPERIENCE�HAS�SHOWN�THAT�THERE�IS�NO�SINGLE�DEVELOPMENT�STRATEGY�THAT�SUITS�ALL�DE
VELOPMENT� PROCESSES�� DIFFERENT� DEVELOPMENT� PROCESSES�MAY� REQUIRE� DIFFERENT� DEVEL
OPMENT�STRATEGIES��3INCE�IT� IS�NOT�CLEAR�FOR�WHICH�DEVELOPMENT�PROCESSES�A�DEVELOP
MENT�STRATEGY�IS�MOST�APPROPRIATE��WE�HAVE�INVESTIGATED�THIS�RELATION��7E�STARTED�BY
ANALYSING�CURRENT�DEVELOPMENT�STRATEGIES�� IDENTIFYING�WHICH�ELEMENTS�MAY� INFLUENCE
DEVELOPMENT�OBJECTIVES��7E�THEN�IDENTIFIED�THE�DEVELOPMENT�OBJECTIVES�THAT�A�DEVEL
OPMENT� STRATEGY�MAY� SUPPORT��&INALLY�� BY� INVESTIGATING�HOW�AN� ELEMENT�OF� A�DEVEL
OPMENT�STRATEGY�SUPPORTS�THE�PURSUIT�OF�A�PARTICULAR�DEVELOPMENT�OBJECTIVE��WE�WERE
ABLE�TO�PROVIDE�CRITERIA�FOR�THE�SELECTION�OF�DEVELOPMENT�STRATEGIES��#HAPTER���PRES
ENTS�THE�RESULTS�OF�THIS�RESEARCH�

3YNTHESIS�AND�REFINEMENT�OF�DEVELOPMENT�METHODS

3YNTHESIS�OF�A�DEVELOPMENT�METHOD�MAY�TAKE�PLACE�BY�SELECTING�APPROPRIATE�MODEL
LING�STYLES�AND�ABSTRACTION�LEVELS��4HIS�RESULTS�IN�GROUPS�OF�RELATED�DEVELOPMENT�STEPS�
"Y�SELECTING�A�DEVELOPMENT�STRATEGY��THE�ORDER�OF�THESE�GROUPS�OF�DEVELOPMENT�STEPS
IS�DETERMINED��AND� THE�VARIOUS�ELEMENTS�ARE� SYNTHESISED� IN� A�DEVELOPMENT�METHOD�
#HAPTER���PRESENTS�THIS�APPROACH�TO�THE�SYNTHESIS�OF�DEVELOPMENT�METHODS�

"Y� PROVIDING� FURTHER� SEPARATION� OF� CONCERNS�� HEURISTICS�� DESIGN� CRITERIA�� AND� EXAM
PLES�� THE�DEVELOPMENT�METHOD�CAN�BE�MADE�MORE�CONCRETE��#HAPTER���GIVES�AN�EX
AMPLE�OF�A�CONCRETE�DEVELOPMENT�METHOD�
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-OTIVATION

4HE�MOST�IMPORTANT�REASON�FOR�THE�EXISTENCE�OF�METHODS�FOR�SYSTEM�DEVELOPMENT�IS
THE� COMPLEXITY�OF� SYSTEM�DEVELOPMENT�� IF� SYSTEM�DEVELOPMENT�WERE� A� SIMPLE� TASK�
THERE�WOULD�BE�LITTLE�NEED�FOR�GUIDANCE�ON�THIS�TASK��)T�IS�ARGUED�BELOW�THAT�THE�COM
PLEXITY�OF�SYSTEM�DEVELOPMENT�IS�CAUSED�BY�THE�COMPLEXITY�OF�THE�SYSTEM�UNDER�DE
VELOPMENT�

4HE�OBJECTIVE�OF�THIS�CHAPTER�IS�TO�ANALYSE�HOW�STRUCTURING�CAN�AID�IN�CONTROLLING�THIS
COMPLEXITY��7E�THEREFORE�FIRST�ANALYSE�WHAT�COMPLEXITY�IS�AND�IDENTIFY�SOME�IMPOR
TANT� ASPECTS�OF� COMPLEXITY��7E� THEN� ANALYSE� HOW� STRUCTURING� TECHNIQUES� CAN� AID� IN
CONTROLLING�THE�IDENTIFIED�ASPECTS�OF�COMPLEXITY��3INCE�THE�APPLICATION�OF�STRUCTURING
TECHNIQUES�DOES�NOT� GUARANTEE� THE�DEVELOPMENT�OF�HIGH�QUALITY� STRUCTURES��WE� ALSO
DESCRIBE�QUALITY�CRITERIA�FOR�STRUCTURES�

3TRUCTURE

3ECTION�����ANALYSES�COMPLEXITY�AND�IDENTIFIES�SOME�IMPORTANT�ASPECTS�OF�COMPLEXITY�

3ECTION�����DEFINES�SOME�STRUCTURING�TECHNIQUES�AND�SHOWS�HOW�THESE�TECHNIQUES�CAN
AID�IN�CONTROLLING�THE�IDENTIFIED�ASPECTS�OF�COMPLEXITY�

3ECTION�����DESCRIBES�SOME�QUALITY�CRITERIA�FOR�STRUCTURES�

3ECTION�����DESCRIBES� THE�ROLE�OF� STRUCTURING� IN� SYSTEM�DEVELOPMENT�AND� INTRODUCES
THE�STRUCTURING�TECHNIQUES�FOR�BUSINESS�PROCESS�DEVELOPMENT�THAT�ARE�PRESENTED�IN�THE
REMAINDER�OF�THIS�THESIS�



����3TRUCTURING��

���� #OMPLEXITY

!�SYSTEM�IS�A�GROUP�OF�INTERRELATED�ELEMENTS�FORMING�A�UNIFIED�WHOLE��7HEN��IN�THE
FOLLOWING��WE�ANALYSE�SYSTEMS�IN�GENERAL��THIS�ANALYSIS�THEREFORE�APPLIES�BOTH�TO�A�SYS
TEM�UNDER�DEVELOPMENT�AND�TO�THE�DEVELOPMENT�PROCESS�OF�THIS�SYSTEM�

/NE� OF� THE� DEFINITIONS� OF� ëCOMPLEXì� 7EBSTERèS� $ICTIONARY� ;7EBSTERèS=� GIVES� IS�
ëHAVING�MANY�VARIED� INTERRELATED� ����ELEMENTS�AND�CONSEQUENTLY�HARD� TO�UNDERSTAND
FULLYì��3INCE�THE�DIFFICULTY�OF�UNDERSTANDING�A�COMPLEX�SYSTEM�IS�CAUSED�BY�THE�LIM
ITED�MENTAL�CAPABILITIES�OF�HUMANS��THE�PERCEPTION�OF�COMPLEXITY�IS�PARTLY�SUBJECTIVE�

4HE�DEVELOPMENT�OF�A�SYSTEM�REQUIRES�A�FULL�UNDERSTANDING�OF�IT��!�COMPLEX�SYSTEM�IS
THEREFORE�HARD� TO�DEVELOP��4HE�OBJECTIVE�OF�A�DEVELOPMENT�METHOD� IS� TO�MAKE� THIS
COMPLEXITY�MANAGEABLE� �SYNONYM��CONTROLLABLE	��4HEREFORE�� IT� IS� IMPORTANT� TO�HAVE
INSIGHT�IN�THE�VARIOUS�ASPECTS�OF�COMPLEXITY�WHEN�DEVELOPING�A�DEVELOPMENT�METHOD�
4HE�FIRST�PART�OF�THE�DEFINITION�OF�ëCOMPLEXì�HELPS�US�IN�GAINING�THIS�INSIGHT��7E�DIS
TINGUISH�THE�FOLLOWING�ASPECTS�OF�COMPLEXITY�

�� 6ARIETY�OF�ELEMENTS��!S�THE�VARIETY�OF�ELEMENTS�IN�A�SYSTEM�INCREASES��WHILE�OTHER
THINGS�REMAIN�UNCHANGED��THE�SYSTEM�BECOMES�MORE�COMPLEX��4HIS�IS�BECAUSE�THE
DIFFERENT� SORTS�OF� ELEMENTS� IN� THE� SYSTEM�HAVE� TO�BE� COMPREHENDED�AND� TREATED
DIFFERENTLY��4HE�MORE�SORTS�OF�ELEMENTS�A� SYSTEM�CONSISTS�OF�� THE�MORE�ATTENTION
THIS�REQUIRES�AND�THE�HARDER�THIS�BECOMES�

!S�AN�EXAMPLE��CONSIDER�AN�ORGANISATION��)F�IN�THIS�ORGANISATION�EVERYBODY�WOULD
CARRY� OUT� THE� SAME� TASK�� THE� ORGANISATION� WOULD� BE� RELATIVELY� EASY� TO� MANAGE�
EVEN�IF�THE�AMOUNT�OF�EMPLOYEES�WERE�LARGE��BECAUSE�EVERY�EMPLOYEE�CAN�BE�MAN
AGED� IN� THE� SAME�WAY��(OWEVER�� IF� DIFFERENT� TASKS� ARE� INTRODUCED�� FOR� EXAMPLE
PURCHASING�� PRODUCTION�� AND� SALES��WHILE� THE� AMOUNT� OF� EMPLOYEES� REMAINS� THE
SAME��MANAGEMENT� OF� THE� ORGANISATION� BECOMES� HARDER��MANAGERS� SHOULD� HAVE
KNOWLEDGE� OF� THREE� TASKS�� THEY� SHOULD� KNOW�WHICH� TASK� EACH� EMPLOYEE� CARRIES
OUT��AND�THEY�SHOULD�ADJUST�THEIR�MANAGEMENT�ACTIVITIES�TO�THIS�

6ARIETY�OF�ELEMENTS�DOES�NOT�ONLY�APPLY�TO�THE�STATIC�ELEMENT�SORTS�THAT�CAN�BE�DIS
TINGUISHED��SUCH�AS�PURCHASING�AND�PRODUCTION�EMPLOYEES�� )T�ALSO�APPLIES� TO� THE
DIFFERENT� STATES� ELEMENTS� CAN�BE� IN�� &OR� EXAMPLE�� IF�� AT� SOME�MOMENT�� DIFFERENT
PRODUCTION�EMPLOYEES�ARE�INVOLVED�IN�DIFFERENT�PRODUCTION�TASKS��THEY�MAY�HAVE
TO�BE�MANAGED�DIFFERENTLY��WHICH�INCREASES�THE�COMPLEXITY�OF�MANAGEMENT�

�� 6ARIETY�OF�RELATIONS��!S�THE�VARIETY�OF�RELATIONS�IN�A�SYSTEM�INCREASES��WHILE�OTHER
THINGS� REMAIN� UNCHANGED�� THE� SYSTEM� BECOMES�MORE� COMPLEX�� &IRST�� THIS� IS� BE
CAUSE� THE� DIFFERENT� SORTS� OF� RELATIONS� HAVE� TO� COMPREHENDED� AND� TREATED� DIFFER
ENTLY��4HE�MORE�SORTS�OF�RELATIONS�A�SYSTEM�CONSISTS�OF��THE�MORE�ATTENTION�THIS�RE
QUIRES�AND�THE�HARDER�THIS�BECOMES��3ECOND��AS�THE�VARIETY�OF�RELATIONS�INCREASES�
IT�BECOMES�INCREASINGLY�HARDER�TO�DECOMPOSE�THE�SYSTEM�INTO��NEARLY	� INDEPEND
ENT�GROUPS�OF�RELATED�ELEMENTS�WHICH�CAN�BE�COMPREHENDED�SEPARATELY�



������#OMPLEXITY ��

#ONSIDER�THE�TASK�OF�MAKING�TIMETABLES�FOR�A�SCHOOL��)F�ALL�STUDENTS�AND�TEACHERS
COULD�BE�SCHEDULED�INDEPENDENT�OF�EACH�OTHER��THIS�WOULD�BE�A�SIMPLE�TASK��(OW
EVER�� FOR� THE� PURPOSE� OF� SCHEDULING� THEY� CANNOT� BE� TREATED� INDEPENDENTLY�� STU
DENTS� SHOULD� SHARE�CLASSES�WITH�OTHER� STUDENTS�� TEACHERS� SHOULD� TEACH� THEIR�OWN
SUBJECTS�TO�ONLY�A�LIMITED�AMOUNT�OF�CLASSES��CLASSES�SHOULD�BE�DISTRIBUTED�OVER�A
LIMITED�AMOUNT�OF�ROOMS��ETC��3UCH�RELATIONS�MAKE�SCHEDULING�A�COMPLEX�TASK�

#OURTOIS�;����=�DISTINGUISHES�VARIETY��WHICH�HE�CALLS�LACK�OF�HOMOGENEITY	�OF�RE
LATIONS�AS� THE�MOST� IMPORTANT�ASPECT�OF�COMPLEXITY��(E�GIVES�MANY�EXAMPLES�OF
DYNAMIC� RELATIONS�� RANGING� FROM� THE� COMPLEX� WAYS� IN� WHICH� TERMITES� INTERACT
WHEN�BUILDING�A�NEST��TO�THE�DIFFICULTIES�IN�PREDICTING�FAILURE�OF�SATELLITE�COMMUNI
CATIONS�DUE�TO�COLLISION�OF�DATA�PACKETS��4HE�AREA�OF�SCIENCE�CONCERNED�WITH�SYS
TEMS�CONSISTING�OF�ELEMENTS�BETWEEN�WHICH�INTRICATE�RELATIONS�EXIST� IS�SOMETIMES
REFERRED� TO� AS� THE� ëSCIENCE� OF� COMPLEX� SYSTEMSì� ;#OMPLEX� 3YSTEMS�� ����=� OR
ëSCIENCES�OF�COMPLEXITYì�;3TEIN������=��%XAMPLES�OF�SUCH�SYSTEMS�ARE�THE�BRAINS�
EVOLUTIONARY� PROCESSES� �AND� ALGORITHMS� INSPIRED� BY� THESE�� E�G�� NEURAL� NETWORKS
AND�GENETIC�ALGORITHMS	��AND�WEATHER�SYSTEMS�

�� -ANYNESS��!S� THE� NUMBER� OF� ELEMENTS� OR� RELATIONS� IN� A� SYSTEM� INCREASES��WHILE
OTHER�THINGS�REMAIN�UNCHANGED��THE�SYSTEM�BECOMES�MORE�COMPLEX��PROVIDED�IT
CONTAINS� AT� LEAST� SOME� VARIETY� IN� ELEMENTS� OR� RELATIONS�� !S� THE� SYSTEM� CONTAINS
MORE� VARIETY� IN� ELEMENTS� OR� RELATIONS�� THE� EFFECT� OF� A� PARTICULAR� INCREASE� IN� THE
NUMBER�OF�ELEMENTS�OR�RELATIONS�ON�THE�COMPLEXITY�OF�THE�SYSTEM�BECOMES�LARGER�

4HIS�IS�BECAUSE��AS�THE�NUMBER�OF�ELEMENTS�OR�RELATIONS�INCREASES��MORE�ATTENTION
IS�REQUIRED�TO�COMPREHEND�AND�CLASSIFY�THE�SORTS�OF�THE�ELEMENTS�AND�RELATIONS�AND
TO�TREAT�EACH�ELEMENT�OR�RELATION�ACCORDING�TO�ITS�SORT��UNLESS�THERE�IS�ONLY�NO�VA
RIETY�IN�ELEMENTS�AND�RELATIONS��IN�WHICH�CASE�NO�ATTENTION�IS�REQUIRED�TO�COMPRE
HEND�AND�CLASSIFY�THE�SORT	��4HE�LARGER�THE�NUMBER�OF�SORTS�IS��THE�MORE�ATTENTION
IS�REQUIRED�TO�COMPREHEND�AND�CLASSIFY�THE�SORT�OF�A�SINGLE�ELEMENT�OR�RELATION��SO
THE�GREATER�THE�EFFECT�IS�OF�A�PARTICULAR�INCREASE�IN�THE�NUMBER�OF�ELEMENTS�OR�RELA
TIONS��7E� THEREFORE� SAY� THAT�MANYNESS� HAS� A� ëMULTIPLIERì� EFFECT� ON� COMPLEXITY�
THE�MORE�ELEMENT�SORTS�AND�RELATION�SORTS�A�SYSTEM�COMPRISES��THE�GREATER�THE�EF
FECT�OF�MANYNESS�IS�

7E�USE�TWO�EXAMPLES��BASED�ON�;3IMON������=��TO�ILLUSTRATE�THIS��4HE�FIRST�EXAM
PLE�CONCERNS�THE�MEMORISATION�OF�A�SEQUENCE�OF�RANDOM�NUMBERS��)T�IS�VERY�EASY
TO�QUICKLY�MEMORISE�A�ROW�OF�TEN�NUMBERS�� IF�ONLY�THE�NUMBER���OCCURS� IN�THIS
ROW��ONLY�ONE�ELEMENT�SORT	��-ANYNESS�OF�NUMBERS�HAS�HARDLY�ANY�EFFECT�ON�THE
COMPLEXITY� OF�MEMORISATION�� SINCE� IT� IS� NEARLY� AS� EASY� TO�MEMORISE� A� ROW�OF� A
HUNDRED��èS��(OWEVER��IF�THE�NUMBERS���AND���ARE�ALLOWED�IN�THE�ROW��TWO�ELE
MENT�SORTS	��IT�MAY�STILL�BE�EASY�TO�QUICKLY�MEMORISE�A�ROW�OF�TEN�NUMBERS��IT�WILL
ALREADY�BE�MORE�DIFFICULT� TO�QUICKLY�MEMORISE�A� ROW�OF� FIFTEEN�NUMBERS�� AND� IT
WILL�BE�IMPOSSIBLE�TO�QUICKLY�MEMORISE�A�ROW�OF�A�HUNDRED�NUMBERS��!ND�IF�ANY
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NUMBER�FROM���TO���IS�ALLOWED�IN�THE�ROW��TEN�ELEMENT�SORTS	��MOST�PEOPLE�WILL
FIND�IT�IMPOSSIBLE�TO�QUICKLY�MEMORISE�A�ROW�OF�TEN�NUMBERS�

4HE�SECOND�EXAMPLE�CONCERNS�A�LIBRARY��4O�A�LIBRARIAN�AN�INCREASE�IN�THE�NUMBER
OF�BOOKS�WILL�HARDLY�MEAN�AN�INCREASE�IN�COMPLEXITY��BECAUSE�THE�LIBRARIAN�VIEWS
EVERY�BOOK�AS� JUST�ANOTHER�ELEMENT�OF�THE�SAME�SORT� �ANOTHER�ëCARD� IN� THE�CATA
LOGUEì	��(OWEVER��TO�A�READER�WHO�IS�INTERESTED�IN�PARTICULAR�TYPES�OF�BOOKS��THIS
INCREASE�IN�THE�NUMBER�OF�BOOKS�DOES�MEAN�AN�INCREASE�IN�COMPLEXITY��SINCE�THERE
ARE�MORE�BOOKS�THE�READER�HAS�TO�EVALUATE�TO�DETERMINE�WHETHER�THEY�ARE� INTER
ESTING�OR�NOT�

!NOTHER��QUITE�DIFFERENT��REASON�WHY�A�SYSTEM�MAY�BE�HARD�TO�UNDERSTAND�IS�THE�LACK
OF�KNOWLEDGE�BY�THE�CONCEIVER�OF�THE�PURPOSE�OR�ELEMENTS�OF�THIS�SYSTEM��&OR�EXAM
PLE�� IT� IS� IMPOSSIBLE� TO�DESIGN� A�PROPER�BUSINESS�PROCESS�WITHOUT� KNOWLEDGE�OF� THE
CUSTOMER�REQUIREMENTS�AND�OF�THE�PEOPLE�AND�TECHNOLOGY�THAT�HAVE�TO�CARRY�OUT�THE
PROCESS��%VEN�THOUGH�THE�STRUCTURING�TECHNIQUES�INTRODUCED�IN�THIS�CHAPTER�CAN�AID�IN
STRUCTURING�THIS�KNOWLEDGE��THEIR�APPLICATION�IS�NOT�A�SUBSTITUTE�FOR�OBTAINING�THE�RE
QUIRED�KNOWLEDGE��7E�THEREFORE�EXPECT�ALL�DEVELOPERS�TO�KNOW�AND�UNDERSTAND�THE
PURPOSE�OF�THEIR�DEVELOPMENT�PROCESSES��7E�MERELY�PROVIDE�THE�CONCEPTUAL�TOOLS�TO
SUPPORT�THESE�DEVELOPMENT�PROCESSES�

���� 3TRUCTURING�TECHNIQUES

!�STRUCTURE�IS�A�GROUP�OF�RELATED�ELEMENTS��!�SYSTEM�CAN�THUS�BE�SEEN�AS�A�STRUCTURE�
!S� 3IMON� ;����=� NOTES�� THE� AMOUNT� TO� WHICH� THE� COMPLEXITY� OF� A� SYSTEM� IS� CON
TROLLED�� CRITICALLY� DEPENDS� UPON� THE� WAY� THE� SYSTEM� IS� CONCEIVED� AND� REPRESENTED�
3TRUCTURING��WHICH� IS�MEANT� TO�MAKE�COMPLEXITY�MANAGEABLE�� IS� THUS�NOTHING�MORE
THAN�ATTEMPTING� TO�CONCEIVE�OR�REPRESENT�A� SYSTEM� IN�A�MANNER� THAT� IS�AS� SIMPLE�AS
POSSIBLE�FOR�ONEèS�PURPOSE��4HE�STRUCTURING�TECHNIQUES�PRESENTED�IN�THIS�SECTION�ARE
MEANT�TO�AID�IN�DOING�SO�

7E�FIRST�DESCRIBE�THE�STRUCTURING�OF�SYSTEMS�FROM�THE�DISTRIBUTED��OR�ANALYTICAL	�PER
SPECTIVE�� SINCE�WE�ASSUME�THIS�PERSPECTIVE� IS� THE�MOST� FAMILIAR� TO�MOST� READERS��7E
THEN�DESCRIBE� THE�STRUCTURING�OF� SYSTEMS� FROM�THE� INTEGRATED� �OR� SYNTHETIC	�PERSPEC
TIVE��WHICH�IS�MORE�APPROPRIATE�IN�DESIGN�PROCESSES��&INALLY��WE�DISCUSS�TWO�STRUCTUR
ING�TECHNIQUES��ABSTRACTION�AND�REFINEMENT��IN�MORE�DETAIL�

������ $ISTRIBUTED�PERSPECTIVE

7HEN�CONSIDERING�A�SYSTEM�FROM�THE�DISTRIBUTED�PERSPECTIVE��ONE�CONSIDERS�THE�SYS
TEM�AS�A�GROUP�OF�RELATED�ELEMENTS��$EPENDING�ON�THE�TYPE�OF�SYSTEM�AND�THE�AMOUNT
OF�DETAIL�THESE�ARE��FOR�EXAMPLE��MOLECULES�WITH�6AN�DER�7AALSFORCES��OR�THE�RELATED
ACTIVITIES�OF�PEOPLE�

7E�DISTINGUISH�TWO�TECHNIQUES�TO�STRUCTURE�SUCH�RELATED�ELEMENTS�
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�� #ATEGORISATION� �SYNONYMS�� CLASSIFICATION�� GROUPING�� AGGREGATION	� IS� THE� GROUPING
OF�ELEMENTS�AND�THEIR�RELATIONS��!�RESULTING�GROUP�OF�RELATED�ELEMENTS�IS�CALLED�A
CATEGORY��7E�CONSIDER�A�CATEGORY�TO�BE�A��COMPOSITE	�ELEMENT�AGAIN�

#ATEGORISATION�CAN�AID�IN�MAKING�THE�COMPLEXITY�OF�A�SYSTEM�MANAGEABLE��SINCE�IT
CAN� BE� USED� TO� GROUP� ELEMENTS� OF� THE� SAME� SORT� OR� STRONGLY� RELATED� ELEMENTS�
4HEREBY�� ELEMENTS� OF� DIFFERENT� SORTS� OR� WEAKLY� RELATED� ELEMENTS� ARE� EXPLICITLY
SEPARATED��)N�THIS�WAY�CATEGORISATION�HELPS�CONTROLLING�THE�FIRST�AND�SECOND�ASPECTS
OF�COMPLEXITY��ëVARIETYì	�

!N�EXAMPLE�OF�CATEGORISATION�IS�THE�USE�OF�MODULES�IN�A�COMPUTER�PROGRAM��)N�A
MODULE� A�NUMBER�OF� RELATED�PROGRAM� STATEMENTS� THAT� TOGETHER� CARRY� OUT� A� PAR
TICULAR�FUNCTION�ARE�GROUPED��4HE�USE�OF�MODULES�MAKES�A�PROGRAM�MORE�INSIGHT
FUL��BECAUSE�PROGRAM�STATEMENTS�THAT�ARE�USED�TO�CARRY�OUT�DIFFERENT�FUNCTIONS�ARE
EXPLICITLY�SEPARATED�

�)N�THIS�EXAMPLE��CATEGORISATION�OF�ELEMENTS�IS�APPLIED�ON�THE�BASIS�OF�THEIR�CON
TRIBUTION�TO�A�COMMON�FUNCTION��!S�IS�SHOWN�IN�SECTION��������THIS�FORM�OF�CATE
GORISATION�FORMS�THE�BASIS�OF�COMPOSITION��!NOTHER�COMMON�REASON�FOR�APPLYING
CATEGORISATION�OF�ELEMENTS�IS�THEIR�POSSESSION�OF�COMMON�PROPERTIES��4HIS�FORM�OF
CATEGORISATION�FORMS�THE�BASIS�OF�GENERALISATION�	

�� !BSTRACTION�IS�THE�OMISSION�OF�DETAILS�THAT�ARE�IRRELEVANT�FOR�A�PARTICULAR�PURPOSE�

!BSTRACTION� CAN� AID� IN�MAKING� THE� COMPLEXITY� OF� A� SYSTEM�MANAGEABLE�� SINCE� IT
CAN�BE�USED�TO�REDUCE�THE�NUMBER�OF�ELEMENTS�AND�RELATIONS�TO�BE�CONSIDERED��)N
THIS�WAY�IT�HELPS�CONTROLLING�ALL�OF�THE�IDENTIFIED�ASPECTS�OF�COMPLEXITY�

!N�EXAMPLE�OF�ABSTRACTION�IS�THE�CONSIDERATION�OF�ONLY�THE�EXTERNALLY�OBSERVABLE
BEHAVIOUR�OF�A�BUSINESS�PROCESS��&ROM�THIS�VIEWPOINT�THE�DETAILED�WAY�IN�WHICH�
FOR�EXAMPLE��A�PARTICULAR�PRODUCT�IS�PRODUCED�IS�OMITTED�

#ATEGORISATION� AND� ABSTRACTION� CAN� BE� APPLIED� IN� COMBINATION�� THE� APPLICATION� OF
CATEGORISATION��FOLLOWED�BY�ABSTRACTION�IS�OFTEN�VERY�USEFUL��4HIS�ALLOWS�ONE�FIRST� TO
CATEGORISE�SIMILAR�ELEMENTS�AND�THEIR�RELATIONS��AND�THEN�TO�ABSTRACT�FROM�ELEMENTS�IN
EACH�CATEGORY��3EE�&IGURE����A�� IN�WHICH� THE� RELATIONS�BETWEEN� ELEMENTS�HAVE�BEEN
LEFT�OUT�FOR�THE�SAKE�OF�SIMPLICITY�

&OR�A�PROPER�UNDERSTANDING�OF�ABSTRACTION�IT� IS� IMPORTANT�TO�REALISE�THAT�CATEGORISA
TION�OF�ELEMENTS��FOLLOWED�BY�ABSTRACTION�FROM�THE�ELEMENTS�IN�EACH�CATEGORY�CAN�ALSO
BE�VIEWED�AS�ABSTRACTION�ONLY��4HE�ESSENTIAL�DIFFERENCE�BETWEEN�THE�TWO�FORMS�OF�AB
STRACTION�IS�WHAT�ONE�ABSTRACTS�FROM�

• !S�&IGURE����A�SHOWS��WE�INTRODUCE�CATEGORIES�OF�ELEMENTS�BY�MEANS�OF�CATEGORI
SATION��7E�CAN�NEXT�ABSTRACT�FROM��THE�EXISTENCE�OF	�ALL�ELEMENTS�IN�EACH�CATEGORY�
4HE�RESULT�IS�THE�SET�OF�PREVIOUSLY�INTRODUCED�CATEGORIES��EACH�OF�WHICH�IS�AN�ELE
MENT�
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• !S�&IGURE����B�SHOWS��BY�MEANS�ABSTRACTION� FROM�THE�DIFFERENCE�BETWEEN�CERTAIN
ELEMENTS��WE�DO�NOT�ABSTRACT�FROM�THE�EXISTENCE�OF�ELEMENTS��BUT�CONSIDER�CERTAIN
ELEMENTS� AS� INDISTINGUISHABLE��7E� THUS� CONSIDER� A� NUMBER� OF� �LOWERLEVEL	� ELE
MENTS�AS�A�SINGLE��HIGHERLEVEL	�ELEMENT�

�B	

CATEGORISATION

ABSTRACTION
FROM�ELEMENTS
IN�EACH�CATEGORY

�A	

ABSTRACTION�FROM�DIFFERENCE�BETWEEN�ELEMENTS

&IGURE� ���� � � �A	�#ATEGORISATION� OF� ELEMENTS�� FOLLOWED� BY� ABSTRACTION� FROM
�EXISTENCE�OF	�ELEMENTS� IN�EACH�CATEGORY�� �B	�!BSTRACTION�FROM�DIFFERENCE
BETWEEN�ELEMENTS��%ACH�BLACK�RECTANGLE�REPRESENTS�AN�ELEMENT��EACH�OPEN
RECTANGLE�REPRESENTS�A�CATEGORY��WHICH�IS�ALSO�A��COMPOSITE	�ELEMENT�

!BSTRACTION� FROM� THE� DIFFERENCE� BETWEEN� ELEMENTS� CAN� BE� APPLIED� REPEATEDLY�� ENA
BLING�FURTHER�STRUCTURING��4AKE��FOR�EXAMPLE��A�COMPANY�WITH�A�NUMBER�OF�STAFF��7E
CAN�ABSTRACT� FROM�THE�DIFFERENCE�BETWEEN�ALL� STAFF�MEMBERS� INVOLVED� IN�PURCHASING�
7E�CAN�THAN�REFER�TO�ëAì�PURCHASING�STAFF�MEMBER��)N�THE�SAME�WAY�WE�CAN�ABSTRACT
FROM�THE�DIFFERENCE�BETWEEN�STAFF�MEMBERS�INVOLVED�IN�PRODUCTION�AND�FROM�THE�DIF
FERENCE�BETWEEN�STAFF�MEMBERS�INVOLVED�IN�SALES�

.EXT� WE� CAN� ABSTRACT� FROM� THE� DIFFERENCE� BETWEEN� THE� ELEMENTS� ëPURCHASING� STAFF
MEMBERì��ëPRODUCTION�STAFF�MEMBERì��AND�ëSALES�STAFF�MEMBERì��7E�CAN�THEN�REFER
TO�ëAì�STAFF�MEMBER�OF�THE�COMPANY��&IGURE�����DEPICTS�THE�RESULTING�STRUCTURE�

4HE� STRUCTURE� RESULTING� FROM� REPEATED� ABSTRACTION� FROM� THE�DIFFERENCE�BETWEEN� ELE
MENTS�IS�A�HIERARCHICAL�STRUCTURE��A�PARTIAL�ORDERING	��4HE�TREE�STRUCTURE�OF�&IGURE�����
IN�WHICH� EACH� ELEMENT� IS� PART� OF� ONLY� ONE� CATEGORY� AT� THE� NEXT� HIGHER� ABSTRACTION
LEVEL��IS�A�SPECIAL�CASE�OF�SUCH�A�STRUCTURE��)F�AN�ELEMENT�CAN�BE�PART�OF�MULTIPLE�CATE
GORIES�AT�THE�NEXT�HIGHER�ABSTRACTION�LEVEL��WHICH�WOULD��FOR�EXAMPLE��BE�THE�CASE�IF
WE�INTRODUCED�THE�CATEGORIES�ëMANì�AND�ëWOMANì	�� THE�RESULTING�STRUCTURE� IS�NOT�A
TREE�ANYMORE�
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���������STAFF�MEMBER

PURCHASING
STAFF�MEMBER

PRODUCTION
STAFF�MEMBER

SALES�STAFF
MEMBER

JOHN���VAL���DICK���MARY

&IGURE�������4REE�STRUCTURE�RESULTING�FROM�REPEATED�ABSTRACTION�FROM�DIFFER
ENCE�BETWEEN�ELEMENTS�

������ )NTEGRATED�PERSPECTIVE

7HEN�CONSIDERING�A�SYSTEM�FROM�THE�INTEGRATED�PERSPECTIVE��ONE�CONSIDERS�THE�SYSTEM
AS�A�UNIFIED�WHOLE��4HE�OBJECTIVE�OF�STRUCTURING�IS�THEN�THE�CONSIDERATION�OF�THE�SYS
TEM�IN�MORE�DETAIL��IN�A�DEVELOPMENT�PROCESS��THE�PRESCRIPTION�OF�HOW�IT�SHOULD�BE
IMPLEMENTED	�� WHILE� CONTROLLING� ITS� COMPLEXITY��7E� DISTINGUISH� TWO� TECHNIQUES� FOR
DOING�SO�

�� 2EFINEMENT��SYNONYM��GIVING�A�CONCRETE�FORM	�IS�THE�ADDITION�OF�DETAILS�THAT�ARE
RELEVANT�FOR�A�PARTICULAR�PURPOSE��)T�IS�THE�INVERSE�OF�ABSTRACTION�

!N�EXAMPLE�IS�THE�TRANSITION�OF�THE�CONSIDERATION�OF�A�BUSINESS�PROCESS�FROM�THE
VIEWPOINT�OF�EXTERNAL�OBSERVERS��E�G��CLIENTS	�TO�THE�VIEWPOINT�OF�INTERNAL�OBSERV
ERS��E�G��EMPLOYEES	��)N�A�CONSIDERATION�FROM�THE�LATTER�VIEWPOINT�E�G��THE�WAY�IN
WHICH�A�PRODUCT�IS�MADE�BECOMES�APPARENT�

�)N�THIS�EXAMPLE��REFINEMENT�RESULTS�IN�ELEMENTS�THAT�ARE�ALL�PART�OF�A�HIGHERLEVEL
ELEMENT�� )N� SECTION������� THIS� IS� CALLED� DECOMPOSITION��!NOTHER� FORM�OF� REFINE
MENT�� IN�WHICH� THE� RESULTING� ELEMENTS� POSSESS� ALL� PROPERTIES� OF� THE� HIGHERLEVEL
ELEMENT��IS�CALLED�SPECIALISATION�	

�� )NDIVIDUALISATION� �SYNONYMS�� DEGROUPING�� DECLASSIFICATION	� IS� THE� CONSIDERATION
OF�ELEMENTS�AND�THEIR�RELATIONS�WITHOUT�THE�CATEGORY�THEY�ARE�PART�OF��)T�IS�THE�IN
VERSE�OF�CATEGORISATION�

!N� EXAMPLE� OF� INDIVIDUALISATION� IS� A� RECENT� CHANGE� IN� THE�$UTCH� PENSIONS� ACT�
&ORMERLY��WHEN� IN�A� FAMILY�ONLY� THE�HUSBAND�HAD�A�PAID� JOB��ONLY� THE�HUSBAND
BUILT�UP�PENSION�CLAIMS��.OWADAYS��ALSO�THE�WIFE�BUILDS�UP�PENSION�CLAIMS��4HAT
MEANS��FOR�EXAMPLE��THAT�AFTER�A�DIVORCE�THE�EXWIFE�MAY�CLAIM�A�PART�OF�THE�PEN
SION��"Y� THE�NEW�PENSIONS�ACT�WOMEN�ARE� THUS� TREATED�MORE�AS�AN� INDEPENDENT
INDIVIDUAL��RATHER�THAN�AS�A�MEMBER�OF�A�GROUP��THE�FAMILY�
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)N�A�DEVELOPMENT�PROCESS�INDIVIDUALISATION�IS�USEFUL��BECAUSE�IT�ALLOWS�US�TO�CON
SIDER�AND�BUILD� THE�COMPONENTS�OF�A� SYSTEM� INDIVIDUALLY��WITHOUT�KNOWLEDGE�OF
THE�SYSTEM�AS�A�WHOLE��!�CAR�MANUFACTURER�MAY��FOR�EXAMPLE��HAVE�THE�WHEELS�AND
THE�CHAIRS�OF�A�NEW�CAR�BUILT�BY�SUBCONTRACTORS�WITHOUT�GIVING�AWAY�KNOWLEDGE
OF�THE�CARèS�NEW�ENGINE�

*UST�AS�THE�APPLICATION�OF�CATEGORISATION�FOLLOWED�BY�ABSTRACTION�CAN�BE�USEFUL�WHEN
CONSIDERING�A�SYSTEM�FROM�THE�DISTRIBUTED�PERSPECTIVE��THE�APPLICATION�OF�REFINEMENT
FOLLOWED�BY�INDIVIDUALISATION�CAN�BE�USEFUL�WHEN�CONSIDERING�A�SYSTEM�FROM�THE�INTE
GRATED�PERSPECTIVE��4HIS� ALLOWS� ELEMENTS� TO�BE� REFINED� TO� CATEGORIES�WITH�MORE�DE
TAILED��POSSIBLY�RELATED	�ELEMENTS��AFTER�WHICH�THESE�DETAILED�ELEMENTS�CAN�BE�CONSID
ERED�WITHOUT�THE�CATEGORIES�THEY�BELONG�TO��3EE�&IGURE����A�IN�WHICH�THE�RELATIONS�BE
TWEEN�ELEMENTS�HAVE�BEEN�LEFT�OUT�FOR�THE�SAKE�OF�CONVENIENCE�

3UCH�REFINEMENT�FOLLOWED�BY�INDIVIDUALISATION�CAN�ALSO�BE�VIEWED�AS�REFINEMENT�ONLY�
4HE�ESSENTIAL�DIFFERENCE�BETWEEN�THE�TWO�FORMS�OF�REFINEMENT�IS�WHAT�ONE�REFINES�TO�

• !S�&IGURE����A�SHOWS��REFINEMENT�OF�ELEMENTS�TO�CATEGORIES�WITH� �MORE�DETAILED	
ELEMENTS�INTRODUCES�ELEMENTS�THAT�EACH�BELONG�TO�A�CATEGORY��"Y�INDIVIDUALISATION
OF�THESE�LATTER�ELEMENTS��THEY�CAN�NEXT�BE�CONSIDERED�WITHOUT�THE�CATEGORIES�THEY
BELONG�TO�

• !S�&IGURE����B�SHOWS��REFINEMENT�OF�ELEMENTS�TO�MORE�DETAILED�ELEMENTS�DIRECTLY
INTRODUCES�ELEMENTS�THAT�DO�NOT�BELONG�TO�ANY�CATEGORY�

�B	

REFINEMENT�TO
CATEGORIES�WITH
ELEMENTS

INDIVIDUALISA
TION�OF
ELEMENTS

�A	

REFINEMENT�TO�MORE�DETAILED�ELEMENTS

&IGURE� ���� � � �A	� 2EFINEMENT� OF� ELEMENTS� TO� CATEGORIES� WITH� MORE� DETAILED
ELEMENTS�� FOLLOWED�BY� INDIVIDUALISATION�OF� THESE� LATTER� ELEMENTS�� �B	�2E
FINEMENT�OF�ELEMENTS�TO�MORE�DETAILED�ELEMENTS�
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2EFINEMENT�OF�ELEMENTS�TO�MORE�DETAILED�ELEMENTS�CAN�BE�APPLIED�REPEATEDLY�AS�WELL�
&OR�EXAMPLE�THE�ELEMENT�ëSTAFF�MEMBERì�OF�A�COMPANY�CAN�BE�REFINED�INTO�THE�ELE
MENTS�ëPURCHASING�STAFF�MEMBERì��ëPRODUCTION�STAFF�MEMBERì��AND�ëSALES�STAFF�MEM
BERì��.EXT��THE�ELEMENT�ëPURCHASING�STAFF�MEMBERì�CAN�BE�REFINED�TO�ALL�INDIVIDUALS
THAT�PERFORM�THIS�FUNCTION��4HE�SAME�CAN�BE�DONE�FOR�THE�ELEMENTS�ëPRODUCTION�STAFF
MEMBERì�AND�ëSALES�STAFF�MEMBERì��4HE�RESULTING�STRUCTURE� IS�SHOWN�IN�&IGURE�����
4HIS�STRUCTURE� IS��OF�COURSE�� THE�SAME�AS�THE�ONE�RESULTING�FROM�THE� LAST�EXAMPLE�OF
SECTION��������WHICH�DEALT�WITH�STRUCTURING�FROM�A�DISTRIBUTED�PERSPECTIVE�

������ &ORMS�OF�ABSTRACTION�AND�REFINEMENT

4WO�FORMS�OF�ABSTRACTION�AND�REFINEMENT�ARE�SO�DIFFERENT�IN�THEIR�APPLICATION�THAT�WE
CLEARLY�DISTINGUISH�THEM�HERE��7E�MAKE�THIS�DISTINCTION�ON�THE�BASIS�OF�THE�CRITERION
FOR�CATEGORISATION�OF�ELEMENTS�

�� #OMPOSITION� IS� THE�CATEGORISATION�OF�ELEMENTS�ON�THE�BASIS�OF� THEIR�CONTRIBUTION
TO� COMMON� PROPERTIES� �SUCH� AS� A� COMMON� FUNCTION	�� FOLLOWED� BY� ABSTRACTION
FROM� THE� ELEMENTS� IN� THE� RESULTING� CATEGORIES��$ECOMPOSITION� IS� THE� INVERSE� OF
COMPOSITION�

!� BICYCLE�� FOR� EXAMPLE�� CAN� BE� VIEWED� AS� THE� COMPOSITION� OF� THE� ELEMENTS
ëFRAMEì�� ëHANDLEBARì�� ëFRONT� WHEELì�� ëBACKWHEELì�� ETC�� 4HIS� IS� BECAUSE� THESE
ELEMENTS�TOGETHER�ENABLE�THE�FUNCTION�ëCYCLINGì�

%ACH�PROPERTY�OF�AN�ELEMENT�RESULTING�FROM�COMPOSITION�IS�THUS�A�PARTICULAR�FUNC
TION� OF� THE� PROPERTIES� OF� THE� CONSTITUENT� ELEMENTS�� 3INCE� A� COMPOSITION� IS� ONLY
USEFUL� IF� IT� RESULTS� IN� ADDITIONAL� PROPERTIES�� NOT� ALL� PROPERTIES� OF� THE� COMPOSITE
ELEMENT�ARE�PRESENT�IN�THE�CONSTITUENT�ELEMENTS��&OR�EXAMPLE��ONE�CAN�CYCLE�ON�A
BICYCLE��BUT�NOT�ON�A�HANDLEBAR�

4HE� RELATION� BETWEEN� A� CONSTITUENT� ELEMENT� AND� ITS� CORRESPONDING� COMPOSITE
ELEMENT�IS�SOMETIMES�CALLED�THE�ë�IS�A	�PART�OFì�RELATION��E�G��;7IRFS"ROCK�ET�AL��
����=	��&OR�EXAMPLE��A�HANDLEBAR�IS�A�PART�OF�A�BICYCLE�

�� 'ENERALISATION� IS� THE� CATEGORISATION� OF� ELEMENTS� ON� THE� BASIS� OF� CORRESPONDING
PROPERTIES��FOLLOWED�BY�ABSTRACTION�FROM�THE�ELEMENTS�IN�THE�RESULTING�CATEGORIES�
3PECIALISATION�IS�THE�INVERSE�OF�GENERALISATION�

!�TREE�� FOR�EXAMPLE��CAN�BE�VIEWED�AS�THE�GENERALISATION�OF� THE�ELEMENTS�ëOAKì�
ëBEECHì��ëSPRUCEFIRì��ETC��4HIS�IS�NOT�BECAUSE�OAKS��BEECHES��AND�SPRUCEFIRS�CARRY
OUT�A�COMMON�FUNCTION��BUT�BECAUSE�THEY�HAVE�SO�MANY�COMMON�PROPERTIES��SUCH
AS�THE�POSSESSION�OF�A�TRUNK��BRANCHES��AND�LEAFS�OR�NEEDLES	� THAT�WE�WISH� TO�BE
ABLE�TO�ABSTRACT�FROM�THE�DIFFERENCE�BETWEEN�THE�DIFFERENT�KINDS�OF�TREES�

4HE�PROPERTIES�OF�AN�ELEMENT�RESULTING�FROM�GENERALISATION�ARE�AN�ABSTRACTION�OF
THE�PROPERTIES�OF� THE�ORIGINAL�ELEMENTS��4HUS��ALL�PROPERTIES�OF� THE�RESULTING�ELE
MENT�ARE�PRESENT�IN�THE�ORIGINAL�ELEMENTS��WHEREAS�THE�OPPOSITE�NEED�NOT�BE�TRUE�
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&OR�EXAMPLE��AN�OAK�HAS�ALL�PROPERTIES�OF�A�TREE��SUCH�AS�THE�POSSESSION�OF�A�TRUNK
AND�BRANCHES	��BUT�A�TREE�DOES�NOT�HAVE�ALL�PROPERTIES�OF�AN�OAK��SUCH�AS�ACORNS	�

4HE�RELATION�BETWEEN�A�SPECIFIC�ELEMENT�AND�ITS�CORRESPONDING�GENERIC�ELEMENT�IS
SOMETIMES�CALLED�THE�ëIS�Aì�RELATION�OR�THE�ëIS�OF�TYPEì�RELATION��E�G��;7IRFS"ROCK
ET�AL�������=	��&OR�EXAMPLE��AN�OAK�IS�A�TREE�

���� 1UALITY�OF�SYSTEMS

4HE�APPLICATION�OF�STRUCTURING�TECHNIQUES�DOES�NOT�GUARANTEE�HIGH�QUALITY�STRUCTURES
AS� A� RESULT�� !LTHOUGH� STRUCTURING� TECHNIQUES� ARE�MEANT� TO� AID� IN�MAKING� INSIGHTFUL
STRUCTURES�� THEIR� APPLICATION�MAY�EQUALLY�WELL� RESULT� IN�POOR� STRUCTURES�� )N�ORDER� TO
GIVE�DEVELOPERS�MORE�SUPPORT� IN�DEVELOPING�HIGH�QUALITY� STRUCTURES��QUALITY� CRITERIA
ARE�NECESSARY�FOR�EVALUATING�STRUCTURES�

������ #LEANLINESS

!N� ARTIFICIAL� SYSTEM� IS� DEVELOPED� TO� SATISFY� REQUIREMENTS� SET� OUT� BY� PEOPLE� SUCH� AS
PRINCIPALS� AND� CLIENTS�� 3INCE� DEVELOPERS� NEVER� HAVE� UNLIMITED� FUNDING�� THE� SATISFAC
TION� OF� REQUIREMENTS� IS� SUBJECT� TO� CERTAIN� COST� CONSTRAINTS�� )N� PRACTICE�� DEVELOPERS
SHOULD� TRY� TO� OPTIMISE� A� COMPLEX� �AND� USUALLY� IMPLICIT	� BALANCE� BETWEEN� REQUIRE
MENTS�AND�COSTS�

4HEREFORE��IT�APPEARS�APPROPRIATE�TO�EVALUATE�THE�QUALITY�OF�A�SYSTEM�ON�THE�BASIS�OF
REQUIREMENTS�SATISFACTION�AND�COSTS�;6AN�3INDEREN������=��4HIS�IS� INDEED�A�COMMON
APPROACH�� &OR� EXAMPLE�� ACCORDING� TO� THE� )3/� ;����B=� QUALITY� IS� CONFORMANCE� TO
SPECIFIED�AND�ëSELFEVIDENTì�REQUIREMENTS��+ERKLAAN�AND�+NAAPEN�;������P�����=�DE
FINE�QUALITY�AS�ëTHE�EXTENT�TO�WHICH�A�PRODUCT�OR�SERVICE�CONFORMS�TO�CUSTOMER�EX
PECTATIONS�;���=�AGAINST�MINIMAL�COSTSì�

!LTHOUGH�SUCH�QUALITY�CRITERIA�CAN�BE�HIGHLY�USEFUL�WHEN�EVALUATING�A�PARTICULAR�SYS
TEM��THEY�ARE�OF� LESS�USE�AS�GENERIC�QUALITY�CRITERIA� THAT� SHOULD�BE�APPLICABLE� TO� THE
WIDE� RANGE� OF� STRUCTURES� CONSIDERED� IN� THIS� THESIS� �WHICH� INCLUDE� SYSTEMS� DEVELOP
MENT� PROCESSES�� BUSINESS� PROCESSES�� AND� DESIGNS� THEREOF	�� 4HIS� IS� BECAUSE� REQUIRE
MENTS�AND�COST�CONSTRAINTS�MAY�VARY�ENORMOUSLY�OVER�DIFFERENT�STRUCTURES��-OREOVER�
IT� IS� OFTEN�NOT� POSSIBLE� TO� EVALUATE� HOW�WELL� A� STRUCTURE� SATISFIES� REQUIREMENTS� AND
COST�CONSTRAINTS��&OR�EXAMPLE��A�DESIGN�SPECIFIES�A�LARGE�CLASS�OF�IMPLEMENTATIONS��THE
REQUIREMENTS�SATISFACTION�AND�COSTS�OF�THE�VARIOUS�IMPLEMENTATIONS�ARE�USUALLY�DIFFER
ENT��4O�KEEP�THE�QUALITY�CRITERIA�APPLICABLE�TO�ALL�OF� THESE�STRUCTURES��WE�NEED�MORE
GENERAL� CRITERIA� THAT� CONCERN� THE� CONCEPTUAL� INTEGRITY� OF� A� STRUCTURE�� #LEANLINESS� IS
SUCH�A�CRITERION�

"LAAUW���"ROOKS�;����=�DEFINE�A�CLEAN�ARCHITECTURE�AS�ONE�THAT�IS�STRAIGHTFORWARD�TO
USE��!�CLEAN�ARCHITECTURE�PRESENTS�ITS�FUNCTIONS�TO�THE�USER�IN�A�COMPREHENSIBLE�MAN
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NER��'ENERALISING�THIS��A�CLEAN�STRUCTURE�IS�ONE�THAT�IS�CONCEIVED�OR�REPRESENTED�IN�A
STRAIGHTFORWARD�MANNER�AND�THAT�IS�THEREBY��AS	�EASY��AS�POSSIBLE	�TO�UNDERSTAND�

4HE�CLEANLINESS�CRITERIA�PRESENTED�IN�SECTIONS�������TO�������ARE�BASICALLY�AESTHETIC�CRI
TERIA��4HEREFORE��THEY�ARE�TO�SOME�EXTENT�SUBJECTIVE��NOT�ALWAYS�PRECISE��AND�IN�APPLI
CATION�SOMETIMES�EVEN�CONTRADICTIVE��.EVERTHELESS��THEY�CAN�BE�VERY�USEFUL�IN�EVALU
ATING� STRUCTURES�� "LAAUW��� "ROOKS� ;����=� EVEN� ARGUE� THAT� ëGOOD� AESTHETICS� YIELD
GOOD�ECONOMICSì�AND�6AN�3INDEREN�;����=�AND�2OMAN�;����=�STRESS�THE�IMPORTANCE
OF�CLEANLINESS�IN�MEETING�THE�REQUIREMENTS�OF�VARIOUS�TYPES�OF�SYSTEM�USERS��7E�CON
CLUDE�THAT�A�CLEAN�STRUCTURE�IS�NOT�ONLY�A�GOAL�IN�ITSELF��BUT�ALSO�PROVIDES�INSIGHT�THAT
MAKES�IT�FAR�EASIER�TO�SATISFY�REQUIREMENTS�AND�COST�CONSTRAINTS�

4HE�CLEANLINESS�CRITERIA�PRESENTED�HERE�HAVE��IN�DIFFERENT�FORMS��ALREADY�BEEN�APPLIED
TO�VARIOUS� TYPES� OF� STRUCTURES�� &OR� EXAMPLE�� IN� ;"LAAUW���"ROOKS�� ����=� THEY� ARE
USED�AS�PRINCIPLES�FOR�GOOD�COMPUTER�ARCHITECTURES��IN�;6ISSERS�ET�AL�������=�THEY�ARE
USED�AS�CRITERIA�FOR�THE�EVALUATION�OF�SPECIFICATION�STYLES��SEE�CHAPTER��	��AND�IN�;6AN
3INDEREN������=�THEY�ARE�USED�AS�CRITERIA�FOR�THE�EVALUATION�OF�APPLICATION�PROTOCOLS�
2OMAN�;����=�DESCRIBES�SOME�QUALITY�CRITERIA�FOR�USER�REQUIREMENTS��!URAM¤KI�ET�AL�
;����=�DESCRIBE�SOME�QUALITY�CRITERIA�FOR�OFFICE�INFORMATION�SYSTEM�MODELS�

������ #ONSISTENCY

!�CONSISTENT�SYSTEM�POSSESSES�A�REGULARITY�THAT�ENABLES�THE�CONCEIVER�TO�ANTICIPATE�AS
PECTS�OF�THE�SYSTEM�ONCE�OTHER�ASPECTS�ARE�KNOWN��!�CONSISTENT�SYSTEM�THUS�CONFIRMS
�AND� THEREBY� ENCOURAGES	� EXPECTATIONS� TIME� AND� TIME� AGAIN� WHEN� IT� IS� BEING� CON
CEIVED��!�DEVELOPER�SHOULD�PURSUE�CONSISTENCY�BY�NOT�MAKING�DEVELOPMENT�DECISIONS
THAT�CONFLICT�WITH�EARLIER�ONES�

!N� EXAMPLE� OF� INCONSISTENCY� IS� FORMED� BY� THE� DIFFERENT� ADMINISTRATIVE� CODING
SCHEMES� FOR� OBJECTS�� SUCH� AS� CLIENTS� AND� PRODUCTS�� IN� MANY� LARGE� ORGANISATIONS�
!UTONOMY�OF� THE�DIFFERENT�ORGANISATIONAL�UNITS�HAS� LED� TO�EACH�OF� THEM�DEVELOPING
THEIR�OWN�CODING�SCHEMES��!S�LONG�AS�THESE�UNITS�EXCHANGE�LITTLE�INFORMATION��THIS�IS
NOT�A�GREAT�PROBLEM��(OWEVER�� IF�� FOR� EXAMPLE�� CLIENT� AND�ORDER� INFORMATION� FROM
THE� SALES� DEPARTMENT�� THE� MARKETING� DEPARTMENT�� AND� THE� ACCOUNTING� DEPARTMENT
HAVE�TO�BE�COMBINED�FOR�A�PROMOTION�CAMPAIGN��THE�INCONSISTENCIES�QUICKLY�BECOME
APPARENT�� )N�ORDER� TO� ENFORCE� A�MORE� CONSISTENT� INFORMATION� STORAGE� AND�PRESENTA
TION�� MANY� COMPANIES� HAVE� INTRODUCED� SOCALLED� ENTERPRISE� DATA� MODELS� �SEE� E�G�
;(ENNESSY�ET�AL�������=	�

������ /RTHOGONALITY

/RTHOGONALITY�MEANS� THAT� INDEPENDENT�ASPECTS�OF�A� SYSTEM�ARE�KEPT� SEPARATE�� )T� AL
LOWS�FOR�THE�SEPARATE�CONCEPTION�OF�THE�INDEPENDENT�ASPECTS��THEREBY�SIMPLIFYING�THE
UNDERSTANDING� OF� THE� SYSTEM� AS� A� WHOLE�� )T� ALSO� SUPPORTS� MAINTAINABILITY�� SINCE
CHANGES�MADE�TO�ONE�ASPECT�DO�NOT�AFFECT�OTHER�ASPECTS�� )N�A�DEVELOPMENT�PROCESS�
THE�PURSUIT�OF�ORTHOGONALITY�REQUIRES�SEPARATION�OF�DEVELOPMENT�CONCERNS��4HE�COM
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PLEMENT�OF�ORTHOGONALITY��WHICH�SAYS�THAT�RELATED�ASPECTS�SHOULD�NOT�BE�SEPARATED��IS
ALSO�A�QUALITY�CRITERION�

4HE� IMPORTANCE�OF�ORTHOGONALITY�CAN�BE� ILLUSTRATED�BY� THE�PROBLEMS� FACED�BY� SOME
ORGANISATIONS�THAT�CARRY�OUT�LEGAL�PROCEDURES��SUCH�AS�PENSION�FUNDS�OR�SOCIAL�SECURITY
INSTITUTIONS�� )N� ORDER� TO� IMPROVE� THEIR� SERVICES��MANY�OF� THESE� ORGANISATIONS� TRY� TO
ORGANISE�THEIR�BUSINESS�PROCESSES�IN�BUSINESS�UNITS�THAT�EACH�PROVIDE�ALL�SERVICES�TO�A
PARTICULAR�GROUP�OF�CLIENTS��4HIS� SHOULD�BE�BENEFICIAL� FOR� THE�CLIENTS�� SINCE� THEY�CAN
OBTAIN�ALL�SERVICES�FROM�A�SINGLE�ACCESS�POINT��5NFORTUNATELY��BUSINESS�PROCESSES�STRUC
TURED�IN�THIS�WAY�ARE�HARD�TO�MAINTAIN��3INCE�EVERY�BUSINESS�UNIT�CARRIES�OUT�A�LARGE
AMOUNT�OF�LEGAL�PROCEDURES��A�CHANGE�IN�ONE�LEGAL�PROCEDURE��OFTEN�IMPOSED�BY�THE
GOVERNMENT	�USUALLY�REQUIRES�CHANGES�IN�MANY�BUSINESS�UNITS��WHICH�IS�EXPENSIVE�AND
HARD� TO� ACCOMPLISH�� 4HE� BUSINESS� UNITS� ARE� THUS� NOT� ORTHOGONAL� WITH� RESPECT� TO
CHANGES� IN� LEGAL�PROCEDURES��!�DIFFERENT�STRUCTURE�� IN�WHICH�EACH� LEGAL�PROCEDURE� IS
CARRIED�OUT�BY�A�SINGLE�BUSINESS�UNIT�IS�FAR�EASIER�TO�MAINTAIN�

3INCE�THE�RELATED�ELEMENTS�OF�A�SYSTEM�FORM�A�UNIFIED�WHOLE�� IT� IS�NEVER�POSSIBLE� TO
DECOMPOSE�A�SYSTEM�INTO�ASPECTS�THAT�ARE�FULLY�INDEPENDENT�WITH�RESPECT�TO�ALL�RELA
TIONS��&OR�EXAMPLE��THE�BUSINESS�UNITS�THAT�EACH�CARRY�OUT�A�THEIR�OWN�DISTINCT�SET�OF
LEGAL�PROCEDURES�MAY�BE�MUTUALLY�INDEPENDENT�WITH�RESPECT�TO�CHANGES�IN�THESE�PRO
CEDURES��BUT�THEY�SHARE�THE�SAME�CUSTOMERS�

4HE�CRITERION�OF�LOOSE�COUPLING�IS�A�CRITERION�OF�PRACTICAL�IMPORTANCE�THAT�IS�MORE�RE
LAXED�THAN�ORTHOGONALITY��!�STRUCTURE�CONSISTS�OF�LOOSELY�COUPLED�CATEGORIES�IF�THE�RE
LATIONS�BETWEEN�ELEMENTS�IN�DIFFERENT�CATEGORIES�ARE�WEAK�AND�THE�RELATIONS�BETWEEN
ELEMENTS�IN�THE�SAME�CATEGORY�ARE�STRONG��!�STRUCTURE�WHOSE�ELEMENTS�CAN�BE�CATEGO
RISED�IN�LOOSELY�COUPLED�CATEGORIES�IS�CALLED�NEARDECOMPOSABLE�;3IMON������=�

)N�A�SYSTEM�OF�LOOSELY�COUPLED�PARTS��EACH�PART�MAY�OPERATE� LARGELY� INDEPENDENT�OF
OTHER�PARTS��SINCE�ONLY�THE�INTERACTIONS�OF�THE�PARTS�ARE�RELEVANT�FOR�THE�SYSTEM�AS�A
WHOLE��4HE�INTERNAL�ASPECTS�OF�A�PART�ARE�THUS�HIDDEN�FROM�ITS�ENVIRONMENT��A�QUALITY
THAT�IS�CALLED�ENCAPSULATION��%NCAPSULATION�WAS�FIRST�DESCRIBED�AS�AN�IMPORTANT�CRITE
RION� IN� SOFTWARE� ENGINEERING� IN� ;0ARNAS������=� AND�HAS� BECOME� A� KEY�PARADIGM�OF
OBJECTORIENTED�SYSTEMS�DEVELOPMENT�;"OOCH������=�

������ 0ROPRIETY

!�SYSTEM�IS�PROPER�TO�ITS�PURPOSE�WHEN��	�ALL�OF�ITS�ASPECTS�ARE�RELEVANT�TO�THIS�PUR
POSE�AND��	�ALL�ASPECTS�RELEVANT�TO�THE�PURPOSE�ARE�INCLUDED�IN�THE�SYSTEM�

0ROPRIETY� IMPLIES� PARSIMONY�� ASPECTS� NOT� RELEVANT� TO� THE� PURPOSE� OF� THE� SYSTEM
SHOULD�NOT�BE�INCLUDED��4HIS�EASES�THE�UNDERSTANDING�OF�A�SYSTEM��SINCE�SUPERFLUOUS
ASPECTS�NEED�NOT�BE�COMPREHENDED��0ROPRIETY�ALSO� IMPLIES�COMPLETENESS��ALL�ASPECTS
RELEVANT�TO�THE�PURPOSE�SHOULD�BE�INCLUDED�IN�THE�SYSTEM�

,ACK� OF� PARSIMONY� IS� AN� IMPORTANT� REASON� WHY� MANY� LARGE� COMPANIES� CARRY� OUT
ëDOWNSIZINGì�OPERATIONS��THE�SHEDDING�OF�BUSINESS�FUNCTIONS��3UCH�COMPANIES�REALISE
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THEY�SUFFER�FROM�AT�LEAST�TWO�ASPECTS�OF�COMPLEXITY��A�LARGE�AMOUNT�AND�A�LARGE�VARI
ETY�OF�BUSINESS� FUNCTIONS� ;"EINHOCKER�� ����=��4HIS�MAKES� THESE� COMPANIES� HARD� TO
MANAGE��!S� A� PART� OF� THEIR� RESTRUCTURING�PROCESS�� THEY� SHED� SOME� OF� THEIR� BUSINESS
FUNCTIONS��!N�IMPORTANT�CRITERION�FOR�KEEPING�OR�SHEDDING�BUSINESS�FUNCTIONS�IS�THEIR
CONTRIBUTION�TO�THE�COMPANYèS�CORE�COMPETENCE��THE�PROCESSES�THE�COMPANY�WANTS�TO
BE�GOOD�AT��4HE�CORE�COMPETENCE�IS�THUS�THE�PROPRIETY�CRITERION�;#OYNE�ET�AL�������=�

#OMPLETENESS� IS� AN� IMPORTANT� REASON�WHY�MANY� COMPANIES� THAT� PURSUE� THEIR� CORE
COMPETENCE�NOT�ONLY�SHED�BUSINESS� FUNCTIONS��BUT�ALSO�ACQUIRE�OTHER�COMPANIES��OR
COOPERATE�WITH�THEM��&OR�EXAMPLE��MANY�TELECOMMUNICATIONS�AND�AIRLINE�COMPANIES
NOWADAYS�WORK�WITH�OTHER�COMPANIES�FROM�THE�SAME�SECTOR�IN�ORDER�TO�PROVIDE�CUS
TOMERS� WITH� AN� AS� LARGE� AS� POSSIBLE� COVERAGE� AND� AN� AS� GOOD� AS� POSSIBLE� SERVICE
;#OYNE�ET�AL�������=�

������ 'ENERALITY

!�SYSTEM�IS�GENERAL�WHEN�IT�CAN�BE�USED�FOR�MANY�PURPOSES��'ENERALITY�EASES�THE�UN
DERSTANDING�OF�A�SYSTEM��SINCE�IT�SEPARATES�THE�INHERENT�PROPERTIES�OF�AN�ASPECT�FROM
THE�DIFFERENT�WAYS�IT�CAN�BE�USED��'ENERALITY�ALSO�RESULTS�IN�CONCISENESS��WHICH�FURTHER
ENHANCES�COMPREHENSIBILITY�� SINCE�A�REPRESENTATION�OF�DIFFERENT� INSTANCES�OF� THE� SYS
TEM� ONLY� REQUIRES� THE� REPRESENTATION� OF� THE� PROPERTIES� SPECIFIC� TO� EACH� OF� THE� IN
STANCES��&INALLY��GENERALITY�SUPPORTS�FLEXIBILITY�AND�ADAPTABILITY��SINCE�IT�ALLOWS�SYSTEMS
TO�BE�USED�IN�DIFFERENT�CIRCUMSTANCES�

4HE�SOCALLED�ëYEAR������PROBLEMì�IS�AN�ILLUSTRATION�OF�THE�IMPORTANCE�OF�GENERALITY�
)N�THE�PAST�COMPUTER�PROGRAMMERS�OFTEN�USED�TWO�DIGITS�TO�ENCODE�YEARS��USING�THE
YEAR������AS�AN�OFFSET��4HIS�ENCODING�WORKS�FINE�IN�THE�����èS��BUT�DOES�NOT�ALLOW
THE� REPRESENTATION�OF� THE� YEARS� ����� AND�BEYOND��4HE� ADAPTATION� REQUIRED�DUE� TO
THIS�LACK�OF�GENERALITY�IS�ESTIMATED�TO�COST�THE�53�$EPARTMENT�OF�$EFENCE�ALONE�BE
TWEEN������MILLION�AND����BILLION�;(ORN������=�

7E�DISTINGUISH�BETWEEN�TWO�TYPES�OF�GENERALITY���7E�SPEAK�OF�STATIC�GENERALITY�WHEN
AN�ASPECT�OF�A�SYSTEM�CAN�BE�USED�FOR�MULTIPLE�PURPOSES�IN�THE�SAME�SYSTEM��!N�EX
AMPLE�IS�FORMED�BY�PROCEDURES�IN�A�COMPUTER�PROGRAM��WHICH�CAN�BE�CALLED�AT�DIFFER
ENT� PLACES� IN� THE� PROGRAM�� POSSIBLY� WITH� DIFFERENT� VALUES�� 3TATIC� GENERALITY� AIDS� IN
MAKING�A�SYSTEM�CONCISE�

7E�SPEAK�OF�DYNAMIC�GENERALITY�WHEN�AN�ASPECT�OF�A�SYSTEM�CAN�BE�USED�FOR�PURPOSES
FOR�WHICH�IT�IS�NOT�USED�IN�THIS�SYSTEM��4WO�TYPES�OF�DYNAMIC�GENERALITY�MAY�BE�DIS
TINGUISHED��2EUSABILITY�IS�THE�PROPERTY�OF�AN�ASPECT�OF�A�SYSTEM�TO�BE�USEABLE�IN�OTHER
SYSTEMS��2EUSABILITY�OBVIOUSLY�AIDS� IN�REDUCING� THE�COSTS�OF�DEVELOPMENT�PROCESSES
AND� IS� SEEN� AS� AN� IMPORTANT� FACTOR� IN� REDUCING� THE� COSTS� OF� SOFTWARE� ENGINEERING

�������������������������������������������

� 4HIS� DISTINCTION� IS� INSPIRED� BY� 0IRSIG� ;����=��WHO�DISTINGUISHES� BETWEEN� STATIC� AND�DY
NAMIC�QUALITY�
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;7IRFS"ROCK�ET�AL�������=��/PENENDEDNESS�IS�THE�PROPERTY�OF�AN�ASPECT�OF�A�SYSTEM
TO�BE�USEABLE�FOR�NEW�PURPOSES�IN�THE�SAME�SYSTEM��7HEN�AN�OPENENDED�SYSTEM�IS
EXTENDED�WITH�EXTRA�ASPECTS��NO�MODIFICATIONS�ARE�REQUIRED�TO�THE�EXISTING�ASPECTS�OF
THE�SYSTEM��/PENENDEDNESS�THUS�EASES�ADAPTABILITY�

���� 2OLE�OF�STRUCTURING�IN�DEVELOPMENT�PROCESSES

������ 3TRUCTURING�AS�ARCHITECTING

!�SYSTEM�DEVELOPMENT�PROCESS�CAN�BE�VIEWED�AS�A�PROCESS�IN�WHICH�INCREASINGLY�MORE
FUNCTIONALITY�AND�STRUCTURE�IS�INTRODUCED�IN�A�DESIGN�OF�THIS�SYSTEM��UNTIL�IT�CAN�FINALLY
BE�IMPLEMENTED��/NCE�A�CERTAIN�STRUCTURE�HAS�BEEN�INTRODUCED��IT�IS�BENEFICIAL�TO�PRE
SERVE� THIS� STRUCTURE�WHEN� THE�DESIGN� IS� FURTHER� REFINED��4HIS�HAS� THE� FOLLOWING� REA
SONS�

• )F� THE� ORIGINAL� STRUCTURE� IS� NOT� PRESERVED�� AN� ALTERNATIVE� STRUCTURE� HAS� TO� BE� DE
SIGNED��4HIS�REQUIRES�EXTRA�TIME�AND�EFFORT�

• )F� THE�REFINED�DESIGN�HAS�A�STRUCTURE�THAT�DEVIATES�MUCH�FROM�THE�ORIGINAL� STRUC
TURE�� IT� BECOMES�MORE�DIFFICULT� TO� UNDERSTAND� THE� RELATION� BETWEEN� THE� ORIGINAL
DESIGN� AND� THE� REFINED� DESIGN�� 4HIS� COMPLICATES�� FOR� EXAMPLE�� THE� VERIFICATION
WHETHER�THE�REFINED�DESIGN�IS�A�CORRECT�IMPLEMENTATION�OF�THE�ORIGINAL�DESIGN�

4HIS�PRINCIPLE�OF� STRUCTURE�PRESERVATION� IMPLIES� THAT� THE� FIRST�DEVELOPMENT�DECISIONS
ARE� THE�MOST� IMPORTANT� FOR� THE�STRUCTURE�OF�A� SYSTEM�� THESE� FIRST�DEVELOPMENT�DECI
SIONS�DETERMINE�THE�STRUCTURE�OF�THE�ENTIRE�SYSTEM��WHEREAS� LATER�DEVELOPMENT�DECI
SIONS�ONLY�HAVE�AN�IMPACT�ON�ELEMENTS�WITHIN�THIS�STRUCTURE��4HE�MORE�DEVELOPMENT
DECISIONS�HAVE�BEEN�TAKEN��THE�LESS�THEIR�IMPACT�IS�ON�THE�STRUCTURE�OF�THE�WHOLE�

4HIS�IS�WHY�ëTHEì�STRUCTURE�OF�A�SYSTEM�IS�USUALLY�UNDERSTOOD�TO�BE�THE�MAIN�STRUCTURE
OF� THE� SYSTEM� AND�NOT� THE�WAY� IN�WHICH� ALL� OF� ITS� DETAILED� ELEMENTS� RELATE� TO� EACH
OTHER��&OR�EXAMPLE��WHEN�ONE�REFERS�TO�THE�STRUCTURE�OF�A�BUILDING��ONE�REFERS�TO�THE
WAY�IN�WHICH�THE�BUILDING�IS�SUBDIVIDED�INTO��E�G���APARTMENTS�AND�ROOMS��AND�THE
WAYS�IN�WHICH�THESE�ARE�RELATED��E�G���BY�PASSAGES��STAIRCASES��AND�ELEVATORS��/NE�DOES
USUALLY�NOT�REFER�TO�THE�WAY�IN�WHICH�A�SINGLE�ROOM�IS�FURNISHED��ALTHOUGH�THIS�CAN�
STRICTLY�SPOKEN��BE�CONSIDERED�AS�STRUCTURE�AS�WELL�

)N�THIS�THESIS�WE�ALSO�USE�THE�TERM�STRUCTURE�TO�REFER�TO�THE�MAIN�OR�UNDERLYING�STRUC
TURE�OF�SYSTEMS��2ECHTIN�;������P����=�DEFINES�ARCHITECTURE�AS�ëTHE�UNDERLYING�STRUC
TURE�OF�THINGSì���/UR�APPROACH�TO�SYSTEMS�DEVELOPMENT��IN�WHICH�WE�EMPHASISE�THE

�������������������������������������������

� $IFFERENT� INTERPRETATIONS� OF� THE� TERM� ëARCHITECTUREì� EXIST�� &OR� EXAMPLE�� "LAAUW� �
"ROOKS�;������P���=�DEFINE�THE�ARCHITECTURE�OF�A�SYSTEM�AS�ëTHE�FUNCTIONAL�APPEARANCE�OF
THE�SYSTEM�TO�ITS�IMMEDIATE�USERì��"LAAUW���"ROOKS�THUS�USE�THE�TERM�TO�REFER�TO�A�SPE
CIFIC�STRUCTURE��THE�STRUCTURE�OF�THE�SYSTEM�AS�OBSERVED�BY�THE�USER�
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STRUCTURING�OF�SYSTEMS��CAN�ALSO�BE�CHARACTERISED�AS�AN�ARCHITECTURAL�APPROACH��)N�OR
DER�TO�EMPHASISE�THIS��WE�SOMETIMES�USE�THE�TERM�ARCHITECTURAL�STRUCTURING�

������ 3TRUCTURING�IN�THIS�THESIS

!RCHITECTURAL�CONCEPTS

4HE� BASIC� ARCHITECTURAL� CONCEPTS�MODEL� ELEMENTARY� AND� COMMON� CHARACTERISTICS� OF
SYSTEM�IMPLEMENTATIONS��4HESE�CONCEPTS��TOGETHER�WITH�THEIR�COMBINATION�RULES��DE
TERMINE� THE� SET� OF�MODELS� THAT� CAN� BE� DEVELOPED��4HE� BASIC� ARCHITECTURAL� CONCEPTS
THUS� ALSO� DETERMINE� WHICH� STRUCTURES� CAN� BE� CONCEIVED� AND� REPRESENTED� AND� ARE
THEREFORE�THE�BASIS�OF�THE�STRUCTURING�OF�SYSTEMS�UNDER�DEVELOPMENT�

4HEREFORE��THE�BASIC�ARCHITECTURAL�CONCEPTS�MUST�SATISFY�THE�QUALITY�CRITERIA�SET�OUT�IN
SECTION������!� CLEAN� SET�OF� BASIC� ARCHITECTURAL� CONCEPTS� �CALLED� A� ëDESIGN�MODELì� IN
;6AN�3INDEREN�ET�AL�������=	�SHOULD�COMPRISE�A�MINIMAL�NUMBER�OF�GENERIC�AND�OR
THOGONAL�ARCHITECTURAL�CONCEPTS�THAT�COVER�THE�ENTIRE�DOMAIN�OF�SYSTEMS�ONE�AIMS�AT�
THUS�ENABLING�THE�DEVELOPMENT�OF�STRUCTURES�THAT�PROVIDE�MAXIMAL�INSIGHT�

(ORIZONTAL�AND�VERTICAL�STRUCTURING�OF�THE�DEVELOPMENT�PROCESS

'IVEN� A� SYSTEM� THAT� CONSISTS� OF� A� HIERARCHY� OF� SUBSYSTEMS�� 3IMON� ;����=� DEFINES
HORIZONTAL�SEPARATION�AS� THE�SEGREGATION�OF� SUBSYSTEMS�AT� THE�SAME�HIERARCHIC� LEVEL
AND�VERTICAL�SEPARATION�AS�THE�SEGREGATION�OF�DIFFERENT�HIERARCHIC�LEVELS�

!FTER�3IMON��WE�TERM�THE�STRUCTURING�OF�A�SINGLE�MODEL��IN�WHICH�DIFFERENT�ASPECTS�OF
THE�SYSTEM�AT�THE�SAME�ABSTRACTION�LEVEL�ARE�SEPARATED��HORIZONTAL�STRUCTURING�OF� THE
DEVELOPMENT�PROCESS��4HE�MODELLING�STYLES�PRESENTED�IN�THIS�THESIS�ARE�THUS�STRUCTUR
ING�TECHNIQUES�FOR�HORIZONTAL�STRUCTURING�

7E�TERM�THE�STRUCTURING�OF�A�DEVELOPMENT�PROCESS�IN�TERMS�OF�RELATED�MODELS�MADE�AT
DISTINCT�ABSTRACTION�LEVELS�VERTICAL�STRUCTURING��4HE�ABSTRACTION�LEVELS�PRESENTED�IN�THIS
THESIS�ARE�THUS�STRUCTURING�TECHNIQUES�FOR�VERTICAL�STRUCTURING�

$EVELOPMENT�STRATEGIES

4HE�COMBINATION�OF�HORIZONTAL�AND�VERTICAL�STRUCTURING�LEADS�TO�THE�STRUCTURING�OF�A
DEVELOPMENT� PROCESS� AS� REPRESENTED� IN� &IGURE� ���� �SEE� ALSO� ;%SSINK�� ����=	�� %ACH
SQUARE� IN�THE�FIGURE�REPRESENTS�A�GROUP�OF�ONE�OR�MORE�DEVELOPMENT�DECISIONS� THAT
REGARD�ONE�ASPECT�OF�THE�SYSTEM�AT�ONE�ABSTRACTION�LEVEL�

$URING� A� DEVELOPMENT� PROCESS� THESE� DEVELOPMENT� DECISIONS� HAVE� TO� BE� TAKEN� IN� A
PARTICULAR�ORDER��!�DEVELOPMENT�STRATEGY�PRESCRIBES�THIS�ORDER�



����3TRUCTURING��

���
ABSTRACTION
LEVEL

ASPECT

N

� � M

��

�

�

&IGURE�������#OMBINATION�OF�HORIZONTAL�AND�VERTICAL�STRUCTURING��%ACH�SQUARE
REPRESENT�ONE�OR�MORE�DEVELOPMENT�DECISIONS�THAT�REGARD�ONE�ASPECT�AT

ONE�ABSTRACTION�LEVEL�

���� #ONCLUSIONS

!LTHOUGH�THE� IMPORTANCE�OF� STRUCTURING� IN� SYSTEM�DEVELOPMENT� IS� ACKNOWLEDGED� IN
THE� LITERATURE�� IT� APPEARS� THAT� THE� ROLE� OF� STRUCTURING� TECHNIQUES� IN� THE� CONTROL� OF
COMPLEXITY�HAS�BEEN�POORLY�ADDRESSED��/UR�ANALYSIS�OF�COMPLEXITY�LED�TO�THE�IDENTI
FICATION�OF�THREE�IMPORTANT�ASPECTS�OF�COMPLEXITY��VARIETY�OF�ELEMENTS��VARIETY�OF�RELA
TIONS�� AND�MANYNESS��7E� SHOWED�HOW� THE� FOLLOWING�GENERAL� STRUCTURING� TECHNIQUES
AID� IN� THE� CONTROL� OF� THESE� ASPECTS� OF� COMPLEXITY�� CATEGORISATION� AND� INDIVIDUALISA
TION��ABSTRACTION�AND�REFINEMENT��AND�THE�FORMS�OF�ABSTRACTION�AND�REFINEMENT��COM
POSITION�AND�DECOMPOSITION��AND�GENERALISATION�AND�SPECIALISATION�

3INCE�THE�APPLICATION�OF�STRUCTURING�TECHNIQUES�DOES�NOT�GUARANTEE�THE�DEVELOPMENT
OF�HIGH�QUALITY�STRUCTURES��WE�PRESENTED�SOME�QUALITY�CRITERIA�FOR�STRUCTURES�

)N�ORDER�TO�CLARIFY�THE�ROLE�OF�THE�STRUCTURING�TECHNIQUES�FOR�DISTRIBUTED�SYSTEMS�DIS
CUSSED�IN�THIS�THESIS��WE�DISCUSSED�THE�ROLE�OF�STRUCTURING�IN�SYSTEM�DEVELOPMENT��AND
INTRODUCED� THE� STRUCTURING� TECHNIQUES� FOR� DISTRIBUTED� SYSTEMS� IN� TERMS� OF� THE� DIS
CUSSED�GENERAL�STRUCTURING�TECHNIQUES�



���� )NTRODUCTION

������ -OTIVATION

4HIS�CHAPTER�INTRODUCES�BASIC�ARCHITECTURAL�CONCEPTS�AND�THEIR�COMBINATION�RULES��!R
CHITECTURAL�CONCEPTS�ARE�ABSTRACTIONS�OF�SYSTEM�ELEMENTS�AND�MODEL�REQUIRED�CHARAC
TERISTICS�OF�SYSTEMS��4HEY�ARE�THE�BUILDING�BLOCKS�AVAILABLE�TO�DEVELOPERS�FOR�MODEL
LING�SYSTEMS��4HE�BASIC�ARCHITECTURAL�CONCEPTS� FORM�THE�ELEMENTARY�BUILDING�BLOCKS�
4HE� CHOICE� OF� BASIC� ARCHITECTURAL� CONCEPTS� THUS� DETERMINES� THE� SYSTEM�MODELS� THAT
CAN�BE�DEVELOPED��3INCE�A�MODEL�OF�A�SYSTEM�UNDER�DESIGN�SERVES�AS�A�PRESCRIPTION�FOR
THE� IMPLEMENTATION� OF� THIS� SYSTEM�� THE� BASIC� ARCHITECTURAL� CONCEPTS� ALSO� DETERMINE
THE�SYSTEM�IMPLEMENTATIONS�THAT�CAN�BE�DESIGNED�

3YNONYMS�OF�ëBASIC�ARCHITECTURAL�CONCEPTì�ARE�ëBASIC�DESIGN�CONCEPTì�;&ERREIRA�0IRES�
����=�AND�ëDESIGN�CONSTRUCTì�;7AND���7EBER������=��4HE�COMPLETE�SET�OF�BASIC�AR
CHITECTURAL�CONCEPTS�AND�THEIR�COMBINATION�RULES�OFFERED�BY�A�DEVELOPMENT�METHOD�IS
SOMETIMES� CALLED� AN� ëARCHITECTURAL� MODELì� OR� A� ëDESIGN� MODELì� ;&ERREIRA� 0IRES�
����=�

������ 3TRUCTURE

3ECTION� ���� INTRODUCES� ENTITIES�� WHICH� ARE� CARRIERS� OF� BEHAVIOUR�� AND� SOME� RELATED
CONCEPTS�� 4HE� REMAINING� SECTIONS� INTRODUCE� CONCEPTS� FOR� THE� MODELLING� OF� BEHAV
IOURS��WHICH�ARE� SETS�OF� RELATED�ACTIONS��3ECTION����� INTRODUCES�ACTIONS��3ECTION����
DISCUSSES� THE� RELATIONS� BETWEEN� TWO� ACTIONS�� 3ECTION�����DISCUSSES� THE� RELATIONS� BE
TWEEN�MULTIPLE�ACTIONS��3ECTION������FINALLY��DISCUSSES�THE�STRUCTURING�OF�BEHAVIOURS�AS
COMPOSITIONS�OF�SUBBEHAVIOURS�
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4HROUGHOUT� THE� SECTIONS� TWO�NOTATIONS� ARE�PRESENTED� FOR� THE� REPRESENTATION�OF� THE
INTRODUCED�CONCEPTS��A�GRAPHICAL�NOTATION�AND�A�TEXTUAL�NOTATION��3INCE�WE�CONCEN
TRATE�ON�THE�CONCEPTS�THEMSELVES��BOTH�NOTATIONS�ARE�INFORMAL�

4HIS� CHAPTER� ELABORATES�ON� ;&ERREIRA�0IRES������=��0ART�OF� THE�WORK� REPORTED�ON� IN
THIS�CHAPTER�WAS�CARRIED�OUT�TOGETHER�WITH�1UARTEL��3OME�OF�THE�RESULTS�OF�OUR�JOINT
WORK��ON�WHICH�SECTIONS�����AND������AND�A�PART�OF�SECTION�����ARE�BASED��HAVE�BEEN
PUBLISHED�AS�;&RANKEN�ET�AL�������A��CHAPTER��=��3OME�OF�THE�CONCEPTS�INTRODUCED�IN
THIS�CHAPTER�HAVE�BEEN�DESCRIBED�SPECIFICALLY�FOR�BUSINESS�PROCESSES�IN�;&RANKEN�ET�AL��
����B=�AND�;&RANKEN���$E�7EGER������=��!�FORMAL�SEMANTICS� FOR�THE�ARCHITECTURAL
CONCEPTS�INTRODUCED�IN�THIS�CHAPTER�IS�GIVEN�IN�;1UARTEL������=�

���� %NTITIES�AND��INTER	ACTION�POINTS

������ %NTITIES

!N�ENTITY� IS� A� CARRIER� OF� PROPERTIES�� 3OME� SYNONYMS�OF� ENTITY� ARE� ëOBJECTì�� ëUNITì�
AND�ëTHINGì�

!�STATUE�IS�AN�EXAMPLE�OF�AN�ENTITY��)T�IS�AN�ENTITY�MADE�OF�A�PARTICULAR�MATERIAL��IN�A
PARTICULAR�FORM��WITH�A�PARTICULAR�COLOUR��4HE�MATERIAL��THE�FORM��AND�THE�COLOUR�ARE
ALL�PROPERTIES�OF�THE�STATUE��!NOTHER�EXAMPLE�IS�THE�SALES�DEPARTMENT�OF�A�COMPANY�
!N�IMPORTANT�PROPERTY�OF�THIS�SALES�DEPARTMENT�IS�ITS�SALES�FUNCTION��7ITHOUT�PROPER
TIES�IT�WOULD�BE�MEANINGLESS�TO�TALK�ABOUT�A�STATUE�OR�A�SALES�DEPARTMENT�

4HIS�CHAPTER�ARGUES�THAT� THE�RELEVANT�PROPERTIES�OF�A�BUSINESS�PROCESS� �INCLUDING� ITS
PARTS��SUCH�AS�PEOPLE��MACHINES��AND�TELEMATICS�SYSTEMS	�CONSTITUTE�ITS�BEHAVIOUR��&OR
THE�PURPOSE�OF�THIS� THESIS�WE�THEREFORE�CONSIDER�AN�ENTITY�AS�A�CARRIER�OF�BEHAVIOUR�
!N�ENTITY�THUS�MODELS�A�LOGICAL�OR�PHYSICAL�SYSTEM�OR�SYSTEM�PART�THAT�CARRIES�OUT�BE
HAVIOUR�

4HE�ENTITY�CONCEPT�IS�IMPORTANT�IN�SYSTEMS�DEVELOPMENT��BECAUSE�THE�CONCEPT�MAKES
IT�POSSIBLE�TO�STRUCTURE�SYSTEMS�AND�THEIR�MODELS�AS�COMPOSITIONS�OF�ENTITIES��WHICH
FACILITATES� INSIGHT��&OR�EXAMPLE�� THE�ASSEMBLY�PROCESS�OF�CARS�CAN�BE�QUITE�COMPLEX�
SINCE�MANY�CARS�CAN�BE�PRESENT�ON�A�MULTITUDE�OF�ASSEMBLY�LINES��WHILE�DIFFERENT�PEO
PLE�PERFORM�DIFFERENT�OPERATIONS�ON�EACH�CAR��4HIS�PROCESS�CAN�BE�MADE�COMPREHEN
SIBLE�BY�STRUCTURING�IT��FOR�EXAMPLE��IN�WORK�GROUPS�THAT�EACH�CARRY�OUT�A�SMALL�PART
OF�ALL�OPERATIONS�EACH�CAR�UNDERGOES��ONE�WORK�GROUP�FOR�ASSEMBLING�THE�WHEELS��AN
OTHER�ONE�FOR�ASSEMBLING�THE�DOORS��ETC�

7HEN�DESIGNING�A�NEW�BUSINESS�PROCESS��STRUCTURING�IT�IN�TERMS�OF�ENTITIES�IS�ALSO�IM
PORTANT�BECAUSE�THE�DESIGN�SERVES�AS�A�PRESCRIPTION�FOR�IMPLEMENTATION��4HUS��IF�THE
ACTIVITIES�SPECIFIED�IN�A�DETAILED�DESIGN�ARE�TO�BE�CARRIED�OUT�BY��FOR�EXAMPLE��PEOPLE
OR�COMPUTERS��THE�DESIGN�SHOULD�BE�STRUCTURED�IN�TERMS�OF�SUCH�ENTITIES�
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������ )NTERACTION�POINTS

!N�ARTIFICIAL�SYSTEM�IS�DEVELOPED�TO�PERFORM�A�CERTAIN�FUNCTION�IN�ITS�ENVIRONMENT��)N
ORDER�TO�PERFORM�SUCH�A�FUNCTION�� THE�SYSTEM�SHOULD� INTERACT�WITH� ITS�ENVIRONMENT�
7E�CALL�A��LOGICAL�OR�PHYSICAL	�LOCATION�AT�WHICH�AN�ENTITY�CAN�INTERACT�WITH�ITS�ENVI
RONMENT� AN� INTERACTION� POINT�� !� SYNONYM� OF� ëINTERACTION� POINTì� IS� ëACCESS� POINTì
;6ISSERS�ET�AL�������=��3INCE�AN�INTERACTION�POINT�IS�A�CARRIER�OF�INTERACTIONS��IT�CAN�BE
VIEWED�AS�AN��ABSTRACT	�ENTITY�

4WO�OR�MORE�ENTITIES�CAN�ONLY�INTERACT�AT�THEIR�SHARED�INTERACTION�POINTS��4HEREFORE�
INTERACTION�POINTS�ALLOW�US�TO�MODEL�A�SYSTEM�IN�TERMS�OF�SOLELY�THE�LOCATIONS�WHERE
THE�ENVIRONMENT�CAN�INTERACT�WITH�THE�SYSTEM��THUS�SHIELDING�ALL�OTHER��INTERNAL	�LOCA
TIONS�AT�WHICH�ACTIVITIES�OF�THE�SYSTEM�TAKE�PLACE��(ENCE��AN�ENTITY�IS�DELIMITED�BY�ITS
INTERACTION�POINTS�

!�COMPUTER�USER��FOR�EXAMPLE��INTERACTS�WITH�THE�COMPUTER�VIA�THE�KEYBOARD��TYPING	�
THE�MOUSE��ROLLING�AND�CLICKING	�AND�THE�SCREEN��WATCHING	��BUT�HAS�NO�DIRECT�ACCESS
TO�THE�COMPUTERèS�PROCESSOR��!�CLIENT�OF�A�COMPANY�MAY�INTERACT�WITH�THE�COMPANY
AT�� FOR� EXAMPLE�� A� COUNTER� �E�G�� BUYING� A�PRODUCT	�� BUT� HAS� NO�DIRECT� ACCESS� TO� THE
CREDIT� ADMINISTRATION�� 4HE� LATTER� IS� UNDESIRABLE�� SINCE� IT� WOULD� ALLOW� CREDITORS� TO
WIPE�OUT�THEIR�DEBTS�

&IGURE����A�REPRESENTS�TWO�ENTITIES�WITH�THEIR�COMMON�INTERACTION�POINT��7E�REPRE
SENT�AN�ENTITY�AS�A�BLACK�RECTANGLE�WITH�ROUND�CORNERS��7E�REPRESENT�AN� INTERACTION
POINT�OF�A�NUMBER�OF�ENTITIES�AS�AN�OVAL�THAT�OVERLAPS�THE�REPRESENTATIONS�OF�THESE�EN
TITIES��&IGURE����B�GIVES�AN�ALTERNATIVE�REPRESENTATION�

ENTITY�� ENTITY��

INTERACTION�POINT

�A	

ENTITY�� ENTITY��

INTERACTION�POINT

�B	

&IGURE�������4WO�ENTITIES�AND�THEIR�INTERACTION�POINT�

������ %NTITY��DE	COMPOSITION

!N�ENTITY�MAY�CONSIST�OF�OTHER�� LOWERLEVEL��ENTITIES��"Y�ABSTRACTING� FROM�THE�DIFFER
ENCE�BETWEEN�THESE� LOWERLEVEL�ENTITIES�� THE�HIGHERLEVEL�ENTITY� IS�VIEWED�AS�AN� INTE
GRATED�WHOLE�� )N�TURN�� THE�HIGHERLEVEL�ENTITY�CAN� �OFTEN�REPEATEDLY	�BE�REFINED� INTO
LOWERLEVEL�ENTITIES�

7HEN�ONE� ABSTRACTS� FROM� THE�DIFFERENCE� BETWEEN� ENTITIES�� ONE�DOES� NOT� NECESSARILY
ABSTRACT�FROM�THEIR�INTERACTION�POINTS��)F�ONE�DOES�NOT�DO�SO��THE�RESULT�OF�THE�ABSTRAC
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TION� IS�AN�ENTITY�WITH�ONE�OR�MORE� INTERNAL� INTERACTION�POINTS��CALLED�ACTION�POINTS�
3EE�&IGURE������!N�ACTION�POINT�ALLOWS�ONE�TO�SPECIFY�WHERE�INTERNAL�ACTIVITIES�OF�AN
ENTITY�TAKE�PLACE��WITHOUT�SPECIFYING�WHICH�SUBENTITIES�ARE�INVOLVED��!N�EXAMPLE�OF
AN�INTERNAL�ACTION�POINT�IS�A�MEETING�ROOM�OF�A�COMPANY��IT� IS�A�LOCATION�IN�A�COM
PANY� AT� WHICH� INTERACTION� TAKES� PLACE� BETWEEN� SUBENTITIES� OF� THE� COMPANY�� )T� IS�
HOWEVER��NOT�NECESSARY� TO� SPECIFY�WHICH� SUBENTITIES� INTERACT� �E�G�� THE� BOARD�MEM
BERS��OR�THE�#%/�AND�HIS�SECRETARY	�

ENTITY

SUBENTITY�� SUBENTITY��

ENTITY

ABSTRACTION

INTERACTION�POINT
OF�SUBENTITIES

�INTERNAL	�ACTION
POINT�OF�ENTITY

&IGURE�������!BSTRACTION�FROM�DIFFERENCE�BETWEEN�ENTITIES��RESULTING�IN�HIGHER
LEVEL�ENTITY�WITH��INTERNAL	�ACTION�POINT�

7E�USE�THE�TERM�ACTION�POINT�AS�THE�GENERIC�TERM�FOR�BOTH�INTERACTION�POINTS�AND�IN
TERNAL�ACTION�POINTS�

���� !CTIONS�AND�INTERACTIONS

������ !CTIONS

!CTIONS�AS�ABSTRACTIONS�OF�ACTIVITIES

!N� ACTIVITY� IS� SOMETHING� IN� THE� REAL� WORLD� THAT� HAPPENS� �SYNONYMS�� OCCURS�� TAKES
PLACE�� IS�CARRIED�OUT	��%XAMPLES�OF�ACTIVITIES�ARE� THE�PLACEMENT�OF�AN�ORDER�� THE�AD
MINISTRATION�OF�AN�INSURANCE�CLAIM��AND�THE�WRITING�OF�A�THESIS�

!N�ACTION�IS�AN�ABSTRACTION�OF�AN�ACTIVITY�
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4HIS�DEFINITION�OF�AN�ACTION�DOES�NOT�TELL�WHICH�ASPECTS�OF�AN�ACTIVITY�ARE�IGNORED�IN
AN� ACTION�� AND� CONSEQUENTLY� IT� DOES�NOT� TELL�WHICH� ASPECTS� OF� AN� ACTIVITY� AN� ACTION
MODELS��/UR�CHOICE�OF�ASPECTS�OF�AN�ACTIVITY�THAT�ARE�IGNORED�BY�AN�ACTION�IS�BASED�ON
OUR� USE� OF� ABSTRACTION� LEVELS� IN� THE� DEVELOPMENT� PROCESS�� AT� EACH� LEVEL� WE�MODEL
WHAT�HAPPENS��INCLUDING�WHICH�ACTIONS�MAY�OCCUR	��WHEREAS�ONLY�AT�A�LOWER�ABSTRAC
TION� LEVEL�WE�MODEL�HOW� THIS� HAPPENS� �INCLUDING�HOW� EACH�HIGHERLEVEL� ACTION�OC
CURS��IN�TERMS�OF�ONE�OR�MORE�RELATED�LOWERLEVEL�ACTIONSSEE�BELOW	��4HUS��AN�AC
TION�MODELS�THE�CONTRIBUTION�OF�AN�ACTIVITY�TO�A�BEHAVIOUR��7E�TERM�THIS�CONTRIBUTION
THE�RESULT�OF�THE�ACTIVITY�

3UMMARISING��AN�ACTION�MODELS�THE�RESULT�OF�AN�ACTIVITY��7E�SAY�THAT�AN�ACTION�OCCURS
WHEN�THE�CORRESPONDING�ACTIVITY�DELIVERS�ITS�RESULT��3INCE�EVERY�ACTIVITY�IS�UNIQUE��AN
ACTION�MAY�OCCUR�ONLY�ONCE�

7E�GIVE�TWO�EXAMPLES�

• #ONSIDER�AN�ARTIST�THAT�CREATES�A�WORK�OF�ART�FOR�A�CLIENT��4HE�CLIENT�GIVES�THE�ARTIST
COMPLETE�FREEDOM��SO�FROM�THE�POINT�OF�VIEW�OF�THE�CUSTOMER�IT�IS�ONLY�RELEVANT
THAT�THE�WORK�IS�DELIVERED��)T�IS�NOT�RELEVANT�WHAT�THE�WORK�LOOKS�LIKE��WHEN�IT�IS
PRODUCED�� ETC��4HE� ACTION� THAT� IS� THE� ABSTRACTION�OF� THE� ACTIVITY� OF� CREATING� THE
WORK�OF�ART�THUS�ONLY�MODELS�THE�DELIVERY�OF�THE�WORK�OF�ART��/NCE�THE�ACTION�HAS
OCCURRED��THE�WORK�OF�ART�HAS�BEEN�CREATED�AND�DELIVERED�

• #ONSIDER� A� CAR� COMPANY� THAT� PRODUCES� THREE� TYPES� OF� CARS�� &ROM� THE� POINT� OF
VIEW�OF�A�CUSTOMER�IT� IS�NOT�ONLY�RELEVANT�THAT�THE�COMPANY�PRODUCES�A�CAR��BUT
ALSO�WHICH� TYPE� OF� CAR� IS� PRODUCED�� )T� IS� THEREFORE� NOT� SUFFICIENT� TO�MODEL� THE
PRODUCTION�OF�ëAì�CAR�AS�A�SINGLE�ACTION��4HREE�DIFFERENT�ACTIONS�NEED�TO�BE�DISTIN
GUISHED��WHERE�EACH�OF�THE�ACTIONS�REPRESENTS�THE�PRODUCTION�OF�A�DISTINCT�TYPE�OF
CAR�� �4HIS� CONSIDERATION�MAY� RESULT� INTO� LARGE�MODELS� IF�� FOR� EXAMPLE�� THE� COM
PANY�PRODUCES� HUNDREDS� OF� TYPES� OF� CARS�� 4HEREFORE��WE� INTRODUCE� CONCEPTS� TO
MODEL�SUCH�SITUATIONS�CONCISELY�IN�CHAPTER���	

7E�GIVE�SOME�EXAMPLES�OF��ASPECTS�OF	�RESULTS�THAT�ACTIONS�MAY�MODEL�

• SOME�GOOD��E�G���A�WORK�OF�ART�

• INFORMATION��E�G���THE�ANNOUNCEMENT�OF�A�NEW�BRAND�OF�WASHING�POWDER�

• SOME�SERVICE��E�G���THE�NURSING�OF�A�PATIENT�

• COSTS��E�G���THE�COSTS�OF�A�NEW�CAR�

• THE�TIME�AT�WHICH�AN�ACTIVITY�FINISHES��E�G���THE�TIME�AT�WHICH�A�PERSON�ARRIVES�AT
HIS�JOB

• THE� LOCATION� AT�WHICH� AN� ACTIVITY� OCCURS�� E�G��� THE� LOCATION� AT�WHICH� A� SALESMAN
SELLS�HIS�GOODS�
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!TOMICITY�OF�ACTIONS

!N�ACTION�IS� THE�MOST�ABSTRACT�MODEL�OF�AN�ACTIVITY�� IT�MODELS�ONLY� THE�RESULT�OF�AN
ACTIVITY��!S�A�CONSEQUENCE��AN�ACTION�CANNOT�BE�CONSIDERED�AS�A�COMPOSITION�OF�OTHER
ACTIONS� AT� THE� ABSTRACTION� LEVEL� AT�WHICH� IT� IS� DEFINED�� 4HIS� IS� CALLED� THE� ATOMICITY
PROPERTY�OF�ACTIONS�

!S�AN�EXAMPLE��CONSIDER�THE�ACTIVITY�OF�BUYING�A�HOUSE��/BVIOUSLY��THIS�ACTIVITY�TAKES
TIME�AND�INVOLVES��E�G���VISITING�AN�ESTATEAGENT��EXAMINING�THE�HOUSE��NEGOTIATING�THE
PRICE��ETC��(OWEVER��IF�IT�IS�ONLY�RELEVANT�THAT�THE�HOUSE�IS�BOUGHT��THE�ACTION�OF�BUY
ING�THE�HOUSE�ONLY�MODELS�THIS�RESULT��4HE�ACTION�OCCURS�AT�THE�MOMENT�THE�DEED�OF
PURCHASE�IS�FINISHED��WHICH�IS�A�SINGLE��INDIVISIBLE�POINT�OF�TIME�

4HE�ATOMICITY�PROPERTY�OF�ACTIONS�IS�NOT�TO�BE�UNDERSTOOD�AS�IF�ACTIONS�CANNOT�BE�DE
COMPOSED� INTO� SUBACTIONS�� &OR� EXAMPLE�� IT� IS� PERFECTLY� ALLOWED� TO� DECOMPOSE� THE
ACTION�OF�BUYING�THE�HOUSE�INTO�ACTIONS�OF�VISITING�ESTATE�AGENTS��EXAMINING�THE�HOUSE�
ETC��(OWEVER��IN�THAT�CASE�ONE�CONSIDERS�THE�ACTION�AT�A�LOWER�ABSTRACTION�LEVEL�

4HE�ATOMICITY�OF�ACTIONS�HAS�THE�FOLLOWING�CONSEQUENCES�

• !N�ACTION�EITHER�OCCURS�COMPLETELY��OR�DOES�NOT�OCCUR�AT�ALL��)N�CONTRAST�TO�ACTIVI
TIES��ACTIONS�CANNOT�OCCUR�PARTLY�

&OR�EXAMPLE��CONSIDER�THE�ACTIVITY�OF�APPLYING�FOR�AN�INSURANCE��)F�DURING�THIS�AC
TIVITY�THE�CLIENT�CHANGES�HIS�MIND�AND�DECIDES�NOT�TO�FILL�OUT�THE�APPLICATION�FORM�
IT� IS� POSSIBLE� THAT� NO� RELEVANT� RESULT� IS� DELIVERED�� 4HIS� IMPLIES� THAT� THE� CORRE
SPONDING�APPLICATION�ACTION�DOES�NOT�OCCUR�

• )F�AN�ACTIVITY�DELIVERS�MULTIPLE�RESULTS�AT�MULTIPLE�POINTS�OF�TIME�AND�THE�DIFFERENCE
BETWEEN� THE� POINTS� OF� TIME� IS� RELEVANT� �FOR� EXAMPLE�� BECAUSE� THE� FIRST� RESULT� IS
USED� BEFORE� THE� OTHER� RESULTS� ARE� DELIVERED	�� THE� ACTIVITY� HAS� TO� BE�MODELLED� AS
MULTIPLE�ACTIONS�

&OR� EXAMPLE�� CONSIDER� THE� PROCESS� OF� A� POSTMAN�WHO� DELIVERS� HIS�MAIL� ALL� DAY
LONG��4HIS�MAY�BE�CONSIDERED�A�SINGLE�ACTIVITY��(OWEVER��IF�IT�IS�RELEVANT�THAT�PEO
PLE�IN�ONE�DISTRICT�GET�THEIR�MAIL�EARLY�IN�THE�MORNING��WHEREAS�PEOPLE�IN�ANOTHER
DISTRICT�GET�THEIR�MAIL�IN�THE�AFTERNOON��THE�ACTIVITY�HAS�TO�BE�MODELLED�AS�MULTIPLE
ACTIONS�

2EPRESENTATION

7E�REPRESENT�AN�ACTION�GRAPHICALLY�AS�A�CIRCLE��)N�ORDER�TO�BE�ABLE�TO�REFER�TO�THE�AC
TION��WE�OFTEN�AUGMENT�IT�WITH�A�MEANINGFUL�NAME��WHICH�WE�WRITE�INSIDE�OR�NEXT�TO
THE�CIRCLE�THAT�REPRESENTS�THE�ACTION��3EE�&IGURE������)N�THE�TEXTUAL�NOTATION�WE�REPRE
SENT�AN�ACTION�BY�MEANS�OF�THIS�NAME�ONLY���"Y�GIVING�EACH�ACTION�A�UNIQUE�NAME��IT
CAN�BE�IDENTIFIED�UNIQUELY��4HIS�NAMING�OF�ACTIONS��HOWEVER��IS�NOT�ALWAYS�NECESSARY
FOR�IDENTIFYING�THEM��IN�THE�GRAPHICAL�NOTATION�ACTIONS�CAN�BE�UNIQUELY�IDENTIFIED�BY�
E�G���THEIR�POSITION�ON�PAPER�	
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A

HAMMERING

&IGURE�������3OME�REPRESENTATIONS�OF�ACTIONS�

������ )NTERACTIONS

!N�ACTION�MAY�BE�CARRIED�OUT�BY�A�SINGLE�ENTITY��)T�THEN�TAKES�PLACE�AT�AN�INTERNAL�AC
TION�POINT�OF�THIS�ENTITY��!N�ACTION�MAY��HOWEVER��ALSO�BE�JOINTLY�CARRIED�OUT�BY�MUL
TIPLE�ENTITIES��3UCH�AN�ACTION�TAKES�PLACE�AT�AN�INTERACTION�POINT�OF�THESE�ENTITIES�

4HE�DIFFERENCE�BETWEEN�ACTIONS�CARRIED�OUT�BY�A�SINGLE�ENTITY�AND�ACTIONS�CARRIED�OUT
BY�MULTIPLE�ENTITIES�IS�RELEVANT��SINCE�IN�THE�LATTER�CASE�AN�ENTITY�IS�ALWAYS�DEPENDENT
ON�THE�COOPERATION�WITH�OTHER�ENTITIES�IN�CARRYING�OUT�THE�ACTION��7E�THEREFORE�GIVE
A�DISTINCT�NAME�TO�ACTIONS�OF�THE�LATTER�TYPE�

!N�INTERACTION�IS�AN�ACTION�CARRIED�OUT�BY�MULTIPLE�ENTITIES��)T�MODELS�A�COMMON�AC
TIVITY�OF� THESE�ENTITIES��!N� INTERACTION�MAY�ONLY�OCCUR� IF�ALL�OF� THE� INVOLVED�ENTITIES
COOPERATE�

%XAMPLES�OF�INTERACTIONS�ARE�THE�TRANSFER�OF�A�PRODUCT��E�G���FROM�A�SELLER�TO�A�BUYER	�
THE� SHAKING� OF� HANDS� �USUALLY� BY� TWO� PERSONS	�� AND� THE� ELECTION� OF� A� PARLIAMENT
�USUALLY�BY�THE�CITIZENS�OF�A�COUNTRY	��%VEN�THE�POSTING�OF�A� LETTER� IS�AN� INTERACTION�
SINCE�IT�NOT�ONLY�REQUIRES�THE�COOPERATION�OF�THE�PERSON�POSTING�THE�LETTER��BUT�ALSO
OF�THE�MAIL�BOX��OR��MORE�ABSTRACTLY��THE�MAIL�COMPANY	�

2EPRESENTATION

%ACH�CONTRIBUTION� TO�AN� INTERACTION� IS� REPRESENTED�GRAPHICALLY�AS�A�HALF� CIRCLE��(ALF
CIRCLES� THAT�REPRESENT�CONTRIBUTIONS� TO� THE�SAME� INTERACTION�ARE�CONNECTED�AND�HAVE
THE�SAME�NAMES��4HESE�NAMES�MAY�BE�UNDERLINED�TO�DISTINGUISH�THEM�FROM�NAMES�OF
ACTIONS��3EE�&IGURE������)N�THE�TEXTUAL�NOTATION�WE�REPRESENT�A�CONTRIBUTION�TO�AN�IN
TERACTION�BY�MEANS�OF�THIS�NAME�ONLY�

������ !BSTRACTION�AND�REFINEMENT

!CTION��DE	COMPOSITION

!N�ACTION�ONLY�MODELS�THE�RESULT�OF�AN�ACTIVITY��)N�ORDER�TO�DEFINE�HOW�THIS�RESULT�IS
PRODUCED�� THE�ACTION� SHOULD�BE�MODELLED� IN�MORE�DETAIL�� 3UCH�A�MODEL� CAN�BE�OB
TAINED�BY�DECOMPOSING�THE�ACTION�INTO�A�NUMBER�OF�RELATED�SUBACTIONS�

!S�AN�EXAMPLE��CONSIDER�THE�PRODUCTION�OF�A�CAR��!T�A�HIGH�ABSTRACTION�LEVEL��THIS�MAY
BE� VIEWED� AS� A� SINGLE� ACTION�� (OWEVER�� AT� A� LOWER� ABSTRACTION� LEVEL� THIS� MAY� BE
VIEWED�AS�A� SET�OF� RELATED�ACTIONS��E�G��� AS� THE�PURCHASING�OF�PARTS�� FOLLOWED�BY� THE
ASSEMBLY�OF�THE�PARTS��FOLLOWED�BY�THE�DYEING�OF�THE�CAR��4HIS�IS�REPRESENTED�IN�&IGURE
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��SINGING�SINGING

��SINGING

&IGURE�������3OME�REPRESENTATIONS�OF�INTERACTIONS�

�����IN�WHICH�THE�ARROWS�BETWEEN�ACTIONS�REPRESENT�AN�ëENABLINGì�RELATION��WHICH�IS
EXPLAINED�IN�MORE�DETAIL�BELOW�

PURCHASE�PARTS ASSEMBLE�PARTS DYE�CAR

PRODUCE�CAR

DECOMPOSITION�����COMPOSITION

&IGURE�������%XAMPLE�OF�ACTION��DE	COMPOSITION�

!CTION�DISTRIBUTION

!�SECOND�TYPE�OF�ACTION�REFINEMENT�IS�THE�REPLACEMENT�OF�AN�ACTION�BY�AN�INTERACTION�
4HIS�REFINEMENT�IS�USEFUL��SINCE�AN�ACTION�CAN�BE�USED�TO�MODEL�AN�INTERACTION�FROM
THE�INTEGRATED�PERSPECTIVE�� I�E��WHILE�ABSTRACTING�FROM�THE�DIFFERENT�CONTRIBUTIONS�OF
THE� INVOLVED� ENTITIES�� �#ONVERSELY�� AN� INTERACTION� CAN� BE� USED� TO� MODEL� AN� ACTION
FROM�THE�DISTRIBUTED�PERSPECTIVE�	�7E�CALL�THE�REPLACEMENT�OF�AN�ACTION�BY�AN�INTERAC
TION�ACTION�DISTRIBUTION��SINCE�THE�CONTRIBUTIONS�TO�THE�ACTION�ARE�DISTRIBUTED�OVER�THE
INVOLVED�ENTITIES��&IGURE�����ILLUSTRATES�ACTION�DISTRIBUTION�

#HAPTER���DISCUSSES�ACTION�REFINEMENT�IN�MORE�DETAIL�

������ #OUPLING�OF�ACTIONS�AND�ENTITIES

)N�ORDER�TO�SPECIFY�WHICH�ENTITIES�CARRY�OUT�WHICH�ACTIONS��THE�LOCATION�OF�EACH�ACTION
�WHICH�IS�AN�ASPECT�OF�THE�RESULT�MODELLED�BY�THE�ACTION	�SHOULD�BE�DEFINED�AS�AN�AC
TION�POINT�IN�THE�ENTITY�DOMAIN��)N�THIS�WAY�EACH�ACTION�IS�UNIQUELY�COUPLED�TO�THE
ENTITY�IES	�THAT�CARRY�IT�OUT�
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��SINGING�SINGING

��SINGING

�SINGING

REFINEMENTABSTRACTION

&IGURE�������%XAMPLE�OF�ACTION�DISTRIBUTION�

&IGURE�����ILLUSTRATES�THE�COUPLING�OF�ACTIONS�TO�ENTITIES��)T�MODELS�A�SYSTEM�CONSISTING
OF� THREE� ENTITIES�� A� SUPPLIER�� A� TRADING� COMPANY�� AND� A� CLIENT�� 4HREE� �INTER	ACTION
POINTS�ARE�RECOGNISED��ONE�SHARED�BY�THE�SUPPLIER�AND�THE�COMPANY��ONE�INTERNAL�AC
TION�POINT�OF�THE�COMPANY��AND�ONE�SHARED�BY�THE�COMPANY�AND�THE�CLIENT��4HE�BE
HAVIOUR�OF�THE�SYSTEM�CONSISTS�OF�THE�INTERACTION�PURCHASING�OF� THE�SUPPLIER�AND�THE
COMPANY�� FOLLOWED�BY� THE� INTERNAL� ACTION� STORAGE� OF� THE� COMPANY�� FOLLOWED�BY� THE
INTERACTION�SALES�OF�THE�COMPANY�AND�THE�CLIENT��4HE�COUPLING�OF�ACTIONS�AND�ENTITIES
IS� CARRIED�OUT�BY� SPECIFYING�AN� �INTER	ACTION�POINT� FOR�EACH� ACTION��4HIS� COUPLING� IS
REPRESENTED�IN�THE�FIGURE�BY�THE�DOTTED�ARROWS�

COUPLING

ENTITIES

ACTIONS

SUPPLIER COMPANY CLIENT

PURCHASING STORAGE SALES

&IGURE�������#OUPLING�OF�ACTIONS�AND�ENTITIES�

���� "EHAVIOURS�CONTAINING�TWO�ACTIONS

!�BEHAVIOUR�IS�A�SET�OF�RELATED�ACTIONS��4HIS�SECTION�FOCUSES�ON�BEHAVIOURS�CONTAINING
ONLY�TWO�ACTIONS�
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������ #AUSALITY�RELATIONS

!� CAUSALITY� RELATION� OF� AN� ACTION� DEFINES� THE� CONDITIONS� FOR� THIS� ACTION� TO� OCCUR
;&ERREIRA�0IRES������=��!�CAUSALITY�RELATION�OF�AN�ACTION�CONSISTS�OF�

• THIS�ACTION��WHICH�WE�TERM�THE�RESULT�ACTION�

• A�CAUSALITY�CONDITION��WHICH�DEFINES�HOW�THE�OCCURRENCE�OF�THE�RESULT�ACTION�DE
PENDS�ON�THE�OCCURRENCES�OR�NONOCCURRENCES�OF�OTHER�ACTIONS�IN�THE�BEHAVIOUR�

• A�PROBABILITY�ATTRIBUTE��WHICH�DEFINES�THE�PROBABILITY�OF�THE�OCCURRENCE�OF�THE�RE
SULT�ACTION�WHEN�THE�CAUSALITY�CONDITION�IS�SATISFIED�

7E�SAY�THAT�THE�RESULT�ACTION�IS�ENABLED��OR�THAT�IT�MAY�OCCUR��IF�AND�ONLY�IF�THE�CAU
SALITY�CONDITION�IS�SATISFIED�

������ %LEMENTARY�CAUSALITY�RELATIONS

$EPENDENCE�AND�INDEPENDENCE�OF�ACTION�OCCURRENCES

7E�CONSIDER�A�BEHAVIOUR�OF�TWO�ACTIONS�A�AND�B��4HE�FOLLOWING�ALTERNATIVES�CAN�BE
IDENTIFIED�

��� THE�OCCURRENCE�OF�A�DEPENDS�ON�THE�OCCURRENCE�OR�NONOCCURRENCE�OF�B�

��� THE�OCCURRENCE�OF�A�DOES�NOT�DEPEND�ON�THE�OCCURRENCE�OR�NONOCCURRENCE�OF�B�

)N�THE�FIRST�CASE�THERE�ARE�AGAIN�TWO�ALTERNATIVES�

�A� THE�OCCURRENCE�OF�A�DEPENDS�ON�THE�OCCURRENCE�OF�B�� I�E��B�MUST�OCCUR��AT�SOME
TIME	�FOR�A�TO�OCCUR�

�B� THE�OCCURRENCE�OF�A�DEPENDS�ON�THE�NONOCCURRENCE�OF�B��I�E��B�MAY�NEVER�OCCUR
FOR�A�TO�OCCUR�

)N�THE�SECOND�CASE�WE�SAY�THAT�THE�OCCURRENCE�OF�A�IS�INDEPENDENT�OF�THE�OCCURRENCE
OF�B��3INCE�THE�OCCURRENCE�OF�A�CANNOT�DEPEND�ON�ANYTHING�ELSE�THAN�THE�OCCURRENCE
OF�B�IN�A�BEHAVIOUR�OF�TWO�ACTIONS��THERE�ARE�AGAIN�TWO�ALTERNATIVES�

�A� A�MAY�NEVER�OCCUR�

�B�A�MAY�OCCUR�AT�ANY�TIME�

7E�DO�NOT�KNOW�OF�ANY�USE� IN�A�DEVELOPMENT�PROCESS� FOR� THE�DEFINITION�OF�ACTIONS
THAT�MAY�NEVER� OCCUR��7E� THEREFORE� DO�NOT� CONSIDER� ACTIONS� THAT�MAY�NEVER� OCCUR
AND�WE� DISMISS� THE� ALTERNATIVE� �A�� 4HEREFORE�� IN� CASE� THE� OCCURRENCE� OF� A� IS� INDE
PENDENT�OF�THE�OCCURRENCE�OF�B��A�MAY�OCCUR�AT�ANY�TIME��7E�CALL�ACTIONS�THAT�MAY
OCCUR�AT�ANY�TIME�INITIAL�ACTIONS�OF�A�BEHAVIOUR�

)F�THE�OCCURRENCE�OF�A�IS�INDEPENDENT�OF�THE�OCCURRENCE�OF�B�AND�THE�OCCURRENCE�OF�B
IS�INDEPENDENT�OF�THE�OCCURRENCE�OF�A��WE�CALL�A�AND�B��MUTUALLY	�INDEPENDENT�
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)F�NO�CONFUSION�ARISES��WE�MAY��FOR�CONCISENESS� REASONS�� SAY� THAT�AN�ACTION�DEPENDS
ON�ANOTHER�ACTION��RATHER�THAN�THAT�THE�OCCURRENCE�OF�AN�ACTION�DEPENDS�ON�THE�OC
CURRENCE�OF�ANOTHER�ACTION�

4EMPORAL�ORDERING

)N�CASE�OF�ALTERNATIVE��A��IN�WHICH�THE�OCCURRENCE�OF�A�DEPENDS�ON�THE�OCCURRENCE�OF
B��B�MUST�OCCUR�AT�SOME�TIME�FOR�A�TO�OCCUR��7E�DISTINGUISH�THE�FOLLOWING�ALTERNATIVES
AS�A�REFINEMENT�OF�THIS�DEPENDENCE�

�AI� B�MUST�HAVE�OCCURRED�BEFORE�A�OCCURS�

�AII� B�MUST�OCCUR�AT�THE�SAME�TIME�AS�A�OCCURS�

�AIII� B�MUST�OCCUR�AFTER�A�OCCURS�

7E�DISMISS�ALTERNATIVE��AIII��SINCE�OUR�ARCHITECTURAL�CONCEPTS�ARE�ABSTRACTIONS�OF�ELE
MENTS�OF�SYSTEM�IMPLEMENTATIONS��4HE�DEPENDENCE�OF�THE�OCCURRENCE�OF�AN�ACTION�ON
THE�OCCURRENCE�OF�A�FUTURE�ACTION�CANNOT�BE�IMPLEMENTED�

&OR�A�SIMILAR�REASON�WE�DO�NOT�ALLOW�EITHER�THE�MODELLING�THAT�THE�OCCURRENCE�OF�AN
ACTION�IS�DEPENDENT�ON�THE�NONOCCURRENCE�OF�A�FUTURE�ACTION��4HUS��ALTERNATIVE��B�
WHICH�SAID�THAT

THE�OCCURRENCE�OF�A�DEPENDS�ON�THE�NONOCCURRENCE�OF�B��I�E��B�MAY�NEVER�OCCUR
FOR�A�TO�OCCUR�

IS�REPLACED�BY

�B� THE�OCCURRENCE�OF�A�DEPENDS�ON� THE�NONOCCURRENCE�OF�B�BEFORE�OR� AT� THE� SAME
TIME�OF�A��I�E��B�MAY�NEITHER�OCCUR�BEFORE�A�NOR�AT�THE�SAME�TIME�AS�A�FOR�A�TO�OC
CUR��BUT�B�MAY�OCCUR�AFTER�A�HAS�OCCURRED	�

%LEMENTARY�CAUSALITY�CONDITIONS

4HE�ABOVE�REASONING�LEADS�US�TO�DISTINGUISH�THE�FOLLOWING�ELEMENTARY�CAUSALITY�CONDI
TIONS�WHICH�SHOULD�BE�SATISFIED�FOR�ACTION�A�TO�OCCUR�

• !�CONDITION�THAT�IS�ALWAYS�SATISFIED�DURING�THE�CONSIDERED�TIME�SPAN�
4HIS�IS�CALLED�A�START�CONDITION��WHICH�IS�THE�CONDITION�OF�ANY�INITIAL�ACTION��!�START
CONDITION�IS�REPRESENTED�AS�START�
4HE�FOLLOWING�CAUSALITY�RELATION�REPRESENTS�THAT�THE�START�CONDITION�IS�THE�CAUSALITY
CONDITION�FOR�A�

START�→�A�

&IGURE����A�REPRESENTS�THIS�GRAPHICALLY�

• B�OCCURS�BEFORE�A�
4HIS�IS�CALLED�AN�ENABLING�CONDITION��SINCE�THE�OCCURRENCE�OF�B�ENABLES�THE�OCCUR
RENCE�OF�A��4HIS�CONDITION�IS�REPRESENTED�AS�B��B�IS�CALLED�AN�ENABLING�ACTION�OF�A�
4HE�FOLLOWING�CAUSALITY�RELATION�REPRESENTS�THAT�B�IS�THE�ENABLING�CONDITION�OF�A�
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B�→�A�

&IGURE����B�REPRESENTS�THIS�GRAPHICALLY�

• B�OCCURS�AT�SAME�TIME�AS�A�
4HIS� IS�CALLED�A�SYNCHRONISATION�CONDITION�� SINCE�A�MAY�ONLY�OCCUR� IF� IT� SYNCHRO
NISES�IN�TIME�WITH�B��4HIS�CONDITION�IS�REPRESENTED�AS��B��B�IS�CALLED�A�SYNCHRONI
SATION�ACTION�OF�A�
4HE�FOLLOWING�CAUSALITY�RELATION�REPRESENTS�THAT�B�IS�THE�SYNCHRONISATION�CONDITION
FOR�A�

�B�→�A�

&IGURE����C�REPRESENTS�THIS�GRAPHICALLY�

• B�HAS�NOT�OCCURRED�BEFORE�A��NOR�OCCURS�AT�THE�SAME�TIME�AS�A�
4HIS�IS�CALLED�A�DISABLING�CONDITION��SINCE�THE�OCCURRENCE�OF�B�DISABLES�THE�OCCUR
RENCE�OF�A�IF�A�HAS�NOT�YET�OCCURRED�WHEN�B�OCCURS��4HIS�CONDITION�IS�REPRESENTED
AS�¬B��B�IS�CALLED�A�DISABLING�ACTION�OF�A�
4HE�FOLLOWING�CAUSALITY�RELATION�REPRESENTS�THAT�B�IS�THE�DISABLING�CONDITION�FOR�A�

¬B�→�A�

&IGURE����D�REPRESENTS�THIS�GRAPHICALLY�

A

�A	

AB

�B	

AB

�D	

AB

�C	

&IGURE�������'RAPHICAL�REPRESENTATIONS�OF��A	�START�→�A���B	�B�→�A�
�C	��B�→�A���D	�¬B�→�A�

4HESE�ELEMENTARY�CAUSALITY�RELATIONS�ALLOW�US�TO�MODEL�SOME�SIMPLE�BEHAVIOURS�

&IGURE����A�SPECIFIES�A�BEHAVIOUR�WITH�TWO�INDEPENDENT�ACTIONS��)N�THE�FIGURE�ACTION�A
CAN��FOR�EXAMPLE��REPRESENT�THE�ARRIVAL�OF�AN�ORDER�FROM�ONE�CLIENT��AND�ACTION�B�THE
INCOMING�OF�AN�ORDER�FROM�ANOTHER�CLIENT�

&IGURE����B�SPECIFIES�A�BEHAVIOUR�WITH�TWO�ACTIONS�WHICH�MAY�OCCUR�IN�SEQUENCE��!C
TION�A�CAN��FOR�EXAMPLE��REPRESENT�THE�PURCHASING�OF�RAW�MATERIALS��AND�ACTION�B�THE
PROCESSING�OF�THESE�

&IGURE����C�SPECIFIES�A�BEHAVIOUR�WITH�TWO�ACTIONS�THAT�DISABLE�EACH�OTHER��ëCHOICEì	�
!CTION�A�CAN��FOR�EXAMPLE��REPRESENT�THE�TRAVELLING�TO�WORK�BY�CAR��AND�ACTION�B�THE
TRAVELLING�TO�WORK�BY�BICYCLE�

&IGURE����D�SPECIFIES�A�BEHAVIOUR�WITH�TWO�SYNCHRONISING�ACTIONS��!CTION�A�CAN��FOR
EXAMPLE��REPRESENT�THE�OUTPUT�OF�SOME�VIDEO�FRAGMENT�BY�A�MULTIMEDIA�DEVICE��AND
ACTION�B�THE�OUTPUT�OF�A�CORRESPONDING�AUDIO�FRAGMENT�
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A

�A	

BA

�B	

B

[�START�→�A�
���START�→�B�]

[�START�→�A�
���A�→�B�]

�C	

AB

[�¬B�→�A�
���¬A�→�B�]

�D	

AB

[��B�→�A�
����A�→�B�]

&IGURE�������3OME�SIMPLE�BEHAVIOURS�

5NCERTAINTY

/NCE�THE�CAUSALITY�CONDITION�OF�A�RESULT�ACTION�IS�SATISFIED��THIS�ACTION�MAY�OCCUR��!
PROBABILITY�ATTRIBUTE�DEFINES�THE�PROBABILITY�OF�ITS�OCCURRENCE�

)N�THIS�CHAPTER�WE�CONSIDER�AN�ABSTRACT�FORM�OF�PROBABILITY��UNCERTAINTY��)N�THE�CASE
OF�UNCERTAINTY�WE�ONLY�DISTINGUISH�BETWEEN�TWO�PROBABILITY�VALUES��MUST�AND�MAY	�
/THER� TYPES� OF� PROBABILITY� ARE� INTEGRAL� PROBABILITY�� AND� STOCHASTIC� PROBABILITY
;1UARTEL������=��)N�THE�CASE�OF� INTEGRAL�PROBABILITY�� THE�PROBABILITY�OF�ACTION�OCCUR
RENCES�IS�EXPRESSED�AS�A�REAL�NUMBER�IN�THE�RANGE�FROM���TO����3TOCHASTIC�PROBABILITY
CONSIDERS�THE�DISTRIBUTION�OF�THE�PROBABILITY�OF�ACTION�OCCURRENCES�OVER�TIME�AS�WELL�

4HE�UNCERTAINTY�OF�AN�ACTION�WITH�RESPECT� TO�ONE�OF� ITS�ELEMENTARY�CAUSALITY�CONDI
TIONS�DEFINES�THAT�EITHER�THE�ACTION�MUST�OCCUR�OR�THE�ACTION�MAY�OCCUR�IF�THE�ELEMEN
TARY�CAUSALITY�CONDITION�IS�SATISFIED�

• )F�THE�ACTION�MUST�OCCUR��IT�ALWAYS�OCCURS��I�E���THE�ACTION�OCCURS�WITH�AN�INTEGRAL
PROBABILITY�OF��	�IF�THE�ELEMENTARY�CAUSALITY�CONDITION�IS�SATISFIED�
4HIS�IS�REPRESENTED�BY�AN�EXCLAMATION�MARK�IN�SUBSCRIPT�AFTER�THE�ELEMENTARY�CAU
SALITY�CONDITION��&OR�EXAMPLE�

B
�

�→�A

REPRESENTS� THAT� A� MUST� OCCUR� IF� B� HAS� OCCURRED�� &IGURE� ����A� REPRESENTS� THIS
GRAPHICALLY�

• )F�THE�ACTION�MAY�OCCUR��IT�DOES�NOT�ALWAYS�OCCUR��I�E��THE�ACTION�OCCURS�WITH�AN
INTEGRAL�PROBABILITY�SMALLER�THAN��	�IF�THE�ELEMENTARY�CAUSALITY�CONDITION�IS�SATIS
FIED�
4HIS�IS�REPRESENTED�BY�A�QUESTION�MARK�IN�SUBSCRIPT�AFTER�THE�ELEMENTARY�CAUSALITY
CONDITION��&OR�EXAMPLE�

¬B
�

�→�A

REPRESENTS� THAT�A�MAY�OCCUR� IF�B�HAS�NEITHER�OCCURRED�BEFORE��NOR�OCCURS� AT� THE
SAME�TIME�AS�A��&IGURE�����B�REPRESENTS�THIS�GRAPHICALLY�
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AB

�A	

AB

�B	

�� �

&IGURE��������'RAPHICAL�REPRESENTATIONS�OF�CAUSALITY�RELATIONS�

!�DEFAULT�INTERPRETATION�RELIEVES�US�FROM�THE�BURDEN�OF�REPRESENTING�THE�UNCERTAINTY
VALUE�OF�EVERY�ELEMENTARY�CAUSALITY�CONDITION��)F�NO�UNCERTAINTY�VALUE�IS�REPRESENTED�
THE�INTENDED�UNCERTAINTY�VALUE�IS�MUST��4HE�CHOICE�FOR�MUST�AS�THE�DEFAULT�INTERPRETA
TION� IS�A�PRAGMATIC�ONE��BASED�ON�OUR�EXPERIENCE� THAT� IN�PRACTICE�MUST�UNCERTAINTY
VALUES�ARE�MORE�COMMON�THAN�MAY�VALUES�

������ $ISJUNCTIONS�OF�ELEMENTARY�CAUSALITY�CONDITIONS

4HE�ELEMENTARY�CAUSALITY�RELATIONS�OF�SECTION�������ONLY�ALLOW�ONE�TO�DEFINE�THAT�THE
OCCURRENCE�OF�AN�ACTION�DEPENDS�ON�A�SINGLE�ELEMENTARY�CAUSALITY�CONDITION��)N�PRAC
TICE�THE�OCCURRENCE�OF�AN�ACTION�MAY�DEPEND�ON�A�DISJUNCTION�OF�ELEMENTARY�CAUSALITY
CONDITIONS��7E�THEREFORE�ALLOW�FOR�THE�SPECIFICATION�OF�CAUSALITY�RELATIONS�THAT�MODEL
THIS�

$ISJUNCTIONS�OF�ENABLING��SYNCHRONISATION��AND�DISABLING�CONDITIONS

7E�USE� THE�∨� �OR	� SYMBOL� TO� REPRESENT� DISJUNCTIONS� OF� ELEMENTARY� CAUSALITY� CONDI
TIONS��!�DISJUNCTION�OF�THE�ELEMENTARY�CAUSALITY�CONDITIONS�ENABLING��SYNCHRONISATION�
AND�DISABLING�IS�SATISFIED�IF�AND�ONLY�IF�AT�LEAST�ONE�OF�THESE�ELEMENTARY�CAUSALITY�CON
DITIONS�IS�SATISFIED�

4HIS�DEFINITION�ALLOWS�US� TO�DEFINE� THE�MEANING�OF� THE�VARIOUS�DISJUNCTIONS�OF� ENA
BLING��SYNCHRONISATION��AND�OR�DISABLING�CONDITIONS��&OR�EXAMPLE�

B�∨�¬B�→�A

MEANS�THAT�A�MAY�OCCUR�IF���	�B�HAS�OCCURRED��OR�IF���	�B�HAS�NOT�OCCURRED�BEFORE�A
AND�B�DOES�NOT�OCCUR�AT�THE�SAME�TIME�AS�A��"Y�WRITING�THE�TIME�A�OCCURS�AS�T

A

�AND�THE
TIME�B�OCCURS�AS�T

B

��THIS�SPECIFICATION�IMPLIES�T
A

�≠�T
B

�

4ABLE� ����� SPECIFIES� THE� TEMPORAL� ORDER� OF�A� AND�B� FOR� OTHER� CAUSALITY� RELATIONS� AS
WELL�

4HE�INTERLEAVING�OF�TWO�ACTIONS�IS�AN�EXAMPLE�OF�A�BEHAVIOUR�IN�WHICH�DISJUNCTIONS�OF
ENABLING�AND�DISABLING�CONDITIONS�ARE�USED��)NTERLEAVING�MEANS�THAT�THE�ACTIONS�MAY
OCCUR�IN�ANY�ORDER��EXCEPT�SIMULTANEOUSLY��4HIS�CAN�BE�REPRESENTED�AS�FOLLOWS�

[ A�∨�¬A�→�B�
B�∨�¬B�→�A��]�
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#AUSALITY�RELATION 4EMPORAL�ORDER�IF�BOTH�A�AND�B�OCCUR
B�∨��B�→�A T

B
�≤�T

A

B�∨�¬B�→�A T
B
�≠�T

A

¬B�∨��B�→�A T
B
�≥�T

A

B�∨��B�∨�¬B�→�A ANY�ORDER

4ABLE��������4EMPORAL�ORDER�OF�ACTIONS�FOR�VARIOUS�DISJUNCTIONS�OF�ENABLING�
SYNCHRONISATION��AND�OR�DISABLING�CONDITIONS

4HE�DISJUNCTION�OF�ELEMENTARY�CAUSALITY� CONDITIONS� IS� REPRESENTED�GRAPHICALLY�BY�AN
OPEN�SQUARE��&IGURE������GIVES�AN�EXAMPLE�

AB

&IGURE��������'RAPHICAL�REPRESENTATION�OF�B�∨�¬B�→�A�

$ISJUNCTIONS�INVOLVING�START�CONDITION

#AUSALITY�RELATIONS�MAY�HAVE�CONDITIONS�THAT�CONSIST�OF�A�DISJUNCTION�OF�THE�START�CON
DITION�AND�ONE�OR�MORE�OTHER�ELEMENTARY�CAUSALITY�CONDITIONS��E�G�

START�∨�B�→�A�

3UCH�A�CAUSALITY�RELATION�SPECIFIES� THAT� THE�RESULT�ACTION��A� IN� THE�EXAMPLE�� IS� EITHER
INDEPENDENT�OF� THE�OTHER�ACTION��B� IN� THE�EXAMPLE��OR�DEPENDENT�ON� THIS�OTHER�AC
TION��4HIS� IS� TO�BE� INTERPRETED�AS�FOLLOWS��WHEN�THE�BEHAVIOUR� IS�EXECUTED�� IN� SOME
EXECUTIONS� THE� OCCURRENCE� OF� A� IS� INDEPENDENT� OF� THE� OCCURRENCE� OF� B�� WHEREAS� IN
OTHER�EXECUTIONS�THE�OCCURRENCE�OF�A�DEPENDS�ON�THE�OCCURRENCE�OF�B�

3INCE�A�FURTHER�EXPLICATION�OF�THE�DISJUNCTION�OF�ELEMENTARY�CAUSALITY�CONDITIONS�RE
QUIRES�KNOWLEDGE�OF�THE�CONCEPT�OF�BEHAVIOUR�EXECUTION��THIS�EXPLICATION�IS�DEFERRED
TO�SECTION��������IN�WHICH�BEHAVIOUR�EXECUTIONS�ARE�ADDRESSED�

5NCERTAINTY

)N�CASE�AN�ACTION�IS�ENABLED�BY�A�DISJUNCTION�OF�ELEMENTARY�CAUSALITY�CONDITIONS��THE
PROBABILITY�OF� ITS�OCCURRENCE�DEPENDS�ON� THE�PARTICULAR� ELEMENTARY� CAUSALITY� CONDI
TION�THAT�ENABLES�IT��&OR�EXAMPLE��IN�CASE�OF�THE�CAUSALITY�RELATION

B�∨��B�→�A�

IT�IS�POSSIBLE�THAT�A�MUST�OCCUR�IF�B�HAS�OCCURRED�BEFORE��WHEREAS�A�MAY�OCCUR�AT�THE
TIME�B�OCCURS�

)N�ORDER�TO�SPECIFY�THIS��A�DIFFERENT�PROBABILITY�OF�OCCURRENCE�OF�THE�RESULT�ACTION�MAY
BE� SPECIFIED� FOR� EACH� ELEMENTARY� CAUSALITY� CONDITION� THAT� CAN� ENABLE� IT�� 4HUS�� THE
ABOVE�REQUIREMENT�CAN�BE�SPECIFIED�AS�



����"ASIC�ARCHITECTURAL�CONCEPTS��

B
�

�∨��B
�

�→�A�

������ 2ECIPROCAL�ASPECT�OF�SYNCHRONISATION�AND�DISABLING�CONDITIONS

3YNCHRONISATION�CONDITIONS

4HE�SYNCHRONISATION�CONDITION��B�IN�THE�CAUSALITY�CONDITION�OF�ACTION�A�DEFINES�THAT
A�MAY�OCCUR�IF�B�OCCURS�AT�THE�SAME�TIME�AS�A��4HUS��IF�A�OCCURS�DUE�TO�THE�SATISFACTION
OF� THE� SYNCHRONISATION� CONDITION�� B� OCCURS� SIMULTANEOUSLY� WITH� A�� 4HEREFORE�� B
SHOULD�BE�ALLOWED�TO�OCCUR�SIMULTANEOUSLY�WITH�A��WHICH�IMPLIES�THAT��A�SHOULD�BE�A
PART�OF�THE�CAUSALITY�CONDITION�OF�B�

&OR�EXAMPLE��GIVEN�THE�CAUSALITY�RELATION

�B�→�A�

SOME�ALLOWED�CAUSALITY�RELATIONS�OF�B�ARE

�A�→�B�
A�∨��A�→�B���AND
START�∨��A�→�B�

BUT�NOT

A�→�B���AND
START�→�B�

"ECAUSE� THE� SYNCHRONISATION�OF� ACTIONS�A�AND�B� REQUIRES�BOTH� ACTIONS� TO�OCCUR�� THE
UNCERTAINTY�THAT�A�SYNCHRONISES�WITH�B�SHOULD�BE�EQUAL�TO�THE�UNCERTAINTY�THAT�B�SYN
CHRONISES�WITH�A��3O��FOR�EXAMPLE��THE�BEHAVIOUR�SPECIFICATION

[ �B
�

�→�A�
�A

�

�→�B���]

IS�ALLOWED��BUT�THE�BEHAVIOUR�SPECIFICATION

[ �B
�

�→�A�
�A

�

�→�B���]

IS�NOT�ALLOWED�

&IGURE������SHOWS�A�SHORTCUT�REPRESENTATION�OF�THE�SYNCHRONISATION�OF�TWO�ACTIONS�

AB

�B�→�A�
�A�→�B

&IGURE��������3HORTCUT�REPRESENTATION�OF�SYNCHRONISATION�
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$ISABLING�CONDITIONS

4HE�DISABLING�CONDITION�¬B�IN�THE�CAUSALITY�CONDITION�OF�ACTION�A�DEFINES�THAT�A�MAY
OCCUR�IF�NEITHER�B�HAS�OCCURRED��NOR�B�OCCURS�AT�THE�SAME�TIME�AS�A��4HUS��IF�A�OCCURS
DUE� TO� THE� SATISFACTION�OF� THE�DISABLING� CONDITION�� B�DOES�NOT�OCCUR� SIMULTANEOUSLY
WITH�A��4HEREFORE��B� SHOULD�NOT�BE�ALLOWED� TO�OCCUR� SIMULTANEOUSLY�WITH�A� IN� THAT
CASE��4HEREFORE��THE�CAUSALITY�CONDITION�OF�B�SHOULD�PREVENT�THIS�

&OR�EXAMPLE��IF

¬B�→�A�

THEN�SOME�ALLOWED�CAUSALITY�CONDITIONS�OF�B�ARE

¬A�→�B���AND
A�∨�¬A�→�B�

BUT�NOT

�A�→�B�

&IGURE������SHOWS�SHORTCUT�REPRESENTATIONS�OF�TWO�FREQUENTLY�OCCURRING�PAIRS�OF�RE
CIPROCAL�CAUSALITY�RELATIONS�

AB

¬B�→�A
¬A�→�B

TEXTUAL�SHORTCUT�
CHOICE�A��B	

AB

¬B�→�A�
A�∨�¬A�→�B

&IGURE��������3HORTCUT�REPRESENTATIONS�OF�TWO�FREQUENTLY�OCCURRING�PAIRS�OF
RECIPROCAL�CAUSALITY�RELATIONS

����-ONOLITHIC�BEHAVIOURS

4HIS�SECTION�CONSIDERS�BEHAVIOURS�THAT�MAY�CONTAIN�MORE�THAN�TWO�ACTIONS�� )N�SUCH
BEHAVIOURS�THE�OCCURRENCE�OF�AN�ACTION�MAY�DEPEND�ON�A�COMBINATION�OF�ELEMENTARY
CAUSALITY�CONDITIONS�THAT�INVOLVE�MULTIPLE�OTHER�ACTIONS�

������ #ONJUNCTION�OF�ELEMENTARY�CAUSALITY�CONDITIONS

7E�USE�THE�∧��AND	�SYMBOL�TO�REPRESENT�THE�CONJUNCTION�OF�ELEMENTARY�CAUSALITY�CON
DITIONS��!�CONJUNCTION�OF�TWO�OR�MORE�ELEMENTARY�CAUSALITY�CONDITIONS�IS�SATISFIED�IF
AND�ONLY�IF�ALL�OF�THESE�CONDITIONS�ARE�SATISFIED�
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&OR�EXAMPLE��THE�CAUSALITY�RELATION

A�∧��B�∧�¬C�→�D�

SPECIFIES�THAT�AN�ACTION�D�MAY�OCCUR�IF�AND�ONLY�IF���	�IT�OCCURS�AFTER�A����	�IT�OCCURS�AT
THE�SAME�TIME�AS�B��AND���	�C�HAS�NOT�OCCURRED�YET�AND�DOES�NOT�OCCUR�AT� THE�SAME
TIME�AS�D�

4HE�ELEMENTARY�CAUSALITY�CONDITIONS�IN�A�CONJUNCTION�OF�ELEMENTARY�CAUSALITY�CONDI
TIONS� SHOULD� ALL� INVOLVE� DIFFERENT� ACTIONS�� 4HIS� IS� BECAUSE� A� CONJUNCTION� OF� TWO� OR
MORE� DIFFERENT� ELEMENTARY� CAUSALITY� CONDITIONS� THAT� INVOLVE� THE� SAME� ACTION� CAN
NEVER�BE�SATISFIED��&OR�EXAMPLE��THE�CAUSALITY�RELATION

A�∧��A�→�B

SPECIFIES�THAT�ACTION�B�MAY�OCCUR�ONLY�IF�IT�OCCURS�AFTER�A�AND�AT�THE�SAME�TIME�AS�A�
WHICH�IS�A�CONDITION�THAT�IS�NEVER�SATISFIED�

4HE� CONJUNCTION�OF� ELEMENTARY� CAUSALITY� CONDITIONS� IS� REPRESENTED� GRAPHICALLY� BY� A
BLACK�SQUARE��&IGURE������GIVES�TWO�EXAMPLES�OF�CONJUNCTIONS�OF�ELEMENTARY�CAUSALITY
CONDITIONS�

)N�THE�BEHAVIOUR�OF�&IGURE�����A�ACTION�D�MAY�ONLY�OCCUR�IF�ALL�OF� THE�ACTIONS�A��B�
AND�C�HAVE�OCCURRED��!CTION�D�COULD�REPRESENT�THE�ASSEMBLY�OF�A�CAR��AND�ACTIONS�A��B�
AND�C�THE�ARRIVAL�OF�THE�CHASSIS��THE�ARRIVAL�OF�THE�ENGINE��AND�THE�ARRIVAL�OF�THE�OTHER
PARTS��RESPECTIVELY�

)N� THE�BEHAVIOUR�OF�&IGURE�����B�ACTION�C�MAY�ONLY�OCCUR� IF� ACTION�A�HAS�OCCURRED
AND�ACTION�B�HAS�NOT�OCCURRED�YET��NOR�OCCURS�AT�THE�SAME�TIME�AS�C��!CTION�A�COULD
REPRESENT�THE�LOADING�OF�SOME�FREIGHT�IN�A�TRUCK��ACTION�B�THE�BREAKING�DOWN�OF�THE
TRUCK��AND�ACTION�C�THE�TIMELY�ARRIVAL�OF�THE�FREIGHT�AT�ITS�DESTINATION�

!LTERNATIVE�CAUSALITY�CONDITIONS

!N�ALTERNATIVE�CAUSALITY�CONDITION�OF�AN�ACTION� IS�AN�ELEMENTARY�CAUSALITY�CONDITION
OR�A�CONJUNCTION�OF�ELEMENTARY�CAUSALITY�CONDITIONS��SUCH�THAT�THE�SATISFACTION�OF�THE
ELEMENTARY�CAUSALITY�CONDITION�OR�OF�THE�CONJUNCTION�OF�ELEMENTARY�CAUSALITY�CONDI
TIONS��RESPECTIVELY��IS�SUFFICIENT�FOR�THE�ACTION�TO�BE�ENABLED��&OR�EXAMPLE��IN�THE�BE
HAVIOUR�OF�&IGURE�����A�A�∧�B�∧�C�IS�AN�ALTERNATIVE�CAUSALITY�CONDITION�OF�D��BUT�A�∧�B
IS�NOT�

,ET� C
�

� ∧� C
�

� ∧� ���� ∧� C
N

� BE� AN� ALTERNATIVE� CAUSALITY� CONDITION� OF� AN� ACTION� A�� WITH
C
�

��C
�

�������C
N

� ELEMENTARY� CAUSALITY� CONDITIONS�� 4HIS� ALTERNATIVE� CAUSALITY� CONDITION� IS
MINIMAL�IF�AND�ONLY�IF�THERE�IS�NO�SUBSET�3�⊂�[C

�

��C
�

�������C
N

]��SUCH�THAT�SATISFACTION�OF
ALL�OF�THE�ELEMENTARY�CAUSALITY�CONDITIONS�IN�3�IS�SUFFICIENT�FOR�A�TO�BE�ENABLED��)N�THIS
THESIS�WE�ASSUME�THAT�ALL�ALTERNATIVE�CAUSALITY�CONDITIONS�IN�BEHAVIOUR�SPECIFICATIONS
ARE�MINIMAL�
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B

A

[�START�→�A�
���START�→�B�
���START�→�C�
���A�∧�B�∧�C�→�D��]

C

D

�A	

A

[�START�→�A�
���C�∨�¬C�→�B�
���A�∧�¬B�→�C��]

B

C

�B	

&IGURE��������3OME�BEHAVIOURS�CONTAINING�A�CONJUNCTION�OF�ELEMENTARY�CAU
SALITY�CONDITIONS�

5NCERTAINTY

)N� CASE� OF� A� CAUSALITY� RELATION� THAT� CONTAINS� A� CONJUNCTION� OF� ELEMENTARY� CAUSALITY
CONDITIONS�� THE�OCCURRENCE�OF�THE�RESULT�ACTION�DEPENDS�ON�THE�SATISFACTION�OF�ALL�OF
THESE�ELEMENTARY�CAUSALITY�CONDITIONS��4HEREFORE��IT�IS�NOT�MEANINGFUL�TO�SPECIFY�THE
UNCERTAINTY� OF� THE� OCCURRENCE� OF� THE� RESULT� ACTION� IF� ONLY� ONE� OF� THESE� ELEMENTARY
CAUSALITY�CONDITIONS�IS�SATISFIED��)NSTEAD��THE�UNCERTAINTY�OF�THE�OCCURRENCE�OF�THE�RE
SULT�ACTION�SHOULD�BE�SPECIFIED�FOR�THE�CASE� IN�WHICH�ALL�OF� THE�ELEMENTARY�CAUSALITY
CONDITIONS� ARE� SATISFIED�� 4HIS� IS� REPRESENTED� BY� AN� EXCLAMATION� MARK� OR� QUESTION
MARK� IN� SUBSCRIPT�PLACED� AFTER� THE� REPRESENTATION�OF� THE� CONJUNCTION�OF� ELEMENTARY
CAUSALITY�CONDITIONS�

&OR�EXAMPLE��THE�CAUSALITY�RELATION

�A�∧�B�∧�C	
�

�→�D

SPECIFIES�THAT�D�MUST�OCCUR�IF�A��B��AND�C�HAVE�OCCURRED��!ND�THE�CAUSALITY�RELATION

�A�∧�¬B	
�

�→�C

SPECIFIES�THAT�C�MAY�OCCUR�IF�A�HAS�OCCURRED�AND�B�HAS�NOT�OCCURRED�AND�B�DOES�NOT
OCCUR�AT�THE�SAME�TIME�AS�C�

������ $ISJUNCTION�OF�ALTERNATIVE�CAUSALITY�CONDITIONS

7E�USE�THE�∨�SYMBOL�TO�REPRESENT�THE�DISJUNCTION�OF�ALTERNATIVE�CAUSALITY�CONDITIONS�
!�DISJUNCTION�OF� TWO�OR�MORE� ALTERNATIVE� CAUSALITY� CONDITIONS� IS� SATISFIED� IF� AT� LEAST
ONE�OF�THESE�ALTERNATIVE�CAUSALITY�CONDITIONS�IS�SATISFIED�

&OR�EXAMPLE��THE�CAUSALITY�RELATION
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A�∨�B�∨�C�→�D

SPECIFIES�THAT�D�MAY�OCCUR�AS�SOON�AS�A��B��OR�C�HAS�OCCURRED��!ND�THE�CAUSALITY�RELA
TION

�A�∧�B�∧�C	�∨��A�∧��D	�∨�E�→�F

SPECIFIES�THAT�F�MAY�OCCUR�IF���	�A��B��AND�C�HAVE�OCCURRED��OR���	�A�HAS�OCCURRED�AND�D
OCCURS�AT�THE�SAME�TIME�AS�F��OR���	�E�HAS�OCCURRED�

4HE�DISJUNCTION�OF�ALTERNATIVE�CAUSALITY�CONDITIONS�IS�A�GENERALISATION�OF�THE�DISJUNC
TION�OF� ELEMENTARY� CAUSALITY� CONDITIONS� �DISCUSSED� IN� SECTION������	�� SINCE� EACH� ELE
MENTARY�CAUSALITY�CONDITION�THAT�ENABLES�THE�RESULT�ACTION�IS��BY�DEFINITION��AN�ALTER
NATIVE�CAUSALITY�CONDITION�

7E�REPRESENT�THE�DISJUNCTION�OF�ALTERNATIVE�CONDITIONS�GRAPHICALLY�AS�AN�OPEN�SQUARE�
&IGURE������GIVES�SOME�EXAMPLES�OF�BEHAVIOURS�CONTAINING�DISJUNCTIONS�OF�ALTERNATIVE
CAUSALITY�CONDITIONS�

)N�THE�BEHAVIOUR�OF�&IGURE�����A�ACTION�D�MAY�OCCUR�IF�A��B��OR�C�HAS�OCCURRED��!C
TIONS�A��B��AND�C�CAN��FOR�EXAMPLE��REPRESENT�THE�ARRIVAL�OF�DIFFERENT�CUSTOMERS��AND
ACTION�D�THE�SERVING�OF�A�CUSTOMER�

)N�THE�BEHAVIOUR�OF�&IGURE�����B�ACTION�D�MAY�OCCUR�IF���	�A�AND�B�HAVE�OCCURRED��OR
��	�C�HAS�OCCURRED��!CTION�A�CAN�� FOR�EXAMPLE�� REPRESENT� THE� INCOMING�OF� AN�ORDER
WITHOUT� PAYMENT�� ACTION� B� THE� INCOMING� OF� A� CHEQUE�� ACTION� C� THE� INCOMING� OF� A
CREDIT�CARD�ORDER��AND�ACTION�D�THE�SHIPMENT�OF�THE�ORDERED�GOOD�

)N�THE�BEHAVIOUR�OF�&IGURE�����C�ACTION�B�MAY�OCCUR�IF�A�HAS�OCCURRED�AND�C�DOES�NOT
OCCUR�AT�THE�SAME�TIME��ACTION�C�MAY�OCCUR�IF�A�HAS�OCCURRED�AND�B�DOES�NOT�OCCUR�AT
THE�SAME�TIME��!CTION�A�CAN��FOR�EXAMPLE��REPRESENT�THE�INCOMING�OF�A�BATCH�OF�TWO
ORDERS��ACTION�B�THE�PROCESSING�OF�ONE�ORDER�BY�A�PERSON��AND�ACTION�C�THE�PROCESSING
OF�THE�OTHER�ORDER�BY�THE�SAME�PERSON�

5NCERTAINTY

)N�CASE�THE�OCCURRENCE�OF�AN�ACTION�DEPENDS�ON�A�DISJUNCTION�OF�ALTERNATIVE�CAUSALITY
CONDITIONS��THE�PROBABILITY�OF�ITS�OCCURRENCE�MAY�DEPEND�ON�THE�ALTERNATIVE�CAUSALITY
CONDITION�THAT�ENABLES�THIS�ACTION��4HEREFORE��A�DIFFERENT�PROBABILITY�OF�OCCURRENCE�OF
THE� RESULT� ACTION�MAY� BE� SPECIFIED� FOR� EACH� ALTERNATIVE� CAUSALITY� CONDITION� THAT� CAN
ENABLE�THIS�ACTION�

&OR�EXAMPLE��THE�CAUSALITY�RELATION

A
��

∨��B�∧�C	
�

�→�D

SPECIFIES�THAT�D�MUST�OCCUR�IF�A�HAS�OCCURRED��AND�THAT�D�MAY�OCCUR�IF�B�AND�C�HAVE
OCCURRED�
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B

A

[�START�→�A�
���START�→�B�
���START�→�C�
���A�∨�B�∨�C�→�D��]

C

D

�A	

B

A

[�START�→�A�
���START�→�B�
���START�→�C�
����A�∧�B	�∨�C�→�D��]

C

D

�B	

C

[�START�→�A�
����A�∧�C	�∨��A�∧�¬C	�→�B�
����A�∧�B	�∨��A�∧�¬B	�→�C��]

B

�C	

A

&IGURE��������3OME�BEHAVIOURS�CONTAINING�DISJUNCTIONS�OF�ALTERNATIVE�CAUSAL
ITY�CONDITIONS�

������ "EHAVIOUR�EXECUTIONS

3INCE�A�BEHAVIOUR�SPECIFICATION�MAY�SPECIFY�ACTIONS�THAT�NEED�NOT�ALWAYS�OCCUR�WHEN
THE� BEHAVIOUR� IS� EXECUTED�� A� BEHAVIOUR� SPECIFICATION� GENERALLY�MODELS�MULTIPLE� BE
HAVIOUR�EXECUTIONS��4HE�CONCEPT�OF�BEHAVIOUR�EXECUTION�MODELS�WHAT�HAPPENS�WHEN
A�BEHAVIOUR�IS�EXECUTED��!�BEHAVIOUR�EXECUTION�SPECIFIES�

• THE�ACTIONS�THAT�OCCUR�WHEN�THE�BEHAVIOUR�IS�EXECUTED�

• THE�RELATIONS�BETWEEN�THESE�ACTIONS�THAT�HOLD�DURING�THE�EXECUTION�

!S�AN�EXAMPLE��CONSIDER�THE�BEHAVIOUR

[ START
�

�→�A�
A
�

�→�B ]�

4HIS�DEFINES�THE�FOLLOWING�BEHAVIOUR�EXECUTIONS�

• THE�EXECUTION�IN�WHICH�NO�ACTION�OCCURS�

• THE�EXECUTION�IN�WHICH�ONLY�THE�INITIALLY�ENABLED�ACTION�A�OCCURS�

• THE�EXECUTION�IN�WHICH�ACTIONS�A�AND�B�OCCUR��WHERE�A�IS�INITIALLY�ENABLED�AND�B�IS
CAUSED�BY�A�

!S�ANOTHER�EXAMPLE��CONSIDER�THE�BEHAVIOUR

[ ¬B
�

�→�A�
¬A

�

�→�B ]�
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4HIS�DEFINES�THE�FOLLOWING�BEHAVIOUR�EXECUTIONS�

• THE�EXECUTION�IN�WHICH�ONLY�A�OCCURS�

• THE�EXECUTION�IN�WHICH�ONLY�B�OCCURS�

)N�;1UARTEL�ET�AL���������1UARTEL������=��BEHAVIOUR�EXECUTIONS�ARE�USED�TO�FORMALLY
DEFINE�THE�SEMANTICS�OF�SOME�OF�THE�CONCEPTS�INTRODUCED�IN�THIS�CHAPTER��3UCH�A�FOR
MAL�SPECIFICATION�IS�OUT�OF�THE�SCOPE�OF�THIS�THESIS��7E�ONLY�USE�BEHAVIOUR�EXECUTIONS
HERE�TO�EXPLAIN�THE�MEANINGS�OF�CONCEPTS�THAT�ARE�HARD�TO�UNDERSTAND�WITHOUT�CON
SIDERING�BEHAVIOUR�EXECUTIONS��SUCH�AS�THE�DISJUNCTION�OF�ALTERNATIVE�CAUSALITY�CONDI
TIONS�

-EANING�OF�DISJUNCTION�OF�ALTERNATIVE�CAUSALITY�CONDITIONS

7E�ALREADY�DEFINED�THAT�A�DISJUNCTION�OF�ALTERNATIVE�CAUSALITY�CONDITIONS�IN�A�CAUSALITY
RELATION�OF�AN�ACTION�A�MEANS�THAT�A�MAY�OCCUR�IF�AT�LEAST�ONE�OF�THE�ALTERNATIVE�CAU
SALITY�CONDITIONS�IS�SATISFIED��4HIS�DEFINITION�DOES��HOWEVER��NOT�CONSIDER�WHICH�OF�THE
ALTERNATIVE�CAUSALITY�CONDITIONS�EFFECTIVELY�CAUSES�THE�OCCURRENCE�OF�A�IN�A�BEHAVIOUR
EXECUTION�

)T�IS�USEFUL�TO�CONSIDER�THESE�CAUSES��SINCE�DIFFERENT�CAUSES�MAY�LEAD�TO�DIFFERENT�IM
PLEMENTATIONS�OF� THE�CAUSALITY� RELATION��-OREOVER�� IN� CHAPTER���WE� CONSIDER� VALUES
THAT�ARE�ESTABLISHED�IN�ACTIONS�AND�TO�WHICH�OTHER�ACTIONS�MAY�REFER��THE�CAUSE�OF�AN
ACTION�DETERMINES�TO�WHICH�OTHER�ACTIONS�IT�MAY�REFER�

'IVEN�A�DISJUNCTION�OF�ALTERNATIVE�CAUSALITY�CONDITIONS�C
�

�∨�C
�

�∨�����∨�C
N

�OF�AN�ACTION�A�
THE�FOLLOWING�OPTIONS�SEEM�USEFUL�

��� !CTION�A�MAY�BE�CAUSED�BY�EITHER�C
�

��C
�

�������OR�C
N

�BUT�NOT�BY�TWO�OR�MORE�OF�THESE
ALTERNATIVE�CAUSALITY�CONDITIONS�

��� !CTION�A�MAY�BE�CAUSED�BY�C
�

��C
�

�������OR�C
N

��OR�BY�TWO�OR�MORE�OF�THESE�ALTERNATIVE
CAUSALITY�CONDITIONS�

7E�SELECT�OPTION����BECAUSE� IT�OFFERS�MORE�POWER�OF�EXPRESSION��)F�WE�WOULD�SELECT
OPTION����IT�WOULD�BECOME�IMPOSSIBLE�TO�EXPRESS�THAT�ACTION�A�MAY�NOT�BE�CAUSED�BY
TWO�OR�MORE�OF�THE�ALTERNATIVE�CAUSALITY�CONDITIONS��(OWEVER��IF�WE�SELECT�OPTION����IT
IS�STILL�POSSIBLE�TO�EXPRESS�THAT�ACTION�A�MAY�ALSO�BE�CAUSED�BY�TWO�OR�MORE�OF�THE�AL
TERNATIVE�CAUSALITY�CONDITIONS��BY�SPECIFYING�THIS�EXPLICITLY�AS�THE�CONJUNCTION�OF�ELE
MENTARY�CAUSALITY�CONDITIONS��&OR�EXAMPLE��WE�COULD�SPECIFY

A�∨�B
�

∨��A�∧�B	�→�C

TO�EXPRESS�THAT�C�MAY�BE�CAUSED�BY�A�ALONE��OR�BY�B�ALONE��OR�BY�BOTH�A�AND�B�

4HE�SELECTION�OF�THE�FIRST�ALTERNATIVE�HAS�THE�FOLLOWING�CONSEQUENCE�FOR�THE�DEFINITION
OF�THE�MEANING�OF�A�DISJUNCTION�OF�ALTERNATIVE�CAUSALITY�CONDITIONS�OF�AN�ACTION�A��IN�A
BEHAVIOUR�EXECUTION�ACTION�A�IS�CAUSED�BY�ONLY�ONE�OF�THESE�ALTERNATIVE�CAUSALITY�CON
DITIONS�AND�INDEPENDENT�OF�THE�OTHER�ALTERNATIVE�CAUSALITY�CONDITIONS�
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4HUS��FOR�EXAMPLE��THE�BEHAVIOUR

[ START�→�A�
START�→�B�
A�∨�B�→�C��]

HAS�THE�FOLLOWING�BEHAVIOUR�EXECUTIONS�

• THE�EXECUTION�IN�WHICH�THE�INITIALLY�ENABLED�ACTIONS�A�AND�B�OCCUR��AS�WELL�AS�AC
TION�C��WHICH�IS�CAUSED�BY�A�

• THE�EXECUTION�IN�WHICH�THE�INITIALLY�ENABLED�ACTIONS�A�AND�B�OCCUR��AS�WELL�AS�AC
TION�C��WHICH�IS�CAUSED�BY�B�

BUT�NOT

• THE�EXECUTION�IN�WHICH�THE�INITIALLY�ENABLED�ACTIONS�A�AND�B�OCCUR��AS�WELL�AS�AC
TION�C��WHICH�IS�CAUSED�BY�BOTH�A�AND�B�

!S�A�PRACTICAL�EXAMPLE�OF� THIS�BEHAVIOUR��CONSIDER� THE�CASE� IN�WHICH�A� REPRESENTS�A
REQUEST�TO�BORROW�A�BOOK�FROM�A�LIBRARY�BY�ONE�CUSTOMER��B�REPRESENTS�A�REQUEST�TO
BORROW�THE�SAME�BOOK�FROM�THE�SAME�LIBRARY�BY�ANOTHER�CUSTOMER��AND�C�REPRESENTS
THE�GRANTING�OF�THE�REQUEST�FOR�A�CUSTOMER��/F�COURSE��THE�REQUEST�IS�ONLY�GRANTED�FOR
A�SINGLE�CUSTOMER��4HE�GRANTING�OF�THE�REQUEST� IS� THUS�RELATED� TO� THE�REQUEST�OF� THIS
CUSTOMER�AND�OCCURS�INDEPENDENT�OF�THE�OTHER�REQUEST�

/THER�REPRESENTATIONS�OF�CAUSALITY�RELATIONS

7E�ADOPTED�THE�CONVENTION�THAT�CAUSALITY�CONDITIONS�THAT�CONTAIN�BOTH�DISJUNCTIONS
AND�CONJUNCTIONS�ARE�SPECIFIED�AS�DISJUNCTIONS�OF�CONJUNCTIONS�OF�ELEMENTARY�CAUSALITY
CONDITIONS��7E� SAY� SUCH� CAUSALITY� CONDITIONS� ARE� IN� DISJUNCTIVE� NORMAL� FORM�� /UR
RULES�FOR�THE�CONSTRUCTION�OF�CAUSALITY�RELATIONS�PREVENT�CAUSALITY�CONDITIONS�THAT�ARE
FORMED�AS�CONJUNCTIONS�OF�DISJUNCTIONS�OF�ELEMENTARY�CAUSALITY�CONDITIONS��4HUS��FOR
EXAMPLE��THE�SPECIFICATION�OF�THE�CAUSALITY�CONDITION

A�∧��B�∨�C�∨�D�∨�E�∨�F	

IS�NOT�ALLOWED��)NSTEAD��WHAT�IS�MEANT�BY�THIS�CONDITION��SEE�BELOW	�SHOULD�BE�SPECI
FIED�AS�THE�MORE�LENGTHY�CAUSALITY�CONDITION

�A�∧�B	�∨��A�∧�C	�∨��A�∧�D	�∨��A�∧�E	�∨��A�∧�F	�

3INCE�CAUSALITY�CONDITIONS�IN�DISJUNCTIVE�NORMAL�FORM�MAY�BE�LENGTHY��WE�ALLOW�THEM
TO� BE� SPECIFIED� IN� CONJUNCTIVE� NORMAL� FORM� �I�E�� AS� CONJUNCTIONS� OF� DISJUNCTIONS� OF
ELEMENTARY� CAUSALITY� CONDITIONS	� FROM�HERE� ON�� BY� DEFINING� THE� CONJUNCTION�OF� DIS
JUNCTIONS�OF�ELEMENTARY�CAUSALITY�CONDITIONS�AS�FOLLOWS��'IVEN�A�CAUSALITY�RELATION

#
�

�∧�#
�

�∧�����∧�#
N

�→�A

IN�WHICH�#
�

��#
�

�� �����#
N

�ARE�DISJUNCTIONS�OF�ONE�OR�MORE�ELEMENTARY�CAUSALITY�CONDI
TIONS��A�MAY�BE�CAUSED�IN�A�BEHAVIOUR�EXECUTION�BY�ANY�CONJUNCTION�OF�ONE�ELEMEN
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TARY�CAUSALITY�CONDITION�FROM�#
�

��ONE�ELEMENTARY�CAUSALITY�CONDITION�FROM�#
�

�������AND
ONE�ELEMENTARY�CAUSALITY�CONDITION�FROM�#

N

��AND�NOT�BY�ANY�OTHER�CONDITION�

.OW�THE�CONJUNCTION�DISTRIBUTES�OVER�THE�DISJUNCTION��I�E��THE�CAUSALITY�CONDITION�A�∧
�B�∨�C	�MEANS�THE�SAME�AS��A�∧�B	�∨��A�∧�C	��4HIS�IS�BECAUSE

• A�∧��B�∨�C	�→�D�MEANS�THAT�D�MAY�BE�CAUSED�BY�EITHER�BOTH�A�AND�B�OR�BY�BOTH�A
AND�C��AND

• �A�∧�B	�∨��A�∧�C	�→�D�MEANS�D�MAY�BE�CAUSED�BY�EITHER�BOTH�A�AND�B�OR�BY�BOTH�A
AND�C�

7HEN� INTERPRETING� CAUSALITY� CONDITIONS�� ONE� SHOULD� BE� AWARE� THAT� THE� DISJUNCTION
DOES�NOT�DISTRIBUTE�OVER�THE�CONJUNCTION��I�E��THAT�A�∨��B�∧�C	�DOES�NOT�MEAN�THE�SAME
AS��A�∨�B	�∧��A�∨�C	��4HIS�IS�BECAUSE

• A�∨� �B�∧� C	�→�D�MEANS� THAT�D�MAY� BE� CAUSED� EITHER� BY� A� OR� BY� BOTH�B� AND� C�
WHEREAS

• �A�∨�B	�∧��A�∨�C	�→�D�MEANS�THAT�D�MAY�BE�CAUSED�EITHER�BY�A��OR�BY�BOTH�B�AND�C�
OR�BY�BOTH�A�AND�B��OR�BY�BOTH�A�AND�C�

������ !DDITIONAL�SHORTCUT�REPRESENTATIONS

7E�INTRODUCE�A�FEW�MORE�SHORTCUT�REPRESENTATIONS�TO�ALLOW�FOR�MORE�CONCISE�BEHAV
IOUR�REPRESENTATIONS�

)N�THE�GRAPHICAL�REPRESENTATION��MULTIPLE�ARROWS�POINTING�TO�AN�ACTION�ARE�TO�BE� IN
TERPRETED�AS�THE�CONJUNCTION�OF�THE�RELATIONS�REPRESENTED�BY�THE�ARROWS��4HIS�ALLOWS
E�G��THE�MORE�CONCISE�REPRESENTATION�IN�&IGURE�����C�OF�THE�BEHAVIOUR�REPRESENTED�IN
&IGURE�����B�

!�DOTTED�LINE�AROUND�A�GROUP�OF�ACTIONS�IS�TO�BE�INTERPRETED�AS�FOLLOWS�

• !N�ARROW�POINTING�TO�THE�DOTTED�LINE�IS�A�SHORTCUT�FOR�COPIES�OF�THIS�ARROW�POINT
ING�TO�EVERY�ACTION�IN�THE�GROUP�

• !N�ARROW�IN�A�BOX�THAT�IS�CONNECTED�TO�THE�DOTTED�LINE�IS�A�SHORTCUT�FOR�COPIES�OF
THIS�ARROW�POINTING�FROM�EVERY�ACTION�IN�THE�GROUP�TO�EVERY�OTHER�ACTION�IN�THIS
GROUP�

4HIS�ALLOWS�THE�EVEN�MORE�CONCISE�REPRESENTATION�IN�&IGURE�����D�OF�THE�BEHAVIOUR
REPRESENTED�IN�&IGURE�����B�

���� "EHAVIOUR�COMPOSITION

4HIS� SECTION� DISCUSSES� THE� STRUCTURING� OF� BEHAVIOURS� AS� COMPOSITIONS� OF
�SUB	BEHAVIOURS��7E�DISTINGUISH�BETWEEN�CAUSALITYORIENTED�BEHAVIOUR�COMPOSITIONS
AND�CONSTRAINTORIENTED�BEHAVIOUR�COMPOSITIONS�
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[�START�→�A�
���A�∧�¬C�∧�¬D�→�B�
���A�∧�¬B�∧�¬D�→�D�
���A�∧�¬B�∧�¬C�→�D��]

C

B

DA

C

B

DA C

B

D

A

�A	 �B	

�C	 �D	

&IGURE��������&OUR�REPRESENTATIONS�OF�SAME�BEHAVIOUR���A	�TEXTUAL���B	
GRAPHICAL��WITHOUT�SHORTCUTS���C	�GRAPHICAL��WITH�SHORTCUTS���D	�GRAPHICAL�

WITH�FURTHER�SHORTCUTS

������ #AUSALITYORIENTED�BEHAVIOUR�COMPOSITION

)N� A� CAUSALITYORIENTED� BEHAVIOUR� COMPOSITION� CONDITIONS� IN� ONE� BEHAVIOUR� ENABLE
ACTIONS�IN�ANOTHER�BEHAVIOUR�

%NTRY� POINTS� AND� EXIT� POINTS�MAKE� THIS� TYPE� OF� BEHAVIOUR� COMPOSITION� POSSIBLE�� !
CAUSALITY� RELATION� WHOSE� RESULT� ACTION� DEPENDS� ON� CONDITIONS� DEFINED� IN� OTHER� BE
HAVIOURS�CONTAINS�AN�ENTRY�POINT� IN� ITS�CAUSALITY�CONDITION��!�CAUSALITY�RELATION� THAT
DEFINES�CONDITIONS�FOR�ONE�OR�MORE�RESULT�ACTIONS�IN�OTHER�BEHAVIOURS�CONTAINS�AN�EXIT
POINT�INSTEAD�OF�A�RESULT�ACTION��%NTRY�POINTS�AND�EXIT�POINTS�ARE�THUS�ONLY�SYNTACTICAL
CONSTRUCTS�THAT�REPRESENT�CONDITIONS�AND�RESULT�ACTIONS��RESPECTIVELY�

!�RELATION�BETWEEN�TWO�OR�MORE�BEHAVIOURS�CAN�BE�DEFINED�BY�COUPLING�ENTRY�POINTS
TO�EXIT�POINTS��%ACH�ENTRY�POINT�IS�COUPLED�TO�EXACTLY�ONE�EXIT�POINT��BUT�AN�EXIT�POINT
CAN�BE�COUPLED�TO�MULTIPLE�ENTRY�POINTS��4HE�MEANING�OF�SUCH�A�COMPOSITION�OF�BE
HAVIOURS�IN�TERMS�OF�A�MONOLITHIC�BEHAVIOUR�IS�AS�FOLLOWS��EACH�ENTRY�POINT�IN�A�CAU
SALITY�CONDITION�REPRESENTS� THE�CAUSALITY� CONDITION�OF� THE�EXIT�POINT� COUPLED� TO� THIS
ENTRY�POINT�

7E�REPRESENT�ENTRY�POINTS�AND�EXIT�POINTS�IN�TEXT�BY�THE�WORDS�ENTRY�AND�EXIT��RESPEC
TIVELY�� FOLLOWED� BY� SUFFIXES� TO� MAKE� THEM� UNIQUELY� IDENTIFIABLE�� IF� NECESSARY�� 4HE
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COUPLING�OF�AN�ENTRY�POINT�ENTRY�OF�A�BEHAVIOUR�"
�

�TO�AN�EXIT�POINT�EXIT�OF�A�BEHAV
IOUR�"

�

�IS�REPRESENTED�AS

"
�

�EXIT	�→�"
�

�ENTRY	�

%XAMPLES

4HE�FOLLOWING�BEHAVIOUR�"�IS�STRUCTURED�AS�A�COMPOSITION�OF�BEHAVIOURS�"
�

�AND�"
�

�

"�
[ START�→�"

�

�ENTRY	�
"

�

�EXIT	�→�"
�

�ENTRY	��]

"
�

�
[ ENTRY�→�A�
A�→�B�
B�→�EXIT��]

"
�

�
[ ENTRY�→�C�
C�→�D��]�

&IGURE�����A�REPRESENTS�THIS�BEHAVIOUR�GRAPHICALLY��7E�REPRESENT�A�BEHAVIOUR�BORDER
AS�A�GREY�RECTANGLE�WITH�ROUND�CORNERS��AND�WE�REPRESENT�ENTRY�POINTS�AND�EXIT�POINTS
AS�TRIANGLES�

4HIS� BEHAVIOUR� SPECIFICATION� REPRESENTS� THE� SAME� BEHAVIOUR� AS� THE� UNSTRUCTURED
�MONOLITHIC	�BEHAVIOUR�

"è�
[ START�→�A�
A�→�B�
B�→�C�
C�→�D��]

&IGURE�����B�REPRESENTS�THIS�BEHAVIOUR�GRAPHICALLY��&IGURE������ILLUSTRATES�THAT�A�CAU
SALITYORIENTED�BEHAVIOUR�COMPOSITION�LOOKS�AS� IF� THE�CAUSALITY�RELATIONS�OF�A�MONO
LITHIC�BEHAVIOUR�HAVE�BEEN�ëCUTì��GENERATING�SUBBEHAVIOURS�IN�THIS�WAY�

&IGURE������GIVES�AN�EXAMPLE�OF�TWO�SUBBEHAVIOURS�COUPLED�BY�MULTIPLE�ENTRY�AND
EXIT�POINTS��!�TEXTUAL�REPRESENTATION�OF�THIS�BEHAVIOUR�IS�

[ START�→�"
�

�ENTRY	�
"

�

�EXIT
�

	�→�"
�

�ENTRY
�

	�
"

�

�EXIT
�

	�→�"
�

�ENTRY
�

	��]

"
�

�
[ ENTRY�→�A�
A�→�EXIT

�
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�B	

"è

BA C D

"
�

"
�

"

�A	

BA C D

EXIT ENTRY

ENTRY

&IGURE��������%XAMPLE�BEHAVIOUR�REPRESENTED��A	�AS�CAUSALITYORIENTED�COM
POSITION�OF�SUBBEHAVIOURS��AND��B	�MONOLITHICALLY�

"
�

"
�

"

B

A C

D

&IGURE��������%XAMPLE�OF�SUBBEHAVIOURS�COUPLED�BY�MULTIPLE�ENTRY�AND�EXIT
POINTS�

A�→�B�
B�→�EXIT

�

��]

"
�

�
[ ENTRY

�

�∨�ENTRY
�

�→�C�
ENTRY

�

�∧�C�→�D��]

-ORE�EXAMPLES�OF�CAUSALITYORIENTED�BEHAVIOUR�COMPOSITION�CAN�BE�FOUND�IN�CHAPTER
���WHICH�DISCUSSES�THE�ROLE�OF�THIS�COMPOSITION�TECHNIQUE�IN�DEVELOPMENT�PROCESSES�
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2EPRESENTATION�SHORTCUTS

!S�A�SHORTCUT�TO�THE�SPECIFICATION�OF�THE�COUPLING�OF�EXIT�AND�ENTRY�POINTS�AS

"
�

�EXIT	�→�"
�

�ENTRY	

AND�THE�ENABLING�OF�THE�EXIT�POINT�OF�"
�

�BY�AN�ACTION�A�AS

A�→�EXIT�

WE�ALLOW�FOR�THE�SPECIFICATION�THAT�A�DIRECTLY�ENABLES�THE�ENTRY�POINT�OF�"
�

��I�E�

A�→�"
�

�ENTRY	�

4HE�BEHAVIOUR�OF�&IGURE�����A�CAN�NOW�BE�SPECIFIED�SLIGHTLY�MORE�CONCISELY�AS�

"�
[ START�→�"

�

�ENTRY	��]

"
�

�
[ ENTRY�→�A�
A�→�B�
B�→�"

�

�ENTRY	��]

"
�

�
[ ENTRY�→�C�
C�→�D��]�

&IGURE������REPRESENTS�THIS�GRAPHICALLY�

"
"

�
"

�

BA C D

&IGURE��������3HORTCUT�REPRESENTATION�OF�BEHAVIOUR�OF�&IGURE�����A�

3IMILARLY��WE�ALLOW�FOR�THE�SHORTCUT�SPECIFICATION�OF�AN�ACTION�THAT�BECOMES�DIRECTLY
ENABLED�BY�THE�EXIT�POINT�OF�ANOTHER�BEHAVIOUR��E�G�

"�EXIT	�→�A�

-ULTIPLE�BEHAVIOUR�COPIES

3INCE� EACH� ACTION� OR� ENTRY� POINT� HAS� ONLY� ONE� CAUSALITY� CONDITION��MULTIPLE� COPIES
�SOMETIMES�CALLED�INSTANCES	�OF�A�BEHAVIOUR�CAN�BE�DEFINED�BY�REPEATEDLY�ENABLING�ITS
ENTRY�POINT�S	��&OR�EXAMPLE��THE�BEHAVIOUR
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[ START�→�"�ENTRY	�
START�→�"�ENTRY	�
START�→�"�ENTRY	��]

"�
[ ENTRY�→�A��]

DEFINES�THREE�INDEPENDENT�COPIES�OF�BEHAVIOUR�"��4HESE�COPIES�ARE�THREE�DIFFERENT�BE
HAVIOURS�THAT�HAVE�THE�SAME�STRUCTURE�AS�BEHAVIOUR�"�

4HIS�ALSO�ALLOWS�US�TO�DEFINE�REPETITIVE�BEHAVIOURS��&OR�EXAMPLE��THE�BEHAVIOUR

[ START�→�"�ENTRY	��]

"�
[ ENTRY�→�A�
A�→�"�ENTRY	��]

DEFINES�AN�INFINITE�SEQUENCE�OF�COPIES�OF�AN�ACTION�A��&IGURE������REPRESENTS�THIS�BE
HAVIOUR�GRAPHICALLY�

"

A

&IGURE��������'RAPHICAL�REPRESENTATION�OF�EXAMPLE�BEHAVIOUR�

)F�IT�IS�NECESSARY�IN�A�SPECIFICATION�TO�DISTINGUISH�THE�DIFFERENT�COPIES�OF�A�BEHAVIOUR�
OR�THEIR�ACTIONS��FROM�EACH�OTHER��ONE�MAY�DO�SO�BY�APPENDING�ADDITIONAL�BEHAVIOUR
COPY�IDENTIFIERS�TO�THEIR�NAMES��7E�USE�NATURAL�NUMBERS�FOR�THIS�PURPOSE��WHICH�WE
REPRESENT�IN�SUPERSCRIPT�AFTER�THE�BEHAVIOUR�NAMES��&OR�EXAMPLE��IN�THE�SPECIFICATION

[ START�→�"��ENTRY	��]

"I�
[ ENTRY�→�A�
A�→�"I���ENTRY	��]�

ONE�CAN�REFER�TO�THE�COPIES�OF�BEHAVIOUR�"�AS�"���"���ETC���WHERE�"��IS�THE�BEHAVIOUR
COPY�THAT�IS�FIRST�EXECUTED��FOLLOWED�BY�"���ETC��4HE�COPIES�OF�ACTION�A�CAN�BE�REFERRED
TO�AS�A���A���ETC��&IGURE������REPRESENTS�THIS�BEHAVIOUR�GRAPHICALLY�

)N�ORDER�TO�DEFINE�MULTIPLE�COPIES�OF�A�BEHAVIOUR��A�CONSTRAINT�ON�THE�BEHAVIOUR�COPY
IDENTIFIERS�CAN�BE�SPECIFIED�BEFORE�THE�CAUSALITY�RELATION�OF�THE�ENTRY�POINTS�OF�THE�BE
HAVIOUR�COPIES��&OR�EXAMPLE��THE�SPECIFICATION
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"I

A
I��

I�� I�←�I��

&IGURE��������'RAPHICAL�REPRESENTATION�OF�EXAMPLE�BEHAVIOUR�

[ I����������START�→�"I�ENTRY	��]

IS�A�SHORTCUT�REPRESENTATION�OF�THE�FOLLOWING�SPECIFICATION�

[ START�→�"��ENTRY	�
START�→�"��ENTRY	�
START�→�"��ENTRY	��]�

)N�CASE�A�BEHAVIOUR�HAS�MULTIPLE�ENTRY�POINTS��WE�USE� THE�CONVENTION� THAT� THE�ENA
BLING�OF�AN�ENTRY�POINT�E�ONLY�RESULTS�IN�A�NEW�COPY�OF�THE�BEHAVIOUR�IF�IN�ALL�CURRENT
COPIES�OF�THE�BEHAVIOUR�E�IS�ENABLED��/THERWISE��E�BECOMES�ENABLED�IN�AN�PREVIOUSLY
CREATED�COPY�OF�THE�BEHAVIOUR��4HUS��FOR�EXAMPLE��THE�BEHAVIOUR�SPECIFICATION

[ START�→�"�ENTRY
�

	�
START�→�"�ENTRY

�

	�
START�→�"�ENTRY

�

	�
START�→�"�ENTRY

�

	��]

"�
[ ENTRY

�

�→�A�
ENTRY

�

�→�B��]

SPECIFIES�THAT�TWO�COPIES�OF�"�ARE�CREATED��RATHER�THAN�FOUR�

������ #ONSTRAINTORIENTED�BEHAVIOUR�COMPOSITION

)N�A�CONSTRAINTORIENTED�BEHAVIOUR�COMPOSITION�ACTIONS�ARE��TOGETHER�WITH�THE�CONDI
TIONS�FOR�THEIR�OCCURRENCE��DISTRIBUTED�OVER�MULTIPLE��SUB	BEHAVIOURS�

!�BEHAVIOUR�STRUCTURED�ACCORDING� TO� THE�CONSTRAINTORIENTED�COMPOSITION� TECHNIQUE
CONTAINS� ONE� OR�MORE� INTERACTIONS� SHARED� BY� ITS� SUBBEHAVIOURS�� 3INCE� INTERACTIONS
MAY�ONLY�OCCUR�IF�THE�CONDITIONS�IN�ALL�OF�THE�INVOLVED�SUBBEHAVIOURS�ARE�SATISFIED��A
CONSTRAINTORIENTED�BEHAVIOUR�COMPOSITION�MAY�BE�VIEWED�AS�A�CONJUNCTION�OF�CON
STRAINTS�ON�ACTIONS��WHERE�THE�CONSTRAINTS�ARE�DESCRIBED�IN�SEPARATE�SUBBEHAVIOURS�

4HE� CONSTRAINTORIENTED� COMPOSITION� TECHNIQUE� REQUIRES� THAT� THE� CONJUNCTIONS� OF
CONSTRAINTS�ON�INTERACTIONS�CAN�BE�SATISFIED��OTHERWISE�ONE�WOULD�SPECIFY�INTERACTIONS
THAT�CAN�NEVER�OCCUR��&OR�EXAMPLE��IF�A�AND�B�ARE�INTERACTIONS�OF�BEHAVIOURS�"

�

�AND
"

�

��THE�FOLLOWING�BEHAVIOUR�SPECIFICATION�IS�NOT�ALLOWED�
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"
�

�[������A�→�B�����]
"

�

�[������B�→�A�����]�

7E�SPECIFY�THAT�INTERACTION�POINT�IP�IS�AN�INTERACTION�POINT�OF�THE�BEHAVIOURS�"
�

��"
�

�
�����"

N

��ON�WHICH�INTERACTIONS�A
�

��A
�

�������A
M

�TAKE�PLACE�AS�FOLLOWS�

INTERACTIONS�"
�

��"
�

�������"
N

�ON�IP��A
�

��A
�

�������A
M

)F�ALL�ACTIONS�OF�THE�BEHAVIOURS�"
�

��"
�

�������"
N

�THAT�TAKE�PLACE�ON�IP�ARE�INTERACTIONS�OF
THESE�BEHAVIOURS��ONE�MAY�REFRAIN�FROM�SPECIFYING�THE�LIST�OF�INTERACTION�NAMES��PRO
VIDED�ONE�SPECIFIES� THE� INTERACTION�POINT� IP�� )F�ONE� IS�NOT� INTERESTED� IN� THE�NAME�OF
THE�INTERACTION�POINT��ONE�MAY�REFRAIN�FROM�SPECIFYING�THIS�NAME��PROVIDED�ONE�SPECI
FIES�THE�LIST�OF�INTERACTION�NAMES��/NE�MAY�NOT�REFRAIN�FROM�SPECIFYING�BOTH�THE�LIST�OF
INTERACTION�NAMES�AND�THE�NAME�OF�THE�INTERACTION�POINT�

)F� INTERACTIONS�OF�BEHAVIOURS� THAT�HAVE�MULTIPLE� COPIES� ARE� SPECIFIED�� THE�BEHAVIOUR
IDENTIFIERS�MAY�BE�FOLLOWED�BY�A�CONSTRAINT�ON�THE�BEHAVIOUR�COPY�IDENTIFIERS��REPRE
SENTED�BETWEEN�SQUARE�BRACKETS��&OR�EXAMPLE�

INTERACTIONS�$I��%J�;I�J��I������J����=��A

REPRESENTS�THAT�A�COPY�OF�A�IS�AN�INTERACTION�OF�$��AND�%��AND�THAT�ANOTHER�COPY�OF�A
IS� AN� INTERACTION� OF�$�� AND�%��� )F� IT� FOLLOWS� FROM� THE� REMAINDER� OF� THE� BEHAVIOUR
SPECIFICATION�THAT�$���$���%���AND�%��ARE�THE�ONLY�COPIES�OF�$�AND�%�� THE�CONSTRAINT
I������ J�����MAY�BE� LEFT�OUT�� )F� THE�CONSTRAINT�ON�THE�BEHAVIOUR�COPY� IDENTIFIERS� IS
COMPLETELY�LEFT�OUT��I�E��AS�IN

INTERACTIONS�$��%��A

THIS�REPRESENTS�THAT�EACH�COPY�OF�$�MAY�INTERACT�WITH�ONE�COPY�OF�%��AND�VICE�VERSA�
)T�DOES�NOT�SPECIFY�WHICH�COPY�OF�$�INTERACTS�WITH�WHICH�COPY�OF�%�

%XAMPLES

&IGURE�����A�GIVES�AN�EXAMPLE�OF�A�CONSTRAINTORIENTED�BEHAVIOUR�COMPOSITION��4HE
FIGURE�CAN��FOR�EXAMPLE��REPRESENT�THE�INTERACTION�OF�A�SYSTEM�USER��"

�

	�AND�A�SYSTEM
�"

�

	��"OTH�ARE�PREPARED�TO�PERFORM�AN�INITIAL�INTERACTION�A��WHICH�MIGHT�REPRESENT�THE
POSING�OF�A�QUESTION��"

�

�IS�INITIALLY�ALSO�PREPARED�TO�CARRY�OUT�INTERACTION�B��E�G��THE
RECEIVING�OF�AN�ANSWER��BUT�"

�

� IS�ONLY�PREPARED�TO�CARRY�OUT�B�AFTER�A��&IGURE�����B
MODELS� THIS� BEHAVIOUR� IN� A� MONOLITHIC� FORM�� 4HE� CONSTRAINTORIENTED� BEHAVIOUR
COMPOSITION�IS�REPRESENTED�IN�TEXT�AS�

[ INTERACTIONS�"
�

��"
�

��A�B��]

"
�

�
[ START�→�A�
START�→�B��]
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"
�

"
�

BA BA

�A	 �B	

&IGURE��������%XAMPLE�BEHAVIOUR�REPRESENTED��A	�AS�CONSTRAINTORIENTED
COMPOSITION�OF�SUBBEHAVIOURS��AND��B	�IN�MONOLITHIC�FORM�

"
�

�
[ START�→�A�
A�→�B��]

!�MORE�COMPLEX�EXAMPLE�OF�CONSTRAINTORIENTED�BEHAVIOUR�COMPOSITION�IS�SHOWN�IN
&IGURE� ����A�� &IGURE� ����B� SHOWS� THE�MONOLITHIC� REPRESENTATION� OF� THE� BEHAVIOUR�
4HE�CONSTRAINTORIENTED�BEHAVIOUR�COMPOSITION�IS�REPRESENTED�IN�TEXT�AS�

[ INTERACTIONS��"
�

��"
�

��B�
���"

�

��"
�

��F�
���"

�

��"
�

��D�
���"

�

��"
�

��"
�

��C���]

"
�

�
[ START�→�A�
A�→�B�
B�→�C�
C�→�F�
F�→�E��]

"
�

�
[ START�→�B�
START�→�C�
B�→�D��]

"
�

�
[ START�→�D�
D�→�C�
D�→�G�
G�→�F��]
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GG

�A	 �B	

"
�

"
�

"
�

DC

E

A B

F

DC

E

A B

F

&IGURE��������%XAMPLE�BEHAVIOUR�REPRESENTED��A	�AS�CONSTRAINTORIENTED
COMPOSITION�OF�SUBBEHAVIOURS��AND��B	�MONOLITHICALLY�

4HESE�EXAMPLES�ILLUSTRATE�THAT�A�CONSTRAINTORIENTED�BEHAVIOUR�COMPOSITION�LOOKS�AS
IF�THE�ACTIONS�OF�A�MONOLITHIC�BEHAVIOUR�HAVE�BEEN�ëCUTì��GENERATING�SUBBEHAVIOURS
IN�THIS�WAY�

7HEN� DECOMPOSING� A� BEHAVIOUR� INTO� A� CONSTRAINTORIENTED� COMPOSITION� OF� SUB
BEHAVIOURS��ONE�OBVIOUSLY�HAS�A�LARGE�AMOUNT�OF�DECOMPOSITION�OPTIONS��&IGURE�����
SHOWS�SOME�DECOMPOSITIONS�OF�THE�BEHAVIOUR

[ START�→�A�
START�→�B�
A�∧�B�→�C��]

INTO�SUBBEHAVIOURS�"
�

�AND�"
�

�

-ORE�EXAMPLES�OF�CAUSALITYORIENTED�BEHAVIOUR�COMPOSITION�CAN�BE�FOUND�IN�CHAPTER
���WHICH�DISCUSSES�THE�ROLE�OF�THIS�COMPOSITION�TECHNIQUE�IN�DEVELOPMENT�PROCESSES�

���� #ONCLUSIONS

4HE�PROVISION�OF�A�WELLDEFINED��COMPLETE��AND�PARSIMONIOUS�SET�OF�GENERALLY�APPLI
CABLE� BASIC� ARCHITECTURAL� CONCEPTS� IS� CRUCIAL� FOR� THE� PROPER� SUPPORT� OF� DEVELOPERS
;6ISSERS�ET�AL�������=��7E�PROVIDED�SUCH�A�SET�OF�ARCHITECTURAL�CONCEPTS�FOR�DISTRIBUTED
SYSTEMS�MODELLING��AND�GAVE�EXAMPLES�OF�THEIR�USE�IN�BUSINESS�PROCESS�MODELLING��7E
SHOWED�THAT�THESE�CONCEPTS�ARE�APPLICABLE�AT�MANY�ABSTRACTION�LEVELS�AND�ARGUED�THAT
THESE�CONCEPTS�COVER�THE�RELEVANT�ASPECTS�OF�DISTRIBUTED�SYSTEMS�

)MPORTANT�BASIC�ARCHITECTURAL�CONCEPTS�INCLUDE��ENTITIES��WHICH�ARE�CARRIERS�OF�BEHAV
IOURS��ACTIONS��WHICH�MODEL�ACTIVITIES�� INTERACTIONS��WHICH�MODEL�COMMON�ACTIVITIES
OF�TWO�OR�MORE�ENTITIES��AND�CAUSALITY�RELATIONS��WHICH�MODEL�DEPENDENCY�RELATIONS
BETWEEN�ACTIVITIES�
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C

A

A

"
�

A

CC

B

"
�

�C	

A

"
�

A

CC

B

"
�

�B	

A

"
�

A

CC

B

"
�

�D	

B

�A	

&IGURE���������B	�D	�3OME�CONSTRAINTORIENTED�DECOMPOSITIONS�OF�BEHAVIOUR
OF��A	�

4O�KEEP�BEHAVIOURS�COMPREHENSIBLE��IT�SHOULD�BE�POSSIBLE�TO�CONSTRUCT�BEHAVIOURS�AS
COMPOSITIONS�OF�SUBBEHAVIOURS��7E�THEREFORE�SHOWED�HOW�A�BEHAVIOUR�CAN�BE�COM
POSED�AS�A�CAUSALITYORIENTED�COMPOSITION�OF�SUBBEHAVIOURS��IN�WHICH�CONDITIONS�IN
ONE� SUBBEHAVIOUR� ENABLE� ACTIONS� IN� ANOTHER� SUBBEHAVIOUR	� AND� AS� A� CONSTRAINT
ORIENTED� COMPOSITION� OF� SUBBEHAVIOURS� �IN� WHICH� ACTIONS� ARE�� TOGETHER� WITH� THE
CONDITIONS�FOR�THEIR�OCCURRENCE��DISTRIBUTED�OVER�MULTIPLE�SUBBEHAVIOURS	�



���� )NTRODUCTION

������ -OTIVATION

4HIS� CHAPTER� INTRODUCES� DATA�� WHICH� IS� CONSIDERED� AS� A� COLLECTION� OF� ARCHITECTURAL
CONCEPTS�THAT�CAN�BE�USED�TO�MODEL�BEHAVIOURS�MORE�CONCISELY�THAN�WITH�THE�PREVI
OUSLY�DISCUSSED�BASIC�ARCHITECTURAL�CONCEPTS�ONLY�

-OST�OF� THE� DATA� CONCEPTS� INTRODUCED�HERE�� OR� SIMILAR� CONCEPTS�� ARE� USED� IN�MANY
SPECIFICATION� AND� IMPLEMENTATION� LANGUAGES�� 4HE�MERE� DEFINITION� OF� THE� DATA� CON
CEPTS�IS�THEREFORE�NOT�THE�MAIN�CONTRIBUTION�OF�THIS�CHAPTER��2ATHER��IT�IS�OUR�OBJECTIVE
TO�SHOW�

• WHEN�DATA�IS�INDISPENSABLE�IN�BEHAVIOUR�MODELLING�

• WHY�DATA�IS� INDISPENSABLE�IN�THOSE�CASES��THAT�DATA�CAN�BE�USED�TO�MODEL�BEHAV
IOURS�COMPREHENSIBLY�AND�FACILITATE�ECONOMICAL�IMPLEMENTATION�

• THAT�ALL�DATA� CONCEPTS� CAN�BE�DEFINED� IN� TERMS�OF� THE�PREVIOUSLY�DISCUSSED�BASIC
CONCEPTS��AND�THAT��IN�THAT�SENSE��DATA�CONCEPTS�ARE�NOT�BASIC�CONCEPTS�

)N�SHORT��IT�IS�OUR�OBJECTIVE�TO�SHOW�THE�ROLE�OF�DATA�IN�BEHAVIOUR�MODELLING�

������ 3TRUCTURE

3ECTIONS�����������AND�����INTRODUCE�THE�DATA�CONCEPTS��&OR�CLARITY��THESE�SECTIONS�ONLY
INTRODUCE�DATA�CONCEPTS�FOR�MONOLITHIC�BEHAVIOURS�IN�WHICH�ACTIONS�ARE�ONLY�RELATED
BY��COMBINATIONS�OF	�ENABLING�RELATIONS�

%ACH�OF�THE�SECTIONS�����TO�����IS�SUBDIVIDED�IN�THE�FOLLOWING�SUBSECTIONS�
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• A� SECTION�ë)NCONVENIENCE�OF� CURRENT� CONCEPTSì� THAT� DESCRIBES�WHEN� A� BEHAVIOUR
MODEL�COMPRISING�ONLY�BASIC�CONCEPTS�AND�THE�DATA�CONCEPTS�INTRODUCED�THUS�FAR
BECOMES�LENGTHY��AND�THEREBY�HARD�TO�COMPREHEND�AND�EXPENSIVE�TO�IMPLEMENT�

• A� SECTION�ë$ATA� CONCEPTSì� THAT� INTRODUCES� DATA� CONCEPTS�� DEFINES� THEIR� ARCHITEC
TURAL�SEMANTICS�AND�THEIR�REPRESENTATION��AND�SHOWS�THAT�THEY�CAN�BE�USED�TO�RE
SOLVE� THE� IDENTIFIED� INCONVENIENCE� �I�E�� THAT� THESE� DATA� CONCEPTS� CAN� BE� USED� TO
MODEL�BEHAVIOURS�MORE�CONCISELY�AND�FACILITATE�ECONOMICAL�IMPLEMENTATION	�

• A�SECTION�ë-EANING�OF�DATA�CONCEPTS�IN�TERMS�OF�BASIC�CONCEPTSì�THAT�DEFINES�THE
DATA�CONCEPTS�IN�TERMS�OF�BASIC�CONCEPTS�

)N�THESE�SECTIONS�WE�DO�NOT�GIVE�OBJECTIVE�MEASURES�OF�THE�COMPLEXITY�OF�A�SPECIFICA
TION��SINCE�WE�ARGUED�IN�CHAPTER���THAT�COMPLEXITY�IS��TO�SOME�EXTENT��SUBJECTIVE��)N
STEAD��WE�SHOW�THE�USEFULNESS�OF�DATA�BY�MEANS�OF�EXAMPLE�SPECIFICATIONS� IN�WHICH
THE�USE�OF�DATA�CLEARLY�INCREASES�THEIR�COMPREHENSIBILITY�

3ECTION����� INTRODUCES�EXTENSIONS� FOR� COMPOSITE�BEHAVIOURS�AND�DISABLING�AND� SYN
CHRONISATION�RELATIONS�

������ 3UMMARY�OF�CONCEPTS

3INCE�THIS�CHAPTER�INTRODUCES�QUITE�A�NUMBER�OF�CONCEPTS��WE�SUMMARISE�THEM�HERE
FOR�THE�CONVENIENCE�OF�THE�READER�

3ECTION����� INTRODUCES�ACTION�VALUES�AND�DATA�TYPES��!N�ACTION�VALUE��WHICH�CAN�BE
ESTABLISHED�IN�AN�ACTION��MODELS� THE�RESULT�OF�AN�ACTIVITY��!N�ACTION�VALUE� IS�AN�ELE
MENT�OF�A�DATA�TYPE��WHICH�CONTAINS�ALL�ACTION�VALUES�THAT�CAN�BE�ESTABLISHED�IN�AN�AC
TION�

!CTION�VALUES�CAN�BE�USED�TO�CONCISELY�MODEL�A�SET�OF�ACTIONS�FROM�WHICH�ONLY�ONE
MAY�OCCUR��&OR�EXAMPLE��THE�BEHAVIOUR

[ ¬DRINK?COFFEE�∧�¬DRINK?COLA�→�DRINK?TEA�
¬DRINK?TEA�∧�¬DRINK?COLA�→�DRINK?COFFEE�
¬DRINK?TEA�∧�¬DRINK?COFFEE�→�DRINK?COLA��]

CAN�BE�REPRESENTED�MORE�CONCISELY�AS

[ START�→�DRINK��[COFFEE��TEA��COLA]	��]�

IN�WHICH�THE�SET�[COFFEE��TEA��COLA]�IS�A�DATA�TYPE�OF�ACTION�VALUES�

3ECTION�����DISCUSSES�ACTION�VARIABLES�AND�REFERENCE�RELATIONS��7HEN�AN�ACTION�VALUE
IS�ESTABLISHED�IN�AN�ACTION��IT�IS�ASSIGNED�TO�AN�ACTION�VARIABLE��4HE�ACTION�VARIABLE�CAN
THEN�BE�USED�TO�REFER�TO�THE�ACTION�VALUE��!�REFERENCE�RELATION�IS�A�RELATION�THAT�MAKES
AN�ACTION��AND�POSSIBLY�THE�VALUE�ESTABLISHED�IN�THIS�ACTION��DEPENDENT�ON�VALUES�ES
TABLISHED�IN�OTHER�ACTIONS�

#ONSIDER��FOR�EXAMPLE��THE�BEHAVIOUR�SPECIFICATION�
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[ START�→�A��V
A

�[���]	�
A�→�B��V

B

�[���]	�;V
B

�V
A

=��]�

)N�THIS�SPECIFICATION��A��V
A

�[���]	�REPRESENTS�THAT�ONE�VALUE�FROM�THE�DATA�TYPE�[���]
IS�ESTABLISHED�IN�ACTION�A��WHICH�IS�ASSIGNED�TO�VARIABLE�V

A

��B��V
B

�[���]	�REPRESENTS�THAT
ONE�VALUE� FROM�THE�DATA� TYPE�[���]� IS� ESTABLISHED� IN�ACTION�B��WHICH� IS� ASSIGNED� TO
VARIABLE�V

B

��4HE�REFERENCE�RELATION�;V
B

�V
A

=�REPRESENTS�THAT�THE�VALUE�ESTABLISHED�IN�B�IS
EQUAL�TO�THE�VALUE�ESTABLISHED�IN�A�

3ECTION�����DISCUSSES�STATE�VALUES��STATE�VARIABLES��AND�STATE�FUNCTIONS��!�STATE�FUNCTION
IS�A�FUNCTION�OF�ACTION�VARIABLES�OR�OTHER�STATE�FUNCTIONS��!�STATE�VALUE�IS�THE�VALUE�OF
A� STATE� FUNCTION��WHICH� IS� ASSIGNED� TO� A� STATE� VARIABLE��7E� SHOW� THAT� A� STATE� VALUE
MODELS�ONE�OR�MORE�STATES�OF�A�BEHAVIOUR��WHERE�THE�STATE�CONCEPT�CONFORMS�TO�A�CUS
TOMARY�NOTION�OF�STATE��E�G���AS�IN�FINITESTATE�MACHINES�

#ONSIDER��FOR�EXAMPLE��THE�BEHAVIOUR�SPECIFICATION�

[ START�→�A��V
A

�[���]	�
START�→�B��V

B

�[���]	�<�VS�V
A

�V
B

�>�
A�∧�B�∧��VS��	�→�C��]�

)N�THIS�SPECIFICATION�VS�IS�A�STATE�VARIABLE�THAT�IS�ASSIGNED�THE�VALUE�OF�THE�STATE�FUNC
TION�V

A

�V
B

��4HE�REFERENCE�RELATION��VS��	�REPRESENTS�THAT�C�MAY�ONLY�OCCUR�WHEN�VS�
OR�EQUIVALENTLY�V

A

�V
B

��IS�EQUAL�TO���

4HE�DIFFERENCE�BETWEEN�ACTION�VALUES�AND�STATE�VALUES�IS�IMPORTANT�FOR�A�PROPER�UN
DERSTANDING�OF�THESE�CONCEPTS�

• !N�ACTION�VALUE�BELONGS�TO�A�SINGLE�ACTION�IN�THE�SENSE�THAT� IT� IS�ESTABLISHED�IN�A
PARTICULAR�ACTION��!N�ACTION�VALUE�MODELS� THE� RESULT�OF� THE�ACTIVITY�MODELLED�BY
THE�ACTION�

!�STATE�VALUE�DOES�NOT�NECESSARILY�BELONG�TO�A�SINGLE�ACTION�IN�THE�SENSE�THAT�IT�IS
THE�VALUE�OF�A�FUNCTION�OF�MULTIPLE�ACTION�VALUES��!�STATE�VALUE�DOES�NOT�MODEL�AN
ACTION�OR�A�RESULT�OF�AN�ACTION�

• !N�ACTION�VALUE�IS�A�NOT�NECESSARILY�A�FUNCTION�OF�OTHER�ACTION�VALUES��ACTION�VAL
UES�MAY�BE�ESTABLISHED�NONDETERMINISTICALLY�

!�STATE�VALUE�IS�ALWAYS�A�FUNCTION�OF�ACTION�VALUES�

���� 2OLE�OF�ACTION�VALUES

������ )NCONVENIENCE�OF�CURRENT�CONCEPTS

)NCONVENIENCE�� )F� AN� ACTIVITY� DELIVERS� ONE�OUT� OF�MANY�POSSIBLE� RESULTS�� A�MODEL� OF
THIS�ACTIVITY�CONTAINS�MANY�ACTIONS�THAT�DISABLE�EACH�OTHER��SINCE�EACH�ACTION�MODELS
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ONE�POSSIBLE�RESULT�OF�THE�ACTIVITY	�WHEN�THE�MODEL�IS�DEFINED�USING�THE�BASIC�CONCEPTS
ONLY��3UCH�MODELS�ARE�LARGE�AND�THEREBY�HARD�TO�SURVEY�AND�COMPREHEND�

%XAMPLE��#ONSIDER�A�BANK�EMPLOYEE�WHO�DRAFTS�MORTGAGE�QUOTATIONS��4HE�DRAFTING
OF�ëAì�MORTGAGE�QUOTATION�MAY�BE�VIEWED�AS�ONE�ACTIVITY��(OWEVER�� THE�AMOUNT�OF
THE� QUOTATION� IS� USUALLY� RELEVANT�� %ACH� AMOUNT� IS� A� POSSIBLE� RESULT� OF� THE� ACTIVITY�
3INCE�A�BANK�EMPLOYEE�MAY�USUALLY�QUOTE�MANY�AMOUNTS��A�LARGE�NUMBER�OF�ACTIONS
ARE�REQUIRED�TO�MODEL�THIS���)F�THE�BANK�EMPLOYEE�MAY�QUOTE�AMOUNTS�IN�WHOLE�DOL
LARS�FROM���������TO������������������ACTIONS�ARE�REQUIRED�	�3EE�&IGURE�����FOR�THE
MODEL�

DRAFT�QUOTATION�OF
�������

DRAFT�QUOTATION�OF
�������

DRAFT�QUOTATION�OF
�������

&IGURE� ���� � �-ODELLING� OF�MULTIPLE� POSSIBLE� RESULTS� OF� A� SINGLE� ACTIVITY� RE
QUIRES�MULTIPLE�ACTIONS�THAT�DISABLE�EACH�OTHER�

7E�CALL�A�SET�OF�ACTIONS��SUCH�THAT�THE�OCCURRENCE�OF�EACH�ACTION�IN�THE�SET�DISABLES�THE
OCCURRENCES�OF�ALL�OTHER�ACTIONS�IN�THE�SET��A�SET�OF�MUTUALLY�DISABLING�ACTIONS�

������ $ATA�CONCEPTS

#ONCEPTS

(ERE�WE�REFINE�THE�ACTION�CONCEPT��!N�ACTION��POSSIBLY�ASSOCIATED�WITH�A�SET�OF�ACTION
VALUES��MODELS�AN�ACTIVITY�AS�FOLLOWS�

• 4HE�ACTION�MODELS�THE�ACTIVITY�WHICH�DELIVERS�ONE�RESULT�OUT�OF�ONE�OR�MORE�POS
SIBLE�RESULTS��4HE�OCCURRENCE�OF�THE�ACTION�MODELS�THAT�THE�ACTIVITY�DELIVERS�A�RE
SULT�

• %ACH�ACTION�VALUE�FROM�THE�SET�OF�ACTION�VALUES�MODELS�ONE�POSSIBLE�RESULT�OF�THE
ACTIVITY��4HE� SET�OF�ACTION�VALUES�� ALSO�CALLED� THE�DATA� TYPE�OF� THE�ACTION�VALUES�



������2OLE�OF�ACTION�VALUES ��

MODELS�ALL�POSSIBLE�RESULTS��4HE�ESTABLISHMENT� IN� THE�ACTION�OF�A�VALUE�C�MODELS
THAT�THE�ACTIVITY�DELIVERS�THE�RESULT�MODELLED�BY�C��4HE�VALUE�C�SHOULD�BE�AN�ELE
MENT�OF�THE�SET�OF�ACTION�VALUES�

&ROM�HERE�ON�WE�USE�THE�TERM�ëACTIONì�TO�DENOTE�ACTIONS�IN�WHICH�VALUES�MAY�BE�ES
TABLISHED��)N�ORDER�TO�DENOTE�ACTIONS�IN�WHICH�NO�VALUES�MAY�BE�ESTABLISHED��I�E��AC
TIONS�AS�DEFINED�IN�CHAPTER����WE�USE�THE�TERM�BASIC�ACTION�

2EPRESENTATION

7E�ASSUME� THE� EXISTENCE�OF� A� SUITABLE� LANGUAGE� TO� DEFINE� AND� REPRESENT� DATA� TYPES
PRECISELY�� )N� THE� CURRENT�WORK�WE� USE� AN� INFORMAL� NOTATION� THAT� IS� EXPLAINED� ONLY
WHEN�ITS�MEANING�MAY�BE�UNCLEAR�

!N�ACTION�WITH� ITS� ASSOCIATED�DATA� TYPE� IS� TEXTUALLY� REPRESENTED� BY� A� UNIQUE� ACTION
IDENTIFIER�� FOLLOWED�BY�THE�REPRESENTATION�OF� THE�DATA� TYPE�BETWEEN�ROUND�BRACKETS�
%�G��

A��[�������]	

REPRESENTS�AN�ACTION�A�ASSOCIATED�WITH�THE�DATA�TYPE�[�������]��&IGURE�����REPRESENTS
THIS�GRAPHICALLY�

�[�������]	

A

&IGURE�������'RAPHICAL�REPRESENTATION�OF�A��[�������]	�

!N�ACTION�IN�WHICH�A�VALUE�IS�ESTABLISHED�IS�TEXTUALLY�REPRESENTED�BY�AN�ACTION�IDENTI
FIER�FOLLOWED�BY�THE�REPRESENTATION�OF�THE�VALUE�BETWEEN�ROUND�BRACKETS��%�G��

A���	

REPRESENTS�AND�ACTION�A�IN�WHICH�THE�VALUE���IS�ESTABLISHED�

%XAMPLES

4HE�DRAFTING�OF� A�MORTGAGE�QUOTATION� IN� THE� EXAMPLE�DISCUSSED� ABOVE� CAN�NOW�BE
SPECIFIED�AS�

DRAFT�QUOTATION��[������������������������]	�

OR��IN�CASE�THE�DATA�TYPE�REPRESENTING�THE�RESULTS�HAS�BEEN�PREDEFINED��E�G��AS�ëTHE�SET
OF�NATURAL�NUMBERS�FROM��������TO��������ì	�AND�BEEN�NAMED�MORTGAGE�RANGE��AS�

DRAFT�QUOTATION��MORTGAGE�RANGE	�

4HE�ESTABLISHMENT�OF�THE�VALUE��������IN�THE�ACTION�DRAFT�QUOTATION�CAN�BE�SPECIFIED
AS�

DRAFT�QUOTATION�������	�
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4HE�BEHAVIOUR�OF�THE�EMPLOYEE�WHO�DRAFTS�A�QUOTATION�CAN�BE�SPECIFIED�AS�

[ START�→�DRAFT�QUOTATION��MORTGAGE�RANGE	��]�

6ALUES�CAN�BE�USED�TO�REPRESENT�ANY�TYPE�OF�RESULT�OF�AN�ACTIVITY��INCLUDING�ITS�TIME�OF
OCCURRENCE�AND�ITS�LOCATION��4HUS��FOR�EXAMPLE�

ARRIVE�AT�WORK�[����������������]	

MAY�REPRESENT�THE�ARRIVAL�AT�WORK�OF�A�PERSON�AT�ONE�OF�THREE�POSSIBLE�POINTS�OF�TIME�
AND

VISIT�CITY�[!MSTERDAM��2OTTERDAM��4HE�(AGUE]	

MAY�REPRESENT�A�VISIT�TO�EITHER�!MSTERDAM��2OTTERDAM��OR�4HE�(AGUE�

������ -EANING�OF�DATA�CONCEPTS�IN�TERMS�OF�BASIC�CONCEPTS

• !N�ACTION�WITHOUT�AN�ASSOCIATED�DATA�TYPE�MODELS�A�BASIC�ACTION�

• %ACH�COMBINATION�OF�AN�ACTION�A�AND�A�VALUE�FROM�ITS�ASSOCIATED�DATA�TYPE�$
A

��I�E�
A�C

A

	��C
A

�∈�$
A

��MODELS�ONE�BASIC�ACTION�

4HE�COMBINATION�OF�AN�ACTION�A�AND�ITS�ASSOCIATED�DATA�TYPE�$
A

��I�E��A�$
A

	��MODELS
THE�BASIC�ACTIONS�MODELLED�BY�A�C

A

	��C
A

�∈�$
A

�

• #ONSIDER�AN�ACTION�A�WITH�ITS�CAUSALITY�CONDITION�#
A

�AND�AN�ASSOCIATED�DATA�TYPE
$

A

��4HE�CAUSALITY�CONDITION�OF�EACH�OF�THE�BASIC�ACTIONS�MODELLED�BY�A�C
A

	��C
A

�∈�$
A

�
IS� THE� CONJUNCTION� OF� #

A

� AND� THE� PARTIAL� CAUSALITY� CONDITION� MODELLED� BY
∧ ¬

∈
a x

x D ca a

( )
\{ }

��I�E�

#
A

�→�A��[C
�

��C
�

�������C
N

]	�

IN�WHICH�A�IS�AN�ACTION��MODELS�THE�CAUSALITY�RELATIONS

#
A

�∧�¬A
�

�∧�¬A
�

�∧�����∧�¬A
N

�→�A
�

�
#

A

�∧�¬A
�

�∧�¬A
�

�∧�����∧�¬A
N

�→�A
��

���

#
A

�∧�¬A
�

�∧�¬A
�

�∧�����∧�¬A
N�

�→�A
N

�

IN�WHICH�A
�

��A
�

�������A
N

�ARE�THE�BASIC�ACTIONS�MODELLED�BY�A�C
A

	��C
A

�∈�$
A

���&OR�CON
VENIENCE�WE�NAME�THE�BASIC�ACTIONS�MODELLED�BY�A�C

A

	��C
A

�∈�$
A

��A
�

��A
�

�������A
N

��(OW
EVER�� SINCE� THE� PURPOSE� OF� NAMING� ACTIONS� IS� THE� ESTABLISHMENT� OF� THEIR� UNIQUE
IDENTITY��WE�COULD�HAVE�GIVEN�THE�BASIC�ACTIONS�ANY�UNIQUE�NAME�	

%XAMPLE��4HE�CAUSALITY�RELATION�OF�AN�ACTION�A

B�∨�C�→�A��[�������]	

MODELS�THE�FOLLOWING�CAUSALITY�RELATIONS�OF�BASIC�ACTIONS�A
�

��A
�

��AND�A
�

�
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�B�∨�C	�∧�¬A
�

�∧�¬A
�

�→�A
�

�
�B�∨�C	�∧�¬A

�

�∧�¬A
�

�→�A
�

�
�B�∨�C	�∧�¬A

�

�∧�¬A
�

�→�A
�

�

• #ONSIDER�AN�ACTION�A�WITH�ITS�ASSOCIATED�DATA�TYPE�THAT�MODELS�A�NUMBER�OF�BASIC
ACTIONS�A

�

��A
�

�������A
N

��)F�A�IS�AN�ENABLING�ACTION�OF�AN�ACTION�B��THIS�MODELS�THE�FOL
LOWING�PARTIAL�CAUSALITY�CONDITION�OF�B��A

�

�∨��A
�

�∨������∨�A
N

�

%XAMPLE��4HE�BEHAVIOUR

[ START�→�A��[����]	�
START�→�B�
A�∧�B→�C��]�

IN�WHICH�A�IS�AN�ACTION��MODELS�THE�BEHAVIOUR

[ START�→�A
�

�
START�→�A

�

�
START�→�B�
�A

�

�∨�A
�

	�∧�B�→�C��]�

IN�WHICH�A
�

�AND�A
�

�ARE�BASIC�ACTIONS�

$ATA�TYPES�OF�ACTION�VALUES�ALLOW�FOR�CONCISE�MODELLING�AND�ECONOMICAL�IMPLEMENTA
TION�OF�SETS�OF�MUTUALLY�DISABLING�ACTIONS�BECAUSE�OF�THE�FOLLOWING�REASONS�

• "Y�MODELLING�A�SET�OF�MUTUALLY�DISABLING�ACTIONS�AS�AN�ACTION�WITH�AN�ASSOCIATED
DATA�TYPE��THE�DISABLING�RELATIONS�BETWEEN�ALL�OF�THE�BASIC�ACTIONS�NEED�NOT�BE�REP
RESENTED�AND�IMPLEMENTED�

• $ATA�TYPES�CAN��UNLIKE�SETS�OF�MUTUALLY�DISABLING�ACTIONS��BE�DEFINED�BY�ENUMERA
TION�OF�ALL�OF�THEIR�ELEMENTS��E�G��BY�MEANS�OF�INDUCTION���&OR�EXAMPLE��THE�SET�OF
NATURAL�NUMBERS�.�CAN�BE�DEFINED�BY�SPECIFYING�THAT��� IS�AN�ELEMENT�OF�.��AND
THAT�IF�N�IS�AN�ELEMENT�OF�.��THEN�THE�SUCCESSOR�OF�N�IS�AN�ELEMENT�OF�.�	

• /NCE�DEFINED��DATA�TYPES�CAN�BE�REUSED�IN�THE�MODELLING�OF�MULTIPLE�SETS�OF�MU
TUALLY�DISABLING�ACTIONS���&OR�EXAMPLE��A�DATA�TYPE�MORTGAGE�AMOUNT�CAN�BE�ASSO
CIATED�WITH�BOTH�THE�ACTIONS�DRAFT�QUOTATION�AND�EFFECT�MORTGAGE�	

���� 2OLE�OF�REFERENCE�RELATIONS

������ )NCONVENIENCE�OF�CURRENT�CONCEPTS

)NCONVENIENCE

�� )F�THE�OCCURRENCE�OF�AN�ACTION�B�DEPENDS�ON�THE�VALUE�ESTABLISHED�IN�ANOTHER�AC
TION�A��THIS�CANNOT�BE�MODELLED�CONCISELY�WITH�THE�PREVIOUSLY�INTRODUCED�ARCHITEC
TURAL�CONCEPTS�
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)NSTEAD��A�SHOULD�BE�MODELLED�USING�THE�BASIC�CONCEPTS�AS�A�SET�OF�MUTUALLY�DISA
BLING�ACTIONS�COMPRISING�BASIC�ACTIONS�A

�

��A
�

�������A
N

��4HE�DEPENDENCE�OF�B�SHOULD
THEN�BE�MODELLED�AS�A��POSSIBLY�COMPLEX	�CAUSALITY�RELATION�OF�B��WHOSE�CAUSALITY
CONDITION�COMPRISES�ONE�OR�MORE�OF�THE�ACTIONS�A

�

��A
�

�������A
N

�

�� )F�THE�VALUE�ESTABLISHED�IN�AN�ACTION�B�DEPENDS�ON�THE�VALUE�ESTABLISHED�IN�ANOTHER
ACTION�A��THIS�CANNOT�BE�MODELLED�CONCISELY�WITH�THE�PREVIOUSLY�INTRODUCED�ARCHI
TECTURAL�CONCEPTS�

)NSTEAD��A�SHOULD�BE�MODELLED�USING�THE�BASIC�CONCEPTS�AS�A�SET�OF�MUTUALLY�DISA
BLING�ACTIONS�COMPRISING�BASIC�ACTIONS�A

�

��A
�

�������A
M

�
�

AND�B�SHOULD�BE�MODELLED�AS�A
SET�OF�MUTUALLY�DISABLING�ACTIONS�COMPRISING�BASIC�ACTIONS�B

�

��B
�

�� �����B
N

��4HE�DE
PENDENCE�OF�THE�VALUE�ESTABLISHED�IN�B�SHOULD�THEN�BE�MODELLED�AS��POSSIBLY�COM
PLEX	�CAUSALITY�RELATIONS�OF�B

�

��B
�

�������B
N

��WHOSE�CAUSALITY�CONDITIONS�COMPRISE�ONE
OR�MORE�OF�THE�ACTIONS�A

�

��A
�

�������A
M

�

4HUS��WITH�OUT�CURRENT�CONCEPTS��IN�BOTH�CASES

• SETS� OF� MUTUALLY� DISABLING� ACTIONS� CANNOT� BE� MODELLED� CONCISELY� AS� ACTIONS� IN
WHICH�VALUES�MAY�BE�ESTABLISHED��AND

• THE�MODELLING�OF�THE�DEPENDENCE�OF�AN�ACTION�OR�THE�VALUE�ESTABLISHED�IN�AN�AC
TION�ON� VALUES� ESTABLISHED� IN� OTHER� ACTIONS�MAY� RESULT� IN� LENGTHY� CAUSALITY� RELA
TIONS�

%XAMPLE�OF�CASE����!SSUME�WE�WISH�TO�SPECIFY�THAT

• IN�AN�ACTION�A�ONE�OF�THE�VALUES���TO���IS�ESTABLISHED�

• AN�ACTION�B�IS�ENABLED�BY�THE�ESTABLISHMENT�OF�A�VALUE�LARGER�THAN���IN�A�

4O�SPECIFY�THIS��A�[����������]	�SHOULD�BE�SPECIFIED�AS�A�SET�OF�FOUR�MUTUALLY�DISABLING
BASIC�ACTIONS�AND�B� SHOULD�BE�ENABLED�BY� THE�DISJUNCTION�OF� THE�BASIC�ACTIONS�MOD
ELLED�BY�A��	��A��	��AND�A��	��3EE�&IGURE�����

%XAMPLE�OF�CASE����!SSUME�WE�WISH�TO�SPECIFY�THAT�

• IN�AN�ACTION�A�ONE�OF�THE�VALUES���TO���IS�ESTABLISHED�

• ACTION�B�BECOMES�ENABLED�BY�ACTION�A��IN�B�THE�SAME�VALUE�IS�ESTABLISHED�AS�IN�A�

4O�SPECIFY�THIS��A�[�������]	�AND�B�[�������]	�SHOULD�BOTH�BE�MODELLED�AS�SETS�OF�THREE
MUTUALLY�DISABLING�BASIC�ACTIONS��%ACH�OF�THE�BASIC�ACTIONS�FROM�THE�SET�OF�MUTUALLY
DISABLING� ACTIONS�MODELLED� BY� A�[��� ��� �]	� SHOULD� ENABLE� ONE� OF� THE� BASIC� ACTIONS
FROM�THE�SET�OF�MUTUALLY�DISABLING�ACTIONS�MODELLED�BY�B�[�������]	��3EE�&IGURE�����

������ $ATA�CONCEPTS

#ONCEPTS

!N�ACTION�VARIABLE�IS�THE�CARRIER�OF�AN�ACTION�VALUE��)T�IS�USED�ENABLE�REFERENCE�TO�THIS
ACTION�VALUE�AS�FOLLOWS�
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B

A�

A�

A�

A�

[�START�→�A��
���START�→�A��
���START�→�A��
���START�→�A��
���A��∨�A��∨�A��→�B��]

&IGURE�������%XAMPLE�OF�INCONVENIENCE�OF�CASE���

B�

B�

B�

A�

A�

A�

[�START�→�A��
���START�→�A��
���START�→�A��
���A��→�B��
���A��→�B��
���A��→�B���]

&IGURE�������%XAMPLE�OF�INCONVENIENCE�OF�CASE���

• !�UNIQUELY� IDENTIFIED� ACTION�VARIABLE� IS� ASSOCIATED�WITH� EACH� COMBINATION�OF� AN
ACTION�AND�A�DATA�TYPE��4HE�ACTION�VARIABLE�HAS�THE�DATA�TYPE�IT�IS�ASSOCIATED�WITH
AS�ITS�UNIVERSE�OF�DISCOURSE��OR��AS�WE�CALL�IT��IT�HAS�THE�DATA�TYPE�AS�ITS�TYPE�

• 7HEN��DURING�THE�EXECUTION�OF�A�BEHAVIOUR��A�VALUE�IS�ESTABLISHED�IN�AN�ACTION��WE
SAY�THE�VALUE�IS�ASSIGNED�TO�THE�ACTION�VARIABLE�ASSOCIATED�WITH�THE�ACTION�

• !N�ACTION�VALUE�CAN�BE�REFERRED�TO�VIA�THE�ACTION�VARIABLE�ASSIGNED�TO�THIS�VALUE�

!�REFERENCE�RELATION�OF�AN�ACTION�A�MAKES�THE�OCCURRENCE�OF�A��AND�POSSIBLY�THE�VALUE
ESTABLISHED�IN�A��DEPENDENT�ON�VALUES�ESTABLISHED�IN�OTHER�ACTIONS��!�REFERENCE�RELA



����2OLE�OF�DATA�IN�BEHAVIOUR�MODELLING��

TION�OF�AN�ACTION�A� IS�A�PART�OF� THE�CAUSALITY�RELATION�OF�A��!�CAUSALITY�RELATION�MAY
CONTAIN�MULTIPLE�REFERENCE�RELATIONS�

3INCE�AN�ACTION�VALUE�MODELS�THE�RESULT�OF�AN�ACTIVITY��A�REFERENCE�RELATION�MODELS�THE
DEPENDENCE�OF��THE�RESULT�OF	�AN�ACTIVITY�ON�RESULTS�OF�OTHER�ACTIVITIES�

!S�A�SHORTHAND�FOR�SAYING�THAT�ëTHE�OCCURRENCE�OF�AN�ACTION�A��AND�POSSIBLY�THE�VALUES
ESTABLISHED�IN�A��ARE�DEPENDENT�ON�VALUES�ESTABLISHED�IN�OTHER�ACTIONS�B

�

��B
�

�������AND
B
N

ì��WE�SAY� THAT�ACTION�A� REFERS� TO�ACTIONS�B
�

��B
�

�� �����AND�B
N

��OR� TO� THE�VALUES�ESTAB
LISHED�IN�THESE�ACTIONS��OR�TO�THE�VARIABLES�TO�WHICH�THESE�VALUES�ARE�ASSIGNED�

4HE� ACTIONS� AN� ACTION� CAN� REFER� TO� ARE� RESTRICTED� BY� THE� FOLLOWING� REFERENCE� RULE�
WHICH�IS�MOTIVATED�BELOW��IN�A�BEHAVIOUR�EXECUTION�AN�ACTION�CAN�ONLY�REFER�TO�AC
TIONS�BY�WHICH�IT�IS�DIRECTLY�OR�INDIRECTLY�CAUSED��!N�ACTION�A�IS�DIRECTLY�CAUSED�BY�AN
OTHER�ACTION�B�IF�B�IS�PART�OF�THE�ALTERNATIVE�CAUSALITY�CONDITION�THAT�CAUSES�THE�OCCUR
RENCE�OF�A�DURING�A�BEHAVIOUR�EXECUTION��!N�ACTION�A�IS�INDIRECTLY�CAUSED�BY�ANOTHER
ACTION�B� IF�B�DIRECTLY�CAUSES�ANOTHER�ACTION�C� THAT�DIRECTLY� CAUSES� A��OR� IF�B�DIRECTLY
CAUSES�ANOTHER�ACTION�C�THAT�INDIRECTLY�ENABLES�A�

7E�GIVE�SOME�EXAMPLES�OF�THE�CONSEQUENCES�OF�THIS�REFERENCE�RULE�

• $IRECT�ENABLING��)N�THE�BEHAVIOUR

[ START�→�A�
A�→�B��]�

B�MAY�REFER�TO�A��BUT�A�MAY�NOT�REFER�TO�B�

• )NDIRECT�ENABLING��)N�THE�BEHAVIOUR

[ START�→�A�
A�→�B�
B�→�C��]�

C�MAY�REFER�TO�A�

• )NDEPENDENCE��)N�THE�BEHAVIOUR

[ START�→�A�
START�→�B��]�

B�MAY�NOT�REFER�TO�A�AND�A�MAY�NOT�REFER�TO�B�

• !LTERNATIVE�CAUSALITY�CONDITIONS��)N�THE�BEHAVIOUR

[ START�→�A�
START�→�B
A�∨�B�→�C��]�

C�MAY�EITHER�REFER�TO�A��IN�CASE�A�CAUSES�C�DURING�A�BEHAVIOUR�EXECUTION	��OR�C�MAY
REFER�TO�B��IN�CASE�B�CAUSES�C�DURING�A�BEHAVIOUR�EXECUTION	��BUT�C�MAY�NOT�REFER�TO
BOTH�A�AND�B�
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4HE�MOTIVATION�FOR�THE�REFERENCE�RULE�IS�THAT�WE�DO�NOT�WISH�TO�INTRODUCE�OTHER�CON
CEPTS�THAN�THOSE�OF�CHAPTER���FOR�MAKING�THE�OCCURRENCE�OF�AN�ACTION�DEPENDENT�ON
THE�OCCURRENCE�OF�ANOTHER�ACTION���)F��FOR�EXAMPLE��TWO�ACTIONS�A�AND�B�ARE�INDEPEND
ENT�AND�WE�WOULD�ALLOW�A� TO� REFER� TO�B�� THE�OCCURRENCE�OF�A�WOULD� �IMPLICITLY	� BE
MADE�DEPENDENT�ON�THE�OCCURRENCE�OF�B�	�)NSTEAD��WE�TREAT�THE�CONCEPT�OF�REFERENCE
RELATION�AS�A�REFINEMENT�OF�THE�CONCEPT�OF�CAUSALITY�RELATION�AS�DEFINED�IN�CHAPTER���

7E� DO� ALLOW� AN� ACTION� TO� REFER� TO� ACTIONS� THAT� ENABLE� IT� INDIRECTLY�� BECAUSE� OF� THE
TRANSITIVITY�OF�THE�ENABLING�RELATION��IF�THE�OCCURRENCE�OF�AN�ACTION�A�DEPENDS�ON�THE
OCCURRENCE�OF�AN�ACTION�B�THAT�DEPENDS�ON�THE�OCCURRENCE�OF�AN�ACTION�C��THE�OCCUR
RENCE�OF�A�IMPLICITLY�DEPENDS�ON�THE�OCCURRENCE�OF�C�

3INCE�THE�ACTIONS�THAT�MAY�BE�REFERRED�TO�BY�AN�ACTION�A�MAY�VARY�FOR�THE�DIFFERENT
ALTERNATIVE�CAUSALITY�CONDITIONS�THAT�CAN�CAUSE�A��WE�ALLOW�FOR�THE�DEFINITION�OF�A�DIS
TINCT�REFERENCE�RELATION�FOR�EACH�ALTERNATIVE�CAUSALITY�CONDITION�

&ROM�HERE�ON�WE�USE�THE�TERM�ëCAUSALITY�RELATIONì�TO�REFER�TO�CAUSALITY�RELATIONS�THAT
MAY�CONTAIN�REFERENCE�RELATIONS��)N�ORDER�TO�DENOTE�CAUSALITY�RELATIONS�THAT�MAY�NOT
CONTAIN�REFERENCE�RELATIONS��I�E��CAUSALITY�RELATIONS�AS�DEFINED�IN�CHAPTER����WE�USE�THE
TERM�BASIC�CAUSALITY�RELATION�

2EPRESENTATION

!CTION�VARIABLES

7E�REPRESENT�THE�COMBINATION�OF�AN�ACTION�A��AN�ACTION�VARIABLE�V
A

�AND�ITS�DATA�TYPE
$

A

�AS

A��V
A

��$
A

	�

!N�ACTION�VARIABLE�MAY�HAVE�ANY�NAME�AS�LONG�AS�IT�IS�UNIQUE�IN�A�BEHAVIOUR�

2EFERENCE�RELATIONS

7E�REPRESENT�A�REFERENCE�RELATION�OF�AN�ACTION�A�THAT�MAKES�THE�OCCURRENCE�OF�A�DE
PENDENT�ON� THE� ACTION�VALUES� ASSIGNED� TO� THE� VARIABLES�V

�

��V
�

�� �����V
N

� BY�MEANS� OF� A
PREDICATE�OVER�V

�

��V
�

�������V
N

��&OR�EXAMPLE��THE�PREDICATE

V
�

���V
�

����

IN�THE�CAUSALITY�RELATION�OF�AN�ACTION�A�CAN�BE�USED�TO�REPRESENT�THAT�A�MAY�ONLY�OCCUR
IF�THE�SUM�OF�TWO�VALUES�THAT�HAVE�BEEN�ASSIGNED�TO�V

�

�AND�V
�

��IS�LARGER�THAN����7E�AS
SUME�THE�EXISTENCE�OF�A�SUITABLE�LANGUAGE�TO�DEFINE�AND�REPRESENT�PREDICATES�

7E�REPRESENT�A�REFERENCE�RELATION�OF�AN�ACTION�A�THAT�MAKES�THE�VALUE�ESTABLISHED�IN�A�
WHICH� IS�ASSIGNED�TO�AN�VARIABLE�V

A

��DEPENDENT�ON� THE�ACTION�VALUES�ASSIGNED� TO� THE
VARIABLES�V

�

��V
�

�������V
N

�BY�MEANS�OF�A�PREDICATE�OVER�V
A

��V
�

��V
�

�������V
N

��&OR�EXAMPLE��THE
PREDICATE

V
A

���V
�

���V
�
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IN�THE�CAUSALITY�RELATION�OF�AN�ACTION�A�CAN�BE�USED�TO�REPRESENT�THAT�THE�VALUE�ESTAB
LISHED�IN�A��WHICH�IS�ASSIGNED�TO�THE�VARIABLE�V

A

��IS�EQUAL�TO�THE�SUM�OF�THE�VALUES�AS
SIGNED�TO�V

�

�AND�V
�

��)F�NO�SUCH�VALUE�EXISTS�FOR�V
A

��ACTION�A�MAY�NOT�OCCUR�

7HEN�A� REFERENCE� RELATION�2
A

�OF�AN�ACTION�A� IS� DEFINED� FOR� THE� ALTERNATIVE� CAUSALITY
CONDITION�#

A

�OF�A��WE�REPRESENT�THIS�AS�THE�CONJUNCTION�#
A

�∧�2
A

��4HUS��FOR�EXAMPLE��IN
THE�BEHAVIOUR

[ START�→�A��V
A

��[����]	�
START�→�B��V

B

��[����]	�
�A�∧��V

A

��		�∨��B�∧��V
B

��		�→�C��]�

THE�LAST�CAUSALITY�RELATION�REPRESENTS�THAT�IF�A�CAUSES�C��C�MAY�ONLY�OCCUR�IF�V
A

����AND
THAT�IF�B�CAUSES�C��C�MAY�ONLY�OCCUR�IF�V

B

���

)N�THE�BEHAVIOUR

[ START�→�A��V
A

��[����]	�
A�∧��V

B

�V
A

	�→�B��V
B

�[����]	��]�

THE�LAST�CAUSALITY�RELATION�REPRESENTS�THAT�B�IS�ENABLED�BY�A�AND�THAT�THE�VALUE�ESTAB
LISHED�IN�B�IS�EQUAL�TO�THE�VALUE�ESTABLISHED�IN�A�

!LTERNATIVE�REPRESENTATIONS�OF�REFERENCE�RELATIONS

3INCE�A�REFERENCE�RELATION�REPRESENTS�A�COMBINATION�OF�ONE�OR�MORE�ENABLING�RELATIONS
�SEE� SECTION� �����	�� THE� RULES� OF� CHAPTER� �� FOR� REPRESENTING� CAUSALITY� CONDITIONS� IN
CONJUNCTIVE�NORMAL� FORM�ALSO� APPLY� TO� A� CONJUNCTION� INVOLVING� REFERENCE� RELATIONS�
4HUS��FOR�EXAMPLE��THE�CAUSALITY�RELATION

�A�∧�B�∧��V
A

��		�∨��A�∧�C�∧��V
A

��		�→�C�

WHERE�THE�VALUE�ESTABLISHED�IN�A�HAS�BEEN�ASSIGNED�TO�V
A

��MAY�BE�REPRESENTED�ALTERNA
TIVELY�AS

��A�∧�B	�∨��A�∧�C		�∧��V
A

��	�→�C�

)N�CASE�A�REFERENCE�RELATION�MAKES� THE�VALUE�ESTABLISHED� IN�AN�ACTION�DEPENDENT�ON
VALUES� ESTABLISHED� IN� OTHER� ACTIONS�� WE� ALLOW� FOR� AN� ALTERNATIVE� REPRESENTATION� IN
WHICH�REFERENCE�RELATIONS�ARE�REPRESENTED�IN�SQUARE�BRACKETS�BEHIND�THE�RESULT�ACTION�
&OR�EXAMPLE��THE�CAUSALITY�RELATION

A�∧��V
B

�V
A

	�→�B��V
B

�[����]	�

CAN�BE�REPRESENTED�ALTERNATIVELY�AS�

A�→�B��V
B

�[����]	�;V
B

�V
A

=�

)F� A� CAUSALITY� CONDITION� CONTAINS�MULTIPLE� ALTERNATIVE� CAUSALITY� CONDITIONS��WE�USE� A
NOTATION�WITH�IF�TO�REPRESENT�FOR�WHICH�CAUSALITY�CONDITION�A�REFERENCE�RELATION�IS�DE
FINED��&OR�EXAMPLE��THE�CAUSALITY�RELATION
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A�∨�B�→�C��V
C

�[����]	�;IF�A��V
C

�V
A

����IF�B��V
C

�V
B

��=�

WHERE�THE�VALUES�ESTABLISHED�IN�A�AND�B�HAVE�BEEN�ASSIGNED�TO�V
A

�AND�V
B

��RESPECTIVELY�
REPRESENTS�THAT�IF�A�CAUSES�C��V

C

�V
A

����AND�THAT�IF�B�CAUSES�C��V
C

�V
B

���

&IGURE�����GIVES�TWO�EXAMPLES�OF�THE�GRAPHICAL�REPRESENTATION�OF�REFERENCE�RELATIONS�

A�∨�B�→�C��V
C
�[����]	

���;IF�A��V
C
�V

A
����IF�B��V

C
�V

B
��=

A

�A�∧�V
A
��	�∨��B�∧�V

B
��	�→�C

B

C

V
A
��

V
A
����

V
B
����

V
B
��

A

B

C

V
C
�[����]

��;IF�A��V
C
�V

A
���

���IF�B��V
C
�V

B
��=

V
A
����

V
B
����

&IGURE�������%XAMPLES�OF�GRAPHICAL�REPRESENTATION�OF�REFERENCE�RELATIONS�

%XAMPLES

4HE�EXAMPLE�OF�CASE���OF�SECTION�������CAN�NOW�BE�REPRESENTED�MORE�CONCISELY�AS�

[ START�→�A��V
A

��[����������]	�
A�∧��V

A

����	�→�B��]�

4HE�EXAMPLE�OF�CASE���OF�SECTION�������CAN�NOW�BE�REPRESENTED�MORE�CONCISELY�AS�

[ START�→�A��V
A

��[�������]	�
A�→�B��V

B

��[�������]	�;V
B

�V
A

=��]�

4HE�VALUE�ESTABLISHED�IN�AN�ACTION�NEED�NOT�BE�A�FUNCTION�OF�OTHER�VALUES��VALUES�CAN
ALSO� BE� ESTABLISHED� NONDETERMINISTICALLY�� &OR� EXAMPLE�� IN� THE� FOLLOWING� BEHAVIOUR�
THE�VALUE�ESTABLISHED�IN�B�SHOULD�ONLY�BE�LARGER�THAN�THE�VALUE�ESTABLISHED�IN�A�

[ START�→�A��V
A

��[�������]	�
A�→�B��V

B

��[�������]	�;V
B

���V
A

=��]�

&IGURE�����REPRESENTS�A�SLIGHTLY�MORE�PRACTICAL�BEHAVIOUR��THE�DRAFTING�OF�A�MORTGAGE
QUOTATION�BY�A�BANK��!�PERSON�MAY�APPLY�FOR�A�MORTGAGE��STATING�HIS�OR�HER�NAME�AND
INCOME��APPLY	��)F�THE�APPLICANT�IS�A�CLIENT�OF�A�BANK��THE�MAXIMUM�MORTGAGE�AMOUNT
IS�ESTABLISHED�AT�FOUR�TIMES�THE�APPLICANTèS�INCOME��ESTABLISH�MAX?C	��/THERWISE��THIS
IS�ESTABLISHED�AT�THREE�TIMES�THE�APPLICANTèS�INCOME��ESTABLISH�MAX?NC	��4HEN�THE�IN
TEREST�RATE�FOR�THE�MORTGAGE�IS�ESTABLISHED�AT�THE�CURRENT�DAY�RATE��ESTABLISH�INTEREST	�
&INALLY�� THE�APPLICANT� IS� SENT�A�QUOTATION�WITH� THE�MAXIMUM�MORTGAGE�AMOUNT�AND
THE�INTEREST�RATE��SEND�QUOTATION?C�AND�SEND�QUOTATION?NC	�
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APPLY
���NAME������
���INCOME����	

)S#LIENT�NAME	

NOT�)S#LIENT�NAME	

ESTABLISH�MAX?C
���MAX?C����	
��;MAX?C�INCOME
�=

ESTABLISH�MAX?NC
���MAX?NC����	
��;MAX?NC�INCOME
�

ESTABLISH�INTEREST
���INTEREST����	
��;INTEREST�CURRENT?RATE=

SEND�QUOTATION?C
���MAX������INT����	
��;MAX�MAX?C�
���INT�INTEREST=

SEND�QUOTATION?NC
���MAX������INT����	
��;MAX�MAX?NC�
���INT�INTEREST=

&IGURE�������%XAMPLE��DRAFTING�OF�MORTGAGE�QUOTATION�

������ -EANING�OF�DATA�CONCEPTS�IN�TERMS�OF�BASIC�CONCEPTS

4HIS�SECTION�PRESENTS�A�FORMAL�PROCEDURE�FOR�TRANSLATING�CAUSALITY�RELATIONS�THAT�CON
TAIN�REFERENCE�RELATIONS�INTO�BASIC�CAUSALITY�RELATIONS�

2EFERENCE�RELATIONS�THAT�MAKE�AN�ACTION��BUT�NOT�THE�VALUE�ESTABLISHED�IN�THIS�ACTION�
DEPENDENT�ON�VALUES�ESTABLISHED�IN�OTHER�ACTIONS

,ET�0�V
�

��V
�

�� �����V
N

	�BE�A�PREDICATE�REPRESENTING�A�REFERENCE�RELATION�THAT� IS�PART�OF�A
CAUSALITY�CONDITION�#

B

�OF�AN�ACTION�B��!SSUME�THAT�THE�ACTION�VARIABLES�V
�

��V
�

�� �����V
N

ARE�OF�TYPE�$
�

��$
�

������$
N

��RESPECTIVELY��AND�ASSOCIATED�WITH�ACTIONS�A
�

��A
�

������A
N

��RESPEC
TIVELY��4HIS�REFERENCE�RELATION�MODELS�A�PART�OF�THE�BASIC�CAUSALITY�CONDITION�OF�B��4HE
BASIC�CAUSALITY�CONDITION�OF�B�IS�#

B

�TO�WHICH�THE�FOLLOWING�MODIFICATIONS�ARE�MADE�

�� )F�THERE�EXIST�VALUES�C
�

�∈�$
�

��C
�

�∈�$
�

�������C
N

�∈�$
N

�SUCH�THAT�0�C
�

��C
�

�������C
N

	�IS�TRUE�
THEN�

A� FOR� EACH� COMBINATION� OF� VALUES� C
�

� ∈� $
�

�� C
�

� ∈� $
�

�� ����� C
N

� ∈� $
N

�� SUCH� THAT
0�C

�

��C
�

�������C
N

	�IS�TRUE��A�PARTIAL�CAUSALITY�CONDITION�IS�DEFINED�WHICH�CONSISTS�OF
THE�CONJUNCTION�OF�ALL�OF�THE�BASIC�ACTIONS�MODELLED�BY�A

I

�C
I

	����≤��I�≤��N�

B� REPLACE�0�V
�

�� V
�

�� ����� V
N

	� IN�#
B

�BY� THE�DISJUNCTION�OF�ALL�OF� THE�PARTIAL� CAUSALITY
CONDITIONS�DEFINED�IN�STEP���

�� /THERWISE�� REMOVE� THE� ALTERNATIVE� CAUSALITY� CONDITION� THAT� CONTAINS�0�V
�

�� V
�

�� ����
V
N

	�FROM�#
B

�
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)F� CASE� �� RESULTS� IN� AN� EMPTY� CAUSALITY� CONDITION�� ACTION� B�MAY� NEVER� OCCUR� AND
SHOULD�THEREFORE�BE�REMOVED�FROM�THE�BEHAVIOUR��4HE�REMOVAL�OF�ACTIONS�MAY�HAVE
TO�BE�CARRIED�OUT�RECURSIVELY��SINCE�B�MAY�BE�AN�ENABLING�ACTION�OF�OTHER�ACTIONS�

7E�GIVE�AN�EXAMPLE�OF�THE�FIRST�CASE��IN�WHICH�VALUES�EXIST�FOR�WHICH�THE�PREDICATE�IS
TRUE��)N�THE�BEHAVIOUR�SPECIFICATION

[ START�→�A��V
A

��[�����]	�
START�→�B��V

B

��[�����]	�
START�→�C�
A�∧�B�∧�C�∧��V

A

���V
B�

���	�→�D��]�

THE�LAST�CAUSALITY�RELATION�CONCISELY�MODELS�THE�CAUSALITY�RELATION

C�∧���A��	�∧�B��		�∨��A��	�∧�B��		�∨��A��	�∧�B��		�∨��A��	�∧�B��		�∨
��A��	�∧�B��		�∨��A��	�∧�B��		�∨��A��	�∧�B��		�∨��A��	�∧�B��			�→�D�

7E�NEXT�GIVE�AN�EXAMPLE�OF�THE�SECOND�CASE��IN�WHICH�NO�VALUES�EXIST�FOR�WHICH�THE
PREDICATE�IS�TRUE��)N�THE�BEHAVIOUR

[ START�→�A��V
A

��[���]	�
START�→�B�
�A�∧��V

A

��		�∨�B�→�C��]�

THE�LAST�CAUSALITY�RELATION�MODELS�THE�CAUSALITY�RELATION

B�→�C�

SINCE�V
A

�IS�ALWAYS�EITHER���OR����SO�THAT�ACTION�C�CAN�NEVER�BE�ENABLED�BY�ACTION�A�WITH
V
A

���

2EFERENCE�RELATIONS�THAT�MAKE�AN�ACTION��AND�THE�VALUE�ESTABLISHED�IN�THIS�ACTION��DE
PENDENT�ON�VALUES�ESTABLISHED�IN�OTHER�ACTIONS

,ET�0�V
B

��V
�

��V
�

�������V
N

	�BE�A�PREDICATE�REPRESENTING�A�REFERENCE�RELATION�THAT�IS�PART�OF�A
CAUSALITY�RELATION�#

B

�OF�AN�ACTION�B��!SSUME�THAT�THE�ACTION�VARIABLES�V
�

��V
�

�������V
N

�ARE
OF� TYPE�$

�

��$
�

������$
N

�� RESPECTIVELY�� AND� ASSOCIATED� WITH� ACTIONS� A
�

��A
�

������A
N

�� RESPEC
TIVELY��AND�WHERE�V

B

�IS�OF�TYPE�$
B

�AND�ASSOCIATED�WITH�ACTION�B��4HIS�REFERENCE�RELATION
MODELS�A�PART�OF�THE�BASIC�CAUSALITY�CONDITION�OF�EVERY�BASIC�ACTION�MODELLED�BY�B�C

B

	�
C
B

�∈�$
B

��4HE�BASIC�CAUSALITY�CONDITION�OF�EVERY�BASIC�ACTION�MODELLED�BY�B�C
B

	��C
B

∈$
B

�
IS�THE�CONJUNCTION�OF�#

B

�AND�THE�PARTIAL�CAUSALITY�CONDITION�MODELLED�BY ∧ ¬
∈

b x
x D cb b

( )
\{ }

�

TO�WHICH�THE�FOLLOWING�MODIFICATIONS�ARE�MADE�

�� )F� THERE�EXIST�VALUES�C
�

�∈�$
�

�� C
�

�∈�$
�

�� ����� C
N

�∈�$
N

� SUCH� THAT�0�C
B

��C
�

��C
�

�������C
N

	� IS
TRUE��THEN�

A� FOR� EACH� COMBINATION� OF� VALUES� C
�

� ∈� $
�

�� C
�

� ∈� $
�

�� ����� C
N

� ∈� $
N

�� SUCH� THAT
0�C

B

��C
�

��C
�

�������C
N

	�IS�TRUE��A�PARTIAL�CAUSALITY�CONDITION�IS�DEFINED�WHICH�CONSISTS
OF�THE�CONJUNCTION�OF�ALL�OF�THE�BASIC�ACTIONS�MODELLED�BY�A

I

�C
I

	����≤��I�≤��N�
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B� REPLACE�0�V
B

��V
�

��V
�

�������V
N

	�IN�#
B

�BY�THE�DISJUNCTION�OF�ALL�OF�THE�PARTIAL�CAUSALITY
CONDITIONS�DEFINED�IN�STEP���

�� /THERWISE�� REMOVE� THE� ALTERNATIVE� CAUSALITY� CONDITION� THAT� CONTAINS�0�V
B

�� V
�

�� V
�

�
�����V

N

	�FROM�#
B

�

)F�STEP���RESULTS�IN�AN�EMPTY�CAUSALITY�CONDITION�� THE�BASIC�ACTION�MODELLED�BY�B�C
B

	
MAY�NEVER�OCCUR�AND�SHOULD�THEREFORE�BE�REMOVED�FROM�THE�BEHAVIOUR��4HE�REMOVAL
OF�ACTIONS�MAY�HAVE�TO�BE�CARRIED�OUT�RECURSIVELY��SINCE�THE�BASIC�ACTION�MODELLED�BY
B�C

B

	�MAY�BE�AN�ENABLING�ACTION�OF�OTHER�ACTIONS�

&OR�EXAMPLE��IN�THE�BEHAVIOUR

[ START�→�A��V
A

��[�������]	�
START�→�B��V

B

��[�������]�
A�∧�B�∧��V

A

���V
B

���V
C

	�→�C��V
C

�[����]	��]�

THE� LAST� CAUSALITY� RELATION� IS� A�MORE� CONCISE� SPECIFICATION�OF� THE� FOLLOWING� CAUSALITY
RELATIONS�

¬�C��	�∧���A��	�∧�B��		�∨��A��	�∧�B��		�∨��A��	�∧�B��		�∨��A��	�∧�B��		�∨
�A��	�∧�B��		�∨��A��	�∧�B��		�∨��A��	�∧�B��		�∨��A��	�∧�B��			�→�C��	�

AND

¬�C��	�∧���A��	�∧�B��		�∨��A��	�∧�B��		�∨��A��	�∧�B��		�∨��A��	�∧�B��		�∨
�A��	�∧�B��		�∨��A��	�∧�B��			�→�C��	�

���� 2OLE�OF�STATE�VALUES

������ )NCONVENIENCE�OF�CURRENT�CONCEPTS

)NCONVENIENCE��)F�THERE�ARE�MANY�ACTIONS�WHOSE�REFERENCE�RELATIONS�ALL�COMPRISE�THE
SAME� FUNCTION�OF�ACTION�VALUES�� THIS� FUNCTION�HAS� TO�BE� REPEATED� IN� EVERY� REFERENCE
RELATION��4HIS�RESULTS�IN�A�LENGTHY�BEHAVIOUR�SPECIFICATION��ESPECIALLY�IF�THE�SPECIFICA
TION�OF�THE�FUNCTION�IS�LENGTHY�

%XAMPLE�� &IGURE����� REPRESENTS� THE� EXAMINATION�OF� A� STUDENT��4HE� STUDENT� SEQUEN
TIALLY�ANSWERS�THREE�QUESTIONS��Q

�

��Q
�

��AND�Q
�

	��)F�THE�STUDENT�ANSWERS�A�QUESTION�COR
RECTLY�� THE� VALUE� �� IS� ESTABLISHED� IN� THE� RESPECTIVE� ACTION�� IF� THE� STUDENT� ANSWERS� A
QUESTION�INCORRECTLY��THE�VALUE���IS�ESTABLISHED��4HE�VALUES�ESTABLISHED�IN�Q

�

��Q
�

��AND�Q
�

ARE�ASSIGNED�TO�V
Q�

��V
Q�

��AND�V
Q�

��RESPECTIVELY��$EPENDING�ON�THE�NUMBER�OF�QUESTIONS
ANSWERED�CORRECTLY�� THE� STUDENT� IS� AWARDED�A�PARTICULAR�GRADE��AN�!� �GRADE�!	� IF� ALL
THREE�QUESTIONS�WERE�ANSWERED�CORRECTLY��A�"��GRADE�"	�IF�ONLY�TWO�QUESTIONS�WERE�AN
SWERED�CORRECTLY�AND�A�#��GRADE�#	�IF�ONLY�ONE�QUESTION�WAS�ANSWERED�CORRECTLY�



������2OLE�OF�STATE�VALUES ��

GRADE�!

GRADE�"

GRADE�#

Q
�

V
Q�
�[���]

Q
�

V
Q�
�[���]

Q
�

V
Q�
�[���]

V
Q�
�V

Q�
�V

Q�
��

V
Q�
�V

Q�
�V

Q�
��

V
Q�
�V

Q�
�V

Q�
��

&IGURE�������%XAMPLE�OF�FUNCTION�OF�ACTION�VALUES�REPEATED�IN�MULTIPLE�CAU
SALITY�RELATIONS�

)N�THIS�BEHAVIOUR�THE�FUNCTION�OF�ACTION�VALUES�V
Q�

�V
Q�

�V
Q�

�IS�NOT�VERY�LONG�AND�IT�IS
REPEATED�IN�ONLY�THREE�CAUSALITY�RELATIONS��(OWEVER��IF�THE�BEHAVIOUR�WERE�MODIFIED
AS�FOLLOWS�

• A�STUDENT�ANSWERS�����QUESTIONS��RATHER�THAN����AND

• A�STUDENT�IS�AWARDED�ONE�OF�����GRADES��RATHER�THAN�ONE�OF���

IT�WOULD�BECOME�VERY�INCONVENIENT�TO�REPEAT�A�LENGTHY�FUNCTION�OF�ACTION�VALUES� IN
THE�CAUSALITY�RELATION�OF�EVERY�GRADE�ACTION�

������ $ATA�CONCEPTS��FORMAL�DEFINITION�AND�USE

3INCE�THE�DISCUSSION�OF�THE�ARCHITECTURAL�SEMANTICS�OF�THE�DATA�CONCEPTS�DEFINED�HERE
REQUIRES�THE�DEFINITION�OF�SOME�ADDITIONAL�NOTIONS��HISTORY�AND�STATE	��WE�SEPARATE�THE
FORMAL�DEFINITION�OF�DATA�CONCEPTS�AND�THE�DISCUSSION�OF�THEIR�ARCHITECTURAL�INTERPRE
TATION��4HE�LATTER�IS�DONE�IN�SECTION�������

#ONCEPTS

!�STATE�FUNCTION�IS�A�FUNCTION�OF�ACTION�VARIABLES�THAT�IS�ASSOCIATED�WITH�A�STATE�VARI
ABLE��4HIS�STATE�VARIABLE�IS�ASSIGNED�THE�VALUE�OF�THE�STATE�FUNCTION��ACTIONS�MAY�REFER
TO�THE�STATE�VARIABLE�IN�THE�SAME�WAY�AS�THEY�MAY�REFER�TO�AN�ACTION�VARIABLE��!�STATE
VALUE�IS�THE�VALUE�OF�A�STATE�FUNCTION�

!�STATE�FUNCTION�CAN�BE�DEFINED�AS�A�FUNCTION�OF�OTHER�STATE�FUNCTIONS��SINCE�A�FUNC
TION�OF�FUNCTIONS�IS�A�FUNCTION�AS�WELL��)N�THAT�CASE�THE�STATE�FUNCTION�CAN�THUS�BE�RE
WRITTEN�AS�A�FUNCTION�OF�ACTION�VARIABLES�ONLY��7E�SAY�THAT�THE�VALUES�OF�THESE�ACTION
VARIABLES�DETERMINE�THE�VALUE�OF�THE�STATE�FUNCTION�
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4HE� REFERENCE� TO� STATE� VALUES� IN� A� BEHAVIOUR� EXECUTION� IS� SUBJECT� TO� THE� SAME� CON
STRAINTS�AS�THE�REFERENCE�TO�ACTION�VALUES��4HUS��IN�A�BEHAVIOUR�EXECUTION��AN�ACTION�A
CAN�ONLY�REFER�TO�A�STATE�VALUE�

• IF�ALL�OF�THE�ACTION�VALUES�THAT�DETERMINE�THIS�STATE�VALUE�HAVE�BEEN�ESTABLISHED�IN
ACTIONS�AT�THE�MOMENT�A�OCCURS�

• IF� THE� STATE� VALUE� IS�DETERMINED�BY�VALUES� ESTABLISHED� IN� ACTIONS� THAT� DIRECTLY� OR
INDIRECTLY�CAUSE�A�

&OR�CLARITY��WE�DO�NOT�ALLOW�THE�DEFINITION�OF�STATE�FUNCTIONS�WHOSE�VALUES�CANNOT�BE
REFERRED�TO�BY�ANY�ACTION�

2EPRESENTATION

7E�ASSUME� THE�EXISTENCE�OF� A� SUITABLE� LANGUAGE� TO�DEFINE� AND� REPRESENT� STATE� FUNC
TIONS��7E�REPRESENT�THE�ASSOCIATION�OF�A�STATE�VARIABLE�VS�AND�A�STATE�FUNCTION�FS�V

�

��V
�

�
�����V

N

	��IN�WHICH�V
�

��V
�

�������V
N

�ARE�ACTION�VARIABLES�AND�OR�STATE�VARIABLES��AS

<�VS���FS�V
�

��V
�

�������V
N

	�>�

4HE�TRIANGULAR�BRACKETS�ARE�USED�TO�DISTINGUISH�STATE�VARIABLES�FROM�ACTION�VARIABLES�
5NLESS�CLARITY�DEMANDS�SO��WE�DO�NOT� REPRESENT� THE�DATA� TYPE�OF� THE� STATE�VARIABLE�
SINCE�THIS�DATA�TYPE�IS�THE�CODOMAIN�OF�ITS�ASSOCIATED�STATE�FUNCTION�

3INCE� STATE� VARIABLES� ARE�� UNLIKE� ACTION� VARIABLES�� NOT� COUPLED� TO� A� SPECIFIC� ACTION�
THEY�MAY�BE�REPRESENTED�ANYWHERE�IN�THE�BEHAVIOUR��(OWEVER��FOR�CLARITY�WE�USE�THE
FOLLOWING�CONVENTIONS�� �!N�ACTION� IS� THE� FINAL�ACTION�OF�A� SET�OF�ACTIONS� IF� IT�ALWAYS
OCCURS�AFTER�ALL�OTHER�ACTIONS�FROM�THE�SET�HAVE�OCCURRED�	

• )F�ONE�OF�THE�ACTIONS�WHOSE�ACTION�VALUES�DETERMINE�A�STATE�VALUE�IS�THE�FINAL�AC
TION�OF�THESE�ACTIONS��THE�STATE�VARIABLE�TO�WHICH�THIS�STATE�VALUE�IS�ASSIGNED�IS�REP
RESENTED�DIRECTLY�AFTER�THE�CAUSALITY�RELATION�OF�THIS�FINAL�ACTION�

&OR�EXAMPLE��IN�THE�BEHAVIOUR

[ START�→�A��V
A

�[���]	�
A�→�B��V

B

�[���]	�
B�→�C��V

C

�[���]	�<�VS�V
A

�V
B

�V
C

�>�
C�∧��VS����	�→�D���]�

THE�STATE�VARIABLE�VS�AND�ITS�ASSOCIATED�STATE�FUNCTION�V
A

�V
B

�V
C

�ARE�REPRESENTED�DI
RECTLY�AFTER�THE�CAUSALITY�RELATION�OF�ACTION�C��SINCE�C�ALWAYS�OCCURS�AS�THE�LAST�AC
TION�OF�THE�ACTIONS�A��B��AND�C��&IGURE�����REPRESENTS�THIS�BEHAVIOUR�GRAPHICALLY�

• )F�NONE�OF�THE�ACTIONS�WHOSE�ACTION�VALUES�DETERMINE�A�STATE�VALUE�IS�A�FINAL�ACTION
OF�THESE�ACTIONS�� THE�STATE�VARIABLE�TO�WHICH� THIS� STATE�VALUE� IS�ASSIGNED� IS� REPRE
SENTED�
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A

V
A
�[���]

B

V
B
�[���]

C

V
C
�[���]

<�VS�V
A
�V

B
�V

C
�>

D

V
D
�[���]

VS����

&IGURE�������%XAMPLE�OF�GRAPHICAL�REPRESENTATION�OF�STATE�VARIABLE�AND�STATE
FUNCTION�IN�CASE�A�FINAL�ACTION�EXISTS�

 IN� THE� TEXTUAL�NOTATION�ëSOMEWHEREì�AFTER� THE�CAUSALITY�RELATIONS�OF� THESE�AC
TIONS�

 IN�THE�GRAPHICAL�NOTATION� IN�A�BOX�CONNECTED� TO�A�DOTTED� LINE�AROUND�THE�AC
TIONS�WHOSE�ACTION�VALUES�DETERMINE�THE�STATE�VALUE�

&OR�EXAMPLE��IN�THE�BEHAVIOUR

[ START�→�A��V
A

�[���]	�
START�→�B��V

B

�[���]	�
<�VS�V

A

�V
B

�>�
A�∧�B�→�C�
C�∧��VS��	�→�D��]�

THE�STATE�VARIABLE�VS�AND�ITS�ASSOCIATED�STATE�FUNCTION�V
A

�V
B

�ARE�REPRESENTED�AFTER
THE�CAUSALITY�RELATIONS�OF�ACTIONS�A�AND�B��SINCE�NONE�OF�THESE�ACTIONS�IS�A�FINAL�AC
TION��&IGURE�����REPRESENTS�THIS�BEHAVIOUR�GRAPHICALLY�

%XAMPLES

%XAMPLE����STUDENT�EXAMINATION

4HE�GRADE�ASSIGNMENT�EXAMPLE�OF� SECTION�������CAN�NOW�BE�REPRESENTED�MORE�CON
CISELY�AS�IN�&IGURE�������4HE�BEHAVIOUR�OF�&IGURE������IS�ONLY�SLIGHTLY�MORE�CONCISE
THAN� THE�BEHAVIOUR�OF� SECTION��������BECAUSE� THE� STATE�VARIABLE�VS� IS�USED� IN�ONLY��
REFERENCE�RELATIONS��AND�BECAUSE�THE�STATE�FUNCTION�ASSOCIATED�WITH�VS�IS�NOT�VERY�LONG�
(OWEVER�� THE�MODIFICATION�OF� THIS�BEHAVIOUR�MENTIONED� IN�SECTION��������WITH����
QUESTIONS� AND�����GRADE� ACTIONS��WOULD� BECOME� CONSIDERABLY�MORE� CONCISE� BY� THE
USE�OF�STATE�VARIABLES�AND�STATE�FUNCTIONS�

%XAMPLE����CALCULATION�OF�INCOME�TAX

!NOTHER�EXAMPLE�CONCERNS�THE�CALCULATION�OF�THE�INCOME�TAX�TO�BE�PAID�BY�A�PERSON�
E�G��BY�THE�TAX�OFFICE��4HIS�TAX�IS�CALCULATED�AS�FOLLOWS�

• 4HE�TAX� IS� LEVIED�OVER�A�PERSONèS� TAXABLE� INCOME��TAX?INC	��4HIS� TAXABLE� INCOME
CONSISTS�OF� THE�PERSONèS� INCOME�MINUS� THE�PERSONèS�DEDUCTION�SUM��4HE� INCOME
CONSISTS� OF� INCOME� OUT� OF� LABOUR� �LAB?INC	� PLUS� INCOME� OUT� OF� DEBIT� INTEREST
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A

C D

VS����B

<�VS�V
A
�V

B
�>

V
B
�[���]

V
A
�[���]

&IGURE�������%XAMPLE�OF�GRAPHICAL�REPRESENTATION�OF�STATE�VARIABLE�AND�STATE
FUNCTION�IN�CASE�NO�FINAL�ACTION�EXISTS�

GRADE�!

GRADE�"

GRADE�#

Q
�

Q
�

V
Q�
�[���] V

Q�
�[���]

Q
�

V
Q�
�[���]

<VS�V
Q�
�V

Q�
�V

Q�
>

VS��

VS��

VS��

&IGURE��������-ORE�CONCISE�SPECIFICATION�OF�GRADE�ASSIGNMENT�EXAMPLE�OF�SEC
TION�������

�DEB?INC	�PLUS�OTHER� INCOME��OTH?INC	��4HE�DEDUCTION� SUM�CONSISTS�OF� CREDIT� IN
TEREST��CRED?DED	�PLUS�PROFESSIONAL�EXPENSES��PROF?DED	�

• .O�TAX�IS�PAID�OVER�THE�FIRST��������OF�THE�TAXABLE�INCOME��!�PERSON�NOT�EARNING
MORE�THAN��������IS�LIABLE�TO�TAX�CLASS���

• 4HE�NEXT���������OF�THE�TAXABLE�INCOME�ARE�CHARGED�AT�A�RATE�OF������!�PERSON
EARNING�MORE�THAN���������BUT�NOT�MORE�THAN����������IS�LIABLE�TO�TAX�CLASS���

• 4HE�REMAINDER�OF�THE�INCOME�IS�TAXED�AT�A�RATE�OF������!�PERSON�EARNING�MORE
THAN����������IS�LIABLE�TO�TAX�CLASS���
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7ITH�THE�USE�OF�STATE�VALUES�THE�CALCULATION�OF�A�PERSONèS�INCOME�TAX�CAN�BE�SPECIFIED
CONCISELY�AS�FOLLOWS�

[ START�→�GET?LAB?INCOME��LAB?INC��	�
GET?LAB?INCOME�→�GET?DEB?INCOME��DEB?INC��	�
GET?DEB?INCOME�→�GET?OTH?INCOME��OTH?INC��	�

GET?OTH?INCOME�→�GET?CRED?DED��CRED?DED��	�
GET?CRED?DED�→�GET?PROF?DED��PROF?DED��	

<�TAX?INC��LAB?INC���DEB?INC���OTH?INC	���CRED?DED���PROF?DED	�>�

GET?PROF?DED�∧��TAX?INC�≤������	�→�TAX?CLASS���TAX
�

��	
;�TAX

�

���=�

GET?DEDUCTION�∧��TAX?INC��������	�∧��TAX?INC�≤�������	�→�TAX?CLASS���TAX
�

��	
;�TAX

�

����
�TAX?INC�����	�=�

GET?DEDUCTION�∧��TAX?INC���������	�→�TAX?CLASS���TAX
�

��	
;�TAX

�

����
�TAX?INC�����	����
�TAXINC������	�=���]�

4HE�BEHAVIOUR�CAN�BE�SPECIFIED��LESS�COMPREHENSIBLY��WITHOUT�STATE�VARIABLES�AND�STATE
FUNCTIONS�

[ START�→�GET?LAB?INCOME��LAB?INC��	�
GET?LAB?INCOME�→�GET?DEB?INCOME��DEB?INC��	�
GET?DEB?INCOME�→�GET?OTH?INCOME��OTH?INC��	�

GET?OTH?INCOME�→�GET?CRED?DED��CRED?DED��	�
GET?CRED?DED�→�GET?PROF?DED��PROF?DED��	�

GET?PROF?DED�∧
���LAB?INC���DEB?INC���OTH?INC	���CRED?DED���PROF?DED		�≤������	
→�TAX?CLASS���TAX

�

��	
;�TAX

�

���=�

GET?DEDUCTION�∧
���LAB?INC���DEB?INC���OTH?INC	���CRED?DED���PROF?DED		��������	�∧
���LAB?INC���DEB?INC���OTH?INC	���CRED?DED���PROF?DED		�≤�������	
→�TAX?CLASS���TAX

�

��	
;�TAX

�

����
��LAB?INC���DEB?INC���OTH?INC	���CRED?DED���PROF?DED	
�����	�=�

GET?DEDUCTION�∧
���LAB?INC���DEB?INC���OTH?INC	���CRED?DED���PROF?DED		���������	
→�TAX?CLASS���TAX

�

��	
;�TAX

�

����
��LAB?INC���DEB?INC���OTH?INC	���CRED?DED���PROF?DED	
�����	�
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���
��LAB?INC���DEB?INC���OTH?INC	���CRED?DED���PROF?DED	
�����	�=���]�

%XAMPLE����OPERATIONS�ON�A�SET

!�THIRD�EXAMPLE�SHOWS�THE�USE�OF�STATE�VARIABLES�AND�STATE�FUNCTIONS�IN�RECURSIVE�BE
HAVIOURS��4HIS�EXAMPLE�CONCERNS�THE�OPERATIONS�INSERT��DELETE��AND� LIST�ON�A�SET�THAT
CONFORMS�TO�THE�FOLLOWING�REQUIREMENTS�

• )NITIALLY�THE�SET�IS�EMPTY�

• .ONE�OF�THE�ACTIONS�INSERT��DELETE��AND�LIST�MAY�TAKE�PLACE�AT�THE�SAME�TIME�

• 4HE�ACTION�INSERT�IN�WHICH�A�VALUE�IS�ESTABLISHED�INSERTS�THIS�VALUE�INTO�THE�SET��THE
ACTION�MAY�ONLY�TAKE�PLACE�IF�THIS�VALUE�IS�NOT�ALREADY�IN�THE�SET�

• 4HE�ACTION�DELETE�IN�WHICH�A�VALUE�IS�ESTABLISHED�REMOVES�THIS�VALUE�FROM�THE�SET�
THE�OPERATION�MAY�ONLY�TAKE�PLACE�IF�THIS�VALUE�IS�ALREADY�IN�THE�SET�

• )N�THE�ACTION�LIST�A�VALUE�IS�ESTABLISHED�THAT�IS�THE�SET�

4HIS� BEHAVIOUR� CAN� BE� SPECIFIED� CONCISELY�WITH� THE� USE� OF� STATE� VARIABLES� AND� STATE
FUNCTIONS��)N�THE�SPECIFICATION�BELOW�%�CONTAINS�THE�ELEMENTS�THE�SET�MAY�CONTAIN�AND
THE� SYMBOL� ℘� DENOTES� THE� POWER� SET� FUNCTION�� �4HE� SPECIFICATION� USES� COUPLED
PARAMETRISED�EXIT�AND�ENTRY�POINTS�TO�PASS�VALUES�FROM�ONE�COPY�OF�THE�BEHAVIOUR�TO
ANOTHER�� 0ARAMETRISED� EXIT� POINTS� AND� ENTRY� POINTS� ARE� DISCUSSED� IN� SECTION� ������
HERE�WE�ASSUME�THEIR�MEANING�TO�BE�UNDERSTOOD�	

[ START�→�"�ENTRY�∅		��"�EXIT�3è�℘�%			�→�"�ENTRY�3�℘�%		��]

"�
[ CHOICE�INSERT��DELETE��LIST	�
ENTRY�3	�→�INSERT��V

I

�%	�;V
I

�∉�3=��<�3��3�∪��[V
I

]�>��
ENTRY�3	�→�DELETE��V

D

�%	�;V
D

�∈�3=��<�3��3�<�[V
D

]�>�
ENTRY�3	�→�LIST��V

L

��℘�%		�;V
L

���3=�
INSERT�∨�DELETE�∨�LIST�→�EXIT�3	

]�

)N�THIS�EXAMPLE�THE�VARIABLE�3�IS�ASSIGNED�A�NEW�VALUE�AFTER�AN�INSERT�OR�DELETE�ACTION�
3UCH�REASSIGNMENT�OF�VALUES� TO�VARIABLES� IS� ALLOWED��PROVIDED� IT�DOES�NOT� RESULT� IN
AMBIGUOUS�VALUE�REFERENCES�

7E�DO�NOT�KNOW�OF�A�COMPREHENSIBLE�SPECIFICATION�OF�THIS�BEHAVIOUR�WITHOUT�THE�USE
STATE�VARIABLES�AND�STATE�FUNCTIONS��(OWEVER��BY�RESTRICTING�THE�ELEMENTS�OF�THE�SET�3
TO���AND����THE�BEHAVIOUR�CAN�BE�SPECIFIED��ALBEIT�NOT�VERY�COMPREHENSIBLY	�WITHOUT
STATE�VARIABLES�AND�STATE�FUNCTIONS�AS�FOLLOWS�

[ START�→�"�ENTRY∅	�� "�EXIT∅	�→�"�ENTRY∅	��"�EXIT
�

	�→�"�ENTRY
�

	�
"�EXIT

�

	�→�"�ENTRY
�

	��"�EXIT
��

	�→�"�ENTRY
��

	��]
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"�
[ CHOICE�INSERT��DELETE��LIST	�
ENTRY∅��∨�ENTRY

�

�∨�ENTRY
�

�→�INSERT��V
I

�[����]	
; IF�ENTRY

�

��V
I

���
IF�ENTRY

�

��V
I

�� =�
�ENTRY

�

�∨�ENTRY
�

�∨�ENTRY
��

�→�DELETE�V
D

�[����]
; IF�ENTRY

�

��V
D

���
IF�ENTRY

�

��V
D

�� =
ENTRY∅��∨�ENTRY

�

�∨�ENTRY
��

∨�ENTRY
��

�→�LIST��V
L

�[∅��[�]��[�]��[����]]	
; IF�ENTRY∅���V

L

�∅�
IF�ENTRY

�

��V
L

�[�]�
IF�ENTRY

�

��V
L

�[�]�
IF�ENTRY

��

��V
L

�[����] =
�ENTRY∅�∧�LIST	�∨��ENTRY

�

�∧�DELETE�∧��V
D

��		�∨��ENTRY
�

�∧�DELETE�∧��V
D

��		�→�EXIT∅�
�ENTRY

�

�∧�LIST	�∨��ENTRY∅�∧�INSERT�∧��V
I

��		�∨��ENTRY
��

�∧�DELETE�∧��V
D

��		�→�EXIT
�

�
�ENTRY

�

�∧�LIST	�∨��ENTRY∅�∧�INSERT�∧��V
I

��		�∨��ENTRY
��

�∧�DELETE�∧��V
D

��		�→�EXIT
�

�
�ENTRY

��

�∧�LIST	�∨��ENTRY
�

�∧�INSERT�∧��V
I

��		�∨��ENTRY
�

�∧�INSERT�∧��V
I

��		�→�EXIT
��

]�

)N�THIS�SPECIFICATION�EACH�POSSIBLE�STATE�OF�THE�BEHAVIOUR��SEE�BELOW	�IS�REPRESENTED�BY
AN� ENTRY� POINT�� 3INCE� THE� NUMBER� OF� STATES� OF� THE� BEHAVIOUR� IS� �N�� WHERE� N� IS� THE
MAXIMUM�CARDINALITY�OF�THE�SET�3��THIS�SPECIFICATION�CLEARLY�DOES�NOT�SCALE�UP�WELL�FOR
LARGER�VALUES�OF�N�

������ $ATA�CONCEPTS��ARCHITECTURAL�SEMANTICS

4HE�MAIN�OBJECTIVES�OF�THIS�SECTION�ARE�TO�SHOW�

• THAT�THE�VALUE�OF�A�STATE�VARIABLE�IN�A�BEHAVIOUR�MODELS�ONE�OR�MORE�STATES�OF�THE
BEHAVIOUR��WHERE�THE�STATE�CONCEPT�CONFORMS�TO�A�CUSTOMARY�NOTION�OF�STATE��AS�IN
E�G��FINITESTATE�MACHINES�

• UNDER�WHAT�CONDITIONS�STATE�VARIABLES�AND�STATE�FUNCTIONS�ARE�USEFUL�IN�MODELLING
BEHAVIOURS�CONCISELY�

0RELIMINARY�NOTIONS��HISTORIES��EQUIVALENCE�CLASSES�OF�HISTORIES��AND�STATES

7E�FIRST�INTRODUCE�SOME�NOTIONS��WHICH�ARE�BASED�ON�;-INSKY������=��WHICH�ALLOW�US
TO�DESCRIBE�THE�ARCHITECTURAL�SEMANTICS�OF�STATE�VALUES�CONCISELY�

(ISTORIES

4HE�HISTORY�OF�A�BEHAVIOUR�THAT�IS�EXECUTED�AT�A�TIME�T�IS�THE�COMPLETE�SET�OF�BASIC�AC
TIONS�THAT�HAVE�OCCURRED�IN�THE�BEHAVIOUR�UP�TILL�AND�INCLUDING�TIME�T��)F�(�IS�A�HIS
TORY�OF�A�BEHAVIOUR�THAT�IS�EXECUTED�AT�A�TIME�T��WE�SAY�THAT�THIS�BEHAVIOUR�HAS�HISTORY
(�AT�THAT�TIME�



����2OLE�OF�DATA�IN�BEHAVIOUR�MODELLING��

�4HE�DIFFERENCE�BETWEEN�A�HISTORY�OF�A�BEHAVIOUR�AT�A�TIME�T�AND�THE�BEHAVIOUR�EXE
CUTION�OF�THE�BEHAVIOURWHICH�WAS�DEFINED�IN�CHAPTER��AT�TIME�T�IS�THAT�THE�RELA
TIONS� BETWEEN� ACTIONS� THAT� HAVE� OCCURRED� AT� TIME� T� ARE� NOT� PART� OF� THE� HISTORY�
WHEREAS�THEY�ARE�PART�OF�THE�BEHAVIOUR�EXECUTION��7E�NEED�NOT�CONSIDER�THESE�RELA
TIONS�BETWEEN�ACTIONS� TO� EXPLAIN�HOW�CERTAIN� CAUSALITY� CONDITIONS� CAN�BE�MODELLED
MORE�CONCISELY��SINCE�THE�ORDER�IN�WHICH�PAST�ACTIONS�HAVE�OCCURRED�IS�IRRELEVANT�FOR
THE�OCCURRENCE�OF�FUTURE�ACTIONS�	

&IGURE������SHOWS�A�BEHAVIOUR�THAT�IS�BEING�EXECUTED�AT�DIFFERENT�POINTS�IN�TIME��)N
THIS�FIGURE��GREY�CIRCLES�REPRESENT�ACTIONS�THAT�HAVE�OCCURRED�AT�A�PARTICULAR�TIME�AND
WHITE�CIRCLES�REPRESENT�ACTIONS�THAT�HAVE�NOT�OCCURRED�AT�THAT�TIME��4HE�INITIAL�HISTORY
OF�THE�BEHAVIOUR��WHEN�NO�ACTION�HAS�OCCURRED��IS�THE�EMPTY�SET��&IGURE�����A	��)F�AC
TION�A

�

�THEN�OCCURS��THE�HISTORY�OF�THE�BEHAVIOUR�IS�[A
�

]��&IGURE�����B	��)F�NEXT�ACTION
B�OCCURS��THE�HISTORY�IS�[A

�

��B]��&IGURE�����C	��)F�FINALLY�ACTION�D�OCCURS��THE�HISTORY�IS
[A

�

��B��D]��&IGURE�����D	��4HE�OTHER�POSSIBLE�HISTORIES�OF�THE�BEHAVIOUR�ARE�[A
�

]��[A
�

�
C]��AND�[A

�

��C��D]��4HE�SET�[B��D]��FOR�EXAMPLE��CANNOT�BE�A�HISTORY�OF�THE�BEHAVIOUR
AT�ANY�TIME��SINCE�IT�IS�IMPOSSIBLE�FOR�ONLY�THE�ACTIONS�B�AND�D�TO�HAVE�OCCURRED�IN�THE
BEHAVIOUR�

)F�ACTION�VALUES�ARE�USED� IN�A�BEHAVIOUR� SPECIFICATION��ACTIONS� IN�WHICH�VALUES�HAVE
BEEN�ESTABLISHED�CAN�BE�USED�TO�MODEL�THE�HISTORY�OF�A�BEHAVIOUR�AT�A�PARTICULAR�TIME�
SINCE�AN�ACTION�IN�WHICH�A�VALUE�IS�ESTABLISHED�MODELS�A�BASIC�ACTION��4AKE��FOR�EXAM
PLE��THE�FOLLOWING�BEHAVIOUR�

[ START�→�A��V
A

�[���]	�
A�→�B��V

B

�[���]	��]�

4HE�HISTORY�OF�THE�BEHAVIOUR�AFTER�ONLY�A�HAS�OCCURRED��IN�WHICH�THE�VALUE���WAS�ES
TABLISHED��CAN�BE�REPRESENTED�AS�[A��	]��4HE�HISTORY�OF�THE�BEHAVIOUR�AFTER�B�HAS�ALSO
OCCURRED��IN�WHICH�THE�VALUE���WAS�ESTABLISHED��CAN�BE�REPRESENTED�AS�[A��	��B��	]�

3TATES��EQUIVALENCE�CLASSES�OF�HISTORIES�WITH�RESPECT�TO�THE�FUTURE�OF�A�BEHAVIOUR

4HE�FUTURE�OF�A�BEHAVIOUR�"�THAT�IS�EXECUTED�AT�A�TIME�T�IS�THE�COMPLETE�SET�OF�BEHAV
IOUR�EXECUTIONS�OF�"�THAT�ARE�POSSIBLE�FROM�TIME�T�

7E�USE�THE�BEHAVIOUR�OF�&IGURE������AS�AN�EXAMPLE�

• 7HEN�NO�ACTION�HAS�OCCURRED�YET� �&IGURE�����A	�� THE� FUTURE�CONSISTS�OF� TWO�BE
HAVIOUR�EXECUTIONS��ONE�IN�WHICH�A

�

��B��AND�D�OCCUR��AND�ONE�IN�WHICH�A
�

��C��AND�D
OCCUR�

• 7HEN�ACTION�A
�

�HAS�OCCURRED��&IGURE�����B	��THE�FUTURE�CONSISTS�OF�THE�BEHAVIOUR
EXECUTION�IN�WHICH�B�AND�D�OCCUR�

• 7HEN� ALSO� B� HAS� OCCURRED� �&IGURE� ����C	�� THE� FUTURE� CONSISTS� OF� THE� BEHAVIOUR
EXECUTION�IN�WHICH�THE�INITIALLY�ENABLED�ACTION�D�MAY�OCCUR�
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A�

A�

�B

�C

�D

�A	�(ISTORY��[]

A�

A�

�B

�C

�D

�B	�(ISTORY��[A�]

A�

A�

�B

�C

�D

�C	�(ISTORY��[A���B]

A�

A�

�B

�C

�D

�D	�(ISTORY��[A���B��D]

&IGURE� ����� � �(ISTORIES� OF� A� BEHAVIOUR� THAT� IS� BEING� EXECUTED� AT� DIFFERENT
POINTS�IN�TIME�

• 7HEN�ALSO�ACTION�D�HAS�OCCURRED��&IGURE�����D	��THE�FUTURE�CONSISTS�OF�THE�EMPTY
BEHAVIOUR�EXECUTION��SINCE�NO�ACTIONS�MAY�OCCUR�ANYMORE�

7HEN�A�BEHAVIOUR�HAS�A�PARTICULAR�FUTURE��IT�HAS�ONE�OUT�OF�A�GROUP�OF�POSSIBLE�HISTO
RIES��&OR�EXAMPLE��WHEN�THE�BEHAVIOUR�OF�&IGURE������HAS�THE�FUTURE�THAT�CONSISTS�OF
THE�BEHAVIOUR�EXECUTION�IN�WHICH�THE�INITIALLY�ENABLED�ACTION�D�MAY�OCCUR��IT�HAS�ONE
OF�THE�TWO�POSSIBLE�HISTORIES�[A

�

��B]�AND�[A
�

��C]��4HE�DIFFERENCE�BETWEEN�THESE�HISTO
RIES� IS� IRRELEVANT� WITH� RESPECT� TO� THE� FUTURE� OF� THE� BEHAVIOUR�� 7E� INTRODUCE� AN
EQUIVALENCE�NOTION�TO�FORMALISE�THIS�

4WO�HISTORIES�(
�

�AND�(
�

�OF�A�BEHAVIOUR�ARE�EQUIVALENT�WITH�RESPECT�TO�THE�FUTURE�OF
THE�BEHAVIOUR�IF�AND�ONLY�IF�HISTORY�(

�

�DETERMINES�THE�SAME�FUTURE�OF�THE�BEHAVIOUR
AS�HISTORY�(

�

�

!N�EQUIVALENCE�RELATION�OVER�THE�SET�OF�HISTORIES�OF�A�BEHAVIOUR�DEFINES�A�NUMBER�OF
EQUIVALENCE�CLASSES�OF�THE�HISTORIES�OF�THIS�BEHAVIOUR��!N�EQUIVALENCE�CLASS�IN�GENERAL
IS�A�SET�OF�ELEMENTS�ARE�EQUIVALENT�WITH�RESPECT�TO�AN�EQUIVALENCE�RELATION�

!�STATE�IS�AN�EQUIVALENCE�CLASS�OF�HISTORIES�UNDER�EQUIVALENCE�WITH�RESPECT�TO�THE�FU
TURE� OF� A� BEHAVIOUR��4HIS� NOTION�OF� STATE� CONFORMS� TO� THE� NOTION� OF� STATE� IN� FINITE
STATE�MACHINES�;-INSKY������=�



����2OLE�OF�DATA�IN�BEHAVIOUR�MODELLING��

4HE�EXAMPLE�BEHAVIOUR�OF�&IGURE������HAS�FIVE�STATES�

• []�� CORRESPONDING� TO� THE� FUTURE�CONSISTING�OF� TWO�BEHAVIOUR� EXECUTIONS��ONE� IN
WHICH�A

�

��B��AND�D�OCCUR��AND�ONE�IN�WHICH�A
�

��C��AND�D�OCCUR�

• [[A
�

]]�� CORRESPONDING� TO� THE� FUTURE� CONSISTING� OF� THE� BEHAVIOUR� EXECUTION� IN
WHICH�B�AND�D�OCCUR�

• [[A
�

]]�� CORRESPONDING� TO� THE� FUTURE� CONSISTING� OF� THE� BEHAVIOUR� EXECUTION� IN
WHICH�C�AND�D�OCCUR�

• [[A
�

��B]��[A
�

��C]]��CORRESPONDING�TO�THE�FUTURE�CONSISTING�OF�THE�BEHAVIOUR�EXECU
TION�IN�WHICH�D�OCCURS�

• [[A
�

��B��D]��[A
�

��C��D]]��CORRESPONDING�TO�THE�FUTURE�CONSISTING�OF�THE�EMPTY�BE
HAVIOUR�EXECUTION�

7HEN�WE�SAY�A�BEHAVIOUR�IS�IN�A�PARTICULAR�STATE��WE�MEAN�THAT�AT�A�PARTICULAR�TIME
THE�BEHAVIOUR�HAS�ONE�OF�THE�HISTORIES�FROM�THE�STATE�

4HE�RELATION�BETWEEN�A�SET�OF�ELEMENTS�AND�THE�EQUIVALENCE�CLASSES�OF�THESE�ELEMENTS
IS�A��SURJECTIVE	�FUNCTION�FROM�THE�FORMER�TO�THE�LATTER�;3TANAT���-C!LLISTER������=�
4HEREFORE��THE�RELATION�BETWEEN�THE�HISTORIES�OF�A�BEHAVIOUR�AND�ITS�STATES�IS�A�FUNC
TION�

%QUIVALENCE�CLASSES�OF�HISTORIES�WITH�RESPECT�TO�ACTIONS

4WO�HISTORIES�(
�

�AND�(
�

�OF�A�BEHAVIOUR�ARE�EQUIVALENT�WITH�RESPECT�TO��THE�OCCURRENCE
OF	�AN�ACTION�A�IN�THE�BEHAVIOUR�IF�AND�ONLY�IF�A�IS�INITIALLY�ENABLED�WHEN�THE�BEHAV
IOUR�HAS�HISTORY�(

�

�OR�HISTORY�(
�

�

&OR�EXAMPLE�� IN� THE�BEHAVIOUR�OF�&IGURE������� THE�HISTORIES�[A
�

��B]�AND�[A
�

�� C]� ARE
EQUIVALENT�WITH�RESPECT�TO�ACTION�D��SINCE�D�MAY�OCCUR�EITHER�WHEN�ACTIONS�A

�

�AND�B
HAVE�OCCURRED��OR�WHEN�ACTIONS�A

�

�AND�C�HAVE�OCCURRED�

5NDER� EQUIVALENCE� WITH� RESPECT� TO� AN� ACTION� A�� THERE� ARE� ONLY� TWO� EQUIVALENCE
CLASSES�

• THE�EQUIVALENCE�CLASS�;(=
A

��OF�HISTORIES��SUCH�THAT�FOR�EVERY�(�∈�;(=
A

���IF�THE�BE
HAVIOUR�HAS�HISTORY�(��A�IS�INITIALLY�ENABLED�

• THE�EQUIVALENCE�CLASS� ;(=
A

�OF�HISTORIES�� SUCH� THAT� FOR�EVERY�(�∈� ;(=
A

�� IF� THE�BE
HAVIOUR�HAS�HISTORY�(��A�IS�NOT�INITIALLY�ENABLED�

&OR� EXAMPLE�� FOR� THE� BEHAVIOUR� OF� &IGURE� ������ THE� EQUIVALENCE� CLASS� ;(=
D

�� IS�
[[A

�

��B]��[A
�

��C]]��;(=
D

�IS�THE�SET�OF�ALL�OTHER�HISTORIES�OF�THE�BEHAVIOUR�

7E�NEXT�CONSIDER�THE�RELATION�BETWEEN�ON�THE�ONE�HAND�THE�TWO�EQUIVALENCE�CLASSES
OF�HISTORIES�OF�A�BEHAVIOUR�UNDER�EQUIVALENCE�WITH�RESPECT�TO�AN�ACTION�A��;(=

A

��AND
;(=

A

��AND�ON�THE�OTHER�HAND�THE�STATES�3
�

��3
�

�������3
N

�OF�THIS�BEHAVIOUR�
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• &OR�A�PARTICULAR�BEHAVIOUR��;(=
A

��IS�THE�UNION�OF�ALL�OF�THE�STATES�3
I

��I����N��SUCH
THAT�A�IS�INITIALLY�ENABLED�WHEN�THE�BEHAVIOUR�IS�IN�STATE�3

I

��4HIS�IS�PROVEN�AS�FOL
LOWS�

�� EACH�3
I

��I����N��SUCH�THAT�A�IS�INITIALLY�ENABLED�WHEN�THE�BEHAVIOUR�IS�IN�STATE�3
I

�
ONLY�CONTAINS�HISTORIES��SUCH�THAT�A�IS�INITIALLY�ENABLED�IF�THE�BEHAVIOUR�HAS�ANY
OF�THESE�HISTORIES�

�� THEREFORE�� THE�UNION�OF�EVERY�3
I

�� I����N�� SUCH� THAT�A� IS� INITIALLY�ENABLED�WHEN
THE�BEHAVIOUR�IS�IN�STATE�3

I

��CONTAINS�ALL�HISTORIES��SUCH�THAT�A�IS�INITIALLY�ENABLED
IF�THE�BEHAVIOUR�HAS�ANY�OF�THESE�HISTORIES��AND�IT�CONTAINS�NO�OTHER�HISTORIES�

�� ;(=
A

��ALSO�CONTAINS�ALL�HISTORIES��SUCH�THAT�A�IS�INITIALLY�ENABLED�IF�THE�BEHAVIOUR
HAS�ANY�OF�THESE�HISTORIES��AND�IT�CONTAINS�NO�OTHER�HISTORIES�

4HEREFORE��;(=
A

��IS�THE�UNION�OF�ALL�OF�THE�STATES�3
I

��I����N��SUCH�THAT�A�IS�INITIALLY
ENABLED�WHEN�THE�BEHAVIOUR�IS�IN�STATE�3

I

�

• &OR�A�PARTICULAR�BEHAVIOUR��;(=
A

� IS�THE�UNION�OF�ALL�OF� THE�STATES�3
I

�� I����N�� SUCH
THAT�A�IS�NOT�INITIALLY�ENABLED�WHEN�THE�BEHAVIOUR�IS�IN�STATE�3

I

��4HE�PROOF�OF�THIS
IS�SIMILAR�TO�THE�PROOF�ABOVE�

#ONSIDER�FOR�EXAMPLE�THE�BEHAVIOUR�OF�&IGURE�������4HE�EQUIVALENCE�CLASS�OF�HISTO
RIES�;(=

B

��IS�[[A
�

]��[A
�

]]��4HIS�IS�THE�UNION�OF�THE�STATES�[[A
�

]]�AND�[[A
�

]]���!LTHOUGH
THE�HISTORIES�[A

�

]�AND�[A
�

]�ARE�EQUIVALENT�WITH�RESPECT�TO�THE�OCCURRENCE�OF�ACTION�B�
THEY�ARE�NOT�EQUIVALENT�WITH�RESPECT�TO�FUTURE�BEHAVIOUR��SINCE�THE�OCCURRENCE�OF�A

�

�IS
NECESSARY�FOR�THE�OCCURRENCE�OF�C��WHEREAS�THE�OCCURRENCE�OF�A

�

� IS�NECESSARY�FOR�THE
OCCURRENCE�OF�D�	

A�

A�

�B

�C

�D

&IGURE��������%XAMPLE�BEHAVIOUR�

!RCHITECTURAL�SEMANTICS�OF�STATE�VALUES

!�STATE�VARIABLE�IS�USEFUL�BECAUSE�THE�OCCURRENCE�OF�AN�ACTION��AND�POSSIBLY�THE�VALUE
ESTABLISHED�IN�THIS�ACTION��CAN�BE�MADE�DEPENDENT�ON�ITS�VALUE��(ERE�WE�SHOW�WHAT
SUCH�A�STATE�VALUE�MODELS�

,ET�A�BE�AN�ACTION�WHOSE�OCCURRENCE�DEPENDS�ON�THE�VALUE�CS�OF�A�STATE�VARIABLE�VS�
"Y�DEFINITION��EVERY�STATE�FUNCTION�CAN�BE�REWRITTEN�AS�A�FUNCTION�OF�ACTION�VARIABLES
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ONLY��,ET�FS�V
�

��V
�

�������V
M

	�BE�THE�STATE�FUNCTION�ASSOCIATED�WITH�VS��IN�WHICH�V
�

��V
�

������
V
M

�ARE�ACTION�VARIABLES�OF�DATA�TYPES�$
�

��$
�

�������$
M

��RESPECTIVELY�

�� ,ET�#
I

�BE�A�TUPLE�OF�ACTION�VALUES�<C
I�

��C
I�

�������C
IM

>��C
I�

∈$
�

��C
I�

∈$
�

�������C
IM

∈$
M

��SUCH
THAT�FS�C

I�

��C
I�

�������C
IM

	�CS��,ET�#
�

��#
�

�������#
N

�BE�ALL�OF�THE�TUPLES�WITH�THIS�PROPERTY�

4HEN�THE�DEPENDENCE�OF�THE�OCCURRENCE�OF�A�ON�THE�VALUE�CS�OF�VS�MODELS�THAT�

THE�OCCURRENCE�OF�A�DEPENDS�ON�THE�ESTABLISHMENT�OF�ALL�VALUES�FROM�ONE�OF�THE
SETS�#

I

��I����N�

�� 4HE�ESTABLISHMENT�OF�AN�ACTION�VALUE�MODELS�A�BASIC�ACTION��,ET�EACH�!
I

�� I����N�
BE�THE�SET�OF�BASIC�ACTIONS�MODELLED�BY�THE�ESTABLISHMENT�OF�ALL�ACTION�VALUES�FROM
#

I

�

4HEN� THE�DEPENDENCE�OF� THE�OCCURRENCE�OF�A�ON� THE� VALUE� CS�OF�VS�ALSO�MODELS
THAT�

THE�OCCURRENCE�OF�A�DEPENDS�ON�THE�OCCURRENCE�OF�ALL�BASIC�ACTIONS�FROM�ONE�OF
THE�SETS�!

I

��I����N�

�� ,ET�(
J

�BE�A�HISTORY��SUCH�THAT�THERE�EXISTS�AN�!
I

��I����N��!
I

�⊂�(
J�

AND�A�∉�(
J

��,ET�(
�

�
(

�

�������(
P

�BE�ALL�HISTORIES�WITH�THIS�PROPERTY�

4HE�STATEMENT�THAT
THE�OCCURRENCE�OF�AN�ACTION�A�DEPENDS�ON�THE�OCCURRENCES�OF�ALL�ACTIONS�FROM�A
SET�!

IS�EQUIVALENT�TO�THE�STATEMENT�THAT
A�MAY�ONLY� OCCUR�WHEN� THE� BEHAVIOUR� HAS� A� HISTORY�(�� SUCH� THAT�!�⊂�(

�

AND
A�∉�(�

4HEREFORE��THE�DEPENDENCE�OF�THE�OCCURRENCE�OF�A�ON�THE�VALUE�CS�OF�VS�ALSO�MOD
ELS�THAT�

A�MAY�ONLY�OCCUR�WHEN�THE�BEHAVIOUR�HAS�ONE�OF�THE�HISTORIES�(
�

���(
�

�������(
P

�

�� !SSUME� THAT� THE� OCCURRENCE� OF� A� DEPENDS� ONLY� ON� THE� VALUE� CS� OF� VS�� 4HEN
[(

�

���(
�

�������(
P

]�IS�THE�EQUIVALENCE�CLASS�OF�HISTORIES�;(=
A

���SINCE�A�MAY�ONLY�OC
CUR�WHEN�THE�BEHAVIOUR�HAS�ONE�OF�THE�HISTORIES�(

�

���(
�

�������(
P

��,ET�3
�

��3
�

�������3
Q

BE� ALL� STATES�� SUCH� THAT� A� IS� INITIALLY� ENABLED�WHEN� THE� BEHAVIOUR� IS� IN� STATE� 3
K

�
K����Q�

)T�WAS�SHOWN�ABOVE�THAT�;(=
A

���3
�

�∪�3
�

�������3
Q

��4HEREFORE��THE�DEPENDENCE�OF�THE
OCCURRENCE�OF�A�ON�THE�VALUE�CS�OF�VS�ALSO�MODELS�THAT�

A�MAY�ONLY�OCCUR�WHEN�THE�BEHAVIOUR�IS�IN�ONE�OF�THE�STATES�3
�

��3
�

�������3
Q

�

&OR�BREVITY��WE�SAY�THAT�THE�VALUE�CS�OF�VS�MODELS�THE�STATES�3
�

��3
�

�������3
Q

�

!S�AN�EXAMPLE��WE�CONSIDER�THE�BEHAVIOUR�OF�&IGURE������
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<�VS�V
A

�V
C�

>

V
A

�[���]

A

B C

V
C

�[���]

VS��

�D �E

V
C

��

&IGURE��������%XAMPLE�BEHAVIOUR�

�� 4HE�DEPENDENCE�OF�D�ON�THE�VALUE���OF� STATE�VARIABLE�VS�MODELS� THAT� THE�OCCUR
RENCE�OF�D�DEPENDS�ON�EITHER�

 THE� ESTABLISHMENT�OF� THE� VALUE��� IN�A�� I�E��A��	�� AND� THE� ESTABLISHMENT� OF� THE
VALUE���IN�C��I�E��C��	��OR

 THE� ESTABLISHMENT�OF� THE� VALUE��� IN�A�� I�E��A��	�� AND� THE� ESTABLISHMENT� OF� THE
VALUE���IN�C��I�E��C��	��OR

�� ,ET�A
�

��A
�

��C
�

��AND�C
�

�BE�THE�BASIC�ACTIONS�MODELLED�BY�A��	��A��	��C��	��AND�C��	��RE
SPECTIVELY��4HEN�THE�STATEMENT�OF���	�IS�EQUIVALENT�TO�THE�FOLLOWING�STATEMENT�

4HE�DEPENDENCE�OF�D�ON�THE�VALUE���OF�VS�MODELS� THAT� THE�OCCURRENCE�OF�D�DE
PENDS�ON�EITHER�

 THE�OCCURRENCE�OF�ALL�OF�THE�BASIC�ACTIONS�IN�!
�

�[A
�

��C
�

]��OR

 THE�OCCURRENCE�OF�ALL�OF�THE�BASIC�ACTIONS�IN�!
�

�[A
�

��C
�

]�

�� (
�

�[A
�

��B��C
�

]�IS�THE�ONLY�HISTORY��SUCH�THAT�!
�

�⊂�(
�

�AND�D�∉�(
�

��(
�

�[A
�

��B��C
�

]�IS
THE� ONLY� HISTORY�� SUCH� THAT�!

�

�⊂�(
�

� AND� D�∉�(
�

�� 4HEN� THE� STATEMENT� OF� ��	� IS
EQUIVALENT�TO�THE�FOLLOWING�STATEMENT�

4HE�DEPENDENCE�OF�D�ON�THE�VALUE���OF�VS�MODELS�THAT�D�MAY�ONLY�OCCUR�WHEN�THE
BEHAVIOUR�HAS�THE�HISTORY�[A

�

��B��C
�

]�OR�THE�HISTORY�[A
�

��B��C
�

]�

�� 4HE� EQUIVALENCE� CLASS� OF� HISTORIES� ;(=
D

��IS�[[A
�

��B�� C
�

]�� [A
�

��B�� C
�

]]�� ;(=
D

�� IS� THE
UNION�OF�THE�STATES�[[A

�

��B��C
�

]]�AND�[[A
�

��B��C
�

]]��4HESE�TWO�STATES�ARE�ALL�STATES�OF
THE� BEHAVIOUR�� SUCH� THAT�D� IS� INITIALLY� ENABLED�WHEN� THE� BEHAVIOUR� IS� IN� ONE� OF
THEM��4HEREFORE��THE�STATEMENT�OF���	�IS�EQUIVALENT�TO�THE�FOLLOWING�STATEMENT�

4HE�DEPENDENCE�OF�D�ON�THE�VALUE���OF�VS�MODELS�THAT�D�MAY�ONLY�OCCUR�WHEN�THE
BEHAVIOUR�IS�IN�ONE�OF�THE�STATES�[[A

�

��B��C
�

]]�AND�[[A
�

��B��C
�

]]�

4HUS��WE�SAY�THAT�THE�VALUE���OF�VS�MODELS�THE�STATES�[[A
�

��B��C
�

]]�AND�[[A
�

��B��C
�

]]�
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&URTHER�ANALYSIS��USEFULNESS�OF�STATE�VARIABLES�AND�STATE�FUNCTIONS

,ET� VS� BE� A� STATE� VARIABLE� WHICH� IS� ASSIGNED� THE� VALUE� OF� THE� STATE� FUNCTION
FS�V

�

��V
�

�������V
M

	��7E�DISTINGUISH�THE�FOLLOWING�CONDITION�FOR�VS�AND�FS�V
�

��V
�

�������V
M

	�TO
BE�USEFUL�IN�MAKING�A�BEHAVIOUR�SPECIFICATION�MORE�CONCISE��AND�THEREBY�MORE�COM
PREHENSIBLE�AND�MORE�ECONOMICAL�TO�IMPLEMENT�

4HE�BEHAVIOUR�MUST� CONTAIN�MULTIPLE�ACTIONS�WHOSE� REFERENCE� RELATIONS� COMPRISE
FS�V

�

��V
�

�������V
M

	�

7E�MOTIVATE�THIS�CONDITION�IN�TWO�STEPS�

�� 4HE� BEHAVIOUR�MUST� CONTAIN� AT� LEAST� ONE� ACTION�WHOSE� REFERENCE� RELATION� COM
PRISES�FS�V

�

��V
�

�������V
M

	�

4HIS�IS�A�NECESSARY�CONDITION�FOR�THE�FOLLOWING�REASON��4HE�STATE�VARIABLE�VS� IS�ONLY
USEFUL�IF�IT�CAN�BE�USED�TO�REPLACE�FS�V

�

��V
�

�������V
M

	�IN�THE�REFERENCE�RELATION�OF�AN�AC
TION��4HEREFORE��IF�THERE�IS�NO�ACTION�WHOSE�REFERENCE�RELATION�COMPRISES�FS�V

�

��V
�

������
V
M

	��IT�IS�NOT�USEFUL�TO�DEFINE�VS�

&OR�EXAMPLE�� IN� THE�BEHAVIOUR�OF� SECTION������� �THE�EXAMINATION�OF�A� STUDENT	�� THE
REFERENCE� RELATION�OF�ACTION�GRADE�!�COMPRISES� THE� FUNCTION�V

�

�V
�

�V
�

�� )N� THE�MORE
CONCISE�SPECIFICATION�OF�THIS�BEHAVIOUR�IN�SECTION��������THIS�FUNCTION�WAS�REPLACED�BY
THE�STATE�VARIABLE�VS��WHICH�IS�ASSIGNED�THE�VALUE�OF�THE�STATE�FUNCTION�V

�

�V
�

�V
�

�

�� 4HE�BEHAVIOUR�MUST�CONTAIN�MULTIPLE�ACTIONS�WHOSE�REFERENCE�RELATIONS�COMPRISE
FS�V

�

��V
�

�������V
M

	�

#ONDITION���IS�A�NECESSARY�CONDITION�FOR�THE�FOLLOWING�REASON��)F�THERE�WERE�ONLY�ONE
ACTION�WHOSE�REFERENCE�RELATION�COMPRISED�FS�V

�

��V
�

�������V
M

	��IT�WOULD�BE�MORE�CONCISE
TO�DIRECTLY�USE�FS�V

�

��V
�

�������V
M

	�IN�THIS�REFERENCE�RELATION��RATHER�THAN�TO�FIRST�ASSIGN�THE
VALUE�OF�FS�V

�

��V
�

�������V
M

	�TO�VS�AND�THEN�USE�VS�IN�THE�REFERENCE�RELATION�

#ONDITION���IS�ALSO�A�SUFFICIENT�CONDITION��SINCE�THE�ONLY�TWO�OPTIONS�FOR�SPECIFYING
REFERENCE� RELATIONS� THAT� CONTAIN� FS�V

�

�� V
�

�� ����� V
M

	� ARE� EITHER�� �	� TO� DIRECTLY� USE
FS�V

�

��V
�

�������V
M

	�IN�THESE�REFERENCE�RELATIONS��WHICH�IS�LENGTHY��OR��	�TO�FIRST�ASSIGN�THE
VALUE�OF�FS�V

�

��V
�

�������V
M

	�TO�A�STATE�VARIABLE�AND�THEN�USE�THIS�STATE�VARIABLE�IN�THE�REF
ERENCE�RELATION��WHICH�IS�MORE�CONCISE�

&OR�EXAMPLE��IN�THE�BEHAVIOUR�OF�SECTION��������NOT�ONLY�THE�REFERENCE�RELATION�OF�AC
TION�GRADE�!�COMPRISES�THE�FUNCTION�V

�

�V
�

�V
�

��BUT�THE�REFERENCE�RELATIONS�OF�ACTIONS
GRADE�"�AND�GRADE�#�DO�SO�AS�WELL��)N�THE�MORE�CONCISE�SPECIFICATION�OF�THIS�BEHAVIOUR
IN�SECTION��������THE�STATE�VARIABLE�VS�IS�USED�IN�THE�REFERENCE�RELATIONS�OF�ALL�OF�THESE
ACTIONS��"Y�DOING�SO��THE�BEHAVIOUR�BECOMES�MORE�CONCISE�

4HE�MORE�ACTIONS�WHOSE�REFERENCE�RELATIONS�COMPRISE�FS�V
�

��V
�

�������V
M

	�THE�BEHAVIOUR
CONTAINS��AND�THE�LONGER�THE�DEFINITION�OF�FS�V

�

��V
�

�� �����V
M

	� IS�� THE�MORE�USEFUL�THE
USE�OF�THE�STATE�VARIABLE�VS�BECOMES�
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4HIS� IS� BECAUSE� THE� MORE� OFTEN� ONE� USES� VS� IN� A� REFERENCE� RELATION� INSTEAD� OF
FS�V

�

��V
�

�������V
M

	��AND�THE�MORE�SPACE�IS�GAINED�EACH�TIME�BY�DOING�SO��THE�MORE�CON
CISE�THE�BEHAVIOUR�BECOMES�

4HIS�CLARIFIES�WHY�RECURSIVELY�DEFINED�STATE�FUNCTIONS��SUCH�AS�IN�EXAMPLE���OF�SECTION
�������ARE�OFTEN�ESPECIALLY�USEFUL��)N�THE�EXAMPLE��THE�OCCURRENCES�OF�THE�ACTIONS�IN
SERT�AND�DELETE�DEPEND��IN�EVERY�BUT�THE�FIRST�COPY�OF�THE�BEHAVIOUR��ON�THE�VALUE�OF�A
STATE�FUNCTION�THAT�IS�A�FUNCTION�OF�AN�ACTION�VARIABLE�AND�A�STATE�FUNCTION�FROM�THE
PREVIOUS�COPY�OF�THE�BEHAVIOUR�

• &OR�EXAMPLE��IN�THE����TH�COPY�OF�THE�BEHAVIOUR��THE�VALUE�OF�THE�STATE�FUNCTION�IS
A�FUNCTION�OF�ACTION�VALUES�ESTABLISHED�IN�THE�PREVIOUS����COPIES�OF�THE�BEHAVIOUR�
4HE� STATE� FUNCTION� IS� THUS� A� FUNCTION� OF� MANY� ACTION� VARIABLES� AND� ITS� NON
RECURSIVE�DEFINITION�IN�TERMS�OF�ALL�OF� THESE�ACTION�VARIABLES�WOULD�BE�EXTREMELY
LENGTHY�

• 4HE�VALUE�OF�THE�STATE�FUNCTION�IN�THE����TH�COPY�OF�THE�BEHAVIOUR�IS�USED�IN�ALL
FOLLOWING�COPIES�OF� THE�BEHAVIOUR�� )F�NO� RECURSIVELY�DEFINED� STATE� FUNCTION�WERE
USED�� THIS�VERY� LENGTHY�FUNCTION�WOULD�HAVE�TO�BE�EXPLICITLY�DEFINED�AS�A�CONDI
TION�FOR�THE�ACTIONS�INSERT�AND�DELETE�IN�ALL�FOLLOWING�COPIES�OF�THE�BEHAVIOUR��4HIS
WOULD�RESULT�IN�AN�EXTREMELY�LENGTHY�BEHAVIOUR�

7E�FINALLY�ILLUSTRATE�THAT�THE�USE�OF�STATE�VARIABLES�MAY�RESULT� IN�A�MORE� LENGTHY�BE
HAVIOUR��RATHER�THAN�A�MORE�CONCISE�ONE��IF�THE�ABOVE�CONDITION�IS�NOT�SATISFIED��#ON
SIDER�THE�BEHAVIOUR

[ START�→�A�
A�→�B�
B�→�C�
C�→�D��]�

4HIS�BEHAVIOUR�CAN�BE�SPECIFIED�LESS�COMPREHENSIBLY�WITH�THE�USE�OF�A�STATE�VARIABLE
AS�FOLLOWS�

[ START�→�"�ENTRY�ëSTARTì		��]

"�
[ ENTRY�VS��[ëSTARTì��ëAì��ëBì��ëCì��ëDì]	

∧��VS≠ìDì	�→�ACTION�V
ACTION

�[ëSTARTì��ëAì��ëBì��ëCì��ëDì]	�
;�IF�VS�ìSTARTì�THEN�V

ACTION

�ìAì�
��IF�VS�ìAì�THEN�V

ACTION

�ìBì�
��IF�VS�ìBì�THEN�V

ACTION

�ìCì�
��IF�VS�ìCì�THEN�V

ACTION

�ìDì��=
ACTION�→�"�ENTRY�V

ACTION

		���]�
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������ -EANING�OF�DATA�CONCEPTS�IN�TERMS�OF�BASIC�CONCEPTS

3INCE�EVERY�STATE�FUNCTION�CAN�BE�REWRITTEN�AS�A�FUNCTION�OF�ACTION�VALUES��WE�CAN�RE
WRITE�A�BEHAVIOUR�SPECIFICATION�THAT�CONTAINS�STATE�VARIABLES�AND�STATE�FUNCTIONS�AS�A
BEHAVIOUR�THAT�DOES�NOT�CONTAIN�EITHER�OF�THESE��4HIS�CAN�BE�DONE�AS�FOLLOWS�

��� 2EWRITE�EVERY�STATE�FUNCTION�IN�THE�BEHAVIOUR�AS�A�FUNCTION�OF�ACTION�VALUES�ONLY�
4HIS�CAN�BE�DONE�BY��POSSIBLY�REPEATED��SUBSTITUTION�

��� 2EPLACE� EVERY� STATE� VARIABLE� IN� EVERY� REFERENCE� RELATION� BY� ITS� ASSOCIATED� STATE
FUNCTION�

��� 2EMOVE�ALL�REMAINING�STATE�VARIABLES�AND�THEIR�ASSOCIATED�STATE�FUNCTIONS�FROM�THE
BEHAVIOUR�

!FTER� THE� APPLICATION� OF� THESE� STEPS�� THE� RESULTING� BEHAVIOUR� DOES� NOT� CONTAIN� ANY
STATE�VARIABLES�ANYMORE��4HEREFORE�� THE�PROCEDURES�OF� SECTION������� CAN�BE� APPLIED
FOR�REWRITING�A�BEHAVIOUR�IN�TERMS�OF�BASIC�CONCEPTS�ONLY�

!S�AN�EXAMPLE��WE�CONSIDER�THE�FOLLOWING�BEHAVIOUR

[ START�→�A��V
A

�[���]	�
START�→�B��V

B

�[���]	�
<�VS

�

�V
A

�V
B

�>�
A�∧�B�→�C��V

C

�[���]	�<�VS
�

�VS
�

�
�V
C

�>�
C�→�D��V

D

�[���]	�<�VS
�

�VS
�

��V
D

�>�
D�∧��VS

�

��	�→�E��]�

4HE�STATE�FUNCTION�VS
�

�
�V
C

��WHOSE�VALUE�IS�ASSIGNED�TO�VS
�

��CAN�BE�REWRITTEN�AS

�V
A

�V
B

	�
�V
C

�

4HE�STATE�FUNCTION�VS
�

��V
D

��WHOSE�VALUE�IS�ASSIGNED�TO�VS
�

��CAN�BE�REWRITTEN�AS

��V
A

�V
B

	�
�V
C

	��V
D

�

"Y� REPLACING�VS
�

� IN� THE� REFERENCE� RELATION�OF� ACTION� E�BY� ��V
A

�V
B

	� 
� V
C

	� � V
D

� AND� RE
MOVING�ALL�REMAINING�STATE�VARIABLES�AND�THEIR�ASSOCIATED�STATE�FUNCTIONS�FROM�THE�BE
HAVIOUR��THE�FOLLOWING�BEHAVIOUR�IS�OBTAINED�

[ START�→�A��V
A

�[���]	�
START�→�B��V

B

�[���]	�
A�∧�B�→�C��V

C

�[���]	�
C�→�D��V

D

�[���]	�
D�∧����V

A

�V
B

	�
�V
C

	��V
D

	���	�→�E��]�

4HIS�BEHAVIOUR�CAN�BE�REWRITTEN�AS�A�BEHAVIOUR� IN�TERMS�OF�BASIC�CONCEPTS�ONLY�BY
MEANS�OF�THE�PROCEDURES�OF�SECTION�������
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���� %XTENSIONS

������ %XTENSIONS�FOR�DISABLING�AND�SYNCHRONISATION�RELATIONS

$ISABLING�RELATIONS

,ET��IN�A�BEHAVIOUR��B�BE�A�DISABLING�ACTION��AND�NOT�AN�ENABLING�ACTION�OR�A�SYNCHRO
NISATION�ACTION��OF�AN�ACTION�A��4HE�FOLLOWING�POSSIBILITIES�EXIST� IN� THE�EXECUTION�OF
THIS�BEHAVIOUR�FOR�THE�OCCURRENCES�OF�A�AND�B�AND�THEIR�RELATION�

• B�OCCURS�BEFORE�A�HAS�OCCURRED��4HEN�A�CANNOT�OCCUR�ANYMORE��4HEREFORE��A�CAN
NOT�REFER�TO�REFER�TO�THE�VALUE�ESTABLISHED�IN�B�

• B�OCCURS�AFTER�A�HAS�OCCURRED��)N�CHAPTER���WE�ARGUED�THAT�WE�DO�NOT�ALLOW�THE
OCCURRENCE�OF�AN�ACTION�TO�DEPEND�ON�THE�OCCURRENCES�OF�FUTURE�ACTIONS��3INCE�A
REFERENCE�RELATION�OF�AN�ACTION�MAKES�THE�OCCURRENCE�OF�THIS�ACTION�DEPENDENT�ON
OTHER�ACTIONS��A�CANNOT�REFER�TO�A�VALUE�ESTABLISHED�IN�B���(OWEVER��B�CAN�REFER�TO
A��IF�A�HAS�OCCURRED�	

• B�DOES�NOT�OCCUR��)F�A�OCCURS��IT�CANNOT�REFER�TO�A�VALUE�ESTABLISHED�IN�B��SINCE�NO
VALUE�IS�ESTABLISHED�IN�B��)F�A�DOES�NOT�OCCUR��IT�CANNOT�REFER�TO�ANY�VALUE�AT�ALL�

7E�CONCLUDE�THAT�AN�ACTION�CAN�NEVER�REFER�TO�THE�VALUE�ESTABLISHED�IN�ONE�OF�ITS�DISA
BLING�ACTIONS�WHICH�IS�NOT�ALSO�ONE�OF�ITS�ENABLING�ACTIONS�OR�SYNCHRONISATION�ACTIONS�

4HUS��FOR�EXAMPLE��THE�BEHAVIOUR�SPECIFICATION

[ A�∨�¬A�→�B��V
B

�[���]	�
¬B�→�A��V

A

�[���]	�;V
B

�V
A

=��]

IS�MEANINGLESS��SINCE�A�CANNOT�REFER�TO�B��(OWEVER��THE�BEHAVIOUR�SPECIFICATION

[ A�∨�¬A�→�B��V
B

�[���]	�
¬B�∨�B�→�A��V

A

�[���]	�;IF�B��V
A

�V
B

=��]

IS�ALLOWED��SINCE�A�CAN�REFER�TO�B�IF�IT�IS�CAUSED�BY�B�IN�A�BEHAVIOUR�EXECUTION�

3YNCHRONISATION�RELATIONS

,ET�B�BE�A�SYNCHRONISATION�ACTION�OF�AN�ACTION�A��)F�A�AND�B�SYNCHRONISE�IN�A�BEHAV
IOUR�EXECUTION��THE�OCCURRENCE�OF�A�DEPENDS�ON�THE�OCCURRENCE�OF�B��4HEREFORE��A�CAN
REFER�TO�THE�VALUE�ESTABLISHED�IN�B�

4HIS�REQUIRES�THE�REFERENCE�RULE�OF�SECTION�������TO�BE�EXTENDED�AS�FOLLOWS��)N�A�BE
HAVIOUR�EXECUTION�AN�ACTION�CAN�ONLY�REFER�TO�

• ACTIONS�THAT�DIRECTLY�CAUSE�THIS�ACTION�

• ACTIONS�THAT�INDIRECTLY�CAUSE�THIS�ACTION��AND

• ACTIONS�THAT�SYNCHRONISE�WITH�THIS�ACTION�

!N�ACTION�A�IS�INDIRECTLY�CAUSED�BY�AN�ACTION�B�IF�
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• B� DIRECTLY� CAUSES� ANOTHER� ACTION� C� THAT�DIRECTLY�OR� INDIRECTLY� CAUSES�A�� OR� THAT�A
SYNCHRONISES�WITH��OR

• B�SYNCHRONISES�WITH�ANOTHER�ACTION�C�THAT�DIRECTLY�OR�INDIRECTLY�CAUSES�A��OR�THAT�A
SYNCHRONISES�WITH�

4HUS��FOR�EXAMPLE��THE�FOLLOWING�BEHAVIOUR�SPECIFICATIONS�ARE�ALLOWED�

[ �A�→�B��V
B

�[���]	�;V
B

�V
A

=�
�B�→�A��V

A

�[���]	�;V
A

�V
B

=��]�

AND

[ �A�→�B��V
B

�[���]	�;V
B

�V
A

=�
�B�→�A��V

A

�[���]	�;V
A

�V
B

=�
A�→�C��V

C

�[���]	�;V
C

�V
B

=��]�

������ %XTENSIONS�FOR�COMPOSITE�BEHAVIOURS

#ONSTRAINTORIENTED�BEHAVIOUR�COMPOSITIONS

6ALUE�ESTABLISHMENT�IN�INTERACTIONS

4HE�ADDITION�OF�DATA� CONCEPTS�HAS� THE� FOLLOWING�CONSEQUENCES� FOR� INTERACTIONS�AND
THE�SUBBEHAVIOURS�INVOLVED�IN�THESE�INTERACTIONS�

�� 6ALUES�CAN�BE�ESTABLISHED�IN�INTERACTIONS�

4HIS�IS�BECAUSE�AN�INTERACTION�IS�A�SPECIFIC�TYPE�OF�ACTION��IT�MODELS�THE�COMMON
ACTIVITY� OF� MULTIPLE� SUBBEHAVIOURS�� 3INCE� VALUES� CAN� BE� ESTABLISHED� IN� ACTIONS�
THEY�CAN�ALSO�BE�ESTABLISHED�IN�INTERACTIONS�

�� A� )F� A�VALUE� IS� TO�BE� ESTABLISHED� IN� AN� INTERACTION�� EACH� INVOLVED� SUBBEHAVIOUR
SHOULD�DEFINE�THE�DATA�TYPE�OF�THE�VALUE��%ACH�INVOLVED�SUBBEHAVIOUR�MAY�OR
MAY�NOT�CONTAIN�A�REFERENCE�RELATION�THAT�MAKES�THE�INTERACTION��AND�POSSIBLY
THE�VALUE�ESTABLISHED�IN�IT��DEPENDENT�ON�OTHER�VALUES�

4HIS� IS� BECAUSE� AN� INTERACTION�MODELS� A� COMMON� ACTIVITY� OF� SUBBEHAVIOURS�
%ACH�SUBBEHAVIOUR�MAY�THEREFORE�CONSTRAIN�THE�VALUE�ESTABLISHED�IN�THE�INTER
ACTION�

B� 4HE�VALUE�ESTABLISHED�IN�AN�INTERACTION�IS�AN�ELEMENT�OF�THE�INTERSECTION�OF�THE
DATA� TYPES� DEFINED� IN� THE� CONTRIBUTIONS� OF� THE� INVOLVED� SUBBEHAVIOURS� AND
CONFORMS� TO�ALL� REFERENCE�RELATIONS�DEFINED� IN� THE�CONTRIBUTIONS�OF� THESE� SUB
BEHAVIOURS��)F�THERE�IS�NO�VALUE�THAT�MEETS� THESE�CRITERIA�� THE� INTERACTION�DOES
NOT�TAKE�PLACE�

4HIS�IS�BECAUSE�THE�CONDITION�FOR�THE�OCCURRENCE�OF�AN� INTERACTION�IS� THE�CON
JUNCTION� OF� THE� CONDITIONS� IMPOSED� ON� THE� OCCURRENCE� OF� THE� INTERACTION� BY
EACH�OF�THE�SUBBEHAVIOURS�INVOLVED�IN�THE�INTERACTION�
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�� )F� A� VALUE� IS� ESTABLISHED� IN� AN� INTERACTION�� ACTIONS� IN� ALL� OF� THE� INVOLVED� SUB
BEHAVIOURS�CAN�REFER�TO�THIS�VALUE��IF�THEY�ARE�ALLOWED�TO�DO�SO�ACCORDING�TO�THE
REFERENCE�RULE�

4HIS�IS�BECAUSE�AN�INTERACTION�IN�WHICH�A�VALUE�IS�ESTABLISHED�MODELS��IN�TERMS�OF
OUR�BASIC�CONCEPTS��A�SET�OF�MUTUALLY�DISABLING�BASIC�INTERACTIONS��3INCE�ACTIONS�IN
ALL�OF�THE�INVOLVED�SUBBEHAVIOURS�CAN�DEPEND�ON�THE�OCCURRENCE�OF�A�BASIC�INTER
ACTION��THEY�CAN�ALSO�REFER�TO�THE�VALUE�ESTABLISHED�IN�AN�INTERACTION�

�� !N��INTER	ACTION�A� IN�A� SUBBEHAVIOUR�!�CAN�ONLY� REFER� TO�A�VALUE�ESTABLISHED� IN
ANOTHER�SUBBEHAVIOUR�"�IF�THIS�VALUE�WAS�ESTABLISHED�IN�AN�INTERACTION�BETWEEN�!
AND�"�TO�WHICH�A�CAN�REFER�

4HIS�IS�BECAUSE�INTERACTIONS�ARE�THE�ONLY�WAY�IN�WHICH�SUBBEHAVIOURS�ARE�RELATED
IN� A� CONSTRAINTORIENTED� COMPOSITION� OF� SUBBEHAVIOURS�� !� SUBBEHAVIOUR�!�HAS
THEREFORE� ONLY� ACCESS� TO� A� VALUE� ESTABLISHED� IN� ANOTHER� SUBBEHAVIOUR� "� IF� THIS
VALUE�IS�PASSED�FROM�!�TO�"�IN�AN�INTERACTION�

&OR�EXAMPLE��THE�MONOLITHIC�BEHAVIOUR

[ START�→�A��V
A

�[�������]�;��≤�V
A

�≤��=�
A�→�B��V

B

�[�������]	�;V
B

�V
A

=�
A�→�C��V

C

�[�������]	�;V
C

�V
A

=���]

CAN�NOW�BE�STRUCTURED�AS�A�CONSTRAINTORIENTED�COMPOSITION�OF�SUBBEHAVIOURS�AS�

[ INTERACTIONS�"
�

��"
�

�A��]

"
�

�
[ START�→�A��V

A

�[�������]�;V
A

�≥���=�
A�→�B��V

B

�[�������]	�;V
B

�V
A

=���]

"
�

�
[ START�→�A��V

A

�[�������]�;V
A

�≤��=�
A�→�C��V

C

�[�������]	�;V
C

�V
A

=��]�

&IGURE������REPRESENTS�THIS�BEHAVIOUR�GRAPHICALLY�

4YPES�OF�INTERACTION

6ISSERS�;����=�DISTINGUISHES�THREE�TYPES�OF�INTERACTIONS��BASED�ON�THE�CONSTRAINTS�EACH
INVOLVED�SUBBEHAVIOUR�PUTS�ON�THE�VALUE�ESTABLISHED�IN�AN� INTERACTION��4HESE�TYPES
OF�INTERACTION�CAN�ALL�BE�EXPRESSED�USING�OUR�CONCEPTS��,ET�"

�

��"
�

�������"
N

�BE�THE�SUB
BEHAVIOURS�INVOLVED�IN�AN�INTERACTION�I�

• 6ALUE� CHECKING�� EACH�OF� THE� SUBBEHAVIOURS�"
�

��"
�

�� �����"
N

� REQUIRES� THAT� ONE�PAR
TICULAR�VALUE�IS�ESTABLISHED�IN�I��&OR�EXAMPLE�

"
�

�[������A�→�I��V
I

�[�]	�����]
"

�

�[������B�→�I��V
I

�[�]	����]�
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"
�

"
� B

A

V
A
�[�������]

���;V
A
�≥��=

C

V
B
�[�������]

���;V
B
��V

A
=

V
C
�[�������]

���;V
C
��V

A
=

V
A
�[�������]

���;V
A
�≤��=

&IGURE��������%XAMPLE�BEHAVIOUR�REPRESENTED�AS�CONSTRAINTORIENTED�COMPO
SITION�OF�SUBBEHAVIOURS�

• 6ALUE�PASSING��ONE�OF�THE�SUBBEHAVIOURS�"
�

��"
�

�������"
N

�REQUIRES�THAT�ONE�PARTICULAR
VALUE�IS�ESTABLISHED�IN�I��EACH�OF�THE�OTHER�SUBBEHAVIOURS�OFFERS�SOME�FREEDOM�FOR
THE�VALUE�TO�BE�ESTABLISHED��&OR�EXAMPLE�

"
�

�[������A�→�I��V
I

�[�]	�����]
"

�

�[������B�→�I��V
I

�.	����]�

• 6ALUE�GENERATION��EACH�OF� THE� SUBBEHAVIOURS�"
�

��"
�

�� �����"
N

�OFFERS� SOME� FREEDOM
FOR�THE�VALUE�TO�BE�ESTABLISHED��&OR�EXAMPLE�

"
�

�[������A�→�I��V
I

��.	�����]
"

�

�[������B�→�I��V
I

�.	����]�

#AUSALITYORIENTED�BEHAVIOUR�COMPOSITIONS

)N�A�CAUSALITYORIENTED�COMPOSITION�OF�SUBBEHAVIOURS��THE�SUBBEHAVIOURS�ARE�RELATED
BY�MEANS� OF� COUPLED� EXIT� AND� ENTRY� POINTS�� 3INCE� EXIT� POINTS� AND� ENTRY� POINTS� ARE
MERELY� SYNTACTICAL� CONSTRUCTS�� ACTIONS� IN� ONE� SUBBEHAVIOUR� SHOULD� IN� PRINCIPLE� BE
ABLE� TO� REFER� TO� VALUES� ESTABLISHED� IN� OTHER� SUBBEHAVIOURS� WITHOUT� EXTRA� NOTATION
BEING�NECESSARY��&ROM�AN�ANALYTICAL�POINT�OF�VIEW��CONSIDERING�THE�DECOMPOSITION�OF�A
BEHAVIOUR�INTO�A�CAUSALITYORIENTED�COMPOSITION�OF�SUBBEHAVIOURS��THIS�IS�CORRECT�

(OWEVER��FROM�A�SYNTHETIC�POINT�OF�VIEW��CONSIDERING�THE�CONSTRUCTION�OF�A�CAUSALITY
ORIENTED�COMPOSITION�OF�SUBBEHAVIOURS�FROM�SEPARATELY�DEFINED�SUBBEHAVIOURS��THIS
IS�UNFORTUNATE��)N�A�CAUSALITYORIENTED�COMPOSITION�OF�SUBBEHAVIOURS�AN�ACTION�IN�A
SUBBEHAVIOUR�"�SHOULD�ONLY�BE�ALLOWED�TO�REFER�TO�VALUES�ESTABLISHED�IN�OTHER�SUB
BEHAVIOURS�� IF� THESE� VALUES� ARE� INDEED� ESTABLISHED� IN� THESE� OTHER� SUBBEHAVIOURS�
(OWEVER��IT�NEED�NOT�BE�IMMEDIATELY�CLEAR�WHICH�VALUES�FROM�OTHER�SUBBEHAVIOURS
ARE�REFERRED�TO�IN�"��)N�THAT�CASE�A�DEVELOPER�HAS�TO�ANALYSE�"�IN�ORDER�TO�TRACK�DOWN
THESE� VALUES�� &OR� SIMILAR� REASONS� THE� DEVELOPER�MAY� HAVE� TO� ANALYSE� ALL� OTHER� SUB
BEHAVIOURS�
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)N�ORDER�TO�PREVENT�SUCH�UNNECESSARY�ANALYSIS��WE�MAKE�THE�FOLLOWING�SYNTACTICAL�EX
TENSIONS�

• %ACH�EXIT�POINT�IS�PARAMETRISED�WITH��	�THE�VARIABLES�THAT�ARE�ASSIGNED�THE�VALUES
MADE� AVAILABLE� FOR� REFERENCE� BY� OTHER� SUBBEHAVIOURS� AND� �	� THE� DATA� TYPES� OF
THESE�VARIABLES�

• %ACH�ENTRY�POINT�IS�PARAMETRISED�WITH��	�THE�VARIABLES�USED�TO�REFER�TO�VALUES�ES
TABLISHED�IN�OTHER�SUBBEHAVIOURS�AND��	�THE�DATA�TYPES�OF�THESE�VARIABLES�

• 4HE�COUPLING�OF�AN�EXIT�POINT�PARAMETRISED�WITH�THE�VARIABLES�VX
�

��VX
�

�������VX
M

�TO
AN�ENTRY�POINT�PARAMETRISED�WITH�THE�VARIABLES�VN

�

��VN
�

�������VN
M

�REPRESENTS�THAT�THE
VALUES�ASSIGNED�TO�VX

�

��VX
�

�������VX
M

�CAN�BE�REFERRED�TO�VIA�THE�VARIABLES�VN
�

��VN
�

������
VN

M

�� RESPECTIVELY��!N�EXIT�POINT�PARAMETRISED�WITH�M�VARIABLES�CAN�ONLY�BE�COU
PLED�TO�AN�ENTRY�POINT�PARAMETRISED�WITH�M�VARIABLES�OF�THE�SAME�RESPECTIVE�DATA
TYPES�

7E�REPRESENT�AN�ENTRY�POINT�OR�AN�EXIT�POINT�E�THAT�IS�PARAMETRISED�WITH�THE�VARIABLES
V
�

�� V
�

�� ����� V
N

� OF� THE� DATA� TYPES�$
�

�� $
�

�� �����$
N

�� RESPECTIVELY�� AS�� E� �V
�

�$
�

�� V
�

�$
�

�� ����
V
N

�$
N

	�

&OR�EXAMPLE��THE�MONOLITHIC�BEHAVIOUR

[ START�→�A��V
A

�[���]	�
A�→�B��V

B

�[���]	�;V
B

�V
A

=���]

CAN�BE�STRUCTURED�AS�A�CAUSALITYORIENTED�COMPOSITION�OF�SUBBEHAVIOURS�AS�

[ START�→�!�ENTRY	��!�EXIT�V
A

�[���]		�→�"�ENTRY�V
E

�[���]		��]�

!�
[ ENTRY�→�A��V

A

�[����]	�
A�→�EXIT�V

A

	��]�

"�
[ ENTRY�V

E

	�→�B��V
B

�[����]	�;V
B

�V
E

=��]�

&IGURE������REPRESENTS�THIS�BEHAVIOUR�GRAPHICALLY�
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�A �B

V
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�[���] V

B
�[���]�;V

B
�V

E
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V
E
�V

A
�[���]

&IGURE��������%XAMPLE�OF�COUPLED�PARAMETRISED�EXIT�AND�ENTRY�POINTS�
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������ 6ALUE�DECOMPOSITION

4HIS�SECTION�DISCUSSES�A�TECHNIQUE�FOR�VALUE�STRUCTURING�CALLED�VALUE�DECOMPOSITION�
!�COMPREHENSIVE� TREATMENT�OF�DATA�MODELLING�� THE�AREA�CONCERNED�WITH�DATA� STRUC
TURING��IS�OUT�OF�THE�SCOPE�OF�THIS�THESIS�

6ALUE�DECOMPOSITION� IS� THE�DECOMPOSITION�OF�A�VALUE� INTO�MULTIPLE�VALUES�� )T�ALLOWS
MULTIPLE�VALUES�TO�BE�ESTABLISHED�IN�AN�ACTION��RATHER�THAN�JUST�ONE�VALUE��3INCE�AN�AC
TION�VALUE�MODELS� THE�RESULT�OF�AN�ACTIVITY��EACH�OF�THE�VALUES�RESULTING�FROM�ITS�DE
COMPOSITION�MODELS�AN�ASPECT�OF�THIS�RESULT�

&OR�EXAMPLE��LET�ARRIVE�BE�AN�ACTION�IN�WHICH�THE�VALUE�AT�WORK�AT������BY�CAR�IS�ES
TABLISHED��4HIS�VALUE�CAN�BE�DECOMPOSED� INTO� THE�VALUE�AT�WORK�� THE�VALUE�AT�����
AND�THE�VALUE�BY�CAR��WHICH�ALL�REPRESENT�DIFFERENT�ASPECTS��LOCATION��TIME��AND�MEANS
OF�TRANSPORT	�OF�THE�RESULT�OF�THE�ACTIVITY�OF�ARRIVING�

)N�ORDER�TO�ALLOW�EACH�VALUE�ESTABLISHED�IN�AN�ACTION�TO�BE�REFERRED�TO� INDIVIDUALLY�
EACH�VALUE�IS�ASSIGNED�TO�A�DIFFERENT�VARIABLE��4HE�VARIABLES�TO�WHICH�ACTION�VALUES�ARE
ASSIGNED�WITH�THEIR�RESPECTIVE�DATA�TYPES�ARE�REPRESENTED�BETWEEN�ROUND�BRACKETS�AF
TER�THE�ACTION�NAME��&OR�EXAMPLE�

ARRIVE��LOCATION�,��TIME�4��MEANS?OF?TRANSPORT�-	

REPRESENTS�AN�ACTION�IN�WHICH�THREE�VALUES�ARE�ESTABLISHED��THESE�VALUES�ARE�ASSIGNED
TO�THE�VARIABLES� LOCATION��TIME��AND�MEANS?OF?TRANSPORT�OF�THE�DATA�TYPES�,��4��AND
-��RESPECTIVELY�

&OR�EXAMPLE��THE�FOLLOWING�BEHAVIOUR�CAN�BE�SPECIFIED�USING�VALUE�DECOMPOSITION�

[ START�→�BOOK?AIRPLAIN?TICKET��BOOKED?TICKET�4��COSTS����BOOKED?DESTINATION�$	�
BOOK?AIRPLAIN?TICKET�→�PAY?TICKET��AMOUNT��	�;AMOUNT�COSTS=�
PAY?TICKET�→�PICKUP?TICKET��TICKET�4	�;TICKET�BOOKED?TICKET=�
PICKUP?TICKET�→�FLY��DESTINATION�$	�;DESTINATION�BOOKED?DESTINATION=���]�

���� #ONCLUSIONS

$ATA�IS�OFTEN�VIEWED�AS�ORTHOGONAL�TO�CONCEPTS�FOR�MODELLING�SYSTEM�DYNAMICS��7E
SHOWED� THIS� VIEW� IS� INCORRECT��DATA� CONCEPTS� CAN� BE� DEFINED� IN� TERMS�OF� THE� PREVI
OUSLY�DISCUSSED�BASIC�ARCHITECTURAL�CONCEPTS��4HIS�INSIGHT�ALLOWED�US�TO�SHOW�IN�WHAT
CIRCUMSTANCES�DATA�IS�USEFUL�FOR�THE�CONCISE�MODELLING�OF�BEHAVIOURS��THUS�PROVIDING
GUIDANCE�TO�DEVELOPERS�IN�THE�DEVELOPMENT�OF�COMPREHENSIBLE�BEHAVIOUR�MODELS�THAT
CAN�BE�ECONOMICALLY�IMPLEMENTED�

7E�DISTINGUISHED�THE�FOLLOWING�DATA�CONCEPTS�

• !N�ACTION�VALUE�MODELS�THE�RESULT�OF�AN�ACTIVITY��!N�ACTION�VALUE�IS�AN�ELEMENT�OF
A�DATA�TYPE��WHICH�CONTAINS�ALL�ACTION�VALUES�THAT�CAN�BE�ESTABLISHED�IN�AN�ACTION�
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$ATA�TYPES�OF�ACTION�VALUES�CAN�BE�USED�TO�CONCISELY�MODEL�A�SET�OF�ACTIONS�FROM
WHICH�ONLY�ONE�MAY�OCCUR�

• !� REFERENCE� RELATION�MAKES� THE� OCCURRENCE� OF� AN� ACTION�� AND�POSSIBLY� THE� VALUE
ESTABLISHED�IN�THIS�ACTION��DEPENDENT�ON�VALUES�ESTABLISHED�IN�OTHER�ACTIONS��!�REF
ERENCE�RELATION�CAN�BE�USED�TO�CONCISELY�MODEL�MULTIPLE�BASIC�CAUSALITY�RELATIONS�

• !�STATE�VALUE�IS�THE�VALUE�OF�A�STATE�FUNCTION��WHICH�IS�A�FUNCTION�OF�ACTION�VALUES�
!�STATE�VALUE�MODELS�ONE�OR�MORE�STATES�OF�A�BEHAVIOUR��WHERE�THE�STATE�CONCEPT
CONFORMS� TO� A� CUSTOMARY�NOTION�OF� STATE�� E�G��� AS� IN� FINITESTATE�MACHINES�� 3TATE
VALUES�AND�STATE�FUNCTIONS�CAN�BE�USED�TO�CONCISELY�MODEL�MULTIPLE�REFERENCE�RELA
TIONS�



���� )NTRODUCTION

������ -OTIVATION

)N� THIS� CHAPTER� WE� DISCUSS� BEHAVIOUR� STRUCTURING� BY� MEANS� OF� THE� STRUCTURING� OF
BEHAVIOUR�MODELS��3INCE�THE�OBJECTIVE�OF�STRUCTURING�IS�THE�CONTROL�OF�COMPLEXITY��WE
DISCUSS� THE� WAY� IN� WHICH� THE� STRUCTURING� OF� BEHAVIOUR� MODELS� CONTRIBUTES� TO
ACHIEVING� THIS� OBJECTIVE�� )N� PARTICULAR�� WE� CONSIDER� THE� FOLLOWING� DEVELOPMENT
OBJECTIVES�

• CONTROL�OF�THE�COMPLEXITY�OF�COMPREHENDING�A�SYSTEM��STRUCTURING�SHOULD�PROVIDE
INSIGHT�IN�THE�CHARACTERISTICS�OF�THE�SYSTEM�

• CONTROL� OF� THE� COMPLEXITY� OF� BUILDING� A� SYSTEM�� STRUCTURING� SHOULD� FACILITATE
IMPLEMENTATION�OF�THE�SYSTEM�

4HE� APPROACH� WE� FOLLOW� IS� BASED� ON� THE� INTRODUCTION� OF� A� LIMITED� NUMBER� OF
MODELLING�STYLES��4HIS�APPROACH�WAS�FIRST�DESCRIBED�IN�;6ISSERS�ET�AL�������=��AND�WAS
LATER�ELABORATED�IN�AMONG�OTHERS�;6ISSERS�ET�AL�������=�AND�;&ERREIRA�0IRES������=�

!�MODELLING�STYLE� IS�A�SET�OF�RULES� FOR�THE�STRUCTURING�OF�A�MODEL�TO�MEET�PARTICULAR
DEVELOPMENT� OBJECTIVES�� )T� IS� THUS� A� STRUCTURING� TECHNIQUE� THAT� EXPLICITLY� SUPPORTS
PARTICULAR�DEVELOPMENT�OBJECTIVES�

!�STRUCTURE� IS�DETERMINED�BY� ITS�ELEMENTS�AND� THE�WAY� IN�WHICH� THESE�ELEMENTS�ARE
RELATED��7E�THEREFORE�DEFINE�EACH�MODELLING�STYLE�IN�TERMS�OF�THE��BASIC�AND�DERIVED	
CONCEPTS�USED�IN�A�MODEL��!�MODELLING�STYLE�THUS�DEFINES�THE�CHARACTERISTICS�A�NUMBER
OF�STRUCTURES�HAVE�IN�COMMON�

4HE�ADOPTION�OF�A�LIMITED�NUMBER�OF�WELLCHOSEN�AND�WELLDEFINED�MODELLING�STYLES
CAN�AID� IN�THE�REDUCTION�OF�COMPLEXITY� IN��AMONG�OTHERS�� THE� FOLLOWING�WAYS� �AFTER
;-INSKY������=�AND�;6ISSERS�ET�AL�������=	�
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• 5NIFORMITY�� 3TYLES� ENFORCE� UNIFORMITY�� THEREBY� EASING� COMPREHENSION�� &OR
EXAMPLE��MANY� COMPANIES� ADOPT� HOUSE� STYLES� TO�MAKE� THEIR� PUBLIC� EXPRESSIONS
MORE�UNIFORM�IN�E�G��COLOUR�AND�FORM�

4HIS�PRINCIPLE�ALSO�APPLIES�TO�MODELS�MADE�IN�A�DEVELOPMENT�PROCESS��4HE�USE�OF
A�LIMITED�NUMBER�OF�STYLES�ENFORCES�SOME�UNIFORMITY�OF�STRUCTURE�OF�THESE�MODELS�
)T�THUS�FORMS�A�PROTECTION�AGAINST�THE�APPLICATION�OF�PERSONAL�TRAITS�BY�DEVELOPERS�
0ERSONAL�STYLES�ARE�UNDESIRABLE�PROPERTIES�OF�SUCH�MODELS��BECAUSE�THEY�MAY�LEAD
TO�DIFFERENT�DEVELOPERS�EXPRESSING�THE�SAME�CONCEPTS�IN�DIFFERENT�WAYS��4HIS�MAY
RESULT� IN� CONFUSION� ABOUT� THE� MEANING� OF� A� MODEL�� WHICH� COMPLICATES
COMMUNICATION� ABOUT� THE� SYSTEM� AND� COMPLICATES� THE� IMPLEMENTATION� OF� THE
SYSTEM�

• %ASE�OF�DECISION�MAKING��3TYLES�ALLOW�CONSIDERATIONS�AND�DECISIONS�TO�BE�PRUNED
TO�THE�ONES�THAT�FIT�A�STYLE��&OR�EXAMPLE��A�PERSON�WHO�HAS�FURNISHED�HIS�OR�HER
HOUSE�ACCORDING�TO�A�MODERN�STYLE�WILL�USUALLY�NOT�EVEN�CONSIDER�THE�PURCHASE�OF
A�6ICTORIAN�CHAIR�

4HIS�ALSO�APPLIES�TO�THE�DEVELOPMENT�OF�SYSTEM�MODELS��4HE�ADOPTION�OF�A�LIMITED
NUMBER�OF�PREDEFINED� STYLES� DIRECTS� DEVELOPMENT� DECISIONS� TO� THE� ONES� THAT� FIT
THE� STYLES�� )N� OUR� CASE� THE� MAKING� OF� DEVELOPMENT� DECISIONS� IS� FURTHER� EASED�
BECAUSE� EACH� MODELLING� STYLE� IS� EXPLICITLY� RELATED� TO� PARTICULAR� DEVELOPMENT
OBJECTIVES�

������ 3TRUCTURE

)N� SECTION� ����WE� PRESENT� THREE� ORTHOGONAL� CRITERIA� AND� DEFINE� STYLES� BASED� ON� THE
�NON	SATISFACTION�OF�THESE�CRITERIA�

• THE�EXTENSIONAL�AND� INTENSIONAL� STYLES�ARE�DEFINED� IN� SECTION�������BASED�ON� THE
ABSENCE�OR�PRESENCE�OF�INTERNAL��INTER	ACTIONS�IN�A�BEHAVIOUR��RESPECTIVELY�

• THE� MONOLITHIC� AND� MODULAR� STYLES� ARE� DEFINED� IN� SECTION� ������ BASED� ON� THE
ABSENCE�OR�PRESENCE�OF�SUBBEHAVIOURS�IN�A�BEHAVIOUR��RESPECTIVELY�

THE� MODULAR� STYLE� IS� REFINED� IN� THE� CONSTRAINTORIENTED� STYLE� AND� THE� CAUSALITY
ORIENTED� STYLE� BASED� ON� THE� RELATIONS� BETWEEN� SUBBEHAVIOURS�� SHARED� CAUSALITY
RELATIONS�OR�SHARED�ACTIONS��INTERACTIONS	��RESPECTIVELY�

• THE�PROCESSORIENTED�AND�STATEORIENTED�STYLES�ARE�DEFINED� IN�SECTION�������BASED
ON�THE�ABSENCE�OR�PRESENCE�OF�STATE�VARIABLES�AND�STATE�FUNCTIONS�IN�A�BEHAVIOUR�
RESPECTIVELY�

)N� SECTION� ����WE� DESCRIBE� TWO� COMMON� STRUCTURES� OF� BUSINESS� PROCESSES�� BUSINESS
PROCESSES� STRUCTURED� AROUND� WORKFLOWS� AND� BUSINESS� PROCESSES� STRUCTURED� AROUND
BUSINESS�FUNCTIONS�

)N� SECTION� ���� WE� APPLY� THE� STYLES� IDENTIFIED� IN� SECTION� ���� TO� BUSINESS� PROCESSES
STRUCTURED�IN�THESE�WAYS�
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• )N�SECTION�������WE�APPLY�THE�STYLES�TO�THE�MODELLING�OF�REQUIREMENTS�FOR�BUSINESS
PROCESSES��7E�SHOW�HOW�AN�EXTENSIONAL�STYLE�COMBINED�WITH�EITHER�A�CONSTRAINT
ORIENTED�OR� A� CAUSALITYORIENTED� STYLE� IS� APPROPRIATE� IN� STRUCTURING� REQUIREMENTS
FOR� BUSINESS� PROCESSES� ORGANISED� AROUND� WORKFLOWS� OR� BUSINESS� FUNCTIONS�
RESPECTIVELY�

• )N�SECTION�������WE�APPLY�THE�STYLES�TO�THE�MODELLING�OF�THE�INTERNAL�BEHAVIOUR�OF
BUSINESS� PROCESSES�� 7E� SHOW� HOW� AN� INTENSIONAL� STYLE� COMBINED� WITH� A
CONSTRAINTORIENTED� STYLE� IS� APPROPRIATE� IN� STRUCTURING� IMPLEMENTATIONS� OF
BUSINESS�PROCESSES�ORGANISED�AROUND�WORKFLOWS�OR�BUSINESS�FUNCTIONS�

)N�SECTION�����WE�DISCUSS�THE�ROLE�OF�STYLES�IN�DEVELOPMENT�METHODS�

0ART�OF�THE�WORK�DESCRIBED�IN�THIS�CHAPTER�IS�BASED�ON�;$E�7EGER������=�

���� 3OME�MODELLING�STYLES

������ %XAMPLE

7E� USE� THE� BEHAVIOUR� REPRESENTED� IN� &IGURE� ���� AS� AN� EXAMPLE�� 4HE� EXAMPLE
CONCERNS�A�POSTAL�COMPANY�THAT�OFFERS�RECEIPT�CONFIRMATION�

!� CLIENT� �CLIENT� �	� MAY� SEND� A� PACKAGE� �SEND?PACKAGE	�� WHICH� IS� THEN� RECEIVED
�RECEIVE?PACKAGE	� BY� THE� OTHER� CLIENT� �CLIENT� �	�� 4HE� LATTER� CLIENT� THEN� SENDS� A
CONFIRMATION� �SEND?CONFIRMATION	�� WHICH� IS� RECEIVED� �RECEIVE?CONFIRMATION	� BY� THE
FORMER�CLIENT�

4HE� INTERNAL� ASPECTS�OF� THE�POSTAL� COMPANY�ARE�DEPICTED� IN� THE� FIGURE� IN� GREY��4HE
POSTAL� COMPANY� CONSISTS� OF� THREE� UNITS�� TWO� GEOGRAPHICALLY� REMOTE� OFFICES� AND� A
TRANSPORT� UNIT�� )F� A� CLIENT� SENDS� A� PACKAGE� OR� A� CONFIRMATION�� THE� RECEIVING� OFFICE
DELIVERS� THE�PACKAGE�OR� THE� CONFIRMATION� AT� THE� TRANSPORT� UNIT� �INTERACTIONS� SP� AND
SC	��4HE� TRANSPORT� UNIT� THEN�DELIVERS� THE� PACKAGE� OR� THE� CONFIRMATION� AT� THE� OTHER
OFFICE��INTERACTIONS�RP�AND�RC	��AFTER�WHICH�THE�CLIENT�RECEIVES�IT�

������ %XTENSIONAL�VERSUS�INTENSIONAL�STYLES

%XTENSIONAL�STYLE

!� BEHAVIOUR� STRUCTURED� ACCORDING� TO� AN� EXTENSIONAL� STYLE� DOES� NOT� CONTAIN� ANY
INTERNAL�ACTIONS�OR�INTERNAL�INTERACTIONS��

�������������������������������������������

� 4HE�NOTIONS�OF�ëEXTENSIONì�AND�ëINTENSIONì�ARE�CUSTOMARY�IN�SOME�AREAS�OF�THE�STUDY�OF
LOGIC��#ARNAP�;����=�DEFINES�THE�EXTENSION�OF�A�PREDICATE�AS�ITS�CORRESPONDING�CLASS��4HE
INTENSION�OF� THE�PREDICATE� IS�DEFINED�AS� ITS�CORRESPONDING�PROPERTY��4HESE�NOTIONS�HAVE
BEEN� APPLIED� TO� SYSTEMS� DEVELOPMENT� IN� SIMILAR� WAYS� AS� IN� THIS� THESIS� IN� ;!LEXANDER�
����=��;3IMON������=��AND�;6ISSERS�ET�AL�������=�
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OFFICE�� OFFICE��

RPSCRCSP

TRANSPORT�UNIT

POSTAL�COMPANY

SEND?
PACKAGE

RECEIVE?
CONFIRM

SEND?
CONFIRM

RECEIVE?
PACKAGE

CLIENT�� CLIENT��

&IGURE�������%XAMPLE�OF�POSTAL�COMPANY��4HE�EXTERNAL�STRUCTURE�OF�THE
COMPANY�AND�EACH�OF�THE�USERS�IS�DEPICTED�IN�BLACK��4HE�INTERNAL

STRUCTURE�OF�THE�COMPANY�IS�DEPICTED�IN�GREY�

4HE� BEHAVIOUR� OF� THE� EXAMPLE� POSTAL� COMPANY� IN� AN� EXTENSIONAL� STYLE� IS� THE
FOLLOWING�

[ START�→�SEND?PACKAGE�
SEND?PACKAGE�→�RECEIVE?PACKAGE�
RECEIVE?PACKAGE�→�SEND?CONFIRM�
SEND?CONFIRM�→�RECEIVE?CONFIRM ]

!N� EXTENSIONAL� STYLE� THUS� DESCRIBES� THE� BEHAVIOUR� OF� A� SYSTEM� ONLY� IN� TERMS� OF
INTERACTIONS�OF�THE�SYSTEM�WITH�OTHER�SYSTEMS��VALUES�ESTABLISHED�IN�THESE�INTERACTIONS�
AND� THEIR� RELATIONS�� )T� ABSTRACTS� FROM� THE� INTERNAL� ASPECTS� OF� THE� BEHAVIOUR� OF� THE
SYSTEM��4HIS�IS�SOMETIMES�CALLED�A�ëBLACK�BOXì�SPECIFICATION�

4HEREFORE�AN�EXTENSIONAL�STYLE�IS�WELL�SUITED�FOR�THE�SPECIFICATION�OF�A�SYSTEM�IN�THE
INITIAL� STAGES� OF� A� DEVELOPMENT� PROCESS�� IN� WHICH� ONE� IS� ONLY� CONCERNED� WITH� THE
REQUIREMENTS�OF�THE�SYSTEM��4HESE�REQUIREMENTS�USUALLY�ONLY�APPLY�TO�WHAT�A�SYSTEM
SHOULD�DO�AND�NOT�TO�HOW�THE�SYSTEM�SHOULD�OPERATE��!N�EXTENSIONAL�STYLE�ALLOWS�THIS
EXTERNAL� BEHAVIOUR� OF� A� SYSTEM� TO� BE� CONSIDERED� BY� USERS� AND� DEVELOPERS��WITHOUT
DISTRACTING�THEM�WITH�IRRELEVANT�INTERNAL�ASPECTS�OF�THE�SYSTEM�
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)NTENSIONAL�STYLE

!� BEHAVIOUR� STRUCTURED� ACCORDING� TO� AN� INTENSIONAL� STYLE� CONTAINS� ONE� OR� MORE
INTERNAL�ACTIONS�OR�INTERNAL�INTERACTIONS�

!�BEHAVIOUR� CAN�BE�MORE�OR� LESS� INTENSIONAL�DEPENDING�ON� THE� AMOUNT�OF� INTERNAL
�INTER	ACTIONS�IT�CONTAINS�

4HE� BEHAVIOUR� OF� THE� EXAMPLE� POSTAL� COMPANY� IN� AN� INTENSIONAL� STYLE� IS� THE
FOLLOWING�

[ START�→�SEND?PACKAGE�
SEND?PACKAGE�→�SP�
SP�→�RP�
RP�→�RECEIVE?PACKAGE�
RECEIVE?PACKAGE�→�SEND?CONFIRM�
SEND?CONFIRM�→�SC�
SC�→�RC�
RC�→�RECEIVE?CONFIRM ]

!N�INTENSIONAL�STYLE�THUS�DESCRIBES�A�BEHAVIOUR�IN�TERMS�OF�INTERACTIONS�OF�THE�SYSTEM
WITH�OTHER�SYSTEMS�� INTERNAL� �INTER	ACTIONS�OF�THE�SYSTEM��VALUES�ESTABLISHED� IN� THESE
�INTER	ACTIONS��AND�THEIR�RELATIONS��)T�THUS�DESCRIBES�INTERNAL�ASPECTS�OF�THE�BEHAVIOUR
OF�THE�SYSTEM��4HIS�IS�SOMETIMES�CALLED�A�ëWHITE�BOXì�SPECIFICATION�

4HEREFORE�AN�INTENSIONAL�STYLE�IS�WELL�SUITED�FOR�THE�SPECIFICATION�OF�A�SYSTEM�IN�LATER
STAGES�OF�A�DEVELOPMENT�PROCESS��IN�WHICH�ONE�IS�CONCERNED�WITH�THE�IMPLEMENTATION
OF�THE�SYSTEM��!N�IMPLEMENTATION�DESCRIBES�NOT�ONLY�WHAT�THE�SYSTEM�SHOULD�DO��BUT
ALSO�� TO� SOME� EXTENT�� HOW� THE� SYSTEM� SHOULD� OPERATE�� !N� INTENSIONAL� STYLE� ALLOWS
�PARTS�OF	�THE�INTERNAL�BEHAVIOUR�OF�A�SYSTEM�TO�BE�DEFINED�EXPLICITLY�

$ISCUSSION

%VEN�THOUGH�AN�INTENSIONAL�STYLE� IS�APPROPRIATE�FOR�THE�SPECIFICATION�OF�THE� INTERNAL
BEHAVIOUR�OF�A�SYSTEM��THIS�IS�NOT�THE�ONLY�POSSIBLE�APPLICATION�OF�THE�STYLE�

!N� INTENSIONAL� STYLE� DEFINES� THE� EXTERNAL� BEHAVIOUR� OF� A� SYSTEM� IMPLICITLY� �IT
ëGENERATESì�THE�EXTERNAL�BEHAVIOUR	��!N�EXAMPLE�IS�THE�DESCRIPTION�OF�THE�SERVICE�OF�A
COMMUNICATION�SYSTEM�IN�TERMS�OF�THE�PROTOCOL�THAT�IMPLEMENTS�THIS�SERVICE�

!N�INTENSIONAL�STYLE�IS�SOMETIMES�USED�TO�GIVE�AN�EXTERNAL�SPECIFICATION�OF�A�SYSTEM�IF
THE�RELATIONS�BETWEEN�INTERACTIONS�OF�THE�SYSTEM�WITH� ITS�ENVIRONMENT�ARE�COMPLEX�
4HE� INTRODUCTION� OF� INTERNAL� CONSTRUCTS� CAN� THEN� BE� USED� TO� DECOMPOSE� THESE
COMPLEX� RELATIONS�� !NOTHER� POSSIBLE� REASON� FOR� THE� USE� OF� AN� INTENSIONAL� STYLE� FOR
EXTERNAL�SPECIFICATION�IS�A�LACK�OF�EXPRESSIVENESS�OF�THE�SPECIFICATION�LANGUAGE��IF�THE
SPECIFICATION� LANGUAGE� DOES� NOT� PROVIDE� CONCEPTS� THAT� ARE� SUFFICIENTLY� ABSTRACT� TO
ALLOW� FOR� EXTENSIONAL� SPECIFICATION�� THE� USER� MAY� BE� FORCED� TO� USE� AN� INTENSIONAL
STYLE�
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)F�AN�INTENSIONAL�STYLE�IS�USED�TO�GIVE�AN�EXTERNAL�SPECIFICATION�OF�A�SYSTEM��AND�IF�THE
SPECIFICATION�IS�A�PRESCRIPTION�FOR�THE�IMPLEMENTATION��THE�DEVELOPER�SHOULD�MAKE�IT
CLEAR�WHICH�ELEMENTS�OF� THE�SPECIFICATION�ARE�PRESCRIPTIVE�AND�WHICH�ELEMENTS�WERE
ONLY�INTRODUCED�TO�COMPLETE�THE�EXTERNAL�SPECIFICATION�

!N� EXTENSIONAL� STYLE� CANNOT� BE� USED� TO� GIVE� AN� INTERNAL� DESCRIPTION� OF� A� SYSTEM�
BECAUSE� THE� EXTENSIONAL� STYLE� PROHIBITS� THE� DESCRIPTION� OF� INTERNAL� ASPECTS� OF
BEHAVIOUR�

4ABLE�����GIVES�AN�OVERVIEW�OF�THE�USE�OF�EXTENSIONAL�AND�INTENSIONAL�STYLES� FOR�THE
SPECIFICATION�OF�EXTERNAL�AND�INTERNAL�BEHAVIOUR�

EXTERNAL�SPECIFICATION INTERNAL�SPECIFICATION
EXTENSIONAL�STYLE PREFERRED IMPOSSIBLE
INTENSIONAL�STYLE IMPLICIT PREFERRED

4ABLE�������5SE�OF�STYLES�FOR�BEHAVIOUR�SPECIFICATION�

������ -ONOLITHIC�VERSUS�MODULAR�STYLES

-ONOLITHIC�STYLE

!�BEHAVIOUR�ëSTRUCTUREDì�ACCORDING�TO�A�MONOLITHIC�STYLE�DOES�NOT�CONTAIN�ANY�SUB
BEHAVIOURS���!CTUALLY��A�MONOLITHIC�STYLE�IMPLIES�A�LACK�OF�STRUCTURE�	

"OTH�SPECIFICATIONS�OF�THE�BEHAVIOUR�OF�THE�EXAMPLE�POSTAL�COMPANY�IN�SECTION������
ARE�STRUCTURED�ACCORDING�TO�A�MONOLITHIC�STYLE�

!�MONOLITHIC� STYLE� IS� CHARACTERISED� BY� A� LACK� OF� STRUCTURE�� BECAUSE� IT� PROHIBITS� THE
STRUCTURING�OF�A�BEHAVIOUR�IN�TERMS�OF�RELATED�SUBBEHAVIOURS�

4HEREFORE� A� MONOLITHIC� STYLE� IS� WELL� SUITED� FOR� THE� SPECIFICATION� OF� VERY� SIMPLE
BEHAVIOURS� �LIKE� OUR� EXAMPLE� BEHAVIOUR	�� )N� SUCH� BEHAVIOURS� THE� INTRODUCTION� OF
�EXTRA	� STRUCTURE�MAY�ONLY�BE�SUPERFLUOUS�AND�NOT�ENHANCE� THEIR� COMPREHENSIBILITY�
(OWEVER��FOR�LARGER�AND�MORE�COMPLEX�BEHAVIOURS�THE�MONOLITHIC�STYLE�IS�UNSUITABLE�
BECAUSE� THESE�BEHAVIOURS� CAN�ONLY�BE� REPRESENTED� IN� A� COMPREHENSIBLE�WAY� IF� THEY
ARE�STRUCTURED�AS�A�COMPOSITION�OF�SUBBEHAVIOURS�

!�MONOLITHIC� STYLE� CAN� BE� COMBINED� WITH� BOTH� AN� INTENSIONAL� AND� AN� EXTENSIONAL
STYLE�� SO� IT� IS�NOT� SPECIFICALLY�ORIENTED� TOWARDS� THE� SPECIFICATION�OF� REQUIREMENTS�OR
THE� SPECIFICATION� OF� AN� IMPLEMENTATION�� (OWEVER�� BECAUSE� IMPLEMENTATIONS� ARE
USUALLY�MORE�COMPLEX�THAN�REQUIREMENTS��AS�IMPLEMENTATIONS�CONTAIN�MORE�DETAIL	��A
MONOLITHIC�STYLE�WILL�IN�PRACTICE�BE�USED�MORE�OFTEN�FOR�THE�EXTENSIONAL�SPECIFICATION
OF�SYSTEMS�OR�SYSTEM�COMPONENTS�
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-ODULAR�STYLE

!�BEHAVIOUR�STRUCTURED�ACCORDING�TO�A�MODULAR�STYLE�CONTAINS�SUBBEHAVIOURS�

!� BEHAVIOUR� CAN� BE� MORE� OR� LESS� MODULAR� DEPENDING� ON� THE� AMOUNT� OF� SUB
BEHAVIOURS�IT�CONTAINS�

%XAMPLES� OF� A� MODULAR� STYLE� ARE� GIVEN� BELOW�� WHERE� TWO� SPECIALISATIONS� OF� THE
MODULAR�STYLE�ARE�DISCUSSED�

"ECAUSE�A�MODULAR�STYLE�REQUIRES�THE�USE�OF�SUBBEHAVIOURS�� IT� IS�WELL�SUITED�FOR�THE
SPECIFICATION�OF� COMPLEX� BEHAVIOURS� THAT� HAVE� TO� BE� STRUCTURED� AS� COMPOSITIONS� OF
SUBBEHAVIOURS� IN� ORDER� TO� REMAIN� COMPREHENSIBLE� AND� IMPLEMENTABLE�� &OR� SIMPLE
BEHAVIOURS� THE� MODULAR� STYLE� MAY� BE� LESS� SUITED�� BECAUSE� IT� INTRODUCES� ADDITIONAL
STRUCTURE�

!�MODULAR�STYLE�CAN�BE�COMBINED�WITH�AN�EXTENSIONAL�OR�INTENSIONAL�STYLE�AND�IS�THUS
NOT� SPECIFICALLY� ORIENTED� TOWARDS� THE� SPECIFICATION� OF� REQUIREMENTS� OR� THE
SPECIFICATION�OF�AN�IMPLEMENTATION�

#AUSALITYORIENTED�STYLE

!� BEHAVIOUR� STRUCTURED� ACCORDING� TO� A� CAUSALITYORIENTED� STYLE� CONTAINS� SUB
BEHAVIOURS�THAT�ARE�EXCLUSIVELY�RELATED�BY�MEANS�OF�SHARED�CAUSALITY�RELATIONS�

4HE�BEHAVIOUR�OF�THE�POSTAL�COMPANY�OF�SECTION�������CAN�BE�SPECIFIED�ACCORDING�TO
AN� �INTENSIONAL	� CAUSALITYORIENTED� STYLE� BY� THE� INTRODUCING� TWO� SUBBEHAVIOURS�� IN
WHICH�ONE� CONTAINS� THE� ACTIONS� DEALING�WITH� A� PACKAGE� AND� THE� OTHER� CONTAINS� THE
ACTIONS�DEALING�WITH�A�CONFIRMATION�

[ START�→�PACKAGE�ENTRY	��PACKAGE�EXIT	�→�CONFIRMATION�ENTRY	�]�

PACKAGE�
[ ENTRY�→�SEND?PACKAGE�
SEND?PACKAGE�→�SP�
SP�→�RP�
RP�→�RECEIVE?PACKAGE�
RECEIVE?PACKAGE�→�EXIT���]

CONFIRMATION�
[ ENTRY�→�SEND?CONFIRM�
SEND?CONFIRM�→�SC�
SC�→�RC�
RC�→�RECEIVE?CONFIRM ]

!�CAUSALITYORIENTED�STYLE�THUS�REQUIRES�A�BEHAVIOUR�TO�BE�STRUCTURED�AS�A�COMPOSITION
OF� SUBBEHAVIOURS� IN� A� SPECIFIC�WAY�� EACH� ACTION� IS� COMPLETELY� DEFINED� IN� ONE� SUB
BEHAVIOUR��BUT�THE�ACTIONS�THAT�CONSTITUTE�ITS�CAUSALITY�CONDITION�MAY�BE�LOCATED�IN�A
DIFFERENT�SUBBEHAVIOUR�
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4HEREFORE��A�CAUSALITYORIENTED�STYLE�IS�WELL�SUITED�FOR�THE�STRUCTURING�OF�BEHAVIOURS�IN
TERMS�OF�SUBBEHAVIOURS�WITH�THIS�PROPERTY��"EHAVIOURS�STRUCTURED�ACCORDING�TO�NON
OVERLAPPING� PHASES� ARE� IMPORTANT� EXAMPLES� OF� THIS�� �4HE� CAUSALITYORIENTED
BEHAVIOUR� SPECIFICATION� ABOVE� IS� SUCH� AN� EXAMPLE�	� !� PHASE� IS� A� PARTICULAR� TIME
PERIOD� IN�WHICH�CERTAIN�ACTIONS�MAY�OCCUR��4HEREFORE�� IF� THE�PHASES�OF�A�BEHAVIOUR
ARE�NONOVERLAPPING��EACH�OF�ITS�ACTIONS�BELONGS�TO�A�SINGLE�PHASE�

!S�ANY�MODULAR�SPECIFICATION��A�CAUSALITYORIENTED�SPECIFICATION�CAN�BE�USED�TO�SPECIFY
BOTH� EXTERNAL� BEHAVIOUR� �FACILITATING� THE� CONSTRUCTION�OF� REQUIREMENTS�MODELS	� AND
INTERNAL� BEHAVIOUR� �FACILITATING� THE� CONSTRUCTION� OF� IMPLEMENTATION� MODELS	�
(OWEVER�� A� CAUSALITYORIENTED� SPECIFICATION� CANNOT� BE� USED� TO� SPECIFY� A� BEHAVIOUR
THAT� IS� STRUCTURED�AS�A� COMPOSITION�OF� SUBBEHAVIOURS��WHERE�EACH� SUBBEHAVIOUR� IS
EXECUTED�BY�AN�ENTITY�THAT�INTERACTS�WITH�OTHER�ENTITIES�

#ONSTRAINTORIENTED�STYLE

!� BEHAVIOUR� STRUCTURED� ACCORDING� TO� A� CONSTRAINTORIENTED� STYLE� CONTAINS� SUB
BEHAVIOURS�THAT�ARE�EXCLUSIVELY�RELATED�BY�MEANS�OF�INTERACTIONS�

)N�THE�CONSTRAINTORIENTED�STYLE�EACH�SUBBEHAVIOUR� IS�CONSIDERED�AS�A�CONSTRAINT�ON
THE� TOTAL� BEHAVIOUR�� 4HE� TOTAL� BEHAVIOUR�� THE� COMPOSITION� OF� THE� SUBBEHAVIOURS�
THEN� SATISFIES� THE�CONJUNCTION�OF�ALL�OF� THE�CONSTRAINTS� IMPOSED�BY�EACH�OF� THE� SUB
BEHAVIOURS�

4HE� BEHAVIOUR� OF� THE� EXAMPLE� POSTAL� COMPANY� CAN� BE� SPECIFIED� ACCORDING� TO� AN
�INTENSIONAL	� CONSTRAINTORIENTED� STYLE� BY� DEFINING� THREE� SUBBEHAVIOURS�� TWO
REPRESENTING�THE�BEHAVIOURS�OF�THE� LOCAL�OFFICES�AND�ONE�REPRESENTING�THE�BEHAVIOUR
OF�THE�TRANSPORT�UNIT�

[ INTERACTIONS��OFFICE���TRANSPORT?UNIT��SP��RC�
���OFFICE���TRANSPORT?UNIT��SC��RP��]�

OFFICE��
[ START�→�SEND?PACKAGE�
SEND?PACKAGE�→�SP�
SP�→�RC�
RC�→�RECEIVE?CONFIRM���]�

OFFICE��
[ START�→�RP�
RP�→�RECEIVE?PACKAGE�
RECEIVE?PACKAGE�→�SEND?CONFIRM�
SEND?CONFIRM�→�SC���]�

TRANSPORT?UNIT�
[ START�→�SP�
SP�→�RP�
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START�→�→�SC�
SC�→�RC���]

4HE�CONSTRAINTORIENTED�STYLE�CAN�ALSO�BE�APPLIED�IN�COMBINATION�WITH�THE�EXTENSIONAL
STYLE�� )N� THAT� CASE� EACH� OF� THE� SUBBEHAVIOURS� REPRESENTS� AN� ASPECT� OF� THE� EXTERNAL
BEHAVIOUR�

[ INTERACTIONS��AT?OFFICE���BETWEEN?OFFICES��SEND?PACKAGE��RECEIVE?CONFIRM�
���AT?OFFICE���BETWEEN?OFFICES��RECEIVE?PACKAGE��SEND?CONFIRM��]

AT?OFFICE��
[ START�→�SEND?PACKAGE�
SEND?PACKAGE�→�RECEIVE?CONFIRM���]�

AT?OFFICE��
[ START�→�RECEIVE?PACKAGE�
RECEIVE?PACKAGE�→�SEND?CONFIRM���]

BETWEEN?OFFICES�
[ START�→�SEND?PACKAGE�
SEND?PACKAGE�→�RECEIVE?PACKAGE�
START�→�SEND?CONFIRM�
SEND?CONFIRM�→�RECEIVE?CONFIRM���]

!� CONSTRAINTORIENTED� STYLE� THUS� REQUIRES� A� BEHAVIOUR� TO� BE� STRUCTURED� AS� A
COMPOSITION�OF�SUBBEHAVIOURS�IN�A�SPECIFIC�WAY��CERTAIN�ACTIONS��THE�INTERACTIONS	�ARE
DISTRIBUTED� OVER� MULTIPLE� SUBBEHAVIOURS�� TOGETHER� WITH� THE� CONDITIONS� FOR� THEIR
OCCURRENCE�

4HEREFORE��A�CAUSALITYORIENTED�STYLE�IS�WELL�SUITED�FOR�THE�STRUCTURING�OF�BEHAVIOURS�IN
TERMS�OF�SUBBEHAVIOURS�WITH�THIS�PROPERTY��4HIS�IS�THE�CASE�IF�OVERLAPPING�ASPECTS�CAN
BE� IDENTIFIED� IN� THE� BEHAVIOUR�� ACTIONS� EXIST� THAT� BELONG� TO�MULTIPLE� ASPECTS� OF� THE
BEHAVIOUR�� )N� THE� EXTENSIONAL� CONSTRAINTORIENTED� SPECIFICATION� ABOVE�� THREE� ASPECTS
CAN�BE�RECOGNISED��THE�CONSTRAINTS�AT� THE� INTERACTION�POINT�OF�OFFICE���AND� ITS�CLIENT
�REPRESENTED� BY� BEHAVIOUR� AT?OFFICE�	�� THE� CONSTRAINTS� AT� THE� INTERACTION� POINT� OF
OFFICE���AND�ITS�CLIENT��REPRESENTED�BY�BEHAVIOUR�AT?OFFICE�	��AND�THE�CONSTRAINTS�THAT
APPLY� TO� BOTH� INTERACTION� POINTS� �REPRESENTED� BY� BEHAVIOUR� BETWEEN?OFFICES	�� 4HE
FIRST� TWO�ASPECTS�ARE� INDEPENDENT�OF� EACH�OTHER��BUT� THE� THIRD� ASPECT�OVERLAPS�WITH
THE�FIRST�TWO��THE�ACTIVITY�OF�SENDING�A�PACKAGE��FOR�EXAMPLE��BELONGS�BOTH�TO�THE�FIRST
AND�THE�THIRD�ASPECT�

$ISCUSSION

!�DIFFERENCE�BETWEEN� THE� STYLES�DEFINED�HERE� AND� THOSE� OF� ;6ISSERS� ET� AL��� ����=�� IS
THAT�THE�DEFINITION�OF�OUR�STYLES�IS�BASED�ON�THREE�ORTHOGONAL�CRITERIA�

)N�BEHAVIOURS� STRUCTURED�ACCORDING� TO� THE�MONOLITHIC� STYLE�OF� ;6ISSERS� ET� AL��� ����=
ONLY� INTERACTIONS� BETWEEN� THE� BEHAVIOUR� AND� THE� BEHAVIOUR� OF� ITS� ENVIRONMENT� ARE
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PRESENTED��WHICH�ARE�ORDERED�AS�A� COLLECTION�OF� ALTERNATIVE� SEQUENCES� IN� TIME��4HIS
DIFFERS�FROM�OUR�DEFINITION�IN�TWO�RESPECTS�

• !CCORDING� TO� OUR� DEFINITION� A�MONOLITHICALLY� STRUCTURED� BEHAVIOUR�MAY� CONTAIN
INTERNAL� ACTIONS�� 7E� THUS� DO� NOT� RESTRICT� A� MONOLITHIC� STYLE� TO� EXTENSIONAL
MODELLING�

• !CCORDING� TO� OUR� DEFINITION� THE� �INTER	ACTIONS� IN� A� MONOLITHICALLY� STRUCTURED
BEHAVIOUR�NEED�NOT�BE�ORDERED�AS�A�COLLECTION�OF�ALTERNATIVE�SEQUENCES�IN�TIME�

4HIS�DIFFERENCE�CAN�BE�CLARIFIED�BY�A�CONSIDERATION�OF�THE�MODELLING�CONCEPTS�USED
HERE� AND� IN� ;6ISSERS� ET� AL��� ����=�� 6ISSERS� ET� AL�� ILLUSTRATE� THEIR� STYLES� WITH
SPECIFICATIONS� IN� THE� SPECIFICATION� LANGUAGE� ,/4/3� ;)3/�� ����A=�� 4HE
INTERLEAVING� OPERATOR� OF� ,/4/3� �\\\	�� WHICH� IS� OFTEN� USED� TO� EXPRESS
INDEPENDENCE� AS� WELL�� OPERATES� ON� �SUB	BEHAVIOURS�� 4HEREFORE�� THE� USE� OF� THE
INTERLEAVING� OPERATOR� INTRODUCES� STRUCTURE� IN� A� SPECIFICATION� IN� TERMS� OF� SUB
BEHAVIOURS��4HIS�OPERATOR�CAN�THEREFORE�NOT�BE�USED�IN�A�MONOLITHIC�STYLE��INSTEAD
A�DEVELOPER�IS�FORCED�TO�SPECIFY�ALL�POSSIBLE�ALTERNATIVE�SEQUENCES�OF�INTERACTIONS�

7ITH�OUR�CONCEPTS��THE�INDEPENDENCE�OF�ACTIONS�IN�A�BEHAVIOUR�CAN�BE�MODELLED
WITHOUT�THE�INTRODUCTION�OF�ADDITIONAL�STRUCTURE�IN�TERMS�OF�EXPLICITLY�REPRESENTED
SUBBEHAVIOURS�� 4HEREFORE�� A� MONOLITHICALLY� STRUCTURED� BEHAVIOUR� MAY� CONTAIN
INDEPENDENCE�

)N�THE�CONSTRAINTORIENTED�STYLE�OF�;6ISSERS�ET�AL�������=�ONLY�INTERACTIONS�BETWEEN�THE
BEHAVIOUR�AND�THE�BEHAVIOUR�OF�ITS�ENVIRONMENT�ARE�PRESENTED��)T�IS�THUS��UNLIKE�OUR
CONSTRAINTORIENTED� STYLE�� RESTRICTED� TO� THE� EXTENSIONAL� MODELLING� OF� A� SYSTEM� OR
SYSTEM�PARTS�

������ 0ROCESSORIENTED�VERSUS�STATE�ORIENTED�STYLES

0ROCESSORIENTED�STYLE

!�BEHAVIOUR� STRUCTURED� ACCORDING� TO� A� PROCESSORIENTED� STYLE� DOES� NOT� CONTAIN� ANY
STATE�VARIABLES�AND�STATE�FUNCTIONS�

!LL�SPECIFICATIONS�OF�THE�BEHAVIOUR�OF�THE�EXAMPLE�POSTAL�COMPANY�GIVEN�BEFORE�ARE
PROCESSORIENTED�

4HE� PROCESSORIENTED� STYLE� DERIVES� ITS� NAME� FROM� LITERATURE� IN� WHICH� ëPROCESS
ORIENTEDì� LANGUAGES�� AND� DEVELOPMENT� METHODS� BASED� ON� THESE�� ARE� VIEWED� IN
CONTRAST�TO�ëDATAORIENTEDì�LANGUAGES��AND�DEVELOPMENT�METHODS�BASED�ON�THESE��E�G�
;-ADDISON��������%SSINK������=	��0ROCESSORIENTED�LANGUAGES�FOCUS�ON�THE�MODELLING
OF�ACTIVITIES� AND� THEIR� RELATIONS��$ATAORIENTED� LANGUAGES� FOCUS�ON� THE�MODELLING�OF
STATE�VALUES��STATE�VARIABLES��AND�STATE�FUNCTIONS�

!�PROCESSORIENTED�STYLE�IS�WELL�SUITED�FOR�THE�SPECIFICATION�OF�A�BEHAVIOUR� IN�WHICH
STATE�VARIABLES�AND�STATE�FUNCTIONS�ARE�NOT�USEFUL�FOR�MAKING�THE�SPECIFICATION�CONCISE�
#HAPTER���SHOWED�THAT�THESE�ARE�BEHAVIOURS�IN�WHICH�THE�OCCURRENCES�OF�ACTIONS�DO
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NOT� DEPEND� ON� COMPLEX� FUNCTIONS� OF� ACTION� VALUES�� 4HE� BEHAVIOUR� OF� THE� POSTAL
COMPANY�IS�AN�EXAMPLE�OF�THIS�

!� PROCESSORIENTED� STYLE� CAN� BE� COMBINED� WITH� BOTH� AN� EXTENSIONAL� AND� AN
INTENSIONAL�STYLE��AND�CAN�THUS�BE�USED�FOR�BOTH�THE�SPECIFICATION�OF�REQUIREMENTS�AND
THE�SPECIFICATION�OF�IMPLEMENTATIONS�

3TATEORIENTED�STYLE

!�BEHAVIOUR�STRUCTURED�ACCORDING�TO�A�STATEORIENTED�STYLE�CONTAINS�ONE�OR�MORE�STATE
VARIABLES�AND�STATE�FUNCTIONS�

4HE�BEHAVIOUR�OF�THE�EXAMPLE�POSTAL�COMPANY�IN�AN��EXTENSIONAL	�STATEORIENTED�STYLE
IS�THE�FOLLOWING�

[ START�→�"�ENTRY�INITIAL		���]

"�
[ CHOICE�SEND?PACKAGE��RECEIVE?PACKAGE��SEND?CONFIRM��RECEIVE?CONFIRM	�
ENTRY�S�3TATE	�∧��S�INITIAL	�→�SEND?PACKAGE�<S�PACKAGE?SENT>�
ENTRY�S�3TATE	�∧��S�PACKAGE?SENT	�→�RECEIVE?PACKAGE�<S�PACKAGE?RECEIVED>�
ENTRY�S�3TATE	�∧��S�PACKAGE?RECEIVED	�→�SEND?CONFIRM�<S�CONFIRM?SENT>�
ENTRY�S�3TATE	�∧��S�CONFIRM?SENT	�→�RECEIVE?CONFIRM�<S�CONFIRM?RECEIVED>�
SEND?PACKAGE�∨�RECEIVE?PACKAGE�∨�SEND?CONFIRM�→�"�ENTRY�S		

]

!�BEHAVIOUR�CAN�BE�MORE�OR�LESS�STATEORIENTED��DEPENDING�ON�THE�AMOUNT�OF�ACTIONS
WHOSE�OCCURRENCES�DEPEND�ON�VALUES�OF�STATE�VARIABLES��)F��IN�A�BEHAVIOUR��EVERY�VALUE
OF�A�STATE�VARIABLE�MODELS�A�SINGLE�STATE��AND�THE�OCCURRENCE�OF�EVERY�ACTION�DEPENDS
ONLY�ON�THE�VALUE�OF�THIS�STATE�VARIABLE��AS�IN�THE�ABOVE�STATEORIENTED�SPECIFICATION	�
WE�CALL�THE�BEHAVIOUR�FULLY�STATEORIENTED�

!�STATEORIENTED�STYLE�IS�WELL�SUITED�FOR�THE�SPECIFICATION�OF�A�BEHAVIOUR�IN�WHICH�STATE
VARIABLES�AND�STATE� FUNCTIONS�ARE�USEFUL� FOR�MAKING� THE�SPECIFICATION�CONCISE�� )T�WAS
SHOWN� IN� CHAPTER� �� THAT� THESE� ARE� BEHAVIOURS� IN�WHICH� THE� OCCURRENCES� OF� ACTIONS
DEPEND�ON�COMPLEX�FUNCTIONS�OF�ACTION�VALUES��4HE�BEHAVIOUR�OF�DATABASE�SYSTEMS�IS
A�PROMINENT�EXAMPLE�OF�THIS�

!�STATEORIENTED�STYLE�CAN�BE�COMBINED�WITH�BOTH�AN�EXTENSIONAL�AND�AN�INTENSIONAL
STYLE�� AND� CAN� THUS� BE� USED� FOR� BOTH� THE� SPECIFICATION� OF� REQUIREMENTS� AND� THE
SPECIFICATION�OF�IMPLEMENTATIONS�

$ISCUSSION

7HY�A�STATEORIENTED�STYLE�IS�NOT�NECESSARILY�INTENSIONAL

3IMON�;����=�CALLS� STATES�ëINTERNAL� STATESì�� )N� ;6ISSERS� ET� AL�������=�A� STATEORIENTED
STYLE� IS�CLASSIFIED�AS�AN� INTENSIONAL� STYLE��4HE� INTENSIONALITY�OF�A� STATEORIENTED� STYLE
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CAN�BE�DEFENDED�BY�STATING�THAT�A�STATE�IS�A�CONSTRUCT�IN�A�BEHAVIOUR�THAT�CANNOT�BE
OBSERVED�BY�ITS�ENVIRONMENT�

4HIS� IS� INDEED� TRUE� FOR� BEHAVIOUR� IMPLEMENTATIONS�� WHERE� THE� VALUE� OF� A� STATE
VARIABLE� IS� STORED� IN� E�G�� A� MEMORY� LOCATION� THAT� CANNOT� BE� ACCESSED� BY� EXTERNAL
ENTITIES�� )T� IS� ALSO� TRUE� IF�� AS� IS� COMMON� IN� PRACTICE�� AN� IMPLEMENTER� PRESERVES� THE
STRUCTURE�OF�A�SPECIFICATION�IN�THE�IMPLEMENTATION�

(OWEVER��A�STATE�VALUE�IS�NOT�ALWAYS�NECESSARILY�INTENSIONAL��)N�CHAPTER���WE�SHOWED
THAT� A� STATE� VALUE� IS� NOTHING�MORE� THAN� A� �POSSIBLY� CONCISELY� DEFINED	� FUNCTION� OF
ACTION�VALUES��/NE�MAY�LEAVE�AN�IMPLEMENTER�FREEDOM�ON�HOW�TO�IMPLEMENT�A�STATE
VARIABLE��I�E��BY�NOT�PRESCRIBING�THAT�A�STATE�VARIABLE�SHOULD�BE�IMPLEMENTED�AS��E�G���A
MEMORY�LOCATION	��)N�THAT�CASE��IF�A�STATE�VALUE�IS�FUNCTION�OF�ACTION�VALUES�THAT�WERE
ALL� ESTABLISHED� IN� INTERACTIONS� BETWEEN� THE� SYSTEM� AND� ITS� ENVIRONMENT�� IT� IS� AN
EXTENSIONAL� CONSTRUCT�� )F� A� STATE� VALUE� IS� A� FUNCTION�OF� ACTION� VALUES� THAT�WERE� ALSO
ESTABLISHED�IN�INTERNAL�ACTIONS��IT�IS�AN�INTENSIONAL�CONSTRUCT�

!SPECTS�OF�BEHAVIOUR

)N� SOME� WORKS� ON� SYSTEMS� DEVELOPMENT� �E�G�� ;3OWA� �� :ACHMAN�� ������ %SSINK�
������2AMACKERS������=	��SEVERAL�ASPECTS�OF�THE�REALWORLD�BEHAVIOUR�OF�SYSTEMS�ARE
DISTINGUISHED���SUCH�AS�

• THE� DYNAMIC� OR� PROCESS� ASPECT�� THE� CAUSALITY� RELATIONS� OR� TEMPORAL� RELATIONS
BETWEEN�ACTIONS�

• THE�DATA�ASPECT��THE�STRUCTURE�OF�ACTION�VALUES�AND��PREDOMINANTLY	�STATE�VALUES�

• THE�FUNCTIONAL�ASPECT��THE�RELATIONS�BETWEEN�ACTION�VALUES�AND�STATE�VALUES�

/UR�WORK�ON�THE�ROLE�OF�DATA�HAS�SHOWN�THAT��GIVEN�A�CERTAIN�REALWORLD�BEHAVIOUR�
ëTHEì� DYNAMIC� ASPECT� AND� ëTHEì� FUNCTIONAL� ASPECT� OF� THIS� BEHAVIOUR� DO� NOT� EXIST�
WHEN�MODELLING�A�CERTAIN�BEHAVIOUR��A�DEVELOPER�HAS�THE�CHOICE�TO�DO�THIS�ACCORDING
TO� A� PROCESSORIENTED� STYLE� OR� ACCORDING� TO� A� STATEORIENTED� STYLE�� 3O�� TO� A� CERTAIN
EXTENT�� A� DEVELOPER� HAS� THE� CHOICE� TO� PERCEIVE� CERTAIN� RELATIONS� AS� CAUSAL� OR
FUNCTIONAL�� /NLY� AFTER� THESE� CHOICES� HAVE� BEEN� MADE� AND� A� MODEL� HAS� BEEN
DEVELOPED��ONE�CAN�UNAMBIGUOUSLY�REFER�TO�ëTHEì�DYNAMIC�ASPECT�OR�ëTHEì�FUNCTIONAL
ASPECT�OF�THE�MODEL�

�������������������������������������������

�� %VEN�THOUGH�THE�SAME�OR�SIMILAR�ASPECTS�ARE�IDENTIFIED�BY�THESE�AUTHORS��THESE�ASPECTS�ARE
NAMED�AND�CLASSIFIED�DIFFERENTLY��3EE�;$E�7EGER�ET�AL�������B=�FOR�AN�OVERVIEW�
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���� 3TRUCTURES�OF�BUSINESS�PROCESSES

������ "USINESS�PROCESSES�STRUCTURED�AROUND�WORKFLOWS�OR�BUSINESS�FUNCTIONS

4WO�BASIC� TYPES�OF� STRUCTURES� OF� BUSINESS� PROCESS� ARE� GENERALLY� RECOGNISED� �SEE� E�G�
;-INTZBERG�� ������ (AMMER�� ����=	�� BUSINESS� PROCESSES� STRUCTURED� AROUND� WORK
FLOWS� AND� BUSINESS� PROCESSES� STRUCTURED� AROUND� BUSINESS� FUNCTIONS�� !� BUSINESS
PROCESS� IS� STRUCTURED� ëAROUNDì� WORKFLOWS� OR� BUSINESS� FUNCTIONS� AT� A� CERTAIN
ABSTRACTION�LEVEL�IF�THE�BEHAVIOURS�CONSIDERED�AT�THIS�LEVEL�ARE�WORKFLOWS�OR�BUSINESS
FUNCTIONS��RESPECTIVELY�

!�WORKFLOW� IS�THE�COMPLETE�SET�OF�RELATED�ACTIVITIES�REQUIRED�TO�DELIVER�A�PARTICULAR
PRODUCT��OR�TO�SERVE�A�PARTICULAR�CUSTOMER��)T�HAS�ONE�OR�MORE�INITIAL�ACTIONS��WHICH
START� THE�WORKFLOW	� AND�ONE�OR�MORE� FINAL� ACTIONS� �WHICH� END� THE�WORKFLOW	�� )N
GENERAL��A�BUSINESS�PROCESS�CANNOT�BE�SPECIFIED�COMPLETELY�BY�ONLY�SPECIFYING�ALL�OF�ITS
INDEPENDENT�WORKFLOWS��4HIS�IS�BECAUSE�WORKFLOWS�ARE�USUALLY�DEPENDENT�ON�EACH
OTHER��E�G��DUE�TO�THE�FACT�THAT�THEY�SHARE�RESOURCES�

!N�EXAMPLE�OF�A�WORKFLOW�OF�A�PRODUCTION�COMPANY�IS�THE�PURCHASING�OF�SOME�RAW
MATERIALS��THE�INITIAL�ACTION	��FOLLOWED�BY�THEIR�TRANSFORMATION�INTO�THE�FINAL�PRODUCT�
FOLLOWED�BY�THE�SALES�OF�THIS�PRODUCT��THE�FINAL�ACTION	��!N�EXAMPLE�OF�A�WORKFLOW�OF
AN� INSURANCE� COMPANY� IS� THE� APPLICATION� OF� A� CLIENT� FOR� AN� INSURANCE� �THE� INITIAL
ACTION	��FOLLOWED�BY�THE�JUDGEMENT�OF�THE�APPLICATION��FOLLOWED�BY�THE�ADMITTANCE�OR
REJECTION� OF� THE� APPLICATION� �THE� FINAL� ACTIONS	�� %XAMPLES� OF� ORGANISATIONAL� UNITS
RESPONSIBLE� FOR� WORKFLOWS� ARE� ëCASE� WORKERSì�� ëCUSTOMER� SERVICE� REPRESENTATIVESì
;(AMMER������=�AND�WORKFLOW�MANAGEMENT�SYSTEMS�

!�CORE�BUSINESS�FUNCTION��OR�MORE�BRIEFLY�A�BUSINESS�FUNCTION��IS�THE�COMPLETE�SET�OF
RELATED�ACTIVITIES�REQUIRED�TO�BRING�ABOUT�A�PART�OF�EVERY�PRODUCT��OR�TO�PARTIALLY�SERVE
EVERY�CUSTOMER��!�BUSINESS�PROCESS�CAN�BE�SPECIFIED�COMPLETELY�BY� THE�SPECIFICATION
OF�ALL�OF�ITS�BUSINESS�FUNCTIONS��!LL�BUSINESS�FUNCTIONS�CAN�BE�SEQUENTIALLY�ORDERED�IN�A
SOCALLED�ëVALUE�CHAINì�;0ORTER������=��4HIS�IS�THE�ORDER�IN�WHICH�BUSINESS�FUNCTIONS
ARE�CARRIED�OUT�IN�ORDER�TO�DELIVER�A�PARTICULAR�PRODUCT�OR�SERVICE��!�BUSINESS�FUNCTION
IS�THUS�A�PHASE�IN�THE�PROCESS�OF�DELIVERING�A�PRODUCT�OR�SERVICE�

!N� EXAMPLE� OF� BUSINESS� FUNCTIONS� OF� A� PRODUCTION� COMPANY� ARE� PURCHASING�
PRODUCTION��AND�SALES��7HEREAS�A�WORKFLOW�TO�BRING�ABOUT�A�PRODUCT�CONTAINS�� FOR
EXAMPLE��ONLY�ONE�OR�A�FEW�PURCHASING�ACTIVITIES��THE�BUSINESS�FUNCTION�ëPURCHASINGì
CONTAINS� ALL� PURCHASING� ACTIVITIES� OF� THE� BUSINESS� PROCESS�� )N� ORDER� TO� MAKE� ONE
PRODUCT��THE�PURCHASING�FOR�THIS�PRODUCT�IS�CARRIED�OUT�BEFORE�ITS�PRODUCTION�AND�THE
PRODUCTION�OF�THIS�PRODUCT�IS�CARRIED�BEFORE�ITS�SALES��4HEREFORE��THIS�IS�THE�ORDER�OF
THE�BUSINESS�FUNCTIONS�IN�THE�VALUE�CHAIN�

7ORKFLOWS� AND� BUSINESS� FUNCTIONS� ARE� ORTHOGONAL� ASPECTS� OF� BUSINESS� PROCESSES�
&IGURE�����DEPICTS�THIS�GRAPHICALLY�
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WORKFLOW��

WORKFLOW��

WORKFLOW�N

FUNCTION�� FUNCTION�� FUNCTION�M

&IGURE�������7ORKFLOWS�AND�BUSINESS�FUNCTIONS�AS�ORTHOGONAL�ASPECTS�OF
BUSINESS�PROCESSES�

������ 3TRUCTURING�AROUND�WORKFLOWS�OR�BUSINESS�FUNCTIONS

(ISTORY

4HE�TRADITIONAL�WAY�IN�WHICH�BUSINESS�PROCESSES�WERE�STRUCTURED�UNTIL� THE�����S�� IS
AROUND� BUSINESS� FUNCTIONS� ;(AMMER� �� #HAMPY�� ����=�� "USINESS� PROCESSES� WERE
DECOMPOSED� INTO�BUSINESS� FUNCTIONS� THAT�WERE� EACH� CARRIED�OUT�BY� A� SEPARATE�UNIT�
PURCHASING�WAS�CARRIED�OUT�BY�A�PURCHASING�DEPARTMENT��PRODUCTION�BY�A�PRODUCTION
DEPARTMENT��ETC�

-ORE�RECENTLY��STRUCTURING�AROUND�WORKFLOWS�HAS�GOT�MUCH�ATTENTION��)T�HAS�BECOME
ONE� OF� THE� PRINCIPLES� OF� BUSINESS� PROCESS� REDESIGN�� )N� FACT��MANY� AUTHORS� USE� THE
TERM��BUSINESS	�PROCESS�SOLELY�TO�REFER�TO�A�WORKFLOW�OR�A�BUSINESS�PROCESS�STRUCTURED
AROUND�WORKFLOWS��&OR�EXAMPLE��0ALL�;����=��QUOTED�IN�;$AVENPORT���3HORT�������
P����=��DEFINES� A�BUSINESS�PROCESS� AS� ëTHE� LOGICAL�ORGANISATION�OF�PEOPLE��MATERIALS�
ENERGY�� EQUIPMENT�� AND� PROCEDURES� INTO� WORK� ACTIVITIES� DESIGNED� TO� PRODUCE� A
SPECIFIED� END� RESULT� �WORK�PRODUCT	ì�� "UITELAAR���'ROEN� ;������ P�� ���=� STATE� THAT
ORGANISATIONS� SHOULD�WORK� ëFROM� CUSTOMER� TO� CUSTOMERì�� !ND�(AMMER� ;������ P�
���=�STATES�HIS�FIRST�REDESIGN�PRINCIPLE�AS�ëORGANIZE�AROUND�OUTCOMES��NOT�TASKSì��

�������������������������������������������

��� )N�ORDER�TO�PREVENT�CONFUSION��SOME�ATTENTION�TO�TERMINOLOGY�IS�REQUIRED��-ANY�AUTHORS�
INCLUDING�(AMMER�� USE� THE� TERM� ëTASKì� AS� A� SYNONYM� FOR� A� �SMALL	� BUSINESS� FUNCTION�
/THER�SYNONYMS�USED�FOR�ëBUSINESS�FUNCTIONì�ARE�ëFUNCTIONì��AND�ëPROCESSì�;-INTZBERG�
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!DVANTAGES�OF�STRUCTURING�AROUND�WORKFLOWS

4WO�MAIN� ADVANTAGES� OF� STRUCTURING� BUSINESS� PROCESSES� AROUND�WORKFLOWS� ARE� THE
FOLLOWING�

• "ETTER� SERVING�OF� CUSTOMERS�� )N� A� BUSINESS� PROCESS� ORGANISED� AROUND�WORKFLOWS
MOST�REQUIRED�COMMUNICATION�AND�COORDINATION�FOR�THE�PRODUCTION�OF�PARTICULAR
PRODUCT�OR�THE�SERVING�OF�A�PARTICULAR�CUSTOMER� IS�CENTRALISED� IN�ONE�UNIT��3INCE
COORDINATION� AND� COMMUNICATION� BETWEEN� ORGANISATIONAL� UNITS� IS� FAR� MORE
DIFFICULT� AND� ERRORPRONE� THAN� COMMUNICATION� AND� COORDINATION� WITHIN� AN
ORGANISATIONAL�UNIT�;3CHARPF������=��STRUCTURING�A�BUSINESS�PROCESS�AROUND�WORK
FLOWS�EASES�THE�PRODUCTION�OF�PRODUCTS�AND�SERVING�OF�CUSTOMERS�

!N�EXAMPLE�OF�BETTER�BEING�ABLE�TO�SERVE�CUSTOMERS�IN�AN�ORGANISATION�STRUCTURED
AROUND�WORKFLOWS�THAN�IN�AN�ORGANISATION�STRUCTURED�AROUND�FUNCTIONS�IS�GIVEN
IN�;#HAPPLE���3AYLES������=��QUOTED�IN�;-INTZBERG������=��)N�TWO�CASES�A�CREDIT
DEPARTMENT� OF� A� MANUFACTURING� FIRM� CANCELLED� ORDERS� MADE� BY� THE� SALES
DEPARTMENT�� JUST�AFTER�THE�SALES�DEPARTMENT�HAD�THANKED�THE�CUSTOMERS�FOR�THEIR
CONFIDENCE�� 4HESE� COMMUNICATION� PROBLEMS� WERE� SOLVED� BY� ORGANISING� THE
BUSINESS�PROCESS� AROUND�UNITS� THAT�WERE� EACH� RESPONSIBLE� FOR� ALL� ACTIVITIES� FOR� A
GROUP�OF�CLIENTS��INCLUDING�CREDIT�ADMINISTRATION�AND�SALES�

• &ASTER� REACTION� TO� CHANGING�CUSTOMER� REQUIREMENTS��#USTOMER� REQUIREMENTS�WITH
RESPECT�TO�A�PRODUCT�OR�A�SERVICE�ARE�OFTEN�SUBJECT�TO�CHANGE��)N�AN�ORGANISATION
STRUCTURED� AROUND� WORKFLOWS� SUCH� CHANGING� CUSTOMER� REQUIREMENTS� HAVE� AN
IMPACT� ON� ONLY� ONE� UNIT� �THE� UNIT� RESPONSIBLE� FOR� THIS� PRODUCT� OR� SERVICE	�
4HEREFORE��THE�REQUIRED�CHANGES�ARE�OFTEN�EASIER�AND�FASTER�TO�IMPLEMENT�THAN�IN
AN�ORGANISATION�STRUCTURED�AROUND�FUNCTIONS��IN�WHICH�THE�REQUIRED�CHANGES�MAY
HAVE�AN�IMPACT�ON�MANY�UNITS��-OREOVER��SINCE�A�UNIT�IS�COMPLETELY�RESPONSIBLE
FOR�A�PRODUCT�OR�SERVICE��IT�IS�OFTEN�MORE�SENSITIVE�TO�THE�CUSTOMER�REQUIREMENTS
FOR�THIS�PRODUCT�OR�SERVICE��4HEREFORE��CHANGED�CUSTOMER�REQUIREMENTS�ARE�OFTEN
PERCEIVED�MORE�QUICKLY�IN�ORGANISATION�STRUCTURED�AROUND�WORKFLOWS�

!N� EXAMPLE� OF� FASTER� REACTION� TO� CHANGING� CUSTOMER� REQUIREMENTS� IS� GIVEN� IN
;%ARL�� ����=�� 4EXAS� )NSTRUMENTSè� WAFER� PRODUCTION� PROCESS�WAS� GEARED� TOWARDS
THE�PRODUCTION�OF� GENERIC�WAFERS� AND�WAS�ORGANISED� AROUND�BUSINESS� FUNCTIONS�
4HE�PRODUCTION� TIME�OF� CUSTOMISED�WAFERS�� INCREASINGLY� REQUIRED� BY� CUSTOMERS�
EXCEEDED� THEIR� LIFECYCLE� TIME�� !FTER� REORGANISING� THE� WAFER� PRODUCTION� PROCESS
AROUND�WORKFLOWS�� CUSTOMISED�WAFERS� COULD�BE�PRODUCED� IN����PERCENT� OF� THE
ORIGINAL�TIME�

�����������������������������������������������������������������������������������������������������������������������������������
����=�� 3YNONYMS� USED� FOR� ëWORKFLOWì� ARE�� APART� FROM� ëPROCESSì�� ëCROSSFUNCTIONAL
PROCESSì�AND�ëINTERFUNCTIONAL�PROCESSì�;$AVENPORT���3HORT������=�
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!DVANTAGES�OF�STRUCTURING�AROUND�BUSINESS�FUNCTIONS

4WO�MAIN�ADVANTAGES�OF�STRUCTURING�BUSINESS�PROCESSES�AROUND�BUSINESS�FUNCTIONS�ARE
THE�FOLLOWING�

• /PTIMAL�USE�OF� SCARCE� RESOURCES��#ERTAIN� RESOURCES� IN�BUSINESS�PROCESSES�MAY�BE
SCARCE�AND�RELATIVELY�EXPENSIVE�COMPARED�TO�OTHER�RESOURCES��%XAMPLES�ARE�HIGHLY
SKILLED� EMPLOYEES� AND� EXPENSIVE� MACHINERY�� )N� ORDER� TO� MAKE� THE� BUSINESS
PROCESS� AS� ECONOMICAL� AS� POSSIBLE�� THESE� SCARCE� RESOURCES�MAY� NEED� TO� BE� USED
OPTIMALLY�� 3INCE� THESE� RESOURCES� ARE� USUALLY� ONLY� INVOLVED� IN� A� PART� OF� A
PRODUCTION�PROCESS��IT�MAY�BE�PREFERABLE�TO�ORGANISE�THE�BUSINESS�PROCESS�AROUND
FUNCTIONS�

!�HOSPITAL�FORMS�AN�EXAMPLE�OF�THE�CASE�IN�WHICH�AN�ORGANISATION�IS�ABLE�TO�USE
SCARCE� RESOURCES� BETTER� WHEN� IT� IS� STRUCTURED� AROUND� FUNCTIONS� THAN� WHEN� IT� IS
STRUCTURED� AROUND�WORKFLOWS�� 3PECIALISED� KNOWLEDGE�� POSSESSED� BY� ONLY� A� FEW
EXPENSIVE� SPECIALISTS�� IS� REQUIRED� IN� THE� TREATMENT� OF� PATIENTS�� 4HEREFORE
SPECIALISTS� ONLY� CARRY� OUT� SPECIFIC� ACTIVITIES�� SUCH� AS� DIAGNOSTICS�� PRESCRIPTION� OF
MEDICINES��AND�SURGERY��)T�WOULD�BE�TOO�EXPENSIVE�TO�MAKE�A�SPECIALIST�CARRY�OUT
ALL�ACTIVITIES�IN�A�WORKFLOW�OF�A�PATIENT��SUCH�AS�NURSING�AND�ADMINISTRATION�

• #HEAPER�IMPLEMENTATION�OF�CHANGES�DUE�TO�CHANGING�NONCUSTOMER�REQUIREMENTS�
/RGANISATIONS� ARE�NOT�ONLY� SUBJECT� TO� CUSTOMER� REQUIREMENTS�� BUT� ALSO� TO� OTHER
REQUIREMENTS��SUCH�AS�GOVERNMENT�REGULATIONS��3OME�OF�THESE�REGULATIONS�INVOLVE
MANY�WORKFLOWS��BUT�ONLY�A�FEW�FUNCTIONS��)T�WOULD�BE�VERY�HARD�AND�EXPENSIVE
TO� REDESIGN� ALL� INVOLVED�WORKFLOWS� EVERY� TIME� THE� REGULATIONS� CHANGE� IF� THESE
REGULATIONS�OFTEN�CHANGE�SIGNIFICANTLY��)N�SUCH�CASES�IT�MAY�BE�BETTER�TO�ASSIGN�THE
BUSINESS�FUNCTIONS�SUBJECT�TO�THESE�CHANGING�REGULATIONS�TO�SEPARATE�UNITS�

!� PENSION� FUND� FORMS� AN� EXAMPLE� IN� WHICH� AN� ORGANISATION� MAY� BE� ABLE� TO
IMPLEMENT� CHANGES� DUE� TO� CHANGING� NONCUSTOMER� REQUIREMENTS� MORE� EASILY
WHEN�IT� IS�STRUCTURED�AROUND�FUNCTIONS�THAN�WHEN�IT� IS�STRUCTURED�AROUND�WORK
FLOWS��'OVERNMENT�REGULATIONS�THAT�OFTEN�CHANGE��SUCH�AS�LAWS�WITH�REGARD�TO�THE
FINANCIAL�CONSEQUENCES�OF�DIVORCES�OR�OF�LASTING�AILMENTS�HAVE�AN�IMPACT�ON�ONLY
SMALL�PARTS�OF�THE�TOTAL�BUSINESS�PROCESS�OF�A�PENSION�FUND��4HEREFORE��IT�MAY�BE
MORE�ECONOMICAL�TO�CENTRALISE�THESE�PARTS�INTO�FUNCTIONAL�UNITS�THAN�TO�DISTRIBUTE
THEM�OVER�MULTIPLE�WORKFLOWS�

#ONCLUSIONS

7E�CONCLUDE�THE�FOLLOWING��BASED�ON�;-INTZBERG������=��)F�IT�IS�POSSIBLE�TO�STRUCTURE
A�BUSINESS�PROCESS�AROUND�RELATIVELY�INDEPENDENT�WORKFLOWS�THAT�ARE�NOT�SUBJECT�TO
OFTEN�CHANGING�NONCUSTOMER�REQUIREMENTS��THIS�STRUCTURE�IS�USUALLY�PREFERABLE��4HIS
IS�BECAUSE�THE�STRUCTURE�EASES�THE�PROPER�SERVING�OF�CUSTOMERS��AND�BECAUSE�IT�MAKES
IT�EASIER�TO�QUICKLY�REACT�TO�CHANGING�CUSTOMER�REQUIREMENTS�
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(OWEVER�� IF� THERE� ARE� STRONG� INTERDEPENDENCIES� BETWEEN�WORKFLOWS� DUE� TO� SCARCE
RESOURCES�REQUIRED�BY�MANY�WORKFLOWS��OR�IF�MANY�WORKFLOWS�ARE�SUBJECT�TO�OFTEN
CHANGING� NONCUSTOMER� REQUIREMENTS�� IT� MAY� BE� MORE� ECONOMICAL� TO� STRUCTURE� A
BUSINESS�PROCESS�AROUND�BUSINESS�FUNCTIONS�

)N�PRACTICE��MOST�ADVANTAGES�ARE�OFTEN�OBTAINED�BY�A�COMBINATION�OF�WORKFLOWS�AND
BUSINESS� FUNCTIONS�AS� THE�BASIS� FOR� STRUCTURING��&OR�EXAMPLE�� AN� INSURANCE�COMPANY
MAY� WELL� HAVE� ALL� OF� ITS� CONTACTS� WITH� CUSTOMERS� �INSURANCE� SELLING�� COLLECTING
CONTRIBUTIONS��PAYING�DAMAGES��ETC�	�CARRIED�OUT�BY�AGENTS�WHO�EACH�SERVE�THEIR�OWN
GROUP�OF�CUSTOMERS��(OWEVER��THE�INVESTMENT�OF�CONTRIBUTIONS�IS�USUALLY�CENTRALISED
IN�A�SINGLE�BUSINESS�FUNCTION�CARRIED�OUT�BY�AN�INVESTMENT�DEPARTMENT��4HIS�IS�DUE�TO
THE�SPECIALISED�KNOWLEDGE�AND�LARGE�SUMS�OF�MONEY�REQUIRED�FOR�INVESTMENTS�

!NOTHER� COMMON� COMBINATION� OF� WORKFLOWS� AND� FUNCTIONS� CAN� BE� FOUND� IN
ORGANISATIONS�USING�WORKFLOW�MANAGEMENT�SYSTEMS��-ANY�OF�THESE�ORGANISATIONS�ARE
STILL� ORGANISED� AROUND� BUSINESS� FUNCTIONS�� BUT� USE� THEIR� WORKFLOW� MANAGEMENT
SYSTEMS� FOR� THE� COORDINATION� OF� WORKFLOWS� AND� THE� COMMUNICATION� BETWEEN
BUSINESS�FUNCTIONS�

���� !PPLICATION�OF�STYLES�TO�BUSINESS�PROCESSES

������ %XAMPLE

7E� ILLUSTRATE� THE� APPLICATION� OF� THE� MODELLING� STYLES� OF� SECTION� ���� TO� BUSINESS
PROCESSES�ORGANISED�AROUND�WORKFLOWS�OR�BUSINESS� FUNCTIONS�WITH�AN�EXAMPLE�OF�A
MAILORDER�COMPANY�THAT�DELIVERS�A� SINGLE�GOOD�FROM�ITS� STORE��&IGURE�����DEPICTS�A
WORKFLOW� OF� ACTIVITIES� CARRIED� OUT� FOR� A� SINGLE� CUSTOMER�� 4HE� CUSTOMER� PLACES� AN
ORDER��ORDER	��WHICH�IS�FOLLOWED�BY�AN�INTERNAL�ORDER�TO�GET�THE�GOOD�FROM�THE�STORE
AND� FORWARD� IT� TO� THE� CUSTOMER� �INT?ORDER	�� )F� THE� ORDERED� GOOD� IS� AVAILABLE�� IT� IS
PICKED� UP� AND� MADE� AVAILABLE� FOR� SHIPMENT� �INT?SHIP	� AND� THEN� SHIPPED� TO� THE
CUSTOMER� �SHIP	�� )F� THE� ORDERED� GOOD� IS� NOT� AVAILABLE�� AN� INTERNAL� NOTICE� IS� MADE
�INT?UNAVAILABLE	� AND� THE� CUSTOMER� IS� THEN� NOTIFIED� OF� THE� GOODèS� UNAVAILABILITY
�UNAVAILABLE	�

)N�THIS�EXAMPLE�THREE�CUSTOMERS�ARE�SERVED��RESULTING�IN�THREE�WORKFLOWS	�AND�THERE
IS� A� STOCK� OF� TWO� GOODS�� 4HEREFORE�� TWO� OF� THE� THREE� CUSTOMERS� GET� THEIR� ORDERED
GOOD�SHIPPED��WHEREAS�THE�THIRD�ONE�RECEIVES�A�NOTICE�OF�UNAVAILABILITY�

4HE�BUSINESS�FUNCTIONS�IDENTIFIED�IN�THE�EXAMPLE�ARE�THE�ORDER�FUNCTION��WHICH�TAKES
ORDERS� AND� THEN� MAKES� INTERNAL� STORE� ORDERS�� THE� STORE� FUNCTION�� WHICH� ACCEPTS
INTERNAL� STORE� ORDERS� AND� THEN�MAKES� INTERNAL� SHIPMENTS� OR� INTERNAL� UNAVAILABILITY
NOTICES�� DEPENDING� ON� AVAILABILITY� OF� THE� GOOD�� AND� THE� SHIPMENT� FUNCTION�� WHICH
ACCEPTS� INTERNAL� SHIPMENTS� AND� INTERNAL� UNAVAILABILITY� NOTICES� AND� THEN� SENDS
CUSTOMERS�THEIR�SHIPMENTS�OR�UNAVAILABILITY�NOTICES��RESPECTIVELY�
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INT?ORDERORDER

INT?SHIP

INT?UNAVAILABLE

SHIP

UNAVAILABLE

&IGURE�������3INGLE�WORKFLOW�OF�MAILORDER�COMPANY��)NTERACTIONS�WITH
CLIENT�DEPICTED�AS�WHITE�CIRCLES��INTERNAL�ACTIONS�DEPICTED�AS�GREY�CIRCLES�

������ 2EQUIREMENTS�MODELLING

"USINESS�PROCESSES�ORGANISED�AROUND�WORKFLOWS

!N� EXTENSIONAL� CONSTRAINTORIENTED� STYLE� IS� WELLSUITED� FOR� THE� SPECIFICATION� OF
REQUIREMENTS�FOR�BUSINESS�PROCESSES�ORGANISED�AROUND�WORKFLOWS�

4HE� EXTENSIONAL� ASPECTS� OF� A� WORKFLOW� ARE� TERMED� A� USECASE� IN� ;*ACOBSON� ET� AL��
����=�� !� USECASE� OF� A� BUSINESS� PROCESS� IS� THEREFORE� THE� COMPLETE� SET� OF� RELATED
INTERACTIONS� BETWEEN� THE� BUSINESS� PROCESS� AND� ITS� ENVIRONMENT� REQUIRED� TO� BRING
ABOUT�A�PARTICULAR�PRODUCT��OR�TO�SERVE�A�PARTICULAR�CUSTOMER�

4HE� APPLICATION� OF� THE� CONSTRAINTORIENTED� STYLE� IS� USEFUL�� BECAUSE� IT� ENABLES� THE
FOLLOWING�SEPARATION�OF�CONCERNS�

• CONSTRAINTS�THAT�DETERMINE�THE�ORDER�OF�INTERACTIONS�OF�THE�BUSINESS�PROCESS�WITH
ITS�ENVIRONMENT�IN�A�SINGLE�USECASE�

• CONSTRAINTS�THAT�DETERMINE�THE�ORDER�OF�INTERACTIONS�OF�THE�BUSINESS�PROCESS�WITH
ITS�ENVIRONMENT�BETWEEN�USECASES�

4HIS�SEPARATION�OF�CONCERNS�ALLOWS�THE�CONSTRAINTS�TO�BE�REUSED�IN�A�SPECIFICATION�OF
THE�IMPLEMENTATION�OF�A�BUSINESS�PROCESS�THAT�IS�ORGANISED�AROUND�WORKFLOWS�

7E� TERM� THE� FORMER� CONSTRAINTS� LOCAL� WITH� RESPECT� TO� A� USECASE� AND� THE� LATTER
CONSTRAINTS� REMOTE� WITH� RESPECT� TO� MULTIPLE� USECASES�� 4HE� USEFULNESS� OF� THE
DISTINCTION�BETWEEN�LOCAL�AND�REMOTE�CONSTRAINTS�WAS�ALREADY�NOTED�IN�;6ISSERS�ET�AL��
����=�� )N� THAT�WORK� THE� CRITERION� FOR� LOCALITY� �AND� THUS� FOR� REMOTENESS	� IS� LOCALITY
WITH�RESPECT�TO�A�GEOGRAPHICAL�OR�LOGICAL�LOCATION��(ERE�WE�GENERALISE�THE�MEANING�OF
LOCALITY��AS�-INTZBERG�;����=�NOTES��GEOGRAPHICAL�LOCATION�IS�ONE�OF�THE�CRITERIA�THAT
CAN�BE�USED�FOR�THE�IDENTIFICATION�OF�WORKFLOWS��AND�THUS�FOR�USECASES�
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7E� CALL� AN� EXTENSIONAL� CONSTRAINTORIENTED� STYLE� IN� WHICH� THE� SUBBEHAVIOURS
REPRESENT� EITHER� LOCAL� CONSTRAINTS� WITH� RESPECT� TO� A� USECASE� OR� REMOTE� CONSTRAINTS
WITH�RESPECT�TO�MULTIPLE�USECASES�A�USECASEORIENTED�STYLE�

4HE� REQUIREMENTS� FOR� THE� BEHAVIOUR� OF� THE� EXAMPLE� MAILORDER� COMPANY� CAN� BE
SPECIFIED�IN�A�USECASEORIENTED�STYLE�AS�FOLLOWS�

[ INTERACTIONS��LOCAL?CUSTOMER
�

��REMOTE?BETWEEN?CUSTOMERS��SHIP
�

�
���LOCAL?CUSTOMER

�

��REMOTE?BETWEEN?CUSTOMERS��SHIP
�

�
���LOCAL?CUSTOMER

�

��REMOTE?BETWEEN?CUSTOMERS��SHIP
�

���]

LOCAL?CUSTOMER
�

�
[ START�→�ORDER

�

�
ORDER

�

�∧�¬UNAVAILABLE
�

�→�SHIP
�

�
ORDER

�

�∧�¬SHIP
�

�→�UNAVAILABLE
�

���]

LOCAL?CUSTOMER
�

�
�
�SIMILAR�TO�LOCAL?CUSTOMER

�

�
	

LOCAL?CUSTOMER
�

�
�
�SIMILAR�TO�LOCAL?CUSTOMER

�

�
	

REMOTE?BETWEEN?CUSTOMERS�
[ ¬SHIP

�

�∨�¬SHIP
�

�→�SHIP
�

�
¬SHIP

�

�∨�¬SHIP
�

�→�SHIP
�

�
¬SHIP

�

�∨�¬SHIP
�

�→�SHIP
�

���]

)N�THIS�SPECIFICATION�EACH�BEHAVIOUR� LOCAL?CUSTOMER
I

� �I���������	� REPRESENTS� THE� LOCAL
CONSTRAINTS�WITH�RESPECT�TO�A�PARTICULAR�USECASE��%ACH�USECASE�CONSISTS�OF�THE�RELATED
INTERACTIONS�BETWEEN�THE�BUSINESS�PROCESS�AND�A�PARTICULAR�CUSTOMER��4HE�BEHAVIOUR
REMOTE?BETWEEN?CUSTOMERS�REPRESENTS�THE�REMOTE�CONSTRAINTS�WITH�RESPECT�TO�ALL�USE
CASES�

4HE�BEHAVIOUR�IS�REPRESENTED�GRAPHICALLY�IN�&IGURE�����

"USINESS�PROCESSES�ORGANISED�AROUND�BUSINESS�FUNCTIONS

!N� EXTENSIONAL� CAUSALITYORIENTED� STYLE� IS� WELLSUITED� FOR� THE� SPECIFICATION� OF
REQUIREMENTS�FOR�BUSINESS�PROCESSES�ORGANISED�AROUND�BUSINESS�FUNCTIONS�

4HE�CAUSALITYORIENTED�STYLE�IS�SUITABLE�IN�THIS�CASE��BECAUSE�A�CAUSALITYORIENTED�STYLE
IS�SUITABLE�TO�MODEL�BEHAVIOURS�STRUCTURED�ACCORDING�TO�PHASES�AND�BECAUSE�BUSINESS
FUNCTIONS� ARE� PHASES� IN� THE� PROCESS� OF� DELIVERING� A� PRODUCT� OR� SERVICE�� 4HE
APPLICATION�OF�A�CAUSALITYORIENTED�STYLE�THUS�ALLOWS�CONCERNS�THAT�RELATE�TO�DIFFERENT
PHASES�OF�A�BUSINESS�PROCESS�TO�BE�SEPARATED��WHERE�A�PHASE�COMPRISES�ONE�OR�MORE
BUSINESS� FUNCTIONS��4HIS� SEPARATION�OF�CONCERNS�CAN�BE� REUSED� IN�A� SPECIFICATION�OF
THE�IMPLEMENTATION�OF�A�BUSINESS�PROCESS�ORGANISED�AROUND�BUSINESS�FUNCTIONS�
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REMOTE?BETWEEN?
CUSTOMERS

LOCAL?
CUSTOMER�

��OUT�OF��

ORDER�

SHIP�

UNAVAILABLE�

ORDER�

SHIP�

UNAVAILABLE�

ORDER�

SHIP�

UNAVAILABLE�

LOCAL?
CUSTOMER�

LOCAL?
CUSTOMER�

&IGURE�������2EQUIREMENTS�FOR�EXAMPLE�BEHAVIOUR�ACCORDING�TO�EXTENSIONAL
CONSTRAINTORIENTED�STYLE�

7E�CALL�AN�EXTENSIONAL�CAUSALITYORIENTED�STYLE�IN�WHICH�THE�SUBBEHAVIOURS�REPRESENT
BUSINESS�FUNCTIONS�AN�EXTENSIONAL�BUSINESS�FUNCTIONORIENTED�STYLE�

4HE� REQUIREMENTS� FOR� THE� BEHAVIOUR� OF� THE� EXAMPLE� MAILORDER� COMPANY� CAN� BE
SPECIFIED�IN�AN�EXTENSIONAL�BUSINESS�FUNCTIONORIENTED�STYLE�AS�FOLLOWS�

ORDER?FUNCTION�
[ START�→�ORDER

�

�
START�→�ORDER

�

�
START�→�ORDER

�

�
ORDER

�

�→�STORE?AND?SHIP?FUNCTION�ENTRY
�

	�
ORDER

�

�→�STORE?AND?SHIP?FUNCTION�ENTRY
�

	�
ORDER

�

�→�STORE?AND?SHIP?FUNCTION�ENTRY
�

	���]

STORE?AND?SHIP?FUNCTION�
[ ENTRY

�

�∧�¬UNAVAILABLE
�

�∧��¬SHIP
�

�∨�¬SHIP
�

	�→�SHIP
�

�



������!PPLICATION�OF�STYLES�TO�BUSINESS�PROCESSES ���

ENTRY
�

�∧�¬UNAVAILABLE
�

�∧��¬SHIP
�

�∨�¬SHIP
�

	�→�SHIP
�

�
ENTRY

�

�∧�¬UNAVAILABLE
�

�∧��¬SHIP
��

�∨�¬SHIP
�

	�→�SHIP
�

ENTRY
�

�∧�¬SHIP
�

�→�UNAVAILABLE
�

�
ENTRY

�

�∧�¬SHIP
�

�→�UNAVAILABLE
�

�
ENTRY

�

�∧�¬SHIP
�

�→�UNAVAILABLE
�

���]

)N� THIS� SPECIFICATION� THE� BEHAVIOUR� ORDER?FUNCTION� CONTAINS� ALL� INTERACTIONS� OF� THE
ORDER�FUNCTION�WITH�THE�COMPANYèS�CUSTOMERS�AND�THEIR�RELATIONS��NO�RELATIONS�IN�THIS
CASE	�� 4HE� BEHAVIOUR� STORE?AND?SHIP?FUNCTION� CONTAINS� ALL� INTERACTIONS� OF� THE
SHIPMENT� FUNCTION�WITH� THE� COMPANYèS� CUSTOMERS� AND� THE� RELATIONS� BETWEEN� THESE
INTERACTIONS�IMPOSED�BY�THE�STORE�FUNCTION�AND�THE�SHIPMENT�FUNCTION�

4HE�BEHAVIOUR�IS�REPRESENTED�GRAPHICALLY�IN�&IGURE�����

��OUT�OF��

ORDER�

SHIP�

UNAVAILABLE�

ORDER�

SHIP�

UNAVAILABLE�

ORDER�

SHIP�

UNAVAILABLE�

ORDER?FUNCTION STORE?AND?SHIP?FUNCTION

&IGURE�������2EQUIREMENTS�FOR�EXAMPLE�BEHAVIOUR�ACCORDING�TO�EXTENSIONAL
CAUSALITYORIENTED�STYLE�
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������ )MPLEMENTATION�MODELLING

"USINESS�PROCESSES�ORGANISED�AROUND�WORKFLOWS

!N� INTENSIONAL� CONSTRAINTORIENTED� STYLE� IS� WELLSUITED� FOR� THE� SPECIFICATION� OF� THE
IMPLEMENTATION�OF�BUSINESS�PROCESSES�ORGANISED�AROUND�WORKFLOWS�

4HIS�IS�BECAUSE� IT�ENABLES�THE�MODELLING�OF�THE�BEHAVIOURS�OF�EACH�OF�THE�UNITS� THAT
CARRY�OUT�A�WORKFLOW��WHICH� INTERACT�WITH� THE�BEHAVIOURS�OF�EACH�OF� THE�RESOURCES
SHARED�BY�THE�WORKFLOWS�

7E� CALL� AN� INTENSIONAL� CONSTRAINTORIENTED� STYLE� IN� WHICH� THE� SUBBEHAVIOURS
REPRESENT�EITHER�LOCAL�CONSTRAINTS�WITH�RESPECT�TO�A�WORKFLOW�OR�REMOTE�CONSTRAINTS
WITH�RESPECT�TO�MULTIPLE�WORKFLOWS�A�WORKFLOWORIENTED�STYLE�

4HE� REQUIREMENTS� FOR� THE� BEHAVIOUR� OF� THE� EXAMPLE� MAILORDER� COMPANY� CAN� BE
SPECIFIED�IN�A�WORKFLOWORIENTED�STYLE�AS�FOLLOWS�

[ INTERACTIONS��WORKFLOW
�

��STORE��INT?SHIP
�

�
���WORKFLOW

�

��STORE��INT?SHIP
�

�
���WORKFLOW

�

��STORE��INT?SHIP
�

���]

WORKFLOW
�

�
[ START�→�ORDER

�

�
ORDER

�

�→�INT?ORDER
�

�
INT?ORDER

�

�∧�¬INT?UNAVAILABLE
�

�→�INT?SHIP
�

�
INT?ORDER

�

�∧�¬INT?SHIP
�

�→�INT?UNAVAILABLE
�

�
INT?SHIP

�

�→�SHIP
�

�
INT?UNAVAILABLE

�

�→�UNAVAILABLE
�

���]

WORKFLOW
�

�
�
�SIMILAR�TO�WORKFLOW

�

�
	

WORKFLOW
�

�
�
�SIMILAR�TO�WORKFLOW

�

�
	

STORE�
[ ¬INT?SHIP

�

�∨�¬INT?SHIP
�

�→�INT?SHIP
�

�
¬INT?SHIP

�

�∨�¬INT?SHIP
�

�→�INT?SHIP
�

�
¬INT?SHIP

�

�∨�¬INT?SHIP
�

�→�INT?SHIP
�

���]

)N� THIS� SPECIFICATION�EACH�BEHAVIOUR�WORKFLOW
I

� �I���������	� REPRESENTS� THE�BEHAVIOUR
OF�EACH�OF�THE�UNITS�THAT�CARRIES�OUT�A�WORKFLOW��4HE�BEHAVIOUR�STORE�REPRESENTS�THE
BEHAVIOUR�OF�A�RESOURCE�SHARED�BY�THE�WORKFLOWS��THE�STORE�WITH�THE�STOCK�

4HE� STRUCTURE� OF� THE� BEHAVIOUR� IS� REPRESENTED� GRAPHICALLY� IN� &IGURE� ����� 4HIS
STRUCTURE� CAN� BE� CONSIDERED� AS� A� ëPARALLELì� STRUCTURE�� CONSISTING� OF� A� NUMBER� OF
INDEPENDENT� SUBBEHAVIOURS� THAT� SYNCHRONISE� WITH� ONE� OR� MORE� OTHER� �CENTRAL	
BEHAVIOURS�
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WORKFLOW�

WORKFLOW�

WORKFLOW�

STORE

&IGURE�������3TRUCTURE�OF�IMPLEMENTATION�OF�EXAMPLE�BEHAVIOUR�ORGANISED
AROUND�WORKFLOWS

"USINESS�PROCESSES�ORGANISED�AROUND�BUSINESS�FUNCTIONS

!N�INTENSIONAL�CONSTRAINTORIENTED�STYLE�IS�ALSO�WELLSUITED�FOR�THE�SPECIFICATION�OF�THE
IMPLEMENTATION�OF�BUSINESS�PROCESSES�ORGANISED�AROUND�BUSINESS�FUNCTIONS�

4HIS� IS� BECAUSE� IT� ENABLES� THE�MODELLING� OF� THE� INTERACTING� BEHAVIOURS� OF� THE� UNITS
THAT�EACH�CARRY�OUT�A�BUSINESS�FUNCTION�

7E� CALL� AN� INTENSIONAL� CONSTRAINTORIENTED� STYLE� IN� WHICH� THE� SUBBEHAVIOURS
REPRESENT�BUSINESS�FUNCTIONS�AN�INTENSIONAL�BUSINESS�FUNCTIONORIENTED�STYLE�

4HE�BEHAVIOUR�OF�THE�EXAMPLE�MAILORDER�COMPANY�CAN�BE�SPECIFIED�IN�AN�INTENSIONAL
BUSINESS�FUNCTIONORIENTED�STYLE�AS�FOLLOWS�

[ INTERACTIONS��ORDER?FUNCTION��STORE?FUNCTION��INT?ORDER
�

��INT?ORDER
�

��INT?ORDER
�

�
���STORE?FUNCTION��SHIP?FUNCTION��INT?SHIP

�

��INT?SHIP
�

��INT?SHIP
�

�
INT?UNAVAILABLE

�

��INT?UNAVAILABLE
�

��INT?UNAVAILABLE
�

���]

ORDER?FUNCTION�
[ START�→�ORDER

�

�
START�→�ORDER

�

�
START�→�ORDER

�

ORDER
�

�→�INT?ORDER
�

�
ORDER

�

�→�INT?ORDER
�

�
ORDER

�

�→�INT?ORDER
�

���]

STORE?FUNCTION�
[ START�→�INT?ORDER

�

�
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START�→�INT?ORDER
�

�
START�→�INT?ORDER
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�
INT?ORDER
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�∧�¬INT?UNAVAILABLE
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�∧��¬INT?SHIP
�

�∨�¬INT?SHIP
�

	�→�INT?SHIP
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INT?ORDER
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�∧�¬INT?UNAVAILABLE
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�∧��¬INT?SHIP
�

�∨�¬INT?SHIP
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	�→�INT?SHIP
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INT?ORDER
�

�∧�¬INT?UNAVAILABLE
�

�∧��¬INT?SHIP
�

�∨�¬INT?SHIP
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	�→�INT?SHIP
�

INT?ORDER
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�∧�¬INT?SHIP
�

�→�INT?UNAVAILABLE
�

�
INT?ORDER

�

�∧�¬INT?SHIP
�

�→�INT?UNAVAILABLE
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INT?ORDER
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�∧�¬INT?SHIP
�

�→�INT?UNAVAILABLE
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���]

SHIP?FUNCTION�
[ START�→�INT?SHIP
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�
START�→�INT?SHIP
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�
START�→�INT?SHIP
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�
START�→�INT?UNAVAILABLE

�

�
START�→�INT?UNAVAILABLE

�

�
START�→�INT?UNAVAILABLE

�

�
INT?SHIP

�

�→�SHIP
�

�
INT?SHIP

�

�→�SHIP
�

�
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)N�THIS�SPECIFICATION�EACH�BEHAVIOUR�ORDER?FUNCTION��STORE?FUNCTION�AND�SHIP?FUNCTION
REPRESENTS�THE�BEHAVIOUR�OF�A�UNIT�THAT�CARRIES�OUT�A�BUSINESS�FUNCTION�

4HE� STRUCTURE� OF� THE� BEHAVIOUR� IS� REPRESENTED� GRAPHICALLY� IN� &IGURE� ����� 4HIS
STRUCTURE� CAN� BE� CONSIDERED� AS� A� ëCASCADINGì� STRUCTURE�� CONSISTING� OF� A� NUMBER� OF
SUBBEHAVIOURS��SUCH�THAT�EACH�SUBBEHAVIOUR�INTERACTS�WITH�AT�MOST�TWO�OTHER�SUB
BEHAVIOURS�

ORDER?FUNCTION STORE?FUNCTION SHIP?FUNCTION

&IGURE�������3TRUCTURE�OF�IMPLEMENTATION�OF�EXAMPLE�BEHAVIOUR�ORGANISED
AROUND�BUSINESS�FUNCTIONS



������2OLE�OF�STYLES�IN�DEVELOPMENT�METHODS ���

���� 2OLE�OF�STYLES�IN�DEVELOPMENT�METHODS

4HE�EXTENSIONAL�STYLE�SUPPORTS�THE�SPECIFICATION�OF�SYSTEM�REQUIREMENTS��WHEREAS�THE
INTENSIONAL� STYLE� SUPPORTS� THE� SPECIFICATION� OF� THE� IMPLEMENTATION� OF� A� SYSTEM�
4HEREFORE� THE� EXTENSIONAL� STYLE� IS� MORE� SUITABLE� IN� THE� INITIAL� PHASES� OF� THE
DEVELOPMENT�OF�THE�SYSTEM��WHEREAS�THE�INTENSIONAL�STYLE�IS�MORE�SUITABLE�IN�THE�LATER
PHASES�

%XTENSIONAL� AND� INTENSIONAL� STYLES� CAN� BE� APPLIED� ITERATIVELY� IN� A� DEVELOPMENT
METHOD� IN� THE� FOLLOWING� WAY�� 4HE� BEHAVIOUR� OF� A� SYSTEM� IS� INITIALLY� SPECIFIED
EXTENSIONALLY��AFTER�WHICH�IT�IS�DECOMPOSED�INTO�SUBBEHAVIOURS�THAT�ARE�ASSIGNED�TO
ENTITIES�� 4HE� BEHAVIOUR� OF� EACH� ENTITY� IS� THEN� SPECIFIED� EXTENSIONALLY�� SO� THAT� THE
BEHAVIOUR� OF� THE� ENTIRE� SYSTEM� IS� SPECIFIED� INTENSIONALLY�� 4HIS� PROCESS� IS� REPEATED
UNTIL�THE�ENTITIES�NEED�NOT�BE�DECOMPOSED�ANY�FURTHER�

4HE� USEFULNESS� OF� THE� OTHER� IDENTIFIED� STYLES� DEPENDS�MORE� ON� THE� TYPE� OF� SYSTEM
UNDER� DEVELOPMENT� THAN� ON� THEIR� PLACE� IN� THE� DEVELOPMENT� PROCESS�� 4HE� PROCESS
ORIENTED�STYLE�IS�SUITABLE�FOR�THE�SPECIFICATION�OF�BEHAVIOURS�IN�WHICH�THE�OCCURRENCES
OF�ACTIONS�DO�NOT�DEPEND�ON�COMPLEX�FUNCTIONS�OF�ACTION�VALUES��4HE�STATEORIENTED
STYLE� IS� SUITABLE� FOR� THE� SPECIFICATION� OF� BEHAVIOURS� IN� WHICH� THE� OCCURRENCES� OF
ACTIONS�DO�DEPEND�ON�COMPLEX�FUNCTIONS�OF�ACTION�VALUES��3IMILARLY�� THE�MONOLITHIC
STYLE�IS�SUITABLE�FOR�THE�SPECIFICATION�OF�VERY�SIMPLE�BEHAVIOURS��WHEREAS�THE�MODULAR
STYLE�IS�ALMOST�MANDATORY�FOR�MORE�COMPLEX�BEHAVIOURS�

4HE�MODULAR�STYLES��THE�CAUSALITYORIENTED�STYLE�AND�THE�CONSTRAINTORIENTED�STYLE��DO
NOT�PROVIDE�MUCH�GUIDANCE�FOR�THE�SELECTION�OF�SUBBEHAVIOURS�� )N�BUSINESS�PROCESS
MODELLING�THESE�SUBBEHAVIOURS�CAN�REPRESENT�WORKFLOWS�OR�BUSINESS�FUNCTIONS�

/NE�OF�THE�OBJECTIVES�OF�SYSTEM�STRUCTURING�IS�TO�FACILITATE�THE�IMPLEMENTATION�OF�THE
SYSTEM�� )F� A�BUSINESS�PROCESS� IS� CARRIED�OUT�BY�UNITS� THAT�ARE�EACH� RESPONSIBLE� FOR� A
WORKFLOW�� THIS� BUSINESS� PROCESS� IS� BEST� EXTENSIONALLY�MODELLED� USING� A� CONSTRAINT
ORIENTED� STYLE�� IN� WHICH� EACH� SUBBEHAVIOUR� EITHER� REPRESENTS� THE� LOCAL� CONSTRAINTS
WITH� RESPECT� TO� A� USECASE� �THE� EXTENSIONAL� ASPECTS� OF� A� WORKFLOW	� OR� THE� REMOTE
CONSTRAINTS�WITH� RESPECT� TO�MULTIPLE�USECASES��4HIS� FORM�OF� SEPARATION�OF� CONCERNS
CAN� THEN� BE� REUSED� IN� AN� INTENSIONAL� CONSTRAINTORIENTED� MODEL� OF� THE� BUSINESS
PROCESS�� THE� LOCAL� CONSTRAINTS� WITH� RESPECT� TO� A� USECASE� ARE� DECOMPOSED� AND
IMPLEMENTED�BY� A�WORKFLOW��WHEREAS� THE� REMOTE� CONSTRAINTS� ARE�DECOMPOSED�AND
IMPLEMENTED�PARTLY�BY�WORKFLOWS�AND�PARTLY�BY�RESOURCES�SHARED�BY�THE�WORKFLOWS�
4HE� INTENSIONAL�MODEL� CAN� THEN� BE�MAPPED� ONTO� THE� FINAL� IMPLEMENTATION� OF� THE
BUSINESS�PROCESS�ORGANISED�AROUND�WORKFLOWS��AGAIN�WITH�PRESERVATION�OF�STRUCTURE�

)F�A�BUSINESS�PROCESS�IS�CARRIED�OUT�BY�UNITS� THAT�ARE�EACH�RESPONSIBLE�FOR�A�BUSINESS
FUNCTION�� THIS� BUSINESS� PROCESS� IS� BEST� EXTENSIONALLY� MODELLED� USING� A� CAUSALITY
ORIENTED� STYLE�� IN�WHICH� EACH� SUBBEHAVIOUR� REPRESENTS� A� PHASE� COMPRISING� ONE� OR
MORE�BUSINESS�FUNCTIONS��4HIS�FORM�OF�SEPARATION�OF�CONCERNS�CAN�THEN�BE�REUSED�IN
AN� INTENSIONAL� CONSTRAINTORIENTED�MODEL� OF� THE� BUSINESS� PROCESS�� THE� EXTENSIONALLY



����3TRUCTURING�OF�BEHAVIOUR�MODELS���

IDENTIFIED�SUBBEHAVIOURS�ARE�DECOMPOSED�AND� IMPLEMENTED�BY� INTERACTING�BUSINESS
FUNCTIONS��4HE�INTENSIONAL�MODEL�CAN�THEN�BE�MAPPED�ONTO�THE�FINAL�IMPLEMENTATION
OF�THE�BUSINESS�PROCESS�ORGANISED�AROUND�BUSINESS�FUNCTIONS��AGAIN�WITH�PRESERVATION
OF�STRUCTURE�

4HESE� ALTERNATIVES� FOR� STRUCTURING� BUSINESS� PROCESSES� IN� A� DEVELOPMENT� PROCESS� ARE
SHOWN�IN�&IGURE�����

EXTENSIONAL�MODEL

INTENSIONAL�MODEL

IMPLEMENTATION

CAUSALITYORIENTED�
ONE�OR�MORE�BUSINESS
FUNCTIONS

CONSTRAINTORIENTED�
BUSINESS�FUNCTIONS

FUNCTIONAL�ORGANISATION
UNITS

CONSTRAINTORIENTED�
LOCAL�OR�REMOTE�CONSTRAINTS
W�R�T��USECASES

CONSTRAINTORIENTED�
WORKFLOWS�AND�SHARED
RESOURCES

E�G��CASE�WORKERS�OR
WORKFLOW�MANAGEMENT
SYSTEMS

&IGURE�������3TRUCTURING�OF�BUSINESS�PROCESSES�IN�A�DEVELOPMENT�PROCESS

���� #ONCLUSIONS

-ODELLING�STYLES�EASE�THE�STRUCTURING�OF�BEHAVIOUR�MODELS�AND�SHOULD� LEAD�TO�MORE
UNIFORMLY� STRUCTURED� MODELS�� /UR� NEW� INSIGHTS� REGARDING� THE� BASIC� ARCHITECTURAL
CONCEPTS�ENABLED�US�TO�EXTEND�THE�MODELLING�STYLES�FOR�DISTRIBUTED�SYSTEMS�OF�6ISSERS
ET�AL�� ;����=�AND�TO�DEFINE�THEM�IN�SUCH�A�WAY� THAT� THEY�ARE�MORE�ORTHOGONAL��7E
DEFINED�THE�FOLLOWING�STYLES�AND�THE�DEVELOPMENT�OBJECTIVES�THEY�SUPPORT�

• THE� EXTENSIONAL� AND� INTENSIONAL� STYLES�� BASED� ON� THE� ABSENCE� OR� PRESENCE� OF
INTERNAL��INTER	ACTIONS�IN�A�BEHAVIOUR��RESPECTIVELY�

• THE� MONOLITHIC� AND� MODULAR� STYLES�� BASED� ON� THE� ABSENCE� OR� PRESENCE� OF� SUB
BEHAVIOURS� IN� A� BEHAVIOUR�� RESPECTIVELY�� THE� MODULAR� STYLE� WAS� REFINED� IN� THE
CONSTRAINTORIENTED� STYLE�AND� THE� CAUSALITYORIENTED� STYLE�� BASED�ON� THE� RELATIONS
BETWEEN� SUBBEHAVIOURS�� SHARED� CAUSALITY� RELATIONS� OR� SHARED� ACTIONS
�INTERACTIONS	��RESPECTIVELY�

• THE�PROCESSORIENTED�AND�STATEORIENTED�STYLES��BASED�ON�THE�ABSENCE�OR�PRESENCE
OF�STATE�VARIABLES�AND�STATE�FUNCTIONS�IN�A�BEHAVIOUR��RESPECTIVELY�
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/UR�DISTINCTION�OF�FREQUENTLY�OCCURRING�STRUCTURES�OF�BUSINESS�PROCESSES�ENABLED�US�TO
DEFINE� CONCRETE� MODELLING� STYLES� FOR� BUSINESS� PROCESSES� THAT� AID� DEVELOPERS� IN
EFFICIENTLY�MODELLING�BUSINESS�PROCESSES� IN�AN� INSIGHTFUL�WAY��BOTH� INTENSIONALLY�AND
EXTENSIONALLY�

• 4HE� USECASEORIENTED� STYLE� IS� AN� EXTENSIONAL� CONSTRAINTORIENTED� STYLE� IN� WHICH
LOCAL� AND� REMOTE� CONSTRAINTS� ARE� DEFINED� WITH� RESPECT� TO� USECASES�� 4HE� WORK
FLOWORIENTED�STYLE�IS�AN�INTENSIONAL�CONSTRAINTORIENTED�STYLE� IN�WHICH�LOCAL�AND
REMOTE�CONSTRAINTS�ARE�DEFINED�WITH�RESPECT�TO�WORKFLOWS�

• 4HE� EXTENSIONAL� BUSINESS� FUNCTIONORIENTED� STYLE� IS� AN� EXTENSIONAL� CAUSALITY
ORIENTED� STYLE� IN� WHICH� THE� SUBBEHAVIOURS� REPRESENT� BUSINESS� FUNCTIONS�� 4HE
INTENSIONAL�BUSINESS� FUNCTIONORIENTED� STYLE� IS� AN� INTENSIONAL� CONSTRAINTORIENTED
STYLE�IN�WHICH�THE�SUBBEHAVIOURS�REPRESENT�BUSINESS�FUNCTIONS�



���� )NTRODUCTION

������ -OTIVATION

$URING� A� SYSTEM� DEVELOPMENT� PROCESS� A� LARGE� NUMBER� OF� DECISIONS� ARE� TAKEN
REGARDING�THE�SYSTEM�UNDER�DEVELOPMENT��"Y�ABSTRACTING�FROM�THE�PROPERTIES�OF� THE
SYSTEM� THAT� ARE� IRRELEVANT� FOR� A� PARTICULAR� DEVELOPMENT� DECISION�� A� DEVELOPER
CONCENTRATES�ON�THAT�DECISION��WITHOUT�BEING�BOTHERED�BY�OTHER�CONCERNS��4HEREFORE�
MANY� ABSTRACTIONS� OF� A� SYSTEM� ARE� CONCEIVED� DURING� A� DEVELOPMENT� PROCESS�� 3UCH
ABSTRACTIONS�ARE�SOMETIMES�CALLED�PERSPECTIVES�

4HE� COMPLETE� MODEL� OF� THE� SYSTEM� IS� FORMED� BY� THE� COMPOSITION� OF� ALL� CORRECT
ABSTRACTIONS�OF� THE� SYSTEM�RESULTING� FROM� THE�DEVELOPMENT�PROCESS��4HEREFORE�� IT� IS
IMPORTANT�TO�KNOW�HOW�THE�ABSTRACTIONS�RELATE� TO�EACH�OTHER�� IF� THESE�RELATIONS�ARE
UNCLEAR��THE�MEANING�OF�THE�COMPOSITION�OF�THESE�ABSTRACTIONS�IS�UNDEFINED�

-ODELS� OF� A� SYSTEM� AT� DISTINCT� ABSTRACTION� LEVELS� ARE� ORDERED� ON� THE� BASIS� OF� THE
AMOUNT�OF�DETAIL� THEY�POSSESS��!�MODEL�!� OF� A� SYSTEM�AT� A�HIGHER� ABSTRACTION� LEVEL
THAN�ANOTHER�MODEL�"�OF�THE�SAME�SYSTEM�IS�NOT�ONLY�AN�ABSTRACTION�OF� THE�SYSTEM�
BUT�ALSO�OF�"��-ODEL�"� IS� THEN�AT�A� LOWER�ABSTRACTION� LEVEL�AND� THUS�CONTAINS�MORE
DETAIL�THAN�!��WHILE�ALSO�EXPRESSING�ALL�PROPERTIES�EXPRESSED�IN�!�

4HE�USE�OF�ABSTRACTION�LEVELS�IN�A�DEVELOPMENT�PROCESS�IS�BENEFICIAL�FOR�THE�FOLLOWING
REASONS��&IRST��IT�SUPPORTS�A�SEPARATION�BETWEEN�DEVELOPMENT�CONCERNS�REGARDING�THE
REQUIREMENTS�OF�THE�SYSTEM�AND�DEVELOPMENT�CONCERNS�REGARDING�THE�IMPLEMENTATION
OF� THE� SYSTEM�� SINCE� THE� FORMER� CAN� BE� PROPERLY� REPRESENTED� AT� HIGHER� ABSTRACTION
LEVELS�AND�THE�LATTER�AT�LOWER�ONES��3ECOND��MODELS�AT�DISTINCT�ABSTRACTION�LEVELS�MAY
SERVE�AS�MILESTONES� IN�A�DEVELOPMENT�PROCESS�� I�E��AS�MODELS�WHOSE�DEVELOPMENT� IS
PLANNED� AND� CONTROLLED�� WHICH� ARE� REVIEWED�� AND� WHICH� THEN� SERVE� AS� A� BASIS� FOR
FURTHER�DEVELOPMENT��4HIRD��THE�USE�OF�ABSTRACTION�LEVELS�EASES�VALIDATION�OF�MODELS



����!BSTRACTION�LEVELS���

AT� INTERMEDIATE� LEVELS�� SINCE� THE� ëDISTANCEì� BETWEEN�MODELS� AT� ADJACENT� ABSTRACTION
LEVELS�IS�USUALLY�KEPT�SHORT�

!BSTRACTION� LEVELS� ARE� BENEFICIAL� IN� A� DEVELOPMENT� PROCESS�� IF� THEY� SATISFY� THE
FOLLOWING�CONDITIONS��BASED�ON�;6AN�3INDEREN�ET�AL���������%SSINK������=	�

• 0ROPER� SUPPORT� FOR�DEVELOPMENT�OBJECTIVES�� )N�DIFFERENT� STAGES�OF� A�DEVELOPMENT
PROCESS�DEVELOPERS�HAVE�DIFFERENT�OBJECTIVES��4HE�DEFINITION�OF�ABSTRACTION�LEVELS
SHOULD� EASE� THE� PURSUIT� OF� THESE� DEVELOPMENT� OBJECTIVES� BY� �	� MAKING� THE
OBJECTIVES� PURSUED� AT� EACH� LEVEL� EXPLICIT� AND� �	� DESCRIBING� THE�MODEL� STRUCTURE
THAT�IS�APPROPRIATE�IN�THE�PURSUIT�OF�EACH�OBJECTIVE�

• 7ELLDEFINED� RELATIONS�BETWEEN� THE� ABSTRACTION� LEVELS��4HE� RELATIONS� BETWEEN� THE
ABSTRACTION� LEVELS� SHOULD� BE� WELLDEFINED�� SO� THAT� �	� IT� IS� POSSIBLE� TO� VALIDATE
WHETHER� A� MODEL� AT� A� PARTICULAR� ABSTRACTION� LEVEL� IS� A� PROPER� REFINEMENT� OF� A
MODEL�AT�A�HIGHER�ABSTRACTION�LEVEL��AND��	�DEVELOPERS�ARE�GUIDED�IN�THE�TYPE�OF
TRANSFORMATIONS�THEY�HAVE�TO�CARRY�OUT�TO�PROCEED�FROM�EACH�ABSTRACTION�LEVEL�TO
THE�NEXT�LOWER�ONE�

• 'ENERAL� APPLICABILITY�� 4HE� NUMBER� OF� ABSTRACTIONS� CONCEIVED� IN� A� DEVELOPMENT
PROCESS� IS� LARGE�� THE�AMOUNT�OF� ABSTRACTIONS� CONCEIVED� IN�MULTIPLE�DEVELOPMENT
PROCESSES� IS� EVEN� LARGER�� &OR� THE� ABSTRACTION� LEVELS� TO� BE� USEFUL� IN� MOST
DEVELOPMENT� PROCESSES� AND� TO� BE� USED� AS� MILESTONES�� A� LIMITED� NUMBER� OF
GENERALLY� APPLICABLE� ABSTRACTION� LEVELS� SHOULD� BE� DEFINED�� �!� SURVEY� OF
DEVELOPMENT�METHODS�THAT�SUPPORT�ABSTRACTION�LEVELS��E�G��THOSE�OF�;!UE���"REU�
������ 9OURDON�� ������ -AC$ONALD�� ������ %SSINK�� ������ ,UNDEBERG�� ����=�
SHOWS�THAT�ALL�OF�THESE�METHODS�DESCRIBE�THREE�TO�FIVE�GENERAL�ABSTRACTION�LEVELS�	

)N� THIS� CHAPTER� WE� ELABORATE� THESE� CONDITIONS� AND� DEVELOP� A� GROUP� OF� RELATED
ABSTRACTION�LEVELS�THAT�SATISFY�THEM�

������ 3TRUCTURE

4HIS�CHAPTER�IS�STRUCTURED�AS�FOLLOWS�

3ECTION� ���� DEFINES� ABSTRACTION� AND� REFINEMENT�� DEFINES� THE� CONCEPT� OF� ABSTRACTION
LEVELS�AND�DISCUSSES�SOME�PROPERTIES�OF�ABSTRACTION�LEVELS�

3ECTION�����INTRODUCES�SOME�GENERIC�ABSTRACTION�LEVELS��4HESE�ARE�BASED�ON�DIFFERENT
PERSPECTIVES�OF� SYSTEMS�AND�THEIR�PARTS��4HE� SECTION�DISCUSSES� THE� INTEGRATED� SYSTEM
PERSPECTIVE�� THE� DISTRIBUTED� SYSTEM� PERSPECTIVE�� AND� THE� INTERACTION� SYSTEM
PERSPECTIVE�OF�THE�SYSTEM�PARTS�

3ECTION� ���� INTRODUCES� FIVE� SPECIFIC� ABSTRACTION� LEVELS�� 4HESE� ABSTRACTION� LEVELS� ARE�
APART�FROM�THE�DIFFERENT�PERSPECTIVES�OF�SYSTEMS�AND�THEIR�PARTS�OF�SECTION������BASED
ON� THE� ENTITIES� ONE� SHOULD� TAKE� INTO� ACCOUNT� DURING� A� DEVELOPMENT� PROCESS�� 4HEY
THUS�GIVE�MORE�SPECIFIC�SUPPORT�TO�THE�PURSUIT�OF�DEVELOPMENT�OBJECTIVES�

3ECTION�����APPLIES�THESE�ABSTRACTION�LEVELS�TO�THE�DEVELOPMENT�OF�AN�EXAMPLE�SYSTEM�
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���� !BSTRACTION��REFINEMENT��AND�THEIR�ROLE�IN�ABSTRACTION�LEVELS

������ !BSTRACTION�LEVELS

'IVEN� TWO� MODELS� !� AND� "� OF� A� SYSTEM�� WE� SAY� THAT� !� IS� DEFINED� AT� A� HIGHER
ABSTRACTION�LEVEL�THAN�"��OR��EQUIVALENTLY��THAT�"�IS�DEFINED�AT�LOWER�ABSTRACTION�LEVEL
THAN�!	�IF�AND�ONLY�IF�

��� !�EXPRESSES�LESS�PROPERTIES�THAN�"��AND

��� ALL�PROPERTIES�OF�THE�SYSTEM�EXPRESSED�IN�!�ARE�ALSO�EXPRESSED�IN�"�

)N�THAT�CASE�WE�CALL�"�A�REFINEMENT�OF�!��-ULTIPLE�MODELS�OF�A�SYSTEM�ARE�DEFINED�AT
DISTINCT� ABSTRACTION� LEVELS� IF� EACH�MODEL� IS�DEFINED� EITHER� AT� A�HIGHER�OR� AT� A� LOWER
ABSTRACTION�LEVEL�THAN�ANY�OTHER�MODEL�

4HE�ORDERING�OF�MODELS�ON�THE�BASIS�OF�THE�AMOUNT�OF�DETAIL�THEY�CONTAIN��AS�IN�THE
FIRST� REQUIREMENT�� IS� IMPORTANT� FOR� THE� IDENTIFICATION� OF� ABSTRACTION� LEVELS�� BUT
INSUFFICIENT� TO� ENSURE� WELLDEFINED� RELATIONS� BETWEEN� ALL� MODELS�� A� MODEL� !� OF� A
SYSTEM� MAY� EXPRESS� MORE� PROPERTIES� THAN� ANOTHER� MODEL� "�� BUT� NOT� EXPRESS� ALL
PROPERTIES� EXPRESSED� IN�"�� 4HE� ORDERING� OF�MODELS� ON� THE� BASIS� OF� THE� AMOUNT� OF
DETAIL�THEY�POSSES�IS�THUS�A�PARTIAL�ORDERING��SO�THAT�DEVELOPERS�MAY�PRODUCE�MODELS
THAT�ARE�UNRELATED�

4HE�SECOND�REQUIREMENT�ENSURES�FOR�MODELS�ORDERED�ACCORDING�TO�DISTINCT�ABSTRACTION
LEVELS�THAT�IF�A�MODEL�!�IS�DEFINED�AT�A�HIGHER�ABSTRACTION�LEVEL�THAN�A�MODEL�"��!�IS
NOT�ONLY�AN�ABSTRACTION�OF�THE�SYSTEM��BUT�OF�"�AS�WELL��4HE�ORDERING�OF�MODELS�ON
THE� BASIS� OF� ABSTRACTION� LEVELS� IS� THUS� A� LINEAR� ORDERING�� 4HEREFORE� EACH� MODEL� IS
RELATED� TO�EVERY�OTHER�MODEL��BY�BEING�EITHER�AT� A�HIGHER�OR�AT� A� LOWER�ABSTRACTION
LEVEL�

&IGURE� ���� SHOWS� MODELS� AT� DISTINCT� ABSTRACTION� LEVELS� AND� THE� ABSTRACTION� AND
REFINEMENT�RELATIONS�BETWEEN�THEM�

!�MODEL� OF� A� SYSTEM� AT� A� HIGH� ABSTRACTION� LEVEL� IS� APPROPRIATE� FOR� EXPRESSING� THE
SYSTEM� REQUIREMENTS�� SINCE� IT� ALLOWS� ONE� TO� ABSTRACT� FROM� THE� WAY� IN� WHICH� THESE
REQUIREMENTS�ARE�REALISED��4HE�MODEL�AT�THE�LOWEST�ABSTRACTION�LEVEL�SHOULD�CONTAIN
ALL�DETAIL�REQUIRED�FOR�THE�IMPLEMENTATION�OF�THE�SYSTEM�

4HIS� IMPLIES� THAT� THE� TYPE� OF� SEPARATION� OF� CONCERNS� SUPPORTED� BY� THE� USE� OF
ABSTRACTION� LEVELS� IN� A� DEVELOPMENT� PROCESS�� THE� SEPARATION� BETWEEN� REQUIREMENTS
CONCERNS�AND�IMPLEMENTATION�CONCERNS��IS�BEST�EXPLOITED�BY�CONSIDERING��EACH�ASPECT
OF	� THE�SYSTEM�UNDER�DEVELOPMENT�AT�CONSECUTIVELY� LOWER�ABSTRACTION� LEVELS��4HIS� IS
THE�CASE�WHEN�ONE�USES��E�G��� THE�WATERFALL�MODEL�OR� THE�EVOLUTIONARY�DEVELOPMENT
STRATEGY��3EE�CHAPTER���FOR�A�MORE�DETAILED�DISCUSSION�OF�DEVELOPMENT�STRATEGIES�

!BSTRACTION� LEVELS� SHOULD� NOT� BE� CONFUSED� WITH� VIEWPOINTS�� WHICH� ARE� SOMETIMES
USED��IN�SYSTEM�DEVELOPMENT���SEE�E�G��;"OWEN���������,ININGTON������=	��3UCH�VIEW



����!BSTRACTION�LEVELS���

ABSTRACTION

MODEL�AT�LEVEL�N
�LEAST�DETAIL	

MODEL�AT�LEVEL�N�

MODEL�AT�LEVEL��
�MOST�DETAIL	

REFINEMENT

&IGURE� ���� � � -ODELS� AT� DISTINCT� ABSTRACTION� LEVELS� AND� ABSTRACTION� AND
REFINEMENT�RELATIONS�

POINTS� ARE� ABSTRACTIONS� OF� A� SYSTEM� UNDER� DEVELOPMENT�� BUT� THE� RELATIONS� BETWEEN
THESE�ABSTRACTIONS�ARE�NOT�WELLDEFINED�

������ 2EFINEMENT�OPERATIONS

'IVEN� A� MODEL� AT� A� PARTICULAR� ABSTRACTION� LEVEL�� THE� DEVELOPMENT� OF� A� LOWERLEVEL
MODEL�REQUIRES�REFINEMENT��(ERE�WE�DISCUSS��BASED�ON�;1UARTEL�ET�AL���������&ERREIRA
0IRES�� ����=�� SOME� OPERATIONS� TO� BE� USED� IN� SUCH� REFINEMENT� ACTIVITY�� )N� THE
DISCUSSION�WE�TERM�THE�MODEL�BEHAVIOUR�TO�BE�REFINED�THE�ABSTRACT�MODEL�BEHAVIOUR
AND� THE� MODEL�BEHAVIOUR� RESULTING� FROM� THE� REFINEMENT� THE� CONCRETE
MODEL�BEHAVIOUR�

"EHAVIOUR�DOMAIN

!CTION� REFINEMENT� IS� THE� REPLACEMENT�OF� AN� ABSTRACT� ACTION� BY�ONE�OR�MORE� RELATED
CONCRETE�ACTIONS��7E�DISTINGUISH�BETWEEN�

• !CTION�DECOMPOSITION��4HIS� IS� THE� REPLACEMENT�OF� AN� ABSTRACT� ACTION�BY� A� SET�OF
RELATED�CONCRETE�ACTIONS��&IGURE����A�ILLUSTRATES�ACTION�DECOMPOSITION�

!S� AN� EXAMPLE�� CONSIDER� THE� ACTIVITY�OF� BUILDING� A�HOUSE��!T� A� HIGH� ABSTRACTION
LEVEL�IT�MAY�ONLY�BE�RELEVANT�THAT�THE�HOUSE�IS�BUILT��SO�THE�ACTIVITY�IS�MODELLED�AS
A�SINGLE�ACTION��!T�A�LOWER�ABSTRACTION�LEVEL�IT�MAY�ALSO�BECOME�RELEVANT�HOW�THE
HOUSE�IS�BUILT��REQUIRING�THE�ORIGINAL�SINGLE�ACTION�TO�BE�DECOMPOSED�INTO�A�SET�OF
RELATED�ACTIONS�SUCH�AS�LAYING�BRICKS��DOING�CARPENTRY��ETC�

• !CTION� DISTRIBUTION�� 4HIS� IS� THE� REPLACEMENT� OF� AN� ABSTRACT� ACTION� BY� AN
INTERACTION�� 4HE� ACTION� IS� THUS� DISTRIBUTED� OVER� SUBBEHAVIOURS�� &IGURE� ���B
ILLUSTRATES�ACTION�DISTRIBUTION�

!S� AN� EXAMPLE�� CONSIDER� THE� ACTIVITY� OF� EVALUATING� AN� INSURANCE� APPLICATION� ON
MULTIPLE� ASPECTS�� !T� A� HIGH� ABSTRACTION� LEVEL� IT� MAY� ONLY� BE� RELEVANT� THAT� THE
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APPLICATION� IS� EVALUATED� AND� NOT� BY�WHOM� THIS� IS� DONE�� !T� A� LOWER� ABSTRACTION
LEVEL� THIS� MAY� BECOME� RELEVANT�� REQUIRING� THE� ACTION� TO� BE� REPLACED� BY� AN
INTERACTION�TO�WHICH�MULTIPLE�EXPERTS�CONTRIBUTE�

�A	 �B	

&IGURE� ���� � � %XAMPLES� OF� TWO� TYPES� OF� ACTION� REFINEMENT�� �A	� ACTION
DECOMPOSITION���B	�ACTION�DISTRIBUTION�

%NTITY�DOMAIN

!CTION�POINT� REFINEMENT� IS� THE� REPLACEMENT� OF� AN� ABSTRACT� ACTION�POINT� BY�MULTIPLE
CONCRETE�ACTION�POINTS�OR�A�CONCRETE�INTERACTION�POINT��7E�DISTINGUISH�BETWEEN�

• !CTION�POINT�DECOMPOSITION��4HIS� IS� THE�REPLACEMENT�OF�AN�ABSTRACT�ACTION�POINT
BY�MULTIPLE�CONCRETE�ACTION�POINTS�

!CTION� DECOMPOSITION� IN� THE� BEHAVIOUR� DOMAIN� REQUIRES� ACTION� POINT
DECOMPOSITION�IN�THE�ENTITY�DOMAIN��AND�VICE�VERSA��IF�ANY�OF�THE�CONCRETE�ACTIONS
THAT�RESULT�FROM�THE�REFINEMENT�TAKE�PLACE�AT�A�DIFFERENT�LOCATION�THAN�THE�ABSTRACT
ACTION�

• !CTION�POINT�DISTRIBUTION��4HIS�IS�THE�REPLACEMENT�OF�AN�ABSTRACT�ACTION�POINT�BY�A
CONCRETE�INTERACTION�POINT�

!CTION�DISTRIBUTION�IN�THE�BEHAVIOUR�DOMAIN�REQUIRES�ACTION�POINT�DISTRIBUTION�IN
THE�ENTITY�DOMAIN��AND�VICE�VERSA�

%NTITY� DECOMPOSITION� IS� THE� REPLACEMENT� OF� AN� ABSTRACT� ENTITY� BY� A� STRUCTURE� OF
CONCRETE�ENTITIES�

!CTION�POINT�DISTRIBUTION�IMPLIES�ENTITY�DECOMPOSITION��SINCE�AN�INTERACTION�POINT�IS
ALWAYS� SHARED�BY� TWO�OR�MORE�ENTITIES��%NTITY�DECOMPOSITION� REQUIRES� ACTION�POINT
DISTRIBUTION�AND�ACTION�DISTRIBUTION�IF�THE�RESULTING�CONCRETE�ENTITIES�INTERACT�



����!BSTRACTION�LEVELS���

������ #ONFORMANCE

#ONSIDER� MODELS� DEFINED� AT� CONSECUTIVE� ABSTRACTION� LEVELS�� !� MODEL� AT� A� LOWER
ABSTRACTION� LEVEL� SHOULD� PRESERVE� ALL� PROPERTIES� OF� A�MODEL� AT� A� HIGHER� ABSTRACTION
LEVEL��4HIS�REQUIREMENT�IS�CALLED�A�CONFORMANCE�REQUIREMENT�

1UARTEL�ET�AL��;����=�DISTINGUISH�TWO�TYPES�OF�CONFORMANCE�REQUIREMENTS�

• 0RESERVATION�OF�RELATIONS��4HE�RELATIONS�BETWEEN�ACTIONS�IN�THE�ABSTRACT�BEHAVIOUR
SHOULD�BE�PRESERVED�BY�THE�RELATIONS�BETWEEN�THEIR�CORRESPONDING�ACTIONS� IN�THE
CONCRETE�BEHAVIOUR�

• 0RESERVATION� OF� ACTION� VALUES�� 4HE� VALUES� ESTABLISHED� IN� ACTIONS� IN� THE� ABSTRACT
BEHAVIOUR� SHOULD�BE�PRESERVED�BY� THE� VALUES� ESTABLISHED� IN� THEIR� CORRESPONDING
ACTIONS�IN�THE�CONCRETE�BEHAVIOUR�

1UARTEL�ET�AL��GIVE�A�METHOD�TO�DETERMINE�WHETHER�A�CONCRETE�BEHAVIOUR�CONFORMS�TO
AN�ABSTRACT�BEHAVIOUR��&OR�THE�CONVENIENCE�OF�THE�READER�WE�SUMMARISE�THIS�METHOD
HERE�� 4HE� METHOD� IS� BASED� ON� THE� RECOGNITION� THAT� THE� REFINEMENT� OF� AN� ABSTRACT
BEHAVIOUR� CAN� RESULT� IN� MANY� ALTERNATIVE� CONCRETE� BEHAVIOURS�� WHEREAS� THE
ABSTRACTION�OF� A� CONCRETE� BEHAVIOUR� IS� UNIQUE��4HEREFORE�� THE�METHOD� REQUIRES� THE
ASSESSMENT�OF�CONFORMANCE�BY�COMPARING�THE�ABSTRACTION�OF�THE�CONCRETE�BEHAVIOUR
TO�THE�ORIGINAL�ABSTRACT�BEHAVIOUR��)T�COMPRISES�THE�FOLLOWING�STEPS�

��� )DENTIFICATION�OF�REFERENCE�ACTIONS�AND�INSERTED�ACTIONS�IN�THE�CONCRETE�BEHAVIOUR�
2EFERENCE� ACTIONS� ARE� ACTIONS� IN� THE� CONCRETE� BEHAVIOUR� THAT� CORRESPOND� TO
ACTIONS� IN� THE� ABSTRACT� BEHAVIOUR�� )NSERTED� ACTIONS� ARE� ACTIONS� IN� THE� CONCRETE
BEHAVIOUR�THAT�DO�NOT�CORRESPOND�TO�ACTIONS� IN� THE�ABSTRACT�BEHAVIOUR�� I�E�� THEY
ARE�ACTIONS�THAT�HAVE�BEEN�INSERTED�DURING�REFINEMENT�

��� !BSTRACTION�FROM�ALL�OF�THE�INSERTED�ACTIONS��4HIS�REQUIRES�FOR�EACH�INSERTED�ACTION
I�

 THE�REPLACEMENT�OF�EACH�CAUSALITY�CONDITION�IN�WHICH�I�OCCURS�BY�AN�EQUIVALENT
CAUSALITY�CONDITION�IN�WHICH�I�DOES�NOT�OCCUR�

 THE� REPLACEMENT� OF� EACH� REFERENCE� RELATION� DEFINED� IN� TERMS� OF� VALUES
ESTABLISHED� IN� I� BY� AN� EQUIVALENT� REFERENCE� RELATION� IN�WHICH� THESE� VALUES� DO
NOT�OCCUR�

��� 2EPLACEMENT�OF�EACH�GROUP�OF�REFERENCE�ACTIONS�BY�AN�ABSTRACT�ACTION��%ACH�GROUP
OF�REFERENCE�ACTIONS�WHOSE�OCCURRENCE�CORRESPONDS�TO�THE�OCCURRENCE�OF�A�SINGLE
ABSTRACT�ACTION�SHOULD�BE�REPLACED�BY�THE�ABSTRACT�ACTION�

��� #OMPARISON�OF� THE�ABSTRACTION�OF� THE�CONCRETE�BEHAVIOUR� TO� THE�ORIGINAL�ABSTRACT
BEHAVIOUR�� 4HE� CONCRETE� BEHAVIOUR� ONLY� CONFORMS� TO� THE� ABSTRACT� BEHAVIOUR� IF
BOTH� BEHAVIOURS� COMPLY� TO� A� CERTAIN� CORRECTNESS� RELATION�� $EPENDING� ON� THE
CONFORMANCE�REQUIREMENT��THIS�CORRECTNESS�RELATION�CAN�BE�



������!BSTRACTION��REFINEMENT��AND�THEIR�ROLE�IN�ABSTRACTION�LEVELS ���

 AN� EQUIVALENCE� RELATION� WHICH� DEFINES� THAT� THE� CONCRETE� BEHAVIOUR� SHOULD
PRESERVE� ALL� PROPERTIES� OF� THE� ABSTRACT� BEHAVIOUR� �E�G��� FOR� ACTION� VALUES� THIS
MEANS�THAT�ALL�ACTION�VALUES�POSSIBLE�FOR�AN�ABSTRACT�ACTION�ARE�ALSO�POSSIBLE�FOR
THE�CORRESPONDING�CONCRETE�ACTIONS	��OR

 A� PARTIAL� ORDER� RELATION� WHICH� DEFINES� THAT� THE� CONCRETE� BEHAVIOUR� SHOULD
PRESERVE�A� SUBSET�OF� THE�PROPERTIES�OF� THE�ABSTRACT�BEHAVIOUR� �E�G��� FOR�ACTION
VALUES� THIS�MEANS� THAT� SOME�ACTION�VALUES�POSSIBLE� FOR� AN� ABSTRACT� ACTION� ARE
NOT�POSSIBLE�FOR�THE�CORRESPONDING�CONCRETE�ACTIONS	�

#ONSIDER�THE�BEHAVIOURS�OF�&IGURE�����AS�AN�EXAMPLE��7E�WISH�TO�ASSESS�WHETHER�THE
CONCRETE�BEHAVIOUR�OF�&IGURE����B�CONFORMS�TO�THE�ABSTRACT�BEHAVIOUR�OF�&IGURE����A�
ASSUMING�THAT�Eè�IS�AN�INSERTED�ACTION�AND�THAT�C

�
è�AND�C

�
è�ARE�REFERENCE�ACTIONS��SUCH

THAT� THE� OCCURRENCE� OF� BOTH� C
�
è� AND� C

�
è� CORRESPONDS� TO� THE� OCCURRENCE� OF� C� IN� THE

ABSTRACT�BEHAVIOUR��3TEP���REQUIRES�THE�ABSTRACTION�FROM�THE�INSERTED�ACTION�Eè��WHICH
RESULTS�IN�THE�BEHAVIOUR�OF�&IGURE����C��3TEP���REQUIRES�THE�REPLACEMENT�OF�C

�
è�AND�C

�
è

BY�A�SINGLE�ACTION��WHICH�RESULTS� IN�THE�BEHAVIOUR�OF�&IGURE����D��4HIS�BEHAVIOUR� IS
CONSIDERED� EQUIVALENT� TO� THE� BEHAVIOUR� OF� &IGURE� ���A� IN� CASE� THE� DIFFERENT� ACTION
IDENTIFIERS�ARE�ABSTRACTED�FROM��4HE�CONCRETE�BEHAVIOUR�THUS�CONFORMS�TO�THE�ABSTRACT
BEHAVIOUR�

A

B

C

C�è

Aè

Bè

Eè

C�è

�A	 �B	

C�è

Aè

Bè

C�è

�C	

Aè

Bè

Cè

�D	

D

Dè

Dè

Dè

&IGURE� ���� � � "EHAVIOUR� ABSTRACTION�� �A	� ABSTRACT� BEHAVIOUR�� �B	� CONCRETE
BEHAVIOUR�� �C	� CONCRETE� BEHAVIOUR� AFTER� STEP� ��� �D	� CONCRETE� BEHAVIOUR
AFTER�STEP���



����!BSTRACTION�LEVELS���

���� 'ENERIC�ABSTRACTION�LEVELS

������ $ISTRIBUTED�AND�INTEGRATED�SYSTEM�PERSPECTIVES

!�SYSTEM�IS�A�GROUP�OF�INTERACTING�PARTS�FORMING�A�UNIFIED�WHOLE��3INCE�A�MODEL�OF�A
SYSTEM�MAY� SERVE� AS� A� PRESCRIPTION� FOR� ITS� REALISATION�� IT� IS� NECESSARY� TO� BE� ABLE� TO
REPRESENT� A� SYSTEM� AS� A� GROUP� OF� INTERACTING� PARTS� IN� A� MODEL�� 4HIS� IS� TERMED� A
REPRESENTATION�OF�THE�SYSTEM�FROM�THE�DISTRIBUTED�PERSPECTIVE��&IGURE����A�ILLUSTRATES
THE�DISTRIBUTED�SYSTEM�PERSPECTIVE�

-ANY� DIFFERENT� COMPOSITIONS� OF� ENTITIES� MAY� IMPLEMENT� THE� SAME� EXTERNALLY
OBSERVABLE� ASPECTS� OF� A� SYSTEM��4HEREFORE�� IT� IS� USEFUL� TO� BE� ABLE� TO� REPRESENT� AS� A
SYSTEM�AS�A�WHOLE��INDEPENDENT�OF�ANY�SPECIFIC�IMPLEMENTATION�IN�TERMS�OF�A�GROUP
OF�INTERACTING�PARTS��4HIS�IS�TERMED�A�REPRESENTATION�FROM�THE�INTEGRATED�PERSPECTIVE�
&IGURE����B�ILLUSTRATES�THE�INTEGRATED�SYSTEM�PERSPECTIVE�

�A	 �B	

&IGURE�������%XAMPLE�OF�SYSTEM�REPRESENTED�FROM��A	�DISTRIBUTED�PERSPECTIVE�
�B	�INTEGRATED�PERSPECTIVE��&IGURE�SHOWS�ENTITY�DOMAIN�ONLY�

4HE� INTEGRATED� AND�DISTRIBUTED� SYSTEM�PERSPECTIVES� ARE� TWO� CONSECUTIVE� ABSTRACTION
LEVELS�� THE� INTEGRATED� SYSTEM� PERSPECTIVE� IS� A� HIGHER� ABSTRACTION� LEVEL� THAN� THE
DISTRIBUTED� SYSTEM� PERSPECTIVE�� %NTITIES� CAN� BE� VIEWED� AS� COMPOSITIONS� OF� OTHER
ENTITIES�� �&OR�EXAMPLE��AN�ORGANISATION�CAN�BE�VIEWED�AS�A� COMPOSITION�OF�BUSINESS
UNITS��WHICH�IN�TURN�CAN�BE�VIEWED�AS�COMPOSITIONS�OF�WORK�UNITS��WHICH�IN�TURN�CAN
BE� VIEWED� AS� COMPOSITIONS� OF� PEOPLE�� COMPUTER� SYSTEMS�� ETC�	� 4HEREFORE�� THE
DISTRIBUTED�AND�INTEGRATED�PERSPECTIVES�CAN�BE�APPLIED�REPEATEDLY�AS� FOLLOWS��!T� THE
HIGHEST�ABSTRACTION�LEVEL�A�SYSTEM�IS�REPRESENTED�FROM�THE�INTEGRATED�PERSPECTIVE��!T
THE�NEXT� LOWER� LEVEL� IT� IS�REPRESENTED�FROM�THE�DISTRIBUTED�PERSPECTIVE�� SHOWING� THE
SYSTEM�PARTS��SUCH�THAT�EACH�PART� IS�REPRESENTED�FROM�THE� INTEGRATED�PERSPECTIVE��!T
THE�NEXT�LOWER�LEVEL�EACH�PART�IS�REPRESENTED�FROM�THE�DISTRIBUTED�PERSPECTIVE��AND�SO
ON��&IGURE�����SHOWS�THE�RECURSIVE�APPLICATION�OF�ENTITY�DECOMPOSITION�GRAPHICALLY�



������'ENERIC�ABSTRACTION�LEVELS ���

INTEGRATED�SYSTEM
PERSPECTIVE

DISTRIBUTED�SYSTEM
PERSPECTIVE
��INTEGRATED�PERSPEC
TIVE�OF�PARTS	

DISTRIBUTED�SYSTEM
PERSPECTIVE
��DISTRIBUTED�PERSPEC
TIVE�OF�PARTS�
��INTEGRATED�PERSPEC
TIVE�OF�PARTSè�PARTS	

&IGURE�������%XAMPLE�OF�REPEATED�INTEGRATED�AND�DISTRIBUTED�PERSPECTIVES�OF
SYSTEM�AND�PARTS�AS�ABSTRACTION�LEVELS��!RROWS�REPRESENT�DECOMPOSITION�

-ETHODS� REQUIRING� THE� USE� OF� DATA� FLOW� DIAGRAMS� OR� SIMILAR�MODELLING� TECHNIQUES
�E�G��;$E�-ARCO��������-AC$ONALD��������9OURDON������=	�SUPPORT�THE� INTEGRATED
AND�DISTRIBUTED� SYSTEM�PERSPECTIVES��!T� EVERY� ABSTRACTION� LEVEL� THE� ëPROCESSESì� IN� A
DATA� FLOW� DIAGRAM� ARE� REPRESENTED� FROM� THE� INTEGRATED� PERSPECTIVE�� IN� TERMS� THEIR
INPUTS��THEIR�OUTPUTS��AND��INFORMALLY	�THE�RELATIONS�BETWEEN�THE�INPUTS�AND�OUTPUTS�
!T� A� LOWER� ABSTRACTION� LEVEL�� THE� PROCESSES� ARE� DECOMPOSED� INTO� RELATED� SUB
PROCESSES�� WHICH� ARE� AGAIN� DESCRIBED� FROM� THE� INTEGRATED� PERSPECTIVE�� 4HIS
REFINEMENT�OPERATION�IS�TERMED�ëFUNCTIONAL�DECOMPOSITIONì�IN�;-ADISSON������=�

3OME� METHODS� FOR� PROTOCOL� DEVELOPMENT� BASED� ON� THE� DEFINITION� OF� SUCCESSIVELY
LOWER� PROTOCOL� LAYERS� �E�G�� ;6ISSERS� ET� AL��� ����=	� ALSO� SUPPORT� THE� INTEGRATED� AND
DISTRIBUTED�SYSTEM�PERSPECTIVES��!T�THE�HIGHEST�ABSTRACTION�LEVEL��THE�SERVICE�LEVEL��THE
SYSTEM�UNDER� DEVELOPMENT� IS� DEFINED� FROM� THE� INTEGRATED� PERSPECTIVE�� !T� THE� NEXT
LOWER� LEVEL�� THE� SYSTEM� IS� DECOMPOSED� INTO� A� NUMBER� OF� PROTOCOL� ENTITIES� �THE
PROTOCOL�LAYER	�AND�A�LOWERLEVEL�SERVICE��"Y�CONSIDERING�THE�LOWER�LEVEL�SERVICE�AS�THE
SYSTEM�TO�BE�FURTHER�DEVELOPED��THE�ABSTRACTION�LEVELS�CAN�BE�APPLIED�REPEATEDLY�

������ )NTERACTION�SYSTEM�PERSPECTIVE�OF�PARTS

!�SET�OF�ACTIONS�IN�A�SYSTEM�CAN�BE�DISTRIBUTED�OVER�THE�SYSTEM�PARTS�IN�MANY�DIFFERENT
WAYS�� 4HEREFORE�� IT� IS� DESIRABLE� TO� BE� ABLE� TO� REPRESENT� THE� SYSTEM� INTENSIONALLY�
INDEPENDENT�OF�ANY�SPECIFIC�DISTRIBUTION�OF�THE�INTERNAL�ACTIONS�OVER�THE�SYSTEM�PARTS�
3INCE� THESE� RELATED� INTERNAL� ACTIONS� REPRESENT� THE� COMMON�BEHAVIOURS�OF� THE�PARTS�



����!BSTRACTION�LEVELS���

I�E��THEIR�INTERACTION�SYSTEMS��THIS�IS�TERMED�THE�INTERACTION�SYSTEM�PERSPECTIVE�OF�THE
PARTS��&IGURE�����ILLUSTRATES�THIS�PERSPECTIVE�

&IGURE� ���� � � %XAMPLE� OF� SYSTEM� REPRESENTED� FROM� INTERACTION� SYSTEM
PERSPECTIVE�OF�PARTS�

4HE� INTERACTION� SYSTEM� PERSPECTIVE� OF� PARTS� IS� AN� ABSTRACTION� LEVEL� IN� BETWEEN� THE
INTEGRATED�SYSTEM�PERSPECTIVE�AND�THE�DISTRIBUTED�SYSTEM�PERSPECTIVE��&IGURE�����GIVES
AN�EXAMPLE�OF�THE�USE�OF�THESE�THREE�PERSPECTIVES��"ECAUSE�THE�PARTS�IN�THE�DISTRIBUTED
SYSTEM�PERSPECTIVE� ARE� THEMSELVES� REPRESENTED� FROM� THE� INTEGRATED� PERSPECTIVE�� THE
LEVELS�CAN�AGAIN�BE�APPLIED�REPEATEDLY�

INTEGRATED�SYSTEM
PERSPECTIVE

INTERACTION�SYSTEM
PERSPECTIVE�OF�PARTS

DISTRIBUTED�SYSTEM
PERSPECTIVE

&IGURE�������4HREE�SYSTEM�PERSPECTIVES�AS�ABSTRACTION�LEVELS�

4HE�INTERACTION�SYSTEM�PERSPECTIVE�IS�SUPPORTED�BY�SEVERAL�DEVELOPMENT�METHODS�;$E
7EGER� �� 6ISSERS�� ����=�� &OR� EXAMPLE�� THE� HIGHEST� ABSTRACTION� LEVEL� IN� )3!#
;,UNDEBERG�� ����=� REQUIRES� AN� INFORMATION� SYSTEM� TO� BE� REPRESENTED� INTENSIONALLY
WITHOUT�THE�REPRESENTATION�OF�ITS�PARTS��/NLY�AT�A�LOWER�ABSTRACTION�LEVEL�THE�INTERNAL
ACTIVITIES� ARE� DISTRIBUTED� OVER� INFORMATION� SUBSYSTEMS�� )N� THE� METHOD� FOR� THE



������'ENERIC�ABSTRACTION�LEVELS ���

DEVELOPMENT�OF�DISTRIBUTED�INFORMATION�SYSTEMS�OF�!UE�AND�"REU�;����=��ACTIVITIES�OF
AN� INFORMATION� SYSTEM�AND�A�PART�OF� ITS� ENVIRONMENT� ARE� SPECIFIED� AT� THE� ëBUSINESS
CONTEXT�LEVELì��WITHOUT�MAKING�A�DISTINCTION�BETWEEN�THE�INFORMATION�SYSTEM�AND�THE
ENTITIES� IN� THE� ENVIRONMENT�� /NLY� AT� THE� LOWER� ëSERVICE� LEVELì� THESE� ACTIVITIES� ARE
DISTRIBUTED� OVER� THE� INFORMATION� SYSTEM� AND� THE� ENTITIES� IN� THE� ENVIRONMENT�
3IMILARLY�� IN� THE� FRAMEWORK� OF� &ERREIRA� 0IRES� ;����=� THE� INTERACTION� SYSTEM� OF� THE
SYSTEM�UNDER�DEVELOPMENT�AND�ITS�ENVIRONMENT�IS�TO�BE�SPECIFIED�BEFORE�THE�ACTIONS
ARE�DISTRIBUTED�OVER�THE�SYSTEM�AND�ITS�ENVIRONMENT��AT�A�LOWER�ABSTRACTION�LEVEL�

)T� APPEARS� THAT� IN� MOST� OF� THESE� DEVELOPMENT� METHODS� THE� INTERACTION� SYSTEM
PERSPECTIVE� IS� SUPPORTED�ONLY� AT� THE� HIGHEST� ABSTRACTION� LEVEL��WHERE� ONE� CONSIDERS
THE� INTERACTION� SYSTEM�OF� THE� SYSTEM�UNDER�DEVELOPMENT�AND� ITS� ENVIRONMENT��4HIS
CAN� BE� EXPLAINED� FROM� THE� PURPOSE� OF� THE� INTERACTION� SYSTEM� PERSPECTIVE�� INTERNAL
ACTIONS� ARE� INTRODUCED� TO� ALLOW� FOR� EXPLICIT� CONSIDERATION� OF� THE� DIFFERENT�WAYS� IN
WHICH� THEY� CAN� BE� DISTRIBUTED� OVER� ENTITIES� AT� A� LOWER� ABSTRACTION� LEVEL�� !T� A� HIGH
ABSTRACTION�LEVEL�ONE�HAS�CONSIDERABLE�FREEDOM�IN�THE�DEFINITION�OF�ENTITIES�THAT�CARRY
OUT�THE�ACTIVITIES��4HEREFORE��THIS�TYPE�OF�SEPARATION�OF�CONCERNS�IS�USEFUL��(OWEVER�
AT� LOWER� ABSTRACTION� LEVELS� ONE� BECOMES� INCREASINGLY� BOUND� BY� THE� AVAILABLE
IMPLEMENTATION� COMPONENTS�� !T� THOSE� LEVELS� ONE� GENERALLY� INTRODUCES� INTERNAL
ACTIONS�WITH� THE� INTENT�OF�DISTRIBUTING� THEM�OVER�A�PARTICULAR� INTENDED� STRUCTURE�OF
IMPLEMENTATION�COMPONENTS��4HEREFORE��THERE�IS�LESS�NEED�FOR�EXPLICIT�CONSIDERATION
OF� THE� DIFFERENT� WAYS� IN� WHICH� ACTIONS� CAN� BE� DISTRIBUTED� OVER� ENTITIES� AT� LOWER
ABSTRACTION�LEVELS�

������ 3UMMARY

&IGURE�����SUMMARISES�THE�ASPECTS�REPRESENTED�IN�THE�PERSPECTIVES�DEFINED�ABOVE��4HE
FIGURE�SHOWS� THAT� IN�NONE�OF� THE�PERSPECTIVES� SYSTEM�PARTS� ARE� REPRESENTED�WITHOUT
THEIR�INTERACTIONS��%VEN�THOUGH�SUCH�A�PERSPECTIVE�IS�CONCEIVABLE��BECAUSE�THE�ENTITY
DOMAIN�AND�THE�BEHAVIOUR�DOMAIN�ARE�ORTHOGONAL��IT�IS�OF�LIMITED�PRACTICAL�USE��SINCE
ITS�APPLICATION�RESULTS�IN�INCOMPLETE�MODELS�

NO��EXTENSIONAL	 YES��INTENSIONAL	

REPRESENTATION
OF�SYSTEM�PARTS�

NO

YES

REPRESENTATION�OF�INTERNAL��INTER	ACTIONS�

INTEGRATED�SYSTEM INTERACTION�SYSTEM�OF�PARTS

DISTRIBUTED�SYSTEM

&IGURE�������!SPECTS�OF�SYSTEMS�REPRESENTED�IN�THREE�SYSTEM�PERSPECTIVES�



����!BSTRACTION�LEVELS���

���� 3PECIFIC�ABSTRACTION�LEVELS

4HE�ABSTRACTION�LEVELS�INTRODUCED�IN�THIS�SECTION�ARE�BASED�ON�THE�ENTITIES�ONE�SHOULD
TAKE�INTO�ACCOUNT�DURING�THE�DEVELOPMENT�OF�A�SYSTEM��AND�ON�THE�DIFFERENT�SYSTEM
PERSPECTIVES� DEFINED� IN� SECTION� ����� 4HE� ENTITIES� TO� BE� TAKEN� INTO� ACCOUNT� ARE� ;$E
7EGER�ET�AL�������A=�

• THE�SYSTEM�EMBEDDED�IN�ITS�ENVIRONMENT�

• THE�SYSTEM�

• THE�ëLOGICALì�SYSTEM�PARTS�

• THE�ëPHYSICALì�SYSTEM�PARTS�

3OME� OF� THE� ABSTRACTION� LEVELS� DEFINED� HERE� ARE� DISCUSSED� IN� ;&ERREIRA� 0IRES�� ����=
AND�;6AN�3INDEREN�ET�AL�������=�

������ 3YSTEM�EMBEDDED�IN�ITS�ENVIRONMENT

/BJECTIVE��!T�THIS�ABSTRACTION�LEVEL�THE�ENVIRONMENT�IN�WHICH�THE�SYSTEM�OPERATES�IS
DEFINED��4HIS�IS�DONE�FOR�THE�FOLLOWING�PURPOSES�

• 6ARIOUS�BEHAVIOURS�OF�THE�ENVIRONMENT�IN�WHICH�THE�SYSTEM�IS�EMBEDDED�CAN�BE
CONSIDERED�AND�EVALUATED�DURING�THE�DEVELOPMENT�OF�A�MODEL�AT�THIS�ABSTRACTION
LEVEL��4HIS� IS�ESPECIALLY� IMPORTANT� IF�A�SYSTEM� IS�DEVELOPED� FROM�SCRATCH�� SINCE�A
NEW�SYSTEM�MAY�CREATE�OPPORTUNITIES�FOR�ITS�ENVIRONMENT�TO�WORK�IN�NEW�WAYS�

• 4HE� RESULTING�MODEL� FORMS� A� BASIS� FOR� DETERMINING� WHICH� ACTIVITIES� HAVE� TO� BE
SUPPORTED�BY�THE�SYSTEM�AND�TO�WHICH�EXTENT�THEY�HAVE�TO�BE�SUPPORTED�

3TRUCTURE��!�MODEL�AT� THIS� ABSTRACTION� LEVEL� FORMS�AN� INTENSIONAL�DESCRIPTION�OF� THE
ENTITY� CONSISTING� OF� THE� SYSTEM� UNDER� DEVELOPMENT� AND� A� BOUNDED� PART� OF� ITS
ENVIRONMENT��4HIS�ENTITY�IS�CONSIDERED�AS�A�SINGLE�ENTITY�WITHOUT�PARTS��I�E��THE�SYSTEM
AND�ITS�ENVIRONMENT�ARE�NOT�EXPLICITLY�DEFINED�

)N�PRINCIPLE��A�DEVELOPER�IS�FREE�TO�DELIMIT�THIS�ENTITY��(OWEVER��IT�IS�SENSIBLE�TO�LIMIT
THE� ACTIVITIES� REPRESENTED� IN� A� MODEL� AT� THIS� LEVEL� TO� THOSE� ACTIVITIES� POSSIBLY
SUPPORTED�BY�THE�SYSTEM�UNDER�DEVELOPMENT��4HIS�PREVENTS�THE�DANGER�OF�CONSIDERING
A�FAR�TOO�LARGE�PART�OF�THE�ENVIRONMENT��WHICH�MAY�INCREASE�THE�DEVELOPMENT�EFFORT
IMMENSELY�� WHILE� NOT� RENDERING� ANY� ADDITIONAL� RESULTS� THAT� ARE� USEFUL� IN� THE
DEVELOPMENT�PROCESS�;9OURDON������=�

3INCE�A�MODEL�AT�THIS�ABSTRACTION�LEVEL�SERVES�AS�A�BASIS�FOR�DISTRIBUTING�ACTIVITIES�OVER
THE� SYSTEM� UNDER� DEVELOPMENT� AND� ITS� ENVIRONMENT�� IT� IDEALLY� ONLY� REPRESENTS� THE
RELATED� ACTIVITIES� SHARED� BY� THE� SYSTEM� AND� THE� ENVIRONMENT�� I�E�� THEIR� INTERACTION
SYSTEM��(OWEVER��IN�PRACTICE�THIS�IS�USUALLY�DIFFICULT��BECAUSE�THE�BOUNDARY�BETWEEN
SYSTEM�AND�ENVIRONMENT�HAS�NOT�YET�BEEN�DECIDED�UPON�

&IGURE����A�ILLUSTRATES�THE�PERSPECTIVE�OF�THE�SYSTEM�EMBEDDED�IN�ITS�ENVIRONMENT�



������3PECIFIC�ABSTRACTION�LEVELS ���

5SE�IN�OTHER�DEVELOPMENT�METHODS��3EE�SECTION�������

������ )NTEGRATED�SYSTEM�PERSPECTIVE

/BJECTIVE��!T�THIS�ABSTRACTION�LEVEL�THE�BEHAVIOUR�OF�THE�SYSTEM�AS�IT�IS�OBSERVED�BY�ITS
ENVIRONMENT�IS�DEFINED��4HIS�IS�DONE�FOR�THE�FOLLOWING�PURPOSES�

• 6ARIOUS�ALTERNATIVE�DISTRIBUTIONS�OF�BEHAVIOUR�RESPONSIBILITIES�OVER�THE�SYSTEM�AND
�ENTITIES� IN	� ITS� ENVIRONMENT� CAN� BE� CONSIDERED� AND� EVALUATED� DURING� THE
DEVELOPMENT�OF�A�MODEL�AT�THIS�ABSTRACTION�LEVEL�

• 4HE� RESULTING� MODEL� FORMS� THE� BASIS� FOR� THE� DEVELOPMENT� OF� MODELS� AT� LOWER
ABSTRACTION� LEVELS�� WHICH� REPRESENT� THE� SYSTEM� AS� COMPOSITIONS� OF� INTERACTING
PARTS��EACH�COMPOSITION�OF�INTERACTING�SYSTEM�PARTS�SHOULD�CONFORM�TO�THE�MODEL
OF�THE�SYSTEM�FROM�THE�INTEGRATED�SYSTEM�PERSPECTIVE�

3TRUCTURE�� !�MODEL� AT� THIS� ABSTRACTION� LEVEL� REPRESENTS� THE� SYSTEM� AS� AN� INTEGRATED
WHOLE��4HEREFORE�� IT�DOES�NOT� REPRESENT�ANY�PARTS�OF� THE� SYSTEM��0REFERABLY� IT� DOES
NOT�DESCRIBE� ANY� INTERNAL� ACTIVITIES� OF� THE� SYSTEM� EITHER� �I�E�� IT� IS� EXTENSIONAL	�� )F� IT
DOES�DESCRIBE�ANY�INTERNAL�ACTIVITIES��THESE�ARE�NOT�PRESCRIPTIVE�FOR�IMPLEMENTATIONS�

2ELATION�WITH�NEXT�HIGHER�LEVEL��!�MODEL�AT�THIS�ABSTRACTION�LEVEL�IS�A�REFINEMENT�OF�A
MODEL� DEFINED� AT� THE� NEXT� HIGHER� LEVEL�� IN� WHICH� THE� SYSTEM� AND� A� PART� OF� ITS
ENVIRONMENT�ARE�VIEWED�AS�A�SINGLE�ENTITY��4HE�FOLLOWING�REFINEMENT�OPERATIONS�ARE
IMPORTANT�FOR�PERFORMING�THIS�REFINEMENT�

• DECOMPOSITION�OF�THE�ENTITY�CONSISTING�OF�SYSTEM�AND�ENVIRONMENT�INTO�THE�SYSTEM
AND��ONE�OR�MORE�ENTITIES�OF	�ITS�ENVIRONMENT�

• DISTRIBUTION�OF�THE�BEHAVIOUR�OF�THE�ENTITY�CONSISTING�OF�SYSTEM�AND�ENVIRONMENT
OVER�THE�SYSTEM�AND�ITS�ENVIRONMENT�

4HIS�CAN�BE�DONE�IN�TWO�STEPS�

��� DELIMITATION�OF� THE� INTERACTION� SYSTEM�OF� THE� SYSTEM�UNDER�DEVELOPMENT� AND� ITS
ENVIRONMENT�

��� DISTRIBUTION�OF�THIS�INTERACTION�SYSTEM�OVER�THE�SYSTEM�UNDER�DEVELOPMENT�AND�ITS
ENVIRONMENT�

&IGURE�����ILLUSTRATES�THESE�STEPS�

5SE� IN�OTHER�DEVELOPMENT�METHODS��3EE� SECTION��������4HE�BEHAVIOUR�OF� THE� SYSTEM
FROM� THE� INTEGRATED� PERSPECTIVE� IS� CALLED� THE� SERVICE� OF� THE� SYSTEM�� 4HE� SYSTEM� IS
CALLED�THE�SERVICE�PROVIDER�;6ISSERS���,OGRIPPO������=�



����!BSTRACTION�LEVELS���

SYSTEM�EMBEDDED
�����IN�ENVIRONMENT

ENVIRONMENT

SYSTEM

��	 ��	

�A	 �B	 �C	

INTERACTION�SYSTEM�OF
SYSTEM�AND�ENVIRONMENT

&IGURE� ���� � � &ROM� SYSTEM� EMBEDDED� IN� ENVIRONMENT� TO� INTEGRATED� SYSTEM
PERSPECTIVE�

������ ,OGICALLY�DISTRIBUTED�SYSTEM�PERSPECTIVE

/BJECTIVE��!T� THIS�ABSTRACTION� LEVEL� THE�SYSTEM� IS�DEFINED�AS�A�COMPOSITION�OF�PARTS�
WHILE�ABSTRACTING�FROM�THE�PHYSICAL��I�E��GEOGRAPHICAL	�DISTRIBUTION�OF�THESE�PARTS��!T
THIS�ABSTRACTION�LEVEL�THE�PARTS�CAN�INTERACT�DIRECTLY��I�E��WITHOUT�INTERMEDIATE�ENTITIES�
4HIS�IS�DONE�FOR�THE�FOLLOWING�PURPOSES�

• 6ARIOUS�DECOMPOSITIONS�OF� THE�SYSTEM� IN� LOGICAL�PARTS� THAT� RENDER� THE� SERVICE�OF
THE� INTEGRATED� SYSTEM� PERSPECTIVE� CAN� BE� CONSIDERED� AND� EVALUATED� DURING� THE
DEVELOPMENT�OF�A�MODEL�AT�THIS�ABSTRACTION�LEVEL�

• 4HE�RESULTING�MODEL�FORMS�THE�BASIS�FOR�THE�DEVELOPMENT�OF�A�MODEL�AT�THE�NEXT
LOWER�ABSTRACTION�LEVEL��AT�WHICH�PHYSICAL�DISTRIBUTION�IS�CONSIDERED�

3TRUCTURE��!�MODEL�AT�THIS�ABSTRACTION�LEVEL�REPRESENTS�THE�SYSTEM�FROM�THE�DISTRIBUTED
PERSPECTIVE��4HEREFORE��IT�REPRESENTS�THE�SYSTEM�AS�A�COMPOSITION�OF�INTERACTING�PARTS�
%ACH�OF�THE�PARTS�IS�REPRESENTED�FROM�THE�INTEGRATED�PERSPECTIVE�

2ELATION�WITH�NEXT�HIGHER�LEVEL��!�MODEL�AT�THIS�ABSTRACTION�LEVEL�IS�A�REFINEMENT�OF�A
MODEL� DEFINED� FROM� THE� INTEGRATED� SYSTEM� PERSPECTIVE�� 4HE� FOLLOWING� REFINEMENT
OPERATIONS�ARE�IMPORTANT�IN�MAKING�THIS�REFINEMENT�

• INTRODUCTION� OF� INTERNAL� ACTIONS� �BY� MEANS� OF� ACTION� REFINEMENT	� AND� ACTION
POINTS�

• DECOMPOSITION� OF� THE� SYSTEM� AND� DISTRIBUTION� OF� THE� INTRODUCED� ACTIONS� AND
ACTION�POINTS�OVER�THE�RESULTING�ENTITIES�

&IGURE������ILLUSTRATES�THIS�REFINEMENT�OPERATION�



������3PECIFIC�ABSTRACTION�LEVELS ���

�A	 �B	

&IGURE��������&ROM��A	�INTEGRATED�SYSTEM�PERSPECTIVE�TO��B	�LOGICALLY
DISTRIBUTED�SYSTEM�PERSPECTIVE�

5SE�IN�OTHER�DEVELOPMENT�METHODS��4HE�DISTINCTION�BETWEEN�THE�LOGICALLY�DISTRIBUTED
PERSPECTIVE� AND� THE� PHYSICALLY� DISTRIBUTED� PERSPECTIVE� OF� A� SYSTEM� CAN� BE� FOUND� IN
SOME�DEVELOPMENT�METHODS��&OR�EXAMPLE�� IN�,/6%-�;)"-������=�A�DISTINCTION� IS
MADE�BETWEEN�THE�ëLOGICAL�LINE�OF�VISIBILITY�CHARTì�AND�THE�ëPHYSICAL�LINE�OF�VISIBILITY
CHARTì�� 4O� PROCEED� FROM� THE� FIRST� PERSPECTIVE� TO� THE� SECOND�� THE� ëMEANS� OF
TRANSPORTATIONì�HAVE�TO�BE�INTRODUCED��)N�;6AN�3INDEREN�ET�AL�������=�A�DISTINCTION�IS
MADE�BETWEEN�THE�ëPARTITIONED�PERSPECTIVEì�OF�A�SYSTEM�� IN�WHICH�THE�GEOGRAPHICAL
DISTRIBUTION� IS� ABSTRACTED� FROM�� AND� THE� ëDISTRIBUTED� PERSPECTIVEì� OF� A� SYSTEM�� IN
WHICH�THIS�GEOGRAPHICAL�DISTRIBUTION�IS�EXPLICITLY�DEFINED�

������ 0HYSICALLY�DISTRIBUTED�SYSTEM�PERSPECTIVE

/BJECTIVE�� !T� THIS� ABSTRACTION� LEVEL� THE� SYSTEM� IS� DEFINED� AS� A� COMPOSITION� OF� THE
LOWESTLEVEL� SYSTEM�PARTS��4HIS�MEANS� THAT�EACH�DEFINED�PART� IS� IMPLEMENTED� IN� THE
REAL�SYSTEM�BY�A�SINGLE�COMPONENT��)N�COMPARISON�TO�THE�LOGICALLY�DISTRIBUTED�SYSTEM
PERSPECTIVE�� THE�PHYSICALLY�DISTRIBUTED�SYSTEM�PERSPECTIVE�REQUIRES�� FOR�EXAMPLE�� THE
ADDITIONAL�SPECIFICATION�OF�THE�SYSTEM�PARTS�RESPONSIBLE�FOR�COMMUNICATION�BETWEEN
GEOGRAPHICALLY�REMOTE�PARTS��THE�ëCOMMUNICATION�INFRASTRUCTURESì�

3TRUCTURE��!�MODEL�AT�THIS�ABSTRACTION�LEVEL�REPRESENTS�THE�SYSTEM�FROM�THE�DISTRIBUTED
PERSPECTIVE��4HEREFORE��IT�REPRESENTS�THE�SYSTEM�AS�A�COMPOSITION�OF�INTERACTING�PARTS�
%ACH�OF�THE�PARTS�IS�REPRESENTED�FROM�THE�INTEGRATED�PERSPECTIVE�

2ELATION�WITH�NEXT�HIGHER�LEVEL��!�MODEL�AT�THIS�ABSTRACTION�LEVEL�IS�A�REFINEMENT�OF�A
MODEL� DEFINED� FROM� THE� LOGICALLY� DISTRIBUTED� SYSTEM� PERSPECTIVE�� 4HE� FOLLOWING
REFINEMENT�OPERATIONS�ARE�IMPORTANT�FOR�PERFORMING�THIS�REFINEMENT�

• INTRODUCTION�OF�INTERNAL�ACTIONS�AND�ACTION�POINTS��FOLLOWED�BY�DECOMPOSITION�OF
SYSTEM�PARTS�AND�DISTRIBUTION�OF�THE�INTRODUCED�ACTIONS�AND�ACTION�POINTS�OVER�THE
RESULTING�ENTITIES�



����!BSTRACTION�LEVELS���

• REMOTE�INTERFACE�REFINEMENT�

4HE� FIRST� GROUP� OF� REFINEMENT� OPERATIONS� IS� USEFUL� FOR� DECOMPOSING� SINGLE� LOGICAL
SYSTEM�PARTS�INTO�MULTIPLE�PHYSICALLY�DISTRIBUTED�SYSTEM�PARTS�

2EMOTE�INTERFACE�REFINEMENT�IS�THE�REPLACEMENT�OF�ONE�OR�MORE�ABSTRACT�INTERACTIONS
OF� A� GROUP� OF� ENTITIES� BY� A� SET� OF� RELATED� CONCRETE� INTERACTIONS�� SUCH� THAT� EACH
CONCRETE� INTERACTION� IS� SHARED� BY� ONE� OR�MORE� OF� THE� ORIGINAL� ENTITIES� AND� ONE� OR
MORE�NEW�ENTITIES� THAT�ARE� INTRODUCED�DURING�THIS�REFINEMENT�� )N�THE�ENTITY�DOMAIN
ONE� OR� MORE� INTERACTION� POINTS� ARE� THUS� REPLACED� BY� A� STRUCTURE� OF� ONE� OR� MORE
ENTITIES�WITH�INTERACTION�POINTS�

2EMOTE�INTERFACE�REFINEMENT�IS�A�FORM�OF�INTERFACE�REFINEMENT��)NTERFACE�REFINEMENT�IS
THE� REPLACEMENT� OF� ONE� OR�MORE� ABSTRACT� INTERACTIONS� BY� A� SET� OF� RELATED� CONCRETE
INTERACTIONS��)NTERFACE�REFINEMENT�CAN�BE�DESCRIBED�IN�TERMS�OF�THE�BASIC�REFINEMENT
OPERATIONS�OF�SECTION�������AS�FOLLOWS�

��� !BSTRACT� FROM� THE� DIFFERENCE� BETWEEN� THE� ENTITIES� INVOLVED� IN� THE� CONCERNED
INTERACTIONS�� I�E��� PERFORM� THE� INVERSE� OF� ACTION� �POINT	� DISTRIBUTION� AND� ENTITY
DECOMPOSITION�FOR�EACH�OF�THE�CONCERNED�INTERACTIONS�

��� $ECOMPOSE�ONE�OR�MORE�OF�THE�ACTIONS�RESULTING�FROM�STEP���AND��POSSIBLY��THEIR
ACTION�POINTS�

��� $ECOMPOSE� THE� ENTITY� RESULTING� FROM� STEP� �� AND� DISTRIBUTE� EACH� OF� THE� ACTIONS
RESULTING�FROM�STEP���AND�THEIR�ACTION�POINTS�OVER�THEM�

&IGURE������ILLUSTRATES�THIS�REFINEMENT�OPERATION�

&IGURE������ILLUSTRATES�THE�TRANSITION�FROM�THE�LOGICALLY�DISTRIBUTED�SYSTEM�PERSPECTIVE
TO�THE�PHYSICALLY�DISTRIBUTED�SYSTEM�PERSPECTIVE�

5SE� IN� OTHER� DEVELOPMENT� METHODS�� -ANY� DEVELOPMENT� METHODS� SUPPORT� AN
ABSTRACTION� LEVEL� AT� WHICH� A� SYSTEM� IS� TO� BE� REPRESENTED� AS� A� COMPOSITION� OF� ITS
LOWESTLEVEL� PARTS�� %XAMPLES� ARE� THE� ëIMPLEMENTATION� MODELì� LEVELS� OF� *ACKSON
;����=��%SSINK� ;����=��9OURDON� ;����=��&ERREIRA�0IRES� ;����=�� AND�+REMER� ;����=�
THE�ëTECHNICAL�DESIGNì�LEVEL�OF�-AC$ONALD�;����=��THE�ëTECHNICAL�DETAILS�MODELì�LEVEL
OF�!UE���"REUER;����=��AND�THE�ëJOB�LINE�OF�VISIBILITY�CHARTì�LEVEL�OF�;)"-������=�

������ ,OCAL�INTERFACE�REFINED�SYSTEM�PERSPECTIVE

/BJECTIVE�� !T� THIS� ABSTRACTION� LEVEL� THE� CONCRETE� INTERACTIONS� BETWEEN� SYSTEM� PARTS
AND� BETWEEN� THE� SYSTEM� PARTS� AND� THE� SYSTEM� ENVIRONMENT� ARE� DEFINED�� #ONCRETE
INTERACTIONS� ARE� INTERACTIONS� THAT� CAN� DIRECTLY� BE� MAPPED� ONTO� IMPLEMENTATION
CONSTRUCTS��4HE�DEFINITION�OF�THESE�CONCRETE� INTERACTIONS� IS�REQUIRED�AS� THE�BASIS� FOR
THE�IMPLEMENTATION�OF�THE�SYSTEM�PARTS��SO�THAT�THESE�PARTS�CAN�INTERACT�



������3PECIFIC�ABSTRACTION�LEVELS ���
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&IGURE��������&ROM��A	�LOGICALLY�DISTRIBUTED�SYSTEM�PERSPECTIVE�TO
�B	�PHYSICALLY�DISTRIBUTED�SYSTEM�PERSPECTIVE�

3TRUCTURE��!�MODEL�AT�THIS�ABSTRACTION�LEVEL�REPRESENTS�THE�SYSTEM�AS�A�COMPOSITION�OF
INTERACTING� PARTS�� IN� WHICH� EACH� OF� THE� PARTS� IS� REPRESENTED� FROM� THE� INTEGRATED
PERSPECTIVE��4HE�PARTS�INTERACT�BY�MEANS�OF�CONCRETE�INTERACTIONS�

2ELATION�WITH�NEXT�HIGHER�LEVEL��!�MODEL�AT�THIS�ABSTRACTION�LEVEL�IS�A�REFINEMENT�OF�A
MODEL� DEFINED� FROM� THE� PHYSICALLY� DISTRIBUTED� SYSTEM� PERSPECTIVE�� ,OCAL� INTERFACE
REFINEMENT� IS� REQUIRED� TO� MAKE� THIS� REFINEMENT�� ,OCAL� INTERFACE� REFINEMENT� IS� THE
REPLACEMENT�OF�ONE�OR�MORE�ABSTRACT�INTERACTIONS�OF�A�NUMBER�OF�ENTITIES�BY�A�SET�OF
RELATED�CONCRETE�INTERACTIONS�OF�THE�ORIGINAL�ENTITIES�OR�PARTS�THEREOF�



����!BSTRACTION�LEVELS���

&IGURE� ����� SHOWS� TWO� ALTERNATIVES� FOR� LOCAL� INTERFACE� REFINEMENT�� 4HE� FIRST
ALTERNATIVE��&IGURE�����A	�IS�THE�REPLACEMENT�OF�AN�ABSTRACT�INTERACTION�OF�A�GROUP�OF
ENTITIES�BY�MULTIPLE�RELATED�CONCRETE�INTERACTIONS�OF�THE�ORIGINAL�ENTITIES��!N�EXAMPLE
IS�THE�REPLACEMENT�OF�THE�INTERACTION�ëSALES�OF�GOODSì�OF�AN�ORGANISATION�AND�A�CLIENT
BY� THE� RELATED� INTERACTIONS� ëSALES� OF� GOOD� �ì� AND� ëSALES� OF� GOOD� �ì� OF� THE� SAME
ORGANISATION�AND�THE�SAME�CLIENT�

4HE� SECOND� ALTERNATIVE� FOR� LOCAL� INTERFACE� REFINEMENT� �&IGURE� ����B	� IS� THE
REPLACEMENT� OF� AN� INTERACTION� OF� ABSTRACT� ENTITIES� BY� AN� INTERACTION� OF� CONCRETE
ENTITIES�� WHERE� SOME� OF� THE� CONCRETE� ENTITIES� ARE� PARTS� OF� THE� ABSTRACT� ENTITIES�� !N
EXAMPLE�IS�THE�REPLACEMENT�OF�THE�INTERACTION�ëSALES�OF�GOODSì�OF�AN�ORGANISATION�AND
A� CLIENT� BY� THE� INTERACTION� ëSALES� OF� GOODSì� OF� THE� SALES� DEPARTMENT� OF� THE
ORGANISATION��THE�ACCOUNTING�DEPARTMENT�OF�THE�ORGANISATION��AND�THE�CLIENT�

�B	�A	

! "

"!

"�!

"�

&IGURE��������4WO�TYPES�OF�LOCAL�INTERFACE�REFINEMENT�

!NOTHER� ALTERNATIVE� FOR� LOCAL� INTERFACE� REFINEMENT� IS� THE� REPLACEMENT� OF� ABSTRACT
VALUES�ESTABLISHED�IN�INTERACTIONS�BY�CONCRETE�VALUES��!N�EXAMPLE�IS�THE�REPLACEMENT
OF�THE�VALUE�ëNAME�AND�ADDRESSì�OF�TYPE�ëPERSONAL�INFOì�BY�THE�VALUES�ëFIRST�NAMEì
OF� TYPE� ëSTRING;��=ì�� ëLAST� NAMEì� OF� TYPE� ëSTRING;��=ì� AND� ëADDRESSì� OF� TYPE
ëSTRING;���=ì�IN�AN�INTERACTION�

5SE�IN�OTHER�DEVELOPMENT�METHODS��,OCAL�INTERFACE�REFINEMENT�MAY�BE�REQUIRED�AS�A
CONSEQUENCE� OF� OTHER� REFINEMENT� OPERATIONS�� 4HEREFORE�� SOME� LOCAL� INTERFACE
REFINEMENT�IS�USUALLY�CARRIED�OUT�THROUGHOUT�THE�DEVELOPMENT�PROCESS��&OR�EXAMPLE�
SECTION� ������ SHOWED� THAT� ENTITY� DECOMPOSITION� MAY� REQUIRE� LOCAL� INTERFACE
REFINEMENT�

(OWEVER��LOCAL�INTERFACE�REFINEMENT�IS�NOT�ALWAYS�REQUIRED�AS�A�CONSEQUENCE�OF�OTHER
REFINEMENT� OPERATIONS�� %XAMPLES� ARE� THE� DECOMPOSITION� OF� AN� INTERACTION� INTO� A
SEQUENCE� OF� INTERACTIONS� DUE� TO� LIMITATIONS� OF� THE� INTERACTION� POINT� �E�G�� THE



������!PPLICATION�EXAMPLE ���

DECOMPOSITION� OF� ëDELIVERY� OF� ALL� GOODSì� INTO� ëDELIVERY� OF� GOOD� �ì�� ëDELIVERY� OF
GOOD��ì��ETC��DUE�TO�A�LIMITED�CAPACITY�OF�THE�DELIVERY�POINT	�AND�THE�REPLACEMENT�OF
ABSTRACT�VALUES�ESTABLISHED�IN�INTERACTIONS�BY�CONCRETE�VALUES��E�G��THE�DEVELOPMENT�OF
A�FORM�ON�WHICH�CUSTOMERS�SPECIFY�THEIR�ORDERS	�

)N�ORDER�TO�PREVENT�DEVELOPERS�GETTING�OVERWHELMED�BY�UNNECESSARILY�DETAIL�EARLY�IN�A
DEVELOPMENT� PROCESS�� SUCH� LOCAL� INTERFACE� REFINEMENT� IS� BEST� CARRIED� OUT� AS� LATE� AS
POSSIBLE� IN� A� DEVELOPMENT� PROCESS��6ISSERS��� 3COLLO� ;����=� RECOMMEND� THAT� LOCAL
INTERFACE� REFINEMENT� IS� PERFORMED� IN� THE� IMPLEMENTATION� PHASE�� BUT� BEFORE� THE
DIFFERENT�SYSTEM�PARTS�ARE�IMPLEMENTED�BY�DIFFERENT��GROUPS�OF	�DESIGNERS��TO�PRESERVE
CONNECTABILITY� OF� THE� PARTS�� !LSO� &ERREIRA� 0IRES� ;����=� RECOMMENDS� THAT� �LOCAL	
INTERFACE�REFINEMENT�IS�PERFORMED�AT�A�LOW�ABSTRACTION�LEVEL��BUT�BEFORE�THE�SYSTEM�IS
FINALLY�IMPLEMENTED�

���� !PPLICATION�EXAMPLE

4HIS� SECTION� APPLIES� THE� ABSTRACTION� LEVELS�OF� SECTION����� TO� THE�DEVELOPMENT�OF� AN
EXAMPLE� BUSINESS� PROCESS�� THE� SALES� OF� AN� AIRLINE� TICKET� BY� A� TRAVEL� AGENCY�� 4HE
PURPOSE�OF�THIS�EXAMPLE�IS�TO�ILLUSTRATE�THE�DISTINGUISHED�ABSTRACTION�LEVELS��/NLY�THE
ASPECTS�OF�THE�BUSINESS�PROCESS�THAT�ARE�RELEVANT�FOR�THIS�PURPOSE�ARE�MODELLED�

������ 3YSTEM�EMBEDDED�IN�ITS�ENVIRONMENT

7E�CONSIDER�THE�SALES�PROCESS�OF�AN�AIRLINE�TICKET�FOR�A�SINGLE�CUSTOMER��!T�THE�HIGHEST
ABSTRACTION�LEVEL�THREE�ACTIONS�ARE�DISTINGUISHED�IN�THIS�PROCESS�

• INFORM��IN�WHICH�A�NUMBER�OF�TICKET�OPTIONS�ARE�ESTABLISHED�

• BOOK���PAY��IN�WHICH�AN�AIRLINE�TICKET�IS�BOOKED�AND�PAID�FOR�

• RECEIVE�TICKET��IN�WHICH�THE�BOOKED�TICKET�IS�RECEIVED�

&IGURE������DEPICTS�THESE�ACTIONS�AND�THEIR�RELATIONS�

������ )NTEGRATED�SYSTEM�PERSPECTIVE

!T� THIS� ABSTRACTION� LEVEL� THE� DISTINGUISHED� ACTIONS� ARE� DISTRIBUTED� OVER� THE� TRAVEL
AGENCY�AND�THE�CUSTOMER�AS�FOLLOWS�

• IN�THE�INTERACTION�INFORM�THE�TRAVEL�AGENCY�IS�RESPONSIBLE�FOR�SUPPLYING�A�NUMBER
OF�TICKET�OPTIONS�THAT�MATCH�THE�CLIENTèS�REQUIREMENTS�

• IN�THE�INTERACTION�BOOK���PAY�THE�CLIENT�IS�RESPONSIBLE�FOR�SELECTING�A�TICKET�TO�BE
BOOKED�FROM�THE�OPTIONS�AND�FOR�ENSURING�THAT�HE�OR�SHE�DOES�NOT�PAY�MORE�FOR
THE�TICKET�THAN�THE�REQUIRED�PRICE��WHEREAS�THE�TRAVEL�AGENCY�SHOULD�ENSURE� THAT
THE�PAYMENT�AMOUNT�IS�EXACTLY�THE�REQUIRED�PRICE�



����!BSTRACTION�LEVELS���

INFORM
���OPTIONS�����	

BOOK���PAY
���BOOKING������
���PAYMENT���	
��;BOOKING∈�OPTIONS�
���PAYMENT���0RICE/F�BOOKING	=

RECEIVE�TICKET
���TICKET�����	
��;TICKET�4ICKET/F�BOOKING	=

&IGURE��������4RAVEL�AGENCY�EMBEDDED�IN�ITS�ENVIRONMENT��VIEWED�AS�A�SINGLE
ENTITY�

• IN�THE�INTERACTION�RECEIVE�TICKET�BOTH�PARTIES�ARE�RESPONSIBLE�FOR�CHECKING�THAT�THE
RECEIVED�TICKET�IS�THE�BOOKED�TICKET�

&IGURE� ����� REPRESENTS� THIS� DISTRIBUTION� OF� ACTIONS�� AS� WELL� AS� THE� DISTRIBUTION� OF
RELATIONS�OVER� ENTITIES��4HE� RESPONSIBILITY� FOR� THE� ENABLING� RELATION� BETWEEN� INFORM
AND�BOOK���PAY� HAS� BEEN�WHOLLY� ASSIGNED� TO� THE� CLIENT�� TO� EXPRESS� THAT� THE� CLIENT
DOES�NOT�BOOK�WITHOUT�HAVING�BEEN� INFORMED��WHEREAS� THE� TRAVEL� AGENCY� IS� ALWAYS
PREPARED�TO�BOOK�

������ ,OGICALLY�DISTRIBUTED�SYSTEM�PERSPECTIVE

!T� THIS� ABSTRACTION� LEVEL� THE� TRAVEL� AGENCY� IS� DECOMPOSED� INTO� LOGICAL� PARTS�� 7E
DISTINGUISH�

• THE�TRAVEL�SHOP�AT�WHICH�THE�INTERACTIONS�WITH�THE�CLIENT�TAKE�PLACE�

• AN�AIRLINE�RESERVATION�SYSTEM�THAT�IS�USED�TO�RESERVE�TICKETS��MAKE�RESERVATION	�AND
TO�CREATE�TICKETS��MAKE�TICKET	�

• THE�HEAD�OFFICE�AT�WHICH��AFTER�A�NOTICE�FROM�THE�TRAVEL�SHOP��NOTIFY�RESERVATION	�
THE�TICKET�IS�MADE�AND�THEN�TRANSFERRED�TO�THE�TRAVEL�SHOP��TRANSFER�TICKET	�

&IGURE������REPRESENTS�THE�RESULTING�SYSTEM��3INCE�THE�BEHAVIOUR�OF�THE�CLIENT�REMAINS
THE� SAME� AS� IN� &IGURE� ������WE� REFRAIN� FROM� REPRESENTING� THIS� BEHAVIOUR� IN� &IGURE
�����AND�&IGURE�������&OR�THE�SAKE�OF�SIMPLICITY��THESE�FIGURES�DO�NOT�SHOW�THE�VALUES
ESTABLISHED�IN�INTERACTIONS�EITHER�

4HE�LOGICAL�DECOMPOSITION�COULD�GO�FURTHER��BY�DISTINGUISHING�DIFFERENT�ENTITIES�IN�THE
TRAVEL�SHOP�AND�THE�HEAD�OFFICE��AND�THE�INTERACTIONS�OF�THESE�ENTITIES�



������!PPLICATION�EXAMPLE ���

INFORM
���REQS�����
���OPTIONS�����	

RECEIVE�TICKET
���TICKET�����	
��;TICKET�4ICKET/F�BOOKING	=

INFORM
���REQS�����
���OPTIONS�����	
���;-ATCH�OPTIONS�REQS	=

BOOK���PAY
���BOOKING������
���PAYMENT���	
��;BOOKING∈�OPTIONS�
���PAYMENT�≤�0RICE/F�BOOKING	=

BOOK���PAY
���BOOKING������
���PAYMENT���	
��;PAYMENT�0RICE/F�BOOKING	=

RECEIVE�TICKET
���TICKET�����	
��;TICKET�4ICKET/F�BOOKING	=

TRAVEL�AGENCY

CLIENT

&IGURE��������4RAVEL�AGENCY�AND�CLIENT�FROM�INTEGRATED�SYSTEM�PERSPECTIVE�

AIRLINE�RESERVATION
SYSTEM

HEAD�OFFICETRAVEL�SHOP

INFORM BOOK���PAY

RECEIVE�TICKET

NOTIFY
RESERVATION

MAKE
RESERVATION

MAKE�TICKET

TRANSFER�TICKET

&IGURE��������4RAVEL�AGENCY�FROM�LOGICALLY�DISTRIBUTED�SYSTEM�PERSPECTIVE�



����!BSTRACTION�LEVELS���

������ 0HYSICALLY�DISTRIBUTED�SYSTEM�PERSPECTIVE

!T�THIS�ABSTRACTION�LEVEL�THE�PHYSICAL�DISTRIBUTION�OF�ACTIVITIES�IS�TAKEN�INTO�ACCOUNT��)N
OUR� EXAMPLE� MOST� OF� THE� PARTS� DISTINGUISHED� FROM� THE� LOGICALLY� DISTRIBUTED
PERSPECTIVE�ARE�IN�FACT�PHYSICALLY�DISTRIBUTED��4HE�FOLLOWING�SYSTEMS�ARE�IDENTIFIED�TO
ENABLE�THEIR�INTERACTION�

• AN� ELECTRONIC� COMMUNICATION� SYSTEM� THAT� ALLOWS� THE� EXCHANGE� OF� ELECTRONIC
MESSAGES�BETWEEN�THE�TRAVEL�SHOP�AND�THE�AIRLINE�RESERVATION�SYSTEM��AND�BETWEEN
THE�TRAVEL�SHOP�AND�THE�HEAD�OFFICE�

• A�COURIER�SERVICE�THAT�SUPPORTS�THE�TRANSFER�OF�TICKETS�FROM�THE�HEAD�OFFICE�TO�THE
TRAVEL�SHOP�

3OME� OF� THE� INTERACTIONS� OF� THE� PARTS� DISTINGUISHED� FROM� THE� LOGICALLY� DISTRIBUTED
PERSPECTIVE� HAVE� TO� BE� DECOMPOSED� AT� THIS� ABSTRACTION� LEVEL�� &OR� EXAMPLE�� THE
INTERACTION�MAKE� RESERVATION� BETWEEN� THE� TRAVEL� SHOP� AND� THE� AIRLINE� RESERVATION
SYSTEM� IS� DECOMPOSED� INTO� FOUR� RELATED� INTERACTIONS�� IN� WHICH� THE� ELECTRONIC
COMMUNICATION� SYSTEM� PARTICIPATES�� RESERVATION� REQUEST�� RESERVATION� INDICATION�
RESERVATION�RESPONSE��AND�RESERVATION�CONFIRM�

&IGURE������REPRESENTS�THE�TRAVEL�AGENCY�FROM�THE�PHYSICALLY�DISTRIBUTED�PERSPECTIVE�

TRAVEL�SHOP

AIRLINE�RESERVATION

SYSTEM

RESERVATION

CONFIRM

RESERVATION

INDICATION

RESERVATION

RESPONSE

ELECTRONIC

COMMUNICATION

SYSTEM

INFORM

BOOK���PAY

RESERVATION

REQUEST

MAKE�TICKET

COURIER

SERVICE

RESERVATION

NOTIFICATION

REQUEST

HEAD�OFFICE

RESERVATION

NOTIFICATION

INDICATION

SEND

TICKET�TO

TRAVEL�SHOP

RECEIVE

TICKET�AT

TRAVEL�SHOP

RECEIVE�TICKET

&IGURE��������4RAVEL�AGENCY�FROM�PHYSICALLY�DISTRIBUTED�PERSPECTIVE�
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������ ,OCAL�INTERFACE�REFINED�SYSTEM�PERSPECTIVE

!T�THIS�LEVEL�THE�ABSTRACT�INTERACTIONS�OF�THE�PHYSICALLY�DISTRIBUTED�SYSTEM�PERSPECTIVE
ARE�REPLACED�BY�CONCRETE�INTERACTIONS��7E�GIVE�SOME�EXAMPLES�OF�VALUES�ESTABLISHED�IN
INTERACTIONS�THAT�HAVE�TO�BE�DEFINED�

• THE�BOOKING�FORMS�AND�RESERVATION�FORMS�

• THE�AIRLINE�TICKETS�AND�THE�RULES�ACCORDING�TO�WHICH�THEY�SHOULD�BE�FILLED�OUT�

• THE�CONCRETE�VALUES�OF�THE�INTERACTIONS�OF�THE�TRAVEL�SHOP��THE�HEAD�OFFICE��AND�THE
AIRLINE�RESERVATION�SYSTEM�WITH�THE�ELECTRONIC�COMMUNICATION�SYSTEM�

7E�DO�NOT�DEFINE�THE�CONCRETE�INTERACTIONS�HERE�TO�KEEP�THE�EXAMPLE�BRIEF�

���� #ONCLUSIONS

!BSTRACTION� LEVELS� ARE� SYSTEM� PERSPECTIVES�� SUCH� THAT� EACH�MODEL� OF� A� SYSTEM� AT� A
PARTICULAR� ABSTRACTION� LEVEL� CONTAINS� EITHER�MORE�OR� LESS�DETAIL� THAN� A�MODEL�OF� THE
SYSTEM�AT�ANOTHER�ABSTRACTION�LEVEL��)N�CONTRAST�TO�SOCALLED�VIEWPOINTS��THE�RELATIONS
BETWEEN� ABSTRACTION� LEVELS� ARE� WELLDEFINED�� AND� THE� CONSTRUCTION� OF� A� COMPLETE
MODEL�OF�A�SYSTEM�IS�THEREBY�EASED�

4HE� FOLLOWING� GENERIC� ABSTRACTION� LEVELS� WERE� DISTINGUISHED�� &ROM� THE� INTEGRATED
SYSTEM�PERSPECTIVE��A�SYSTEM�IS�REPRESENTED�AS�AN� INTEGRATED�WHOLE��NEITHER� INTERNAL
ACTIONS��NOR�INTERNAL�PARTS�OF�THE�SYSTEM�ARE�REPRESENTED��&ROM�THE�INTERACTION�SYSTEM
PERSPECTIVE� OF� THE� PARTS�� THE� RELATED� INTERNAL� INTERACTIONS� OF� THE� SYSTEM� PARTS� ARE
REPRESENTED��THE�PARTS�ARE�NOT�REPRESENTED��4HIS�ALLOWS�ONE� TO�CONSIDER� THE�VARIOUS
WAYS�IN�WHICH�THESE�INTERNAL�INTERACTIONS�CAN�BE�DISTRIBUTED�OVER�THE�PARTS��&ROM�THE
DISTRIBUTED�SYSTEM�PERSPECTIVE��A�SYSTEM�IS�REPRESENTED�AS�A�COLLECTION�OF� INTERACTING
PARTS�

4HE�FOLLOWING�SPECIFIC�ABSTRACTION�LEVELS�WERE�DISTINGUISHED��&ROM�THE�PERSPECTIVE�OF
THE� SYSTEM� EMBEDDED� IN� ITS� ENVIRONMENT�� THE� SYSTEM� AND� ITS� ENVIRONMENT� ARE
REPRESENTED� WITHOUT� A� DISTINCTION� BETWEEN� THE� TWO�� 4HE� INTEGRATED� SYSTEM
PERSPECTIVE�WAS�DEFINED�ABOVE��&ROM�THE� LOGICALLY�DISTRIBUTED� SYSTEM�PERSPECTIVE�� A
SYSTEM� IS� REPRESENTED�AS�A�COLLECTION�OF� INTERACTING�PARTS��WHERE�ONE�ABSTRACTS� FROM
THE� PHYSICAL� DISTRIBUTION� OF� THESE� PARTS�� &ROM� THE� PHYSICALLY� DISTRIBUTED� SYSTEM
PERSPECTIVE�� A� SYSTEM� IS� REPRESENTED� AS� A� COLLECTION� OF� PHYSICALLY� DISTRIBUTED� PARTS�
&ROM�THE�LOCAL�INTERFACE�REFINED�SYSTEM�PERSPECTIVE��THE�CONCRETE�INTERACTIONS�OF�PARTS
ARE�ADDITIONALLY�REPRESENTED�



���� )NTRODUCTION

������ -OTIVATION

4HIS� CHAPTER� DISCUSSES� THE� SELECTION� AND� CONSTRUCTION� OF� DEVELOPMENT� STRATEGIES�� !
DEVELOPMENT�STRATEGY�PRESCRIBES�THE�ORDER�IN�WHICH�DEVELOPMENT�STEPS�ARE�CARRIED�OUT
IN�A�DEVELOPMENT�PROCESS��!�DEVELOPMENT�STEP� IS�AN�ACTIVITY� IN�WHICH�ONE�OR�MORE
DEVELOPMENT�DECISIONS�ARE�TAKEN��%XAMPLES�OF�DEVELOPMENT�STRATEGIES�ARE�THE�WATER
FALL�MODEL�AND�RAPID�PROTOTYPING�

3YNONYMS�OF�THE�TERM�DEVELOPMENT�STRATEGY�ARE�ëSOFTWARE�PROCESS�MODELì�;"OEHM�
����=�AND�ëSOFTWARE�DEVELOPMENT�LIFE�CYCLE�MODELì�;$AVIS��"ERSOFF���#OMER������=�
7E�PREFER�THE�TERM�DEVELOPMENT�STRATEGY��BECAUSE�THE�FIRST�SYNONYM�IS�ALSO�USED�TO
REFER� TO� THE�DYNAMIC�ASPECT�OF�A�BEHAVIOUR�MODEL��WHEREAS� THE� SECOND� SYNONYM� IS
ALSO�USED�TO�REFER�TO�THE�WATERFALL�MODEL�

"OEHM�;����=�STATES��BASED�ON�HIS�EXPERIENCE��THAT�THE�CHOICE�FOR�AN�APPROPRIATE�DE
VELOPMENT� STRATEGY� IS�AN� IMPORTANT� FACTOR� IN� THE�SUCCESS�OF�A�DEVELOPMENT�PROCESS�
%VEN�THOUGH�DEVELOPERS�ARE�USUALLY�AWARE�OF�THE�IMPORTANCE�OF�A�DEVELOPMENT�STRAT
EGY�IN�A�DEVELOPMENT�PROCESS��THE�SELECTION�OF�A�DEVELOPMENT�STRATEGY�IS�NOT�ALWAYS
CARRIED�OUT� ON� THE� BASIS� OF� AN� ANALYSIS� OF� THE� DEVELOPMENT� OBJECTIVES� THE� DEVELOP
MENT�STRATEGY�SHOULD�SUPPORT��%VEN�WHEN�DEVELOPERS�TRY�TO�DO�SO��TWO�MAJOR�PROB
LEMS�WITH� THE� USE� OF� CURRENT� DEVELOPMENT� STRATEGIES� BECOME� APPARENT� ;$AWSON��
#ARTWRIGHT������=�

• )T� IS� OFTEN� UNCLEAR� FOR� WHAT� DEVELOPMENT� PROCESSES� A� PARTICULAR� DEVELOPMENT
STRATEGY�IS�APPROPRIATE��AUTHORS�OFTEN�CLAIM�ëUNIVERSALì�APPLICABILITY�OF�THEIR�DE
VELOPMENT�STRATEGIES��WHICH��IN�PRACTICE��APPEARS�QUESTIONABLE�
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• /FTEN�NONE�OF�THE�CURRENT�DEVELOPMENT�STRATEGIES�SUPPORTS�A�PARTICULAR�DEVELOP
MENT�PROCESS� COMPLETELY�� )N� SUCH� CASES�� A�NEW�DEVELOPMENT� STRATEGY��POSSIBLY� A
COMBINATION� OF� CURRENT� DEVELOPMENT� STRATEGIES�� SHOULD� BE� USED�� )T� IS�� HOWEVER�
UNCLEAR�HOW�SUCH�A�COMBINED�DEVELOPMENT�STRATEGY�SHOULD�BE�CONSTRUCTED�

4HE�GOAL�OF�THIS�CHAPTER�IS�TO�SHOW�HOW�THESE�PROBLEMS�CAN�BE�OVERCOME��4HIS�CHAP
TER�DESCRIBES�

• CRITERIA�FOR�THE�EVALUATION�OF�DEVELOPMENT�STRATEGIES�

• HOW�A�SUITABLE�BASIC�DEVELOPMENT�STRATEGY�FOR�A�DEVELOPMENT�PROCESS�CAN�BE�SE
LECTED�ON�THE�BASIS�OF�THESE�CRITERIA�

• HOW�COMPOSITE�DEVELOPMENT�STRATEGIES�CAN�BE�CONSTRUCTED�FROM�THE�BASIC�DEVEL
OPMENT�STRATEGIES�

������ 3TRUCTURE

3ECTION�����BRIEFLY�DESCRIBES�SOME�BASIC�DEVELOPMENT�STRATEGIES�

3ECTION�����DESCRIBES�THE�STRUCTURE�OF�THESE�DEVELOPMENT�STRATEGIES�

3ECTION����� INTRODUCES� CRITERIA� FOR� THE� EVALUATION� OF� DEVELOPMENT� STRATEGIES�� 4HESE
CRITERIA�ARE�DEVELOPMENT�OBJECTIVES��SUCH�AS�THE�MINIMISATION�OF�REWORK	�THAT�DEVEL
OPMENT�STRATEGIES�MAY�SUPPORT��4HE�SECTION�THEN�EVALUATES�THE�DISCUSSED�BASIC�STRATE
GIES�BY�IDENTIFYING�HOW�WELL�THESE�STRATEGIES�SUPPORT�THE�DISTINGUISHED�DEVELOPMENT
OBJECTIVES�

3ECTION�����SHOWS�HOW�THE�RESULTS�OF�THIS�EVALUATION�CAN�BE�USED�TO�SELECT�A�DEVELOP
MENT�STRATEGY�THAT�IS�APPROPRIATE�FOR�A�PARTICULAR�DEVELOPMENT�PROCESS��)T�SHOWS�THAT
THIS�SELECTION�SHOULD�TAKE�PLACE�ON�THE�BASIS�OF�THE�NEED�FOR�THE�SUPPORT�OF�PARTICULAR
DEVELOPMENT�OBJECTIVES�IN�A�DEVELOPMENT�PROCESS�

3ECTION�����DESCRIBES�THE�CONSTRUCTION�OF�COMPOSITE�DEVELOPMENT�STRATEGIES�FROM�BA
SIC�DEVELOPMENT�STRATEGIES�

3ECTION�����CONCLUDES�WITH�A�DISCUSSION�OF�SUITABILITY�OF� THE� IDENTIFIED�DEVELOPMENT
STRATEGIES�IN�SOME�SPECIFIC�TYPES�OF�DEVELOPMENT�PROCESSES�

0ART�OF�THE�WORK�DESCRIBED�IN�THIS�CHAPTER�IS�BASED�ON�;$E�7EGER���&RANKEN������=�

���� 3OME�BASIC�DEVELOPMENT�STRATEGIES

4HIS�SECTION�DESCRIBES�SOME�CURRENT�DEVELOPMENT�STRATEGIES��BOTH�TO�GIVE�THE�READER
INSIGHT� IN� THESE� STRATEGIES��AND� TO�GIVE�OUR� INTERPRETATION�OF� THE�STRATEGIES� �WHICH� IS
NECESSARY�BECAUSE�THE�TERMINOLOGY�USED�IN�THIS�AREA�IS�SOMETIMES� INCONSISTENT	��4HE
DEVELOPMENT�STRATEGIES�DESCRIBED�HERE�ARE�BASIC�IN�THE�SENSE�THAT�THEY�SERVE�AS�BUILD
ING�BLOCKS�FOR�THE�COMPOSITE�DEVELOPMENT�STRATEGIES�DESCRIBED�IN�SECTION�����
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4HE�DEVELOPMENT�STRATEGIES�DESCRIBED�IN�THIS�SECTION�ARE�APPLICABLE�TO�DISTRIBUTED�SYS
TEMS�DEVELOPMENT��4HE�NAMES�WE�USE�FOR�THE�DEVELOPMENT�STRATEGIES�ARE�THE�NAMES
CUSTOMARILY�USED�IN�SOFTWARE�DEVELOPMENT��E�G��THE�WATERFALL�MODEL�AND�EVOLUTIONARY
DEVELOPMENT	��SINCE�WE�ASSUME�THE�READER�IS�FAMILIAR�WITH�MOST�OF�THESE�NAMES��4HIS
DOES�� HOWEVER�� NOT� IMPLY� THAT� THE� DEVELOPMENT� STRATEGIES� ARE� ONLY� APPLICABLE� TO
SOFTWARE�DEVELOPMENT��4HEY�ARE�APPLICABLE�TO�BUSINESS�PROCESSES�AS�WELL��'ANZEVOORT
;����=��FOR�EXAMPLE��WHO�DISCUSSES�STRATEGIES�FOR�ORGANISATION�DEVELOPMENT��CALLS�THE
WATERFALL�MODEL�ëDESIGNì�AND�THE�EVOLUTIONARY�DEVELOPMENT�STRATEGY�ëDEVELOPMENTì�

������ 7ATERFALL�MODEL

4HE�WATERFALL� MODEL�� FIRST� DESCRIBED� IN� ;2OYCE�� ����=�� IS� BASED� ON� THE� FOLLOWING
GUIDELINES�

��� DESIGN�A�SYSTEM�AT�SUCCESSIVELY�LOWER�ABSTRACTION�LEVELS�

��� COMPLETE�THE�DESIGN�AT�ONE�ABSTRACTION�LEVEL�BEFORE�PROCEEDING�TO�A�LOWER�LEVEL�

"ECAUSE� DEVELOPERS�MAY�MAKE� INVALID� DESIGNS� THAT� NEED� CORRECTION�� DEVELOPERS� ARE
ALLOWED�TO�CORRECT�DESIGNS�AT�HIGHER�ABSTRACTION�LEVELS�IF�THEY�ESTABLISH�THE�INVALIDITY
OF�A�DESIGN�WHEN�WORKING�ON�A�DESIGN�AT�A�LOWER�ABSTRACTION�LEVEL�

������ %VOLUTIONARY�DEVELOPMENT�STRATEGY

4HE�EVOLUTIONARY�DEVELOPMENT�STRATEGY�;-C#RACKEN���*ACKSON��������(IRSCH������=
IS�BASED�ON�THE�FOLLOWING�GUIDELINES�

��� ELICIT�SOME�REQUIREMENTS�OF�THE�SYSTEM�AND�IMPLEMENT�THESE�

��� ELICIT� MORE� REQUIREMENTS� AND� ADD� THEIR� IMPLEMENTATION� TO� THE� PARTIALLY� IMPLE
MENTED�SYSTEM�

��� REPEAT�STEP���UNTIL�NO�MORE�REQUIREMENTS�HAVE�TO�BE�ELICITED�AND�THE�SYSTEM�HAS
BEEN�IMPLEMENTED�

4HE�EVOLUTIONARY�DEVELOPMENT�STRATEGY�SHOULD�NOT�BE�CONFUSED�WITH�THE�INCREMENTAL
DEVELOPMENT�STRATEGY��WHICH�IS�DISCUSSED�IN�SECTION�����

������ #ODEANDFIX�STRATEGY

"OEHM� ;����=�DESCRIBES� THE� CODEANDFIX� STRATEGY� AS� THE� FIRST� DEVELOPMENT� STRATEGY
APPLIED� TO� INFORMATION� SYSTEMS� DEVELOPMENT�� )N� POPULAR� JARGON� THIS� STRATEGY� IS
KNOWN�AS�ëHACKINGì��)T�IS�BASED�ON�THE�FOLLOWING�GUIDELINES�

��� MAKE� AN� IMPLEMENTATION� OF� THE� SYSTEM� �WITHOUT� CREATING� DESIGNS� AT� HIGHER� AB
STRACTION�LEVELS	�

��� ADAPT�THE� IMPLEMENTATION� TO� FIX�ëBUGSì�AND� TO�MAKE� IT�BETTER�ADHERE� TO� THE�RE
QUIREMENTS�



����$EVELOPMENT�STRATEGIES���

������ 2APID�PROTOTYPING

2APID�PROTOTYPING�;,UQI������=�IS�BASED�ON�THE�FOLLOWING�GUIDELINES�

��� ELICIT�THE�REQUIREMENTS�REGARDING�ESSENTIAL�FUNCTIONS�OF�THE�SYSTEM�

��� RAPIDLY�CREATE�AN�IMPLEMENTATION�OF�THE�SYSTEM��A�ëPROTOTYPEì	�THAT�SATISFIES�THESE
REQUIREMENTS�OF�THE�SYSTEM�

��� HAVE�USERS�EXPERIMENT�WITH�THE�SYSTEM��ELICIT�OTHER�REQUIREMENTS��AND�ADAPT�THE
PROTOTYPE�UNTIL�IT�MEETS�ALL�REQUIREMENTS�

4HE�RAPID�IMPLEMENTATION�OF�A�LARGE�SYSTEM�IS�USUALLY�HARD�TO�ACCOMPLISH��4WO�AP
PROACHES�FOR�OVERCOMING�THIS�PROBLEM�ARE�

• 4HE� USE� OF� TOOLS� THAT� AUTOMATE� A� PART� OF� THE� IMPLEMENTATION� PROCESS�� SUCH� AS
FOURTH� GENERATION� TOOLS�� 4HIS� APPROACH� IS� SOMETIMES� USED� IN� SOFTWARE� DEVELOP
MENT�� )TS�APPLICABILITY� IS��HOWEVER�� RESTRICTED� TO� THE� TYPES�OF� SOFTWARE� FOR�WHICH
SUCH�TOOLS�EXIST��!N�EXTREME�FORM�OF�RAPID�PROTOTYPING�OF�SOFTWARE�IS�THE�TRANS
FORM�MODEL� ;"ALZER�� ����=� OR� AUTOMATED� SOFTWARE� SYNTHESIS� ;0ARTSCH� �� 3TEIN
BRUGGEN������=��IN�WHICH�THE�PROTOTYPE�IS�AUTOMATICALLY�GENERATED�ON�THE�BASIS�OF
A�FORMAL�SPECIFICATION�OF�THE�REQUIREMENTS�OF�THE�SYSTEM�

• 4HE�IMPLEMENTATION�OF�THE�SYSTEM�ON�A�SMALL�SCALE��FOR�EXAMPLE�FOR�A�SMALL�GROUP
OF�CLIENTS�OR�USERS��4HIS�APPROACH�IS�OFTEN�USED�IN�BUSINESS�PROCESS�DEVELOPMENT
;$AVENPORT������=�

2APID�PROTOTYPING�IS�USUALLY�FOLLOWED�BY�AN�IMPLEMENTATION�OF�THE�SYSTEM�ACCORDING
TO� THE�WATERFALL�MODEL�� SINCE� IT� IS� HARD� TO�MEET� ALL� REQUIREMENTS� FOR� A� SYSTEM�WITH
RAPID�PROTOTYPING�ONLY��4YPICAL�REQUIREMENTS�THAT�ARE�HARD�TO�MEET�ARE�SCALABILITY��RE
LIABILITY��MAINTAINABILITY��AND�PERFORMANCE�REQUIREMENTS�

���� 3TRUCTURE�OF�DEVELOPMENT�STRATEGIES

������ 3EPARATION�OF�CONCERNS

!� DEVELOPMENT� PROCESS� INVOLVES� REPEATED� SEPARATION� OF� DEVELOPMENT� CONCERNS�� !T
EACH�POINT�IN�A�DEVELOPMENT�PROCESS�DECISIONS�ARE�TAKEN�IN�DEVELOPMENT�STEPS�WITH
REGARD�TO�PARTICULAR�DEVELOPMENT�CONCERNS��)F�SUCH�A�DEVELOPMENT�DECISION�DOES�NOT
RESULT�IN�A�DESIGN�OF�A�COMPONENT�THAT�CAN�BE�IMPLEMENTED�DIRECTLY��FURTHER�SEPARA
TION�OF�CONCERNS�IS�REQUIRED��4HE�DEVELOPMENT�DECISION�THUS�RESULTS�IN�NEW�DEVELOP
MENT�STEPS�IN�WHICH�NEW�DEVELOPMENT�DECISIONS�ARE�TAKEN��4HEREFORE��THE�REPRESENTA
TION�OF�A�DEVELOPMENT�PROCESS�THAT�SHOWS�THE�DEVELOPMENT�DECISIONS�RESULTING�FROM
REPEATED�SEPARATION�OF�DEVELOPMENT�CONCERNS�RESEMBLES�A�TREE�STRUCTURE��&IGURE����
SHOWS�A�DEVELOPMENT�PROCESS�IN�TERMS�OF�A�TREE�OF�DEVELOPMENT�DECISIONS�

3INCE� MOST� DEVELOPMENT� DECISIONS� ORIGINATE� IN� A� DEVELOPMENT� PROCESS� AS� CONSE
QUENCES�OF�PREVIOUSLY�TAKEN�DEVELOPMENT�DECISIONS��DIFFERENT�DEVELOPMENT�PROCESSES
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COMPRISE�DIFFERENT�DEVELOPMENT�DECISIONS��)T�IS�THEREFORE�IMPOSSIBLE�FOR�DEVELOPMENT
STRATEGIES�� WHICH� ARE� APPLICABLE� TO� MANY� DEVELOPMENT� PROCESSES�� TO� FULLY� SUPPORT
SEPARATION�OF�CONCERNS�AT�THE�LEVEL�OF�INDIVIDUAL�DEVELOPMENT�DECISIONS�

)NSTEAD��DEVELOPMENT�STRATEGIES�SUPPORT�THE�DECOMPOSITION�OF�DEVELOPMENT�PROCESSES
INTO�GROUPS�OF�DEVELOPMENT�DECISIONS��4WO�FORMS�OF�SEPARATION�OF�CONCERNS�IN�DEVEL
OPMENT�PROCESSES��WHICH�WERE�IDENTIFIED�IN�CHAPTER����ARE�SUPPORTED�BY�DEVELOPMENT
STRATEGIES�

• HORIZONTAL�SEPARATION�OF�CONCERNS��WHICH�LEADS�TO�DISTINCT�ABSTRACTION�LEVELS�

• VERTICAL�SEPARATION�OF�CONCERNS��WHICH�LEADS�TO�DISTINCT�ASPECTS�OF�A�SYSTEM��THESE
ASPECTS�ARE�ALSO�CALLED�INCREMENTS�

&IGURE����� SHOWS�HOW�GROUPS� OF� DEVELOPMENT� DECISIONS� RELATE� TO� THE� DEVELOPMENT
CONCERNS�OF�ONE�ABSTRACTION�LEVEL�AND�ONE�INCREMENT��!N�ARROW�REPRESENTS�THAT�A�DE
VELOPMENT�DECISION�IS�TO�BE�TAKEN�AS�THE�CONSEQUENCE�OF�ANOTHER�DEVELOPMENT�DECI
SION�

!BSTR��LEVEL

!BSTRACTION�LEVEL

!BSTR��LEVEL

DEVELOPMENT
DECISION

DEVELOPMENT
DECISION

DEVELOPMENT
DECISION

DEVELOPMENT
DECISION

DEVELOPMENT
DECISION

DEVELOPMENT
DECISION

DEVELOPMENT
DECISION

DEVELOPMENT
DECISION

DEVELOPMENT
DECISION

)NCREMENT )NCREMENT

&IGURE�������$EVELOPMENT�DECISIONS�RESULTING�FROM�REPEATED�SEPARATION�OF
CONCERNS��AND�THEIR�RELATION�TO�ABSTRACTION�LEVELS�AND�INCREMENTS�

3EPARATION�OF�CONCERNS�IS�SUPPORTED�BY�THE�IDENTIFIED�BASIC�DEVELOPMENT�STRATEGIES�AS
FOLLOWS�

• THE�WATERFALL�MODEL�ONLY�SUPPORTS�HORIZONTAL�SEPARATION�OF�CONCERNS�
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• THE�EVOLUTIONARY�DEVELOPMENT� STRATEGY�ONLY� SUPPORTS�VERTICAL� SEPARATION�OF� CON
CERNS�

• RAPID� PROTOTYPING� POORLY� SUPPORTS� HORIZONTAL� SEPARATION� OF� CONCERNS�� SINCE� IT
ONLY�DISTINGUISHES�BETWEEN�REQUIREMENTS�AND�THEIR�IMPLEMENTATION��ONE�MAY�CON
SIDER�THAT�RAPID�PROTOTYPING�ALSO�SUPPORTS�VERTICAL�SEPARATION�OF�CONCERNS��SINCE�IT
PRESCRIBES�MULTIPLE�CYCLES�OF�REQUIREMENTS�CAPTURING�AND�IMPLEMENTATION��THIS�IS�
HOWEVER��NOT�THE�CASE��SINCE�IN�THE�DIFFERENT�CYCLES�ONE�MAY�RECONSIDER�THE�ENTIRE
SYSTEM��AND�NEW�CYCLES�DO�NOT�NECESSARILY�RESULT�IN�NEW�INCREMENTS	�

• THE�CODEANDFIX�STRATEGY�DOES�NOT�SUPPORT�ANY�SEPARATION�OF�CONCERNS�

������ /RDER�OF�DEVELOPMENT�STEPS

%ACH�BASIC�DEVELOPMENT�STRATEGY�ONLY�PRESCRIBES�THE�ORDER�OF�DEVELOPMENT�DECISIONS
BETWEEN� DISTINGUISHED� GROUPS� OF� DEVELOPMENT� DECISIONS�� I�E�� BETWEEN� THE� DEVELOP
MENT�STEPS�IN�EACH�OF�WHICH�A�GROUP�OF�DEVELOPMENT�DECISIONS�IS�MADE��!�BASIC�DE
VELOPMENT� STRATEGY�DOES� NOT� PRESCRIBE� THE� ORDER� OF� DEVELOPMENT� DECISIONS� �WITHIN
THE�DISTINGUISHED�GROUPS�OF�DEVELOPMENT�DECISIONS�

7HEN�WE�ABSTRACT�FROM�THE�RECONSIDERATION�OF�DEVELOPMENT�DECISIONS�ALLOWED�BY�THE
DEVELOPMENT� STRATEGIES� �WHICH�MAY� IN�PRACTICE� RESULT� IN�QUITE� CHAOTIC�ORDERS�OF�DE
VELOPMENT� STEPS	� THE� FOLLOWING� ORDERS� OF� DEVELOPMENT� STEPS� ARE� PRESCRIBED� BY� THE
IDENTIFIED�DEVELOPMENT�STRATEGIES�

• THE�WATERFALL�MODEL�PRESCRIBES�A� TOPDOWN�ORDER��DEVELOPMENT� STEPS�RELATING� TO
ONE�ABSTRACTION�LEVEL�SHOULD�BE�PERFORMED�BEFORE�DEVELOPMENT�STEPS�RELATING�TO�A
LOWER�ABSTRACTION�LEVEL�

• THE� EVOLUTIONARY�MODEL� PRESCRIBES� A� BREADTHFIRST� ORDER�� DEVELOPMENT� STEPS� RE
LATING�TO�ONE� INCREMENT� SHOULD�BE�PERFORMED�BEFORE�DEVELOPMENT� STEPS�RELATING
TO�THE�NEXT�INCREMENT�

• RAPID�PROTOTYPING�PRESCRIBES� A� TOPDOWN�ORDER�� THE� ESSENTIAL� USER� REQUIREMENTS
ARE�ELICITED�BEFORE�THEY�ARE�IMPLEMENTED�

• THE�CODEANDFIX�STRATEGY�PRESCRIBES�NO�ORDER�

&IGURE����� SHOWS� THE� STRUCTURE�OF� EACH�BASIC�DEVELOPMENT� STRATEGY��4HE�GREY�BOXES
REPRESENT�DEVELOPMENT�DECISIONS�RESULTING�FROM�POSSIBLE�HORIZONTAL�AND�VERTICAL�SEPA
RATION�OF�CONCERNS��4HE�BLACK�BOXES�REPRESENT�THE�DEVELOPMENT�STEPS�IN�WHICH�THESE
DEVELOPMENT�DECISIONS�ARE�TAKEN��!RROWS�BETWEEN�THE�DEVELOPMENT�STEPS�INDICATE�THE
ORDER�OF� DEVELOPMENT� STEPS��4HE� FIGURE� ABSTRACTS� FROM� RECONSIDERATION�OF� DEVELOP
MENT�DECISIONS�
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�A	�WATERFALL�MODEL �B	�RAPID�PROTOTYPING �C	�CODEANDFIX
�����STRATEGY

�D	�EVOLUTIONARY�DEVELOPMENT

INCREMENTS

ABSTRACTION
LEVELS

&IGURE�������3TRUCTURES�OF�IDENTIFIED�DEVELOPMENT�STRATEGIES��!RROWS�BETWEEN
DEVELOPMENT�STEPS�REPRESENT�ORDER�OF�DEVELOPMENT�STEPS�

���� %VALUATION�OF�BASIC�DEVELOPMENT�STRATEGIES

������ #RITERIA

4HE�OBJECTIVE�OF�A�DEVELOPMENT�PROCESS�IS�TO�OBTAIN�AN�IMPLEMENTATION�OF�A�SYSTEM
SUCH� THAT� THE�SYSTEM�AND�THE�DEVELOPMENT�PROCESS� SATISFY�CERTAIN�CONDITIONS��4HESE
CONDITIONS�USUALLY�CONCERN�;7OHLIN��������6AN�3INDEREN������=�

• 4HE�REQUIREMENTS�THE�SYSTEM�SHOULD�SATISFY�

• 4HE�COSTS�OF�DEVELOPING��USING��MAINTAINING� THE� SYSTEM��4HESE�COSTS� SHOULD�� FOR
EXAMPLE��BE�MINIMISED�OR�NOT�EXCEED�A�CERTAIN�LIMIT�
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• 4HE�TIME�TO�DELIVERY�OF�THE�DEVELOPMENT�PROCESS��I�E��THE�TIME�BETWEEN�THE�START
OF�A�DEVELOPMENT�PROCESS�AND�THE�DELIVERY�OF�THE�PRODUCT��4HIS�TIME�SHOULD��FOR
EXAMPLE��BE�MINIMISED�OR�NOT�EXCEED�A�CERTAIN�LIMIT�

)T�THEREFORE�SEEMS�LOGICAL�TO�EVALUATE�THE�BASIC�DEVELOPMENT�STRATEGIES�ON�THE�BASIS�OF
THEIR�SUPPORT�FOR�DEVELOPMENT�OBJECTIVES�THAT�CONCERN�THESE�ASPECTS��!N�IMPEDIMENT
FOR�DOING�SO�IS��HOWEVER��THAT�DEVELOPMENT�STRATEGIES�CONCERN�ONLY�ONE�ASPECT�OF�DE
VELOPMENT�PROCESSES��THE�ORDER�OF�DEVELOPMENT�STEPS��4HIS�ORDER�HAS�LITTLE�IMPACT�ON
REQUIREMENTS�SATISFACTION��&OR�EXAMPLE��THE�MOST�IMPORTANT�FACTOR�THAT�INFLUENCES�THE
REQUIREMENTS� SATISFACTION� IS� THE�CAPABILITY�OF� THE�SYSTEM�DEVELOPERS� ;"OEHM������=�
ON�WHICH�A�DEVELOPMENT�STRATEGY�HAS�NO�INFLUENCE�

4HERE�ARE��HOWEVER��SOME�FACTORS�THAT�INFLUENCE�COSTS�AND�TIME�TO�DELIVERY�THAT�CAN
BE�INFLUENCED�BY�THE�USE�OF�DEVELOPMENT�STRATEGIES�

• !MOUNT� OF� REWORK�� 2EWORK�� EXTRA� ACTIVITY� DUE� TO� RECONSIDERATION� OF� DEVELOP
MENT�DECISIONS��CAUSES�DEVELOPMENT�COSTS�AND�OR�TIME�TO�DELIVERY�TO�INCREASE��"Y
MINIMISING�REWORK��DEVELOPMENT�COSTS�AND�OR�TIME�TO�DELIVERY�CAN�BE�DECREASED�

• 2ESOURCE�USE��)F�DEVELOPMENT�STEPS�USE�MORE�RESOURCES�THAN�REQUIRED�FOR�CARRYING
THEM� OUT� PROPERLY�� DEVELOPMENT� COSTS� AND�OR� TIME� TO� DELIVERY� WILL� INCREASE
;"OEHM������=��/PTIMAL�RESOURCE�USE�BY�EACH�DEVELOPMENT�STEP�CAN�DECREASE�DE
VELOPMENT�COSTS�AND�OR�TIME�TO�DELIVERY�

• #ONFORMANCE�TO�QUALITY�CRITERIA��7HEN�A�SYSTEM�CONFORMS�TO�THE�QUALITY�CRITERIA
DISCUSSED� IN�CHAPTER���� IT� IS�USUALLY� CHEAPER� TO�DEVELOP��MAINTAIN�� AND�USE� THAN
WHEN�IT�DOES�NOT��-OREOVER��CONFORMANCE�TO�QUALITY�CRITERIA�EASES�THE�REUSE�OF
PARTS�OF� THE�SYSTEM� IN�OTHER�DEVELOPMENT�PROCESSES��2EUSE�OF�PARTS�USUALLY�DE
CREASES�THE�COSTS�AND�OR�TIME�TO�DELIVERY�OF�A�DEVELOPMENT�PROCESS�

"ELOW�WE�THEREFORE�EVALUATE�EACH�BASIC�DEVELOPMENT�STRATEGY�ON�THE�BASIS�OF��	�THEIR
SUPPORT�FOR�MINIMISATION�OF�REWORK���	�THEIR�SUPPORT�FOR�OPTIMAL�RESOURCE�USE��AND
�	�THEIR�SUPPORT�FOR�CONFORMANCE�TO�QUALITY�CRITERIA��7E�ALSO�ELABORATE�ON�THE�NEED
FOR�THE�SUPPORT�OF�THESE�DEVELOPMENT�OBJECTIVES�

������ 3UPPORT�FOR�MINIMISATION�OF�REWORK

2EWORK

3OME�OF� THE�DEVELOPMENT�DECISIONS�MADE� IN� A�DEVELOPMENT�PROCESS�MAY�BE� FOUND
INCORRECT�OR�INAPPROPRIATE�AND�SHOULD�BE�RECONSIDERED��5NFORTUNATELY��THIS�INVALIDITY
OFTEN�BECOMES� CLEAR� LONG� AFTER� THESE�DECISIONS�HAVE�BEEN� TAKEN��!S� A� CONSEQUENCE�
LATER�DEVELOPMENT�DECISIONS�BASED�ON�A�PREVIOUS�INVALID�DECISION�MAY�ALSO�HAVE�TO�BE
RECONSIDERED�

&IGURE�����SHOWS�THE�EFFECT�OF�RECONSIDERATION�OF�DEVELOPMENT�DECISIONS�ON�THE�TREE
OF� DEVELOPMENT� DECISIONS�� !SSUME� THAT� THE� DEVELOPMENT� DECISIONS� SHOWN� IN� BLACK
HAVE�BEEN�CARRIED�OUT��3UPPOSE�THAT�DEVELOPERS�THEN�DISCOVER�THAT�DEVELOPMENT�DECI
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SION��A� IS� INVALID�� 4HIS� DEVELOPMENT� DECISION�� AND� POSSIBLY� DEVELOPMENT� DECISIONS
�AI�AND��AII��THEN�HAVE�TO�BE�RECONSIDERED��4HIS�REQUIRES�REWORK�TO�MAKE�NEW�DE
VELOPMENT�DECISIONS��WHICH�ARE�CALLED��Aè���AIè��AND��AIIè�IN�THE�FIGURE�

DEVELOPMENT
DECISION��

DEVELOPMENT
DECISION��B

DEVELOPMENT
DECISION��A

DEVELOPMENT
DECISION��AI

DEVELOPMENT
DECISION��AII

DEVELOPMENT
DECISION��Aè

DEVELOPMENT
DECISION��AIè

DEVELOPMENT
DECISION��AIIè

&IGURE�������2EWORK�DUE�TO�RECONSIDERATION�OF�DEVELOPMENT�DECISIONS��,EG
END� AS� FOR� &IGURE� �����#ROSSED� DEVELOPMENT� DECISIONS� ARE� RECONSIDERED�
'REY�DEVELOPMENT�DECISIONS�REPRESENT�REWORK�

2EWORK�MAY� BE� NECESSARY� TO� GIVE� DEVELOPERS�MORE� INSIGHT� IN� THE� SYSTEM� THEY� DE
VELOP��OR�TO�ALLOW�DEVELOPERS�TO�IMPROVE�THE�STRUCTURE�OF�THE�SYSTEM��(OWEVER��THE
EXTRA�WORK�DUE�TO�THE�RECONSIDERATION�OF�DEVELOPMENT�DECISIONS� INCREASES�THE�COSTS
OF�THE�DEVELOPMENT�PROCESS�AND�OR�THE�TIME�TO�DELIVERY��)N�PRACTICE��THE�EXTRA�WORK
DUE�TO�THE�RECONSIDERATION�OF�DEVELOPMENT�DECISIONS�CAUSES�A�LARGE�PART�OF�THE�TOTAL
COSTS�OF� A�DEVELOPMENT�PROCESS��"OEHM� ;����=� ESTIMATES� THAT�ON� AVERAGE� THE� COSTS
DUE� TO� THIS� REWORK�MAKE�UP���� TO����PERCENT�OF� THE� TOTAL� COSTS�OF�A�DEVELOPMENT
PROCESS�

#AUSES�OF�RECONSIDERATION�OF�DEVELOPMENT�DECISIONS

4WO�IMPORTANT�CAUSES�OF�RECONSIDERATION�OF�DEVELOPMENT�DECISIONS�ARE�THE�FOLLOWING�

• THE�SPECIFIED�REQUIREMENTS�OF�THE�SYSTEM�DO�NOT�REFLECT�WHAT�USERS�REALLY�NEED�

• A� PARTICULAR� DESIGN� CANNOT� BE� IMPLEMENTED� WITH� THE� AVAILABLE� IMPLEMENTATION
COMPONENTS�

7E�ELABORATE�ON�THESE�CAUSES�BELOW�

• 4HE�SPECIFIED�REQUIREMENTS�OF�THE�SYSTEM�DO�NOT�REFLECT�WHAT�USERS�REALLY�NEED��)N
ORDER�TO�EXPLAIN�THE�REASONS�FOR�THIS�DIFFERENCE��THREE�DIFFERENT�TYPES�OF�REQUIRE
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MENTS� CAN�BE� IDENTIFIED� �BASED�ON� ;2OMAN�� ����=� AND� ;$AWSON���#ARTWRIGHT�
����=	�

 4HE�SPECIFIED�REQUIREMENTS�ARE�THE�REQUIREMENTS�OBTAINED�AND�SPECIFIED�BY�THE
DEVELOPERS�AFTER�ELICITING�REQUIREMENTS�FROM�USERS�AT� THE�BEGINNING�OF�THE�DE
VELOPMENT�PROCESS���4HEY�ARE�THUS�ëHOW�THE�DEVELOPERS�INTERPRET�WHAT�THE�US
ERS�SAY�THEY�NEEDì�

 4HE� INITIALLY� CONCEIVED� REQUIREMENTS� ARE� THE�USERSè�PERCEPTION�OF� THE� REQUIRE
MENTS�AT� THE�BEGINNING�OF�THE�DEVELOPMENT�PROCESS��4HEY�ARE�THUS�ëWHAT� THE
USERS�INITIALLY�THINK�THEY�NEEDì�

 4HE�ACTUAL�REQUIREMENTS�ARE�THE�REQUIREMENTS�AS�THEY�SHOULD�HAVE�BEEN�ESTAB
LISHED�TO�SATISFY�THE�USERS��4HEY�ARE�THUS�ëWHAT�THE�USERS�REALLY�NEEDì��4HE�AC
TUAL�REQUIREMENTS�OFTEN�CONFORM�TO�THE�USERSè�PERCEPTION�OF�THE�REQUIREMENTS
WHEN�THEY�HAVE�USED�THE�SYSTEM�AFTER�ITS�DEVELOPMENT�

$IFFERENCES�BETWEEN�THE�ACTUAL�AND�SPECIFIED�REQUIREMENTS�MAY�HAVE�THE�FOLLOW
ING�CAUSES��OR�A�COMBINATION�OF�THESE�

 4HE� INITIALLY� CONCEIVED� REQUIREMENTS� DIFFER� FROM� THE� ACTUAL� REQUIREMENTS�� )N
THIS�CASE�THE�USERS�DO�NOT�KNOW�WHAT�THEY�REALLY�NEED��%VEN�IF�THEY�THINK�THEY
KNOW�WHAT�THEY�NEED��THEIR�CONCEPTION�OF�THE�REQUIREMENTS�WILL�CHANGE�OVER
TIME��3PECIFIED�REQUIREMENTS� THAT�CHANGE�OVER� TIME� FOR� THIS� REASON�ARE� SOME
TIMES� CALLED� ëUNSTABLEì� OR� ëVOLATILEì� REQUIREMENTS� ;"OEHM�� ����=�� 5NSTABLE
REQUIREMENTS�MAY�BE�CAUSED�BY��E�G���A�LACK�OF�EXPERIENCE�OF�THE�USERS�WITH�THE
TYPE�OF�SYSTEM�THAT�IS�BEING�DEVELOPED�

 4HE�INITIALLY�CONCEIVED�REQUIREMENTS�DIFFER�FROM�THE�SPECIFIED�REQUIREMENTS��)N
THIS�CASE�THE�USERS�MAY�KNOW�WHAT�THEY�WANT��BUT�THEIR�INTENTION�IS�TRANSLATED
INCORRECTLY�INTO�A�HIGHLEVEL�SPECIFICATION�OF�THE�SYSTEM��3PECIFIED�REQUIREMENTS
THAT� CHANGE� OVER� TIME� FOR� THIS� REASON� ARE� SOMETIMES� CALLED� ëUNCERTAINì� RE
QUIREMENTS��5NCERTAIN�REQUIREMENTS�MAY�BE�CAUSED�BY��E�G���MISCOMMUNICATION
BETWEEN�USERS�AND�DEVELOPERS�

&IGURE� ���� ILLUSTRATES� THESE� REASONS� FOR� DIFFERENCES� BETWEEN� THE� ACTUAL� REQUIRE
MENTS�AND�THE�SPECIFIED�REQUIREMENTS�

• !�DESIGN�CANNOT�BE�IMPLEMENTED�WITH�THE�AVAILABLE�IMPLEMENTATION�COMPONENTS�
%ACH� DEVELOPMENT� DECISION� RULES� OUT� THE� COMBINATIONS� OF� COMPONENTS� THAT� DO
NOT�CONFORM�TO�THE�RESULTING�DESIGN�� )T�MAY� THEREFORE�OCCUR� THAT�AFTER� SOME�DE
VELOPMENT�DECISIONS�NO�COMBINATION�OF�AVAILABLE� COMPONENTS�EXISTS� THAT� IMPLE
MENTS� THE� DESIGN�� 4HIS� MAY� E�G�� OCCUR� WHEN� THE� SYSTEM� DEVELOPERS� HAVE� LITTLE

�������������������������������������������

�� (ERE�WE�USE� THE� TERM�ëUSERì�AS� THE�GENERIC� TERM�FOR�A�PERSON�WHO�DETERMINES� THE�RE
QUIREMENTS��5SERS�THUS�INCLUDE��E�G���PRINCIPALS�OR�CLIENTS�
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)NITIALLY�CONCEIVED�REQUIREMENTS
�WHAT�USERS�THINK�THEY�NEED	

!CTUAL�REQUIREMENTS
�WHAT�USERS�REALLY�NEED	

3PECIFIED�REQUIREMENTS
�HOW�DEVELOPERS�INTERPRET�USER�NEEDS	

DIFFERENCES�RESULT�IN
UNSTABLE�REQUIREMENTS

DIFFERENCES�RESULT�IN
UNCERTAIN�REQUIREMENTS

&IGURE�������2EASONS�FOR�DIFFERENCES�BETWEEN�ACTUAL�REQUIREMENTS�AND�SPECI
FIED�REQUIREMENTS

KNOWLEDGE� OF� IMPLEMENTATION� COMPONENTS� �LITTLE� ëBOTTOMUP� KNOWLEDGEì	�� !N
EXAMPLE�OF�THIS�CAUSE�OF�RECONSIDERATION�OF�DEVELOPMENT�DECISIONS�IS�THE�UNAVAIL
ABILITY�OF�SUFFICIENT�PROPERLY�EDUCATED�EMPLOYEES�TO�CARRY�OUT�A�BUSINESS�PROCESS
THAT�HAS�BEEN�DESIGNED�

)T�MAY�THEREFORE�OCCUR�THAT�AFTER�SOME�DEVELOPMENT�DECISIONS�NO�COMBINATION�OF
AVAILABLE� COMPONENTS� EXISTS� THAT� IMPLEMENTS� THE� DESIGN�� 4HIS� MAY� E�G�� OCCUR
WHEN� THE� SYSTEM� DEVELOPERS� HAVE� LITTLE� KNOWLEDGE� OF� IMPLEMENTATION� COMPO
NENTS� �LITTLE�ëBOTTOMUP�KNOWLEDGEì	��!N�EXAMPLE�OF� THIS� CAUSE�OF� RECONSIDERA
TION�OF�DEVELOPMENT�DECISIONS�IS�THE�UNAVAILABILITY�OF�SUFFICIENT�PROPERLY�EDUCATED
EMPLOYEES�TO�CARRY�OUT�A�BUSINESS�PROCESS�THAT�HAS�BEEN�DESIGNED�

)MPORTANCE�OF�EARLY�REQUIREMENTS�VALIDATION�AND�IMPLEMENTABILITY�VALIDATION

)N�ORDER�TO�MINIMISE�WORK�DUE�TO�THE�RECONSIDERATION�OF�DEVELOPMENT�DECISIONS�IT�IS
IMPORTANT�TO�ASSESS�AS�EARLY�AS�POSSIBLE�THE�VALIDITY�OF�DEVELOPMENT�DECISIONS�THAT�ARE
LIKELY�TO�BE�INVALID��"Y�DOING�SO��THE�AMOUNT�OF�DEVELOPMENT�DECISIONS�THAT�ARE�BASED
ON�POTENTIALLY�INVALID�DEVELOPMENT�DECISIONS��AND�THAT�MAY�THEREFORE�HAVE�TO�BE�RE
CONSIDERED�AS�WELL	�IS�MINIMISED�

%MPIRICAL� EVIDENCE� CONFIRMS� THE� IMPORTANCE� OF� RECONSIDERING� INVALID� DEVELOPMENT
DECISIONS�AS�EARLY�AS�POSSIBLE��3EVERAL�SOURCES��E�G��;"OEHM��������"UNYARD���#OW
ARD������=	�ESTIMATE�THAT�THE�COSTS�OF�RECONSIDERING�INVALID�DEVELOPMENT�DECISIONS�IN
THE�FINAL�STAGES�OF�A�DEVELOPMENT�PROCESS�ARE�ON�AVERAGE�ABOUT�����TIMES�LARGER�THAN
THE�COSTS�OF�IMMEDIATELY�RECONSIDERING�INVALID�DEVELOPMENT�DECISIONS�

!SSESSING�THE�VALIDITY�OF�DEVELOPMENT�DECISIONS�WITH�RESPECT�TO�THE�ABOVE�TWO�CAUSES
OF�REWORK�RESULTS�IN�TWO�TYPES�OF�VALIDATION�
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• 2EQUIREMENTS�VALIDATION�IS�THE�PROCESS�OF�ASSESSING�WHETHER�THE�SPECIFIED�REQUIRE
MENTS�FOR�THE�SYSTEM�ARE�EQUAL�TO�THE�ACTUAL�REQUIREMENTS��4WO�TECHNIQUES�FOR�RE
QUIREMENTS�VALIDATION�ARE�;$AVIS������=�

 SUPPLYING�THE�USERS�WITH�A�PROTOTYPE�OF�THE�SYSTEM��HAVING�THEM�TO�EXPERIMENT
WITH�THE�PROTOTYPE��AND�ASKING�THEM�FOR�FEEDBACK�

 REVIEWING�THE�SPECIFIED�REQUIREMENTS�WITH�THE�USERS��E�G��BY�ANALYSING�OR�SIMU
LATING�THESE�SPECIFICATIONS	��POINTING�OUT�INCONSISTENCIES�IN�AND�CONSEQUENCES�OF
THEIR�REQUIREMENTS��FILLING�IN�GAPS��AND�ASKING�THEM�FOR�FEEDBACK�

• )MPLEMENTABILITY�VALIDATION�IS�THE�PROCESS�OF�ASSESSING�WHETHER�THE�PART�OF�THE�DE
SIGN�RESULTING� FROM�A�PARTICULAR�DEVELOPMENT�DECISION�CAN�BE� IMPLEMENTED�WITH
THE� AVAILABLE� IMPLEMENTATION� COMPONENTS�� 4HE� TWO� GENERALLY� APPLICABLE� TECH
NIQUES� FOR� IMPLEMENTABILITY� VALIDATION� OF� A� PART� OF� THE� DESIGN� ARE� ;0RESSMAN�
����=�

 ATTEMPTING�TO�IMPLEMENT�THE�PART�OF�THE�DESIGN�

 ASSESSING�THE�PART�OF�THE�DESIGN�ATTENTIVELY��FOR�EXAMPLE�BY�REVIEWING�IT�WITH�A
TEAM�OF�DEVELOPERS�WHO�HAVE�KNOWLEDGE�OF�THE�IMPLEMENTATION�COMPONENTS�

%VALUATION�OF�DEVELOPMENT�STRATEGIES

0REMISE��A��EARLY�REQUIREMENTS�VALIDATION
4HE� EARLY� AVAILABILITY� OF� A� PROTOTYPE� OF� A� SYSTEM� BETTER� SUPPORTS� EARLY� REQUIRE
MENTS� VALIDATION� THAN� THE� EARLY� AVAILABILITY� OF� THE� COMPLETE� SET� OF� SPECIFIED� RE
QUIREMENTS�OR�OF�A�PART�OF�THE�SYSTEM�

)F�NO�PROTOTYPE�IS�AVAILABLE�EARLY�IN�A�DEVELOPMENT�PROCESS��THE�EARLY�AVAILABILITY
OF� THE� COMPLETE� SET� OF� SPECIFIED� REQUIREMENTS� OR� OF� A� PART� OF� THE� SYSTEM� BETTER
SUPPORTS�EARLY�REQUIREMENTS�VALIDATION�THAN�EARLY�AVAILABILITY�OF�NEITHER�OF�THESE�

-OTIVATION��4HE�MOTIVATION�FOR�THE�FIRST�PART�OF�PREMISE��A� IS�THAT�EARLY�AVAILABILITY
OF�A�PROTOTYPE�OF�THE�SYSTEM�ALLOWS�ONE�TO�HAVE�USERS�EXPERIMENT�WITH�THE�SYSTEM
EARLY� IN� THE� DEVELOPMENT� PROCESS�� "Y� EXPERIMENTING�WITH� THE� SYSTEM�� USERS� DI
RECTLY�COMPARE�THE�SPECIFIED�REQUIREMENTS��WHICH�THE�PROTOTYPE�SHOULD�SATISFY	�TO
THE�ACTUAL�REQUIREMENTS�

%ARLY�AVAILABILITY�OF�THE�COMPLETE�SET�OF�SPECIFIED�REQUIREMENTS�ONLY�ALLOWS�DEVEL
OPERS� TO� REVIEW� THE� SPECIFIED� REQUIREMENTS�WITH� THE�USERS� EARLY� IN� THE� DEVELOP
MENT�PROCESS��"Y�REVIEWING�THE�SPECIFIED�REQUIREMENTS�WITH�THE�USERS��THESE�SPECI
FIED�REQUIREMENTS�ARE�ONLY�COMPARED�TO�THE�INITIALLY�CONCEIVED�REQUIREMENTS��DIF
FERENCES�BETWEEN�THE�INITIALLY�CONCEIVED�REQUIREMENTS�AND�THE�ACTUAL�REQUIREMENTS
ARE�NOT�CONSIDERED�

%ARLY�AVAILABILITY�OF�A�PART�OF�THE�SYSTEM�ALLOWS�USERS��AT�BEST	�TO�EXPERIMENT�WITH
A�PART�OF�THE�SYSTEM�EARLY�IN�THE�DEVELOPMENT�PROCESS��4HEREBY�ONLY�A�PART�OF�THE
SPECIFIED�REQUIREMENTS�CAN�BE�COMPARED�TO�THE�ACTUAL�REQUIREMENTS�
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!DDITIONAL�MOTIVATION�FOR�THE�FIRST�PART�OF�PREMISE��A�COMES�FROM�$AVIS�;����=�
"Y�HAVING�THE�USERS�EXPERIMENT�WITH�THE�SYSTEM��THE�ëREAL�THINGì��ONE�CAN�LARGELY
OVERCOME� A� RANGE� OF� PROBLEMS� REGARDING� HUMAN� CAPABILITIES� FOR� INFORMATION
PROCESSING� THAT�MAY� OCCUR�WHEN� REVIEWING� THE� SPECIFIED� REQUIREMENTS�WITH� THE
USERS��4HESE�PROBLEMS��WHICH�APPLY�BOTH�TO�USERS�AND�SYSTEM�DEVELOPERS��INCLUDE
THE�TENDENCY�TO�OVERSIMPLIFY�� THE�TENDENCY�TO�FOCUS�ON�A� LIMITED�NUMBER�OF�AS
PECTS�OF�THE�SYSTEM��AND�AN�INABILITY�FOR�ABSTRACT�AND�STRUCTURED�THINKING�

4HERE� ARE��HOWEVER�� CASES� IN�WHICH� THE� FIRST� PART� OF� PREMISE��A� DOES� NOT� HOLD�
4HESE�ARE�CASES� IN�WHICH�IT� IS�HARD�TO�OBSERVE�WHETHER�A�SYSTEM�SATISFIES�CERTAIN
REQUIREMENTS��!N�EXAMPLE�OF�SUCH�REQUIREMENTS�ARE�STRINGENT�RELIABILITY�REQUIRE
MENTS�� 4O� OBSERVE�WHETHER� A� SYSTEM� CONFORMS� TO� THESE� REQUIREMENTS�� IMMENSE
TESTING�EFFORTS�MAY�BE�REQUIRED��)N�SUCH�CASES� IT� IS�BETTER�TO�REVIEW�THE�SPECIFIED
REQUIREMENTS�WITH�THE�USERS���!PPROPRIATE�DEVELOPMENT�STRATEGIES�FOR�THESE�CASES
ARE�DISCUSSED� IN� SECTION�����	�0REMISE��A�ALSO�ONLY�HOLDS� IF�ONE�PROPERLY�USES� A
PROTOTYPE�FOR�EVALUATION��AND�DOES�NOT��E�G���CONCENTRATE�MERELY�ON�THE�BELLS�AND
WHISTLES� OF� A� USER� INTERFACE�� &INALLY�� A� PROTOTYPE� OF� A� SYSTEM� CANNOT� ALWAYS� BE
QUICKLY�CONSTRUCTED��SEE�SECTION������	�

4HE�MOTIVATION�FOR�THE�SECOND�PART�OF�PREMISE��A�IS�THAT�BY�THE�EARLY�AVAILABILITY
OF�THE�COMPLETE�SET�OF�SPECIFIED�REQUIREMENTS�OR�OF�A�PART�OF�THE�SYSTEM��ONE�CAN
AT�LEAST�APPLY�ONE�OF�THE�ABOVE�TECHNIQUES�FOR�REQUIREMENTS�VALIDATION��)F�NEITHER
THE�COMPLETE�SET�OF�SPECIFIED�REQUIREMENTS��NOR�A�PART�OF�THE�SYSTEM��ARE�AVAILABLE
EARLY� IN� THE� DEVELOPMENT� PROCESS�� NONE� OF� THESE� REQUIREMENTS� VALIDATION� TECH
NIQUES�CAN�BE�APPLIED�

0REMISE��A�AND�THE�DESCRIPTION�OF�THE�STRUCTURE�OF�DEVELOPMENT�STRATEGIES�OF�SECTION
����LEAD�TO�THE�FOLLOWING�CONCLUSION�

#ONCLUSION��A��SUPPORT�FOR�EARLY�REQUIREMENTS�VALIDATION
4HE� RAPID�PROTOTYPING� STRATEGY� BEST� SUPPORTS� EARLY� REQUIREMENTS� VALIDATION�� BE
CAUSE�ITS�APPLICATION�RESULTS�IN�THE�EARLY�AVAILABILITY�OF�A�PROTOTYPE�OF�THE�SYSTEM�
4HE�WATERFALL�MODEL�AND� THE�EVOLUTIONARY� STRATEGY�BETTER� SUPPORT� EARLY� REQUIRE
MENTS� VALIDATION� THAN� THE� CODEANDFIX� STRATEGY�� BECAUSE� THE� APPLICATION� OF� THE
FORMER� STRATEGIES� RESULT� IN� THE� EARLY� AVAILABILITY�OF� THE� COMPLETE� SET� OF� SPECIFIED
REQUIREMENTS��VIZ��A�PART�OF�THE�SYSTEM��WHEREAS�THE�APPLICATION�OF�THE�LATTER�STRAT
EGY�RESULTS�IN�NEITHER�OF�THESE�

%XAMPLE�EMPIRICAL�SUPPORT��"OEHM�ET�AL��;����=�COMPARED�SEVEN�DEVELOPMENT�PROC
ESSES� IN� WHICH� THE� DETERMINATION� OF� USER� REQUIREMENTS� WAS� THE� MOST� TIME
CONSUMING� FACTOR�� %ACH�PROJECT�WAS� CARRIED� OUT� BY�MEANS� OF� RAPID� PROTOTYPING
AND�BY�MEANS�OF�A�WATERFALL�STRATEGY��/N�AVERAGE��THE�RAPID�PROTOTYPING�PROJECTS
REQUIRED� ABOUT� ��� PERCENT� FEWER� MANHOURS� THAN� THE� PROJECTS� CARRIED� OUT� AC
CORDING�TO�THE�WATERFALL�STRATEGY�
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#ONCLUSION��A�DOES�NOT�TELL�WHETHER�A�WATERFALL�STRATEGY�OR�AN�EVOLUTIONARY�STRATEGY
IS� MORE� SUCCESSFUL� IN� EARLY� REQUIREMENTS� VALIDATION�� BECAUSE� PREMISE� �A� DOES� NOT
COMPARE� REQUIREMENTS� VALIDATION� ON� THE� BASIS� OF� THE� COMPLETE� SET� OF� SPECIFIED� RE
QUIREMENTS�TO�REQUIREMENTS�VALIDATION�ON�THE�BASIS�INTERMEDIATE�VERSIONS�OF�THE�SYS
TEM�THAT�IMPLEMENT�ONLY�PART�OF�THE�REQUIREMENTS�

0REMISE��B��EARLY�REQUIREMENTS�VALIDATION�IN�CASE�OF�UNSTABLE�REQUIREMENTS
)N� CASE� OF� UNSTABLE� REQUIREMENTS�� EARLY� REQUIREMENTS� VALIDATION� IS� BETTER� SUP
PORTED�WHEN�USERS�CAN�EXPERIMENT�WITH�INTERMEDIATE�VERSIONS�OF�THE�SYSTEM�THAT
IMPLEMENT�IMPORTANT�REQUIREMENTS�THAN�WHEN�USERS�CANNOT�EXPERIMENT�WITH�SUCH
INTERMEDIATE�VERSIONS�

-OTIVATION�� )F� USERS� CAN� EXPERIMENT�WITH� INTERMEDIATE� VERSIONS� OF� THE� SYSTEM� THAT
IMPLEMENT� IMPORTANT� REQUIREMENTS�� THE� DIFFERENCES� BETWEEN� THE� INITIALLY� CON
CEIVED� REQUIREMENTS� AND� THE� ACTUAL� REQUIREMENTS� CAN� BE� CONSIDERED� AND� FOUND
RELATIVELY�EARLY�IN�A�DEVELOPMENT�PROCESS��4HESE�ARE�THE�DIFFERENCES�THAT�CAUSE�THE
UNSTABILITY�OF�THE�REQUIREMENTS��-OREOVER��THE�EXPERIMENTATION�WITH�A�PART�OF�THE
SYSTEM�MAY�LEAD�TO�USERS�MAKE�THEIR�CONCEPTION�OF�THE�REQUIREMENTS�FOR�THE�RE
MAINDER�OF�THE�SYSTEM�CONFORM�BETTER�TO�THE�ACTUAL�REQUIREMENTS�

)F� USERS� CANNOT� EXPERIMENT� WITH� INTERMEDIATE� VERSIONS� OF� THE� SYSTEM�� REQUIRE
MENTS�VALIDATION�CAN�ONLY�TAKE�PLACE�BY�REVIEWING�THE�SPECIFIED�REQUIREMENTS�WITH
THE� USERS�� )N� SUCH� REVIEWS� THE� DIFFERENCES� THAT� CAUSE� THE� UNSTABILITY� OF� THE� RE
QUIREMENTS��I�E��THE�DIFFERENCES�BETWEEN�THE�INITIALLY�CONCEIVED�REQUIREMENTS�AND
THE�ACTUAL�REQUIREMENTS	�ARE�HARDLY�CONSIDERED�

#ONCLUSION��B��SUPPORT�FOR�EARLY�REQUIREMENTS�VALIDATION�IN�CASE�OF�UNSTABLE�REQUIRE
MENTS
4HE�EVOLUTIONARY�STRATEGY�SUPPORTS�EARLY�REQUIREMENTS�VALIDATION�BETTER�THAN�THE
WATERFALL�MODEL�IN�CASE�OF�UNSTABLE�REQUIREMENTS��BECAUSE�THE�EVOLUTIONARY�STRAT
EGY�RESULTS�CAN�BE�USED�TO�DELIVER�A�PART�OF�THE�SYSTEM�THAT�IMPLEMENTS�IMPORTANT
REQUIREMENTS�EARLY�IN�A�DEVELOPMENT�PROCESS��WHEREAS�THE�APPLICATION�OF�THE�WA
TERFALL�MODEL�ONLY�RESULTS�IN�THE�EARLY�AVAILABILITY�OF�THE�SPECIFIED�REQUIREMENTS�

%XAMPLE�EMPIRICAL�SUPPORT��/N�THE�BASIS�OF�HIS�EXPERIENCE�WITH�THE�APPLICATION�OF�THE
SPIRAL�MODEL��SEE�SECTION����	�"OEHM�;������P����=�CONCLUDES� THAT�EVOLUTIONARY
DEVELOPMENT� IS� ëWELL�MATCHED� TO� SITUATIONS� IN�WHICH�USERS� SAY�� ç)� CANèT� TELL� YOU
WHAT�)�WANT��BUT�)èLL�KNOW�IT�WHEN�)�SEE�ITèì��$AVIS�ET�AL��;����=�COMPARE�THE�USE
OF�THE�WATERFALL�MODEL�TO�EVOLUTIONARY�DEVELOPMENT�AND�CONCLUDE�THAT�EVOLUTION
ARY� DEVELOPMENT� IS� SIGNIFICANTLY� BETTER� IN�MATCHING� CHANGING� USER� REQUIREMENTS
THAN�THE�USE�OF�THE�WATERFALL�MODEL�

0REMISE����EARLY�IMPLEMENTABILITY�VALIDATION
!�DEVELOPMENT� STRATEGY� SUPPORTS� EARLY� IMPLEMENTABILITY� VALIDATION� OF� A� PART� OF
DESIGN� BEST�WHEN� THE� STRATEGY� ALLOWS� ONE� TO� ATTEMPT� TO� IMPLEMENT� THIS� PART� AS
QUICKLY�AS�POSSIBLE�
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-OTIVATION��)F�A�DEVELOPMENT�STRATEGY�DOES�NOT�ALLOW�ONE�TO�ATTEMPT�TO�IMPLEMENT�A
DESIGN�QUICKLY�� THE�ONLY�OPTION� FOR� IMPLEMENTABILITY�VALIDATION� IS� AN�ASSESSMENT
OF�THE�DESIGN��3UCH�AN�ASSESSMENT�NEVER�ALLOWS�ONE�TO�OBTAIN�CERTAINTY�ABOUT�THE
IMPLEMENTABILITY�OF�THE�DESIGN��BECAUSE�OF�POSSIBLE�ERRORS�IN�JUDGEMENT�

)F�A�DEVELOPMENT� STRATEGY�ALLOWS�ONE� TO� TRY� TO� IMPLEMENT�A�DESIGN�QUICKLY�� AND
THE�ATTEMPT� SUCCEEDS��ONE�HAS� CERTAINTY� THE�DESIGN� CAN�BE� IMPLEMENTED�� �7HEN
THE�ATTEMPT�DOES�NOT�SUCCEED��ONE�STILL�DOES�NOT�HAVE�CERTAINTY�THAT�IMPLEMENTA
TION�IS�IMPOSSIBLE��BECAUSE�THERE�MAY�STILL�BE�POSSIBLE�IMPLEMENTATIONS�OF�THE�DE
SIGN�ONE�DID�NOT�CONSIDER�	

)N�MANY�CASES��ATTEMPTING�TO�IMPLEMENT�A�DESIGN�THUS�GIVES�MORE�CERTAINTY�ABOUT
THE� IMPLEMENTABILITY�OF� A�DESIGN� THAN� AN� ASSESSMENT�OF� THE� IMPLEMENTABILITY� OF
THE�DESIGN��AND�THEREFORE�RESULTS�IN�FEWER�RECONSIDERATIONS�OF�DEVELOPMENT�DECI
SIONS�

#ONCLUSION����SUPPORT�FOR�EARLY�IMPLEMENTABILITY�VALIDATION
4HE�CODEANDFIX�STRATEGY�GIVES�THE�BEST�SUPPORT�FOR�EARLY� IMPLEMENTABILITY�VALI
DATION��SINCE�IT�ALLOWS�DEVELOPERS�TO�START�IMPLEMENTING�IMMEDIATELY�
4HE�EVOLUTIONARY�STRATEGY�GIVES� SOME� SUPPORT� FOR�EARLY� IMPLEMENTABILITY�VALIDA
TION�� SINCE� THE� EVOLUTIONARY� STRATEGY� ALLOWS� DEVELOPERS� TO� START� IMPLEMENTING
EARLY��BUT�ONLY�AFTER�SOME�DEVELOPMENT�ACTIVITY�
4HE�WATERFALL� STRATEGY�AND� THE� RAPID�PROTOTYPING� STRATEGY�GIVE� THE� LEAST� SUPPORT
FOR�EARLY�IMPLEMENTABILITY�VALIDATION��SINCE�THEY�ALLOW�DEVELOPERS�TO�START�IMPLE
MENTING�ONLY�AFTER�ALL�OTHER�DEVELOPMENT�ACTIVITIES�HAVE�BEEN�PERFORMED�

%XAMPLE�EMPIRICAL�SUPPORT��7OHLIN�;����=�SHOWS�THAT�THE�RELATIVE�TIME�TO�DELIVERY�OF
A�DEVELOPMENT�PROCESS�CARRIED�OUT�ACCORDING�TO�THE�WATERFALL�MODEL��COMPARED�TO
IT�BEING�CARRIED�OUT�ACCORDING�TO�THE�INCREMENTAL�STRATEGY��INCREASES�IN�PROPORTION
TO�THE�AMOUNT�OF�IMPLEMENTATION�ERRORS�

������ 3UPPORT�FOR�OPTIMAL�RESOURCE�USE

)MPORTANCE�OF�RESOURCE�PLANNING�AND�CONTROL

)N� ORDER� TO� KEEP� A� DEVELOPMENT� PROCESS� AS� ECONOMICAL� AS� POSSIBLE�� IT� IS� IMPORTANT
THAT�EACH�DEVELOPMENT� STEP�USES�EXACTLY� THE�AMOUNT�OF� RESOURCES� REQUIRED� TO�CARRY
OUT�THE�STEP���"Y�RESOURCES�WE�MEAN�THE�PEOPLE��SUPPORT�TOOLS��ETC��REQUIRED�TO�CARRY
OUT�DEVELOPMENT�PROCESSES��THE�SOURCES�OF�DEVELOPMENT�COSTS�	

• )F�A�DEVELOPMENT�STEP�IS�NOT�ALLOWED�TO�USE�THE�REQUIRED�RESOURCES��ITS�EXECUTION�IS
DELAYED��OR�IT�CANNOT�BE�COMPLETED�AT�ALL�� IMPLYING�CORRESPONDING�CONSEQUENCES
FOR�THE�ENTIRE�DEVELOPMENT�PROCESS�

• )F�A�DEVELOPMENT�STEP�USES�MORE�RESOURCES�THAN�REQUIRED��THIS�MAY�LEAD�TO�THE�DE
VELOPMENT�PROCESS�BECOMING�MORE�EXPENSIVE�THAN�REQUIRED��OR��IN�CASE�THE�DEVEL
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OPMENT�PROCESS�HAS�A� FIXED�BUDGET�� THIS�MAY�CAUSE� FUTURE�DEVELOPMENT� STEPS� TO
GET�INSUFFICIENT�RESOURCES�

!PART�FROM�REWORK�DUE�TO�THE�RECONSIDERATION�OF�DEVELOPMENT�DECISIONS��WHICH�WAS
DISCUSSED�IN�SECTION��������THERE�ARE�THE�FOLLOWING�CAUSES�OF�NONOPTIMAL�RESOURCE�USE
IN�DEVELOPMENT�STEPS�

• $EVELOPMENT� STEPS� INITIALLY� GET� ALLOCATED� INSUFFICIENT� OR� SUPERFLUOUS� RESOURCES�
AND�THIS�IS�NOT�NOTICED�DURING�THE�DEVELOPMENT�PROCESS�

)F�A�DEVELOPMENT�STEP�GETS�ALLOCATED�INSUFFICIENT�RESOURCES�AND�IT�IS�NOT�ALLOWED�TO
USE�MORE��THE�REQUIRED�AMOUNT�OF�RESOURCES�CANNOT�BE�USED�FOR�THE�DEVELOPMENT
STEP�
)F� A� DEVELOPMENT� STEPS� GETS� ALLOCATED� SUPERFLUOUS� RESOURCES�� IN� NEARLY� ALL� CASES
THESE� RESOURCES�WILL� BE� USED� FOR� THE� DEVELOPMENT� STEP�� �4HIS� IS� 0ARKINSONèS� LAW
;0ARKINSON������=�WHICH�SAYS�THAT�ëWORK�EXPANDS�TO�FILL�THE�AVAILABLE�VOLUMEì�	

• $EVELOPMENT�STEPS�INITIALLY�GET�ALLOCATED�THE�RIGHT�AMOUNT�OF�RESOURCES��BUT�THEY
USE�MORE�RESOURCES�THAN�ALLOCATED��BECAUSE�OF�A�LACK�OF�CONTROL�

4HE�OBJECTIVE�OF�RESOURCE�PLANNING�AND�CONTROL�IS�TO�ELIMINATE�THESE�TWO�CAUSES��2E
SOURCE� PLANNING� IS� THE� PROCESS� OF� SUBSTANTIATED� ALLOCATION� OF� RESOURCES� TO� ACTIVITIES
�DEVELOPMENT�STEPS�OR�GROUPS�OF�THESE�IN�OUR�CASE	��2ESOURCE�CONTROL�IS�THE�COMPARI
SON�DURING�THE�DEVELOPMENT�PROCESS�OF�THE�ACTUALLY�USED�OR�REQUIRED�RESOURCES�TO�THE
ALLOCATED�RESOURCES�AND�THE�TAKING�OF�MEASURES�IN�CASE�OF�DIFFERENCES��0OSSIBLE�MEAS
URES�FOR�COMPENSATING�THESE�DIFFERENCES�ARE�THE�ALLOCATION�OF�LESS�VIZ��MORE�RESOURCES
TO� A�DEVELOPMENT� STEPS� �REPLANNING	�� AND� INTERVENTION� TO�PREVENT� FURTHER� RESOURCE
SQUANDERING�;0RESSMAN������=�

4HE� APPLICATION� OF� CURRENT� TECHNIQUES� FOR� RESOURCE� PLANNING� AND� CONTROL� �E�G�� THE
SCHEDULING�AND�CONTROL�ASPECTS�OF�THE�#ONSTRUCTIVE�#OST�-ODEL�#/#/-/�;"OEHM�
����=�AND�THE�0ROGRAM�%VALUATION�AND�2EVIEW�4ECHNIQUE�0%24�;#ORI������=	�TO�AN
ENTIRE�DEVELOPMENT�PROCESS�REQUIRE�THAT�;#ORI������=�

• THE�DEVELOPMENT�PROCESS�IS�SPLIT�UP�INTO�ACTIVITIES�TO�WHICH�RESOURCES�CAN�BE�ALLO
CATED�

• IT�IS�POSSIBLE�TO�GIVE�PROPER�ESTIMATES�OF�THE�COMPLEXITY�OF�EACH�OF�THESE�ACTIVITIES
EARLY�IN�THE�DEVELOPMENT�PROCESS�

%VALUATION�OF�DEVELOPMENT�STRATEGIES

0REMISE� �A��!�DEVELOPMENT� STRATEGY� BETTER� SUPPORTS� RESOURCE� PLANNING� AND� CONTROL
WHEN�IT�PROPERLY�SUPPORTS�SEPARATION�OF�CONCERNS��THAN�WHEN�IT�OFFERS�LITTLE�OR�NO
SUPPORT�FOR�SEPARATION�OF�CONCERNS�

-OTIVATION��4HE�APPLICATION�OF�RESOURCE�PLANNING�AND�CONTROL�REQUIRES�THAT�A�DEVEL
OPMENT�PROCESS�HAS�BEEN�SPLIT�UP�INTO��GROUPS�OF	�DEVELOPMENT�STEPS��4HEREFORE�
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SEPARATION�OF� CONCERNS� IN� A� DEVELOPMENT� PROCESS� IS� REQUIRED� FOR� RESOURCE� PLAN
NING�AND�CONTROL�

#ONCLUSION��A��4HE�WATERFALL�MODEL�AND�THE�EVOLUTIONARY�STRATEGY�BETTER�SUPPORT�RE
SOURCE� PLANNING� AND� CONTROL� THAN� THE� RAPID�PROTOTYPING� STRATEGY� AND� THE� CODE
ANDFIX� STRATEGY�� BECAUSE� THE� FORMER� STRATEGIES� SUPPORT� SEPARATION� OF� CONCERNS
WELL��WHEREAS�THE�LATTER�STRATEGIES�OFFER�LITTLE�OR�NO�SUPPORT�FOR�SEPARATION�OF�CON
CERNS�

0REMISE��B��)N�CASE�OF�PROPER�SUPPORT�FOR�SEPARATION�OF�CONCERNS��THE�EARLY�AVAILABIL
ITY�OF�THE�COMPLETE�SET�OF�SPECIFIED�REQUIREMENTS�SUPPORTS�RESOURCE�PLANNING�AND
CONTROL� BETTER� THAN�WHEN� THESE� REQUIREMENTS� ARE�NOT� AVAILABLE� EARLY� IN� A� DEVEL
OPMENT�PROCESS�

-OTIVATION��4HE�APPLICATION�OF�RESOURCE�PLANNING�AND�CONTROL�TO�AN�ENTIRE�DEVELOP
MENT�PROCESS�REQUIRES�THAT�IT�IS�POSSIBLE�TO�GIVE�PROPER�ESTIMATES�OF�THE�COMPLEX
ITY�OF�EACH�OF�THE�DISTINGUISHED�DEVELOPMENT�STEPS�EARLY�IN�THE�DEVELOPMENT�PROC
ESS�� )F� THE� COMPLETE� REQUIREMENTS� ARE� ABSENT�� IT� IS� VERY� DIFFICULT� TO� GIVE� SUCH
PROPER�ESTIMATES�FOR�ALL�OF�THE�DEVELOPMENT�STEPS�

)F�ONLY�A�PART�OF� THESE�REQUIREMENTS�ARE�PRESENT�� IT�MAY�BE�POSSIBLE� TO�PLAN�AND
CONTROL� THE�RESOURCES� FOR� THE�DEVELOPMENT� STEPS�CONCERNED�WITH� THE�PART�OF� THE
SYSTEM�THAT�IMPLEMENTS�THESE�PARTIAL�REQUIREMENTS��(OWEVER��IT�REMAINS�VERY�DIF
FICULT� TO�DISTRIBUTE�THE�RESOURCES�OPTIMALLY�OVER�THE�ENTIRE�DEVELOPMENT�PROCESS�
BECAUSE�IT�IS�VERY�DIFFICULT�TO�GIVE�PROPER�ESTIMATES�OF�THE�COMPLEXITY�OF�THE�OTHER
DEVELOPMENT�STEPS�

#ONCLUSION��B��4HE�WATERFALL�MODEL�BETTER� SUPPORTS� RESOURCE�PLANNING� AND� CONTROL
THAN�THE�EVOLUTIONARY�STRATEGY��BECAUSE�THE�APPLICATION�OF�THE�WATERFALL�MODEL�RE
SULTS� IN� THE� EARLY� AVAILABILITY� OF� THE� COMPLETE� SET� OF� SPECIFIED� REQUIREMENTS�
WHEREAS�THE�APPLICATION�OF�THE�EVOLUTIONARY�STRATEGY�DOES�NOT�RESULT�IN�THIS�

%XAMPLE�EMPIRICAL�SUPPORT��!LL�CURRENT�TECHNIQUES�FOR�RESOURCE�PLANNING�AND�CONTROL
CAN�ONLY�BE�APPLIED� TO�AN�ENTIRE�DEVELOPMENT�PROCESS�AFTER� THE�USER� REQUIRE
MENTS� HAVE� BEEN� ELICITED�� PLANNING� AND� CONTROL� OF� REQUIREMENTS� CAPTURING� IS
HARDLY�SUPPORTED�BY�THESE�TECHNIQUES�;#ORI������=�

������ 3UPPORT�FOR�CONFORMANCE�TO�QUALITY�CRITERIA

)MPORTANCE�OF�PURSUIT�OF�QUALITY�CRITERIA

4O�ALL�OF�THE�ACTORS�INVOLVED�IN�THE�DEVELOPMENT��MAINTENANCE��AND�USE�OF�A�SYSTEM��IT
IS�IMPORTANT�THAT�THE�SYSTEM�AND�ITS�DESIGNS�CONFORM�TO�THE�QUALITY�CRITERIA�IDENTIFIED
IN� CHAPTER� �� FOR�� AMONG� OTHERS�� THE� FOLLOWING� REASONS� �BASED� ON� ;6AN� 3INDEREN�
����=	�

• 4HE� SYSTEM� DEVELOPERS�� WHO� CONCEIVE�� TRANSFORM�� AND� IMPLEMENT� THE� DESIGNS
DURING�THE�DEVELOPMENT�PROCESS��REQUIRE�THAT�
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 THE� FUNCTIONS�OF� THE�DESIGNS�ARE�GENERAL� ENOUGH� TO�BE� ROBUST� TO�CHANGES� THAT
CONCERN�THEIR�IMPLEMENTATION�

 THE�DESIGNS�ARE�PROPER�TO�THEIR�OBJECTIVES��SO�THAT�FUTURE�DEVELOPMENT�STEPS�ARE
NOT�UNNECESSARILY�CONSTRAINED�

• 4HE�SYSTEM�DEVELOPERS�AND�MAINTAINERS��WHO�INTERPRET�THE�DESIGN�AND�ADAPT�AND
EXTEND�THE�SYSTEM�DURING�AND�AFTER�THE�DEVELOPMENT�PROCESS��REQUIRE�THAT

 THE�DESIGNS�ARE�EASY�TO�COMPREHEND�

 THE�DESIGNS�AND�THE�SYSTEM�ARE�OPENENDED��SO�THAT�THEY�CAN�BE�EXTENDED�WITH
OUT�MAJOR�REDEVELOPMENT�

• 4HE�SYSTEM�USERS��WHO�LEARN�AND�UTILISE�THE�SYSTEM��REQUIRE�THAT�

 THE�SYSTEM�IS�PROPER�TO�THEIR�REQUIREMENTS�

 THE�EXTENSIONAL�ASPECTS�OF�THE�SYSTEM�ARE�EASY�TO�COMPREHEND�

0URSUIT�OF�QUALITY�CRITERIA�REQUIRES�EFFORT�BY�THE�DEVELOPERS�AND�MAY�THEREFORE�SEEM
TO� INCREASE� DEVELOPMENT� COSTS�� (OWEVER�� IT� APPEARS� THAT� THE� COSTS� OF� DEVELOPING�
MAINTAINING��AND�USING�A�SYSTEM�ARE�LESS�WHEN�THE�QUALITY�CRITERIA�ARE�PURSUED��FOR�THE
FOLLOWING�REASONS�;6AN�3INDEREN������=�

• 'ENERAL�DESIGNS� THAT� ARE�PROPER� TO� THEIR�OBJECTIVES�DIMINISH� THE� LIKELIHOOD� THAT
DEVELOPMENT�DECISIONS�HAVE�TO�BE�RECONSIDERED��AND�THUS�DIMINISH�DEVELOPMENT
COSTS��AND�GIVE�MAXIMAL�FREEDOM�TO�IMPLEMENTERS�TO�MINIMISE�THE�COSTS�OF�THESE
IMPLEMENTATIONS��-OREOVER��CONFORMANCE�TO�GENERALITY�EASES�THE�REUSE�OF�PARTS
OF�THE�SYSTEM�IN�OTHER�DEVELOPMENT�PROCESSES��2EUSE�OF�PARTS�USUALLY�DECREASES
THE�COSTS�OF�A�DEVELOPMENT�PROCESS�

• $ESIGNS� THAT� ARE� EASY� TO� COMPREHEND� REQUIRE� RELATIVELY� LITTLE� TIME� TO� BE� UNDER
STOOD� BY� DEVELOPERS� AND�MAINTAINERS��/PENENDED� DESIGNS� AND� SYSTEMS� REQUIRE
RELATIVELY�LITTLE�EFFORT�TO�BE�EXTENDED��SO�THAT�MAINTENANCE�COSTS�ARE�REDUCED�

• !�SYSTEM�THAT�IS�PROPER�TO�THE�USERSè�REQUIREMENTS�PROPERLY�SUPPORTS�THE�USERS�IN
THEIR�ACTIVITIES�AND�THUS�INCREASES�THEIR�PRODUCTIVITY��!�SYSTEM�THAT�IS�EASY�TO�COM
PREHEND�IS�GENERALLY�EASY�TO�LEARN�AND�TO�USE��AND�THEREFORE�REDUCES�TRAINING�COSTS
AND�INCREASES�USER�PRODUCTIVITY�

%VALUATION�OF�DEVELOPMENT�STRATEGIES

0REMISE� �A�� !� DEVELOPMENT� STRATEGY� BETTER� SUPPORTS� THE� PURSUIT� OF� THE� IDENTIFIED
QUALITY� CRITERIA�WHEN� IT�PROPERLY� SUPPORTS� SEPARATION�OF� CONCERNS�� THAN�WHEN� IT
OFFERS�LITTLE�OR�NO�SUPPORT�FOR�SEPARATION�OF�CONCERNS�

-OTIVATION�� 3EPARATION�OF� CONCERNS� IS�NECESSARY� IN�ORDER� TO�OBTAIN� ORTHOGONAL� AND
GENERAL�DESIGNS��"ECAUSE�PROPER� SEPARATION�OF� CONCERNS� INCREASES� THE� INSIGHTFUL
NESS�OF�DESIGNS��AND�BECAUSE�THE�PURSUIT�OF�CONSISTENCY�AND�PROPRIETY�REQUIRE�IN
SIGHT��SEPARATION�OF�CONCERNS�ALSO�SUPPORTS�THE�PURSUIT�OF�CONSISTENCY�AND�PROPRI
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ETY��4HEREFORE��SUPPORT�FOR�SEPARATION�OF�CONCERNS�IMPLIES�SUPPORT�FOR�THE�PURSUIT
OF�ALL�OF�THE�IDENTIFIED�QUALITY�CRITERIA�

#ONCLUSION��A��4HE�WATERFALL�MODEL�AND�THE�EVOLUTIONARY�STRATEGY�SUPPORT�THE�PUR
SUIT�OF�QUALITY� CRITERIA�BETTER� THAN� THE� RAPID�PROTOTYPING� STRATEGY� AND� THE� CODE
ANDFIX� STRATEGY�� BECAUSE� THE� FORMER� STRATEGIES� PROPERLY� SUPPORT� SEPARATION� OF
CONCERNS��WHEREAS�THE�LATTER�OFFERS�LITTLE�OR�NO�SUPPORT�FOR�SEPARATION�OF�CONCERNS�

%XAMPLE�EMPIRICAL�SUPPORT��2APID�PROTOTYPING�AND�THE�CODEANDFIX�STRATEGY�ARE�OF
TEN�USED� FOR� EXPERIMENTATION�ONLY� �I�E��� FOR� REQUIREMENTS� VALIDATION� AND� IMPLE
MENTABILITY�VALIDATION��RESPECTIVELY	��4HE�INITIAL�SYSTEM�RESULTING�FROM�THE�APPLICA
TION�OF�THESE�STRATEGIES�IS�USUALLY�BADLY�STRUCTURED��4HEREFORE��THE�FINAL�SYSTEM�IS
OFTEN�BUILT�ACCORDING�TO�THE�WATERFALL�MODEL�;"ROOKS������=�

0REMISE��B��#ONSIDERATION�OF� ENTIRE� DESIGNS� AT� EVERY� ABSTRACTION� LEVEL� SUPPORTS� THE
PURSUIT�OF�STATIC�GENERALITY�AND�ORTHOGONALITY�BETTER�THAN�CONSIDERATION�OF�DIFFER
ENT�PARTS�OF�DESIGNS�IN�DIFFERENT�INCREMENTS�

-OTIVATION�� 3TATIC� GENERALITY� DEMANDS� THAT� AN� ASPECT� THAT� IS� COMMON� TO� MULTIPLE
PARTS�OF�A�SYSTEM�IS�DESCRIBED�IN�A�DESIGN�ONLY�ONCE��/RTHOGONALITY�DEMANDS�THAT
INDEPENDENT�ASPECTS�OF�A�DESIGN�ARE�SEPARATED�

"Y�CONSIDERING�AN�ENTIRE�DESIGN�AT�A�PARTICULAR�ABSTRACTION�LEVEL��IT�BECOMES�POSSI
BLE�TO�RECOGNISE�WHICH�ASPECTS�OF� THE�SYSTEM�ARE�COMMON�TO�MULTIPLE�PARTS�AND
WHICH�ASPECTS�ARE�INDEPENDENT�

)F�DIFFERENT�PARTS�OF�EACH�DESIGN�ARE�CONSIDERED�IN�DIFFERENT�INCREMENTS��THE�RECOG
NITION�OF�ASPECTS� THAT�ARE�COMMON�TO�MULTIPLE�PARTS�OR� THAT�ARE� INDEPENDENT�OF
EACH�OTHER��CAN�� IN� THE�EARLY� INCREMENTS��ONLY�BE�BASED�ON�AN�ASSESSMENT�OF� THE
ASPECTS� THAT� ARE� POTENTIALLY� PRESENT� IN� FUTURE� INCREMENTS�� �4HIS� IMPLIES�� AMONG
OTHERS��A�STRICT�OBEDIENCE�TO�OPENENDEDNESS�	�(OWEVER��A�PREDICTION�OF�SUCH�FU
TURE�ASPECTS�IS�PRONE�TO�ASSESSMENT�ERRORS��)T�IS�THEREFORE�MORE�DIFFICULT�TO�BASE�THE
RECOGNITION�OF�THE�COMMONALITY�AND�INDEPENDENCE�OF�ASPECTS�ON�AN�ASSESSMENT�OF
�PARTIALLY	�UNKNOWN�ASPECTS�THAN�ON�FULLY�KNOWN�ASPECTS�

#ONCLUSION� �B�� 4HE� WATERFALL� MODEL� SUPPORTS� THE� PURSUIT� OF� GENERALITY� AND� OR
THOGONALITY�BETTER�THAN�THE�EVOLUTIONARY�STRATEGY��BECAUSE�THE�WATERFALL�MODEL�AL
LOWS� THE� CONSIDERATION�OF� ENTIRE� DESIGNS� AT� EVERY� ABSTRACTION� LEVEL��WHEREAS� THE
EVOLUTIONARY�STRATEGY�DEMANDS�THAT�DIFFERENT�PARTS�OF�A�DESIGN�ARE�CONSIDERED�IN
DIFFERENT�INCREMENTS�

%XAMPLE�EMPIRICAL�SUPPORT��"OEHM�;������P����=�STATES�THAT�IN�PRACTICE�ëIT�IS�GENER
ALLY�DIFFICULT�TO�DISTINGUISH�;EVOLUTIONARY�DEVELOPMENT=�FROM�THE�OLD�CODEANDFIX
MODEL��WHOSE�SPAGHETTI�CODE�AND�LACK�OF�PLANNING�WERE�THE�INITIAL�MOTIVATION�FOR
THE� WATERFALL� MODELì�� 4HE� EVOLUTIONARY� DEVELOPMENT� STRATEGY�� WHICH� DEMANDS
THAT�DIFFERENT�PARTS�OF�DESIGNS�ARE�CONSIDERED�IN�DIFFERENT� INCREMENTS�� THUS�OFTEN
RESULTS�IN�DESIGNS�THAT�ARE�BADLY�STRUCTURED�
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������ 3UMMARY�OF�CONCLUSIONS

4ABLE����� SUMMARISES� THE�CONCLUSIONS�OF� THIS� SECTION�� )T� SHOWS� THE� FOUR�CRITERIA� FOR
EVALUATION�OF�DEVELOPMENT�STRATEGIES��THE�APPROACH�TO�SUPPORT�THESE�CRITERIA��AND�THE
RANKING�OF�THE�SUPPORT�OFFERED�BY�EACH�BASIC�DEVELOPMENT�STRATEGY�

CRITERION��DEVELOPMENT
OBJECTIVE	

APPROACH SUPPORT�BY�BASIC�DEVELOPMENT
STRATEGIES

MINIMISATION�OF�REWORK�DUE
TO�CHANGING�SPECIFIED�RE
QUIREMENTS

EARLY�REQUIRE
MENTS�VALIDATION

���RAPID�PROTOTYPING�
�����WATERFALL�EVOLUTIONARY�A	

���CODEANDFIX

MINIMISATION�OF�REWORK�DUE
TO�NONIMPLEMENTABLE�DE
SIGNS

EARLY�IMPLE
MENTABILITY�VALI
DATION

���CODEANDFIX
���EVOLUTIONARY
�����WATERFALL��RAPID�PROTOTYPING

OPTIMAL�RESOURCE�ALLOCATION RESOURCE�PLAN
NING�AND�CONTROL

���WATERFALL
���EVOLUTIONARY
�����RAPID�PROTOTYPING�CODEAND
FIX

CONFORMANCE�TO�QUALITY�CRI
TERIA

PURSUIT�OF�QUAL
ITY�CRITERIA

���WATERFALL
���EVOLUTIONARY
����RAPID�PROTOTYPING�CODEAND
FIX

4ABLE����� � � 3UMMARY�OF� EVALUATION�OF�BASIC�DEVELOPMENT� STRATEGIES��4HIRD
COLUMN� LISTS� SUPPORT� BY� DEVELOPMENT� STRATEGIES� IN� ORDER� FROM� MOST� TO
LEAST��A	�EVOLUTIONARY�STRATEGY�BETTER�IN�CASE�OF�UNSTABLE�REQUIREMENTS�

���� 3ELECTION�OF�BASIC�DEVELOPMENT�STRATEGIES

������ 2ISKS�OF�DEVELOPMENT�PROCESSES

.ONE�OF�THE�BASIC�DEVELOPMENT�STRATEGIES�SUPPORTS�ALL�OF�THE�IDENTIFIED�DEVELOPMENT
OBJECTIVES�IN�THE�BEST�WAY�POSSIBLE��4HEREFORE�� THE�SELECTION�OF�A�BASIC�DEVELOPMENT
STRATEGY�SHOULD�NOT�ONLY�BE�BASED�ON�THEIR�SUPPORT�OF�THESE�DEVELOPMENT�OBJECTIVES�
BUT�ALSO�ON�THE�NEED�FOR�THE�SUPPORT�OF�EACH�DEVELOPMENT�OBJECTIVE�

4HE�NEED�FOR�THE�SUPPORT�OF�A�DEVELOPMENT�OBJECTIVE�IS�HIGH�IN�A�DEVELOPMENT�PROC
ESS�IF�THE�CONSEQUENCES�OF�NOT�SUPPORTING�THIS�DEVELOPMENT�OBJECTIVE�ARE�LARGE��#ON
VERSELY��IF�THE�CONSEQUENCES�OF�NOT�SUPPORTING�A�DEVELOPMENT�OBJECTIVE�ARE�MARGINAL�
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THE�NEED�FOR�THIS�SUPPORT�IS� LOW��3INCE�THE�DEVELOPMENT�OBJECTIVES�WERE�SELECTED�ON
THE�BASIS�OF�THEIR�INFLUENCE�ON�COSTS�AND�TIME�TO�DELIVERY�OF�A�DEVELOPMENT�PROCESS�
WE�ALSO�CONSIDER�THE�CONSEQUENCES�OF�NOT�HAVING�SUPPORT�FOR�THESE�DEVELOPMENT�OB
JECTIVES�IN�TERMS�OF�COSTS�AND�TIME�TO�DELIVERY�

4HE�ACTUAL�CONSEQUENCES�OF�NOT�SUPPORTING�A�DEVELOPMENT�OBJECTIVE�CAN�ONLY�BE�DE
TERMINED� AFTER� THE� DEVELOPMENT� PROCESS� HAS� BEEN� COMPLETED��!� BASIC� DEVELOPMENT
STRATEGY� IS�� HOWEVER�� SELECTED� IN� THE� EARLY� PHASES� OF� THE� DEVELOPMENT� PROCESS�� 4HE
SELECTION�OF�A�DEVELOPMENT�STRATEGY�SHOULD�THEREFORE�BE�BASED�ON�THE�ESTIMATED�CON
SEQUENCES�OF�NOT� SUPPORTING�EACH�OF� THE�DEVELOPMENT�OBJECTIVES� PRIOR� TO� THE� SELEC
TION�

!FTER�"OEHM�;����=�WE�CALL�THESE�PRIOR�ESTIMATED�CONSEQUENCES�RISKS��!�HIGH�RISK�IN�A
DEVELOPMENT�PROCESS�MEANS�A�STRONG�NEED�FOR�THE�SUPPORT�OF�A�DEVELOPMENT�OBJECTIVE
BY�A�DEVELOPMENT�STRATEGY��!�LOW�RISK�IN�A�DEVELOPMENT�PROCESS�MEANS�LITTLE�NEED�FOR
THE�SUPPORT�OF�A�DEVELOPMENT�OBJECTIVE�BY�A�DEVELOPMENT�STRATEGY��4HE�RISKS�OF�A�DE
VELOPMENT�PROCESS�ARE�STRONGLY�INFLUENCED�BY�HUMAN�FACTORS��SUCH�AS�THE�ABILITY�AND
EXPERIENCE�OF�THE�DEVELOPERS��AND�THE�MANAGEMENT�OF�THE�DEVELOPMENT�PROCESS�

4HE�FOUR�IDENTIFIED�DEVELOPMENT�OBJECTIVES�LEAD�TO�FOUR�TYPES�OF�RISK�

• 4HE� REQUIREMENTS� RISK� OF� A� DEVELOPMENT� PROCESS� IS� THE� PRIOR� ESTIMATED� CONSE
QUENCES�OF�REWORK�DUE�TO�CHANGING�SPECIFIED�REQUIREMENTS�IF�THERE�IS�NO�SUPPORT
BY� THE� DEVELOPMENT� STRATEGY� FOR� REQUIREMENTS� VALIDATION�� !� HIGH� REQUIREMENTS
RISK�CAN�BE�CAUSED�BY�E�G��

 USERS�WHO�DO�NOT�KNOW�WHAT�THEY�WANT�

 DEVELOPERS�WHO�HAVE�POOR�COMMUNICATIVE�ABILITIES�

• 4HE�IMPLEMENTABILITY�RISK�OF�A�DEVELOPMENT�PROCESS�IS�THE�PRIOR�ESTIMATED�CONSE
QUENCES�OF�REWORK�DUE�TO�NONIMPLEMENTABLE�DESIGNS� IF� THERE� IS�NO�SUPPORT�BY
THE�DEVELOPMENT�STRATEGY�FOR�IMPLEMENTABILITY�VALIDATION��!�HIGH�IMPLEMENTABIL
ITY�RISK�CAN�BE�CAUSED�BY�E�G��

 LITTLE�EXPERIENCE�OF�THE�DEVELOPERS�WITH�THE�IMPLEMENTATION�COMPONENTS�

 RELATIVELY�HIGH�PERFORMANCE�REQUIREMENTS�

• 4HE�RESOURCE�RISK�OF�A�DEVELOPMENT�PROCESS�IS�THE�PRIOR�ESTIMATED�CONSEQUENCES�OF
NONOPTIMAL�RESOURCE�USE�BY�DEVELOPMENT�STEPS�IF�THERE�IS�NO�SUPPORT�BY�THE�DE
VELOPMENT�STRATEGY�FOR�RESOURCE�PLANNING�AND�CONTROL��!�HIGH�RESOURCE�RISK�CAN�BE
CAUSED�BY�E�G��

 A�TIGHT�AND�FIXED�BUDGET�FOR�THE�DEVELOPMENT�PROCESS�

 DEVELOPERS�WHO�ARE�ONLY�AVAILABLE�FOR�A�FIXED�PERIOD�
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• 4HE�QUALITY�RISK�OF�A�DEVELOPMENT�PROCESS�IS�THE�PRIOR�ESTIMATED�CONSEQUENCES�OF
NONCONFORMANCE�TO�QUALITY�CRITERIA�IF�THERE� IS�NO�SUPPORT�THE�PURSUIT�OF�QUALITY
CRITERIA��!�HIGH�QUALITY�RISK�CAN�BE�CAUSED�BY�E�G��

 A�SYSTEM�THAT�IS�LIKELY�TO�UNDERGO�MUCH�MAINTENANCE��FOR�EXAMPLE��IF�IT�SHOULD
FUNCTION�FOR�A�LONG�TIME�

 THE�DEMAND�THAT�PARTS�OF�THE�SYSTEM�UNDER�DEVELOPMENT�SHOULD�BE�REUSEABLE
IN�OTHER�SYSTEMS�

������ -ETHODS�FOR�RISK�ASSESSMENT

)N�ORDER� TO�SELECT� A�BASIC�DEVELOPMENT� STRATEGY�� THE� IDENTIFIED� RISKS� FIRST�HAVE� TO�BE
ASSESSED��4WO�TYPES�OF�METHODS�FOR�DOING�SO�ARE�MENTIONED�IN�THE�LITERATURE�

• -ETHODS� BASED� ON� EXTENSIVE� QUESTIONNAIRES� �E�G�� ;3"!�� ����=	�� ,ISTS� COVERING
MANY�FACTORS�THAT�INFLUENCE�RISKS�ARE�PREPARED�ON�THE�BASIS�OF�EXPERIENCE�WITH�DE
VELOPMENT�PROCESSES�IN�THE�PAST��4HEN�A�GROUP�OF�DEVELOPERS�AND��E�G���SYSTEM�US
ERS�AND�MANAGERS�COME�TOGETHER�TO�RATE�ALL�OF�THESE�FACTORS�FOR�THE�DEVELOPMENT
PROCESS�FOR�WHICH�A�STRATEGY�HAS�TO�BE�SELECTED�

• -ETHODS� FOR� IDENTIFYING� RELATIVE� RISKS� �E�G�� ;"OEHM�� ����=	�� 2ATHER� THAN� BEING
BASED�ON� LARGE� LISTS�OF� FACTORS� THAT� INFLUENCE� RISKS�� IN� THESE�METHODS� DEVELOPERS
AND�USERS�IDENTIFY�RELATIVE�RISKS�IN��E�G���BRAINSTORMING�AND�STRUCTURED�EVALUATION
SESSIONS�

4HE� RESULTS� OF� THESE�METHODS� ARE�� TO� SOME� EXTENT�� SUBJECTIVE� AND� PRONE� TO� ERRORS�
4HIS�IS��HOWEVER��UNAVOIDABLE��SINCE�THE�SELECTION�OF�A�DEVELOPMENT�STRATEGY�IS�ALWAYS
BASED�ON�AN�ASSESSMENT�OF� FUTURE�EVENTS��"OEHM�;����=� THEREFORE�ADVISES�ORGANISA
TIONS�TO�SPEND�MUCH�EFFORT�TO�THE�DEVELOPMENT�OF�SYSTEMATIC�PROCEDURES�FOR�RISK�AS
SESSMENT�ON�THE�BASIS�OF�A�GENERALISATION�OF�THEIR�EXPERIENCES��AND�TO�INVOLVE�EXPERI
ENCED�DEVELOPERS�IN�RISK�ASSESSMENT�

������ 3ELECTION�OF�A�BASIC�DEVELOPMENT�STRATEGY

/NCE�THE�RISKS�OF�A�DEVELOPMENT�PROCESS�HAVE�BEEN�ASSESSED��A�DEVELOPMENT�STRATEGY
CAN�BE�SELECTED��4ABLE�����LISTS�THE�SITUATIONS�IN�WHICH�THE�BASIC�DEVELOPMENT�STRATE
GIES�ARE�MOST�SUITABLE� IN�TERMS�OF�THE�VALUED�RISKS��WHICH�ARE�RANKED�ON�AN�ORDINAL
SCALE�FROM�HIGH�TO�LOW��4HE�TABLE�WAS�CONSTRUCTED�BY�FIRST�CONSIDERING�THE�RELATIONS
BETWEEN� THE� IDENTIFIED�RISKS�AND� THE�NEED� FOR� SUPPORT�OF�PARTICULAR�CRITERIA� �SECTION
�����	�AND� THEN�CONSIDERING� THE�SUPPORT�EACH�BASIC�DEVELOPMENT� STRATEGY�OFFERS� FOR
THESE�CRITERIA��SECTION������	��/BVIOUSLY��WHEN�A�DEVELOPMENT� STRATEGY� IS� SUITABLE� IN
CASE�A�PARTICULAR�RISK�IS�HIGH�OR�MEDIUM��IT�IS�ALSO�SUITABLE�WHEN�THE�RISK�IS�LOWER�
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DEVELOPMENT
STRATEGY

REQUIREMENTS
RISK

IMPLEMENTA
BILITY�RISK

RESOURCE�RISK QUALITY�RISK

WATERFALL�MODEL HIGH�MEDIUM�A	 LOW HIGH HIGH

EVOLUTIONARY�STRAT
EGY

HIGH�MEDIUM�B	 MEDIUM MEDIUM MEDIUM

CODEANDFIX�STRAT
EGY

LOW HIGH LOW LOW

RAPID�PROTOTYPING HIGH LOW LOW LOW

4ABLE�������3UITABILITY�OF�BASIC�DEVELOPMENT�STRATEGIES��A	�HIGH�IN�CASE�OF�UN
CERTAIN�REQUIREMENTS��MEDIUM�IN�CASE�OF�UNSTABLE�REQUIREMENTS��B	�HIGH�IN
CASE�OF�UNSTABLE�REQUIREMENTS��MEDIUM�IN�CASE�OF�UNCERTAIN�REQUIREMENTS�

���� #OMPOSITE�DEVELOPMENT�STRATEGIES

4ABLE�����SHOWS�THAT�EACH�BASIC�DEVELOPMENT�STRATEGY�IS�APPROPRIATE�IN�CASE�OF�PAR
TICULAR�COMBINATIONS�OF�RISK�VALUES��(OWEVER��IN�MANY�CASES�A�DEVELOPMENT�PROCESS
POSSESSES�A�DIFFERENT�COMBINATION�OF�RISK�VALUES��)N�SUCH�CASES��NONE�OF�THE�IDENTIFIED
BASIC� DEVELOPMENT� STRATEGIES� OPTIMALLY� SUITS� THE� DEVELOPMENT� PROCESS�� /NE� SHOULD
THEN�BE�ABLE�TO�CONSTRUCT�A�TAILORED�DEVELOPMENT�STRATEGY�

4HE�CONSTRUCTION�OF�A�NEW�DEVELOPMENT�STRATEGY�SHOULD�BE�BASED�ON�THE�WAY�DEVEL
OPMENT�STRATEGIES�HAVE�BEEN�PRESENTED�IN�SECTION������FIRST�DISTINGUISH�GROUPS�OF�DE
VELOPMENT�STEPS��AND�THEN�DETERMINE�THE�ORDER�IN�WHICH�THEY�SHOULD�BE�CARRIED�OUT�
)N�THIS�SECTION�WE�TREAT�SOME�COMPOSITE�DEVELOPMENT�STRATEGIES��STRATEGIES�WHICH�ARE
CONSTRUCTED�FROM�THE� IDENTIFIED�BASIC�DEVELOPMENT�STRATEGIES��4HE�COMPOSITE� STRATE
GIES�DISCUSSED�HERE�CAN�BE�CLASSIFIED�AS�DEVELOPMENT�STRATEGIES�THAT�USE�DIFFERENT�BASIC
DEVELOPMENT�STRATEGIES�

• AT�DIFFERENT�ABSTRACTION�LEVELS��OR

• FOR�DIFFERENT�INCREMENTS�OR�VERSIONS�OF�THE�SYSTEM�

������ 5SE�OF�DIFFERENT�BASIC�DEVELOPMENT�STRATEGIES�AT�DIFFERENT�ABSTRACTION�LEVELS

!N�EXAMPLE�OF�THIS�TYPE�OF�COMPOSITE�DEVELOPMENT�STRATEGY�IS�THE�INCREMENTAL�DEVEL
OPMENT� STRATEGY� AS� DESCRIBED� IN� ;!LEXANDER��� $AVIS�� ����=� AND� ;7OHLIN�� ����=�
4HIS�DEVELOPMENT�STRATEGY�IS�BASED�ON�THE�FOLLOWING�GUIDELINES�

��� ELICIT�ALL�REQUIREMENTS�

��� SELECT�A�PART�OF�THE�REQUIREMENTS�AND�IMPLEMENT�THESE�
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��� EXPAND�THE�SYSTEM�BY�ADDING�MORE�INCREMENTS�ACCORDING�TO�STEP���UNTIL�THE�COM
PLETE�SYSTEM�HAS�BEEN�IMPLEMENTED�

4HIS�DEVELOPMENT� STRATEGY� THUS�USES� THE�WATERFALL�MODEL� AT� THE� HIGHEST� ABSTRACTION
LEVEL� AND� THEN� USES� THE� EVOLUTIONARY� DEVELOPMENT� STRATEGY�� &IGURE� ���� SHOWS� THIS
GRAPHICALLY�

INCREMENTS

ABSTRACTION
LEVELS

&IGURE�������3TRUCTURE�OF�INCREMENTAL�DEVELOPMENT�STRATEGY��,EGEND�AS�FOR
&IGURE�����

)T�IS�NOT�SURPRISING�THAT�THE�SUPPORT�FOR�ALL�OF�THE�CRITERIA�OF�SECTION�����BY�THE�INCRE
MENTAL�DEVELOPMENT�STRATEGY� IS�SOMEWHERE�BETWEEN�OR�EQUAL� TO�THE�SUPPORT�BY� THE
WATERFALL�MODEL�AND�THE�SUPPORT�BY�THE�EVOLUTIONARY�STRATEGY��4HE�INCREMENTAL�STRAT
EGY�IS�PARTICULARLY�SUITED�FOR�DEVELOPMENT�PROCESSES�WITH�A�MEDIUM�IMPLEMENTABILITY
RISK��FOR�WHICH�THE�WATERFALL�MODEL�IS�UNSUITABLE	�AND�MEDIUM�TO�HIGH�RESOURCE�AND
QUALITY�RISKS��FOR�WHICH�THE�EVOLUTIONARY�STRATEGY�IS�UNSUITABLE	�

4HE�REASON�WHY�INCREMENTAL�DEVELOPMENT�IS�SUITABLE�FOR�DEVELOPMENT�PROCESSES�WITH
A�MEDIUM�TO�HIGH�RESOURCE�RISK�IS�THAT�ITS�APPLICATION�RESULTS�IN�THE�EARLY�AVAILABILITY
OF� THE�COMPLETE� SET�OF� SPECIFIED�USER�REQUIREMENTS��4HIS�ALLOWS�PROPER�ESTIMATES�OF
THE�COMPLEXITY�OF�THE�FOLLOWING�GROUPS�OF�DEVELOPMENT�STEPS�TO�BE�MADE�

4HE�EARLY�AVAILABILITY�OF� THE�COMPLETE� SET�OF� SPECIFIED�USER� REQUIREMENTS� IS� ALSO� THE
REASON�WHY� INCREMENTAL� DEVELOPMENT� IS� SUITABLE� FOR� DEVELOPMENT� PROCESSES�WITH� A
MEDIUM�TO�HIGH�QUALITY�RISK��!S�3CHOT�;����=�DESCRIBES��THIS�EARLY�AVAILABILITY�OF�THE
USER�REQUIREMENTS�ALLOWS�FOR�THE�SELECTION�OF�KEY�FUNCTIONAL�ELEMENTS��FUNCTIONS�THAT
HAVE�A�MAJOR�IMPACT�ON�THE�STRUCTURE�OF�THE�SYSTEM��"Y�IMPLEMENTING�THE�FUNCTIONAL
ELEMENTS�WITH�THE�LARGEST�STRUCTURAL�IMPACT�FIRST��AND�BY�STRICTLY�ADHERING�TO�THE�CRITE
RION�OF�OPENENDEDNESS��A�CLEANLY�STRUCTURED�SYSTEM�CAN�BE�DEVELOPED�

3CHOT�ALSO�DESCRIBES�AN�EXTENSION�OF�INCREMENTAL�DEVELOPMENT�AS�DESCRIBED�BY�!LEX
ANDER���$AVIS��THE�PARTLY�PARALLEL� IMPLEMENTATION�OF�KEY�FUNCTIONAL�ELEMENTS��4HIS
ALLOWS�THE�TIME�TO�MARKET�OF�A�PRODUCT�TO�BE�REDUCED�
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������ 5SE�OF�DIFFERENT�BASIC�DEVELOPMENT�STRATEGIES�FOR�DIFFERENT�INCREMENTS�OR�VER
SIONS�OF�THE�SYSTEM

!N�EXAMPLE�OF�THIS�TYPE�OF�COMPOSITE�DEVELOPMENT�STRATEGY�IS�THE�ëDO�IT�TWICEì�STRAT
EGY�;2OYCE������=��)N�THIS�STRATEGY�A�SYSTEM�IS�FIRST�BUILT�USING�A�COMBINATION�OF�RAPID
PROTOTYPING�AND�THE�CODEANDFIX�STRATEGY��4HEN�A�NEW��CLEANER��VERSION�OF�THE�SYSTEM
IS�BUILT�USING�THE�WATERFALL�MODEL�

!�BETTER�WORKED�OUT�VERSION�OF�THE�ëDO�IT�TWICEì�STRATEGY�IS�THE�SPIRAL�MODEL�;"OEHM�
����=��)T�IS�BASED�ON�THE�FOLLOWING�GUIDELINES�

��� SELECT�THE�ASPECT�OF�THE�SYSTEM�WITH�THE�HIGHEST�RISK��IMPLEMENT�THIS�ASPECT��EITHER
BY�MEANS� OF� RAPID� PROTOTYPING� OR� BY�MEANS� OF� THE� CODEANDFIX� STRATEGY	�� AND
ADAPT�IT�UNTIL�THIS�RISK�HAS�BEEN�ëRESOLVEDì��COPED�WITH	�

��� EXPAND�THE�SYSTEM�BY�ADDING�ANOTHER�INCREMENT�ACCORDING�TO�STEP���

��� REPEAT� STEP��� UNTIL� ALL� HIGHRISK� ASPECTS� OF� THE� SYSTEM�HAVE� BEEN� RESOLVED�� THEN
BUILD�THE�SYSTEM�ACCORDING�TO�THE�WATERFALL�STRATEGY�

&IGURE�����SHOWS�A�POSSIBLE�STRUCTURE�OF�A�DEVELOPMENT�PROCESS�CARRIED�OUT�ACCORDING
TO� THE� SPIRAL�MODEL�� )N� THIS� DEVELOPMENT� PROCESS� THE� FOLLOWING� BASIC� DEVELOPMENT
STRATEGIES�WERE�APPLIED�IN�THE�FOLLOWING�ORDER��RAPID�PROTOTYPING��CODEANDFIX�STRAT
EGY��RAPID�PROTOTYPING��AND�WATERFALL�MODEL�

ABSTRACTION
LEVELS

ABSTRACTION
LEVELS

EXPERIMENTAL�PHASE

INCREMENTS

BUILDING�PHASE

INCREMENTS

&IGURE�������0OSSIBLE�STRUCTURE�OF�A�DEVELOPMENT�PROCESS�CARRIED�OUT�ACCORD
ING�TO�THE�SPIRAL�MODEL��,EGEND�AS�FOR�&IGURE�����

4HE� SPIRAL�MODEL�OFFERS� GOOD� SUPPORT� FOR�MOST�OF� THE� CRITERIA� IDENTIFIED� IN� SECTION
����� BECAUSE� IT� ALLOWS� FOR� THE� USE� OF� ANY� OF� THE� BASIC� DEVELOPMENT� STRATEGIES� TO
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ëRESOLVEì�THE�HIGH�RISKS�OF�DIFFERENT�ASPECTS��4HE�SPIRAL�MODEL�IS��HOWEVER��NOT�ALWAYS
THE�MOST�APPROPRIATE�STRATEGY��BASED�ON�;0RESSMAN������=	�

• 3INCE� THE� COMPLETE� SPECIFIED� REQUIREMENTS� ONLY� BECOME� AVAILABLE� AFTER� THE� EX
PERIMENTAL� PHASE�� PLANNING� AND� CONTROL� OF� THIS� EXPERIMENTAL� PHASE� IS� DIFFICULT�
$UE� TO� THE�VARIOUS�BASIC�DEVELOPMENT� STRATEGIES� THAT�CAN�BE�USED� IN� THE�EXPERI
MENTAL�PHASE��THE�EXPERIMENTAL�PHASE�IS�EVEN�HARDER�TO�CONTROL�

• )F�BOTH�THE�REQUIREMENTS�RISK�AND�THE�IMPLEMENTABILITY�RISK�ARE�LOW��THE�WATERFALL
MODEL�IS�THE�MOST�APPROPRIATE�STRATEGY�FOR�A�DEVELOPMENT�PROCESS��4HE�EMPHASIS
OF� THE� SPIRAL�MODEL� ON� EXPERIMENTATION�MAY� LEAD� TO� FAR�MORE� EXPERIMENTATION
THAN�REQUIRED�BEFORE�THE�SYSTEM�IS�DEVELOPED�WITH�THE�WATERFALL�MODEL�

���� $EVELOPMENT�STRATEGIES�FOR�SPECIFIC�TYPES�OF�SYSTEMS

4HE�SELECTION�OF�A�STRATEGY�FOR�THE�DEVELOPMENT�OF�CERTAIN�SPECIFIC�TYPES�OF�SYSTEMS�IS
ALSO�INFLUENCED�BY�OTHER�CRITERIA�THAN�THE�ONES�DISCUSSED�IN�THIS�CHAPTER��(ERE�WE�GIVE
SOME�EXAMPLES�OF�THIS�

!N�OPEN�SYSTEM�IS�A�SYSTEM��SUCH�THAT�MULTIPLE�PARTIES�AGREE�ON�THE�EXTERNAL�BEHAV
IOUR�OF�ITS�PARTS��EACH�PART�CAN�BE�IMPLEMENTED�AND�PRODUCED�BY�THESE�PARTIES��AND
THE� SYSTEM�CAN�BE�COMPOSED�BY�COUPLING� THE� IMPLEMENTED�PARTS� ;)3/������=��4HIS
REQUIRES�A�SPECIFICATION�OF�THE�EXTERNAL�BEHAVIOUR�OF�EACH�SYSTEM�PART�� )F� THE� IMPLE
MENTATION�OF�A�PART�IS�DEFERRED�UNTIL�AN�AGREEMENT�ON�THIS�SPECIFICATION��THIS�IMPLIES
THE�USE�OF�THE�WATERFALL�MODEL�IN�THE�INITIAL�STAGES�OF�THE�DEVELOPMENT�PROCESS�

)N�CASE�A�DEVELOPMENT�PROCESS�CONCERNS�THE�DEVELOPMENT�OF�A�SYSTEM�FOR�AN�EXTERNAL
PARTY��A�CONTRACT�IS�OFTEN�MADE�THAT�SPECIFIES�THE�MAJOR�REQUIREMENTS�FOR�THE�SYSTEM�
3INCE�THIS�CONTRACT�IS�MADE�BEFORE�THE�SYSTEM�IS�IMPLEMENTED��THIS�IMPLIES�THE�USE�OF
THE�WATERFALL�MODEL�IN�THE�INITIAL�STAGES�OF�THE�DEVELOPMENT�PROCESS�

)N�SOME�SYSTEMS�IT�IS�HARD�OR�TIMECONSUMING�TO�OBSERVE�WHETHER�A�SYSTEM�CONFORMS
TO�THE�STATED�REQUIREMENTS��4HIS�APPLIES��FOR�EXAMPLE��TO�SYSTEMS�WITH�EXTREME�RELI
ABILITY�REQUIREMENTS�;#OURTOIS������=��)N�SUCH�CASES�PREMISE��A�IS�NOT�VALID���0REMISE
�A�SAYS�THAT�A�DEVELOPMENT�STRATEGY�BEST�SUPPORTS�EARLY�REQUIREMENTS�VALIDATION�WHEN
ITS�APPLICATION�RESULTS�IN�THE�EARLY�AVAILABILITY�OF�A�PROTOTYPE�OF�THE�COMPLETE�SYSTEM�
)TS�MOTIVATION�IS�THAT�BY�EXPERIMENTING�WITH�THE�SYSTEM��USERS�CAN�DIRECTLY�COMPARE
THE� SPECIFIED� REQUIREMENTSPROVIDED� THESE� HAVE� BEEN� IMPLEMENTED� CORRECTLYTO
THEIR� ACTUAL� REQUIREMENTS�	� )N� SUCH� CASES� EARLY� REQUIREMENTS� VALIDATION� IS� BEST� PER
FORMED�BY�REVIEWING�THE�COMPLETE�SET�OF�SPECIFIED�REQUIREMENTS�WITH�THE�USERS�EARLY
IN� THE�DEVELOPMENT�PROCESS�AND�BY�USING�ANALYSIS�OR� SIMULATION� TECHNIQUES� TO� VALI
DATE�CERTAIN�ASPECTS�OF�THESE�REQUIREMENTS�;4RIVEDI������=��4HE�WATERFALL�MODEL�AND
THE�INCREMENTAL�DEVELOPMENT�STRATEGY�ARE�THE�MOST�APPROPRIATE�DEVELOPMENT�STRATE
GIES�FOR�THIS�PURPOSE�
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���� #ONCLUSIONS

4HE�RELATION�BETWEEN�THE�CHARACTERISTICS�OF�DEVELOPMENT�STRATEGIES�AND�THE�NEED�FOR
THE�SUPPORT�OF�PARTICULAR�DEVELOPMENT�OBJECTIVES�IS�IMPORTANT�FOR�THE�SELECTION�OF�AN
APPROPRIATE�DEVELOPMENT� STRATEGY��(OWEVER�� LITTLE� RESEARCH�HAS� BEEN� CARRIED�OUT� IN
THIS�AREA��/UR�ANALYSIS�OF�DEVELOPMENT�STRATEGIES�HAS�LED�TO�

• THE�DISTINCTION�OF�IMPORTANT�ELEMENTS�OF�DEVELOPMENT�STRATEGIES��THE�SUPPORT�FOR
SEPARATION�OF�CONCERNS��AND�THE�ORDER�IN�WHICH�DISTINGUISHED�DEVELOPMENT�STEPS
ARE�TO�BE�CARRIED�OUT�

• THE�DISTINCTION�OF� IMPORTANT�DEVELOPMENT�OBJECTIVES� THAT�DEVELOPMENT� STRATEGIES
MAY� SUPPORT��MINIMISATION�OF� REWORK�DUE� TO� CHANGING� SPECIFIED� REQUIREMENTS�
MINIMISATION� OF� REWORK� DUE� TO� NONIMPLEMENTABLE� DESIGNS�� OPTIMAL� RESOURCE
ALLOCATION��AND�CONFORMANCE�TO�QUALITY�CRITERIA�

• THE�IDENTIFICATION�OF�THE�SUPPORT�OF�EACH��ELEMENT�OF�A	�DEVELOPMENT�STRATEGY�FOR
EACH�DEVELOPMENT�OBJECTIVE�

4HE�SELECTION�OF�A�DEVELOPMENT�STRATEGY�FOR�A�DEVELOPMENT�PROCESS�CAN�THEN�BE�BASED
ON�THE�NEED�FOR�THE�SUPPORT�OF�EACH�DEVELOPMENT�OBJECTIVE��4HESE�NEEDS�CAN�BE�FOR
MULATED�AS�RISKS�

)N�CASE�NO�BASIC�DEVELOPMENT� STRATEGY�OFFERS� THE�REQUIRED�SUPPORT� FOR�DEVELOPMENT
OBJECTIVES�� A� COMPOSITE� DEVELOPMENT� STRATEGY� CAN� BE� CONSTRUCTED� BY� FIRST� DISTIN
GUISHING�GROUPS�OF�DEVELOPMENT�STEPS��AND�THEN�DETERMINING�THE�ORDER�IN�WHICH�THEY
SHOULD�BE�CARRIED�OUT�



���� )NTRODUCTION

������ -OTIVATION

4HIS� CHAPTER� DISCUSSES� THE� SYNTHESIS� OF� DEVELOPMENT� METHODS� FROM� THE� PREVIOUSLY
DISCUSSED�STRUCTURING�TECHNIQUES��I�E�

• ARCHITECTURAL�CONCEPTS��CHAPTERS���AND��	�

• HORIZONTAL�STRUCTURING�TECHNIQUES��CHAPTER��	�

• VERTICAL�STRUCTURING�TECHNIQUES��CHAPTER��	�

• DEVELOPMENT�STRATEGIES��CHAPTER��	�

"Y�PROPERLY�SYNTHESISING��AND�POSSIBLY�REFINING��SELECTED�STRUCTURING�TECHNIQUES��ONE
CAN� CONSTRUCT� A� DEVELOPMENT� METHOD� FOR� BUSINESS� PROCESSES� THAT� GIVES� DEVELOPERS
MORE� CONCRETE� GUIDANCE� THAN� A� MERE� SET� OF� ABSTRACT� STRUCTURING� TECHNIQUES� FROM
WHICH�DEVELOPERS�SELECT�THE�ONES�THEY�DEEM�MOST�APPROPRIATE�

������ 3TRUCTURE

3ECTION�����PRESENTS�OUR�APPROACH�TO�THE�CONSTRUCTION�OF�DEVELOPMENT�METHODS�AND
COMPARES�IT�WITH�OTHER�APPROACHES�

3ECTION�����ILLUSTRATES�OUR�APPROACH�TO�THE�CONSTRUCTION�OF�DEVELOPMENT�METHODS�BY
PRESENTING�THE�OUTLINES�OF�FOUR�DEVELOPMENT�METHODS�
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���� #ONSTRUCTION�OF�DEVELOPMENT�METHODS

������ !PPROACH

/UR� APPROACH� TO� THE� CONSTRUCTION� OF� DEVELOPMENT�METHODS� CAN� BE� SUMMARISED� AS
FOLLOWS�

��� 3ELECTION�� AND� POSSIBLY� REFINEMENT�� OF� THE� HORIZONTAL� AND� VERTICAL� STRUCTURING
TECHNIQUES�TO�BE�SUPPORTED�BY�THE�METHOD��RESULTING� IN�GROUPS�OF�RELATED�DEVEL
OPMENT�STEPS�

��� 3ELECTION��AND�POSSIBLY�REFINEMENT��OF�A�DEVELOPMENT�STRATEGY�THAT�DETERMINES�THE
ORDER� IN�WHICH� THESE� GROUPS� OF� DEVELOPMENT� STEPS� ARE� TAKEN�� THUS� SYNTHESISING
THEM�IN�A�DEVELOPMENT�METHOD�

��� 0OSSIBLY�FURTHER�REFINEMENT�OF�THE�RESULTING�DEVELOPMENT�METHOD�BY�THE�PROVISION
OF�HEURISTICS��DESIGN�CRITERIA��AND�APPLICATION�EXAMPLES�

4HE�SELECTION�OF�STRUCTURING�TECHNIQUES�IN�STEPS���AND���SHOULD�TAKE�PLACE�ON�THE�BA
SIS� OF� THE� NEED� FOR� THE� SUPPORT� OF� DEVELOPMENT� OBJECTIVES� THAT� IS� OFFERED� BY� EACH
STRUCTURING�TECHNIQUE��&OR�EXAMPLE��IF�ONE�INTENDS�TO�DEVELOP�A�BUSINESS�PROCESS�THAT
IS� STRUCTURED� AROUND� WORKFLOWS�� IT� IS� MORE� APPROPRIATE� TO� SELECT� A� WORKFLOW
ORIENTED�STYLE�FOR�HORIZONTAL�STRUCTURING�THAN�A�BUSINESS�FUNCTIONORIENTED�STYLE��3INCE
THE�DEVELOPMENT�OBJECTIVES�SUPPORTED�BY�EACH�STRUCTURING�TECHNIQUE�WERE�DISCUSSED
IN� THE� CHAPTER�WHERE� THE� STRUCTURING� TECHNIQUE�WAS� INTRODUCED��WE�DO�NOT� FURTHER
DISCUSS�THESE�DEVELOPMENT�OBJECTIVES�HERE�

4HE�APPROACH�DOES�NOT�INVOLVE�THE�SELECTION�OR�REFINEMENT�OF�THE�ARCHITECTURAL�CON
CEPTS��ALL�IDENTIFIED�ARCHITECTURAL�CONCEPTS�ARE�ORTHOGONAL�TO�AND�APPLY�TO�ANY�DEVEL
OPMENT�METHOD�CONSTRUCTED�ACCORDING�TO�OUR�APPROACH�

3ELECTION�AND�REFINEMENT�OF�HORIZONTAL�AND�VERTICAL�STRUCTURING�TECHNIQUES

3ELECTION�� #HAPTER� �� SHOWED� THAT� THE� COMBINATION� OF� HORIZONTAL� STRUCTURING
�RESULTING�IN�ASPECTS	�AND�VERTICAL�STRUCTURING��RESULTING�IN�ABSTRACTION�LEVELS	�LEADS�TO
THE�STRUCTURE�OF�A�DEVELOPMENT�PROCESS�AS�REPRESENTED�IN�FIGURE������4HIS�FIGURE�IS�RE
PEATED�AS�&IGURE�����FOR�THE�CONVENIENCE�OF�THE�READER��%ACH�SQUARE�IN�THE�FIGURE�REP
RESENTS�A�GROUP�OF�ONE�OR�MORE�DEVELOPMENT�STEPS�IN�WHICH�DECISIONS�ARE�TO�BE�TAKEN
THAT�REGARD�ONE�ASPECT�OF�THE�SYSTEM�AT�ONE�ABSTRACTION�LEVEL��&ROM�HERE�ON�WE�CALL
SUCH�A�GROUP�OF�DEVELOPMENT�STEPS�AN��ABSTRACT	�DEVELOPMENT�STEP�

!�DEVELOPMENT�METHOD�NEED�NOT�SUPPORT�ALL�ASPECTS�AND�ABSTRACTION�LEVELS�IDENTIFIED
IN�CHAPTERS���AND����4HE�CONSTRUCTOR�OF�A�METHOD�MAY�SELECT�WHICH�OF�THE�IDENTIFIED
ASPECTS�AND�ABSTRACTION�LEVELS�ARE�TO�BE�SUPPORTED�BY�THE�DEVELOPMENT�METHOD�

/NE�MIGHT�� FOR�EXAMPLE�� SELECT� LOCAL� AND� REMOTE�CONSTRAINTS�WITH� RESPECT� TO�WORK
FLOWS� FOR�HORIZONTAL� STRUCTURING� AND� THE� INTEGRATED� SYSTEM�PERSPECTIVE� AND� THE� DIS
TRIBUTED�SYSTEM�PERSPECTIVE�FOR�VERTICAL�STRUCTURING�
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&IGURE�������#OMBINATION�OF�HORIZONTAL�AND�VERTICAL�STRUCTURING�RESULTING�IN
GROUPS�OF�RELATED�DEVELOPMENT�STEPS��2EPRINT�OF�FIGURE�����

2EFINEMENT�� 4HE� SELECTED� HORIZONTAL� AND� VERTICAL� STRUCTURING� TECHNIQUES� CAN� BE� RE
FINED�IN�ORDER�TO�PROVIDE�FURTHER�GUIDANCE�TO�DEVELOPERS�

&OR� EXAMPLE�� THE� FOLLOWING� FURTHER� HORIZONTAL� SEPARATION� OF� CONCERNS� CAN� BE� PRO
VIDED�

• MODELLING�OF�ENTITIES�

• MODELLING�OF�BEHAVIOUR��CONSISTING�OF�

 MODELLING�OF��INTER	ACTIONS��WITHOUT�THEIR�ATTRIBUTES�

 MODELLING�OF�CAUSALITY�RELATIONS�BETWEEN��INTER	ACTIONS�

 MODELLING�OF��INTER	ACTION�ATTRIBUTES�AND�REFERENCE�RELATION�

3ELECTION�AND�REFINEMENT�OF�A�DEVELOPMENT�STRATEGY

3ELECTION��.EXT��A�DEVELOPMENT�STRATEGY�SHOULD�BE�SELECTED��4HIS�DEVELOPMENT�STRAT
EGY�DETERMINES�THE�ORDER�IN�WHICH�THE�PREVIOUSLY�IDENTIFIED�DEVELOPMENT�STEPS�ARE�TO
BE�CARRIED�OUT��)T�THUS�SYNTHESISES�THESE�DEVELOPMENT�STEPS�IN�A�DEVELOPMENT�METHOD�

2EFINEMENT�� )F� THE� SELECTED� HORIZONTAL� OR� VERTICAL� STRUCTURING� TECHNIQUES� HAVE� BEEN
REFINED�� RESULTING� IN� SMALLER� DEVELOPMENT� STEPS�� THE� SELECTED� DEVELOPMENT� STRATEGY
NEEDS�TO�BE�REFINED�AS�WELL��IN�ORDER�TO�PRESCRIBE�THE�ORDER�IN�WHICH�THESE�SMALLER�DE
VELOPMENT�STEPS�ARE�TO�BE�CARRIED�OUT�

&OR� EXAMPLE�� GIVEN� THE� FURTHER�HORIZONTAL� SEPARATION�OF� CONCERNS� PRESENTED� ABOVE�
THE�FOLLOWING�ORDER�OF�THE�RESULTING�DEVELOPMENT�STEPS�CAN�BE�PRESCRIBED�

• FIRST��THE�MODELLING�OF�ENTITIES�

• SECOND��THE�MODELLING�OF�BEHAVIOUR��WHICH�IS�CARRIED�OUT�AS�FOLLOWS�

 FIRST��THE�MODELLING�OF��INTER	ACTIONS��WITHOUT�THEIR�ATTRIBUTES�

 SECOND��THE�MODELLING�OF�RELATIONS�BETWEEN�INTERACTIONS�

 THIRD��THE�MODELLING�OF��INTER	ACTION�ATTRIBUTES�
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&URTHER�REFINEMENT

-OST�OF�THE�ELEMENTS�OF�DEVELOPMENT�METHODS�DISCUSSED�IN�CHAPTERS���TO���ARE�GE
NERIC�FOR�DISTRIBUTED�SYSTEMS��)N�ORDER�TO�GIVE�MORE�CONCRETE�GUIDANCE�TO�DEVELOPERS
OF�BUSINESS�PROCESSES�� THE�METHOD� RESULTING� FROM� THE�PREVIOUS� STEPS� CAN�BE� REFINED
FURTHER�� )N�THE�EXAMPLE�METHOD�OF�CHAPTER���WE�DO�SO�BY� THE�PROVISION�OF� THE� FOL
LOWING�

• (EURISTICS��(EURISTICS�ARE�ëRULES�OF�THE�THUMBì�THAT�USUALLY�ORIGINATE�FROM�EXPERI
ENCE��!N�EXAMPLE� IS� THE�ëSTAPLE�YOURSELF� TO�AN�ORDERì�HEURISTIC��WHICH�SAYS� THAT
WHEN�MODELLING�A�WORKFLOW��IT�CAN�BE�USEFUL�TO�FOLLOW�THROUGH�AN�ORGANISATION
THE�ROUTE�OF�THE�INFORMATION�OR�MATERIAL�OBJECTS�PASSED�IN�AN�INITIAL�INTERACTION�OF
THE�WORKFLOW�

• %XAMPLES�OF�DESIGN�CRITERIA��$ESIGN�CRITERIA�DETERMINE�WHAT�CONSTITUTES�A�ëGOODì
DESIGN��4HE�PROVISION�OF�EXAMPLES�OF�DESIGN�CRITERIA�ENABLES�DEVELOPERS�TO�SELECT
APPROPRIATE�ONES�OR�TO�DEVELOP�THEIR�OWN�DESIGN�CRITERIA��%XAMPLES�OF�DESIGN�CRI
TERIA� FOR� BUSINESS� PROCESSES�WE� PROVIDE� ARE� ëA�MINIMAL� AMOUNT� OF� INTERACTIONS
WITH�CLIENTSì��AND�ëA�MINIMAL�NUMBER�OF�CHECKS�AND�CONTROLSì�

• !PPLICATION�EXAMPLES��%XAMPLES�CAN�MAKE�A�METHOD�MORE�CONCRETE�FOR�DEVELOP
ERS��&RANKEN�ET�AL��;����A=�ARGUE�THAT�MANY�DEVELOPMENT�METHODS�ARE�PERCEIVED
AS�CONCRETE�MAINLY�DUE�TO�THE�LARGE�AMOUNT�OF�EXAMPLES�OF�THE�APPLICATION�OF�THE
METHODS�

������ $EVELOPMENT�PROCESSES�COMPRISING�BOTH�ANALYSIS�AND�DESIGN

4HE�APPROACH� TO� THE�CONSTRUCTION�OF�DEVELOPMENT�METHODS�OF� THE�PREVIOUS� SECTION
SUITS�DEVELOPMENT�PROCESSES�IN�WHICH�ONE�EITHER�ANALYSES�A�CURRENT�SYSTEM�OR�DESIGNS
A�NEW�SYSTEM��3INCE�REDESIGN�PROCESSES�COMPRISE�BOTH�TYPES�OF�ACTIVITY��WE�CONSIDER
SUCH�DEVELOPMENT�PROCESSES�HERE�

&IGURE�����SHOWS�A�SIMPLIFIED�MODEL�OF�A�REDESIGN�PROCESS��)T�IS�BASED�ON�;$E-ARCO�
����=��BUT�SIMILAR�FIGURES�CAN�BE�FOUND�IN�OTHER�LITERATURE�ON�REDESIGN��)N�&IGURE����
THE�ARROWS�REPRESENT�RELATIONS�BETWEEN�SYSTEM�MODELS�OR�BETWEEN�SYSTEMS�IN�THE�REAL
WORLD�AND�THEIR�MODELS�

5NFORTUNATELY�� PRACTICE� SHOWS� SUCH� FIGURES� ARE� EASILY� MISUNDERSTOOD�� %XAMPLES� OF
SUCH�MISUNDERSTANDING�ARE�THE�FOLLOWING�

• 4HE�CURRENT�SYSTEM�SHOULD�ALWAYS�BE�ANALYSED� IN�DETAIL��4HE� FIGURE�DOES�NOT� IN
TEND�TO�EXPRESS�THIS��SINCE�IT�DOES�NOT�DEFINE�HOW�DETAILED�THE�MODEL�S	�OF�THE�CUR
RENT�SYSTEM�SHOULD�BE��"UT�THE�STATEMENT�ITSELF�IS�INCORRECT�AS�WELL��5LTIMATELY��THE
GOAL� OF� A� REDESIGN�PROCESS� IS� THE� DESIGN� AND� IMPLEMENTATION� OF� A� NEW� SYSTEM�
!NALYSIS�OF�THE�CURRENT�SYSTEM�IS�ONLY�USEFUL�INSOFAR�AS�IT�CONTRIBUTES�TO�THIS�GOAL�
FOR� EXAMPLE�� BY� GIVING� DEVELOPERS� INSIGHT� IN� THE� APPLICATION� DOMAIN� OR� IN� THE
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IMPLEMENTATIONABSTRACTION

CURRENT�SYSTEM NEW�SYSTEM

MODEL�S	�OF
CURRENT�SYSTEM

MODEL�S	�OF�NEW
SYSTEM

MODELS

REAL�WORLD

ëSOMEì
TRANSFORMATION

ANALYSIS DESIGN

&IGURE�������-ODEL�OF�A�REDESIGN�PROCESS�REPRESENTING�REPRESENT�RELATIONS�BE
TWEEN�MODELS�AND�BETWEEN�SYSTEMS�AND�THEIR�MODELS�

IMPLEMENTATION� COMPONENTS�� BY�HELPING� THEM� TO� TRACE�PROBLEMS�OF� THE� CURRENT
SYSTEM��OR�BY�HELPING� THEM� TO�DETERMINE� THE�CONSTRAINTS� THE�NEW�SYSTEM�HAS� TO
SATISFY�

• !NALYSIS�OF�THE�CURRENT�SYSTEM�SHOULD�BE�FINISHED�BEFORE�DESIGN�OF�THE�NEW�SYSTEM
STARTS��4HE�FIGURE�DOES�NOT�INTEND�TO�EXPRESS�THIS��SINCE�THE�ARROWS�DO�NOT�REPRE
SENT�ORDER�RELATIONS��)N�MANY�CASES�ONE�MAY�START�TO�DESIGN�THE�NEW�SYSTEM�AFTER
ONLY�A�PART�OF� THE� CURRENT� SYSTEM�HAS�BEEN� ANALYSED��4HIS� IS�� FOR� EXAMPLE��PRE
SCRIBED�BY�THE�EVOLUTIONARY�STRATEGY�

• !NALYSIS� SHOULD�BE� CARRIED�OUT�BOTTOMUP�AND�DESIGN� SHOULD�BE� CARRIED�OUT� TOP
DOWN��!GAIN��THE�FIGURE�DOES�NOT�INTEND�TO�EXPRESS�THIS��SINCE�THE�ARROWS�DO�NOT
REPRESENT� ORDER� RELATIONS�� )T�MAY� BE� INTUITIVELY� APPEALING� TO�MODEL� THE� CURRENT
SYSTEM� ACCORDING� TO� A� BOTTOMUP� APPROACH�� SINCE� ALL� LOWLEVEL� COMPONENTS� AL
READY�EXIST��BUT�OUR�EXPERIENCE�SHOWS�THIS�IS�USUALLY�NOT�AN�APPROPRIATE�DEVELOP
MENT� STRATEGY�� !� CURRENT� SYSTEM�MAY� BE� JUST� AS� COMPLEX� AS� A� NEW� SYSTEM�� AND
THEREFORE�ONE�NEEDS�STRUCTURING�TECHNIQUES�TO�MAKE�THIS�COMPLEXITY�MANAGEABLE
�WHICH�THE�BOTTOMUP�STRATEGY�HARDLY�SUPPORTS	��)N�FACT��A�CURRENT�SYSTEM�MAY�BE
MORE�COMPLEX�THAN�A�NEW�SYSTEM��SINCE�IT�OFTEN�EVOLVED�IN�UNCONTROLLED�WAYS�

3INCE

• THE�OBJECTIVE�OF�ANALYSING�A�CURRENT�SYSTEM�IS�DIFFERENT�FROM�THE�OBJECTIVE�OF�DE
SIGNING�A�NEW�SYSTEM��AND

• THE�STRUCTURE�AND�COMPLEXITY�OF�THE�CURRENT�SYSTEM�MAY�DIFFER�FROM�THOSE�OF�THE
NEW�SYSTEM�

ONE�MAY�REQUIRE�DIFFERENT�HORIZONTAL�STRUCTURING�TECHNIQUES��DIFFERENT�VERTICAL�STRUC
TURING�TECHNIQUES��AND�A�DIFFERENT�DEVELOPMENT�STRATEGY�FOR�ANALYSING�A�CURRENT�SYS
TEM� THAN� FOR� DESIGNING� A� NEW� SYSTEM��4HEREFORE�� THE�METHOD� FOR� THE� ANALYSIS� OF� A
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CURRENT� SYSTEM�MAY� DIFFER� FROM� THE�METHOD� FOR� THE� DESIGN� OF� A� NEW� SYSTEM�� "OTH
METHODS�CAN�BE�CONSTRUCTED�ACCORDING�TO�THE�APPROACH�OF�THE�PREVIOUS�SECTION�

������ #OMPARISON�TO�OTHER�APPROACHES

!�CLASS�OF�DEVELOPMENT�METHODS�STILL�USED�IN�PRACTICE�HAS�BEEN�CALLED�ëMETHODS�OF�THE
COOKBOOKì�BY�3IMON�;����=��3UCH�METHODS�PRESCRIBE�DETAILED�ACTIVITIES�TO�BE�CARRIED
OUT�WHEN�BUILDING�A�SYSTEM��!LTHOUGH�SUCH�METHODS�ARE�CONCRETE��THE�METAPHOR�IM
MEDIATELY� INDICATES� A� PROBLEM��WHEREAS� A� RECIPE� FOR� A� DISH� IS�MEANT� TO� CREATE� THE
SAME� DISH� OVER� AND� OVER� AGAIN�� A� DEVELOPMENT�METHOD� SHOULD� BE� APPLICABLE� TO� A
WIDE�RANGE�OF�SYSTEMS��MOST�OF�WHICH�HAVE�NEVER�BEEN�BUILT�BEFORE��-ETHODS�OF�THE
COOKBOOK��ALBEIT�STRUCTURED��ARE�THEREFORE�USUALLY�ORGANISED�LIKE�LARGE�COLLECTIONS�OF
RECIPES��4HEY�DO�NOT�UTILISE�STRUCTURING�TECHNIQUES�TO�THEIR�FULL�EXTENT�TO�MAKE�COM
PLEXITY�MANAGEABLE�AND�ARE��DUE�TO�THEIR�SIZE�AND�LEVEL�OF�DETAIL��USUALLY�BASED�ON�A
LARGE�NUMBER�OF�IMPLICIT�ASSUMPTIONS��4HIS�IS�WHY�3IMON�;������P�����=�STATES�THAT
ëNOWHERE�DO�WE�NEED�TO�RETURN�OR�RETREAT�TO�THE�METHODS�OF�THE�COOKBOOKì�

!NOTHER�APPROACH�TO�THE�CONSTRUCTION�OF�DEVELOPMENT�METHODS�IS�CALLED�ëSITUATIONAL
METHOD�ENGINEERINGì�;(ARMSEN�ET�AL�������=��!�SITUATIONAL�METHOD�IS�A�DEVELOPMENT
METHOD�WHOSE�UNDERLYING�ASSUMPTIONS�REGARDING�THE�APPROPRIATENESS�OF�ITS�ELEMENTS
HAVE�BEEN�MADE�EXPLICIT��IT�IS�THUS�APPLICABLE�TO�AN�EXPLICATED�CLASS�OF�DEVELOPMENT
PROCESSES��A�SOCALLED�SITUATION�

(ARMSEN�ET�AL��AND�OTHERS��E�G��;+UMAR���7ELKE��������+RONL¶F������=	�PROPOSE�TO
CARRY�OUT�SITUATIONAL�METHOD�ENGINEERING�BY�MEANS�OF�THE�SELECTION�OF�ELEMENTS�FROM
ONE�OR�MORE�CURRENT�DEVELOPMENT�METHODS�AND�THEIR�SYNTHESIS�IN�A�NEW�DEVELOPMENT
METHOD��4HE�USE�OF�CURRENT�DEVELOPMENT�METHODS�HAS�IMPORTANT�PRAGMATIC�BENEFITS�
PEOPLE�USED�TO�ONE�OR�MORE�DEVELOPMENTS�METHODS�DO�NOT�HAVE�TO�LEARN�A�NEW�ONE�
)T�HAS��HOWEVER��DRAWBACKS�AS�WELL��&IRST��IF�ONE�USES�A�SINGLE�DEVELOPMENT�METHOD�AS
A�BASIS�� ONE� IS�OBVIOUSLY� LIMITED� TO� THE� CONCEPTS�� THE�HORIZONTAL� AND�VERTICAL� STRUC
TURING�TECHNIQUES�AND�THE�DEVELOPMENT�STRATEGY�USED�IN�THAT�METHOD��3ECOND��IF�ONE
USES�MULTIPLE�DEVELOPMENT�METHODS�AS�A�BASIS��IT�IS�VERY�DIFFICULT�TO�CONSTRUCT�A�COM
PLETE� AND� CONSISTENT�METHOD�� ESPECIALLY� IF� THE�MODELLING� LANGUAGES� OF� THE� DEVELOP
MENT� METHODS� ARE� BASED� ON� DIFFERENT� UNDERLYING� ARCHITECTURAL� CONCEPTS� ;+RONL¶F�
����=�

/UR�APPROACH�TRIES�TO�AVOID�THESE�DRAWBACKS��"Y�THE�PROVISION�OF�AN��EXPANDABLE	�SET
OF�HORIZONTAL�AND�VERTICAL�STRUCTURING�TECHNIQUES�AND�DEVELOPMENT�STRATEGIES��ONE� IS
NOT�LIMITED�TO�THE�ELEMENTS�OF�A�SINGLE�CURRENT�DEVELOPMENT�METHOD��"Y�THE�USE�OF�A
SINGLE�SET�OF�ARCHITECTURAL�CONCEPTS��CONSISTENCY�PROBLEMS�WITH�REGARD�TO�THE�MODEL
LING�LANGUAGE�ARE�AVOIDED��&INALLY��BECAUSE�THE�RELATIONS�BETWEEN�THE�IDENTIFIED�HORI
ZONTAL�STRUCTURING�TECHNIQUES��BETWEEN�THE�IDENTIFIED�VERTICAL�STRUCTURING�TECHNIQUES�
AND�BETWEEN�THE� IDENTIFIED�DEVELOPMENT�STRATEGIES�HAVE�BEEN�DEFINED��OTHER�CONSIS
TENCY�PROBLEMS�CAN�BE�AVOIDED�AS�WELL�
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4HIS�SECTION�GIVES�SOME�EXAMPLES�OF�THE�SYNTHESIS�OF�ELEMENTS�OF�DEVELOPMENT�METH
ODS��4HESE�EXAMPLES�CONSISTS�OF�OUTLINES�OF�SOME�DEVELOPMENT�METHODS�

������ )NITIAL�DEVELOPMENT�STEP

"EFORE�STARTING�THE�DEVELOPMENT�OF�ANY�COMPLEX�SYSTEM��ONE�NEEDS�TO�EXPLICITLY�DE
LIMIT�THE�SCOPE�OF�THE�SYSTEM�UNDER�DEVELOPMENT�AND�TO�DETERMINE�THE�OBJECTIVES�OF
THE�DEVELOPMENT�PROCESS�;$AVENPORT������=��!FTER�DOING�SO��THE�DEVELOPERS�CAN�FO
CUS�ON�THOSE�ELEMENTS�OF�THE�SYSTEM�THAT�FALL�WITHIN�THE�SELECTED�SCOPE�AND�THAT�INFLU
ENCE� THE�DETERMINED�OBJECTIVES��4HIS�PREVENTS�DEVELOPERS�PAYING�MUCH�ATTENTION� TO
IRRELEVANT�ISSUES�AND�PREVENTS�UNSTRUCTURED�DISCUSSION�ABOUT�THE�SCOPE�AND�OBJECTIVES
OF�A�DEVELOPMENT�PROCESS�WHILE�IT�IS�BEING�CARRIED�OUT�

4HE�DEFINITION�OF�THE�SCOPE�AND�OBJECTIVES�NEED�INITIALLY�NOT�BE�AS�DETAILED�AS�A�COM
PLETE�SERVICE�DESCRIPTION�OF�A�SYSTEM��WHEN�MAKING�SUCH�A�DETAILED�DESCRIPTION��ONE�IS
ALREADY�DEEPLY�INVOLVED�IN�THE�DEVELOPMENT�PROCESS��)NSTEAD��ONE�SHOULD�INITIALLY�DE
FINE�THE�OBJECTIVES�AND�SCOPE�AT�HIGHER�ABSTRACTION�LEVEL��SUCH�THAT�FURTHER��MORE�DE
TAILED��SPECIFICATIONS�CAN�BE�GUIDED�BY�THESE�DEFINITIONS�

,ITTLE� GUIDANCE� EXISTS� IN� THE� LITERATURE� FOR� THE�DEFINITION�OF� SCOPE� AND�OBJECTIVES� AT
THIS�HIGH�ABSTRACTION�LEVEL��BUT�$AVENPORT�;����=�AND�"RAND���6AN�DER�+OLK�;����=
PROVIDE�SOME�EXAMPLES�FOR�BUSINESS�PROCESSES�

4HE�SCOPE�CAN�BE�DEFINED�IN�TERMS�OF��E�G��

• THE�ORGANISATION�UNITS��OR�THE�ëPROCESS�OWNERSì��WHICH�ARE�THE�RESPONSIBLE�MAN
AGERS�OF�ORGANISATION�UNITS	�INVOLVED�IN�THE�BUSINESS�PROCESS�

• THE�CUSTOMERS�OF�THE�BUSINESS�PROCESS�

• OTHER�BUSINESS�PROCESSES�THAT�EXCHANGE�MATERIALS�OR�INFORMATION�WITH�THE�PROCESS
UNDER�DEVELOPMENT�

4HE�OBJECTIVE�CAN�BE�DEFINED�IN�TERMS�OF��E�G��

• SHORT� STATEMENTS�DESCRIBING� THE�PRODUCT�S	� AND�OR� SERVICE�S	�DELIVERED� TO� CLIENTS�
OR�THE�CHANGES�TO�BE�MADE�TO�CURRENT�PRODUCT�S	�AND�OR�SERVICE�S	�

• VARIOUS� TEMPORAL� ASPECTS� OF� THE� BUSINESS� PROCESS� �E�G��� PROCESSING� TIME��WAITING
TIME��TIME�TO�DELIVERY	�

• VARIOUS� COST� ASPECTS�OF� THE�BUSINESS�PROCESS� �E�G��� OVERALL� COSTS�� COSTS� OF� VARIOUS
ACTIVITIES��COSTS�OF�PRODUCING�ONE�PRODUCT�OR�SERVICING�ONE�CUSTOMER	

������ %XAMPLES�OF�DEVELOPMENT�METHODS�BASED�ON�STRUCTURING�AROUND�WORKFLOWS

)N�THE�EXAMPLES�BELOW�WE�SELECT�THE�FOLLOWING�STRUCTURING�TECHNIQUES�
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• HORIZONTAL�STRUCTURING��LOCAL�AND�REMOTE�CONSTRAINTS�WITH�RESPECT�TO�USECASES�AND
WORKFLOWS�

• VERTICAL�STRUCTURING��THE�INTEGRATED�SYSTEM�PERSPECTIVE�AND�THE�DISTRIBUTED�SYSTEM
PERSPECTIVE�

4HE�FOLLOWING�CONSIDERATIONS�ARE�IMPORTANT�WHEN�DEFINING�DEVELOPMENT�STEPS�ON�THE
BASIS�OF�THE�ABOVE�DEFINED�SEPARATION�OF�DEVELOPMENT�CONCERNS�

• 4HE� NUMBER� OF� USECASES� AND�WORKFLOWS�MAY� DIFFER� PER� BUSINESS� PROCESS�� 4HE
NUMBER�OF�STEPS�IN�WHICH�LOCAL�CONSTRAINTS�WITH�RESPECT�TO�A�USECASE�OR�A�WORK
FLOW�ARE�DEFINED�SHOULD�THEREFORE�BE�VARIABLE�

• 4HE�NUMBER� OF� DEVELOPMENT� STEPS� IN�WHICH� REMOTE� CONSTRAINTS�WITH� RESPECT� TO
USECASES�OR�WORKFLOWS�ARE�DEFINED�IS�POTENTIALLY�ALSO�LARGE��0RACTICE�SHOWS��HOW
EVER��THAT�AT�A�PARTICULAR�ABSTRACTION�LEVEL�REMOTE�CONSTRAINTS�CAN�OFTEN�BE�DEFINED
IN� ONE� DEVELOPMENT� STEP�� 7E� THEREFORE� DEFINE� ONLY� ONE� DEVELOPMENT� STEP� IN
WHICH� THESE� REMOTE�CONSTRAINTS�ARE�DEFINED�� )F� FURTHER� SEPARATION�OF� CONCERNS� IS
REQUIRED��DEVELOPERS�HAVE�TO�INTRODUCE�THIS�THEMSELVES�

4ABLE�����SUMMARISES�THE�DEFINED�DEVELOPMENT�STEPS��ASSUMING�THAT�M�USECASES�AND
WORKFLOWS�ARE�CONSIDERED��)N�STEPS�5���5��������5M�THE�LOCAL�CONSTRAINTS�ARE�DEFINED
WITH�RESPECT�TO�USECASES������������M�AND�ASSIGNED�TO�ENTITIES��)N�STEP�52�THE�REMOTE
CONSTRAINTS�WITH�RESPECT�TO�THE�USECASES�ARE�DEFINED�AND�ASSIGNED�TO�ENTITIES��)N�STEPS
7���7��������7M�THE�LOCAL�CONSTRAINTS�ARE�DEFINED�WITH�RESPECT�TO�THE�WORKFLOWS�THAT
ARE�REFINEMENTS�OF�USECASES������� �����M��RESPECTIVELY��AND�THEY�ARE�ASSIGNED�TO�ENTI
TIES�� )N� STEP�72� THE� REMOTE�CONSTRAINTS�WITH� RESPECT� TO� THE�WORKFLOWS�ARE�DEFINED
AND�ASSIGNED�TO�ENTITIES�

LOCAL�CONSTR�
USECASE�
WORKFLOW��

LOCAL�CONSTR�
USECASE�
WORKFLOW��

����•���•���•
LOCAL�CONSTR�
USECASE�
WORKFLOW
M

REMOTE
CONSTR�
USECASES�
WORKFLOWS

INTEGRATED
PERSPECTIVE�
USECASES

�����5� �����5� �������� �����5M �����52

DISTRIBUTED
PERSPECTIVE�
WORKFLOWS

�����7� �����7� �������� �����7M �����72

4ABLE� ���� � � $EVELOPMENT� STEPS� RESULTING� FROM� DEFINED� SEPARATION� OF
CONCERNS�



������3YNTHESIS��SOME�EXAMPLES ���

"Y�CARRYING�OUT�STEP�52�WHEN�STEPS�5���5��������5M�HAVE�BEEN�CARRIED�OUT��ONE�COM
PLETES�THE�DEFINITION�OF�THE�SERVICE�OF�THE�BUSINESS�PROCESS��)N�MANY�CASES�IT�IS�IMPOR
TANT�TO�CREATE�A�FULL�SERVICE�DEFINITION��SINCE� IT� IS� THE�MOST�ABSTRACT�DEFINITION�OF�THE
BUSINESS�PROCESS�THAT�GIVES�COMPLETE�INSIGHT�IN�THE�BUSINESS�PROCESS�FROM�THE�PERSPEC
TIVE�OF�THE�ENVIRONMENT�OF�THE�SYSTEM��NOTABLY�OF�THE�CUSTOMERS�

4HERE�ARE��HOWEVER��ALSO�CASES�WHERE�ONE�DOES�NOT�REQUIRE�A�FULL�SERVICE�DEFINITION�
FOR�EXAMPLE��IF�ONE�MERELY�WISHES�TO�GET� INSIGHT� IN�THE�ORDER�OF� INTERACTIONS� IN� ISO
LATED�USECASES��AND�NOT�IN�E�G��THE�EXACT�TIMES�OF�THE�INTERACTIONS��WHICH�ARE�USUALLY
DETERMINED�BY�THE�REMOTE�CONSTRAINTS�AS�WELL	��0RACTICE�HAS�SHOWN�THAT�THE�DEFINITION
OF�THE�REMOTE�CONSTRAINTS�WITH�RESPECT�TO�THE�USECASES�IS�OFTEN�DIFFICULT��PARTICULARLY
WHEN�ONE�HAS�NO�INSIGHT�YET�IN�THE�IMPLEMENTATION�OF�THE�BUSINESS�PROCESS���4HIS�IS
BECAUSE�THE�REMOTE�CONSTRAINTS�WITH�RESPECT�TO�THE�USECASES�DEPEND�ON�THE�RESOURCES
SHARED�BY�WORKFLOWS��WHICH�DETERMINE�MANY�OF�THE�REMOTE�CONSTRAINTS�WITH�RESPECT
TO�THE�WORKFLOWS�	�)N�SUCH�CASES�ONE�MAY�THEREFORE�OPT�TO�SKIP�STEP�52�

$EVELOPMENT�STRATEGY��WATERFALL�MODEL

7E�CALL�THE�INITIAL�DEVELOPMENT�STEP�IN�WHICH�AN�INITIAL�DELIMITATION�OF�SCOPE�AND�DE
TERMINATION�OF�OBJECTIVE�SHOULD�BE�PERFORMED�STEP�)�

4HE�WATERFALL�MODEL�DOES�NOT�PRESCRIBE�ANY�ORDER�IN�WHICH�THE�LOCAL�CONSTRAINTS�WITH
RESPECT� TO�USECASES�OR�WORKFLOWS�ARE� TO�BE�DEFINED��(OWEVER�� A�DEVELOPER� IS� FREE
ANYWAY�IN�THE�SELECTION�OF�THE�USECASES�AND�WORKFLOWS�TO�BE�CONSIDERED�IN�THE�DE
VELOPMENT� STEPS�5���5��� �����5M� AND�7���7��� �����7M��7E� THEREFORE� ASSUME� THAT
STEPS�5���5��������5M�AND�STEPS�7���7��������7M�ARE�CARRIED�OUT�IN�THIS�ORDER�

4HE�WATERFALL�MODEL�DOES�NOT�PRESCRIBE�WHETHER�THE�REMOTE�CONSTRAINTS�ARE�TO�BE�DE
FINED�BEFORE�OR�AFTER�THE�LOCAL�CONSTRAINTS�EITHER��)T�IS��HOWEVER��USUALLY�PREFERABLE�TO
DEFINE� THE� REMOTE�CONSTRAINTS�AFTER�ALL� LOCAL� CONSTRAINTS�HAVE�BEEN�DEFINED�� SINCE� A	
REMOTE�CONSTRAINTS�ARE�OFTEN�MORE�COMPLEX�THAN�LOCAL�CONSTRAINTS�AND�B	�BY�DEFINING
THE�LOCAL�CONSTRAINTS�FIRST��ONE�CAN�DEFINE�THE�REMOTE�CONSTRAINTS�OVER�ALREADY�IDENTI
FIED��INTER	ACTIONS�

4HE�WATERFALL�MODEL�THEN�PRESCRIBES�THE�FOLLOWING�ORDER�OF�DEVELOPMENT�STEPS�

��� STEP�)�

��� STEPS�5���5��������5M��AND�52��RESPECTIVELY�

��� STEPS�7���7��������7M��AND�72��RESPECTIVELY�

)F�ONE�CONSIDERS�IMPLEMENTATION�AS�WELL��THIS�SHOULD�BE�CARRIED�OUT�IN�STEP���

$EVELOPMENT�STRATEGY��EVOLUTIONARY�STRATEGY

4HE�EVOLUTIONARY�STRATEGY�ONLY�PRESCRIBES�THAT�A�STEP�5I�SHOULD�BE�FOLLOWED�BY�A�STEP
7I�� I����M�� )T� DOES� NOT� PRESCRIBE� THE� ORDER� IN� WHICH� THE� USECASES� OR� WORKFLOWS
SHOULD�BE�CONSIDERED��)T�ALSO�DOES�NOT�PRESCRIBE�WHETHER�THE�REMOTE�CONSTRAINTS�ARE
TO�BE�DEFINED�BEFORE�OR�AFTER� THE� LOCAL�CONSTRAINTS��&OR� SIMILAR� REASONS�AS�ABOVE�WE
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ASSUME�THAT�STEPS�5���5��������5M�AND�STEPS�7���7��������7M�ARE�CARRIED�OUT�IN�THIS
ORDER��AND�WE�ASSUME�THE�REMOTE�CONSTRAINTS�TO�BE�DEFINED�AFTER�ALL�LOCAL�CONSTRAINTS
ARE�DEFINED�

4HE�EVOLUTIONARY�STRATEGY�THEN�PRESCRIBES�THE�FOLLOWING�ORDER�OF�DEVELOPMENT�STEPS�

��� �STEP�)�

��� �STEP�5���FOLLOWED�BY�7��

��� �STEP�5���FOLLOWED�BY�7��

����

M����STEP�5M��FOLLOWED�BY�7M�

M����STEP�52��FOLLOWED�BY�72�

)F�ONE�CONSIDERS�IMPLEMENTATION�AS�WELL��EACH�STEP������������M���SHOULD�BE�FOLLOWED
BY�AN�IMPLEMENTATION�STEP�

������ %XAMPLES�OF�DEVELOPMENT�METHODS�BASED�ON�STRUCTURING�AROUND�BUSINESS
FUNCTIONS

)N�THE�EXAMPLES�BELOW�WE�SELECT�THE�FOLLOWING�STRUCTURING�TECHNIQUES�

• HORIZONTAL�STRUCTURING��BUSINESS�FUNCTIONS��EXTENSIONALLY�OR�INTENSIONALLY�DEFINED�

• VERTICAL�STRUCTURING��THE�INTEGRATED�SYSTEM�PERSPECTIVE�AND�THE�DISTRIBUTED�SYSTEM
PERSPECTIVE�

4ABLE�����SUMMARISES�THE�DEFINED�DEVELOPMENT�STEPS��ASSUMING�THAT�N�BUSINESS�FUNC
TIONS�ARE�CONSIDERED��)N�STEPS�&%���&%��������&%N�THE�BUSINESS�FUNCTIONS������������N�ARE
EXTENSIONALLY�DEFINED�AND�ASSIGNED�TO�ENTITIES��)N�STEPS�&)���&)��������&)N�THE�RESPECTIVE
BUSINESS�FUNCTIONS�ARE�INTENSIONALLY�DEFINED�AND�ASSIGNED�TO�ENTITIES�

BUSINESS
FUNCTION��

BUSINESS
FUNCTION�� ����•���•���•

BUSINESS
FUNCTION�N

INTEGRATED
PERSPECTIVE�
EXTENSIONAL

�����&%� �����&%� �������� �����&%N

DISTRIBUTED
PERSPECTIVE�
INTENSIONAL

�����&)� �����&)� �������� �����&)N

4ABLE� ���� � � $EVELOPMENT� STEPS� RESULTING� FROM� DEFINED� SEPARATION� OF
CONCERNS�
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$EVELOPMENT�STRATEGY��WATERFALL�MODEL

&OR�SIMILAR�REASONS�AS�IN�SECTION��������WE�ASSUME�THE�DEVELOPMENT�STEPS�&%���&%��
�����&%N�AND�&)���&)��������&)N�ARE�CARRIED�OUT�IN�THIS�ORDER�

4HE�WATERFALL�MODEL�THEN�PRESCRIBES�THE�FOLLOWING�ORDER�OF�DEVELOPMENT�STEPS�

��� STEP�)�

��� STEPS�&%���&%��������&%N��RESPECTIVELY�

��� STEPS�&)���&)��������&)N��RESPECTIVELY�

)F�ONE�CONSIDERS�IMPLEMENTATION�AS�WELL��THIS�SHOULD�BE�CARRIED�OUT�IN�STEP���

$EVELOPMENT�STRATEGY��EVOLUTIONARY�STRATEGY

4HE�EVOLUTIONARY�STRATEGY�PRESCRIBES�THE�FOLLOWING�ORDER�OF�DEVELOPMENT�STEPS�

��� �STEP�)�

��� �STEP�&%���FOLLOWED�BY�&)��

��� �STEP�&%���FOLLOWED�BY�&)��

����

N��� �STEP�&%N��FOLLOWED�BY�&)N�

)F�ONE�CONSIDERS�IMPLEMENTATION�AS�WELL��EACH�STEP������������N���SHOULD�BE�FOLLOWED
BY�AN�IMPLEMENTATION�STEP�

���� #ONCLUSIONS

7E�HAVE�SHOWN�THAT�THE�CONSTRUCTION�OF�DEVELOPMENT�METHODS�NEED�NOT�BE�CARRIED
OUT� BY� THE�MERE� INDUCTION� OF� PRACTICAL� EXPERIENCE�� )NSTEAD�� DEVELOPMENT� METHODS
CAN�BE�CONSTRUCTED�BY�THE�SYNTHESIS�AND�REFINEMENT�OF�STRUCTURING�TECHNIQUES�THAT�ARE
SELECTED�ON�THE�BASIS�OF�THE�REQUIRED�SUPPORT�FOR�PARTICULAR�DEVELOPMENT�OBJECTIVES�
3INCE�PRACTICAL�EXPERIENCE�GUIDED�THE�DEVELOPMENT�OF�OUR�STRUCTURING�TECHNIQUES��DE
VELOPMENT�METHODS�CONSTRUCTED�IN�THIS�WAY�CAN�BOTH�BE�CONCRETE�AND�AID�DEVELOPERS
IN�CONTROLLING�THE�COMPLEXITY�OF�BUSINESS�PROCESSES�AND�THEIR�DEVELOPMENT�



���� )NTRODUCTION

4HIS� CHAPTER�PRESENTS� A�WORKFLOWORIENTED�� EVOLUTIONARY� DEVELOPMENT�METHOD� FOR
BUSINESS�PROCESSES��4HE�METHOD�IS�CONSTRUCTED�ACCORDING�TO�THE�APPROACH�OF�CHAPTER
��

4HE�METHOD�� INCLUDING�AN�APPLICATION�EXAMPLE�� IS�PRESENTED�TO� ILLUSTRATE� THE�USE�OF
THE�STRUCTURING�TECHNIQUES�DISCUSSED�IN�THIS�THESIS��)T�ALSO�SHOWS�THAT�THESE�TECHNIQUES�
WHICH�MAY�BE�PERCEIVED�BY�SOME�DEVELOPERS�AS�ABSTRACT��CAN�BE�SYNTHESISED�AND�RE
FINED�IN�A�CONCRETELY�APPLICABLE�DEVELOPMENT�METHOD�FOR�BUSINESS�PROCESSES�

3ECTION�����GIVES�AN�OVERVIEW�OF�THE�DEVELOPMENT�METHOD�AND�INTRODUCES�THE�APPLI
CATION�EXAMPLE�USED�TO�ILLUSTRATE�THE�METHOD�

3ECTION�����PRESENTS�THE�DEVELOPMENT�METHOD�IN�DETAIL�

���� /VERVIEW�OF�THE�METHOD

3YNTHESIS�AND�REFINEMENT

4HE�DEVELOPMENT�METHOD�PRESENTED�HERE�IS�BASED�ON�THE�SYNTHESIS�OF�THE�FOLLOWING
STRUCTURING�TECHNIQUES�

• HORIZONTAL�STRUCTURING��STRUCTURING�AROUND�USECASES�AND�WORKFLOWS�

• VERTICAL�STRUCTURING��THE�ABSTRACTION�LEVELS�� INTERACTION�SYSTEM�PERSPECTIVE�OF� SYS
TEM� AND� ITS� ENVIRONMENT�� INTEGRATED� SYSTEM�PERSPECTIVE�� AND� DISTRIBUTED� SYSTEM
PERSPECTIVE�

• DEVELOPMENT�STRATEGY��EVOLUTIONARY�STRATEGY�
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4HESE�CHOICES� RESULT� IN�A�WORKFLOWORIENTED��EVOLUTIONARY�DEVELOPMENT�METHOD�AS
OUTLINED�IN�SECTION�������

4HIS�METHOD�OUTLINE�IS�FURTHER�REFINED�TO�GIVE�MORE�CONCRETE�GUIDANCE�TO�DEVELOPERS�
4HE�MAIN�REFINEMENTS�ARE�THE�FOLLOWING�

• 4HE� INITIAL� STEP� �INITIAL� DELIMITATION�OF� SCOPE� AND�DETERMINATION�OF� OBJECTIVE	� IS
DECOMPOSED�IN�TWO�SUBSTEPS�� )N�THE�FIRST�SUBSTEP�A�BUSINESS�PROCESS� IS�SELECTED
AND� THE� OBJECTIVE� OF� ITS� DEVELOPMENT� IS� DETERMINED�� )N� THE� SECOND� SUBSTEP� THE
BUSINESS�PROCESS�IS�FURTHER�DELIMITED�

• 4HE�STEPS�WHERE�USECASES�AND�WORKFLOWS�ARE�MODELLED�ARE�DECOMPOSED�IN�TWO
SUBSTEPS��ENTITY�MODELLING�AND�BEHAVIOUR�MODELLING�

)F�REQUIRED��BEHAVIOUR�MODELLING�CAN�BE�FURTHER�DECOMPOSED�IN�THE�MODELLING�OF
SEPARATE�PHASES�OF� THE�BEHAVIOUR��OR� IN� THE�MODELLING� OF� NORMAL� SITUATIONS� AND
EXCEPTIONAL�SITUATIONS�

"EHAVIOUR�MODELLING� IS� FURTHER� DECOMPOSED� IN� THE� MODELLING� OF� �INTER	ACTIONS�
RELATIONS�BETWEEN��INTER	ACTIONS��AND��INTER	ACTION�VALUES�AND�REFERENCE�RELATIONS�

%NTITY�MODELLING�IS�FURTHER�DECOMPOSED�IN�THE�MODELLING�OF�ENTITIES�AND�THE�MOD
ELLING�OF�THEIR�INTERACTION�POINTS�

• (EURISTICS��DESIGN�CRITERIA�AND�EXAMPLES�ARE�PROVIDED��-ANY�OF�THE�HEURISTICS�AND
DESIGN�CRITERIA�COME�FROM�LITERATURE�ON�BUSINESS�PROCESS�DEVELOPMENT��/UR�MAIN
OBJECTIVE�OF�THEIR�PRESENTATION�IS�TO�GIVE�MORE�CONCRETE�GUIDANCE�TO�DEVELOPERS��)N
ADDITION��WE�AIM�TO�GIVE�ADDITIONAL�RELEVANCE�TO�THE�HEURISTICS�AND�DESIGN�CRITERIA
�MANY�OF�WHICH�ORIGINATE� FROM�LITERATURE� THAT�DOES�NOT�HAVE�A� STRONG�METHODO
LOGICAL�FOCUS	�BY�PRESENTING�THEM�IN�THE�FRAMEWORK�OF�A�DEVELOPMENT�METHOD��WE
SHOW�WHEN�THEY�ARE�USEFUL��4HE�HEURISTICS�AND�DESIGN�CRITERIA� SERVE�AS�ëRULES�OF
THE�THUMBì��RATHER�THAN�AS�FORMAL�GUIDELINES��7E�PRESENT�THEM�CONCISELY��SINCE�WE
ASSUME�THEIR�MEANING�TO�BE�CLEAR�TO�THE�READER�

4HE�METHOD� DOES� NOT� CONSIDER� IMPLEMENTATION� AND� THE� DEFINITION� OF� REMOTE� CON
STRAINTS�WITH�RESPECT�TO�USECASES��SEE�CHAPTER��	��3INCE�IT�IS�THE�OBJECTIVE�OF�THIS�CHAP
TER� TO�PRESENT� A� SELFCONTAINED�METHOD�� SOME�PREVIOUSLY�DISCUSSED� ELEMENTS� ARE� RE
PEATED�IN�THE�DESCRIPTION�OF�THE�METHOD�

4HE�METHOD� PRESCRIBES� THAT�� IN� EVERY� STEP�� ENTITIES� SHOULD� BE�MODELLED� BEFORE� BE
HAVIOUR�IS�MODELLED��4HIS�SOMEWHAT�ARBITRARY�CHOICE�IS�BASED�ON�THE�OBSERVATION�THAT
MANY�DEVELOPERS�PERCEIVE�ENTITIES�AS�MORE�CONCRETE� THAN�BEHAVIOUR��"Y� FIRST� IDENTI
FYING�AND�MODELLING�ENTITIES�� IT� BECOMES� EASIER� FOR� THEM� TO� IDENTIFY� AND�MODEL�BE
HAVIOUR��3OMETIMES��HOWEVER�� IT� IS�EASIER�TO�FIRST� IDENTIFY�AND�MODEL�BEHAVIOUR�AND
THEN�IDENTIFY�AND�MODEL�ENTITIES��4HIS�IS�THE�CASE��FOR�EXAMPLE��IF�ONE�MODELS�BUSINESS
PROCESSES� IN� WHICH� THE� WORKFLOWS� ARE� DISTRIBUTED� OVER� MANY� ORGANISATION� UNITS�
WHOSE�INTERACTIONS�ARE�COMPLEX��)N�SUCH�CASES�ONE�MAY�OPT�TO�MODEL�BEHAVIOUR�BE
FORE�ENTITIES�
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!PPLICABILITY

3INCE�THE�METHOD�SUPPORTS�STRUCTURING�AROUND�USECASES�AND�WORKFLOWS�FOR�HORIZON
TAL�STRUCTURING��IT�IS�PARTICULARLY�SUITED�FOR�BUSINESS�PROCESSES�CONSISTING�OF�RELATIVELY
INDEPENDENT� WORKFLOWS� THAT� ARE� NOT� SUBJECT� TO� OFTEN� CHANGING� NONCUSTOMER� RE
QUIREMENTS��)T�IS�LESS�SUITED�FOR�BUSINESS�PROCESSES�WITH�STRONG�INTERDEPENDENCIES�BE
TWEEN�WORKFLOWS�DUE�TO�SCARCE�RESOURCES�REQUIRED�BY�MANY�WORKFLOWS��OR�BUSINESS
PROCESSES�IN�WHICH�MANY�WORKFLOWS�ARE�SUBJECT�TO�OFTEN�CHANGING�NONCUSTOMER�RE
QUIREMENTS���3EE�CHAPTER���	

3INCE� THE�METHOD�PRESCRIBED� THE�MODELLING�OF�A�BUSINESS�PROCESS� AT� THE� INTERACTION
SYSTEM�PERSPECTIVE�OF�THE�SYSTEM�AND�ITS�ENVIRONMENT��INTEGRATED�SYSTEM�PERSPECTIVE�
AND�DISTRIBUTED�SYSTEM�PERSPECTIVE�ABSTRACTION� LEVELS�� IT� IS�WELL� SUITED� FOR� THE� INITIAL
PHASES�OF� THE�DEVELOPMENT�OF� A�BUSINESS�PROCESS��4HESE� INITIAL�PHASES� COMPRISE� RE
QUIREMENTS�MODELLING�AND�THE�DEFINITION�OF�THE�MAIN� INTERNAL�STRUCTURE�OF� THE�BUSI
NESS�PROCESS��)N�ORDER�TO�PROVIDE�MORE�SUPPORT�FOR�IMPLEMENTATION��THE�DISTRIBUTED
PERSPECTIVE� SHOULD� BE� SPLIT� INTO� A� LOGICALLY� DISTRIBUTED�PERSPECTIVE� AND� A� PHYSICALLY
DISTRIBUTED� PERSPECTIVE�� AND� A� LOCAL� INTERFACE� REFINED� PERSPECTIVE� SHOULD� BE� ADDED�
�3EE�CHAPTER���	

3INCE�THE�METHOD�SUPPORTS�THE�EVOLUTIONARY�STRATEGY��IT�IS�WELL�SUITED�FOR�DEVELOPMENT
PROCESSES�WITH�A�MEDIUM�OR�HIGH�REQUIREMENTS�RISK��A�MEDIUM�IMPLEMENTABILITY�RISK�
A�MEDIUM�RESOURCE�RISK��AND�A�MEDIUM�QUALITY�RISK���3EE�CHAPTER���	

3UMMARY�OF�DEVELOPMENT�STEPS

&OR�THE�CONVENIENCE�OF�THE�READER�WE�SUMMARISE�THE�DEVELOPMENT�STEPS�BELOW��4HE
NAME�OF�THE�CORRESPONDING�STEP�OF�THE�OUTLINED�METHOD�OF�SECTION�������IS�GIVEN�BE
TWEEN�BRACKETS�

�� $ETERMINATION�OF�OBJECTIVE�AND�DELIMITATION�OF�SCOPE��STEP�)	

A� 3ELECTION�OF�BUSINESS�PROCESS�AND�DETERMINATION�OF�OBJECTIVES

I� SELECTION�OF�BUSINESS�PROCESS

II� DETERMINATION�OF�OBJECTIVES

B� $ELIMITATION�OF�SCOPE

�� 5SECASE�MODELLING��STEP�5�	

A� 3ELECTION�OF�USECASE

B� %NTITY�MODELLING

I� MODELLING�OF�ENTITIES

II� MODELLING�OF�THEIR�INTERACTION�POINTS

C� "EHAVIOUR�MODELLING

�MODELLING�OF�LOCAL�CONSTRAINTS�WITH�RESPECT�TO�SELECTED�USECASE	
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I� MODELLING�OF�INTERACTIONS

II� MODELLING�OF�RELATIONS�BETWEEN�INTERACTIONS

III� MODELLING�OF�VALUES�ESTABLISHED�IN�INTERACTIONS�AND�REFERENCE�RELATIONS

IF�REQUIRED��SEPARATION�OF�DIFFERENT�PHASES�OF�BEHAVIOUR��OR�SEPARATION�OF�NOR
MAL�SITUATIONS�FROM�EXCEPTIONAL�SITUATIONS�

D� !SSIGNMENT�OF�BEHAVIOUR�TO�ENTITIES

�� 7ORKFLOW�MODELLING��STEP�7�	

A� %NTITY�MODELLING

I� MODELLING�OF�ENTITIES

II� MODELLING�OF�THEIR�INTERACTION�POINTS

B� "EHAVIOUR�MODELLING

�MODELLING�OF�LOCAL�CONSTRAINTS�WITH�RESPECT�TO�SELECTED�WORKFLOW	

I� MODELLING�OF��INTER	ACTIONS

II� MODELLING�OF�RELATIONS�BETWEEN��INTER	ACTIONS

III� MODELLING�OF�VALUES�ESTABLISHED�IN��INTER	ACTIONS�AND�REFERENCE�RELATIONS

IF�REQUIRED��SEPARATION�OF�DIFFERENT�PHASES�OF�BEHAVIOUR��OR�SEPARATION�OF�NOR
MAL�SITUATIONS�FROM�EXCEPTIONAL�SITUATIONS�

C� !SSIGNMENT�OF�BEHAVIOUR�TO�ENTITIES

�� -ODELLING�OF�OTHER�USECASES�AND�WORKFLOWS��STEPS�5�5M�AND�7�7M	

�REPETITIONS�OF�STEPS���AND���FOR�OTHER�USECASES�AND�WORKFLOWS	

�� -ODELLING�OF�RELATIONS�BETWEEN�WORKFLOWS��STEP�72	

A� %NTITY�MODELLING

I� MODELLING�OF�ENTITIES

II� MODELLING�OF�THEIR�INTERACTION�POINTS

B� "EHAVIOUR�MODELLING

I� MODELLING�OF�REMOTE�CONSTRAINTS�RESULTING�FROM�THE�AVAILABILITY�OF�A�LIMITED
NUMBER�OF� ENTITIES� THAT� CARRY�OUT� A�MAJOR� PART� OF�WORKFLOWS� �E�G��� CASE
WORKERS	

II� MODELLING�OF� REMOTE� CONSTRAINTS� RESULTING� FROM�ENTITIES� INVOLVED� IN� ONLY
SMALL�PARTS�OF�WORKFLOWS��E�G���RESOURCES�SHARED�BY�CASE�WORKERS	

C� !SSIGNMENT�OF�BEHAVIOUR�TO�ENTITIES
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%XAMPLE

7E�USE�A�REALISTIC��BUT�SIMPLIFIED�EXAMPLE�TO�ILLUSTRATE�THE�APPLICATION�OF�THE�METHOD�
THE�SALES�OF�INSURANCES�AT�THE�COUNTER�OF�AN�INSURANCE�COMPANY��4HE�EXAMPLE�IS�BASED
ON�A�REAL�CASE�AND�HAS�BEEN�PARTLY�DESCRIBED�IN�;&RANKEN���$E�7EGER������=�

%XAMPLE

)N�THE�CURRENT�PROCESS�OF�INSURANCE�SALES��A�CLIENT�FILLS�IN�AN�APPLICATION�FORM�AT�A�COUNTER�
!�COUNTER�EMPLOYEE�THEN�SENDS�THE�APPLICATION�FORM�TO�A�BACK�OFFICE��WHERE�THE�APPLICA
TION�IS�EVALUATED��!�CUSTOMER�IS�NOTIFIED�BY�MAIL�WHETHER�THE�APPLICATION�IS�ADMITTED�OR
NOT�

!NALYSIS� HAS� SHOWN� THAT� THE� TIME� TO� PROCESS� APPLICATIONS� IS� LONG�� PARTLY� DUE� TO� THE
AMOUNT�OF�CONTROLS�PERFORMED��AND�THEREBY�MANY�CLIENTS�CANCEL�THEIR�APPLICATIONS�BEFORE
BEING�SENT�A�POLICY��-OREOVER��INTERVIEWS�HAVE�SHOWN�THAT�CLIENTS�PERCEIVE�A�RATHER�LOW
LEVEL�OF�SERVICE�

-ANAGEMENT�OF�THE�INSURANCE�COMPANY�HAS�THEREFORE�DECIDED�THAT�THE�CURRENT�BUSINESS
PROCESS�SHOULD�BE�IMPROVED��4HE�EXAMPLE�COVERS�THE�DESIGN�OF�THIS�NEW�BUSINESS�PROC
ESS��!N�INFORMAL�DESCRIPTION�OF�THE�NEW�BUSINESS�PROCESS�FOLLOWS�

�� !�CLIENT�COMES�TO�THE�COUNTER�OF�A�FRONT�OFFICE�OF�AN�INSURANCE�COMPANY�TO�EFFECT�AN
INSURANCE��4HE�CLIENT� FILLS�OUT�AN�APPLICATION�FORM�WITH�THE�HELP�OF� THE�COUNTER�EM
PLOYEE�

�� /N� THE�BASIS�OF� THE� INFORMATION�ON� THE�APPLICATION� FORM��POSSIBLY�OTHER�DOCUMENTS
PROVIDED� BY� THE� CLIENT�� AND� SPECIFIED� CRITERIA�� THE� COUNTER� EMPLOYEE� MAKES� ONE� OF
THREE�DECISIONS��ADMITTANCE��REFUSAL��OR�RESERVATION�

 )N�CASE�OF�ACCEPTANCE��THE�CLIENT�GETS�A�PRELIMINARY�INSURANCE�POLICY�AND�THE�APPLI
CATION�FORM�IS�SENT�TO�THE�BACK�OFFICE�FOR�FURTHER�PROCESSING�

 )N�CASE�OF�REFUSAL��NOTHING�HAPPENS�FURTHER�WITH�THE�APPLICATION�

 )N�CASE�OF� RESERVATION�� THE�APPLICATION� FORM� IS� SENT� TO� THE�BACK�OFFICE� FOR� FURTHER
EVALUATION�

�� )N�THE�BACK�OFFICE��AN�EXPERT�REVIEWS�RESERVED�APPLICATIONS�AND�MAKES�ONE�OF�TWO�DE
CISIONS��ADMITTANCE�OR�REFUSAL��#LIENTS�ARE�INFORMED�OF�REFUSED�APPLICATIONS�

�� )NFORMATION� REGARDING� ADMITTED� APPLICATIONS� IS� ENTERED� IN� AN� INFORMATION� SYSTEM�
%VERY�DAY��AT�THE�END�OF� THE�DAY�� THE�APPLICATIONS�ENTERED� IN�THE� INFORMATION�SYSTEM
ARE�BATCHPROCESSED��RESULTING�IN�INSURANCE�POLICIES��%ACH�CLIENT�IS�SENT�HIS�OR�HER�POL
ICY��UNLESS�HE�OR�SHE�PREVIOUSLY�CANCELLED�THE�APPLICATION�

���� 4HE�METHOD
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3TEP����$ETERMINATION�OF�OBJECTIVES�AND�DELIMITATION�OF�SCOPE

3TEP��A��3ELECTION�OF�BUSINESS�PROCESS�AND�DETERMINATION�OF�OBJECTIVES

/BJECTIVE�� 3ELECTION�OF� THE� BUSINESS� PROCESS� TO� BE� DEVELOPED� AND� DETERMINATION� OF
THE�OBJECTIVES�OF�THE�DEVELOPMENT�PROCESS�

-OTIVATION��4HE�SELECTION�OF�THE�BUSINESS�PROCESS�TO�BE�DEVELOPED�ALLOWS�FURTHER�DE
VELOPMENT� STEPS� TO�BE� RESTRICTED� TO� THE�ONES� THAT� REGARD� THIS� BUSINESS�PROCESS��4HE
DETERMINATION�OF�THE�OBJECTIVES�ALLOWS�ONE� TO� TAKE�DEVELOPMENT�DECISIONS� THAT� SUP
PORT�THE�PURSUIT�OF�THESE�OBJECTIVES�

!CTIVITIES�

I� 3ELECT�THE�BUSINESS�PROCESS�TO�BE�ANALYSED�OR�DESIGNED��'IVE�A�BRIEF��INFORMAL�DE
SCRIPTION�OF�THIS�BUSINESS�PROCESS�

II� !�BUSINESS�PROCESS�IS�ANALYSED�OR�DESIGNED�IN�ORDER�TO�REACH�PARTICULAR�OBJECTIVES�
-AKE� THESE� OBJECTIVES� EXPLICIT�� )N� CASE� A� BUSINESS� PROCESS� IS� REDESIGNED�� THIS� IS
DONE�BECAUSE�THE�CURRENT�BUSINESS�PROCESS�HAS�DEFICIENCIES��-AKE�THESE�DEFICIEN
CIES� EXPLICIT� AND� FORMULATE� IN� WHAT� RESPECTS� THE� NEW� BUSINESS� PROCESS� SHOULD
OVERCOME�THESE�DEFICIENCIES�

3OME�GENERAL�SELECTION�CRITERIA

• 3ELECT� A� BUSINESS� PROCESS� THAT� DIRECTLY� PROVIDES� IMPORTANT� PRODUCTS� OR� SERVICES� TO
CUSTOMERS�

 *ACOBSSON�ET�AL��;����=��#HOOSE�PROCESSES�THAT�ARE�VITAL�TO�THE�CUSTOMERS�AND�CEN
TRAL�TO�THE�COMPANYèS�EXISTENCE�

 -AUL� ET� AL�� ;����=�� #ONCENTRATE� ON� OPERATIONAL� PROCESSES�� RATHER� THAN� ON�MAN
AGEMENT�OR�SUPPORT�PROCESSES�

 $AVENPORT�;������P����=��ë3ELECT�THE�PROCESSES�MOST�CENTRAL�TO�ACCOMPLISHING�THE
ORGANISATIONèS�STRATEGY�ì

• 3ELECT�A�BUSINESS�PROCESS�THAT�CURRENTLY�SHOWS�CLEAR�DEFICIENCIES�

 $AVENPORT� ;������ P�� ��=�� 3ELECT� ëUNHEALTHYì� PROCESSES�� ëPROCESSES� THAT� ARE� CUR
RENTLY�PROBLEMATIC�AND�IN�OBVIOUS�NEED�OF�IMPROVEMENTì�

• 3ELECT� A� BUSINESS� PROCESS� IN� WHICH� THE� APPLICATION� OF� INFORMATION� TECHNOLOGY� CAN
MAKE�AN�IMPORTANT�DIFFERENCE�

 $AVENPORT���3HORT�;������P���=��ë)DENTIFY�)4�LEVERS����4HE�ROLE�OF�)4�IN�A�PROCESS
SHOULD�BE�CONSIDERED�IN�THE�EARLY�STAGES�OF�ITS�REDESIGN�ì



������4HE�METHOD ���

 (AMMER���#HAMPY� ;������ P�� ����=�� ë���� APPLYING� INFORMATION� TECHNOLOGY� TO
BUSINESS�REENGINEERING�DEMANDS�INDUCTIVE�THINKINGãTHE�ABILITY�TO�FIRST�RECOGNIZE�A
POWERFUL�SOLUTION�AND�THEN�SEEK�THE�PROBLEMS�IT�MIGHT�SOLVEì�

3OME�SELECTION�CRITERIA�OBJECTIVES

!�LIST�OF�ASPECTS�OF�BUSINESS�PROCESSES�IS�GIVEN�BELOW��4HE�SELECTION�CRITERIA�AND�OBJECTIVES
CAN�BE�FORMULATED�IN�TERMS�OF�THESE�ASPECTS�

• QUALITY�ASPECTS��E�G��

 CONFORMANCE�OF�PRODUCTS�OR�SERVICES�TO�REQUIREMENTS�

 CLARITY��RELIABILITY�AND�MAINTAINABILITY�OF�PRODUCTS�OR�SERVICES�

 SUBJECTIVE�CUSTOMER�SATISFACTION�

• TEMPORAL�ASPECTS��E�G���BASED�ON�;"RAND���6AN�DER�+OLK������=	�

 DELIVERY� TIME� OF� A� WORKFLOW�� TIME� BETWEEN� INITIAL� ACTIVITY�IES	� AND� FINAL� ACTIV
ITY�IES	�OF�A�WORK�FLOW��CALLED�RESPONSE�TIME�IN�;&RANKEN�ET�AL�������B=	�

 PROCESSING�TIME�OF�A�WORKFLOW��TIME�SPENT�ON�ACTIVITIES�OF�THIS�WORKFLOW�

 WAITING�TIME�OF�A�WORKFLOW��DELIVERY�TIME�MINUS�PROCESSING�TIME�

 WAITING�TIME�OF�A�CUSTOMER��TIME�BETWEEN�THE�ARRIVAL�OF�A�CUSTOMER�AND�THE�START�OF
THE�SERVING�OF�THE�CUSTOMER�

• COST�ASPECTS��E�G��

 FIXED�COSTS�

 VARIABLE�COSTS�OF�A�WORKFLOW�OR�OF�ACTIVITIES�

 COSTS� OF� A� WORKFLOW� OR� OF� ACTIVITIES�� VARIABLE� COSTS� PLUS� SOME� PART� OF� THE� FIXED
COSTS�

 PARTS�OF�THE�COSTS�OF�A�WORKFLOW��E�G��TRANSPORT�COSTS�OR�INVENTORY�COSTS�

• STRUCTURAL�ASPECTS��E�G���SOME�BASED�ON�;(AMMER���#HAMPY������=	�

 NUMBER�OF�INTERACTIONS�WITH�CUSTOMERS�

 NUMBER�OF�INTERACTIONS�OR�AMOUNT�OF�INFORMATION�EXCHANGE�BETWEEN�UNITS�

 SIZE�OF�INVENTORY�

 AMOUNT�OF�CHECKING�AND�CONTROL��COMPARED�TO�THE�VALUE�ADDED�BY�THESE�ACTIVITIES�

 AMOUNT�OF�REWORK�DUE�TO�INADEQUATE�FEEDBACK�

%XAMPLE

4HE� SELECTED� BUSINESS� PROCESS� IS� ëINSURANCE� SALESì�� WHICH� IS� CONCERNED�WITH� INSURANCE
APPLICATIONS�BY�CLIENTS�AT�A�COUNTER��THE�EVALUATION�OF�THESE�APPLICATIONS��AND�THE�ISSUE�OF
INSURANCE�POLICIES�



����!�WORKFLOWORIENTED�EVOLUTIONARY�DEVELOPMENT�METHOD���

$EFICIENCIES�OF�THE�CURRENT�BUSINESS�PROCESS�

• $ELIVERY�TIME�IS�LONG��SINCE�COUNTER�EMPLOYEES�CANNOT�ACCEPT�OR�REFUSE�CLIENTS�DIRECTLY�

• $UE�TO�THE�LONG�DELIVERY�TIME��CLIENTS�OFTEN�CANCEL�THEIR�APPLICATIONS��OR�PERCEIVE�THE
ORGANISATION�AS�BUREAUCRATIC�

• 0ROCESSING�TIME�IS�LONG�DUE�TO�THE�LARGE�NUMBER�OF�CONTROLS�

4HE�OBJECTIVES�OF�ITS�IMPROVEMENT�ARE�THE�FOLLOWING�

• $ELIVERY� TIME� AND� THE�NUMBER�OF� CLIENTS� CANCELLING� THEIR� APPLICATIONS� SHOULD� BE� RE
DUCED��4HIS�IS�TO�BE�DONE�BY�GIVING�COUNTER�EMPLOYEES�THE�AUTHORITY�TO�ACCEPT�OR�REF
USE�INSURANCE�APPLICATIONS�ACCORDING�TO�SET�CRITERIA��!CCEPTED�CLIENTS�GET�A�PRELIMINARY
INSURANCE�POLICY��/NLY�IN�CASE�OF�DOUBT�AN�EXPERT�SHOULD�EVALUATE�AN�APPLICATION�

• 0ROCESSING�TIME�SHOULD�BE�REDUCED�BY�THE�REDUCTION�OF�THE�NUMBER�OF�CONTROLS�

3TEP��B��$ELIMITATION�OF�SCOPE

/BJECTIVE��)NFORMAL�FURTHER�DELIMITATION�OF�THE�SCOPE�OF�THE�SELECTED�BUSINESS�PROCESS�

-OTIVATION��4HE�BRIEF�DESCRIPTION�OF�THE�BUSINESS�PROCESS�OF�STEP��A�IS� INSUFFICIENTLY
PRECISE� TO� RESTRICT� FURTHER� DEVELOPMENT� STEPS� TO� THE� ONES� THAT� REGARD� THIS� BUSINESS
PROCESS��4HEREFORE��FURTHER�DELIMITATION�OF�SCOPE�IS�REQUIRED�

!CTIVITIES�

$EFINE�INFORMALLY�

• THE�PRODUCT�S	�OR�SERVICE�S	�OF�THE�BUSINESS�PROCESS�

• THE�MAIN�ACTIVITIES�OF�THE�BUSINESS�PROCESS�

• THE�INITIAL�AND�FINAL�ACTIVITIES�OF�THE�WORKFLOWS�OF�THE�BUSINESS�PROCESS�

• THE�ORGANISATION�UNITS�INVOLVED�IN�THE�BUSINESS�PROCESS�� IN�CASE�OF�REDESIGN�� THE
ORGANISATION�UNITS� CURRENTLY� INVOLVED� IN� THE�BUSINESS�PROCESS� SHOULD�ALSO�BE�DE
FINED�

(EURISTICS�FOR�DELIMITATION�OF�SCOPE

• 0ROPRIETARY��INCLUDE�ONLY�THOSE�ACTIVITIES�RELEVANT�TO�THE�DEFINED�OBJECTIVES�

• #OMPLETENESS�� ë!LL�MAJOR� PROCESSES� AFFECTING� ;THE� DEFINED� OBJECTIVES=� SHOULD� BE� IN
CLUDEDì��;+APLAN���-URDOCK��������P����=�

• /RTHOGONALITY� OR� LOOSE� COUPLING�� DO� NOT� INCLUDE� ACTIVITIES� THAT� HAVE� LITTLE� RELATIONS
WITH�THE�SELECTED�BUSINESS�PROCESS�

• -AINTAINABILITY�� TRY� TO� LOCALISE� THE� IMPACT� OF� CHANGES� IN� THE� ENVIRONMENT� �E�G��
CHANGING� CUSTOMER� REQUIREMENTS� OR� CHANGING� GOVERNMENT� REGULATIONS	� IN� A� SINGLE
BUSINESS�PROCESS�



������4HE�METHOD ���

• /NLY�REDESIGN�WHAT�ONE�CAN�CHANGE��OR�WHAT�ONE�ëOWNSì�;$AVENPORT������=�

• 4RY�TO�KEEP�A�BALANCE�BETWEEN�TOO�LARGE�A�SCOPE��RESULTING�FROM�THE�ATTEMPT�TO�PRE
VENT� SUBOPTIMISATION� OF� SMALL� BUSINESS� PROCESSES	� AND� TOO� SMALL� A� SCOPE� �RESULTING
FROM�THE�ATTEMPT�TO�KEEP�THE�DEVELOPMENT�PROCESS�MANAGEABLE	�

 ë4HE�PROCESSES�NEED� TO�BE�DEFINED� AT� LEVELS� HIGH� ENOUGH� THAT� REDESIGN� CAN� YIELD
çBREAKTHROUGHè�IMPROVEMENTS��YET�NOT�SO�HIGH�AS�TO�BE�UNMANAGEABLEì�;+APLAN��
-URDOCK��������P����=�

 ë4HINK�OF�THE�ENTIRE�CORE�PROCESS��FROM�THE�TIME�THE�CUSTOMER�MAKES�A�CONNECTION
WITH� YOUR� COMPANY� THROUGH� THE� CONNECTIONS�WITH� THE� SUPPLIERS� AND� BACK� TO� THE
CUSTOMERì�;*OHANSSON�ET�AL���������P�����=�
ë-AINTAIN�FOCUS��DONèT�TRY�TO�REENGINEER�TOO�MANY�PROCESSES�AT�ONCE�ì�;#AR���*O
HANSSON��������P�����=�

%XAMPLE

&URTHER�DELIMITATION�OF�THE�SCOPE�OF�THE�PROCESS�ëINSURANCE�SALESì�

• THE�PRODUCT�OF�THE�BUSINESS�PROCESS�IS�AN�INSURANCE��REPRESENTED�BY�AN�INSURANCE�POL
ICY�

• THE�CONSIDERED�PROCESS�IS�THE�SALES�OF�AN�INSURANCE�

• A�WORKFLOW�OF�THE�PROCESS�STARTS�WHEN�A�CLIENT�FILLS�IN�AN�INSURANCE�APPLICATION�FORM�
THE�WORKFLOW�ENDS�WHEN�

 THE�CLIENTèS�APPLICATION�IS�REFUSED��OR

 THE�CLIENT�RECEIVES�AN�INSURANCE�POLICY��OR

 THE�CLIENT�CANCELS�HIS�OR�HER�APPLICATION�

• THE�FOLLOWING�ORGANISATION�UNITS�ARE�INVOLVED�IN�THE�CURRENT�AND�NEW�BUSINESS�PROCESS�
COUNTER�EMPLOYEES��FRONT�OFFICE	��EXPERTS��BACK�OFFICE	��AND�AN�INFORMATION�SYSTEM�
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3TEP����5SECASE�MODELLING

3TEP��A��3ELECTION�OF�USECASE

/BJECTIVE��3ELECTION�OF�THE�USECASE�TO�BE�CONSIDERED�IN�THIS�STEP�

-OTIVATION��!CCORDING� TO� THE� EVOLUTIONARY� APPROACH�OF� THIS�METHOD�� DIFFERENT� USE
CASES�ARE�CONSIDERED�SEPARATELY��4HE�REMAINDER�OF�THE�ACTIVITIES� IN�THIS�STEP�ARE� LIM
ITED�TO�THE�SELECTED�USECASE�

!CTIVITIES�

3ELECT�A�USECASE�AND�DESCRIBE�INFORMALLY�

• THE�ENTITIES�INVOLVED�IN�THIS�USECASE�

• THE�MAIN�INTERACTIONS�OF�THE�USECASE�

(EURISTICS�FOR�SELECTION�OF�A�USECASE

"ASED�ON�;"AL�ET�AL�������A=�

• $ISTINGUISH�BETWEEN�THE�DIFFERENT�TYPES�OF�CUSTOMERS��E�G��BETWEEN�PRIVATE�CLIENTS�AND
BUSINESS�CLIENTS	��3ELECT�ONE�OF�THE�DISTINGUISHED�TYPES�OF�CUSTOMERS�

• $ISTINGUISH�BETWEEN� THE�DIFFERENT�PRODUCTS�OR� SERVICES�DELIVERED� TO� THIS� TYPE�OF�CUS
TOMER��3ELECT�ONE�OF�THE�DISTINGUISHED�TYPES�OF�PRODUCTS�OR�SERVICES�

• 4HE�COMBINATION�OF�THE�CUSTOMER�AND�THE�PRODUCT�OR�SERVICE�DELIMITS�THE�USECASE�

%XAMPLE

)N�OUR�EXAMPLE��WE�CONSIDER�ONLY�ONE�USE�CASE��4HE�INSURANCE�COMPANY�AND�A�CLIENT�ARE
INVOLVED�IN�THE�USECASE��4HE�USECASE�COMPRISES�ALL�POSSIBLE�INTERACTIONS�OF�THE�INSURANCE
COMPANY�AND�THE�CLIENT��I�E��

• APPLICATION�FOR�INSURANCE�

• IMMEDIATE�ADMITTANCE�AND�REFUSAL��RESERVATION��AND�ISSUING�OF�A�PRELIMINARY�POLICY

• DEFERRED�ADMITTANCE�AND�REFUSAL�

• CANCELLATION�OF�AN�APPLICATION�

• POLICY�ISSUE�

3TEP��B��%NTITY�MODELLING

/BJECTIVE��-ODELLING�OF�THE�ENTITIES�INVOLVED�IN�THE�SELECTED�USECASE�AND�THEIR�INTER
ACTION�POINTS�



������4HE�METHOD ���

-OTIVATION��4HIS�FORMS�A�BASIS�FOR�SUBSEQUENT�MODELLING�OF�THE�LOCAL�CONSTRAINTS�WITH
RESPECT�TO�THE�SELECTED�USECASE�AND�THE�ASSIGNMENT�OF�THIS�BEHAVIOUR�TO�ENTITIES�

!CTIVITIES�

3INCE�A�USECASE�MODELS�THE�EXTENSIONAL�ASPECTS�OF�A�WORKFLOW��THE�FOLLOWING�ENTITIES
SHOULD�BE�MODELLED�

• THE�SYSTEM�UNDER�DEVELOPMENT��AS�AN�INTEGRATED�WHOLE�

• THE�SYSTEMS�IN�ITS�ENVIRONMENT�IT�INTERACTS�WITH�IN�THE�SELECTED�USECASE�

• THE�INTERACTION�POINTS�OF�THESE�SYSTEMS�AT�WHICH�INTERACTIONS�OF�THE�USECASE�OCCUR�

)N�CASE�THE�SYSTEM�UNDER�DEVELOPMENT�IS�A�PART�OF�AN�ORGANISATION��RATHER�THAN�AN�EN
TIRE�ORGANISATION��THE�SYSTEM�MAY�INTERACT�WITH�ENTITIES� INTERNAL� TO�THE�ORGANISATION�
&OR� EXAMPLE�� A� PRODUCTION� DEPARTMENT� MAY� HAVE� THE� SALES� DEPARTMENT� AS� ITS� CUS
TOMER�AND�THE�PURCHASING�DEPARTMENT�AS�ITS�SUPPLIER�

(EURISTICS�FOR�SELECTION�OF�ENTITIES�IN�THE�SYSTEM�ENVIRONMENT

• 4HE�FOLLOWING�DISTINCTION�BETWEEN�ENTITIES�MAY�BE�USEFUL�;"AL�ET�AL�������A=�

 THE�OBJECT�SYSTEM��WHICH�IS�THE�SYSTEM�UNDER�DEVELOPMENT�

 CLIENTS�

 SUPPLIERS�

 PERSONS�OR�ORGANISATIONS�THAT�ARE�NOT�CLIENTS�OR�SUPPLIERS��BUT�WITH�WHICH�THE�OBJECT
SYSTEM�INTERACTS��FOR�EXAMPLE��GOVERNMENT�AGENCIES��OR�AN�ACCOUNTING�DEPARTMENT�

 INTERMEDIARIES�� WHICH� ARE� THE� INTERACTION� SYSTEMS� OF� THE� OBJECT� SYSTEM� AND� THE
OTHER�ENTITIES�IN�ITS�ENVIRONMENT��FOR�EXAMPLE��INSURANCE�AGENTS��A�POSTAL�COMPANY�
OR�A�TELEPHONE�COMPANY�

• 4O�KEEP�MODELS�COMPREHENSIBLE��IT�IS�SOMETIMES�USEFUL�TO�ABSTRACT�FROM�AN�INTERMEDI
ARY�� FOR� EXAMPLE� IF� IT�PROVIDES�A� RELIABLE� SERVICE� THAT�DOES�NOT�ADD�ANY�VALUE� TO� THE
PRODUCTS�OR�SERVICES�OF�THE�OBJECT�SYSTEM��OTHER�THAN�ENABLING�INTERACTION�BETWEEN�THE
OBJECT�SYSTEM�AND�CLIENTS�OR�SUPPLIERS��&OR�THIS�REASON�ONE�OFTEN�ABSTRACTS�FROM��E�G���A
TELEPHONE�COMPANY�AND�MODELS�IT�AS�AN�INTERACTION�POINT��RATHER�THAN�AN�ENTITY��7HEN
MODELLING�AN�INSURANCE�COMPANY��HOWEVER��ONE�USUALLY�DOES�NOT�ABSTRACT�FROM�INSUR
ANCE�AGENTS��SINCE�THESE�MAY�PROVIDE�ADDITIONAL�VALUE�TO�CUSTOMERS�

%XAMPLE

&IGURE�����MODELS� THE� TWO� ENTITIES� �CLIENT�AND� INSURANCE� COMPANY	� INVOLVED� IN� THE� SE
LECTED�USECASE�AND�THEIR�TWO�INTERACTION�POINTS��COUNTER�AND�MAIL	��&OR�REASONS�INDICATED
IN�THE�LAST�HEURISTIC�ABOVE��THE�POSTAL�COMPANY�IS�MODELLED�AS�AN�INTERACTION�POINT��MAIL	�
RATHER�THAN�AN�ENTITY�
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CLIENT

INSURANCE�COMPANY

MAILCOUNTER

&IGURE�������%NTITIES�INVOLVED�IN�SELECTED�USECASE�AND�THEIR�INTERACTION
POINTS�

3TEP��C��"EHAVIOUR�MODELLING

/BJECTIVE��-ODELLING�OF�THE�LOCAL�CONSTRAINTS�WITH�RESPECT�TO�THE�SELECTED�USECASE�

-OTIVATION��4HESE�LOCAL�CONSTRAINTS�FORM�A�PART�OF�THE�INTERACTION�SYSTEM�OF�THE�SYS
TEM�UNDER�DEVELOPMENT�AND�THE�ENTITIES�IN�ITS�ENVIRONMENT�

!CTIVITIES�

4HE�FOLLOWING�ASPECTS�SHOULD�BE�MODELLED�

I� THE�INTERACTIONS�OF�THE�ENTITIES�INVOLVED�IN�THE�SELECTED�USECASE�THAT�OCCUR�ON�THE
INTERACTION�POINTS�OF�THESE�ENTITIES�

II� THE�RELATIONS�BETWEEN�THESE�INTERACTIONS�

III� THE�VALUES�ESTABLISHED�IN�THESE�INTERACTIONS�AND�THE�REFERENCE�RELATIONS�

)N�CASE� THE� SELECTED�USECASE� IS� COMPLEX�� THE� FOLLOWING� SEPARATION�OF� CONCERNS�MAY
AID�IN�KEEPING�THIS�COMPLEXITY�MANAGEABLE�

• #ONSIDER�DIFFERENT�PHASES�OF�THE�USECASE�SEPARATELY��3TRUCTURE�THE�MODEL�AS�A�CAU
SALITYORIENTED�COMPOSITION�OF�SUBBEHAVIOURS��IN�WHICH�EACH�SUBBEHAVIOUR�CON
CERNS�A�SEPARATE�PHASE��!N�EXAMPLE�OF�THREE�PHASES�THAT�CAN�FREQUENTLY�BE�DISTIN
GUISHED�;"RAND���6AN�DER�+OLK������=�

 THE�RELATED�ACTIVITIES�BEFORE�A�CLIENT�ORDER��ëPRODUCTION�PREPARATIONì	�

 THE� RELATED� ACTIVITIES� FROM� THE� CLIENT� ORDER� TO� THE� DELIVERY� OF� A� PRODUCT
�ëPRODUCTIONì	�

 THE�RELATED�ACTIVITIES�AFTER�THE�DELIVERY�OF�THE�PRODUCT��ëPOSTPRODUCTIONì	�

4HE�POINTS�OF�TIME�AT�WHICH�ONE�OF�THESE�PHASES�ENDS�AND�ANOTHER�ONE�BEGINS�ARE
SOMETIMES�CALLED�ëCUSTOMER�ORDER�DECOUPLING�POINTSì�;"AL�ET�AL�������B=�

0HASES� THAT� CAN� FREQUENTLY�BE�DISTINGUISHED� IN� ADMINISTRATIVE� BUSINESS� PROCESSES
ARE��REGISTRATION��E�G���APPLICATION�FOR�A�PRODUCT��PRESENTATION�OF�A�CLAIM	��EVALUA
TION��E�G���EVALUATION�OF�AN�APPLICATION	��INFORMING�OF�A�DECISION��APPEAL�AGAINST�A
DECISION�;"AL�ET�AL�������A=�
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• &IRST� CONSIDER�MAIN� STREAM� BEHAVIOUR� AND� THEN� CONSIDER� THE� SUBSEQUENT� EXCEP
TIONS��-AIN� STREAM�BEHAVIOUR� IS� A� SET� OF� RELATED� ACTIONS� THAT� ARE� CARRIED� OUT� IN
MOST�COPIES�OF�THE�SELECTED�USECASE��%XCEPTIONS�ARE�ONLY�CARRIED�OUT�FOR�A�SMALL
PERCENTAGE�OF�COPIES�OF�THIS�USECASE�

%XAMPLES�OF�EXCEPTIONS�ARE�THE�RELATED�ACTIONS�DUE�TO�

 CANCELLATION�OF�AN�ORDER�BY�A�CLIENT�

 NO�REACTION�BY�A�CLIENT�ON�A�REQUEST�FOR�INFORMATION�BY�THE�ORGANISATION�

 CANCELLATION�OF�AN�APPLICATION�BY�A�CLIENT�

 REQUEST� FOR� UNUSUAL� SERVICES� OR� PRODUCTS� �E�G��� AN� INSURANCE� WITH� A� COVERAGE
THAT�IS�HIGHER�THAN�SOME�LIMIT	

(EURISTICS�FOR�USECASE�MODELLING

"ASED�ON�;"AL�ET�AL�������A=�

• ë3TAPLE�YOURSELF� TO�AN�ORDERì�� )N�ORDER� TO� IDENTIFY� THE�RELATED� INTERACTIONS�OF� A�USE
CASE��IT�CAN�BE�USEFUL�TO�FOLLOW�THROUGH�AN�ORGANISATION�THE�ROUTE�OF�THE�INFORMATION
OR�MATERIAL�OBJECTS�PASSED�IN�AN�INITIAL�INTERACTION�OF�THE�WORKFLOW�

• ë3TAPLE�YOURSELF�TO�A�RESULTì��)N�ORDER�TO�IDENTIFY�THE�RELATED�INTERACTIONS�OF�A�USECASE�
IT�CAN�BE�USEFUL�TO�TRACE�BACK�THROUGH�AN�ORGANISATION�THE�RELATED�ACTIVITIES�REQUIRED�TO
BRING�ABOUT�A�PARTICULAR�PRODUCT�OR�SERVICE�

$ESIGN�CRITERIA�FOR�USECASES

• ë;#UT=�BACK� THE�NUMBER�OF�EXTERNAL�CONTACT�POINTS� THAT� A�PROCESS�HASì� ;(AMMER��
#HAMPY��������P����=��4HIS�REDUCES�DELIVERY�TIME��SINCE�WAITING�FOR�EXTERNAL�ENTITIES
TO�PROVIDE�INFORMATION�OR�MATERIALS�OFTEN�ACCOUNTS�FOR�A�SIGNIFICANT�PERCENTAGE�OF�THE
TOTAL�WAITING�TIME�

• ë#APTURE�INFORMATION�ONCE�AND�AT�THE�SOURCEì�;(AMMER��������P�����=��"Y�COLLECTING
ALL�RELEVANT�INFORMATION�AT�ONCE��ONE�PREVENTS�INCONSISTENCIES�RESULTING�FROM�DIFFERENT
UNITS�COLLECTING�THEIR�OWN�INFORMATION�

%XAMPLE

&IGURE�����MODELS�THE�LOCAL�CONSTRAINTS�WITH�RESPECT�TO�THE�SELECTED�USECASE��WHICH�CAN
BE�IDENTIFIED�BY�ëSTAPLING�YOURSELF�TO�AN�APPLICATIONì��&OR�BREVITY��ONLY�SOME�INTERACTION
ATTRIBUTES�ARE�REPRESENTED�IN�ONE�INTERACTION��7E�ASSUME��AS�IN�THE�REMAINDER�OF�THE�EX
AMPLE��THAT�IT�IS�CLEAR�FROM�THE�NAMES�OF�THE��INTER	ACTIONS�WHICH�ACTIVITIES�THEY�MODEL�

4O�FURTHER�ENHANCE�INSIGHT��THIS�USECASE�COULD��FOR�EXAMPLE��HAVE�BEEN�STRUCTURED�IN�THE
PHASES�ëINITIAL�CONTACTì��COMPRISING�THE�INTERACTIONS�APPLICATION��REFUSAL��AND�ADMITTANCE	
AND�ëLATER�CONTACTì��COMPRISING�THE�OTHER�ACTIONS	�
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CANCELLATION

ADMITTANCEREFUSAL RESERVATION
PRELIMINARY
POLICY�ISSUE

POLICY
ISSUE

DEFERRED
REFUSAL

APPLICATION
���NAME�����
���OTHER�INFO���	

&IGURE�������-ODEL�OF�SELECTED�USECASE�

3TEP��D��!SSIGNMENT�OF�BEHAVIOUR�TO�ENTITIES

/BJECTIVE��!SSIGNMENT�OF�THE�MODELLED� INTERACTIONS�AND� THEIR� RELATIONS� TO� THE�MOD
ELLED�ENTITIES�AND�THEIR�INTERACTION�POINTS�

-OTIVATION��4HIS�DEFINES�THE�CONTRIBUTIONS�OF�THE�ENTITIES�TO�THE�BEHAVIOUR�

!CTIVITIES�

I� $ETERMINE�FOR�EACH�INTERACTION�THE�INTERACTION�POINT�AT�WHICH�THE�INTERACTION�OC
CURS�

II� $ETERMINE�FOR�EACH�RELATION�THE�CONTRIBUTION�OF�EACH�ENTITY�TO�THIS�RELATION�

III� $ETERMINE� FOR�EACH�VALUE�ESTABLISHED� IN�AN� INTERACTION� THE�CONTRIBUTION�OF�EACH
INVOLVED�ENTITY�TO�THE�ESTABLISHMENT�OF�THIS�VALUE�

%XAMPLE

&IGURE�����MODELS�THE�ASSIGNMENT�OF�THE�SELECTED�BEHAVIOUR�TO�THE�SELECTED�ENTITIES��)F�THE
CONTRIBUTION�OF�THE�CLIENT�TO�AN�INTERACTION�IS�NOT�REPRESENTED��THIS�IMPLIES�THAT�THE�INTER
ACTION�IS�ENABLED�AT�ANY�TIME��START�CONDITION	�

&IGURE� ���� DOES� NOT� REPRESENT� INTERACTION� POINTS�� 4HE� INTERACTIONS� APPLICATION�� REFUSAL�
RESERVATION�� ADMITTANCE�� AND� PRELIMINARY� POLICY� ISSUE� OCCUR� AT� THE� INTERACTION� POINT
COUNTER��4HE�OTHER�INTERACTIONS�OCCUR�AT�THE�INTERACTION�POINT�MAIL�
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CANCELLATION

ADMITTANCEREFUSAL RESERVATION

DEFERRED
REFUSAL

APPLICATION
���NAME�����
���OTHER�INFO���	

PRELIMINARY
POLICY�ISSUE

CLIENT

INSURANCE
COMPANY

POLICY
ISSUE

&IGURE�������!SSIGNMENT�OF�SELECTED�BEHAVIOUR�TO�SELECTED�ENTITIES�
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3TEP����7ORKFLOW�MODELLING

3TEP��A��%NTITY�MODELLING

/BJECTIVE��-ODELLING�OF�THE�ENTITIES�OF� THE�SYSTEM�UNDER�DEVELOPMENT�AND�THEIR� IN
TERACTION�POINTS� INVOLVED� IN� THE�WORKFLOW� THAT� COMPRISES� THE� INTERNAL�MECHANISMS
THAT�SUPPORT�THE�USECASE�DEFINED�IN�STEP���

-OTIVATION��4HIS�FORMS�A�BASIS�FOR�SUBSEQUENT�MODELLING�OF�THE�LOCAL�CONSTRAINTS�WITH
RESPECT�TO�THE�WORKFLOW�AND�THE�ASSIGNMENT�OF�THIS�BEHAVIOUR�TO�ENTITIES�

!CTIVITIES�

3INCE�A�WORKFLOW�MODELS�THE�INTERNAL�MECHANISMS�THAT�SUPPORT�A�USECASE�� THE�FOL
LOWING�SHOULD�BE�MODELLED�

I� THE�INTERNAL�ENTITIES�OF�THE�SYSTEM�UNDER�DEVELOPMENT�INVOLVED�IN�THE�WORKFLOW�

II� THEIR�INTERACTION�POINTS�AT�WHICH�INTERACTIONS�OF�THE�WORKFLOW�TAKE�PLACE�

III� �POSSIBLY	�THE�ACTION�POINTS�AT�WHICH�INTERNAL�ACTIONS�TAKE�PLACE�

(EURISTICS�FOR�IDENTIFICATION�OF�INTERNAL�ENTITIES�OF�THE�SYSTEM�UNDER�DEVELOPMENT

• 4HE� WORKFLOWORIENTED� APPROACH� OF� THIS� METHOD� IS� PARTICULARLY� SUITED� TO� BUSINESS
PROCESSES� WHOSE� ENTITIES� CARRY� OUT� OR� CONTROL� ENTIRE� WORKFLOWS�� %XAMPLES� OF� SUCH
ENTITIES�ARE�

 #ASE�WORKERS� �SOMETIMES� CALLED� CASE�MANAGERS	��(AMMER���#HAMPY� ;������ P�
��=�DEFINE�A�CASE�WORKER�AS�ëAN�INDIVIDUAL�RESPONSIBLE�FOR�AN�ENDTOEND�PROCESSì�
$AVENPORT���.OHRIA�;����=�DEFINE�CASE�MANAGERS�AS�ëINDIVIDUALS�OR�SMALL� TEAMS
;THAT=�PERFORM�A� SERIES�OF� TASKS�� SUCH�AS� THE� FULFILMENT�OF� A� CUSTOMER�ORDER� FROM
BEGINNING�TO�END��OFTEN�WITH� THE�HELP�OF� INFORMATION�SYSTEMS� THAT� REACH� THROUGH
THE�ORGANIZATIONì�

4HUS��COMPARED�TO�MORE�TRADITIONAL�STRUCTURING�AROUND�BUSINESS�FUNCTIONS��ëA�CASE
MANAGER�PROVIDES�A�SINGLE�POINT�OF�CONTACTì�AND�ëWORK�UNITS�CHANGEãFROM�FUNC
TIONAL�DEPARTMENTS�TO�PROCESS�TEAMSì�;(AMMER���#HAMPY��������P��������=�

 7ORKFLOW�MANAGEMENT� SYSTEMS��4HESE� ARE� SYSTEMS� THAT� CONTROL� AN� ENTIRE�WORK
FLOW�THROUGH�AN�ORGANISATION��FOR�EXAMPLE��BY�ROUTING�INFORMATION��KEEPING�TRACK
OF�TASKS��AND�INFORMING�ABOUT�THE�STATUS�OF�WORKFLOWS�

• /NE�MAY�OPT� TO�HAVE� ALL� INTERACTIONS�WITH� CLIENTS� CARRIED� OUT� BY� SINGLE� UNIT�� SOME
TIMES�CALLED�A�FRONTOFFICE��OR�A�ëSINGLE�COUNTERì��/THER�ACTIVITIES�THAT�DO�NOT�INVOLVE
DIRECT�INTERACTION�WITH�THE�CUSTOMER�CAN�BE�CARRIED�OUT�IN�A�BACKOFFICE�

• 4ELEMATICS� SYSTEMS� OFTEN� ENABLE� GEOGRAPHICALLY� REMOTE� ORGANISATION� UNITS� TO� CO
OPERATE� ON� THE� SAME� BUSINESS� FUNCTION� OR� WORKFLOW�� 4HEREFORE�� SUCH� A� GROUP� OF
PHYSICALLY�REMOTE�UNITS�CAN�OFTEN�BE�VIEWED�AS�ONE� LOGICAL�UNIT��4HIS� LEADS�TO�(AM
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MERèS� ;������P�����=� CRITERION��ë4REAT� GEOGRAPHICALLY�DISPERSED� RESOURCES� AS� THOUGH
THEY�WERE�CENTRALIZEDì��4HIS�HEURISTIC�IS�ONLY�USEFUL�WHEN�MODELLING�A�BUSINESS�PROC
ESS�AT�THE�LOGICALLY�DISTRIBUTED�LEVEL��AND�NOT�WHEN�MODELLING�IT�AT�THE�PHYSICALLY�DIS
TRIBUTED�LEVEL�

%XAMPLE

&IGURE�����MODELS�THE�ENTITIES�OF�THE�INSURANCE�COMPANY�INVOLVED�IN�THE�SELECTED�WORK
FLOW�AND�THEIR�INTERACTION�POINTS�

COUNTER
EMPLOYEE

EXPERT MAILCOUNTER

INFORMATION
SYSTEM

APPLICATION
TRANSFER�POINT

)3�ACCESS
POINT

&IGURE�������%NTITIES�INSIDE�INSURANCE�COMPANY�INVOLVED�IN�SELECTED�WORK
FLOW�AND�THEIR�INTERACTION�POINTS�

3TEP��B��"EHAVIOUR�MODELLING

/BJECTIVE��-ODELLING�OF�THE�LOCAL�CONSTRAINTS�WITH�RESPECT�TO�THE�SELECTED�WORKFLOW�

-OTIVATION��4HE�LOCAL�CONSTRAINTS�WITH�RESPECT�TO�WORKFLOWS�ARE�PART�OF�THE�INTERNAL
BEHAVIOUR�OF�THE�BUSINESS�PROCESS�

!CTIVITIES�

4HE�FOLLOWING�ASPECTS�SHOULD�BE�MODELLED�

I� THE�INTERACTIONS�OF�THE�ENTITIES�OF�STEP��A�INVOLVED�IN�THE�SELECTED�WORKFLOW��AND�
POSSIBLY��INTERNAL�ACTIONS�OF�THESE�ENTITIES�

II� THE�RELATIONS�BETWEEN�THESE��INTER	ACTIONS�

III� THE�VALUES�ESTABLISHED�IN�THESE��INTER	ACTIONS�AND�THE�REFERENCE�RELATIONS�

)N�CASE�THE�SELECTED�WORKFLOW�IS�COMPLEX��THE�STRUCTURING�TECHNIQUES�OF�STEP��C�MAY
AID�IN�KEEPING�THIS�COMPLEXITY�MANAGEABLE�

• #ONSIDER�DIFFERENT�PHASES�OF� THE�WORKFLOW�SEPARATELY��3TRUCTURE� THE�MODEL�AS�A
CAUSALITYORIENTED� COMPOSITION� OF� SUBBEHAVIOURS�� IN� WHICH� EACH� SUBBEHAVIOUR
CONCERNS�A�SEPARATE�PHASE�

• &IRST� CONSIDER�MAIN� STREAM� BEHAVIOUR� AND� THEN� CONSIDER� THE� SUBSEQUENT� EXCEP
TIONS�
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(EURISTICS�FOR�WORKFLOW�MODELLING

• ë3TAPLE�YOURSELF�TO�AN�ORDERì�AND�ëSTAPLE�YOURSELF�TO�A�RESULTì��3EE�STEP��C�

$ESIGN�CRITERIA�FOR�WORKFLOWS

;(AMMER��������PP��������=�

• ë(AVE�THOSE�WHO�USE�THE�OUTPUT�OF�THE�PROCESS�PERFORM�THE�PROCESSì��4HIS�IS�A�CONSE
QUENCE� OF� STRUCTURING� AROUND� WORKFLOWS�� 4HE� CRITERION� AIDS� IN� PREVENTING� SUB
OPTIMISATION� OF� PARTS� OF� A� WORKFLOW� AT� THE� EXPENSE� OF� THE� COMPLETE� WORKFLOW�
-OREOVER�� IT� PREVENTS� THE� TRANSFER� OF� INFORMATION� AND� MATERIALS� �WHICH� ARE� OFTEN
TIMECONSUMING�AND�ERRORPRONE	��AND�THE�ACTIVITIES�REQUIRED�TO�COORDINATE�AND�CON
TROL�THE�TRANSFER��&INALLY��PEOPLE�ARE�BEST�MOTIVATED�TO�BRING�ABOUT�RESULTS�WHEN�THEY
EXPERIENCE� THE� USEFULNESS� OF� THESE� RESULTS�� 4HIS� IS� THE� CASE� IF� THEY� USE� THESE� RESULTS
THEMSELVES�

• ë3UBSUME� INFORMATIONPROCESSING�WORK� INTO� THE� REAL�WORK� THAT� PRODUCES� THE� INFOR
MATIONì�� !GAIN�� THIS� CRITERION� IS� A� CONSEQUENCE� OF� STRUCTURING� AROUND� WORKFLOWS�
SINCE� IT� PREVENTS� SPECIALISED� BUSINESS� FUNCTIONS� FOR� INFORMATION� PROCESSING��!PPLICA
TION�OF�THE�CRITERION�SHOULD�RESULT�IN�PROCESSED�INFORMATION�BEING�AVAILABLE�QUICKLY�

• ë0EOPLE�WHO�DO�THE�WORK�SHOULD�MAKE�THE�DECISIONS�ì�4HIS�PREVENTS�MANAGERS�GETTING
INVOLVED� IN� EVERY�WORKFLOW� FOR�MAKING� EVEN� SIMPLE� DECISIONS��7ELLEDUCATED� EM
PLOYEES��SUPPORTED�BY�INFORMATION�SYSTEMS��CAN�NOWADAYS�USUALLY�MAKE�A�SIGNIFICANT
AMOUNT�OF�DECISIONS��-ANAGERS�THEN�ONLY�NEED�TO�DEAL�WITH�MORE�DIFFICULT�DECISIONS�
4HE� CRITERION� IS� SOMETIMES� REFERRED� TO� AS� ëEMPOWERINGì� EMPLOYEES� ;(AMMER� �
#HAMPY������=�

• ë#HECKS�AND�CONTROLS�ARE�REDUCEDì��4HIS�CRITERION�IS�PARTLY�A�CONSEQUENCE�OF�THE�PRE
VIOUS�ONE��4HE�COSTS�OF� STRICT� CONTROL�MAY�BE�MUCH�HIGHER� THAN� A� FAILURE�ONCE� IN� A
WHILE��;(AMMER���#HAMPY��������P����=��!�COSTBENEFIT�ANALYSIS�NEEDS�TO�BE�CARRIED
OUT�FOR�EVERY�CONTROL�

!LLEN�;����=�GIVES�A�VARIETY�OF�EXAMPLES�FOR�BANKS��RANGING�FROM�THE�ELIMINATION�OF
DUAL�CONTROLS�ON�SAFE�DEPOSIT�BOX�KEYS�TO�THE�INCREASE�OF�CASHIERSè�CHECK�LIMITS

%XAMPLE

4HE�WORKFLOW�OF� THE� SELECTED�USECASE� IS� CONSTRUCTED� IN� TWO� STEPS��&IGURE�����MODELS
WHAT� IS� CONSIDERED� THE� ëMAIN� STREAMì� BEHAVIOUR� OF� THE� WORKFLOW�� !TTRIBUTES� OF
�INTER	ACTIONS�ARE�NOT�REPRESENTED��4HE�FOLLOWING�EXCEPTIONS�ARE�NOT�MODELLED�IN�&IGURE
����

• THE�INTERACTION�RESERVATION��THE�ACTIONS�IT��DIRECTLY�OR�INDIRECTLY	�ENABLES��TRANSFER�RES
ERVATION��REEVALUATE�APPLICATION�AND�DEFERRED�REFUSAL��AND�THE�RELATIONS�BETWEEN�THESE
ACTIONS�AND�BETWEEN�THESE�ACTIONS�AND�OTHER�ACTIONS�

• THE�INTERACTION�CANCELLATION�AND�ITS�RELATIONS�WITH�OTHER�ACTIONS�
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&IGURE�����MODELS�ALL�LOCAL�CONSTRAINTS�WITH�RESPECT�TO�THE�SELECTED�WORKFLOW��INCLUDING
THESE�EXCEPTIONS�

APPLICATION
EVALUATE
APPLICATION

PRELIMINARY
POLICY�ISSUE

ENTER
INFORMATION

TRANSFER
ADMITTANCE

CREATE
POLICY

ISSUE
POLICYADMITTANCE

REFUSAL

&IGURE�������-ODEL�OF�PART�OF�SELECTED�WORKFLOW��MAIN�STREAM�BEHAVIOUR�

ADMITTANCEREFUSAL RESERVATION PRELIMINARY
POLICY�ISSUE

ENTER
INFORMATION

DEFERRED
REFUSAL

CANCEL
LATION

APPLICATION

EVALUATE
APPLICATION

TRANSFER
ADMITTANCE

REEVALUATE
APPLICATION

CREATE
POLICY

ISSUE
POLICY

TRANSFER
RESERVATION

&IGURE�������-ODEL�OF�LOCAL�CONSTRAINTS�WITH�RESPECT�TO�SELECTED�WORKFLOW�
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3TEP��C��!SSIGNMENT�OF�BEHAVIOUR�TO�ENTITIES

/BJECTIVE��!SSIGNMENT�OF�THE�MODELLED��INTER	ACTIONS�AND�THEIR�RELATIONS�TO�THE�MOD
ELLED�ENTITIES�AND�THEIR��INTER	ACTION�POINTS�

-OTIVATION��4HIS�DEFINES�THE�CONTRIBUTIONS�OF�THE�ENTITIES�TO�THE�BEHAVIOUR�

!CTIVITIES�

I� $ETERMINE�FOR�EACH��INTER	ACTION�THE��INTER	ACTION�POINT�AT�WHICH�THIS��INTER	ACTION
OCCURS�

II� $ETERMINE�FOR�EACH�RELATION�THE�CONTRIBUTION�OF�EACH�ENTITY�TO�THIS�RELATION�

III� $ETERMINE� FOR�EACH�VALUE�ESTABLISHED� IN�AN� INTERACTION� THE�CONTRIBUTION�OF�EACH
INVOLVED�ENTITY�TO�THE�ESTABLISHMENT�OF�THIS�VALUE�

%XAMPLE

&IGURE�����MODELS�THE�ASSIGNMENT�OF�THE�SELECTED�BEHAVIOUR�TO�THE�SELECTED�ENTITIES�

INFORMATION
SYSTEM

EXPERTCOUNTER�EMPLOYEE

ADMITTANCE

REFUSAL RESERVATION

PRELIMINARY
POLICY�ISSUE

ENTER
INFORMATION

DEFERRED
REFUSAL

CANCEL
LATION

APPLICATION

EVALUATE
APPLICATION

TRANSFER
ADMITTANCE

REEVALUATE
APPLICATION

CREATE
POLICY

ISSUE
POLICY

TRANSFER
RESERVATION

&IGURE�������!SSIGNMENT�OF�SELECTED�BEHAVIOUR�TO�SELECTED�ENTITIES�
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3TEP����-ODELLING�OF�OTHER�USECASES�AND�WORKFLOWS

/BJECTIVE��-ODELLING�OF�THE�ENTITIES�INVOLVED�IN�AND�THE�LOCAL�CONSTRAINTS�WITH�RESPECT
TO�THE�OTHER�USECASES�AND�WORKFLOWS�OF�THE�BUSINESS�PROCESS�UNDER�DEVELOPMENT�

-OTIVATION��4HESE�ENTITIES�AND�BEHAVIOURS�ARE�ALL�PART�OF�THE�INTEGRATED�OR�DISTRIBUTED
PERSPECTIVE�OF�THE�SELECTED�BUSINESS�PROCESS�

!CTIVITIES�

2EPEATEDLY�CARRY�OUT�STEPS���AND���FOR�OTHER�USECASES��AS� LONG�AS�A�USECASE�OF�THE
SELECTED�BUSINESS�PROCESS�CAN�BE�IDENTIFIED�THAT�HAS�NOT�BEEN�MODELLED�BEFORE�

�� A� 3ELECT�A�USECASE�OF�THE�BUSINESS�PROCESS�THAT�HAS�NOT�BEEN�MODELLED�BEFORE�

B� -ODEL�THE�ENTITIES�INVOLVED�IN�THIS�USECASE

C� -ODEL�THE�LOCAL�CONSTRAINTS�WITH�RESPECT�TO�THIS�USECASE

D� !SSIGN�THE�LOCAL�CONSTRAINTS�TO�THE�ENTITIES�

�� A� -ODEL�THE�ENTITIES�OF�THE�SYSTEM�UNDER�DEVELOPMENT�INVOLVED�IN�THE�WORKFLOW
THAT�FORMS�THE�INTERNAL�ASPECTS�OF�THE�SELECTED�USECASE�

B� -ODEL�THE�LOCAL�CONSTRAINTS�WITH�RESPECT�TO�THIS�WORKFLOW�

C� !SSIGN�THE�LOCAL�CONSTRAINTS�TO�THE�ENTITIES�

%XAMPLE

)N� THE� EXAMPLE�BEHAVIOUR� ALL� USECASES� AND�WORKFLOWS� ARE� COPIES� OF� THE� USECASE� AND
WORKFLOW�MODELLED� IN� STEPS���AND����7E� THEREFORE�DO�NOT�MODEL� ANY�OTHER�USECASES
AND�WORKFLOWS�
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3TEP����-ODELLING�OF�RELATIONS�BETWEEN�WORKFLOWS

3TEP��A��%NTITY�MODELLING

/BJECTIVE��)NTEGRATION�OF�THE�MODELS�MADE�IN�STEPS���AND���OF�THE�ENTITIES�INVOLVED�IN
THE�WORKFLOWS�

-OTIVATION�� 4HIS� LEADS� TO� A� COMPLETE� MODEL� OF� ALL� ENTITIES�� AND� THEIR� INTERACTION
POINTS��INVOLVED�IN�ALL�WORKFLOWS�OF�THE�SELECTED�BUSINESS�PROCESS��4HIS�MODEL�FORMS
A� BASIS� FOR� THE� IDENTIFICATION� OF� THE� REMOTE� CONSTRAINTS�WITH� RESPECT� TO�WORKFLOWS
AND�THE�ASSIGNMENT�OF�THESE�REMOTE�CONSTRAINTS�TO�ENTITIES�

!CTIVITIES�

)N� STEPS� �� AND� �� ENTITIES� WERE� MODELLED� PER� WORKFLOW�� %NTITIES� INVOLVED� IN� ONE
WORKFLOW�MAY��HOWEVER��BE�THE�SAME�AS�ENTITIES�INVOLVED�IN�OTHER�WORKFLOWS��4HE
SAME�APPLIES�TO�INTERACTION�POINTS��4HEREFORE��THE�CONSTRUCTION�OF�A�COMPLETE�MODEL
OF�THE�ENTITIES�INVOLVED�IN�ALL�WORKFLOWS�AND�THEIR�INTERACTION�POINTS�INVOLVES�

I� THE�IDENTIFICATION�AND�MODELLING�OF�DISTINCT�ENTITIES�

II� THE�IDENTIFICATION�AND�MODELLING�OF�THE�DISTINCT�INTERACTION�POINTS�OF�THE�ENTITIES�

4HIS�STEP�DOES�NOT�COMPRISE�THE�IDENTIFICATION�OF�NEW�ENTITIES�OR�INTERACTION�POINTS�
SINCE� ALL� ENTITIES� AND� INTERACTION� POINTS� INVOLVED� IN� WORKFLOWS� HAVE� ALREADY� BEEN
IDENTIFIED�IN�STEPS���AND���

%XAMPLE��%NTITY�MODELLING

7E�CONSIDER�A�SINGLE�FRONT�OFFICE�OF�THE�INSURANCE�COMPANY�WITH�THREE�COUNTER�EMPLOY
EES�� 4HE� BACK� OFFICE� HAS� TWO� EXPERTS� AVAILABLE� FOR� FURTHER� PROCESSING� OF� APPLICATIONS�
%ACH�COUNTER�EMPLOYEE�CAN�INTERACT�WITH�EACH�EXPERT��4HERE�IS�ONE�INFORMATION�SYSTEM
THE�EXPERTS�CAN�INTERACT�WITH�

&IGURE�����MODELS�THESE�ENTITIES�AND�THEIR�INTERACTION�POINTS��!�SINGLE�INTERACTION�POINT�IS
MODELLED�FOR�THE�INTERACTIONS�BETWEEN�THE�COUNTER�EMPLOYEES�AND�THE�EXPERTS��TO�MODEL
THAT�A�SINGLE�LOCATION��E�G���ëINTERNAL�MAILì	�IS�USED�FOR�THE�TRANSFER�OF�APPLICATIONS��4HIS
IS� SIMILAR� FOR� THE� INTERACTION� POINTS� )3� ACCESS� POINT�AND�MAIL�� 4HREE� INTERACTION� POINTS
COUNTER�ARE�MODELLED�TO�REPRESENT�THAT�CLIENTS�INTERACT�WITH�DIFFERENT�COUNTER�EMPLOYEES
AT�DIFFERENT�LOCATIONS�

3TEP��B��"EHAVIOUR�MODELLING

/BJECTIVE�� )NTEGRATION�OF� THE� LOCAL� CONSTRAINTS�WITH� RESPECT� TO�WORKFLOWS�WITH� THE
REMOTE�CONSTRAINTS�WITH�RESPECT�TO�WORKFLOWS�

-OTIVATION��4HIS�RESULTS� IN�A�COMPLETE�BEHAVIOUR�MODEL�OF� THE�SYSTEM�UNDER�DEVEL
OPMENT�
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INFORMATION
SYSTEM

EXPERT��

MAIL

COUNTER�EMPLOYEE�� EXPERT��COUNTER��

COUNTER�EMPLOYEE��COUNTER��

COUNTER�EMPLOYEE��COUNTER��

APPLICATION
TRANSFER�POINT

)3
ACCESS
POINT

&IGURE�������!LL�ENTITIES�OF�THE�INSURANCE�COMPANY�INVOLVED�IN�THE�INSURANCE
SALES�PROCESS�AND�THEIR�INTERACTION�POINTS�

!CTIVITIES�

2EMOTE�CONSTRAINTS�WITH�RESPECT� TO�WORKFLOWS�ARE� THE�RELATIONS� THAT�DETERMINE� THE
ORDER�OF��INTER	ACTIONS�IN�DIFFERENT�WORKFLOWS��4HESE�REMOTE�CONSTRAINTS�RESULT�FROM
�PARTS�OF	�DIFFERENT�WORKFLOWS�BEING�CARRIED�OUT�BY�THE�SAME�ENTITIES��4HE�FOLLOWING
SEPARATION�OF� CONCERNS� IS� OFTEN� USEFUL� IN� THE�MODELLING� OF� REMOTE� CONSTRAINTS�WITH
RESPECT�TO�WORKFLOWS�

I� -ODEL� THE� REMOTE� CONSTRAINTS� RESULTING� FROM� THE� AVAILABILITY� OF� ONLY� A� LIMITED
NUMBER� OF� ENTITIES� THAT� CARRY� OUT� A� MAJOR� PART� OF� THE� WORKFLOWS� THEY� ARE� IN
VOLVED�IN��SUCH�AS�CASE�WORKERS�

(EURISTIC�FOR�MODELLING�REMOTE�CONSTRAINTS�DUE�TO�LIMITED�NUMBER�OF�CASE�WORKERS

!�CASE�WORKER�CARRIES�OUT�A�MAJOR�PART�OF�EVERY�WORKFLOW�HE�OR�SHE�IS�INVOLVED�IN��!S
SUME� THAT�ONCE�A�CASEWORKER�HAS� FINISHED�WORKING�ON�ONE�WORKFLOW�HE�OR� SHE� STARTS
WORKING�ON�A�NEXT�ONE��2EMOTE�CONSTRAINTS�WITH�RESPECT� TO�WORKFLOWS�RESULT� FROM�OR
GANISATIONS� EMPLOYING� ONLY� A� LIMITED� NUMBER� OF� CASE� WORKERS�� 4HE� BEHAVIOUR� OF� CASE
WORKERS� CAN� BE� MODELLED� COMPREHENSIVELY� ACCORDING� TO� THE� FOLLOWING� STRUCTURE�� IN
WHICH�N�IS�THE�NUMBER�OF�CASE�WORKERS�

I����N��START�→�CASE?WORKERI�ENTRY	
���
CASE?WORKER�
[ ENTRY�→�����
���
�
�WORK�ON�A�WORKFLOW�FINISHED�
	�→�CASE?WORKER�ENTRY	��]�
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II� -ODEL� THE� REMOTE� CONSTRAINTS� RESULTING� FROM� ENTITIES� INVOLVED� IN� SMALL� PARTS� OF
THE�WORKFLOWS�� SUCH� AS� RESOURCES� SHARED� BY� CASE�WORKERS� �E�G��� A�MACHINE� THAT
CAN� BE� USED� BY� ONE� CASE� WORKER� AT� A� TIME�� OR� A� STORE� FROM� WHICH� EVERY� CASE
WORKER�RETRIEVES�ORDERED�ITEMS	�

(EURISTIC�FOR�MODELLING�REMOTE�CONSTRAINTS�DUE�RESOURCES�SHARED�BY�CASE�WORKERS

*UST� AS� THE� BEHAVIOUR� OF� THE� CASEWORKERS�� THE� BEHAVIOUR� OF� RESOURCES� SHARED� BY� CASE
WORKERS� CAN�OFTEN�BE�MODELLED� COMPREHENSIBLY� AS� A� RECURSIVE�BEHAVIOUR�� )N� CASE� A� RE
SOURCE�HAS�A�LIMITED�CAPACITY��E�G��A�LIMITED�STOCK�IN�THE�STORE	�THAT�IS�REDUCED�IN�INTERAC
TIONS�WITH�CASE�WORKERS�� THIS�CAPACITY�CAN�OFTEN�BE�MODELLED�COMPREHENSIBLY�BY�MEANS
OF�A�STATE�VALUE�OF�A�STATE�VARIABLE��4HE�RESOURCE�IS�THEN�MODELLED�ACCORDING�TO�A�STATE
ORIENTED�STYLE�

SHARED?RESOURCE�
[ ENTRY�C�#APACITY	�→�����
���
����→��
�INTERACTION�WITH�CASE�WORKER�THAT�REDUCES�CAPACITY�WITH�R�
	�<�C�CR�>
���
�
�SHARED�RESOURCE�AVAILABLE�TO�OTHER�CASE�WORKERS�
	�→�SHARED?RESOURCE�ENTRY�C		��]�

4HIS�STEP�DOES�NOT�COMPRISE�THE�IDENTIFICATION�OF�NEW�INTERACTIONS��SINCE�ALL�INTERAC
TIONS�OF�ALL�WORKFLOWS�HAVE�ALREADY�BEEN�IDENTIFIED�IN�STEPS���AND���

%XAMPLE

)N�THE�INSURANCE�SALES�BEHAVIOUR��THE�REMOTE�CONSTRAINTS�CAN�BE�DIVIDED�INTO�TWO�CATEGO
RIES�

• REMOTE�CONSTRAINTS�DUE�TO�THE�AVAILABILITY�AT�ANY�TIME�OF�THREE�COUNTER�EMPLOYEES�AND
TWO�EXPERTS�

• REMOTE�CONSTRAINTS�DUE�TO�THE�BEHAVIOUR�OF� THE� INFORMATION�SYSTEM��WHICH� IS� SHARED
BY�THE�EXPERTS�

2EMOTE�CONSTRAINTS�DUE�TO�LIMITED�NUMBER�OF�COUNTER�EMPLOYEES�AND�EXPERTS

)NITIALLY� THE� INSURANCE� SALES� BEHAVIOUR� COMPRISES� THREE� COPIES� OF� THE� BEHAVIOUR� OF� A
COUNTER�EMPLOYEE��TWO�COPIES�OF�THE�BEHAVIOUR�OF�AN�EXPERT��AND�ONE�COPY�OF�THE�INFOR
MATION�SYSTEM�BEHAVIOUR��4HIS�IS�REPRESENTED�AS�FOLLOWS�

I��������START�→�COUNTERI�ENTRY	�
J������START�→�EXPERTJ�ENTRY	�
START�→�INFORMATION�SYSTEM�ENTRY�∅		�

%ACH�COUNTER� EMPLOYEE�AND�EACH�EXPERT� CAN�BEGIN� ACTIVITIES�OF� A�NEW�WORKFLOW�ONCE
THEIR�ACTIVITIES�ON�AN�OLD�WORKFLOW�HAVE�FINISHED��4HEREFORE��THE�COUNTER�EMPLOYEE�AND
EXPERT�BEHAVIOURS�ARE�DEFINED�RECURSIVELY�AS�FOLLOWS�
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COUNTER�
[ ENTRY�→����
�
�REMAINDER�OF�COUNTER�EMPLOYEE�BEHAVIOUR�SPECIFIED�IN�STEP���
	�
REFUSAL�∨�TRANSFER�RESERVATION�∨��TRANSFER�ADMITTANCE�∧�PRELIMINARY�POLICY�ISSUE	

→�COUNTER�ENTRY	���]

EXPERT�
[ ENTRY�→����
�
�REMAINDER�OF�EXPERT�BEHAVIOUR�SPECIFIED�IN�STEP���
	�
DEFERRED�REFUSAL�∨�ISSUE�POLICY�∨�CANCELLATION�→�EXPERT�ENTRY	���]�

4O�TRANSFER�A�RESERVED�OR�AN�ADMITTED�APPLICATION��ONE�COUNTER�EMPLOYEE�INTERACTS�WITH
ONE�EXPERT�AT�THE�APPLICATION�TRANSFER�POINT��4O�ENTER�INFORMATION�OR�TO�CREATE�A�POLICY�
ONE�EXPERT�INTERACTS�WITH�THE�INFORMATION�SYSTEM�AT�THE�)3�ACCESS�POINT��4HIS�IS�SPECIFIED
AS�FOLLOWS�

INTERACTIONS��COUNTER��EXPERT�ON�APPLICATION�TRANSFER�POINT�
TRANSFER�RESERVATION��TRANSFER�ADMITTANCE

���EXPERT��INFORMATION�SYSTEM�ON�)3�ACCESS�POINT�
ENTER�INFORMATION��CREATE�POLICY

3INCE�THE�TEXTUAL�REPRESENTATION�OF�THIS�BEHAVIOUR�IS�MORE�CONCISE�THAN�THE�GRAPHICAL�REP
RESENTATION��WE�DO�NOT�GIVE�A�GRAPHICAL�REPRESENTATION�

2EMOTE�CONSTRAINTS�DUE�TO�INFORMATION�SYSTEM�BEHAVIOUR

4HE�FOLLOWING�REMOTE�CONSTRAINTS�WITH�RESPECT�TO�THE�WORKFLOWS�ARE�DUE�TO�THE�BEHAV
IOUR�OF�THE�INFORMATION�SYSTEM�

• NO�TWO�EXPERTS�CAN�ENTER�INFORMATION�IN�THE�INFORMATION�SYSTEM�AT�THE�SAME�TIME�

• ALL�INTERACTIONS�CREATE�POLICY�OCCUR�SEQUENTIALLY�AT�THE�END�OF�A�DAY��ONCE�A�SEQUENCE
OF�CREATE�POLICY� INTERACTIONS�HAS� STARTED�� INFORMATION� CAN�ONLY�BE� ENTERED� IN� THE� IN
FORMATION�SYSTEM�BY�THE�EXPERTS�AFTER�ALL�POLICIES�OF�THE�DAY�HAVE�BEEN�CREATED�

4HE� SPECIFICATION�OF� THE� INFORMATION� SYSTEM�BEHAVIOUR� FOLLOWS�BELOW�� )N� AN� ACTION� GET
CURRENT�TIME�A�VALUE�IS�ESTABLISHED�THAT�MODELS�THE�TIME�AT�WHICH�THE�ACTION�OCCURS��4HIS
VALUE�IS�USED�TO�DETERMINE�WHETHER�INFORMATION�CAN�BE�ENTERED�OR�POLICIES�SHOULD�BE�CRE
ATED��!� FUNCTION� IS?END?OF?DAY�T	� IS� ASSUMED� TO� BE� AVAILABLE� THAT� RETURNS� TRUE� IF� T� IS� A
POINT�OF�TIME�AT�THE�END�OF�THE�DAY��AND�FALSE�OTHERWISE��!�FUNCTION�INFO?OF�P	�IS�ASSUMED
TO�BE�AVAILABLE�THAT�RETURNS�THE�INFORMATION�ENTERED�IN�THE�INFORMATION�SYSTEM�REQUIRED
TO�MAKE�INSURANCE�POLICY�P�

INFORMATION�SYSTEM�
[ ENTRY�3	�→�GET�CURRENT�TIME�T�4IME	�
GET�CURRENT�TIME�∧�NOT�IS?END?OF?DAY�T		�→�INPUT�SYSTEM�ENTRY�3		�
GET�CURRENT�TIME�∧�IS?END?OF?DAY�T	�→�BATCH�SYSTEM�ENTRY�3		���]

INPUT�SYSTEM�
[ ENTRY�3	�→�ENTER�INFORMATION�I�)NFO	�<3�3�∪�[I]>�
ENTER?INFORMATION�→�INFORMATION�SYSTEM�3	���]
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BATCH�SYSTEM�
[ ENTRY�3	�∧��3≠∅	�→�CREATE?POLICY�P�0OLICY	�;INFO?OF�P	�∈�3=�<3�3<[INFO?OF�P	]>�
ENTRY�3	�∧��3�∅	�→�INFORMATION�SYSTEM�ENTRY�3		�
CREATE�POLICY�→�BATCH�SYSTEM�ENTRY�3		���]

)NSURANCE�SALES�BEHAVIOUR

4HE�FOLLOWING�BEHAVIOUR�HAS�BEEN�SPECIFIED�

INSURANCE�SALES�
[ INTERACTIONS��COUNTER��EXPERT�ON�APPLICATION�TRANSFER�POINT�

TRANSFER�RESERVATION��TRANSFER�ADMITTANCE�
��EXPERT��INFORMATION�SYSTEM�ON�)3�ACCESS�POINT�

ENTER�INFORMATION��CREATE�POLICY�
I��������START�→�COUNTERI�ENTRY	�
I������START�→�EXPERTJ�ENTRY	�;J����=�
START�→�INFORMATION�SYSTEM�ENTRY�∅		���]

COUNTER�
[ ENTRY�→�����
�
�SEE�&IGURE�����FOR�REST�OF�COUNTER�BEHAVIOUR�
	��
REFUSAL�∨�TRANSFER�RESERVATION�∨��TRANSFER�ADMITTANCE�∧�PRELIMINARY�POLICY�ISSUE	

→�COUNTER�ENTRY	���]

EXPERT�
[ ENTRY�→�����
�
�SEE�&IGURE�����FOR�REST�OF�EXPERT�BEHAVIOUR�
	�
DEFERRED�REFUSAL�∨�ISSUE�POLICY�∨�CANCELLATION�→�EXPERT�ENTRY	���]

INFORMATION�SYSTEM�
[ ENTRY�3	�→�GET�CURRENT�TIME�T�4IME	�
GET�CURRENT�TIME�∧�NOT�IS?END?OF?DAY�T		�→�INPUT�SYSTEM�
GET�CURRENT�TIME�∧�IS?END?OF?DAY�T	�→�BATCH�SYSTEM���]

INPUT�SYSTEM�
[ ENTRY�3	�→�ENTER�INFORMATION�I�)NFO	�<3�3�∪�[I]>�
ENTER?INFORMATION�→�INFORMATION�SYSTEM�3	���]

BATCH�SYSTEM�
[ ENTRY�3	�∧��3≠∅	�→�CREATE?POLICY�P�0OLICY	�;INFO?OF�P	�∈�3=�<3�3<[INFO?OF�P	]>�
ENTRY�3	�∧��3�∅	�→�INFORMATION�SYSTEM�ENTRY�3		�
CREATE�POLICY�→�BATCH�SYSTEM�ENTRY�3		���]

3TEP��C��!SSIGNMENT�OF�BEHAVIOUR�TO�ENTITIES

/BJECTIVE��!SSIGNMENT�OF� THE� REMOTE� CONSTRAINTS�WITH� RESPECT� TO�WORKFLOWS� TO� THE
MODELLED�ENTITIES�
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-OTIVATION��4HIS� COMPLETELY�DEFINES� THE� CONTRIBUTIONS�OF� THE� ENTITIES� TO� THE� BEHAV
IOUR�

!CTIVITIES�

I� $ETERMINE�FOR�EACH��INTER	ACTION�THE��INTER	ACTION�POINT�AT�WHICH�THIS��INTER	ACTION
OCCURS�

II� $ETERMINE�FOR�EACH�RELATION�THE�CONTRIBUTION�OF�EACH�ENTITY�TO�THIS�RELATION�

III� $ETERMINE�FOR�EACH�VALUE�ESTABLISHED�IN�AN�INTERACTION�THE�CONTRIBUTION�OF�EACH�OF
THE�INVOLVED�ENTITIES�TO�THE�ESTABLISHMENT�OF�THIS�VALUE�

%XAMPLE

4HE�COUNTER�BEHAVIOURS�ARE� ASSIGNED� TO� THE� COUNTER� EMPLOYEES��4HE� EXPERT�BEHAVIOURS
ARE� ASSIGNED� TO� THE� EXPERTS�� 4HE� BEHAVIOUR� INFORMATION� SYSTEM�� INCLUDING� THE� SUB
BEHAVIOURS�INPUT�SYSTEM�AND�BATCH�SYSTEM��IS�ASSIGNED�TO�THE�INFORMATION�SYSTEM�ENTITY�

!LL� INTERACTIONS� BETWEEN� COUNTER� EMPLOYEES� AND� EXPERTS� �TRANSFER� RESERVATION�� TRANSFER
ADMITTANCE	�TAKE�PLACE�ON�THE�APPLICATION�TRANSFER�POINT��!LL�INTERACTIONS�BETWEEN�EXPERTS
AND�THE�INFORMATION�SYSTEM��ENTER�INFORMATION��CREATE�POLICY	�TAKE�PLACE�ON�THE�)3�ACCESS
POINT�

4HE�INTERACTIONS�BETWEEN�COUNTER�EMPLOYEES�AND�CLIENTS��APPLICATION��ADMITTANCE��RESER
VATION�� REFUSAL�� ISSUE�PRELIMINARY�POLICY	� TAKE�PLACE�ON� THE� INTERACTION�POINT�COUNTER���
COUNTER� ��� OR� COUNTER� ��� DEPENDING� ON� THE� COUNTER� EMPLOYEE� INVOLVED� IN� THE� INTERAC
TIONS��4HE� INTERACTIONS�BETWEEN� EXPERTS� AND� CLIENTS� �DEFERRED� REFUSAL�� ISSUE� POLICY�� CAN
CELLATION	�TAKE�PLACE�ON�THE�INTERACTION�POINT�MAIL�



����� )NTRODUCTION

4HIS�CHAPTER�HIGHLIGHTS� THE�MAIN�RESEARCH�CONTRIBUTIONS�OF�THIS� THESIS��-ANY�OF�OUR
STRUCTURING� TECHNIQUES�HAVE�BEEN�APPLIED� IN�BUSINESS�PROCESS�DEVELOPMENT�PROJECTS�
4HEREFORE��THIS�CHAPTER�ALSO�DISCUSSES�THE�PRACTICAL�EXPERIENCE�WITH�THE�APPLICATION�OF
THESE� TECHNIQUES�� &INALLY�� IT� GIVES� RECOMMENDATIONS� FOR� FURTHER� RESEARCH�� WHICH
SHOULD�LEAD�TO�IMPROVEMENTS�IN�THE�SUPPORT�OF�DEVELOPERS�OF�BUSINESS�PROCESSES�

3ECTION������DESCRIBES�OUR�MAIN�RESEARCH�CONTRIBUTIONS�

3ECTION������SUMMARISES�THE�PRACTICAL�EXPERIENCE�WITH�THE�APPLICATION�OF�OUR�STRUC
TURING�TECHNIQUES�

3ECTION������GIVES�RECOMMENDATIONS�FOR�FURTHER�RESEARCH�

����� 2ESEARCH�CONTRIBUTIONS

!LTHOUGH�THE� IMPORTANCE�OF� STRUCTURING� IN� SYSTEM�DEVELOPMENT� IS� ACKNOWLEDGED� IN
THE� LITERATURE�� IT� APPEARS� THAT� THE� ROLE� OF� STRUCTURING� TECHNIQUES� IN� THE� CONTROL� OF
COMPLEXITY�HAS�BEEN�POORLY�ADDRESSED��/UR�ANALYSIS�OF�COMPLEXITY�LED�TO�THE�IDENTI
FICATION� OF� SOME� IMPORTANT� ASPECTS� OF� COMPLEXITY�� WHICH� ALLOWED� US� TO� SHOW� HOW
SOME� CURRENT�� GENERIC� STRUCTURING� TECHNIQUES� AID� IN� CONTROLLING� COMPLEXITY�� "Y� DE
FINING�THE�STRUCTURING�TECHNIQUES�FOR�BUSINESS�PROCESSES� IN�THIS� THESIS�AS�REFINEMENTS
OF�THESE�GENERIC�STRUCTURING�TECHNIQUES��WE�ALSO�CLARIFIED� THE�ROLE�OF� THE�STRUCTURING
TECHNIQUES�FOR�BUSINESS�PROCESSES�IN�THE�CONTROL�OF�THE�COMPLEXITY�OF�BUSINESS�PROC
ESSES�AND�OF�THEIR�DEVELOPMENT�

4HE�PROVISION�OF�A�WELLDEFINED��COMPLETE�AND�PARSIMONIOUS�SET�OF�GENERALLY�APPLICA
BLE� BASIC� ARCHITECTURAL� CONCEPTS� IS� CRUCIAL� FOR� THE� PROPER� SUPPORT� OF� DEVELOPERS
;6ISSERS� ET� AL��� ����=��7E� PROVIDED�� PARTLY� BASED� ON� PREVIOUS� WORK� �E�G�� ;6ISSERS�
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����=�AND�;&ERREIRA�0IRES������=	��SUCH�A�SET�OF�BASIC�ARCHITECTURAL�CONCEPTS�FOR�DIS
TRIBUTED� SYSTEM� MODELLING�� AND� DEMONSTRATED� THEIR� USEFULNESS� IN� BUSINESS� PROCESS
MODELLING��7E�SHOWED�THAT�THESE�CONCEPTS�ARE�APPLICABLE�AT�MANY�ABSTRACTION�LEVELS
AND�ARGUED� THAT� THESE�CONCEPTS�COVER� THE�RELEVANT�ASPECTS�OF�DISTRIBUTED�SYSTEMS��!
COMPARISON�BY�1UARTEL�;����=�SHOWS�THAT�OUR�BASIC�ARCHITECTURAL�CONCEPTS�ARE�GENER
ALLY�MORE�EXPRESSIVE�THAN�CURRENT�MODELS�BASED�ON�PROCESS�ALGEBRAS�AND�EVENT�STRUC
TURES��1UARTELèS�ANALYSIS�APPLIES�TO�THE�EXTENSION�OF�OUR�BASIC�CONCEPTS�WITH�INTEGRAL
AND�STOCHASTIC�PROBABILITY��SEE�SECTION�������	��6AN�3INDEREN�ET�AL��;����=�SHOW�THAT�A
SUBSET�OF�OUR�ARCHITECTURAL�CONCEPTS�CAN�BE�MAPPED�ONTO�PLACE�TRANSITION�0ETRI�NETS
;2EISIG������=�

$ATA�IS�OFTEN�VIEWED�AS�ORTHOGONAL�TO�CONCEPTS�FOR�MODELLING�SYSTEM�DYNAMICS��SEE
E�G��;$E�7EGER�ET�AL�������=	��7E�SHOWED�THAT�DATA�CONCEPTS�CAN�BE�DEFINED�IN�TERMS
OF� THE� BASIC� ARCHITECTURAL� CONCEPTS�� WHICH� MEANS� THAT� THESE� CONCEPTS� ARE� NOT� OR
THOGONAL��4HIS� INSIGHT�ALLOWED�US� TO� SHOW� IN�WHAT� CIRCUMSTANCES�DATA� IS�USEFUL� FOR
THE�CONCISE�MODELLING�OF�BEHAVIOURS��THUS�PROVIDING�GUIDANCE�TO�DEVELOPERS��4HIS�IN
SIGHT�SHOULD�ALSO�AID�SCIENTISTS�AND�PRACTITIONERS� IN� THE�COMPARISON�OF�DEVELOPMENT
METHODS� AND� IN� THE� ASSESSMENT�OF� THE� APPLICABILITY� OF� DEVELOPMENT�METHODS� �AS� IN
E�G��;6ERRIJN3TUART���/LLE������=	��&INALLY��THIS�INSIGHT�SHOULD�AID�SCIENTISTS�AND�PRAC
TITIONERS�IN�THE�CONSTRUCTION�OF�DEVELOPMENT�METHODS�FOR�SYSTEMS�IN�WHICH�BOTH�BE
HAVIOUR�DYNAMICS�AND�DATA�ARE�IMPORTANT�ASPECTS��'IVEN�THE�RAPID�INCREASE�OF�LARGE
SCALE� TELEMATICS� SYSTEMS�� IN�WHICH�BEHAVIOUR� DYNAMICS� AND�DATA� PLAY� AN� IMPORTANT
ROLE�� AND� THE�NEED� FOR� THE� INTEGRATION�OF� THESE� SYSTEMS� IN� THEIR�USER� ENVIRONMENTS�
THIS�IS�AN�IMPORTANT�RESEARCH�TOPIC�

-ODELLING�STYLES�EASE�THE�STRUCTURING�OF�SYSTEM�MODELS�AND�LEAD�TO�MORE�UNIFORMLY
STRUCTURED�MODELS��/UR�NEW� INSIGHTS� REGARDING� THE�BASIC�ARCHITECTURAL�CONCEPTS�AND
THE�ROLE�OF�DATA�ENABLED�US�TO�EXTEND�THE�MODELLING�STYLES�FOR�DISTRIBUTED�SYSTEMS�OF
6ISSERS�ET�AL��;����=�AND�TO�DEFINE�THEM�IN�SUCH�A�WAY�THAT�THEY�ARE�MORE�ORTHOGONAL�
/UR�DISTINCTION�OF�FREQUENTLY�OCCURRING�STRUCTURES�OF�BUSINESS�PROCESSES�ENABLED�US�TO
DEFINE�CONCRETE�MODELLING�STYLES� FOR�BUSINESS�PROCESSES��WHICH�ARE� SPECIALISATIONS�OF
THE� GENERIC� MODELLING� STYLES�� 4HESE� STYLES� AID� DEVELOPERS� IN� EFFICIENTLY� MODELLING
BUSINESS�PROCESSES�IN�AN�INSIGHTFUL�WAY��BOTH�INTENSIONALLY�AND�EXTENSIONALLY�

4HE�RELATION�BETWEEN�THE�CHARACTERISTICS�OF�DEVELOPMENT�STRATEGIES�AND�THE�NEED�FOR
THE�SUPPORT�OF�PARTICULAR�DEVELOPMENT�OBJECTIVES��OFTEN�FORMULATED�AS�RISKS�OF�DEVEL
OPMENT�PROJECTS	�IS�IMPORTANT�FOR�THE�SELECTION�OF�AN�APPROPRIATE�DEVELOPMENT�STRAT
EGY�;"OEHM������=��,ITTLE�RESEARCH��HOWEVER��HAS�BEEN�CARRIED�OUT�IN�THIS�AREA��/UR
ANALYSIS� OF� DEVELOPMENT� STRATEGIES� LED� TO� AN� UNDERSTANDING� OF� THE� EXTENT� TO�WHICH
�ELEMENTS�OF	�DEVELOPMENT�STRATEGIES�SUPPORT�PARTICULAR�DEVELOPMENT�OBJECTIVES��4HIS
RELATION�CAN�BE�USED�IN�PRACTICE�TO�SELECT�OR�CONSTRUCT�A�DEVELOPMENT�STRATEGY�THAT�IS
APPROPRIATE�FOR�A�DEVELOPMENT�PROCESS��/UR�RESULTS�CAN�ALSO�BE�USED�AS�A�FOUNDATION
FOR�FURTHER�RESEARCH�IN�THIS�AREA��WHICH�SHOULD�LEAD�TO�MORE�CONCRETE�SUPPORT�FOR�DE
VELOPERS�



�������0RACTICAL�APPLICATION ���

-ANY�DEVELOPMENT�METHODS�USED�IN�PRACTICE�ARE�ALMOST�SOLELY�BASED�ON�THE� INDUC
TION�OF�PRACTICAL�EXPERIENCE�;3IMON������=��4HIS�RESULTS�IN�DEVELOPMENT�METHODS�THAT
PROVIDE�LITTLE�GUIDANCE�TO�DEVELOPERS�IN�CONTROLLING�COMPLEXITY��7E�HAVE�SHOWN�HOW
DEVELOPMENT�METHODS�CAN�ALTERNATIVELY�BE�CONSTRUCTED�BY�MEANS�OF�THE�SYNTHESIS�AND
REFINEMENT�OF� STRUCTURING� TECHNIQUES� THAT� ARE� SELECTED�ON� THE� BASIS� OF� THE� NEED� FOR
SUPPORT�OF�PARTICULAR�DEVELOPMENT�OBJECTIVES��0RACTICAL�EXPERIENCE�GUIDED�THE�DEVEL
OPMENT�OF�OUR�STRUCTURING�TECHNIQUES��4HEREFORE��DEVELOPMENT�METHODS�CONSTRUCTED
IN�THIS�WAY�CAN�BOTH�BE�CONCRETE�AND�AID�DEVELOPERS�IN�CONTROLLING�THE�COMPLEXITY�OF
BUSINESS�PROCESSES�AND�THEIR�DEVELOPMENT�

����� 0RACTICAL�APPLICATION

������� "ACKGROUND

)N�THE�PAST�YEARS��OUR�PROJECT�TEAM�HAS�MODELLED��ANALYSED��AND�OR�REDESIGNED�ABOUT
TEN�BUSINESS�PROCESSES�OF�MAJOR�ORGANISATIONS� IN� THE�SERVICE� INDUSTRY��-OST�OF� THESE
PROJECTS�WERE� CARRIED�OUT� IN� THE�4ESTBED�PROJECT� ;&RANKEN�� ����=��!LL� DEVELOPMENT
PROJECTS�CONCERNED�ADMINISTRATIVE�BUSINESS�PROCESSES��SUCH�AS�THE�CLAIM�PROCESSING�OF
AN�INSURANCE�COMPANY�AND�THE�MONEY�TRANSFER�OF�A�BANK��/NE�PROJECT� INVOLVED�THE
DEVELOPMENT�OF� AN� ARCHITECTURE� FOR� THE�BUSINESS�PROCESSES�OF� A� LARGE� COMPANY�� &OR
REASONS�OF�CONFIDENTIALITY�WE�CANNOT�PRESENT�DETAILS�OF�THESE�BUSINESS�PROCESSES�IN�THIS
THESIS�

4HIS� SECTION� SUMMARISES� THE� EXPERIENCES� WITH� THE� PRACTICAL� USE� OF� OUR� STRUCTURING
TECHNIQUES��7E�REFER�TO�THE�DEVELOPERS�OF�BUSINESS�PROCESSES�AS�THE�USERS�OF�OUR�STRUC
TURING�TECHNIQUES�

������� !RCHITECTURAL�CONCEPTS�AND�THEIR�REPRESENTATION

!RCHITECTURAL�CONCEPTS

4HE�BASIC�AND�DERIVED�ARCHITECTURAL�CONCEPTS�PRESENTED� IN� THIS� THESIS� COVER�ALL� RELE
VANT�ASPECTS�OF�BUSINESS�PROCESSES��!LTHOUGH�THERE�APPEARED�TO�BE�A�CONSTANT�NEED�FOR
USERS�TO�CONSTRUCT� THEIR�OWN�DERIVED�CONCEPTS��SEE�BELOW	��NO�ADDITIONAL�BASIC�CON
CEPTS�ARE�REQUIRED��"ECAUSE�THE�CONCEPTS�ARE�PROPER�ABSTRACTIONS�OF�SYSTEM�ELEMENTS�
AND�BECAUSE�THE�CONCEPTS�ARE�CONSISTENT�AND�GENERALLY�APPLICABLE��MOST�OF�THESE�CON
CEPTS�WERE�READILY�USED�

4HE�ACTION�CONCEPT�APPEARED�TO�BE�INTUITIVE�AND�WAS�READILY�USED��!CTION�DECOMPOSI
TION�WAS�ALSO�APPLIED�WITHOUT� SERIOUS�PROBLEMS��3OME�USERS�HAD� TO�GET�USED� TO� THE
FACT�THAT�AN�ACTION�MODELS�THE�RESULT�OF�AN�ACTIVITY��AND�HAS�THEREFORE�NO�DURATION�

4HE�INTERACTION�CONCEPT�WAS�ALSO�READILY�USED��)NTERACTION�DECOMPOSITION��HOWEVER�
WAS� INITIALLY� APPLIED� FAR� LESS� THAN� ACTION� DECOMPOSITION�� !� POSSIBLE� EXPLANATION� IS
THAT�MOST�USERS�HAVE�PREVIOUSLY�BEEN�EXPOSED�TO�CONCEPTS�THAT�ARE�SIMILAR�TO�ABSTRACT
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ACTIONS��FOR�EXAMPLE��THE�PROCESSES�OF�DATA�FLOW�DIAGRAMS��WHICH�CAN�BE�DECOMPOSED
INTO�RELATED�SUBPROCESSES	��BUT�NOT� TO�CONCEPTS� THAT�ARE� SIMILAR� TO�ABSTRACT� INTERAC
TIONS� �FOR� EXAMPLE�� THE� EVENTS� OF� EXTENDED� DATA� FLOW� DIAGRAMS��WHICH� SHARE� SOME
PROPERTIES�WITH�INTERACTIONS��CANNOT�BE�DECOMPOSED�INTO�SUBEVENTS	��"ECAUSE�OF�THIS�
USERS�OFTEN�ONLY�SPECIFIED�CONCRETE�INTERACTIONS��EVEN�WHEN�OTHER�ACTIONS�WERE�SPECI
FIED�AT�A�HIGH�ABSTRACTION�LEVEL��&OR�SIMILAR�REASONS��USERS�OFTEN�ONLY�SPECIFIED�VALUE
PASSING�AND�DID�NOT�USE�VALUE�CHECKING�AND�VALUE�GENERATION��3INCE�MANY�USERS�ARE
NOT�USED�TO�THIS�ABSTRACT��BUT�POWERFUL��USE�OF�INTERACTIONS��THEY�NEED�TO�BE�EDUCATED�
SUCH�THAT�THE�USEFULNESS�OF�THE�CONCEPT�IS�MADE�CLEAR��SEE�SECTION�������	�

4HE� SPECIFICATION� OF� CAUSALITY� RELATIONS� GAVE� LITTLE� PROBLEMS�� 4HE� ENABLING� RELATION
AND�THE�DISABLING�RELATION�WERE� INTUITIVE�FOR�MOST�USERS�AND�WERE�READILY�USED��4HE
SYNCHRONISATION�RELATION�WAS�HARDLY�USED�IN�PRACTICE��BECAUSE�MOST�USERS�FELT�THEY�DID
NOT�NEED� IT��#OMPLEX� CAUSALITY� RELATIONS�� CONSISTING�OF�MANY�DISJUNCTIONS� AND� CON
JUNCTIONS�OF�ELEMENTARY�CAUSALITY�CONDITIONS��DID�NOT�OCCUR�OFTEN�IN�PRACTICE�

7HEN�WE�STARTED�TO�APPLY�OUR�CONCEPTS�TO�BUSINESS�PROCESSES�� THE�CONCEPTS�OF�STATE
VARIABLE�AND�STATE�VALUE�WERE�NOT�YET�AVAILABLE��(OWEVER��IT�QUICKLY�BECAME�APPARENT
THAT�THERE�WAS�A�NEED�FOR�SUCH�CONCEPTS�TO�MODEL�DATA�BASES��ARCHIVES��ETC��4HIS�LED�TO
THE�INTRODUCTION�OF�A�CONCEPT�CALLED�ëITEMì��WHOSE�RELATION�TO�THE�BASIC�CONCEPTS�WAS
NOT�WELL�DEFINED��/UR�CURRENT�INSIGHTS�ALLOW�AN�ITEM�TO�BE�DEFINED�AS�AN�ENTITY�WHOSE
BEHAVIOUR�IS�DEFINED�IN�A�FULLY�STATEORIENTED�STYLE�

-ANY�USERS�WANT� TO�DEFINE� THEIR�OWN�DERIVED� CONCEPTS�� 3UCH�DERIVED� CONCEPTS� ARE
COMBINATIONS�AND�OR�SPECIALISATIONS�OF�THE�BASIC�ARCHITECTURAL�CONCEPTS��$ERIVED�CON
CEPTS�ARE�SOMETIMES�CALLED��DESIGN	�PATTERNS��E�G��;#OAD��������/ULD������=	��/NE�OF
THE�DEFINITIONS�OF�ëPATTERNì�GIVEN� IN� ;7EBSTERèS=� AND�USED�BY�#OAD� IS�� ëA� ����MODEL
PROPOSED�FOR�IMITATION��SOMETHING�REGARDED�AS�A�NORMATIVE�EXEMPLAR�TO�BE�COPIEDì�
!�PATTERN� IS� THUS�A�GENERIC�� REUSEABLE�MODEL�OF�A� SYSTEM�PART�OR�ASPECT��#URRENTLY�
MANY� PATTERNS� ARE� BEING� DEVELOPED� FOR� OBJECTORIENTED� DEVELOPMENT� �SEE� E�G�
;'AMMA� ET� AL��� ����=	�� 3OME� PATTERNS� BASED� ON� OUR� ARCHITECTURAL� CONCEPTS� CAN� BE
FOUND� IN� ;"AL�ET�AL�������A=��4OOL� SUPPORT� FOR� THE�DEFINITION�OF�PATTERNS�� COMBINED
WITH� A� LIBRARY�OF�PATTERNS�� SHOULD� IMPROVE� THE� EFFECTIVENESS�OF� THE� DEVELOPMENT� OF
BUSINESS�PROCESS�MODELS�

0ARSIMONY� APPEARED� TO� BE� A� VERY� IMPORTANT� QUALITY� CRITERION� FOR� THE� ARCHITECTURAL
CONCEPTS��4OO�MANY�ARCHITECTURAL�CONCEPTS�EASILY�CONFUSE�USERS�AND�ONE�SHOULD�THERE
FORE�ALWAYS�STRIVE�FOR�A�MINIMAL�SET�OF�ORTHOGONAL�ARCHITECTURAL�CONCEPTS�

2EPRESENTATION

4HE�GRAPHICAL� REPRESENTATION�OF� THE�ARCHITECTURAL� CONCEPTS� IS�USUALLY�MORE� COMPRE
HENSIBLE� THAN� THE� TEXTUAL� REPRESENTATION�� (OWEVER�� SOME� MODEL� CONSTRUCTIONS� ARE
HARD�TO�REPRESENT�GRAPHICALLY��!N�EXAMPLE�IS�THE�INTERACTION�OF�REPETITIVE�BEHAVIOURS�
4HIS�IS�WHY�WE�REPRESENTED�THE�REMOTE�CONSTRAINTS� IN�THE�BEHAVIOUR�OF�THE�APPLICA



�������0RACTICAL�APPLICATION ���

TION�EXAMPLE�OF�CHAPTER���TEXTUALLY��WHEREAS�ALL�OTHER�ASPECTS�OF�THE�BEHAVIOUR�WERE
REPRESENTED�GRAPHICALLY�

3OME� SPECIFICATIONS�OF�BUSINESS�PROCESSES�ARE� COMPLEX��DUE� TO� THE� LARGE�AMOUNT�OF
INFORMATION� THEY� REPRESENT�� EVEN�WHEN� THE� STRUCTURING� TECHNIQUES� DISCUSSED� IN� THIS
THESIS�ARE�APPLIED��&OR�EXAMPLE��BEHAVIOUR�SPECIFICATIONS�MAY�BECOME�COMPLEX�IF�NOT
ONLY��INTER	ACTIONS�AND�CAUSALITY�RELATIONS�ARE�REPRESENTED��BUT�ALSO�ALL�ACTION�VALUES�
THEIR�DATA�TYPES��STATE�VALUES��AND�REFERENCE�RELATIONS��4HIS�IS�WHY�THESE�DATA�CONCEPTS
WERE�HARDLY�SPECIFIED�IN�THE�APPLICATION�EXAMPLE�OF�CHAPTER����!�SPECIFICATION�OF�THE
ASSIGNMENT�OF�BEHAVIOUR�TO�ENTITIES�IS�POTENTIALLY�COMPLEX�AS�WELL��7E�EXPECT�THAT�A
PROPER�EDITING�TOOL��IN�WHICH�THE�RELATED�ASPECTS�OF�BUSINESS�PROCESSES�CAN�BE�VIEWED
AND�EDITED�SEPARATELY��AIDS�IN�OVERCOMING�THE�DIFFICULTIES�CAUSED�BY�THIS�COMPLEXITY�

&URTHER�GUIDELINES�FOR�THE�REPRESENTATION�OF�BUSINESS�PROCESSES�APPEARED�TO�BE�USEFUL�
%XAMPLES�OF�THESE�GUIDELINES�CONCERN�THE�USE�OF�COLOUR�FOR�DIFFERENT�TYPES�OF�ENTITIES
AND�ACTIONS��THE�REPRESENTATION�OF�THE�NAME�OF�AN�ACTION�INSIDE�THE�CIRCLE�THAT�REPRE
SENTS�THE�ACTION��RATHER�THAN�IN�A�TEXT�BOX�ATTACHED�TO�THE�ACTION	��AND�THE�DRAWING�OF
ARROWS�FROM�LEFT�TO�RIGHT�AS�MUCH�AS�POSSIBLE��3EE�;"AL�ET�AL�������A=�FOR�MORE�EXAM
PLES�

������� -ODELLING�STYLES

4HE�MONOLITHIC�STYLE�WAS�USED�TO�MODEL�SIMPLE�SUBBEHAVIOURS�OF�BUSINESS�PROCESSES�
4HE�MODULAR�STYLE�WAS�USED�FOR�MORE�COMPLEX�BUSINESS�PROCESSES�

4HE�CAUSALITYORIENTED�STYLE�APPEARED�TO�BE� INTUITIVE�AND�WAS�READILY�USED�� )NITIALLY�
THE� CONSTRAINTORIENTED� STYLE� WAS� NOT� USED� MUCH�� SINCE� IT� REQUIRES� THE� USE� OF� THE
�ABSTRACT	� INTERACTION�CONCEPT��!FTER�SOME�TIME��HOWEVER��WHEN�THE�USERS�GOT�ACCUS
TOMED� TO� THE� INTERACTION� CONCEPT�� THE� CONSTRAINTORIENTED� STYLE�WAS� USED�MORE� FRE
QUENTLY��4HE�USEFULNESS�OF�THE�WORKFLOWORIENTED�STYLE��A�SPECIALISATION�OF�THE�CON
STRAINTORIENTED�STYLE��ALSO�PROMOTED�THE�USE�OF�THE�CONSTRAINTORIENTED�STYLE�

"OTH�THE�WORKFLOWORIENTED�STYLE�AND�THE�BUSINESS�FUNCTIONORIENTED�STYLE�APPEARED
TO�BE�USEFUL��SINCE�THEY�ARE�BASED�ON�CONCRETELY�PERCEIVED�STRUCTURES�OF�BUSINESS�PROC
ESSES�� 3INCE� MANY� COMPANIES� NOWADAYS� STRUCTURE� THEIR� BUSINESS� PROCESSES� AROUND
WORKFLOWS��THE�WORKFLOWORIENTED�STYLE�WAS�USED�MORE�THAN�THE�BUSINESS�FUNCTION
ORIENTED�STYLE��5NTIL�RECENTLY��MANY�USERS�DESCRIBED�BUSINESS�PROCESSES�ONLY�IN�TERMS
OF�THE�LOCAL�CONSTRAINTS�WITH�RESPECT�TO�WORKFLOWS��0ARTLY�THIS�IS�DUE�TO�THE�DIFFICULTY
THEY�HAVE�IN�MODELLING�REMOTE�CONSTRAINTS��BUT�IN�MANY�CASES�USERS�DO�NOT�EVEN�REAL
ISE�THE�EXISTENCE�OF�THE�REMOTE�CONSTRAINTS��7E�EXPECT�THAT�WITH�MORE�CONCRETE�SUP
PORT�FOR�THE�IDENTIFICATION�AND�MODELLING�OF�REMOTE�CONSTRAINTS�WITH�RESPECT�TO�WORK
FLOWS� �AS� IN� THE� DEVELOPMENT�METHOD� OF� CHAPTER� �	�� THE� CONSTRUCTION� OF� COMPLETE
BUSINESS�PROCESS�MODELS�CAN�BE�BETTER�SUPPORTED�
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������� !BSTRACTION�LEVELS

4WO�ABSTRACTION�LEVELS�WERE�MOST�FREQUENTLY�USED��THE�INTEGRATED�SYSTEM�PERSPECTIVE
AND�THE�DISTRIBUTED�SYSTEM�PERSPECTIVE��4HE�DISTINCTION�BETWEEN�THE�TWO�ABSTRACTION
LEVELS�WAS�CLEAR��0ARTICULARLY�THE�INTEGRATED�SYSTEM�PERSPECTIVE�GAVE�MANY�USERS�UNEX
PECTED�INSIGHT��&EW�EMPLOYEES��AND�EVEN�FEW�HIGHER�MANAGERS��APPEARED�TO�HAVE�AN
OVERVIEW�OF� THEIR�BUSINESS�PROCESSES�AND� INSIGHT� IN� THE� SERVICE� THESE�PROCESSES�PRO
VIDE��3INCE�OUR�ARCHITECTURAL�CONCEPTS�SUPPORT��IN�CONTRAST�TO�MANY�OTHER�MODELLING
TECHNIQUES	�EXTENSIONAL�MODELLING��THE�MODELLING�OF�A�BUSINESS�PROCESS�FROM�THE�IN
TEGRATED�PERSPECTIVE�WAS�WELL�SUPPORTED��4HE��SLIGHTLY�INCORRECT	�PRESENTATION�OF�THE
INTEGRATED�PERSPECTIVE�AS�THE�ëVIEWPOINT�OF�THE�CUSTOMERì�MUCH�PROMOTED�THE�USE�OF
THIS�ABSTRACTION�LEVEL�

/THER�ABSTRACTION�LEVELS�HAVE�BEEN� LITTLE�USED� IN�PRACTICE�UNTIL�NOW��MAINLY�BECAUSE
THEY�WERE�NOT�YET�INTEGRATED�IN�THE�DEVELOPMENT�METHODS�

7E�EXPECT�THAT�PARTICULARLY�THE�REFINEMENT�OF�THE�DISTRIBUTED�SYSTEM�PERSPECTIVE�INTO
THE�LOGICALLY�DISTRIBUTED�SYSTEM�PERSPECTIVE�AND�THE�PHYSICALLY�DISTRIBUTED�SYSTEM�PER
SPECTIVE�WILL�BE�USEFUL�IN�THE�DEVELOPMENT�OF�COMPLEX�BUSINESS�PROCESSES��'IVEN�THE
EMPHASIS�MANY�METHODS� FOR� BUSINESS� PROCESS� REDESIGN� PUT� ON� �INITIAL	� ABSTRACTION
FROM�PHYSICAL� DISTRIBUTION�� THE� DISTINCTION� BETWEEN� THE� LOGICALLY� DISTRIBUTED� SYSTEM
PERSPECTIVE�AND�THE�PHYSICALLY�DISTRIBUTED�SYSTEM�PERSPECTIVE�MAY�BE�PERCEIVED�TO�BE
PARTICULARLY�USEFUL�IN�PROJECTS�IN�WHICH�BUSINESS�PROCESSES�ARE�REDESIGNED�

7E�ALSO�EXPECT�THE�PERSPECTIVE�OF�THE�SYSTEM�EMBEDDED�IN�ITS�ENVIRONMENT�TO�BE�USE
FUL�IN�PRACTICE��SINCE�USERS�OFTEN�FIND�IT�DIFFICULT�TO�PROPERLY�DELIMIT�THE�SYSTEM�UNDER
DEVELOPMENT��3UCH�DIFFICULTIES�OCCUR�PARTICULARLY�IN�CASES�WHERE�ENTITIES�IN�THE�ENVI
RONMENT��E�G��INSURANCE�AGENTS	�CONTRIBUTE�SIGNIFICANTLY�TO�THE�SERVICE�OF�AN�ORGANISA
TION�

4HERE� IS� A�NEED�AMONG�USERS� FOR� THE� SUPPORT�OF� CONSISTENCY� CHECKING�OF�MODELS� AT
DIFFERENT� ABSTRACTION� LEVELS�� )N� CHAPTER� ��WE�PRESENTED� A�METHOD� FOR� DOING� SO��7E
HOPE�THAT�AUTOMATED�TOOL�SUPPORT�FOR�PARTS�OF�THIS�METHOD�WILL�GIVE�USERS�MORE�SUP
PORT�FOR�CONSISTENCY�CHECKING�

������� $EVELOPMENT�STRATEGIES

)NITIALLY�SOME�USERS�ATTEMPTED�TO�MODEL�AN�EXISTING�BUSINESS�PROCESS�ACCORDING�TO�A
BOTTOMUP� STRATEGY�� BUT� THIS� ATTEMPT� WAS� QUICKLY� ABORTED� FOR� THE� REASON� STATED� IN
CHAPTER� ��� A� BOTTOMUP� STRATEGY� PROVIDES� TOO� LITTLE� SUPPORT� FOR� SEPARATION� OF� CON
CERNS��AND�IS�THEREFORE�OF�LIMITED�USE�IN�THE�DEVELOPMENT�OF�COMPLEX�BUSINESS�PROC
ESSES�

!FTER�THAT��ALL�BUSINESS�PROCESSES�WERE�DEVELOPED�ACCORDING�TO�THE�WATERFALL�MODEL�OR
THE�EVOLUTIONARY�STRATEGY��4HE�WATERFALL�MODEL�WAS�FREQUENTLY�USED�FOR�THE�MODELLING
OF� EXISTING� BUSINESS� PROCESSES�� SINCE� IT� IS� BEST� SUITED� TO� DEVELOPMENT� PROCESSES� IN
WHICH� REQUIREMENTS� DO�NOT� CHANGE��4HE� EVOLUTIONARY� STRATEGY�WAS� FREQUENTLY� USED
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FOR� THE� DEVELOPMENT� OF� NEW� BUSINESS� PROCESSES� FOR� WHICH� REQUIREMENTS� MIGHT
CHANGE�

4HE�METHOD�FOR�THE�SELECTION�OF�DEVELOPMENT�STRATEGIES�OF�CHAPTER���WAS�APPLIED�TO
EVALUATE� THE� DEVELOPMENT� STRATEGY� SELECTED� IN� AN� INFORMATION� SYSTEM� DEVELOPMENT
PROJECT��"Y�ANALYSING�THE�RISKS�OF� THE�PROJECT��AS� THEY�WERE�ESTIMATED�AT� THE�START�OF
THE�PROJECT��IT�WAS�IDENTIFIED�THAT�DIFFERENT�PARTS�OF�THE�DEVELOPMENT�PROJECT�NEEDED
DIFFERENT�BASIC�DEVELOPMENT� STRATEGIES�� 3INCE� THE�DEVELOPMENT�PROJECT�USED� A� SINGLE
BASIC�DEVELOPMENT�STRATEGY��THE�WATERFALL�MODEL	��THE�DIFFERENCE�BETWEEN�THE�STRATEGY
THAT�WAS�ACTUALLY�USED�AND� THE� REQUIRED� STRATEGIES� COULD�BE�USED� TO� EXPLAIN� CERTAIN
COSTLY� FAILURES�MADE� IN� THE�DEVELOPMENT�PROJECT��3EE� ;$E�7EGER���&RANKEN������=
FOR�A�MORE�DETAILED�ACCOUNT�OF�THIS�TOPIC�

������� $EVELOPMENT�METHODS

0RACTICE� SHOWED� THAT� THERE� IS� A�NEED� FOR� CONCRETE�DEVELOPMENT�METHODS� THAT�GUIDE
USERS�STEP�BY�STEP�THROUGH�A�DEVELOPMENT�PROCESS��)NITIALLY��WHEN�SUCH�METHODS�WERE
NOT�YET�AVAILABLE��USERS�COULD�ONLY�DEVELOP�BUSINESS�PROCESSES�UNDER�THE�GUIDANCE�OF
EXPERIENCED�DEVELOPERS��4HE�MERE�PROVISION�OF�A�SET�OF�STRUCTURING�TECHNIQUES�INEVI
TABILITY�RESULTED�IN�THE�QUESTION��ëWHAT�SHOULD�WE�DO�NEXT�ì�

&OLLOWING� A� SCIENTIFIC� APPROACH�� A� DEVELOPMENT�METHOD� SHOULD� BE� PRESENTED� IN� AN
ABSTRACT� WAY�� TO� PREVENT� UNNECESSARY� AND� LIMITING� DESIGN� DECISIONS� REGARDING� THE
METHOD��AND� TO� SHOW�WHICH�ASPECTS�OF�A�METHOD�ARE�POTENTIALLY� COMMON� TO�OTHER
METHODS�AS�WELL��&OR�USERS��HOWEVER�� IT� IS� IMPORTANT� THAT�A�DEVELOPMENT�METHOD� IS
PRESENTED� AS� CONCRETELY� AS� POSSIBLE�� 5SERS� REQUIRE� A� METHOD� THAT� DIRECTLY� AIDS� IN
SOLVING� THE� CONCRETE� PROBLEMS� THEY� PERCEIVE�� 3TRUCTURING� TECHNIQUES� THAT� ARE� PER
CEIVED�BY�THE�USERS�AS�TOO�GENERAL�REQUIRE�INTERPRETATION�BY�THESE�USERS��WHICH�IS�OF
TEN�TOO�HARD�FOR�THEM�

$URING�THE�VARIOUS�DEVELOPMENT�PROJECTS�IT�BECAME�APPARENT�THAT�USERS�REQUIRE�CON
CRETE�DESIGN�CRITERIA�IN�ORDER�TO�DETERMINE�WHAT�CONSTITUTES�A�ëGOODì�BUSINESS�PROC
ESS��-OREOVER��EXTRA�GUIDANCE�WAS�REQUIRED�FOR�SUCH�ISSUES�AS�HOW�TO�SELECT�AND�DE
LIMIT� BUSINESS� PROCESSES�� WHEN� TO� STOP� REFINING� MODELS� OF� BUSINESS� PROCESSES�� AND
HOW� TO� IDENTIFY�USECASES�AND�WORKFLOWS��7E�PROVIDED� THIS� GUIDANCE�BY�MEANS�OF
DESIGN�CRITERIA�AND�HEURISTICS�

����� &URTHER�RESEARCH

������� 4OPICS�OF�THIS�THESIS

&OR�CERTAIN�PURPOSES�� FOR�EXAMPLE�� THE�ANALYSIS�OF�PARTICULAR�QUANTITATIVE�PROPERTIES
OF�BUSINESS�PROCESSES��SEE�SECTION�������	��ONE�MAY�NEED�TO�MODEL�THE�PROBABILITY�OF
ACTION�OCCURRENCES�MORE�PRECISELY� THAN� IT� IS� POSSIBLE�WITH� THE� UNCERTAINTY� ATTRIBUTE
INTRODUCED�IN�CHAPTER����1UARTEL�;����=�PRESENTS�TWO�POSSIBLE�REFINEMENTS�OF�UNCER
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TAINTY�� INTEGRAL� PROBABILITY� AND� STOCHASTIC� PROBABILITY�� )N� THE� CASE� OF� INTEGRAL� PROB
ABILITY��THE�PROBABILITY�OF�AN�ACTION�OCCURRENCE�IS�EXPRESSED�AS�A�REAL�NUMBER� IN�THE
RANGE�FROM���TO����)N�THE�CASE�OF�STOCHASTIC�PROBABILITY��THE�DISTRIBUTION�OF�THE�PROB
ABILITY�OF�AN�ACTION�OCCURRENCE�OVER�TIME�IS�CONSIDERED�AS�WELL�

1UARTEL�ALSO�PROVIDES�A�FORMAL�SEMANTICS�FOR�THE�ARCHITECTURAL�CONCEPTS�PRESENTED�IN
THIS�THESIS��!�TEXTUAL�SYNTAX�AND�A�GRAPHICAL�SYNTAX�ARE�BEING�DEVELOPED�FOR�THE�REPRE
SENTATION� OF� OUR� ARCHITECTURAL� CONCEPTS�� 0ARTICULAR� ATTENTION� SHOULD� BE� PAID� TO� THE
GRAPHICAL�SYNTAX��BECAUSE�THE�GRAPHICAL�REPRESENTATION�APPEARS�TO�BE�THE�MOST�INTUI
TIVE�ONE��AND�BECAUSE�SOME�MODELLING�CONSTRUCTS�CANNOT�YET�BE�REPRESENTED�GRAPHI
CALLY�IN�AN�INSIGHTFUL�WAY�

&URTHER�PRACTICAL�APPLICATION�WILL�HAVE�TO�SHOW�THE�USEFULNESS�OF�THE�ABSTRACTION�LEV
ELS�THAT�HAVE�NOT�YET�BEEN�USED�IN�PRACTICE��0RACTICAL�APPLICATION�SHOULD�ALSO�LEAD�TO
THE� FURTHER� IDENTIFICATION�OF� SPECIFIC� STRUCTURES� OF� BUSINESS� PROCESSES�� THUS� ENABLING
THE�DEVELOPMENT�OF�MODELLING�STYLES�AND�DESIGN�PATTERNS��&URTHER�RESEARCH�AND�PRAC
TICAL�APPLICATION�IS�REQUIRED�TO�IMPROVE�THE�APPLICABILITY�OF�OUR�METHOD�FOR�THE�SELEC
TION�AND�CONSTRUCTION�OF�DEVELOPMENT�STRATEGIES�AND�TO�LINK�IT�TO�CURRENT�METHODS�FOR
RISK�ANALYSIS��&INALLY��PRACTICAL�APPLICATION�SHOULD�LEAD�TO�THE�PROVISION�OF�FURTHER�DE
SIGN�CRITERIA�AND�HEURISTICS�

������� 1UANTITATIVE�ANALYSIS

4HIS�THESIS�HAS�MAINLY�FOCUSED�ON�OBTAINING�QUALITATIVE�INSIGHT�IN�BUSINESS�PROCESSES�
)NSIGHT� IN� QUANTITATIVE� PROPERTIES�� E�G�� RESPONSE� TIME�� UTILISATION�� AND� PRODUCTION
COSTS��IS�ALSO�IMPORTANT�IN�BUSINESS�PROCESS�DEVELOPMENT��2ESEARCH�IS�REQUIRED�TO�FIND
OUT�

• EXACTLY�WHICH�QUANTITATIVE�PROPERTIES�ARE�MOST�RELEVANT�FOR�ANALYSIS�

• HOW� TO� COMPUTE� THE� VALUES� OF� THESE� QUANTITATIVE� PROPERTIES� EFFICIENTLY� USING
AUTOMATED�SUPPORT�TOOLS�

)N�;&RANKEN�ET�AL�������B=�WE�REPORT�ON�INITIAL�RESEARCH�ON�THE�FIRST�ISSUE��)N�THE�ARTI
CLE�WE�FOCUS�ON�THE�RELATION�BETWEEN�PARTICULAR�STRUCTURES�OF�BUSINESS�PROCESSES�AND
CERTAIN� TEMPORAL� PROPERTIES� OF� BUSINESS� PROCESSES�� LIKE� RESPONSE� TIME�� COMPLETION
TIME��AND�THROUGHPUT��)NSIGHT�IN�THIS�RELATION�SHOULD�EASE�THE�PROVISION�OF�QUANTITA
TIVE�INSIGHT�IN�SELECTED�ASPECTS�OF�BUSINESS�PROCESSES��LIKE�A�PARTICULAR�WORKFLOW�OR�A
PARTICULAR�BUSINESS�FUNCTION��AND�SHOULD�CLARIFY�WHAT�INFORMATION�IS�REQUIRED�TO�COM
PUTE�THE�VALUES�OF�THESE�PROPERTIES�

������� !UTOMATED�SUPPORT�TOOLS

!N�AUTOMATED�SUPPORT�TOOL�IS�A�COMPUTER�PROGRAM�THAT�SUPPORTS�A�DEVELOPER�IN�CAR
RYING�OUT�DEVELOPMENT�STEPS�BY�AUTOMATING�PARTS�OF�THEM��4HE�FOLLOWING�AUTOMATED
SUPPORT�TOOLS�CAN�BE�USEFUL�
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• !N�EDITOR�THAT�EASES�THE�DEVELOPMENT�OF�A�SPECIFICATION�OF�A�BUSINESS�PROCESS��4HE
EDITOR� SHOULD� SUPPORT� BOTH� THE� GRAPHICAL� AND� THE� TEXTUAL� REPRESENTATION� OF� A
BUSINESS�PROCESS�AND�SHOULD�BE�ABLE�TO�CONVERT�A�GRAPHICAL�REPRESENTATION�INTO�A
TEXTUAL�REPRESENTATION��AND�VICE�VERSA��)T�SHOULD�ALSO�SUPPORT�THE�SEPARATE�EDITING
OF�DIFFERENT�ASPECTS�OF�A�BUSINESS�PROCESS� �E�G��ENTITIES�AND�BEHAVIOUR��BEHAVIOUR
DYNAMICS�AND�DATA	��)T�SHOULD�ALSO�SUPPORT�THE�REFINEMENT�OF�SYSTEM�MODELS��THUS
ENABLING�THE�DEVELOPMENT�OF�CONSISTENT�MODELS�AT�DIFFERENT�ABSTRACTION�LEVELS��&I
NALLY��IT�SHOULD�SUPPORT�THE�USE�OF�MODELLING�STYLES�AND�DESIGN�PATTERNS�

• !�SIMULATOR� THAT�ALLOWS�A�BUSINESS�PROCESS� TO�BE�SIMULATED�� THUS�ENABLING�DEVEL
OPERS�AND�OTHER�PEOPLE� INVOLVED�IN�A�DEVELOPMENT�PROCESS� TO�ANALYSE�PARTICULAR
ASPECTS�OF�THE�BUSINESS�PROCESS�

• !�MODEL� CHECKER� THAT� ALLOWS�ONE� TO� VERIFY� THE� TRUTH�OF� CERTAIN� PROPOSITIONS� RE
GARDING�A�MODEL��%XAMPLES�OF�SUCH�PROPOSITIONS�ARE�ëAN�ORDER�IS�ALWAYS�FOLLOWED
BY�A�CONFIRMATIONì�AND�ëTHE�MODEL�CONTAINS�NO�DEADLOCKì�

• /NE�OR�MORE�QUANTITATIVE�ANALYSIS�TOOLS��OR��PERFORMANCE�ANALYSIS�TOOLS	�THAT�AL
LOW�ONE�TO�ANALYSE�CERTAIN�QUANTITATIVE�PROPERTIES�OF�A�MODEL�

!N�EDITOR�HAS�ALREADY�BEEN�DEVELOPED��-OST�OF�THE�OTHER�TOOLS�ARE�PLANNED�TO�BE�DE
VELOPED�IN�THE�4ESTBED�PROJECT�;&RANKEN������=�

������� )MPLEMENTATION

4HIS�THESIS�FOCUSES�ON�THE�STRUCTURING�OF�BUSINESS�PROCESSES�AND�PAYS� LITTLE�ATTENTION
TO�THEIR�IMPLEMENTATION��)MPLEMENTATION�IS��OF�COURSE��AN�ESSENTIAL�PART�OF�DEVELOP
MENT��THE�PROOF�OF�THE�PUDDING�

!N� IMPORTANT� DIFFERENCE� BETWEEN� BUSINESS� PROCESSES� AND� SOFTWARE� IS� THAT� BUSINESS
PROCESSES�ARE�PARTLY�CARRIED�OUT�BY�HUMANS��!TTENTION�SHOULD�THEREFORE�BE�PAID�TO�THE
SOCIAL� AND�PSYCHOLOGICAL� ASPECTS� OF� BUSINESS� PROCESSES��4HIS� ATTENTION� IS� EVEN�MORE
IMPORTANT�IN�CASE�A�BUSINESS�PROCESS�IS�REDESIGNED�AND�MIGRATION�TO�A�NEW�SITUATION
IS�NECESSARY��SINCE�IT�IS�IN�THE�NATURE�OF�MANY�PEOPLE�TO�RESIST�TO�CHANGES��(UMAN�RE
SOURCE�MANAGEMENT�AND�CHANGE�MANAGEMENT�� INCLUDING� THE� EDUCATION� AND�MOTIVA
TION�OF�PEOPLE��IS�THEREFORE�CRUCIAL�IN�THE�IMPLEMENTATION�OF�BUSINESS�PROCESSES�;"ETZ
ET�AL�������=�

0EOPLE�CARRYING�OUT�BUSINESS�PROCESSES�ARE�USUALLY�SUPPORTED�BY�AUTOMATED�SYSTEMS�
7HEN�A�BUSINESS�PROCESS� IS� REDESIGNED� THESE� SYSTEMS�ARE� FREQUENTLY�ADAPTED�OR� RE
DESIGNED��0ARTS�OF�THE�REDESIGN�OF�THESE�SYSTEMS��SUCH�AS�DATA�CONVERSION��CAN�POSSI
BLY�BE�AUTOMATED��2ESEARCH�IS�REQUIRED�TO�FIND�OUT�TO�WHAT�EXTENT�THIS�IS�POSSIBLE�AND
HOW�IT�SHOULD�BE�DONE�
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������� 4ELEMATICS�SYSTEMS

3EVERAL� OF� THE� STRUCTURING� TECHNIQUES� DESCRIBED� IN� THIS� THESIS� ARE� DERIVED� FROM� AND
THUS�APPLICABLE�TO�TELEMATICS�SYSTEMS�AS�WELL��4HIS�IS�CONVENIENT��SINCE�TELEMATICS�SYS
TEMS�OFTEN�ENABLE�BUSINESS�PROCESS�REDESIGN��4HE�DEVELOPMENT�OF�A�TELEMATICS�SYSTEM
IS�MUCH�EASED�IF�IT�CAN�BE�CARRIED�OUT�ACCORDING�TO�A�METHOD�SIMILAR�TO�THE�ONE�USED
FOR�THE�DEVELOPMENT�OF�THE�BUSINESS�PROCESS�TO�BE�SUPPORTED�BY�THIS�SYSTEM�

)N�ORDER�TO�PROVIDE�MORE�SPECIFIC�SUPPORT�FOR�DEVELOPERS�OF�TELEMATICS�SYSTEMS��OUR
STRUCTURING�TECHNIQUES�SHOULD�BE�REFINED�AND�SUPPORT�SPECIFIC�STRUCTURES�OF�TELEMATICS
SYSTEMS� �SEE� E�G�� ;6ISSERS� ET� AL��� ����=	�� &ERREIRA� 0IRES� ;����=� APPLIES� ARCHITECTURAL
CONCEPTS� THAT�ARE� SIMILAR� TO�OURS� TO� THE�DEVELOPMENT�OF�VARIOUS� TELEMATICS� SYSTEMS�
6AN�3INDEREN�;����=�APPLIES�THESE�CONCEPTS�TO�THE�DEVELOPMENT�OF�APPLICATION�PROTO
COLS��1UARTEL�;����=�SPECIFIES��AMONG�OTHER�THINGS�� THE�/3)�4RANSPORT�3ERVICE�;)3/�
����=�

4HE�SPECIFICATION�OF�AN�IMPLEMENTATION�OF�A�BUSINESS�PROCESS�MAY�SERVE�AS�A�SPECIFI
CATION�OF�THE�SERVICES�TO�BE�PROVIDED�BY�ONE�OR�MORE�SUPPORTING�TELEMATICS�SYSTEMS�
3OME�TELEMATICS�SYSTEMS�FOR�WHICH�STANDARD�BUILDING�BLOCKS�EXIST��SUCH�AS�WORKFLOW
MANAGEMENT�SYSTEMS��MAY�PARTLY�BE�GENERATED�AUTOMATICALLY�ON�THE�BASIS�OF�A�SPECIFI
CATION�OF�THEIR�SERVICE�;,EYMANN���!LTENHUBER������=��2ESEARCH�IS�REQUIRED�TO�INVES
TIGATE�HOW�THIS�SHOULD�BE�DONE�



!LEXANDER��#HRISTOPHER�������	��.OTES�ON�THE�3YNTHESIS�OF�&ORM��(ARVARD�5NIVERSITY
0RESS��#AMBRIDGE��-!�

!LEXANDER��,INDA�#����$AVIS��!LAN�-�������	��#RITERIA�FOR�SELECTING�SOFTWARE�PROCESS
MODELS�� )N��+NAFL��'EORGE� *�� �ED�	��4HE�&IFTEENTH�!NNUAL� )NTERNATIONAL�#OM
PUTER�3OFTWARE���!PPLICATIONS�#ONFERENCE��PP����������)%%%�#OMPUTER�3OCI
ETY�0RESS��,OS�!LAMOS��#!�

!LLEN��0AUL�-�������	��2EENGINEERING�THE�"ANK��!�BLUEPRINT�FOR�SURVIVAL�AND�SUCCESS�
0ROBUS�0UBLISHING��#HICAGO��)L�

!UE��!LFRED���"REU��-ICHAEL�������	��$ISTRIBUTED�INFORMATION�SYSTEMS��AN�ADVANCED
METHODOLOGY��)%%%�4RANSACTIONS�ON�3OFTWARE�%NGINEERING������	��PP�����â����

!URAM¤KI��%SA��,EHTINEN��%RKKI���,YYTINEN��+ALLE�������	��!�SPEECHACTBASED�OFFICE
MODELLING� APPROACH��!#-�4RANSACTIONS�ON�/FFICE� )NFORMATION� 3YSTEMS�� ���	�
PP���������

"AL��2EN©��3INDEREN��-ARTEN�VAN���4EEUW��7OUTER�������A	��2ICHTLIJNEN�TEN�BEHOEVE
VAN� HET�MODELLEREN� IN� 4ESTBED�� 4ESTBED�.OTITIE�70��.����6����� 4ELEMATICS
2ESEARCH�#ENTRE��%NSCHEDE��4HE�.ETHERLANDS�

"AL�� 2EN©�� *ONKERS��(ENK���/LDENKAMP�� *OHAN�� �����B	��-ETHODE� VOOR� USECASE
GE¶RIENTEERDE� CASEUITWERKING�� 4ESTBED� .OTITIE� 70��.����6����� 4ELEMATICS
2ESEARCH�#ENTRE��%NSCHEDE��4HE�.ETHERLANDS�

"ALZER��2�-�������	��!����YEAR�PERSPECTIVE�ON�AUTOMATIC�PROGRAMMING��)%%%�4RANS
ACTIONS�ON�3OFTWARE�%NGINEERING��.OVEMBER�������PP�����������

"EINHOCKER��%RIC�$�������	��3TRATEGY�AT�THE�EDGE�OF�CHAOS��4HE�-C+INSEY�1UARTERLY�
������	��PP�������

"ETZ��"EREND��2OELOFS��*OS©���6RINS��*AN�������	��)NTEGRAAL�ONTWIKKELEN�VAN�ORGANISA
TIE� EN� INFORMATIESYSTEMEN�� +LUWER� "EDRIJFSWETENSCHAPPEN�� $EVENTER�� 4HE
.ETHERLANDS�

"LAAUW�� 'ERRIT� !�� �� "ROOKS�� &REDERICK� 0�� �����	��#OMPUTER� !RCHITECTURE�� ,ECTURE
.OTES�� 4ECHNISCHE�(OGESCHOOL� 4WENTE�� %NSCHEDE�� 4HE� .ETHERLANDS�� 2EVISED



2EFERENCES���

VERSION�PUBLISHED�IN��"LAAUW��'ERRIT�!����"ROOKS��&REDERICK�0�� �����	��#OM
PUTER�!RCHITECTURE��#ONCEPTS�AND�%VOLUTION��!DDISON7ESLEY��2EADING��-!�

"OEHM��"ARRY�7�������	��3OFTWARE�%NGINEERING�%CONOMICS��0RENTICE(ALL��%NGLEWOOD
#LIFFS��.*�

"OEHM��"�7���'RAY��4�%����3EEWALDT��4�������	��0ROTOTYPING�VS��SPECIFYING��A�MULTI
PROJECT� EXPERIMENT�� )%%%� 4RANSACTIONS� ON� 3OFTWARE� %NGINEERING�� -AY� �����
PP���������

"OEHM��"ARRY�7�������	��)MPROVING�SOFTWARE�PRODUCTIVITY��)%%%�#OMPUTER��3EPTEM
BER�������PP�������

"OEHM��"ARRY�7����0APACCIO��0HILIP�.�������	��5NDERSTANDING�AND�CONTROLLING�SOFT
WARE� COSTS�� )%%%� 4RANSACTIONS� ON� 3OFTWARE� %NGINEERING�� /CTOBER� ������ PP�
���������

"OEHM��"ARRY�7�������	��!�SPIRAL�MODEL�OF�SOFTWARE�DEVELOPMENT�AND�ENHANCEMENT�
)%%%�#OMPUTER��-AY�������PP�������

"OLOGNESI��4OMASSO���"RINKSMA��%D�� �����	�� )NTRODUCTION� TO� THE� )3/�SPECIFICATION
LANGUAGE�,/4/3��#OMPUTER�.ETWORKS�AND�)3$.�3YSTEMS������PP�������

"OOCH��'RADY�������	��/BJECT/RIENTED�!NALYSIS�AND�$ESIGN�WITH�!PPLICATIONS��"EN
JAMIN�#UMMINGS��2EDWOOD�#ITY��#!�

"OWEN��$YFED�������	��/PEN�DISTRIBUTED�PROCESSING��#OMPUTER�.ETWORKS�AND�)3$.
3YSTEMS������PP���������

"RAND��.�!����+OLK�� *�2�0�� VAN� DER�� �����	��7ERKSTROOMANALYSE� EN� ONTWERP��(ET
LOGISTIEK�VRIENDELIJK�ONTWERPEN�VAN�INFORMATIESYSTEMEN��+LUWER�"EDRIJFSWETEN
SCHAPPEN��$EVENTER��4HE�.ETHERLANDS�

"ROOKS�� &REDERICK� 0�� �����	�� 4HE� -YTHICAL� -AN-ONTH�� %SSAYS� ON� 3OFTWARE� %NGI
NEERING��!NNIVERSARY�EDITION�WITH�FOUR�NEW�CHAPTERS��!DDISON7ESLEY��2EADING�
-!�

"UITELAAR��-ICHIEL���'ROEN��5DO�������	��"USINESS�PROCESS�REDESIGN��EEN�NIEUWE�KIJK
OP�AUTOMATISERING���)NFORMATIE�������PP���������

"UNYARD��*ERRY�-AX���#OWARD��*AMES�-IKE�������	��4ODAYèS�RISK�IN�SOFTWARE�DEVEL
OPMENTCAN�THEY�BE�SIGNIFICANTLY�REDUCED��#ONCEPTS��4HE�*OURNAL�OF�$EFENCE
3YSTEMS�!CQUISITION�����	��PP��������2EPRINTED�IN��4HAYER��2ICHARD�(���ED�	�
�����	��4UTORIAL�� 3OFTWARE� %NGINEERING�-ANAGEMENT�� PP�� ������ )%%%� #OM
PUTER�3OCIETY�0RESS��7ASHINGTON��$#�

#AR��$AVID�+����*OHANSSON��(ENRY�*�� �����	��"EST�PRACTICES� IN� REENGINEERING��7HAT
WORKS�AND�WHAT�DOESNèT�IN�THE�REENGINEERING�PROCESS��-C'RAW(ILL��.EW�9ORK�
.9�



���

#ARNAP�� 2UDOLF�� �����	��-EANING� AND�.ECESSITY�� !� 3TUDY� IN� 3EMANTICS� AND�-ODAL
,OGIC��4HE�5NIVERSITY�OF�#HICAGO�0RESS��#HICAGO��)L�

#HAPPLE�� %�$�� �� 3AYLES�� ,�2�� �����	�� 4HE� -EASURE� OF� -ANAGEMENT�� -AC-ILLAN�
,ONDON�

#OAD��0ETER�������	��/BJECTORIENTED�PATTERNS��#OMMUNICATIONS�OF�THE�!#-������	�
PP���������

#OMPLEX�3YSTEMS�������	��#OMPLEX�3YSTEMS��A�JOURNAL�DEVOTED�TO�THE�RAPID�PUBLICA
TION�OF� RESEARCH�ON� THE� SCIENCE��MATHEMATICS� AND� ENGINEERING�OF� SYSTEMS�WITH
SIMPLE� COMPONENTS�� BUT� COMPLEX� OVERALL� BEHAVIOUR��6OL�� )��#OMPLEX� 3YSTEMS
0UBLICATIONS��#HAMPAIGN��)L�

#ORI��+ENT�!�� �����	��&UNDAMENTALS�OF�MASTER� SCHEDULING� FOR� THE�PROJECT�MANAGER�
0ROJECT�-ANAGEMENT�*OURNAL��*UNE�������PP�������

#OURTOIS�� 0�*�� �����	�� /N� TIME� AND� SPACE� DECOMPOSITION� OF� COMPLEX� STRUCTURES�
#OMMUNICATIONS�OF�THE�!#-��*UNE�������PP���������

#OYNE��+EVIN� 0���(ALL�� 3TEPHEN� *�$����'ORMAN�#LIFFORD�� 0ATRICIA�� �����	�� )S� YOUR
CORE�COMPETENCE�A�MIRAGE���4HE�-C+INSEY�1UARTERLY��������	��PP�������

$AVENPORT��4HOMAS�(����3HORT��*AMES�%�� �����	��4HE�NEW�INDUSTRIAL�ENGINEERING�
INFORMATION�TECHNOLOGY�AND�BUSINESS�PROCESS�REDESIGN��3LOAN�-ANAGEMENT�2E
VIEW��3UMMER�������PP�������

$AVENPORT��4HOMAS�(�������	��0ROCESS�)NNOVATION��2EENGINEERING�7ORK�THROUGH�)N
FORMATION�4ECHNOLOGY��(ARVARD�"USINESS�3CHOOL�0RESS��"OSTON��-!�

$AVENPORT��4HOMAS�(����.OHRIA��.ITIN�������	��#ASE�MANAGEMENT�AND�THE�INTEGRA
TION�OF�LABOR��3LOAN�-ANAGEMENT�2EVIEW��7INTER�������PP�������

$AVIS�� !LAN�-��� "ERSOFF�� %DWARD�(����#OMER�� %DWARD� 2�� �����	�� !� STRATEGY� FOR
COMPARING�ALTERNATIVE� SOFTWARE�DEVELOPMENT� LIFE�CYCLE�MODELS�� )%%%�4RANSAC
TIONS�ON�3OFTWARE�%NGINEERING��/CTOBER�������PP�����������

$AVIS��'�"�������	��3TRATEGIES�FOR�INFORMATION�REQUIREMENTS�DETERMINATION��)"-�3YS
TEMS�*OURNAL������	��PP������

$AWSON��#�7����#ARTWRIGHT��4�������	��)MPROVING�THE�SOFTWARE�PROCESS�WITH�HYBRID
DEVELOPMENT� MODELS�� )N�� "RAY��-��� 2OSS��-���� 3TAPLES�� '�� �EDS�	�� 3OFTWARE
1UALITY�-ANAGEMENT�� )MPROVING�1UALITY�� 0ROCEEDINGS� OF� THE� &OURTH� )NTERNA
TIONAL�#ONFERENCE�ON�3OFTWARE�1UALITY�-ANAGEMENT��PP����������-ECHANICAL
%NGINEERING�0UBLICATIONS��,ONDON�

$E-ARCO��4OM�������	��3TRUCTURED�!NALYSIS�AND�3YSTEMS�3PECIFICATION��0RENTICE�(ALL�
%NGLEWOOD�#LIFF��.*�

%ARL��-ICHAEL�*�������	��4HE�NEW�AND�THE�OLD�OF�BUSINESS�PROCESS�REDESIGN��*OURNAL�OF
3TRATEGIC�)NFORMATION�3YSTEMS�����	��PP������



2EFERENCES���

%HRIG��(����-AHR��"�� �����	��&UNDAMENTALS� OF�!LGEBRAIC� 3PECIFICATION� )�� 3PRINGER
6ERLAG��"ERLIN�

%SSINK�� ,�*�"�� �����	�� !�MODELLING� APPROACH� TO� INFORMATION� SYSTEMS� DEVELOPMENT�
)N��/LLE��4�7���3OL��(�'����6ERRIJN3TUART��!�!���EDS�	��)NFORMATION�3YSTEM�$E
SIGN� -ETHODOLOGIES�� )MPROVING� THE� 0RACTICE�� 0ROCEEDINGS� OF� THE� )&)0� 7'���
7ORKING�#ONFERENCE��PP��������.ORTH(OLLAND��!MSTERDAM�

&ERREIRA� 0IRES�� ,US� �ED�	�� �����	��4HE� ,OTOSPHERE�$ESIGN�-ETHODOLOGY�� "ASIC� #ON
CEPTS�� ,OTOSPHERE� DELIVERABLE� ,O�70��4����.�����6���� %302)4� 0ROJECT
������"RUSSELS�

&ERREIRA� 0IRES�� ,US�� �����	��!RCHITECTURAL�.OTES�� A� &RAMEWORK� FOR�$ISTRIBUTED� 3YS
TEMS�$EVELOPMENT��0H�$��4HESIS��5NIVERSITY�OF�4WENTE��%NSCHEDE��4HE�.ETH
ERLANDS�

&RANKEN��(ENRY�-��� *ONKERS��(ENK��1UARTEL��$ICK� !�#��� 3INDEREN��-ARTEN� *�� VAN�
4EEUW��7OUTER�"���6ISSERS��#HRIS�!����7EGER��-ARK�+��DE�������A	��"ASIS�VOOR
"02MODELLERING�� 4ESTBED� DELIVERABLE� ����� 4ESTBED�70��$����� 4ELEMATICS� 2E
SEARCH�#ENTRE��%NSCHEDE��4HE�.ETHERLANDS�

&RANKEN��(�-���7EGER��-�+��DE��1UARTEL��$�!�#����&ERREIRA�0IRES��,�� �����B	��/N
ENGINEERING� SUPPORT� FOR� BUSINESS� PROCESS� MODELLING� AND� REDESIGN�� )N
$OUMEINGTS��'����"ROWNE��*���EDS�	��-ODELLING�TECHNIQUES�FOR�BUSINESS�PROCESS
REENGINEERING�AND�BENCHMARKING��)&)0�4#��7'����)NTERNATIONAL�7ORKSHOP�ON
-ODELLING� 4ECHNIQUES� FOR� "USINESS� 0ROCESS� 2EENGINEERING� AND� "ENCHMARKING�
PP����������#HAPMAN�AND�(ALL��,ONDON��!LSO�PUBLISHED�AS��#4)4�4ECHNICAL
2EPORT�������5NIVERSITY�OF�4WENTE��%NSCHEDE��4HE�.ETHERLANDS�

&RANKEN�� (ENRY�� *ONKERS�� (ENK�� -ULAERT�� &ERIAL�� 3INDEREN�� -ARTEN� VAN�� 4EEUW�
7OUTER���7EGER��-ARK�DE�� �����A	��/NTWERPRICHTLIJNEN�VOOR� TOEPASSING� VAN
!-"%2� VOOR� BEDRIJFSPROCESMODELLERING�� 4ESTBED� $ELIVERABLE� 70��$����6���
4ELEMATICS�2ESEARCH�#ENTRE��%NSCHEDE��4HE�.ETHERLANDS�

&RANKEN��(ENRY�-��� *ONKERS��(ENK���7EGER��-ARK�+��DE�� �����B	� 3TRUCTURAL� AND
QUANTITATIVE�PERSPECTIVES�ON�BUSINESS�PROCESS�MODELLING�AND�ANALYSIS��)N��+AY
LAN��!LI�2IZA���,EHMAN��!XEL��EDS�	��0ROCEEDINGS�OF�THE���TH�%UROPEAN�3IMULA
TION�-ULTICONFERENCE�%3-è����PP����������4HE�3OCIETY�FOR�#OMPUTER�3IMULA
TION��3AN�$IEGO��#!�

&RANKEN��(�-�������	��!�VIRTUAL�TEST�ENVIRONMENT�FOR�BUSINESS�PROCESSES��!#-�"ULLE
TIN� OF� 3PECIAL� )NTEREST�'ROUP� ON� 3UPPORTING�'ROUP�7ORK�� !PRIL� ������ ����	�
PP�������

&RANKEN��(�-����$E�7EGER��-�+�� �����	�� !�MODELLING� FRAMEWORK� FOR� CAPTURING
BUSINESS�PROCESS�DYNAMICS��4O�BE�PUBLISHED�IN��*OURNAL�OF�"USINESS�#HANGE�AND
2EENGINEERING�



���

'AMMA�� %RICH��(ELM��2ICHARD�� *OHNSON��2ALPH���6LISSIDES�� *OHN�� �����	��$ESIGN
PATTERNS�� %LEMENTS� OF� REUSABLE� OBJECTORIENTED� SOFTWARE�� !DDISON7ESLEY�
2EADING��-!�

'ANZEVOORT��*�7�������	��/NTWERPEN�EN�ONTWIKKELEN��DE�VERANDERKUNDIGE�DIMENSIES
VAN�HET�ORGANISEREN��-ANAGEMENT���/RGANISATIE������	�

'OTZHEIN��2�� �����	��/PEN�$ISTRIBUTED�3YSTEMS��/N�CONCEPTS��METHODS��AND�DESIGN
FROM�A� LOGICAL�POINT�OF�VIEW��6IEWEG�!DVANCED�3TUDIES� IN�#OMPUTER�3CIENCE�
6IEWEG��7IESBADEN��'ERMANY�

(AMMER��-ICHAEL�������	��2EENGINEERING�WORK��DONèT�AUTOMATE��OBLITERATE��(ARVARD
"USINESS�2EVIEW��*ULY!UGUST�������PP���������

(AMMER��-ICHAEL���#HAMPY��*AMES�������	��2EENGINEERING�THE�CORPORATION��0APER
BACK�EDITION��(ARPER#OLLINS��.EW�9ORK��.9�

(ARMSEN��&RANK��"RINKKEMPER��3JAAK���/EI��(AN�������	��3ITUATIONAL�METHOD�ENGI
NEERING�FOR�INFORMATION�SYSTEM�PROJECT�APPROACHES��)N��6ERRIJN3TUART��!�!���
/LLE�� 4�7�� �EDS�	��-ETHODS� AND� !SSOCIATED� 4OOLS� FOR� THE� )NFORMATION� 3YSTEMS
,IFE�#YCLE��0ROCEEDINGS�OF�THE�)&)0�7'����7ORKING�#ONFERENCE�ON�-ETHODS�AND
!SSOCIATED�4OOLS�FOR�THE�)NFORMATION�3YSTEMS�,IFE�#YCLE��PP����������%LSEVIER
3CIENCE�0UBLISHERS��!MSTERDAM�

(ENNESSY��0IPPA��(ARVEY��0AUL���3MITH��(UGH�������	��3UPPORT�FOR�ENTERPRISE�MOD
ELLING�IN�#3#7��#OLLABORATIVE�#OMPUTING�����PP���������

(IRSCH��%�� �����	��%VOLUTIONARY�ACQUISITION�OF� COMMAND�AND� CONTROL� SYSTEMS��0RO
GRAM�-ANAGER��.OVEMBER$ECEMBER�������PP�������

(ORN��3TEPHEN�������	��53�&EDERAL�'OVERNMENT�9EAR������3URVEY��3TATEMENT�FOR�THE
/NE�(UNDRED�&OURTH�#ONGRESS��#ONGRESS�OF�THE�5NITED�3TATES��*ULY����������

)"-�������	��,/6%-�#ONSULTANTèS�'UIDE�VERSION������)"-�#ANADA�,TD���4ORONTO�

)3/�������	��)NFORMATION�0ROCESSING�3YSTEMS��/PEN�3YSTEMS�)NTERCONNECTION��"ASIC
2EFERENCE�-ODEL�� )NTERNATIONAL�3TANDARD� )3/�������� )NTERNATIONAL�/RGANISA
TION�FOR�3TANDARDIZATION��'ENEVA�

)3/�������	��)NFORMATION�0ROCESSING�3YSTEMS��/PEN�3YSTEMS�)NTERCONNECTION��4RANS
PORT�SERVICE�DEFINITION��)NTERNATIONAL�3TANDARD�)3/�������)NTERNATIONAL�/RGANI
SATION�FOR�3TANDARDIZATION��'ENEVA�

)3/�������A	��,/4/3��!�&ORMAL�$ESCRIPTION�4ECHNIQUE�"ASED�ON�THE�4EMPORAL�/R
DERING�OF�/BSERVATIONAL�"EHAVIOUR��$)3� ������ )NTERNATIONAL�/RGANISATION� FOR
3TANDARDIZATION��'ENEVA�

)3/�������B	��1UALITY��6OCABULARY��)NTERNATIONAL�3TANDARD�)3/�������)NTERNATIONAL
/RGANISATION�FOR�3TANDARDIZATION��'ENEVA�

*ACKSON��-�������	��3YSTEM�$EVELOPMENT��0RENTICE(ALL��%NGLEWOOD�#LIFFS��.*�



2EFERENCES���

*ACOBSON�� )��� %RICSSON��-���� *ACOBSON�� !�� �����	��4HE� OBJECT� ADVANTAGE�� BUSINESS
PROCESS�REENGINEERING�WITH�OBJECT�TECHNOLOGY��!#-�0RESS�"OOKS��!MSTERDAM�

*OHANSSON��(ENRY�*���-C(UGH��0ATRICK��0ENDLEBURY��!��*OHN���7HEELER�)))��7ILLIAM
!�� �����	�� "USINESS� PROCESS� REENGINEERING�� "REAKPOINT� STRATEGIES� FOR� MARKET
DOMINANCE��*OHN�7ILEY���3ONS��#HICHESTER��5+�

+APLAN��2OBERT�"����-URDOCK��,AURA�������	��#ORE�PROCESS�REDESIGN��4HE�-C+INSEY
1UARTERLY��������	��PP�������

+ERKLAAN��,EO���+NAAPEN��2OB��+WALITEIT�IN�+ADER��+LUWER�4ECHNISCHE�"OEKEN��$E
VENTER��4HE�.ETHERLANDS�

+ERNIGHAN��"RIAN���2ITCHIE��$ENNIS�������	��4HE�#�0ROGRAMMING�,ANGUAGE��SECOND
EDITION��0RENTICE(ALL��%NGLEWOOD�#LIFFS��.*�

+REMER��(ARRO�������	��0ROTOCOL�)MPLEMENTATION��"RIDGING�THE�GAP�BETWEEN�!RCHITEC
TURE�AND�2EALIZATION��0H�$��4HESIS��5NIVERSITY�OF�4WENTE��%NSCHEDE��4HE�.ETH
ERLANDS�

+RONL¶F��+LAUS�������	��-ETHOD�INTEGRATION��#ONCEPTS�AND�CASE�STUDIES��*OHN�7ILEY��
3ONS��#HICHESTER��5+�

+UMAR��+����7ELKE��2�*�������	��-ETHODOLOGY�ENGINEERING��A�PROPOSAL�FOR�SITUATION
SPECIFIC�METHODOLOGY�CONSTRUCTION�� )N��#OTTERMAN��7�7����3ENN�� *�!�� �EDS�	�
#HALLENGES�AND�3TRATEGIES�FOR�2ESEARCH�IN�3YSTEMS�$EVELOPMENT��*OHN�7ILEY��
3ONS��#HICHESTER��5+�

+UUTTI��+ARI�������	��4HE�CONCEPT�OF�ACTIVITY�AS�A�BASIC�UNIT�OF�ANALYSIS�FOR�#3#7�RE
SEARCH�� )N��"ANNON��,IAM��2OBINSON��-IKE���3CHMIDT��+JELD� �EDS�	��0ROCEED
INGS�OF�THE�3ECOND�%UROPEAN�#ONFERENCE�ON�#OMPUTER3UPPORTED�#OOPERATIVE
7ORK��+LUWER�!CADEMIC�0UBLISHERS��$ORDRECHT��4HE�.ETHERLANDS�

,EYMANN��&����!LTENHUBER��7�������	��-ANAGING�BUSINESS�PROCESSES�AS�AN�INFORMA
TION�RESOURCE��)"-�3YSTEMS�*OURNAL������	��PP���������

,ININGTON��0�&�� �����	�� )NTRODUCTION� TO� THE� OPEN�DISTRIBUTED�PROCESSING� BASIC� REFER
ENCE�MODEL��)N��$E�-EER��*��(EYMER��6����2OTH��2���EDS�	��/PEN�$ISTRIBUTED
0ROCESSING��PP�������%LSEVIER�3CIENCE�0UBLISHERS��!MSTERDAM�

,UNDEBERG��-�� �����	��4HE� )3!#�APPROACH� TO�SPECIFICATION�OF� INFORMATION�SYSTEMS
AND�ITS�APPLICATION�TO�THE�ORGANIZATION�OF�AN�)&)0�WORKING�CONFERENCE��)N��/LLE�
4�7��� 3OL�� (�'�� �� 6ERRIJN3TUART�� !�!�� �EDS�	�� )NFORMATION� 3YSTEM� $ESIGN
-ETHODOLOGIES��A�#OMPARATIVE�2EVIEW��0ROCEEDINGS�OF� THE� )&)0�4#���7ORKING
#ONFERENCE� ON� )NFORMATION� 3YSTEMS� $ESIGN� -ETHODOLOGIES�� PP�� �������
.ORTH(OLLAND��!MSTERDAM�

,UQI�� 2�� �����	�� 3OFTWARE� EVOLUTION� THROUGH� RAPID� PROTOTYPING�� )%%%� #OMPUTER�
-AY�������PP�������



���

-AC$ONALD��)�'�������	��)NFORMATION�%NGINEERING��AN�IMPROVED�AUTOMATABLE�METH
ODOLOGY� FOR� THE� DESIGN�OF� DATA� SHARING� SYSTEMS�� )N��/LLE��4�7��� 3OL��(�'���
6ERRIJN3TUART�� !�!�� �EDS�	�� )NFORMATION� 3YSTEM� $ESIGN� -ETHODOLOGIES�� )M
PROVING�THE�0RACTICE��0ROCEEDINGS�OF� THE� )&)0�7'����7ORKING�#ONFERENCE��PP�
���â�����.ORTH(OLLAND��!MSTERDAM�

-ADDISON��2�.�� �����	�� )NFORMATION�3YSTEM�-ETHODOLOGIES��4HE�"RITISH�#OMPUTER
3OCIETY�7ILEY�(EYDEN��#HICHESTER��5+�

-AULL��2OGER��#HILDE��3TEPHEN��"ENNET��*AN��7EAVER��!DAM���3MART��!NDI�������	�
2EPORT�ON�'OOD�0RACTICE� IN�"USINESS�0ROCESS�2EENGINEERING� IN�-ANUFACTURING
)NDUSTRY��7ORKING�PAPER�%032#�70�'2�*��������%NGINEERING�AND�0HYSICAL
3CIENCES�2ESEARCH�#OUNCIL��3WINDON��5+�

-C#RACKEN��$�$����*ACKSON��-�!�� �����	��,IFE�CYCLE�CONCEPT�CONSIDERED�HARMFUL�
!#-�3OFTWARE�%NGINEERING�.OTES��!PRIL�������PP�������

-EDINA-ORA��2AºL��7INOGRAD��4ERRY��&LORES��2ODRIGO���&LORES��&ERNANDO�������	�
4HE� ACTION� WORKFLOW� APPROACH� TO� WORKFLOW� MANAGEMENT� TECHNOLOGY�� )N�
4URNER��*ON���+RAUT��2OBERT��EDS�	��#3#7������3HARING�0ERSPECTIVES��0ROCEED
INGS� OF� THE� #ONFERENCE� ON� #OMPUTER3UPPORTED� #OOPERATIVE� 7ORK�� PP�� ���
�����!#-�0RESS��.EW�9ORK�

-INSKY��-ARVIN�,�������	��#OMPUTATION��&INITE�AND�)NFINITE�-ACHINES��0RENTICE(ALL�
,ONDON�

-INSKY��-ARVIN�������	��4HE�3OCIETY�OF�-IND��3IMON�AND�3CHUSTER��.EW�9ORK��.9�

-INTZBERG��(ENRY�� �����	��4HE� 3TRUCTURING� OF� /RGANIZATIONS�� 0RENTICE(ALL�� %NGLE
WOOD�#LIFFS��.*�

-ITRANI��)�������	��3IMULATION�TECHNIQUES�FOR�DISCRETE�EVENT�SYSTEMS��#AMBRIDGE�5NI
VERSITY�0RESS��#AMBRIDGE��5+�

/ULD��-ARTYN�!�������	��"USINESS�0ROCESSES��-ODELLING�AND�ANALYSIS�FOR�REENGINEERING
AND�IMPROVEMENT��*OHN�7ILEY���3ONS��#HICHESTER��5+�

0ALL��'�!�������	��1UALITY�0ROCESS�-ANAGEMENT��0RENTICE(ALL��%NGLEWOOD�#LIFFS��.*�

0ARKINSON�� '�.�� �����	�� 0ARKINSONèS� ,AW� AND� /THER� 3TUDIES� IN� !DMINISTRATION�
(OUGHTON-IFFLIN��"OSTON��-!�

0ARNAS��$�,�� �����	��/N�THE�CRITERIA� TO�BE�USED� IN�DECOMPOSING� SYSTEMS� INTO�MOD
ULES��#OMMUNICATIONS�OF�THE�!#-�������	��PP�����������

0ARTSCH�� (�� �� 3TEINBRUGGEN�� 2�� �����	�� 0ROGRAM� TRANSFORMATION� SYSTEMS�� !#-
#OMPUTING�3URVEYS��3EPTEMBER�������PP���������

0IRSIG��2OBERT�-�������	��,ILA��AN�)NQUIRY�INTO�-ORALS��"ANTAM�0RESS��,ONDON�

0ORTER��-�%�������	��#OMPETITIVE�3TRATEGY��&REE�0RESS��.EW�9ORK��.9�



2EFERENCES���

0RESSMAN�� 2OGER� 3�� �����	�� 3OFTWARE� %NGINEERING�� A� PRACTITIONERèS� APPROACH�
-C'RAW(ILL��.EW�9ORK��.9�

1UARTEL��$ICK��&ERREIRA�0IRES��,US���6AN�3INDEREN��-ARTEN�������	��/N�ARCHITECTURAL
SUPPORT� FOR� BEHAVIOUR� REFINEMENT� IN� DISTRIBUTED� SYSTEMS�� 5NPUBLISHED�MANU
SCRIPT�� #ENTRE� FOR� 4ELEMATICS� AND� )NFORMATION� 4ECHNOLOGY�� 5NIVERSITY� OF
4WENTE��%NSCHEDE��4HE�.ETHERLANDS�

1UARTEL��$ICK�!�#���&ERREIRA�0IRES��,US��3INDEREN��-ARTEN�VAN��&RANKEN��(ENRY�-�
��6ISSERS��#HRIS�!�������	��/N�THE�ROLE�OF�BASIC�DESIGN�CONCEPTS�IN�BEHAVIOUR
STRUCTURING��#OMPUTER�.ETWORKS�AND�)3$.�3YSTEMS������PP���������

1UARTEL�� $ICK� !�#�� �����	�� !CTIONS� RELATIONS�� "ASIC� DESIGN� CONCEPTS� FOR� BEHAVIOUR
MODELLING�AND� REFINEMENT��0H�$�� THESIS��5NIVERSITY�OF�4WENTE��%NSCHEDE��4HE
.ETHERLANDS��4O�BE�PUBLISHED�

2AMACKERS�� 'UUS� *�� �����	�� -ODEL� INTEGRATION� AND� MODEL� EXECUTION�� )N�� 6ERRIJN
3TUART��!�!����/LLE��4��7ILLIAM� �EDS�	��-ETHODS� AND�!SSOCIATED�4OOLS� FOR� THE
)NFORMATION�3YSTEMS�,IFE�#YCLE��0ROCEEDINGS�OF�THE�)&)0�7'����7ORKING�#ON
FERENCE�� PP�� �������� %LSEVIER� 3CIENCE� 0UBLISHERS�� !MSTERDAM�� 4HE� .ETHER
LANDS�

2ECHTIN��%BERHARDT�������	��3YSTEMS�!RCHITECTING��#REATING���"UILDING�#OMPLEX�3YS
TEMS��0RENTICE�(ALL��%NGLEWOOD�#LIFFS��.*�

2ECHTIN��%BERHARDT�������	��4HE�ART�OF�SYSTEMS�ARCHITECTING��)%%%�3PECTRUM��/CTOBER
������PP�������

2EISIG��7�������	��0ETRI�.ETS��!N�)NTRODUCTION��%!4#3�-ONOGRAPHS�ON�4HEORETICAL
#OMPUTER�3CIENCE��6OL�����3PRINGER6ERLAG��"ERLIN�

2OMAN��'RUIA#ATALIN�� �����	��!� TAXONOMY�OF�CURRENT� ISSUES� IN�REQUIREMENTS�ENGI
NEERING��)%%%�#OMPUTER��!PRIL�������PP�������

2OTHENBERG�� *EFF�� �����	��4HE�NATURE�OF�MODELLING�� )N��7IDMAN��,AWRENCE�%��� ,O
PARO��+ENNETH�!����.IELSEN��.ORMAN�2���EDS�	��!RTIFICIAL�)NTELLIGENCE��3IMULA
TION��AND�-ODELLING��PP��������*OHN�7ILEY���3ONS��.EW�9ORK��.9�

2OYCE��7�7�������	��-ANAGING�THE�DEVELOPMENT�OF�LARGE�SOFTWARE�SYSTEMS��CONCEPTS
AND� TECHNIQUES�� 0ROCEEDINGS� )%%%�7%3#/.� ������ PP�� ���� 2EPRINTED� IN�
4HAYER��2ICHARD�(���ED�	�������	��4UTORIAL��3OFTWARE�%NGINEERING�-ANAGEMENT�
PP����������)%%%�#OMPUTER�3OCIETY�0RESS��7ASHINGTON��$#�

3CHARPF��&�7�������	��$OES�ORGANIZATION�MATTER��4ASK�STRUCTURE�AND�INTERACTION�IN�THE
MINISTERIAL�BUREAUCRACY�� )N��"URACK��%�(����.EGARDHI��!�2�� �EDS�	��/RGANIZA
TION�$ESIGN��4HEORETICAL� 0ERSPECTIVES� AND�%MPIRICAL� &INDINGS��+ENT� 3TATE�5NI
VERSITY�0RESS��+ENT��PP���������



���

3CHOT��*EROEN�������	��4HE�ROLE�OF�!RCHITECTURAL�3EMANTICS�IN�THE�FORMAL�APPROACH�OF
$ISTRIBUTED�3YSTEMS�$ESIGN��0H�$��THESIS��5NIVERSITY�OF�4WENTE��%NSCHEDE��4HE
.ETHERLANDS�

3IMON��(ERBERT�!�������	��4HE�ARCHITECTURE�OF�COMPLEXITY��0ROCEEDINGS�OF�THE�!MERI
CAN�0HILOSOPHICAL�3OCIETY�������PP����������2EPRINTED�WITH�MODIFICATIONS�IN�
;3IMON������=�

3IMON��(ERBERT�!�� �����	��4HE�3CIENCES�OF� THE�!RTIFICIAL�� 3ECOND�%DITION��4HE�-)4
0RESS��#AMBRIDGE��-!�

3IMON��(ERBERT� !�� �����	��4HE� 3CIENCES� OF� THE� !RTIFICIAL�� 4HIRD� %DITION�� 4HE�-)4
0RESS��#AMBRIDGE��-!�

3INDEREN��-ARTEN�VAN��&ERREIRA�0IRES��,US��6ISSERS��#HRIS�!����+ATOEN��*OOST0IETER�
�����	�� !� DESIGN� MODEL� FOR� OPEN� DISTRIBUTED� PROCESSING� SYSTEMS��#OMPUTER
.ETWORKS�AND�)3$.�3YSTEMS������PP�����������

3INDEREN��-ARTEN�VAN�������	��/N�THE�$ESIGN�OF�!PPLICATION�0ROTOCOLS��0H�$��THESIS�
5NIVERSITY�OF�4WENTE��%NSCHEDE��4HE�.ETHERLANDS�

3OWA��*�&����:ACHMAN��*�!�� �����	��%XTENDING�AND� FORMALIZING� THE� FRAMEWORK� FOR
INFORMATION�SYSTEMS�ARCHITECTURE��)"-�3YSTEMS�*OURNAL������	��PP���������

3TANAT��$ONALD�&����-C!LLISTER��$AVID�&�������	��$ISCRETE�-ATHEMATICS�IN�#OMPUTER
3CIENCE��0RENTICE(ALL��%NGLEWOOD�#LIFFS��.*�

3TEIN��$���ED�	�������	��,ECTURES�IN�THE�3CIENCES�OF�#OMPLEXITY��3&)�3TUDIES�IN�THE�3CI
ENCES�OF�#OMPLEXITY��6OL��)��!DDISON7ESLEY��2EADING��-!�

4RIVEDI��+�3��2ELIABILITY�EVALUATION�FOR�FAULTTOLERANT�SYSTEMS�������	��)N��)AZOLLA��'��
#OURTOIS��0�*����(ORDIJK��!�� �EDS�	��-ATHEMATICAL�#OMPUTER�0ERFORMANCE�AND
2ELIABILITY��PP����������.ORTH(OLLAND��!MSTERDAM�

6ENKATRAMAN��.�� �����	�� )4ENABLED� BUSINESS� TRANSFORMATION�� FROM� AUTOMATION� TO
BUSINESS�SCOPE�REDEFINITION��3LOAN�-ANAGEMENT�2EVIEW��7INTER�������PP����
���

6ERRIJN3TUART��!�!����/LLE��4��7ILLIAM��EDS�	�������	��-ETHODS�AND�!SSOCIATED�4OOLS
FOR�THE�)NFORMATION�3YSTEMS�,IFE�#YCLE��0ROCEEDINGS�OF�THE�)&)0�7'����7ORKING
#ONFERENCE��%LSEVIER�3CIENCE�0UBLISHERS��!MSTERDAM��4HE�.ETHERLANDS�

6ISSERS��#�!�������	��)NTERFACE��$EFINITION��$ESIGN��AND�$ESCRIPTION�OF�THE�2ELATION�OF
$IGITAL�3YSTEM�0ARTS��0H�$�� THESIS��4ECHNISCHE�(OGESCHOOL�4WENTE��%NSCHEDE�
4HE�.ETHERLANDS�

6ISSERS��#�!�������	��!RCHITECTURAL�REQUIREMENTS�FOR�THE�TEMPORAL�ORDERING�SPECIFICA
TION� OF� DISTRIBUTED� SYSTEMS�� )N�� +ALIN�� 4�� �ED�	�� 0ROCEEDINGS� OF� THE� %UROPEAN
4ELEINFORMATICS�#ONFERENCE��%54%#/	��6ARESE��������PP�������



2EFERENCES���

6ISSERS��#HRIS�!����,OGRIPPO��,UIGI�������	��4HE�IMPORTANCE�OF�THE�SERVICE�CONCEPT
IN� THE�DESIGN�OF�DATA� COMMUNICATIONS�PROTOCOLS�� )N��$IAZ��-�� �ED�	��0ROTOCOL
3PECIFICATION�� 4ESTING�� AND� 6ERIFICATION�� 6�� PP�� �����.ORTH(OLLAND�� !MSTER
DAM�

6ISSERS��#�!����3COLLO��'�� �����	��4HE�!RCHITECTURE�OF� )NTERACTION�3YSTEMS��,ECTURE
NOTES��5NIVERSITY�OF�4WENTE��%NSCHEDE��4HE�.ETHERLANDS�

6ISSERS�� #HRIS� !��� 3COLLO�� 'IUSEPPE��� VAN� 3INDEREN��-ARTEN�� �����	�� !RCHITECTURE
AND� SPECIFICATION� STYLE� IN� FORMAL� DESCRIPTIONS� OF� DISTRIBUTED� SYSTEMS�� )N�� !G
GARWAL��3����3ABNANI��+���EDS�	��0ROTOCOL�3PECIFICATION��4ESTING��AND�6ERIFICATION
6)))��PP����������)&)0��.ORTH�(OLLAND��!MSTERDAM�

6ISSERS�� #�!��� 3COLLO�� '��� VAN� 3INDEREN�� -�� �� "RINKSMA�� %�� �����	�� 3PECIFICATION
STYLES�IN�DISTRIBUTED�SYSTEMS�DESIGN�AND�VERIFICATION��4HEORETICAL�#OMPUTER�3CI
ENCE������PP���������

6ISSERS��#HRIS�!���3INDEREN��-ARTEN�VAN���&ERREIRA�0IRES��,US�������	��7HAT�MAKES
INDUSTRIES� BELIEVE� IN� FORMAL� METHODS�� )N�� $ANTHINE�� !NDR©�� ,EDUC�� 'UY� �
7OLPER��0IERRE��0ROTOCOL�3PECIFICATION��4ESTING��AND�6ERIFICATION�8)))��PP������
%LSEVIER�3CIENCE�0UBLISHERS��!MSTERDAM�

6ISSERS�� #HRIS� !��� &ERREIRA� 0IRES�� ,US� �� 1UARTEL�� $ICK� !�#�� �����	�� $ESIGN� OF
4ELEMATICS�3YSTEMS��,ECTURE�NOTES��5NIVERSITY�OF�4WENTE��%NSCHEDE��4HE�.ETH
ERLANDS�

6ISSERS�� #HRIS� !��� &ERREIRA� 0IRES�� ,US� �� ,AGEMAAT�� *EROEN� VAN� DE�� �����	�� ,OTO
SPHERE�� AN� ATTEMPT� TOWARDS� A� DESIGN� CULTURE�� )N�� "OLOGNESI�� 4OMASSO�� ,AGE
MAAT�� *EROEN� VAN� DE��� 6ISSERS�� #HRIS��,/4/3PHERE�� 3OFTWARE� $EVELOPMENT
WITH�,/4/3��PP�������+LUWER�!CADEMIC�0UBLISHERS��$ORDRECHT��4HE�.ETHER
LANDS�

7AND��9����7EBER��2�������	��/N�THE�ONTOLOGICAL�EXPRESSIVENESS�OF�INFORMATION�SYS
TEMS� ANALYSIS� AND� DESIGN� GRAMMARS�� *OURNAL� OF� )NFORMATION� 3YSTEMS�� ��� PP�
�������

7EBSTERèS�������	��7EBSTER�S�4HIRD�.EW�)NTERNATIONAL�$ICTIONARY�OF�THE�%NGLISH�,AN
GUAGE��-ERRIAM7EBSTER��3PRINGFIELD��-!�

7EGER��-ARK�+��DE��+NOL��(ENK*AN���%SSINK��,EO� *�"�� �����	�� )MPROVING�QUALITY
ASSURANCE� IN� LARGE� INFORMATION� SYSTEMS� DEPARTMENTS�� )N�� 2OSS�� -��� "REBBIA�
#�!���3TAPLES��'����3TAPLETON��*���EDS�	��3OFTWARE�1UALITY�-ANAGEMENT�))��6OL�
)��-ANAGING�1UALITY�3YSTEMS��PP����������#OMPUTATIONAL�-ECHANIC�0UBLICA
TIONS��3OUTHAMPTON��5+�

7EGER��-ARK�+��DE���6ISSERS��#HRIS�!�� �����	�� )SSUES� IN�DESIGN�METHODOLOGIES� FOR
DISTRIBUTED� INFORMATION� SYSTEMS�� )N�� 6ERRIJN3TUART�� !�!����/LLE�� 4��7ILLIAM
�EDS�	��-ETHODS� AND�!SSOCIATED�4OOLS� FOR� THE� )NFORMATION�3YSTEMS�,IFE�#YCLE�



���

0ROCEEDINGS�OF�THE�)&)0�7'����7ORKING�#ONFERENCE��PP����������%LSEVIER�3CI
ENCE�0UBLISHERS��!MSTERDAM��4HE�.ETHERLANDS�

7EGER��-�+��DE��&RANKEN��(�-����6ISSERS��#�!�������A	��!RCHITECTURAL�CONCEPTS�FOR
DISTRIBUTED�INFORMATION�SYSTEMS�DEVELOPMENT��-EMORANDA�)NFORMATICA������
5NIVERSITY�OF�4WENTE��%NSCHEDE��4HE�.ETHERLANDS�

7EGER��-ARK�+��DE��&RANKEN��(ENRY�-����6ISSERS��#HRIS�!�������B	��!�DEVELOPMENT
MODEL�FOR�DISTRIBUTED�INFORMATION�SYSTEMS��)N��0ROCEEDINGS�&IRST� )NTERNATIONAL
$ISTRIBUTED�#ONFERENCE��)$#è����PP��������0ORTUGUESE�4ELECOM��0ORTUGAL�

7EGER��-�+��DE���&RANKEN��(�-�� �����	��!�SITUATIONAL�APPROACH� TO�DESIGN� STRATE
GIES�� )N�� "RAY��-���2OSS��-���� 3TAPLES��'�� �EDS�	�� 3OFTWARE�1UALITY�-ANAGE
MENT� )6�� )MPROVING�1UALITY�� 0ROCEEDINGS� OF� THE� &OURTH� )NTERNATIONAL�#ONFER
ENCE�ON�3OFTWARE�1UALITY�-ANAGEMENT��PP����������-ECHANICAL�%NGINEERING
0UBLICATIONS��,ONDON�

7EGER��-�+��DE�������	��3TRUCTURING�OF�BUSINESS�PROCESS�MODELS��)N��&RANKEN��(�-��
*ONKERS�� (�� ��7EGER�� -�+�� DE��$EVELOPMENT� ASPECTS� OF� BUSINESS� PROCESSES�
0LATINUM�DELIVERABLE�$�����0,!4).5-�.����6����PP��������4ELEMATICS�2E
SEARCH�#ENTRE��%NSCHEDE��4HE�.ETHERLANDS�

7EGER��-ARK�+��DE���&RANKEN��(ENRY�-�������	��!�SITUATIONAL�APPROACH�TO�DESIGN
STRATEGIES��3OFTWARE�1UALITY�*OURNAL�����	��PP���������

7IRFS"ROCK��2EBECCA��7ILKERSON�� "RIAN���7IENER�� ,AUREN�� �����	��$ESIGNING�/B
JECT/RIENTED�3OFTWARE��0RENTICE(ALL��%NGLEWOOD�#LIFFS��.*�

7OHLIN�� #�� �����	�� -ANAGING� SOFTWARE� QUALITY� THROUGH� INCREMENTAL� DEVELOPMENT
AND� CERTIFICATION�� )N�� 2OSS�� -��� "REBBIA�� #�!��� 3TAPLES�� '�� �� 3TAPLETON�� *�
�EDS�	�� 3OFTWARE� 1UALITY�-ANAGEMENT� ))�� 6OL�� ))�� "UILDING� 1UALITY� INTO� 3OFT
WARE��PP����������#OMPUTATIONAL�-ECHANIC�0UBLICATIONS��3OUTHAMPTON��5+�

9OURDON�� %DWARD�� �����	��-ODERN� 3TRUCTURED� !NALYSIS�� 0RENTICE(ALL�� %NGLEWOOD
#LIFFS��.*�



!

ABSTRACTION���������
ABSTRACTION�LEVEL����������
ACTION��������

BASIC����
ACTION�DECOMPOSITION�����
ACTION�DISTRIBUTION�����
ACTION�POINT����
ACTION�POINT�DECOMPOSITION�����
ACTION�POINT�DISTRIBUTION�����
ACTION�POINT�REFINEMENT�����
ACTION�REFINEMENT�����
ACTION�VALUE����

ASSIGNMENT�TO�ACTION�VARIABLE����
ESTABLISHMENT����

ACTION�VARIABLE����
ANALYSIS���
ARCHITECTURAL�CONCEPT�������

BASIC�������
DATA����
DERIVED���

ARCHITECTURAL�SEMANTICS���
ARCHITECTURE����

"

BEHAVIOUR����
MONOLITHIC����
REPETITIVE����

BEHAVIOUR�COMPOSITION����
CAUSALITYORIENTED����
CONSTRAINTORIENTED����

BEHAVIOUR�EXECUTION����
BUSINESS�FUNCTION�����
BUSINESS�PROCESS���

#

CATEGORISATION����
CAUSALITY�CONDITION����

ALTERNATIVE����
CAUSALITY�RELATION����
CAUSALITYORIENTED�STYLE�����
CLEANLINESS����
CODEANDFIX�����
COMPLETENESS����
COMPLEXITY����
COMPOSITION����
CONCEPTION���
CONFORMANCE�����
CONSISTENCY����
CONSTRAINTORIENTED�STYLE�����

$

DATA����
DECOMPOSITION����
DESCRIPTION���
DESIGN���
DEVELOPMENT�DECISION�����
DEVELOPMENT�METHOD���
DEVELOPMENT�STEP�����

ORDER�OF�����
DEVELOPMENT�STRATEGY�����

BASIC�����
SELECTION�OF�����

DISABLING�ACTION����
DISABLING�CONDITION����
DISTRIBUTED�SYSTEM���

%

ENABLING�ACTION����
ENABLING�CONDITION����
ENTITY����



)NDEX���

ENTITY�DECOMPOSITION�����
ENTRY�POINT����

PARAMETRISED����
EVOLUTIONARY�DEVELOPMENT�����
EXIT�POINT����

PARAMETRISED����
EXTENSIONAL�STYLE�����

&

FUTURE����

'

GENERALISATION����
GENERALITY����

DYNAMIC����
STATIC����

(

HISTORY����
EQUIVALENCE�CLASSES�OF����

)

IMPLEMENTABILITY�VALIDATION�����
IMPLEMENTATION���
INCREMENTAL�DEVELOPMENT�����
INDIVIDUALISATION����
INITIAL�ACTION����
INTENSIONAL�STYLE�����
INTERACTION��������

TYPES�OF����
VALUE�ESTABLISHMENT�IN����

INTERACTION�POINT����
INTERFACE�REFINEMENT�����

LOCAL�����
REMOTE�����

-

MODEL���
MODELLING�STYLE�����
MODULAR�STYLE�����
MONOLITHIC�STYLE�����

/

OPENENDEDNESS����
ORTHOGONALITY����

0

PRESCRIPTION���
PROBABILITY�ATTRIBUTE����
PROCESSORIENTED�STYLE�����

PROPRIETY����

1

QUALITY���������

2

RAPID�PROTOTYPING�����
REFERENCE����
REFERENCE�RELATION����
REFERENCE�RULE��������
REFINEMENT���������
REFINEMENT�OPERATIONS�����
REQUIREMENTS�����

ACTUAL�����
INITIALLY�CONCEIVED�����
SPECIFIED�����

REQUIREMENTS�VALIDATION�����
RESOURCE�CONTROL�����
RESOURCE�PLANNING�����
RESULT�ACTION����
REUSABILITY����
RISK�ASSESSMENT�����
RISKS�OF�DEVELOPMENT�PROCESSES�����

3

SEPARATION�OF�CONCERNS�����
HORIZONTAL���������
VERTICAL���������

SPECIALISATION����
SPECIFICATION���
SPECIFICATION�LANGUAGE���
SPIRAL�MODEL�����
START�CONDITION����
STATE����
STATE�VALUE��������
STATEORIENTED�STYLE�����
STRUCTURE����
STRUCTURE�PRESERVATION����
STRUCTURING��������

HORIZONTAL���������
VERTICAL���������

STRUCTURING�TECHNIQUE���
SYNCHRONISATION�ACTION����
SYNCHRONISATION�CONDITION����
SYNTHESIS���
SYSTEM���

LOOSELY�COUPLED����
SYSTEM�PERSPECTIVE



���

DISTRIBUTED���������
INTEGRATED��������������
INTERACTION�SYSTEM�����
LOGICALLY�DISTRIBUTED�����
PHYSICALLY�DISTRIBUTED�����

SYSTEM�DEVELOPMENT���

4

TOPDOWN�����

5

UNCERTAINTY����

6

VALUE�CHECKING����
VALUE�DECOMPOSITION�����
VALUE�GENERATION����
VALUE�PASSING����

7

WATERFALL�MODEL�����
WORKFLOW�����



4HIS�THESIS�TREATS�THE�STRUCTURING�OF�BUSINESS�PROCESSES��!�BUSINESS�PROCESS�IS�THE�SET�OF
RELATED�ACTIVITIES�CARRIED�OUT�BY�AN�ORGANISATION��OR�A�PART�THEREOF��TO�DELIVER�PARTICU
LAR�SERVICES�TO�CLIENTS��3UCH�SERVICES�MAY�INCLUDE�TANGIBLE�PRODUCTS��4HE�STRUCTURING�OF
A�SYSTEM�IS�THE�CONCEPTION�AND�SUBSEQUENT�REPRESENTATION�OF�THE�SYSTEM�IN�SUCH�A�WAY
THAT�THE�COMPLEXITY�OF�THE�SYSTEM�IS�KEPT�MANAGEABLE��0ARTICULAR�ATTENTION�IS�PAID�TO
THE�ROLE�OF�STRUCTURING�IN�SYSTEM�DEVELOPMENT�

4HIS�THESIS�TREATS�THE�FOLLOWING�STRUCTURING�TECHNIQUES�

• ARCHITECTURAL�CONCEPTS�

• HORIZONTAL�STRUCTURING�TECHNIQUES��MODELLING�STYLES	�

• VERTICAL�STRUCTURING�TECHNIQUES��ABSTRACTION�LEVELS	�

• DEVELOPMENT�STRATEGIES�

!RCHITECTURAL�CONCEPTS�ARE�ABSTRACTIONS�OF� FREQUENTLY�OCCURRING�SYSTEM�ELEMENTS�AND
MODEL�REQUIRED�CHARACTERISTICS�OF�THESE��4HEY�ARE�THE�BUILDING�BLOCKS�AVAILABLE�TO�DE
VELOPERS�FOR�MODELLING�SYSTEMS�

"ASIC� ARCHITECTURAL� CONCEPTS� ARE� THE� ELEMENTARY� BUILDING� BLOCKS�� FROM�WHICH� OTHER
ARCHITECTURAL� CONCEPTS� CAN�BE� COMPOSED�� )MPORTANT�BASIC� ARCHITECTURAL� CONCEPTS� IN
CLUDE��	�ENTITIES��WHICH�ARE�CARRIERS�OF�BEHAVIOUR��A�BEHAVIOUR�IS�A�SET�OF�RELATED�AC
TIONS	���	�ACTIONS��WHICH�MODEL�ACTIVITIES���	�INTERACTIONS��WHICH�MODEL�COMMON�AC
TIVITIES�OF�TWO�OR�MORE�OBJECTS��AND��	�CAUSALITY�RELATIONS��WHICH�MODEL�RELATIONS�BE
TWEEN�ACTIVITIES�

$ATA�IS�A�SET�OF�ARCHITECTURAL�CONCEPTS�THAT�COMPRISES��	�ACTION�VALUES��WHICH�MODEL
RESULTS�OF�ACTIVITIES���	� REFERENCE�RELATIONS��WHICH�MODEL� RELATIONS�BETWEEN� THESE�RE
SULTS�� AND� �	� STATE� VALUES�� WHICH� ARE� FUNCTIONS� OF� ACTION� VALUES� AND�MODEL� ONE� OR
MORE�STATES�OF�A�BEHAVIOUR�THAT� IS�BEING�EXECUTED��)T� IS�SHOWN�IN�THIS� THESIS� THAT�ALL
DATA�CONCEPTS�CAN�BE�DEFINED�IN�TERMS�OF�THE�BASIC�CONCEPTS��$ATA�CONCEPTS�ARE�THUS
NOT�ELEMENTARY�BUILDING�BLOCKS�OF�MODELS��BUT�CAN�BE�USED�AS�ëSHORTHANDì�CONCEPTS
FOR�THE�BASIC�CONCEPTS��ENABLING�THE�DEVELOPMENT�OF�INSIGHTFUL�STRUCTURES�AND�EFFICIENT
IMPLEMENTATIONS�



3UMMARY���

(ORIZONTAL�STRUCTURING�IS�THE�FURTHER�STRUCTURING�OF�A�BEHAVIOUR�MODEL�AT�A�PARTICULAR
ABSTRACTION�LEVEL��SEE�BELOW	��4HE�HORIZONTAL�STRUCTURING�TECHNIQUES�CONSIDERED�HERE
ARE�MODELLING�STYLES��SETS�OF�RULES�FOR�THE�STRUCTURING�OF�MODELS�TO�MEET�PARTICULAR�DE
VELOPMENT�OBJECTIVES�

)N� THE� EXTENSIONAL� STYLE�� INTERNAL� �INTER	ACTIONS�OF� A� BEHAVIOUR� ARE� NOT� REPRESENTED�
AND�IT� THEREFORE�SUPPORTS� THE�MODELLING�OF�REQUIREMENTS�FOR�A�SYSTEM�� )N� THE� INTEN
SIONAL�STYLE�� INTERNAL��INTER	ACTIONS�ARE�REPRESENTED��AND�IT�THEREFORE�SUPPORTS�IMPLE
MENTATION�MODELLING�

)N�THE�MONOLITHIC�STYLE��A�BEHAVIOUR�IS�NOT�STRUCTURED�AS�A�COLLECTION�OF�RELATED�SUB
BEHAVIOURS�� AND� IT� IS� THEREFORE� SUITABLE� FOR� SIMPLE�BEHAVIOURS�ONLY�� )N� THE�MODULAR
STYLE��A�BEHAVIOUR�IS�STRUCTURED�AS�A�COLLECTION�OF�RELATED�SUBBEHAVIOURS��4WO�MODU
LAR�STYLES�ARE�DISTINGUISHED��IN�THE�CONSTRAINTORIENTED�STYLE��BEHAVIOURS�ARE�RELATED�BY
MEANS� OF� COMMON� ACTIONS� �INTERACTIONS	�� AND� IN� THE� CAUSALITYORIENTED� STYLE�� THE
�NON	OCCURRENCES� OF� ONE�OR�MORE� ACTIONS� IN� ONE� SUBBEHAVIOUR� ARE� CONDITIONS� FOR
THE�OCCURRENCE�OF�AN�ACTION�IN�ANOTHER�SUBBEHAVIOUR�

)N� THE�STATEORIENTED�STYLE�� THE�OCCURRENCES�OF�ONE�OR�MORE�ACTIONS�DEPEND�ON�PAR
TICULAR�STATE�VALUES��)T�IS�SUITABLE�FOR�THE�MODELLING�OF��FOR�EXAMPLE��MANY�ASPECTS�OF
DATABASE� SYSTEMS�� )N� THE� PROCESSORIENTED� STYLE�� NO� ACTION� OCCURRENCES� DEPEND� ON
STATE�VALUES��)T�IS�SUITABLE�FOR�THE�MODELLING�OF��FOR�EXAMPLE��MANY�ASPECTS�OF�COMMU
NICATION�PROTOCOLS�

4HIS�THESIS�SHOWS�HOW�THE�DEFINED�STYLES�AID�IN�COMPREHENSIBLY�MODELLING�FREQUENTLY
ENCOUNTERED� STRUCTURES� OF� BUSINESS� PROCESSES�� BUSINESS� PROCESSES� STRUCTURED� AROUND
WORKFLOWS�AND�BUSINESS�PROCESSES�STRUCTURED�AROUND�BUSINESS�FUNCTIONS�

6ERTICAL�STRUCTURING� IS� THE�STRUCTURING�OF�A� SYSTEM� IN� TERMS�OF� RELATED�MODELS�AT�DIS
TINCT� ABSTRACTION� LEVELS�� !BSTRACTION� LEVELS� ARE� SYSTEM� PERSPECTIVES�� SUCH� THAT� EACH
MODEL�OF�A�SYSTEM�AT�A�PARTICULAR�ABSTRACTION�LEVEL�CONTAINS�EITHER�MORE�OR�LESS�DETAIL
THAN�A�MODEL�OF�THE�SYSTEM�AT�ANOTHER�ABSTRACTION�LEVEL��4WO�SETS�OF�ABSTRACTION�LEVELS
ARE�INTRODUCED��GENERIC�ABSTRACTION�LEVELS��WHICH�DO�NOT�CONSIDER�THE�TYPES�OF�ENTITIES
ONE�SHOULD�TAKE�INTO�ACCOUNT�DURING�A�DEVELOPMENT�PROCESS��AND�SPECIFIC�ABSTRACTION
LEVELS��WHICH�DO�CONSIDER�THIS�

4HE�FOLLOWING�GENERIC�ABSTRACTION� LEVELS�ARE�DISTINGUISHED��&ROM�THE� INTEGRATED�SYS
TEM�PERSPECTIVE��A�SYSTEM�IS�REPRESENTED�AS�AN�INTEGRATED�WHOLE��NEITHER�INTERNAL�AC
TIONS��NOR�INTERNAL�PARTS�OF�THE�SYSTEM�ARE�REPRESENTED��&ROM�THE�INTERACTION�SYSTEM
PERSPECTIVE�OF�THE�PARTS��THE�RELATED�INTERNAL�INTERACTIONS�OF�THE�SYSTEM�PARTS�ARE�REP
RESENTED��THE�PARTS�ARE�NOT�REPRESENTED��4HIS�ALLOWS�ONE�TO�CONSIDER�THE�VARIOUS�WAYS
IN�WHICH�THESE�INTERNAL�INTERACTIONS�CAN�BE�DISTRIBUTED�OVER�THE�PARTS��&ROM�THE�DIS
TRIBUTED� SYSTEM� PERSPECTIVE�� A� SYSTEM� IS� REPRESENTED� AS� A� COLLECTION� OF� INTERACTING
PARTS�

4HE� FOLLOWING� SPECIFIC� ABSTRACTION� LEVELS� ARE�DISTINGUISHED��&ROM�THE�PERSPECTIVE�OF
THE�SYSTEM�EMBEDDED�IN�ITS�ENVIRONMENT��THE�SYSTEM�AND�ITS�ENVIRONMENT�ARE�REPRE



���

SENTED�WITHOUT�A�DISTINCTION�BETWEEN�THE�TWO��4HE�INTEGRATED�SYSTEM�PERSPECTIVE�WAS
DEFINED�ABOVE��&ROM�THE� LOGICALLY�DISTRIBUTED�SYSTEM�PERSPECTIVE��A� SYSTEM� IS� REPRE
SENTED�AS�A�COLLECTION�OF�INTERACTING�PARTS��WHERE�ONE�ABSTRACTS�FROM�THE�PHYSICAL�DIS
TRIBUTION�OF�THESE�PARTS��&ROM�THE�PHYSICALLY�DISTRIBUTED�SYSTEM�PERSPECTIVE��A�SYSTEM
IS�REPRESENTED�AS�A�COLLECTION�OF�PHYSICALLY�DISTRIBUTED�PARTS��&ROM�THE�LOCAL�INTERFACE
REFINED�SYSTEM�PERSPECTIVE��THE�CONCRETE�INTERACTIONS�OF�PARTS�ARE�ADDITIONALLY�REPRE
SENTED�

4HE�COMBINATION�OF�THE�HORIZONTAL�AND�VERTICAL�STRUCTURING�LEADS�TO�THE�DISTINCTION�OF
DEVELOPMENT�STEPS�THAT�EACH�REGARD�ONE�ASPECT�OF�A�SYSTEM�AT�ONE�ABSTRACTION�LEVEL�

!�DEVELOPMENT�STRATEGY�PRESCRIBES�THE�ORDER�IN�WHICH�THESE�DEVELOPMENT�STEPS�ARE�TO
BE�CARRIED�OUT�DURING�A�DEVELOPMENT�PROCESS��&OR�EXAMPLE��THE�WATERFALL�MODEL�PRE
SCRIBES� THAT�A� SYSTEM� IS� TO�BE�MODELLED�AT� SUCCESSIVELY� LOWER�ABSTRACTION� LEVELS��AND
THAT�THE�MODELLING�AT�ONE�ABSTRACTION�LEVEL�SHOULD�BE�COMPLETED�BEFORE�PROCEEDING�TO
A�LOWER�LEVEL��4HE�EVOLUTIONARY�STRATEGY�PRESCRIBES�THAT�ASPECTS�OF�A�SYSTEM�SHOULD�BE
MODELLED� INCREMENTALLY�� AND� THAT� THE�MODELLING� OF� ONE� INCREMENT� SHOULD� BE� COM
PLETED�BEFORE�PROCEEDING�TO�ANOTHER�ONE�

4HE�ORDER�IN�WHICH�DEVELOPMENT�STEPS�ARE�CARRIED�OUT�INFLUENCES�THE�EASE�OF�REACHING
VARIOUS� OBJECTIVES� OF� THE� DEVELOPMENT� PROCESS�� 4HIS� THESIS� THEREFORE� ANALYSES� THE
SUPPORT�BY�A�NUMBER�OF�CURRENT�DEVELOPMENT�STRATEGIES�FOR�THE�FOLLOWING�OBJECTIVES�
THE�MINIMISATION�OF�REWORK�DUE�TO�CHANGING�REQUIREMENTS��THE�MINIMISATION�OF�RE
WORK�DUE�TO�NONIMPLEMENTABLE�DESIGNS��OPTIMAL�RESOURCE�ALLOCATION��AND�THE�QUALITY
OF�THE�SYSTEM�UNDER�DEVELOPMENT��/NCE�ONE�HAS�DETERMINED�THE�NEED�FOR�THE�SUPPORT
OF�EACH�OBJECTIVE�IN�A�DEVELOPMENT�PROCESS��THE�RESULTS�OF�THE�ANALYSIS�CAN�BE�USED�TO
SELECT�OR�CONSTRUCT�AN�APPROPRIATE�DEVELOPMENT�STRATEGY�

4HE�STRUCTURING�TECHNIQUES�DISCUSSED�ABOVE�CAN�BE�USED�AS�ELEMENTS�OF�METHODS�FOR
BUSINESS� PROCESS� DEVELOPMENT�� 4HE� FOLLOWING� STEPS� ARE� REQUIRED� TO� CONSTRUCT� SUCH
METHODS�

��� 3ELECTION�� AND� POSSIBLY� REFINEMENT�� OF� THE� HORIZONTAL� AND� VERTICAL� STRUCTURING
TECHNIQUES�TO�BE�INCLUDED�IN�THE�METHOD��RESULTING�IN�GROUPS�OF�RELATED�DEVELOP
MENT� STEPS��2EFINEMENT� REQUIRES� THE�PROVISION�OF� FURTHER� STRUCTURING� TECHNIQUES
TO�PROVIDE�MORE�CONCRETE�GUIDANCE�TO�DEVELOPERS�OF�BUSINESS�PROCESSES�

��� 3ELECTION��AND�POSSIBLY�REFINEMENT��OF�A�DEVELOPMENT�STRATEGY�THAT�DETERMINES�THE
ORDER� IN�WHICH� THESE� GROUPS� OF� DEVELOPMENT� STEPS� ARE� TAKEN�� THUS� SYNTHESISING
THEM�IN�A�DEVELOPMENT�METHOD�

��� &URTHER�REFINEMENT�OF�THE�RESULTING�DEVELOPMENT�METHOD�BY�THE�PROVISION�OF�HEU
RISTICS��DESIGN�CRITERIA��AND�APPLICATION�EXAMPLES�

&INALLY�� THIS� THESIS� PRESENTS� A�WORKFLOWORIENTED� INCREMENTAL� DEVELOPMENT�METHOD
FOR�BUSINESS�PROCESSES�AS�AN�EXAMPLE�





$IT�PROEFSCHRIFT�BEHANDELT�DE�STRUCTURERING�VAN�BEDRIJFSPROCESSEN��%EN�BEDRIJFSPROCES
IS�DE�VERZAMELING�GERELATEERDE�ACTIVITEITEN�DIE�WORDEN�UITGEVOERD�DOOR�EEN�ORGANISA
TIE��OF�EEN�DEEL�DAARVAN��OM�BEPAALDE�DIENSTEN�TE�LEVEREN�AAN�KLANTEN��4ASTBARE�PRO
DUKTEN�KUNNEN�ONDERDEEL�ZIJN�VAN�DIE�DIENSTEN��$E�STRUCTURERING�VAN�EEN�SYSTEEM�IS
DE�CONCEPTIE�EN�DE�DAAROPVOLGENDE�REPRESENTATIE�VAN�HET�SYSTEEM�OP�EEN�DUSDANIGE
WIJZE�DAT�DE�COMPLEXITEIT�VAN�HET�SYSTEEM�BEHEERSBAAR�GEHOUDEN�WORDT��"IJZONDERE
AANDACHT�WORDT�BESTEED�AAN�DE�ROL�VAN�STRUCTURERING�IN�SYSTEEMONTWIKKELING�

$IT�PROEFSCHRIFT�BEHANDELT�DE�VOLGENDE�STRUCTURERINGSTECHNIEKEN�

• ARCHITECTURALE�CONCEPTEN�

• HORIZONTALE�STRUCTURERINGSTECHNIEKEN��MODELLEERSTIJLEN	�

• VERTICALE�STRUCTURERINGSTECHNIEKEN��ABSTRACTIENIVEAUS	�

• ONTWERPSTRATEGIE«N�

!RCHITECTURALE�CONCEPTEN�ZIJN�ABSTRACTIES�VAN�VEEL�VOORKOMENDE�SYSTEEMELEMENTEN�EN
MODELLEREN�VEREISTE�EIGENSCHAPPEN�DAARVAN��:E�VORMEN�DE�BOUWBLOKKEN�DIE�TER�BE
SCHIKKING�STAAN�VAN�ONTWERPERS�VOOR�HET�MODELLEREN�VAN�SYSTEMEN�

!RCHITECTURALE�BASISCONCEPTEN�ZIJN�DE�ELEMENTAIRE�BOUWBLOKKEN��WAARUIT� ANDERE�AR
CHITECTURALE�CONCEPTEN�OPGEBOUWD�KUNNEN�WORDEN��"ELANGRIJKE�ARCHITECTURALE�BASIS
CONCEPTEN�ZIJN���	�ENTITEITEN��DE�DRAGERS�VAN�GEDRAG� �EEN�GEDRAG� IS�EEN�VERZAMELING
GERELATEERDE� ACTIES	�� �	� ACTIES�� DIE� ACTIVITEITEN� MODELLEREN�� �	� INTERACTIES�� DIE� GEZA
MENLIJKE�ACTIVITEITEN�VAN�ENTITEITEN�MODELLEREN��EN��	�CAUSALITEITSRELATIES��DIE�DE�RELA
TIES�TUSSEN�ACTIVITEITEN�MODELLEREN�

$ATA�IS�EEN�VERZAMELING�ARCHITECTURALE�CONCEPTEN�DIE�ONDER�ANDERE�BESTAAT�UIT��	�AC
TIEWAARDEN��DIE�DE�RESULTATEN�VAN�ACTIVITEITEN�MODELLEREN���	�REFERENTIERELATIES��DIE�DE
RELATIES� TUSSEN� DIE� RESULTATEN�MODELLEREN�� EN� �	� TOESTANDSWAARDEN�� DIE� FUNCTIES� VAN
ACTIEWAARDEN�ZIJN�EN�©©N�OF�MEER� TOESTANDEN�MODELLEREN�VAN�EEN�GEDRAG�DAT�UITGE
VOERD�WORDT��(ET�WORDT�AANGETOOND�IN�DIT�PROEFSCHRIFT�DAT�ALLE�DATACONCEPTEN�GEDE
FINIEERD�KUNNEN�WORDEN� IN� TERMEN�VAN�DE�BASISCONCEPTEN��$ATACONCEPTEN�ZIJN�DUS
GEEN� ELEMENTAIRE� BOUWBLOKKEN� VAN� MODELLEN�� MAAR� KUNNEN� GEBRUIKT� WORDEN� ALS
ëKORTSCHRIFTìCONCEPTEN�VOOR�DE�BASISCONCEPTEN�DIE�HET�ONTWIKKELEN�VAN�INZICHTELIJKE
STRUCTUREN�EN�EFFICI«NTE�IMPLEMENTATIES�MOGELIJK�MAKEN�
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(ORIZONTALE� STRUCTURERING� IS� DE� VERDERE� STRUCTURERING� VAN� EEN� GEDRAGSMODEL� OP� EEN
BEPAALD�ABSTRACTIENIVEAU��ZIE�HIERONDER	��$E�HORIZONTALE�STRUCTURERINGSTECHNIEKEN�DIE
HIER�BESCHOUWD�WORDEN�ZIJN�MODELLEERSTIJLEN��VERZAMELINGEN�REGELS�VOOR�DE�STRUCTU
RERING�VAN�MODELLEN�OM�BEPAALDE�ONTWERPDOELEN�TE�BEREIKEN�

)N�DE�EXTENSIONELE�STIJL�WORDEN�INTERNE��INTER	ACTIES�VAN�EEN�GEDRAG�NIET�GEREPRESEN
TEERD��$E�STIJL�IS�DAAROM�GESCHIKT�VOOR�HET�MODELLEREN�VAN�DE�EISEN�AAN�EEN�SYSTEEM�
)N�DE�INTENSIONELE�STIJL�WORDEN�INTERNE��INTER	ACTIES�WEL�GEREPRESENTEERD��$E�STIJL�ON
DERSTEUNT�DAAROM�HET�MODELLEREN�VAN�IMPLEMENTATIES�

)N�DE�MONOLITHISCHE�STIJL�IS�EEN�GEDRAG�NIET�GESTRUCTUREERD�ALS�EEN�VERZAMELING�GERELA
TEERDE�SUBGEDRAGINGEN��$E�STIJL�IS�DAAROM�ENKEL�GESCHIKT�VOOR�EENVOUDIGE�GEDRAGIN
GEN�� )N�DE�MODULAIRE� STIJL�WORDT�EEN�GEDRAG�WEL�GESTRUCTUREERD�ALS�EEN�VERZAMELING
GERELATEERDE� SUBGEDRAGINGEN��4WEE�MODULAIRE� STIJLEN�WORDEN�ONDERSCHEIDEN�� IN� DE
CONSTRAINTGEORI«NTEERDE�STIJL�ZIJN�GEDRAGINGEN�GERELATEERD�DOOR�MIDDEL�VAN�GEMEEN
SCHAPPELIJKE� ACTIES� �INTERACTIES	�� EN� IN� DE� CAUSALITEITSGEORI«NTEERDE� STIJL� IS� HET� �NIET	
GEBEUREN�VAN�©©N�OF�MEER�ACTIES� IN�EEN� SUBGEDRAG�EEN�CONDITIE�VOOR�HET�GEBEUREN
VAN�EEN�ACTIE�IN�EEN�ANDER�SUBGEDRAG�

)N�DE�TOESTANDSGEORI«NTEERDE�STIJL�IS�HET�GEBEUREN�VAN�©©N�OF�MEER�ACTIES�AFHANKELIJK
VAN� BEPAALDE� TOESTANDSWAARDEN�� $E� STIJL� IS� GESCHIKT� VOOR� HET� MODELLEREN� VAN�� BIJ
VOORBEELD�� VEEL� ASPECTEN� VAN� DATABASE� SYSTEMEN�� )N� DE� PROCESGEORI«NTEERDE� STIJL� IS
HET�GEBEUREN�VAN�GEEN�ENKELE�ACTIE�AFHANKELIJK�VAN�TOESTANDSWAARDEN��$E�STIJL�IS�GE
SCHIKT�VOOR�HET�MODELLEREN�VAN��BIJVOORBEELD��VEEL�ASPECTEN�VAN�COMMUNICATIEPROTO
COLLEN�

$IT�PROEFSCHRIFT�BESCHRIJFT�HOE�DE�GEDEFINIEERDE�STIJLEN�HELPEN�BIJ�HET�INZICHTELIJK�MO
DELLEREN� VAN� VEEL� VOORKOMENDE� STRUCTUREN� VAN� BEDRIJFSPROCESSEN�� BEDRIJFSPROCESSEN
DIE�ZIJN�GESTRUCTUREERD�ROND�WERKSTROMEN�EN�BEDRIJFSPROCESSEN�DIE�ZIJN�GESTRUCTUREERD
ROND�BEDRIJFSFUNCTIES�

6ERTICALE�STRUCTURERING�IS�DE�STRUCTURERING�VAN�EEN�SYSTEEM�IN�TERMEN�VAN�GERELATEERDE
MODELLEN�OP�VERSCHILLENDE�ABSTRACTIENIVEAUS��!BSTRACTIENIVEAUS�ZIJN�GEZICHTSPUNTEN�OF
PERSPECTIEVEN��ZODANIG�DAT�ELK�MODEL�VAN�EEN� SYSTEEM�OP�EEN�BEPAALD�ABSTRACTIENI
VEAU�³F�MEER�³F�MINDER�DETAIL�BEVAT�DAN�EEN�MODEL�OP�EEN�ANDER�ABSTRACTIENIVEAU�
4WEE�VERZAMELINGEN�ABSTRACTIENIVEAUS�WORDEN�GE¯NTRODUCEERD�� GENERIEKE� ABSTRACTIE
NIVEAUS�� WAARBIJ� NIET� GEKEKEN� WORDT� NAAR� DE� TYPEN� ENTITEITEN� DIE� IN� BESCHOUWING
MOETEN�WORDEN�GENOMEN�TIJDENS�EEN�ONTWERPPROCES��EN�SPECIFIEKE�ABSTRACTIENIVEAUS�
WAARBIJ�DAAR�WEL�NAAR�WORDT�GEKEKEN�

$E�VOLGENDE�GENERIEKE�ABSTRACTIENIVEAUS�WORDEN�ONDERKEND��6ANUIT�HET�GE¯NTEGREER
DE� SYSTEEMPERSPECTIEF�WORDT� EEN� SYSTEEM� GEREPRESENTEERD� ALS� EEN� GE¯NTEGREERD� GE
HEEL�� NOCH� INTERNE� ACTIES�� NOCH� INTERNE� DELEN� VAN� HET� SYSTEEM�WORDEN� GEREPRESEN
TEERD��6ANUIT�HET�INTERACTIESYSTEEMPERSPECTIEF�VAN�DE�DELEN�WORDEN�DE�GERELATEERDE
INTERNE�INTERACTIES�VAN�SYSTEEMDELEN�GEREPRESENTEERD��DE�DELEN�ZELF�WORDEN�NIET�GERE
PRESENTEERD��$IT�MAAKT�HET�MOGELIJK�DE�VERSCHILLENDE�WIJZEN�TE�BESCHOUWEN�WAAROP



���

DEZE�INTERNE�INTERACTIES�OVER�DE�DELEN�KUNNEN�WORDEN�VERDEELD��6ANUIT�HET�GEDISTRI
BUEERDE�SYSTEEMPERSPECTIEF�WORDT�EEN�SYSTEEM�GEREPRESENTEERD�ALS�EEN�VERZAMELING
INTERAGERENDE�DELEN�

$E�VOLGENDE�SPECIFIEKE�ABSTRACTIENIVEAUS�WORDEN�ONDERKEND��6ANUIT�HET�PERSPECTIEF
VAN�HET�SYSTEEM�GE¯NTEGREERD�IN�ZIJN�OMGEVING�WORDEN�SYSTEEM�EN�OMGEVING�GEREPRE
SENTEERD� ZONDER� ONDERSCHEID� TE� MAKEN� TUSSEN� BEIDE�� (ET� GE¯NTEGREERDE� SYSTEEM
PERSPECTIEF� IS� HIERBOVEN� GEDEFINIEERD�� 6ANUIT� HET� LOGISCH� GEDISTRIBUEERDE� SYSTEEM
PERSPECTIEF� WORDT� EEN� SYSTEEM� GEREPRESENTEERD� ALS� EEN� VERZAMELING� INTERAGERENDE
DELEN��WAARBIJ�GEABSTRAHEERD�WORDT�VAN�DE�FYSIEKE�DISTRIBUTIE�VAN�DEZE�DELEN��6ANUIT
HET�FYSIEK�GEDISTRIBUEERDE�SYSTEEMPERSPECTIEF�WORDT�EEN�SYSTEEM�GEREPRESENTEERD�ALS
EEN�VERZAMELING� INTERAGERENDE�FYSIEK�GEDISTRIBUEERDE�DELEN��6ANUIT�HET� LOKALE� INTER
FACE�VERFIJNDE� SYSTEEMPERSPECTIEF�WORDEN�DE�CONCRETE� INTERACTIES� VAN�DE�DELEN�OOK
NOG�GEREPRESENTEERD�

$E�COMBINATIE�VAN�HORIZONTALE�EN�VERTICALE� STRUCTURERING� LEIDT� TOT�HET�ONDERKENNEN
VAN�ONTWERPSTAPPEN�DIE�ELK�BETREKKING�HEBBEN�OP�©©N�ASPECT�VAN�EEN�SYSTEEM�OP�©©N
ABSTRACTIENIVEAU�

%EN� ONTWERPSTRATEGIE� SCHRIJFT� DE� VOLGORDE� VOOR�WAARIN� DEZE� ONTWERPSTAPPEN� UITGE
VOERD� DIENEN� TE�WORDEN� IN� EEN� ONTWERPPROCES��(ET� WATERVALMODEL�� BIJVOORBEELD�
SCHRIJFT�VOOR�DAT�EEN�SYSTEEM�OP�SUCCESSIEVELIJK�LAGERE�ABSTRACTIENIVEAUS�DIENT�TE�WOR
DEN�GEMODELLEERD��EN�DAT�HET�ONTWERP�OP�©©N�ABSTRACTIENIVEAU�AFGEROND�DIENT�TE�ZIJN�
VOORDAT�VERDER�GEGAAN�WORDT�NAAR�EEN�LAGER�NIVEAU�

$E� VOLGORDE� WAARIN� ONTWERPSTAPPEN� WORDEN� UITGEVOERD� BE¯NVLOEDT� HET� GEMAK
WAARMEE� BEPAALDE� ONTWERPDOELEN� BEREIKT� KUNNEN� WORDEN�� $IT� PROEFSCHRIFT� ANALY
SEERT�DAAROM�DE�ONDERSTEUNING�DOOR�EEN�AANTAL� BESTAANDE�ONTWERPSTRATEGIE«N�VOOR
DE�VOLGENDE�ONTWERPDOELEN��MINIMALISATIE�VAN�HET�OVERDOEN�VAN�WERK�ALS�GEVOLG�VAN
WIJZIGENDE�EISEN�AAN�HET� SYSTEEM��MINIMALISATIE�VAN�HET�OVERDOEN�VAN�WERK� ALS� GE
VOLG�VAN�NIET� IMPLEMENTEERBARE�ONTWERPEN��OPTIMALE�ALLOCATIE�VAN�MIDDELEN��EN�DE
KWALITEIT�VAN�HET�TE�ONTWERPEN�SYSTEEM��:ODRA�MEN�DE�GEWENSTE�BEHOEFTE�HEEFT�BE
PAALD�AAN�ONDERSTEUNING�VAN�DEZE�ONTWERPDOELEN��KUNNEN�DE�RESULTATEN�VAN�DE�ANA
LYSE�GEBRUIKT�WORDEN�OM�EEN�GESCHIKTE�ONTWERPSTRATEGIE�TE�SELECTEREN�OF�TE�CONSTRUE
REN�

$E�HIERBOVEN�BESCHREVEN�STRUCTURERINGSTECHNIEKEN�KUNNEN�GEBRUIKT�WORDEN�ALS� ELE
MENTEN� VAN� METHODEN� VOOR� DE� ONTWIKKELING� VAN� BEDRIJFSPROCESSEN�� $E� VOLGENDE
STAPPEN�ZIJN�VEREIST�OM�DERGELIJKE�METHODEN�TE�CONSTRUEREN�

��� 3ELECTIE�� EN� MOGELIJK� VERFIJNING�� VAN� DE� HORIZONTALE� EN� VERTICALE� STRUCTURERINGS
TECHNIEKEN�DIE�ONDERDEEL�GAAN�UITMAKEN�VAN�DE�METHODE��RESULTEREND�IN�GROEPEN
GERELATEERDE� ONTWERPSTAPPEN�� 6ERFIJNING� VEREIST� HET� TER� BESCHIKKING� STELLEN� VAN
TECHNIEKEN�VOOR�VERDERE�STRUCTURERING�OM�MEER�CONCRETE�ONDERSTEUNING�TE�GEVEN
AAN�ONTWERPERS�VAN�BEDRIJFSPROCESSEN�
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��� 3ELECTIE��EN�MOGELIJK�VERFIJNING��VAN�EEN�ONTWERPSTRATEGIE�DIE�DE�VOLGORDE�BEPAALT
WAARIN�DE�ONDERKENDE�GROEPEN�VAN�ONTWERPSTAPPEN�WORDEN�UITGEVOERD��/P�DEZE
WIJZE�WORDEN�DE�ELEMENTEN�GESYNTHETISEERD�IN�DE�METHODE�

��� 6ERDERE�VERFIJNING�VAN�DE�RESULTERENDE�METHODE�DOOR�HET�TER�BESCHIKKING�STELLEN
VAN�HEURISTIEKEN��ONTWERPCRITERIA��EN�VOORBEELDEN�

$IT� PROEFSCHRIFT� BEVAT� TENSLOTTE� EEN� WERKSTROOMGEORI«NTEERDE�� EVOLUTIONAIRE� ONT
WIKKELINGSMETHODE�VOOR�BEDRIJFSPROCESSEN�ALS�VOORBEELD�


