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Chapter |

Introduction

This chapter provides an overview of the researdilighed in the thesis. It presents the
background of the investigated problems and thewvaiidn of the presented solution
approach. Furthermore, it draws the scope of tleeamreh and states the research
questions. It concludes with an outline of the ihes

1 Background

The research object of this thesis is the networkasinesses and the information
systems supporting their day-to-day operations. éjworked businesses, we mean
linked businesses which deliver value by jointlyeexting a common business
transaction. An example of networked business#éseixonstellation of a hotel, a tourist
agency, and a bank: they jointly perform the bogkind the delivery of a holiday trip.

Networked businesses have existed for a very lang;thence, our interest in their
rationale or economic viability is limited. In facbur research interests are in the
information systems applied to improve the perfarosaof businesses. Namely, we aim
to explain, categorize, and improve the use of rmmfidion and Communication
Technology (ICT) in networked businesses.

Our research is motivated by the opening of therigt for commercial use in the past
decade. This has brought many disruptive changésetbusiness world [8]. Businesses
needed to rethink their business models to respmtite opportunities and challenges of
a widely available and cheap ICT infrastructure. Tomsiderable changes in value
proposition and the need to utilize the Internethtemlogy spawned a new field of
research, namely e-business research.

E-business research is divided into two main steef88]. The first stream aims at
conceptualizing the principles that form the fouiuta of a business. The output of the
research explains classical business-science ctnceghe light of ICT. The scientific
contribution is in models that describe an e-bussna general [5, 7] and in terms of
structure and governance of transactions [7], costovalue, scope, price, revenue
sources, connected activities, implementation, loiéipas and sustainability [5].

The second stream aims at creating taxonomies ahdmss models of existing
businesses in a specific domain [48, 58, 59]. Theawmne is a number of criteria based
on which business models can be classified intauggowith similar characteristics.
Example taxonomy based on customer (i) relationgh)pjata and (iii) transaction is the
division to: direct customer, full-service provigeéntermediary, whole of enterprise,
shared infrastructure, virtual community, value imé¢grator, and content provider [59].
Another useful taxonomy is the grouping into: bmekge, advertising, infomediary,
merchant, manufacturer (direct), affiliate, comntyinsubscription, and utility [48]. With
these two examples, we illustrate the focus of search stream; namely, finding
common properties in existing businesses.
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We look at the first, conceptualization approacla &asp-down one; in the sense that it
aims at improving existing theories to account fbe importance of information
technology in business. Complementary, we regagdsédtond, taxonomy approach as a
bottom-up one, which aims at discovering of newtralos models to classify e-
businesses. In comparison with these two, our aggbrés meet-in-the-middle. First, we
abstract fragments from innovative models of exgs-businesses. This is a bottom-up
approach to create a new library of building blémkconstructing new business models.
Second, we model the requirements for a new busiaesl match these with the
available fragments. This is the top-down part ofr @pproach to reuse design
knowledge.

2 Research Path

To motivate the interest in constructing new e-bessnmodels from existing pieces, we
give a brief trace of our quest for interestingeash questions. Usually, the personal
interests and the path taken determine the scopmea$é research. Figure I-1, which is
discussed in the next section, draws the boundafiesur research. Here, we use to
position our activities in the big picture.

We had a general interest in the impact of inforomatechnology on the way business
is conducted. We believed that the source of digmpbrought by the ICT, lies in the
change of the cost structure for businesses. Thalability and low cost of
communication infrastructure allowed businessesg@anize work in new ways, utilizing
new coordination capabilities.

Businesses coordinate work by exchanging objectsvadie; i.e., to deliver a
particular product to a client, businesses havexithange a number of objects, being
money, resources, information, etc. Each of thegectibhas a different value attached to
it by the various participants. The overall chairer€hanges determines if there is profit
for every business in the network, which is a neagscondition for a network to sustain.

We began modelling networks of businesses thatlyodeliver a product to a client
by exchanging a number of value objects. We idiedtifa number of businesses
(Appendix D Value Models of Real-life Businessesl #&ppendix F Process Models of
Real-life Businesses) which were considered sufidesamous, or fit a certain profile.
(These appear with number 1 in our research frameworFigure I-1.) To restrict the
population, we considered only businesses thatexféntermediation services. More
specifically, we considered businesses that offeregotiation services because these
involve a lot of communication. By negotiation sees, we mean: e.g., conflict
resolution, wherein a business helps other busdsessreach an agreement over a broken
contract; auctioning, wherein a business facilgatee price determination of a scarce
resource, or mediation, wherein a business helpsrdbusinesses reach an optimal
agreement over a contract with many parameters.

We observed that certain combinations of value aibjevere exchanged in similar
transactions in several models. This phenomenonhtaug attention and we needed to

! This statement is not generally true. Here, wemaemarket with anonymous participants which are no
related and do not have contractual obligations.

2



2 Research Path

explain why this is happening and what the excharage. We concluded that a certain

sequence of value transfers happens more oftenothans because this better resolved a
particular business problem or better satisfieddiqular need. (This refers to number 3

in Figure I-1.)

Up to this point, we were answering a knowledgestior: namely, what are the
reoccurring fragments in value models and whatlae properties? Having identified a
number of such fragments (number 5 in Figure lely) interests shifted to how we can
reuse the knowledge captured in each fragment ild bew models. This is a design
question. We approached the problem aiming at guidésamework that would support
business analysts in their creative job of develgmiew business models.

A design framework predefines a number of concapts constructs to be used in a
design process. This includes, but is not restrittedthe number of models to be
developed, the relationships between models, amantbdelling notations to be used. A
framework provides also a method to develop a fipation of the system-to-be from
initial requirements.

Recalling our main interest in the impact of infation and communication
technology on businesses, our framework needediadali perspectives to model the
communication and coordination aspects carriedrainly by information systems. This
added extra knowledge questions, namely: (1) wbatneunication and coordination
fragments are and (2) what relationships with vélagments are.

We reverse-engineered the initially selected ermssies again. This time, we
modelled the business processes realizing the wadcieanges. (These are depicted with
number 2 in Figure I-1.) The models contained lbéhcommunication and coordination
aspects as they captured the senders of messdgesedipients of messages, the
messages them-selves, and the sequence of messabasged. We found a number of
business process fragments (number 6 in Figureanrt) we found that their relations
with the value fragments were many-to-one. Thig faade us unlink the value and
process fragments and develop the perspectivepéndently.

The choice to treat the perspectives separatelydaddeew knowledge question to
answer. Following the method in the framework, tHesigners would develop
independently two models of one business (numb&msntl 16 in Figure 1-1.) Hence the
question, what consistency criteria the two modddeuld comply with such that the
system-to-be is possible to build. We answered ighoy consistency criteria and a
procedure to check these (depicted as number Bfgime I-1.)

Going from the back to the front, we have ensuhed the developed models will be
consistent. The remaining two questions were holnkofragments into one model and,
prior to that, how to identify the relevant fragneergiven the goals of networked
businesses. These are two design questions whicdppreached similarly by providing
a set of concepts and rules to apply. In particwar outlined a sequence of steps for
each modelling notation to synthesize a finished@hérom fragments. (This is shown in
Figure I-1 with numbers 12 and 13.) Regarding thleddion of relevant fragments, it
required more work. To distinguish the fragmentst thest implement certain
requirements, we needed a measure to rate theanglewf fragments. We developed a
common representation for requirements and capaebilof fragments (number 8 in
Figure I-1.) This allowed us to integrate fragmeatsl requirements and, moreover, to
feed and propagate values from fragment capabkilitiee top-level requirements. The

3
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values assigned to top-requirements are the meafuoetevance of a particular fragment
for a particular e-business. (The rating of valod process fragments is shown in Figure
I-1 with numbers 7 and 9, respectively.)

This section summarized the performed activities ke to this thesis. We proceed
with presenting the above-mentioned research quesstin a structured manner. But
before that, we draw the boundaries of our reseiatehests.

3 Research Scope

Figure 1-1 illustrates the proposed approach toseeulesign knowledge in the
development process of e-business models. The obsseope is determined (1) by the
domain of the businesses from which the design kedye is derived and (2) by the
steps taken to reapply the design knowledge inmedels.

3 discover 7 select 12 synthesize
1 Value 5 Value 10 Relevant i 14 Value

models fragments value fragm. model

15 check ist
8 Requirements cneck consistency 17 E-business

as goals specification

4 di 9 select 13 synthesi
iscover selec synthesize
2 Process 6 Process 11 Relevant i 16 Process

models fragments process fragm. model

Figure I-1. Approach to reuse design knowledge

Our approach to reuse design knowledge has twoephaseparation and execution.
The preparation phase covers the knowledge rese¢ardbrive design fragments from
existing models. This is shown to the left in Figurl, elements from 1 to 6; wherein
value and process models are depicted with stacketangulars, (numbers 1 and 2,
respectively.) The arrows coming out of these rapibrs represent the discovery of
design fragments, (numbers 3 and 4.) They poinhtdheer group of stacked rectangulars
depicting the two sets of design fragments, (nusibeand 6, respectively.)

The existing models belong to the domain of busingdgermediaries. More
specifically, they belong to e-businesses thatrafiegotiation services. Naturally, the
discovered design fragments belong to the same idonidis restricts our design
knowledge to the domain of negotiating intermeeisiri

The design knowledge in the value and process fratgie the basis for our design
research, the result of which is a design framewagplying this framework comprises
the execution phase of our approach to reuse désigwledge. This is shown to the
right in Figure I-1, elements from 7 to 17.

The execution phase starts with modelling the requémts for the e-business under
development, (number 8 in Figure I-1.) The requeata are used to select (elements 7
and 9) the relevant fragments for the new desife. rElevant fragments are shown in the
third column of stacked rectangulars in Figure [elements 10 and 11.) The outgoing
arrows (elements 12 and 13) represent the synthegisin the development process that
leads to one value (element 14) and one procemsiéelt 16) models. The last step in the

4



4 Research Questions and Approach

design framework is the check for consistency (el@ni5,) which assemble the two
models into a specification of an e-business syg@ement 17) that is possible to build.
(The design framework is discussed in detail in @&rafl Design Framework for e-
Business Models.)

The usefulness of the design framework is validatg#d an intermediation business,
(see Chapter VIII Validation of the Design FramekpNevertheless, we believe that the
framework is generally applicable to any type dfusiness for which there is a library of
design fragments. Our belief is supported by thet fat none of the used modelling
notations and methods is dependent on or spedfith¢ domain of intermediation
businesses.

4 Research Questions and Approach

We divide the research questions into two types. fifisé type is thedesign research
question. It usually begins with ‘how to’ and asks a way to achieve a desired output
from a given input. It is difficult to give a mettiavhich if repeated will lead to the same
answer because the answer requires creativity. ppeoach followed is individual for
the research and is based on experience with d@oalqggoblems. An answer is valid if,
when applied, leads to the desired output.

The second type of research questions isktiosviedge question. It usually begins
with ‘what are’ and asks for a certain output fragiven input and a method. A
knowledge question requires a systematic approheh must lead to reproducible
answers. The criteria for validity of the answer msually part of the method.

We began our research with an intuition that th&veuld be some sort of design
knowledge in the models of already existing e-bessn Our interest in this knowledge is
reuse in future design, which will make the develept process cheaper, faster and with
better quality. In this context, we wanted to knehat the design knowledge is and how
we can reuse it. This motivated our two main redeguestions. The first one is:

0 Q1: What is the design knowledge in existing e-business models?

This is a knowledge question. We know the input—ainer of models of existing e-
business. We need to select a method to extradkioavledge, which is a motivation for
our approach. The different approaches in theadlitee lead to design knowledge
represented in various forms: e.g., patterns, fgatterns, lessons-learned, etc. To pick the
right approach, we need the answer to our secoséareh question, which in turn
depends on the answer to the first research questm break the cycle, we present the
approach we took. In case another approach wasntakee research path,
correspondingly results, would have been different.

We aimed at identification of design pattern in ueal communication, and
coordination models of existing e-business inteliarggs that offer negotiation services.
This determined the form of the design knowledgdofReulating our first main research
question, it would read: what are the design padten value and process models of
existing e-businesses? (For the relation betwekreyaommunication, and coordination
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perspectives and value and process models, |ahle @nswers of research quesiymi1
below.)

Opting for design patterns gives us an advantagetalyattern properties, namely a
description that includes a pair of a problem assdlation.

Having found a number of design patterns, we wakinbw how to use them. Hence,
our second main research question:

o0 Q2: How to reuse design knowledge in the development process of an
e-business specification?

This is a design question. In the particular cageneed to find a transformation from
design knowledge to a specification of an e-businBsth the input and the output are
ambiguous and need further clarification. This mates two sub-questions:

o Q2.1: What makes an e-business specification?

We do not answer this knowledge question in thésith In the particular case of e-
businesses, we assume the answer is: a consisteot models representing the value,
communication, and coordination perspectives of-dmusiness. Further in the thesis (see
Chapter Il Design Framework for e-Business Mod8ks;tion 5.3 Relationships between
Libraries and Perspectives,) we show that a busipessess model includes both the
communication and coordination perspectives. Theeefoe assume the answer that an
e-business specification is consistent value andgss models. We define consistency
between value and process models in Chapter W, tthe remaining unknown is:

o0 Q2.1.1: How to check consistency between value and process models?

This design question has two models as input andadeBn output. We approach the
question by transforming the two models to a tmodation and defining a measure in
this notation.

Having clarified what the output is f@2, we need to elaborate on the input. We have
identified a number of design patterns as parhefanswer of research quest@mn but
they may not be applicable. Hence, the second gebtipn:

0 Q2.2: What are the relevant design patterns for a particular design?

This knowledge question has two inputs. The firsh iset of design patterns that is
delivered by the answer of questiQi. The second is the set of requirements for the
particular e-business under development. The missiagent is the method to apply
which motivates our next sub-question:

0 Q2.2.1: How to identify the relevant design patterns given a set of
requirements?

This is a design question. The inputs are desigenpatiand requirements; the output
is a sub-set of the patterns. We approach the iqueby defining a representation
technique for the requirements which allows usrtippgate satisfaction values from the

6



5 Research Results

pattern capabilities to top-level requirements. Eaombination of patterns is rated
against the top-level requirements and the begfway combination determines the
relevant patterns.

Having clarified the input and the output for desiguestionQ2, we can reformulate
this to:

o Q2.3: How to synthesize value and process models from design
patterns?

We approach this design question by providing ecgualare to link fragments into
complete models.

5 Research Results

Answering the research questions, we compiled:
o R1: two libraries of value design patterns and process design patterns,
correspondingly.
The patterns are a result of a survey of modelxistirg e-businesses from the domain
of intermediaries offering negotiation services.vbitheless, the patterns are not only
from the negotiation domain: every identified pattevas included in the library. Each
pattern is additionally annotated with a capabititpdel which provides a measure of
what the pattern can achieve.
The capability models are an application of the sdgesult of this thesis, namely:
o R2: a goal-modelling technique, including propagation of satisfaction
values.
The technique is used to model both business reqairts and pattern capabilities. This
property is unique to our approach. It allows ustegrate requirements and capabilities,
and propagate satisfaction values throughout tim joodel. The propagation technique
is the basis for the next contribution:
o R3: a selection procedure that identifies the most relevant patterns for
a particular design given a set of requirements.
The selection procedure is tightly coupled with theal-modelling notation for
representation of requirements and capabilitieenfiures an exhaustive search for the
most relevant patterns is the design space of @bkiple combinations of available
patterns.
The identified patterns need to be linked togeth&r one model. The way to do this is
our next contribution, namely:
o R4: a synthesis approach to derive complete models from patterns.
The approach outlines a procedure which automategribcess of synthesis. It ensures
the technical quality of the developed models. Mspecifically, it guaranties that the
synthesised models are valid in the term of thdiqudar modelling notation. With
respect to the validity of the specification cotisi of the two models, our last research
result reads:
o Rb5: a definition of consistency between value and process models, and
a procedure to check the consistency criteria.
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A consistency check procedure is specific to th@tans used to represent the models.
With respect tee®-value and Activity diagram models, the contribution li tfirst of its
kind.

6 Outline

We structure the content in the following chapters:

Chapter 1l, Design Knowledge in Existing e-Businddsdels, defines the kind of
design knowledge we are interested in, namely dep#jterns in economic value and
business process models of e-business intermesliafiee chapter begins with our
definition of a pattern and then outlines the mdtth@ use for pattern discovery. Further,
the particular representation form for patterngiv@n. This includes the annotation with
a capability model of each pattern. After that, setup for the discovery of value and
process patterns is described: i.e., details arengon the selected existing e-business
models for value and process pattern discoveryth&tend, the chapter provides the
structure of the libraries that collect the patsern

Chapter Ill, Design Framework for e-Business Moddéfines our design framework
and design method. It begins with the key propestie want to have and an overview of
existing frameworks. Then, it gives the motivatlmehind our choice of perspectives. At
the end, the chapter presents the structure offridmmework which includes the
relationships between concepts of the framework tired sequence of development
activities comprising the design method.

Chapter IV, Goal-modelling, presents our goal-miiigltechnique for representation
of business requirements. It provides a definitbrgoal and, consequently, describes a
representation that allows to measure goal satisfad=urther, the types of relationships
among goals are defined with the respective matimadnd use of each one of them.
Based on the permitted relationships, the chaptersgthe rules for constructing goal
models. At the end, a mechanism for satisfactidoutation throughout the model is
provided.

Chapter V, Selection Procedure, describes our tsmte@rocedure for value and
process patterns. It begins with an example thdates used as an illustration of the
selection procedure. Further, the chapter predeetsequence of steps that makes the
procedure. Each step is explained in detail and detrated with the example.

Chapter VI, Synthesis of Value and Process Paftpresents the synthesis procedures
for value and process patterns. Both procedureseseribed in the following structure:
first, an example set of patterns is given; sectmal synthesis procedure is defined; and
third, the procedure is applied on the exampl@tpatterns.

Chapter VII, Consistency between Value and Prockkxlels, discusses the
consistency among the models in the perspectivesiotiesign framework. It discusses
consistency among the notations used to modeldbeogic value and business process
perspectives. Further, the chapter presents th@agpto consistency checking; namely,
a common notation to which all other models arensfarmed. In addition to the
transformation procedures, the chapter definesistemey between value and process
models and provides a consistency criterion in ¢oenmon notation. The chapter
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concludes giving plausibility arguments for the sistency approach. The transformation
procedures and the consistency check are illustraith an example.

Chapter VIII, Validation of the Design Frameworkppides arguments in support of
the usefulness of the proposed design framewosdkatts with a list of desired properties
that our design method should exhibit. For eaclp@ny, a falsifiable claim is provided:
if a claim holds then the property is present. Tladidation of the framework is
demonstrated with a real-life example to which thethod is applied. After a detailed
description of the development steps, the chapbeclades with an analysis of the
validation claims and the method properties.

Chapter 1X, Conclusion, summarizes the main coatiiims and lists known
limitations. It also gives directions for futuresearch.

The thesis includes several appendixes. These nodttnils about the modelling
notations used throughout the thesis, the collectib models of existing e-businesses
used as a source for pattern discovery, and thditwaries of value and process patterns.

7 Summary

The table below relates the research questiongeearch results, and thesis chapters.
We use it in the beginning of each chapter to mmsithe contents of the chapter with
respect to the research questions and results.

Research questions Research results Thesis chapters

Q1: What is the design R1: two libraries of value Chapter II

knowledge in existing e- design patterns and process Design Knowledge in

business models? design pattern, correspondingly | Existing e-Business
Models

Q2: How to reuse design Chapter III

knowledge in the development Design Framework

process of an e-business for e-Business

specification? Models

Q2.1: What makes an e-
business specification?

Q2.1.1: How to check R5: a definition of consistency |Chapter VII
consistency between value | between value and process Consistency between
and process models? models, and a procedure to Value and Process

check the consistency criteria Models

Q2.2: What are the relevant |R2: a goal-modelling technique, | Chapter IV

design patterns for a including propagation of Goal-modelling
particular design? satisfaction values Chapter V
Q2.2.1: How to identify R3: a selection procedure that |Selection Procedure
the relevant design identifies the most relevant
patterns given a set of patterns for a particular design
requirements? given a set of requirements
Q2.3: How to synthesize R4: a synthesis approach to Chapter VI
value and process models derive complete models from Synthesis of Value
from design patterns? patterns and Process Patterns







Chapter Il

Designh Knowledge in Existing e-Business Models

Libraries of Value and Process Patterns

This chapter answers our research quexipnlit defines the kind of design knowledge
we are interested in, namely design patterns im@oic value and business process
models of e-business intermediaries. The chaptg@nbevith our definition of a pattern
and then outlines the method we use for pattercodery. Further, the particular
representation form for patterns is given. Thidudes the annotation with a capability
model of each pattern. After that, the setup far thscovery of value and process
patterns is described: i.e., details are giverherstlected existing e-business models for
value and process pattern discovery. At the erachiapter provides the structure of the
libraries that collect the patterns

The bold font in the table below positions the cotaeof the chapter with respect to

the research questions and results.

Research questions

Research results

Thesis chapters

Q1: What is the design
knowledge in existing e-
business models?

R1: two libraries of value
design patterns and process
design pattern,
correspondingly

Chapter II

Design Knowledge
in Existing e-
Business Models

Q2: How to reuse design
knowledge in the development
process of an e-business

Chapter III
Design Framework
for e-Business

specification? Models
Q2.1: What makes an e-
business specification?
Q2.1.1: How to check R5: a definition of consistency |Chapter VII

consistency between value
and process models?

between value and process
models, and a procedure to
check the consistency criteria

Consistency between
Value and Process
Models

Q2.2: What are the relevant
design patterns for a
particular design?

Q2.2.1: How to identify
the relevant design
patterns given a set of
requirements?

R2: a goal-modelling technique,
including propagation of
satisfaction values

R3: a selection procedure that
identifies the most relevant
patterns for a particular design
given a set of requirements

Chapter 1V
Goal-modelling
Chapter V

Selection Procedure

Q2.3: How to synthesize
value and process models
from design patterns?

R4: a synthesis approach to
derive complete models from
patterns

Chapter VI
Synthesis of Value
and Process Patterns

! Part of this chapter is based on Technical REFRFCTIT-04-26 by Zlatev, Z., Eck van, P. and Wiggin R.

[75]
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Chapter Il Design Knowledge in Existing e-Buss&fodels

1 Introduction

We arrived at the idea of reusing fragments ofiess models after observingpetitive
combinations of services on the offer in a numifee-business models. This suggested
to us that customers experienced more value ifsdrgices were offered in bundles,
which (in turn) led us to the analysis of the exded values between businesses. In
particular, we examined a number of business moalelatermediaries and we found
reoccurring design fragments.

This chapter explains how we discover and docuntenkhowledge of each design
fragment and how we structure the fragment in &fipfor further use. In analogy with
the areas of design patterns [22] in software ezgging and Alexander’s patterns [6] in
building architecture, we call the design fragmeratterns. Correspondingly, the library
is called library of patterns.

Initially, we modelled a number of businesses frameconomic value perspective;
i.e., we focused on the exchanged value objectseset businesses. We used #ie
value modelling notation [25, 27] (Appendix A3-value Modelling Notation) and,
correspondingly, we identifiece®-value fragments which we call value-exchange
patterns, or value patterns for short. Following msearch interests, we took a second
perspective, namely we modelled business proceEhesled us to another set of models
in which we discovered reoccurring design fragmemtgain (not necessarily
corresponding to the value patterns.) We used ftttevity diagram modelling notation
[45: pages 3-155—3-169] (Appendix B UML Activity @jeam Modelling Notation)
and, therefore, our business process patterns treith diagram fragments. For short,
we refer to business process patterns as procdétsnga The two types of patterns
constitute two libraries, one for value patternd ane for process patterns.

Both collections of patterns are drawn out of besgimodels of market intermediaries
that offer negotiation services. The intermediasiesselected as a result of literature and
Internet surveys. This limits the knowledge in libeary to business information systems
of intermediaries. Nevertheless, the libraries werma intentionally restricted to
intermediaries and negotiation. Therefore, patteireg are more general were not
excluded from the libraries once spotted in the aetsad

2 What is a Pattern?

The concept of a pattern entered the vocabularyoftivare and information systems
professionals by analogy with the patterns in bogd construction introduced by
Christopher Alexander. He defines it as:
"Each pattern describes a problem which occurs ewel over again in our
environment, and then describes the core of thdisalto that problem, in such a
way that you can use this solution a million tinee®r, without ever doing it the
same way twice [6].”

! The observations were made in years 2002 and 2003.
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3 On Discovery of Patterns

Generalizing from the domain of architecture ofldings, a pattern is a reusable
partial design that solves a particular problem.sTiiakes the concept useful in other
areas such as: the area of software engineerirty d@isign patterns [22], the area of
information system architecture with architectusdtgrns [13], the area of conceptual
modelling with analysis patterns [20], and the aofaelectronic commerce with e-
business patterns [4, 31].

A pattern provides an abstract description of agmeproblem and a general solution
to that problem. The problem description explairesgtoblem and the context in which it
appears. Further, it describes when the pattermilghioe applied: the problem may
include a list of conditions that must be met beftirmakes sense to apply the pattern.
The solution is template-like and it specifies iparticular notation how to apply the
pattern. The description of the pattern includes ahe consequences of selecting a
pattern. This provides means of evaluating desitgradtives and understanding the pros
and cons of the application of the pattern.

Our definition of a

» pattern is a recurrent design fragment that sobvgsroblem in a particular

context.

Our patterns are identified in two different donsaand the types of problem they solve
divide them into two groups. The first group origies from business models which
focus on the exchanged objects of economic value.ca#ll these models value models.
The respective patterns are called value patterrs they are descriptions of
constellations of businesses exchanging objectgcohomic value to achieve their
individual goals. The second group originates fimmsiness models which focus on the
execution order of activities and the data exchdrggtween participants. We call these
models business process models. The respectiverzatee called process patterns and
they are descriptions of sequences of actions as$ages sent to achieve certain goals.

3 On Discovery of Patterns

Patterns are stable configurations of elements ratations in a particular modelling
notation. They occur in models at various levelsludtraction or aggregation, in various
domains$ or layer$ [64]. People’s point of view affects what is imieeted as a pattern
and what is not. What is considered a pattern by @an be someone else’s primitive
building block.

There is not a prescription of how to find patterAgpartial design is proposed as a
pattern (1) because it solves a problem that idogital to a problem from another
domain or (2) because somebody observed it ocgumany times in connection with
similar problems. Once a design fragment is progp@sea pattern, it remains a pattern if
other people find it useful.

Buschmann et al. [13: pp. 376-377] use the ternepamining to describe the process
of discovery of a pattern. Their method consistsiofteps, namely:

1. Find at least three examples.

! Domain is a set of entities that a model is based
2 Layer is a logical grouping of entities in a domai
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Chapter Il Design Knowledge in Existing e-Buss&fodels

2. Extract the solution schema.
3. Declare the solution schema to be a ‘pattern-catelid
4. Run a writer's workshop. (Describe and share thattgon-candidate’ with
colleagues.)
5. Apply the candidate pattern
6. Declare the candidate pattern to be a patterts(dpplication is successful.)
These steps show that identifying a pattern is gestibe process. The usefulness of a
solution to a particular problem is the criteriorrégard a design fragment as a pattern.
In our approach, we are interested in fragmentyatfie and process models that
satisfy the following restrictions:
« A fragment must reoccur in several business models;
« Each fragment must reoccur in similar contexts; and
< Fragments must be a solution to a specific proldeachieve specific goals.
The restrictions follow from our definition of a pertn, (see Section 2.)
To identify a pattern, we use a similar approactihépattern mining presented above.
In the case of value models, we look for similalueaexchanges occurring in various
business models and within similar contexts. (Tédsresponds to the first step in
Buschmann et al.’s approach.) Then, we check whéllese model fragments represent
a solution to a readily identifiable problem or @sle a business goal in the specific
context. (This corresponds to the second step.) ddeider such a fragment a pattern as
long as its description is understandable to offemple and they would agree that the
fragment solves a problem. (This corresponds taehmining steps three, four, five, and
six.) The actual application of the identified patteis limited to the demonstration
examples we have built and the real-life exampk the use to validate the whole
approach. (The real-life example is presented iap@dr VIII Validation of the Design
Framework.)

4 Documenting Patterns

The main purpose of patterns is reuse. This supgbaépatterns are identified by one
person (or group of people) and used many timeaniogher person (or group of people.)
To enable the process of reuse, patterns havewelbedocumented. In the definition of a
pattern (see Section 2), we identify the followingportant properties of a pattern: the
problem it solves, the solution itself, and theteahin which the problem appears.

4.1 Pattern Description Structures

Usually, patterns are described in a table-likacstire. That is, a list of fields each of
which specifies a particular type of informationarious sources use different fields to
describe patterns. For example, the structure,gzegand used by Gamma et al. [22: pp.
6-8] to document software engineering design padteccontains among other the
following fields: Pattern name, Intent, Motivation, Applicability, Sructure, and
Participants. In another example from the domain of softwarehiéecture patterns,
Buschmann et al. [13: pp. 20-21] propose and udecamenting structure that contains

14



4 Documenting Patterns

among other the following field$lame, Context, Problem, Solution, and Sructure. In
our last example from the domain of e-businessgdat al. [4: pp. 26-33] propose and
use a structure that contains among other thewailp fields: Pattern name, Business
and IT drivers, Context, Solution, andBenefits.

The three example structures come from three diffedemains; nevertheless, all of
them cover the problem, solution, and context gfattern. All three are intended for
people. The description is mainly text and, althodigére are fields with schematic
descriptions, these are not intended for machioegssing. The structures over-specify
the pattern with information interpretable only pgople and do not provide machine-
readable alternative of this information.

None of the existing structures suits our purpaseabse we require a specific use of
the description, namely automated search and nimtsd on requirements. This renders
the three structures not optimal.

4.2 Our Documenting Structure

Our description of a pattern shares most of thdédgiecontained in the example
approaches above. We too document the solved pnole context of the problem, and
the solution itself. This information is in a formt@nded for people. However, we differ
in the fields for automated processing. We neeextend the description structure such
that we can manipulate the patterns during the Idpreent process, such as identify,
interpret, and evaluate patterns.

The description structure for value and processepwtis generally the same. The
differences are only in the names of the fieldshghat they match the specific modelling
notation or domain terminology. Below, we present astructure and point out the
variations per type of pattern. We document pastesing the following structure:

 Name gives a name to the pattern;

» Code gives a code to the pattern;

» Headline: gives a short description of the pattern;

* Context: describes the context in which the problem solbgdthe pattern
occurs;

» Description: provides a detailed description of the pattern;

» Problem: describes the problems solved by the pattern;

e Solution: presents the value model (for value patternshemprocess model (for
process patterns) of the solution to the problems;

« Capabilities; presents the capability model associated withptteern;

e Occurred in: lists of models of businesses wherein the patterm observed.

Below, the details for each field follow:

Name. This field contains the name to the pattern. Alwwkbsen name is important for
an easy reference when people communicate abopattern.

Code. This field contains the code of the pattern, whighused as a handle to operate
with the pattern. Similar to the name, the codesisd to identify the pattern when used in
automated processing.
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Headline. This field gives a short description of the pattelt is intended for people
only. It extends the name of the pattern with niofermation.

Context. This field describes the context in which the peab solved by the pattern
occurs. The field contains textual descriptionha tontext. A different format is needed
if the context is used in an automated procesthisnwork, the context is not formalised,;
thus, the context field is intended for people only

Description. This filed provides a detailed textual descriptioh the pattern. It is
intended for people and it contains a summarylajtakr fields.

Problem. This field describes the problems solved by théepat In business networks,
businesses participate if their problems are solvEderefore, it is important to
distinguish whose problems are solved. Each busines® model in which the pattern
was observed constitutes a role in the pattern.prbblems of each role are the forces
which drive the businesses. If a pattern resollei@es then the problems are solved
and the network of businesses is stable. Thusgorithe better the problems solved by a
pattern, we introduce two sub-fields: roles anddsr
* Roles depending on the type of the pattern, a rolehésdssociated behaviour
with a business (in the case of value patternsyithr an interaction participant
(in the case of process patterns). Roles deterthimdousinesses or participants
that (1) participate in the solution and (2) expece the forces in the pattern.
» Forces describe the motivation for a business (in theeoaf value patterns) or
for a participant (in the case of a process patterimplement the pattern. The
forces capture the goals that each business acipartt wants to achieve.

Solution. This field presents the solution that resolves fthrees in the problem. It
contains both textual and schematic description.f@heer is intended for people and it
contains a brief explanation of the exchanged vabijects (for the value patterns) or
coordination messages (for the process patteris).s€hematic description depends on
the type of pattern: a value model describes tHaevpatterns and a process model
describes the process patterns. The schematic espaéion is intended both for people
and for automated processing

« Value model is a schematic representation of the solutioname’-value
modelling notation (Appendix A3-value Modelling Notation.) Nevertheless, we
use thee®-value notation with a different meaning of the concepésause the
patterns are template-like structures. This meaaisvtie use the’-value actors
and segments to represent roles played by thesadiée explain the need for
this modification and the modification itself in &bter VI Synthesis of Value
and Process Patterns.

* Process model is a schematic representation of the solutioramn Activity
diagram notation (Appendix B UML Activity Diagram Melling Notation.)
Similarly to the value models above, we use thauitgtdiagram swimlane to
represent a role played by a concrete businessndsssunit or information

! The textual representation in some formal languddkee schematic model is directly interpreted by
machines.
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system. Additionally, we introduce a concept in Awivity diagram notation to
represent connection points. We name thienector and this is graphically
represented by a hollow circle. Connectors modelphints where the control
flow enters and leaves the pattern. They are sinvlahe start and end symbols
in Activity diagrams but in the scope of a patteBee for an example Section
7.2. We explain the need for this modification a&hd modification itself in
Chapter VI Synthesis of Value and Process Patterns.

Capabilities. This field describes the capabilities of a pattdtrcontains a capability
model and an operationalization of the capabilitiethe model. These are placed in two
sub-fields: capability model and operationalizati®doth sub-fields are intended for
automated processing and contain information basedhich the pattern is selected to
be part of a bigger design. We describe the Cafiabifield in detail in Section 5.

Occurred in. Lists the models of the real-life business in wtiteh pattern was observed.

4.3 Example of a Pattern

To illustrate our documenting structure for pattems give an example with one of our
value patterns (Appendix E Library of Value Pattenattern 1. Advertising, on page
301.)

The example pattern is callegvertising. It was discovered in business models of
intermediaries that had access to many clients. dffezed intermediation service was
free and the revenue was coming from advertisirttat Tis, the intermediary offered
content to its clients bundled with commercialstloid parties. This information is
captured in the following 5 fields of the pattemsdription structure:

NAME: Advertising
CODE: ADV
HEADLINE: An intermediary offers to broadcast a message toymeceivers.

CONTEXT: A business, i.e. an advertiser, has a new or unkrgraduct. It is
interested in advertising the product to a greatlmer of potential buyers.
An intermediary has access to many clients. Moredvbas a database
with client information.

DESCRIPTION: An Intermediary offers a prodddb a number of clients for free: i.e., the
clients do not have to pay money to consume thdymto What the
intermediary gets in return is the attention of ¢thents. The intermediary
makes money by bundling its product with an adsertient of a third
party seeking exposure to potential clients. Therinediary is able to
target the advertisements as it has informationit®clients’
preferences.

The analysis of the business models in which theepabccurred showed that there
are three participating businesses. From this, hetracted the three business roles in the

! The term product includes also services.
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pattern. Furthermore, we identified one force p®e driving a particular business to
exchange values as in the pattern. The roles arfotbes are documented in fblem
description field below:

PROBLEM:

roles: The pattern includes three roles played by threfereifit businesses:
« Client is the role played by the consumers of produatsiged by the
Intermediary;
* Intermediary is the role played by the business that providpsoduct
bundled with an advertisement; and
e Advertiser is the role played by the business seeking pilici

forces:

Role Force

Client F1 |Consume products for free

Intermediary |F2 |Profit from access to and knowledge about clients
Advertiser F3 |Reach potential clients

The observed reoccurring fragment models the raealuf the forces driving the
businesses to such an interaction. It is the soiutiffered by the pattern. For this, the
documenting structure gives a textual and scherdascription. In the particular case of
a value pattern, the schematic description is éefvalue notation (Appendix Ae3-
value Modelling Notation.) Th&olution field follows:

SOLUTION: An intermediary broadcasts targeted advertisemnterits clients in return
for a fee.

value model:

Client Intermediary Advertiser
Bundle of product

< and advertisement
=—— Altention

Exposure S

The last field of the description structure liste tmodels in which the pattern was
observed. (The list of all models is in Appendix BI¥e Models of Real-life Businesses.)
The field looks such as:

OCCURRED IN:
e eBay
e PriceLine
e MySimon

The example above shows all description fields betQapabilities field. For an
example of this, look in the next section.

18



5 Annotating Patterns with Capability Models

5 Annotating Patterns with Capability Models

The distinctive field in our pattern descriptiontliee Capabilities field. Although, this is
present in other descriptions, its unique propéstyhat it is intended for automated
processing. The field contains a capability modetl an operationalization of the
capabilities in this model.

To understand the function and importance of @apabilities field, we need to
preview what a goal model is. (The full descriptafrgoal models and goal modelling is
given in Chapter IV Goal-modelling.) A goal modsla graph structure, the nodes of
which represent desired phenomena. Each node ialapgerationalized with a variable
and an evaluation function. The value of the vaeaindicates whether the desired
phenomena exist or not; the evaluation functioremeines with what value the goal is
achieved.

A goal model is used to prescribe what is desimchappen. By specifying an
evaluation function for each goal in the model, m@del what is required; thus, the goal
model represents requirements. Another way to ugeahmodel is to describe what is
already present. By giving values to goal varightes model the capabilities of exiting
phenomena. Thus, a goal model with values is a dapahodel, and describes what a
given solution can do.

A capability model, attached to a pattern, represerhat a pattern can achieve. The
operationalization of the capabilities contains tlagnes of the variables representing the
capabilities and the values of each variable. Belowe show an example of a
Capalbilities field of an example. (The full pattern descriptisravailable in Appendix E
Library of Value Patterns, pattern 2. Client Cortioet; on page 303.)

The Capabilities field contains two sub-fields: capability model and
operationalization. The former features a schematic representatidgheo€apabilities and
the relations among them. The notation is summaiiisebpendix C Goal Modelling
Notation; the full description of goal modellinggsven in Chapter IV Goal-modelling.
Moreover, it contains a table that links capalgitiwith roles and forces from the
problem description. This information is neededtfr synthesis of patterns. The latter,
the operationalization field, presents in a tahke ¢apabilities the variable names and the
values associated with each variable. This inforomatis used for the selection of
patterns.

CAPABILITIES:

capability model:

Capability Benefiting Resolving
role force
C1 [Keep existing clients Intermediary |F1
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C2 | Influence clients decisions Intermediary |F2
C3 |Provide clients with information about Intermediary
itself, products, services, and market
analysis
C4 | Receive additional value Client F3
operationalization:

Capability Capability

code

Variablecode | Variable Variabledomain | Value

C1 | Keep existing clients

al | Returning new clients Percentage per | 76
month

C2 | Influence clients decisions

a2 | Follow-ups from newsletters Percentage 3
sent
newsletters

C3 | Provide clients with information about itself, products, services,

and market analysis

a3 | Newsletters Natural 2
numbers / per
month

C4 | Receive additional value

a4 | Perceived value {spam, no Usef
value, useful} ul

6 Discovery of Value Patterns

We looked for value patterns in a set of e-busineslse models. Our selection of
businesses was made based on the negotiation erifiey offered. We aimed at
covering all types of negotiation services. Accogdito the research on devising
taxonomies of e-business models [48, 58, 59] (asdiseuss in Chapter I, Section 1
Background), our business models are of intermiedidype. In this section, we further
distinguish between types of intermediary basedhentype of negotiation service they

offer. We use the following six groups:

« Conflict resolution intermediary. Due to many reasons, businesses disagree
and break their relationships. Conflict resolutimmermediaries exist to help
them reach a settlement. They offer independent atiedi to overcome the
difficulties in communication caused by mistrush é&xample of such a business
is SquareTrade (Appendix D Value Models of Rea-Husinesses, model 13.
SquareTrade - eBay business model, on page 2983r&trade offers eBay
users to resolve their conflict through exchangemalssages. If resolution is

reached, SquareTrade removes negative feedbacksHeoeBay database.
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Negotiation support system.Economic theories see businesses as rational
agents which seek maximum benefits out of evergramtion. In a real-life
situation, businesses have opposing goals and alpgigteements are difficult to
reach. To reduce the complexity, intermediaries roffiegotiation support
services. These services aid businesses in takifogniad decisions in the
process of negotiation. An example of such a bgsiie SmartSettle (Appendix
D Value Models of Real-life Businesses, model 1faBSettle, on page 290.)
Negotiating businesses submit proposals and a itéeoi, representing
SmartSettle, works individually with all partiesreach on optimal agreement.
Auctioneer. Auctions are market-matching mechanisms applibdnathere are
many businesses interested in a product but ordysapplier. Auctions are best
applied on products with only one attribute, maiphce. They follow different
protocols, e.g. with increment bids, with decrembiats, or with sealed bids.
Auctions determine the best price for a busineas dBlivers a scarce resource.
(Auctioneers can apply different mechanisms foresenue generation. For
example, fees can be imposed to buyers, fees campesed to sellers, or
advertisers can pay for promotions. In the classiion, these differences are not
taken into account.) An example of such a busimese8ay (Appendix D Value
Models of Real-life Businesses, model 2. eBay, agep282.) eBay offers to
setup an action for the product of a seller. Theebsiyalso users of the eBay
services, bit for the product. eBay participatestlie transaction only to
determine the price.

Exchange. An exchange is an organization, association, aumr which
provides or maintains a marketplace where secsyit@ptions, futures, or
commodities are traded. (Barter is also a kind xafhange, where goods or
services of approximately equal value are provided received.) An exchange
can be seen as a double continuous auction at viduigars and sellers submit
buying and selling bids. An example of such a bessnis SellXS (Appendix D
Value Models of Real-life Businesses, model 9.)S&llon page 289.) SellXS
auctions excess inventory in the semiconductor stigiu It is an exchange
because the buyers in one transaction can be fteeiseanother.

Price discoverer A price discoverer is an intermediary that seesclior
products based on price. A price discoverer canl@ngifferent mechanisms in
its searches. Examples of such searches are: enmidiary searches the Web
pages of a number of retailers; an intermediarycbes its own database with
products and prices; or an intermediary negotiaitts suppliers from its contact
database. An example of such a business is Price(dppendix D Value
Models of Real-life Businesses, model 8. PriceLioe,page 288.) PriceLine
asks clients to name a price for a product and skeanches for the product at this
price. If the product is available, a transacticows at the price proposed by the
client.

Price comparator. A price comparator is an intermediary that seascfor
products and presents these sorted accordingde. gki price comparator has a
database of registered products and their relstiuptto-date prices. A price
comparator does not involve in the later stageshef transaction. It only
connects buyers with a seller chosen by them; #s¢ of the transaction is
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executed without the price comparator. An examdlesuch a business is
MySimon (Appendix D Value Models of Real-life Buesses, model, 6.
MySimon, on page 286.) MySimon compares offeringsdbiferent providers
based on a client specification of a product. Bsinot sell or ship.
We consider the selected groups of businessesiogvitre spectrum of intermediaries
that offer negotiation services. Moreover, we cdesithem focused on the domain of
negotiation such that we can find reoccurring desiggments.

The instances of selected business models are prbwidan executive summary in
Appendix D Value Models of Real-life Businesses. lEatermediary is documented
with references to the Web page of the intermediaryother relevant source of
information, a concise textual description, andsavalue model.

6.1 Classification of Selected Business Value Models

We selected 13 intermediaries that offer negotiasiervices. From available information
on the Web sites of the intermediaries or publisibede descriptions, we reverse-
engineered 19 value models. These are organizdtkif groups listed above according
to the type of negotiation service they offer. Tiyeetis determined by the core business
activity of the intermediary. Figure IlI-1 shows tledassification. The negotiation
intermediaries are divided into conflict resolutiotermediaries, intermediaries that offer
negotiation support (negotiation support systemth@nfigure), auctioneers, exchanges,
price discoverers, and price comparators. In eatbgory, we show the classified real-
life businesses: the boxes with underlined nameshar real-life businesses.
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| Negotiation intermediary
AN

—| Conflict resolution intermediary

The Electronic Courthouse

Online Resolution

SquareTrade - General business model

SquareTrade - Sony business model

SquareTrade - eLance business model

SquareTrade - econsumer.gov business model

SquareTrade - CA of Realtors business model

SquareTrade - CA of Realtors business model

A I N N N N

SquareTrade - eBay business model

I_Auctloneer
—| Negotiation support system |
Cigarbid
eBay
SmartSettle ePier
TEAM
TeleTrade
Exchange
—| Price comparator
SellXS

MySimon

Figure II-1. Classification of real-life businessesa source for discovery of value patterns
The selected real-life businesses presented inéiddrare a sub-set of the collection

of businesses we reverse-engineered. We belieyeettemplify best the sources of the
patterns documented in the library of value pastern
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6.2 Discovered Value Patterns

As we discuss in Section 3, to discover patterndosk for similar value exchanges in
various business models. We ensure that the exebaagcur in a similar business
context and that the’-value fragments represent a solution to a problem. Ratig this
informal process, we have identified &lvalue fragments that we consider patterns.
Using the pattern document structure presentedettidh 4, we present the identified
patterns in Appendix E Library of Value Patterns.

The values assigned to capability variables are anlgxample. Their purpose is to
demonstrate the applicability of the approach inegal. A more rigorous approach is
required to determine the exact values. We addiessssue in the discussion of the
limitations of our work (Chapter IX Conclusion, $iea 3.1 Contingent limitations.)

7 Discovery of Process Patterns

We looked for process patterns in a set of busipessess models. We selected the
businesses based on the same criteria as the enesed for value patterns in Section 6.
In sequel, the classification groups of intermedmthat offer negotiation services are
the same, namely: Conflict resolution intermedmrikntermediaries that offer decision
support, Auctioneers, Exchanges, Price discoveasmd,Price comparators. We consider
the selected groups of businesses covering thetrgpe®f intermediaries that offer
negotiation services. Moreover, we consider theauded on the domain of negotiation
such that we can find reoccurring design fragments.

The instances of selected business process modelpravided in an executive
summary in Appendix F Process Models of Real-lifgsiBesses. Each intermediary is
documented with references to the Web page ofntieemnediary or other relevant source
of information, a concise textual description, @ané or more Activity diagrams.

7.1 Classification of Selected Business Process Models

We selected 12 intermediaries that offer negotiasiervices. From available information

on the Web sites of the intermediaries or publisitade descriptions, we reverse
engineered 12 business process models. The intemesdare organized in 6 groups
according to the type of negotiation service thégro The groups are the same as the
groups for the business models for value pattestadiery. Figure 1l-2 shows the

classification. In each category, we show the diasisreal-life businesses: the boxes
with underlined names are the real-life businesses.
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| Negotiation intermediary
JAN

—| Conflict resolution intermediary

The Electronic Courthouse |

Online Resolution |

SquareTrade - Sony business model |

I_Auctloneer

—| Exchange

Aalsmeer Flower Auction

1111

Cigarbid

—| Price discoverer |

TeleTrade

PriceLine

—| Price comparator |

MySimon

Figure 1I-2. Classification of real-life businessesa source for discovery of process patterns

The selected real-life businesses presented in & i are a sub-set of the collection
of businesses we reverse-engineered. We belieyeettemplify best the sources of the
patterns documented in the library of process padte

7.2 Discovered Process Patterns

To discover patterns, we look for similar messageharges and sequences of activities
in various business models. We ensure that thenieats occur in similar contexts and
that these represent a solution to a problem. wollp this informal process, we have
identified 12 Activity diagram fragments that wenealer patterns. Using the pattern
document structure presented in Section 4, we préise identified patterns in Appendix
G Library of Process Patterns.

The values assigned to capability variables are anlgxample. Their purpose is to
demonstrate the applicability of the approach inegal. A more rigorous approach is
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requires to determine the exact values. We addtessssue in the discussion of the
limitations of our work (Chapter IX Conclusion, $iea 3.1 Contingent limitations.)

8 Relation between Value and Process Patterns

Value and process patterns originate from the nsodkbne set of e-businesseshis
enabled us to observe that value and process matte related with one-to-many
relationships. This means that one value patternbearealized individually by several
different process patterns. Furthermore, the psopadterns are generally finer grained
than the value patterns. This means that sevevakps patterns make one value pattern.
For the purpose of simplicity, we chose to abstilaetinformation about relationships
between patterns. We work with value and procettsnpa as with unrelated entities.

9 Structure of the Library

The library of patterns is a list of pattern desioips. In its current release, it does not
support links between related patterns, which ésréason to lack grouping of patterns
into bigger patterns.

Adding and removing patterns is limited to incluglim description of a pattern into the
library and, respectively, excluding a description.

In its current version, the library does not coasiscalability issues. We do not expect
growth in the number of patterns such that thecbear the library is slowed down. In
case this occurs, we believe that a suitable fleaton of the patterns will reduce the
search time.

10 Related work

There are several schools of thought interestedusinbss patterns, where business
patterns exceed the domain of information systents @bject-orientation. A business
pattern is a construct that connects a certainl@noisolving goal and a potential solution
[4, page 14]. Below, we compare several approasfitbsours.

IBM Patterns for e-business [4, 31] prescribesactire of patterns in several levels.
At the top level, there are four business pattemnd two integration patterns. These
patterns define the high-level structure of a bessn They can be composed together to
form composite patterns and they can be furthdamisted by application patterns. In
contract with our approach, the IBM Patterns fdsusiness are a fixed number with
complex relationships among them. They are preséntadsingle framework and their
composition comes naturally. They look ‘designed’ émmposition. In contrast, our

! This is true with a few exceptions
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libraries are open for adding new patterns andalaestrict the possible compositions of
patterns.

The IBM patterns for e-business are described irmgramming technique which has
the following constructs: participant, functionabneponent, data storage, and links.
These diagrams express synchronous or asynchromousiunication among business
entities and blocks of purposefully grouped funadility. This approach covers our
communication perspective as it expresses a stigic on the system components. The
difference is the level of granularity: e.g., thetiges participant and the functional
component are coarser grained than the compoments iapproach.

Weill and Vitale [59] take another approach to hass models. In their work, they
identify a number of atomic business models. Thase not specified explicitly as
patterns; nevertheless, their descriptions consamctions for objectives and critical
success factors which translate to goals and dyifimces concepts from the object-
oriented design patterns. Thus, we consider theterpat The atomic business models
emphasize the incompatibility of certain modelsheathan the possible compositions of
patterns.

A distinguishing property of the atomic businessdele is that they explicitly specify
the value proposition between participants. The fiadetechnique includes concepts
such as: money flow, product flow, information flowparticipant’s role, and
relationships. Therefore, we classify the atomic et®@@s similar to our economic value
patterns. The difference is again in the levelraihglarity; the atomic models are coarser
grained compared to our value patterns.

RosettaNet [51] standardizes Partner Interfaced®sms (PIPs) which are fragments
of a process model which can be composed togetherake one complete model. The
collection contains more than 100 fragments atediffit stages of standardization. The
library has a complex structure of clusters andresds, which groups the fragments
according to the type of supported processes aedye of transactions within the
process.

The PIPs share some similarities with our patterasely some of our pattern can be
realized by a combination of PIPs. For example,Ragment process pattern (Appendix
G Library of Process Patterns, Pattern 8. Paynmenpage 367) is partially realized by
PIP 3C3 or PIP 3C5 (see the online RosettaNet dentation [51].) Eventual transfer of
PIPs as patterns in our process library would reqtheir annotation with capability
models such that they are identifiable by our seleqrocedure.

From a workflow perspective, patterns also exisil. WwAn der Aalst and colleagues [2,
3] have developed a library of process patternses&hpatterns are indicated as
requirements for workflow languages. With respecthat, they are at a lower level of
granularity and it is difficult to relate them tagyaal expressed in business terms.

11 Summary

This chapter, Appendix E and Appendix G answeredresgarch questioQ1: What is

the design knowledge in existing e-business models? It restricted the design
knowledge we are interested in to design pattereEonomic value and business process
models. The chapter gave a discovery procedureafibenns and a structure to document
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the patterns. Applying the discovery procedure ®vhlue and 12 process models
resulted in two libraries of 11 value patterns d8dprocess patterns.
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Chapter llI

Design Framework for e-Business Models

This chapter elaborates on research quest@msand Q2.1. It defines our design
framework and design method. It begins with the fyperties we want to have and an
overview of existing frameworks. Then, it gives thmtivation behind our choice of
perspectives. Further, the chapter presents thetste of the framework. This includes
the relationships between concepts of the framewoik the sequence of development
activities comprising the design metfod

The bold font in the table below positions the cotgeof the chapter with respect to
the research questions and results.

Research questions Research results Thesis chapters

Q1: What is the design R1: two libraries of value Chapter II

knowledge in existing e- design patterns and process Design Knowledge in

business models? design pattern, correspondingly | Existing e-Business
Models

Q2: How to reuse design Chapter III

knowledge in the Design Framework

development process of an for e-Business

e-business specification? Models

Q2.1: What makes an e-
business specification?

Q2.1.1: How to check R5: a definition of consistency |Chapter VII
consistency between value | between value and process Consistency between
and process models? models, and a procedure to Value and Process

check the consistency criteria Models

Q2.2: What are the relevant |R2: a goal-modelling technique, | Chapter IV

design patterns for a including propagation of Goal-modelling
particular design? satisfaction values Chapter V
Q2.2.1: How to identify R3: a selection procedure that |Selection Procedure
the relevant design identifies the most relevant
patterns given a set of patterns for a particular design
requirements? given a set of requirements
Q2.3: How to synthesize R4: a synthesis approach to Chapter VI
value and process models derive complete models from Synthesis of Value
from design patterns? patterns and Process Patterns

1 Introduction

Restating our research interest, we want to reesed knowledge captured in patterns
into the development process of new e-business Isiodéde focus of the new

specification is the use of ICT to support the dayglay business operations. In Chapter
Il Design Knowledge in Existing e-Business Model& presented the knowledge we

! This chapter is based on previous work by ZlafeyDaneva, M. and Wieringa [74]
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have documented, namely two libraries of value-arge and business process patterns.
In this chapter, we outline an approach to reussetpatterns.

We propose a framework that helps business anadysthiate requirements for e-
business systems. The framework defines a numbepmdepts to help structure the
problem domain. In particular, it prescribes a nembf perspectives to look at the e-
business system, a requirement modelling techniguod, relations with the available
design patterns. In addition, we define a designhate which instructs the business
analyst how to use the concepts defined by thedvaork. The method gives a number of
steps to follow designing a new specification frpatterns. Throughout this thesis, we
use the term framework implicitly assuming that¢his a design method defined.

The composition of the framework and method aresaltref creativity, experience in
developing specifications, and study of similarige$rameworks.

2 Motivation

Businesses, in general, are under constant pressimaovate and adapt to the changing
environment, while at the same time reuse as magdossible of their past investments.
The electronic intermediaries that we investigateChmapter Il, Design Knowledge in
Existing e-Business Models, are no exception. Thednfer a change is even more
frequent as it follows the emergence of new infdiama and communication
technologies. Businesses need to respond fastder do keep or create competitive
advantages [29].

The identified patterns in Chapter I, Design Knadge in Existing e-Business
Models, are design decisions that solve particptablems that are tested in practice.
They contain knowledge that is important to busireessysts who want to reuse existing
solutions. By means of patterns, a framework spegdthe development process and
reduces costs [31]. For these reasons, businessésdevelopment methods that utilize
existing design knowledge. Hence, the design frannkewhould allow:

« Reuse of existing design knowledge: the framewdrtukl have a notion of
design patterns.

New business models succeed if they create valuthéocustomers [46] rather than
adopting the latest available technology. New desighould be driven by market
opportunities and not by a technology push. Businamalysts’ main concern is
achievement of new business goals by the new degigdesign framework has to
evaluate the viability of business goals. Thusfthmework has to be:

* Goal-oriented: the framework should capture thelgta be achieved by the
system under development and provide means of avaduthe satisfaction of
these goals by particular design decisions.

The specification of a business system is a compiegess. Many stakeholders with
distinctive interests are involved in the alignmehinformation system capabilities and
business objectives. To manage the complexity di suprocess, the responsibilities for
design and analysis of distinctive aspects of gfsesn should be separated. Therefore,
we require from our design framework to be:
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e Multi-perspective: the framework has to separateicems in individual
perspectives such that there is sufficient inforamato evaluate the requirements
and at the same time minimize redundant information

The independent development of perspectives inteslfreedom that may result in an
inconsistent final set of models. Management obisistencies, caused by stakeholders’
conflicting goals and partial specifications, irases the design freedom and enables
innovative solutions [17]. Therefore, our framewbds to tolerate:

» Late consistency check: the framework needs to dtdeinconsistency by
postponing resolution of conflicting specifications

We consider the four listed above properties ofeaigh framework essential to
support business analysts in their work of analgsis evaluating new business models.

3 Terminology

There is a lot of literature [19, 25, 32, 38, 50, 53, 72, 76] about design frameworks
and requirements engineering approaches. Each m@lopsss its own terminology.
Below, we define the way we use the terms and haé terminology later in the
discussion of related work.

Pattern. Pattern is a recurrent design fragment that soévgsoblem in a particular
context (copied from Chapter Il Design Knowledge Eristing e-Business Models,
Section 2 What is a Pattern?, on page 12.) Itsifsppcoperties are persistent throughout
its use in different systems.

Goal. Goal is a desired state of reality that a certaganization or individual wants to
achieve (taken from Chapter IV Goal-modelling, 8ectl Introduction, on page 44.)
Goals express stakeholders’ desired functionalitd guality from a system under
development.

Perspective.(also called viewpoint [19, 44]) Perspective i®stricted in expressiveness
standpoint to model a system. The resulting pagf@cification is limited by: (i)
stakeholders’ need of information, (ii) domain kregge, (iii) design methodology, (iv)
knowledge representation technique, and (v) afsststem’s properties.

Notation. Notation is a particular modelling language chosenepresent the system
under development from a particular perspective.

Model. Model is a partial specification [19] of the systedeveloped within one
perspective.

Specification. Specification is the collection of models that asidered to fully specify
the system under development.

Consistency.A specification is consistent if it is possiblefiod an example of a system
that conforms to all models in the specificatio8][3n our particular case, a specification
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is consistent if it is possible to build at leasieasystem that implements correctly all
models.

4 Review of Existing Frameworks

The purpose of this review of design approachesusiness information systems is to
find an approach that has the required properisésd in Section 2 Motivation. If none
found, the review will help us compose a new framdw

We use the term framework to refer to all survegpgdroaches including frameworks,
reference models, design methodologies, modeléobrtiques, etc.

Various approaches have been proposed [19, 288230, 53, 57, 72, 76]. Each of
them has a different focus of analysis and progertin this section, we investigate the
approaches that in our opinion are applicable &désign of business information
systems.

4.1 Reviewed Approaches

In this section, we provide a short descriptionseferal approaches to information
system analysis and design. We have selected AathiWiewPoints, Reference Model
for Open Distributed Processing (RM-ODP), Dynamicsdfgial Modelling of
Organisation (DEMO), and Multi Perspective Enterprig®delling (MEMO). We
believe that these represent a wide spectrum ofoappes and are representative
examples.

ArchiMate. ArchiMate [57] is an integration framework for aiteltture models from
different domains. It aims at developing a commeochig¢ecture language which will
allow different stakeholders to express their regpaents. ArchiMate builds one meta-
language by combining existing languages used tdemmformation systems. In its
version form January 2005, it defines 15 overlagpierspectives. The consistency is
achieved by a two-way translation from every notato the ArchiMate language; every
modelling notation is wrapped with a mapping layer.

ViewPoints. ViewPoints [19, 44] is a meta-framework. It struetsi loosely coupled,
locally managed, distributable objects encapsudapartial representation knowledge,
development process knowledge and specificatiorwladge, about a system and its
domain. These objects, together with the standmdiatstakeholder, form viewpoints. A
viewpoint forms a template for the generation a&fws. It does not restrict the selection
of abstraction, notation, methodology, documentatand consistency relationships. The
consistency issue is left outside the framework.

RM-ODP. RM-ODP [32] is a framework for architecture spesdfion of large

distributed systems. It is a standard that aimgraviding support for inter-working,
interoperability and distribution, and therefore @nable the building of integrated,
manageable, heterogeneous systems. The specificdtansystem in terms of RM-ODP
has 5 separate but interrelated perspectives: Eiserpnformation, Computational,
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Engineering, and Technology. With respect to consistethe framework specifies an

approach of translation of models from one repriediem to another. The inconsistency
detection is in a form of conformance assessmemth Sassessment is done at pre-
determined points in two models. If two implemeittas of two models have the same
observed reactions to particular stimuli then thsy conformant.

DEMO. DEMO [50] is a methodology aimed at providing constional descriptions of
business systems. It assumes as basic buildingsbthe communicative acts exchanged
in a conversation. The modelling methodology begwmish identification of all
transactions that occur between the involved bsses Derived from these, the
methodology prescribes 6 perspectives: the Interaanodel, the Business Process
model, the Transaction Process model, the Actionetdide Interstriction model, and the
Fact model. The methodology does not discuss instamgly as everything is derived
from one set of transactions.

MEMO. MEMO [40] offers a framework to structure an entexsp and to support the
development of enterprise models. The framework gsep 3 main layers of an
enterprise: strategic, organizational, and inforomasystem. The layers are split into 4
perspectives, namely: resource, structure, procasd, goal. For instance, business
process models would be assigned to layganization and the perspectivprocess.
MEMO defines a multi-layer language architecturéntegrate the modelling languages
and reduce redundancy between the perspectives.cdigistency between different
models is achieved through the meta-meta-modelpagdiefined relationships between
layers and perspectives.

4.2 Desired Properties and Existing Approaches

In this section, we evaluate the above listed aggites, except ViewPoints, as it is a
template for frameworks. The evaluation is againstdesired properties from Section 2
Motivation. Below, we list the properties togethveith the conditions for properties to
hold true:

» Reuse of existing design knowledge. We consideamdwork to reuse design
knowledge if it utilizes knowledge contained in id@spatterns.

e Goal-oriented. We consider a framework goal-orignié the developed
specifications are evaluated against the goalsykstem under development has
to achieve.

* Multi-perspective. We consider a framework multrgpective if it has more
than one perspective.

» Late consistency check. A framework has late cogrsist check if it allows
inconsistencies, manages inconsistencies, and sli@eckonsistency.

Table IlI-1 presents the selected frameworks andr theores with respect to the
evaluation criteria. (The columns of the table préshe frameworks; whereas the rows

! Constructional is used as complement of functicthal same way white-box and black-box descriptames
used
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contain the evaluation criteria.) Our evaluatiorttaf results from Table 11l-1 shows that
none of the frameworks meets all of the requirexperties.

With respect to reuse of design knowledge, nonthefframeworks has an intrinsic
notion of design patterns. Neither of the framewoevaluates the developed models
against a goal model. MEMO has a perspective to mgdals; however, this is
independent of other perspectives. To the contadrytameworks are multi-perspective.
With respect to handling inconsistencies, the nitgjoof approaches do not allow
inconsistencies as they develop proprietary comfanguage from which all notations
are derived. Only RM-ODP tolerates inconsistena@es offers means of checking
consistency.

Table IlI-1: Comparison of approaches toward regints specification

ArchiMate RM-ODP DEMO MEMO
Reuse of existing design No No No No
knowledge
Goal-oriented No No No No
Multi-perspective 15 5 6 4
Late consistency check No Yes No No

The results of the comparison show that none optkeented frameworks has all the
properties we require, especially the reuse ofgielsiowledge and goal-orientation.

4.3 Lessons Learned

1. The reviewed frameworks do not consider patternmeNof the approaches
defines pattern as a concept. We need to use eatigty to fit the design
knowledge in the form of patterns into a framework.

2. In the reviewed frameworks, goals, if modeled, @ae of the specification, not
means of evaluating the specification. Only MEMO eledjoals and these are
encapsulated in a perspective. The rest of the mattehot depend on the goal
model. In our framework, we should give the repnémtion of goals a special
status, not keep this in a perspective.

3. A standard set of perspectives does not existarrgliiewed frameworks. Every
approach defines its own perspectives. Dependingthen objective of the
framework, these may overlap, be disjoint, or beved from one-another. We
are going to select perspectives that we can hwitd the available design
knowledge.

4. Inconsistencies are not common in the reviewed dmonks. Only RM-ODP
allows inconsistencies because it allows a freécehof modelling notation per
perspective. We are taking the RM-ODP approach efinthg consistency
criteria and keeping the framework notation indejemesnt.

We can use ViewPoints as a skeleton and furthetooige it. We can take such
perspective that we model the economic value exgdmnthe coordination, and the
communication in an e-business. Further, we caecsemodelling notations per
respective and define consistency relationship &etwmodels in these particular
notations. Finally, we can define a design methdtthizv each perspective to (1) reuse
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patterns and (2) evaluate the final specificatiathwespect to the goal model of the
desired system. In the next section, we presentwewo that.

5 Objective and Available Resources

5.1 Objective

Our primary objective is to construct a framewark feuse of existing design knowledge
into new models of e-businesses. Additionally, fremework has to have the four
properties listed in Section 2 Motivation, namely {o reuse existing design knowledge,
(2) to be goal-oriented, (3) to be multi-perspestiand (4) to have late consistency
check.

Applying the framework should lead to:

» aconsistent specification of a business infornmagigstem,
where business information system is the orgamiaatientities, people, procedures and
software applications that jointly execute a palttc business process to deliver value to
clients.
The specification of such a system is a complexgss. Many stakeholders with
distinctive interests are involved in the alignmehinformation system capabilities and
business objectives. A standard approach to mattegeomplexity of such a process is
the adoption of a multi-perspective development hoet where responsibilities for
design and analysis of distinctive aspects of thistesn are localized in separate
perspectives. The perspectives in the framework mestxpressive and minimal: i.e.,
provide sufficient information to evaluate the nsystem requirements and, at the same
time minimal, avoid unnecessary details and redahigidormation.

The definition of a business information system nefeo software applications,
business processes, people, organizational enti@ivities, value objects, and clients.
Our literature study led us to believe that thdofeing three perspectives include all
concepts from the definition and are conceptuasyirttt. The first perspective is the

» economic value perspective, in which we model the creation of gahmong
networked businesses and analyze the incentivethdéon to take part in such a
network.

The second perspective is the

e coordination perspective, in which we model the order of adgtsitrealizing the

exchanges of economic values.
And the third perspective is the

e communication perspective, in which we model the data exchangeng the

components of the information system that supgbesdusiness.

5.2 Available Resources

The resources we have are two libraries of patté@isapter Il Design Knowledge in
Existing e-Business Models describes the structfineatierns and libraries.) The first
library contains patterns observed in value exchangdels; the second contains patterns
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from business process models. The patterns argrdfragment represented in particular
modelling notation: the value patterns atealue fragments and the process patterns are
Activity diagram fragments.

5.3 Relationships between Libraries and Perspectives

The e*value notation models the aspects of system lookedoat fain economic value
perspective. Therefore, the library of value patds the resource to use in the economic
value perspective.

The coordination perspective focuses on the sequehcactivities performed by
applications, individuals, or organizational unit$: manages dependencies among
activities. The important information in the modslthe control flow among various
actions executed in a business process. Exchangedages are considered to be only
triggering events for the receiving activity; thegmantics is not interpreted.

The communication perspectives models the data egeldaamong applications,
processes, individuals, and organizational units:, it models the data flow. The
emphasis is on the semantics of messages and titerseand receivers of these
messages, while the order of message exchangesiigerpreted.

The library of process patterns is derived from ¥itti diagrams. The Activity
diagram notation covers more than the control fliwan express information about who
or what executes an activity, who or what sendseasage, what is the semantics of a
message, and how the execution is affected byatmaustics of a message.

Summing up, the coordination and communication gegtves are both contained in
the library of process patterns. This means thatwoeperspectives can be merged and a
single new perspective, calldalisiness process perspective, based on the library of
process patterns.

6 The Framework

6.1 Structure of the Framework

The available resources are two libraries of value process patterns. The framework
has to be able to develop a specification of anmss information system, consisting of
models from economic value and business procesp@aives. The desired properties of
the new system are given in a goal model.

Figure llI-1 shows the big picture. The rectangl¢he top depicts the desired system.
At the bottom of the figure, we see the two pattitoraries and the goal model that
defines the system under development. The results of twgppetives are shown in the
middle of Figure 1lI-1. The model to the Igfrescribes the system from an economic
value perspective, using ae-value modelling notation. The model to the right
prescribes the system from a business process perspectivgy as Activity diagram
notation. Both modelsise patterns from the libraries implement the goal model.
The value and process models are related wittbmsistency relationship, which
guarantees that the two modptescribe a system that can be built.
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System under
development

el A

prescribes \ prescribes
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view of the system under -——consistency view of the system under
development from a economic development from a business
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uses . . uses
* implements implements *
i Library of
Library of Goal model of the
) process
value patterns requirements
patterns

Figure IlI-1. Framework structure

The requirements of the system under developmentapéured in only one goal
model. This does not exclude conflicting requireraeme., the partial satisfaction of
such requirements requires trade-offs. However, gbal model is an independently
validated domain theory. This means that the reguénts, potentially conflicting, are
consistent.

The implementation of the requirements in each getsge involves manual steps
(Section 6.4.) Developed in such a way, the modek not necessarily a correct
implementation of the goal model. Taking more pertipes (analogy with triangulation)
increases the confidence that the final specificats a correct implementation of the
requirements.

If value and process models are not consistentrahsons could be: a mistake in a
manual development step; a missing pattern in étieedibraries; or an error in the goal
model. This means that inconsistent models could teamproving the goal models but
not in all cases the goal model is wrong. Corredpayly, consistent value and process
models do not increase our confidence in the ctress of the goal model because we
accept the goal model to be independently validgedr to the application of the
framework and method.

The detailed description of the libraries of patserrthe goal-modelling of
requirements, and the consistency betweer®amlue model and an Activity diagram
are given in Chapter Il Design Knowledge in Exigtie-Business Models, Chapter IV
Goal-modelling, and Chapter VII Consistency betweééalue and Process Models,
respectively.
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6.2 Structure of a Library

Each pattern is annotated with a capability modeé Ghpability models are the search
keys in the library: a pattern is selected as mefor a particular design based on its
capabilities.

Further, we refer to patterns as in Figure lll-Z tAe top, the graph-like figure
represents the capability model of the pattern.ti# bottom, the lego-like figure
represents the design fragment. The capability madd the fragment constitute the
pattern.

A - capability model

El'__'-'_l - design fragment

Figure IlI-2. An abstract representation of a patte

Figure IlI-3 represents a library of patterns. Frefh to right, five patterns, P1 to P5,
are shown with their capability models and desiggihents.

A A d A
T 9] Gy R s

Figure I1I-3. A library of five patterns: P1 to P5.

The abstract form of the library hides the spediéisiof each design fragment. We use
the representation in Figure IlI-3 for an explamatpurpose only. We consider that the
actual two libraries contain information about \eakxchanges and business processes.

6.3 Structure of a Single Perspective

This section presents the structure of a single peetive. Figure IlI-4 shows the
components of a perspective and the relationshgtween these. A framework of a
perspective consists of:
¢ a goal model — a model that defines what the systeder development has to
achieve;
« capability models — models that describe what deEgments can do;
* design fragments — partial designs exhibiting @edastinctive capabilities; and
 views of the system under development — models haf $ystem under
development prescribing a system that should aehtee goals in the goal
model.
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The system under development, to the right in Fidiuw4, is not part of the perspective.
It is shown to help relating the structure of trenfework depicted in Figure 11I-1 and the
structure of a perspective.

Goal model

View of the

——evaluates—p| system under ——prescribes—m
1 n

System under
development

development

! -

satisfy synthesize
n ‘ n
ﬂ\. ——documents—m- @
1 1
Capability Design
model fragment

Figure Ill-4. Structure of a perspective

The requirements for the desired system are capiaredgoal model (top-left in
Figure IlI-4.) The purpose of the goal model is taldf First, it is used tevaluate all
designs generated within a perspective and to rdeterthe best one. Therefore, it is
related with one-to-many relationships with thew of the system under
development (top-middle in Figure 11I-4.) Second, the goal rebis used to select
patterns for the design of a particular system urdbvelopment. The relevance of
patterns is determined based on their capabilitdetso(bottom-left in Figure 1lI-4): i.e.,
if a capability modekatisfies part of the goal model then the pattern of theabdiy
models is selected. The goal model and a capabhilitgtel are related with one-to-many
relationship.

The use of the goal model to (1) select relevanigdefsagments and (2) to evaluate
the final design constitutes the goal-orientatibthe framework.

A capability model (bottom-left in Figure lll-4)documents what adesign
fragment (bottom-middle in Figure IlI-4) can achieve. Altlgiuthe patterns and the
library are not explicitly shown in Figure IlI-4he capability model and design fragment
stand together for a design pattern.

Design fragments (bottom-middle in Figure 1ll-4) are used as builgliblocks for
the system specification. All selected patterns doparticular view of the system are
synthesized to build one coherent model. This is representedrigure IlI-4 as a
many-to-one relationship from thbesign fragment to theview of the system
under development.

The detailed description about capability modelsgigen in Chapter IV Goal-
modelling. The relation between the goal model tiedcapability models is explained in
Chapter V Selection Procedure. The same chapterde®details about the evaluation of
potential solutions with the goal model. The synihewlation between the design
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fragments and the view of the system under devedopris discussed in Chapter VI
Synthesis of Value and Process Patterns.

6.4 Design Method within a Single Perspective

This section presents the design method used taaeng model of the system within
one perspective.

Figure l1lI-5 gives an overview of the design knodde transformations within one
perspective. The rectangles represent artefactaraius stages of the design; whereas,
the arrows show which artefact is derived from whather artefact. The circles with
numbers and the text next to them denote the sequesteps to develop a view of the
system.

Goal model @ Build a goal model

m (3) Evaluate

-’iI Potential @ Synthesize

solution
@ Select

| U

]

View of the system

AN A &4
v 97| 0y |50 5

Figure I1I-5. Design method within a single pergpec

The first step of the method Build a goal model (see top-left in Figure IlI-5.)
The requirements for the desired system are eligiteticaptured in a goal model. This
model is further used to select relevant desiggnfients and evaluate potential solutions
(the explanation follows.)

Selecting design fragments is the second step (see midfilexlEigure 111-5.) From
the available library of patterns, relevant desigmgments are chosen such that their
capability models match with the goal model.

The library contains more than one pattern thateasels the same goals in the goal
model. This requires considering all combinatiopatterns with duplicating capabilities.
Therefore, the result of the matching step is a ramolh sets of relevant patterns. Each
set forms a potential solution (shown in the middfeFigure 11I-5.); a set does not
contain patterns with overlapping capabilities. Twodential solutions require the next
stepEvaluate.
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The evaluation step ranks the potential solutiorik #ie help of the goal model. The
capability models of patterns contain informatidsoat the degrees of satisfaction of
particular goals. This information is transferredioi the goal model for every potential
solution. Then the solutions are compared and oselésted as favourable design.

The best scoring set of design patterns is takeheémextSynthesize step. From
the design fragments, a view of the system is d@esl, shown to the right in Figure
I-5.

Step 2 and 3 are explained in detail in ChapteeM@&ion Procedure.

6.5 Design Method of the Framework

This section presents the design method used ifrdheework, among perspectives. It
refers to Figure 1lI-1 to illustrate the conceptdh® framework.

We assume that the two libraries of value and E®@atterns are available to us to
use. Therefore, the first step is representing réguirements of the system under
development as a goal model. This step overlap$é Wik first step in a single
perspective. The importance of mentioning herbas there is only one goal model in the
framework for all perspectives.

The next step is developing a perspective. Thereoionder for developing the
perspectives. The designers are free to choospqmtige to begin with or develop both
in parallel.

The next step to perform, after the two models aseetpted, is to check the
consistency of the specification. Regardless thalref the consistency check, this is the
last step prescribed in our framework.

There are several paths to continue. In case thafisptions are consistent, one can
check, e.g., for correctness or continue addingenmafiormation into the specifications.
In case the specifications are not consistent, cae follow a path of managing
inconsistencies and continue with development. Aaobption would be to change the
specifications until they are consistent and yettlaer way would be to change the goal
model and undergo a second iteration though timeeweork.

We describe in detail the consistency between nsomfelChapter VII Consistency
between Value and Process Models.

7 Related work

Design theory [56] aims at prescribing computabahdelels that instruct machines how
to design new systems. It is usually applied to hme@al construction problems,
wherein a new system is specified by evolutionagréments of the design. The latest
specification is derived by adding new informationthe model. The addition has to be
consistent with the already existing specificatibhe consistency in mechanical systems
is achieved through space coordination and knows laf physics, while the same
consistency is achieved between, in particulaye/aind process models (see Chapter VI
Consistency between Value and Process Models.)

From a Design theory point of view, our approach igrescriptive model that is not
computable because it includes a number of mantggdss the manual steps use
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knowledge that is not part of the prescriptive gesmodel. Comparing with an
evolutionary design process model, our framework method are a design process with
one evolutionary step. This is adding the procesdemt the value model or the other
way around, and, consequently, checking the sgatifin for consistency.

8 Summary

This chapter proposed a design framework and me#isoen answer to our research
questionQ2: How to reuse design knowledge in the development process of an
e-business specification? Moreover, it answered the research ques@ami: What
makes an e-business specification?

This chapter outlined the overall structure of oranfework. Figure 1lI-6 below
illustrates the main concepts of the framework timedassociated design method. It also
points out the chapters of this thesis that prottidedetails.

Library of value

patterns

Chapter Il

match & evaluate

Goal model of the
requirements

Library of process
patterns

Chapter Il

match & evaluate

Chapter V Chapter V
Chapter IV
\ J \ J
Selected value Selected process
patterns patterns
synthesize synthesize
Chapter VI Chapter VI
consistency
D
e’-value model Chapter VII Activity diagram

Figure IlI-6. Overview of the framework with referees to the chapters of the thesis

Chapter Il Design Knowledge in Existing e-Busindssdels provides details about
the structure of the library of patterns and theushoenting structure for patterns.

Chapter IV Goal-modelling defines the way to masejuirements and capabilities.

Chapter V Selection Procedure details the procedareselecting patterns and
identifying the best matching combination to beHar synthesized.

Chapter VI Synthesis of Value and Process Pattprosides details about the
synthesis procedures fet-value models and Activity diagrams.

Chapter VII Consistency between Value and Processldlid defines consistency
betweene-value models and Activity diagrams, and specifies a @doce to check
consistency.
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Chapter IV

Goal-modelling

Representing Business Requirements

This chapter partially answers our research quesgere.1. It presents our goal-
modelling technique for representation of businesgiirements. It provides a definition
of goal and consequently describes a representdliah allows to measure goal
satisfaction. Further, three types of relationshmsong goals are defined with the
respective motivation and use of each one of tHgased on the permitted relationships
among goals, the chapter gives the rules for coctitg goal models. At the end, a
mechanism for satisfaction calculation throughdwe model is provided. This allows
determining the satisfaction of a particular goatdd on the values of related goals. The
propagation of values is used to select relevatiemes, which is discussed in the next

chapter.

The bold font in the table below positions the cotaeof the chapter with respect to
the research questions and results.

Research questions

Research results

Thesis chapters

Q1: What is the design
knowledge in existing e-
business models?

R1: two libraries of value
design patterns and process
design pattern, correspondingly

Chapter II

Design Knowledge in
Existing e-Business
Models

Q2: How to reuse design
knowledge in the development
process of an e-business

Chapter III
Design Framework
for e-Business

specification? Models
Q2.1: What makes an e-
business specification?
Q2.1.1: How to check R5: a definition of consistency |Chapter VII

consistency between value
and process models?

between value and process
models, and a procedure to

Consistency between
Value and Process

check the consistency criteria Models
Q2.2: What are the relevant |R2: a goal-modelling Chapter 1V
design patterns for a technique, including Goal-modelling
particular design? propagation of satisfaction |ChapterV

Q2.2.1: How to identify
the relevant design
patterns given a set of
requirements?

values

R3: a selection procedure that
identifies the most relevant
patterns for a particular design
given a set of requirements

Selection Procedure

Q2.3: How to synthesize
value and process models
from design patterns?

R4: a synthesis approach to
derive complete models from
patterns

Chapter VI
Synthesis of Value
and Process Patterns
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1 Introduction

According to Merriam-Webster Thesaurus [41] a gealsomething that one hopes or
intends to accomplish.” This definition states thatls belong to an individual or an
organization but remain vague in specifying what ttabe accomplished. The definition
of WordNet [69] is: “the state of affairs that aplis intended to achieve and that (when
achieved) terminates behavior intended to achieV@lis definition, though a bit more
specific, fails to specify what ‘state of affairis. We interpret ‘state of affairs’ as a
phenomenon in the real world. Thus, our definitibn o

e goalis a desired phenomenon by a certain orgamizat individual,
where a phenomenon is a state of reality, an agtiifact or an event.

Depending on the nature of goals, some are diffitubperationalize and, therefore,
difficult to measure and reason about. An exangl®ibuild a maintainable system: it is
difficult to quantify maintainability. We operatiatize the notion of a goal in Section 2,
wherein we put some restrictions on the formulatbgoals in the goal model. Goals are
represented by a variable and an evaluation fumcfibe value of the variable measures
the satisfaction of the goal and the evaluatiorction determined the value that satisfies
the goal.

Goals vary in their granularity, subject domaimaportance, scope, etc; goals may
subsume each other or partially overlap. ExamplesTarbe the largest multi-media
content provider and To buy a weather forecast company. These two goals are from
different decision-making levels: the first oneaistrategic goal, whereas the second is
probably a tactical one. Additionally, the secommlgis part of the plan to achieve the
first one. The complexity of relations among gdalglaborated in Section 3; where, we
define the allowed relationships between goalscamstrains on these.

Goals and relationships form goal models. Sectiatiséusses the structure of goal
models. A goal model can be used to prescribe 8hdesired to happen. By specifying
an evaluation function for each goal in the moded, model what is required; thus, the
goal model represents requirements. We refer tb sugoal model with stakeholders’
goals model, requirements goal model, or only goadiel for short. A dual approach is
to describe what is already present. By giving @alto goal variables, we model the
capabilities of exiting phenomena. We use thisepresent functionality exhibited by
patterns. We refer to goal models with values aslsdity models.

The way goals are operationalized, allows us to oreashether a particular goal is
satisfied or not, or how close it is to satisfactitn a goal model, we usually know the
satisfaction of some goals but want to measurestiesfaction of others. Section 5
describes how the satisfaction of a goal is catedldrom the known satisfaction values
of related goals.

The graphical modelling notation used to represeat grodels is given in Appendix
C Goal Modelling Notation.
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2 Goal Representation

Goals may be formulated in many different ways: earmay be very formal, others may
be vague. In any form, they may be useful for déifie purposes, ranging from better
understanding the issue at hand, trough qualitathadysis, to quantitative evaluation of
options.

For the purpose of our analysis, we require that descriptions have clear semantics
and their satisfaction can be objectively measufidge goalTo be the largest multi-
media content provider is in general a valid goal but it does not exgiiicpoint to an
objectively measurable variable to asses the aatish of the goal. Furthermore, the
context in which the goal must hold is not madeliekpOne possible reformulation of
the goal isiTo take 51% of the global multi-media market of content provision in 2 years
time. The measurable variable is market share andijeetove is to increase the value to
51%. Alternatively, the goal could be formulatedraserve more clients than competing
multi-media content providersin 2 year time. In this case, the measurable variable is the
number of clients and the objective is to maxiniize

We model a goal as a tuple consisting of: (1) glsimariable of particular domain and
(2) an evaluation function over the variable domailthe former represents a
measurement of something we want to achieve; ther limterprets the achieved value in
terms of goal satisfaction.

2.1Variable

Operationalization of a concept is making it meable [34: pp. 39—43, 14: pp. 39—40,
383]. This is done by introducing indicators, whareindicator is a measurable variable
that has a systematic relationship to the operalimed concept. A systematic
relationship is a mapping that connects the obsensawith the variable values.

To operationalize a goal, we need a number of itolisaThese have to be measurable
and have to have a systematic relationship withgthed. For example, the go@b take
51% of the global multi-media market of content provision in 2 years time is
operationalized with the indicators (variablédprket share and Time. Both can be
measured and have clear correspondence with vadfisedls and time interval.

To achieve a goal means to do something such teattbsen indicators have the
values corresponding to the desired phenomenontheoexample from the previous
paragraph, to satisfy the goal means to take sati@na to increase the sells such that in
two years time the market share measures 51%.

In our approach, a goal is operationalized by glsiwvariable (indicator). This is a
simplifying assumption which does not limit the eegsiveness of the approach. In case a
goal is too complex to be operationalized by alsingriable, the goal is refined to a
number of single-variable goals. This is descrifredSection 3. The opposite is also
possible: a superfluous goal is introduced to comtsieveral single-variable goals. The
need of such a goal and the detail of composirgeitdiscussed in Chapter V Selection
Procedure, Section 5 Matching Goal and Capabilibd®s, on page 102.

Variables should be meaningful in the universeis€alurse of the goal. For example,
the goalTo paint the car red can be represented by a variatde colour. It can be also
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represented byight wavelength, but that choice is less meaningful to a car bwyer
producer.

2.2Variable Domain

Variable domain is the set of all valid values tlaatariable can take and existing
relations between the values. We use as variabteanhs the scales for measurement as
defined in behavioural sciences [34: pp. 189—198, fp. 160-165]. Below, we
summarize the different types of domain. The numnigerhas the meaning of
specialization; i.e., a higher number domain hagha properties of a lower number
domain.

1. Nominal — the values in this domain are not relataong each other. An
example of such domain is the classification schianaomputer games, where
the type of game may be one of Fighting, Racingeftaying, Simulators, or
Strategy.

2. Partially ordered — a transitive comparison operats defined for some of the
values. An example of such domain is the classifipaschema for movie with
the following categories: Action, Thriller, HorroGomedy, Science Fiction and
Fantasy. This represents a partially ordered doifi@ertain audience (1) has a
preference for Comedy, Science Fiction and Fantasyr Action, Thriller,
Horror and (2) is indifferent with respect to Actidr hriller, Horror.

3. Ordinal — a transitive comparison operation is i for all values; i.e. the set
of values has a total order. The usual exampleasardness of minerals and the
capability of producing a scratch.

4. Ordered Metric — distances are defined between somell of the values. A
transitive comparison operation is defined betwten distances. The ordered
metric domain is a totally ordered set with palyiardered distances between
the elements of the set. An example of such a doisahe FIA regulations for
awarding points to the pilots in Formula 1. Thetfeght pilots get points but
the difference in number of points between the fin® is greater than between
the last two.

5. Interval — distance is defined between all valued the distance between two
neighbouring values is equal. The domain has artranpiorigin; therefore,
arithmetic operations can be applied on the digsrout not on the values.
Examples of such domains are the calendar, the gtad&, and the Fahrenheit
temperature scales.

6. Ratio — origin is defined in the domain, which allofor arithmetic operations
between the values and conversion to other ratonaihs by multiplication of
the values. An example is the domain kilogramsnfieasuring weight. It can be
easily transformed into the domain of grams be ipiylhg by 1000.

The classification above is based on the type dticgiships defined between the
values of the variable. Additionally, domains candassified according to the number of
elements (finite vs. infinite) or the countabilibf elements (discrete vs. continuous).
Examples are:

* Finite discrete domain ear colour, with values red, green, blue and pink;
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e Infinite discrete domain -Aumber of produced cars, with values the natural
numbers;
» Continuous domain response time, with values the positive real numbers.
We do not restrict the types of domains. For siaifylionly, we refer to domains with the
6 scales for measurement listed above.

Variables domains should be meaningful in the usief discourse of the goal. For
example, the godlo paint the car red can be represented by a variable car colour with a
domain that has values red, green, blue, and ginkther possible choice is a domain
from the universe of discourse of colours of compgtreen pixels: e.g. RGB scale with
hexadecimal numbers. The latter, though, wouldebe meaningful to a car buyer who is
unaware of such a standard.

2.3 Evaluation Function

The satisfaction of a goal is usually the most #géng property one wants to make
statements about. We introduce an evaluation fomatihich interprets the values of the
variables in terms of goal satisfaction. Straigiviardly, a goal is achieved or not; e.g.,
the goalTo get certificate 1SO 9000.1 is satisfied or not. Nevertheless, there are cises
which it is meaningful to say that the achievedestd the world (the result of the effort

to satisfy the goal) satisfies the desired stdte @oal) to a certain extent. For example,
the goalTo offer customer support to 93% of my clients is not satisfied in case that only

89% of the clients are served; nevertheless 89&bmnsich better result than, e.g., 47%.
We introduce the terrloseness to a goal to handle terminologically goals that are not
fully fulfilled.

Closeness to a goal has different interpretatioggedding on the domain of the
variable representing the goal. In the simpleséct®e domain is a set of values without
any relationships between them: e.g., the domaigaofcolour is a set consisting of
elements red, green, and pink. In this case, thaltref the evaluation function is a
Boolean value which is interpreted as the goaafisfied or the goal is not satisfied. The
term closeness is not informative in such a dom&ina more elaborated case, a
preference is defined among the values of the biaridn such case, the evaluation
function can determine which value is closer todksired one. For example, if the goal
is to have a red car and green colour is prefesked pink then the evaluation function
gives the following more informative answers fordregreen, and pink colours,
respectively: satisfied; not satisfied but bettert pink; and not satisfied and worse than
green. In even more advanced cases, the distarteedre values is measurable and
comparable. In such domains, the evaluation functian determine how much closer
one value is compared to another.

Below, we summarize the capabilities of the evadmatunctions in different types of
domain. Similarly to the domain numbering, the nentig of evaluation functions
represents specialization. The higher the number,nbre informative the evaluation
result.

1. Nominal domain — the evaluation function can ordgess if a goal is satisfied or

not.
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Partially ordered domain — in addition to the assent of satisfaction or non-
satisfaction, the evaluation function can producelitptive statements of the
kind closer, closest, further, and furthest for sarhthe values.

Ordinal — in addition to the assessment of sati&facor non-satisfaction, the
evaluation function can produce qualitative stateimef the kind closer, closest,
further, and furthest for all values.

Ordered Metric — in addition to the assessmenat$faction or non-satisfaction
of a goal and the qualitative analysis of a valire, evaluation function can
produce qualitative statements about the distalpeigeen some values.

Interval — in addition to the assessment of godisfeation, qualitative
statements about values and qualitative statemebisut distances, the
evaluation function can produce quantitative steteis about distances between
all values. (For example, the distance between padicular values is this
much.)

Ratio — in addition to the assessment of goal fsation, qualitative statements
about values, and quantitative statements abotandies, the evaluation function
can produce quantitative statements about all gal{f®r example, value one is
this much times bigger then value two.)

The two classifications, finite vs. infinite and diste vs. continuous, are orthogonal to
the six types of domains listed above and do rfetathe evaluation function.

2.4 Examples
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The goal isTo paint the car red. The variable iSCar colour. The domain is
nominal and contains the following valugsnk, green, blue, and red. The
evaluation function is defined by following staterte about the goal
satisfaction:

if the colour isred the goal is satisfied;

if the colour ispink the goal is not satisfied,;

if the colour isgreen the goal is not satisfied; and

if the colour isblue the goal is not satisfied.

The goal isTo paint the car red. The variable iSCar colour. The domain is
partially ordered and contains the following valireshe following orderpink <
green, blue < red (< represents preference.) The evaluation fundsodefined
by the following statements about the goal satt&fac

if the colour isred the goal is satisfied;

if the colour ispink the goal is not satisfied and the desired valdlkadurthest;
if the colour isgreen the goal is not satisfied, it is closer to theiabs value
compare topink, it is closest to the desired value and its clesenis
incomparable with that dflue; and

if the colour isblue the goal is not satisfied, it is closer to the ik value
compare topink, it is closest to the desired value and its clesenis
incomparable with that afreen.
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The goal isTo paint the car red. The variable iSCar colour. The domain is
ordinal and contains the following values in th#édi@ing order:pink < green <
blue < red (< represents preference.) The evaluation functodefined by the
following statements about the goal satisfaction:

if the colour isred the goal is satisfied;

if the colour ispink the goal is not satisfied and the desired valdkddgurthest;

if the colour isgreen the goal is not satisfied, it is closer to theids value
compare tgink, but it is further compare taue; and

if the colour isblue the goal is not satisfied, it is closer to the ik value
compare tink andgreen, and it is the closest to the desired value.

The goal isTo paint the car red. The variable iCar colour. The domain is an
ordered metric defined with one-to-one mapping whih Natural numbergink
maps to5, green maps to45, blue maps t096 and red maps t0110. The
evaluation function is defined by the following tetments about the goal
satisfaction:

if the colour isred the goal is satisfied;

if the colour ispink the goal is not satisfied, the desired value ésftiithest and
the distance is 105;

if the colour isgreen the goal is not satisfied, onlgink is further from the
desired value, it is closer fmnk than to the desired value, the distance to the
desired value is 65; and

if the colour isblue the goal is not satisfied, it is closer to theimbek value
compare tguink andgreen with 91 and 51, respectively, and it is closestht®
desired value.

The goal isTo take 51% of the global multi-media market of content provision in

2 years time. The variable ismarket share. The domain is a ratio with real
numbers from 0 to 100. The evaluation function ifingel by the following
statements about the goal satisfaction:

if the market share is greater or equal to 51% thergoal is achieved; and

if the market share is less than 51% then the igo®dt achieved.

The goal isTo get certificate 1SO 9000.1. The variable ispossession of a
certificate. The domain is nominal. The evaluation function éirted by the
following statements about the goal satisfaction:

if the value is true then the goal is satisfied] an

if the value is false then the goal is not sattkfie

The goal isTo offer customer support to 93% of my clients. The variable is
percent of clients. The domain is a ratio with the real numbers fin 100. The
evaluation function is defined by the following tet@ments about the goal
satisfaction:

if the value is 93%z=1 then the goal is satisfien a

49



Chapter IV Goal-modelling

« if the value is greater than 94 or less than 92gih& is not satisfied and the
distance to the goal in number of clients can Heutated with the following
formula: |achieved percentage-93|*all clients/100.

2.5Implication for Goal Model Analysis

Depending on the domain of the goal variable aedetraluation function, different types
of analysis can be performed on the goal mod¢hdfdomain of the goal variable cannot
express the stakeholders’ preference order ovewdhiable values then the analysis is
limited to yes/no answers to the goal satisfactjoiestion. In case the domain has a
partial order, a more informative analysis can kfqgymed, namely a qualitative
analysis. The evaluation function can compare sdtikeeovalue of the variable and tell
which one is closer to the desired value. Finalguantitative analysis can be performed
in a domain with metric. In such cases, the evaladtnction can tell how far off target
one is with respect to the goal. The examples B, ahd 4, related to the same goal but
with different domains and evaluation results, shoow the details produced by the
evaluation function increase with the choice ohdable domain.

3 Relations between Goals

In the previous section, we discuss the structdira single goal. With the proposed
operationalization, one can make a goal expliciatoertain extent. However, this may
not be sufficient in case the goal is too generabo abstract, or too complex. Such a
goal is usually represented by a variable and afuation function that are too complex
to be useful. A common-sense strategy to solvegtoblem is the divide and conquer
approach. Under the assumption that concrete goalsasier to reason about, a complex
goal is divided into simpler sub-goals. In suchegdle evaluation of the complex goal is
performed based on the sub-goals and their rekttipa with the complex goal.

The relationships between a complex goal and thesidiv of sub-goals are not the
only type of relationship between goals. In genaelhtionships explicate dependencies
between goals. Thus, they also model overlap, imbndIr reinforcement between goals.

In this section, we describe the types of relatijpswe use. As goals are represented
by variables, the goal relationships are definedetetionships between variables. That
is, a dependency relationship between goals isieléfas a causal relationship between
the variables representing the goals.

3.1 Causal Relationships

Two goals are related if there is a causal relatinbetween the variables representing
them. Two variables are causally related if a changke value of one of them results in

a change of the value of the other one. Causaliarthips are asymmetric. The variable
that causes the effect is called an independerghlar(1V); respectively, the variable that

is affected is called a dependent variable (DV).
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3 Relations between Goals

A causal relationship between two variables isidiff to establish [14: pp. 142—
151]. To the best of our knowledge, we assume taekdionships coming from laws of
nature (we believe that something happens accotditize norm until we find a counter
example) or empirically validated hypothesis (wesetve that a relationship holds in
sufficiently many real world examples.)

3.2 Types of Causal Relationships

Figure IV-1 shows an example of two goad, andGo, and two variables, IV1 and DV.
The independent variable V1 represents the @gdaland the dependent variable DV
represents the goalo. IV1 and DV are related with an asymmetric caustdtionship
which can have several interpretations as a gdatioaship (the dashed line in Figure
IV-1.) The goal relationship has a direction whiapeats the direction of the causal
relationship. For ease of reference, we call thal,gehose variable causes the effect, a
tail goal and we call the goal, whose variablefiected, a head goal (see Figure 1V-1.)

tail goal CC? ””””””” head goal

represents represents
independent variable V1 cause dependent variable

Figure IV-1. Causal relations between two variables

Asymmetric causal relationships manifest themseineseveral different types in the
universe of discourse of goal satisfaction. Basadth® interpretation of the variable
values in terms of goal satisfaction, we distinguta/o types of asymmetric causal
relationships.

» Determinative. This is a causal relationship from V1 to DV whibtlas the
following property: a value of the independent ahte V1 (see Figure IV-1)
that satisfies goaG1 causes a value for the dependent variable DV which
satisfies goalGo. (There exists a value that causes satisfactiorng T
interpretation as a goal relationship is: the &atison of goalG1 results in the
satisfaction of goato.

e Influential. This is also a causal relationship from V1 to DUt it has the
following property: none of the values of the indegent variable IV1 causes a
value for the dependent variable DV which satisfiesl Go. (There is not a
value that causes satisfaction.) The interpretadi®ra goal relationship is: the
satisfaction of goaé1 does not result in the satisfaction of ggal There is a
causal relationship across the variables, but gatdfaction does not propagate
along this relationship.

Figure IV-1 contains only two goals and, respesyiy shows one independent and
one dependent variable. Often, a goal depends am than one goal. In such a case,
more than one independent variable affects a sidgfgendent variable. Figure V-2
illustrates this. The goao (the head) depends on goals andG2 (the tails). The head
is represented by a dependent variable DV; the &ié representing by independent

51



Chapter IV Goal-modelling

variables IV1 and IV2, respectively f@1 andG2. It is important to note that goata
andG2 are not related. Correspondingly, variables IVd B2 are not related.

head goal
tail goal <(? 7777777 4 ——————— C? tail goal
represents represents represents
independent variable cause DV | cause v2 independent variable

dependent variable

Figure IV-2. Causal relations among three variables

Causal relationships manifest themselves diffeyeintlthe universe of discourse of
goal satisfaction if they affect a single dependeamtable. Based on the interpretation of
variable values, we classify a group of causatigrahips asndividual or collective.

e Individual. A group of causal relationships are classifieihdssidual if none of
the independent variable can cause a better valterms of goal satisfaction if
acting in combination with another independentalzg.

e Caollective. A group of causal relationships are classified¢@tective if none of
the independent variable can cause in isolatiogcasl value in terms of goal
satisfaction as if acting together with the ottmeteipendent variable.

The two classifications are orthogonal. A causaltie@hship can be determinative or
influential and, in addition to that, individual @ollective. (The second classification
makes sense only as a part of a group.) The comlgiaedifications have the following
meaning:

« Individually determinative — each relationship from the group independently o
the other relationships affects the dependent blerias an only determinative
relationship.

e Individually influential — each relationship from the group independenitlthe
other relationships affects the dependent variadde an only influential
relationship.

e Collectively determinative — only all relationships from the group togethifect
the dependent variable as a single determinatiliorship. Independently of
the other relationships, each relationship is dy oriluential relationship. The
latter holds with exception of the special case wiadl other independent
variables evaluate to satisfaction. Then the @tatiip is determinative.

e Collectively influential — each relationship, independently or with theecghis
only an influential relationship.

3.3 Types of Goal Relationships

The different types of causal relationships havéedbht interpretations as relationships
between goals. We distinguish between three tydegoal relationships, namely:

decomposition, substitution and dependency. Table V-1 defines the correspondence
between causal and goal relationships. The firtingo shows the number of causal
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relationships (assuming that the many causal oglsliips share one dependent variable.)
The second and the third columns contain the tyfesaosal relationships and goal
relationships, respectively. Further below, we ekpkach of the goal relationships.

Table IV-1. Types of causal and goal relationships

Number of Type of causal relationship between Type of goal

causal variables relationship

relationships

1 Determinative Substitution
Influential Dependency

>1 All are Individually determinative Substitution
All are Individually influential Dependency
All are Collectively determinative Decomposition
All are Collectively influential Dependency

Only some are Individually
determinative
Only some are Collectively
determinative
Some are Individually influential and |Dependency
some are Collectively influential

3.4 Substitution Relationship

A substitution relationship means that the plaaafons to achieve the head goal can be
replaced with a plan of actions to achieve a tadlgi.e., achieving any of the tail goals
guarantees the satisfaction of the head goal.

Table IV-1 defines the substitution relationship dshoon causal relationships. It
contains two definitions of substitution. The firshe is based on a single isolated
determinative causal relationship; where the sedsrzhsed on a group of individually
determinative causal relationships. The latter sotes the former. The definition
requires (1) that every causal relationship haddodeterminative and (2) that every
causal relationship has to act independently of ditieers. This guarantees that the
satisfaction values of only one of the tail goall @ause a satisfaction value for the head
goal.

From a goal satisfaction point of view, a subdtitutrelationship is a relationship
between a single goal and an arbitrary number loérogoals, the satisfaction of any of
which guarantees the satisfaction of the singlé.goa

Figure IV-3. illustrates through an example theuwlsnotation for representing
substitution. The relationship between tail goatsl she head goal is expressed with
arrows from the tail goals pointing at a circlettanotes the type of relationship with *
letter in it. The circle is connected with a lineth® head goal. From the example goals
on the right-hand side of Figure IV-3., one can 8e# the goalco can be achieved
through two alternatives, goata andG2.
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@ GO - To offer customer support to 100% of my clients
G1 — To form a new department
e G2 — To outsource

Figure IV-3. Example of substitution relationship

3.5 Decomposition Relationship

A decomposition relationship means that the plaaations to achieve the head goal can
be replaced with plans of actions to achieve dlldgeals: i.e., achieving all tail goals
guarantees the satisfaction of the head goal.

Table V-1 defines the decomposition relationshiptloe basis of causal relationships.
It contains one definition which is based on a grofi collectively determinative causal
relationships. The definition requires that everyusz relationship is collectively
determinative. This guarantees that the satisfactadnes of all tail goals will cause a
satisfaction value for the head goal.

The difference between a substitution and decomipnosielationships is that the tail
goals in a substitution relationship can separajarantee satisfaction of the head goal,
whereas the tail goals in a decomposition relatigngan only jointly guarantee the
satisfaction of the head goal.

A decomposition relationship is a breakdown of algoto a number of sub-goals.
The newly introduced sub-goals jointly fully replabe original goal.

Figure 1V-4. illustrates through an example theusisnotation for representing goal
decomposition. The relationship between the taillgead the head goal is expressed
with lines from the tail goals to a circle that d&gs the type of relationship witt' ‘letter
in it. The circle is connected with the decomposedl gvith an arrow pointing at the
goal. From the example goals on the right-hand sfdégure IV-4., one can see that the
goalGo can be achieved only if both go&ls andG2 are achieved.

GO — To offer customer support to 100% of my clients

G1 — To train employees
@ G2 — To have 5 employees in the call center

Figure IV-4. Example of decomposition relationship
3.6 Dependency Relationship

A dependency relationship means that the headigadlected from the plans of actions
to achieve the tail goals but never fully satisfied., achieving the tail goal changes the
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head goal but does not result in the satisfactidhe@head goal. The effect of a tail goal
may even be harmful to the satisfaction of the hogzad.

The dependency relationship is meaningful to defimdy if the head goal is
represented by a variable domain different from imai This restriction comes from the
general requirement for detecting a relationsHipre is a relationship if the evaluation
function of the head goal can distinguish betwdeneffects caused by the value of the
tail goal. In a dependency relationship where thadnhgoal is represented by a nominal
domain, the resulting value of a head goal evatuatlbvays to non-satisfaction.
Therefore, we assume that the head goal involvea dependency relationship is not
modelled with a nominal domain.

Table IV-1 defines the dependency relationship enhihisis of causal relationships. It
contains four definitions all of which include oniyfluential causal relationships. The
definition requires that no determinative relatitips constitute a dependency
relationship. This is a premise for the non-satisfa of the head goal.

As mentioned above, the dependency relationshigveaael harmful influences. This
is an important feature, as the other two relatigpss cannot model that. Therefore, we
distinguish between two types of dependency relatigps: apositive dependency
relationship and anegative dependency relationship. A positive dependency relationship
means that the closer to satisfaction the goal icguthe effect is, the closer to
satisfaction the affected goal is. Correspondinglynegative dependency relationship
means that the closer to satisfaction the goalicguthe effect is, the further from
satisfaction the affected goal is.

A dependency relationship is a weaker relationghipomparison to substitution or
decomposition. It cannot guarantee satisfactiothefhead goal under any conditions.
Still, the relationship is useful to model qualitatrelationships or ones without enough
knowledge for the actual causal relationship betwesiables.

Another distinctive property of the dependency treteship is that it can express
negative influencés Both substitution and decomposition include otdi} goals that
have positive influence on the head goal.

Figure IV-5 shows the visual notation for representdependency relationships. The
relationship between two goals is expressed withraow that originates in the goal that
causes the effect and points to the affected Jgdwadre are two types of arrowheads: a
solid arrowhead that denotes a relationship witkitp@ effect and a hollow arrowhead
that denotes a relationship with negative effeinithe example goals on the right-hand
side of Figure IV-5, one can see that the gamlis affected positively by goals1 and
G2, and negatively by gos3.

! A relationship with negative influence is conceplydifferent from a negated goal. Every goal ben
negated by reformulating it in such a way thatehaluation function is satisfied by values previgus
evaluating to non-satisfaction. A negative depengealationship will not turn into positive if thail goal is
negated. The rejection of the tail goal will notisfy or positively contribute to the satisfactiohthe head goal.
Any value of the tail goal will always, strongly weakly, negatively influence the head goal.
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G0 < C_G3 O GO - To offer customer support to 100% of my clients

G1 — To add troubleshooting section in the documentation
G2 — To implement on-line discussion forum

o o G3 — To reduce the number of supported languages

Figure IV-5. Example of dependency relationship

3.7 Restrictions on Goal Relations

For the purpose of our modelling needs, we find ghbstitution, decomposition, and
dependency types of relationships sufficient. Belaw survey the combinations of goal
relationships that we do not allow. We argue th#odluced constrains with the
interpretation of causal relationships betweenalzeis.

A goal may be a tail goal of any type of relatidpsand, in the general case, a single
goal may be a head of more than one type of gdatioaship. For the purpose of
conceptual clarity, we restrict a goal to be a headnly one type of relationship:
substitution, decomposition, or dependency. Tabld Iflects this restriction at causal
relationships level. It does not define goal relaships for the three cases of mixed
causal relationships.

1. A mixture of an individually determinative causatlationship and any
influential causal relationship would translate siabstitution and dependency
relationships with a single head goal. Figure 1\(&).shows an example of such
a case. A goato is dependent on a goaB and at the same time substituted by
goals G1 or G2. The work-around solution to dependency and suwitistit
relationships sharing a single head goal is torassthat the tail goal of the
dependency relationship will also affect the substig goals. The assumption
allows us to transfer the dependency relationshipe substituting goals. Figure
IV-6. (b) illustrates the outcome, where gaal affects goals1 andG2 instead

of Go.
a) @‘ b) @ ?goz/JgfogircﬁgﬁttcS)mer support to
G1 - To form a new department
e e G2 - To outsource
@ @ G3 - To reduce operations costs

et &> @@

Figure IV-6. Example of mixed individually determative and influential causal relationships: (a)
— an invalid model with mixed relationships; anyi{ta valid model, result of a work-around

2. A mixture of individually determinative and collaaly determinative causal
relationships would translate to substitution aretainposition relationships
with a single head goal. Figure IV-7 (a) shows zaneple of such a case. A goal
GO can be substituted by goadd andG2 or by goalsG3 andG4. The work-
around solution is to introduce superficial intediaey goals, see Figure IV-7

56



3 Relations between Goals

(b). GoalsGs andGe6 represent two alternatives for achieving gealand they
are composed of the previously sub-goale®f

a) @ GO - To offer customer support to 100% of my clients
G1 - To train employees
. G2 —To have 5 employees in the call center

G3 - To forward complains to a third party company

o @ @ o G4 - To disclose product details

b) @ GO - To offer customer support to 100% of my clients
G1 - To train employees
e G2 —To have 5 employees in the call center

G4 — To disclose product details

@ @ G3 - To forward complains to a third party company

G5 — To form a new department

(d)
@ o @ @ G6 — To outsource

Figure IV-7. Example of mixed individually deterraitive and collectively determinative causal
relationships: (a) — an invalid model with mixetht®mnships; and (b) — a valid model, result of a
work-around

3. A mixture of a collectively determinative causdat®mnship and any influential
causal relationship would translate to decompasitiand dependency
relationships with a single head goal. Figure IYa shows an example of such
a case. A goato is dependent on a goaB and at the same time decomposed to
goalsG1 or G2. The work-around solution to dependency and decsitipo
relationships sharing a single head goal is tomesthat the tail goal of the
dependency relationship will also affect the sublgoThe assumption allows us
to transfer the dependency relationship to the gadls. Figure V-8 (b)
illustrates the outcome, where g@a affects goal&s1 andG2 instead ofGo.

GO — To offer customer support to

a) @‘ b) 100% of my clients

G1 - To train employees

G2 — To have 5 employees in the
@ 0 call center

@ @ G3 — To reduce operations costs
W N2
Figure IV-8. Example of mixed collectively deterrative and influential causal relationships: (a) —

an invalid model with mixed relationships; and{» valid model, result of a work-around

To this end, we restricted the type of relationshipsvhich a single goal is a head.
With the same purpose of conceptual clarity in ming restrict the cardinality of
relationships. This is as following: a goal is a deaf (1) only one substitution
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relationship or (2) only one decomposition relasioip. The dependency relationships are
not restricted.

The first restriction, on the cardinality of the stitution relationship, is only
notational. Two separately modelled substitutidatrenships have the same meaning as
one relationship with a union of the alternativéie cardinality of decomposition
relationships can be avoided introducing supetfigidermediary goals (the same
approach as described in Figure 1V-7), even if &-goal takes part in several
decompositions.

These restrictions do not limit the expressivenésiseomodelling approach.

4 Goal Model

A requirements goal model represents a state ofvtirél that a person or organization
wants to achieve. This is captured in one or séggrals which we call top-level goals
Top-level goals are further clarified by either ditbing them with goals that are more
comprehensible or by decomposing them in measugalflegoals. Each top-level goal is
potentially a root of a substitution or decompasitiree; thus, a goal model is, in the
general case, farest.

In contrast to the regular structure resulting fraime substitution and the
decomposition, the dependency relationship doegofiotv a hierarchical structure. The
dependency relationship is binary, can originatenfrevery goal and can (complying
with the restrictions) link to an arbitrary goaltime model. The dependency relationship
appears between branches in one tree and betwaenfigom different trees in the forest.
Thus, a goal model is graph structure consisting of: at least one top-levehlgo
substitution and decomposition relationships fogrirees, and dependency relationships
linking branches and trees.

The goal relationships are asymmetric, which tuhes goal model into airected
graph. As there are no constrains on the chain of miahips, there is a possibility of
cycles occurring in the graph structure. The existencecyafles is apparent from the
example in Figure IV-9 which we discuss next. Imsuary, a goal model is directed
graph that may contain cycles.

! The top-level goals are determined by the stakigslof the system under development. They reprasen
concise form what the system has to achieve. Treethe starting point for the development of thalgonodel.
Top-level goals have no implication on the struetor semantics of the goal model. We use themdsiee
navigation and explanation of the goal model.
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GO — To offer customer support to 100% of my
clients

G1 — To protect product information

G2 —To form a new department

G3 - To outsource

G4 — To support 5 languages

G5 — To train employees

G6 — To have 5 employees in the call center

G7 - To forward complains to a third-party company
G8 — To monitor third-party performance

G9 — To disclose product details

G10 - To translate FAQ to 10 languages

G11 -To create and maintain a FAQ section

G12 - To reduce the number of supported languages

G13 —To add troubleshooting section in the
documentation

G14 - To implement on-line discussion forum
G15 - To reduce call center costs

Figure IV-9. Example of a goal model

Figure IV-9 presents an example goal model, wherdia various possible
relationships between goals are shown. (The graphiodelling notation is given in
Appendix C Goal Modelling Notation.) The model hagee top-level goalss0, G1 and
G15. Following the textual description to the righttire figure, one can see that gaal
can be achieved by two alternative paths: eithbieaingG2 or G3. BothG2 andG3 are
too complex to be assessed directly; therefore, tieed to be decomposed into the sub-
goals fromG4 to G9. GoalG15 is different because its fulfilment cannot be gureed.
This is captured by dependency relationships with rést of the model. Go@1 is
interesting with the cyclic dependency relationshifth goal G9. The two goals
negatively influence each other and need a trafiésofletermine an optimal solution.
The remaining dependency relationships show the rgynépositive effect) and
contradictions (negative effect) between goals.I$623, G10 andG11 show that a root
of decomposition tree can be any goal, not onlypalével one.

Labelling some of the goals as top-level goals |ldgadthe introduction of levels of
abstraction in a goal model. For easy navigatisoufph the model, we assume that the
top-level goals are the most abstract ones. Clagfghe top-level goals with related
goals refines the top-level goals to less abstyaats. A leaf-goalis a goal that is not a
head in any relationship. This means that the deals are the finest refinement of the
top-level goals.

Capability models use also the notion of top-lesagbability, abstraction levels, and
leaf-capabilities. Correspondingly to the requiratsegoal model, a top-level capability
is a capability chosen by a person to represenintist important capability of an exiting
phenomenon. A leaf-capability is a capability tiabnly tail in its relationships with
other capabilities.

! A top-level goal and a leaf-goal are not opposiéebusiness analyst chooses a goal to be a tagp-laveaf-
goal can be a top-level goal. A leaf-goal is a dbat is not influenced by any other goal becatisednly a tail
in its relationships
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5 Satisfaction Calculation

We use a requirements goal model to evaluate tieagdion of a specific goal, usually a

top-level goal. This is done by applying the evaarafunction on the goal variable. The

goals of a requirement model do not have assigraddes. They receive these from

matching capability models of patterns. The probigiihat capabilities rarely match top-

level goals. At a certain stage, we know the valisome of the goal variables, usually
leaf-goals. In order to compute the value of aleM@l variable, we have to propagate the
known values using the relations among goals. Téasan describes how this is done.

The variables of some goals receive their valuemast data for the goal model.
(They cannot change these initial values duringetheduation process.) The rest of the
variables get their values as result of calculafiom already known values. In a single
relationship, the value of the variable representime head goal is calculated from the
values of the variables of the tail goals, assuntimg variables of the tail goals are
known.

A single relationship includes several alternativays to calculate the value of the
head goal. For example, a substitution relationgimigfudes tail goals, the variables of
which individually cause the effects on the vamabf the head goal. That is, a single tail
goal is sufficient to calculate the value of theadhegoal. In the particular case of
substitution relationship, the number of possiblysvto calculate the value of the head
goal is equal to the number of tail goals. In gahethe possible ways to calculate the
value of the head goal is equal to the number ofldpnations of 1 to n elements, where n
is the number of tail goals. We denote the altéraatiays for value calculation witdt.
The maximum number of alternatives is given by tilewing formula:

Every relationship is associated with a value pragiag functionVPF that calculates
the value of the head goal. TWBFs are unique for every relationship; nevertheldssy
share common properties. Before we discuss thesdntrnoduce the notation we use.
Figure 1V-10 shows the three types of relationsh{g$ substitution, (b) decomposition
and (c) dependency. Every goal in the relationskigpannotated additionally with a
variable that represents the goal. Further, wer nefehe goals and variables with the
symbols from the figure. For every type of relasbip:

« the head goal is denoted witio;

« the dependent variable represeni@ais denoted with y;

« the tail goals are denoted wii1, G2,..., Gn;

< the independent variables representdlg G2,..., Gn are denoted with;xxs,...,
Xn, respectively;

¢ nis the number of tail goals in the relationship.
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XD S b 60,y 9
R
(s) §
GLxo G20 Grxo  GLxD @2x>  Gnxo  GLxD (2% G XD
Figure IV-10. Abstract propagation functions: (aubstitution propagation function; (b) —
decomposition propagation function; and (c) — delpecy propagation function

The form of the value propagation functigRF for every type of relationship is:
y =VPF (X, X, ,..., X, alt).

In general, the/PF depends on all independent variables represetdihgoals and on
the particular combination of tail goal taking piarthe calculation. An alternative way to
represent the value propagation function is

f,(XseennX ), @IL =1
fo (X, X)), alt =2

f (X X)), @lt =m
where:
- f,f,,... 1, are total single-valued multivariate functionsresenting a law

of nature, empirical equation or any other formihlat holds in the universe of
discourse of the particular modelled system. (Toidiconfusion with the value
propagation functionVPF, these functions are referred to as alternative
propagation functiodPF;)
e kI, p, q,s, and t are indexes from 1 to n regméeg an arbitrary number of
function arguments; and
. nl
e m is an arbitrary number from 1 t(i— representing the last
=k (n-k)
alternative for the particular relationship.
The general form of the value propagation functierfurther specialized for every
type of goal relationship.

5.1 Identification of Propagation Functions

The propagation functions are causal laws in aqdsai domain. They encode domain
and business knowledge. A domain expert, suppdied knowledge engineer and a
business analyst, should formulate the propagétioctions.

The identification of the propagation functions @ an easy matter because this is
done before a business is started. For some ofutitions the existing domain and
business knowledge may not be enough. Additionséarh or forecasting may be
required.
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5.2 Substitution Propagation Function

A substitution relationship offers one or more ralttives to achieve a goal. Each
alternative is a single tail goal and it is anatyseparately. The implication for the value
propagation is that only one of the tail goals datees the value of the substituted goal.
Therefore, the value propagation functidfPF consists of as many alternative
propagation function8PFs as the number of tail goals.

The VPF for a substitution relationship is defined witte tollowing formula

fsul, (%), alt =1
fsub, (x,), alt = 2

fsub, (x,),alt =n

where:
« fsubis an alternative propagation function of a siragigument; and
« the number of alternative propagation functiongdgsial to the number of tail
goals n.

Example of Substitution Propagation Function. Let us assume that we have a geal
that is related with two other goada andG2 with a substitution relationship (see Figure
IV-3.). The three goals are operationalized witk fbllowing variables and domains.
(The evaluation functions are not specified bec#tusg are irrelevant for the propagation
of values.)

1. Goal GO: To offer customer support to 100% of ngrdk.

* goal variable: y — number of clients

« variable domain: natural numbers

2. Goal G1: To form new department

e goal variable: x— number of trained employees

e variable domain: [0 .. 10]

3. Goal G2: To outsource

e goal variable: x— number of forwarded calls

« variable domain: natural numbers
As an example of a value propagation function assigo the substitution relationship
we take:

(allclients — callclients) + callclients,/x, /10, alt =1

(allclients - callclients) + x,, alt = 2

where:
« allclientsis a constant representing the number of clidtstvalue is 1000;
« callclients is a constant that represents the number of slietth problems that
call for help. Its value is 320;

« /1/10is arbitrary chosen as an example.
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5 Satisfaction Calculation

Alternative One. In case goa&1 is selected for analysis, the propagation functmorthe
substitution relationship is

y = fsub, (x,) = (allclients - callclients) + callclients,/x, /10.

Figure IV-11 presents the propagation functionsheffirst alternative. It shows that all
clients will be offered customer support when Hirtied employees take their calls.

1050
1000 | —

950 ~ ]
900

850

800

number of clients

750 -

700 -

650

0 1 2 3 4 5 6 7 8 9 10
number of trained employees

Figure IV-11. Example of a substitution propagafienction for alternative one

Alternative Two. In case goat2 is selected for analysis, the propagation funciirthe
substitution relationship is

y = fsub,(x,) = (allclients — callclients) + x, .
Figure 1V-12 presents the propagation functionshef second alternative. It shows that
the insourcing company has unlimited capacity aavd serve all forwarded call. For the

outsourcing company, the number of helped clietibearly dependent on the number of
forwarded call.
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1050
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Figure IV-12. Example of a substitution propagationction for alternative two

5.3 Decomposition Propagation Function

A decomposition relationship is a substitution o$iagle goal by a collection of sub-
goals. The sub-goal can achieve the decomposedogbajointly. The implication for
the value propagation function is that it consistsa single alternative propagation
function that dependent on all tail goal variables.

The VPF for a decomposition relationship is defined wthik following formula

y =VPF (X, X,,...,%, 1) = fdec(x,, X,,...,X, ).,
where:

« fdecis an alternative propagation function of n argntegand
< the number of alternative propagation functionk.is

Example of Decomposition Propagation Function. Let us assume that we have a gaal
that is related with two other goatsl and G2 with a decomposition relationship (see
Figure IV-4.). The three goals are operationalizeith whe following variables and
domains. (The evaluation functions are not specifiedause they are irrelevant for the
propagation of values.)

1. Goal GO: To offer customer support to 100% of mgrdbk

e goal variable: y — percent of clients

« variable domain: real number from 0 to 100

2. Goal G1: To train employees

e goal variable: x— trained

e variable domain: Boolean

3. Goal G2: To have 5 employees in the call centre

e goal variable: x— number of employees

e variable domain: [0 .. 5]
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5 Satisfaction Calculation

As an example of a value propagation function a&slgto the decomposition
relationship we take:

100(a||c|ients—cal|c|ients+ caIIcIient&/xz/S)/aIIclients, X, =true
100(allclients - callclients)/allclients, x, = false

« allclientsis a constant representing the number of clidtgsalue is 1000;
e callclientsis a constant that represents the number of sliefth problems that
call for help. Its value is 320;

. 1/21/5 is arbitrary chosen as an example.

Figure 1V-13 presents the propagation functionsisita function of two variables
presented in a two-dimensional diagram. The diagramtains two lines to represent the
dimension of the Boolean variable ¥igure IV-13 shows that without trained employees
the percentage of helped clients remains 68%; walseiiethe employees are trained the
percentage increases with the number of employees.

\— - not trained —trained\

100
ﬂ /
5 90-
©
5
< 80 -
2
5 /
o
70 7 . ___ o
60
0 1 2 3 4 5

number of employees

Figure IV-13. Example of a decomposition propagafimction

5.4 Dependency Propagation Function

A dependency relationship offers one or more adtives to influence a goal. Each
alternative is made of one or more tail goals amslanalyzed separately. The implication
for the value propagation is that one or more ¢mibls determine the value of the
substituted goal. Therefore, the value propagatimetfon VPF may consist of as many
alternative propagation functiod®Fs as the number of combinations of tail goals.
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Chapter IV Goal-modelling

One difference between the dependency relationahigb the other two is in the
uncertainty of head goal satisfaction: the headsgmasubstitution and decomposition
relationships can be satisfied under certain carditholding for the tail goals; whereas,
the satisfaction of the head goal in a dependeglegionship cannot be guaranteed under
any conditions on the tail goals.

The dependency relationship stands in-between thengeosition and the substitution
relationships. That is, a single tail goal can aca @ubstitution goal but cannot guarantee
the satisfaction of the head goal. Correspondirglgroup of dependency tail goals can
jointly affect the head goal such as a decompasitatationship but not be able to cause
the head goal satisfaction. Additionally, a siniglié goal can be part of several groups of
jointly acting dependency relationships. Therefdhe, value propagation functiorPF
consists of an arbitrary number of alternative pgation function$\PFs.

The VPF for a dependency relationship has the general &@dPF. It is defined with
the following formula:

fdep, (X,...,x ), alt =1
fdep, (X,,..., %), alt =2

fdep,,(X,-.-, X% ), alt =m
where:

« fdep is an alternative propagation function of an aaojit number of arguments;
and

« k.l are indexes of the elements of an arbitrary subkéte set of all tail goal
variablesp..q ands..t are the same kind of indexes.

e mis an arbitrary number between 1 and the maximumber of alternative
ways to propagate value in a relationship (disaliseethe beginning of the
section).

Despite the complex form of the value propagatiamcfion, it is rare to have it in full
length. The goal model analyst aims for simpliciberefore, it is uncommon to overload
the dependency relationships in such a way. Mesjuintly, the dependency relation
looks such as a decomposition relation, with omermhtive propagation function on all
variables

y = fdep(x,, %,,....x, ).
Another common form of the dependency propagationction looks such as a
substitution relation, where every tail goal indegently of the others influences the
head goal

fdep,(x,),alt =1
fdep,(x,),alt =2
fdep, (x,),alt =n

There is no difference in the form of the last twariations of the dependency
propagation function, and the substitution and dgmusition propagation functions. The
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5 Satisfaction Calculation

difference is in the propagated values. The depayd¢RF does not guarantee that the
propagated value will evaluate to satisfaction.

Example of Dependency Propagation Function. Let us assume that we have a geal
that is related with two other goada andG2 with a dependency relationship (see Figure
IV-5; goal G3 is not part of the example). The three goals aeraipnalized with the
following variables and domains. (The evaluationclions are not specified because
they are irrelevant for the propagation of values.)

1. Goal GO: To offer customer support to 100% of nigrik

e goal variable: y — percent of clients

» variable domain: real number from 0 to 100

2. Goal G1: To add troubleshooting section in the dusntation

» goal variable: x— number of questions and answers

» variable domain: Natural numbers

3. Goal G2: To implement an on-line discussion forum

» goal variable: x— number of topics

» variable domain: Natural numbers
As an example of a value propagation function assigto the dependency relationship
we take:

y =100(allclients - callclients + A(x, / FAQ)+ B(x, / topics))/allclients

where:
» allclientsis a constant representing the number of clidtgsalue is 1000;
» callclientsis a constant that represents the number of slieith problems that
call for help. Its value is 320;
* Ais a constant that represents the number of sleith problems that can help
themselves with FAQ. Its value is 120;
e FAQ is a constant that represents the number of qusstind answers included
in the troubleshooting section. It has value 35;
e B s a constant that represents the number of slefth problems that can help
themselves with an on-line discussion forum. Iisi®as 50;
» topicsis a constant that represents the number of tapias on-line discussion
forum. It has value 15.
Figure IV-14 presents the propagation functionsislia function of two variables
presented in a 3-D diagram. The figure shows thébih dimensions with the increase
of FAQ or topics the percentage of served cliemtsgases but cannot reach 100%.
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Figure IV-14. Example of a dependency propagatimttion

In this particular example, the dependency propagatfunctions cannot be
distinguished from decomposition propagation fumttiThe distinction is possible with
the evaluation functions. The dependency propagafioction will never (in this
example) propagate value that the evaluation fanctf the head goal evaluate to
satisfaction, where the decomposition propagatimetion will.

5.5 Propagation throughout the Model

The calculation of goal satisfaction throughoutii@del begins from the top-level goals;
there is at least one in every model. Usually,paléwel goal has relationships with other
goals always as a head goal. Thus, its value isrdeted from the values of the tail goals
in these relationships and one of the three tydeprapagation functions described
above. In case the values of the tail goals ar@awk, a recursive calculation is initiated
until goals with known values are reached.

In summary, the propagation of values follows tivealion of the relationships in the
model, while the recursive calculation is triggerfedm a top-level goal and spread
opposing the direction of relationships. The apphoaorks as long as the model is an
acyclic directed graph. Next, we discuss the sattgfn propagation in cycles and show
that with a simple algorithm of remembering thedteid nodes the approach works also in
cyclic directed graphs.

5.6 Propagation in Cycles

Cycles may include an arbitrary number of goals ang type of relationships. We
discuss first the simple case of a two-goal cydkh wnly causal relationships; later, we
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5 Satisfaction Calculation

generalize. Figure 1V-15 presents an abstract eleaoifpa two-goal cycle. The value of
G1 is causally dependent on the valueG, which negative dependency propagation
function is captured by the functididep;. Similarly, G2 has a negative dependency
propagation function withg1, captured by the functiofdep,. The explanation below
uses the symbols from the figure.

fdep 2\

e fdep

Figure IV-15. Abstract example of a two-goal cywi¢h dependency relationships

The value of x (see Figure 1V-15) cannot be calculated becausedépendent on,x
which in turn is dependent on.XThe cyclic propagation must terminate and fonthlee
of x; this will stop if x=fdep,(fdep,(x,)); i.e., the compositiorfidep; fdep, of the two
propagation functions has a fixed point. Correspayly, the propagation value for, x
will stop if x,=fdep,(fdep,(xy)); i.e., the compositiofdep,e fdep; of the two propagation
functions has a fixed point. Usually, we calculdte fixed point of only one of the two
compositions, e.gfidep;e fdep,. In Annex - Fixed points on page 73, we prove that
existence of a fixed point for,;xfdep,(fdep,(x1)) is sufficient to guarantee the existence
of at least one fixed point for,xThus, the existence of a fixed point for one luf t
variables is sufficient to guarantee that the cyptopagation of values will terminate.

Let us assume that the calculation process needgthe ofG1 to propagate it to a
third goal not shown in Figure 1V-15. In the simgtlease, the value of; xs initially
given and we do not need to calculate it. In mam@glex cases though, the value gfsc
unknown. Moreover, the value of may be also unknown. Thus, there are four possible
scenarios:

* The value of xis given, while the value ofy,%s unknown. In this case, the
calculation may continue without taking into accotire goalc2. Nevertheless,
it must hold that x= fdep,(fdep,(x,)) to ensure that we have a correct model.

e The value of xis unknown but the value of is given. In this case, the value of
X; is calculated with thddep, function and checked for correctness with the
fdep2 function. That is, the value of;xis equal tofdep;(x;) and »=
fdep,(fdep;(x2)) must hold.

» The values of xand x% are given. In this case, the calculation may comi
without taking into account the goal2. Nevertheless, it must hold thai=x
fdep;(x2) and %= fdep,(x,) to ensure that the goal model is consistent.

» The values of bothxand % are unknown. In this case,fdep;° fdep, does not
have a fixed point then the goal model is wronddép,- fdep, has a single fixed
point then the value of;xs the fixed point. Finally, if thédep,> fdep, has more
than one fixed point then all possible values amesiered. The case in which
the values of bothpand % are unknown is feasible. Its occurrence is a igh
somewhere in the model a goal, which normally pitipagate a value to at least
one of the goals in the cycle, did not receivénisal value. The consequence of
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Chapter IV Goal-modelling

assuming a value determined by the fixed-pointwtaton is that such a value
may be practically not possible to achieve.

The same line of reasoning holds for cycles with enttian two goals and not only
dependency relationships. Figure 1V-16 shows atratisexample of a three-goal cycle
with one substitution and two dependency relatigpssiDepending on the values that are
given, we can (1) check the model with the givelues and (2) calculate the unknown
values. This is possible if one of the compositiofighe propagation functions has a
fixed point; e.g., x=fdep,(fdep(fsubs(x,))). The existence of a fixed point for one
composition is sufficient to guarantee the existent at least one fixed point for any
other composition. Annex - Fixed points on pag@i®/es that statement.

fdep
\

i @

fSUb3

9 fdep4
6L, x =

Figure IV-16. Abstract example of a three-goal eywith two dependency and a substitution
relationships

The same results can be generalized for cycles withtivariate propagation
functions. Figure IV-17. shows an abstract exampflea two-goal cycle with one
decomposition and one dependency relationshipnAble other cases, model checking
and calculation of values is possible if one of ttmmpositions of the propagation
functions has a fixed point, e.g.=fdep,(fdec,(a, x)). In Annex - Fixed points on page
73, we prove that the existence of a fixed point doe composition is sufficient to
guarantee the existence of at least one fixed poirdny other composition. That is, the
cyclic propagation of values terminates. In thetipalar case of cycles with multivariate
function, a fixed point has to be calculated foemvvalue of the variables not in the
cycle.

fdep

CGa > (GLx

Figure IV-17. Abstract example of a two-goal cywligh a dependency and a decomposition
relationships

70



5 Satisfaction Calculation

Example of Fixed Point Calculation. A proper propagation of values through the model
can be ensured if the propagation of values in dechias a fixed point. That is, (i)
starting with the value of a particular goal, filppagating that value through the cycle of
goals, and (iii) arriving at the original goal withfinal value, the initial and the final
value of the original goal are the same. Figurel8/shows a goal model where the fixed
point approach can be applied. Further in the examye focus on goale3 andG4 and
the dependency relationshifdeps andfdep,, between them.

G1 — To form a new department
G2 - To reduce call center costs
G3 — To increase foreign language support
G4 — To reduce number of desks

Figure IV-18. Example of a cycle

The two goalsG3 and G4 are operationalized with the following variablesda
domains. (The evaluation functions are not specifiedause they are irrelevant for the
propagation of values.)

1. Goal G3: To increase foreign language support
e goal variable: x— number of supported languages
» variable domain: Natural numbers
2. Goal G4: To reduce number of desks
e goal variable: x— number of desks
» variable domain: Natural numbers
The value propagation functions assigned to therdpey relationships are:

x, = fdep,(x,) =init_desks+6,/x,/8,

where:
» init_desksis a constant represent the starting number dfsdéts value is 1;

«  6,/1/8 is arbitrary chosen as an example;
and
Xy = fdepA(X3) =X

The graphical representation of the two propagafiorctions is given in Figure
IV-19. The fixed point is reached when the deskare 2 and the languagesare 4.
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—fdep3 —=fdep4

14

12

10

languages

desks

Figure IV-19. Example of a fixed point

6 Related work

Our goal models are theories about causal reldtippsamong goal variables. We use it
to represent requirements for or capabilities efstem. A requirements goal model has
evaluation functions assigned to variables tousiivhen a goal is achieved. A capability
goal model has values set to variables to tell histwan be achieved.

Goal-oriented requirements engineering (GORE) iaraa of research that uses goal
models to represent requirements at various denelap stages of a system. Below, we
review some of the approaches that share properibours.

i* [72] is a goal-modelling technique that focuses the ‘early-phase’ of the
requirements engineering. It is meant to answer th@wntended system would meet the
organizational goals, why the system is needed} al@rnatives might exist, what the
implications of the alternatives are for variougkstolders, and how the stakeholders’
interest and concerns might be addressed. Theitpehimcludes modelling concepts to
represent actors, tasks, resources, goals, angaalft, and relationships between these;
where soft-goals are those goals that are diffimulbbjectively specify and to measure.
Our approach includes actors, goals, and soft-gmatisioes not have a notion of tasks
and resources. The most important difference isiénrelations between goals. i* gives
means-to-achieve-an-end semantics to relationshipsveen goals; whereas, our
approach models causal relationships among thahlas operationalizing the goals.

TROPOS [11] is a project that researches, amongtiiee applicability of i* to
multi-agent systems. The project builds up on i* &R [43] reasoning with goals.
Giorgini, P. et. al. [24] propose a technique tasmn with partially satisfied goals. In
their quantitative approach, each goal is assignedlue from 0 to 1 to represent the
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evidence of satisfiability of a goal. The types efationships among goals are functions
that calculate the satisfiability evidence of hgadls from tail goals. Although we have a
similar approach to satisfaction calculation, wiediin the domain of value assigned to
goals and propagation functions. In TROPOS, evidefaatisfiability has a value from
0 to 1, which can be interpreted as, e.g., a pribtyalof a goal to be satisfied or
percentage of satisfaction. In our approach, gealables have a domain and value
corresponding to the goal that they operationalizes enables designers and specialists
to express and read their concerns in the partiddanain. Moreover, the evaluation
functions in our approach provide a measure o$fsatiion of goals. Consequently to the
choice of representing the values assigned to go&©POS has types of propagation
functions per goal relationship; i.e., each functtiobas a fixed formula per type of
relationship. In our approach, each relationship &gropagation function that matches
the causal relationship between the goal variables.

KAOS [36] is a framework for modelling, specifyingnd analysing requirements. It
uses temporal logic to classify goals and relatian®ong these. The goal modelling
refines goals to leaf-goals that are assignablactors and measurable. Using this, the
design method from system goals to software arctite [37] is analogous to our
approach of matching goals and pattern capabilige® for explanation Chapter V
Selection Procedure). Both match ability of an a¢io KAOS) or role (in a pattern
capability model from our approach) to satisfy atipalar goals. In an extension of the
KAOS method, Letier, E. and Lamsweerde van, A. [3%ppse an approach to
reasoning with partial goal satisfaction that sdethe direction taken in our goal-
modelling technique. The authors put forward a flization of goals with variables and
objective functions from the universe of discoutdethe goal. Further, they suggest
propagation functions assigned to relationshipsvéenh goals. In our approach, we
restrict the variables and objective (evaluationhctions to one and allow the
relationships to be not only a refinement betweealgy but any causal relationship
between the variables.

7 Summary

This chapter presented a goal modelling approachwbkause to represent stakeholder
requirements and capabilities of design patterhe.fEsulting goal and capability models
are used to select relevant pattern. This chaptgwers partially our research question
Q2.2.1: How to identify the relevant design patterns given a set of
requirements? The next chapter, Chapter V Selection Procedumjiges a selection
procedure, which completes the answeQgf2.1. It describes in details the application
of goal and capability models.

Annex - Fixed points

This appendix contains the formal proofs of foureatisns about the existence of fixed
points. The assertions are made about the valueggoalf variables in a cyclic value
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propagation relationship. The assertions coverscasth a varying number of goals in
the cycle and various types of relationships.

Assertion 1. If one of the variables in a two-gogtle has a fixed point value then the
other variable has at least one fixed point vafgemally:

[Xl Xi = 1:11:2()(1):> [XZ X2 = f2 fl(XZ)

Proof:
X = fl fz(x1) Q)
X, = 1,(%) @

f2 fl(XZ) (j) f2 fl fZ(XI)(T) fZ(XI)(; X2

Assertion 2. If one of the variables in a cyclehadirbitrary number of goals has a fixed
point value then any other variable has at leastfixed point value. Formally:

Ox, % = 6 flf () )= D ox = fuf fLf(x)

Proof:
x = ff,..f..f(x) )
X g fiTalx) @

f..f fl...fi_l(x)(; fi...fnfl...fi_lfi...fn(&)(f) fi...fn(><1)(§)>q

Assertions 1 and 2 assume that all value propagditioctions are functions on one
variable. Below, we relax this constrain and prassertions 1 in case of multivariate
functions. We assume assertions 2 also hold withmting it.

Assertion 3. In a two-goal cycle with multivarigieopagation functions, if one of the
goal variables has a fixed point value then themwogoal variable has at least one fixed
point value for particular values of the remainfagction variables. Formally:

0% % = (e, fBebi g, X b e by ) 8 ey ) =
, Wherea; ..
5 1% = F(b b1, Fu(@ysesBs X0, Bty ) s, )

a, andby_ by, are constant values assigned to function arguments

Proof:
X = fl(al,...,aH, fz(bl,...,bj_l,xl,bjﬂ,...,bm),ai+1,...,an) 1)
X, djf fz(bl,...,bj_l,Xl,bj+1""’bm) ?
; ___,bj_l,fl(ai,...,a,._l,xz,aﬂ,...,an),bj+1,...,bm)(§)

By Fu(Bens Ty (BB XDty B ) BB Dy ) 2

@
...,bj_l,xl,bjﬂ,...,bm); X,

=5 F
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Chapter V

Selection Procedure

Identifying Relevant Patterns by a Goal
Model of the Requirements

The chapter completes the answer of research quoegtic2.1, which also answers
research questioQ2.2. It describes our selection procedure for value gnocess
patterns. It begins with an example that is latseduas an illustration of the selection
procedure. The chapter presents the sequence of thipmakes the procedure, which
includes (1) the generation of all possible altéwes to satisfy the top-level goals in the
goal model of requirements, (2) matching capaeditof patterns and goals from the
model, (3) integrating the capability model of eachtching pattern into the goal model,
(4) propagation of satisfaction values from captdd to top-level goals, (5) rating the
alternative solutions made of various pattern comidns. Each step is explained in
detail and demonstrated with an example.

The bold font in the table below positions the cotgeof the chapter with respect to
the research questions and results.

Research questions Research results Thesis chapters

Q1: What is the design R1: two libraries of value Chapter II

knowledge in existing e- design patterns and process Design Knowledge in

business models? design pattern, correspondingly | Existing e-Business
Models

Q2: How to reuse design Chapter III

knowledge in the development Design Framework

process of an e-business for e-Business

specification? Models

Q2.1: What makes an e-
business specification?

Q2.1.1: How to check R5: a definition of consistency |Chapter VII
consistency between value | between value and process Consistency between
and process models? models, and a procedure to Value and Process
check the consistency criteria Models
Q2.2: What are the R2: a goal-modelling technique, | Chapter IV
relevant design patterns including propagation of Goal-modelling
for a particular design? satisfaction values Chapter V
Q2.2.1: How to identify |R3: a selection procedure Selection
the relevant design that identifies the most Procedure
patterns given a set of |relevant patterns for a
requirements? particular design given a set
of requirements
Q2.3: How to synthesize R4: a synthesis approach to Chapter VI
value and process models derive complete models from Synthesis of Value
from design patterns? patterns and Process Patterns
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Chapter V Selection Procedure

1 Introduction

A requirements goal model is independent of anygdetbat potentially realizes its goals.
We use requirements goal models as a computatiaotste to measure how well a
particular design satisfies the goals in the mo@leat is, goal models evaluate how well
design alternatives meet the expectations of #ieehblders.

A design alternative is a potential solution speatfon of the system under
development. It consists of design fragments edathach is selected to be a part of the
design alternative because it satisfies a goddergbal model.

Recalling from Chapter Il Design Knowledge in Ekigte-Business Models, Section
4 Documenting Patterns, patterns are design fratpraamotated with capability models
that represent what goals a fragment can achieddaw well. More, capability models
are goal models with values assigned the variablis.means that patterns are evaluated
as potential fragments to reuse based on theibdapanodels.

A pattern is selected to be a part of a designrradteve if a capability from its
capability model matches a goal from the requiredsig@al model. The matching goal
from the requirements goal model receives the valuthe matching capability. The
values from all selected patterns to be part oésigh alternative are propagated to the
top-level goals in the requirements goal model. désign alternative achieving the best
values for the top-level goals is chosen for furhmthesis into a solution specification.

The sequence of steps to select patterns as parés design alternative and to
determine the best alternatives is called a selegiocedure This chapter describes this
selection procedure.

2 The Running Example

For explanation purposes, we present an example whgch we use throughout this
chapter. The case is about a business, e.g. aaeftsompany, that produces a certain
product. The business wants to develop an onlinedymt support system. The
stakeholders capture their requirements in a reménts goal model. Additionally, the
designers use a library containing three desiggnfemts. Each design fragment is
represented by its capability model. The intentisntd reuse the existing design
knowledge in the new design by selecting appropfiggments from the library.

Figure V-1 shows the goal model of the system urdievelopment. The most
important requirement is captured in the top-ley@hl G1: To offer online technical
support. The goalG1 is decomposed into three sub-goals, the first bicly G2, is
dependent on two other go&3s andG4. The second sub-goal of ga@l, G5, is further
decomposed into two sub-goatss, andG7. The last of the sub-goals of gal, G8, is
not related to other goals.

! The termprocedure is intentionally chosen to avoid overloading teeriprocess as it is used with another
meaning throughout this dissertation.

76



2 The Running Example

@ G1: To offer online technical support
G2: To support troubleshooting
@ G3: To maintain FAQ

G4: To maintain an active forum for clients

(G2 > (G5 > G8 )  GS: To publish online documentation

G6: To support keyword search
@ G7: To perform weekly updates
G8: To have 24/7 online instant messaging

Figure V-1. Requirements goal model of the runrérgmple
The goals from the goal model are operationalize@gsigning a variable to each of
them. Table V-1 presents the goals, the goal vasakhind the domains of the goal
variables.

Table V-1. Operationalization of the goals from thaning example

Goal code Goal

Variable code Variable Variable domain

G1 To offer online technical support

Vi Quality of service Real numbers
between 0 and 1

G2 To support troubleshooting

Vo Percentage unanswered question \ Percentage

G3 To maintain FAQ

Vs Number of question and answers | Natural numbers

G4 To maintain an active forum for clients

Vg Percentage active one-week-old topics | Percentage

G5 To publish online documentation

Vs Percentage of inaccessible pages | Percentage

G6 To support keyword search

Vg Percentage not indexed pages \ Percentage

G7 To perform weekly updates

Natural numbers

\'%: Number updates
per year

G8 To have 24/7 online instant messaging

Natural numbers

Vg Online hours
per week

The goal model above captures the requirementseasdftware company. This is our
starting point. The resources we use to synthesi&stam specification are organized in
a library of design patterns. Below, we describdy ahe capability models of the
available design patterns. We denote a capabilitty & capital letter C and a capability
model with capital letters CM.
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Figure V-2 contains the capability model of a desigaggment calle®ustain Forum.
The fragment stimulates online users to spend tirtbeé forum answering questions to
other users. They are attracted by the possiltdityin a prize if they are one of the most
active forum members. The top-level gaalis decomposed into two sub-goat2, and
C3. Table V-2 contains the operationalization of tlapability model and the achieved
values of the variables.

o Capability model (CM1) of design fragment Sustain Forum
C1: Sustain an active forum
@ C2: Motivate active members

C3: Identify and rate members

Figure V-2. Capability model (CM1) of design fragm&ustain Forum

Table V-2. Operationalization of the capabilitiesni capability model 1

Capability code | Capability

Variable code Variable Variable domain Value
C1 Sustain an active forum
a; | Percentage active one-week-old topics | Percentage | 73

C2 Motivate active members

Natural numbers per 10

a> Number of presents month

C3 Identify and rate members

Natural numbers per
55
week

as Anonymous logins

Figure V-3 contains the capability model of a dasigagment callec®nline Help. To
guarantee usefulness of the information, the fragmeaintains up-to-date information
and structures the information for ease of acCEsi is captured in the two goals2
and c3, into which the top-level goat1 is decomposed. Table V-3 contains the
operationalization of the capability model and délckieved values of the variables.

0 Capability model (CM2) of design fragment Online Help
C1: Support up-to-date online help
@ C2: Maintain timely updates of the content

C3: Structure the information for ease of access

Figure V-3. Capability model (CM2) of design fragm®©nline Help
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Table V-3. Operationalization of the capabilitiesnh capability model 2

Capability code | Capability

Variable code Variable Variable domain Value
C1 | Support up-to-date online help

a; | Percentage of inaccessible pages | Percentage | 7

C2 | Maintain timely updates of the content

a, | Update period y:;c/:ral numbers of 3

C3 | Structure the information for ease of access

as | Number of topics att;rg:rls()f natural [8..19]

Figure V-4 contains the capability model of a dadiggment calledall Center. The
fragment implements an online helpdesk solutiorct@mtomers. The model contains only
one goal, which is the top-level goal; (the detedifecting other aspects of the fragment
are not shown in the capability model.) Table V-f#tains the operationalization of the
capability model and the achieved value of thealde.

@ Capability model (CM3) of design fragment Call Center

C1: VOIP call center service
Figure V-4. Capability model (CM3) of design fragm€all Center

Table V-4. Operationalization of the capabilitiesnh capability model 3

Capability code | Capability

Variable code Variable Variable domain Value
C1 | VoIP call center service

Natural numbers per

week 40

a; | Online hours

3 Selection Procedure

Below, we describe how design fragments are seldctde part of a design alternative
and how a design alternative is selected to béuti@o specification of the system under
development.

To determine a solution specification means to atalall design alternatives and
select the one that best satisfies the top-levallsgdo make the evaluation possible, each
alternative has to propagate the values of its lwjies to the top-level requirements
goals. This, correspondingly, requires that eversigitefragment assigns its capability
values to goals in the goal model.

To form a design alternative means to select cedasign fragments by matching
their capability models with the goal model. The rappiate design fragments are
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difficult to determine because fragments have cempélationships with the goal model
and among themselves. Therefore, the selection guoeeonsiders all combinations of
relevant design fragments

3.1 Sketch of the Selection Procedure

Here, we sketch the selection procedure and outlireproblems preventing us from
developing an automatic selection. Later, we des@dxrh step in detail.

Figure V-5 shows the selection procedure in an UMitiity Diagram, where each
step of the procedure is represented by an actititythe following description, we
assume no difference between a step in the proeeglul an activity in the activity
diagram. The objects represent input and output plataed between the activities. The
notes in the diagram explain the semantics of #ia.d

The first activity to execute is th@eneration activity. It receives as input data the goal
model representing the requirements for the netadbusinesses. The output is a list of
alternative goal models, where an alternative guadel represents one of many possible
ways to achieve the top-level goals. An alternagjval model is a data representation in
the goal-modelling notation that contains the saolevel goals and a sub-set of
remaining goals in the goal model.

The Matching activity is executed for each alternative goal elad the list. It tests
one by one all leaf-goals in the alternative goatiei for a match with capabilities of the
design fragments. The result from the Matching &ytiis a list of four-tuples. This
output data describes the matched goals and cdigabilThe list is the input for the
Integration activity.

The Integration activity adds goal relationships among the altiéveegoal model and
the capability models of matching design fragmerfthe output is an integrated
alternative goal model. This is, then, the inputtfe Propagation activity.

The Propagation activity calculates the values of the top-levedigan an integrated
alternative goal model from the capability valukgroduces as an output an alternative
solution capability model which is an integratetemlative goal model with calculated
values for the top-level goals.

The Evaluation activity collects all alternative solution capéyilmodels and rates
these. The output of the activity is the resultttod procedure, namely a ranking of
alternative solution capability models.

A relevant design fragment is a fragment thatzheapability model with capabilities matching troaltg from
the goal model.
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°

\Vi

goal model
|

|
()

list of alternative goal models

under development
represented in a goal model

requirements of the system ﬁ

a list of possible ways to
achieve the top-level goals

alternative to achieve the

alternative goal model

|

a goal model with only one ﬁ

same top-level goals

list of four-tuples

|
Integration

integrated alternative goal model

a match between a goal and
a capability

each four-tuple documents ﬁ

a goal model that combines
an alternative goal model and
matching capability models

alternative solution capability model

an integrated alternative goal
model with calculated values
for the top-level goals

a list of possible designs with
their capabilities to satisfy
the top-level goals

ranked alternative solution
capability models

(I A I P N

list of alternative solution capability models

()

©<f — list of rated alternative solution capability models

Figure V-5. Activity diagram of the selection prdcee

Below the procedure is discussed in more detail:

Step One: Generation.This step traverses the goal model to allow matcbingattern

capabilities with every goal of the goal model.
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Ideally, every design fragment is represented tsingle capability that matches a
single leaf-goal in the goal model. This means thatlevel of detail in the goal model
exactly matches the level of abstraction of theabdjpy models. (Recalling, we
introduced levels of abstraction to mark the topelegoals and capabilities as most
abstract and leaf-goals as most detailed.) Intyeaicapability of a design fragment can
match any goal from the goal model. Matching a deatls to setting the value of the
variable equal to the value of the capability. lase the goal is a head-goal in a
relationship then the relationship would be ignoréd avoid this, we traverse the goal
model starting from the top-level goals down tofdgaals until we match the level of
abstraction of the capability models.

The Generation step takes as an input the goal namdieproduces as an output a list
of new goal models. We call the new goal modelsratdttive goal models because each
of these shows a way to achieve the top-level gé&ash alternative goal model is a path
from some goals to the top-level goals. In this weery goal from the goal model is a
leaf-goal in at least one alternative goal modelthe subsequent steps of the selection
procedure, all leaf-goals of each alternative gualdel are matched with capabilities
from the capability models of the available dedigigments.

For example, the two extremes of alternative goatlets are an alternative goal
model that contains only the top-level goals an@lérnative goal model that equals the
entire original goal model itself. The former altatime goal model assumes that there are
available design fragments to offer a ready saotutio the problem at hand. The latter
alternative goal model assumes that the desigmieats are at finer granularity and
match with the leaf-goals from the goal model. &tvieen, there are many alternative
goal models that resemble the original goal modelHave certain branches cut. In the
detailed description below, we explain how all aitgive goal models are generated.

The step requires no manual work.

Step Two: Matching. This step matches goals from the goal model witbalbdities
representing design fragments.

A goal and a capability match if they refer to tseme desired phenomeron
Matching them is not a straightforward task becahsegoal and capability models are
developed by different people with different pump®sin mind. Incompatibility of
vocabularies, abstraction levels, knowledge, petsms and contexts hinder the
automation of the matching process. In the databasa&, a similar problem of finding
equivalent nodes in trees is known as the Schentehing problem. Various approaches
to this problem exist [16, 47] and all of them rigguhuman intervention.

Our matching problem is even more complex as tla gad the capability models are
directed graphs, potentially with cycles. To simplifie matching, we make a humber of
assumptions which we explicate in the detailed migtson of the Matching step further
below.

The assumptions reduce the manual work per matctwéba one goal and one
capability.) Their impact is significant because tlvenber of matches is potentially high.

* Our definition of a goal is a desired phenomenya bertain organization or individual, where ampdm@enon
is a state of reality, an activity, a fact or aemt(Chapter IV Goal-modelling, Section 1 Introdog}
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The actual number of matcHds the number of goals in the goal model multipley the
sum of all top-level capabilities in all capabilityodels’

Despite all simplifying assumptions, the Matchingps (i) remains complex; (ii)
requires manual work; and (iii) is executed mames.

The input for the Matching step is a single altaugagoal model: the step is executed
per alternative goal model. The output is a listooii-tuples: onglist per alternative goal
model. Every four-tuple contains the following elens& a goal, a capability, avalue,
and adesign fragment. Thegoal element represents a leaf-goal from the alteraajal
model. This goal matches a capability, capturedh@capability element. The particular
value, coming from the matching capability, asstytethe variable of the matching goal
is recorded in thevalue element. Thedesign fragment element represents the design
fragment that achieves the matching capability. &a@ample, an alternative goal model
has two leaf-goal€.G1 andLG2. There is one design fragment with a capability ehod
CM. The capability model has two capabilites andc2 the values of which are 5 hours
and 53 pages per minute, respectively. The re$ulieoMatching step is that capability
c2 matches leaf-godlG2. The resulting list of four-tuples looks such at+, , , >,
<LG2, C2, 53,CM>.

The size of the four-tuples list is equal to the bemof leaf-goals in the currently
processed alternative goal model; i.e. every leaf,gand only a leaf-goal, from the
alternative goal model has one and only one cooredipg four-tuple in the list.

Not all alternative goal models are considerechim next step. If an alternative goal
model has all its leaf-goals matched with capagditthen the corresponding design
fragments form a design alternative. If the lea&lgmf an alternative goal model cannot
be matched with any capability then the alternagioal model is discarded as not leading
to a design alternative

Step Three: Integration. This step extends the goal model with capabilitydeis by
adding relationships between non-matching goals aapabilities. The matching
capability replaces the matching goal; the remaintapabilities from the capability
model could relate to goals from the alternatival gonodel.

A design fragment, correspondingly its capabilitydel, can affect the values of more
than the matching goal from the goal model. Morepaedesign fragment can be in a
conflict with another matched design fragment. Ehggecificities require integration of

! The actual number of matches is the number ofsgaghe goal model multiplied by the total numbeall
capabilities in all capability models. Later witheoof our assumptions, we reduce the number oftreato the
number of goals in the goal model multiplied by tb&l number of only top-leveapabilities in all capability
models.

2 The Matching step is executed as many times amalive goal models there are, multiplied by thmber of
goals of each alternative goal model. The nhumbéeddtions of the Matching step is not the actuahber of
matches. A single execution of the Matching stefganaise of past executions and do not match godls a
capabilities that were already matched.

3 We later show that the lists of four-tuples camme than one per alternative goal model, sedd®estl

“ A four-tuple contains placeholders for a goalapability, a value and a design fragment. Thissisessary as
some of the elements in the four-tuple may notgeeigied.

® The condition for an alternative goal model tanica design alternative is that all leaf-goal vagathave
values. Later, we introduce leaf-goals with predaieed values which allows an alternative goal nhoale
form a design alternative even if not all the lgakls are matched.
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the capability model into the goal model by addialgtionships; i.e., we extend the goal
model by adding capability models and linking thedth the rest of the model.

The Integration step includes problems known in tladabase area as Schema
integration problems [16, 47]. The existing appraacto these problems require human
intervention.

The Integration step adds information to the goaldehan the form of causal
relationships between the variables of capabilidgesl goals. This information is not
present in the capability model and has to be pbthbn a case-by-case basis. The step
has to be executed as many times as matches bedwgral and a capability model there
are; this is a potentially high number. The numbériterations and the need for
additional information make this step the bottldne€ the selection procedure. Further
below, we propose a trade-off solution betweenipi@t and pragmatism by postponing
the Integration step.

The input of the Integration step is a list of fauples containing information about
the matched leaf-goals and capabilities. Implicitiiye Integration step receives the
alternative goal model from which the list of fauples resulted. Furthermore, it derives
the capability models that have a matching capgglfilom the list of four-tuples. Thus,
the Integration step merges an alternative goal elnedth a number of matching
capability models to produce a new goal model dale integrated alternative goal
model.

Step Four: Propagation. This step propagates the achieved value by one rdesig
alternative to the top-level goals.

Once all relevant design fragments are identified #heir capability models are
integrated with the goal model, the variable valaespropagated through the goal model
to the top-level goal. The propagation is descrilbe@Ghapter IV Goal-modelling Section
5 Satisfaction Calculation on page 60.

The input of the Propagation step is an integraltedrative goal model in which only
some of the goals have values. The output is the satagrated alternative goal model
with variable value propagated to the top-level IgodVe call such an integrated
alternative goal model an alternative solution télg model.

The Propagation step is executed per every desigmative. Manual intervention is
required only to break cycles without a fix-point.

Step Five: Evaluation. This step rates all design alternatives and setbetdbest one
with respect to the satisfaction of the top-levedlg in an alternative solution capability
model.

In a nutshell, the step selects the best of reltimany options based on a limited
number of parameters, where the options are tieenalive solution capability models
and the parameters are the top-level goals. Thislsng a Multiattribute Problem from
the area of Multiple-Criteria Decision Making [4@age 17]. Various approaches have
been proposed as a solution to this problem, 8gpring Method, Multiattribute Value
Function, Multiattribute Utility Function, Analytitlierarchy Process, ELECTRE |, II, IlI
and Data Envelopment Analysis (for comparison g@e pages 78-79 and 88-89]). We
use Scoring Method because of its simplicity; nthadess, any other method is a valid
choice.
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The input of the Evaluation step is a list of altéineasolution capability models. Each
of the models represents one design alternative. othput of the step is the same list
where every element is assigned a number reprageits score with respect to the
evaluation criteria.

The Evaluation step is executed per every desigmalige and requires no manual
work.

3.2 Trading off Generality and Precision against Automaion

The Matching and Integration activities require thest manual work. They consume a
lot of time and effort for every alternative goabdel to be assessed and only one to be
selected at the end. This is undesirable consiglettie potentially big number of
alternative goal modélisTo improve the performance of the process, we nvakke-offs
such as: (1) trading representation details inMa¢ching step for automation and (2)
trading precision in the Integration step for spard ease.

To automate the Matching step, we restrict the laggs used to describe the goals
and capabilities. By using a shared vocabulary betwrequirements goal models and
capability models to represent goals, evaluationctions, variables and domain, we
eliminate the need of a semantic match of goal® diynpeople. In this way, we reduce
the matching problem to syntactic matching of gisin

The trade-off in the Integration step is betweenptexision of the values of the top-
level goals and the efficiency of the selectioncpdure. The Integration step adds
relationships between non-matching goals and chipedyi which affects the propagation
functions in the goal model. We assume that thermétion added to the goal model by
the relationships between non-matching goals apdhibties is significantly less than
the information added by matching capabilities aeplg goals. In the trade-off, we
ignore the information from added relationshipspogtponing the execution of the step.
The integration is moved to a later stage in thecsigin procedure, where it is applied on
fewer design alternatives.

Consequently, we introduce an additional step dalee-evaluation step to filter
design alternatives that poorly satisfy the topeleyoals. The step is the same step as the
Evaluation step with the difference that it produceyeral design alternatives as
potential solution specifications. The Integratistep is applied on the best scoring
design alternatives that come out of the Pre-etialuatep.

Figure V-6 shows the improved selection procedlihe difference with the selection
procedure from Figure V-5 is that the executiontltd Integration activity does not
follow the Matching activity. The improved procedugeores the additional information
from the integration and proceeds with the propagatf values from the leaf-goals to
the top-level goals. The new activity, the Pre-eatibn activity, is executed over the list
of alternative solution capability models. It séé¢e@a fixed number of best alternative
solution capability models for further processifthe limited number of high-scoring
alternative designs is considered our best altemdesigns.

! The number of alternative goal models dependfiemtimber of goals, number of relationships, type o
relationships in the goal model. Details can baentbin Section 4 Generation of Alternative Goal Misde
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Figure V-6. Activity diagram of the improved seliect procedure

The best alternative solution capability models thee input data for the Integration
activity. During the integration, the ranking ofsitgn alternative may change. Therefore,
the Propagation and Evaluation activities are peréal second time over the best
alternative solution capability models.
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The result from the improved procedure is (1) autechaViatching step and (2) a
parameterizable fixed number design alternativemttergo the Integration step.

4 Generation of Alternative Goal Models

Naturally, the procedure of identifying suitablesidgm fragments begins with matching of
capabilities and goals, which is a difficult taskda for feasibility reasons, requires a
number of assumptions (see Section 5.)

The necessity of the Generation step is motivatédonly by the complexity of the
matching between capabilities and goals but alstheydifference in level of granularity
of the goal and capability models. It is rare tthe refinement of the goal model stops
exactly at the level of detail of the capability aets in the library. Thus, two
disadvantageous situations may occur: (1) the dmetw of the leaf-goals in the goal
models is coarser than the one of top-level capiasilin the capability models and (2)
the granularity of the leaf-goals in the goal medsl finer than the one of top-level
capabilities in the capability models. In the fornmase, nothing can be done in the
selection procedure; the goal model has to beeaéfim the latter case though, if the goal
model is traversed from top-level goals to leafigdhen a match must be attempted at
any level of granularity.

For ease of explanation, we assume for the scopleiosection that: (1) a goal from
the goal model and a capability always match oream and (2) the capability model of
every design fragment contains only one capabiliter in the next section, we relax
both restrictions.

The Generation step takes as an input a goal modep@duces a list of alternative
goal models. This is done by traversing the graghirtd the goal model. In the process
of visiting nodes, we extract sub-graphs that gpoad to meaningful goal models. The
algorithm we follow is a modification of the brehfirst search algorithm for traversing
graphs [65], in which we take into account the seima of the goal model and the
specificities of the graph representing the goatiehoThe following properties of our
goal modelling approach affect the generation dlgor.

» three types of goal relationships. The goal modiéréntiates three types of
relationships between goals and these have diffeirgerpretations of the
relation between tail-goals and head-goals. The stesaof the relationships is
used to distinguish the valid alternative goal niedd-or example, if a
decomposition relationship in the goal model appesithout one of the sub-
goals in an alternative goal model then the alteregjoal model is not valid. A
decomposition relationship must be present inltdr@ative goal models with all
of the related goals. The substitution and dependesiationship impose their
restrictions on the validity of alternative goal deds.

» the goal model is a directed graph (see ChapteGddl-modelling, Section 4
Goal Model.) The direction of a goal relationshipe(tirection of the arc follows
the direction of the goal relationship) represehtt a tail-goal determines the
satisfaction of a head-goal. This means that if iegtal is turned into a
capability (i.e. if a tail-goal is matched with apability) then the satisfaction of
the head-goal can be determined from the relatipn$tihereas, the opposite is
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not possible: the satisfaction of a tail-goal canbe determined from the
satisfaction of a head-goal. The consequence tmp-alown traversing algorithm

is that we visit nodes against the direction of dhes; i.e., from a given visited
node, we continue traversing only nodes linked \aitts pointing at the current
node. The reason for going against the directioth@farcs is that, when starting
the traversal from a top-level goal, we considely ogoals that affect the

currently visited node, not goals that are affected

« the graph is in genefatyclic (see Chapter IV Goal-modelling, SectioGdal
Model.) The presence of cycles in the graph hadidgatipns mainly for the
implementation of the generation algorithm. The @éraal must be interrupted if
an already visited goal is selected for a subsequisit This breaking of cyclés
is inline with the semantics of fixed-points in tgeal model: the effect of a
relationship (arc) is invariant to the number efdttions through the cycle;

< the graph is in general not connected. Every toptigeal is refined with sub-
goals which are not necessarily related to theneefient goals of the other top-
level goals. This leads to disconnected sub-graphs;h has implications for
the implementation of the generation algorithmkig an arbitrary node from a
connected sub-graph to continue the traversal aftether connected sub-graph
is completely visited does not make sense becduese s no guarantee that all
nodes will be visited. Accidentally, the specificin the next bullet solves the
problem of disconnected graphs;

e each connected sub-graph contains at least onethatieorresponds to a top-
level goal. This is a consequence of the same nethsd causes the disconnected
sub-graphs (see previous bullet.) The advantagiéoalgorithm is that we have
a particular node or nodes to start the traversinipe disconnected sub-graph;
and

- all top-level goals are equally important. The tepel goals jointly determine
the system under development. Therefore, they havket present in every
alternative goal model. The consequence for thergéor algorithm is that all
nodes corresponding to top-level goals have toitited simultaneously in the
first step of the algorithm. To work around this lgem, we introduce a
superfluous godl which is a composition of the top-level goals;. itae
superfluous goal is related to all top-level gaala decomposition relationship
(see for illustration Figure V-7 (a).) The superfisogoal is represented in the
graph with a node that we call a root. The roots first node that we visit in
our traversing algorithm. As we show later thicdmsistent with the constraint
that the first generated alternative goal modétésone that contains only and all
top-level goals. The work-around solves also theblera of disconnected
graphs.

in general’ here means that although most ofgihal models may not result in graphs with cycles, o
approach works with cyclic graphs.

2 By breaking cycles, we mean that the traversgissemd does not go into an endless loop. The cyeieain
in the alternative goal models (see Section 4.2.)

% To have a unified approach in the Generation stefintroduce a superfluous goal even is caseslgfane
top-level goal.
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Figure V-7 presents an example that we use to ibestire traversing and generation
of alternative goal models. Figure V-7 (a) showgoal model with two top-level goals,
G1 andG2. The model contains both substitution and decoitipogrelationships: goal
G1 is related to goale3 andG4 with substitution relationship; and gag is related to
goalsGs andGé with decomposition relationship. Because the mbasl two top-level
goals and the corresponding graph is disconnegtedintroduce the superfluous goal
Sup. The goal Sup is decomposed to the top-leved$ gaaandG2. Figure V-7 (b) shows
a concise representation of the goal model whicluseeto illustrate the Generation step.

(b)

Figure V-7. lllustrative example: (a) — goal modath a superfluous goal Sup; and (b) — concise
representation of the goal model from (a)

Below, we refer to the representation in Figure Y as to the graph of the goal
model. Goals are referred to nodes; goal relatipssare referred to arcs. All arcs are
considered bilateral and directed.

4.1 Algorithm for Generation of Alternative Goal Models

In a nutshell, the algorithm is as follows: (1) tpaph is traversed starting from the root
node; (2) in every step, nodes, linked with an oing arc to already visited nodes, are
visited; (3) in every step, all visited nodes foamalternative goal model. To explain the
algorithm in detail, we need to define the follogiiterms. Figure V-8 shows their
graphical representation.

» Label is a symbol with some meaning attached to a ndte. labels are two
types: visited and next. With the labels, we keep track of the progressibn
traversing and the starting for next visits.

* Labelvisited. The symbol for the label is the letter ‘0’. Itptaced in the circle
representing the node. The meaning is that theisalalgorithm has visited this
node. Figure V-8 (a) shows an example of a vigiiede.

* Labelnext. The symbol for the label is a triangular. It laged next or under the
circle representing the node. The meaning is thahénnext step the traversal
algorithm will visit the nodes linked to the latesll one. Figure V-8 (b) shows an
example of two equivalent ways to label a node wisited and next labéls

! A node that is labeled with a label next has alyemlabel visited.
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* Neighbouring node (neighbour) is an unvisited node that is linked with an
outgoing arc to a node labelled with visited anxgt tebels. Figure V-8 (¢) shows
an example of one visited and next node and itghiaiur.

e Marking is a graph in which some of the nodes have labdskings have two
representations: (full — all nodes in the graph are shown with their eetipe
labels (Figure V-8 (d) shows an example of a fudrking) and (2)contracted —
only visited nodes are shown with their respectaleels (Figure V-8 (e) shows
an example of a contracted marking.) The contrampdesentation focuses on
the starting nodes for the traversal in the nesqt sif the algorithm.

(a) (b) (c)

Figure V-8. Labels and markings: (a) — visited ndté¢ — node with labels visited and next; (c) —
one visited and next node and its neighbour; (@jample representation of a full marking; and (e)
— example representation of a contracted markirtg@tame marking as in (d)

Figure V-9 shows an UML Activity diagram of the afghm for generation of
alternative goal models. The algorithm starts wath activity that creates a pool for
markings, namely th€reate and initialize the pool of markings activity. The pool is
initialized with one marking and that is always thet node of the input goal model with
labels visited and next. The algorithm containg fmore activities. These are executed in
a sequence for every marking in the pool. The se@nl the last activities (see the
numbering inside the activities of Figure V-9) ntain the pool of markings. Activity
number two;Take a marking from the pool, picks indifferently of the order a marking
from the pool; whereas, activity humber fiviReturn new markings in the pool,
returns newly created markings into the pool, éréhare any. The actual generation of
alternative goal models is done in activity humbeee, Generate alternative goal
models. The marking received as an input is copied a narabémes and a different
combination of neighbouring nodes is visited in rgveopy. The copies are modified
markings which are the source for generation araditive goal models: an alternative
goal model is created by extracting a sub-grapbnty visited nodes from a particular
marking. The copies are sent to the next actidgnerate new markings, to produce
new markings. The activity number four generates neawkings which are returned to
the pool in activity five for further processing.ofNevery copy can produce new
markings.

! The exact number is discussed in the detailedrigtisn of the activity.
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Figure V-9. Activity diagram of the generation aligiom

The two activities that generate the alternativel goadels and the new markings
depend (i) on the current marking, (ii) on the nembf neighbouring nodes in the graph,
and (iii) on the types of relationship in the goabdel. Below, we describe each of the
two activities in detail.

Generation of Alternative Goal Models.The generation works the following way. The
current marking is copied several times. In eveopy; a different combination of
neighbouring nodes are visited. The visited nodes/ery copy determine one alternative
goal model. The number of copies and the valid doatlons of neighbouring nodes
depends on:

» the type of relationship with the neighbouring radeéhese determine the valid
combinations of neighbouring nodes to visit.

* the number of neighbouring nodes. These are thghbeuring nodes of the
nodes labelled with next. They determine the setawfes to be visited in the
current iteration; and

e the current marking. The marking determines (1)aheady visited nodes and
(2) the starting nodes for new visits. It restrieisd gives direction to the
traversing;

The bullets above follow a reverse order of influerntbe last bullet restricts the possible
combination stronger than the first one. Nevergglave explain them in the order above
for clarity.

Type of Relationship. A goal model has three types of relationships: Suiben,

decomposition, and dependency. The specific sensamitieach one of them determines a
different set of alternative goal models. For eviape of relationship, we show a small
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example of four goals, one head-goal and threaytsils (see Figure V-10, Figure V-11
and Figure V-12.) For each example goal model, vsa full marking in which only
the node corresponding to the head-goal has laisled and next. Further, we show the
copies of the marking with newly visited nodes. dfiyy we show the valid newly
generated alternative goal models.

Substitution Relationship. Figure V-10 (a) shows an example of a goal model
containing four goals related with a substitutietationship. The corresponding
graph is presented in Figure V-10 (b). The graphigére V-10 (b) is also a full
marking of the graph as it contains labels vis#ed next. The marking is such
that the next nodes to be visited are the oneesgponding to the sub-goals. The
neighbouring nodes are visited independently ofheather because the
substitution relationship is a relationship in whievery sub-goal acts
independently. Thus, the marking is copied threesimand in every copy, only
one of the neighbouring nodes is visited. The pi@ the input for the fourth
activity in Figure V-9. Figure V-10 (c), (d) and)(ghow them. The alternative
goal models are derived by removing unvisited nddes the copies; Figure
V-10 (f), (g) and (h) show them.

@ (61O
(s)

© %A () %A ) %A
o O O O O O OO0 @

® (® (h)

Figure V-10. Alternative goal models derived froraubstitution relationship: (a) — goal model of
substitution relationship; (b) - full marking ofglyraph corresponding to the goal model; (c), (d),
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and (e) — copies of the marking in (b); and (f), @nd (h) — alternative goal models

Decomposition Relationship. Figure V-11 (a) shows an example of a goal model
containing four goals related with a decompositioalationship. The
corresponding graph is presented in Figure V-11Thg graph of Figure V-11
(b) is also a full marking of the graph as it camsaabels visited and next. The
marking is such that the next nodes to be visitedtlae ones corresponding to
the sub-goals. The neighbouring nodes are visittdogether because the
decomposition relationship is a relationship in ebhall sub-goals act jointly.
Thus, the marking is copied once and in the codyneighbouring nodes are
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visited. Figure V-11 (c) shows the copy which is thput for the next activity.
The alternative goal model is derived by removingisited nodes; Figure V-11
(d) shows it.

@ 61D (b)
E %A
CeoCe@oCe > O O O

(c) A
(0 (o (o
@ O

SEoxe

Figure V-11. Alternative goal models derived frordezomposition relationship: (a) — goal model
of decomposition relationship; (b) - full markinftbe graph corresponding to the goal model; (c)
— copy of the marking in (b); and (d) — alternatijaal model

» Dependency Relationship. Figure V-12 (a) shows an example of a goal model
containing four goals related with a dependencstiaiship. The corresponding
graph is presented in Figure V-12 (b). The graphigfire V-12 (b) is also a full
marking of the graph as it contains labels visaed next. The marking is such
that the next nodes to be visited are the oneggponding to the sub-goals. The
neighbouring nodes are visited in all possible coaiions because the
dependency relationship is a relationship in whishb-goals can act
independently or jointfy Thus, the marking is copied seven times and every
copy has a different combination of visited neiginirag nodes. Figure V-12 (c),
(d), (e), (f), (g), (h) and (i) show these copidsich are the input for the fourth
activity in Figure V-9. The alternative goal modelee derived by removing
unvisited nodes from the copies; Figure V-12 ), (1), (m), (n), (o) and (p)
show them.

! The number of combinations can be reduced ifideppendently and jointly acting sub-goals are kribiis
information is present in the propagation functidnhe relation. For simplicity of explanation, wesume that
we do not have this information. The additionalgngrated alternative goal models are irrelevardimsein
the Propagation step the propagation functionwatlpropagate any values for them.
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Figure V-12. Alternative goal models derived frordependency relationship: (a) — goal model of

dependency relationship; (b) - full marking of th@ph corresponding to the goal model; (c), (d),

(e), (), (9), (h), and (i) — copies of the markingb); and (j), (k), (I), (m), (n), (0), and (p)
alternative goal models

In summary, the type of relationship determines ¥héd combinations of visited
neighbouring nodes, independently of the numbenaifes. In case of a substitution
relationship, all nodes are visited individuallyseparate alternative goal models; in case
of a decomposition relationship, all nodes aretetbitogether in one alternative goal
model; and finally in case of a dependency relatigm the neighbouring nodes are
visited in all possible combinations.

Number of Neighbouring Nodes and Type of Goal Relationship. The number of nodes to
be visited starting from one node with a label ndatermines the number of generated
alternative goal models from the particular markifgr each of the relationships, the
number of alternative goal models in case of nmadgring nodes is as follows:

« substitution relationship: n — each node is visited separate model;

e decomposition relationship: 1 — all nodes are @ikih one model; and

. nl
e dependency relationshipzz:l(—k)| — the nodes are visited in all
k=1 K- - 3
n n'
combinations. (} —— =2" -1, see [67])
gk!(n—k)!

More Than One Next Node. The current marking determines the staring poinfdather
visits. It determines which and how many of theemtave a label next. Every node with
a label next is independent from the others. Moeeothe visits from every node are
simultaneous. That is, a valid alternative goal nhd@e at least one visited node from
the neighbouring nodes of every next node. The emuence is that the number of
alternative goal models generated from one markiighe multiplication of the
combinations generated from each next node. Figei8 illustrates this.

Figure V-13 (a) shows a goal model. (It is the sanwael as in Figure V-7 in the
beginning of Section 4.) At a certain point in thecution of the generation activity, we
have to process the marking shown in Figure V-33The specificity of this marking is
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that there are two nodes with label next. The rmghs of each next node are visited
separately. The substitution relationship resultsvion copies of the marking (not shown
in the figure) and the decomposition relationskaputts in one copy (also not shown in
the figure). The total number of copies is the iplittation of the copies from each next
node, thus two (1*2=2). The copies of the markinighwthe newly visited nodes are
shown in Figure V-13 (c) and Figure V-13 (d). Theg the input for the next activity.

Correspondingly, the two derived alternative goaldeis are shown in Figure V-13 (e)
and Figure V-13 (f).

(® ®

Figure V-13. Example of generation of alternatiealgnodels from marking with two next labels:
(a) — example goal model, the same as in Figureg(&);Ab) - full marking of the graph
corresponding to the example goal model; (c) ahe- @bpies of the marking in (b); and (e) and (f)
— alternative goal models

Summary. Above, we describe the third activity of the getieraalgorithm (see Figure
V-9.) This shows how alternative goal models areegated from a single marking and
how the type of goal relationship, the number ofgjhleouring nodes, and the current
marking affect the number and structure of gendratedels.

Generation of New Markings.The input that this activity receives is a numblecapies
of a marking generated during the third activityFigure V-9. The generation of new

markings works the following way:
1. The labels next are removed from every of the copm® by the previous

activity.
2. Every newly visited node in every copy is checkeateighbouring node.

95



Chapter V Selection Procedure

3. In case a node has no neighbours, it remains digite it is excluded from
further consideration as a next node.
4. From the remaining newly visited node (the ones lizae neighbouring nodes)
in every copy, all combinations of nodes receivimg next label are considered.
We illustrate the generation of new markings onaltfetf the same example goal models
used to illustrate the types of relationships (B&gure V-10, Figure V-11 and Figure
V-12.) We assume that every of the three ge&as G3 and G4 is a head-goal in a
relationship not shown in the example.

Substitution Relationship. Figure V-14 shows the derived marking in case of a
substitution relationship. Figure V-14 (a) and &b¢ respectively the goal model and the
particular marking we want to investigate. The cegieoduced by the activitgenerate
alternative goal models are presented in Figure V-14 (c), (d) and (e). €ha® the
input for the activityGenerate new markings. Following the five steps listed above,
we receive as new markings the markings in Figu®t\(f), (g) and (h). Every copy has
only one newly visited node; therefore, the numiifenew markings is the same as the
number of copies of the original marking.

@ @\ (@ N
© O O O 6 O OO0 O

@ ©  (©
o O O O 6O O O 0O ©
AN AN

Figure V-14. New markings from a substitution riglaship: (a) — goal model of substitution
relationship; (b) - full marking of the graph capending to the goal model; (c), (d), and (e) —
copies of the marking in (b); and (f), (g), and{fMew markings

C
©)

>

Decomposition Relationship. Figure V-15 shows the derived marking in case of a
decomposition relationship. Figure V-15 (a) and dt® respectively the goal model and
the particular marking we want to investigate. Thepyc produced by the activity
Generate alternative goal models is presented in Figure V-15 (c). This is the input
for the activity Generate new markings. Following the five steps listed above, we
receive as new markings the markings in Figure \(e}5(e), (f), (9), (h), (i) and (j). The
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only copy has all three nodes newly visited; themf the number of new markings is
seven,

@ &1 ()

CeoCesoCa> O O O

g
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Figure V-15. New markings from a decompositiontiefeship: (a) — goal model of decomposition
relationship; (b) - full marking of the graph capending to the goal model; (c) — copy of the
marking in (b); and (d), (e), (f), (9), (h), (ipa (j), — new markings

Dependency Relationship. Figure V-16 shows a part of the derived markingase of a
dependency relationship. Figure V-16 (a) and (b)raspectively the goal model and the
particular marking we want to investigate. The cegieoduced by the activitgenerate
alternative goal models are presented in Figure V-16 (c), (d), (e), @), (h), and (i).
These are the input for the activiBenerate new markings. Copies (c), (d) and (e) are
the same as in a substitution relationship. Cooedimgly, the new markings are the
same (cf. Figure V-14 (f), (g), and (h) with Figw/el6 (j), (k), and (I).) Copies (f), (9),
and (h) are unique for the dependency relationsHigy have two newly visited nodes
each. This leads to a generation of three new mgskfrom every copy. Figure V-16
presents the new marking under the copy that aigihthem: i.e., the markings from
copy (f) are markings (m), (n), and (0); the magsirirom copy (g) are markings (p), (9),
and (r); and the markings from copy (h) are marki(g), (t) and (u). The new markings
generated from the copy (i) are the same as thensmarking in the decomposition
relationship discussed above. For reasons of splaeg,are not shown in Figure V-16.
(For details, see Figure V-15 (d), (e), (f), (d), (1), and (j).)

! There are seven possible combination based oe ghements
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Figure V-16. New markings from a dependency retedivp (incomplete: the markings originating

from copy (i) are show in Figure V-15) : (a) — gaabdel of decomposition relationship; (b) - full

marking of the graph corresponding to the goal mddg (d), (e), (f), (9), (h), and (i) — copie$ o
the marking in (b); and (j), (k), (), (m), (op) (), (1), (s), (), and (u) — new markings

Summary. Above, we describe the fourth activity of the gextien algorithm (see Figure
V-9.) This shows how new markings are generatedhawd these depend on the type of
goal relationship.

Step-By-Step Example of the Algorithm.The examples above are goal models with
only one relationship, which shows only one itenatthrough the algorithm in Figure
V-9. Next, we show a goal model with a graph tisaaitree. Figure V-17 presents the
example, the markings and the generated alterngtiae models. The example is shown
in Figure V-17 (a). It is the same example as the i Figure V-7 (a). The goal model
includes the superfluous goal Sup which is considlempart of the model.
Correspondingly, Figure V-17 (b) represents theesaoncise goal model as Figure V-7
(b). From the concise model, we construct the finstrking: the root goal only with
markings visited and next. The first marking is tmy one initially present in the pool
of markings. Figure V-17 (c) shows the marking.

The second activity of the generation algorithm @egire V-9) picks a marking from
the pool, namely the only one (see Figure V-17) ({®@)e third activity receives this as an
input and visits the neighbours of the only nodthvabel next. The resulting copy of the
marking is shown in Figure V-17 (d). It is the soaiof the single generated alternative
goal model, shown in Figure V-17 (e). The resultaitgrnative goal model is only one
because the relationship between the superfluoak gyl the two top-goals is one of
type decomposition. The fourth activity of the aifun generates new markings from
the only copy (Figure V-17 (d)) produced during theneration of alternative goal
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models. The newly generated markings are three bedhe copy has two newly visited
nodes. Figure V-17 (f), (g) and (h) show the newkimgs. The last activity in the
algorithm returns the new markings into the pool.

(b)

® © @ © m ©
i
@ © 0 © 0) (m) (0

. 5o b6

ﬁ}‘\@%ﬁ (S;;;O

Figure V-17. Step-by-step example of the generatlgorithm: (a) — example goal model, the
same as in Figure V-7 (a); (b) — concise represientaf the goal model from (a), the same as in
Figure V-7 (b); (c) — the first marking, the roaia with markings visited and next; (d) — copy of

the first marking in (c); (e) — alternative goal debfrom (d); (f), (g), and (h) — new markings from
(d); (i) — copy of the marking in (f); (j) and (k)copies of the marking in (g); (I) and (m) — capie
of the marking in (h); (o) — alternative goal motteim (i); (p) — alternative goal model from (j);
(q) — alternative goal model from (k); (r) — altative goal model from (l); and (s) — alternative
goal model from (m)
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The execution continues with activity number two dese the pool contains three
markings now. Indifferently of the order, one oége is selected, e.g. Figure V-17 (f).
The third activity produces only one copy of the kiag (Figure V-17 (i)) and only one
alternative goal model (Figure V-17 (h)) because dbal relationship betweease, G5
and G6 is one of type decomposition. The fourth activiggnerates no new markings
because both goales and Gé6 are not head-goals in any relationship. In thet nex
iteration, the marking in Figure V-17 (g) is sedstt It produces two alternative goal
models (shown in Figure V-17 (p) and (q)) becatrerelationship between goata,
G3 and G4 is one of substitution. The copies of marking @mely (j) and (k), also
generate no new markings because both gealsand G4 are not head-goals in any
relationship. The last remaining marking in the Iptite one in Figure V-17 (h), has two
nodes with label next. This leads to two alternatjeal models (Figure V-17 (r) and (s))
which are combinations of the alternative goal nhdden Figure V-17 (0), (p) and (q).
Correspondingly, copies (I) and (m) generate no mesvking because there are no
further nodes to visit.

The result of the Generation step is the six altaraayoal models shown in Figure

V-17 (e), (0), (p). (@), (r), and (s).

4.2 Resolving Graph Structures and Cycles.

In the explanation of the algorithm above, we madplicitly the assumption that all
goal models have tree-like graph structure. Here,discuss the implications for the
algorithm in case of the general graph structuaeely a directed cyclic graph.

From the construction of the algorithm, we infeattht is applicable without changes
for directed cyclic graphs. The key to understama indifference of the algorithm with
respect to trees and directed cyclic graphs isl#ffiaition of a neighbour. A neighbour or
a neighbouring node is an unvisited node thatniselil with an outgoing arc to a node
labelled with visited and next labels (Section Aldorithm for Generation of Alternative
Goal Models.) This definition guarantees (1) that Wsiting of nodes spreads opposing
the direction of the arcs and (2) that no node baélvisited twice. This means that no
cyclic paths will be followed during generation btlite cycles will remain in the
alternative goal models.

The way the markings are constructed guaranteestt@édeginning from the root
node all trees in the graph will be generated agl@nnative goal model. An alternative
goal model is constructed by removing nodes thatnat visited; goal relationships are
not removed. This means that every possible valapggation trajectory in the graph is
present in at least one alternative goal model.

4.3 The Running Example.

This section presents the results of the executiothe first step of the selection
procedure over the example in Section 2. Figure8\(a) shows the same example goal
model as Figure V-1. The goal model does not coraaunperfluous goal because it has
only one top-level goal. For uniformity of the s&tlen procedure, and more specifically
the generation step, we always add a superfluoakagul link it with the top-level goal
or goals. Thus, the concise goal model in FigureB\(H) contains a superfluous goal.

100



4 Generation of Alternative Goal Models

After the execution of the Generation step, nirterahtive goal models are generated.
Figure V-18 (c), (d), (e), (), (9), (h), (i), (j&nd (k) represent them. The alternative goal

models are sent to the Matching step, where ewafydoal in an alternative goal model
is matched with capabilities.

(b)

(d) g (e) 6] 2 (&
(h) E (@) E W) E (k)

Figure V-18. Alternative goal models of the runnég@mple: (a) — goal model of the example; (b)
— concise representation of the goal model, inalgidi superfluous goal; and (c), (d), (e), (f), (9),
(h), (), (), and (k) — alternative goal models

4.4 Summary

The generation step receives a graph representimggtlal model as an input and
produces a number of alternative goal models. Ttegnative goal models represent all
valid combinations of goals and relationships sti@t the consequent steps can work
only with the leaf-goals.
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5 Matching Goal and Capability Models

Matching capability and goal models is in essersteldishing a relation between offered
abilities and desired functionality. This is thepsterhere the requirements of the system
under development, represented by goals in the moalel, are bridged with existing
design fragments, annotated with capability models.

To fill the gap of design knowledge, it would be egb to match every leaf-goal in
the goal model with a single capability representrunique design fragment. This is the
ideal scenario. In reality however, the design ritregts are not unique; the capability
models contain many goals; moreover, the capahifidels contain many top-level
capabilities; and finally capabilities and capabpilinodels do not match only with leaf-
goals. Thus, relating goal and capability modelsoisa straightforward task.

This section has four main parts. The first one dessrthe assumptions we make to
simplify the real case of matching goal modelshte ideal case of matching only goals.
The second part defines when a goal and a capafiditgh. Then, the third one describes
in detail the Matching step as used in the selegtiemcedure in Figure V-5 and Figure
V-6. Finally, part four applies the Matching staptbe running example.

5.1 Simplifying the Match between Goal and Capability Models

The initial situation is that a goal model and a bemof capability models have to be
matched. The objective is to simplify the matchtoga matching of a single leaf-goal
with a single capability.

Temporarily, we constrain our discussion to only gual model and only one
capability model.

Reducing Capability Models to a Single Capability.The first step towards matching
goals and capabilities instead of models is to cedbie capability models to a capability.
«  Smplifying assumption 1: The top-level capabilities capture all the infation
about a design fragment.
e Consequence: A capability model is matched only at the levélits top-level
capabilities.

The assumption is justified because the top-levehbiities capture the essential
information about the functional and quality prdjeer of a design fragment. Thus, the
detailed information in the remaining capabilitiesa capability model can be neglected
as it is already propagated to the top-level cdjiaki Later in the Integration step of the
selection procedure, every capability can be linkedhe goal model and impact the
value of some goals.

With simplifying assumption 1, we reduce a capapiinodel to top-level capabilities
only. Nevertheless, a capability model has in galmeiore than one top-level capability.
These cannot be unified to a single capability beeamportant information will be lost.
Thus, we need to show that top-level capabilities loe matched separately with goal
models.

«  Smplifying assumption 2: The top-level capabilities in one capability mbdee
always independent of each other.

102



5 Matching Goal and Capability Models

e Consequence: A design fragment annotated with a capability plobaving
several top-level capabilities is regarded as sdvdesign fragments with
capability models having a single top-level capgbil

The assumption is justified because the valueseo¥@iables in the capability model are
already propagated. That is, even if two top-leeapabilities are related, their
relationship will not further influence the value$ the top-level capabilities. And a

match of a design fragment with one of the topdl@apabilities is a sufficient condition

for the selection of the fragment in the desigeralitive. The fragment is not duplicated
in a design alternative if a second top-level cdjpalis matched.

Restricting Capabilities to Match Only With Goals. Reducing a goal model to a single
goal makes sense only for the capability modelssing information from the
requirements goal model of the system under dewsdop by abstracting goals and
relationships is not desirable. Therefore, we needtheer approach to matching a single
goal with a single capability. We need to restithia possibility of a capability matching
part of a goal model.

A capability matches a number of goals if it isaygregation or abstraction of these
goals. (Henceforth, we use for ease of explanataly abstraction but we mean
everywhere aggregation or abstraction.) The coresemuis that the top-level capabilities
match the abstraction of several goals.

To be able to match capabilities with goals, we neeensure that the abstraction of
any set of goals from the goal model that can pbssnatch a capability is also a goal in
the goal model. From the discussion above follokat the top-level capabilities are
equally or more abstract than the leaf-goals ima@ ghodel. To ensure that the top-level
goals in the goal model are the most abstract gaalsssume:

+ Smplifying assumption 3: The levels of abstraction or aggregation in toalg
model always include the level of abstraction ogragation of any top-level
capability.

» Consequence: A capability cannot match several top-level goals

The assumption is justified because usually the gaadel represents the composite
design and the top-level goals are usually the mibstract ones. The capabilities, on the
other side, are the basis for a composite desigen i a design fragment is relatively
big, it never equals the final design.

With simplifying assumption 3, we guarantee that tbp-level capabilities are less
abstract than the top-level goals and more or ggabktract than the leaf-goals from the
goal model. However, we still need to assume that:

»  Smplifying assumption 4: A capability that matches a number of goals fram
goal model always matches another more abstraaggnegated goal in the goal
model.

» Consequence: A capability always matches one goal in the goatlel.

We justify the assumption with the argument thahé abstraction of certain goals is
important for the system under development thas iepresented in the goal model as
separate goal. If a capability matches a numbegyoafs but does not match any single
goal from the goal model then we consider thatcdggability achieves something that is
not intended in the goal model.
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In a nutshell, if a capability that matches a nunifegoals from a goal model does
not match another more abstract or aggregatedigdale goal model then the design
fragment is not relevant for this goal model.

Matching Leaf-Goals Only. The result of the simplifying assumption 1, 2, 3 @i
that a top-level capability matches any goal from goal model. The desired situation is
that a single capability can match leaf-goals only.

The possibility to match a capability with any gfram the goal model is due to the
difference of abstraction or aggregation. One veagchieve matching of leaf-goals only
is to remove information from the goal model byticyt detailed leaf-goals. By doing
this, abstract goals become leaf-goals. An altermaapproach is to ‘grow’ the goal
model from the top-level goals. We introduce then&ation step (see Section 4) as a
preceding of the Matching step. The Generation pteguces alternative goal models,
one per each sub-graph of the goal model contairihgy top-level goals. The
consequence is that we can cover the goal modehdighing only leaf-goals in each
given alternative goal model.

Cardinality of Match. In the beginning of the section, we constrainrttatching to only
one goal model and only one capability model. Hexerelax the restriction and discuss
the cardinality properties of the matching relasioip between goals and capabilities.

The design space of available design fragmentstisestricted: new fragments may
be added and offered capabilities may be duplicafei leads to the questions of (a)
how many goals one capability can match and (b) hamy capabilities one goal can
match. These two questions are addresses as follows:

Many Goals Match One Capability. In this case, several goals from the goal model can
be achieved by one design fragment. We distingtigh types of design fragments:
scalable and non-scalable. The former design fratgnare capable of achieving the
values in the top-level capabilities regardlesthefnumber of matched goals. Contrarily,
the non-scalable design fragments are fully utiliby one goal and every subsequent
goal that matches with the same capability needghan copy of the design fragment in
the implementation.

In the process of matching, we do not need to kifidle design fragment is scalable
or not. We always match one goal with one instaotdhe design fragment. The
consequence is that in case of a scalable desigmént we have redundancy in the final
specification. This drawback is compensated in ttiegration step, where unnecessary
capability models (design fragments) are removed.

One Goal Matches Many Capabilities. In this case, one goal is achieved by several
design fragments. All fragments are valid desigoicds; thus, they all have to be
considered as a part of a potential design altematWe accommodate this case by
adapting the selection procedure. We consider adisiple matches of a goal with
capabilities in separate design alternatives. Theseguence for the Activity diagrams

104



5 Matching Goal and Capability Models

from Figure V-5 and Figure V-6 is that the Matchiagtivity produces not one but
several lists of four-tuplés

Summary. The simplifying assumptions and workarounds in théstion lead from
matching goal and capability models to one-to-oragching of leaf-goals and top-level
capabilities.

5.2 Matching Goals

A capability and a goal match if they refer to $@me phenomen@nThis relation is
difficult to establish because goals and capabditare typically specified by different
people, with different purposes in mind, using elifnt perspectives, different contexts,
incompatible vocabularies, and incompatible knogted

We assume (1) that goal and capability models aveldped by two different groups
of people and (2) that goals and capabilities aséched by a third group of people.
Therefore, the matching is always performed on #pmresentation of the goals and
capabilities; i.e., we have available only the atienalization of goals and capabilities.

Each goal and capability is operationalized throaglariable of certain domain and
an evaluation function. Matching goals translatematching the variables that represent
the goals. The evaluation function is disregardethdhe context of the capability model
it may have different interpretations. That is, tr@ue of a variable in the capability
model may not be evaluated as satisfying by thalwéty evaluation function but still is
sufficient for the evaluation function in the goabdels. That is, a value that does not
satisfy a capability may be an option worth considgin the goal model.

Capabilities are goals that have assigned valudsetogoal variables. For this reason
and because the matching process does not coribiglefalue of the variable and the
evaluation function over that value, we refer te thatching of a goal and a capability as
to matching of two goals.

» Criterion for a match between goals: two goals (a goal and a capability) match if
the variables that represent them match.

The variable representing a goal or a capabiligy iseasurement of an indicator assigned
to a phenomenon. Therefore:

e Criterion for a match between variables: two variables match if they measure the
same indicator of the same phenomenon in the samtext and they take values
from one domain.

This is a strong criterion, having in mind that theal and capability models are
developed independently and by different people. fohewing two problems may arise
because of that:

! Due to the type of match when one goal matches/mapabilities, the output of the Matching step list of
lists of four-tuples. For simplicity of presentatjdhe selection procedures in Figure V-5 and E(H6
present the Matching step as producing a singlefliour-tuples. Further in the chapter, we raéethe
Matching step as resulting in one list of four-egIThis simplification does not affect our argutaéaon.

2 Our definition of a goal is a desired phenomenya bertain organization or individual, where amptr@enon
is a state of reality, an activity, a fact or aem(Chapter IV Goal-modelling, Section 1 Introdoig}
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Undetected Matches. The first potential problem is that two goals maytehaut remain
undetected because they were operationalized ubffegent terms. To discover such
matches, a person has to interpret every goal figsimin and reason about a potential
match with every other goal. This is a time andréffonsuming task. As we show in the
discussion of the selection procedure, where Matrcis the second step (see Section 3),
the number of checks for a match between the gaaetand all capability models is
potentially high. To make the process feasible andnable the automation of matches,
we require that the conceptual models used to itbestire universe of discourse of goal
and capability models are the same. That is, we tefghenomena, indicators, variables,
and variable domains with the same names in alletsod
e Smplifying assumption 5 (Assumption about common conceptual models): the
goal and capability models use the same conceptsefier to identical
phenomena, indicators, variables, and variable dmna
A common conceptual model means that one varialidepresented by the same term in
all models. This reduces the matching process tariagsmatching. With common
terminology, we can do the matching of goals autaraly.

The assumption of common conceptual models may bsidered too restrictive and,
therefore, over-simplifying the problem of matchiMde select it because: (1) matching
is not the focus of this work and (2) there arévaatesearch communities working in the
area of database schema matching and semantiopetability [16, 47]. Results arising
from those fields can be plugged into our matclpnacedure without affecting the rest
of the procedure.

Other automated matching approaches exist whiatslae concepts and relations
between conceptual models [33]. They require hunmé@rvention in the phase of
relating the concepts from each conceptual modkeilevin the actual matching, they are
automatic. Nevertheless, the two matched variablag still require a transformation
function for the transfer of value. Specifying tsformation functions is a manual
process that may require information that is nailable. Therefore, we use only exact
matches in which the variable values are copied.

Too Few Matches. The second potential problem is that the critersotoo restrictive and,
potentially, there will be too few matches. A pb#siweaker criterion would not need the
domains of the variables to be the same. This wadlditionally require a conversion
step from domain to domain. It is a viable solutfon variables with simple domains,
where automatic conversion is possible; nevertkglaadesirable human intervention
would be necessary in case of complex domains.

Another weakening of the criterion would allow ntatof variables represented by
similar* concepts. This approach would also require mawcoalersion of variable
values, which makes it undesirable.

Counter Criterion. Accepting similar concepts as matching variablesy nead to
misleading matches which are difficult to identifya a manual matching process, it
seems intuitive to match two goals that have ciusalated variables. Especially in the

! By similar concepts, we mean concepts that in sobeepretation may be considered the same bilitgiin t
current representation this cannot be made evatettieir conceptual models are based on incompatibl
knowledge.
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case of an individual determinative relationshipnay be difficult to separate the cause
variable from the affected variable. Such matchesndt deteriorate the goal model;
nevertheless, conceptually this is an extensich@fjoal model and the transfer of value
requires a propagation function. Mismatches suchthase occur when the level of
abstraction of the goal is one level higher thandhe of the capability. Thus:

» Criterion for mismatch of goals: two goals do not match if the variables that

represent them are causally related.

The criterion for mismatch is not complementaryhe triterion for match. The criterion
for match includes the criterion for mismatch. Thlicit specification of mismatching
criterion additionally clarifies when two goals dot match.

5.3 The Matching Step

The Matching step identifies all possible matcheawben goals and capabilities. It forms
design alternatives which are sets of relevantgefiagments realizing some of the
goals in a particular alternative goal model. Theigie alternatives are predetermined by
the Generation step which produces the alterngtrad models.

The alternative goal models are the input for theckiiag step. The output is a list of
four-tuples, where each tuple contains a goalpaluiéity, a value and a design fragment.
The information in a tuple is: which goal is matchedvhich capability; what value the
goal receives; and which is the design fragment theivers the value. A design
alternative is the set of all design fragments gme a list of four-tuples.

The Matching step has to match every leaf-goal ferary alternative goal model
with a top-level capability. From optimization poif view, it is worth first matching all
goals from the goal model with all top-level capiéibs because (1) all goals are leaf-
goals in at least one alternative goal model ahan@ny alternative goal models contain
the same leaf-goals. Therefore, the Matching stepvwa sub-steps: building a Matching
table and forming a design alternative.

Building a Matching Table. In the first sub-step, every goal from the goal elod
matched with every top-level capability of everysida fragment. The result is a table
with rows containing the goals and columns contgjnihe capabilities of particular
design fragments. (See Table V-7 in the running etarhelow for an example.) Every
cell in the table is marked with ‘X’ or not markethe meaning is, respectively, the goal
and the capability match or the goal and the cédipatlo not match. We call the table the
Matching table. Goals and capabilities are matalsdg the criterion from Section 5.2.
Assuming a common conceptual model, matching gaasdiscovered by an automatic
string matching of variable names.

Forming a Design Alternative.In contrast with the first sub-step, the secondsebp is
executed per alternative goal model. All leaf-gofatsm one model are checked for
matches in the Matching table. The matching capedsliare used to form a design
alternative and the output of the Matching stelstaf four-tuples.

A design alternative is the set of design fragmeotsesponding to capabilities that
match leaf-goal from the alternative goal modelmiére than one capability match a
particular goal then for every match a separatgydesternative is formed.

107



Chapter V Selection Procedure

For each design alternative, a list of four-tupdesreated. The list is the representation
of the design alternative with which the conseautdteps of the selection procedure
work.

Handling Leaf-Goals without a Match. To be able to evaluate a design alternative, all
leaf-goals in the alternative goal model need teehealues. This requires that all leaf-
goals are matched with capabilities.

The design space of available design fragments isneoessarily complete with
respect to the desired system at hand. As a resoitall of the leaf-goals have a
matching capability, hence a design fragment. & tystem under development
implements an innovative business idea, the desigag find that some of the goals are
unique to this system and do not have predefinesigdefragments. To enable the
evaluation of partial designs, we have to assunieesafor the leaf-goals without a
match. We assume that the required functionality lva achieved independently of the
available design fragments, which results in valdes the goal variables called
anticipated values. The anticipated values are part of thd gwalel and they can be
assigned to any goal. Nevertheless, they are nike$f to be assigned to leaf-goals.

Representing Design Alternatives with a List of FouTuples. A list of four-tuples
includes a tuple for every leaf-goal; i.e., the eientains as many elements as leaf-goals
and the first field of every tuple is filled with @ncrete leaf-goal. For every leaf-goal
that has a match the remaining three fields, naweghability, value and design fragment,
are filled in correspondingly. If a leaf-goal doest match any capability but has an
anticipated value then only the value field of thele is filled in. In case a leaf-goal does
not have a matching capability and does not havarditipated value then the tuple
remains unchanged, i.e. empty places for capapiiyue and design fragment. It is
possible to further evaluate a design alternath®ugh the remaining steps of the
selection procedure only if there is a value spettiin every tuple from the list.

The next section provides an example.

5.4 The Running Example

This section shows the Matching step on behalf @frtimning example from Section 2. It
presents the Matching table containing all eighalg@nd all three top-level capabilities.
It also justifies the data in the table. Moreoveshows the lists of four-tuples for every
alternative goal model.

Table V-5 presents the goals from the example amit tiperationalization. It is a
copy of Table V-1. The bold font in the table higfhlis the variables that have matching
capabilities.

Table V-5. Operationalization of the goals from thening example (a copy of Table V-1)

Goal code Goal

Variable code Variable Variable domain

G1 | To offer online technical support

Vi | Quality of service | Real numbers between 0
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L and 1
G2 | To support troubleshooting
Vv, | Percentage unanswered gquestion \ Percentage
G3 | To maintain FAQ
vz | Number of question and answers | Natural numbers
G4 | To maintain an active forum for clients
v4 | Percentage active one-week-old topics | Percentage
G5 | To publish online documentation
vs | Percentage of inaccessible pages | Percentage
G6 | To support keyword search
Ve | Percentage not indexed pages | Percentage
G7 | To perform weekly updates
vy | Number updates \ Natural numbers per year
G8 | To have 24/7 online instant messaging
vg | Online hours | Natural numbers per week

Table V-6 presents the top-level capabilities, tbperationalization, and the values of
the goal variables. The table is a compilation abl€ V-2, Table V-3, and Table V-4
from which only the rows with the top-level capélgk are taken. Again, the bold font in
the table highlights the variables that have matgigioals.

Table V-6 Operationalization of some of the captéd from the running example (compilation of
Table V-2, Table V-3, and Table V-4)

Capability code | Capability

Variable code Variable Variable domain Value

CM1.C1 Sustain an active forum

CM1.a, Per_centage active one-week-old Percentage 73
topics

CM2.C1 Support up-to-date online help

CM2.a, Percentage of inaccessible pages | Percentage | 7

CM3.C1 VoIP call center service

CM3.a; Online hours

Natural numbers

per week 40

The first sub-step of the Matching step, namelyding a Matching table, requires
checking for a match every goal from the goal mddeklsG1 to G8 from Table V-5)
and every top-level capability (capabilitiem1.c1, cM2.c1, andcM3.c1 from Table

V-6).

Without the assumption about common conceptual tsddenplifying assumption 5),
the reasoning behind the selection of matchingsgaadl capabilities is:
G1: To offer online technical support. This goal is too abstract for the
available capabilities; therefore, it has no magche
G2: To support troubleshooting. This goal has no analogue among the

capabilities; therefore, it has no matches.
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e G3: To maintain FAQ. This goal has no analogue among the capabilities;
therefore, it has no matches.

e G4: To maintain an active forum for clients. This goal has a direct match. It
is operationalized with the same variable as tipaloitity cM1.C1.

e G5: To publish online documentation. This goal is similar with capability
cM2.c1. More importantly, they are operationalized witte tsame variables.
Thus, goale5 matches capabilitgM2.C1.

* G6: To support keyword search. This goal is too detailed for the available
capabilities. Its operationalization is close te tiperationalization of capability
CM2.C1 but an extra assumption that ‘inaccessible’ isstime as ‘not indexed’
is required. Thus, go&6 has no match.

e G7: To perform weekly updates. This goal is similar to capabilitgM2.C1.
Nevertheless, they have different operationaliretioA possible match would
require translation between the variables represgnhe goals. Therefore, the
goal has no match.

e G8: To have 24/7 online instant messaging. This goal has the same
operationalization as capabilitgM3.c1. Therefore, they match; despite, the
meaning of the goals is slightly different.

With the assumption about common conceptual mo@splifying assumption 5),
which is also the automatic approach that our Matglactivity performs, the matching
goals and capabilities are decided based on stniamighing. This approach leads to the
same result. The names of the matching variable si@retyped in bold font in Table
V-5 and Table V-6.

Applying the matching criterion from Section 5.2¢ Vind the following matching
goals and capabilities (see Table V-7):

e GoalG1 matches capabilitg1 of capability modetMmi;

« GoalGs matches capabilitg1 of capability modetmM2; and

« GoalG8 matches capabilitg1 of capability modetms.

Table V-7 presents the Matching table. The rowsgasds, the columns are capabilities
from particular capability models. The ‘X’ in thellsemarks the matching goals and
capabilities.

Table V-7. Matching table of the running example

CM1.C1 CM2.C1 CM3.C1

G1

G2

G3
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G4 |Xx
G5 X
G6
G7
G8 X

The second sub-step of the Matching step, nametyifigr design alternatives, checks
for matching capabilities and leaf-goals in evetieraative goal model. Table V-8
presents an aggregated view on the alternativergodels, the leaf-goals of every model
and the matching capabilities. The columns represigtnative goal models; the letters
c to k in the second row correspond to the leteroting the alternative goal models in
Figure V-18. The rows represent goals from the gaadlel. A grey cell means that the
particular goal is not a leaf-goal in the particiditernative goal model. Correspondingly,
a white cell means that a goal is a leaf-goal imlernative goal model. For example,
alternative goal model d has three leaf-goals, haG2, G5, andGs. If a leaf-goal from
a particular alternative goal model and a capahifiatch then the corresponding white
cell contains the name of the capability.

Table V-8. Lists of goal-capability pairs

Alternative goal models

CM1.C1 |[CM1.C1

CM2.C1 [CM2.C1
|

G4 CM1.C1

CM3.C1 |CM3.C1 |CM3.C1 |CM3.C1 |CM3.C1 |CM3.C1 |CM3.C1 [CM3.C1

The output of the Matching step is a list of fouplas. Below, we present the output
for every alternative goal model:

C: <G11 1 >;
d: <G2,,, > <G5, C1, 7, CM2>, <G8, C1, 40, CM3>;
e:<G3,,, > <G5, C1, 7, CM2>, <G8, C1, 40, CM3>;

f: <G4, C1, 73, CM1>, <G5, C1, 7, CM2>, <G8, C1, 40 , CM3>;
g: <G3,,, > <G4, C1, 73, CM1>, <G5, C1, 7, CM2>, <G8,
C1, 40, CM3>;

h: <G2,,, > <Gs,,, >, <G7,,, >, <G8, C1, 40, CM3>;
i: <G3,,, >, <G, ,, > <G7,,, >, <G8, C1, 40, CM3>;
j: <G4, C1, 73, CM1>, <GS, ,, >, <G7,, , >, <G8, C1, 40,
CM3>;

k: <G3,,, >, <G4, C1, 73, CM1>, <G6, , , >, <G7, >,

<G8, C1, 40, CM3>;
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The only alternative design resulting from the Matgtstep that can be further evaluated
is the one originating from alternative goal motddliore alternative designs would have
been possible if the goal model contained antieghaialues. The example we use in this
chapter to illustrate the selection procedure camt¢sontain anticipated values.

6 Integrating Goal and Capability Models

The purpose of the Integration step is to comperfsatthe simplifying assumptionl
and for the simplifying assumptidd, and the many-to-one matches between goals and
capabilities (see Section 5.1.)

The drawback of the assumptions is that accordirthem, one capability can match
only one goal and can set the value of only this goal. In reality, one capability
influences the value of potentially many goals frdme goal model. Furthermore, not
only top-level capabilities influence goal valuesgoal models; all capabilities from a
capability model can affect the goals in a goal etod

The drawback of the work-around solution to the memgne relation between goals
and a capability presented in Section 5.1 is thatluplicates non-scalable design
fragments. In case of a scalable design fragmesd &ection 5.1), several capability
models may be reduced to one and, in this way, verdaplicated design fragments.

To offset the drawbacks, we need to add informatwmrthe goal model. This is
realized by adding goal relationships between déifjed and goals. Adding a
relationship requires adding a new or overwritimg existing propagation function. In
essence, the integration is goal modelling.

6.1 The Integration Step

The Integration step takes as an input a list of-faples. Implicitly, it also receives the
alternative goal model that originated this listeThtegration step merges the alternative
goal model with the capability models of the desigyments present in the list of four-
tuples. The output is an integrated alternative guadel.

Merging the goal models includes two types of adioreplacing goals with
capabilities and adding goal relationships.

Replacing Goals with Capabilities.Every capability model has at least one top-level
capability that matches with a goal from the goaldel. This top-level capability
replaces the goal it matches, while keeping goatiomships. The relationships of the
capability in the capability model are also kepyg.rBplacing a goal with a capability, (1)
the value of the capability is made part of thelgoadel and (2) the capability model is
linked with the goal model.

'Smplifying assumption 1: The top-level capabilities capture all the infation about a design fragment (see
Section 5.1)

2gmplifying assumption 4: A capability that matches a number of goals feogpal model always matches
another more abstract or aggregated goal in thengodel (see Section 5.1)
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Adding Goal Relationships.The newly added capabilities may affect the valdemals

in the goal model not matched by the top-level bdia of the capability model. This
happens in case the variables of the goal and d#ypave causally related. The causal
relationship is accounted for by adding a new gelationship from the capability to the
goal. Depending on the type of relationships thal s, the new relationship adds a
new propagation function (in case the goal is dailyin its relationships) or replaces the
existing propagation function (in case the goa ieead in a relationship.)

6.2 Handling Feature Interaction

By feature interaction, we mean the occurrenceropgrties of a composition of two

designs that were not foreseen. Every design fragimes certain properties which may
not hold in a combination with other design fragisan a design alternative. Moreover,
new properties may emerge because of the compositiseveral design fragments. This
problem is one of the primary concern of ChapterSyhthesis of Value and Process
Patterns; nevertheless, the consequences of theeéateraction can be accounted for in
the Integration step.

Two design fragments that are interacting in a oertay are expected also to interact
in the same way at capability models level. Forngxa, if two design fragments
combined have a synergy, it is intuitive to expibett the achieved variable values are
closer to satisfaction. In the contrary, two desigagments can be conflicting, which,
intuitively, results in variable values that aretlfier from satisfaction.

The effects of the feature interaction cannot beedddirectly as a relationship
between capabilities because the capabilities dahmange their values. To account for a
potential interaction between capabilities fromfatiént capability models, we have to
add goal relationships to goals from the goal model

6.3 The Running Example

The Matching step produced the following list of fduples that can be further
evaluated:
+ f: <G4, C1, 73, CM1>, <G5, C1, 7, CM2>, <G8, C1, &EM3> (see Section
5.4)
The alternative goal model in which go#a, G5 and G8 are the only leaf-goals is
shown in Figure V-19. The alternative goal modedésived by removing goale3, G6
andGz from the goal model of the running example showRigure V-1.
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0 G1: To offer online technical support
G2: To support troubleshooting

G4: To maintain an active forum for clients
o G5: To publish online documentation

@ @ @ G8: To have 24/7 online instant messaging
64

Figure V-19. Alternative goal model number 4 (sebl€ V-8)

The Integration step replaces go&@é, G5 and G8 respectively with capabilities
CM1.c1 (see Figure V-2)cM2.c1 (see Figure V-3), andM3.c1 (see Figure V-4.) The
capability modelscM1 and cM2 of, respectively, capabilitie€eM1.c1 and CM2.C1
contain each three capabilities. These capabiliiesadded to the alternative goal model.
The result of the integration step is the integratkéelnative goal model shown in Figure
V-20.

G1: To offer online technical support
G2: To support troubleshooting
CM1.C1: Sustain an active forum
CM1.C2: Motivate active members
CM1.C3: Identify and rate members
CM2.C1: Support up-to-date online help
CM2.C2: Maintain timely updates of the content
CM2.C3: Structure the information for ease of access
CM3.C1: VolP call center service

Figure V-20. Integrated alternative goal modelvksttifrom alternative goal model 4 and capability
models 1, 2, and 3

Figure V-20 contains no additional goal relatiopshibecause the Integration step does
not add any. The added capabilities do not intesawdng each other and do not affect
more goals than the ones they match. Thereforege tiseno need for additional goal
relationships.
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7 Propagation and Evaluation Steps

This section briefly describes the last two actgtiPropagation and Evaluation, from the
selection procedure from Figure V-5.

Propagation Step.The step receives as an input an integrated atieengoal model
which has valuésassigned to leaf-goals. By applying the satisectcalculation
described in Chapter IV Goal-modelling, Section &tiSaction Calculation, we
determine the values of the top-level goals inithiegrated alternative goal model. The
output of the step is an alternative solution cdipalmodel which is a goal model with
calculated values for the top-level goals.

Evaluation Step.For a description of the Evaluation step, we ré&deBection 3. The step
receives as an input a list of alternative solut@apability models. Each alternative
solution capability model is seen as a solutionhwitultiple properties, where the
properties (also called attributes) are the tollgwoals in the model. The Evaluation step
assigns a number (a rating) to each alternativetisal capability model by solving a
multiattribute decision problem based on the staldsrs’ criteria. The output is a list of
alternative solution capability models, where evagdel has a rating.

8 Improved Selection Procedure: the Pre-evaluation $p

The main drawback of the selection procedure frogufé V-5 is that the Integration
step is executed for every design alternative. Thiexpensive, in terms of time and
effort, because the integration is a manual goatietimg activity which has to be
executed potentially many times. To counter thisadisntage, we postpone the
execution of the Integration step to a point in gedection procedure when a pre-
selection of the most promising alternative designmade. To justify the change in the
order of activities, we need to assume that:

« Smplifying assumption 6: The added information during the Integration step

does not change significantly the value of thelenl goals.

The relationships added during the Integration ségmesent causal relations which
where not considered important on the first placd therefore not added in the goal
model, or they represent a weaker form of a masttvéeen a capability and a goal. This
supports our simplifying assumption.

The need of the Integration step is to account fmompatible design fragment
(feature interaction.) In this case, the valuestlé top-level goals are changed
significantly but usually negatively; i.e., becawdahe integration, the design alternative
scores lower.

Postponing the Integration step, we do not mis®oa@dgsolution. In the worst-case
scenario, we can initially nominate a bad soluasrgood one but this will be noticed.

! The value is a capability value if the leaf-gaahicapability or an anticipated value if the Iga#l is an
unmatched goal.
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In the improved selection procedure (see Figuré Mk Integration step is preceded
by a Pre-Evaluation step. This step is the santbeagvaluation step and its function is
to reduce the number of design alternatives furtbesidered by the selection procedure.
A limited number of alternative solution capabilitpodels are nominated as best
alternative solution capability models and passethér to the Integration step. After the
integration and before the final evaluation, a selcexecution of the Propagation step is
needed to account for the newly added relationships

All steps except the Integration are automatic. Tihprovement of the selection
procedure from Figure V-6 in comparison with Fig is in the reduced number of
executions of the Integration step.

9 Related work

The work of Gross, D. and Yu, E. [28] triggered thaboration of the selection

procedure to its current specification. The commdeaiis to use requirements goal
models to evaluate design patterns by scoring tmdribution of each pattern to the
satisfaction of particular goals in a goal modelatidition, our method prescribes how to
select patterns, how to combine the contributiomattiple patterns, how to propagate
quantitative values throughout the model, and hmvate alternative designs.

The remaining discussion applies to the matching sialy, not the selection
procedure as a whole.

In our design method, patterns are selected agargidor a particular system under
development if a capability goal model matchescmirements goal model. In Section 5,
we make a number of assumptions to simplify theblera of matching. The Database
Schema Matching and Integration research [16, 4idfesses the problem in its full
complexity. The difference of the matched structuseem the semantics of what they
represent. Therefore, any approach from the arembBse Schema Matching and
Integration that does not assume the matched steudb be a conceptual model
(database schema) is reusable in our framework.wAsstate in the future work
discussion of this thesis, additional researcheisded to evaluate the approach that best
suits the purposes of selecting relevant pattektisof the proposed solutions involve
manual intervention to a various degree.

Results from the Ontology mapping research [33,c82] be also used to match goals.
Ontology mapping is finding concepts and relationswo ontologies that refer to the
same real-life entitiésThis is analogous to our problem of finding gaatsl capabilities
that refer to the same phenomenon. A goal modelespondingly a capability model, is
not an ontology. Nevertheless, the expressiveniessme ontology covers goal models.
The type of ontology calledopulated ontology contains instances of concepts and these
instances may be goals.

Ontology mapping varies in precision and coverddd.[Precision is the degree of
preserving the intended meaning of the mapped gdsi@nd relations when translating

! This is a simplified definition. In the generabeaontology mapping includes more than mappingepis
and relations. For more information, refer to [33].
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from one ontology to the other. Coverage is thé glaconcepts and relations intended to
be mapped that are actually mapped.

An ontology mapping approach is applicable to goakching under the following
condition: there exists an ontology mapping witheafect precision and fufl coverage
between the populated ontology representing thérgodel and any populated ontology
representing a capability model. Such an approaatisl to the same results as following
our matching criterion and assumption number 5clmmmon conceptual model from
Section 5.2 but without making the assumption. Tiaevbback of such an approach is the
expense of building the ontology mapping, which imanual process [33], and the strict
requirements for precision and coverage. The adganim that once the mapping is
developed the matching of goals is automatic.

The ontology matching approach can be used withbat restriction of perfect
precision. But the consequence would be that a godla capability that do not refer to
the same phenomenon will be matched, which regaimesdditional value transformation
function between the goal and capability.

10 Summary

This chapter completes the answer of research qua3#.2.1: How to identify the
relevant design patterns given a set of requirements? and answers our research
guestionQ2.2: What are the relevant design patterns for a particular design? It
defines a selection procedure to be used to shlecklevant design patterns using a goal
model of the requirements.

In the process of defining the selection procedseeeral simplifying assumptions
were made. Below, we summarize the assumptionteiddonsequences:

e Smplifying assumption 1. The top-level capabilities capture all the infatman
about a design fragment.

» Consequence: A capability model is matched only at the levélits top-level
capabilities.

«  Smplifying assumption 2: The top-level capabilities in one capability mbdee
always independent of each other.

» Consequence: A design fragment annotated with a capability slobaving
several top-level capabilities is regarded as s#vdesign fragments with
capability models having a single top-level capgbil

« Smplifying assumption 3: The levels of abstraction or aggregation in tioalg
model always include the level of abstraction ogragation of any top-level
capability.

! By perfect precision, we mean that the two corgeptelations have the same meaning in the twolagies.
In the particular case, we mean that the mappelagwbcapability instances refer to the same phemam

2 By full coverage, we mean that all concepts atations intended to be mapped are actually magpetie
particular case, we mean that every instance obha capability is known to map or not to anotimstance.
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Consequence: A capability cannot match several top-level goals

Smplifying assumption 4: A capability that matches a number of goals fram
goal model always matches another more abstraaggnegated goal in the goal
model.

Consequence: A capability always matches one goal in the goatiel.

Smplifying assumption 5: The goal and capability models use the same ctscep
to refer to identical phenomena, indicators, vdeisband variable domains.
Consequence: Matching of variables can be reduced to stringetniag of their
names.

Smplifying assumption 6: The added information during the Integration step
does not change significantly the value of theleayl goals.

Consequence: A Pre-evaluation step can be performed beforelibegration
step.



Chapter VI

Synthesis of Value and Process Patterns

The chapter answers research ques@amB. It presents the synthesis procedures for
value and process patterns. Both procedures aceltes in the following structure: first,
an example set of patterns is given; second, ththegis procedure is defined; and third,
the procedure is applied on the example set oé et

The bold font in the table below positions the cotgeof the chapter with respect to
the research questions and results.

Research questions Research results Thesis chapters

Q1: What is the design R1: two libraries of value Chapter II

knowledge in existing e- design patterns and process Design Knowledge in

business models? design pattern, correspondingly | Existing e-Business
Models

Q2: How to reuse design Chapter III

knowledge in the development Design Framework

process of an e-business for e-Business

specification? Models

Q2.1: What makes an e-
business specification?

Q2.1.1: How to check R5: a definition of consistency |Chapter VII
consistency between value | between value and process Consistency between
and process models? models, and a procedure to Value and Process

check the consistency criteria Models

Q2.2: What are the relevant |R2: a goal-modelling technique, | Chapter IV

design patterns for a including propagation of Goal-modelling
particular design? satisfaction values Chapter V
Q2.2.1: How to identify R3: a selection procedure that |Selection Procedure
the relevant design identifies the most relevant
patterns given a set of patterns for a particular design
requirements? given a set of requirements
Q2.3: How to synthesize R4: a synthesis approach to |Chapter VI
value and process models |derive complete models Synthesis of Value
from design patterns? from patterns and Process
Patterns

1 Introduction

To synthesize patterns means to build one model fhensolution fragments of each one
of them. The resulting model is more than the pdints fragments) that make it up. The
gains from the synthesis are the synergies andgenggproperties of the system.

Our synthesis approach is an automated procedeckhispeople to design a system
with desired properties. The properties of the sgsited model are not formally

! This chapter is based on previous work by ZlafeyEck van, P., Wieringa, R. and Gordijn, J. [76]
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derivable from the properties of the fragments. Hyathesis procedure does not
guarantee that the synthesized model will satibfy top-level goals. The synthesis
procedure is the best effort to design a systern thi¢ available information. It involves
creativity and experience to spot synergies anddawegative interaction of pattern
properties leading to dysergy.

The Integration step from the Selection procedureaf@er V Selection Procedure,
Section 6 Integrating Goal and Capability Models,page 112) is connected with the
synthesis of patterns. It ‘synthesizes’ the goatet@f the patterns. That is, it accounts
for interacting pattern properties reflected in ¢tapability models.

The proposed value and process synthesis procedupmort the designer by (1)
prescribing a sequence of steps, (2) providing mbar of automatic steps, and (3)
validating the syntax of the synthesized model.o®elwe define them using two
examples.

2 Synthesis of Value Fragments

2.1 Example

Let us assume that we have the following example.cAscompany wants to form a
business network in which it is the intermediaryceftain type of transactions. To be
concrete, the company wants to create a marke¢Xohange of overcapacity memory
integrated circuits. We call the company MemExs laiglobal market with properties of
a perfect market: i.e., low trust, anonymous pgudicts, and no follow-up exchanges. To
be profitable, MemEx has to create a market witticai mass of participants. To do so,
MemEx sets the following objectives: (i) increase thust in the market and in the
participants; (ii) discourage opportunistic behavjoand (iii) remain neutral in creating
incentives for future transactions. The analysighef objectives (we assume them our
top-level goals) leads to lower level goals such as
o G1: Require supplier of memory integrated circuits to file credit
information prior to making an offer;
o G2: Require buyers of memory integrated circuits to register upfront
purchase; and
o G3: Ask suppliers to evaluate buyer.
We do not show the complete goal model here bechuseoutside the scope of this
chapter.

Following the selection procedure (Chapter V SaectProcedure) for finding
patterns that can be part of a possible desigheflesired business network, we select
the following three patterns as matching the thgeals above. The patterns are listed
with their matching capability and the role berie§itfrom the matching capability.

» Pattern Screening (SCR) with matching capability:

o C1: Screen businesses
and benefiting roldntermediary. (The full description is in Appendix E Library of
Value Patterns on page 319;)

« Pattern Registration (REG) with matching capability:

o C1: Collect client information
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and benefiting roldntermediary. (The full description is in Appendix E Library of
Value Patterns on page 313;) and

« Pattern Rating (RAT) with matching capability:

o C1: Reduce anonymity
and benefiting roldntermediary. (The full description is in Appendix E Library of
Value Patterns on page 311.)

In this chapter, we use the three patterns totifites the synthesis procedure for value
models. Figure VI-1 presents the value models efghtterns, respectively: Figure VI-1
(a) is the Screening value model; Figure VI-1 @)He Registration value model, and
Figure VI-1 (c) is the Rating value model.

Opportunistic
huginess

Intermediary Client Intermediary

<..l__ Access to services
Identification information

f:i“— Access to market 0
Private credit information s>

(b)

Insecure

! Intermedia
husiness L

Insecure client

Guarantees T
Market paricipation —>

<T_ Rating of anather client
Evaluation of anathet client —k

(a) (c)

Figure VI-1. Value models: (a) — Screening pattéoh —Registration pattern, and (c) — Rating
pattern

2.2 Synthesis Procedure for Value Patterns

Below, we present the synthesis procedure in pseade (see Figure VI-2.) It has two

parts: Instantiate patterns and Synthesize pati@ndgated with comments). The first

part is a preparation for the actual synthesis hickvthe value model of every pattern is
modified such that the actors and value exchangféect the particular business at hand.
In the second part, value models of patterns aleedl such that they make one value
model. They are synthesized one by one regardleasyobrder.

1: #comment: Part one - Instantiate patterns

2: FOR EACH pattern

3: Map role of matching capability to business. #1 a
4: Resolve remaining roles in pattern. #2 m
5: Modify value objects. #3 m
6: END FOR EACH

7: #comment: Part two - Synthesize patterns

8: WHILE pattern

9: Find identical actors. #4 a
10: Resolve cardinality between identical actors.# 5a
11: Add the pattern to the value model. # 6a
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12: Merge identical actors. # 7a
13: END WHILE

Figure VI-2. Pseudo code of the synthesis procefturealue patterns. (Legend: the commented
number at the end of the line is the step numbee. suffix ‘a’ means automatic step; the suffix ‘m’
means manual step.)

To synthesize the selected patterns means to leik ithstantiated value models in a
single value model. For clarity of presentation,refer throughout this sub-section to the
instantiated value models of patterns as patterpaiern models. Correspondingly, the
synthesized value model is referred to as the valodel or the design.

We now discuss in detail statements 3, 4, 5, 9,110and 12 in the pseudo code in
Figure VI-2. These statements are referred toegssse.g., step 4 is statement number 9.

2.2.1Part one — Instantiate Patterns

Instantiation of patterns is necessary becauseahge models of patterns are template-
like structures which represent abstract relatietwien entities. Actors and value objects
within value models of patterns need to be insé@di such that they represent the actual
businesses and objects exchanged in the businkaadt

Actors' in pattern value models represent roles, wherglais associated behaviour
with a business (see Chapter Il Design KnowledgeExisting e-Business Models,
Section 4 Documenting Patterns.) They are inst@atiby finding the businesses in the
concrete system under development playing the mold® pattern.

Roles in a pattern and actors in an instantiatddevenodel must be unique but not
necessarily related with one-to-one mapping. Indéhecription of every pattern, there is a
statement of the form: “the pattern containpaaticular number of roles played bya
range of possibilities for actors.” In every pattern in the library, the nembf actors is
less than or equal to the number of roles: i.eacar can play two roles but no role can
be played by two actors. Thus, the instantiatiorrabés (1) must not introduce more
actors than roles there are and (2) must guaramigee actors.

A pattern value model contains abstract value abjsgch aproduct or service. In
the concrete system under development, the pradisgrvice are specific instances such
asbook or transportation.

Value objects, before and after instantiation, dormeed to be unique: i.e., one object
may occur several times in a model. The only cairstron the instantiation of value
objects are that it does not change (1) the damectf exchange, (2) the exchange
participants and (3) the number of value objects.

A. Step 1: Map the Role of the Matching Capability to a Business

A pattern was selected for synthesis because oiits tdp-level capabilities matched a
goal from the goal model of the system under dgraknt. From the pattern description,
the top-level capability benefits a particular rghe pattern. Correspondingly, the goal
in the goal model belongs to a certain businesxab®e the capability represents
something in the design that makes the goal happenconclude that the role that

! Thee®-value modeling notation lacks primitives to express sdtethe sense meant by the description of a
pattern. We use instead the concept of an actieiiscope of a pattern description.
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2 Synthesis of Value Fragments

benefits from capability is played by the businkasing this goal. In other words, the
first role from the pattern to instantiate is tlderassociated with the matched capability
and the instance is the actor having the goal.

This step offers an automatic mapping of roles arginesses playing these roles.

The mapping of roles and business actors is capturedcorrespondence table, in
which the first column lists the roles as namedhe pattern and the second column
contains the names of actor as in the businessirad. iThe table is filled in partially
within this step: only mappings resulting from thmatching capabilities and goals are
added. These are shown as rows in bold font. Fexample, see further on Table VI-1
of the example of this section.

The above approach of mapping roles and actorsresqthat no two roles benefit
from one capability. In such a way, we guarantes thithin this stepMap roles of
matching goals and capabilities, the mapping of roles and actors is one-to-one. The
possibility of an actor to play more than one rilee one-to-many relation between a
role and an actor) as discussed before is showheimext stepResolve the remaining
rolesin the pattern.

All patterns that are currently available in thierdiry comply with the restriction on
benefiting roles from a single capability. The resion was not imposed during the
identification or description of the patterns. Pais that are newly added to the library
need to meet that constrain.

Example Step 1.We exemplify step 1 of the synthesis procedure Ggere VI-2,
statement 3) with the Screening pattern. The paiteselected for synthesis because its
capability c2 matches goaG1, as given in Section 2.1. Because @i is a goal of
MemEx and (ii) capabilityc2 benefits thelntermediary role, we establish a direct
instantiation relationship between the MemEx actwd ¢he Intermediary role. Table
VI-1 shows this.

Table VI-1. Correspondence table for roles in tbee8ning pattern, partially filled in

Roles in the Screening pattern Business actors in the example
Opportunistic business

Intermediary MemEx

Insecure business

Following the same line of reasoning, we find tbdofving direct correspondence
relationships in the remaining two patterns:
* MemEx and thdntermediary role in the Registration pattern, as capabiity
matches goak2 (Section 2.1) and
e MemEx and thelntermediary role in the Rating pattern, as capability
matches goak3 (Section 2.1.)
The mapping results are presented in bold font @ dbrrespondence tables for the
Registration and Rating patterns, respectively il§ &1-3 and Table VI-4.

B. Step 2: Resolve the Remaining Roles in the Pattern
Usually the direct mappings between roles and aatetermined in the previous step do
not cover all roles in a pattern. This means thétepas add new roles that need to be
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instantiated. The information to do this is notikakde from the selection procedure. It
needs to be uncovered by a person interpretingetitaal descriptions of the matching
goal and pattern, including: goal description aadtggn context, description, problem,
solution, and capabilities. The result of this maraperation is a mapping between a role
and the most probable business actor to executeline

The step may result in one actor assigned to pisgcand role. The decision to map
more than one role to a business is taken by anéssianalyst who has knowledge not
present in the goal model and the patterns. In\lag, one-to-many relationships are
introduced in the correspondence table which aes l@solved by unifying actors with
same names.

This step completes the correspondence table betw@es and actors. (For an
example, see further on Table VI-2 of the examplihisfsection.)

Example Step 2.Step 2 is also illustrated with the Screening patt&he synthesis
procedure (see Figure VI-2, statement 4) requireppimg the remaining two roles:
Opportunistic business and Insecure business (see Table VI-1.) From the
specification of goalG1: Require supplier of memory integrated circuits to file
credit information prior to making an offer, we deduce that the role that gives
private credit information in the value model o&tBcreening pattern is played by the
suppliers of memory integrated circuits. Thus, waprtheOpportunistic business role

to theSupplier actor. Furthermore, tHasecure business role remains to be played by
the buyers of the memory circuits. We assert tlisrapping thensecure business
role to theBuyer actor. See Table VI-2 for the result. (The mappmfold font is from
the previous step.)

Table VI-2. Correspondence table for roles in tbee8ning pattern

Roles in the Screening pattern Business actors in the example
Opportunistic business Supplier

Intermediary MemEx

Insecure business Buyer

The remaining unmapped roles from the Registratiod &ating patterns are
determined with reasoning from the formulation oy G2 andG3 (Section 2.1), and
the description of the Registration and Ratinggratt. The derived mappings are shown
in Table VI-3 and Table VI-4. (The mappings in baddtf are from the previous step.)

Table VI-3. Correspondence table for roles in tiegiBtration pattern

Roles in the Registration pattern Business actors in the example
Intermediary MemEx
Client Buyer

Table VI-4. Correspondence table for roles in tlaifi®) pattern

Roles in the Rating pattern Business actors in the example
Intermediary MemEx
Insecure client Supplier
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C. Step 3: Modify Value Objects

Similarly to roles, value objects within value mtsdef patterns need to be instantiated to
represent the actual objects exchanged in the désssiat hand. Not every value object
needs to be modified. For example, a value obfes will most probably remain
unchanged in every instance of the pattern. The isteneant for abstractly modelled
value objects such &roduct, Service, andInformation. These need to be replaced
with particular value objects suchBsok, Transportation, andStock quote.

The necessary information for the modification direaobjects needs to be uncovered
by a person interpreting the textual descriptiohshe matching goal and pattern. The
modification includes only changing the value objgle name of the value object): the
direction of exchange, the participants and thelbemof objects does not change.

The mapping of abstract and concrete value objectaptured in a correspondence
table similar to the one for roles and actors. Tite# column of the table contains the
value objects as in the pattern and the secondrrothe values objects in the example.
For an example, see further on Table VI-5 of thargta of this section.

Example Step 3.Step 3 of the synthesis procedure (see Figure \4dt@tement 5)
instantiates the abstract value objects in theepatt We exemplify this with the Rating
pattern depicted in Figure VI-1 (c.) The two valugeats,Rating of another client and
Evaluation of another client, need to be made concrete by specifying who exacthe
‘another client’. From the goal that the Rating pattern matchesyehagoalG3: Ask
suppliers to evaluate buyer, we infer that the client in question is the buyirus, the
value objects change Rating of a particular buyer andEvaluation of a buyer. Table
VI-5 shows the result of the mapping.

Table VI-5. Correspondence table for value objectee Rating pattern

Value objects as in the Rating
pattern

Value objects as in the example

Rating of another client Rating of a particular buyer

Evaluation of another client

Evaluation of a buyer

Using a manual process again, we find the concvaelee object for patterns
Registration and Rating. In particular, the Scregmpattern (see Figure VI-1 (a)) does
not change any of the value objects. Therefore ctireespondence table contained in
Table VI-6 repeats the abstract value objects asretevalue objects.

Table VI-6. Correspondence table for value objectee Screening pattern

Value objects as in the Rating
pattern

Value objects as in the example

Access to market

Access to market

Private credit information

Private credit information

Guarantees

Guarantees
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| Market participation | Market participation |

The Registration pattern from Figure VI-1 (b) neadshange only in one of the value
objects, namelAccess to services. The particular service that the intermediary give
access to is the ability to transact with otheiifesses. Thus, the concrete value object is
Enable transactions with suppliers. Table VI-7 gives the mapping between value
objects.

Table VI-7. Correspondence table for value objetthe Registration pattern

Value objects as in the Rating Value objects as in the example
pattern

Access to services Enable transactions with suppliers
Identification information Identification information

D. Result: Instantiated pattern value models

The instantiation of value models is (1) substigtihe roles with the corresponding
actors and (2) substituting the abstract valueatbjeith the concrete value objects for
the business at hand. The instantiation of thee®imng, Registration and Rating patterns
is shown in Figure VI-3. The structure of the modelsains the same; only the labels of
actors and objects change.

Supplier

Euyer

Enahle transactions
< with suppliers

<k—— ACcess to market -
Private credit information >

Identification infnrmation-«-l-

(b)

MemEx

Sigpplier

Guarantees i
— Market participation s— <H— Rating of 2 particular buyer

] Evéluation ofa buyer—.’b

()

(a)

Figure VI-3. Instantiated value models: (a) — Snieg pattern, (b) — Registration pattern, and (c) —
Rating pattern

2.2.2Part two — Synthesize Patterns

The synthesis begins with an empty design. We pidKferently of the order a pattern
and the value model of this pattern becomes thigmleshen again indifferently of the
order, we pick another pattern and add it to th&gihe The result is an incrementally
synthesized new design to which we iteratively alidemaining patterns.

Below, we describe how the actual synthesis wdrkss is an automatic process.

A. Step 4: Find I dentical Actors

For every pattern in a process of adding to thégdesve have to find the identical actors
in the pattern and in the design. The actors inptigern value model and the actors in
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the synthesized value model are unique: i.e., Hee uniqgue names. Thus, we find the
identical actors in the two models by string-matghof their names. The result of this
step is a list of names each of which refers to tetors, respectively: one in the
instantiated pattern value model and one in théheyized value model.

B. Step 5: Resolve Cardinality between | dentical Actors

Identical actors may have different cardinalitiasttie pattern and in the value model.
That is, an actor may be modelled as a single eintitlye value model of the pattern but
represented as a group of actors in the synthesimetl. It is also possible that in both
models the actors are represented as groups osaotd each group includes a different
number of participants. This requires one of thele®to be migrated to the cardinality
of the other. We assume that if a certain consimfiaof value exchanges holds for one
actor then it will also hold for many actors. Thug change the single actor into a group
of actors. In case of two groups of actors witfedént number of participants, we take
the greater number.

The example in this chapter does not have matchitgysawith different cardinalities.
For an example, we refer to Chapter VIl Validatiminthe Design Framework, Section
4.2 Synthesis of Value Patterns, where we syntbesieal-life example.

C. Step 6: Add the Pattern to the Value Model

In this step (step 6, statement 11 in Figure VI#2¢, instantiated value model is added to
the design: i.e., the pattern is copied into theigie By doing this, all actors and
exchanges are kept. As a result, the value modeaics redundant information, namely
the identical actors discovered in step-ifd identical actors (statement 11 in Figure
VI-2.) The redundant actors are removed in the stey.

D. Step 7: Merge l dentical Actors

In this step (step 7, statement 12 in Figure VIv2}, merge the duplicated actors. The
identical actors are replaced with one of them Wwhékes over the exchange interfaces of
the others. The actors whose exchanges are taleeram/removed.

E. Example

The synthesis of the value model takes three imratias there are three patterns.
Because the design is initially empty, the additdrihe first pattern results in a model

identical with this pattern. We choose to starthwitie Screening pattern. (We note that
there are no arguments to selecting this one. fiRat@re chosen indifferently of the

order.) Thus, the intermediate result for the vahadel looks such as the pattern itself,
see Figure VI-4
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Supplier

< Arress to market - 1
Private credit inforrmation s>

Buyer
<] Guarantees
— Mar_kgt_panicipation r—

Figure VI-4. Intermediate result for the synthedizalue model after the first iteration. Copy of
Figure VI-3 (a)

The next pattern to add is tiRegistration pattern. The instantiated value model is
presented in Figure VI-3 (b). As we can see fromittiermediate value model and the
value model of the pattern, there are two identaabrs in the modeldvlemEx and
Buyer. After finding the identical actors, which is sté@n our procedure, we proceed
with the next step, which ensured that the cardiealof the identical actors are equal.
We skip this step because the cardinalities maitcktep 6,Add the pattern to the value
model, we copy the pattern into the value model, whig$utts into the model shown in
Figure VI-5.

Supplier

< Arcess to market

Frivate credit information U

Guarantees i
— Marketpanicipat_ion—-ﬂ:‘s

MemEx

Enahle transactions
i with suppliers
! ldentification i'nformation-—-!b

Figure VI-5. Intermediate result for the synthedizalue model after step 6 in the second iteration

In step 7, we merge the redundant actors, whiahlteem the model shown in Figure
VI-6.

128



3 Synthesis of Process Fragments

Supplier

<H—— Access to market 0
= Private credit information ===

Guarantees i
—— Narket participation s—1

- ldentification infarmation —ig
T Enable transactions —=!
with suppliers

Figure VI-6. Intermediate result for the synthedizalue model after the second iteration

In the third iteration, we repeat the cycle witle Rating pattern, Figure VI-3 (c.) We
find again that théemEx actor occurs in the value model and in the pattgloreover,
the Supplier actor has also two identical occurrences. In bo#iches of actors, the
cardinalities are equal. This leads to mergindhefdctors, see Figure VI-7.

- Evaluation of a buyer ‘;

— Rating of a particuler buyer 1A
=ugglier ' o - MemEx
b ArCE5S t0 market

— Private creditinforrmation -—-!:" B

Guarantees T
——— Market paricipation s——

— |dentification infarmation —.~>.'
y Enable transactions —<
with suppliers '[

Figure VI-7. Synthesized value model

Figure VI-7 presents the final synthesized valuelehowe do not add more actors or
exchanges because all goals from the goal mod&l matched with patterns. This is the
model to be checked for consistency with the sysiteel process model.

3 Synthesis of Process Fragments

3.1Example

Let us assume that we have the following example.cascompany provides a service
and it wants to implement a business process thadlas customers’ requests for the
service. Additionally, we assume that this proctdes care of the payment for the
service. For concreteness, we name the companyidprgvthe service DeliSer and,

respectively, the company using the service idallonSer. DeliSer has a market power
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and can determine the terms of the contractsritssigith its clients. Therefore, it wants to
realize a simple process with fixed offers whicmmat be negotiated. For the same
reason, DeliSer requires the payment be done inateddiafter the agreement is reached.
The actual delivery of the product is not modelledhie process model. The analysis of
the objectives (we assume them our top-level gdedsls to lower level goals such as:

o G1: Determine the terms of the contracts and

0o G2: Require immediate payment.
We do not show the complete goal model here beciuseoutside the scope of this
chapter.

Executing the selection procedure (Chapter V SelecBrocedure) with the goals
above, we select the following two patterns whidmstitute a possible design of the
desired business process. The patterns are listadthveir matching capability and the
role benefiting from the matching capability.

« Pattern Take it or leave it (TOL) with matching cafigbi

o C1: Dictate contract conditions
and benefiting rol&Supplier (The full description is in Appendix G Library ofdtess
Patterns on page 375) and

« Payment (PAY) with matching capability

o C1: Receive payment
and benefiting roldProvider (The full description is in Appendix G Library ofdtess
Patterns on page 367.)

Figure VI-8 presents the process models of theepwtt respectively: Figure VI-8 (a)
is the Take it or leave it process model and Figure VI-8 (b) is thayment process
model.

Supplier Consumer
> offer - —————— Evaluate offer Provider Consumer
decline .
©<7 — — rejection | —{ Reject offer

Receive payment <~ — money

accept

O] o o)

O
(a) (b)

Figure VI-8. Process models: (a) — Take it or lebypattern and (b) — Payment pattern

In this chapter, we use the two patterns to ilatstthe synthesis procedure for process
models.
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3.2 Synthesis Procedure for Process Patterns

Below, we present the synthesis procedure in pseade (see Figure VI-9.) It has two
parts: Instantiate patterns and Synthesize pati@ndgated with comments.) The first
part is a preparation for the actual synthesis. ihethe process model of every pattern
is modified such that the swimlanes, activities andssages reflect the particular
business at hand. In the second part, process mofiphtterns are linked such that they
make one process model.

1: #comment: part one - Instantiate patterns

2: FOR EACH pattern

3: Map role of matching capability to business. #1 a
4: Resolve remaining roles in pattern. #2 m
5: Modify activities. #3 m
6: Modify messages. #4 m
7: END FOR EACH

8: #comment: part two - Synthesize patterns

9: Determine swimlanes. #5 a
10: Arrange activities. # 6a
11: Add missing activities and messages. # m
12: Link connectors. # 8m

Figure VI-9. Pseudo code of the synthesis procefturprocess models. (Legend: the commented
number at the end of the line is the step numbee.SLffix ‘a’ means automatic step; the suffix ‘m’
means manual step.)

To synthesize the selected patterns means to lgikitistantiated process models in a
single process model. For clarity, we refer thraugtthis sub-section to the instantiated
process models of patterns as patterns or pattesdelsy Correspondingly, the
synthesized process model is referred to as trmepsamodel or the design.

Further, we discuss in detail statements 3, 4, 9, 0, 11, and 12 in the pseudo code
in Figure VI-9. These statements are referred &iegss: e.g., step 4 is statement 6.

3.2.1Part one — Instantiate Patterns

Instantiation of patterns is necessary becausenbeess models of patterns are abstract
sequences of activities coordinated by messageshwiged to be made concrete for the
particular case at hand. Furthermore, each activity to be assigned to a concrete
business that executes it.

Pattern descriptions contain a notion of a rolegngta role is the associated behaviour
with an interaction participant. Roles are modebasdswimlanes and the relationship is
one-to-one. Swimlanes group activities such thaixécuted by one participant then the
participant exhibits certain behaviour. In the gsxmodel of the system, swimlanes also
model grouping of activities based on performingibesses. Thus, the instantiation of a
pattern swimlane is finding a business that playrtie modelled with the swimlane.

Although one pattern swimlane always represents rolee one business can play
several roles. Thus, two swimlanes can be instadtiatith one performing business,
which leads to a single swimlane in the instantiatedel.
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Activities within process models of patterns needbe instantiated such that they
represent the actual activities performed by bigsies. A pattern process model contains
abstract activities such d@eliver service. In the concrete system under development,
the delivery of the service is a specific instarmgh as, e.gReturn keyword search
result. Activities, before and after instantiation, néede unique: i.e., one activity must
occur only once in a model. Furthermore, the in&#don does not change the
swimlanes, sequence, or number of activities.

Messages within process models of patterns needalse instantiated such that they
represent the actual messages exchanged by theebsss at hand. A pattern process
model contains abstract messages, sucliReguest. In the concrete system under
development, the message is specific, such asSegrch keywords. Messages, before
and after instantiation, need to be unique: i.ae message must occur only once in a
model. Furthermore, the instantiation does not ghahe sender, receiver, sequence, or
number of messages.

A. Step 1. Map the Role of the Matching Capability to a Business

A pattern was selected for synthesis because oiits tdp-level capabilities matched a

goal from the goal model of the system under dgraknt. From the pattern description,

the top-level capability benefits a particular roighe pattern. Correspondingly, the goal
in the goal model belongs to a certain businessal®e the capability represents
something in the design that makes the goal happenconclude that the role that

benefits from capability is played by the businbasing the goal. In other words, the

first role from the pattern to instantiate is tlderassociated with the matched capability
and the instance is the business having the goal.

This step offers an automatic mapping of roles arginesses playing the roles.

The mapping of roles (swimlanes) and businessespsured in a correspondence
table, in which the first column lists the swimlanas named in the pattern and the
second column contains the names of businessesig@wgs) as in the business at hand.
The table is filled in partially within this stepnly mappings resulting from the matching
capabilities and goals are added. These are shewows in bold font. For an example,
see further on Table VI-8 of the example of thigisac

Example Step 1.We exemplify step 1 in the synthesis procedurepfamicess patterns
(see Figure VI-9, statement 3) with theke it or leave it pattern. The pattern is selected
for synthesis because its capability: Dictate contract conditions allows DeliSer to
dictate the term of the contracts it closes. CdijmabC1 benefits theSupplier role;
therefore, we establish a direct instantiationti@feship between the DeliSer business
and theSupplier role. Table VI-8 shows this.

Table VI-8. Correspondence table for roles in th&€Tit or leave it pattern, partially filled in

Roles (swimlanes) as in the Take it or | Businesses (swimlanes) as in the
leave it pattern example

Supplier DeliSer

Consumer
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The Payment pattern is selected for synthesis because ofjsllity C1: Receive
payment which allows DeliSer to bill its clients. Capabjlic1 benefits theProvider
role; therefore, we establish a direct instantrati@lationship between the DeliSer
business and tHerovider role. Table VI-9 shows this.

Table VI-9. Correspondence table for roles in thgrRent pattern, partially filled in

Roles (swimlanes) as in the Payment |Businesses (swimlanes) as in the
pattern example

Provider DeliSer

Consumer

B. Step 2: Resolve the Remaining Roles in the Pattern

This step is the same as Step 2 from the synthesiegure for value pattern. Applying
manually knowledge from textual descriptions of Ilgoand patterns, the result is a
mapping between roles and most probable businéssa®cute the role.

The step may result in one business assigned togptsscond role. This may lead to
one-to-many relationships in the correspondencde talvhich is later resolved by
unifying swimlanes with same names.

This step completes the correspondence table betvodesn and businesses. (For an
example, see further on Table VI-10 of the examplhie section.)

Example Step 2.Step 2 of the synthesis procedure (see Figure \At@tement 4),
applied on theTake it or leave it pattern, requires mapping of the remaining role
Consumer (see Table VI-8.) From the description of the besmat hand, we deduce
that the company called ConSer plays the role. Tlwasmap th€Consumer role to the
ConSer husiness. Table VI-10 indicates the reslifte (mappings in bold font are from
the previous step.)

Table VI-10. Correspondence table for roles inTthke it or leave it pattern

Roles (swimlanes) as in the Take it or | Businesses (swimlanes) as in the
leave it pattern example

Supplier DeliSer

Consumer ConSer

In the Payment pattern, the remaining role that requires mapjsngonsumer (see
Table VI-9.) From the description of the businesdatd, we deduce that the role is
played by the company called ConSer. Thus, we magonsumer role to the ConSer
business. Table VI-11 shows the result. (The maggpimdpold font are from the previous
step.)

Table VI-11. Correspondence table for roles inRagment pattern

Roles (swimlanes) as in the Payment |Businesses (swimlanes) as in the
pattern example

Provider DeliSer

Consumer ConSer
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C. Step 3: Modify Activities

Similarly to roles, activities within process maglelf patterns need to be instantiated to
represent the actual activities performed by bgsies. Not every activity needs to be
modified. For example, an activiyend invoice will most probably remain unchanged
in every instance of the pattern. The step is miardbstractly modelled activities such
asDeliver service. This needs to be replaced with a particular agtisich asReturn
keyword search result.

The necessary information for the modification dfvdites needs to be uncovered by
a person interpreting the textual descriptions he tnatching goal and pattern. The
modification includes only changing the name ofdlatvity: the sequence, the swimlane
and the number of activities do not change.

The mapping of abstract and concrete activitiesured in a correspondence table
similar to the one for swimlanes. The first coluofrthe table contains the activities as in
the pattern and the second column the activitie® &dse business. For an example, see
further on Table VI-12 of the example of this seatio

Example Step 3.Step 3 of the synthesis procedure (see Figure \dt&ement 5)
instantiates the abstract activities in the pateActivity Make an offer from theTake

it or leave it pattern needs to be made concrete by specifyiapittis a response to a
request from a client. Thus, the activity changeRe&spond to request for quotation.
The remaining activities from the same pattern aferinative enough in their abstract
form and, therefore, we do not change them. Tabld2/Ishows the result of the

mapping.

Table VI-12. Correspondence table for activitiethia Take it or leave it pattern

Activities as in the Take it or leave it
pattern

Activities as in the example

Make an offer

Respond to request for quotation

Evaluate offer

Evaluate offer

Reject offer

Reject offer

Take offer

Take offer

In the Payment pattern, activityBill needs to be made concrete by specifying that it is
preparation and sending of an invoice. Thus, thizigcthanges td&Send invoice. The
remaining activities are informative enough in thedstract form and, therefore, we do

not change them. Table VI-13 shows the result ofiapping.

Table VI-13. Correspondence table for activitiethi@a Payment pattern

Activities as in the Payment pattern

Activities as in the example

Bill

Send invoice

Receive payment

Receive payment

Pay

Pay
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D. Step 4: Modify Messages

Messages within process models of patterns nekd tostantiated to represent the actual
messages exchanged by businesses. Not every messads to be modified. For
example, a messagevoice will most probably remain unchanged in every instaof
the pattern. The step is meant for abstractly medeathessages such @juest. This
needs to be replaced with a particular messageassetarch keywords.

The necessary information for the modification ofssages needs to be uncovered by
a person interpreting the textual descriptions e thatching goal and pattern. The
modification includes changing the name of the mgssnly. Note that the sender, the
receiver, and the number of messages do not change.

The mapping of abstract and concrete messagestisredpn a correspondence table
similar to the one for swimlanes. The first colunfiihe table contains the messages as in
the pattern and the second column the messagestias business. For an example, see
further on Table VI-14 of the example of this seatio

Example Step 4.Step 4 of the synthesis procedure (see Figure \4t&@ement 6)
instantiates the abstract messages in the pattdessagecontract from theTake it or
leave it pattern needs to be made concrete by specifyiagithis a purchase order
submitted by a client. Thus, the message changgsirtthase order. The remaining
messages are informative enough in their absteaat &ind, therefore, we do not change
them. Table VI-14 shows the result of the mapping.

Table VI-14. Correspondence table for messagewif ke it or leave it pattern

Messages as in the Take it or leave it | Messages as in the example
pattern

offer offer

rejection rejection

contract purchase order

For thePayment pattern, all messages are informative enoughdin #bstract form and,
therefore, we do not change them. Table VI-15 shbesesult of the mapping.

Table VI-15. Correspondence table for messagdseifPyment pattern

Messages as in the Payment pattern | Messages as in the example

invoice invoice

money money

E. Result: Instantiated pattern process models

The instantiation of process models is (1) substiguthe roles with the corresponding
businesses; (2) substituting the abstract actbvitigh concrete activities executed by the
businesses; and (3) substituting the abstract messaith concrete messages exchanged
by the businesses. The instantiation of Tla&e it or leave it andPayment patterns is
shown in Figure VI-10. The structure of the modelsains the same; only the labels of
swimlanes, activities and messages changes.
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DeliSer ConSer

Respond
to request
for quotation,

©<774 rejection <

DeliSer ConSer

> offer | —————— Evaluate offer

decline

Reject offer

Send invoice |- —> invoice

accept

O k

O
(a) (b)

Figure VI-10. Instantiated process models: (a) keTinor leave it pattern and (b) — Payment
pattern

Receive payment k<~ —  money

3.2.2Part two — Synthesize Patterns

The synthesis begins with a design that containg anktart symbol followed by a
parallel split. We pick all patterns participatimgthe process model and add them into
the design. The synthesis is a semi-automatic psodesing which the sequence of
activities from different patterns is decided arelentually, missing activities or
messages are added.

Below, we describe how the actual synthesis works.

A. Step 5: Determine Swimlanes

In this step (see Figure VI-9, statement 9), weemheine the number and names of
swimlanes in the design. This step is automatic.

The activities of every pattern are grouped in twanore swimlanes. Swimlanes are
identified with their names. Bringing all pattertogiether in one design may lead to two
or more swimlanes with the same name. Because idgderdwimlanes model one
business, we represent only one swimlane in theggseomodel and put all activities from
the various patterns into this swimlane.

The number of unique businesses playing the rotes fall patterns determines the
number of swimlanes in the design and the cardjnafi the parallel split in the initial
design. After this step, the design contains tlaet stymbol, a particular number of
swimlanes, and one connectdinked with the parallel split, in each swimlarfr an
example, see further on Figure VI-11 of the exanoplénis section.

Example Step 5.0ur starting position is an initial design whichtains a start symbol
followed by a parallel split and the two instargitprocess patterns in Figure VI-10.
Each of the two patterns that we want to synthelsametwo swimlanes calledeliSer

! We introduce the connector concept for the deiorimf process patterns, see Chapter Il Designedge
in Existing e-Business Models. A connector modieéstieginning or end of a control flow.
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and ConSer. Therefore, we determine that the process modélhaile two swimlanes
called DeliSer and ConSer, and that the parallel split will have two conrmest The
intermediate result of step 5 is shown in Figurel¥l

DeliSer t ConSer

Figure VI-11. Intermediate result for the synthediprocess model after step 5

B. Step 6: Arrange Activities

In this step (see Figure VI-9, statement 10), tlee@ss fragments of the patterns are put
together in the design. This step is automatic.

The process fragment of every pattern containsitieivsequenced in a certain order
with control flow and messages. When a procesarfes is added to the design, the
order of execution of activities does not changes ©hly manipulation of the pattern
process model is allocating the activities to tlghtr swimlanes; i.e., every activity is
placed in a swimlane with the same name as inrn$iantiated pattern. This may cause
the pattern to visually look different but with pest to sequence of activities and
messages nothing will change.

All pattern process models are added at once. Asguen intuitive execution order
from top-to-bottom, the patterns are positionedffacently of this order on the page.
Later in Step 8, the correct execution order ofguatt is determined by linking their
connectors. To enable this, the current step assigigue names to connectors.

Example Step 61n this step, the process fragments from the twitepzs are copied into
the process model. The activities are placed in ghpropriate swimlanes and the
connectors are given unique identifiers. The intstimte result of step 6 is shown in
Figure VI-12.

In this step (see Figure VI-9, statement 11), wd prbcess specific activities and
messages which are not present in any patternstdpsis manual.
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DeliSer 3 ConSer

Respond
to request
for quotation,

@<7 — — rejection

@<7 ___| purchase
order

invoice |- Pay

Receive payment < —| money a

Figure VI-12. Intermediate result for the synthegiprocess model after step 6

Not every process model can be designed completglpf patterns. Businesses want
to differentiate and, therefore, they need custethigrocesses. Furthermore, a specific
behaviour may not be present in the library. Thhkis, has to be added manually into the
design. In this step, the designer developing tfeegss perspective can add missing
fragments.

C. Step 7: Add Missing Activities and Messages

Example Step 7.In this step, the need of additional activitieoieseen by the designer
of the perspective. In our example, we add fougrfrants. The first fragment, the one
with connectorm in Figure VI-13, is an activity which concludesetinteraction and
terminates the process. The remaining three fratgnéme ones with connectons o,
and p, contain only the end symbol to mark the end & firocess model. The
intermediate result of step 7 is shown in Figurelgl
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DeliSer t ConSer

Respond
to request
for quotation,

rejection

invoice |-
x /
/
money o

é

Figure VI-13. Intermediate result for the synthediprocess model after step 7

D. Step 8: Link Connectors

In this step (see Figure VI-9, statement 12), w& the fragments such that they make
one process model. This step is manual.

Prior to this step, the design contains disconmedtagments of a process. The
boundary of every fragment is defined by the cotorscthis fragment has. We link
connectors by pairing them. Once paired, the cdoreare removed from the model and
the fragments are linked with control flow.

We illustrate the linking with Figure VI-14. Thereevhave three fragments, Figure
VI-14 (a), Figure VI-14 (b), and Figure VI-14 (dhe designer decides that conneetor
from the first fragment has to be linked with coctoe d from the third fragment.
Additionally, connectob from the first fragment has to be linked with ceatorc from
the third fragment. The intermediate result of tinfication of connectors is shown in
Figure VI-14 (d). Finally, the connectors are reed\and the synthesised model looks
such as the representation in Figure VI-14 (e).

The linking of connectors is a manual process. Trsigder decides on what is the
overall sequence of execution of patterns in thal filesign.
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> % — >@ Evaluate offer
(@) (b) (©)

P& e

@ Evaluate offe) Cl'ake offer > % —
® (d) (e)

Figure VI-14. Example of linking connectors. (afirst fragment; (b) — second fragment; (c) — third
fragment; (d) — intermediate result; and (e) —Ifreault

Example Step 8In this step, we decide which connectors to unifgl,an that matter,
determine the execution sequence of the activitaas the patterns. We decide that the
following pairs of connectors are formedl=c, m —d, e —i,j -0, b —f, g —n, h —Kk,
andl —p. Some of the pairs, namedy—c, e —i, b —f, andh —k, are formed to satisfy
the requirement of th®eliSer business of dictating the markdédeliSer demands
payment immediately after the acceptance of iterpHee the description of the example
in Section 3.1. Therefore, tiayment pattern follows right after th€ake it or leave it

pattern.
DeliSer 3 ConSer

Respond
to request > offer ——————— Evaluate offer
for quotation,

-~ decline
rejection <

Reject offer

accept

bu;:::rse (< — Take offer

—> invoice [ Pay

Receive payment k<~ —| money

Figure VI-15. Synthesized value model
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We link the paired connectors; remove the connectond arrive at the model shown
in Figure VI-15.

Figure VI-15 presents the final synthesized proaesslel. We do not add more
swimlanes, activities or messages because all daats the goal model were matched
with patterns. This is the model to be checked &arsistency with the synthesized value
model.

3.3 Readability of Synthesized Process Model

Usually the process model of a system is too bifif ttn one page. A standard technique
to deal with the problem is to show the processewmeral parts. The division of the
process into smaller processes is decided basgutesentation needs; i.e., parts of the
process are shown on one page because in that rcatiobi they are easy to follow and
understand. This approach allows part of the promeappear on several pages.

A real-life process model synthesized from patteals® does not fit on one page.
Because it has to be synthesized before it capliiérsparts and presented to people, we
need a different approach to deal with compleXitye need to divide the process model
before synthesizing it. We call a part of the cogtglprocess a sub-process.

The decision which patterns to form a sub-procedsken by the designer of the
perspective. One possibility is to pick patterret thhatch goals with a common head-goal
or goals from the same branch in the goal model.ud&ethis approach in the real-life
example with which we validate the complete framdweee Chapter VIII Validation of
the Design Framework.

The difference with the presentation approach is tiea parts of the model are not
driven by communication needs but based on reqeinésrcaptured in goals. Because of
that, patterns cannot take part in more than ohepsocess.

4 Related work

OOram [49] is a framework for creating custom métilogies for software
specifications. In its technology dimension whiascribes concepts, notations and tools,
the framework prescribes a generic method for ®githof design fragments. The
approach is based on object-oriented modelling aftware systems, where the
specification contains static and behavioural meadlthe system under development.
The synthesis idea is based on the premises thaittiaybar object plays a specific role
and that one object can play many roles. A desiggnfient, called also pattern in the
OOram terminology, captures a number of interactivlgs. Each role is played by an
object. When two fragments are synthesized, thatickd objects are unified and the
interactions kept. The approach distinguishes fpes of synthesis: safe and unsafe. The
unsafe synthesis cannot guarantee the dynamic piempeof the fragments in the
synthesized model and, therefore, its recommensdedsuimited.

In comparison with the OOram synthesis approach, apply the same idea of
synthesis on the basis of roles played by objéctthe case of value pattern synthesis,
the roles are business roles and the objects a&@das actors. Where in the case of
process pattern synthesis, the roles are swimkamgshe objects are people, departments
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or software systems responsible for the executith® activities in a swimlane. The
difference is that our synthesis is manual anddBalting designs are unsafe in the sense
of OOram. Our synthesis procedure is meant to stighe designers rather than to
automatically synthesize model fragments.

Yacoub, S. and Ammar, H. [70] describe an apprdagtattern-oriented analysis and
design (POAD) for software engineering patterns (thpe of patterns described by
Gamma, E. et al. [22].) The approach includes thresses, namely: analysis, design, and
design refinement. The first two correspond, respelgt to our selection of relevant
patterns and synthesis of patterns steps; wherhitigeis left outside our design method.
The POAD design method is prescription of manuapssto be performed by the
designers. For example, the design phase (unddrsyamhesis step) prescribes a process
including instantiation of (possibly) multiple imsice of a pattern, identification of
pattern relationships and construction of diagrathough the steps resemble our
approach, there two main differences: (1) the POA&thod is more a guideline for
manual execution of the process and (2) the cartgiru of designs uses information
about pattern dependencies from the analysis pfi&sse two limit the applicability of
POAD to software engineering patterns.

In previous work [76], we proposed to select théding block for the new business
model from the library of patterns. The selectedyritants need additional work to
become a coherent design for which we employ hiesito connect the fragments and
achieve simple consistency. Despite that, we didrequire the composed patterns to
form an internally consistent and completely depetb view. We intentionally left
design freedom in order to accommodate changesodntegration with other views.

5 Summary

This chapter answers research ques@arB: How to synthesize value and process
models from design patterns? It defines synthesis procedures for value and gz®c
patterns. These are finite iterations over a nundfeautomatic and manual steps that
guide the designer thought the process of synthesis
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Chapter VII

Consistency between Value and Process Models

The chapter answers research ques@art.1. It discusses the consistency among the
models developed as part of the perspectives indesign framework. In particular, it
describes an approach to consistency between aaldeprocess models. The chapter
presents the approach to checking consistency batefevalue models and Activity
diagrams; namely, a common notation to which alleotmodels translate. It gives the
transformation procedures from te&value notation and from the Activity Diagrams to
the common notation. Additionally, the chapter de§ consistency between value and
process models and provides a consistency criténidhe common notation. The two
transformation procedures and the consistency chechliustrated with an example

The bold font in the table below positions the cotgeof the chapter with respect to
the research questions and results.

Research questions Research results Thesis chapters

Q1: What is the design R1: two libraries of value Chapter II

knowledge in existing e- design patterns and process Design Knowledge in

business models? design pattern, correspondingly | Existing e-Business
Models

Q2: How to reuse design Chapter III

knowledge in the development Design Framework

process of an e-business for e-Business

specification? Models

Q2.1: What makes an e-
business specification?

Q2.1.1: How to check R5: a definition of Chapter VII
consistency between consistency between value |Consistency

value and process and process models, and a between Value and
models? procedure to check the Process Models

consistency criteria

Q2.2: What are the relevant |R2: a goal-modelling technique, | Chapter IV

design patterns for a including propagation of Goal-modelling
particular design? satisfaction values Chapter V
Q2.2.1: How to identify R3: a selection procedure that |Selection Procedure
the relevant design identifies the most relevant
patterns given a set of patterns for a particular design
requirements? given a set of requirements
Q2.3: How to synthesize R4: a synthesis approach to Chapter VI
value and process models derive complete models from Synthesis of Value
from design patterns? patterns and Process Patterns

! This chapter is based on a paper published &a88 International Conference on Cooperative Infiiom
Systems (CooplS) by Zlatev, Z. and Wombacher, 8] [7
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1 Introduction

Our design framework (Chapter Il Design Framewfimk e-Business Models) initially
had three perspectives. Despite that the perspgsciivere later reduced to two, the
framework remains multi-perspective. Each perspecatsults in a separate model of the
desired system. The models are produced withinfamework but each is developed
independently of the other. Although, there is oahe system under development, the
understanding of the system may differ from perpedo perspective due to differences
in the methodologies followed, conflicting knowledgbout the domain, or opposing
stakeholders’ goals.

Adopting a multi-perspective approach to system ettjwment presupposes a
decentralized development process. Models are aesélindependently from each other
and, usually, they result in a distributed de&igie benefits of reducing the complexity
by analyzing certain requirements isolated fromdtieers come at a price of potentially
inconsistent specifications. A set of models iomgistent if at least two models contain
statements about the future system that mutuatyradict each other so that the system
cannot be implemented. Therefore, specificatioresirte be checked for consistency to
identify required changes in the final design.

We define consistency as a relation between twonfore) models such that the
specification does not contain contradicting staets, thereby preventing from
implementing the system. Consequently, two (or meonedels are consistent, if an
implementation of the specification can be builtor®bover, two (or more) models are
inconsistent if it is not possible to build a simglystem that correctly implements each
model.

Consistency of specifications is a necessary ciomdfor the implementation of the
desired system. It guarantees that the system gt éNevertheless, it does not
guarantee that it will be the desired system. Rat, tadditional conditions and relations
among the models must hold, such as, e.g., cogsgtin this chapter (and the proposed
design approach), we limit ourselves to consistency

In this dissertation, we restrict ourselves to ditg inconsistencies only and we leave
the question of management [17] or immediate remo¥anconsistencies out of our
research scope.

In our design framework, each model is developedigushe same development
method in each perspective (see for an overviewptehdll Design Framework for e-
Business Models.) All perspectives use a commoneshgoal model that represents the
requirements of the system. The use of a shared modkl potentially reduces the
number of conflicting statements. However, becahsedifferences in the development
methods are not the only cause (see above) of sigtencies, we cannot assume that the
models developed in our framework are consistent.

! The opposite of a distributed design would beplaa of a building, where the electric-wire perdpecand
the water-pipe perspective are independently deeeldut centrally coordinated through space.
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2 Checking Consistency between an e3-value Maxlglan Activity
Diagram

2 Checking Consistency between ae’-value Model and an Activity
Diagram

Our framework has two perspectives which resutivio models: the first prescribes the
system under development from an economic valuet pbiview and the second from a
business process point of view. Each of the modedxpressed in a particular modelling
notation: e>-value [25] (Appendix A e3-value Modelling Notation) for the economic
value perspective and UML Activity diagram [45 page155—3-169] (Appendix B
UML Activity Diagram Modelling Notation) for the birgess process perspective.

For simplicity, we refer to the economic value miode value model and to the
business process model as process model. To showehaean a model in a concrete
notation, we refer to the value model efsvalue model ore>-value model and to the
process model as Activity diagram.

In our approach to consistency, we define a comesamantic model, which we call
Reduced model. Both models, téevalue and the Activity diagram, are transformed to
reduced models. The consistency relation betweendhe and process models is, then,
defined and checked in terms of reduced modelaviBeke describe the approach.

Our starting position is two models: one represgnthe economic value perspective
and one representing the business process pexspedeigure VII-1 shows these in the
middle two boxes. Our objective is to check if t® models are consistent. This is not a
straightforward task because the languages usemde! the perspectives have concepts
and relations with distinctive meanings. A way teck consistency is to interpret the
specification with respect to the effects these aaurse in the real world if implemented.
If the two models prescribe two systems that haeesame effect then the specification
is consistent. Such defined consistency can bekeldeonly by people. We call it
informal consistency and Figure VII-1 shows itta top.

We operationalize the informal consistency defimitby (1) transforming the models
to reduced models and (2) defining the consisteagyan equivalence relationship
between reduced models. Figure VII-1 shows theltradfuthe transformation at the
bottom: to the left is the reduced model derivedfrthe value model and to the right is
the reduced model derived from the process moded dduivalence relationship is
defined such that the reduced models are equivalarase the value and process models
are informally consistent. (In Section 8, we shtwattour approach is plausible because
always when two reduced models are equivalent thervalue and process models are
informally consistent.)
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Effects in the real world Effects in the real world
of an implementation of Informal of an implementation of
the Economic value consistency the Business process
model model
Interpret Interpret
| |
Economic value model in Business process model
an e’-value modeling < Consistency-» in an Activity Diagram
notation notation
Transform Transform
v y

Transformation of the
Business process model
in Reduced model
notation

Transformation of the
Economic value model in ~a~Equivalence—
Reduced model notation

Figure VII-1. Operationalization of consistency

The approach illustrated in Figure VII-1 works wilbitrary notations for the value
and process models. The particular selection inflesrthe particular common concepts
but is invariant to the proposed approach basegduced models.

Not affecting the general applicability of the apgch, we make use of the specific
semantics of the concrete used notations. We mdigéhtransformation and equivalence
relations such that we make maximum use of sintitarcepts in the®-value notation
and Activity diagram. The details follow in SectibrReduced Model.

3 Example

We consider an example with the following businedsé&ing part: a buyer, a seller, and
a shipping company. The seller has a shop and ehaase at two different locations. It

can directly sell products to customers only fréva shop. If a product is purchased that
is not present in the shop then a delivery fromvilaeehouse must be made. A shipping
company is paid to arrange the logistics to theebayhome. The seller supports two
payment methods: (1) in case of an off-the-shedfdpct, the seller requires immediate
payment in cash; (2) in case of a purchase frommthehouse, the seller allows late
payment by, e.g., a bank transfer.
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3 Example

3.1 Economic Value Perspective

We use thee®-value modelling notation [25] (see Appendix &3-value Modelling
Notation for details) to represent the value asmdch business model. Figure VII-2
shows a value model of the example business desci@ove. It contains the three
businesses connected by value exchanges. The lsuyélling to give money in return
for a product. The two potential exchanges are thighseller, in the middle of the figure,
who has an interest in the same value objects. €pertiency path, which starts in the
buyer, is split at the seller. This is an OR-forkigh exemplifies that some products are
handed to the buyer immediately while others mustttansported by a shipping
company. The seller and shipper exchange the vdbjects Fee and Transport
which are paired together reciprocally.

Shipper

I}— Mo ey =
<Z--— Pruduct—»ﬂ

Figure VII-2. Value model of the example businessnge®-value modelling notation

3.2Business Processes Perspective

The e>value model focuses on the pairing of objects that hasenomic value for
businesses. We now discuss the coordination ofitiesi performed by each business to
achieve the exchange of value objects. We use ah Wblivity diagram [45 pages 3-
155—3-169] (see Appendix B UML Activity Diagram Mdtieg Notation for details) to
represent the business processes perspective ekample.

Figure VII-3 shows the sequence of actions perfarohgring a purchase of a product.
The process starts with the buyer requesting a ptoter order is processed and two
outcomes are possible: either the desired produptdsent in the shop; or the product
must be reserved and shipped from the warehouseseThptions are represented in
Figure VII-3 as a choice in the seller's swimlalmecase the path to the left (marked with
1 in the figure) is followed then the product isntlad directly and payment in cash is
received in return. In the second case (marked &viththe figure), a reservation is made.
This is followed by two parallel branches which esent the payment of an invoice and
the transportation of the product. The latter rezpiicoordination with the logistics
provider, which is shown as message exchanges betwie seller and shipper
swimlanes. The actual delivery of the product isreéspnted in the bottom of Figure
VII-3 as a message from the shipper swimlane tdther.
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Seller

PO - Process order

Off-the-shelf Product

Pay
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Truck
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Money

Product

Product
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Send Truck

Figure VII-3. Process model of the example businesisg UML Activity diagram

The above presented example is used throughoutcHzpter to demonstrate our
approach to consistency checking. It is intenddaktan illustration of the further defined

informal consistency and reduced model.

4 Informal Consistency Definition

An activity diagram and ae’-value model are informally consistent if (1) for every

alternative dependency path in the value modelgxatution sequence exists in the
process model such that exactly the product vakebanges described by the path are
executed and (2) for every execution sequence énpitocess model, there exist a
dependency path in the value model such that passible to bind all exchanged

products in the execution sequence to all prodalttevexchanges in the value model.

The following terms need further clarification:

e an alternative dependency path represents a digérset of value exchanges in
an e-value model. A dependency path can include several siosna
respectively, several alternative dependency paths;

e a process execution sequence is a sequence oftiastifpossibly executed in
parallel) in an activity diagram that (1) beginghwihe start stimulus and ends
with termination points and (2) does not contaimicls. An activity diagram

can include several execution sequences;

« a product value exchange is an exchange of goal service in the-value

model.

We consider the presented activity diagram eiedlue model in the previous section

(Section 3) to be consistent.
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5 Reduced Model

The e*-value model and the activity diagram are not directlynparable. Thes*-value
model is based on value exchanges disregardingrther in which they are performed.
The activity diagram is based on sequences of ofies disregarding relationships of
reciprocal economic value among objects. Thus, wastcoct a reduced model
containing the common concepts and relations ofefhelue model and the activity
diagram to make the two models comparable.

The reduced model is used to compare abstractioribead*-value model and the
activity diagram. To avoid confusion of terminologg both notations use the concept
object, we refer to objects and object flows in the agtidiagram as messages and
message exchanges, respectively.

In particular, the reduced model used for consesterhecking consists of business
units, common value objects, and common value exgds where:

« abusiness unit (calledunit for short) corresponds to an actor from eiealue
model and a swimlane from the activity diagramrepresents organizational
units (grouping of responsibilities) within a buses, which are profit and loss
responsible but not necessarily legal entities;

» acommon value object (calledcommon object for short) corresponds to a value
object from thee®value model and a message from the activity diagram. It
represents an object of economic value inefhealue-model sense which is used
for coordination of business activities;

e acommon value exchange (calledcommon exchange for short) corresponds to a
value exchange in the’-value model and a message exchange in the activity
diagram. It is a bilateral exchange of coordinatiadue objects between profit
and loss responsible entities disregarding oréeiprocity and bundling.

Figure VII-4 shows the visual notation of the reedicmodel concepts, where (@)
represents a business unit, (b) represents a commlae object, and (c) represents a
common value exchange.

Business Common
unit value object

(@) (b)

Business Common Business
unit ——\ value object unit

(c)

Figure VII-4. Visual notation of the reduced modely — business unit, (b) — common value object,
and (c) — common value exchange

149



Chapter VIl Consistency between Value and Probtsiels

A reduced model is an explicit representation sfrgjle alternative dependency path
in an e*-value model and of a single execution sequence in aivitgctliagram. It
contains the value exchanges executed in one p@ssibnario in a business.

Common value exchanges are closely related to vakebanges because they are
more generic than message exchanges which expligpresent message ordering.
Reciprocity, as contained in the value model, i cansidered in the reduced model
because there is no corresponding concept in Bctdiagrams. Alternatives are
represented explicitly because OR-forks ghvalue models and choices in activity
diagrams are not always comparable. This approachcashparing alternatives
independently of each other is well known, e.gnfrdeciding properties of workflow
models, which is often based on occurrence graphseti from Petri nets.

Value objects can be divided into three sub-typemnely goods, services and
experiences. The term product refers to both gaadsservices. We require that products
are represented in the reduced model with commoject) whereas, we omit
experiences from the reduced model as it is unlikeht these are modelled as message
exchanges in an activity diagram.

An exchange of a value object in tievalue-model sense corresponds to a sequence
of messages exchanged between two swimlanes iotiaityadiagram. We will call such
a sequence a transaction. Since a sequence of gaesgehanges does not provide a
direction as a value exchange does, we select glesimessage exchange as a
representative of the sequence. The direction efs#lected message exchange reflects
the direction of the value object exchange. Comadmgly, we map the message of the
selected message exchange to a common object.

6 Transformations to Reduced Models

6.1 Semantic Relationships between Instances

Besides the conceptual transformation from a value a process model to a reduced
model, the instances of the concepts also haveetsdmantically correlated. The

semantic relationship between instances can bemore, one-to-many, and many-to-
many. The first two relationship types can be obegrin the example described in
Section 3 and are covered in this section, while thany-to-many relationship is

discussed in Section 9.

The transformation of ae®value model or an activity diagram results in reduced
models. In particular, the reduced models must dsedth on the same set of semantic
instances of units and common objects. The exissi@gnantic relationship between
instances of actors and swimlanes is representadidoyelationships: between an actor
and a unit, and between the same unit and a swéml@arrespondingly, the semantic
relationship between instances of value objects medsages is represented by two
relationships: between a value object and a comwoigect, and between the same
common object and a message. To restrict the rekdtips between actors (and value
objects) and swimlanes (and messages) to one-t@uth@®ne-to-many, we allow a unit
(and a common object) to take part in at most glsiane-to-many relationship.
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6 Transformations to Reduced Models

The instances of a business unit and a common wadjget in the reduced model are
determined by an expert who has knowledge aboutnigtances of the corresponding
concepts in the*-value model and the activity diagram. The expert alsemieines the
mapping between the instances, which is capturg@irsformation tables.

For the business in our example (Section 3), thepings of actors from the’-value
model and activity diagram to reduced models atedi in Table VII-1 (a) and Table
VII-1 (b), respectively. Due to the constructiontbé example, the rows in Table VII-1
contain the same actor names representing onegteatationships. Table VII-2 (a) lists
the mapping between value objects in éhealue model and the common objects in the
reduced model. Again, due to the construction efékample this mapping represents a
one-to-one relationship. Table VII-2 (b) lists thepping between selected messages in
the activity diagram and common objects of the cedumodel. The mapping in Table
VII-2 (b) contains two one-to-many relationships; i theMoney andCash messages of
the activity diagram map to thidoney common object of the reduced model, and the
Product andOff-the-self product messages of the activity diagram map to the
Product common object of the reduced model.

Table VII-1. Mapping of: (a) — actors of te&value model of Figure VII-2 to business units of the
reduced model and (b) — business units of the estlomdel to swimlanes of the activity diagram

of Figure VII-3
(@) (b)
e’-value model Reduced model Reduced model |Activity diagram
Buyer Buyer Buyer Buyer
Seller Seller Seller Seller
Shipper Shipper Shipper Shipper

Table VII-2. Mapping of: (a) — value objects of #fevalue model of Figure VII-2 to common
value objects of the reduced model and (b) — conwadure objects of the reduced model to

messages of the activity diagram of Figure VII-3

(a) (b)

e’-value model |Reduced model Reduced model |Activity diagram

Money Money Money Money
Cash

Product Product Product Product
Off-the-shelf
product

Fee Fee Fee Fee

Transport Transport

In the following, we describe the transformationanf arbitrarye®value model and
activity diagram to their underlying reduced modbis means of the example from
Section 3. Further in Section 7, a notion of caesisy based on equivalence of reduced
models will be introduced.

151



Chapter VIl Consistency between Value and Probtsiels

6.2 Transformation from an e€*-value Model to Reduced Models

This section describes a transformation fronehmalue model to reduced models. The

transformation has three steps. The first step a@mpossible alternatives in a scenario.
The second step selects the actors and value olgedts represented in the reduced
model as units and common objects, and buildsréresformation tables. The third step

transforms actors and value objects to units anthoon objects.

Step 1: Separate AlternativesThis step deals with OR-forks in the dependency path
e>-value models. When we encounter an OR-fork, we duplitagee®-value model in
accordance to the number of alternatives in thef@R-In each copy of the original
model, we substitute the OR-fork with a dependenopnection to form a single
alternative. The other alternatives remain discotett This transformation step
generates from a singé&-value model potentially mang>-value models.

The OR-forks are treated, beginning from the st@midi, consequently in the order
of their occurrence along the dependency path. Jirsantees that all possible scenarios
of value exchanges are captured in individual redunodels. At the end of the step, the
exchanges that are not connected in a dependetticyapa removed from the models.
Then, the dependency paths are also removed. Tla¢ fasult of step 1 of the
transformation is shown in Figure VII-5.

Biuyer - Shipper:
E=T—~ Mnneyj-—»i-> Fee -——-’1‘>
e Progut =] <= Transport=—=<]
3
BiLwer Seller (a)
[>=T— Mone\r—"i*?
e PrOCILICE ]
(b

Figure VII-5. Final result of transformation Step(4) — value model of the first alternative
dependency path and (b) — value model of the seab@adhative dependency path

Step 2: Transformation Tables.This step classifies the value objects into produnct
experience types. Product type value objects atileehfor transformation, where the
experience type value objects are removed fromethalue model. As a result, actors
that exchange only experience type of value objecsisolated and are, therefore, also
removed from the model. In thef-value model of our example, all value objects are
eligible for translation.

Remaining actors and product type value objectsnaapped to business units and
common value objects, respectively. With regardotw example, the mappings are
represented in the transformation tables Table \(H)land Table VII-2 (a).

Step 3: Generate Reduced ModelsThis step transforms eack®value model
representing an alternative into a reduced modepalrticular, actors and value objects
are transformed into business units and commonevabijects as specified in the
mapping tables (see Table VII-1 (a) and Table VII&).(As a result of this
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transformation the specific information on reciptpcof value exchanges and on
bundling of value objects is omitted. The reduceddet® derived form the®-value
model (see Figure VII-2), are depicted in Figuré-&/I

Buyer - Seller - . Shipper

Buyer -- Seller o) @

Figure VII-6. Reduced models corresponding toehealue model: (a) — first reduced model and
(b) — second reduced model

6.3 Transformation from an Activity Diagram to Reduced Models

The transformation of an activity diagram to redupsatlels is performed in three steps.
The first step resolves choices in the control fldlwe second step identifies sequences
of messages, marks single messages as correspaadialye exchanges in tieévalue-
model sense, and builds transformation tables. thhid step transforms swimlanes to
units and messages to common objects.

Step 1: Remove ChoicesThis step transforms the activity diagram to a numtfe
models which do not contain choices; i.e. the tespimodels do not have conditional
branches of execution flow. The transformation vgoik a similar way as the
transformation of OR-forks in the-value model. We begin from the start stimuli and we
follow the execution flow. Each time we encounterhaice, we duplicate the model and
substitute the choice with a direct transition toeoof the alternatives. We cut the
disconnected branches from the execution tree. Taissformation step generates
potentially many activity diagrams from a singldity diagram. Figure VII-7 shows
the result of transformation step 1 applied onatitvity diagram from Figure VII-3.
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Figure VII-7. Result of transformation Step 1: g3t activity diagram without conditional
branches and (b) — second activity diagram witlvoniditional branches

Step 2: Transformation Tables.This step identifies the flow of messages between tw
swimlanes that result in an exchange of a valueathin thee®-value-model sense.
Additionally in each sequence, a single messageléected to be further transformed to a

common object.

The selected messages and their sending and rereswimlanes are mapped to
common value objects and business units, respéctivke mappings are represented in

transformation tables which for our example are @ahl-1 (b) and Table VII-2 (b).
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Step 3: Generate Reduced ModelsThis step transforms each activity diagram
representing an alternative into a reduced modepalticular, swimlanes and messages
are transformed into business units and commonevabjects as specified in the
mapping tables Table VII-1 (b) and Table VII-2 (b} Aresult of this transformation the
specific information about sequence of messageagwgds is omitted. The final reduced
models, derived form the activity diagram (see FegWll-3), are depicted in Figure
VII-8.

Buyer - Seller - . Shipper

Product (a)

Buyer Seller
®

Figure VII-8. Reduced models corresponding to ttéevity diagram: (a) — first reduced model and
(b) — second reduced model

For clarity of presentation, we refer further toreluced model derived from an
activity diagram as a reduced process model. Quoreingly, a reduced model derived
from a value model is referred to as a reducedevahodel. The origin of a reduced
model is undistinguishable from the model itselfe vnaame them differently for
explanation purposes only.

7 Equivalent Reduced Models

Two reduced models are equivalent if each conthieasame common value exchanges.
This means that:
» each reduced model contains the same business units
e each reduced model contains the same common vhjeets
e in each reduced model, the sending and receivisinbss units of a particular
common value object are the same.

In our example, we can determine that the reducedeis of Figure VII-6(b) and
Figure VII-8(b) are equivalent. In contrast, theduls of Figure VII-6(a) and Figure
VII-8(a) are not because (i) tAeansport common object is not present in the reduced
process model and (ii) theroduct common object is exchanged between different
units in the two models.
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7.1 Transitivity

The reduced models in Figure VII-6(a) and Figure-&() can be made equivalent by
applying transitivity on théroduct common object in the reduced process model (see
Figure VII-9). Transitivity removes intermediary tsifrom a chain of common
exchanges by directly representing the common exgghdetween the units in the
beginning and the end of the chain. Thus, Pneduct common exchanges between
Seller and Shipper, and betweerShipper and Buyer (see Figure VII-9) is
represented as a dirdetoduct common exchange betwe8eller andBuyer . See

for illustration the left part of Figure VI1I-10.

Buyer . Seller . . Shipper

Product

Figure VII-9. The reduced process model withoueguivalent reduced value model. This figure is
a copy of Figure VII-8(a)

The reason for the unit in the beginning of the khaiinvolve additional units must be
beneficial to the unit itself. Thus, the benefit mhe provided by the intermediary unit
because otherwise it would not have been involvidte benefit introduced by the
intermediary unit, in our case this Bhipper , to Seller is represented by an
unspecified common exchange. See for illustrati@nright part of Figure VII-10.

Buyer - . Seller - C Shipper

Figure VII-10. Reduced model after transitivityrtsformation

The unspecified common exchange can be instantigteay reduced model common
object. This introduces several additional optidosbe checked by the equivalence
testing. With regard to the example, the instaiotiatvith the Transport common
object, as depicted in Figure VII-11, results imegluced model equivalent with the
reduced value model from Figure VII-6 (a).

Buyer - . Seller -. Shipper

Figure VII-11. Reduced model after transitivityrtsformation and after instantiation of the
unspecified common exchange

Due to the equivalence of the reduced models, wsider thee®-value model and the
activity diagram to be consistent, as we informdltyin Section 4.
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7.2 Formal Consistency Definition

An €>-value model and an activity diagram are consistentéfehexists at least one non-
trivial mapping under which the corresponding fteduced models are equivalent.

A non-trivial mapping is one for which holds that:

(1) every product value exchange in #fevalue model is mapped to one common
value exchange. This includes that (i) every prodiadtie object is represented in the
reduced model and (ii) sending and receiving acbbra product value object are not
mapped to a single business unit in the reducedemod

(2) every transaction in the activity diagram ispped to one common value
exchange. This includes that (i) every transaasaepresented in the reduced model and
(i) sending and receiving swimlane of the messageesenting the transaction are not
mapped to a single business unit in the reducedmod

The restrictions listed above preserve the prodadiiev exchanges in the-value
model and the transactions in the activity diagduming the transformation; i.e., these
are all represented in the reduced model. In dwsgranularity of the®value model and
the activity diagram is similar, the relationshipstween actors and swimlanes, and
between value objects and messages are usuallytoarme or one-to-many.
Nevertheless, the relationships are many-to-martiigngeneral case. The consequences
of which, we discuss in the next section.

8 Plausibility of the Consistency Check

The proposed consistency check is plausible witpegtsto the informal consistency
definition if all model pairs considered to be infally consistent are consistent with
regard to our consistency definition and vice velsnargue that this is the case, we will
decompose the informal consistency definition fr8ettion 4 and compare it with the
building blocks of our consistency definition.

For the informal consistency, we make the followiggervations:

1. It is based on relations between separate altgmatependency paths and

separate execution sequences;

2. The relation between an alternative dependency gradhan execution sequence

is based on a single set of product value exchamgesening in both models.

Our transformation procedures represent the ofigntalel as several reduced models,
one per alternative, which is based on alternatependency paths and execution
sequences. That is, one alternative dependency (pa#itution sequence) results in a
single reduced model. Thus, the granularity of thEfqggmed consistency check is the
same as in the informal one.

The second observation says that an alternativendepey path and an execution
sequence result in the same product value excham@as definition of equivalent
reduced models requires identical common value an@és in the two models. This
shows that both consistency definitions requirelationship between models based on
the same set of product value exchanges amlthe same set of common value exchanges.

As we describe in Section 5 the relationship betweslue exchanges and common
exchanges is one where every product value exchangepresented in the reduced
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model. Similarly, transactions in the activity diam are identified as such if they result
in a product value exchange. Thus in case of atmaat mapping, every product
exchange is transformed to a common exchange.

We conclude that the proposed consistency definioplausible with respect to the
informal consistency definition.

9 Granularity of Models: Many-to-Many Relationships between
Instances

In the previous section, we show how our consistemeck works between models with
comparable granularity. In particular, the relasioips between actors and swimlanes,
and value objects and messages are only one-tasmh@®ne-to-many; where, the latter
one breaks down to one-to-one relationships wheratternatives are taken separately.
However, there is no guarantee that the granulaitg®value models and activity
diagrams is the same. Thus, the relationships betwewrs and swimlanes, and value
objects and messages are in the general case mamgry. In this section, we discuss
when and, if so, how consistency of models witliedént granularity can be checked.

Our consistency definition is based on equivalesfaeeduced models, which requires
equivalence of units and common objects. Fromh@)equivalence of units, respectively
common objects, and (ii) the way the mapping talaless constructed (see Section 6)
follows that the semantic relationships betweemaimses in the®*-value model and the
activity diagram are one-to-one. To guarantee @roesult of our consistency check,
we have to ensure that the checked models haviasgnanularity.

There are two strategies for adapting granularityxee aggregation is performed on
the more fine-grained model or division of the memarse-grained model. We have
explored both approaches and discovered the fallgwirawbacks.

The aggregation approach may lead to a single actor and a single swimlaiés is
because, a many-to-many relationship between aatmdsswimlanes can result in an
aggregation of two swimlanes which may trigger ggragation of two actors and so
forth. Due to the aggregation, the exchanges alyrbvalue objects between aggregated
actors in thee*-value model are lost; the same holds for messages betsveienlanes in
the activity diagram. This loss of information makies consistency decision less precise.

Thedivision approach, on the other hand, may lead to the finest-gragradularity in
both models, where a single actor exchanges aesirajlie object or a single swimlane
sends a single message. This is again a lossafiation comparable to the aggregation
case. In particular, the relation information bedwe different value objects,
correspondingly messages, is lost. Thus to lingtltss of information, we can constrain
ourselves to division of only value objects andrmslanes or only actors and messages.
From the two, we select the second because aatermtaitively more coarse-grained
than swimlanes and a single message may represeatthan a single economic value.

Below, we illustrate how granularity of models igualized by division of actors and
messages. By means of an example, we show howselyeeone-to-many relationships.
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9 Granularity of Models: Many-to-Many Relationgfibetween
Instances

9.1 Example

We consider a business where a client is interestethe mortgage and insurance
products of a bank. Figure VII-12 represents ¢fiwalue model of the example. The
client (to the left in the figure) is interestedérchanging monthly fees for a period of
time in case it gets a loan in a form of a mortga@dditionally to that for some
economic reasons, the client is interested in arseer from the same bank. The
dependency path includes an AND-fork, shown witheClient  actor, which denotes
that the client wants both products.

Clignt

'_DT monthly feg s
__;r <F= ortgage =<1

&= |
y _ .

t A== Premium —-.-*:>
<= Serurity —=1

Figure VII-12. Value model of the example

Figure VII-13 represents an activity diagram foe #ibove example case, where the
bank is modelled as two swimlanes representinijldggage and Insurance departments
separately. The client (the first swimlane fromt fef right) requests simultaneously a
mortgage and insurance. The handling of the reguggterformed in a similar way: e.g.,
the mortgage request (in the top of the figurg)riscessed by thklortgage swimlane
which after processing the request grants mortgage¢he client. Once given, the
insurance and the mortgage are utilized by thenglishich is shown in the client
swimlane as a@&onsume activity. The bottom of Figure VII-13 shows the ntiug
payments performed by the client;: two separate paysnto theMortgage and
Insurance  departments are represented by tenthly fee and Premium
messages.

Client Insurance | Mortgage

Apply for a mortgage -t — — — — > Appl. form | =

Consume k< — — + —— — — — — — — — — —| Mortgage < —

Apply for insurance

Process appl.

Approve

— — — = Appl. form

Consume K~ — — — — — — — — —{ Insurance
Pay monthly dues }— — + - — — = > Monthly fee =
Pay monthly dues }- — — — — — — — >{ Premium — — O

Figure VII-13. Process model of the example witl swimlanes representing the bank
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9.2 Type of Relationships

We distinguish two types of relationshigsdividual and aggregation. An individual
one-to-many relationship means that one entityappad to several independent entities
each of which represents the entity as a whole. i§tise type of relationship in the first
example in Section 5, whehoney maps toMoney andCash. An aggregation one-to-
many relationship means that one entity is mappeskveral independent entities which
together represent the entity as a whole. Thihéstype of relationship in the second
example above, wheank maps tdnsurance andMortgage.

The individual type of relationship is not relevdot this section because the actors
and swimlanes or objects and messages are of the geanularity. Further in this
section, we assume always an aggregation relatfmnsh

9.3 Splitting of Actors

The models in Figure VII-12 and Figure VII-13 differ granularity: the bank from the
e>-value model is represented as two individual swimlameshe activity diagram. To
resolve the one-to-two relationship between aator @vimlanes, we split the bank actor
in the >-value model. The newly appeared actors, naBadkl andBankM, need to
distribute the value exchanges of the original mBank . In our example case, there are
four exchanges and we generate all possible connsawith the new actors. Figure
VII-14 shows these. We check consistency with athbinations.

Client

Client

tlanthly fee

[
A ﬂl _ Mortgage

e

Premium

L ! | Fremium
Security

-~ [=
Martgage 1<

(al

(b

Eankl

Fremium -
D_i\ Security l{ll @
:‘\\/

Client

Client

€--

(e

Figure VII-14. All combinations of value object dvanges after the splitting 8ank actor: (a) —
combination one, (b) — combination two, (¢) — comaltion three, and (d) — combination four

The choice of splitting thBank actor is derived from the mapping tables, wheee th
one-to-many relationship is observed. (The pawicahapping table is not shown.) We
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split an actor by splitting the corresponding unitthe reduced model; therefore, all
combinations of exchanges of value objects hawetconsidered.

Based on the splitting of the units in the valudumed model it turns out that the
reduced models are equivalent, which fits to therinal consistency. Depending on the
particular mapping of actors and swimlanes, modgiife VII-14 (a) and (d) result in
equivalent reduced models with the reduced modElgire VII-13.

9.4 Splitting of Messages

Figure VII-15 shows a second activity diagram fog example case. The diagram differs
in two points from Figure VII-13. First, the bank iepresented as one swimlane and
correspondingly the activities and messages balgngio the Mortgage and
Insurance swimlane are in th8ank swimlane. The second difference is in the way
payment of monthly dues is modelled. In the botmwihfrigure VII-15, payment by the
client is represented as a single message.

Client | Bank

> Appl. form — — —>{ Process appl.

Consume K — Mortgage < — —

Apply for insurance — — — > Appl. form | — —>{ Process appl.

Consume — — — — Insurance & — — Approve

—1 Monthly dues |- = O

Figure VII-15. Process model of the example witle amessage representing the monthly dues

Apply for a mortgage

The models in Figure VII-12 and Figure VII-15 differ granularity: the monthly
payments are represented as two distinctive vabjgcts in thee*-value model while in
the activity diagram they are modelled as one ngessao resolve the two-to-one
relationship between value objects and a messagesplit the Monthly dues
message intéMonthly dues and MMonthly dues . The new messages share the
same sender and receiver as the original messag@eFVII-16 illustrates this at the
bottom.
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Client |

Apply for a mortgage > Appl. form

Consume K — Mortgage
Apply for insurance

— — — =>{ Appl. form

Insurance

IMonthly dues — —
AN
X :

—>I MMonthly dues | >

[
Figure VII-16. Process model after the splittingMdnthly dues message

o @

The choice of splitting thiMonthly dues  message is derived from the mapping
tables, where the one-to-many relationship is oleskr(The particular mapping table is
not shown.) We split a message by splitting theesponding common object in the
reduced model.

Based on the splitting of the common objects inpfteess reduced model it turns out
that the reduced models are equivalent, whictidithe informal consistency.

9.5 Many-to-many Relationships

We analyzed a number of examples to justify ourr@ggh of splitting actors and
messages. We classified these based on:
e Cardinality of the relationship, where we conside@e-to-many and many-to-
many relationships;
« Direction of the relationship, where we considee dnstance in the-value
model related to many instances in the activitgdien and vice versa,;
< Arguments of the relationship, where we consideetationships between actors
and swimlanes, and value objects and messages.
Our analysis shows that it is possible to adaptditeularity of models applying the
approach of splitting actors and messages. Naritely,possible to reduce the one-to-
many and many-to-many relationships to one-to-etegionships in all cases except one
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where we have one-to-many relationship betweenimlawe and actors. Although such
a relationship is possible, we think it rarely aschecause, intuitively, aei-value model
is at a higher level of granularity than an acyidtagram.

Up to this point, we have discussed many-to-maitsticeships between actors and
swimlanes independently of many-to-many relatiopshbetween value objects and
messages. The splitting of a many-to-many relatignbetween actors and swimlanes
does not affect the splitting of many-to-many relaships between value objects and
messages. Nevertheless, certain dependencies ncay when the actor to be split
exchanges a value object that maps to a messadee tgplit. We consider all
combinations.

10 Related Work

Consistency is checked in several ways. An appra@agmtactic trandation (also called
direct translation) [9]. It is based on mappingcohcepts and relations of the modelling
notations. Then, one model is translated to theatifind language of the other. This
means that the instances of concepts and relatioiosie notation are translated into
instances of the corresponding concepts and relatishe second notation. This allows
checking for inconsistency between two models ffiecBnt notations by checking for
inconsistency in two models in the same notatidris Bpproach requires a consistency
check procedure to be available in one of the fwotat It is applicable only to bilateral
consistency checks.

Another approach isommon semantic model (also called canonical representation)
[10]. It selects a single modelling notation (hacaessarily one already in use) and
transforms all models into that notation. The tfarmation works the same way as in the
syntactic translation approach above: the instanfe®ncepts and relations in the two
notations are translated into instances of theesponding concepts and relations in the
common notation. The inconsistencies are checkdlddercommon model, which require
definition of a consistency check procedure for tsenmon model. The approach is
applicable to consistency check among more tharspegifications.

A third approach ismeta-representation [54, 55]. It maps modelling and meta-
modelling concepts from one modelling notation twother and does not require
transformation between models. Without transforamtf instances, the approach is able
to check only if the constrains on relations betweencepts in one model hold in
another. The approach does not need to define aforamation procedure and it is
applicable to consistency check among more thamttations.

Our approach draws on the common semantic modebagip. We define a common
semantic model, which we call reduced model, inaa-wise fashion. This gives us
richer reduced models compared to a single reduvedel for all perspectives.
Additionally, our approach introduces a consistesbgck based on alternatives; i.e.
models are decomposed into smaller models and ebeicklividually for consistency.
This provides a consistency check that matchesthithinformal consistency definition.

Our work is an extension of Gordijn's [27] requiremt engineering approach to
innovative e-commerce ideas. He specifies a metfuwvd exploration of business
opportunities based on the distribution of valubusiness networks. Additionally to the
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value perspective, the approach includes two n@beisiness process and an information
systems viewpoints. The three viewpoints matchetyowith our perspectives. However,
we explicitly check for consistency as we assunuependent development of models;
whereas Gordijn’s approach is based on a commoofsstenarios represented in each
model.

Our approach requires a semantic mapping betweseepts in the value and process
models. The work of Gordijn, Akkermans and Vliet [26aborates on the differences
between business and process modelling by showémgastic differences between
concepts. We use this information to define oundfarmation tables. While Gordijn,
Akkermans, and Vliet specify differences betweencepts of the different models, our
approach specifies semantic relationships betwestarnces.

Wieringa and Gordijn [62] define a correctness tiefsship between am’-value
model and a process model. We use this to definénfarmal consistency. In addition,
we provide an operationalization of this informadnsistency definition based on
transformations to reduced models.

The work of Dijkman et al. [15] is also based on twmmon semantic model
approach. It relates perspectives by means of & Ipasspective which contains pre-
defined concepts and relations. Every perspective fa design framework need to be
mapped to basic concepts and relations from thie passpective. Our approach differs
in the way how the reduced model (the basic petyget Dijkman et al.’s terms) is
defined. We do not require a pre-defined reducedaehwith abstract basic constructs,
but we determine the reduced model after the miodehotations are selected. This
allows defining richer reduced models in termsahmon concepts and relations.

Consistency of a workflow model can usually be miedi based on the set of potential
execution sequences, a straightforward approacthézk consistency is on a single
workflow model. This approach has been applied verss workflow models, such as for
example by van der Aalst and Weske [1] to Workflsets (WF-Nets), by Fu et.al. to
guarded Finite State Automata [21], by Yi and Kadil] to Coloured Place/Transition
Nets, or by Wodtke and Weikum [66] to statechdrtsither case it is checked whether
the execution of the workflow results in a dead|atiat is, no further action is possible
although a final state has not been reached yeateMer, there exists also approaches on
checking consistency between several workflows esgmted in the same modelling
approach, such as e.g. [1, 68, 35]. In our worksistency between different modelling
approaches is defined.

11 Summary

This chapter answered our research ques@Qami.i: How to check consistency
between value and process models? It defines consistency between ehvalue
model and an Activity diagram. It provides an opieralization of the consistency check
by defining a reduced model that contains the comoancepts from the two notations.
Further with the help of mapping tables, #ie/alue model and the activity diagram are
transformed to reduced models. Finally, the eqeive¢ of reduced models is checked as
a criterion for consistency. We argue that the bescy definition through equivalence
of reduced models is valid with respect to a béfangl-defined informal consistency.
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Chapter VIII

Validation of the Design Framework

Application of the Design Method and
Evaluation of Exhibited Properties

This chapter provides arguments in support of thefulisess of the proposed design
framework. It starts with a list of desired projestthat our design method should
exhibit. For each property, a falsifiable claim@sovided: if a claim holds then the
property is present. The validation of the framdwix demonstrated with a real-life
example to which the method is applied. After aatied description of the development
steps, the chapter concludes with an analysis efvdiidation claims and the method
properties.

1 Introduction

The main contributions of this thesis are the tviydiies of design patterns, and the
design framework and method to reuse design patténrthis chapter, we validate them
by demonstrating the usefulness of the design mndetldiere the method uses the
framework and libraries.

The validation of a method for system specificatignmeans of a comparison with
another method is a difficult task. Such a valigiativould require the existence of a
reference methdd In the particular research project, it is notsfble to make a
comparative evaluation of the proposed method. Tis¢ feason for this is that the
existing methods serve different purposes and, exprently, there are no commonly
agreed criteria for comparison. Second, none of gkisting methods is universally
accepted as a reference method or considered asndasl approach to system
development. Finally, there is no commonly-agregmbn) complete and minimal
specification of a particular existing system tha&t compare the resulting specifications
against.

Because of the above reasons, we limit our vafidato an existence proof. We
demonstrate that the framework exists, the des@tems are reused, and the method
generates valuable system specifications. Moreavershow that the method exhibits
certain properties. The achievement of these prieger the purpose for developing the
method. Thus, we claim thatir method is a valid method if it achieves its purpose.

! By a reference method, we mean a thoroughly ifyatetd method, in which exact and clear descrigtiin
the development steps are given for the accurdégrdmation of one or more design decisions; theudwented
accuracy and precision of the method are commeteswith the method’s use for assessing the accurhcy
other methods for measuring the same property sgaaapted from [23])
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By property, we mean qualities of the method that are desireti make the method
distinct. Examples are: (1) develops a consistentof models and (2) provides an
explicit justification of design decisions (see foore Section 1.1.)

By claim, we mean an assertion which, if true, is the ewidethat the method has a
certain property.

By argument, we mean a firmly established fact or an intuitishich supports our
belief that a certain claim is true.

1.1 Properties of the Design Method

The properties of our method below are derived f@mapter 11l Design Framework for
e-Business Models, Section 5 Objective and Avadladdésources, on page 35. A method
that has these properties is considered to achtevgurpose of efficiently and with
explicit design decisions, develop a consisteugfhttjuality system specification.

Method Property 1 (MP1): The Method Develops a Consistent Specification. This is a
property of the result of the method. It includefsiractional and a non-functional aspect.
The former is the fact that it is possible to depetoset of models each of which in a
different perspective of the framework. The latseeconcerned with the qualitative aspect
of the specifications: in particular, the fact thes set of models is consistent.

Method Property 2 (MP2): The Method |s Effective. This is a property of the method. It

holds if better quality of the specifications ish@wved. In comparison to a method that
investigates a limited number of design alternatiga the basis of heuristics or rules of
thumb, our method considers more alternatives. [Eiaids to a result with better quality.

From the qualitative statement about better qualitthe result of the method, we derive
a qualitative property of the design process, ngried design process is effective.

Method Property 3 (MP3): The Method Is Efficient. This is a qualitative property of the
method. The property holds if less effort is regdiduring design in comparison to a
method that does not reuse existing design knowleddur method requires less
knowledge and time because it reused design pattern

Method Property 4 (MP4): The Method Provides Explicit Justification of Design
Decisions. This is a qualitative property of the design procétsstates that the process is
able to explain why certain decisions are takenvahnidh parts of the design are affected
by these decisions.

1.2The Claims

To validate that the method exhibits the four prtpsiisted in the previous section, we
make a number of claims and we give arguments lieviegethat these claims hold true.
Our claims are:

Claim 1 (C1): Correct Models Can Be Developed. This claim is in support of property
MPL1. It demonstrates that the method produces radHat correct representation of the
reality. We verify claim C1 by asking experts iretilomain of the particular modelling
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notation and in the domain of the particular systemer development to review the final
specification. If the experts agree that every Isingodel is a correct representation of
the intended system then the claim holds.

Claim 2 (C2): Consistent Specification Can Be Developed. This claim is also in support
of property MP1. It demonstrates that the producextiels are consistent. We verify
claim C2 by asking the same experts as in claintdCteview the final specifications.
Whereas, in claim C1, the experts examine the rsoidelependently of each other, in
claim C2, the experts examine the specificatioretiogr. If the experts agree that the
specification is consistehthen the claim holds.

Claim 3 (C3): The Exploration of the Design Space Is Extensive and Automated. This
claim is in support of property MP2. It demonstsathat the method considers more
alternative design choices than a method whichsitiyates a limited number of design
alternatives and in which subsequent design dewsiepend on the path of previously
taken decisions. Claim C3 holds if the method cheok every step every viable
alternative rather than adding new design fragmealysng that the composition is still
the best design. The process of exploration ismaatic in the repetitive steps.

Claim 4 (C4): Design Knowledge Is Reused. This claim is in support of property MP3. It
demonstrates that the method reuses design knosviedg form of patterns. Including
available partial solutions reduces the effort efe&lopment. Claim C4 holds if patterns
are (re)used in the process of development.

Claim 5 (C5): The Library Is Always the First Source of Design Fragments. This claim is
in support of property MP3. It demonstrates thag¢ tion-automatically generated
fragments in the final specification are not présenthe library. Claim C5 holds if
solutions to system requirements are first searébreid the library of patterns.

Claim 6 (C6): Fragments in the Final Specification Can Be Traced Back to
Requirements. This claim is in support of property MP4. It demaatts that every
automatically generated fragment can be traced tmaakrequirement. Claim C6 holds if
there is a sequence of design decisions that timkgragments in the final specification
with the initial requirements.

Claim 7 (C7): Design Decisions Are Explicit. This claim is in support of property MP4. It
demonstrates that every design decision is expligistified; i.e., every decision is
motivated with objective arguments and can be éxgth Claim C7 holds if there is a
procedure for making decisions and a concrete trejeaccept decision for every design
pattern.

Table VIII-1 presents the correspondence betweepepties and claims.

Table VIII-1. Correspondence between propertiesadaidhs

| Method Property | Claim |

! A set of models is consistent if it does not contmntradicting statements that make the systetieun
development impossible to build (Chapter VII Cotesigy between Value and Process Models)
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MP1: the method develops a C1: correct models can be developed

consistent specification C2: consistent specification can be
developed

MP2: the method is effective C3: the exploration of the design space
is extensive and automated

MP3: the method is efficient C4: design knowledge is reused

C5: the library is the first source of
design fragments

MP4: the method provides explicit |C6: fragments in the final specification
justification of design decisions can be traced back to requirements
C7: design decisions are explicit

1.3 Validation Methodology

For a demonstration of our validity arguments, wke& a non-trivial real-life example.
We apply the design method and the result is thaired existence proof of usability of
the method.

2 Real-life Example: Clearing Rights to Make Music Caitent Public

We validate our method with a real-life examplenfrethe domain of making music
content public. This involves a number of businessesieties, and individuals. In
particular, the business network consists of thiewdng main participants: music users
(e.g.: radio station, bar, disco, shop, etc.), Whimadcast music content with intellectual
property rights; rights owners (singers, text wsteassociated composers, producers,
etc.), who create music content; and rights s@setivhich intermediates the transfer of
rights to make music content public from rights emnto music user. The example
includes other entities such as advertising congzarbanks and radio listeners, branch
organizations.

Despite the variety of businesses forming the netywwe focus on a particular type of
music users, namely a commercial radio station, wedfocus on a rights society
managing the rights to make music content publi@ fitototypes of the business actors
in the example are the Dutch rights society SENAsena.nl) and radio stations such
as Radio 538 (www.radio538.nl) or Slam FM (www.slarml). Below, we describe the
goals of a top radio station and a typical riglatsiety.

2.1 Goals and Goal Model of Radio Station
2.1.1Goals of Radio Station

Music users are businesses that make music pulglichey play music to a number of
listeners because they have some commercial intefe®ing that. Examples are: radio
stations, bars, discos, and shops. In our reakkfEmple, we restrict our-selves to radio
stations. Further, we use the terms music useig,radd radio station interchangeably.
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We mean any commercial radio station which doesreqtires subscription from its
listeners but makes money by broadcasting comnigrcia

A commercial radio station has one main goal: tkenmoney. Thus, we start our
analysis from this goal:

o G1: Maximize profitability.
We measure goa1 with the net profit of the radio per, e.g., yedhe net profit is
measured in euros and the goal is considered ahiéthe money is above a certain
value.

We operationalize go@1 with:

o Vv;i: Net profit per year [Euro].
Variable v is the amount of money left in the radio after tbsts to operate the radio are
subtracted from the revenue.

To maximize the net profit, a commercial companydsele maximize its revenue and
to minimize its operation costs. From this relasioip follows the decomposition of the
main goal in three new goals. The first two goalsceon the maximization of revenue;
the third goal minimizes the operation costs.

Following the line of maximization of revenue, alimstation sells time slots during
which advertising companies broadcast their comialstc There are two ways to
increase the income flow from selling slots: (1N seore slots and (2) sell slots at a
higher price. The goals that reflect that are gGaleandGs, respectively. Thus, the next
goal in our model is:

o G2: Maximize broadcasted commercials.
We measure go@2 with the average number of commercial breaks énrditlio program
per hour. We assume that a break for commercitd t@s average 4 minutes and that a
single commercial is 30 seconds long. Assuming, thie can calculate that every
timeslot fits 8 commercials.

We operationalize go@2 with:

o V3: Breaks for commercials per hour [Natural numbers plus 0].
Hence, the number of commercials per hour is 8githe number breaks.

Commercials, in general, do not attract listenésople listen to a radio station
because they are interested in the content ofatii® program. Therefore to succeed in
broadcasting commercials to its audience, a radi® to intertwine the commercials
within its program. Goat2 is decomposed in two goals, the first one of wiéch

o G3: Bundle commercials with music content.
We measure goa3 with the presence or absence of commercials withénregular
program of the radio station.

We operationalize go@3 with:

o vi3: Bundled product and advertisement [Boolean].

People listen to a radio for various reasons. Grteeomajor ones is that they want to
be entertained. Again, many things can be enténgiout listening to music is very often
the first choice. Here, we restrict ourselves te #o-called music channels; i.e., radio
stations that offer exclusively music content. Gapently, the only thing that the
listeners are interested in is the songs broadtast¢éhe radio station.

o G4: Play music to entertain.
Entertaining the audience by playing songs can loe do various ways. In our real-life
example, we focus on the presentation format ofstiregs. From all the properties of a
particular format of a radio program, we focus loa $equence of songs uninterrupted by
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a break for commercials. For example, a ‘8-songsstop’ format means that 8 songs
are broadcasted in a sequence without a comménei@tween. We measure gaad
with the number of songs that fit in the particuftanmat.

We operationalize go@4 with:

0 Vv4: Songs per hour [Real numbers].
The link between the format of a radio program ame iumber of songs played in an
hour is as follows. It is assumed that the avetaggth of a song in minutes is 4 and a
break for commercials lasts 4 minutes. Thus, tHaevéhat y can take are calculated
with (4*v4 + 1)*k = 60, where k = 1..15. The values are raahbers but this does not
mean that only part of a song is played, althobghrhay be a valid format.

The second goal that maximizes the cash-in is:

o G5: Maximize the price per commercial.
We measure go@s with the price per second broadcast time. Follgvire assumption
we made above that the duration of an average cociahés 30 seconds, we calculate
that the price for a commercial is 30 times thegfior 1 second broadcast time. We
assume that the time slots are equally priced withé 24-hour interval.

We operationalize go@s with:

o vs: Price per second of broadcast time [Euro].

The price per second of broadcast time dependsafumber of listeners. Advertising
companies are willing to pay more money if theirssage is heard by more people. In
order to increase the price of broadcast timerddde station must attract more listeners.
Thus, the next goal is:

o G6: Maximize number of listeners.

We measure go@eé with the average number of listeners per hour.dioplicity, we
assume that the number of listeners remains cansttirin the 24-hour interval.

We operationalize go#@é with:

o Ve: Listeners per hour [Natural numbers plus 0].
Variable v is the average number of listeners per hour catledlover a period of time,
e.g. a day, a week or a month. The number is asbimrariant of the hour of the day;
i.e. audience remains the same throughout the mhyhe night, as said earlier.

For the reason that we consider only the formathef presentation of the music
content as relevant for the number of listenergpal that influences the attracting of
listeners is goalG4 (G4: Play music to entertain.) Additionally, goalG2 (G2:
Maximize broadcasted commercials) negatively influences the attraction of listeners
because of the general assumption that listenen®tike commercials.

The third goal (see above) that determines thefaetign of goalG1 minimizes
operation costs. Thus, we specify gaalas:

o G7: Minimize operation costs.
We measure goa7 with the money spent per year to operate the ragition. This
includes, e.g., the rights to broadcast a songgdisés to broadcast a song, but also one-
time costs.

We operationalize go@7 with:

o vy Costs per year [Euro].
Variable v is the total amount of money spent to run a rathtion for one year.

170



2 Real-life Example: Clearing Rights to Make MuSiontent Public

2.1.2Goal Model of Radio Station Music User

The goals of the radio station, listed in the prasieubsection, and their relations are
shown in Figure VIII-1. This is the goal model of@mmercial radio station.

The goals in the goal model are denoted only withirtabbreviation and number,
corresponding to the goal descriptions in the gnevisubsection. To avoid further name
conflicts as other goals may be abbreviated inna@lai way, we uniquely identify the
goals by prefixing their names with a code thaerefto the goal model to which the
goals belong. The code for the commercial radidostagoal model iRAD. Thus, the

full name of goal, e.gG1 iSRAD.G1.

pri

<)

@@

pr2
préa

(d) ’@

Figure VIII-1. Goal model of a commercial radiotgia

pr5

Table VIII-2 summarizes the goals of a commerciaflicastation and their
operationalization.

Table VIII-2. Goals of a commercial radio statiordaheir operationalization

Goal code Goal

Variable code Variable Variable domain
G1 | Maximize profitability

Vi Net profit per year | Euro currency

G2 | Maximize broadcasted commercials

Vv, | Breaks for commercials per hour | Natural numbers plus 0
G3 | Bundle commercials with music content

v3 | Bundled product and advertisement | Boolean

G4 | Play music to entertain

V4 | Songs per hour | Non-negative real numbers
G5 | Maximize the price per commercial

Vs | Price per second of broadcast time | Euro currency

G6 | Maximize number of listeners

Vg | Listeners per hour | Natural numbers plus 0
G7 | Minimize operation costs
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v; | Costs per year | Euro currency

2.1.3Propagation Functions

The goal model of a commercial radio station in Fégulll-1 contains 7 goals which are
related among each other with 4 goal relationsHpdecomposition relationship and 2
dependency relationships. Each of the relationsigpassociated with a propagation
function which captures the effect goals are causime another. The number of
propagation functions equals the number of headsgmwethe particular case, this is 4.

All propagation functions are a common sense apmabion of what a real-life
relation between the variables could be. The assanwpfor the shape of the functions
come in addition to the simplifications made whdentifying the goals of a commercial
radio station. The assumed propagation functionsodstrate the use of our method; the
introduced imprecision does not invalidate the rmdth

The first propagation functioprl is associated with the decomposition relationship
between goat1 (the head of the relationship) and gaads G5, andG7 (the tails of the
relationship.) Propagation functigrl calculates the value of goal variabgout of the
values of goal variableg,, vs, andv;. In other words, the function calculates the net
profit per year out of the breaks for commerciaés pour, the price per second of
broadcast time, and the costs per year. The neit goheasured per year; therefore, the
breaks for commercials have to be converted tosttmee scale. That means converting
from hours to years, which translates to multipdyby 24 (number of hours per day) and
then by 365 (number of days per year). A secondasion is needed to equalize the
scale of price per second and duration of brealcéonmercials: the price per minute is
60 times the price for second.

The conversions allow us to calculate the revenug/gar. It is the number of breaks
for commercials per year, multiplied by 4 min peedk, and multiplied by the price of a
broadcast minute. Finally to calculate the netigrafe need to subtract the costs per year
from the revenue. Thus, the propagation function is:

o vy = pri(vy Vs, v7) = 24*%365%v,¥4*vs*60 - vy,

The second propagation functiopr2 is associated with the decomposition
relationship between goaR (the head of the relationship) and gaadsandG4 (the tails
of the relationship.) Propagation functipn2 calculates the value of goal variakblgout
of the values of goal variabless andv4, In other words, the function calculates the
number of breaks for commercials per hour out & thct that music content and
commercials are bundled and the number of songshpar. Due to the fact that
commercials and songs are bundled together, magsgesults in less commercials. The
following constrain holds: the breaks per hour plus songs together multiplied by 4
minutes must equal 60 minutes, + v4)*4 = 60.

Thus, the propagation function is:

0 vz = pr2(vs vq) = v3*(60 - 4*v,) /4,

The third propagation functiopr5 is associated with the dependency relationship
between goats (the head of the relationship) and gaal (the tail of the relationship.)
Propagation functiopr5 calculates the value of goal variaMeout of the value of goal
variableve. In other words, the function calculates the ppee second of broadcast time
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out of the number of listeners per hour. The geneesld is that more listeners are of
greater value to advertisers, which leads to higgep.
We assume, the marketing department forecastsollmving dependency between

price and listeners, which is also the propagdtioction:

0 vs = pr5(ve) = (sqrt(ve/8) - 10)/(sqrt(20) - 1),
Two points of this function are:

o 800 listeners lead to 0 euros per second.

o 1020 800 listeners lead to 100 euros per second.

The last propagation functiopr6 is associated with the dependency relationship
between goatsé (the head of the relationship) and goals and G4 (the tails of the
relationship.) Propagation functiger6® calculates the value of goal variablg out of
the values of goal variableg, and v4. In other words, the function calculates the
listeners per hour out of the breaks for commesqgi@lr hour and the songs per hour. The
two variables have opposite effect: the more thegsahe more the listeners, but the
more the breaks the less the listeners. Due tpdhiicular simplifications, variables,
and vs are not independent: both measure time intervalsnie hour. The following
constrain holds between them: the breaks per Haosartpe songs together multiplied by 4
minutes must equal 60 minutes, + v4)*4 = 60.

The propagation function as a function of two aedpectively, one variable is:

0 Ve = pré6(vsy vs) = 20*v,2 — 600*v, + 4000*sqrt(v,;) + 4500 and
0 Ve = pr6(vy) = 20*v,% + 4000*sqrt(v,).
Two points of this function are:

o 14 songs (1 break) to 18 887 listeners.
o 9 songs (6 break) to 13 620 listeners.

2.1.4Anticipated Values for Goals in the Goal Model of &Radio Station

The goal model of a radio station includes goals tha
1. are already achieved,
2. capture a known problem with a ready to reuse soipand

3. represent an innovation with only a vague idearfgslementation.

The first type does not need to be matched wittepat In this case, the values for the
goal variables do not come from matching capaédibut they are set in the model itself.
The second type of goals receives their value froaching capabilities; whereas, the
third type needs an estimation of the variable #as the goal does not have a known
solution.

To enable the comparison of old and new designstendvaluation of partial designs,
we have to consider the satisfied goals and assafes for the goals without a match.
This results in assigning values to goal variablagwwe called anticipated values. The
anticipated values are part of the goal model.

In particular for the goal model of a radio statiave have anticipated to achieve
values for two goals: goai4 and goalG7. Variable v can take value from 0 to 15,
where: 0 would mean no songs, only commercialsl&ngould be only songs. We take a
common sense value of 12. The estimation of thesqms year to operate a radio station,
variable v, are roughly estimated to 20 000 000 euros base& @ommon sense
assumption about number of people and expenses Vb3 summarizes these.

Y In Figure VIII-1, propagation functiopr6 is denoted wittpréa andpréb.
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Table VIII-3. Anticipated values for goals in thead model of a commercial radio station

Capability code Goal

Variable code Variable Variable domain Anticipated value

G4 Play music to entertain
Non-negative
Va4 Songs per hour real numbers 12
G7 Minimize operation costs
V7 Costs per year \ Euro currency \ 20 000 000

2.2 Goals and Goal Model of Rights Society
2.2.1Goals of Rights Society

Rights societies are non-for-profit organizationattmanage intellectual property rights
on content produced by various artists. In our-ligalexample, the content is a song; the
artists are the people creating the song, e.g. weiters, composers, singers, and
producers. Right societies collect permission fems users of content: i.e., every person
or business that make music content public hasygermission fees to a rights society.

Our prototype of a rights society is SENA (www.saljaa Dutch society that collects
performance fees for both performing artistad producefs We believe that SENA is a
representative society and its goals can be egsiferalized to any other society that
collects fees for music performance.

The three main goals of a rights society are to aigagreement with all music users,
to pay the collected permission fees to the righits owners, and to be efficiént
Below, we elaborate on the three main goals antyamaach one of them.

The first main goal is:

o G1: Maximize the number of charged music users.
We measure goab1 with the collected permission fees from music sis&@ounting
directly number of music users is less informatieeause of big difference in audiences.
The permission fees are measured in euro and theiggeansidered achieved if the
collected money is above a certain value.

We operationalize go@1 with:

o v;: Collected permission fees [Euro/Year].
Variable v is the amount of money paid to the rights sodigtyhe various music users.

The variety of music users is large. As in the a#sanalysis of the goals of a music
user (see Section 2.1), we restrict our-selvesmancercial radio stations. Therefore, goal
G1 is decomposed into two sub-goals. The first oneudes on the collection of
permission fees from radio stations; whereas, #tersd covers the remaining types of
music users, such as bars, discos, shops. Thus:

o G2: Maximize contracted radio stations.

* A performing artist is everyone who makes a cveatontribution to the performance which was reedrd
His or her personal talents, experience and ided®this performance unlike any other.

2 A producer is the natural or legal person whotethe basic conditions for the recording. Thelpoer
takes care of the organization, bears the finamegdonsibility, etc.

% By efficient we mean that the rights society nkestp operation costs minimal.
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One way to measure goak is by measuring the number of radio stations wihtract
with the rights society. Nevertheless, the intetadien of this measure is hindered by
differences in the audience of radio stations. Tfeet this drawback, we measure the
number of rights, bought by a radio station, toypdasong to a single listener. The
operationalization of goa2 is:
o V3: Rights to play a song to a listener per year [Natural numbers plus
0].
In case a radio station has potentially an audiefd@®O00 listener and it plays 10 songs
per hour then the radio station must buy 1000*10%2240 000 rights to legitimately
broadcast music content one day. Such operatiatialivallows us to better measure the
satisfaction of goalg2. Usually, a few radio stations cover the most loé radio
audience. Thus, a comparison between the soldsrightl the potential number of
listeners is more informative that a comparisomieen the number of contracted and of
all operating radio stations.
The types of music users different from radio stetiare covered by goaB:

0o G3: Outsource the contracting of the remaining music users to branch
organizations.

This goal is measured with the presence or absehe@m agreement with a branch
organization for managing the rights for music sstirat are not radio stations. We
operationalizes3 with a Boolean variable that shows if the seng€eontracting music
users is delivered by a third party or not.

o v3: Outsourced product delivery [Boolean].

The second main goal aims at spending the collgechission fees as payments to

rights owners. It is:

0 G4: Distribute collected permission fees among rights owners.
The goal is measured with the money per year paidt@uwerforming artists and
producers. The percentage of the paid off moneyobatl collected permission fees can
be an evaluation criterion for the goal. We opersatlize the goal with:

0 v4: Paid off money [Euro/Year].

The information needed to distribute the collectezhay is: (1) play-list data — how
many times is each song played; (2) the artistbopaing each song; and (3) the bank
account of each artist. (1) and (2) are neededdpartitioning; (3) is needed for the
actual transfer.

To fulfil goal G4, two other goal must be achieved. First, the ctélé permission fees
have to be repartitioné@nd second the due amounts have to be transfertee rights
owners. The first of the two decomposition sub-goaigoalG4 is:

0o Gb5: Repartition the collected permission fees.

Goal G5 is satisfied if at the end of the accounting pertbe rights society can
calculate the amounts due to every rights ownerallnother cases, the goal is not
satisfied. Therefore, we operationalize geglwith a Boolean variable.

o Vvs: Repartitioned [Boolean].

To achieve goaks, the rights society must have data about the loastdd songs by
every radio station. This is a valid sub-goal baymesult in very high operation costs
because contracting small radio stations does mt mew information for the

! By repartition, we mean to distribute the amoufnoney among all rights owners proportionallyhie t
broadcasted music content.
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repartitioning but incurs costs. Therefore, we rethge goal to collecting play-lists
statistics only from the tdpadio stations.
o G6: Get play-lists from top radio stations.

Goal G6 is based on the assumption that the top radidostatrepresent the
preferences of the audience and can be used taureeabich song is listened to how
many times and by how many people. The assumptipistiied despite that small radio
stations offer non-mainstream music content: theabver of listeners is not enough to
change significantly the statistics from the bidioastations.

We operationalize go@é with:

0 Ve: Song-listener coverage [Percentage].
Variable \ represents the percentage of all broadcasted sfumgshich we have
statistical data. For example, there are two ratidions. The first one broadcasts 100
songs to 80 listeners. The second one broadcassorifs to 20 listeners. The total
amount of songs broadcasted to a single listen&#9@80 + 50*20 = 9000. If we have
statistical data about the specific tracks playely rom the first radio station, then we
have a song-listener coverage of (100*80/9000)*£088.89 %. This means that we
know the name of the song and the number of lisseaBthat song for 88.89 % if all
songs were plaid to a single listener.

The second decomposition sub-goal of g@4 (G4: Distribute collected
permission fees among rights owners) is a goal that aims at transferring of due
amounts the rights owners. This is gaat

o G7: Transfer money to rights owners.
We measure goa@7 with the amount of money per year paid to perfogrartists and
producers. The operationalization is:

o vy: Transferred money [Euro/Year].

To achieve goatz7, we need to collect information about the rightsiers. From the
statistics provided by the top-radio stations, wew what the songs are but we do not
know to whom and where to transfer the money. Thusib-goal of goab7 is a goal
that aims at collecting information about rightsnans.

o G8: Register rights owners.

The measurement aé8 would require counting the number of rights ownts
whom we do not have the necessary information. I18ilyito goalGé, this would not be
informative enough because one unknown, e.g., perduith a big share of the collected
permission fees would impact the money distributggrater than, e.g., 10 unknown
singers performing only one song. Therefore, we nreagoalGs with the percentage of
all collected permission fees that cannot be teansfl because of lack of information.
We operationaliz&8 with:

o vsg: Non-transferable money [Percentage].

The non-transferable money is the total sum of shpreduced during repartitioning
for which we do not have owners’ back transfer infation. Variable yis percentage of
the non-transferable money out of all collectedpssion fees.

The third, and last, main goal of a rights societyta be efficient: i.e., to spend
minimum money on operation costs. Thus, gamls:

o G9: Minimize operation costs.

! Top radio stations are the ones with the biggesiemce.

176



2 Real-life Example: Clearing Rights to Make MuSiontent Public

We measure goa9 with the amount of money per year spent to coymrations
expenses. The goal is considered achieved if thegenses are less than 1166 total
amount of collected permission fees. We operatinadhe goal with:

0 Vo: Operations costs [Euro/Year].

A rights society has two main activities and thekecution results in making
expenses. The two activities are clearing of rigltis making content public and
repartitioning collected permission fees. Consetiyewe decompose goa9 to two
sub-goals: minimize clearing costs and minimizeargfioning costs.

Further, we analyze the first sub-goal:

o G10: Minimize clearing costs.
Similarly to goalG9, we measure the goal with the money per year dpestecute the
clearing of rights. We operationalize the goal with

0 Vio: Clearance costs [Euro/Year].

To clear the rights to make music content publigghts society has to find the music
users and sign a contract with them. Similarly ¢@algG2 andG3, the music users are
divided into radio stations and remaining musicrsfs€SoalsG11 andG14 reflect the
clearing costs from the two types of music usespectively.

The motivation for goalc11 is as follows. The costs associated with contrgctin
music users can be a significant. Additionally,ioastations vary in size (number of
listeners) and, correspondingly, in importancetfier rights society. A contract with a big
radio station is worth the money and effort; whalesmall radio station does not justify
the money spent on, e.g., negotiating an agreemerie efficient, a rights society has to
fragment the radio stations; i.e., to use differgopiroaches to radio station depending on
their size. Thus, the goal of reducing the cleadosts of radio stations is:

o G11: Fragment radio stations.

We measure goabi1 with the presence of market segments of radicostat A
segment is a group of radio stations with prefezentowards a particular type of
contract. That is, we count the number of music sugbat opt taking particular
arrangement of rights clearance with the rightsespc

We operationalize goak11 with a Boolean variable that captured the preseance
absence of segmentation.

o vii: Fragmented market [Boolean].

The rights society has to offer customized terma@titions to radio stations; e.g., to
offer several-rounds negotiation for the top raskiations and fixed contracts for small
radios. Therefore, go@i1 is decomposed 812 andG13, which, respectively, are:

0 G12: Negotiate with big radio stations.
GoalG12 is measured with the fact that the rights soocdétgrs a customizable contract
to the top radio stations. The contract can be tetgd. We operationalize the goal with:

0 vji,: Offered customizable contract [Boolean].

o G13: Offer fixed contracts to small radio stations.
GoalG13 is measured with the fact that the rights soocdétgrs a simple contract to the
small radio stations. The contract is fixed (nogateble) and includes the basic terms
and condition of rights transfer. We operationattze goal with:

o v;3: Offered simple contract [Boolean].

The second goal addressing the clearing costs aéthaining music users is:

! The exact percentage is a norm imposed by regylbtmy to a rights society like SENA.
2 Remaining music users includes bars, discos, stimps
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o G14: Minimize search costs with the remaining music users.
We measure goa@14 with the money spent per year on searching anthcting music
users. We operationalize the goal with:

0 Vi4: Search costs [Euro/Year].

Above, we decomposed goab to two sub-goalsG10: Minimize clearing costs

andG15: Minimize repartitioning costs. Below, we analyze this second sub-goal:
o G15: Minimize repartitioning costs.
We measure the go&15 with the money spent per year to repartition tbéected
permission fees. We operationalize the goal with:
o Vvis: Repartitioning costs [Euro/Year].

For a rights society to be able to repartition tdodlected permission fees, it needs
information about broadcasted songs, number oferiets and rights owners.
Additionally, the rights society has to transfee gpermission fees to the rights owners,
which also incurs costs. When achieved, go6l(G6: Get play-lists from top radio
stations) guarantees the necessary information about sanddisteners. The missing
piece of information is the identification informmi of rights owners. The costs to
acquire this are captured within ga@l 6, which is one of the decomposition sub-goals
of goalG9. The second decomposition sub-goal is @18 and this account for the costs
of transferring permission fees.

o G16: Minimize rights owners search costs.
Similarly to all other goals that aim at keepingtsolow, we measure the gai8 with
the money spent per year on registering rights osviWe operationalize the goal with:
o0 Vvie: Rights owners search costs [Euro/Year].

The costs for searching and registering of rightaers can be reduced by outsourcing
part of the activities to the entities (rights owns)ewith a stake in them. Namely, provide
means for self-registering. This is a goal tha¢etf goals18, thus:

o G17: Provide self-registering.

We measure go@17 with the percentage of all artists that used titerface for self-

registering. Therefore, we operational@e7 with:

o Vi7: Registered clients [Percentage].

o G18: Minimize payment costs.
Similarly to all other goals that aim at keepingtsolow, we measure the gaal8 with
the money spent per year on transferring permisé@s to the rights owners. We
operationalize the goal with:

o vig: Payment costs [Euro/Year].

The payment costs can be reduced by outsourcingayment to a third party. This is
a goal that affects goeal18, thus:

o0 G19: Outsource payment.

We measure goat19 with the presence or absence of third party toceteethe
transactions of money transfer. Therefore, we ojeralize G19 with a Boolean
variable:

o Vjo: Outsourced product delivery [Boolean].

2.2.2Goal Model of Rights Society

The goals of the rights society, listed in the poesi subsection, and their relations are
shown in Figure VIII-2. This is the goal model ofights society.

The goals in the goal model are denoted only witirtabbreviation and number,
corresponding to the goal descriptions in the pnevisubsection. To avoid further name
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conflicts as other goals may be abbreviated inmalai way, we uniquely identify the

goals by prefixing their names with a code thaerefto the goal model to which the
goals belong. The code for the right society goatiehds soc. Thus, the full name of

goal, e.0.G1 iSSOC.G1.

Figure VIII-2. Goal model of a rights society
Table VIII-4 summarizes the goals of a rights sgc#td their operationalization.

Table VIII-4. Goals of a rights society and thegdeoationalization

Goal code Goal

Variable code Variable Variable domain
G1 Maximize the number of charged music users

Euro currency per

21 Collected permission fees
year

G2 Maximize contracted radio stations

Natural numbers plus
0

V> Rights to play a song to a listener per year

G3 Outsource the contracting of the remaining music users to branch
organizations

vs | Outsourced product delivery | Boolean

G4 Distribute collected permission fees among rights owners

Euro currency per

Vg4 Paid off money
year
G5 Repartition the collected permission fees
Vs | Repartitioned | Boolean
G6 | Get play-lists from top radio stations
Ve Song-listener coverage \ Percentage
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G7 | Transfer money to rights owners

Euro currency per
year

V7 Transferred money

G8 Register rights owners

Vg Non-transferable money Percentage

G9 Minimize operation costs

Euro currency per

Vg Operations costs
year

G10 | Minimize clearing costs

Euro currency per
vio | Clearance costs yPp

year
G11 | Fragment radio stations

vy, | Fragmented market | Boolean
G12 | Negotiate with big radio stations

Vi Offered customizable contract \ Boolean

G13 | Offer fixed contract to small radio stations

vi3 | Offered simple contract \ Boolean

G14 | Minimize search costs with the remaining music users

Euro currency per

Vvis | Search costs
year

G15 | Minimize repartitioning costs

Euro currency per

Vis Repartitioning costs year

G16 | Minimize rights owners search costs

Euro currency per

Vie | Rights owners search costs
year

G17 | Provide self-registering

Vi7 Registered clients Percentage

G18 | Minimize payment costs

Euro currency per

Vig Payment costs year

G19 | Outsource payment

Vi | Outsourced product delivery Boolean

2.2.3Propagation Functions within the Goal Model of a Rifpts Society

The goal model of a rights society in Figure VIIE@ntains 19 goals which are related
among each other with 13 goal relationships: 10ongmsition, 1 substitution and 2
dependency relationships. Each of the relationshipassociated with a propagation
function which captures the effect goals are causime another. The number of
propagation functions equals the number of headsgmeour particular case, this is 13.

All propagation functions are a common sense appation of what a real-life
relation between the variables could be. The assangpfor the shape of the functions
come in addition to the simplifications made whitlentifying the goals of a rights
society. The assumed propagation functions denmarsthe use of our method; the
introduced imprecision does not invalidate the médth
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Below, we describe the 13 functions:

Propagation functiomprl is associated with the decomposition relationdiépween
goalG1 (the head of the relationship) and goatsandG3 (the tails of the relationship.)
Propagation functioprl calculates the value of goal variatMe out of the values of
goal variables/, andvs. In other words, the function calculates the atéld permission
fees out of the sold rights to play a song totetier and a customer. The rights to play a
single song to a single listener are negotiateiegially between the rights society and
the radio station. Here, we assume that the padcea fradio is on average 0.00007 euros
and for the remaining music users the price is@Q@Guros Further, we assume that the
branch organization represent a potential markd6600000 song-listeners per day. We
calculate the collected permission fees by summmthe permission fees from all music
users. Thus, the propagation function is:

0 vy = pri(vy vs) = 0.00007*v, + 0.00001*45000000*365*v3,

Propagation functiompr4 is associated with the decomposition relationdfgfween
goal G4 (the head of the relationship) and goasandG7 (the tails of the relationship.)
Propagation functiopr4 calculates the value of goal varialdg out of the values of
goal variables/s andv;. In other words, the function calculates the mopaid off to
rights owners out of the fact that the money wamariioned and the amount actually
transferred. The paid off money is the transfernedney but only in case it was
repartitioned. Thus, the propagation function is:

0 V4= pré(vs, v7) = Vs*vy,

Propagation functioppr5 is associated with the decomposition relationdigpveen
goal G5 (the head of the relationship) and gaé (the tail of the relationship.)
Propagation functiopr5 calculates the value of goal variabeout of the value of goal
variable vg. In other words, the function determines when @ssible to do a
repartitioning: how much data about songs and agdidgs needed to distribute the
collected money. We assume that if the song-listeaeerage is greater or equal to 85%
then it is possible to repartition the collectedne. Thus, the propagation function is:

0 Vs = pr5(vs) = ve div 85,

Propagation functionpr? is associated with the decomposition relationdfepween
goal G7 (the head of the relationship) and g8 (the tail of the relationship.)
Propagation functiopr?7 calculates the value of goal variabigout of the value of goal
variablevsg. In other words, the function calculates the amainransferred money out
of the calculation of non-transferable money. Wsuas that the total amount of
collected permission fees is 30000000 eurdhe transferred money is all the collected
money minus the percentage of non-transferable pfdagation function is:

0o vy = pr7(vs) = 30000000 - 30000000*vs / 100,

Propagation functiopr8 is associated with the dependency relationshiwdet goal
G8 (the head of the relationship) and gaalz (the tail of the relationship.) Propagation
function pr8 calculates the value of goal varialMg out of the value of goal variable

! The prices of 0.00007 euros per song per listandr0.00001 per song per customer are examples. The
accurate price per song per listener can be foarti®Web site of Recording Industry Associatiofoferica
(RIAA), http://www.riaa.com/issues/licensing/webtiag_fag.asp#doespay. Shops are not considered core
music users; therefore, the price per song pepmestis more attractive.

2 The amount of collected permission fees is difiecmmpared to the calculated by propagation fongtir1
because here the operation costs are subtracted.
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V7. In other words, the function calculates the petage of money that cannot be
transferred due to unknown recipient out of thecgetage of registered rights owners.
Because not every rights owners gets an equal stidhe permission fees, the function
between non-transferable money and registeredsriglihers is not linear. Nevertheless,
it follows the trend that the more the registeligtits owners the less the non-transferable
money. We assume that the percentage of non-reggisteghts owners consists of
individuals with small stakes in the collected pmsion fees, which means that they all
have comparably the same effect of the percentdgeown-transferable money. We
approximate: the percentage of money that cannttbeferred is half of the percentage
of unregistered rights owners. Thus, we use thevatlg linear function to represent the
propagation functiopr8:
0o vg=pr8(vyy) = (100-v,7)/2,

Propagation functioppr9 is associated with the decomposition relationdfgpveen
goal G9 (the head of the relationship) and go&$0 and Gi5 (the tails of the
relationship.) Propagation functigr9 calculates the value of goal variablgout of the
values of goal variables;p and vys. In other words, the function calculates the
operations costs out of the clearance and thetiaing costs. The operations costs are
the total sum of the costs from clearance and tigéipaing. The propagation function is:

0 Vg = pr9(Vie, Vis) = Vio + Vis.

Propagation functiopr10 is associated with the decomposition relationt@pveen
goal G10 (the head of the relationship) and goalsi and Gi4 (the tails of the
relationship.) Propagation functigor10 calculates the value of goal varialg, out of
the values of goal variables ; and vi4. In other words, the function calculates the
clearance costs out of the search, negotiationcanttacting costs per radio stations and
the remaining music users. The clearance costhar®tal sum of the costs from search,
negotiation and contracting. To be able to calcuthte clearance costs, we need the
following data: clearance costs for radio statianscase of segmented and non-
segmented markets, and the clearance costs okthaining music users. We assume
that the clearing costs per radio stations are @008uros per year and eventual
segmentation reduces them by 75%. Consequentlprdpagation function is:

0 Vo = pri0(vii, Via) = 200000%(1 - v1;*%0.75) + vy,

Propagation functioprl1 is associated with the decomposition relation&lafween
goal G11 (the head of the relationship) and goals2 and G13 (the tails of the
relationship.) Propagation functigprl1 calculates the value of goal variamg out of
the values of goal variables > and v;s. In other words, the function calculates the
segmentation of radio stations out of the offeriedpke and customizable contracts. If
there are two types of offered contracts then tlheket is segmented. The propagation
function is:

0 Vi1 = prli(viy Vviz) = viy and vis,

Propagation functioprl4 is associated with the dependency relationshipvéoet
goal G14 (the head of the relationship) and ga8 (the tail of the relationship.)
Propagation functiopr14 calculates the value of goal varialg, out of the value of
goal variablevs. In other words, the function calculates the deaasts for music users
that are not radio stations out of the type of miing mechanism adopted by the rights
society. To be able to do the calculation, we neekinbw the contracting costs of the
music users in case of outsourcing and in-societggtion. We assume that the costs are
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100000 euros per year and the decrease in casgtsafuocing is 20000 euros per year.
The propagation function is:
0 Vig = pri4(vs) = 100000 - 20000*v;,

Propagation functioprl5 is associated with the decomposition relation$tgpveen
goal G15 (the head of the relationship) and goalsé and G18 (the tails of the
relationship.) Propagation functi@rl5 calculates the value of goal variablg) out of
the values of goal variables¢ and vig. In other words, the function calculates the
repartitioning costs out of the costs to searchrifgiits owners and the cost to transfer
payments. The propagation function is:

0 Vis = pr15(Vvie, Vis) = Vi + Vis.

Propagation functioprl6 is associated with the decomposition relation$tgpveen
goal G16 (the head of the relationship) and g@7 (the tail of the relationship.)
Propagation functiopr16 calculates the value of goal variablgs out of the value of
goal variablevi;. In other words, the function calculates the gtivners search costs
out of the percentage of registered clients. Tolide &0 make the calculation, we need
information about the costs associated with theckeaf a single rights owner and the
number of all rights owners. We assume that thecheeosts are 1000 euros per rights
owner and that the rights owners are 100 new iddals per year. The rights owners
search costs per year are the percentage of utaegisright owners times the costs of
registration. Then, the propagation function is:

0 Ve = pri6(vyy) = 1000* 100* (100 - v;7 )/100,

Propagation functiopr18 is associated with the decomposition relationlgpveen
goal G18 (the head of the relationship) and ga9 (the tail of the relationship.)
Propagation functiopr18 calculates the value of goal variames out of the value of
goal variableviq. In other words, the function calculates the paynwosts out of the
type of payment mechanism adopted by the rightsegocTo be able to do the
calculation, we need to know the payment costsase f outsourcing and in-society
execution. We assume that the costs are 10000 eurdsthe decrease in case of

outsourcing is 2000 euros. The propagation fundson
(0] Vig = Prls(V1g) = 10000 - 2000*\’19_

2.2.4Anticipated Values for Goals in the Goal Model of &Rights Society

The goal model of a rights society includes goak:tfl) are already achieved, (2)
capture a known problem with a ready to reuse isolpaind (3) represent an innovation
with only a vague idea for implementation. To eeatile comparison of old and new
designs and the evaluation of partial designs, awee o consider the satisfied goals and
assume values for the goals without a match. Thymdf the goals model, we assign
anticipated values to goal variables.

In particular for the goal model of a rights sogjelve have anticipated to achieve
values for eight goals: goat2, G6, G9, G10, G14, G15, G16, andG18. Respectively,
the values these get are:

* Vv, is assigned a value of 560 640 000 000. The vauderived from the
following assumptions. There are 8 big radio stgteach has constant audience
of 1 000 000 listeners, and each plays 8 songsnihaur. Thus, 8*1 000
000*8*24*365=560 640 000 000.

* Vgis assigned a value of 87. The value is takemaxample.
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Vg is assigned a value of 300 000. The value is ddrifrom the following
assumptions. There are 8 big radio station, eashcbastant audience of 1 000
000 listeners, and each plays 8 songs in an hotnus, T 81 000
000*8*24*365=560 640 000 000.

V1o is assigned a value of 200 000. We previouslyrassithat value in Section
2.2.3, when discussion propagation funcpor 0.

V4 is assigned a value of 100 000. We previouslyrassiuthat value in Section
2.2.3, when discussion propagation funcioni 4.

vi5 is assigned a value of 37 000. In the modgljs/calculated as a sum ofgv
and Mg From the two anticipated values below, it follothst the value of
has to be 40 000. Nevertheless, anticipated valtesot calculated within the
model. To exemplify this, we take a value of 37 000.

V6 is assigned a value of 30 000. Previously, werasduthat the search costs
are 1000 euros per rights owner and that the rigiwsers are 100 new
individuals per year. The search costs per yeatharpercentage of unregistered
right owners times the costs of registration. Here,assume that the registered
rights owners are 70%.

Vig IS assigned a value of 10 000. We previously assutat value in Section
2.2.3, when discussion propagation funciior 8.

The anticipated values of goals from the goal modflalrights society are summarized
in Table VIII-5.

Table VIII-5. Anticipated values for goals in theay model of a rights society

Capability code Goal

Variable code Variable Variable domain Anticipated value

G2 Maximize contracted radio stations
Natural

P Rights to play a song to a listener | numbers plus 560 640 000 000
0

G6 Get play-lists from top radio stations

Ve Song-listener coverage | Percentage | 87

G9 Minimize operation costs

Vg Operations costs | Euro currency | 300 000

G10 Minimize clearing costs

Vio Clearance costs | Euro currency | 200 000

G14 Minimize search costs with the remaining music users

Vig Search costs \ Euro currency | 100 000

G15 Minimize repartitioning costs

Vis Repartitioning costs | Euro currency | 37 000

G16 Minimize rights owners search costs

Vig Rights owners search costs \ Euro currency | 30 000

G18 Minimize payment costs

Vig Payment costs | Euro currency | 10 000
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3 Applying Our Method

In the following three sections, we demonstrate éipplication of our development
method for the network constellation of businedsethe real-life example of making
music content public. We apply the method for tt#es radio station and rights society.

In Section 4, we describe in details the develognwhthe value perspective.
Following the procedure outlined in Chapter V SetecProcedure, we first identify the
alternative goal models. For these, we match all-d@als with capabilities from the
value pattern library. Consequently, the alterratyoal models and the matching
capability models undergo a number of transfornmatioesulting in a single set of
patterns that satisfies best the top-level goalshefcombined goal model of a radio
station and rights society. Further, the selectatems are synthesized into a value
model following the procedure outlined in Chaptdr Synthesis of Value and Process
Patterns. Namely, the patterns are first instaadiaind then linked to a single model.

In Section 5, we describe in details the develogneérnthe process perspective. We
follow a procedure similar to the procedure for eleping the value perspective.
Specifically, alternative goal models are generatgdich are further matched with
capabilities of process patterns in the procesarlp A number of the matching patterns
are selected, such that the top-level goals ingtied model are satisfied the best. After
the patterns are instantiated, a process modghtbesized.

The only difference in content between Section 4 @nsl the extending of the goal
model in Section 5. (The design methods for theievand process perspectives do not
differ.) The extending of the goal model is neettethave more matching goals. It does
not affect the value perspective. The motivatiod details are given in Section 5.

In Section 6, we check the developed perspectivescdnsistency. Following the
outlined in Chapter VII Consistency between Valmel #rocess Models, we transform
the value and process model to reduced modelst tite, we compare the two reduced
models and verify the consistency.

4 Developing the Value Perspective

The starting position of this section is that weéh&y a library of value patterns and (ii) a
goal model of the desired system which includegsh\businesses interacting to achieve
individual goals. We want to develop a value moafethe system. Thus, we have to
select the relevant design patterns and to syzth@svalue model out of the patterns.
The selection procedure is described in Chapterl¥c8en Procedure. In this section,

we apply it and describe in detail the followingss. (The steps follow the selection
procedure; though, the names or granularity maemjf

e Generate alternative goal models

» Match goals and capabilities: build Matching table

» Find alternative solution capability models

» Propagate values in the alternative solution cdipabiodels

» Evaluate the alternative solution capability modalstect the best alternative

solution capability models
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« Integrate each of the best alternative solutionabdity models with the
capability models
« Propagate values and evaluate the best alterrsatiuon capability models

The synthesis procedure is described in Chapterwith@sis of Value and Process
Patterns. In this section, we apply it and desdribgetail the following steps. (The steps
follow the selection procedure; though, the nantegranularity may differ.)

* Instantiate Patterns
*  Map the role of the matching capability to a busge
* Resolve the remaining roles in the pattern
*  Modify value objects
« Synthesize Patterns
* Find identical actors.
« Resolve cardinality between identical actors.
e Add the pattern to the value model.
* Merge identical actors.

Below, we describe the development of the valuspestive step by step. Starting
with Section 4.1.1 until Section 4.1.7, we show flrecedure of selecting relevant
pattern. Further from Section 4.2.1 to Section2.2e present the synthesis of the
selected patterns.

4.1 Selection of Value Patterns

The business network (the system) that we want sagdencludes radio stations and a
rights society which the radio stations use to rctbair rights to make music content
publict. The goal model of the system is the goal moded ofdio station (see Figure

VIII-1) and the goal model of a rights society ($ggure VIII-2) combined. Further, we

refer to the goal model of the real-life exampletesgoal model and when the model of
a particular business is meant then it is expjiciferred to.

! Potentially, the business network includes momsrsses. Nevertheless, they are considered seyanrth
are not represented by a goal model because we @talearance of rights.
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Figure VIII-3. Goal model of the business networidar design

Figure VIII-3 depicts the combined goal models. guals are labelled with their
names without the prefix denoting to which goal elothey belong. The grey goals
belong to the goal model of a radio station; théevhoals belong to the goal model of a
rights society.

4.1.1Generate Alternative Goal Models

The goal model contains 26 goals: 7 belong to the gudel of a radio station and 19
belong to the goal model of a rights society. Reiiey the algorithm for generation of
alternative goal model described in Chapter V Sigled®rocedure Section 4.1, we create
2912 alternative goal modelTable VIII-6 presents a sample of 10 alternativalg
models. The columns list the goals with their fudhres i.e., the name is extended with a
prefix denoting the goal model to which the goad®hg. A row represents an alternative
goal model where the cells marked with ‘X’ corresghdo the goals participating in the
alternative goal model. For example, the first ro@ans a goal model made up of goals
RAD.G2, RAD.G4, RAD.G7, SOC.Gl, SOC.G6, SOC.Gl1l, SOC.G14, SOC.G16,
SOC.G17, andSOC.G19.

! The alternative goal models are managed in anlEkeetronic table
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Table VIII-6. Randomly selected sample of 10 ou®1?2 alternative goal models

O|F | N M N |O|N|[O (D

A NM|TIN|OINANMISTIOLOINOOODAA|A|A|A[H|[H|H|H |
0lo|u|0|0|0|8|0|0|0|0|0 0|V |0|0|0|0|0|0|0|0|0|b|0|0
[allallaliallalialialIORIORIORIORIONIORIORIORICRIORIORIORIORIORIORIORIORIORIO]
§<<§§<EOOOOOOOOOOOOOOOOOOO
X |X [2'4 nmoumumununninmoununnnununnnin un
X X X[ X X X X X[ X X

X X | X X X X X | X X
X X X X | X X X X X[ X X

X | X | X X X | X X X X X[ X X

X X | X X | X X X X X[ X X

X | X X | X X | X X X X X[ X X

X X X | X X X X X[ X X

X | X X X | X X X X X[ X X

X X X X | X X X X X[ X X

X X X X | X|X X X

4.1.2Match Goals and Capabilities: Build Matching Table

Each of the 26 goals in the goal model is checkea fimatch with a capability from the
capability models in the library of value patte(Appendix E Library of Value Patterns).
The result is that four patterns have capability et®dvith top-level capabilities that
match goals from the goal model. The number of hextcis five as one of the
capabilities matches two goals. The result is ptesen Table VIII-7 which is the
Matching table. The columns list the goals with thigil names; whereas, the rows
contain matching capabilities. The table presentisiwbapability matches which goal by
means of cells marked with an ‘x’.

Table VIII-7. The Matching table for the goal model

OH|IN|M|T|IN|O|IN[O (O
A N[M|FTO|OINHNM|TIOLIOINOIO(HA|HA|[HA|HA[H|H|[H|[H|H |
0l0|0|0|0|0|0(0|V|0(0|0|0(V|0|0(0|V|00|0|0|0|0|00
Nlalala|la|la|a|OV|VV|IVIVIVIVIVIVIVIVIVIVIVIVIVIVIO
<< | << << |<C|O|O(O|O|O|O0O|0|O0|0|0|0|O|0|0|0|O0|O|O|0
||| d|Z|lh|jnnlnnnnnnnnnnnnnnlnln
ADV.C2 X
INS.C3 X X
SEG.C1 X
REG.C1 X

The result of matching of goals and capabilitieghist the matched goals receive
values from the capabilities. Goal variables gdtues also during the goal modelling
when anticipated values are assigned to some gbalde VIII-8 presents the known
values of variables in the goal model. The tabletaios values received from the
capabilities ADV.C2, INS.C3, SEG.C1, and REG.C1, shown in bold font, and the
anticipated values taken from Table VIII-3 and Tali-5.
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Table VIII-8. Variable values

goal Value goal value
RAD.G1 SOC.G7

RAD.G2 SOC.G8

RAD.G3 |True SOC.G9 |300 000
RAD.G4 |12 SOC.G10 |200 000
RAD.G5 SOC.G11 |true
RAD.G6 SOC.G12

RAD.G7 |20 000 000 SOC.G13

SOC.G1 SOC.G14 [100 000
SOC.G2 | 560 640 000 000 SOC.G15 |37 000
SOC.G3 |True SOC.G16 |30 000
SOC.G4 SOC.G17 |75
SOC.G5 SOC.G18 |10 000
SOC.G6 |87 SOC.G19 |[true

4.1.3Find Alternative Solution Capability Models

The viable alternative goal models are these thatago only goals with known values:
known either due to a matching capability or thtugas anticipated. We refer to such
alternative goal models as alternative solutionabdiyy models. From the 2912
alternative goal models only 16 constitute altaweasolution capability models. Table
VIII-9 presents these. The columns present thesgeéh their full names; whereas, the
rows list the alternative solution capability maglerhe cells marked with ‘X’ determine
which goal participates in which goal model.

Table VIII-9. Alternative solution capability model

SOC.G1

SOC.G4

SOC.G5

XXX X% (X [X XX [%[x[X[X[|X|x[x| SOC.G6
SOC.G7

SOC.G8

x| SOC.G9

X SOC.G10

SOC.G11

SOC.G12

SOC.G13

SOC.G14

SOC.G15

X SOC.G16

XX XXX [X X | X [X[x|x|x|x[x[x| SOC.G17
SOC.G18

SOC.G19

RAD.G5
RAD.G6
X[ [ % [% (X [X | % [x[x[%|x|x|x| RAD.G7
X[ [ %% (% [ [ % % [x[x[x[x|x|[x| SOC.G2
X[ [ |5 (%[ [ % % [x [x[x[|x|x|[x| SOC.G3

RAD.G1
RAD.G2

X[ X[ X% [X [% (X [|x[x[x[x|x|x|x| RAD.G3
X[ (X[ X[ [X % [X | [x[x[x|x|[x|x| RAD.G4

X
X

X
x
X

X
X

OO N[O U|[ARW|IN (-

XXX [ XXX

XXX [X X[ X
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4.1.4Propagate Values in the Alternative Solution Capabity Models

To enable the evaluation of potential design deteechiby an alternative solution
capability model, the known values in the goal niddese to be propagated to the top-
level goals. This is done according to the dedoripin Chapter IV Goal-modelling
Section 5.

The goal model contains 4 top-level goals:

e RAD.G1;
e SOC.G1,;
e SO0C.G4; and
* SOC.G9.

For each of the 16 alternative solution capabitigdels, the values of the top-level goals
are determined Table VIII-10 presents the calculated values. Tblemns of the table
contain the values for the particular top-levellgadereas, the rows list the alternative
solution capability models.

Table VIII-10. Values for the top-level goals

RAD.G1 [euros] |SOC.G1 [euros] |SOC.G4 [euros] |SOC.G9 [euros]
1 44 920 457,43 39 409 050 26 250 000 300 000
2 |44 920 457,43 39 409 050 26 250 000 237 000
3 |44 920 457,43 39 409 050 26 250 000 187 000
4 |44 920 457,43 39 409 050 26 250 000 167 000
5 144920 457,43 39 409 050 26 250 000 240 000
6 |44 920 457,43 39 409 050 26 250 000 190 000
7 144920 457,43 39 409 050 26 250 000 170 000
8 144920 457,43 39 409 050 26 250 000 235 000
9 |44 920 457,43 39 409 050 26 250 000 185 000
10 [44 920 457,43 39 409 050 26 250 000 165 000
11 |44 920 457,43 39 409 050 26 250 000 238 000
12 |44 920 457,43 39 409 050 26 250 000 168 000
13 |44 920 457,43 39 409 050 26 250 000 168 000
14 |44 920 457,43 39 409 050 26 250 000 233 000
15 [44 920 457,43 39 409 050 26 250 000 183 000
16 |44 920 457,43 39 409 050 26 250 000 163 000

4.1 5Evaluate the Alternative Solution Capability Models Select the Best
Alternative Solution Capability Models

According to our selection procedure (see Chapt&elction Procedure, Section 7,) the
alternative solution capability models are ratedhmbasis of the values of the top-level
goals. In general, we use a multiple-criteria denisnaking method because each model
is evaluated with several values. In the particaglase at hand, the alternative solution
capability models have four top-level goals. Thixessitates the use of a multiple-
criteria decision making method. Although, the atualues for the variables of the top-

! The propagation of values is calculated in a guadlel represented in an Excel electronic table
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Alternative solution capability models

Figure VIII-4. Values for the SOC.G9 top-level goal

level goals simplify our multiattribute solving folem. The values of the top-level goals
RAD.G1, SOC.G1, ands0OC.G4 are the same for every alternative solution cdipabi

model, which allows us to rate the models basednbynthesoc.G9 top-level goal.

Goal soc.G9 aims at keeping the operation costs as low asilpesee Section
2.2.1). This means that the goal is closer to feation if the value of the variables is a
smaller number. Figure VIII-4 presents the values the SOC.G9 variable per each
alternative solution capability model. The altermatsolution capability model number 1
is the furthest from satisfaction with value of 3000 euros of operation costs.
Respectively, the alternative solution capabilitpdal number 16 is the closest to

satisfaction with value of 163 000 euros of operatiosts.

The purpose of evaluating the alternative solutiapability models is to select the
three best satisfying the top-level goals. In ase; these are models 16, 10, and 4, and
they form the set of best alternative solution &édpg models. Figure VIII-4 depicts

them with solid bars.
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4.1.6Integrate Each of the Best Alternative Solution Capbility Models with

the Capability Models

Selecting a design pattern as relevant for a pdaticsystem under development means

that it is taken with all of its capabilities. Thisquires integrating the alternative solution
capability models and the capability models (seaepfdr V Selection Procedure, Section

)

Table VIII-7, which lists the matching capabilitiegspectively capability models, and

6

In our case, four patterns have top-level cap#@slimatching with goals. (Refer to
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goals.) Figure VIII-5 shows the capability modefstee patterns: (a) — capability model
of the Advertising (ADV) value pattern; (b) — cafép model of the Insourcing (INS)

value pattern; (c) — capability model of the Markegmentation (SEG) value pattern;
and (d) — capability model of the Registration (RE@lue pattern. The capability models
are taken from Appendix E Library of Value Pattemisere they are fully described.

Each capability is shown with the role benefitingnfr it according to the pattern
description.

(b)

()

(d)

Figure VIII-5. Capability models: (a) — capabilityodel of the Advertising (ADV) value pattern;
(b) — capability model of the Insourcing (INS) valpattern; (c) — capability model of the Market
segmentation (SEG) value pattern; and (d) — caipahibdel of the Registration (REG) value

pattern

Each of the best alternative solution capability eisdheeds to be integrated with the
four patterns from Figure VIII-5. According to ChiapV Selection Procedure Section 6,
the integration step includes replacing goals withtching capabilities and adding
relationship between capabilities and goals. Faritgl of presentation and readability of
the goal models, we add an extra step which remgweas and relations which cannot
influence the values of the top-level goals. Thatvs remove tail-goals in relationships
in which the head- goal has a fixed value, commgifa capability or being anticipated.

We begin with alternative solution capability modeimber 16 as it is the best scoring
model (see Figure VIlI-4.) The matching capabifitand anticipated values apply to leaf-
goals of the goal model of the system (shown inuk&gVIlI-3) with one exception. The
SOC.G11 goal matches capabilit9eG.c1 and has two sub-goals. The consequence is
that we begin the integration with remove gosiBC.G12 and SOC.G13 and the
decomposition relationship with a head-goal geat.G11. The result can be seen in
Figure VIII-6 which depicts the integrafedlternative solution capability model: goals
S0C.G12 ands0cC.G13 are omitted from the model.

Further, we replace goafaD.G1, SOC.G2, SOC.G11, SOC.G17, andSOC.G19 with
capabilities ADV.C2, INS.C3, SEG.C1, REG.C1, and INS.C3. Replacing goals with
capabilities adds the complete capability modelghéogoals model. This is illustrated in

! Integrated means a goal model integrated withhitiyamodels. For details, refer to Chapter V $tilen
Procedure, Section 6.
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Figure VIII-6 by adding the capabilities from onapability model in a vertical line such
that the original position of the replaced godtéagt.

We finish the integration by adding the relatiopshibetween capabilities and goals. In
the case of alternative solution capability modehber 16, the matching capabilities do
not interact with the goals. This leads to no adeéationships.

Figure VIII-6. Alternative solution capability modeumber 16 integrated with capability models
ADV, INS, SEG, REG, and INS

The second alternative solution capability modehtegrate is number 10 as it is the
second-best scoring model (see Figure VIlI-4.) Tla¢cining capabilities and anticipated
values are such that: (1) we remove gs&i€.G12 ands0C.G13 and the decomposition
relationship with a head-goal gosbcC.G11, for the same reasons as in the previous
integration and (2) we remove g@bC.G19 and the decomposition relationship with a
head-goal goa$0cC.G18, due to the anticipated value for gs@ic.G18. The result can
be seen in Figure VIII-7 which depicts the integtatalternative solution capability
model: goals0C.G12, SOC.G13, andSOC.G19 are omitted from the model.

Further, we replace goalRAD.G1, SOC.G2, SOC.G11, and SOC.G17 with
capabilitiesADV.C2, INS.C3, SEG.C1, andREG.C1. Similarly to Figure VIII-6, Figure
VIII-7 adds the capabilities from one capability ded in a vertical line such that the
original position of the replaced goal is kept.

All matching patterns for alternative solution chitity model number 10 match also
goals in model number 16. This means that the dedlucapabilities into the goal model
do not interact with goals. This leads to no ada¢ationships.
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Figure VIII-7. Alternative solution capability moldeumber 10 integrated with capability models
ADV, INS, SEG, and REG

The third alternative solution capability model tdeigrate is number 4 as it is the
third-best scoring model (see Figure VIII-4.) Thatohing capabilities and anticipated
values are such that: (1) we remove gs@i€.G12 andsoc.G13 and the decomposition
relationship with a head-goal gosbc.G11, for the same reasons as in the previous
integration; (2) we remove goals0C.G16 and SOC.G18 and the decomposition
relationship with a head-goal gosbc.G15, due to the anticipated value for goal
SOC.G15; (3) we remove go&80C.G19 and the decomposition relationship with a head-
goal goalsoc.G18, due to the anticipated value for gs@c.G15; and (4) we remove
decomposition relationship with a head-goal gg@€.G16, due to the anticipated value
for goalsoc.G15. The result can be seen in Figure VIII-8 which depthe integrated
alternative solution capability model: go#®©C.G12, SOC.G13, SOC.G16, SOC.G18,
andsoc.G19 are omitted from the model.

Further, we replace goalRAD.G1, SOC.G2, SOC.G11, and SOC.Gi7 with
capabilitiesADV.C2, INS.C3, SEG.C1, and REG.C1. Similarly to Figure VIII-6 and
Figure VIII-7, Figure VIII-8 adds the capabilitié#&®m one capability model in a vertical
line such that the original position of the replhgeal is kept.

Alternative solution capability models number 1@l d® have a super set of matching
pattern in comparison with model number 4. This msethat the included capabilities
into the goal model do not interact with goals.sTleiads to no added relationships.

194



4 Developing the Value Perspective

Figure VIII-8. Alternative solution capability moldeumber 4 integrated with capability models
ADV, INS, SEG, and REG

4.1.7Propagate Values and Evaluate the Best Alternativediution Capability
Models

Due to the fact that no new relationships were ddibeany of the best alternative

solution capability models, the propagation of esldhroughout the models leads to the
same values for the top-level goals. Consequetttly, evaluation leads to the same
conclusion: alternative solution capability modelmber 16 has the best score and
therefore is the one considered for further devalet.

4.2 Synthesis of Value Patterns

Synthesis links the value models of the selectetepes into one value model. The
starting position is five patterns. These advertising, two timeslnsourcing, Market
Segmentation andRegistration.

The names of roles and value objects used in theevabdel of a particular pattern
may occur in the value model of other patternsaVoid this conflict of name, we need
to extend the name such that we uniquely identié/rbles and value objects. Thus, each
extended name contains the code of the pattermichvihe role or value object belongs,
and a number identifying patterns if more than ohe kind are matched with goals. An
extended name has the following Backus-Naur form:

<extended name> ::= <pattern code> “.” [<pattern nu mber>
"."] <role or value object name>
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For example, to refer to the Client role in thedhinatched Reservation pattern we use
the following extended name: RES.3.Client.

4.2.1Instantiate Patterns

Alternative solution capability model number 16 ofes 5 patterns. Each one of them
needs to be instantiated such that the roles aadvdliue objects correspond to the
business actors and values exchanges in the exaipénd. The instantiation procedure
includes the following three steps:

1. Map roles of matching goals and capabilities.

2. Resolve the remaining roles in the pattern.

3. Modify value objects.
Below, we instantiate each of the five patterns.

A. Advertising (ADV) pattern

The first pattern to instantiate is the Advertis{@dpV) pattern which capabilitAbv.c2
matches the radio station’s g@®D.G3 (refer to Table VIII-7).

Step One: Map Roles Of Matching Goals And Capabilies. The ADV.c2 capability
benefits theADV.Intermediary role (see Appendix E Library of Value Patternstétat
1. Advertising, on page 301.) Respectively, #D.G3 goal belongs to th&adio

Station music user (see Section 2.1.2.)) These two factermime that the
ADV.Intermediary role maps to th®adio Station actor.

Table VIII-11 presents the correspondence of roteskaisiness actors for the pattern.
The first column lists the roles as named in théepat the second column contains the
names of actor as in the real-life example. Thesrémw bold font are the mappings
resulting from the matching capabilities and goals.

Step Two: Resolve The Remaining Roles In The PatteriThe remaining roles in the
pattern that need to be assigned to business art#sDV.Client andADV.Advertiser.
The information needed to resolve the mapping islahla to the designer in the textual
description of the pattern and the matching goarti€ularly, the client of an
intermediary in the context of the pattern is tiséeher to a radio station in the real-life
example context. Therefore, we m@apV.Client to Listener. Following the same line of
reasoning, we map th&DV.Advertiser to Advertiser, a business that advertises in a
radio broadcast. Table VIII-11 summarizes the maggin

Table VIII-11. Correspondence table for roles ia Advertising (ADV) pattern

Roles in the pattern Business actors in the example
ADV.Client Listener

ADV.Intermediary Radio Station

ADV.Advertiser Advertiser

Step Three: Modify Value Objects.Similarly to the roles, the value objects from the
pattern have to be modified such that they matehvillues exchanges in the real-life
example. In the case of thAdvertising pattern, only one value object needs
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modification. NamelyBundle of product and advertisement needs to be changed to
Bundle of music content and commercials to reflect the actual bundling of products.
Respectively, the correspondence of value objaectaptured in Table VIII-12, wherein
the first column contains the value objects ashim pattern and the second column the
values objects in the real-life example.

Table VIII-12. Correspondence table for value otgjés the Advertising (ADV) pattern

Value objects as in the pattern Value objects as in the example
ADV.Bundle of product and Bundle of music content and
advertisement commercials

ADV.Attention Attention

ADV.Exposure Exposure

ADV.Fee Fee

Value Model Transformation. Figure VIII-9 (a) depicts the value model of thetpm
with the original roles and value objects. The in8&ion of the pattern results in a value
model in which the roles and the value objects satestituted with the corresponding
business actors and value objects according to Tablld1 and Table VIII-12. Figure
VIII-9 (b) shows the instantiated value model.

Intermediary Adwertizer
Bundle of praduct
< and advertiserment — [;,T Exposure I,
! T — e T ]
(a)
Radio Station Adverizer
Expnsure_?-}
T F g =<l
(b}

Figure VIII-9. Value models for the Advertising (AD pattern: (a) — original value model, copied
from Appendix E Library of Value Patterns, PattérrAdvertising, on page 301 and (b) —
instantiated value model
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B. Insourcing (INS) pattern

The second pattern to instantiate is the first matith the Insourcing (INS) pattern
which capabilityINs.1.c3 matches the rights society’'s gasbcC.G3 (refer to Table
VIII-7).

Step One: Map Roles Of Matching Goals And Capabilies. The INS.1.c3 capability
benefits thdNS.1.Business role (see Appendix E Library of Value Patterns tétat4.
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Insourcing, on page 307.) Respectively, $ioe€.G3 goal belongs to thRights Society
(see Section 2.2.2.) These two facts determinetiledNS.1.Business role maps to the
Rights Society actor.

Table VIII-13 presents the correspondence of roteskasiness actors for the pattern.
The first column lists the roles as named in théepat the second column contains the
names of actor as in the real-life example. Thesramv bold font are the mappings
resulting from the matching capabilities and goals.

Step Two: Resolve The Remaining Roles In The PatteriThe remaining roles in the
pattern that need to be assigned to business aetersINS.1.Intermediary and
INS.1.Client. The information needed to resolve the mappingaslable to the designer
in the textual description of the pattern and ttegaming goal. Particularly, the client of a
business in the context of the pattern is a bagadior shop in the real-life example
context. Therefore, we mdplS.1.Client to Bar, Disco or Shop. The intermediary that
delivers the product to the bars, discos, and steadranch organisation. Thus, we map
the INS.1.Intermediary to Branch Organization. Table VIII-13 summarizes the
mappings.

Table VIII-13. Correspondence table for roles ia thsourcing (INS) pattern

Roles in the pattern Business actors in the example

INS.1.Intermediary Branch Organization

INS.1.Business Rights Society

INS.1.Client Bar, Disco or Shop

Step Three: Modify Value Objects.In the case of the firdhsourcing pattern, three
value objects need modification. FirBroduct needs to be changed Rights to make
content public to reflect the actual product been delivered ia garticular real-life
example. Second®roduct delivery needs to be changed @mntracting music users.
And third, Money needs to be changed Rermission fees for the same reason.
Respectively, the correspondence of value objsctaptured in Table VIII-14, wherein
the first column contains the value objects ashin pattern and the second column the
values objects in the real-life example.

Table VIII-14. Correspondence table for value otgiée the Insourcing (INS) pattern

Value objects as in the pattern

Value objects as in the example

INS.1.Product

Rights to make content public

INS.1.Product delivery

Contracting music users

INS.1.Money

Permission fees

INS.1.Fee

Fee

Value Model Transformation. Figure VI11I-10 (a) depicts the value model of tredtprn
with the original roles and value objects. The instdion of the pattern results in a value
model in which the roles and the value objects sattastituted with the corresponding
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business actors and value objects according to TabikL3 and Table VIII-14. Figure
VIII-10 (b) shows the instantiated value model.

Clignt Intermediary

Product delivery !'

>
Mmﬁy /Fee"__ﬂ
VI
Business

Branch

.{r'._._ Rights to make content public __..iq Qrganization
Contracting music users i

Permlssmnfee%me .

(a)

Bar, Disco
ar Shop

(b)

Rights Society

Figure VIII-10. Value models for the Insourcing @Npattern: (a) — original value model, copied
from Appendix E Library of Value Patterns, Pattdriinsourcing, on page 307 and (b) —
instantiated value model

C. Market Segmentation (SEG) pattern

The third pattern to instantiate is the Market Segiaieon (SEG) pattern which
capabilitySEG.c1 matches the rights society’s gs®c.G11 (refer to Table VIII-7).

Step One: Map Roles Of Matching Goals And Capabilies. The SEG.C1 capability
benefits theSEG.Provider role (see Appendix E Library of Value Patterns tétat5.
Market Segmentation, on page 309.) Respectively,stc.G11 goal belongs to the
Rights Society (see Section 2.2.2.) These two facts determinettieeSEG.Provider
role maps to th®ights Society actor.

Table VIII-15 presents the correspondence of roteskausiness actors for the pattern.
The first column lists the roles as named in théepat the second column contains the
names of actor as in the real-life example. Thesrdnv bold font are the mappings
resulting from the matching capabilities and goals.

Step Two: Resolve The Remaining Roles In The Patterhe remaining roles in the

pattern that need to be assigned to business aet@sSEG.Basic Client and
SEG.Experienced Client. The information needed to resolve the mappingvéiable
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to the designer in the textual description of th&ttggn and the matching goal.
Particularly, the experienced clients of a provitkethe context of the pattern are the big
radio stations in the real-life example contexteidfore, we maBSEG.Experienced
Client to Radio Station. The internet radio stations are considered smatumber of
listeners and, therefore, they correspond to thsicbalients. Thus, we map the
SEG.Basic Client to Internet Radio Station. Table VIII-15 summarizes the mappings.

Table VIII-15. Correspondence table for roles ia Market Segmentation (SEG) pattern

Roles in the pattern Business actors in the example
SEG.Provider Rights Society

SEG.Basic client Internet Radio Station
SEG.Experienced client Radio Station

Step Three: Modify Value Objects.In the case of tharket Segmentation pattern,

all value objects need modificatioBpecial price offered to basic clients needs to be
changed td-ixed fee as this is offered to interned radio stationseitum of the rights to
make music content public. The price that the ratitions pay for the same rights is the
permission fees of the content producers. Followfirgn this, Price is changes to
Permission fees andProduct delivered to both actors is changedRights to make
content public. The premium that the rights society gets fromrémio stations is play
lists for which they compensate with negotiablenteand conditions in the contract.
Thus,Premium changes t®lay lists andProduct complement changes tdNegotiable
term and conditions. Table VIII-16 presents the correspondence of valbgects,
wherein the first column contains the value objexdsin the pattern and the second
column the values objects in the real-life example.

Table VIII-16. Correspondence table for value otgjés the Market Segmentation (SEG) pattern

Value objects as in the pattern Value objects as in the example
SEG.Special Price Fixed fee

SEG.Product Rights to make content public
SEG.Price Permission fees

SEG.Premium Play lists

SEG.Product complement Negotiable term and conditions

Value Model Transformation. Figure VIII-11 (a) depicts the value model of thetprn
with the original roles and value objects. The instdion of the pattern results in a value
model in which the roles and the value objects satestituted with the corresponding
business actors and value objects according to Tl 5 and Table VIII-16. Figure
VIII-11 (b) shows the instantiated value model.
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Figure VIII-11. Value models for the Market Segnagitn (SEG) pattern: (a) — original value
model, copied from Appendix E Library of Value Raits, Pattern 5. Market Segmentation, on
page 309 and (b) — instantiated value model

D. Registration (REG) pattern

The fourth pattern to instantiate is the Registrat{®EG) pattern which capability
REG.C1 matches the rights society’s gs®@c.G17 (refer to Table VIII-7).

Step One: Map Roles Of Matching Goals And Capabilies. The REG.C1 capability
benefits theREG.Intermediary role (see Appendix E Library of Value Patternstétat
7. Registration, on page 313.) Respectively, sb€.G17 goal belongs to th&ights
Society (see Section 2.2.2.) These two facts determinethigeREG.Intermediary role
maps toRights Society actor.

Table VIII-17 presents the correspondence of roteskaisiness actors for the pattern.
The first column lists the roles as named in théepat the second column contains the
names of actor as in the real-life example. Thesramnv bold font are the mappings
resulting from the matching capabilities and goals.

Step Two: Resolve The Remaining Roles In The PatterThe remaining role in the
pattern that needs to be assigned to a business ia®®EG.Client. The information
needed to resolve the mapping is available to #ségder in the textual description of the
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pattern and the matching goal. Particularly, thentlof an intermediary in the context of
the pattern is the content producer (the rightsesvim the real-life example context.
Therefore, we maREG.Client to Content Producer (Rights Owner). Table VIII-17
summarizes the mappings.

Table VIII-17. Correspondence table for roles ie Registration (REG) pattern

Roles in the pattern Business actors in the example

REG.Intermediary Rights Society

REG.Client Content Producer (Rights Owner)

Step Three: Modify Value Objects.In the case of thddvertising pattern, only one
value object needs modification. NameRgcess to services needs to be changed to
Rights protection, as to reflect the actual service offered in thkal-life example.
Respectively, the correspondence of value objsctaptured in Table VIII-18, wherein
the first column contains the value objects ashin pattern and the second column the
values objects in the real-life example.

Table VIII-18. Correspondence table for value otgjée the Registration (REG) pattern

Value objects as in the pattern

Value objects as in the example

REG.Access to services

Rights protection

REG.Identification information

Identification information

Value Model Transformation. Figure VIlI-12 (a) depicts the value model of thatprn
with the original roles and value objects. The inS&dion of the pattern results in a value
model in which the roles and the value objects sattestituted with the corresponding
business actors and value objects according to Nallld7 and Table VIII-18. Figure
VIII-12 (b) shows the instantiated value model.

Client Intermediary

[ Accessto services
! I_dentiﬂ;atinn infarmation --!-::»

(a)

Rights Society

Content
Producer
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< Flights protection 2.
! ldentification information m!-}
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Figure VIII-12. Value models for the RegistratidREG) pattern: (a) — original value model, copied
from Appendix E Library of Value Patterns, PattériRegistration, on page 313 and (b) —
instantiated value model
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E. Insourcing (INS) pattern

The fifth pattern to instantiate is the second matath the Insourcing (INS) pattern
which capabilityINs.2.c3 matches the rights society’s gabc.G19 (refer to Table
VII-7).

Step One: Map Roles Of Matching Goals And Capabilies. The INS.2.c3 capability
benefits thdNS.2.Business role (see Appendix E Library of Value Patternstétat 4.
Insourcing, on page 307.) Respectively, $ioe.G3 goal belongs to thRights Society
(see Section 2.2.2.) These two facts determinetiledNS.2.Business role maps to the
Rights Society actor.

Table VIII-19 presents the correspondence of roteskaisiness actors for the pattern.
The first column lists the roles as named in théepat the second column contains the
names of actor as in the real-life example. Thesramnv bold font are the mappings
resulting from the matching capabilities and goals.

Step Two: Resolve The Remaining Roles In The Patterhe remaining roles in the
pattern that need to be assigned to business aeatersINS.2.Intermediary and
INS.2.Client. The information needed to resolve the mappingadslable to the designer
in the textual description of the pattern and thaaiing goal. Particularly, the client of
an intermediary in the context of the pattern i tontent producer receiving a service
from a bank in the real-life example context. Theref we mapINS.2.Client to
Content producer (Rights Owner) and, respectivelyINS.2.Intermediary to Bank.
Table VIII-19 summarizes the mappings.

Table VIII-19. Correspondence table for roles ia thsourcing (INS) pattern

Roles in the pattern Business actors in the example

INS.2.Intermediary Bank

INS.2.Business Rights Society

INS.2.Client Content Producer (Rights Owner)

Step Three: Modify Value Objects.In the case of the secohtsourcing pattern, three
value objects need modification. FirBroduct needs to be changedRermission fees

to reflect the actual value object. Secomdpduct delivery needs to be changed to
Money transfer to reflect the actual service being delivered. Amidd, Money needs to

be changed tRights to make content public for the same reason. The correspondence
of value objects is captured in Table VIII-20, wherthe first column contains the value
objects as in the pattern and, the second, thesalbjects as in the real-life example.

Table VIII-20. Correspondence table for value ofgjéa the Insourcing (INS) pattern

Value objects as in the pattern

Value objects as in the example

INS.2.Product

Permission fees

INS.2.Product delivery

Money transfer

INS.2.Money

Rights to make content public

INS.2.Fee

Fee
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Value Model Transformation. Figure VIII-13 (a) depicts the value model of thatprn
with the original roles and value objects. The instdion of the pattern results in a value
model in which the roles and the value objectssatstituted with the corresponding
business actors and value objects according to TabllL9 and Table VIII-20. Figure
VIII-13 (b) shows the instantiated value model.
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Froducer {-i- Fermission fees !=:1
] ) Money transfer
(ORML?E; Rights to make ; 'E
content public /" Fee
Rights Society (b)

Figure VIII-13. Value models for the Insourcing @Npattern: (a) — original value model, copied
from Appendix E Library of Value Patterns, Pattdrinsourcing, on page 307 and (b) —
instantiated value model

4.2.2Synthesize Patterns

To synthesize the selected patterns means to liek ihstantiated value models in a
single value model. For clarity of presentation,refer throughout this sub-section to the
instantiated value models of patterns as patterpaitern models. Correspondingly, the
synthesized value model is referred to as the valodel or the design.

Patterns are synthesized by taking them one byrwifferent of the order and adding
them to the design. Patterns are added to the vadael by merging actor and keeping
value exchanges.

Below, we synthesize the patterns in our realditample. After each added pattern,
the intermediate value model is shown.

A. Adding the Advertising pattern to the value model

Initially, the design is empty: i.e., the value rebatontains no actors and no value
exchanges. Adding thAdvertising (ADV) pattern to the value model means that the
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value model is the instantiated value model ofghttern as shown in Figure VIII-9 (b.)
(This holds only for the first pattern added to thesign because the design is empty.)
Figure VIII-14 shows the intermediate value modtdrathe first pattern.

Advertiser

g
r.-
Exposure

Radio Station

Listener Bundle of music
' cantent and

L commercials
—— Aftention

Figure VIII-14. Value model after the addition bktAdvertising pattern

B. Adding thefirst Insourcing pattern to the value model

The second pattern to add to the value model iditsielnsourcing (INS) pattern as
shown in Figure VIII-10 (b.) The value model and ftedtern do not contain identical
actors. Therefore, the Insourcing pattern is addetie design but not linked with value
exchanges with the rest of the value model. Therediate result is shown in Figure
VIII-15.
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4"-— Rights to make content public -....ql Organization
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-
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Listener Bundle of music
content and
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= Attention
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Figure VIII-15. Value model after the addition bgtfirst Insourcing pattern

C. Adding the Market Segmentation pattern to the value model

The third pattern to add to the value model isNtagket Segmentation (SEG) pattern

as in Figure VIII-11 (b.) The value model and thé&gra have two shared actors, namely:
Radio Station and Rights Society. Despite the common name used to refer to the
Radio Station actor in the value model and in the pattern, tteradiffers in cardinality

in the two models. In the value model, tRadio Station actor is just one business;
whereas in the patterns, tfadio Station actor is modelled as a number of actors
grouped together. Before we merge the two actoesneed to change the actor in the
value model from a single actor to a group of actdhen, we unify th®adio Station
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actors to one which has all the value interfacesexthanges previously associated with
the separate actors. After merging tRadio Station actors, we merge thRights
Society actors. The result is shown in Figure VIII-16: theee patterns are linked with
value exchanges.
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Internet Radio
Station

Fixed fee i
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Figure VIII-16. Value model after the addition bktMarket Segmentation pattern

D. Adding the Registration pattern to the value model

The fourth pattern to add to the value model is Regjistration (REG) pattern as in
Figure VIII-12 (b.) Only one actor appears boththie value model and in the pattern,
namelyRights Society. We merge the identical actors and add to theevalodel the
value exchanges and actor present in the pattéenrdsulting intermediate value model
is depicted in the Figure VIII-17.
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Figure VIII-17. Value model after the addition bktRegistration pattern
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E. Adding the second I nsourcing pattern to the value model

The fifth and last pattern to add to the value mddethe secondnsourcing (INS)
pattern, depicted in Figure VIII-13 (b.) The valuedrl and the pattern have two shared
actors, namelyRights Society and Content Producer (Rights Owner). We merge
these and keep all value exchanges associatedhegk. The result of the addition of the
Insourcing pattern, which is also the result of the synthesishown in Figure VIII-18.
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Figure VIII-18. Value model after the addition bktsecond Insourcing pattern

Figure VIII-18 presents only the synthesized mddein matching patterns. It does
not contain the model that achieves the goals antitipated values.

5 Developing the Process Perspective

The business process perspective has the sameustruas the economic value
perspective. Thus, the starting position and théhateof developing the process model
are the same as for te&value model, see Section 4. Correspondingly, we begih (i

a library of process patterns and (ii) a goal manfethe desired system. We want to
develop a process model of the system. Thus, we toawmne, select the relevant design
patterns and, two, synthesize a process modelfdhé gatterns.

The selection procedure (the same as for the dewelopof the value perspective) is
described in Chapter V Selection Procedure. Inghigion, we apply it and describe in
detail the following steps. (The steps follow tleestion procedure; though, the names
or granularity may differ.)

» Generate alternative goal models
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« Match goals and capabilities: build Matching table
< Find alternative solution capability models
< Propagate values in the alternative solution cdipabiodels
« Evaluate the alternative solution capability modelstect the best alternative
solution capability models
* Integrate each of the best alternative solutionabdiy models with the
capability models
* Propagate values and evaluate the best alterrsivéon capability models
The synthesis procedure is described in Chapterwith@esis of Value and Process
Patterns. In this section, we apply it and desdntetail the following:
* Instantiate Patterns
« Map the role of the matching capability to a busge
* Resolve the remaining roles in the pattern
e Modify activities
* Modify messages
e Synthesize Patterns
* Determine swimlanes
e Arrange activities
« Add missing activities and messages
e Link connectors
Below, we describe the development of the processpective step by step. Starting
with Section 5.2.1 until Section 5.2.7, we show tlrecedure of selecting relevant
pattern. Further from Section 5.3.1 to Section %.8ve present the synthesis of the
selected patterns.

5.1 Extending the Goal Model

Developing the process perspective from the contbgmal models of a radio station and
a rights society (shown in Figure VIII-3) leadsdowveak design because few process
patterns match. Generally, the process patternraegrained than the value patterns.
This means that several process patterns make tuee pattern or that one value pattern
can be implemented by several different procesteqet For details, see Chapter I
Design Knowledge in Existing e-Business Models, i8ad@ Relation between Value and
Process Patterns. Due to the fact that the radimstgoal model (see Figure VIII-1) and
the rights society goal model (see Figure VIII-2¢ aefined to a level of detail that
matches the value pattern capabilities, the goalaisocannot select enough process
patterns. The goal models need to be extended thathhey contain leaf-goals which
match the granularity of the capabilities in theqass patterns. Below, we describe the
newly added goals and how these are linked withigbeof the models.

5.1.1Extending the Goal Model of Radio Station Music Use
A. New Goals

We extend the goal model of a commercial radidcstdby refining goaRAD.G3. The
goal requires music content and commercials to uredled. This can be achieved by
broadcasting a radio program that includes a nunabecommercial for which the
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advertisers have paid the publication fee. Thismagthat goaG3 decomposes into the
following three sub-goals:

o Ga: Broadcast radio program.
We measure goaa with the ability of a radio to deliver the expeatt@usic content to
listeners including advertisements in the radigpam.

We operationalize goa@a with:

0 V,: Delivered bundled product and advertisement [Boolean].
Variable y has value true if the radio has means of broaithcpatradio program which
includes advertisements.

o Gb: Bill advertisers for the broadcasted commercials.
We measure goatb with the existence of billing mechanisms which westhat
advertising companies pay for the time slot the&giee in the radio program.

We operationalize go@b with:

o0 V,: Received payment [Boolean].
Variable \, has value true if the radio is able to issue ioesiand collect the payment of
these invoices.

o Gc: Contract advertisers.
We measure go@c with the ability of a radio station to efficientbontract advertisers.
Therefore, we operationalize the goal with the maspsnt on a single contract.

o v.: Average cost per contract [Euro].
Variable v is the average cost to reach an agreement betweadio station and an
advertiser indifferent on the number or duratiohef advertisements.

An agreement can be reach in several ways. We ntadehnd we represent them as
alternative goals that cause the satisfaction af ge. This means that go&@c has two
substitution sub-goals.

o Gd: Negotiate with advertisers.
The first option for an agreement process is iteeatxchange of offers until both parties
agree on the terms in the contract. Gedlaims at exactly such negotiation process. We
measure the goal with the ability of a radio todiarsuch bargaining over contracts.

We operationalize goatd with a Boolean variable with measures the abitify
disability to negotiate:

o vq: Negotiable agreement [Boolean].
Variable y has value true if the radio can execute a negmtigtirocess of iterative
exchange of contract offers.

o Ge: Contract fixed offers.
The second option for an agreement process is maksiggle offer and sticking to this.
Goal Ge aims at business relationships in which advediseve to take or leave the
proposed contract. We measure the goal with theepme of such mechanism for
contracting.

We operationalize go@e with:

o Ve: Fixed contract [Boolean].
Variable  has value true if the radio contracts advertiséh wffer that cannot be
negotiated.

209



Chapter VIII Validation of the Design Framework

B. Extended Goal Model*

The extended goal model of the radio station is shimwFigure VIII-19. The new goals
are denoted with their abbreviation and lettersnftbe Latin alphabet. To avoid further
name conflicts as other goals may be abbreviatedsimilar way, we uniquely identify
the goals by prefixing their names with a code tkérs to the goal model to which the
goals belong. We refer to the extended goal modalammmercial radio station with the
same code, nameRAD. This is sufficient to uniquely identify goals besa the new
goals have unigue names within the model and tiegohls do not change. In case the
goal model is referred then we use: (i) extended goodel of a commercial radio
station, (ii) extended goal model of a radio statior (iii) extendeRAD.

Figure VIII-19. Extended goal model of a commercalio station

Table VIII-21 lists the operationalization of thewlg modelled goals. The table also
repeats old goals which are related to the new.ones

! The term extended goal model is not part of taeéwork and is used only in this chapter
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Table VIII-21. Newly modelled goals of a commeraiadlio station and their operationalization

Goal code Goal

Variable code Variable Variable domain
G3 | Bundle commercials with music content

vs; | Bundled product and advertisement | Boolean

G7 | Minimize operation costs

v, | Costs per year | Euro currency

Ga | Broadcast radio program

Delivered bundled product and

) Boolean
advertisement

Va

Gb | Bill advertisers for the broadcasted commercials

vy | Received payment | Boolean

Gc | Contract advertisers

vc | Average cost per contract | Euro currency
Gd | Negotiate with advertisers

vq | Negotiable agreement | Boolean

Ge | Contract fixed offers

Ve | Fixed contract | Boolean

C. New Propagation Functions

The extended goal model of a commercial radio statid=igure VIII-19 contains 5 new
goals which are related among each other and tteofethe goal model with 3 goal
relationships: 1 decomposition relationship, 1 sti®n and 1 dependency relationship.
Each of the relationships is associated with a graflen function which captures the
effect goals are causing one another. The numb@ragfagation functions equals the
number of head-goals: in the particular case,ishiss

The first propagation functiopr3 is associated with the decomposition relationship
between goat3 (the head of the relationship) and goaés Gb, andGe (the tails of the
relationship.) Propagation functigr3 calculates the value of goal variablgout of the
values of goal variableg,, vy, andv.. In other words, the function calculates if a
product and advertisement are bundled out of thigedg of a bundle to a listener, the
payment, and costs of the contract with advertis&ie bundling of product and
advertisement is evaluated with Boolean valuess Italculated with a logical AND
operation on the variables of the sub-goals. Becawasiablesv. is not Boolean, we
consider it to have value true if the costs artharange of 50 and 1000 euros. Thus, the
propagation function is:

0 vz = pr3(vay Vb, Vc) = V, and v, and (50 < v.) and (v. < 1000)

The second propagation functipm? is associated with the dependency relationship
between goat7 (the head of the relationship) and gaal(the tail of the relationship.)
Propagation functiopr? calculates the value of goal variabgout of the value of goal
variablev.. In other words, the function calculates the dffifccontracting costs on the
operations costs of a rights society. The operationsts include more than the
contracting costs. In Section 2.1.4, we model ditigated value for the operations costs
per year of 20 000 000 euros. Here, we assumehhbatosts of contracting advertisers
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are 1% of the total costs. This means that the tipagcosts are equal to 19 800 000
plus the costs of contracting per year. Varialsle measures the average costs per
contract. To calculate yearly costs, we assume thate are on average 50
advertisements per month. Thus, the propagatiortiamis:

0 vy =pr7(v;) =19 800 000 + 50*%12*y,

The third and last propagation functigprc is associated with the substitution

relationship between goak (the head of the relationship) and gaadsandGe (the tails
of the relationship.) Propagation functipnc calculates the value of goal variableout
of the values of goal variableg; and ve. In other words, the function calculates the
average cost per contract out of the type of cohtid/e assume that an agreement
reached via a negotiation process is generally ragpensive than a contract of take-it-
or-leave-it type. We assign 100 and 500 euros petracts achieved with giving a fix
offer and negotiating, respectively. Thus, the pggtion function is:

0 V¢ = prc(vg, Ve) = 500*vy, in case of goal Gd

0 V¢ = prc(vg, Ve) = 100*v,, in case of goal Ge

D. New Anticipated Values

There are no new anticipated values. Refer to Table3\for the anticipated values of
the goals model before the extension.

5.1.2Extending the Goal Model of Right Society
A. New Goals

We extend the goal model of a rights society bynie§l goalsSOC.G3, SOC.G12,
SOC.G13, andsoC.G19 (see Figure VIII-2). The first goal to analyse @afs0C.G3. It
aims at outsourcing the contracting of music useich as bar, discos and shops via a
third party, namely a branch organization. The gtmdomposes into the following two
sub-goals:

o Ga: Contract outsourcing of rights management to branch organization.
We measure go&@a with the ability of a rights society to sign a t@tt which obliges a
branch organization to manage the rights used tsicusers in the branch.

We operationalize go@a with:

0 Va: Contracted outsourcing of a product [Boolean].

Variable y has value true if the rights society has meansut$ourcing its duty to
contract collection of permission fees to a bramigjanization.

o Gb: Bill the remaining music users for using rights.

We measure go&@b with the ability of a rights society to collecktldue permission fees
from music users which were contracted by a bramghnization.

We operationalize go@b with:

o Vv, Received payment [Boolean].

Variable y has value true if the rights society runs a bissim@ocess which ensures the
collection of permission fees.

The second goal to decompose is gea@k.G12. It aims at contracting top-radio
stations. Because the rights society needs theecatipn of the radio stations, the
process of contracting is a negotiation. The rigbtsety needs play-lists, which is a goal
represented in the old goal model, in return foichiit is willing to concede payment in
terms. The remaining terms in the contract remaianofor negotiation. Thus, goal
S0C.G12 decomposes to three goals only two of which ave ne
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0o Gc: Concede payment in terms.
We measure goakc with the ability of a rights society to collect rpgssion fees
continuously through out the year.

We operationalize go@c with:

o v Payment in terms [Boolean].
Variable v has value true if the rights society can manadaslitonusic users periodically
in the course of a year.

o Gd: Negotiate the price per song-listener.
We measure goad with the ability of a rights society to bargaineoye.g., price per
song-listener.

We operationalize go@d with:

o vg: Negotiable agreement [Boolean].
Variable \ has value true if the rights society can executeegotiation process of
iterative exchange of contract offers until botintiga agree on the terms in the contract.

The third goal to decompose is g@&bC.G13. It aims at contracting small radio
stations. The rights society is the legal authoriggponsible for the collection of
permission fees from rights to make content pufiifwus, it has the power to dictate the
contract terms to small radio stations. Thereforeal $0C.G13 decomposes to the
following two goals:

o Ge: Contract fixed offers.
We measure goate with the ability of a rights society to make raditations accept
fixed contracts.

We operationalize go@e with:

o Ve: Fixed contract [Boolean].
Variable y has value true if the rights society can persuadsic users to sign fixed
contracts without using its power to legally enfothe contract.

o Gf: Bill Internet radio station for using rights.
We measure godf with the ability of a rights society to collect elypermission fees
from small radio stations.

We operationalize go@f with:

o v¢: Received payment [Boolean].
Variable y has value true if the rights society runs a bissmeocess which ensures the
collection of permission fees.

The fourth and last goal to refine is gsalC.G19. It aims at contracting a bank to do
the money transfer from the rights society to thghtr owners. GoalsOC.G19
decomposes to a single goal:

o Gg: Contract outsourcing of money transfer.
We measure goag with the ability of a rights society to sign a tact which ensured
the transfer of permission fees from the fundshefrights society to the registered rights
owners.

We operationalize go@g with:

0 vg: Contracted outsourcing of a product [Boolean].
Variable y has value true if the rights society has meansut$ourcing its duty to
transfer permission fees to a bank.

B. Extended Goal Model

The extended goal model of the rights society isvshim Figure VIII-20. The new goals
are denoted with their abbreviation and lettersnftbe Latin alphabet. To avoid further
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name conflicts as other goals may be abbreviatedsimilar way, we uniquely identify
the goals by prefixing their names with a code tkédrs to the goal model to which the
goals belong. We refer to the extended goal mofdelammmercial radio station with the
same code, namelgoc. This is sufficient to uniquely identify goals besa the new
goals have unique names within the model and ttiegyoals do not change. In case the
goal model is referred then we use: (i) extendeal gwodel of a rights society or (i)
extendedsocC.

g
:

prl pré

G6

Figure VIII-20. Extended goal model of a rightsistg

Table VIII-22 lists the operationalization of thewlg modelled goals. The table also
repeats old goals which are related to the new.ones

Table VIII-22. Newly modelled goals of a rights &g and their operationalization

Goal code Goal

Variable code Variable Variable domain

G3 Outsource the contracting of the remaining music users to branch
organizations

V3 Outsourced product delivery | Boolean

G6 Get play-lists from top radio stations

Vg Song-listener coverage \ Percentage

G12 | Negotiate with big radio stations

Vi Offered customizable contract \ Boolean

G13 | Offer fixed contract to small radio stations
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vi3 | Offered simple contract | Boolean
G19 | Outsource payment

Vig | Outsourced product delivery | Boolean
Ga Contract outsourcing of rights management to branch organization
Va Contracted outsourcing of a product | Boolean
Gb Bill the remaining music users for using rights

v, | Received payment | Boolean
Gc Concede payment in terms

Ve | Payment in terms | Boolean
Gd Negotiate the price per song-listener

Vd Negotiable agreement | Boolean
Ge Contract fixed offers

Ve Fixed contract | Boolean
Gf Bill Internet radio station for using rights

V¢ Received payment | Boolean
Gg Contract outsourcing of money transfer

Vg Contracted outsourcing of a product | Boolean

C. New Propagation Functions

The extended goal model of a rights society in Fguill-20 contains 7 new goals
which are related among each other and the reshefgoal model with 4 goal
relationships, all of them decomposition relatiagpsh Each of the relationships is
associated with a propagation function which castuthe effect goals are causing one
another. The number of propagation functions egtiEsnumber of head-goals: in the
particular case, this is 4.

The first propagation functiopr3 is associated with the decomposition relationship
between goat3 (the head of the relationship) and goaks and Gb (the tails of the
relationship.) Propagation functigr3 calculates the value of goal variablgout of the
values of goal variabley, and vp. In other words, the function calculates if the
contracting of music users is outsourced to bramgfanizations out of the contracted
outsourcing of branch organizations and, eventudltlg delivered payments of music
users. All variables are Boolean; thus, the valuesds logical AND of the values of,
andvy. The propagation function is:

0 vz =pr3(va Vb)) =Vaand vy

The second propagation functioprl2 is associated with the decomposition
relationship between goal G12 (the head of theiogiship) and goalg6, Ge, andGd
(the tails of the relationship.) Propagation fuotprl2 calculates the value of goal
variable vy, out of the values of goal variableg, v., andvgy. In other words, the
function calculates if a negotiation with big radi@tions is possible out of the statistics
of broadcasted songs, the payment arrangementsradtb stations, and the negotiated
final agreement. To calculate the valueve$, we need not convert the valueaf from
percentage to Boolean. We make the same assungstibefore for propagation function
SOC.pr5, namely that statistics over 85% of the listenersufficient. Thus, the
propagation function is:

0 Vi = prl2(ve, Vo, Va) = (85 < v6) and v, and vy

215



Chapter VIII Validation of the Design Framework

The third propagation functignrl3 is associated with the decomposition relationship
between goaG13 (the head of the relationship) and goats andGf (the tails of the
relationship.) Propagation functigor13 calculates the value of goal variade; out of
the values of goal variables, andv;. In other words, the function calculates if it is
possible to effectively contract small radio statioout of offered fixed contracts and,
eventually, received payments for used rights.sltcélculated with a logical AND
operation on the variables of the sub-goals. Tthespropagation function is:

0 Vi3 = pri3(ve, Vs) = Ve and vg

The fourth and last propagation functipnl9 is associated with the decomposition
relationship between goal19 (the head of the relationship) and gaal (the tail of the
relationship.) Propagation functigor19 calculates the value of goal variablg, out of
the value of goal variabley. In other words, the function calculates the ourtsing of a
payment service out of the possibility to contractbank to do the transfer. The
assumption is that if there is a bank to acceptatdhe permission fees transfer then the

outsourcing is achieved. Thus, the propagation fonas:
0 Vig = pri9(vy) = vg

D. New Anticipated Values

There are no new anticipated values. Refer to Table5\for the anticipated values of
the goals model before the extension.

5.1.3Extended Goal Model of the Business Network

The new goal model of the business network unddguaés the extended goal model
of a radio station (see Figure VIII-19) and theeexted goal model of a rights society
(see Figure VIII-20) combined. Further, we refethe new goal model as the extended
goal model of the system. Figure VIII-21 depicts #xtended gaol model. The goals are
labelled with their names without the prefix dengtito which goal model they belong.
The grey goals belong to the goal model of a ratdibam; the white goals belong to the
goal model of a rights society.

&>
0 préa - A:

Figure VIII-21. Extended goal model of the busineesvork under design
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5.1.4Implications for the Value Perspective

Changing the goal models requires redevelopmetiteofalue perspective. Nevertheless,
we do not do this because the particular extensisasmake do not change the
propagated values to the top-level goals. Thathis, Mtariable values coming from
capabilities of value patterns or being anticipaa®gays overwrite any potential values
coming from the additional goals.

The design method does not prescribe iterative dpwetnt of value and process
perspectives. lterations are not restricted butsopported by the method. We use this
flexibility to easily present the real-life example

5.2 Selection of Process Patterns
5.2.1Generate Alternative Goal Models

The goal model contains 38 goals: 12 belong to d# godel of a radio station and 26
belong to the goal model of a rights society. Reiiey the algorithm for generation of
alternative goal model described in Chapter V Sigled®rocedure Section 4.1, we create
68 818 alternative goal mod&lThe alternative goal models look like the alteireagoal
models in the value perspective shown in Sectidril4dn Table VIII-6. Here, we do not
show a sample of the alternative goal models.

5.2.2Match Goals and Capabilities: Build Matching Table

Each of the 38 goals in the goal model is checkea fmatch with a capability from the
capability models in the library of process (Apper@ Library of Process Patterns). The
result is that seven patterns have capability madidl top-level capabilities that match
goals from the goal model. The number of matchaewédve as some of the capabilities
match more than one goal. The result is present@&dbie VIII-23 which is the Matching
table. The columns list the goals with their fubnmes; whereas, the rows contain
matching capabilities. The table presents which loiéipamatches which goal by means
of cells marked with an ‘x’.

Table VIII-23. The Matching table for the extendgzhl model

A N[ LI OIN|O|(Q|O|T|OVO(A | N M| WO|ON
CRRCA RV RCARCERCARURRCERCARC ARG RCARUERUARUERCHRURRY)
alNalNalNalNalNalNalNalNaBNaNNaNNaRRORNONNORRONNONNONNG)
§<<§<§§<§<<§OOOOOOO
o | ot [0 4 a4 X | X winininln un|luvy

ADV.C2 X

0CO0.C1 X

OUT.C2

REG.C1

PAY.C1 X

PIT.C2

TOL.C1 X

! The generation of alternative goal models is deitie an Excel electronic table
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Ol "I N M| T | O O[N|O| O
0 (@) i ~— ~— ~— ~— i ~— ~— ~— ~— [(v] 0 (@) © () y— l@)]
0000|0000 l0|0|0|0|0|00|0|0|0|0
QOO VO|VIOIV|IVIVIV|IV|VIVOIV|IV|IVIV|IV]|U
O|0O|O|O0O|lO|O|O|O|O|O|O|O|O|O|OC|O|0O|0O|0O
nlnlnlnlunlnlonlunlunlnlunlunlnlnlunlwlnlnln
ADV.C2
0CO0.C1 X
OUT.C2 X X
REG.C1 X
PAY.C1 X X
PIT.C2 X
TOL.C1 X

The result of matching goals and capabilities i$ tha matched goals receive values
from the capabilities. Goal variables get valueso aluring the goal modelling when
anticipated values are assigned to some goals. W24 presents the known values
of variables in the extended goal model. The taioletains values received from the
capabilities, shown in bold font, and the anticgghvalues taken from Table VIII-3 and
Table VIII-5.

To simplify the description of the development of tiprocess perspective, we
disregard the anticipated values for variablesvilee of which we can calculate. This
means that the values in strikethrough font in Tahleé24 are assumed unknown. The
consequence is a reduction of the number of aliemaolution capability model to
evaluate. This, however, does not invalidate ouraaah; the remaining design freedom
is sufficient to demonstrate the applicability ofr anethod of development.

Table VIII-24. Variable values

goal value goal Value
RAD.G1 SOC.G8

RAD.G2 S0OC.G9 366666
RAD.G3 SOC.G10 |280-066
RAD.G4 |12 SOC.G11

RAD.G5 S0OC.G12

RAD.G6 SOC.G13

RAD.G7 |26-0600068 SOC.G14 |166066
RAD.Ga |true SOC.G15 |37668
RAD.Gb |true SOC.G16 |36-668
RAD.Gc SOC.G17 |85
RAD.Gd |true SOC.G18 |16668
RAD.Ge |true SOC.G19

SOC.G1 SOC.Ga true
SOC.G2 |560 640 000 000 SOC.Gb true
SOC.G3 SOC.Gc true
SOC.G4 SOC.Gd true
SOC.G5 SOC.Ge true
SOC.G6 |87 SOC.Gf true
SOC.G7 S0OC.Gg true
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5.2.3Find Alternative Solution Capability Models

The viable alternative goal models are those thatado only goals with known values:
known either due to a matching capability or thtugas anticipated. We refer to such
alternative goal models as alternative solutionabdjty models. From the 68 818
alternative goal models only 2 constitute altenesolution capability modélsTable
VIII-25 presents these. The columns present thesgeih their full names; whereas, the
rows list the alternative solution capability malerhe cells marked with ‘X’ determine
which goal participates in which goal model.

Table VIII-25. Alternative solution capability mode

A N[ MM LIOIN| O|lQ|O|T|OO([A| N M| |(WO|O|NN
000|000V |0|B|0|0|0|u|lv|lv|l0|lo|l0|0
alalaoalalalalalalala|lalalQ|V|VIO|IV|UV]|V
| < | <l << || << << <C| < <|<<|O|]OCO|O|O|O|O|O0O
dle|ld|l |||l dld|ld|ldldldlnlnlnlnnlnln
1 X X | X | X X X X
2 X X | X | x X X X
Ol N MNM|(IFT | N[O |N|[WO| O
o ol Al A A | A A | A A A | A | | 0| O O| T| V|| D
0|00 |0l0|0|0l0|0|0l0|0|0l0|0|0l0|G|Q
O RNOANCANCRNCE RO NONNOANONNCRNORNORNONNONNORNORNONNORNG)
O|lO0O|O0O|l0O|0O|O|O0O|O|O|O|OCO|O|O|OCO|O|O|O|0O]|0O
nlnlnlunlunlunlunlunlnunlununlnlnunlunun|lnlun
1 X X | X | X|X|X|X|X
2 X X | X | X | X|X|X|X

5.2.4Propagate Values in the Alternative Solution Capabity Models

To enable the evaluation of potential design deteechiby an alternative solution
capability model, the known values in the goal nidde/e to be propagated to the top-
level goals. This is done according to the dedorpin Chapter IV Goal-modelling
Section 5 Satisfaction Calculation.

The goal model contains 4 top-level goals:

e RAD.G1,
* SOC.G1;
e SOC.G4; and
* SOC.G9.

For each of the 2 alternative solution capabilitydels, the values of the top-level goals
are determined. Table VIII-26 presents the calcdlaue$. The columns of the table
contain the values for the particular top-level lgediereas, the rows list the alternative
solution capability models.

! The alternative goal models are managed in anlEk@etronic table
2 The propagation of values is calculated in a guadel represented in an Excel electronic table
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153 000
153 000

SOC.G9 [euros]

27 750 000
27 750 000

39 409 050

SOC.G1 [euros] |SOC.G4 [euros]
39 409 050

Table VIII-26. Values for the top-level goals

Validation of the Design Framework

45 060 457,43

44 820 457.43
5.2.5Evaluate the Alternative Solution Capability Models Select the Best

Alternative Solution Capability Models

RAD.G1 [euros]

Goal RAD.G1 aims at making as much money as possible (seéofSetl.1). This
means that the goal is closer to satisfaction é #lalue of the variables is a bigger
number. Figure VIII-22 presents the values for Ria®d.G1 variable per each alternative
solution capability model. The alternative solutimapability model number 1 is further

from satisfaction compared to alternative soluttapability model number 2.
The purpose of evaluating the alternative solutiapability models is to select the

According to our selection procedure (see Chapt&elction Procedure, Section 7,) the
three best satisfying the top-level goals. In @ase; we select both models.

alternative solution capability models are ratedtmbasis of the values of the top-level
goals. In general, we use a multiple-criteria denisnaking method because each model

is evaluated with several values. In the particoige at hand, the values of the top-level

goals soC.G1, SOC.G4, and SOC.G9 are the same for every alternative solution
capability model, which allows us to rate the mededsed on only thRAD.G1 top-level

goal.

Chapter VIII
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€ 46.000

Thousands

€ 45.500
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€ 45.000
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Figure VIII-22. Values for the RAD.G1 top-level doa

€ 44.000
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5.2.6Integrate Each of the Best Alternative Solution Capbility Models with
the Capability Models

Selecting a design pattern as relevant for a pdaticsystem under development means
that it is taken with all of its capabilities. Thisquires integrating the alternative solution
capability models and the capability models (seaepfdr V Selection Procedure, Section
6.)

In our case, there are seven patterns that havéevep capabilities matching with
gaols. (Refer to Table VIII-23, which lists the nfdtg capabilities, respectively
capability models, and goals.) Figure VI11I-23 shatws capability models of the patterns:
(a) — capability model of the Advertising (ADV) wua& pattern; (b) — capability model of
the Insourcing (INS) value pattern; (c) — capapilitodel of the Market segmentation
(SEG) value pattern; and (d) — capability modethef Registration (REG) value pattern.
The capabilities models are taken from Appendix Grdnp of Process Patterns, where
they are fully described.

(9)

Figure VIII-23. Capability models: (a) — capabilityodel of the Advertising (ADV) process
pattern; (b) — capability model of the Offer couraéfer (OCO) process pattern; (c) — capability
model of the Outsourcing (OUT) process pattern—dapability model of the Payment (PAY)

process pattern; (e) — capability model of the Raynm terms (PIT) process pattern; (f) —
capability model of the Registration (REG) proceatiern; and (g) — capability model of the Take
it or leave it (TOL) process pattern

Each of the best alternative solution capability eledeeds to be integrated with the
seven patterns from Figure VIII-23. According toapter VV Selection Procedure, Section
6, the integration step includes replacing goal wmatching capabilities and adding
relationship between capabilities and goals.

We begin with alternative solution capability modaimber 1. We replace goals
RAD.Ga, RAD.Gb, RAD.Gd, SOC.G17, SOC.Ga, SOC.Gb, SOC.Gc, SOC.Gd, SOC.Ge,
SOC.Gf, andSs0C.Gg with capabilitiesADV.C2, PAY.C1, 0CO.C1, REG.C1, OUT.C2,
PAY.C1, PIT.C2, 0CO.C1, TOL.C1, PAY.C1, and OUT.C2. Replacing goals with
capabilities adds the complete capability modelhéogoals model. This is illustrated in
Figure VIII-24 by adding the capabilities from onapability model in a vertical line
such that the original position of the replacedl go&ept.
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We finalize the integration by adding the relatioips between capabilities and goals.
In the case of alternative solution capability moalember 1, the matching capabilities
do not interact with the goals. This leads to noegldelationships.

Figure VIII-24. Alternative solution capability mebnumber 1 integrated with capability models
ADV, PAY, OCO, REG, OUT, PIT, and TOL

The second alternative solution capability modéhtegrate is number 2. We replace
goals RAD.Ga, RAD.Gb, RAD.Ge, SOC.G17, SOC.Ga, SOC.Gb, SOC.Gc, SOC.Gd,
SOC.Ge, SOC.Gf, and SOC.Gg with capabilitiesADV.C2, PAY.C1, TOL.C1, REG.C1,
OUT.C2, PAY.C1, PIT.C2, 0CO.C1, TOL.C1, PAY.C1, andOUT.C2. Similarly to Figure
VIII-24, Figure VIII-25 adds the capabilities froome capability model in a vertical line
such that the original position of the replacedl go&ept.

The last step of the integration (see Chapter VcHele Procedure, Section 6) is the
adding of relationships between capability and goll the case of alternative solution
capability model number 1, the matching capabdliti® not interact with the goals. This
leads to no added relationships.
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Figure VIII-25. Alternative solution capability metihumber 2 integrated with capability models
ADV, PAY, TOL, REG, OUT, PIT, and OCO

5.2.7Propagate Values and Evaluate the Best Alternativediution Capability
Models

Due to the fact that no new relationships were ddiabeany of the best alternative

solution capability models, the propagation of esldhroughout the models leads to the
same values for the top-level goals. Consequetttly, evaluation leads to the same
conclusion: alternative solution capability modelmber 2 has the best score and
therefore is the one considered for further devalenqt.

5.3 Synthesis of Process Patterns

Synthesis links the Activity diagram fragments lo# tselected patterns into one process
model. The starting position is eleven patterns. &taee:Advertising, Offer counter
offer, two timesOutsourcing, three timeg?ayment, Payment in terms, Registration,

and two timedake it or leave it.

The names of swimlanes, activities and messagesd in the process model of a
particular pattern may occur in the process motiettter patterns. To avoid this conflict
of name, we need to extend the name such that wegiely identify the swimlanes,
activities and objects. Thus, each extended namiics the code of the pattern to which
it belongs, and a number identifying patterns ifrenthan one of a kind are matched with
goals. An extended name has the following BackusrX@m:

<extended name> ::= <pattern code> “.” [<pattern nu mber>

."] <role or value object name>

! To avoid confusion of terminology as the e3-vadnd Activity diagram notations use the concept cthjse
refer to the objects and object flows in an Acgidiagram as messages and message exchangestivespec
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The extension of names is the same as in SectiorFdr2an example, look in Section
4.2.

5.3.1Instantiate Patterns

Alternative solution capability model number 2 nigs 11 patterns. Each one of these
needs to be instantiated such that the roles,iteesivand messages correspond to the
swimlanes, activities, and messages of real-lifangde at hand. The instantiation
procedure includes the following three steps:

1. Map roles from the pattern with swimlanes from ti&tching goals.

2. Resolve the remaining roles in the pattern.

3. Modify activities.

4. Modify messages.
Below, we select th®utsourcing pattern that matches gsbc.Gg to show an example
of how the instantiation works. The instantiatiortlef remaining patterns is summarized
in Annex - Instantiation of Process Patterns oref2&p.

A. Outsourcing (OUT) pattern

We demonstrate the instantiation process with #wored Outsourcing (OUT) pattern
which capabilityouT.2.c2 matches the rights society’'s gastC.Gg (refer to Table
VIII-23).

Step One: Map Roles From The Pattern With Swimlanedrom The Matching
Goals. The ouT.2.c2 capability benefits th®©UT.2.Business role (see Appendix G
Library of Process Patterns, Pattern 6. Outsouraimypage 363.) Respectively, the
S0C.Gg goal belongs to th&rights Society (see Section 5.1.2.) These two facts
determine that th®UT.2.Business role maps to th®adio Station swimlane.

Table VIII-27 presents the correspondence of rotessavimlanes for the pattern. The
first column lists the roles as named in the paftére second column contains the names
of swimlanes as in the real-life example. The rawkald font are the mappings resulting
from the matching capabilities and goals.

Step Two: Resolve The Remaining Roles In The PatteriThe remaining roles in the
pattern that need to be assigned to swimlanesCyd. Intermediary andOUT.Client.
The information needed to resolve the mapping iflahla to the designer in the textual
description of the pattern and the matching goalti€ularly, the intermediary in the
context of the pattern is a bank in the real-lij@maple context. Therefore, we map
OUT.Intermediary to Bank. Following the same line of reasoning, we map the
OUT.Client to Content Producer. Table VIII-27 summarizes the mappings.

Table VIII-27. Correspondence table for roles andrdanes in the second Outsourcing (OUT)

pattern
Roles in the pattern Swimlanes in the example
OUT.2.Intermediary Bank
OUT.2.Business Rights Society
OUT.2.Client Content Producer
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5 Developing the Process Perspective

Step Three: Modify Activities. Similarly to the roles, the activities from the feah have

to be modified such that they match the activitiethe real-life example. In the case of
the Outsourcing pattern, several activities need modification. Egample,Request
outsourcing needs to be changed Request money transfer service to reflect the
actual requested service. The same holds for patietivitiesMake an offer, Deliver
product, andBill, which change t&kespond to request, Transfer permission fees,
and Charge for transactions. The correspondence of activities is captured iblda
VIII-28, wherein the first column contains the attes as in the pattern and the second
column the activities as in the real-life example.

Table VIII-28. Correspondence table for activitieshe second Outsourcing (OUT) pattern

Activities as in the pattern

Activities as in the example

OUT.2.Request outsourcing

Request money transfer service

OUT.2.Evaluate offer

Evaluate offer

OUT.2.Reject offer

Reject offer

OUT.2.Take offer

Take offer

OUT.2.Pay dues

Pay dues

OUT.2.Make an offer

Respond to request

OUT.2.Deliver product

Transfer permission fees

OUT.2.Bill

Charge for transactions

QOUT.2.Collect dues

Collect dues

Step Four: Modify MessagesSimilarly to the roles and activities, the messages

the pattern have to be modified such that they Imdte messages in the real-life
example. In the case of the Outsourcing patterry messages need modification.
Namely,product needs to be changedpermission fees to reflect the actual products
being delivered; antequest needs to be changedrexipients to reflect the actual data
sent as a request. Respectively, the correspondefnneessages is captured in Table
VIII-29, wherein the first column contains the magas as in the pattern and the second
column the messages as in the real-life example.

Table VIII-29. Correspondence table for messagésarsecond Outsourcing (OUT) pattern

Messages as in the pattern

Messages as in the example

OUT.2.product

permission fees

OUT.2.request recipients
OUT.2.offer offer
OUT.2.rejection rejection
OUT.2.contract contract
OUT.2.invoice invoice
OUT.2.fee fee

Activity Diagram Transformation. Figure VIII-26 (a) depicts the activity diagram of
the pattern with the original roles, activities andssages. The instantiation of the pattern
results in an activity diagram in which the rolastivities and messages are substituted
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Chapter VIII Validation of the Design Framework

with the corresponding swimlanes, activities andssages according to Table VIII-27,
Table VIII-28, and Table VIII-29. Figure VIII-26 (kshows the instantiated value model.

Client Business | Intermediary (a)

. Request outsourcing }— — >4

Evaluate offer <— — — — — — —

Rejectoffer |- — > rejection [ — 7>©

Take offer — >{ contract

Q{a product K ———— —+ ————— — -
Pay dues — - invoice
AN T
N
N
= |- O
I
Content Rights Society | Bank (b)
Producer
. — —> recipients
transfer service

Evaluate offer &— — — — — — — offer

Reject offer — > rejection

Take offer — > contract |~ _

. Transfer
— permission fees K- — — — — + — — — — — — — — e
permission fees

Pay dues — - invoice

=
A
\\ fee = — Collect dues .

Figure VIII-26. Activity diagrams for the Outsoungj (OUT) pattern: (a) — original activity
diagram, copied from Appendix G Library of ProcPsdterns, Pattern 6. Outsourcing, on page 363
and (b) — instantiated activity diagram

5.3.2Synthesize Patterns

To synthesize the selected patterns means to liik ittstantiated process models in a
single process model. Patterns are linked intaaqss model by merging swimlanes and
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5 Developing the Process Perspective

keeping activities and message exchanges. Theesiathrocedure is described in detail
in Chapter VI Synthesis of Value and Process Ratter

The process model is too big to fit on one page. atbes, we split it into 5 sub-
processes We do the synthesis step-by-step for the firdt-gtocess which we name
Advertising. For short references to the model we abbreviaename with A. The
remaining sub-processes are shown after the systiresAnnex - Synthesized Sub-
Processes on page 261. Their names and abbreviasiens Contracting branch
organization (CBO), Contracting Internet radio istat(CIRS), Contracting radio station
(CRS), and Outsourcing payment (OP).

For clarity of presentation, we refer throughou teub-section to the instantiated
process models of patterns as patterns or pattesdelsy Correspondingly, the
synthesized process model is referred to as trmepsamodel or the design.

A. Choose Patterns for the Advertising Sub-Process Model

Before we proceed with the synthesis steps asneditlin the beginning of Section 5, we
need to choose the patterns taking part inAHeertising sub-process. We decide to
include all patterns matching goals directly oriiadtly affecting goaRAD.G3 in the
goal model of a Radio Station. This means that wesider for synthesis patterns
Advertising (ADV), first Payment (PAY.1) and firstTake it or leave it (TOL.1) as
they match goalRAD.Ga, RAD.Gb, and RAD.Ge, respectively (see Table VIII-23 on
page 217.)

B. Determine Swimlanes

Initially, the design contains only of a start syohand a parallel split. From the pattern
taking part in the particular sub-process, nam&tivertising (ADV), first Payment
(PAY.1) and firstTake it or leave it (TOL.1), we determine the number of distinctive
swimlanes to be 3 with names Advertiser, Radioi@taénd Listener. We add one
connector for each swimlane and link this to theajya split. The result is in Figure
VIII-27.

Advertiser Radio Station Listener

o
& B c

Figure VIII-27. Intermediate result for the Advsitig sub-process after determining the swimlanes

C. Arrange Activities

In this step of the synthesis procedure, we adgatiern process fragments in to the
process model. We ensure that all activities aeequl in the appropriate swimlanes.
Further, we assign a unique identifier to each ectian, in this case the Latin letters
formd tos. The result is in Figure VIII-28.

! See Chapter VI Synthesis of Value and ProcesstRatfor details on the notion of sub-processes
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Advertiser Radio Station Listener

?
e |G

ofter S

rejection |- >®

contract — =

Pay K- ———— invoice K< — “
~
~ :
N
N money  {— —>( Receive payment

Advertise — — — =>{ advertisement request & — Switch on
~ ~
~ -

Bundle musical content

and commercial

radio program [— — Listen to

Figure VIII-28. Intermediate result for the Adveitig sub-process after arranging activities

D. Add Missing Activities and Messages

In this step, we add activities and messages wdniemeeded to make a complete model
but are not available in the library of procesdqras.

We add a fragment with connectdrau, v, andw to represent in the process model
the fact the advertiser is requesting an offerafdiroadcast time. The fragment contains
two activities, one in the Advertiser and one ia Radio Station swimlanes, coordinated
with a message representing a request for quots&iem at the top of Figure VIII-29.

Another fragment that we add is the one with a ectorx. It is an activity which
concludes the interaction with the advertising campand terminates the process in the
Radio Station swimlane.
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5 Developing the Process Perspective

The remaining five fragments, the ones with conregto z, A, B, andC, contain
only the end symbol to mark the end of the procesdel.
The intermediate result is shown in Figure VI1I-29.

Advertiser Radio Station Listener

%6 O c
w oo

offer S
rejection — >@
contract [ >®

Pay K————— invoice

money

— — — =} advertisement request | — Switch on

radio program — — Listen to

Q.M.O

Figure VIII-29. Intermediate result for the Advsitig sub-process after adding activities and
messages

229



Chapter VIII

Validation of the Design Framework

In this step, we order the pattern. First fheke it or leave it pattern is executed,
followed by thePayment. Last is theAdvertising pattern. To achieve this sequence, and
also to include the additional fragment, we forma fbllowing pairs of connectors: —t,
b-v,c-r,d-u,e-w,f-y,g—-j,h-x,i—-I,k—0o,m-z,p—-A,q-B, ands -C.

We link the paired connector; remove the connertansl arrive at the final model
shown in Figure VIII-30. The grey areas in the fgunark the activities and messages

E. Link Connectors

and their pattern of origin.

The remaining Contracting branch organization (CBOntracting Internet radio
station (CIRS), Contracting radio station (CRS)d @utsourcing payment (OP) sub-

Advertiser

Radio Station

?

Listener

Request for quotation

——3

RfQ —— Make offer

Evaluate offer k= — — — —

Give offer

offer <

Reject offer

-~

rejection

Take offer

=

Pay ==

invoice

R &D

Receive payment

\

Advertise

advertisement

Bundle musical content
and commercial

Take it g

o)
N

contract
N

Payn

radio program

Figure VIII-30. SynthesizeAdvertising sub-process

processes are shown in Annex - Synthesized Sute§ses on page 261.
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6 Checking Consistency

To be consistent, the value and process specifitati@ve to have equivalent reduced
models. We check consistency by transforming theevenodel of our real-life example,
shown in Figure VIII-18, according to the transfation procedure described in Chapter
VIl Consistency between Value and Process Modetti®@e6.2 Transformation from an
e3-value Model to Reduced Models on page 152 and, resmgdgtiwe transform the
activity diagrams in Annex - Synthesized Sub-Prsesson page 261, comprising the
process model, according to the transformation gore described in Chapter ViIi
Consistency between Value and Process Models 8&e6t® Transformation from an
Activity Diagram to Reduced Models on page 153. seguently, we compare the
resulting reduced models.

6.1 Transform the Value Model to Reduced Models

The value specification consists of ogfevalue model. This resulted from the synthesis
procedure described in Section 4. Figure VIII-3pides the value model. It is a copy of
Figure VI11-18 such that the value objects are nareld to be uniquely identified.

Advertiser Bar, Disco
or Shap

Eranch

i 5. Rights to make content p'umm.l.q Organization

E. Confracting music users j

/!:_ 7. Permission faes 8.Fee

3. Exposure

1. Bundle of music
content and
commercials

| 2. Attention

Listener

9. Permission fees s
— 10. Rights to make content public ;
[ 1. Play lists | >

12, Negatiahle term and canditions {<

Rights Society

Internet Radio
Station

Content
Producer
(Rights
Qwners

D? 15 Rig_hls prutec_tiun ...l{>
< 16. |dentification =<
information

13. Fixed fee ‘.‘>
14, Rights to make content public 73

Bank 17.Fee 19, Rights to make
g

< content public
-,? 18 Muneytransﬂ_ar .

>~ 20, Permission fees

Figure VIII-31.Thee®-value model constituting the value specification. Copyigure VII1-18
with included numbering of the value objects

The transformation from a value model to a reducedehtakes three steps. First, we
single the possible alternatives in the scenarlee $econd step selects the actors and
value objects to be represented in the reduced Inagleinits and common objects.
Further, it builds the transformation tables fotoag and value objects. The third step
transforms actors and value objects to units anthoon objects.
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6.1.1Separate Alternatives

Due to the particular methodology used to devehapvialue perspective, the value model
contains only one alternative scenario path. Thidudes all value exchanges. This
means that in the first step of the transformagitotedure no action is performed.

6.1.2Select Value Objects and Actors

To select value objects means to identify the proglattie objects and entitle these for
transformation; whereas the experience value abgaet removed from the value model.
In our value model, we have only one experiencaesabject, namelg.Attention. This
is removed from further consideration in the transfation procedure.

To select actors means to identify the isolated radte. actors without value
exchanges, and remove these from the value madelrd model, there are not isolated
actors and, therefore, all actors are selectettdosformation.

6.1.3Build the Transformation Tables

The transformation tables capture the mapping betweacept instances in the value
and reduced models. For each unique instance afctor and value object a unit and
common object is chosen. We list the remaining e/adbjects (without the removed
experience value object) and actors, and name dhesponding common object and
unit. Table VIII-30 shows the mapping of value olgeand common objects;
respectively, Table VIII-31 shows the mapping dbas and units.

Table VI1I1-30. Mapping of value object of tted-value model to common value objects of the
reduced model

e*-value model Reduced model

1. Bundle of music content and
commercials

Radio program

3. Exposure Advertising

4. Fee Advertising fee

5. Rights to make content public Licence

6. Contracting music users Contracting music users
7. Permission fees Licence fee

8. Fee Contracting fee

9. Permission fees Make-public fees

10. Rights to make content public Rights to make content public
11. Play lists Play lists

12. Negotiable term and conditions Negotiable contract

13. Fixed fee Broadcast licence fee

14. Rights to make content public Broadcast licence

15. Rights protection Rights protection

16. Identification information Identification information
17. Fee Transaction fee

18. Money transfer Money transfer

19. Rights to make content public Rights

20. Permission fees Permission fees
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6 Checking Consistency

Table VIII-31. Mapping of actors of the-value model to business units of the reduced model

e’-value model

Reduced model

Listener Listener

Advertiser Advertiser

Bar, Disco or Shop Music User

Branch Organization Branch Organization
Radio Station Radio

Internet Radio Station

Internet Radio

Rights Society

Rights Society

Bank

Bank

Content Producer (Rights Owner)

Content Producer

6.1.4Generate Reduced Models

This step transforms the only alternative in ¢fealue model into a reduced model. In
particular, actors and value objects are transfdrim® business units and common value
objects as specified in the mapping tables (seeeTdhbl-30 and Table VIII-31). As a
result, the specific information on reciprocity wdlue exchanges and on bundling of
value objects is omitted. The reduced model, derfeech the e®-value model (Figure

VIII-31), is depicted in Figure VIII-32.

Advertiser Music
User
Licence
Advertising
Viake-publi ontracting
Branch

Organization

fee

Internet
Radio

Broadcast
licence

Rights to make ontracting
ontent publi fee
Radio Rights
protection Content
egotiablé ) dentificatio Producer
R|ghts informatio|
Society
Rights Royalties
Money
Broadcast transfer
Listener licence fee Bank

Figure VIII-32. Reduced model corresponding tovhkie model
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6.2 Transform the Process Model to Reduced Models

The process specification consists of five actidiggrams. These resulted from the
synthesis procedure described in Section 5. Anréxrthesized Sub-Processes on page
261 features the activity diagrams making the pssapecification.

The transformation from activity diagrams to reduceddels takes three steps. The
first step breaks choices and cycles in the corftml. The second step identifies
sequences of messages that form a transaction arkb raingle messages within the
transaction as corresponding to value exchangéseie®-value-model sense. Moreover,
it builds the transformation tables for swimlanesl @elected messages. The third step
transforms swimlanes to units and messages to conaljects.

Due to the particular methodology used to develop process perspective, the
specification contains several activity diagramsc&use the transformation procedure
from Chapter VII Consistency between Value and &ssc Models Section 6.3
Transformation from an Activity Diagram to Reduceadéls on page 153 works with
only one activity diagram, we assume that all dtgtidiagrams have single starting event
and they are all executed in parallel. Despiteaggimption, we apply the transformation
procedure per activity diagram. This results in anber of reduced models originating
from one activity diagram. To compensate the tramsftion of a single activity
diagram, we take afterwards all combinations oficedl models.

The activity diagrams comprising the process spmtifin contain elements (actors
and messages) with the same names; neverthelesse thodel different real-life
instances. To uniquely identify swimlanes and mgssawe use the abbreviated names
of the activity diagrams as name extensions. Fanmgte, we refer to thAdvertiser
actor within the activity diagram Advertising (A)itww A.Advertiser. The abbreviated
names are given in Section 5.3.2 and repeateckidtimex - Synthesized Sub-Processes
on page 261.

The process specification contains the followin@ factivity diagrams:

e Advertising (A)

e Contracting branch organization (CBO)
e Contracting Internet radio station (CIRS)
* Contracting radio station (CRS)

e OQutsourcing payment (OP)

Each of them will produce a number of alternativdivdg diagrams, which
respectively will result in a number of reduced misd To distinguish between
alternatives, we give names that include the alitiem of the activity diagram,
concatenated with natural number. For example, sheond alternative from the
Outsourcing payment (OP) activity diagram is nar®&.

6.2.1Remove Choices and Cycles

The first step in the transformation procedure igeimove the choices in the activity
diagram. By this, we identify alternative executipaths and further consider them
separately such that each leads to one reduced.nfodesired side affect of the removal
of choices is the breaking of cycles in the agtifibw. The activity diagram is traversed
from the beginning to the end and, each time adbréeads to an already visited part of
the diagram, the branch is not followed. Considgitarations through cycles would not
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change the reduced models because transactionsceétom a cycle would be mapped
to the same common value object.

The result of the removal of choices is shown inrtbet sub-section after we discuss
the identification of transactions and messages.

6.2.2ldentify Eligible for Transformation Swimlanes and Messages

The second step identifies transactions and mankgesmessages within the transactions
as corresponding to value object. Transactions egsages are easier to identify before
the activity diagrams are split into alternativethza Therefore, we identify the
transactions before removing choices and, latelgguif a transaction is present in the
alternative paths. The identification of a messaghin a transaction that will represent
the value object being exchanged is also identifiethe activity diagram before the
splitting of choices.

Below, we represent the identified transactions, niessages representing the value
object within transactions, and the alternativeivigt diagrams. The transactions are
denoted in the figures as grey clouds surroundiegeixchanges messages. The selected
message within a transaction is shown with greykdpauind. Each alternative is shown
in a separate activity diagram.

Below each of the five activity diagrams (and teepective alternatives), a summary
is presented of the identified messages and swaslém be mapped to common objects
and units. A message is eligible for transformatfom particular alternative contains all
messages in the transaction. A swimlane is eligtnléransformation if it takes part in at
least one exchange of a selected message.

A. Transactions, Messages and Alternatives for the Advertising (A) Activity
Diagram

The activity diagram Advertising (A) is shown in Big VIII-33 (a). The single choice
contained in it leads to two alternative activitpgtams, presented in Figure VIII-33 (b)
and Figure VIII-33 (c).
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Listener

Advertiser

Radio Station

Listener

Advertiser

Radio Station

Request for quotation }— — —f >
Evaluate offer )< — — &

Reioct offer ) — 31

‘Bundie musical content
and commercial

Roquest for quotation }— — —[>{

>

(a)

Advertiser

Radio Station

Listener

Reguest for quotation }— — —|

(©)

Figure VIII-33. Advertising activity diagram andeinatives, including transaction and messages:
(a) — activity diagram A, (b) — first alternativetivity diagram Al; and (c) — second alternative

The Advertising activity diagram in Figure VIII-3) contains three transactions
(marked in grey) each of which nominates one mes§agrked in grey) to represent the
exchanged value object. The selected messages are:

« A.invoice;
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6 Checking Consistency

e« A.money; and

* Acradio program.
The set of senders and receivers of these messagess @ll present swimlanes. Thus,
the eligible for transformation swimlanes are:

* A.Advertiser;

* A.Radio Station; and

» AlListener.

Table VIII-32 presents per alternative activity dam the eligible for transformation
swimlanes and messages. The first alternative AdurEi VIII-33 (b), contains no
swimlanes and no messages. The second alternativEigi@e VIII-33 (c), includes all
swimlanes and messages.

Table VIII-32. Swimlanes and messages, eligiblef@nsformation, in the Advertising alternative
activity diagrams

Alternative Swimlanes messages

A1, Figure VIII-33 (b)

A2, Figure VIII-33 (c) |A.Advertiser A.invoice
A.Radio Station A.money
A.Listener A.radio program
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B. Transactions, Messages and Alternatives for the Contracting branch
organization (CBO) Activity Diagram

Rights Society

Branch Organization (BO)

Bar, Disco or Shop

Rights Society Branch Organization (BO)

Bar, Disco or Shop

Confim membership
of music users

s

'.

Use rights
Pay contract dues

< (Confirm membership
of music users
s

@
w

(a)

(b)

Rights Society

Branch Organization (BO)

Bar, Disco or Shop

Rights Society Branch Organization (BO)

Bar, Disco or Shop

@

o=

()
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Figure VIII-34. Contracting branch organizationigity diagram and alternatives, including
transaction and messages: (a) — activity diagrai®;GB) — first alternative activity diagram
CBO1; (c) — second alternative activity diagram @B@nd (d) — third alternative activity diagram

CBO3

The Contracting branch organization activity diagranfigure VI1I-34 (a) contains
four transactions (marked in grey) each of whicimimates one message (marked in
grey) to represent the exchanged value object. &leeted messages are:

» CBO.invoice;

» CBO.fee;

e CBO.rights contract; and

e CBO.permission fees.
The set of senders and receivers of these messagess @ll present swimlanes. Thus,
the eligible for transformation swimlanes are:

» CBO.Rights Society;

e CBO.Branch Organisation (BO); and

» CBO.Bar, Disco or Shop.

Table VIII-33 presents per alternative activity dam the eligible for transformation
swimlanes and messages. The first alternative CB@fure VIII-34 (b), contains no
swimlanes and no messages. The second alternati@®,(Hgure VIII-34 (c), includes
two of the swimlanes and two of the messages. Tivd tlternative CBO3, Figure
VIII-34 (d), includes all swimlanes and messages.

Table VIII-33. Swimlanes and messages, eligiblef@nsformation, in the Contracting branch
organization alternative activity diagrams

Alternative Swimlanes Messages

CBO1, Figure VIII-34 (b)

CBO2, Figure VIII-34 (c) |CBO.Rights Society CBO.invoice
CBO.Branch Organisation | CBO.fee
(BO)

CBO3, Figure VIII-34 (d) |CBO.Rights Society CBO.invoice
CBO.Branch Organisation | CBO.fee
(BO) CBO.rights contract
CBO.Bar, Disco or Shop |CBO.permission fees
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C. Transactions, Messages and Alternatives for the Contracting Internet
radio station (CIRS) Activity Diagram

Rights Society Internet Radio Station Rights Society Internet Radio Station

] ]

ke an offer }— — é rights contract

rights contract {— -\ — — — — — — — — Evaluate offer Make an offer }— — {->f rights contract |- % — — — — — — — — Evaluate offer

Enforce k-

unsigned contract

-

Reject contract

&.

Internet Radio Station

O Collect
permission fees

Figure VIII-35. Contracting Internet radio statiactivity diagram and alternatives, including
transaction and messages: (a) — activity diagraRSC(b) — first alternative activity diagram
CIRS1; and (c) — second alternative activity diag@RS2

Pay contract dues

The Contracting Internet radio station activity dag in Figure VIII-35 (a) contains
two transactions (marked in grey) each of which mates one message (marked in
grey) to represent the exchanged value object. &leeted messages are:

e CIRS.invoice; and

e CIRS.permission fees.
The set of senders and receivers of these messages @ll present swimlanes. Thus,
the eligible for transformation swimlanes are:

« CIRS.Rights Society; and

¢ CIRS.Internet Radio Station.
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Table VIII-34 presents per alternative activity dam the eligible for transformation
swimlanes and messages. The first alternative CIR#&fure VIII-35 (b), contains no
swimlanes and no messages. The second alternaiR@ ZIFigure VIII-35 (c), includes
all swimlanes and messages.

Table VIII-34. Swimlanes and messages, eligibletfansformation, in the Contracting Internet
radio station alternative activity diagrams

Alternative Swimlanes Messages

CIRS1, Figure VIII-35 (b)

CIRS2, Figure VIII-35 (c) |CIRS.Rights Society CIRS.invoice
CIRS.Internet Radio Station |CIRS.permission fees
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D. Transactions, Messages and Alternatives for the Contracting radio station

(CRS) Activity Diagram

Rights Society Radio Station

Rights Society

Radio Station

Rights Society

Radio Station

(]

(d)

Figure VIII-36. Contracting radio station activijagram and alternatives, including transaction
and messages: (a) — activity diagram CRS; (b)st dilternative activity diagram CRS1; (c) —

second alternative activity diagram CRS2; (d) —dthilternative activity diagram CRS3; and (e) —

fourth alternative activity diagram CRS4

The Contracting radio station activity diagram irgiie VIII-36 (a) contains four

transactions (marked in grey) each of which noneimaine message (marked in grey) to

represent the exchanged value object. The selewsedages are:

* CRS.negotiable offer;
e CRS.invoice;

e CRS.permission fees; and

e CRS.play-list.
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The set of senders and receivers of these messagess @ll present swimlanes. Thus,
the eligible for transformation swimlanes are:

» CRS.Rights Society; and

* CRS.Radio Station.

Table VIII-35 presents per alternative activity dam the eligible for transformation
swimlanes and messages. The first alternative CR®&ure VIII-36 (b) and Figure
VIII-36 (e), contains two swimlanes and one messdge second alternative CRS2,
Figure VI11-36 (c) and Figure VIII-36 (d), includesdl swimlanes and messages.

Table VIII-35. Swimlanes and messages, eligiblerf@nsformation, in the Contracting radio
station alternative activity diagrams

Alternative Swimlanes Messages

CRS1, Figure VIII-36 (b) | CRS.Rights Society |CRS.negotiable offer
and Figure VIII-36 (e) CRS.Radio Station

CRS2, Figure VIII-36 (c) | CRS.Rights Society |CRS.negotiable offer
and Figure VIII-36 (d) CRS.Radio Station |CRS.invoice
CRS.permission fees
CRS.play-list
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E. Transactions, Messages and Alternatives for the Outsourcing payment
(OP) Activity Diagram

Content Producer

Rights Society

Bank

Content Producer

Rights Society

?
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(I O A

Rejectoffer }— — |

®

,emij - —{(Ena meracton

(a)

Content Producer

Rights Society

Bank

Accept service < |

Request money-
transfer service

= Respond to request
/

Transtlr royatties

— Charge for transactions

e

(c)

(b)

Figure VIII-37. Outsourcing payment activity diagrand alternatives, including transaction and
messages: (a) — activity diagram OP; (b) — fifgrahtive activity diagram OP1; and (c) — second
alternative activity diagram OP2
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The Outsourcing payment activity diagram in Figurdl-87 (a) contains five
transactions (marked in grey) each of which noneimaine message (marked in grey) to
represent the exchanged value object. The selentedages are:

e OP.ID info;

* OP.guarantee;

* OP.permission fees;

» OP.invoice; and

* OP.fee.
The set of senders and receivers of these messages @ll present swimlanes. Thus,
the eligible for transformation swimlanes are:

» OP.Content Producer;

» OP.Rights Society; and

* OP.Bank.

Table VIII-36 presents per alternative activity dam the eligible for transformation
swimlanes and messages. The first alternative GRflyre VIII-37 (b), contains two
swimlanes and two message. The second alternati2e Fdgure VIII-37 (c), includes all
swimlanes and messages.

Table VIII-36. Swimlanes and messages, eligiblerf@nsformation, in the Outsourcing payment
alternative activity diagrams

Alternative Swimlanes Messages
OP1, Figure VIII-37 (b) |OP.Content Producer |OP.ID info
OP.Rights Society OP.guarantee

OP2, Figure VIII-37 (c) |OP.Content Producer |OP.ID info
OP.Rights Society OP.guarantee
OP.Bank OP.permission fees
OP.invoice

OP.fee

6.2.3Build the Transformation Tables

The transformation tables capture the mapping betweacept instances in the activity
diagrams and reduced models. For each unique cestaha swimlane and message a
unit and common object is chosen. We collect thientames and selected messages from
all activity diagrams and name the correspondingsuand common objects. Table
VIII-37 shows the mapping of messages and commagects) respectively, Table
VIII-38 shows the mapping of swimlanes and units.

Table VIII-37. Mapping of the selected messagemftbe process specification (all activity
diagrams) to common value objects in the reducedeto

Activity diagram Reduced model
A.radio program Radio program
A.invoice Advertising
A.money Advertising fee
CBO.rights contract Licence
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CBO.invoice Contracting music users
CBO.permission fees Licence fee

CBO.fee Contracting fee
CRS.permission fees Make-public fees
CRS.invoice Rights to make content public
CRS.play-list Play lists

CRS.negotiable offer Negotiable contract
CIRS.permission fees Broadcast licence fee
CIRS.invoice Broadcast licence
OP.guarantee Rights protection

OP.ID info Identification information
OP.fee Transaction fee
OP.invoice Money transfer
OP.permission fees Permission fees

Table VIII-38. Mapping of swimlanes from the prosepecification (all activity diagrams) to units
in the reduced model

Activity diagram Reduced model
A.Listener Listener
A.Advertiser Advertiser
CBO.Bar, Disco or Shop Music User
CBO.Branch Organization (BO) Branch Organization
A.Radio Station Radio

CRS.Radio Station

CIRS.Internet Radio Station Internet Radio
CBO.Rights Society Rights Society
CIRS.Rights Society

CRS.Rights Society

OP.Rights Society

OP.Bank Bank

OP.Content Producer Content Producer

6.2.4Generate reduced models

This step generates the reduced models corresponalitite process specification. In
particular, swimlanes and messages are transfoimedbusiness units and common
value objects according to the mapping tables Tatle37 and Table VIII-38. As a
result, the specific information on sequence ofsage exchanges is omitted.

Before we derive the reduced models, we need tgidenthe fact that our process
specification contains not one but five activityagliams. Earlier (in the beginning of
Section 6.2,) we stated that the compensatiorhfntany activity diagrams is taking all
combinations of the alternative activity diagramasuited from the removing of choices.
In particular, we have the following case:

« Advertising (A) results in alternatives A1 and A2;
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6 Checking Consistency

e Contracting branch organization (CBO) results teralatives CBO1, CBO2 and
CBOg3;
e Contracting Internet radio station (CIRS) results alternatives CIRS1 and
CIRS2;
» Contracting radio station (CRS) results in alteinest CRS1 and CRS2;
» OQutsourcing payment (OP) results in alternativeg @rd OP2.
Therefore, the reduced models are 2*3*2*2*2=48.
In Figure VIII-38, we show only one of the reduceddels, namely the reduced
model of combination A2, CBO3, CIRS2, CRS2, and OP2

Advertiser Music
User

Licence
Advertising
Viake-publi ontracting
fees usic user:
Rights to make ontracting
ontent publi fee
Radio @ Rights
protection Content
egotiable , dentificatiol Producer
Rights informatio

Society
Royalties
licence fee ransaction Bank
Internet
Broadcast
licence

fee
Radio
Figure VIII-38. Reduced model corresponding tochmbination of A2, CBO3, CIRS2, CRS2,
and OP2 activity diagrams

Branch
Organization

Money
transfer

Listener

i il

6.3 Evaluate Reduced Models

Clearly the value and process specification are awtsistent. Consistency requires
equivalent reduced models (see Chapter VII Consigtdoetween Value and Process
Models;) where the first condition of equivalensetd have equal number of reduced
models produced by each specification.

The activity diagrams contain details about theaspto refuse some exchanges. For
example, the choice in the Advertising (A) activitiagram (Figure VI11I-30 on page 230)
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allows Advertiser to reject certain offers. Thisnist captured in the value model and
produces alternative activity diagram and reduceddeh that does not have
correspondence in the value model. If we abstratdild about such alternative paths we
can discard alternatives Al, CBO1, CBO2, CIRS1, CR&d OPL1. The result is that we
have only one reduced model, namely the one showigure VIII-38.

Considering the reduced model from the value me€igure VIII-32) and the reduced
model for alternatives A2, CBO3, CIRS2, CRS2, a2 @Figure VIII-38), we conclude
again that the value and process specificatiomateconsistent. The reason is that the
reduced model from the process model lacks one @ymwalue object, namely the
Rights object flowing from theContent Producer unit to theRights Society.

Examining the process model, we cannot find a mesdead represents rights flowing
from the rights owners to the rights society. Thellactual property rights of the content
producers are transformed into rights to make edmablic and given to a rights society
to manage by a regulatory authority. The rightsem®umed by the rights society in the
moment it is founded.

In a scenario with several rights societies, we @assume that the rights are given in
the moment of registration at the rights societylldwing the assumption results in the
message®P.ID info mapping to two value objects: thaentification information and
the ‘missing’Rights. This mapping is one message to many value objec@hapter VII
Consistency between Value and Process Models,oBexiGranularity of Models: Many-
to-Many Relationships between Instances, we descobr approach of splitting
messages as a way to deal with one-to-many mappkftes splitting theOP.ID info
message into two new messages which on their tam tireldentification information
and theRights value objects, the resulting reduced models ansistent.

7 Evaluating the Design Method

We validate the method in terms of the seven clailesnade in Section 1.2. For each
claim, we state our evaluation criteria. In the rseuof applying the method to the real-
life example, we give arguments to believe that them holds true. The claims
demonstrate the properties of the method.

Claim 1 (C1): Correct Models Can Be Developedlo confirm claim C1, we asked two
experts in the field of value and process modeltimgeview the models. The experts
were instructed to look for:
e syntactic errors, including modelling concepts and relations betweencepts
not allowed by the syntax of the particular notatio
e semantic errors, including syntactically correct statements thatndt model the
real world. Violation of well-formedness of modelss also included; and
e pragmatic errors, including parts of the model with mixed granuhlaor style.
Both experts agreed that the value and process Imoeleresented possible state of
reality.

Claim 2 (C2): Consistent Specifications Can Be Delaped. The development of the
real-life example resulted in an inconsistent dpEtion according to the method itself
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7 Evaluating the Design Method

(Section 6.3.) The flexibility of the framework amdethod allowed us to identify the
inconsistent statements. Furthermore, it allowetbunake assumptions about the source
of inconsistencies until we eliminated these.

The inconsistencies were resolved by iterative jmtgation of the intermediate
models in the real-life example. This process shothatl a consistent specification can
be developed.

Claim 3 (C3): The Exploration of the Design Spaces| Extensive and AutomatedWe
confirm claim C3 by showing that every viable condiion of design fragments is
considered and compared with the others. Applyivg design method for the process
perspective in Section 5 resulted in 68 818 alterealesigns (see Section 5.2.1) each of
which was ranked, pre-selected and ranked again.

In the spectrum of development methods betweerbthte-force generation of all
possible solutions and an assumption-based siragteip the solution-space, our method
begins with an automated generation and rankingllopossible solutions and, then,
nominates the best candidates based on an infarheede.

Sections 4 and 5, where we apply the method to ldevihe value and process
perspectives, make the validity of claim C3 evident

Claim 4 (C4): Design Knowledge Is ReusedVe confirm claim C4 by showing that
patterns are reused. Particularly for the proceesdem we demonstrate that the final
models contain patterns. The Annex - SynthesizddRBacesses on page 261 shows the
synthesized process models in which the reusedrpatare marked. The same holds for
the value model. Thus, we conclude that claim Cdstile.

Claim 5 (C5): The Library Is the First Source of Deggn Fragments. We confirm
claim C5 by showing that (1) the method searches fin the library of patterns for
available designs and (2) all patterns in the finatlels come from the library.

The evidence that the method searches first intdilirery is in the description of the
real-life example. Sections 4 and 5 sequence thelalgment steps from which it is
apparent that the first choice of design fragmandsthe libraries of patterns.

The examination of the synthesized value model guié VIII-18 on page 207 and
the synthesized process models in Annex - Syntbeéstnib-Processes on page 261 finds
no design fragments that are patterns and do moé dmm the libraries. This shows that
all patterns in our real-life example come from tive libraries.

We conclude that claim C5 holds true.

Claim 6 (C6): Fragments in the Final Specification Ca Be Traced Back To
Requirements. We confirm claim C6 by giving an example. We traoack to
requirements one of the patterns in the businesseps model of the developed real-life
example. The trace is as follows:

1. We take the first of the five sub-processes cormgighe business process
specification, namely thédvertising (A) sub-process in Annex - Synthesized
Sub-Processes on page 261.

2.  We take the top pattern in the activity diagrantaly theTake it or leave it
pattern.
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3. From the synthesis of th&dvertising (A) sub-process in Section 5.3.2 on page
226, we find that the pattern is identified witle tldentifier TOL.1.

4. From the instantiation of the pattern shown in Annédnstantiation of Process
Patterns on page 250, we find the link to the patiemplate.

5. From the library of process patterns in AppendikxiBrary of Process Patterns,
Pattern 12. Take it or leave it, on page 375, wearthk link to the capability
model.

6. From the evaluation in Section 5.2.7 on page 228,see that the capability
model is part of the alternative solution capapititodel 2.

7. From Figure VIII-25 on page 223, we get back thetamabetween theci
capability in the TOL.1 capability model and gaal from theRAD goal model.

8. From Table VIII-21 on page 216, we uncover that rdguirement behind goal
RAD.Ge is Contract fixed offers. Tracing further to a top-level goal, we reach
in Figure VIII-19 on page 210 goRIAD.G1: Maximaze profitability, passing
through goalRAD.Gc, RAD.G3, andRAD.G2.

The example above confirms claim C6.

Claim 7 (C7): Design Decisions Are Explicit.The demonstration of claim C6 is an
evidence also for claim C7. The possibility to trawefragment in the model to a
requirement means that the design decisions at&iexp

Properties of the Design Method.The seven claims above validate that our design
method exhibits the four properties listed in tiegibning of this section, namely:

« The method develops a consistent specification;

« The method is effective;

* The method is efficient; and

* The method provides explicit justification of desmgcision.
The four properties demonstrate the usefulnesseofiéisign framework, design method,
and libraries of patterns.

8 Summary

This chapter validated our approach to reuse dgmgperns in the development process
of e-business models. We applied the framework method on a real-life example,
which confirmed a number of claims that we had maldeut the design approach. The
claims validated that the method exhibits a nunabgrroperties, which demonstrated the
usefulness of the framework and libraries.

Annex - Instantiation of Process Patterns

This annex contains a summary of the instantiatficheselected process patterns. Every
pattern is described in a bullet followed by ther@spondence table for roles,
Correspondence table for activities, Corresponddabée for messages, the original
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activity diagram of the patterns, and the instaeta activity diagram. The
Correspondence table for roles contains all roles #eatures in bold font the
automatically mapped role and swimlane. The remgigimrrespondence tables contain
only the activities and messages that change dthim@nstantiation.

* Advertising (ADV) pattern

Correspondence table for roles and swimlanes

Roles in the pattern Swimlanes in the example
ADV.Advertiser Advertiser
ADV.Intermediary Radio station

ADV.Client Listener

Correspondence table for activities

Activities as in the pattern Activities as in the example
ADV.Bundle product and commercial |Bundle music content and commercial
ADV.Present bundle Broadcast

ADV.Request product Switch on

ADV.Unbundle product Listen to

Correspondence table for messages

Messages as in the pattern Messages as in the example

ADV.bunde radio program
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Advertiser

Advertise advertisement

Intermediary

Client

request

Request product

bundle

Unbundle product

(@)

Advertiser

Advertise advertisement

Radio Station

Listener

request

radio program

(b)

Activity diagrams: (a) — original activity diagramopied from Appendix G Library of Process
Patterns, Pattern 1. Advertising, on page 353 bpd (nstantiated activity diagram

e Offer counter-offer (OCO) pattern

Correspondence table for roles and swimlanes

Roles in the pattern

Swimlanes in the example

0CO.Supplier

Rights Society

0CO.Consumer

Radio station

Correspondence table for activities

Activities as in the pattern

Activities as in the example

OCO.Reject offer

Reject contract

0CO.Take offer

Take contract

0OCO.Reject offer

Reject contract

0CO.Take offer

Take contract
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Correspondence table for messages

Messages as in the pattern Messages as in the example
OCO.offer negotiable offer
0OCO.counter offer updated rights contract
0OCO.counter offer updated rights contract
OCO.reject offer rejection
0OCO.reject offer rejection

Supplier | Consumer (a)

Mak ffe — ff
s
Make counter offer - — — — — — — >! counter offer - — — — — Evaluate offer

— — —{ counter offer & —

. O< — rejectoffer k< —

— — =>{ contract >O .
. ©< —{ contract K= — —

Rights Society | Radio Station (b)

. — negotiable offer
~
77777 updated rigths contract — Evaluate offer

< —{ updated rigths contract K-

Make counter offer

— —>{ rejection %>O .

< — rejection K — —

contract

contract

Activity diagrams: (a) — original activity diagramopied from Appendix G Library of Process
Patterns, Pattern 5. Offer counter-offer, on paifeahd (b) — instantiated activity diagram
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» First Outsourcing (OUT) pattern

Correspondence table for roles and swimlanes

Roles in the pattern

Swimlanes in the example

OUT.1.Intermediary

Branch Organization (BO)

OUT.1.Business

Rights Society

OUT.1.Client

Bar, Disco or Shop

Correspondence table for activities

Activities as in the pattern

Activities as in the example

OUT.1.Request outsourcing

Contact BO

OUT.1.Reject offer

Reject contract

OUT.1.Take offer

Take contract

OUT.1.Make an offer

Confirm membership of music users

OUT.1.Deliver product

Contract music users

OUT.1.Bill

Charge for service

Correspondence table for messages

Messages as in the pattern

Messages as in the example

OUT.1.product

rights contract

OUT.1.request

list of music users

OUT.1.offer

rights contract
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Client

Business

| Intermediary (a)

. Request outsourcing — >

Evaluate offer

contract

O G

O< - product KK —— — — —F — — — — — — ] _
Pay dues — —  invoice
\ .
AN
I
Bar, Disco Rights Society [ Branch Organization (BO) |(b)
or Shop tof

music users

Evaluate offer k- — — — — — —

rights contract

rejection

©<% rights contract

GO

invoice

fee — — =>{ Collect dues .

Activity diagrams: (a) — original activity diagrammgpied from Appendix G Library of Process

Patterns, Pattern 6. Outsourcing, on page 363@ndiQstantiated activity diagram

» First Payment (PAY) pattern

Correspondence table for roles and swimlanes

Roles in the pattern

S

wimlanes in the example

PAY.1.Provider

Radio station

PAY.1.Consumer

A

dvertiser
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Activity diagrams: (a) — original activity diagramopied from Appendix G Library of Process

Provider

Consumer

(o

invoice

Receive payment k<~ —|

money

Radio Station

Advertiser

invoice

Receive payment k<~ —|

money

(@)

(b)

Patterns, Pattern 8. Payment, on page 367 andifisjantiated activity diagram

Second Payment (PAY) pattern

Correspondence table for roles and swimlanes

Roles in the pattern

Swimlanes in the example

PAY.2.Provider

Rights Society

PAY.2.Consumer

Bar, Disco or Shop

Correspondence table for activities

Activities as in the pattern

Activities as in the example

PAY.2.Bill

Send invoice

PAY.2.Receive payment

Collect permission fees

PAY.2.Pay

Pay contract dues

Correspondence table for messages

Messages as in the pattern

Messages as in

the example

PAY.2.money permission fees
Provider Consumer Rights Society Bar, Disco or Shop

(o

invoice

Receive payment k<~ —|

money

Pay contract
ues

invoice |- —

'

Ppermission fees

C)

(b)

Activity diagrams: (a) — original activity diagramopied from Appendix G Library of Process
Patterns, Pattern 8. Payment, on page 367 andifisjantiated activity diagram
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e Third Payment (PAY) pattern

Correspondence table for roles and swimlanes

Roles in the pattern Swimlanes in the example
PAY.3.Provider Rights Society
PAY.3.Consumer Internet Radio Station

Correspondence table for activities

Activities as in the pattern Activities as in the example
PAY.3.Bill Send invoice
PAY.3.Receive payment Collect permission fees
PAY.3.Pay Pay contract dues

Correspondence table for messages

Messages as in the pattern Messages as in the example
PAY.3.money permission fees
Provider Consumer Rights Society Internet Radio Station

Pay contract
ues

invoice — —

‘

“ — > invoice

Receive payment k< —| money

permission fees

(a) (b)

Activity diagrams: (a) — original activity diagramopied from Appendix G Library of Process
Patterns, Pattern 8. Payment, on page 367 andiflsjantiated activity diagram

e Paymentin terms (PIT) pattern

Correspondence table for roles and swimlanes

Roles in the pattern Swimlanes in the example
PIT.Provider Rights Society
PIT.Consumer Radio Station

Correspondence table for activities

Activities as in the pattern Activities as in the example
PIT.Bill Send invoice

PIT.Receive payment Collect permission fees
PIT.Pay Pay contract dues
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Correspondence table for messages

Messages as in the pattern Messages as in the example
PIT.money permission fees
Provider Consumer Rights Society Radio Station

’ Wait end of term

invoice — Pay

/
Receive Payment < — money ‘

end of contract

end of contract % end of contract

(a) (b)

Activity diagrams: (a) — original activity diagramopied from Appendix G Library of Process
Patterns, Pattern 9. Payment in terms, on pagalégb) — instantiated activity diagram

invoice  —

permission fees

end of contract

« Registration (REG) pattern

Correspondence table for roles and swimlanes

Roles in the pattern Swimlanes in the example
REG.Intermediary Rights Society
REG.Client Content Producer

Correspondence table for messages

Messages as in the pattern Messages as in the example

REG.pass guarantee
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Client Intermediary

—> i
©<7 — —  pass

Content Producer

Rights Society

CoOe

ID info

s
©<7 — — gquarantee

(a)

(b)

Activity diagrams: (a) — original activity diagramopied from Appendix G Library of Process

Patterns, Pattern 10. Registration, on page 371t@ndinstantiated activity diagram

e First Take it or leave it (TOL) pattern

Correspondence table for roles and swimlanes

Roles in the pattern

Swimlanes in the example

TOL.1.Supplier

Radio Station

TOL.1.Consumer

Advertiser

Correspondence table for activities

Activities as in the pattern

Activities as in the example

TOL.1.Make an offer

Give offer
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{ =

Supplier

©<7 — — rejection

accept
©<77A contract  [& —

Consumer (a)

Radio Station

> offer F————————> Evaluate offer

©<7 — — refection & —

accept
©<77% contract K —

Advertiser (b)

Activity diagrams: (a) — original activity diagramopied from Appendix G Library of Process
Patterns, Pattern 12. Take it or leave it, on Btfeand (b) — instantiated activity diagram

e Second Take it or leave it (TOL) pattern

Correspondence table for roles and swimlanes

Roles in the pattern

Swimlanes in the example

TOL.2.Supplier

Rights Society

TOL.2.Consumer

Internet Radio station

Correspondence table for activities

Activities as in the pattern

Activities as in the example

TOL.2.Reject offer

Reject contract

TOL.2.Take offer

Accept contract
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Correspondence table for messages

Messages as in the pattern

Messages as in the example

TOL.2.offer

Rights contract

TOL.2.rejection

unsigned contract

TOL.2.contract signed contract

Supplier Consumer (a)

> ofer

— rejection

accept
— contract < — Take offer

Rights Society Internet Radio Station (b)

right contract - — — — — — — — —
T

©<7 — unsigned contract -

O{* —{ signed contract

Activity diagrams: (a) — original activity diagramopied from Appendix G Library of Process
Patterns, Pattern 12. Take it or leave it, on Etfeand (b) — instantiated activity diagram

Annex - Synthesized Sub-Processes

This annex contains the five synthesised sub-prese3he synthesis of the first model,
Advertising (A), is described in detail in Sectibr8.2. Here, we show the final results.
Further, we present the final result of the syrithe$ sub-processes Contracting branch
organization (CBO), Contracting Internet radio istat(CIRS), Contracting radio station
(CRS), and Outsourcing payment (OP).
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« Advertising (A) — synthesized from Advertising (ADWayment (PAY.1) and
Take it or leave it (TOL.1)

Advertiser Radio Station Listener

?

Request for quotation ——> RfQ —— Make offer
Evaluate offer k< — — — —| offer & — Giveoffer ) Take it g

Reject offer |- — > rejection — —H

End interaction

Take offer — > contract

RS
Pay — —  invoice K —

~ x Payn

Advertise advertisement

Bundle musical content
and commercial

radio program
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Contracting branch organization (CBO) — synthesiZeom Outsourcing
(OUT.1) and Payment (PAY.2)

Rights Society Branch Organization (BO) Bar, Disco or Shop

1

P

Find music users
—= list of L Confirm membership
music users of music users
Z

\/
Contact BO
/
Evaluate offer K— — rights contract 2
Reject contract

rejection

contract

invoice

rights contract |— —M

Evaluate offer
Reject offer

O 7 — unsigned contract

< — —{ unsigned contract <

—> invoice [~

. Payment ~~—==

permissionfees &&= — —— — —— — — — — ]
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e Contracting Internet radio station (CIRS) — synibed from Take it or leave it
(TOL.2) and Payment (PAY.3)

Rights Society Internet Radio Station

b

Find Internet radio station

Take it or leave it

— —>| rights contract - — — — — — — — — —

Evaluate offer

unsigned contract

Wait end of contract —| signed contract

== invoice

Collect

permission fees )~ | pemission fees [<—
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Contracting radio station (CRS) — synthesized flOffer counter-offer (OCO)
and Payment in terms (PIT)

Rights Society Radio Station

?

unter-offer

Find radio station

Offer co

negotiable offer

T S

updated rights contract —

Evaluate offer <<~ — updated rights contract <=

— —> rejection |-

— — refection K — —

@< (= )<

— —>{ contract Take contract
o
/
e

S
T 7

contract

\

invoice

. "

Collect
permission fees

— —| permission fees

Use rights

contract end

Vi

Receive play-list K— — —  playlist K——— — — — —

Send statistics
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e Outsourcing payment (OP) — synthesized from Outdngr (OUT.2) and
Registration (REG)

Content Producer Rights Society Bank

Manage rights
Collect royalties
Repartition

Request money-
transfer service

Accept service K— — guarantee

Registration

. |

—> recipients

= ofter
T
— >{ rejection
\ .
) Outsoyrcin
I sl

@ B

ermission fees K — — — + — — — — — — —

Receive
permission fees

Pay dues
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Chapter IX

Conclusion

This chapter summarizes the main contributions el known limitations. It also gives
directions for future research.

1 Contributions

As we stated in the introduction of the thesis, main interest is the reuse of design
knowledge in the development process of new e-bkasimodels. We have narrowed
down the scope of our research goals to identifinaind reuse of design patterns in
economic value and business process models ofiedsggs. In addition to the constrain
on type of design knowledge, we have restricted diognain of e-businesses to
intermediaries that offer negotiation servicesaAgsult, our first contribution is

» two libraries of design patterns.

The first library collects knowledge about exchangés/alue objects between the
participants of a business network. The secondarjbrcontains knowledge about
coordination messages exchanged between the partisiin a business process. Both
libraries derive patterns from models of negot@tintermediaries. Nevertheless, every
found pattern was included in the library even tifoit may seem to be applicable also to
another business domain. That means that the Hsrame not limited to negotiating
intermediaries; the restriction in scope was metelynake the identification doable in
the given time. More, the documenting structurg@atterns does not refer to the domain
of negotiation. This allows adding new patterns. &bwer, the structure of the libraries
enables extension. It is a list of independent stewhich does not require relating new
patterns with the rest.

The second contribution refers to the representatiche design knowledge. It is:

» formal description of pattern capabilities.

The annotation of each pattern with a capability ehquovides a measure of what the
pattern can achieve. The measure is at a grarylaviel of an individual capability: a
pattern can have several capabilities. However, dee not compare individual
capabilities, although, this is generally possitle.our approach, we compare the
capability of a combination of patterns to satisfynumber of business goals. The
individual formalization of capabilities is used ehmatching capabilities and business
requirements.

The two libraries can be used as-is; i.e., the de&igowledge can be applied
whenever appropriate in the development process ofew e-business model. To
maximize the impact though, we provide a systensijmroach to development which is
our next contribution:

» adesign framework for reuse of design patterns.

The framework supports business analysts in theiatie job of developing new

business models. It helps identify known solutitm$he problems at hand. By using the
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framework, parts of the final model are generatemnf catalogued patterns which

exemplify previously applied and tested design slens. The framework offers: (1) a

single view on the system through a common se¢@direments for all perspectives; (2)
an automated evaluation of all possible designradteses with the available patterns; (3)
assistance in the synthesis process with two iddalisynthesis procedures, of which the
one for value patters is the first of its kind; a(#) a consistency definition and

consistency check procedure #rvalue models and UML Activity diagrams which are

also the first of their kind. Below, we emphasize each of the four above-mentioned
contributions.

Thus, the next contribution is:

« a formalized goal-modelling technique for busineésguirements, including

propagation of goal-satisfaction values.

In our approach, requirements are represented ats.gdbhe modelling technique
formalizes goals and provides a measure of goedfaetion. The satisfaction measure is
stated in terms of the universe of discourse ofythed. The relationships among goals are
also formalized. This gives an advantage in corspariwith similar goal-modelling
techniques because it offers qualitative measuréhefinteraction and satisfaction of
goals. The ability to calculate the effects thadlgaause one another allows propagating
satisfaction values to a particular goal from thkies of related goals.

Knowing the value of a goal allows us to assesthéf goal is achieved: i.e. an
approach to describe what is already present.n§ettbncrete values to goals turns the
goals into capabilities. In this way, we model daliiges of patterns as goal models with
fixed satisfaction values. This further allows usrtiegrate requirements and capabilities,
and propagate satisfaction values throughout tihe fjoodel.

The propagation of satisfaction values is a key @mypof our goal-modelling
technique. It is the basis for our next contribatio

e a selection procedure to explore the design sphak possible combinations of
matching patterns for a particular design.
The selection procedure includes a matching stepvhilch pattern capabilities are
automatically matched with goals from the goal mode combinations of such pre-
selected patterns form the design space. Values filwe pattern capabilities are
propagated to top-level goals in the requiremerddeh This allows us to rate and pick
the best combination of patterns for synthesis.

The actual reuse of design knowledge is the aliitink a fragment with the rest of

the design into one model. Our next contributioanghis issue:
< synthesis procedures for value and process patterns

The procedure assists the designer in the instamtiatf the patterns. This includes
assigning actual business participants to the rdkfined in the patterns. After the
instantiation step, the two procedures differ. Tyhalsesis of value patterns automatically
suggests a final model; whereas, the synthesiseduve of process pattern suggests a
possible intermediate model per added pattern. Bothedures check for loose ends in
the models and ensure technical quality of the nspdeeaning that the models are valid
with respect to the®-value and Activity diagram notation.

The validity of individual models is covered by theevious contribution. The next
one ensures consistency of the final specificatiamely:
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2 Positioning

e a consistency definition for value and process nmamd a procedure to check
the consistency criteria.
The proposed consistency definition between valuepgocess models is the first of its
kind. It results in a number of consistency créesihich are checked by the consistency
check procedure. The procedure is specific to ¢healue and Activity diagram
notations.
Overall, the assembly of the design framework sffer

* animproved alignment between goals, value andggsomodels.
The framework links (1) business requirements reqmtesl as goals, (2) partial designs
from value-exchange models, and (3) partial desigm business process models. Its
validation with a real-life example of a rights mdg shows that the three modelling
notation can work together to produce meaningfat#jations.

2 Positioning

From a Design theory [56] point of view, our appoas a prescriptive model that
instructs the designers in the development prodédss prescriptive model (i.e. the design
framework and method) is not computable becauselitdes a number of manual steps:
the manual steps use knowledge that is not pathefprescriptive design model. An
evolutionary design process model prescribes howddsign in iterative steps. In
comparison, our framework and method are a degigreps with one evolutionary step.
This is adding the process model to the value modehe other way around, and,
consequently, checking the specification for cdesisy.

Further, we position the components of our framéwamd method with respect to
other research. Figure 1X-1 shows an overview of fsamework and method. The
numbered components are discussed below.
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1. Library of value 2. Library of process
patterns patterns

-4—3. match & evaluate—— 4. Goal rnodel of the ——3. match & evaluate—p»|
requirements

A | 4
Selected value Selected process
patterns patterns
5. synthesize 5. synthesize

3 4—— 6. consistency———» o
e’-value model Activity diagram

Figure IX-1. Overview of the framework (adaptednfr&igure 111-6)

The value patterns (number 1 in Figure 1X-1) shammes properties with Weill and
Vitale's [59] atomic business models. Both modetreanged value objects between
businesses; however, the advantage of our repeggenof the design knowledge is that
this is searchable on the basis of pattern catiabili

The process patterns (number 2 in Figure 1X-1) aapioe same design knowledge as
in some of the RosettaNet [51] Partner Interfacc®sses (PIPs). The difference is that
the PIPs are designed for composition: i.e. eaéhhls a predefined set of other PIPs
that can link to. In addition to the flexibility,uo patterns are annotated with machine
interpretable capability models. The IBM Patternsddusiness [4, 31] are patterns that
cover only the communication perspective, wheraaspoocess patterns include both
communication and coordination perspectives.

The selection procedure (number 3 in Figure IX-1pased on the idea of evaluating
patterns with respect to their contribution to #atisfaction of goals in a goal model.
Gross, D. and Yu, E. [28] and Weiss, M. [61] use shene approach. However, our
approach has an advantage of propagating quaditafitisfaction values throughout the
model.

Our goal model (number 4 in Figure IX-1) is a gthedory about causal relationships
among goal variables. We use it to represent reménts for or capabilities of a system.
To our knowledge, the use of a goal model to reptesapabilities is first of its kind;
while, there are various approaches that represguoirements. For example, i* [72] is a
goal-modelling technique that models actors, tasgsurces, and goals. Despite that we
do not have a notion of tasks and resources, th& mportant difference is in the
relations between goals. i* gives means-to-achavend semantics to relationships;
whereas, our approach models causal relationshipn@ the variables operationalizing
the goals.
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3 Limitations

With respect to the propagation of satisfactiorugalthroughout the model, various
approaches use reasoning with goals. For examjibegi@i, P. et. al. [24], as part of the
TROPOS [11] project, propose a technique to reasitim partially satisfied goals. In
their quantitative approach, each goal is assignedlue from 0 to 1 to represent the
evidence of satisfiability of a goal. We differtime domain of value assigned to goals and
propagation functions. In TROPOS, evidence of dabifity can be interpreted as, e.g., a
probability of a goal to be satisfied or percentafiesatisfaction. In our approach, goal
variables have a domain and value correspondintdpeogoal that they operationalize.
This enables designer and specialists to expresseaadtheir concerns in the particular
domain. Moreover, the evaluation functions in ompr@ach provide a measure of
satisfaction of goals. Such evaluation functiond damain specific values are use in the
KAOS [36] design method. In particular, Letier, Bdd_amsweerde van, A. [39] propose
a propagation functions assigned to relationshigtsvéen goals and a formalization of
goals with variables and objective functions frdm tiniverse of discourse of the goal.
We differ in the restriction on relationships betmegoals. We allow any causal
relationship between the variables the relatiorsshighile they permit only refinement
relationships between goals.

Our synthesis procedure (number 5 in Figure IX-lfomates the process of
constructing one design from a number of pattefiiee procedure aims at the right
balance between automatic and manual activitieth Yéspect to that, it is in the middle
between approaches such as OOram [49] and POAD @@iam [49] specifies a role
based method for automatic synthesis of pattertms safe models (models with
guaranteed dynamic properties of the individuatguas in the synthesized model.) Our
synthesis is automated and the resulting designsisafe in the sense of OOram. Our
synthesis procedure is meant to support the desigragher than to automatically
synthesize model fragments. Contrary, the POAD giesnethod is prescription of
manual steps to be performed by the designerss thare a guideline for manual
execution of the process, in which the constructibdesigns uses external information
about pattern dependencies.

The approach to consistency (humber 6 in Figure )IXvith a common semantic
model reuses research done before; however, theitidef of a reduced model fa*-
value models and activity diagrams is the first of iisck It operationalizes Wieringa and
Gordijn’s [62] idea of correctness relationshipvibetn ane®-value model and a process
model. The work of Dijkman et al. [15] is also basstdthe common semantic model
approach. It maps concepts and relations in moibelsasic concepts. Our approach
differs in how the reduced model is defined. Went require a pre-defined reduced
model with abstract basic constructs, but we deternthe reduced model after the
modelling notations are selected. This allows defjrricher reduced models in terms of
common concepts and relations.

3 Limitations

Our work has several known limitations. We distiisputwo types of limitations:
contingent limitations are those that could be removed withrenwork andnecessary
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Chapter IX Conclusion

limitations are those that cannot be removed witlessentially changing the approach.
Using this division, we provide below the knowniliations.

3.1 Contingent limitations

Our first limitation concerns the capability modeif patterns. The values assigned to
capability variables are assumed to demonstratagpkcability of the approach. The

e capability values of patterns are realistic buiyyan example.

A mitigation action would be an empirical derivatiof concrete value for the capability
variables.

The next limitation comes from the scope of the asde Due to the surveyed
business models,

« the libraries contain only patterns from the don@inegotiating intermediaries.
This limitation applies to the current version ot thbraries. It can be removed by
surveying the value and process models of e-busisefsom other domains.

Another limitation is that the

e requirements, represented as goals, match onliet@b-capabilities of patterns.
The current procedure of finding patterns that salvgarticular problem accounts only
for top-level capabilities of patterns. The limiteit can be eliminated by extending the
matching procedure to all pattern capabilities. rhplication is that there will be more
patterns to consider in the development processamtequently, the design space will
be bigger. The extension is useful if the informatazlded by finer capabilities is more
then the information lost from approximation befdhe® manual steps. This trade-off
needs investigation.

In general, different people develop the goal moafelthe requirements and the
capability models of patterns. Most probably, theseg different knowledge sources and
perspectives. This results in models, the goals bichv are difficult to match
automatically. We simplify the matching activity Bgsuming that the

e requirements, represented as goals, and capabditeerepresented in a common

conceptual model.
The limitation can be mitigated by delegating maesponsibilities to a person or by
mapping the conceptual models of the involved domai

The process model is often seen as an implementatitdre value model. We do not
hold this view and, generally, this does not irgeef with our consistency definition.
However, the consistency definition requires

« the value and process models to be with compaabhaularity.

The limitation can be overcome with more elaboratuced model and transformation
procedures, which would allow many-to-many relagtips between the two models.

The last limitation that could have been removedhwitore work concern the
validation of the whole approach. The time allowsdaperform

* one real-life example.

Although this is enough to demonstrate the usefslra# the approach, more experience
with the framework could provide information abdhbé usefulness of the assumptions
we make.
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4 Future Work

3.2 Necessary limitations

The way we approach the matching of goals and chitpegis by introducing a number
of simplifying assumptions. The result is the liatibn that the

* requirements, represented as goals, and capabitid¢ch only one-to-one.
An alternative approach that would allow matchiag,., a group of goals with a group of
capabilities would affect the selection procedwrepiatterns.

The selection procedure for relevant patterns cositaianual steps. The integration of
capability models into the goal model of the reguients is one of these. The manual
step has to be performed on every alternative moalel. The alternative goal models are
much more than ten in a real-life example. Assunihmg ten is too many for manual
integration, we keep the design space manageatiidive following limitation;

- alternative solution capability models are precele with incomplete
information.
The implication is that discarded alternative soluttapability models could have scored
better after the integration step. This limitatian be reduced by modifying the selection
procedure such that all alternative goal modelsuglintegration. The manual work can
be aided with reuse of knowledge from already irgtayl alternatives.

The current synthesis procedure for value pattemreigtes a final model from

fragments in one step. However,
* the dependency path between exchanges in the wvalogel cannot be
determined by the design method.
To mitigate this limitation, value patterns neecatzount for the dependencies between
value exchanges. Furthermore, the synthesis proedths to adapt to the richer design
knowledge in one pattern.

The current synthesis procedure of process pattexeds an input from a person to

determine the execution order of the activitiese Titmitation is that
» the sequence of activities and message exchangastdae determined without
additional information.
The execution order cannot be determined with inftiom coming from the pattern. The
sequence of activities and message exchanges vammhampact on the business. Thus
to mitigate this limitation, additional informatian a form of requirement needs to be
made available to the designer or synthesis praeedu

4 Future Work

Above, we identified actions that would mitigate tknown limitations of our approach.
Below, we list future work that would extend oussitm framework.

In the current version of the libraries, patterres ot described as templates. They are
interpreted as templates and the synthesis progemhetudes an instantiation step.
However, the particular modelling notatiores-yalue and UML Activity diagram) are
used with modified semantics (e.g. the actor condepthe e>-value notation is
interpreted as a role in the pattern solution.) faave the ambiguity,

* a new or extended notation have to be defined dhelt the schematic
description of patterns represent a template feigtiefragments.
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Chapter IX Conclusion

In Chapter 1l Design Knowledge in Existing e-BusaeModels, Section 8 Relation
between Value and Process Patterns, we intentjonalinked the value and process
patterns to simplify the overall structure of thesign framework. However, the
information in such relations can be used to ddtegnmelevant patterns. If a value pattern
is selected this will automatically lead to selectiof a process pattern. Therefore, we
need to

« find relations between value and process patterns.

Currently, goals and capabilities have only exaatames. That is, when a capability
matches a goal, the goal is replaced by the cafyalrl the goal model. A better
utilization of the available libraries requires to

« facilitate inexact matches between goals and chipedi
Matching capabilities then would not replace thalgdut link to these with propagation
functions.
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Appendix A e*-value Modelling Notation

This appendix briefly explains the-value modelling notation used to model businesses
from economic value perspective throughout thisitheé or a detail description of te&
value ontology, we refer to Gordijn, J., & AkkermansMJ. 2003, Value based
requirements engineering: exploring innovative pweerce idea, Requirements
Engineering Journal, Springer Verlag, 8, 2, pp. 1184- Here, we present an adaptation
of the original definitions of the concepts we use.

Seller
I:>—-—ru1c|nev-—-:> - D«-—Fee —-u->
R Prnduct—-{l =

O <l—'-' Transpnrt-—-«:l

Shipper:

-9

Legend Actor Market Yalue Value Yalue Walue
segrment object port interface exchange
| ww | > |

Stirmulus End node | amD-fork AMD-jain OR-fork OR-join | Dependency
connection
[ ] L ]
[ ] L.}
@ : i {[ o

Example, using®value modelling notation (Note: the Legend is only fapkanatory purposes and
is not part of the>-value modelling technique itself)

We illustrate e3-value by means of an example (see the figure.) We censath
example with the following businesses taking partbuyer, a seller, and a shipping
company. The seller has a shop and a warehouse aifferent locations. It can directly
sell products to customers only from the shop.gf@duct is purchased that is not present
in the shop then a delivery from the warehouse rhasmade. A shipping company is
paid to arrange the logistics to the buyer's hoifiee seller processes two payment
methods: (1) in a case of an off-the-shelf prodtinet, seller requires immediate payment
in cash; (2) in a case of a purchase from the vearsd the seller allows late payment by,
e.g., a bank transfer.

Below, we explain the semantics of tedvalue concepts; we refer to the figure for
the graphical representation of these.

» Actor. An actor is perceived by its environment as arefrghdent economic
(and often also legal) entity. Economically indepamdefers to the ability of an
actor to be profitable after a reasonable periotinoé (in case of an enterprise),
or to increase economic utility for him/herself §ase of an end-consumer). In a
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sound and viable business value model every atitould be able to make a
profit. Actors are represented as rectangles. ISefld Shipper are examples of
actors. Buyer is visualized as stacked actors, tdtenamarket segment In our
interpretation of market segment, actors in a segratiribute equal economic
value to objects. The decision to model an entitarasctor or as a segment is
determined by the modelling and analysis purposg: m the figure the
motivation can be that we are interested in anatypotential profit for a chain
of companies in relation to an end-customer maskgment.

Value Object. Actors exchange value objects. A value objectlmaa service, a
right, a good or even a consumer experience. Thertat point is that a value
object represents\alue for one or more actors. Value objects aravehas text
in a rectangle. Examples of value objects in thargare Money, Product, Fee,
and Transport.

Value Port. An actor uses a value port to show to its envirenirihat it wants
to provide or requests value objects. The conckpt port abstracts away from
the internal business processes, and focuses onektasnal actors and other
components of the e-business value model can hgdpt in’. Ports are shown
as small triangles.

Value Interface. Actors have one or more value interfaces. A vahterface
consists of value ports offering or requesting gatijects. It shows the value
object(s) an actor is willing to exchange in rettonother value object(s). Such
willingness is expressed by a decision functionttom value interfaces, which
shows under what conditions an actor wants to exgdea value object for
another value object. The exchange of value objsasomic at the level of the
value interface; i.e. either all exchanges occwspezified by the value interface
or none at all. Note that a value interface dodsntbicate the temporal ordering
of objects to be exchanged on its ports. It onljidates which value object is
available, in return for some other value objecvalue interface is shown by a
rounded box, connected to an actor. For exampke,vilue interfaces in the
figure connected to the Buyer market segment dsnibtat a buyer request a
product and offer money in return.

Value Exchange A value exchange is used to connect two valuespuith each
other. A value exchange represents one or moranftérades of value objects
between value ports. As such, it is a prototypeafiual trades between actors. It
shows which actors are willing to exchange valugab with each other. A
value exchange is shown by a line from port to.port

A dependency path indicates via which value interfaces objects ofugamust be
exchanged, as a result of a start stimulus, oreasltr of exchanges via other value
interfaces. A dependency path consists of:
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Stimulus. A stimulus represents a consumer need that tsggee chain of
exchanges. A dependency path starts with a sianulsis. The model in the
figure contains a stimulus inside the market segnimyer. A stimulus is
represented by a bullet.

End node An end node represents the model boundary:aineend node marks
the point beyond which the further exchanges atemportant for the analysis.
A stop stimulus indicates that a dependency patls.efihe model in the figure



contains an end node inside the actors Seller dndp&. An end node is
represented by a bull's eye.

AND-fork . An AND-fork splits a dependency path into tworsore sub paths.
The exchanges in all sub paths are carried out. Tddehin the figure does not
contain an AND-fork. Look in the legend for a gragath representation.
AND-join. An AND-join collapses sub paths into a single hpatt is
complementary to the AND-fork. The model in theufig does not contain an
AND-join. Look in the legend for a graphical repeagtion.

OR-fork. An OR-fork models a continuation of the depengepath into one
direction that is to be chosen from a number adralitives. One the exchanges
in the selected sub path are carried out. The madék figure contains an OR-
fork in the actor Seller.

OR-join. An OR-join merges two or more paths into one padthis
complementary to the OR-fork. The model in the feggdoes not contain an OR-
join. Look in the legend for a graphical represeatat

Dependency connectionA dependency connection connects dependency nodes
and value interfaces. The dependency connectids lihe dependency nodes
into a dependency path. It is represented by aeordike and the model in the
figure contains dependency connection in everyraotd market segment.
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Appendix B UML Activity Diagram Modelling Notation

The notation used to represent process models iNke Activity Diagram modelling
notation, part of the Unified Modeling Language vlspecification. Below, we
summarized the symbols we use. The descriptionsadapted from the Unified
Modeling Language v1.5 specification [45].

. Actions may be organized into swimlanes. Swimlasresused
swimlane to organize responsibility for actions and subdiitis. They
often correspond to organizational units in a bessrmodel

An action state is a shorthand for a state witteatny action
Activity and at least one outgoing transition involving ithelicit event
of completing the entry action. A common use of ation
state is to model a step in the execution of a flmskprocess
Pseudo state representing the beginning of a wwkfirocess

@ Pseudo state representing the end of a workflowgs®

A simple transition is a relationship between twaiidties
—_— indicating that an instance in the first activityllventer the
second activity

The actions of an action state may be executed thareonce
concurrently. The number of concurrent invocatiors i

— determined at runtime by a concurrency expressiamch
evaluates to a set of argument lists, one arguirstrfor each
invocation

An activity diagram expresses a decision when guard
conditions are used to indicate different posditaasitions that

<> depend on Boolean conditions of the owning objéHvIL
provides a shorthand for showing decisions and imgrtheir
separate paths back together. Each possible outshimgd
appear on one of the outgoing transitions

A dashed arrow is drawn from an action state tooatput
> object, and a dashed arrow is drawn from an inpjgab to an

action state. The same object may be (and us®lthé output

of one action and the input of one or more subsetgtions

Actions operate by and on objects. These objetierehave
primary responsibility for initiating an action, are used or

ObjectFlowState [ .
determined by the action
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Appendix C Goal Modelling Notation

10.

an oval represents a goal

Qan oval with bold contour represents a top-levell go

the colour or pattern filling the oval representsalg
ownership. In a goal model, all goals in one colmupattern belong to one actor,
role, individual, organization, stakeholder, oribess.

a text with in the oval represents one or moreheffollowing: goal

number; goal description; goal variable; and ewsnafunction. For example
the text ‘G2.1, var7’ represent the number of tiealgnamely G2.1, and the
name of the variable, namely var7.

\an arrow with a solid arrow-head represents a ipesdependency
relationship between two goals

an arrow with a hollow arrow-head represents atieg dependency
relationship between two goals

a cycle with a letter s inside, linked to goalshaéin arbitrary
number of incoming arrows with solid arrow-headd arsingle line represents a
substitution relationship in which the goal linkedh a line is substituted by the
goals linked with arrows

a cycle with a letter d inside, linked to goalshwén arbitrary
number of lines and a single outgoing arrow wigold arrow-head represents a
decomposition relationship in which the goal linkedth an arrow is
decomposed to the goals linked with lines

w
<text> <text>
N “\a text on an arrow or on a line represents the
propagation function behind the relationship
<text>

a text outside an oval or not on a line or arrepresents a note or
comment that may contain, e.g., full descriptiora gfoal
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Appendix D Value Models of Real-life Businesses
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1. Cigarbid

NAME:
SOURCE:

DESCRIPTION:

value model:

Cigarbid
http://www.cigarbid.com/auctionvisited June 2004

CigarBid.com is a cigar auction warehouse. Every dgyovides live
auctions on a variety of products, including cigansrchandise, 5-packs,
samplers, humidors and more. All these productsiaadable to bid on
24 hours per day in several types of auction. Aunctiallow for proxy
bidding and commenting on every bit in natural lzeqge messages.

 Client infa. Cigarbid

I
T AtCEeSS o SEMicES Ty

L Warket participation —
Eidding
Loyalty —
« Prosgy Riddin g m—
Editing Bids ——
Bid Cormrmert

Fee
Shiprment =<
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2. eBay

NAME: eBay

SOURCE: http://www.ebay.com/visited June 2004

DESCRIPTION: eBay offers a wide variety of features and servibasenable members to
buy and sell on the site quickly and convenierlyyers have the option
to purchase items in auction-style format or iteas be purchased at
fixed price through a feature called Buy-It-Now.dddition, items at
fixed price are also available Half.com, an eBaypany.

eBay has numerous services which enhance the ¢ragperience,
including marketplace services such as: online gaysby PayPal; a
wide array of Buyer and Seller tools; and the Depets Program for
community members who would like to develop th@naolutions.
eBay's mission is to provide a global trading latf where practically
anyone can trade practically anything.

value model:
b‘I«
Buyer S Seller
i > Clientinfo. , o, p....._.. Access to senices ..__.al;
P ccess 10 SeNiCeS ] <= Client info, —3<
’ : —— Buyer rating —————
[-o—— Seller evaluation ———=] Eluyér e
Seller rating =3 \
) = Auction
—— Market participation ——'ib. <= Final ptice fegs ———
oy bidding__"ﬂ [ Itern listing
. ' <% Fee
. b Reservation FCE —
—— % of bigger surplus i < Foe
By it nowe ™ === Buyer-attracting featuras —
:]: <* Fees
= Client preference infa. > :]‘i
5~ Costomization —-ifl | VIP status
-
'2 “Fem
Visitar Publicity, r T e Datmialing 1
= Possible future trans. ~ {j-"‘ Client preferance info, =<
- = -
<= Product and price info. "‘f]
‘:—
Advertizer
: s Fee, g
— pdvertisernent space ---!{I
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3. Electronic Courthouse, the

NAME:

SOURCE:

The Electronic Courthouse

http://www.electroniccourthouse.comisited June 2004

DESCRIPTION: The Electronic Courthouse provides an online forunbfeinesses as an

value model:

Suitor
{Plaintif

alternative to expensive litigation. It allows pestto resolve their
commercial disputes fast and remotely. It combagsmated
information systems and a team of resolution peitesls, specializing
in, but not limited to, real-estate, insurance myghain disputes, breach
of contract, sports and entertainment law.

Parties may complete their submissions online cheanline legal
data base for answers to their legal questionstrasslation services, and
meet with the other party and their resolution essfonal in a secure
Web-based meeting facility supported by voice canfeing. Parties can
choose among several dispute resolution methodmdpgicluding
mediation, neutral evaluation, arbitration, or agass agreed to by the
parties in a dispute resolution clause in theirticant.

Electronic Courthouse Comrnitrnent to

" EBusiness
e EC services (i

F4a0 ]
~ ontact and pufsuate opponent'-'-ﬂ Conflict resalution "l'>

J section ina contract

$2500
—— [ hours resolution time =

Access to conflict
D}l- resalution facilities -+
p— R —]

J

Features like:
Process help;
Currency calculation;
Warld-time; and
Megotiation support

Technology
rerter

T Zadditianal hours ™|

[P —

$400

Afae of cost+ 15%
Translation

| Afeeofcost+15%

Yideoconferencing ——

Afeeofcost+ 16%

= Audio records and transcripts —=<]
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4. ePier

NAME:

SOURCE:

ePier

http://www.epier.com/visited June 2004

DESCRIPTION: ePier makes it quick and easy for individuals ansiresses to buy and

sell their products and services, all without exgdes marketing costs. At
ePier individuals can buy and sell anything fromspaal items to
automobiles, businesses can sell their produdtsstglobal community
by setting up their own free business site; andiseiproviders can
advertise their services and watch the busineksirol

ePier places the competitive focus on quality,grand speed of
delivery. Buyers and sellers alike use our sitént each other, negotiate
the deal, and even as a platform for the delivéigoods and services.

value model:

J: Sellet |

o [t Arcess o senvices
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f—— otentinfo. i . B
-
< Accessto services "E Clientinfo. ;
- {d—————— Buyer rating - >
[;;.i_— Seller_evalugtmn—-—l-}. ]l TR ¥
< Sy rating ——<
: e e $0-§25 -=25%
e Market participation weps $25- §1000-=5.63+1 5% aver §25

- Bidding < ot Ower §1000-2§15.25+ 5% over §1000_14

Proxy hidding’ ﬁ - Different types of auctions —t>

i “ltern listing e

<] = <]

== - Premium service >

< $9.95 <

[>a——— Featured on Home FPage >

1< 55 <)

= Category Featured Itern - >

<4 Bl = 5

= Photo Gallery =g

< §.50— 4

[ Hold Itern Listing =—————————{>

<t §.50 <]

> Resene Price m————

iy §.25-under §25 5

| §.50-525 and up |




5. Inspire

NAME:
SOURCE:

DESCRIPTION:

value model:

Inspire

http://www.interneg.org/inspire¥isited June 2004

Inspire has been developed for teaching and rdsgarposes. It
provides a detailed description of a negotiatiosecavhich gives
information about the importance and alternatiiesagh issue. Inspire
provides services by which offers are constructetitaxt messages
typed. It further offers a rating (score) besideheaffer based on
preference information and a graph plotting with ltfistory of both sides
of the negotiation. Based on the preference inftiongrovided, Inspire
determines whether an agreement is an optimalrotieisense that no
party can improve it without loss to the other sitspire can suggest
better packages and give the option to continuadgetiation.

Inspire

Client
I:>~'-—- Fee for negotiation support service —
< Megotiation process template ———<1
<Ii-— Identification of negotiation ISsuUes =——

! Analysis of issue imporance ——
Analysiz ofissue satisfaction
Analysis of offer satisfaction
= Matural language argumentation of an offer ~

wec]
]
=]
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6. MySimon

NAME: MySimon

SOURCE: http://www.mysimon.com/isited June 2004

DESCRIPTION: mySimon is a comparison shopping service on thexihet for products
and services. It searches thousands of merchastésesmillions of
products so that its consumers can compare saisdtiefore making a
purchase from one of its online merchants.
mySimon is a comparison shopping service. It dagseall or ship

anything.
value model:
Advertiser | MySimon | f Geller |
Feg D'i--—_lnsertion—-r}
[ 1 I ; =
— Ldvertisement space ""‘fﬂ Iseniondes
— Y|P status —i>
po— Fee <
Technology
renter Fee l(}
— Seoarch ser\rice'”—"'fd :
Froduct and price |
E-;}i. infarmation _.'{;
iz = <= Market participation =<
S ~ Possible future trans....{;. J ) *
e Proguct info. =———<Il
——
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7. Online Resolution

NAME:

SOURCE:

DESCRIPTION:

value model:

Online Resolution

http://www.onlineresolution.comvisited June 2004

Online Resolution brings together an extensive paingrofessionals
with expertise handling e-commerce disputes, immealaims, business
negotiations, and family conflict. Online Resolutiprovides online four
methods for dealing with disputes: negotiation; iagoin; expert
evaluation; and arbitration.

Online Resolution takes the traditional claims atiilg process and
combines it with the dynamic and consensual featafalternate dispute
resolution to create a unique resolution optionirisurance disputes.
Online Resolution brings independent expert adjggteonline.
Moreover, Online Resolution adjusters are independeutrals: they do
not represent the insurance company or any paittyetdispute. They
work with all the parties to uncover the facts anovide a well-reasoned
opinion on resolving the case.

Clieni . Online Resolution

File a case
I_nvite uppnn_ent
Commitment=———>

$450 per hour per person

over up to $10000 dispute -——-li>

" min 2 hours of resulution tirme ™=

575 per hour per person
| over frorm $10000 up to $50000 dispute ....4}

$100 per hour per person
over over 10000 dispute

rmin 2 hours of resulution time ™
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8. PriceLine

NAME:
SOURCE:

DESCRIPTION:

value model:

Advertiser

Seller

Visitar

288

PriceLine

http://www.priceline.com/visited June 2004

Priceline.com offers a broad range of travel sewiacluding airline
tickets, hotels, rental cars, vacation packagesses and more.
Priceline.com is a buying service where you car sagney by naming
your own price. Priceline will take an offer foorfexample, name-brand
hotels and search to see if any will agree to tiee@sked. Since
thousands of hotel rooms go unsold every night,paomies would be
willing to consider low prices: it makes sensetfam.

[ Fee AR Npt—— Costomization —=

<= Advertisernent space o]

Client infa.
Product- Mame

Product

= Trahsaction execution *-'{‘>
e’ BiLIYET [IFICE :

<= Transaction fee —4

= Additional product info. ==
Loyalty

Publicity;
= Possible future trans. .__F:,

<4 Product and price info, {3 [ RanigwsMews ——=

1 I
<= Fublicity;

PDSSibm future trans.




9. SellXS

NAME:
SOURCE:

DESCRIPTION:

value model:

SellXS
http://www.sellxs.com/visited June 2004

SellXS.com is a business-to-business (B2B) maraegpfor auctioning
excess inventory in the semiconductor industry. idgting this
inventory the traditional way is a daunting chajjerthat requires
extensive research and negotiating with multiplgosiars. SellXS.com
enables high-tech companies to buy and sell exxesatory on the open
market by leveraging dynamic pricing and a higldgleable eBay-style
direct trade model to create greater market effigs and cost savings
than is possible through traditional or online kmoknodels. SellXS.com
facilitates direct trade between buyers and sellers

Biyar

Selie [ seler™ Iy

Security >

[==—— Clignt private info. ---i-} "
Market patticipation

' 3
<= Access to services; —Td <=

Membership

]

)

tb-'-— Buyer rating_—»-«ic*».
<= Buyer evaluation =<l

&

- Auction i:b
1 7% of final price ———<2

=== Auction initialization ==

I:b-'—-- Seller evaluation ===
< Siller rating ——<

[re Mafketpar‘[icipation !
Bidding ———<

Accessto sewices;

> Membership T
15— Client private info. —{

L Market participatio_n —_
Securiy ——— 4

—J
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10. SmartSettle

NAME:

SOURCE:

DESCRIPTION:

value model:

SmartSettle
http://www.smartsettle.comvisited June 2004

SmartSettle aims to accelerate the negotiationggofor any type of case
and put decision-makers in control of a processfthds the best
possible solutions. SmartSettle offers servicdaginesses, which have
difficulty reaching a good agreement about centadtters.

After registration, parties may engage a single i$adtle facilitator
or each have their own private facilitator. Theilfetor helps parties
work together to express their interests and ifieigsues without
making specific demands. The facilitator works inelegently with each
party to elicit their initial confidential preferees. Based on party
preferences and concessions made by each parkagescare generated
for parties to consider. Preferences are refinateaded with help from
the facilitator. Optimization is used to generatpiovements to the
current tentative solution.

Client 11}

f——— Fee for negbtiatinn support service

‘J: SmartSettle

>
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< Megotiation process template w——-;ﬂ
< Contract template <]
<= |dentification of negotiation issues <]
< Analysis of issue importance — <]
FCI Analysis of isgue satistaction <
<:l — Analysis of offer satisfaction <]
< Analysis of even swaps hetween offers <]
<k Suggestion for an agreement <]
< Sungestion for an optimization <]
|

<5 Facilitator assistance in problem definition, =
! exploration of interests and issue identification



11. SquareTrade - California Association of Realt® business model
for buyers and sellers

NAME:

SOURCE:

DESCRIPTION:

value model:

SquareTrade Realtors f or buyers and sellers

https://www.sguaretrade.convisited June 2004

SquareTrade provides Web-based dispute resolutimcss that give
fast and convenient way for parties anywhere inathdd to resolve
issues that have arisen over online transactionsn®the process of
resolution, parties work together to resolve protdavithin the
SquareTrade system, either independently usingeatdiegotiation
service or through mediation. When a case is fileel other party is
notified and given the opportunity to respondhé bther party responds
to the case, the case automatically goes intotdiegotiation, and the
filing party can request a mediator at any time.

In the customized business model for Californiackgstion of
Realtors, a buyer and a seller of a real estatdve=their conflict through
SquareTrade’s services. This business model iguesifor buyer and
sellers. The difference with respect to the Genmualness model is in the
fees paid by the clients and in one additionalisenFees are assigned to
every service, including filing a case and respogdo a case. The
additional service offers a legal document cenidyihe effort of one of
the sides to resolve the conflict out side of arttmuse.

§35 Sguare Trade

File a case

§25
Respondtoa case

F100 perpaﬂy—.m.c,
1 hnurmediatinn——-!{]

$1480 :

17 Declaration - a nonconfidential legal document, Ty

which cerifies one's effartto resalve a dispute
through mediation
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12. SquareTrade - California Association of Realtas business model
for realtors

NAME: SquareTrade Realtors for realtors

SOURCE: https://www.squaretrade.convisited June 2004

DESCRIPTION: SquareTrade provides Web-based dispute resoluimicss that give
fast and convenient way for parties anywhere initbed to resolve
issues that have arisen over online transactiongn®the process of
resolution, parties work together to resolve protgevithin the
SquareTrade system, either independently usingeatdiegotiation
service or through mediation. When a case is fileel other party is
notified and given the opportunity to respondhi bther party responds
to the case, the case automatically goes intotdiesgotiation, and the
filing party can request a mediator at any time.

In the customized business model for Californiack&stion of
Realtors, real-estate agents resolve their cotfiictugh SquareTrade’s
services. This business model is designed forastate agents. The
difference with respect to the General businessefrisdn the fees paid
by the clients and in the possibility to prolong firocess. Another
difference is that the not mediated negotiationiseris changed to a
second type of mediation.

value model:

Client : Square Trade
File a case

Cammitment

Respond to a case i
Commitment ™

$250 per party per case e
== Mediation with Yolunteer Association mediator'-—-l-<]

< Wedigtion with SquareTrade Real Estate mediatar =<1

575 per paty
Additiohal hour of mediation —_—
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13. SquareTrade - eBay business model

NAME: SquareTrade eBay

SOURCE: https://www.squaretrade.convisited June 2004

DESCRIPTION: SquareTrade provides Web-based dispute resolwionces that give
fast and convenient way for parties anywhere inathdd to resolve
issues that have arisen over online transactionsn®the process of
resolution, parties work together to resolve protdavithin the
SquareTrade system, either independently usingeatdiegotiation
service or through mediation. When a case is fileel other party is
notified and given the opportunity to respondhé bther party responds
to the case, the case automatically goes intotdiegotiation, and the
filing party can request a mediator at any time.

In the customized business model for eBay, clieheBay resolve
their conflict interacting with SquareTrade. In #i&ay business model
the fee is reduced and fixed per conflict resotutiddditionally, two
special features give the possibility to remov&ithdraw eBay
feedbacks.

value model:

Client

Souare Trade

Respondto & case
Commitrent

Service loading/PatticipationPublicity ———>

s 520 {paid by party requesting the mediator

Mediation
Loyalty;
Customer satisfaction; Reduction of mediation
— Possible future trans. fee for eBay clients

Feedbacﬁem%‘@ess o semices
WOV

Feadhack withdrawal y-%essto services b
e

o ‘
Loyalty; Reduction of mediation =<l
| Customer satisfaction; feafor eBay clients
Possible future trans.
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14. SquareTrade - econsumer.gov business model

NAME:

SOURCE:

DESCRIPTION:

value model:

294

SquareTrade econsumer.gov

https://www.squaretrade.convisited June 2004

SquareTrade provides Web-based dispute resolutimices that give
fast and convenient way for parties anywhere initbed to resolve
issues that have arisen over online transactionsn®the process of
resolution, parties work together to resolve protsavithin the
SquareTrade system, either independently usingeatdiegotiation
service or through mediation. When a case is filegl other party is
notified and given the opportunity to respondhi bther party responds
to the case, the case automatically goes intotdiesgotiation, and the
filing party can request a mediator at any time.

The econsumer.gov business model is identical \w&hGeneral
business model, which includes four value exchangkigh correspond
to four intermediation services, namely: File ascd®espond to a case,
Direct negotiation and Mediation.

Client Square Trade

File a case
Commintment

Respont_i to acase
Commintment

Direct negdtiation

Service I0adingIParTicipation.fPublicitv_—-'{::

Upto $1000 -= §40
Above $1000-= §40 + 5% up to a maximum of $2500
(paid hy pary requesting the mediator)

[

Mediation




15. SquareTrade - eLance business model

NAME:

SOURCE:

DESCRIPTION:

value model:

Client

SquareTrade eLance

https://www.squaretrade.convisited June 2004

SquareTrade provides Web-based dispute resolwtimices that give
fast and convenient way for parties anywhere inathdd to resolve
issues that have arisen over online transactionsn®the process of
resolution, parties work together to resolve protdavithin the
SquareTrade system, either independently usingeatdiegotiation
service or through mediation. When a case is fileel other party is
notified and given the opportunity to respondhé bther party responds
to the case, the case automatically goes intotdiegotiation, and the
filing party can request a mediator at any time.

In the customized business model for eLance, clieivd ance
resolve their conflict interacting with SquareTradkeance does not take
part in the process; it is transparent for thent§ieThe conflict resolution
is the same as in the General business model ndtkxception that
parties pay less. The difference in price is coddrgelance.

Srjuare Trade

File a case
Commitment;

* Respond to a case
Commitment

Direct negatiation
Senvice loading/ParicipationPublicity

Upto $1000-= §20
Ahove $1000-= $20 + 1% up to a maximum of $2500
[ (paid by party requesting the mediator)
: Mediation! ;
o Lovalty hediation Semce-—l-:]

e
Customer satisfaction, Fee
Possible future trans. /
Qf- o
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16. SquareTrade - General business model

NAME: SquareTrade

SOURCE: https://www.squaretrade.convisited June 2004

DESCRIPTION: SquareTrade provides Web-based dispute resolwinices that give
fast and convenient way for parties anywhere initbed to resolve
issues that have arisen over online transactionsn®the process of
resolution, parties work together to resolve protsavithin the
SquareTrade system, either independently usingeatdiegotiation
service or through mediation. When a case is filegl other party is
notified and given the opportunity to respondhi bther party responds
to the case, the case automatically goes intotdiesgotiation, and the
filing party can request a mediator at any time.

SquareTrade uses a worldwide network of over 26€epsional
mediators, and is advised by experts in the fiefdsonsumer protection,
cyberlaw, and dispute resolution.

SquareTrade has one general business model, wiuehies a
skeleton for derived business models. This moddlidss four value
exchanges, which correspond to four intermediat@Envices, namely:
File a case, Respond to a case, Direct negotiatidriVediation.

value model:

y Square Trade
-File acase

Direct neaotiation
Service loading/FP articipation/Publicity
Up'tn §1000 - §40
Above 1000 -= §40 + 5% up to & maximum of $2500
(paid by party requesting the mediator)

-

Mediation
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17. SquareTrade - Sony business model

NAME: SquareTrade Sony

SOURCE: https://www.squaretrade.convisited June 2004

DESCRIPTION: SquareTrade provides Web-based dispute resolwionces that give
fast and convenient way for parties anywhere inathdd to resolve
issues that have arisen over online transactionsn®the process of
resolution, parties work together to resolve protdavithin the
SquareTrade system, either independently usingeatdiegotiation
service or through mediation. When a case is fileel other party is
notified and given the opportunity to respondhé bther party responds
to the case, the case automatically goes intotdiegotiation, and the
filing party can request a mediator at any time.

In the customized business model for Sony, allisesvare free of
charge for the client. Moreover, the negotiatiod arediation services
are not time-restricted. Sony has outsourced isinless process of
client’s claims handling. Sony pays fee to Squaad&rto manage the
conflicts with its clients.

value model:

Client
e Fi —————|
i File a case 1
J- Lovalty,
Fee

Ml Custamer satistaction;

Souare Trade |

i&— o Direct negotiation
Loyalty, or mediation

Customer satisfaction;

Passible future frans.
|

AV )

Direct negotiation or mediation -———-i-cl
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18. TEAM

TEAM
http://www.teamauctionsales.comisited June 2004

NAME:
SOURCE:

DESCRIPTION: The Electronic Auction Market (TEAM) is an online,enactive
marketplace that brings cattle buyers and selteysther through the
power of the Internet. TEAM is a real-time cattle@an with multiple
sales weekly. Auctions are held both online, ancbimunction with live
sales. TEAM provides buyers with the opportunitypi on quality
strings of cattle they would normally not have asc®. TEAM provides
maximum exposure to cattle being sold, resultingnaximum dollars for

the cattle.
value model:
Business Publicity ) Ohserver
~ Possible future trans. I, —— Arcess to auction =——{> :
Mewrs : Publicity: <
Publicity: Future use
— Fossible future trans. .—.!.{;:
Market info =————— Seller
7 Info. far potential clients —-IJ:>
— Registration as ohsemwer =]
T Subrmition
Clientinfa. e > I
— Registration as sellar—id RS e E  y
- e Auction ".>
r— Fee lq
| Client info. ————0-4 —— Final acceptance ———>
— Registration as huyer——=<I — after auction aranoments w{}
Euypr
' — Possible future trans. ——i->
Preview <
—— harket participation —-i-}
== After auction arangments 1
——— Bid acceptance —_—]
'Security R Access to auctions r
x — e
—— Market participation ! Frocess info, —<
. Cradit infa. i Security v
—— Access to auctions — o < Market participation ™3
—_
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19. TeleTrade

NAME:

SOURCE:

TeleTrade

http://www.teletrade.comkisited June 2004

DESCRIPTION: Teletrade features Internet bidding and bidding awertoll-free 800

lines using a touch-tone phone from anywhere irttiNamerica. All

participants are brought together into one aucfi@tetrade auctions do

not go on for days; they always end the day thast.st

value model:

Seller

Teletrade possesses all lots offered in our auctibescribes each lot
accurately, packages, insures and ships all winliitgy All services at

Teletrade's web site are free. One only pays a Femwne buys or sells
an item.

— Client info. -.—-i.cs

jAccesstosemnices 1

Auction

—— Final price fog ——
——— Buy it back ——

5%

Loyalty;
= Possible future trans, -;3'

—— Market info. —— 3

TeleTrade

e ACCESS th semvices i

Client info.

<= 10% fixed fee

Bidding

e Marketinfo. D

Lovalty;
Possible future trans.

]
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1. Advertising

NAME:
CODE:
HEADLINE:

CONTEXT:

DESCRIPTION:

PROBLEM:

roles:

forces:

Advertising
ADV
An intermediary offers to broadcast a message toymeceivers.

A business, i.e. an advertiser, has a new or unkrmraduct. It is
interested in advertising the product to a greatlmer of potential buyers.
An intermediary has access to many clients. Moredvbas a database
with client information.

An Intermediary offers a prodddb a number of clients for free: i.e., the
clients do not have to pay money to consume thdymto What the
intermediary gets in return is the attention of¢hents. The intermediary
makes money by bundling its product with an adsertient of a third
party seeking exposure to potential clients. Theriediary is able to
target the advertisements as it has informationi®clients’
preferences.

The pattern includes three roles played by threeréifit businesses:
Client is the role played by the consumers of produatsiged by the
Intermediary;

Intermediary is the role played by the business that providpsoduct
bundled with an advertisement; and
Advertiser is the role played by the business seeking pplici

Role

Force

Client

F1 |Consume products for free

Intermediary |F2 |Profit from access to and knowledge about clients

Advertiser F3 |Reach potential clients

SOLUTION: An intermediary broadcasts targeted advertisenterits clients in return
for a fee.
value model:
Client Intermediary Advertizer

Bundle of product

e and advertisement [ Exposure 2~

——— Aftention

! The term product includes also services.
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CAPABILITIES:

capability model:

Capability Benefiting Resolving
role force
C1 |Receive products for free Client F1
C2 | Bundle products and advertisements Intermediary |F2
C3 | Receive money for exposing Advertiser to | Intermediary |F2
Clients
C4 | Get access to potential clients Advertiser F3
operationalization:
Capability Capability
code
Variablecode | Variable Variabledomain | Value
C1 | Receive products for free
al | Receive products | Boolean | true
C2 | Bundle products and advertisements
a2 | Bundled product and advertisement | Boolean | true
C3 | Receive money for exposing Advertiser to Clients
a3 | Received money | Boolean | true
C4 | Get access to potential clients
a4 | Access to clients | Boolean | true
OCCURRED IN:
e eBay
e PriceLine
e MySimon
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2. Client Connection

NAME: Client connection

CODE: CLC

HEADLINE: An intermediary develops relationship with its olie

CONTEXT: An intermediary is situated in a market with mapynpetitors and
loosely connected clients with buying power.

DESCRIPTION: To win the loyalty of its clients, an intermediarfjers additional services
or products or both. By doing that, it differengistfrom the competitors
and increases the switching costs for its clieft® clients remain loyal
because of the extra value they receive.

PROBLEM:

roles: The pattern includes two roles played by two diff¢tgusinesses:

* Intermediary is the role played by a business that mediatetiner
transactions;
e Client is the role played by businesses using the mediatervices of
Intermediary. Clients have buying power.
forces:
Role Force
Intermediary |F1 |Keep existing clients

F2 |Influence clients decisions
Client F3 |Get additional value for its buying power
SOLUTION: An intermediary gives its clients useful informatiabout itself, product
reviews, market news or recommendations in retornpbssible future
transactions, loyalty and publicity.
value model:

Client

Intermediary

{?—additiunalinmrmatinn 1

Loyalty ——t=
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CAPABILITIES:

capability model:

Capability Benefiting Resolving
role force
C1 |Keep existing clients Intermediary | F1
C2 | Influence clients decisions Intermediary |F2
C3 |Provide clients with information about Intermediary
itself, products, services, and market
analysis
C4 | Receive additional value Client F3

operationalization:

Capability code Capability

Variable code Variable Variable domain Value

C1 | Keep existing clients

al | Returning new clients Percentage per 76
month

C2 | Influence clients decisions

a2 | Follow-ups from newsletters Percentage sent 3
newsletters

C3 | Provide clients with information about itself, products, services,
and market analysis

a3 | Newsletters Natural numbers / 2
per month
C4 | Receive additional value
a4 | Perceived value {spam, no value, usefu
useful} |
OCCURRED IN:
« TEAM

¢ PriceLine
e TeleTrade
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3. Core Service Extension

NAME: Core service extension
CODE: CSE

HEADLINE: A Service provider offers additional features twoae service in order to
achieve better customer satisfaction.

CONTEXT: A Service provider is situated in a market with manmpetitors that
offer the same service. Differentiation is neededdt a competitive
advantage.

DESCRIPTION: The pattern describes a service provider that offensplementary
services (or products) to its core product (orise)v The additional
services are optional and are delivered for ant@mdil fee. The product
and the services are bundled. The benefits forahéce provider are the
better satisfaction of client’'s need; whereas tlentgets the additional
service at discount prices.

PROBLEM:
roles: The pattern includes two roles played by two diff¢gusinesses:
e Sarvice provider is the role played by the business that offers the
services;
¢ Clientis the role played by a business that consumesetivices.
forces:
Role Force
Service F1 |Achieve better customer satisfaction
provider F2 |Differentiate from competitors
Client F3 | Experience customized services

SOLUTION: A Service provider offers its core service in ratof money. In addition,
it bundles the core service with complementary miiomal services for
which the Client pays with additional fees.

value model:

Semice
provider

Client
<~l'—- Zore service w—-—iﬂ
t_l .Mnnev-—wl}
<—'- Complementary ar optional senrice*T-d
[ Fer
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CAPABILITIES:

capability model:

Capability Benefiting Resolving
role force
C1 |Achieve better customer satisfaction Service F1
provider
C2 |Differentiate Service F2
provider
C3 | Offer complementary and optional Service
services provider
C4 |Receive customized services Client F3
operationalization:
Capability code Capability
Variable code Variable Variable domain Value
C1 | Achieve better customer satisfaction
al | Customer satisfaction { dissatisfied, satisf
neutral, satisfied} ied
C2 | Differentiate
a2 | Differentiated | Boolean | true
C3 | Offer complementary and optional services
a3 | Relevance of services {useless, desired, desir
valuable} ed
C4 | Receive customized services
a4 | Customized services | Boolean | true
OCCURRED IN:
e Inspire e SmartSettle
e Cigarbid e The Electronic Courthouse
« eBay e SquareTrade — General business model
e ePier e SquareTrade — eBay business model
e SellXS e SquareTrade — econsumer.gov business
« TEAM model
e TeleTrade e SquareTrade — eLance business model
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4. Insourcing

NAME: Insourcing
CODE: INS
HEADLINE: An intermediary offers its core service to be exedwn behalf of another
business.
CONTEXT: An intermediary offers a specialized service whigfuires an interaction
with the clients of the outsourcing business.
DESCRIPTION: The pattern describes an intermediary that deli@gnoduct on behalf of
another business. The product is consumed by @t dfehe business.
The benéefit for the intermediary is the accessitntd and the fees paid
by the business. The business is willing to givayapart of its business
in return for better provision which will lead tetter satisfaction of its
clients.
PROBLEM:
roles: The pattern includes three roles played by thrderéifit businesses:
¢ Intermediary is the role played by the business that insoutbes
provision of a product;
e Business is the role played by the business that wantsutecnirce the
provision of a product.
e Clientis the role played by a client Bfisiness which needs the product
delivered bylntermediary.
forces:
Role Force
Intermediary |F1 |Increase usage of its core services to better utilize its
special knowledge
Business F2 |Satisfy better clients’ needs by better delivery of a
product
Client F3 |Satisfy needs for a high quality product
SOLUTION: An intermediary offers its core service (deliverfyaoparticular product)

to the client(s) of a business. In return, it reesifees from the business.
The intermediary serves directly the clients of thesiness but it is
contracted by the business. The business sells d¢lieetd product
directly to its clients.

! The term product includes also services.
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value model:

Intermediary

CAPABILITIES:

capability model:

Capability Benefiting Resolving
role force

C1 |Increase business Intermediary |F1

C2 | Insource the provision of a product Intermediary |F1

C3 | Outsource the provision of a product Business F2

C4 |Receive a product Client F3

operationalization:

Capability Capability

code

Variablecode | Variable Variabledomain | Value

C1 | Increase business

al | Insourced business | Boolean | true

C2 | Insource the provision of a product

a2 | Insourced product delivery | Boolean | true

C3 | Outsource the provision of a product

a3 | Outsourced product delivery | Boolean | true

C4 | Receive a product

a4 | Received product | Boolean | true
OCCURRED IN:

e SquareTrade — Sony business model
e SquareTrade — eLance business model
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5. Market Segmentation

NAME: Market segmentation

CODE: SEG

HEADLINE: A provider offers two version of its product forrsumers with different
needs.

CONTEXT: The market of a particular product consists of tegnsents of

consumers. A product provider wants to customge@iioduct for the
particular needs.

DESCRIPTION: The pattern describes a provider that offers thieetsi of a productin
two different versions. Each version is tailoredhe particular needs of
the clients. Versions differ in price and completsdn the main product.
The clients of the two versions form two segments.

PROBLEM:

roles: The pattern includes three roles played by thrderéifit businesses:
e Provider is the role played by the business that providemproduct;
* Basicclient is the role played by a business with limited rsefedm or
no experience with the product.
e Experienced client is the role played by a business which demands
more from the product and is willing to pay a premito get extra
features.

forces:

Role Force

Provider F1 |Charge both basic and experienced clients

F2 |Justify the higher price for the complete product
Basic client |F3 |[Pay less and get the basic product

Experienced |F4 |Utilize the complete set of possibilities offered with
client the product

SOLUTION: A provider offers its product in two different vems to two market
segments consisting of clients with different neddwe exchanged value
object with the various segment differ in numbed goality.

! The term product includes also services.
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value model:

Basic Client

Frovider

— Special price

CAPABILITIES:

capability model:

Froduct:
Experienced
Clignt Price ‘.’>
Produget: 3
Fremium i>

<:-'—- Product complement =<1

Capability Benefiting Resolving
role force

C1 |Fragment clients Provider F1

C2 |Version products Provider F2

C3 | Pay the lowest price Basic client |F3

C4 | Receive optimal utility Experienced |F4
client

operationalization:

Capability Capability

code

Variablecode | Variable Variabledomain | Value

C1 | Fragment clients

al | Fragmented market | Boolean | true

C2 | Version products

a2 | Versions Natural 2
numbers

C3 | Pay the lowest price

a3 | Receive basic product | Boolean | true

C4 | Receive optimal utility

a4 | Customized product | Boolean | true

OCCURRED IN: models not listed in Appendix D Value Models of Rifa Businesses.
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6. Rating

NAME: Rating

CODE: RAT

HEADLINE: An intermediary offers means to its clients to ea# each other.

CONTEXT: An Intermediary facilitates deals between cliehttt do not know each
other. The clients are conditionally divided intmttypes: opportunistic
clients and insecure clients. In one transactiolieat can be both types.
The opportunistic client takes advantage of itsrearand do not fulfil its
contractual obligations; the insecure client faeaasacting with a partner
with unknown reputation.

DESCRIPTION: An Intermediary provides the insecure clients GENTEXT for
definition of insecure client) with a rating of thpotential business
partners. The rating is calculated from the feellgeen by every client
at the end of every transaction mediated by therimediary.

PROBLEM:

roles: The pattern includes two roles played by two difféteusinesses:

e Intermediary is the role played by the business that provides t
contacts of the transacting businesses;

e Insecure client is the role played by one of the transacting lesdns
that worries about fraud.

forces:

Role Force

Intermediary |F1 |Reduce anonymity of clients

F2 |Stay independent and neutral

client

Insecure F3 |Know more about prospective partners prior to

transacting
F4 |Have means to counter fraud

SOLUTION:

value model:

An intermediary offers a possibility to clients tate each other after a
particular transaction. In return, clients receae accumulated rating
number of past evaluations.

Intermediary

Insecure client

<-i-— Rating of another client
Evaluation of anather client —-

el
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CAPABILITIES:

capability model:

<>
2o

Capability Benefiting Resolving
role force

C1 |Reduce anonymity Intermediary | F1

C2 | Do not evaluate clients Intermediary |F2

C3 | Receive rating of partners Insecure F3
client

C4 |Evaluate transacting partners Insecure F4
client

operationalization:

Capability Capability
code
Variablecode | Variable Variabledomain | Value
C1 | Reduce anonymity
al | Ratings based on more than 10 Percentage of | 48
evaluations all clients
C2 | Do not evaluate clients
a2 | Evaluation neutral | Boolean | true
C3 | Receive rating of partners
a3 | Received rating | Boolean | true
C4 | Evaluate transacting partners
a4 | Evaluated transactions Percentage 57
evaluated
transaction
OCCURRED IN:
e eBay
« ePier
* SellXS
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7. Registration

NAME: Registration

CODE: REG

HEADLINE: An intermediary registers its clients to be abldifterentiate them later.

CONTEXT: An intermediary is situated in a market with anoowys buyers and
sellers. The intermediary needs to know its cliémfgrovide better
services.

DESCRIPTION: An Intermediary requires from its clients ident#imn information to be
able to keep track of them and, in that way, tesfthem better-targeted
services. Every client provides enough informatmbe classified in
different market segment and its buying behaviourd monitored.

PROBLEM:
roles: The pattern includes two roles played by two difféfteusinesses:
« Intermediary is the role played by the market creator;
e Client is the role played by businesses using the servick
Intermediary. Clients have buying power.
forces:
Role Force
Intermediary |F1 |Identify clients to know them better
Client F2 |Get access to services

SOLUTION: An intermediary requires a registration from evargw client and
identification prior to the use of its services. Thegistration requires
client information.

value model:

Client Intermediany

e ACCESS t0 Sefvices

! ldentification infarmation --!*>
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CAPABILITIES:

capability model:

Capability Benefiting Resolving
role force
C1 | Collect client information Intermediary | F1
C2 |Require registration before allowing Intermediary |F1
access to services
C3 | Receive access to services Client F2

operationalization:

Capability Capability
code
Variablecode | Variable Variabledomain | Value
C1 | Collect client information
al | Registered clients Percentage 75
registered
clients of all
C2 | Require registration before allowing access to services
a2 | Required registration | Boolean | true
C3 | Receive access to services
a3 | Clients willing to register Percentage of | 78
all potential
clients
OCCURRED IN:
e Cigarbid
e eBay
« ePier
« SellXS
« TEAM

e TeleTrade
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8. Reservation

NAME: Reservation
CODE: RES

HEADLINE: A business requires a reservation in advance afticplar product in
order to secure resources needed for the delivery

CONTEXT: A business offers a product or service which iseegpse to produce or
not durable. The number of consumers cancellingreiidesignificant.

DESCRIPTION: A business offers a product which it does not keegiock. In case the
consumer cancels the order during the productiadgheoproduct, the
resources put into the process are lost. The besiwants to secure that
the ordered products are paid; therefore, it regysayment in advance.

PROBLEM:
roles: The pattern includes two roles played by two difféftgusinesses.
e Businessis the role played by the business that offerptioeuct;
e Consumer is the role played by the consumer of the product.
forces:
Role Force
Business F1 |Secure resource used to produce the product
Consumer F2 |Receive guarantees that the product will be delivered

SOLUTION: A business requires payment in advance, which vesethe production
resource and the final product for a particularstoner.

value model:

Business Cansumer

ey
Reseration ——=
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CAPABILITIES:

capability model:

Capability Benefiting Resolving
role force

C1 | Secure resources Business F1

C2 |Pay in advance Business

C3 |Reserve product Consumer F2

operationalization:

Capability Capability

code

Variablecode | Variable Variabledomain | Value
C1 | Secure resources

al | Secured resources | Boolean | true
C2 | Pay in advance

a2 | Paid in advance | Boolean | true
C3 | Reserve product

a3 | Reserved product | Boolean | true

OCCURRED IN: models not listed in Appendix D Value Models of Rifa Businesses.
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9. Risk Reduction

NAME:
CODE:

HEADLINE:

CONTEXT:

DESCRIPTION:

PROBLEM:

roles:

forces:

Risk reduction
RSK

A business requires a reservation in advance afticplar product in
order to secure resources needed for the delivery.

A business offers a product which is not kept otkt If a buyer

withdrew from the exchange after ordering the pobdiien the resource
used to produce the product would be lost. The legsiaccept guaranties
from third parties that the ordered products wéllgaid.

A business offers a product which it does not keegiock. In case the
consumer cancels the order during the productidgheoproduct, the
resources put into the process are lost. The b&siwants to secure that
the ordered products are paid; therefore, it ascapiassurance in a form
of a credit letter from a party that it trusts.

The pattern includes three roles played by threeréifit businesses.
Business is the role played by the business that offergtioeuct.
Consumer is the role played by the consumer of the product.

Trusted third party (TTP) is the role played by a bank or a certification
authority which guarantee that certain aspects lmisaness transaction
are secure, e.@onsumer’s payment.

Role

Force

Business F1 |Secure resource used to produce the product

Consumer F2 |Receive guarantees that the product will be

delivered
F3 |Pay as late as possible

TTP

F4 |Reduce risk

SOLUTION:

A trusted third party (TTP) issues a statement @ditrletter) that a
consumer has money to pay and will pay after ayerbid delivered. The
consumer pays a fee to the TTP which, in returngiss credit letter. The
consumer gives the credit letter to the businessake a reservation. The
business accepts the credit letters of the TTP eserves the production
capacity for the consumer.
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value model:

Cansumer Eusiness

i

‘ﬁ-'-— Reservation =—=<|

Creditleﬁer_"“‘
r[ TTF

ﬁ-i-—- Creditlletter'-—-*ﬂ.
Fee >

CAPABILITIES:

capability model:

Capability Benefiting Resolving
role force

C1 |Secure resources Business F1

C2 | Accept guaranties from a third party Business

C3 |Reserve product Consumer F2

C4 | Pay after product delivery Consumer F3

C5 |Issue guarantees TTP F4
operationalization:

Capability code Capability

Variable code Variable Variabledomain | Value

C1 | Secure resources

al | Secured resources | Boolean | true

C2 | Accept guarantees from a third party

a2 | Guarantees accepted | Boolean | true

C3 | Reserve product

a3 | Reserved product | Boolean | true

C4 | Pay after product delivery

a4 | Paid after delivery | Boolean | true

C5 | Issue guarantees

a5 | Issued guarantees | Boolean | true

OCCURRED IN: models not listed in Appendix D Value Models of Rifa Businesses.
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10. Screening

NAME:

CODE:

HEADLINE:

CONTEXT:

DESCRIPTION:

PROBLEM:

roles:

forces:

Screening
SCR

An intermediary filters market participants to garaee some level of
security.

An Intermediary facilitated deals between busingslsat do not know
each other. The businesses are conditionally divikedwo types:
opportunistic businesses and insecure busine$samé transaction a
business can be both types). The opportunistic basitakes advantage
of its partner and do not fulfil its contractuallighations; the insecure
business fears transacting with a partner with anknreputation.

An Intermediary requires from potential market jggpants private
information about their credibility. On the basfdhus information, it
decides if they are eligible for transacting wither, already registered,
businesses. The intermediary ensures the cregibflibusinesses: this
gives security and guarantees to all market pp#its.

The pattern includes three roles played by threeréifit businesses:
Intermediary is the role played by the market creator;
Opportunistic business is the role played by a business that acts
opportunistically.
Insecure business is the role played by a business that worries tabou
fraud.

Role

Force

Intermediary |F1 |Increase market size

F2 |Provide trustworthy environment
F3 |Protect the interests of all participants

Opportunistic |F4 | Protect private information

business F5 |Get access to markets
Insecure F6 |Receive security guarantees about the credibility of
business prospective partners

SOLUTION: An intermediary screens the potential market pgditts and allows

access only to the credible ones. The intermedi@guires from
businesses private credit information. In returmsibesses receive
guarantees for trustworthiness of market partidgpaihe intermediary
receives participation in transactions from busiess
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value model:

Cppodunistic
husiness

— Access to market i
= Private credit information <>

U

Guarantees: ir
— Mar_ketpartiu:ipation-v-—{:}

Insecure
husiness

Interrnediary

CAPABILITIES:

capability model:

320

Capability Benefiting Resolving
role force

C1l |Get more member businesses Intermediary | F1

C2 |Screen businesses Intermediary |F2

C3 |Keep private credit information secret Intermediary |F3

C4 |Give private credit information only to Opportunisti |F4
Intermediary c business

C5 |Satisfy the requirements of the Opportunisti |F5
intermediary c business

C6 |Receive guarantees of partner’s Insecure F6
credibility business




operationalization:

Capability Capability

code

Variablecode | Variable Variabledomain | Value

C1 | Get more member businesses

al | Clients approving the screening | Percentage \ 67

C2 | Screen businesses

a2 | Screened businesses | Boolean | true

C3 | Keep private credit information secret

a3 | Secret credit information | Boolean | true

C4 | Give private credit information only to Intermediary

a4 | Clients willing to register Percentage of | 91
all potential
clients

C5 | Satisfy the requirements of the intermediary

a5 | Compliant clients Percentage of | 98
registered
clients

C6 | Receive guarantees of partner’s credibility

a6 | Received guarantees | Boolean | true

OCCURRED IN:
e SellXS
« TEAM
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11. Technology Renting

NAME:
CODE:

HEADLINE:

CONTEXT:

DESCRIPTION:

PROBLEM:

roles:

forces:

Technology renting
TCH

A business offers for rent a technology which st produce its core
service.

A company possesses a technology for the delivieayservice which has
a bigger market that the company can serve. Thetéolpy has a short
life-span; therefore, it is beneficial to makevtdable to competitor.

A business owns a special or patented technologghwhuses to
produce its core services. The market is poteptia and other
businesses want to offer similar services. Therteldyy owner is willing
to rent the technology to other businesses whidsipty include direct
competitors. Businesses pay royalties per eacbfube technology.

The pattern includes two roles played by two difféfgusinesses.
Owner is the role played by the business that posséissdschnology;
Renter is the role played by the business that rentstebknology to
produce its own services.

Role

Force

Owner

F1 |Better utilization of a technology

F2 |Fast return on investment

F3 |Control over the intellectual property of the
technology

Renter

F4 |Risk-free entry to a new market

SOLUTION:

value model:

322

The owner of a technology gives access for useherdiusinesses (the
renters) in return for royalties. The renters af technology are free to
produce even competing products.

Owner Renter

{j Raoyalties T
Rights to use a technology =&




CAPABILITIES:

capability model:

technology

Capability Benefiting Resolving
role force

C1 | Execute more transactions Owner F1

C2 |Rent technology Owner F2

C3 |Keep the technology in secret Owner F3

C4 | Do not invest in development of Renter F4

operationalization:

Capability Capability
code
Variablecode | Variable Variabledomain | Value
C1 | Execute more transactions
al | Renter’s transactions \ Percentage \ 85
C2 | Rent technology
a2 | Rented technology | Boolean | true
C3 | Keep the technology in secret
a3 | Secret technology | Boolean | true
C4 | Do not invest in development of technology
a4 | No investment Boolean | true
OCCURRED IN:
¢ The Electronic Courthouse
e MySimon
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1. Aalsmeer Flower Auction

NAME: Aalsmeer Flower Auction

SOURCE: http://www.vba-aalsmeer.nlisited June 2005

DESCRIPTION: Aalsmeer Flower Auction offers globally producinggers and globally
active wholesalers and exporters a total conceggnéral marketplace for
the buying and selling of floricultural productstiva balanced range of
marketing channels, good facilities for growers hoglers and effective
logistics. Aalsmeer, the most prominent auctiothimworld, thus
contributes significantly to processes of distribgtand pricing flowers
and plants.
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process model: Auctioning

Skip

Buyer Aalsmeer - Dutch flower
auction

Inspect flowers <<— —  flowers

Seller

— —{ Send Flowers

Label Flowers

Show flowers

Select flowers Display auction terms

"

Evaluate price & — + — — —| request for bids <
' new bid
Bid > bid - — Evaluate bid
end auction

end auction

®
Receive result kK~ — — — — — result < — — — — —{ Announce winner

invoice

money

flowers

@

326



2. APX

NAME:
SOURCE:

DESCRIPTION:

APX
http://www.apxgroup.comuisited June 2004

APX is Europe’s premier provider of power and geshanges, operating
markets in the Netherlands, the UK and Belgium.

APX Group facilitates the development of the libbeed integrated
energy markets in North West Europe by providingfficient,
transparent and secure electronic trading enviromifiog gas and power,
by calculating indices and by delivery of extersatvices

APX B.V. is an independent fully electronic excharigr
anonymous trading on the spot market. The spot ehduds been
operational since May 1999 offering distributorgygucers, traders,
brokers and industrial end-users a spot markeinggalatform in the
form of day-ahead transactions: trading today &ivery of electricity
tomorrow. APX provides its members standardizedipets to sell and
purchase and is the central counter party in afitatity trades.
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process model: Registration

Buyer or seller

request for detailed
information package [~ ~ __

~

Eonsult potential new pal‘ticipa@
_| conditions for e ————

acceptance

application form

improved

" - — Evaluate offer
application form

| improved - -
application form Improve application
reject offer — — —>{ End interaction O
. . ff ' S
final

application form

final N
application form <=

granted participation

money  — 7>Gollect the initial and variation collateral

money |——— = Collect the annual fee

Receive identification code and Digipass < w i< —{ Issue identification code and Digipass
and Digipass

é Gublish the new Participant on the APX websi@%@
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process model: Trading

Buyer:Participant

APX

\ identification —

Seller:Participant

Make buy offers K
AN

identification

Grant access Grant access

N\

o
]

offer

/

results results

/
Receive matching results

Balance account
(clearing weekly)

Galance account (clearing weekl@

A Make sell offers
/

/

\

\
Receive matching results

Balance account
(clearing weekly)
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3. Cigarbid

NAME:
SOURCE:

DESCRIPTION:

process model:

330

Cigarbid
http://www.cigarbid.com/auction¥isited June 2004

CigarBid.com is a cigar auction warehouse. Every dgyovides live
auctions on a variety of products, including cigansrchandise, 5-packs,
samplers, humidors and more. All these productszaéable to bid on
24 hours per day in several types of auction. Aunstiallow for proxy
bidding and commenting on every bit in natural lzage messages.

Registration

Bidder Cigarbid

Apply for registration identification data Require payment info

Give paymentinfo k<~ — —  request

N
N credit card

Receive login data << — —{ identification




process model: Auctioning

Bidder Cigarbid

login info

77777777 response

access granted access granted

Sellect auction auctionlD |- — — >

Evaluate price request for bids < —

Skip Bid > bid ——=
end auctipn

end auction

Receive result K~ — — — — — result K ————— —{ Announce winner

Receive goods kK~ — — — — — goods K—————— Ship goods
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4. eBay

NAME:
SOURCE:

DESCRIPTION:

process model:

332

eBay
http://www.ebay.com/visited June 2004

eBay offers a wide variety of features and servibasenable members to
buy and sell on the site quickly and convenierlyyers have the option
to purchase items in auction-style format or iteas be purchased at
fixed price through a feature called Buy-It-Now.dddition, items at
fixed price are also available Half.com, an eBaypany.

eBay has numerous services which enhance the ¢ragperience,
including marketplace services such as: online gaysby PayPal; a
wide array of Buyer and Seller tools; and the Depets Program for
community members who would like to develop th@naolutions.
eBay's mission is to provide a global trading latf where practically
anyone can trade practically anything.

Registration

New buyer or seller eBay

Apply for registration > |dentification data [— —>{ Issue identification

4
Receive login data &~ — — Identification




process model: Advertising

Visitor

Request information

View content

eBay

Advertiser

Intake commercial — —

advertisement

K Publish commercial

Classify commercials

request

Analyse request

Prepare requested info

Bundle info and commercial

bundle

< — — — —{ Present bundle

@

Find suitable commercial

@
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5. Electronic Courthouse, the

NAME:
SOURCE:

DESCRIPTION:

334

The Electronic Courthouse

http://www.electroniccourthouse.comvisited June 2004

The Electronic Courthouse provides an online forunbfsinesses as an
alternative to expensive litigation. It allows pestto resolve their
commercial disputes fast and remotely. It combangsmated
information systems and a team of resolution psifesls, specializing
in, but not limited to, real-estate, insurance pyghain disputes, breach
of contract, sports and entertainment law.

Parties may complete their submissions online cheamline legal
data base for answers to their legal questionstrasslation services, and
meet with the other party and their resolution essfonal in a secure
Web-based meeting facility supported by voice canfeing. Parties can
choose among several dispute resolution methodedpgicluding
mediation, neutral evaluation, arbitration, or agess agreed to by the
parties in a dispute resolution clause in theirticat.



process model: Registration

Fill in registration form

AN

Receive login

The Claimant

AN

The Electronic Courthouse

registration info

Agree on term of service — term of service

N confirmation

login info

The Respondent

registration info < Fill in registration form

term of service |— Agree on term of service

/

/
confirmation 2

logininfo |- — Receive login
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process model: Resolution

The Electronic Courthouse The

Respondent

The Claimant

7777777777 —>| identification |— —

Th
7777777777 retainer —_——————— Send retainer ©
same
process
rejection as. the
Claimant

7777777 > rse%%:r -—_—— Bill pre-payment
e e

s
! v
s
Pay half of the fee K— — — — — — — — — — invoice
T 12fee
Evaluate rules k& — — — — — — — — — —| rules

= rejection

77777 > rules signed |- — =>{ Store rules of engagement

7777777 > submission — — — =>{ Receive submissions

Gespond to opponent's submissioD< 77777 submissions K— — Broadcast submissions
~
esnonse T
requirements — >6chedule resolution appoineme@
Mediate resolution
Prepare resolution report

Customize resolution preocess
Fill exit survey
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6. MySimon

NAME:

SOURCE:

MySimon

http://www.mysimon.com/visited June 2004

DESCRIPTION:

process model:

mySimon is a comparison shopping service on trexret for products

and services. It searches thousands of merchadhissgsmillions of

products so that its consumers can compare seaisdtiefore making a
purchase from one of its online merchants.
mySimon is a comparison shopping service. It datsall or ship

anything.

Seller registration

MySimon

application form —{ Apply as a seller

— —>{ Pay subscription

money

identification

Receive login data
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process model: Comparison

Search product

Select product

Receive merchant info

Buyer

= ={ Search merchant catalogs

/

/

request

Provide contact

merchant info

MySimon

List products

Seller

Upload product
catalogue
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7. Online Resolution

NAME:

SOURCE:

DESCRIPTION:

Online Resolution

http://www.onlineresolution.comvisited June 2004

Online Resolution brings together an extensive paingrofessionals
with expertise handling e-commerce disputes, immealaims, business
negotiations, and family conflict. Online Resolutiprovides online four
methods for dealing with disputes: negotiation; iagoin; expert
evaluation; and arbitration.

Online Resolution takes the traditional claims atiilg process and
combines it with the dynamic and consensual featafalternate dispute
resolution to create a unique resolution optionirisurance disputes.
Online Resolution brings independent expert adjggteonline.
Moreover, Online Resolution adjusters are independeutrals: they do
not represent the insurance company or any paittyetdispute. They
work with all the parties to uncover the facts anovide a well-reasoned
opinion on resolving the case.
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process model:

Resolution

The Claimant

Select resolution
method

resolution method

File a case confidential form

Wait response K<— — response

accepted
Gy =
money
Negotiate
— agreement

OnlineResolution

The Respondent

request for
resolution

Evaluate request

worth accept

acknowledge (<

Accept resolution

confidential form

File disagreement
form
D

Ve
/
Ve
money -
Negotiate
agreement —
Fill exit survey
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8. PriceLine

NAME: PriceLine

SOURCE:

http://www.priceline.com/visited June 2004

DESCRIPTION:

tickets, hotels, rental cars, vacation packagesses and more.
Priceline.com is a buying service where you car sagney by naming
your own price. Priceline will take an offer fogrfexample, name-brand
hotels and search to see if any will agree to tieasked. Since
thousands of hotel rooms go unsold every night,paories would be
willing to consider low prices: it makes sensetfa@m.

process model: Advertising

Priceline.com offers a broad range of travel seviacluding airline

Visitor

Request information

Prepare requested info

View content — - bundle

PriceLine

Advertiser

Intake commercial < — advertisement

<7

Classify commercials

Analyse request

Find suitable commercial

Bundle info and commercial

Present bundle

Publish commercial
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process model:

342

Booking

PriceLine

Specify trip details

trip details

Search availability

Evaluate options K— — — —|

Signon

name your price

select flight

Select airport }— — >

Receive reservation

e
. e
e
e
list of options Y-
ID info = —— 7>f Require commitment
e
Ve
e
-
request Vs
bilinginfo — — — — = >/0 Give access
-
-
-
access key V-
service |- — — — Provide service
name your price’
select flight
airport I— ={ Search for carrier
reservation Reserve ticket




9. SellXS

NAME:
SOURCE:

DESCRIPTION:

process model:

SellXS
http://www.sellxs.com/visited June 2004

SellXS.com is a business-to-business (B2B) maraegpfor auctioning
excess inventory in the semiconductor industry. idgting this
inventory the traditional way is a daunting chajjerthat requires
extensive research and negotiating with multiplgpsiars. SellXS.com
enables high-tech companies to buy and sell exxesatory on the open
market by leveraging dynamic pricing and a higldgleable eBay-style
direct trade model to create greater market effias and cost savings
than is possible through traditional or online kmoknodels. SellXS.com
facilitates direct trade between buyers and sellers

Registration

Apply as a buyer

Buyer

Submit financial report

Receive login data &<~ — — ildentification &~ —

SellXS Seller

— > application form |- —

Apply as a seller

application form (& —

> rules I— ={ Sign rules of engagement

identification — — —{ Receive login data
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process model: Trading

Evaluate price

Buyer

ID info — Check ID
T /
/
response ‘

request for bids

—
_
—
—
—
— — — Announce price
new bid

SellXS

Check ID — ID info
\ T
\
O O ‘ response |—
Register product k— — description

auction settings

O

> bd F———= Evaluate big ©nd auction
end auction
O
Receive result — result Km——————— Announce winner = result
match
auction won
Receive fee )< — — — — — — — money

Receive contact < — —  contact < — — — —{ Send contacts |- — — — — — — =>{  contact

Seller

Describe product

K % Set auction settings

Receive result

auction won

Pay SellXS

Receive contact

344



10. SquareTrade - Sony business model

NAME:

SOURCE:

DESCRIPTION:

SquareTrade Sony
https://www.squaretrade.convisited June 2004

SquareTrade provides Web-based dispute resolwtimices that give
fast and convenient way for parties anywhere inathdd to resolve
issues that have arisen over online transactionsn®the process of
resolution, parties work together to resolve protdavithin the
SquareTrade system, either independently usingeatdiegotiation
service or through mediation. When a case is fileel other party is
notified and given the opportunity to respondhé bther party responds
to the case, the case automatically goes intotdiegotiation, and the
filing party can request a mediator at any time.

In the customized business model for Sony, allisesvare free of
charge for the client. Moreover, the negotiatiod arediation services
are not time-restricted. Sony has outsourced isinless process of
client’s claims handling. Sony pays fee to Squaad&rto manage the
conflicts with its clients.
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process model: Resolution

The Claimant SquareTrade Sony

ID info

confirmation

Evaluate request

request for resolution —

access key
-
-
-~
_ T
~
File a case - — = case
777777 acknowledge — acknowledge K— —
accepted
agreement

new agreement

new agreement

contract

contract

reject offer

reject offer

mediation
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11. TEAM

NAME:
SOURCE:

DESCRIPTION:

TEAM

http://www.teamauctionsales.comisited June 2004

The Electronic Auction Market (TEAM) is an online,enactive
marketplace that brings cattle buyers and selbgrsther through the
power of the Internet. TEAM is a real-time cattle@an with multiple
sales weekly. Auctions are held both online, ancbmjunction with live
sales. TEAM provides buyers the opportunity to bidjaality strings of
cattle they would normally not have access to. TEAbVjules maximum
exposure to cattle being sold, resulting in maxindoitars for the cattle.
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process model: Registration

Buyer Seller

Apply as a TEAM Buyer |—>{ application form |—>{ Check financial credibility
Provide bank statement K— —  request

~
~
~

~
N bank statement

O End interaction — — explanation
Receive login data

— identification

application form

Apply as a TEAM Seller
request |— —>{ Provide requested sample

—

—
>
-
—

sample <

— > explanation (— —>{ End interaction O
Receive login data

identification —
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process model: Auctioning

Buyer

<

request for bids

O

Evaluate bid

end auction

Dismiss bid

Announce price

lagt

TEAM

Insert in auction

Q_.

bi

-
end auction

new

Confirm deal

Announce winner

Arange logistics

Seller

> IDinfo |- Check ID Check ID — IDinfo K —
/ \
/ \
— —| Tresponse ‘ O O ‘ response [~ — —
Inspect product k<<{  request <

@

deal parameters

result

Request an agent

Login

Accept deal
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12. TeleTrade

NAME:

SOURCE:

TeleTrade

http://www.teletrade.comkisited June 2004

DESCRIPTION:

an item.

process model:

Registration

Teletrade features Internet bidding and bidding awertoll-free 800

lines using a touch-tone phone from anywhere irttNamerica. All
participants are brought together into one aucfl@fetrade auctions do
not go on for days; they always end the day thest.st

Teletrade possesses all lots offered in our auctabescribes each lot
accurately, packages, insures and ships all winlieig; All services at
Teletrade's web site are free. One only pays a Femwne buys or sells

New buyer or seller

Apply for registration

Receive login data

TeleTrade

identification data Issue identification

>

identification
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process model: Auctioning

Buyer

ID info

response

Search and select lots

Evaluate price

Bid

end auction

Receive result

won

Send payment

Receive coins

request for bids

TeleTrade

bid

> bid
result
— bill <«<Bill buyer) Getum coiri{ ——
AN
N money [ = Receive payment

Gubstrac! buyer and seller commissiona

nd auction

ID info

response

consignment

inventory report

result

N
N

mone:

Seller

Receive Inventory Report

Receive result

Receive money
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1. Advertising

NAME: Advertising

CODE: ADV

HEADLINE: An intermediary offers to broadcast a message toymeceivers.

CONTEXT: A business, i.e. an advertiser, has a new or unkrmraduct. It is

interested in advertising the product to a greatlmer of potential buyers.

An intermediary has access to many clients.

DESCRIPTION: An intermediary offers its produdbundled with a commercial from an

advertising company. To consume the product, tleacbf the

intermediary has to unbundled the product, whiclmseo get exposed
to the commercial.

PROBLEM:
roles: The pattern includes three roles played by thrderéifit businesses:
* Advertiser is the role played by the business seeking puplici
e Intermediary is the role played by the business that providpsoduct
bundled with an advertisement; and
¢ Client is the role played by the consumers of produatsiged by the
Intermediary.
forces:
Role Force
Advertiser F1 |Reach potential clients
Intermediary | F2 | Utilize access to buyers
Client F3 | Consume products

SOLUTION: An intermediary delivers its products bundled wibmmercials from
advertisers.

! The term product includes also services.
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process model:

Advertiser Intermediary Client

Advertise advertisement request S

Gundle product and commerci@
Presentbundle |- —>{ bundle [ =

Request product

/
\
\

Unbundle product

CAPABILITIES:

capability model:

D &

Capability Benefiting role | Resolving
force

C1 | Access potential clients Advertiser F1

C2 |Bundle products and advertisements Intermediary |F2

C3 | Receive products Client F3

operationalization:

Capability Capability
code
Variablecode | Variable Variabledomain | Value
C1 | Deliver message to potential clients
al | Informed potential clients | Boolean | true
C2 | Deliver bundle of product and advertisement
a2 | Delivered bundled product and Boolean true
advertisement
C3 | Complete request for products
a3 | Completed request for products | Boolean | true
OCCURRED IN:
e eBay

* PriceLine
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2. Auction

NAME: Auction

CODE: AUC

HEADLINE: Auction mechanism for price determination.

CONTEXT: A business environment in which there is great dehfar a product of
limited supply.

DESCRIPTION: A business performs price determination activitydgroduct of limited
supply. During a time interval, it continuously apts bids for the
product. At the end of the interval, the best Bidimnounced as a winning
bid.

PROBLEM:

roles: The pattern includes two roles played by two diff¢tgusinesses:

« Bidder is the role played by a business competing fopteuct;
e Auctioneer is the role played by a business that runs a @ud
determine the best price for a product.

forces:

Role Force
Bidder F1 | Get a product at the lowers possible price
F2 | Get a product of limited supply
Auctioneer F3 | Determine the best price
SOLUTION: Run an auction.
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process model:

Bidder Auctioneer

Evaluate price request for bids kK— — — —

bid

777777 uction end

auction end

Receive result < — — — — result

CAPABILITIES:

capability model:

D &

Capability Benefiting role | Resolving
force

C1 | Get the optimal price Bidder F1, F2

C2 | Determine the best price Auctioneer F3

operationalization:

Capability Capability
code
Variablecode | Variable Variabledomain | Value
C1 | Get the optimal price
al | Optimal price | Boolean | true
C2 | Determine the best price
a2 | Determined best price | Boolean | true
OCCURRED IN:
« Aalsmeer Flower Auction « TEAM
» Cigarbid * TeleTrade
e SellXS
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3. Binding registration

NAME: Binding registration
CODE: BRG
HEADLINE: A business requires commitment from clients up@isteation.

CONTEXT: A business environment in which businesses needgttommitment
from their clients.

DESCRIPTION: A client applies for a registration during whiclsénds its identification
information to a business. In addition, the businesjuires billing
information to guarantee the commitment of thentli@he business
registers the client and subsequently issues a pass

PROBLEM:
roles: The pattern includes two roles played by two diff¢tgusinesses:
¢ Intermediary is the role played by the business that requires t
commitment and issues the identification;
¢ Client is the role played by a business that providesptinvate and
billing information, and receives the pass.
forces:
Role Force

Intermediary |F1 | Discriminate clients

F2 | Guarantee client’'s commitment

F3 | Subsequent identification of clients
Client F4 | Subsequent access to services

F5 | Subsequent profile building

SOLUTION: Issue a pass only after commitment is made thaiagtees participation
of future transactions.
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process model:

Client

Intermediary

O )

ID info

request

rejection

billing info

pass

CAPABILITIES:

capability model:

Capability Benefiting role | Resolving
force
C1 | Obtain client’'s commitment Intermediary |F2
C2 | Register clients Intermediary |F1, F3
C3 | Obtain alias Client F4, F5
operationalization:
Capability Capability
code
Variablecode | Variable Variabledomain | Value
C1 | Obtain client’s commitment
al | Obtained commitment | Boolean | true
C2 | Register clients
a2 | Registered clients | Boolean | true
C3 | Obtain alias
a3 | Obtained alias | Boolean | true
OCCURRED IN:
e Cigarbid e SquareTrade - Sony business model
* SellXS e PriceLine
e TeleTrade * The Electronic courthouse
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4. ldentification

NAME: Identification

CODE: IDN

HEADLINE: A business grants access only to known clients.

CONTEXT: An open environment with anonymous clients. Thadaation handling

requires participants to be known; the businessga®runs differently
for different participants; or there are restrickedas where only
privileged clients are allowed.

DESCRIPTION: The client performs a login activity during whicksénd its identification
information to the intermediary. The intermedianaenes the data and
eventually grants access to the client.

PROBLEM:

roles: The pattern includes two roles played by two difféfteusinesses:
¢ Intermediary is the role played by the business performing the
identification;
¢ Client is the role played by a business that identifieslf in front of
thelntermediary.

forces:

Role Force

Intermediary | F1 | Customize behaviour according to clients
Client F2 | Access to services

F3 | Profile building

SOLUTION: Each client must identify it-self prior to engagiimgany interaction with
the intermediary.
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process model:

CAPABILITIES:

capability model:

Client Business

7> s

— — — —| [Iesponse

access granted access granted

Capability Benefiting role | Resolving
force
C1 |Identify clients Intermediary |F1
C2 | Ensure identity Client F2, F3
operationalization:
Capability Capability
code
Variablecode | Variable Variabledomain | Value
C1 | Identify clients
al | Identified clients | Boolean | true
C2 | Ensure identity
a2 | Ensured identity | Boolean | true
OCCURRED IN:
« APX
» Cigarbid
* SellXS
« TEAM
e TeleTrade
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5. Offer counter-offer

NAME: Offer counter-offer

CODE: OCO

HEADLINE: Negotiation process of exchange of offers and aruoifers.
CONTEXT: An agreement has to be reached on an issue withshédses for both

participants.

DESCRIPTION: A business (in our case a supplier) opens a ndémaotiprocess by sending
an offer to its partner (in our case consumer.) fEsponse is a new and
improved offer, counter-offer. The iterative excharmg counter offers
continues until one of the parties either accepejacts the offer.

PROBLEM:
roles: The pattern includes two roles played by two diff¢fgusinesses:
« Intermediary is the role played by the market creator;
e Client is the role played by businesses using the servick
Intermediary. Clients have buying power.
forces:
Role Force
Supplier F1 | Achieve optimal agreement
Consumer F2 | Have equal influence on the contract

SOLUTION: Businesses engage in an iterative exchange ofsoffatil one party
accepts or reject the last submitted offer.
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process model:

Make counter offer

Supplier |

Consumer

o
]

=

counter offer

counter offer

reject offer

O O<A

reject offer

contract

>0

O O<A

contract

Evaluate offer

CAPABILITIES:

capability model:

&S &

Capability Benefiting role | Resolving
force

C1 | Iterative exchange of offers Supplier F1

C2 | Ability to change the contract Consumer F2
operationalization:

Capability Capability

code

Variablecode | Variable Variabledomain | Value

C1 | Iterative exchange of offers

al | Negotiable agreement | Boolean | true

C2 | Ability to change the contract

a2 | Flexible contract | Boolean | true
OCCURRED IN:

* APX

e SquareTrade - Sony business model
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6. Outsourcing

NAME: Outsourcing

CODE: ouT

HEADLINE: An intermediary offers its core service to be exedwn behalf of another
business.

CONTEXT: An intermediary offers a specialized service whigfuires an interaction
with the clients of the outsourcing business.

DESCRIPTION: An intermediary provides the delivery of a prodwr behalf of another
business. The intermediary makes a fixed offertti@business has to
accept or reject. In case of accepting the offer kusiness is billed and
the product is provided to a client of the business

PROBLEM:

roles: The pattern includes three roles played by thrderéifit businesses:

¢ Intermediary is the role played by the business that insoutbes
provision of a product;

e Business is the role played by the business that wantsutecnirce the
provision of a product.

« Clientis the role played by a client Blisiness which needs the product
delivered bylntermediary.

forces:

Role Force
Intermediary |F1 |Quick contracting of its products including the
payment of the products
Business F2 |Outsource non-core activities
Client F3 |Experience product
SOLUTION: An intermediary accepts requests for certain prtsdfiom a business.

The offers it makes are not negotiable. (The busihes to take or reject
the offer.) Then, the intermediary in parallel $ilthe business and
delivers the product to the client of the business.

! The term product includes also services.
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process model:

Qéf product K — — — — —{+ — — — — — — —

Client Business | Intermediary
O ->

Evaluate offer K— — — — — — —

— > rejection [~ — 7>©

— > contract [~ __

Pay dues — invoice

AN
Q fee — — = Collect dues .

CAPABILITIES:

capability model:

S &

Capability Benefiting role | Resolving
force

C1 | Contract and bill insourcing of products |Intermediary |F1

C2 | Contract outsourcing of products Business F2

C3 | Receive products Client F3

operationalization:

Capability code Capability

Variable code Variable Variabledomain | Value

C1 | Contract and bill insourcing of products

al | Contracted and billed insourcing | Boolean | true

C2 | Contract outsourcing of products

a2 | Contracted outsourcing of a product | Boolean | true

C3 | Receive products

a3 | Received products | Boolean | true
OCCURRED IN:

364

e TeleTrade




7. Paid registration

NAME: Paid registration

CODE: PRG

HEADLINE: An intermediary admits clients in return of regision fee.

CONTEXT: An open environment in which businesses can féegome of the

services of another business.

DESCRIPTION: A client applies for registration during which drxds its identification
information to the intermediary. To prevent freeerg the intermediary
requires that clients pay a fee. The intermediagisters clients and
subsequently issues identification passes.

PROBLEM:

roles: The pattern includes two roles played by two diff¢fgusinesses:

« Intermediary is the role played by the business that colldets¢es and
issues the IDs;
¢ Client is the role played by a business that provides pgheate
information and receives the ID.

forces:

Role

Force

Intermediary

F1

Discourage free-riders

F2

Discriminate clients

F3

Collect money for offered service

F4

Subsequent identification of clients

Client

F5

Subsequent access to services

F6

Subsequent profile building

SOLUTION: Collect fees for every registration.
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process model:

CO

Pay subscription K— —

Client

Intermediary

ID info

registration

CAPABILITIES:

capability model:

D o2 &

Capability Benefiting role | Resolving
force

C1 |Register clients Intermediary |F2, F4

C2 | Prepaid use of services Intermediary |F3

C3 | Discourage free-riders Intermediary |F1

C4 | Obtain alias Client F5, F6

operationalization:

Capability Capability
code
Variablecode | Variable Variabledomain | Value
C1 | Register clients
al | Registered clients | Boolean | true
C2 | Prepay use of services
a2 | Prepaid use of services | Boolean | true
C3 | Discourage free-riders
a3 | Discouraged free-riders | Boolean | true
C4 | Obtain alias
a4 | Obtained alias | Boolean | true
OCCURRED IN:
« APX
e MySimon
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8. Payment

NAME: Payment

CODE: PAY

HEADLINE: A provider bills a consumer.

CONTEXT: Before or after a delivery of a product, paymers teaoccur.

DESCRIPTION: A provider sends an invoice to a consumer to whidelivered or is
going to deliver a produttThe provider receives money as a response to

the invoice.
PROBLEM:
roles: The pattern includes two roles played by two diff¢fgusinesses:
e Provider is the role played by a business that deliversmageproduct;
e Consumer is the role played by a business experiencingthduct and
paying the money.
forces:
Role Force
Provider F1 |Receive due money for product
Consumer F2 | Fulfil contractual obligations

SOLUTION: The provider of a product sends an invoice to thesamer to which the
consumer has to respond with money transfer.

! The term product includes also services.
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process model:

“ B > ioiee

Receive Payment <~ — money

Provider Consumer

CAPABILITIES:

capability model:

Capability Benefiting role | Resolving
force
C1 |Receive payment Provider F1
C2 | Pay dues Consumer F2
operationalization:
Capability Capability
code

Variablecode | Variable

C1 | Receive payment

Variable domain Value

al | Received payment | Boolean | true
C2 | Pay dues
a2 | Paid dues | Boolean | true
OCCURRED IN:
« Aalsmeer Flower Auction
e SellXS

e TeleTrade

e OnlineResolution

e SquareTrade - Sony business model
* The Electronic courthouse
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9. Payment in terms

NAME: Payment in terms

CODE: PIT

HEADLINE: A provider bills a consumer in terms.

CONTEXT: Consumer pays in terms in parallel with the delvafrthe product.

DESCRIPTION: A provider sends invoices to a consumer to whiclelivers a product.
The invoices are sent and the payments are reciiy@ddetermined
time intervals.

PROBLEM:
roles: The pattern includes two roles played by two diff¢fgusinesses:
e Provider is the role played by a business that deliversmageproduct;
e Consumer is the role played by a business experiencingthduct and
paying the money.
forces:
Role Force
Provider F1 |Receive due money for delivered service

F2 | Balance money flow are product delivery
Consumer F3 | Fulfil contractual obligations

SOLUTION: The provider of a product sends invoices to the wmes in
predetermined terms, to which the consumer hasgpond with money
transfers.
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process model:

Consumer

invoice

Receive Payment <~ —| money

end of contract

end of contract %

CAPABILITIES:

capability model:

> > &

Capability Benefiting role | Resolving
force

C1 |Receive payment Provider F1

C2 | Keep steady money flow Provider F2

C3 | Pay dues Consumer F3
operationalization:

Capability Capability

code

Variablecode | Variable Variabledomain | Value

C1 | Receive payment

al | Received payment | Boolean | true

C2 | Keep steady money flow

a2 | Payment in terms \ Boolean \ true

C3 | Pay dues

a3 | Paid dues | Boolean | true
OCCURRED IN: models not listed in Appendix F Process Models ediRife Businesses.
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10. Registration

NAME: Registration
CODE: REG
HEADLINE: A business identifies its clients.

CONTEXT: An open environment in which the handling of trantiems requires
knowledge about the ID of the participants.

DESCRIPTION: A client applies for registration during which drxds its identification
information to the intermediary. The intermediargisters the client and
subsequently issues a pass that uniquely identifeeslient.

PROBLEM:
roles: The pattern includes two roles played by two diff¢fgusinesses:
¢ Intermediary is the role played by the business that issues the
identification;
« Client is the role played by a business that providesidbatification
information and receives the pass.
forces:
Role Force

Intermediary |F1 | Discriminate clients

F2 | Subsequent identification of clients
Client F3 | Subsequent access to services

F4 | Subsequent profile building

SOLUTION: Issue a unique pair of username and access keyety aew client that
has not registered yet.
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process model:

Client Intermediary

— — pass

CAPABILITIES:

capability model:

Capability Benefiting role | Resolving
force

C1 |Register clients Intermediary |[F1, F2

C2 | Obtain alias Client F3, F4
operationalization:

Capability Capability

code

Variablecode | Variable Variabledomain | Value

C1 | Register clients

al | Registered client | Percentage | 85

C2 | Obtain alias

a2 | Obtained alias | Percentage | 85
OCCURRED IN:

e eBay

e TeleTrade
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11. Restricted registration

NAME: Restricted registration

CODE: RRG

HEADLINE: An intermediary screens clients.

CONTEXT: A business environment in which participants agpied to fulfil certain
credibility requirements. The non-credible businesseast not be given

access.

DESCRIPTION: A client applies for registration during which @rds its identification
information to the intermediary. The intermediarguest evidence that
the client is worth registering. After validatirget credibility of client, the
Intermediary registers the client and subsequésdlyes a pass that
uniquely identifies the client. If issuing a passeéfused then explanation

is provided.

PROBLEM:

roles: The pattern includes two roles played by two difféfteusinesses:

e Intermediary is the role played by the business that checks the
credibility and issues the identification;
e Client is the role played by a business that providesidhbatification

information, proof of credibility, and receives thass.

forces:

Role

Force

Intermediary

F1

Restrict access to credible clients

F2

Discriminate clients

F3

Subsequent identification of clients

Client

F4

Subsequent access to services

F5

Subsequent profile building

SOLUTION: Issue a unique pair of username and access keyety aew client that
has not registered yet.
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process model:

Client

Provide requested proof <— —
~
~
~
~

~

ID info —

request —

proof of credibility

©< — pass
©< — explanation

Intermediary

CAPABILITIES:

capability model:

Capability Benefiting role | Resolving
force

C1 | Screen clients Intermediary |F1

C2 |Register clients Intermediary |[F2, F3

C3 | Obtain alias Client F4, F5

operationalization:

Capability Capability
code

Variablecode | Variable Variabledomain | Value
C1 | Screen clients

al | Screened clients | Boolean | true
C2 | Register clients

a2 | Registered clients | Boolean | true
C3 | Obtain alias

a3 | Obtained alias | Boolean | true

OCCURRED IN:
* SellXS
e TEAM
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12. Take it or leave it

NAME: Take it or leave it
CODE: TOL
HEADLINE: A supplier makes a non-negotiable offer to a coresum

CONTEXT: A business environment in which suppliers have migpkwer and can
dictate the rules of encounter.

DESCRIPTION: A supplier of a certain product makes an offer tmasumer. The offer
contains the conditions on delivery of the prodiitie consumer has to
accept or reject the offer.

PROBLEM:
roles: The pattern includes two roles played by two diff¢fgusinesses:
e Supplier is the role played by a business with market powfeich is
making the offer;
e Consumer is the role played by a business seeking delivefy
Supplier’'s product.
forces:
Role Force
Supplier F1 | Determine contract conditions
Consumer F2 | Efficient contracting

SOLUTION: A supplier sends an offer that a consumer can acdgpt or reject.
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process model:

Supplier Consumer

e
©<777 rejection & —

Reject offer

accept
O o fe-

CAPABILITIES:

capability model:

&S &

Capability Benefiting role | Resolving
force

C1 | Dictate contract conditions Supplier F1

C2 | Efficient contracting Consumer F2

operationalization:

Capability Capability
code
Variablecode | Variable Variabledomain | Value
C1 | Dictate contract conditions
al | Fixed contract | Boolean | true
C2 | Efficient contracting
a2 | Proposals made Natural 1
numbers
OCCURRED IN:

e The Electronic courthouse
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Summary

This thesis defines a design framework and a metfowd modelling networked
businesses. The intended application domain igrelEc businesses that extensively use
information and communication technology to cooaténwork. The key property of the
proposed approach is the reuse of design knowleddpe form of design patterns.

Design patterns are extracted from models of exgstelectronic intermediaries
considered successful. These businesses have hamaserengineered to two types of
models: economic value exchange models and buspressss models. The identified
patterns comprise two libraries of value exchangel #&usiness process patterns,
respectively. Patterns are catalogued with, amdhgrs, their context, solved problem,
and proposed solution. Most importantly, they anecdated with a machine-readable
capability model used as a search key in the forar

Capability models are part of the goal-modellinghtd@que for business requirements
proposed here. Our goal-modelling technique opmratizes each business goal with a
variable and an evaluation function: the evaluatiorction determines when a measured
variable value satisfies the goal. A goal modelrespnts requirements if goals are
assigned evaluation functions but the variable eslare unknown. In such a case, the
goal model specifies what is desired to happerorifthe other hand, variable values are
known, the goal model documents the capabilities phttern.

The proposed design framework structures the deraapprocess into: (1) available
design knowledge in libraries of value and progesterns, (2) business requirements
captured in a goal model, and (3) economic valuk larsiness process perspectives to
look at a business system. The design method pbescsteps to transform patterns and
requirements into a system specification. Theseudwl (i) identification of relevant
pattern based on matching capability and requirésngoal models; (ii) synthesis of
value and process patterns into value and processels) respectively; and (iii)
consistency check procedure for value and proceskein

The usefulness of the approach is demonstratedréaldife example, which shows
that the framework and method exhibit a predefisetcdof desired properties.
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Samenvatting

Dit proefschrift beschrijft een ontwerp raamwerk esan methode om interactie tussen
bedrijven te modeleren. Het beoogde toepassingsdomeavat bedrijven waarbij
veelvuldig en intensief gebruik wordt gemaakt varfoimatie en communicatie
technologie voor het codrdineren van werk. De hgigtste eigenschap van de
voorgestelde benadering is de herbruikbaarheid orgwerp kennis door middel van
ontwerp patronen.

De ontwerp patronen zijn ontleend aan modellen ‘mstaande, succesvolle
elektronische tussenpersonen. Deze bedrijven werddaed tot twee typen modellen:
modellen die de uitwisseling van producten en danbeschrijven en modellen die de
bedrijfsprocessen beschrijven. Patronen zijn oretdeeld naar, onder andere, hun
context, het probleem dat ze oplossen en de geseeyde oplossing. Belangrijk is dat de
eigenschappen van elk patroon beschreven worden midtdel van een gecodeerd
toepasselijkheids model dat dienst doet als zoetedlén de volledige bibliotheek van
patronen.

Toepasselijkheidsmodellen vormen een integraal dexl de hier voorgestelde
doelstellingsmodellering techniek. Onze technieleraponaliseert elke economische
doelstelling met een variabele en een evaluatietieinde evaluatiefunctie bepaalt
wanneer een verkregen meetwaarde voor een variabrlbepaalde doelstelling vervult.
Een doelmodel representeert de gestelde eisen gekat kwantitatieve drempelwaardes
voor de variabelen niet bekend zijn. In dit gevesdhrijft het doelmodel het verlangde
gedrag. Echter wanneer de drempelwaardes wel bekigmdegt het doelmodel de
toepasselijkheid van het patroon vast.

Het voorgestelde ontwerp raamwerk structureert drdtverpproces als volgt: (1)
beschikbare ontwerp kennis in bibliotheken van @aaen procespatronen, (2) vereisten
en doelstellingen vervat in een doelmodel, en @nhemische waarde en bedrijffsproces
modellen om een gegeven economisch systeem te rlpesch De ontwerpmethode
schrijft stappen voor om patronen en vereisteneim g/steemspecificatie om te zetten.
Deze omvatten: (i) het identificeren van relevaodtronen gebaseerd op het paren van
toepasselijkheids- en doelmodellen; (i) synthese waarde- en procespatronen in
waarde- en procesmodellen; en (iii) een procedunede consistentie van waarde- en
procesmodellen te toetsen.

De waarde van deze aanpak wordt aangetoond mevambeeld uit de praktijk,
waaruit blijkt dat het raamwerk en de methode velfd@an een aantal, van tevoren
vastgelegde, gewenste eigenschappen.
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