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Abstract

The software development has changed dramatidadlylast two decades. Software
was primarily built in house 30 years ago, aimiadit the needs of a specific user.
During the 80's the tendency changed with the fatiod of software houses that
were specializing in the development of “off théf"ssoftware, fitting the needs of a
wider group of users, thus achieving scale econathgaper software with better
qguality. The last years, the explosion of the im¢rusage has transferred all
applications to the “cloud” exploiting the fasterdacheaper than ever hardware and
netware. Furthermore, software systems such ase@oManagement Systems and
Enterprise Resource Planning have transformedrnrdtion system development into
a process that connects the right components afiturality together.

However, no matter what the advances are, tail@eftware is still required.
Organizations, like businesses and institutionsh \ai variety in characteristics like
delivered services, size, people, business prosemsg operating rules will always
have a need for a customized system that fits the®ds. Thus, building software has
become more complex not in terms of available tetdgical solutions but in terms
of determining user needs. There are still excelflwless software systems that
solve the wrong problem. Therefore, enriching safevengineering processes with
business modeling techniques has been one way®with this problem.

One of the most famous software engineering presess the Rational Unified
Process (RUP) which includes its own business nragiééchnique. In this thesis we
try to combine DEMO and RUP in order to exploit thevantages of both
methodologies which will ultimately assist practters in the development of quality
software that solves the right problem. Our effdrts with the identification of a
common scientific background, continues with dengsa framework of assisting the
combination and study of the methodologies. Thae, combined methodology is
used in a case study in order to test in practieenew methodology.

Keywords: DEMO, Rational Unified Process, multi-methodolpgyusiness
modeling, software engineering, software enginggpirocess
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1. Introduction

The object oriented programming paradigm has doffexenew way of developing
software. The software is composed of objects wlodler functionality to the
programmer, offering a specific interface whileih@the internal construction of the
object. Thus, common complicated parts of appleaprogramming do not have to
be programmed again, removing errors and increasaigtainability of the system.
Furthermore, the new tendency is the Componenteb8séware Engineering where
system is constructed using individual software ponents that encapsulate data and
a set of semantically related functions. Some safwmsystems are thus easy to be
developed simply by combining the appropriate congmds. One example is the
Content Management Systems which can build a wetalponly by installing the
right components. Also, the developer may not haviaterfere with a programming
language since he can do the development usingghi@al User Interface.

However there are still software systems that asy @0 develop and free of coding
errors but still solve the wrong problem. This isinly because of the poor
requirement elicitation. Software practitioners éd@oped with this issue by building
a software prototype early in the development msaghich helps the development
team and the users to understand better the regemts. Another way to cope with
this flaw of the software engineering process imtmlel the business that will use the
software program. By modeling and therefore undedihg better the construction of
the business it is easier to identify the functimeguirements of the system that will
be used. However, the construction of a softwastesy is radically different than the
construction of a business; a methodological swifrequired when modeling a
business or a software system. Doing this methgumdd swift may provide the
engineers of a process that takes into accoundigtiect nature of these two system
classes.

The Rational Unified Process (RUP) is saftware engineering processhich
provides guidelines for a software developmentretiad is configurable for a variety
of project types. It is also goftware development approachkince it captures
principles and commercially proven best practi§ddP activities are focused on the
creation ofmodelsinstead of paper documents. It is a guide foretfiective use of
Unified Modelling Language (UML) which is used imder to create models of the
developing system. Also, it ismgoduct It offers tools that automate and facilitate the
process’ activities, tool mentors, a web based Kkedge base with extensive
guidelines, templates for the artifacts, and a arustable process framework
[Rational, 2001].

RUP is also asoftware engineering proce$kruchten, 2000]. RUP is well-defined
and well-structured; it provides a disciplined aggmh to assigning tasks and
responsibilities within a development organizatibs goal is to ensure the production
of high-quality software that meets the needs ®feitd users within a predictable
schedule and budget [Kruchten, 2000].

Design and Engineering Methodology for OrganizaigDEMO) is a methodology
that has proven itself powerful in modelling an amgation, whether this is a
business, a governmental authority or a non pio8titution. DEMO approaches
business modelling from a theoretical perspective, basedthm outcomes on the

! Although modeling in DEMO applies to a broadercfairganizations than businesses we will refer
to DEMO modeling as business modeling conventionally
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Introduction

philosophical notion of ontology. Also, it copes thithe complexity of an

organization by introducing distinct aspect modelich adopt a specific point of
view on the organization. Furthermore, it uses ag@dimmatic language which is
based on the theoretical background. The visu#@izaprocedure of DEMO is

supported by the tool Xemod, which is developedpyise (former XPrise). Finally,

DEMO adopts the Generic System Development Progbgsh describes the process
of designing and implementing systems and theabétology in this process.

1.1. Problem Statement

RUP appears to be a popular software engineeriregeps among software
developers. UML is the de facto standard in sofemdesign visualization and can
model a software system in a concrete and consistn

But, standard UML does not provide a dedicatedrdiagfor business modelling, thus
the business modelling workflow faces a major draek) the absence of a
diagrammatic language that can capture the art¢hreeof a business.

A first research has found some efforts to do essnmodelling using UML and
RUP. They are mainly extensions of the existingdians, like use case diagrams and
sequence diagrams in order to fit the businessdn@aker, 2001] [Eriksson et al.,
2000]. Also, an extension of RUP has been made d¢ktgnds to the enterprise
domain [Ambler et al., 2005]. This is a new metHodyg which has extended the 2-
dimensional structure of RUP in order to create EBifterprise Unified Process).
The multi-methodology framework that is discussbdva& can guide as through the
development of a methodology that will combine #liwantages of DEMO with the
advantages of RUP. Thus, the main research gdhégdroject should be summarized
as:

HOW TO EFFECTIVELY COMBINE DEMO WITH RUP

The combination effort will be based on the workMihgers and Brocklesby (1997)
who built a framework that can assists practitisrtercombine methodologies. They
have recognized the different levels of interfenmgthodologies which can be seen in
Table 4. In this problem statement we choose natotmmit ourselves in a multi-
methodology level. Stating that we will combinedbdwo methodologies means that
we will create either a combination or a multi-metblogy with respect to Table 4.
More explanation can be found in the respectivagaphs.

1.2. Research Questions

The research questions which are driving and shaflie scope and the research
approach of this project are stated in the follgMimes. These questions have been
answered by this project, either explicitly or imcfily.

i. What are the business modelling methods, technjomedels and diagrams that

are used in the RUP process?

ii. What are the advantages of DEMO over these techsitju

iii. How can we effectively combine these two methodiels®

iv. What framework should we construct in order tolfte the combination?

v. How can the tools, used by these two methodologesombined?

vi. What are the advantages of the combined method®@logy

-16-
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1.3. Research Approach

Our research methodology was based on the rese#frbtingers and Brocklesby
(1997) who introduced the term of multi-methodolag/the most interweaving level
of combining methodologies. Also, a case study seduthat gives us a testing
platform. This case study is Mprise division ofinrag, which until recently was a
separate business entity.

The steps we will follow are:

Vi,

Identify a common scientific backgrouna. order to be able to study a
methodology an investigation has been done abouthadelogies
themselves. Thus, a terminology about methodol@yydcbe developed by
identifying its parts. Also, a common scientificckground should be found
that would help us make objective comparisons betwthe two different
paradigms of the methodologies. This backgroundsyistem theory, a
discipline that studies systems.

A study of RUP and its business modelling techsidhetudy of RUP was
done in order to reveal the business modellingrtiegles and diagrams. The
technique has been applied to our case study. dhithe one hand, gave us
an insight of the role of the Business Modellingrkitow of RUP. On the
other hand it helped us in building the framewoflaanulti-methodology
and gave us the potential advantages and disadntaat DEMO can
offer to RUP.

Creating a mapping framework for combining method@s.Based on the

research on multi-methodology a mapping framewoak wreated that was
the base of a more thorough study of the methodscand it will guide the

project towards a systematic combination of theho@sdlogies.

Fit methodologies to the frameworldfter building the framework a
thorough study of the methodologies was done ireroitd identify the
elements of each methodology and fit them to taméwork.

Combining the methodologieAtter creating the framework and identifying
its elements in the methodologies we combine threendingle intervention.

Testing the new multi-methodolodhe developed methodology is tested in
the case study in order to prove that it is prattidlso, it was proven that
the theoretical study only was inadequate to reweflathe aspects of the
combination.

The following diagram shows the sequence of thiviies and the main artifacts that
were used during the each activity. Some activitiese done in parallel so to validate
the theoretical part with specific cases.

-17-
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review
P DEMO
Literature Literature
Study Scientific
Background ) f
Fit methodologies to the
. framework

Study business modeling in
RUP i
3 * Create combination
framewaork

Mingers & Combination
Blockleshy Framework ; :
Mprise
Business Model T3

Combining Testing the new
methodologies multi-methodology

I'u1u|ti—meth0clolgy
of DEMO & RUP

Figure 1 - Research Approach

Mprise
Case Study

Main artifact used
or produced
Activity

1.4. Thesis Outline

The above activities have produced some artifadisst of them are part of the
current thesis report. The following table shows tontents of each chapter and
which of the above activities are related with eelchpter.

Mprise
Case Study

Related
Chapter . . Content
Activity
Chapter 2 i Systems theory & theories about methogiolog
. Business Modelling using RUP’s technique & the
Chapter 3 ii. ; )
respective UML profile
Study of Mingers & Blocklesby’s framework.
Chapter 4 - Adaptation to the current project.
Chapter 5 iv. g%%ylng the adapted framework to both DEMO &
Chaoter 6 v Combining DEMO & RUP into a multi-
P ) methodology using the applied frameworks.
. Applying the multi-methodology to the case study
Chapter 7 V- and verify its soundness and utility.
Chapter 8 _ Sur_nm_arl_zmg the whole report and concluding the
main findings.

Table 1 - Thesis Outline
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2. Theoretical Background

2.1. Systems and Systems theory

During a research about systems and systems thberyirst conclusion that the
researcher will come up with is that the term gysie one of the most broadly used
terms within science, commerce and society. Alnadisauthors of the field mention
that the use of the term “system”, as used dururgdaily life, usually has no content,
it is not aligned with the definitions and it istefi used in the wrong context. The
misuse of the term has settled it meaningless amdentless [Flood et al., 1991]
[Flood, 1990]. Also, the effort to create a newestific discipline for the study and
theory of systems meets obstacles in the generdlitile term. As Boulding (1965)
clearly stated “we always pay generality by saonfy content and all we can say
about practically everything is almost nothing”.wver, the General System Theory
was introduced in that paper and has evolved ts@ptine with its own domain of
inquiry, a body of knowledge and methodologiesil€li al., 2003].

The system thinking was the transition from “maehage” to “system age” [Flood,
1990] after the inadequacy of machine thinkingesggressed through reductionism
(breaking down elements into separate parts, mgldip from the parts) to explain
notions such us emergence of properties and iriieléueholes that were appearing in
the living organizations.

2.2. System Definition(s)

The research for a system definition has tracelétagra of them. Everyone is around
the notions of element, property, relationshipeiiaction, irreducible whole, purpose,
emerged property, boundary and environment. Then ritbia derived from all the
definitions is that a system is an organized catbecof elements, which possesses
properties. The elements of the system influena edher either by exchanging
information, energy or physical materials. The sgsthas emerged properties,
meaning that it has properties and accomplishestifurs that the elements alone do
not have. Systems interact with their environmehanging information, energy or
materials either in a clear and strict way or inogen and more unsettled way. Their
boundary delimits the system from the environmEmtally, systems may accomplish
a purpose for functioning whether this is easy olz#e or not. We will justify this
paragraph in the following lines by quoting somsteyn definitions that guided us.
The first definition that we will quote comes frafiir & Elias (2003). They define
system as:

“A system, say system S, is an ordered pair S=(jAwRere A denotes a set of
relevant things and R denotes a relation amonghihgs in set A.”

This definition introduces the terms “elements’if{ys) and relation among elements
as fundamental in any kind of system. However hasauthors immediately identify
this definition is too general and therefore dfdipragmatic value. Thus, they suggest
that “specific classes of ordered pairs (A, R)evaht to recognized problems must be
introduced”. These classes can be separated bjutvdamental criteria:

— The certain kinds of things of each class.

— The certain kinds of relations of each class.
The first criterion has as example the classiftoatiof traditional science and
technology into disciplines and specializationshe&acusing on certain kinds of
elements. The second criterion creates classgsteras which are characterized by a
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specific kind of relation with no commitment on tkimds of the elements that are
related with each other. However, “the only thirtgat need be common to all

systems are identifiable entities and identifiabenections between them. In all

other ways systems can vary unlimitedly” [JordeB6d]. Thus, “the core meaning (of

a system) includes a set of entities and connextimiween them” [Jordan, 1960].

This definition is quoted first because it is calesed fundamental since it recognizes
the principle of identifying something as a systémileed, the notions of element and
relationship are present in all the definitiondystantiating the above statements.

The second definition comes from Maier & Rechti(2) and states that a system is:

“A set of different elements so connected or relas to perform a unique functior
not performable by the elements alone”

This definition introduces the notion of emergengmperties that the whole holds
which are not met by the elements individually.the work of Georgiou (2003) a
thorough discussion is done around the idea of gemee. In this paper he identifies
twelve aspects of emergent properties in the titeea As he quotes from Checkldnd
“the most fundamental systems idea is that of eawrgroperties”. The different
interpretations of the idea of emergent propertyuaed in systems theory are
summarized in the following lines. Thus the emetgeoperty [Georgiou, 2003]:
I. is attributable to a system as a whole
ii. is an attribute with which interrelating elementa®ystem are associated
iii. is an epistemological moment to interrelating elets®f a system
iv. is irreducible to knowledge of the interrelatingmlents of a system and is
thus on a different epistemological dimension tohsknowledge
v. s irreducible to the potentially infinite points wiew available about the
system and is thus on a different epistemologicahedsion to such
perspectives
vi. isinstantly conceivable as a whole
vii. is a function of the relationship between obsearat the system observed
viii. can be reached through a plurality of epistemokdgicutes
iX. is a singular reference point (or singular set eference points) without
which a system is not posited as of any particyjpe
X. is a singular reference point (or singular set eference points) without
which the elements of a system can not be readudierstood as interrelating
xi. is a singular reference point (or singular set eference points) without
which the system can not be readily understoociasirg qua system
Xii. is the identity of a system.

The third definition is the one from Bertalanffy9(@6) which comes from the book
that introduced the General System Theory. He dsfgystem simply as:

“A set of elements standing in interrelation amémgmselves and with the
environment”

This definition focuses more in the interactiortiod system with its environment and
is influenced by the transition from the mechanighiinking to system thinking. The
mechanistic thinking was based on the closed sysiem [Flood, 1990] were no
relationships are found or made between the elemain system and its external
environment [Flood et al., 1993]. On the other haydtem thinking is based on the
open system view were a system exchanges materfiaimation and (or) energy

! Checkland P (1981Rethinking a systems approadburnal of Applied Systems Analysis Vol. 8
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with its environment across a boundary [Flood et H)93]. There are more views
about systems, discussed in more detail in Flobdl[£1993].

The substance of every theory is determined bynteéaphors on which they are
based. Metaphors are used to increase the unddirgjaof phenomena by using
analogies with which we are familiar. They flesh tabstract organizing structures
(models) through which we can conceive of a worttbad us” [Flood, 1990].

The last system definition that we will quote confiesn Dietz (2006, 2008). This
work is based on Bungeand is based on the distinction of the ontologizat
teleological system notions which are concernedth Wie construction/operation and
the function/behaviour of a system respectivelystfive will discuss the ontological
system notion and later the teleological.

Firstly, the definition of a system is based on diféeerence of aggregate and system.
Both are collections of items but in an aggregatibe items are not held together by
interaction bonds” where in a system there ardioglships between elements which
moreover make elements to influence each othere ‘Bxtistence of just a relationship
between the elements is insufficient”; the relagltip should influence the related
elements.

Further, a system should have the following praesrt a composition, an
environment, a structure and a production.

—The compositionof a system is a set of proper elements, whictithose parts of
it that can be engaged independently in mutuafly@mcing relations”. Moreover,
the category of the system is determined by the tfghese relations.

—-The environmentof a system is “the set of proper elements from #ame
category that are not contained in its compositiohthat act on or are acted upon
by elements of the composition”.

—-The structure of a system “is the set of mutually influencingat®mns, as
determined by the system category, among the sistelaments as well as
between them and the elements in the environment”.

—Last, theproductionof a system is “what is brought about by the elesén the
composition and transferred to the elements in é&myironment through
interaction links”.

—-The composition, the structure and the environnaeet collectively called the
constructionof the system,

—-The composition and the structural relations betwiée elements are called the
kernelof the system.

The teleological system notion is adequate forphgose of using or controlling a
system, it reveals the function that every desigagstem has and therefore the
purpose of the system. Through its function a syst@an accomplish different

purposes thus the purpose of a system is a redhijprbetween a system and a
stakeholder or user of the system. Indeed, thetiwarni®n of a system is objective; it

is not dependent on the viewpoint or purpose olier.

2.3. System Classifications

In the previous section we mentioned the distimcbetween open and closed systems
according to the degree of interaction with theivieonment. This distinction is an
attempt to classify systems based on a certaimactaistic. As we also mentioned,
Klir & Elias (2003) categorize systems based ontyipe of elements or the type of

2 Bunge M.A. (1979). Treatise on basic philosophgl. : A world of systems. D. Reidel Publishing
Company, 1977.
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relations, with the scientific disciplines as ameple of the former. Another example
is the classification into concrete and abstrastesys where the former are systems
composed of tangible elements while the latter @ionintangible elements such as
concepts and terms. More classifications exist arenparticular areas of study such
as biology and mechanical engineering.

However there are some attempts to create a geoksgification of systems in
which all the different categories of systems danit the following paragraphs we
will mention some of these.

The first classification attempt we will discussnws from Jordan (1968). In this
paper he creates “a classification into bipolaregyghat are somehow similar to
dimensions”. These dimensions describe the infaomaneeded to specify an
instance of a systenrate of changge purpose and connectivity Each dimension
defines a pair of opposite properties (values) thatbe used in the specification of a
system instance.

The ‘rate of changedimension classifies systems to those that chamgetime and
those that do not, using tHenctional (dynamic)’and‘structural (static)’ properties.
These properties are determined by the time spderuattention since everything
decays after an infinite time span. A system isssifeed as static or dynamic
depending on the connections between the entitiegpdsing the system; if they can
be understood from knowledge of the state of tlstesy for any instant within a time
period is static. Otherwise it is dynamic.

The ‘purpose’dimension refers to “a distinguishable patterraction” which drives
the system to its goal state. The goal state isllyshindered or impeded by the
system’s environment. The “purposive behavior” aglyatem can take two forms. On
the one hand it can be directed towards the enwvieort where the system, in order to
reach its goal state, either modifies the enviramnue overcomes barriers posed by
the environment or tries to circumvent and byphssé barriers. On the other hand it
is directed towards the system itself, trying rtéach the equilibrium point, a state
where system entropy is the maximum, by using hatase to reduce the entropy.
The propertiespurposive’and‘non purposive'are used to specify this dimension.
Finally, the tonnectivity’ dimension refers to the density of relations betwvéhe
elements of a system. A system that is not densmiyected and that no change is
done to the remaining elements upon the changenooval of an element or relation
is called ‘mechanical’. On the other hand the ‘oigmic’ systems are those that are
perceived intrinsically as a different system whearelement or relation is removed or
extirpated.

This dimension of connectivity encompasses thesidéahe mechanical and organic
metaphor of systems. The mechanical metaphor ¢sed| system view) states that a
system can be decomposed in standardized partsagtich definite function [Flood
et al.,, 1991]. The system operates in repetitivelas, performing predetermined
actions while the environment is hardly considesswl entropy never decreases
[Flood, 1990]. The organic metaphor (or open syst@w) incorporates ideas from
biology, adopting the concepts of ‘level of resmnot, irreducible whole, complex
network of elements and exchange with the envirartifidood, 1990].

Using the 3 dimensions and the two properties oheimension a framework of 8
cells is being created where every cell maps t@rabination of values for every
dimension. A system can then fit to one of thescd#pending on the value of every
dimension. The author then classifies exampleystess that meet the requirements
of each cell into the framework. He also recognithed when talking about systems
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we should only use the dimensional description \@@rg system in order to avoid
‘verbal magic’ since it contains all the needediniation to describe a system. A
summary of the examples that Jordan has used iframeework is described in the
following table.

Cell Example

Structural A road network.
1. Purposive
Mechanical

Structural A suspension bridge.
2. Purposive
Organismic

Structural A mountain range.
3. Non-purposive
Mechanical

Structural A bubble or any other physical system in equilibrium.
4. Non-purposive
Organismic

Functional A production line.
5. Purposive
Mechanical

Functional Living organisms.
6. Purposive
Organismic

Functional The changing flow of water as a result of a changhé
7. Non-purposive river bed.
Mechanical

Functional The space-time continuum.
8. Non-purposive
Organismic

Table 2 - The system classification of Jordan (1968)

Another system classification comes from Bouldih§56). This paper introduces the
General System Theory (GST) which will provide ag@al framework or structure of
systems where the different disciplines will fiethcorpus of knowledge in ordered
and coherent manner. Thus, an interdisciplinary enmnt is created with form and
structure whose concern is “the general relatigsstuf the empirical world” and
which will enable one expert within a discipline communicate with experts from
other disciplines.

Boulding mentions two approaches, rather compleamgniith each other, that can
be used in the development of a GST framework. fits¢ is to look over the
empirical world and pick up certain general phenomevhich are found in many
different disciplines and then build up generalotie¢ical models relevant to these
phenomena. The other approach is to “arrange therieal fields in a hierarchy of
complexity of organization of their basic ‘individli unit of behavior and try to
develop a level of abstraction appropriate to eadhsSing the second approach
mainly, he starts from an intuitive explanationtloé levels of complexity and relates
the scientific disciplines into each level. Theuleag framework is briefly described
in the following table, depicted from Chekland (399
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_ Relevant
Level Characteristics Examples ..
Disciplines
Structures . Crystal structures, Des_cnpt_lon_, verbal
1. Static . or pictorial in any
Frameworks bridges L
discipline
Predetermined motion | Clocks, machines, the | Physics, classical
2. Clock-works o e 4
(may exhibit equilibrium)| solar system natural science
Thermostats,

3. | Control mechanisms Closed-loop control homeos_ta5|s . Control theory,
mechanisms in cybernetics
organisms

Theory of
4. Open systems StrucFura.IIy self- Flames, biological celld r_netabohgm
maintaining (information
theory)
Organized whole with
. functional parts, ‘blue-
5. Lower organisms printed’ growth, Plants Botany
reproduction
. A brain to guide total .
6. Animals behavior, ability to learn Birds and beasts Zoology
Self-consciousness, Biolo
7. Man knowledge of knowledge| Human beings 9y
. psychology
symbolic language
Socio-cultural Roles, communication, Families, Fhe_ boy History, sociology,
8. o scouts, drinking clubs, | anthropology,
systems transmission of values ! ! !
nations behavioral science
9. Transcendental Inescapable unknowables The idea of God ?
systems

Table 3 - The system taxonomy of Boulding (1956)

The complexity is increasing from level 1 to le@elBy complexity Boulding means
the difficulty of an outside observer to predichbeior of the system. This difficulty
arises by the dependency of the behavior from #wsibns made by consciousness
and un-programmed decisions that emerge in cors@gatems. The higher level
systems encompasses the lower level systems as@xhibit all the properties of the
lower levels, such as an animal is made of celts @lls are operating based on a
chemical system. In each defined level emergenpest@s arise, which makes the
higher levels to be more than the aggregation ohlgpation of the lower levels
systems.

Boulding states that adequate theoretical modetnexup to the 4th level and above
this level system models are inadequate. Thougbpjrexal knowledge is inadequate
at practically all levels and that “the descriptmincomplex structures is still far from
solved” even at the lowest levels and while moviaghe upper level systems this
description becomes even more noticeable. Finadlysiggests that this framework
and its implications should “prevent us from acocepts final a level of theoretical
analysis which is below the level of empirical wbwhich we are investigating”.
Though a high level system incorporates all theelolevels and therefore an insight
to these levels will provide valuable information.
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Checkland (1993) has also created a so calledésystpology” where he divides the
world into five system classes which make up “aeysmap of the universe”. The
following figure shows these classes and theitigrahips [Checkland, 1993].

Notural syslems

{Origin: the origin of the universe and the
processes of evolution

Designed cbstract

systems
{Origin: a mon and (Origin:a man-ond
a purpose) a purpose}

Human aclivity sysiems

{Origin: man's self-
consciousness )

Transcendental systems:
beyond knowledge

Figure 2 - A system typology of the universe by Chetdnd (1993)

Checkland’s typology starts from tim&tural systemsvhich are the physical systems
which make up the universe. These systems inclinysigal, chemical, biological,
solar and planetary systems. They pre-existedeohtiman and they are the result of
the evolutionary processes. Natural systems mayinbestigated, observed and
described by humans.

The humanis included in the typology since he is resporsiok the creation of the
other three classes of systems. The keyword dé@sgritis actions is ‘purpose’.

The designed physical systerare made by human as a result of one of his pagpos
and exist to serve a purpose although sometimesayt be difficult to recognize it.
They exist because a need for them in some huniaityasystem.

The designed abstract systenase “the ordered conscious product of the human
mind”. They are of intangible nature but can betgsgd in natural or designed
physical systems such as books or CDs. Designéemsgsnay be created and used.
The human activity systenare less intangible systems, but clearly obseevalice
they consist of “innumerable sets of human acésitinore or less consciously ordered
in wholes as a result of some underlying purposmission”. These activities can be
enough to define the human activity system. Alsoman activity systems are
associated with other systems, usually designedsiphly systems, which their
existence forms the human activity system as @durcible entity. These systems are
the main reason that makes an observer to ideatifgt of activities as an entity.
Another characteristic of a human activity systenthat they are dependent by the
human intervention and human action in order tgkbeir identity.

Finally, the transcendental systems exist which lzgond the knowledge of the
human and nothing can be said about them.

2.4. Methodology

The Marian-Webster dictionary defines methodologly a
i. "the analysis of the principles of methods, ruéag] postulates employed by a
discipline"
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ii. "the systematic study of methods that are, camtbleave been applied within
a discipline"

iii. "a particular procedure or set of procedures"
From the above three definitions is obvious thattdrm “methodology” has different
meanings according to the context. In philosophgaénce methodology is used to
denote two concepts.
Within every scientific domain there exist thresibacomponents [Klir et al., 2003]:

* A domain of inquiry

* A body of knowledge

* A methodology
The domain of inquiry refers to the particular sla$ systems that are examined by
this domain [Klir et al., 2003]. This domain posses a body of knowledge which is
the existing knowledge that regards it. Thus, trethmdology of this domain is “a
coherent collection of methods for the acquisitmnnew knowledge within the
domain as well as utilization of the knowledge dealing with problems relevant to
the domain” [Klir et al., 2003]
Thus, according to [Klir et al., 2003] the role ofethodology is to create new
knowledge within a domain. Mingers (1997) extenks tole of methodology by
stating that methodology “is a structured set oidglines or activities in order to
assist people in undertaking research or intereghtiThe new notion is that of the
“intervention”; that a methodology is used not otdycreate new knowledge within a
scientific domain but can also be used by probleiness who are applying existing
knowledge in order to solve a problem or creatdaais that will solve this problem,
just like chemical engineers use the knowledgeuné ghemistry in order to create a
new chemical product which will solve a problem.
Based on the problem, the type of the solutionttier problem or the type of agents
that undertake the effort to solve the problem rirethodology can be a procedure
with specific steps and activities or a frameworiak only provides guidance and
the main steps that have to be done. An examplthefformer are the software
engineering processes, such as Rational Unified¢eBs0(RUP), which provides a
clear procedure with clear steps and activities theve to be done. A software
engineering process is “the total set of softwangireeering activities needed to
transform user’'s requirements into software” [Humgyh 1989]. To avoid the
recursion of the definition the same author defisefiware engineering as “the
disciplined application of engineering, scientifand mathematical principles and
methods to the economical production of qualitytvsafe”. The software engineering
processes are another example of a problem sosatware developer) which
intervenes in a problematic situation using knowketfom computer science.
Also, methodology is “a theory about how to conduncjuiry rationally” [Laudan,
1986]. It also includes the study of inquiry, itudies the way through which
something happens.

Mingers (1997) divides a methodology into the falilog parts:

Paradigmis a very general set of philosophical assumpttbas define the nature of
possible research and intervention. Methodologiesbaely the philosophical

assumptions of a paradigm and they can either elaged consciously as a
methodology or they may emerge as guidelines afgugbod practices and specific
techniques.

The different paradigms can be distinguished altimge dimensions: ontology,
epistemology, and praxiology.
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= Ontology is the types of entities assumed to exist and ndeire of that
existence;

= Epistemologys the possibilities of, and limitations on, ourdkvledge of the
world;

= Praxiologyis how we should act in an informed and reflectivenner.

A technique(or method) is a specific activity that has a clear and vdeffined
purpose within the context of a methodology. Teghas may be complementary to
each other and combine in a whole or they may Ibstigutes, using one technique
instead of another. Techniques are the particuégr @f performing the activities that
methodologies specify to be undertaken.

A tool is an artefact, often computer software, which banused in performing a
particular technique.

An agentis someone actively engaged in dealing with a aler problem situation.
This term is used as an aggregation of the varteasis used among different
methodologies, like analyst, actor, practitionerplgem-solver, intervener and
facilitator and since all of these terms disclosmething about the activity that the
agent has to accomplish the term agent is useekidst

Another framework for analyzing methodologies corftem Seligmann et al. (1989)
and Wijers (1991) and is shown in Figure 3. Coiifrao the previous one, this is
considered explicitly with information system (I8ethodologies. According to this
framework a methodology consists of six componéhéd each addresses specific
aspects of the intervention process. These comp®aea called “ways” and describe
different aspects of a methodology.

» The ‘way of thinking reflects the underlying principles of the methtatyy
by delineating how we observe the application donwdithe methodology. It
also identifies the philosophical principles of timethodology and it may be
referred as paradigm or underlying perspectivetdlopophy [Wijers, 1991],
[Bronts et al., 1995].

= The ‘way of working describes the process of intervention or develgm
solution. It defines the possible tasks, their tagks as well as the sequence
of execution. It can also provide guidelines. Imstions and suggestions on
how these tasks should be performed [Bronts etl@b5]. The tasks can be
divided into modelling and non-modelling tasks withe former focusing
more on the construction or editing of models [@8t2010]. These tasks are
described in more detail on the “way of modellingdmething that justifies
their relationship in the following figure. Thesea components constitute the
operational level of the methodology.

= The *way of modelling contains the dominant modelling techniques that a
used in the representation of certain aspectseofitethodology, whether this
is the problem, its solution or an abstraction b solution. Models are the
most identifiable aspects of methodologies [Sat2fiil0] and one of the main
artifacts of the methodology. The description @$ tomponent is abstract and
includes the models, their concepts, their striecaurd relationships and their
role in the process [Bronts, 1995].

= The ‘way of controlling is concerned with the project management acésiti
and techniques used through the project. It carteitthe managerial level of
the methodology and it is highly related with theemtional level since it

% The authors substituted the term method with tha technique in order to reduce confusion
between the terms methodology and method.
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affects the operation of the process and on the $ame needs feedback from
the operational level in order to be performed.

» The ‘way of supporting” refers to the support of the managerial and
operational levels of a methodology, possibly bgldowhich may include
software, machines and communication systems or pee and paper.

= The “way of communicating”describes how the abstract notions from the
“way of modelling” are visualized and communicatedhe different persons
that are involved during the execution of a methoglp [Bronts, 1995].
Usually it provides a graphical notation or the umspgtions used in the
modelling language. Thus, combining a “way of comioating” with a “way
of modelling” provides the practitioner of a metbézy with a modelling
technique [Bronts, 1995].

The above components and their relations are gisglan the following figure:

way of )
. aliitosonkical
thinking F ¥

NN

amrencrgerial wary of controfling

corceprhial

way of way of

[

operational

moceliing warking

prodiict PrOCess

~\L

way af way af

coRcreie

Commuicaling SNpparing

Figure 3 - The framework of methodologies of Selignmn [Bronts et al., 1995]

2.5. Contribution to the Research

This chapter provides as with fundamental knowlesiysystems and methodologies.
This provides a common scientific background on dbenains of the two selected
methodologies. The domain of DEMO on the one hasdbusinesses and
organizations. The domain of RUP is software systeBoth domains refer to
systems. Thus, systems theory provides us with mmaan scientific background
which will help us to identify commonalities in tineethodologies.

The second part of this chapter provides us witowkedge on the methodologies;
what is their purpose and what are their elemdrits.two frameworks that have been
identified will help us study and decompose thehmdblogies. Consequently, the
combination will be accommodated and made in addeoretical basis.

The contribution of this chapter will be made claarthe reader moves forward to the
chapters that describe the combination effort.
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3. Business Modeling in RUP

3.1. Introduction

The RUP static description contains the “Businessl®ling” discipline as the first
one in a process execution and thus contains thal iactivities that should be done
in a project. Business modeling is a set of activities whosal @ to help project
members tovisualizeand understandbusiness processes and guide them during the
construction of the system [Baker, 2001].

However, this discipline is not mandatory and mprojects choose not to go through
this [Rational, 2001]. Three general reasons ferrtacessity of a business modeling
effort are also given by Baker (2001). Business eting is required when the effort
is towards to business process re-engineering,ovgpnent or automation. Kruchten
(2005) suggests that the business models creatddnwhe business modeling
discipline are more useful “when there are morepfeedirectly involved in using the
system” and “more information will be handled b tsystem”. This is the case for
information systems that support the daily operstiof an organization (business)
and involve people who use them as a tool to actsmiheir daily work. The role of
business modeling in such cases is to analyze riff@nizational system where the
software system will operate, the environment ef $igstem. This is not the case for
off-the-self, general purpose software such asceffind multimedia applications
which are general purpose, single user applications

Kroll (2003) adopts a goal oriented view on theessity of business modeling in a
project. The business modeling efforts should beedwhen the software is being
built in order to support a business and the bagsirie not well understood. The
amount of work depends on the impact of the softvegstem to the business and the
available knowledge about the business. If thermss is well understood or the
impact is small, like improving the efficiency oh aalgorithm or changing an
application’s interface, then business modelingegundant. However, even if this
knowledge exists then it should be somehow transtdrto system requirements.
Also, in case of e-business transformation wheeedperation of an organization is
totally altered this knowledge may become obsoléteing the process of re-
engineering the business thus an iterative tramsftion of the business models is
more purposeful.

The purpose of the business modeling is not limibedly to the above reasons.
Kruchten (2005) and Rational (2003) contain adisthe goals of business modeling
within RUP. These are:

— To understand the structure and the dynamics obthenization in which a
system is to be deployed and how a to-be-deplogéd/are system will fit
into the organization.

— To assess the impact of organizational change.

— To understand current problems in the target omgdion and identify
improvement potentials.

— To ensure that customers, end users, developerothed parties have a
common understanding of the organization.

— To derive the software system requirements needesupport the target
organization.

! The first activities done are the configuration amitialization of the process. Business modeling
activities are the first referring activities towattie implementation of the system.
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3.2. Scope of Business Modeling

The effort of modeling the business, as also sthéddre, is depended on the business
knowledge available and the impact of the softwaréhe business; the context and
the needs of the developing system [Kruchten, 20D&is, the scope of the business
modeling is described in the following scenariosnir [Kruchten, 2005] and
[Rational, 2003] related to the characteristicthefdeveloping system:

Organization chartThis is the case when the application to be deeslap not
intended to change or extensively affect the omgimn’s operation. It contains only

a simple charting of the organization and its psses, suitable to derive requirements
for the application and the business modeling diets/are part of the software
engineering process, performed during the incepiltase.

Domain modelingln this case only a model of the information in thusiness level is
built, without considering the workflows of the lnsss. The domain modeling is also
part of the software engineering process, perforimélde early phases of inception
and elaboration. It is suitable for applicationattare mainly managing and
presenting information.

One business, many systefifishe project is undertaken in order to creatarge
system or a family of applications then the bussmasdeling can be undertaken as a
separate project which will provide input to theesal software projects. The
developed models will help in the elicitation oht@iional requirements for the
software and will facilitate the building of thechritecture of the software.

Generic business mod&Nhen software is developed while considering thatem
than one business will use it then the businessetmagdeffort should be taken in
order to understand and manage differences in hewrganizations will use the
application and it will be easier to prioritize tapplication’s functionality. Also, a
business model can align the organization regaritieiy way of operating in order to
avoid requirements that are too complex for theesgsalthough this alignment won't
always be an option.

New businessrthis is the case when a new line of business rsngld to start, which
will require the support of information systemseTiole of business modeling is to
elicitate requirements for the system and alsceterthine the feasibility of the new
line of business. Usually, in this case the busimasdeling will be considered an
individual project.

Revampin revamp, the organization is completely revamphegbusiness operations
and processes. The business modeling then, assvetiftware development, is a part
of several projects needed, grouped under the‘Business Process Reengineering”.
Among them are: envision the new business, re\engmeer the existing business,
forward engineer the new business, install the besiness.

3.3. The Business Modeling Discipline

3.3.1. Workflow

The workflow of the business modelling expressednrUML activity diagram, is the
following? [Kructhen, 2005]:

2 See appendix of how RUP details its disciplines.
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Figure 4 - The “Business Modeling” workflow

Depending on the purpose of the business modegltiognarios 1-6) and the stage of
the development lifecycle, a different path of warkflow can be followed [Rational,
2003], [Kroll, 2003].

In the early inception phase of the process lifegydhe status of the target
organization is assessed and improvement areadeartfied. This assessment is the
basis for decisions about the way of working in iegt iterations, which is based on
one of the previous scenarios, and captured in‘Bsiness Vision’ and ‘Target
Organizations Assessment’ artifacts.

If only a domain model is required (scenario 2)nthiee ‘Domain modelling only’
flow should be followed. A domain model is compo$exin the business entitiesf
the organization. If no major changes will occurth® business processes then
‘scenario 1’ is followed and only a charting of theocesses is needed in order to
derive system requirements. In such case, the éssimodelling flow is followed,
skipping the ‘Describe Current Business’ activity.

If a new software system will be deployed then tugrent business should be
modelled in order to understand how the softwalkfivthe organization.

If the purpose is the improvement or re-engineedangiaking significant changes to
the business (scenarios 3, 4, 6) then both theruand the target business should be
modelled. The result would be the ‘Business Ardtitee Document’ artifact which
will contain an overview of the architecturally sificant aspects of the business.

3 This term in the context of RUP is explained later.
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Finally, if a new business is developed from sdrgszenario 5) then the models will
describe the business under design and the desaorgitthe current business should
be skipped.

3.3.2. Roles & Artifacts

The artifacts of the business modeling disciplirdated with the roles that execute
them are shown in the following figure [Kruchte®03].

- L2 ~) —
Q [El e TEEJ)J (©]

{
3 :
I Business Business Business Analysis Business
lossary Use-Case Model Mede| Goal
Business Process
~ | B | &
= =2 &
Target- Business Business Supplementary  Business
Organization WVision Archit ecturs Business Rule
Assessment Dogumsent Spedification

< T €2

Q
f f Business Business Business
Usz Cass Actor Use Casze
5 Realization
esigner A = F=n (i
. (&4 ~ 'Z:]
Business Business Business Business
System Entity Wor ker Ewvert

Figure 5 - Roles and Artifacts in Business Modeling

A short explanation of the above roles and artifaefollowing, depicted mainly from
[Kruchten, 2005] and [Rational, 2003]. For a moegatled description the reader
should refer to these references.

3.3.2.1. Roles

Business Process Analy$he business-process analyst is responsiblecfiomidg the
business architecture, the business use casestans @and how they interact by
outlining and delimiting the organization by iddyithg what business actors and
business use cases exist.

Business designefhe business designer role details the spediicatf a part of the
organization by specifying the workflow of busines® cases in terms of business
workers and business entities. The details of lessimise case can also be specified
using a textual flow of events description, an\afstior a sequence diagram.

Also, roles that are involved in this discipline d@nhevarious stakeholdersho
represent the organization and may participateerbusiness modelling process by
providing knowledge about the organization andthginess reviewaxho reviews
the artifacts.

3.3.2.2. Artifacts

The artifacts are divided into two categories, doeats and models which are easily
recognized by the icons of the previous figure. Kb artifacts of the discipline are
the ‘Business Vision’, the ‘Business Use Case Modatl the ‘Business Analysis
Model’ [Kruchten, 2005]. A brief description of thainor artifacts follows, sorted
alphabetically. A more detailed exists in Kruch{8005) and Rational (2003). Due to
their importance a whole paragraph has been dedictat business use case and
business analysis models.
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Documental Artifacts

Business Architecture DocumenProvides a comprehensive overview of the
architecturally significant aspects of the busindssm a number of different
perspectives.

Business Glossaryefines important terms used in the business thodeart of the
project.

Business VisianDefines the set of goals and objectives at whith business
modelling effort is aimed.

Supplementary Business Specificatiofsesents quantifiers of the business not
included in the Business Use Case Model or the rigéssi Analysis Model, or
constraints or restrictions to which the businesstroomply.

Target-Organization Assessmetescribes the current status of the organizaition
which the system is to be deployed in terms of entrmprocesses, tools, people's
competencies, people’s attitudes, customers, catogettechnical trends, problems,
and improvement areas.

Modeling Artifacts

Business EvenRepresents a significant occurrence in the ddsviof the business
that requires immediate action. It is represented stereotyped signal.

Business GoalA requirement that must be satisfied by the bessrin the form of the
desired value of a particular measure. It is anioapt artifact represented as a
stereotyped UML class.

Business RuleA declaration of policy or a condition that mim satisfied. It should
be used only when there are many or complex camditguiding business operations.
It can be either modelled as a stereotyped constain a document format.
Business SystenkEncapsulates a set of roles and resources tigathter fulfil a
specific purpose and defines a set of respong#slivith which that purpose can be
achieved. It is represented as a stereotyped packag

3.4. The Business Use Case model

The artifacts of Figure 5 are the deliverableshef husiness modelling discipline but
not all of them are required in every RUP configima Though, the essential
elements are the modelling elements; the businessase model and the business
analysis model, which together constitute the model business [Baker, 2001]. Both
show the business processes from a different petigpe A business use-case
diagram describewhat the business does and the business object modetilukes
how it does it. These two models are using the busimesdelling profilé of UML
[Johnston, 2004]. In the following paragraphs wél xamine the two models and
their main elements, starting from the business aes model which starts the
modelling process.

The Business Use Case Mods “a model of the business goals and intended
functions. It is used as an essential input to tilemoles and deliverables in the
organization” [Rational, 2003]. It showshat the business does from an external
value added point of view. The main elements of thodel are the business actor and
the business use case [Rational, 2003] and thendmssiuse case diagram which
relates the first two elements. After describingst two elements we will return to
the BUC model for further discussion.

* See Appendix C — UML profiles
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A Business Actor (BAJrepresents a role played in relation to the busings
someone or something in the business environmeRdtignal, 2003], where
“someone or something” denotes that a BA can beairaahn, an organization, a
machine or a system. The main characteristic oAasBthat he is placed outside the
business boundary and interacts with it [John2004], putting a demand on it while
interested in the business output [Heumann, 2001drefore he only has an external
understanding of the business and its behaviouth&umore, he represents a role (or
a set of roles) rather than an individual or a #mesystem [Johnston, 2004]. The
name should be declarative of their role relatetheoobusiness and not of a person;
the person or system undertaking the role shouleblsg replaceable [Rational, 2003].
Finally, also in Rational (2003) it is strongly ggted that an actor should be
involved with a business use case; otherwise hedsndant and should be removed.
Also, if he interacts with several, completely diint BUCs then he encompasses
several roles and should be split to more actorsti® opposite, if more than one
actor is related to one BUC then a shared rolebmareated using generalization
relationships [Rational, 2003].

A Business Use CagBUC) “defines a set of business use-case instamc&vhich
each instance is a sequence of actions that a dsssiperforms that yields an
observable result of value to a particular busines®r” [Rational, 2003]. More
specifically a BUC defines a business process [Haumn2001] from an external,
value-added point of view [Johnston, 2004] thaffgrens a sequence of actions and
produces and observable result of value to a pdattidA [Ng, 2004]. Thus, BUCs
are normally involved with at least one BA [Ratignda003] and fulfill a goal
[Behrens, 2004] which is specified from the poifiview of the BA and the business
[Rational, 2003]. The name of the BUC should lyiefignify the result of the
process, usually from the related actor’s pointieiv [Rational, 2003].

Each BUC defines a set of process instances whergy enstance can follow a
different workflow and not every workflow will evarally be successful; the goal of
the BUC may not be reached [Rational, 2003]. TrauEBUC defines a class, as
perceived from object oriented paradigm, whichudels the instances of the essential
process, which reaches the desired goal/value efisaw the alternative flows which
may occur in exceptional cases depending on evamds facts that may occur,
regardless of terminating successfully or not [dbdim, 2004]. So BUCs unify all
these possible similar workflows into one classt thiastract details, based on the
value that these instances create to the BA amtich a way that they are complete
from an outside perspective [Rational, 2003]. Theans that a BUC workflow starts
with an externally clear trigger (event or messag®) finishes with an externally
clear result or message. This result may not aleaythe goal of the BUC. Ng (2002)
believes that this is the true value of businessletfiog with BUCs: “understanding
how seemingly piecemeal workflows relate to eadtest BUC workflows can run
across different organizations, such as supplieds service providers, which are
outside the boundary of the business [Rational3R00hese outsourced actions of a
workflow do not change the essence of a BUC siheg tire considered realization
details of the workflow. Finally, a BUC workflow oaun for a long period of time
[Rational, 2003]. This can affect the identificatiof performance goals which
generate requirements for the building system.

The Business Use Case Specificatipieumann, 2001], [Ng, 2002] documents the
business use case details. Since the modelingarof the BUC has space only for
the name the specification is maintained in a sgpadocument. It captures all the
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details that a BUC abstracts [Heumann, 2001]. Amibbegmost important items that
are included are the name and the goal/value dBth@ [Heumann, 2001]. Also, the
preconditions and postconditions capture the nacgssonditions before and the
effects after the execution of a BUC [Rational, 2J08nd therefore they implicitly
state the sequence of BUC execution. Also itembk sggerformance goals, the risks
of executing and/or implementing the BUC, spec&uirements that may apply to
the BUC and extension points are mentioned in thk Bpecification [Heumann,
2001], [Ng, 2002], [Rational, 2003].
Finally, the most important part is the descriptioh the main and alternative
workflows of the BUC [Heumann, 2001]. This docunetite main and alternative
workflows using textual description or/and UML diagis, usually activity or
sequence diagrams [Heumann, 2001]. The first stefards the documentation of a
BUC is the identification of the initial conditiorizefore the execution of a BUC and
the goal of the BUC [Ng, 2002]. Then the main flodacuments the steps from the
initial condition directly to the goal [Ng, 2002)vhen the main flow is identified then
all the different situations that might arise atleatep are identified and documented
as alternative flows [Ng, 2002]. This identificatioan be done either by interviewing
business workers or brainstorming possible excegtio
The main characteristic is that the workflow shodégcribe what the business does to
deliver value to the business actor and not hodogs it [Heumann, 2001]. The
distinction between the “how” and the “what” oftean be unclear and not easy to be
done [Ng, 2004]. The same author proposes on tlatiemthat “BUC specification
should be used to distinguish process invariaimtsdfelements) from what can be re-
engineered”, therefore remove the implementatidaildefrom the description since
the implementation of a system is always a sulpéce-engineering. Furthermore,
Johnston (2004) provides 4 guidelines that helpotness designer on how to state
the “what” and not the “how:

i. avoid natural language expressions that have aitadlrconnotation,

ii. do not imply technical implementation of the flow,

iii. follow a simple synchronous request/response corgation model

iv. the sequence of steps does not imply the orddreofunctionality and is often

mandatory only in relation to the next interactwith an actor

Also, the workflow description should be clear aaby to understand for people
outside the business modeling team and it shoutsmitain actors, activities, business
workers or BUC that are outside the scope of th€€Rid not related to it [Rational,
2003].

After describing the basic elements of the BUC nhede should elaborate on this a
little bit more. The BUC model illustrates “how thesiness is used by its customers
and partners” [Rational, 2003]. It does so by metatBAs with BUC in BUC
diagrams. A BA is always related to a BUC, thougBlC may not be related to an
actor. Also a BUC can be classified into 3 categgricore, management and
supporting. Thus a core BUC is always related tBAa but a managerial or a
supporting may not be [Rational, 2003]. Still, thié BUCs are oriented in providing
value to the BAs, the only thing that changes betwthe above categories is the
triggering source; a BA for a core, a time interealan event for a supporting or
management. Furthermore, BUC model contains thectiin and intent of the
business; this is done respectively with a busigesd hierarchy and with the added
value and means of interaction with the stakehsldéthe business [Johnston, 2004].
The role of the BUC model in the system design aadstruction process is to
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understand the way the business interacts witheitgronment and provide the
context for the software development and the sa#taelf [Johnston, 2004].

3.5. The Business Analysis model °

The second most important element of a businesseimedthe business analysis
model. The BUC model shows what the business dek#e this models “how” it
does this: it “describes the realization of bussnase cases by interacting business
workers and business entities” [Rational, 2003]isltan abstraction of the way
business workers and business entities are relatetl how business workers
collaborate with each other in order to perform thesiness use cases [Rational,
2003]. The main concepts of business workers, legsientities and BUC realization
are described further in the following paragraphs.

A Business EntityBE) “represents a significant and persistent goiet information
that is manipulated by business actors and busiweskers” [Rational, 2003]. It
represents a “thing” handled or used by busineskevs [Baker, 2001] while they
execute their activities and tasks within a BUCe Tise of “represent” denotes that a
business entity is not the actual, tangible thiega “classroom” but a representation,
an abstraction of it. However intangible “thingsincalso be considered as a business
entity as well. Furthermore, any piece of informoatithat can be considered a
property of something is probably not a busined#tyeitself but an attribute of it
[Johnston, 2004]; an attribute can be considergieae of information about an
instance of an entity [Rational, 2003]. The problehidentifying attributes is not so
simple since it depends on the scoping of the systewell as the design objective. A
general rule from Rational (2003) is that the bessdesigner “models a phenomenon
as an attribute if no more than one object needsat® direct access to it or if the
only natural way to access it is through the object

Another characteristic of the BEs is that they passive [Rational, 2003] and thus
they do not initiate action and interaction on thaivn. Also, they can be used in
many different business use case realizations flohn 2004] and accessed,
inspected, manipulated , produced by more thanboiseess workers and thus they
provide a basis for information sharing among thsitess workers [Ng, 2004]. Also,
entities have a lifecycle. The lifecycle of enstigpan across different BUC [Behrens,
2004] and thus it gives an overview of where and e entities are manipulated.
Finally, the set of all BEs serves as a busirkssaain mode[Ng, 2004] since they
capture the most important type of objects in thietext of the domain (the business)
[Behrens, 2004]. In a domain model, besides thigyeantd a brief description of them
two more requirements can be captured: the rekstips between the business
entities and their multiplicities as well as theanstraints and derivation rules (e.qg.
age is computed by birth date) [Behrens, 2004].Ias< diagram of the entities is
required to support the description and show tHatiomships among them. The
importance of the business domain model is thatavides a common vocabulary of
terms with precise meanings for the use case $pattdins and thus creates a
common and shared understanding [Behrens, 200gingion, 2004]. The domain
model can be considered a partition of the stafixsst of the business analysis model
[Johnston, 2004].

® Several authors name this model as “Object” modelifitann, 2001], [Baker, 2001], [Ng, 2004]. We
will stick to the official RUP documentation andnmaiit “Analysis” instead.
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A Business Worker (BWis “an abstraction of a human or software systéat t

represents a role performed within BUC realizatigiational, 2003]. It is a role or

a set of roles undertaken from humans or softwgséems or machines within the
organization [Baker, 2001]. The role of a businessker within a business model is
to collaborate with other BWSs, use and manipulais Bnd interact with the BAs in
order to realize BUCs [Johnston, 2004]. BWs argatdd when a BUC in which they
are involved is started and exist as long as thekfloov of the BUC executes

[Rational, 2003]. The most important element of W B the operations he has to
execute, the specific activities and tasks performéhin a BUC. These operations
are activated by messages from other BWs, BAs sinbas events that occur within
the business [Rational, 2003]. BWs are not a cosgyl artifact and should be
modelled only when changes to the organization rteede considered [Rational,
2003].

A Business Use Case Realization (BUB)scribes how business workers, business
entities, and business events collaborate to parfarparticular business use case”
[Rational, 2003]. The BUR describé®sw the steps of the workflow of a BUC are
performed, in contrast with the BUC which describdmt steps are performed. BUCs
give an outside perspective of a business whileBiiRs gives an inside perspective
[Johnston, 2004]. However, it is not always easgidfine what is an outside and what
is an inside perspective. Furthermore, similarhyBtdC specification, a BUR should
contain all the alternative workflows of a BUC. 8Jsthere is always a BW that
handles the interaction between a BA and the bssiaad acts as the interface of the
business [Rational, 2003].
Ng (2004) recognizes three approaches in real2ld@s. These are:
» Focus on work processes
The focus is on the work processes, identifying BVB#\s and their
responsibilities. A sequence diagram can be useeédoribe the realization of
the basic flow of a BUC. Also, activity diagramstivswimlanes that partition
activities according to the responsible BWs camused. The benefits are that
the process is being understood without involviygtem or information
details and identify which BWs, BAs and their resgibilities are time
consuming, resource intensive or error prone ireotd prioritize automation
needs.
» Focus on process automation
The focus is on exploring the automation of BAs &Ws responsibilities.
More specifically when and how they use businesstesys, what are the
responsibilities of business systems in supportBéfs and BWs. The
realization is modelled with a sequence diagramcivishows the messages
exchanged between BAs and BWs with the businesserags of the
organization. This view gives an understanding @i tbusiness systems are
used by BAs and BWs as part of their responsiéditand facilitates the
derivation of system use cases.
* Focus on information processes.
The focus is on information processes, how busieesities are manipulated.
In this case a sequence diagram showing the atiens between BWs and
BEs is used. A collaboration diagram can alsodssiu
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3.6. Building the Business Model

Based on the above theory we created the busineds| of the Mprise. The model is
based on the narrative description of Mprise whicdis been created by Puspa
Sandhyaduhita for her graduation project.

The artifacts created and the relationships betwieem are modeled in the following
UML class diagrath The classes of this diagram are representatibrieoabove
concepts and thus they also provide a short dewgripf the above theory.

® For an introduction to class diagrams see AppendixQiass diagrams in UML
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3.6.1. Building the Business Use Case Model

In this paragraph we will explain the process afding the business use case model,
the guidelines we followed and some artifacts e@aihe complete report of the
business use case model which contains all theadieexists in different documents
for further reference. The reader should have imdnihat RUP is an iterative process
and thus the sequence of the steps is not sttiothar. Some artifacts developed in
sequence but were not completed until some othiéacis had been started.

The first step is to identify business actors [NZ)JO4]. This step is quite
straightforward since the boundary of the businessquite clear and easily
identifiable. Also, generalization relationshipsvleabeen used in order to join
common roles undertaken by different individual$m é&xample is the “client” BA
which is a role that can be taken from several 3ypé actors, classified from
attributes such as the size of the business aiyffeeof usage of software systems. A
part of the diagram is shown.

Categorization
according to thetype
of attenders. \

Cons ultant

T
e
T
e
T
5% -]
Freelancer
Software Users

\Em{se parfidpant
\ b .
HBO Member
Big Company Employee Categorizationmaping
to dient size

Figure 7 - Actor classification example

Ng (2004) identifies the problem that there is alsvahe case that something can
either be a BA or a BW and the separation may eatléar. Indeed this was the case
for the suppliers of Mprise. Also, it is a ruleRUP that a BA should be involved in a
BUC otherwise he is redundant. However, a BUC aatrbe identified for a supplier
since a BUC does not deliver value to them. Thenmoi obvious goal reached by i.e.
outsourcing the attendants’ lunch in a company ftieenpoint of view of Mprise. It is

a step in a BUC. The supplier is only related te tbalization of a BUC. But he is
still outside the scope of the business and heordyn be modeled as a BA. One
solution is to relate suppliers with the BUC whe arvolved with, in a BUC diagram.
This is illustrated in the figure:

- ~_
~—
\ \3%
Course participant \

ICT Supporter

Figure 8 - Modeling the outsourcing of a process

However, this solution illustrates details abow thow” of the business and it's not
so relevant about the “what”. A more sound solui®to involve this kind of BAs in
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the realization of the BUC in the Business Objecdsl. This involvement will be
shown in the following sections.

In the next step, BUCs were identified. The idecdifion of a BUC starts with the
identification of a goal. If there is not a goa¢thpossibly there is not a BUC as well.
Also, the preconditions and postconditions are tifled. The identification of the
preconditions is valuable to the descriptions o# thorkflows as it is already
described. During the first steps of building thHe@model the identification of BUC
had focused in the identification of mainly the Ba&sd the BWSs. This helped in the
BAs and BWs identification and thus provided atfsgep in the specification and
realization of BUCs.

Also, BUCs have been related with “include” andt&sd” stereotyped relationships.
The “include” stereotype is used to “partition qatrts of a workflow for which the
base use case only depends on the result, not ¢fleodhfor reaching the result”
[Rational, 2003]. Thus, this relationship is usedthe case of the course product
development where the output of the BUC “coursedpecd development” is used
from the base BUCs “get course information” andgiseer for a standard course
program” and the way of producing the output is reéevant. This is shown in the
following partition of the BUC diagram:

<<include>> _

i . get course information —7 course product development
Aspirant Client /

Client

Figure 9 - 'include’ stereotype usage

The “extend” relationship adds a flow to a busingss case that is already complete
in itself. This flow is conditional or optional arscribes an exception or extension
of the base BUC. This kind of stereotype has besea in the case of the “register for
a standard course” BUC. This BUC can be followedalithange date of training”
BUC which is an extensional workflow that may fell@r not the registration of a
standard course program.

e _ §
U — <<extend>> /
\ 7
register for a standard course program

Client change date of training

Figure 10 - 'extend' stereotype usage

For every identified BUC there is a specificationcdment which contains the
information of a BUC, among them its goals and therkflows, main and
alternatives. The fields in the documents are:obhiction, Goals & Performance
goals, Workflow, Category, Risk(s), Precondition®ostconditions, Special
Requirements and Extension Points. Also, we vidlategghtly the rule of workflow
description which requires stating what is done; steted what is done by whom.
This approach is oriented towards the “how” of thesiness; the business analysis
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model, and therefore acts as a connection link &etwthese two models. It is also a
first step to identify business workers. A UML adly diagram has been used where
necessary to give a graphical explanation of thekflaw. Also, swimlanes have been
used to show the “who” of every step in the casksresthis has been identified. This
case was mostly preferred for workflow which congsaia lot of branches and
alternative workflows. The following activity diegm is the full workflow of
“register for a standard course program” BUC.

Aspirant Client Secretary Director

( complete \ Enter registration
\_ registration form / data to the IS

firstregistration /" check seat

[No] availability
\L[Yes

1
Create new training ™\
schedule

Mark course as
“inplannen”
\L available seats I \
Notify trainer —=| Discuss extention |
[Yes] [No] \ with the trainer /

Extend number of seats

Register for a later
training course /~ compose and send ™\ seats extended
confirmation letter /<
;/\ [Yes]

/“insert clientand payment ™\
( information in the IS

update course participants

Success

. - Contact client to discuss
client willing to " N N
w%’l { the failed registration
\ / [No]

[Yes

[No] Propose a client specific >© New BUC starts

training to the client

Figure 11 — Activity Diagram for a BUC specificatio

Finally, a goal hierarchy for Mprise has been @dathich shows the business goals
of Mprise, following a specification hierarchy wkeethe lower levels make more
specific and measurable the higher level goalso AJCs have been related with the
goals that they support. A partition of this diagréollows.
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Figure 12 - A partition of the goal hierarchy

3.6.2. Building the Business Analysis Model

We will start the description of the business asialynodel from the business class
diagrams which also include the domain model of thesiness. The following
diagrams extend the domain model by relating estivith each other as well as with
BWs. During the development of the model we followkese rules from Behrens
(2004):

i. prefer redundancy to generalizations,

ii. prefer attributes for simple types to relationships

iii. omit the types of attributes when they are obvious,

iv. omit identifiers,

v. use role name only when they help to clarify thetexgt.

The whole domain model has been partitioned in thagrams for improved
readability. The main part of the business claagrdim is shown below. The business
analysis model report contains the description \@re entity and worker of the
following diagram.
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Figure 13 - The business class diagram
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One suggestion of Behrens (2004) is to use lifesy@br the most important entities.
UML state chart diagrams can be used for modelingylifecycles. This state chart
shows the manipulation of entities that changes 8tate across different BUCs. In
the following diagram the lifecycle of “Training lsedule” entity is shown.
Rectangles represent states and arrows conneheng represent events that activate
transitions from one state to another. Although rBek (2004) suggests that the
arrows should map to the BUC where these eventsrpotr case contains events
that occur within the same BUC, depending on thekfhimw followed, and using this
guideline will create a vague and ambiguous diagram

®

atleast one regigtration has been done

created

more than one weel ahead of the course date

inplannen O'Peweekahead AMD notenough at‘lendan{s canceled l

one weak ahead AMD enough attendants

. a course produd has been signed definitief

The invoices of the project havd been printed and sent to the clients

afgerond
®

Figure 14 - The lifecycle diagram of “Training Scheéule” entity

State chart diagrams have been used for BWs and id#ese applicable. These
diagrams show the state transition in their attebuAlso, by convention the states
show the transition of the undertaken roles byBAeor BW. Although this tailored
technique can create over-assignment of rolessingle actor this potential problem
has been recognized and taken into account. An gieaof using state chart diagram
for the transition of roles is the BA “Secretarysfsdant” which substitutes the role
“Secretary” every Friday.

itis not friday

secretary
assistant

itis not friday tis Friday

secretary

Figure 15 - Using state charts to denote assignmentmfies

Finally, the Business Analysis model contains #edization of BUCs. These artifacts
explain how the business realizes the BUCs. Theoagpes we chose, referring to
the three approaches of Ng (2004) stated beforee we focus on work and

information processes. Sequence diagrams incluBWg, BEs and in some cases
BAs have been used. Not all of the BUC have beahzed with a sequence diagram.
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Some BUCs have a small sequence of steps or theation among BWs either by
communicating or exchanging information is simpkgdoes not contain a lot of
interactions or information exchanging. Also, BAsvh been included in the
sequence diagrams. This is done in cases wheresdioutsourcing some of the
steps of a BUC. This technique allows showing #@nething is outsourced since
this can not be done in the BUC model.

The sequence diagram of the realization of theetatttraining” BUC is shown which
also includes BAs. This sequence diagram showsptioeess of preparing and
attending to a course, how BWs collaborate withheather, how they share
information and what is the role of the BAs in freparation and completion of the
BUC realization.

Every arrow indicates a message, pointing to theiver. This message indicates the
request of an operation to the responsible busimesker with the name of the
operation being the label of the message. Also,iapyt information is indicated as
argument of the operation. By using this technigugefinally get the operations of
every BW and BA since every incoming message ispimgpto a BW’s responsibility
[Ng, 2004]. Finally, using this technique we gdisa of the responsibilities of every
worker.

Ng (2004) also suggests that the labels of thewarr(ihus the messages and the
operations) should contain verbs such as “preparef “review” and should be
avoided verbs such as “submit”, “approve” and ‘céjeThis is suggested because
while the former refer to responsibilities and waties the later refer to events or
actions. For example “submit” assumes the subnmssfca document which can be
considered more correctly as an event or an atiancauses a transition and not as
an activity.
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3.7. The Role of Business Model

The Business Modeling discipline and the artifagsated within this discipline are
strongly connected with the software engineeringcess. First, they use the same
modeling language, UML. Second, the business muoeiides the context where the
software intensive system will operate.

Baker (2001) identifies the advantages that UMLvjates to the business modeling

effort.

i. UML provides a common language for business armlgsid developers thus
making the communication among them easier sineg tise the same symbols,
diagrams and notations.

ii. UML is visual and therefore the systemic aspectbusdiness: who, how, what,
why and when things are happening, are represéntedsual elements which
reduce complexity and ambiguities.

iii. UML is object oriented and thus the modeled objeeftect real world entities
very closely.

iv. UML describes both the structural and dynamic aspet business processes
using the different diagrams of UML which model gstem from different
viewpoints.

v. UML focus on the customer since it is use casenteteand therefore includes the
client early in the process in an external, valueeth view of the business.

vi. UML helps derive better system requirements by tifigng the business context
where the system will operate. Furthermore, theness model can serve as a
direct input to a requirements model. RUP definigectl mapping between the
two models.

The business discipline can be done independehidy smftware development effort

[Heumann, 2004]. However the last benefit mentiobedore -help derive better

system requirements- is the most important and maild examine this in more

detail. The business model is a direct input tequirements model and RUP defines

a direct mapping between business models and szgeirt models [Heumann, 2004],

[Kruchten, 2004], [Rational, 2003]. Furthermore, tiBaal (2003) mentions the

relation of the Business modeling discipline to thimer disciplines. These are

[Rational, 2003]:

— RequirementsThis discipline uses the business model as imtimp deriving
system requirements and building the requiremerteiso

— Analysis and Design The business models are used as an input toedefin
software systems that seamlessly fit into the degaion.

— Deployment Business models are an aid in planning the depémy of a
software system.

— Environment Guidelines are developed and supporting artifaotsmaintained
within this discipline, i.e. Business Modeling Geiithes.

Before examining the mapping that RUP defines Fa treation of requirements

model the Requirements discipline and its modeld artifacts will be briefly

described.

3.7.1. The Requirements Discipline

The main objective of the requirements disciplisgd derive system requirements
from stakeholder needs. These requirements desehbe the system should do and
facilitate the agreement between customers andlagfeys [Rational, 2001]. To
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achieve this, the system analysts elicit, organsael document the required
functionality and constraints posed on the systgmtie stakeholders [Rational,
2001]. The goals of this workflow are [Kruchten 0P
- To establish and maintain agreement with the custemand other
stakeholders on what the system should do and why.
- To provide system developers with a better undedstg of the system
requirements
- To define the boundaries of (scope) the system
- To provide a basis for planning the technical cotg®f iterations
- To provide a basis for estimating cost and timéegweelop the system
- To define a user interface for the system, focusinghe needs and goals of
the users
The main outcome of this workflow is a vision do@mty which “defines the
stakeholders’ view of the product to be developspecified in terms of the
stakeholders’ key needs and features”, a use caskelmvhich is “a model of the
system'’s intended functions and its environmerd,sanves as a contract between the
customer and the developers” and finally, a Supplgary Specifications document
which “captures system requirements that are nadlilse captured in behavioural
requirements artifacts” [Rational, 2003].
RUP defines requirement as “a condition or capgbilo which a system must
conform” [Kruchten, 2004]. The requirements areegatized in two major
categories: functional and non-functional. Funaiorequirements “specify actions
that a system must be able to perform, withoutnigkphysical constraints into
consideration” [Rational, 2003]. These types oursgments are described in the use-
case model.
Actor and use cases are included in the use cadelmn actor “defines a coherent
set of roles that users of the system can play whemacting with it” [Rational,
2003] and it can be either an individual, a grotimdividuals or a system. A use case
“defines a set of use-case instances, where eaténoe is a sequence of actions a
system performs that yields an observable resulvadfie to a particular actor”
[Rational, 2003]. The steps that are performedhéninteraction of the system with the
actors are described in a use case specificatioithwimcludes the basic and
alternative flows of events, the preconditions ahd postconditions as well as
extension points and special requirements [Kruch2804]. Thus the use case model
provides a functional model of the system whiclated user roles, functions and the
results created by the system as described froext@nnal point of view.
Non-functional requirements are further divided ointusability, reliability,
performance, supportability; giving a categorizatwhich is abbreviated as FURPS+.
The plus (+) sign indicates that requirements alibet design constraints, the
implementation, the interface and the physical attaristic of the system should be
included as well [Rational, 2003]. These typeseaifuirements are described in the
Supplementary Specifications and a software togt beaused for their management
[Rational, 2001]. However, this categorization islyoa template for requirements
elicitation and for assessing the completenesshefunderstanding of the system
[Kruchten, 2004]. It is not so important if a reqment is classified in usability or
supportability as long as it is identified.
The process of capturing and managing requiremesmsscribed in Kruchten (2004)
and Figure 17 explains it briefly.
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Figure 17 - The process of capturing managing requaments

First the stakeholders’ requests and wishes amgbsaptured by users, customers,
marketing and other project stakeholders. Theseestq are used to develop the
Vision document which contains the important stalkéér and user needs together
with the high level functions of the system. A fgatcan also be included based on
the cost of implementation and the return of inmesit. This kind of decisions is
documented in the business case of the project.

The features documented in the Vision are trarglatéo detailed software
requirements at a level at which an actual systambe designed, built and tested.
This translation is the use case model for the tfanal requirements and the
supplementary specifications for the non-functiofi@lese two artifacts constitute the
Software Requirements Specifications (SRS) whicptwras the complete system
requirements [Kruchten, 2004], [Rational, 2003].

Then, the SRS is translated into a design modelrdsizes the requirements, a test
suite that tests if the requirements have been cuogkectly and the system/user
documentation which documents the system from séperspectives.

Apparently there is a relationship between thetitaets which is called traceability.
Traceability is “the ability to trace a project elent to other related project elements,
especially those related to requirements” [RatipB@03]. These elements are called
traceability items. These items and their relatigps are shown on the right side of
the above figure. The purpose of traceability igJRational, 2003]: understand the
source of requirements, manage the scope of thgegbromanage changes to
requirements, verify that all requirements of thgstem are fulfilled by the
implementation and that the application does onlyatwit was intended to do.
Traceability exists in order to help managementrefuirements in an iterative
process. The design model can change the use caskl nor flaws and
inconsistencies may be that require the changleeoinitial vision and use case model
[Kruchten, 2004]. Therefore questions should beegiwn how a requirement is
derived, how this is realized, why a requiremerg haen removed from the initial
list, how a requirement is derived from another. &dayway, iterative software
development and management of requirements areftithe six RUP best practices.

3.7.2. The Analysis & Design Discipline

The Analysis & Design discipline transforms the uegments into a specification
that describes how to implement the system [KruchB904]. The main goal is to
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show how the system will be realized in the implatagon phase [Rational, 2001].
The system should be designed such that it perftimgasks and functions specified
in the use case descriptions, fulfils all its regments, it is structured to be robust,
adapt the design to match the implementation enment [Rational, 2001],
[Rational, 2003].

The main artifacts created in this discipline dre ainalysis model and the design
model.

The analysis model is an optional and a tempordifigét since it is a rough sketch of
the system that can evolve to the design modeéfiying it further [Kruchten, 2004].
It is constructed in the elaboration phase and tgoldia the Construction phase of the
project [Rational, 2003]. It is an “object modekdabing the realization of use cases,
and which serves as an abstraction of the DesigmeMo[Rational, 2003]. It
represents an early conceptual model of the syfRational, 2003] and it is worth
developing in cases of large, long living systerasanse the analysis model omits
most of the details and provides an overview of tibes system works [Kruchten,
2004].

The analysis models composed of analysis classes and their asgnwan a class
diagram. An analysis class “represents an earlyemmal model for 'things in the
system which have responsibilities and behavidrational, 2003]. They provide a
first glance by identifying the prototypical class& the system; they give rise to the
major abstractions of the system but rarely sunim® the design unchanged
[Rational, 2003].

Also, RUP uses analysis mechanisms in order toceedinie complexity of analysis
and improve the consistency of the analysis mo@ieese mechanisms represent
patterns that map a well tested solution to a comnpooblem. They are
“placeholders’ for complex technology in the middhnd lower layers of the
architecture” [Rational, 2003] which abstract themplexity of implementing an
identified mechanism at the analysis level. They aso be viewed as a framework
that match technological, problem domain unrelateghavior to a domain related
system or class. Examples can be error handlmidjcations and object persistence.
The design modeis “an object model describing the realizationusk cases, and
serves as an abstraction of the implementation haukits source code” [Rational,
2003]. The design model is an abstraction of thé&rc code [Rational, 2001] and
adapts the analysis model to the constraints dériseom non-functional
requirements, the implementation platform and tlefgsmance of the system
[Kruchten, 2004]. The design stops when the mopriside enough information so
the system can be implemented unambiguously. Ttatersent is very general
because the depth of design is strongly dependenthe specific project. The
granularity of the specifications is dependentlon éxpertise of the implementer, the
complexity of the design and the risk that the gleanight be misunderstood. The
most important parts of the design model are thsigde classes with their
relationships and the use case realizations.

A design classs “a description of a set of objects that shaeedame responsibilities,
relationships, operations, attributes, and semsintiRational, 2003]. The class is the
fundamental concept of object oriented paradignr. the modern object oriented
languages, such as Java, everything is represastad object. Classes classify sets of
objects in patterns. Furthermore, classes represeepts [Fowler, 1997]. There are
three perspectives which determine the concepts ghelass represents [Fowler,
1997]. In the conceptual level classes represemtequs in the domain under study of
the real world. In this level classes “should bavdr with little or no regard for the
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software that might implement it” [Fowler, 1997]h& Analysis model maps to this
level. The specification level of the classes muiing in interfaces of the classes —the
methods and operations- and not in the implemematFinally, there is the
implementation level which models the actual clagkat implement the system.

The other part is thase case realizationg his artifact “describes how a particular
use case is realized within the design model, imgeof collaborating objects”
[Rational, 2003]. This description is done for gveise case of the system, using
various UML diagrams, such as class diagrams, seguediagrams and
communication diagrams which show the messagesaagell among classes while
the system executes a use case. This allows theasseto be totally separated from
its implementation and therefore changes in thdampntation do not affect the use
case [Rational, 2003].

3.7.3. Deriving System Models from the Business Mod el

RUP provides clear rules on how to derive systerdetsofrom the business models.
The business model of the business disciplinelée® to the use case model and the
analysis model of the system. The derivation rales depending on the goal of the
system as will be shown. Two system developmemates have been identified
which denote the goal of the development procehks. first scenario is to support
business workers with software and the second igptace business workers with
software by automating them. Both hold some commadelines for developing the
analysis model of the system.

3.7.3.1.  Supporting Business Workers

Every business worker who is undertaken by a peirstime business analysis model
is transformed to a system actor in the systencase model. The name of the actor
remains the same. For each business use case ih vie business worker
participates, a candidate system use case isfidentruchten, 2004].
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Figure 18 - Transforming BUC diagram into system usease diagram

Also, for every identified system actor the useesathat are related with him are
identified in the business use case realizatione Bgstem use cases are the
responsibilities of the business worker. Thus, yveessage in the BUC sequence
diagram will possibly transform to a system useeadiagram.

An example is the newsletter editor. The systerorat@tiewsletter Editor” has two
responsibilities identified in the BUC realizatioasd thus he is related with two
system use cases.
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Figure 19 - Deriving system use case from the businessdel

3.7.3.2. Automated Business Workers

The system under development may automate somendsssiworkers where
responsibilities from a business worker are tramsfeto a business actor. In such
case business workers are removed so the busioEsscan initiate a use case. In
such case the business actor is becoming a system a
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Figure 20 - Automating business processes

3.7.3.3.  Analysis Model
A business entity in the business analysis modgksponds to an analysis class in
the Analysis model. Also, some attributes may apoaed to analysis classes. The
relationships between business entities often &idi@ corresponding relationship
between the corresponding analysis classes. Thedeliges apply to both scenarios.
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Figure 21 - Transforming BE into analysis classes

3.8. Contribution to the Research

This chapter provides an insight into the busimassleling workflow of RUP. The
artifacts, practitioner’s roles, activities and dglines on building the models have
been mentioned. Most importantly the role of thekilow has been identified; what
is the contribution of the business models to thiéwsare engineering process, what
the role of the process is and how the models ef é¢hgineering process are
transformed into software engineering processaatst

The outcome of this chapter will support us on htowombine the methodologies,
how we can transform models and what are the adgaatof DEMO against business
modeling with UML. Most of the above will be obviein the chapters that follow.
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4.1. Theoretical Background

The combination of DEMO and RUP is inspired by &aded on the previous work
of Mingers and Blocklesby (1997). In their reseapaper they introduce their effort
in developing a framework that will help practiteys to partition and combine
different parts of methodologies, thus creatingudtiimethodology that can be multi-
paradigm and utilize the different parts of metHodees.

Firstly, they classify the distinct kinds of metlodagy combinations based on the
interference of the methodologies within an intetian. Table 4 summarizes the
different levels.

. .. Multi-
Name Description .
paradigm?
o I Using only one methodology or Single
Methodological isolationism technique from one paradigm
Enhancing a methodology with Single
Methodology enhancement | techniques from another Multiple
Methodology selection Selectln_g whole m_ethodol_og|e_s as
appropriate to particular situation
Methodology combination _Comblnlr_lg whole methodologies in an
intervention
Partitioning methodologies and Single
Multi-methodol combining parts _
ulti-methodology agp Multiple

Table 4 - Distinct classifications of methodology conibations

However in our case, the first level will provides meither with a useful new
methodology nor with a sound base for fruitful w@sh; problem domains of
successful usage of DEMO and RUP are distinct anaavk in advance; nothing new
can be discussed about. The second level of meihgpdenhancement seems more
interesting since the RUP could be enhanced withestechniques from DEMO (or
contrarily DEMO could be enhanced with RUP techegjuespecially in the business
modeling discipline. The third level of methodologglection has gained some further
research interest, like from Jackson and Keys (1984 Jackson (1990). In these
papers “a classification of problem contexts acitgydo the nature of the systems(s)
embedding the problem of concern and the relatipnsbtween relevant decision-
makers” is being developed [Jackson, 1990]. Thoaghalready stated, the problem
contexts of each methodology are quite distinct aredl known thus a similar
framework could be developed only in the case taitwill require a configurable
methodology depending on the problem context. Kintie last two levels provide as
with more interesting combination options sincembination of DEMO and RUP or
a multi-methodology of them will create somethirgwnthat utilizes the advantages
of these two methodologies.

However, the title of this thesis may denote that ave restricting ourselves to the
“Methodology Combination” level. Though, this istribe case but it was a deliberate
option so not to restrict ourselves in the levelnailti-methodology. We will not
restrict now as well and we will leave this deaisio the following steps. Here we
only identify the influence of the above table to cesearch.

-55-



A Combination Framework

Their second step is to clarify and distinguish térens of a methodology in order to
be able to study and decompose methodologies iror@ systematic way. These
terms have been discussed in chapter Theoretickigaund?2.

The next step is to separate the world into theraptementary worlds based on the
work of Habermas He assumes that real world situations of humaivigc will
involve all three of the following worlds:

Material world is outside of and independent of human teing existed
before and would exist whether or not we did. Kredge of this world is
acquired through observation. Although, this waddbjective (independent
of the observer) the observations and descriptbiitsare not.

Personalworld is our own individual thoughts, emotions,perences and
beliefs. This world is not observed but experiended generated by and only
accessible to the individual subject and thus suisjective in contrast with the
objective material world.

Social world is a shared world between individuals whiobnsists of a
complex multi layering of language, meaning, socfahctices, rules,
resources. It enables & constraints our actionssorgproduced through them.
It is inter-subjective because it is a human camsion as well as preexists of
any particular individual.

The separation of the world can be graphically ldiggd in the following figure
[Mingers & Brocklesby, 1997]:

Qur social world

Ids Intarsuqechuty

Appreciates | Emationing EWSS&G

Figure 22 - The division of the world by Habermas

Also an intervention has been separated into phese®ll. The authors, after making
a short review of literature, separate an inteieaninto the following four phases.
These phases should not be seen as discrete #tagésllow each other but rather as
aspects of an intervention that need to be cormidiroughout the intervention.

Appreciationof the problem situation as experienced by thensgmvolved.
In this phase the agent “gains a rich appreciatiotine situation as possible”.
This appreciation will always be dependent from #igent’'s experience and
their access to the problematic situation.

Analysis of the underlying structure/constraints generating situation as
experienced. This phase tries to explain why thesgon is as it appears to be,

! Habermas J. The Theory of Communicative Action Viaésd II. Polity Press, Oxford, 1984.
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the history that generated the current situatiahthe relations and constraints
that maintain it.

Assessmerdf the ways in which the situation could be ottiemn it is; of the
extent to which the constraints could be alterede Tvays in which the
problematic situation can be changed are examigethlnging the structure
and constraints of the situation.

Actionto bring about desirable changes.

The combination of the distinct worlds and the rimémtion phases creates a
framework. This is a grid which has the three weiild the rows and the four phases

in the

columns. It is used to “map the charactessof different methodologies to

help in linking them together” and is based on ltdggc that “a fully comprehensive

intervention needs to be concerned with the thréerdnt worlds and the four

different phases”. Thus, a methodology is examidegending on what extent
addresses the aspects of every dimension of theTb&d can be done by mapping the
methods (techniques) that address these aspectasamgl an assisting color scale
depending on the extent that addresses these ssspée framework is shown in

Figure 23 and an example of the application offtaenework to the Soft Systems
Methodology that uses a 4-level color scale follaw&igure 24, both from Mingers

& Brocklesby (1997).
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hd":{s‘ perceptions and conceptualization: accommeodation and
Personal | meanings. personal and constructions consensus
emotions rationality
physical underlying alternative physical select and
circumsta- causal and stroctural implement best
Material nees structure arrangements alternatives
Figure 23 - The multi-methodology framework
Apprecialion Anulyse AsgesErent Action

of of of o

Soft Systems Methodology

Figure 24 — An example of using the framework

Furthermore, this framework can also be used tdystie methodologies and design
a multi-methodology of them. A detailed study oé ttifferent methodologies has to
be done in order to identify complementary techagjuetach them and link together
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in a new (multi) methodology. Since multi-methodplostates that phases and
techniques of a methodology can be detached ardlinssnother methodology, this
should be done in a systematic way which will retpg detachable parts, their
function and purpose within the intervention andvhibese parts can be combined
together.
Thus, after the mapping of the methodologies tagtiiet a way to link the parts has to
be devised. The framework guides and organises lthisng by identifying
complementary parts which address the differenedsions of every cell of the grid.
Also, the framework can be used to design the neati-methodology by attaching
methodological elements (parts or techniques) aryeeell and thus creating the new
methodology’s phases and techniques.
However, a multi-methodology has to be composea way that will recognize and
transcendent the paradigm incommensurability thay mmerge when transferring
one technique into a context which makes differgatadigm assumptions. This
requires the identification of detachable parts i&uticey can be transferred to another
methodology with a different paradigm.
Thus, methodologies should also be studied in thesels in relation with the
methodological elements mentioned earlier:
» Philosophical principles (Why)Decomposed to:
0 ontological,
0 epistemological and
o praxiological principles.
» Methodological stages (What)
= Techniques (How)

The primary element of a methodology is its stagassonceptual account of what
needs to be done”. These are justified by the pbpbical principles, and actualized
by a set of activities or techniques. After studythe methodologies in this way, a
detaching can be done, either at the level of teclen or at the level of
methodological stage. The later may be used inscakere moving a technique from
one methodology to another with possibly differpatadigms where the context and
interpretation of the technique may change. Asdtaarlier, the framework can be
used during the composition of the new multi-metiiogy by attaching stages and
techniques into the cells.

Finally, the role of the agent has to be taken atcount since these are the ones who
will use the multi-methodology. The choice of thethodologies to combine must
depend patrtially on the skills, knowledge, persatgle and experience of the agent.
Agents can not be efficient in the practice of ahudology if they are unfamiliar
with it and it makes them uncomfortable; eitherdwese the paradigm conflicts with
their personal beliefs, the cognitive skills needed out of their interests or don't
match with their existing skills.

4.2. Adapting the Framework

The unconditional adoption of the above framewaqgears to be neither possible nor
acceptable. The main assumption that the writezsnaaking implicitly is that this
framework is concerned mainly with managerial oft soethodologies. This is
evident in mainly two of its characteristics whican not be assumed in the case of
DEMO and RUP and are explained in the followingagaaphs.

We should mention here that on the one hand DEMQletsoa business or
organization and on the other hand RUP is a softvemgineering process which
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transforms the client's and user’'s requirement isbftware. Thus, by the
combination of these two we intuitively expect teate a methodology that will go
through the modeling of a business to the developrag software and information

systems that supports the business. Having thisnind we will examine the

inappropriateness of the framework of Mingers ahacBesby to our case and what
should be done in order to adapt the frameworkhe dpecific requirements of our
study.

4.2.1. The Separation of the World

The rows of the framework of Mingers and Blockleshgp to the division of the
world into the social, material and personal woilthe properties of the material
world are that it is outside of and independenhwian beings, it existed before us
and will exist whether or not we did, we can ortigge this world through our actions
but are subject to its constraints and finally tharld is described by observation and
it is objective.

Apparently this world does not take into accound thfferent things. The material
world that is described obviously refers to theuratsystems; chemical, physical and
biological systems. Furthermore, systems like meicad constructional and
electronic are included in this world since they oaat fit to the other two.

However, this generalization is inappropriate,esst for our case. Although natural
systems possess the previously mentioned chatatsyithe systems developed by
humans do not. A mechanical system didn’t exisbieehumans and wouldn’t exist if
people had never appeared or humans’ existencebwillerminated in the future.
These systems are indeed constrained by naturt@nsyshowever they are designed
and engineered by humans, usually with one or rmporposes in mind, and therefore
they are not independent of the human beings aeyl ¢hn not always be described
completely by observation.

In the theoretical background of the thesis we imaetl some efforts being done in
order to divide and classify the world into a syste way. Three different efforts
have been identified: Jordan’s system classificatimsed on three dimensions,
Boulding’s system leveling based on system compleand Checkland’s system
typology.

A candidate taxonomy for our case seems to ber#tmeiwork of Checkland (1990).
Checkland has some similarities with Habermas lomtrarily to him he makes a
clear distinction between the preexisting natusatesms and the systems made by
man. He goes on further and divides the man mastersg into physical, abstract and
human activity systems. Further on, he recognihesrelationship between human
activity systems and designed systems by statiag “the fact that human activity
systems form an entity is emphasized by the existeof other systems (often
designed) which are associated with them” [Cheakld990].

Checkland also includes the transcendental systegstems that are beyond our
knowledge. In the case of a multi-methodology freumek, the class of transcendental
systems can be excluded. This exclusion can als@mbed on Chekland’'s conclusion:
“the absolute minimum number of systems classetesaribe the whole of reality is
four: natural, designed physical, designed abstiadthuman activity systems”.

If we keep in mind an intuitive example of a busmevhich uses designed systems
such as buildings, computers and machines as wgekbstract systems such as
organizational culture, terminology, rules and tagjans, and furthermore that the
designed physical systems are based on naturansysive can assume that this
system classification of the world can describevibeld we are focusing on.
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Furthermore we focus on the human activity systeha are supported by an
information system, a designed system which laysaotechnological platform
composed of hardware and software. The hardwareespect with Checkland’'s
system classes, can easily be classified as andekjghysical system which uses the
physical properties of its components; transistelestrical circuits, electromagnetism
and optoelectronics. The approach in reducing theptexity of the hardware is by
creating layers which “hide” the complexity of ttayer below. One of the layers is
the operating system the purpose of which is toaganthe physical devices and
“provide user programs with a simpler interfacehte hardware” [Tanenbaum, 2001].
The layering described briefly above can be seeRigure 25 from [Tanenbaum,
2001].

Banking Airling Web _— a
system rasarvation browser Application programs
, \ Command
GDI‘I"PlIErE Fdﬂ'ﬂrﬁ interpreter | S'}"E:tﬂ'm
programs

QOperating system

Maching language

Microarchitecture - Hardware

Physical devices

Figure 25 - The layering of computer systems

Therefore, for the purpose of the development o ftamework we can claim that
the natural system is “hidden” by the physical desi and consequently by the
operating system which provides an “extended ma&Chiar virtual machine
[Tanenbaum, 2001], by building a designed abssgstem, such as a programming
language, to the application programmer that igee&s program than the underlying
hardware and physical devices. Therefore, the ctdssatural systems is not
necessary in the description of the business weelére focusing on.

4.2.2. The Intervention Phases

The framework of Mingers and Blocklesby containge ttervention phases:
appreciation, analysis, assessment and actionphase of ‘action’ brings about the
desirable change.

However, we assume a world where designed sySterist that are designed and
engineered with a purpose in mind. The processesigh and engineering appears to
be complex enough not to fit in the phase of ‘actiout to overlap into the others as
well making difficult to delimit it clearly. Alsohuman activity systems are associated
with designed systems; human activity systems “fam entity” because of the
existence of a designed system. Often the cashaisthis designed system was
developed having in mind the needs of the humaivigctsystem. Thus, the
intervention phases should take into account #iationship.

A general intervention description that takes iatwount the above is the System
Development Process (SDP) [Dietz, 2008, 2006]. 3B is based on the distinction
of the system function and construction (black ahte box models).

There is a need of a system (Using System - US)wioich the system under
development (Object System - OS) is designed. Nogeisely the construction of the
US (or its white box model) needs to use the famctf the OS (or its black box

2 We refer both to designed physical and designedaattsiystems as designed systems.
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model) since “function can not have a need for supenly construction can” [Dietz,
2008]. Thus, the function of the OS is designefittine construction of the US.
Therefore function design of the OS starts from tloastruction of the US. The
function of a system is determined by a “black bmddel of the system. This model
is the result of the function design which starisnf the functional requirements
provided by the construction of the US and ends wie functional specifications of
the OS. This can be seen in the left hand patiehext figure.

usingsystem object system
gonstruction construction

function object construction
o system —

function

functional constructional
requirements requirements

Figure 26 - The system design process

On the right side of the figure the constructiosige is seen as the following process
of the function design. The construction desigmntae the construction of the OS,
expressed in one or more “white box” models, basethe specified function of the
OS. The main input in this phase is the constroalisequirements provided by the
US, also known as non-functional requirements, @gdrds characteristics such as
performance, reliability, security etc.

However, SDP takes into account the iterative matdithe system design process. In
the previous paragraph the functional requirempnisided by the US where made
distinct from the functional specification of theSO This was done because
“designing includes negotiation, in order that &mel result is a balanced compromise
between (reasonable) requirements and (feasibégjfgmtions” [Dietz, 2008]. Thus,
functional requirements are not identical to fuoicéil specification since they may be
unfounded or/and not feasible.

Thus, SDP states that the design process is amatiten of synthesis and analysis
steps which are performed incrementally and alteipaDuring an analysis step the
problem is better understood by understanding émeastics, the completeness and
the consistency of the function of the OS. Duringyathesis step the solution
becomes clearer by formalizing the semantic of fimectional specifications and
devising the construction of the OS.

The design phase is followed by the engineering andlementation phases.
Engineering is defined as “the activity in whiclseries of constructional models are
produced” while implementation is “the assignmehttechnological means to the
constructional elements in the implementation mofd#ktz, 2008]. The engineering
process starts from the ontological model of aesysiwhich is a model of its
construction completely independent of the techgwlthat is implemented. Then
constructional models of increased detail are agperl where each model is derived
from the previous one until the system can be imgleted. Based on the above, the
reverse engineering refers to the constructionhef @ntological model from the
implementation of a system. The following figureogis the role of ontology and
technology and their relation with engineering anglementation.
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usfng system
construction

ontology

4
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Figure 27 - Ontology, technology and implementation

By combining Figure 26 and Figure 27 we get thet&ysDevelopment Process
(SDP) of Figure 28.

using system object system
construction construction

& ontology T T ontology ';:
_ functional constructional ,—
3 requirements requirements El
technology technology

Figure 28 - The System Development Process

4.2.3. The World Division Incompatibility

So far we have identified an alternative prospectiassification for the division of
the world with 3 system classes and we adoptedSIDE as a general theory that
explains the system development process. Accordinghe research paper of
reference these two should be combined into atbadwill assist the creation of the
multi-methodology.

However there is an inherent incompatibility thabids the combination of these
two. The SDP assumes the pattern of Using Syst&hject System in the process of
system development; a system is developed becasgken system needs to use its
functionality. The two systems can be anythingnira general class of systems to a
specific system as long as there is always a sy#tatruses some functionality and a
system that provides this piece of functionalityitoln the general case systems
should be layered such that the system on the uepelrwill use the functions of the
system in the lower level.

However, the aspirant system classification of @l does not assume that the
system classes are used in a clear way from oyisézra classes. There is no layering
assumed whatsoever. Thus, in the general caserweot@assume that, for instance, a
designed abstract system offers some functiontity human activity system or to a
designed physical system although there will beéamses in every class that are
layered. Even if Checkland states that a humarvigctsystem forms an entity
because of the existence of a designed systemjsthar from assuming that the
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systems are layered in a US - OS pattern. Thuss itmpossible to combine

Checkland’s classification with the GSDP.

A systemic classification of the world, althouglrnoaved to organizations, a human
activity system in terms of Checkland, comes froEIMD itself and its organization

theorem. The organization theorem states that 6tiganization of an enterprise is
constituted as the layered integration of threetesys: the B-organization (from
Business), the I-organization (from Intellect) aride D-organization (from

Document)” [Dietz, 2008]. The three organizations &ayered; each organization
supports its upper organization: D-organization paus |-organization while the

latter supports the B-organization. This looks figire 3.6.

antological

B-organization e
izati infological
i production
D-organization datalogical
production

Figure 29 - The Organization Theorem

The classification is based on three distinct hurabilities: forma, informa and
performa. These human abilities are used during@xieeution of acts from the actdrs
which DEMO theory divides in C- (from Coordinatioayd P-acts (from Production).
We can separate actors based on the ability tegtubke during the execution of their
P-acts and C-facts [Sandhyaduhita, 2009].

Concerning the coordination acts of actors, foriitita concerns the form aspects of
communication and information, informa concerns tlentent aspects of
communication and information while performa apilitbncerns the bringing about of
new original things and is considered as the esddniman ability of doing business
of any kind [Dietz, 2008]. The following paragrapf@se concerned with the
production acts of actors.

The D-organizationis concerned with the forma ability of the actawo are called
D-actors (Document) since they execute productima g their forma ability. They
are dealing with storage and retrieval of origioeterived information items (called
facts in DEMO terminology), data or documents [Seyadiuhita, 2009].

The l-organization is concerned with the informa ability of the astawhich are
respectively called I-actors (Intellectual) sinbeyt execute production acts in their
informa ability. This ability allows them to reasomompute, reproduce and
remember original information and produce derivadi$ based on other derived or
original or external facts [Sandhyaduhita, 2009].

Finally, theB-organizationis concerned with the performa ability of the astdhe
ability to establish original new things. Theseoastare called B-actors (Business).
This ability is called ontological production adhcee it is the core act of doing
business of any kind. B-actors are social actodgscam only be undertaken by human
persons.

The following figures show the layered integratiminthe organization theorem and
how it is related with the SDP. Figure 30 from Dmng (2010) shows that every
organization aspect has the function (F) and coastm (C) perspective. Thus, in the

% The notion of actor is explained in the next ckapthere the framework is applied to DEMO.
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layered integration of the organization of an gmiee the function of the lower
organization supports the construction of the umgpganization. Every organization
offers a set of services to the upper level byatiitg transactions that are executed
using the respective human ability.

organization

organization

Figure 30 - The integration of an organization [Delong, 2010]

Therefore the combination of the organization tkeomwith the GSDP depicts the
following figure which shows how we can derive foactional requirements for the
I-organization by building the constructional modéthe B-organization.

using system ohject system
construction construction

construction

fasign function design

Bunaauifua

functional constructional
requirements requirements

Figure 31 - Combining Organization theorem and SDPDietz, 2008]

In the following lines we should give a bit mordeation to the I-organization in
order to get a good understanding of it early ehoégcording to De Jong (2010) the
I-services are of two types: remembering C-facid Brfacts and delivering original
and derived facts which are defined both inside aotside the organization. I-
services are requested and deliver facts to thet@sa

B-actors can shape from a specific ability to atheoability. However, a B-actor can
not immediately interact with an I-actor since ttag not of the same category [De
Jong, 2010]. Thus, a B-actor has to shape intinfasma ability and then initiate an
I-transaction with another l-actor as an exteractor. Thus, “all subjects who
fulfill B-actor roles and which need informationlfili external I-actor roles” [De
Jong, 2010].

Thus, combining the P-acts that an l-actor canoperfand the B-actor shaping
mentioned we get the following figure [De Jong, @Pthat shows how B- and I-
organizations are coordinating.

4 External in relation with the l-organization
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Figure 32 - The set of actor kind combinations betwee
the B-organization and the I-organization [De Jong2010]

Using the same way of thinking in the levels ohdeD-organizations we can deduce
a similar figure about the call of D-services byg thactors.
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Figure 33 - The set of actor kind combinations in te D-organization [De Jong, 2010]

Thus, combining the above two figures we can vigaatlhe complete sequence of
initiating transactions and shaping ability thadtets place for archiving a P-fact. This
follows on the following figure from De Jong (201é&»d we should note that the B-
actor has shaped into his informa ability wheniatitig I-TO1 transaction although
not visible on the figure. The same holds for leadtAO1 who initiates D-TO1 D-
transaction. We should also mention that the aabrSigure 34 can be performed
either by the same subject (human person) or ligrdiit subjects.
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Figure 34 - Archiving P-facts [De Jong, 2010]

However, actors within the D-organization archigetf data into fact banks and
collect fact data from fact banks without being smious of the application of these
facts in the l-organization [De Jong, 2010]. Simijla l-actors remember and
reproduce facts and also perform intellectual astioon facts without any
understanding of the meaning of the derived famtshfe B-actors [De Jong, 2010].

Based on the following we can define the scopdefftamework and delineate the I-
organization and D-organization which we will gavalved. Before doing this we
should quote the figure from [Dietz, 2006, 2008]iethdescribes the role of ICT in

relation with the organization theorem.
organization
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Figure 35 - The support of ICT in every aspect system

The upper part of this figure indicates the aspwganizations as defined in the
organization theorem. By engineering the orgaromati their realization can be
accomplished using ICT. ICT is presented in theelowart of the figure. ICT can

support both production and coordination acts altfinothe later may be more generic
than the former.
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On the lower level, the hardware exists which ieduby the software in order to be
executed, possibly using a layering similar to Fegd5. On the lower level of the
software are the D-applications which consist nyaofl operating systems, database
management systems, communication protocols, pmograg languages and their
libraries and general usage software such as @idre, document viewers, web
browsers and e-mail systems. As the length of dreobthe D-applications denotes,
the tasks of the D-organization can be completten over by the D-applications.
I-applications are built on top of the D-applicatsoand they are information systems
in the true sense [Dietz, 2008]. They provide infation for monitoring the
enterprise. Although they are by definition entex@rspecific they include generic
systems such as accounting systems, human resapplieations and ERP. Similarly,
the length of the bar denotes that the tasks of-tirganization can be taken over by
I-applications but not completely.

Finally, the B-applications support the B-organizatut they can not undertake their
task in any way. “Software can not enter into aoohgly with commitments” [Dietz,
2008] only humans can and only humans can be kefabnsible for the performance
of the machines. Thus, B-organization can not Udestituted completely by ICT.
However they can support actors or “mimic” thempitgl applications that support
the production in this level are Business Procesmddement Systems, Decision
Support Systems and ERP systems.

4.2.3.1. The Role of the ICT in the Operation of the Organiation

Based on the previous section and more specificallyrigure 35 and Figure 32 we
can build the case where an l-application has tauded in order to support the
informa ability of an I-actor. This case will intege the operation of the organization
with the ICT. The picture that visualizes this sén is Figure 36 on page 69.

We see in this diagram that the B-actor who wamtsse an I-application has to shape
into his informa ability and initiate a transactiaith the “l-application user” actor of
the I-organization. Concerning the subjects thatemtake these two actor roles may
be different humans or the same person. What we teaimdicate here is that a B-
actor always has to shape into his informa abilityorder to use an l-application.
Further on, when the “I-TO1” transaction is iniédtthe “I-A02” actor role will be
transformed in an “l-application user” system actano is displayed using the UML
notation. The functions that the I-application usan call are related with Figure 32,
the I-actors of this figure have been replacedmy-application function (‘remember
original fact’, ‘reproduce original fact’, ‘producenternal derived fact’, ‘produce
external derived fact’). The use case specificatidescribe the steps that the I-actor
has to go through in order to execute a function.

The actors are included into the B- and |-orgarorat respectively; therefore these
actors have been modeled with DEMO as social syst@sndictated by theory.
However, |- and D-applications are rational system®ur case ICT systems. Thus,
RUP may be used in order to model both function andstruction of the I-
application, using the respective models and diagrésee section 5.3 on page 78).
However, RUP builds information system based onezisting programming and
implementation platform. Bloch (2007) defingsrogramming platformas a
programming language, its libraries and APIs (Aggdion Programming Interface).
Taking into account Figure 25 that shows the lapéis computer we can extend into
the term ofimplementation platfornwhich includes the layer of operating system,
specialized software such as databases, netwotkgote and non-general purpose
hardware such as barcode readers. We chose teaseplae programming platform
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from the implementation platform because modermguages, like Java and PHP,
have eliminated the dependency of a programminguage from the implementation
platform. However there is always a need for a atengor interpreter), an operating
system and hardware in order to run an application.

Furthermorethe complexity of the implementation platform isdthen” behind the
programming platformFor example, although the storage and retriet/al fde in a
hard disk drive is indeed a very complex procedied-application programmer only
has to call a function with few arguments of theggamming language he is using.
More examples are the networking protocol stackctviieduces the complexity of
sending messages by providing layers which offerices to the above layers and the
SQL that provides a higher level language for malaifing data stored in a database.
Thus, the programming and implementation platforfirthe ICT constitute the D-
application, with the programming platform being tunctional perspective and the
implementation platform being the constructionaispective of the D-organization.
However, the D-application of Figure 36adsly a subsystem of the D-applications of
an organization This is only the subsystem that supports thepliegtion (see Figure
35). General use applications such as e-mail systéext editors and document
viewers are considered D-applications as well [Di2008].

Therefore there can be the case that a B-actorswantall a function of a D-
application, like send an e-mail, view or edit tdbing so he has already shaped in
his informa ability and he tries to accomplish amahsaction by requesting a D-
transaction. It will be more likely that this D-trsaction is supported by a D-
application. Thus, extending Figure 36 with anteashaping in his forma ability we
get Figure 37 which shows the role of ICT in themion of the D-organization. We
have modeled a scenario similar to Figure 34 wheré-actor wants to remember a
fact, possibly in a text document. Therefore he thashange to his forma ability in
order to utter information, store it and transmit i

The programming and implementation platforms aresmg in Figure 37. This of
course does not mean that they are not requiragtiebip-applications in order to run.
It rather means that D-applications are more ofrap@ical User Interface of the
construction of the D-applications, a replacementtcessing the functions of the D-
applications. They provide a more user friendly wayuse the functions of a D-
application such as file browser of an operatingtey or an e-mail client for using
network protocol such as SMTP.

Also, the role of the programming and implementag@atform in Figure 36 is to
support the datalogical needs of an I-applicatiod @s user. Contrarily, a D-
application supports the forma ability of a D-apation user. Therefore, the user
perspective separates them, not the implementafidhe applications. Anyway, the
implementation platform is general for these kimdsapplications; no specialized
software or hardware is required. Thus, there ise®d for modeling them since their
description may be fixed and known beforehand. Harefrom the application
development point of view the ability that they pag is unimportant; applications
are not developed having in mind the human alitigt they will support.

We could as well make one more diagram that shbesisage of a B-application by
a B-actor. However, Dietz (2008) states that B-i@pgibns are simply I-applications
that have been attributed the separate status agpBeation in order to distinguish
them from the pure I-applications that support Iteeganization. So, a diagram like
this won'’t provide something newer than Figure 36.
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4.2.4. The Adapted Combination Framework

The adapted framework we create has the samewgteuahd the same logic as the
framework of Mingers & Brocklesby. It is a grid wieethe rows are the B, | and D
organization as described in the organization #mmoof DEMO and the columns are
the phases as described in the SDP. Similar torgeal framework it will be used
to map the stages and the characteristics of diffamethodologies to help in linking

them together. The grid is shown in Table 5.

Function Construction : ] :
- . Engineering | Implementation
Design Design

I-Organization

Table 5 - Adaptation of the combination framework

The above framework will be used to decompose tathodologies in a way that will
identify in which aspect system and in which phafsthe development process every
methodological element applies. Thus, the commositif the new methodology will
be concerned with as many cells of the frameworlp@ssible and will avoid the
duplicate work by the practitioner.

In every cell we will try to map the elements of methodology, such as
methodological stage, technique, model or diagratmch has as an objective to
model, accommodate or document the outcome of geage of the SDP.

However, we should make an assumption clear afpthigt. The subsystem of the I-
organization that we are focusing is that subsystieat can be substituted by I-
applications. Consequently, the D-organization tiaat are focusing on is the
subsystem of the D-organization which is substituby the D-applications that
support the Il-applications. These subsystems arenafe interest for the RUP
practitioner. Thuswe will improperly use the term I-organization adebrganization
to refer to themThese subsystems are delimited with black soilih Figure 38.
Furthermore, we also consider B-applications agplieations. We make the
distinction in order to deal with the developmeffitboth categories in a uniform
manner. However, we will still refer to B- and Igjgations in order to be compatible
with the theory. The same assumption holds folCiregplications that do not support
the l-applications. These are also conceived abcagipns by the RUP practitioner,
distinction is made by the DEMO practitioner.

To make it more clear we have drawn the line thalindts the scope of the
framework using Figure 35 on page 66. The soli¢lblne delimits the I- and D-
applications we are focusing on. The black dastied tielimits the B- and D-
applications since we deal with them with the savag as I-applications. However,
in the context of RUP we may refer to I- and D-é&gatlons improperly with the term
I- and D-organizations as well.
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Figure 38 - The ICT systems that are of interest fortte RUP practitioner

4.2.5. The Methodological Framework

The methodological framework used to decompose odelbgies by Mingers &

Brocklesby has a major consequence in the combmagffort. The modelling

language is not taken into account. Instead thiey @0 account the ontology of the
methodology as a dimension of the paradigm. Possiidsed on Guarino (1998),
there will be a relationship between modelling laage and ontology. But whether
this relationship is straightforward or not andhis is bidirectional, namely ontology
is affected by the modelling language and on timesame ontology determines the
modelling language is a question that is outsidesttope of this thesis.

Therefore, we choose another framework to decompoethodologies, the one
introduced by Seligmann et al. (1989) and Wijer89@) which can been seen in
Figure 3. This framework takes into account the efioty language explicitly and

therefore there is no need to investigate the abwmtioned relationship.

Taking the modelling language of a methodology iaimcount means that the
relationship between the modelling languages of @EMNd RUP should be
examined; their models and their roles in the mecdehe compatibility between
models, a way to combine them, how to transform et®df one methodology to
models of the other or substitute and/or exchangaets.

Furthermore, by changing the methodological franmévtioe three levels of study of a
methodology of Mingers & Brocklesby (philosophic@rinciples, stages and
techniques) are changing. Therefore, the levels whia help recognize detachable
elements of methodologies should be:

Way of thinking
Way of working
Way of modelling
Way of controlling
Way of supporting

grwnE




A Combination Framework

We see that we do not include the “way of commuimgd in the decomposition.
This is done because we prefer to stick to theciaffimodelling language of every
methodology. Anyway, DEMO does not give the freedtmthe practitioner to
change the semantics of the modelling languageudimoUML has some concepts
without explicit semantics. For example, the stgneed relationships, where the
semantics of the stereotype (with few exceptioke lfextends” and “includes”
stereotypes of use case diagram) are determinethéoypractitioner, are labelled
relationships with a tailored semantics for evemyjgxt. It also provides a mechanism
for extending the language (See Appendix C — UMbfif@s). However, we will
choose not to interfere with the “way of communingt since it is dependent from
the project needs and team and not on the modelngyage itself.

Furthermore, there may be some relationships betwhe two methodological
frameworks. In Figure 3 of Seligmann’s framework wee that the ‘way of
modelling’ and the ‘way of working’ dimensions coihste the operation of the
methodology. Therefore we could assume that thesergions are relative with the
stages and techniques of the first methodologicaiméwork of Mingers &
Brocklesby. Indeed, the techniques of I.S. develamimmethodologies are mainly
concerned with the construction of models, as Rkj#iatly states [Kruchten, 2000].
They provide detailed guidelines and modelling leages with clear syntax and
grammar rules which can be intuitively classifiedtlze technique level. Also, by
definition the ‘way of working’ describes the adties and can be related with the
methodological stages. As we mentioned earlier ploasibly there is a relationship
between ‘ontology’ and ‘way of modelling’ dimens®rand that the “way of
thinking” is in the philosophical level. Howevehesse analogies should be of no
concern; since a new methodological framework ispéetl in the combination
framework the previous methodological frameworksipet affect it.

4.3. Linking the Methodologies Together

The above framework will be used in order to sttitly methodologies and help in
linking them together. The steps that will be falexl in order to derive a new
methodology are:
i.  Study the methodologies

ii.  Map each one to the combination framework

iii.  Decompose methodologies based on the methodoldgacaéwork

iv.  Combine methodologies based on step ii

v. Identify “way of thinking” incommensurability of .hcombined methodology

vi.  Combine the “ways of working”
vii.  Combine the “ways of controlling”
vii.  Combine the “ways of modeling”

ix.  Combine the “ways of supporting”

X.  Apply to the case study
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5.1. Introduction

In this document we fit elements of DEMO and RURha framework presented in

the previous chapter. First we choose as a metbgaall element the models and we
complete the grid in such a way that every modetaxfh methodology is placed in
the right cell. We could as well attach methodatagstages or techniques but DEMO
provides detailed information mostly on the modaist should be created and their
supporting diagrams. Furthermore, RUP emphasizesthen development and

maintenance of models as well [Rational, 2001] wlith usage of UML. Though, its

main focus is on the description of the methodaabstages and their activities.
However, the level of detail for the “way of modhgi has the same granularity in
both methodologies, with easily identifiable elemseand well defined diagrams thus
providing uniform comparison when fitting methodgies into the grid.

Then we decompose the methodologies according @oattopted methodological

framework of Seligmann et al. (1989). This will pide us with an insight on the

“ways” that compose the methodologies. Thus dutirggcombination phase we will

be able to identify philosophical incompatibilitiethat can affect the new

methodology, define a practical way of working,imefthe way of controlling and

connect the way of modelling by devising model $famrmations.

5.2. DEMO Grid

Function Construction . : :
2 . Engineering | Implementation
Design Design

- Construction Model
— Process Model

- State Model

— Action Model

I-Organization

Table 6 - Applying the combination framework to DEMO

5.2.1. Way of thinking

DEMO adopts the ontological system notion of Bungeesented in chapter

Introduction, and excludes the teleological. Ibadslopts the terms that Bunge uses to

define a system, i.e. composition, environmentycstire etc. DEMO describes only

the construction of a system and excludes the immct

The way of thinking of DEMO is expressed in tifetheory [Dietz, 2006]; its four

axioms and one theorem. These are [Dietz, 2006]:

= QOperation axiom “the operation of an enterprise is constituted thg

activities of actor roles, which are elementary rdtsu of authority and
responsibility, fulfilled by subjects”. The actgeerform two kinds of acts,
production and coordination acts (P-acts, C-agthjch have as a result
production and coordination facts (P-facts, C-facthie acts have effect
into two distinct worlds, the production and theoatination world (P-
world, C-world). The graphical representation o thperation axiom is
shown in Figure 39 [Dietz, 2006]:
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5.2.2.

COORDINATION ACTOR ROLES PRODUCTION

C-act P-act
Actors

I PO

C-fact P-fact

Figure 39 - Graphical representation of the operatio axiom

Transaction axiom“C-acts are performed as steps in universal pstte
called transactions. They always involve two agtthrs initiator and the
executor, and produce a particular result. A treti@a evolves in three
phases: the order phase (O-phase), the executase §&-phase), and the
result phase (R-phase) and they follow a basiepatftsteps [Dietz,
2006].

mitiator ENECUor

rq: request
pm: promise

& ||,ql {3} &1 slate

o St ac: accept
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S € ]
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Figure 40 - The basic pattern of a transaction
Composition axiom‘every transaction is enclosed in some other
transaction, or is a customer transaction of tigawization under
consideration, or is a self-activation transactiddésed on this axiom a
business process can be defined as “a collecticausally related
transaction type”.
Distinction axiom “there are three distinct human abilities playangple
in the operation of actors, called performa, infarmnd forma”. The
organization theorem is based on this axiom.
Organization theorel“The organization of an enterprise is a
heterogeneous system that is constituted as teeddyntegration of three
homogeneous systems: the B-organization, the Inaegaon, and the D-
organization”.

Way of modeling

DEMO includes aspect models “in which the ontolagjknowledge of an enterprise
is expressed, such that this knowledge is easitgssible and manageable” [Dietz,
2006]. The aspect models can be examined in salatith the representation of the
organization theorem. Models belong to the B-orgainn and are expressed with

diagrams.

The Construction Mode[(CM) visualizes information about the interactistnucture
of the organization [Dietz, 2006] by including th@nsaction types and the actor

! More information for the organization theorem &enfound in section 4.2.3 on page 62.
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roles. It provides “the most compact ontologicald@ioof the B-organization” [Dietz,
2006] and focuses on the coordination of the actors

The CM specifies the identified transactions and #ssociated actor roles that
participate in a transaction as initiator and exaclas well as the information links
between the actor roles and the information baGkd.is divided into two models:
the Interaction Model (IAM) shows the active infhees between actor roles and the
Interstriction Model (ISM) shows the passive infleces between actor roles.

The Process Mode(PM) expands the transaction pattern to the tictimges of the
CM by showing the sequence of steps and the cae$aionships between the
transactions. It provides “the set of lawful or gibe or allowed sequences of states
in the C-world” [Dietz, 2006].

By definition theAction Model(AM) is “the most detailed and comprehensive aspec
model” [Dietz, 2006]. Therefore, its positioning the grid is quite straightforward
since it provides the most detailed knowledge abthg construction of an
organization. The AM specifies the action rules $&rve as guidelines for the actors
in dealing with their agenda in a form of pseuddeo

The State Model (SM), in accordance with the PMihe specification of the state
space of the P-world” [Dietz, 2006]. It is develdpgased on the concepts of object
classes and fact types, the result types, andntodogical coexistence rules.

The following picture shows the ontological aspembdels in relation with the
diagrams that express these models [Dietz, 2006¢ Bd triangle represents the
positioning of the models in the organization tleorof Figure 29.

Organization Consiruction Chagram

Actor Transaction Diagram Actor Bank Dlagram

Process Struchare Diagram ﬂh Ohbject Fact Ddagram

Action FAube Specifications

Figure 41 - The ontological aspect models and theiiagrams

5.2.3. Way of working

DEMO does not describe the “way of working” in dist and clearly visible phases
in a manner similar to RUP. However, the developnoérevery aspect model can be
considered a distinct task of the process sinteltides a clear objective with a clear
output (developing a model), techniques on howuitdithe models and guidance on
the sequence of model development (see “way ofaling”).

The techniques that DEMO uses for the developmentaalels are the following six
[Dietz, 2006]. These consist of three analysis #unele synthesis steps. Briefly, these
are:
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- The Perfoma-Informa-Forma Analysi@ased on the distinction axiom the
available knowledge, usually in a form of a nawatilescription, is divided into
performa, informa and forma items. The coloringtioé items, i.e. by using
markers or changing font color, can help the ptiacgr during this step.

— The Coordination-Actors-Production AnalysiBased on the operation axiom
the perfoma items identified in the previous stepdivided into C-acts, P-acts
and actor roles. Using the colored description loé frevious steps the
practitioner can mark performa items with an intiea shape or mark. Dietz
(2006) suggests drawing a box, disk or diamond alewery item or in the case
of electronic text enclosing every item into [ ]) 6r < > in order to denote an
actor, a C-act or a P-act respectively.

— The Transaction Pattern SynthesBuring this step the transaction pattern is
used in order to identify transactions by clusigrthe C-act and P-act items
identified so far. The Transaction Result Tablealso completed during this
step. Since the description may be incomplete @séetion can be identified
when a P-act or a C-act has been found. Only retigeno hint at all about one
of the steps of a transaction the practitionerros to model it [Dietz, 2006].

— The Result Structure Analysighe composition axiom applies in this step. The
end result of a transaction with an initiator i® tanvironment of the system is
decomposed in its components based on the traossctnitiated by the
executor and so on. The components can be idehbfidinding phrases which
express dependencies between production actsutsted/ith this technique the
causal and conditional relationships between triises can be identified and
modeled in the Process Model.

— The Construction Synthesi$his is the first step for the development of the
Actor Transaction Diagram of the Constructional MbdIt includes the
identification of the initiator and executor of eyéransaction.

— The Organization Synthesighis is a minor step that identifies the scop¢hef
organization by selecting what parts of the comsibn are parts of the kernel of
the organization or of its environment and whattheeinterfaces between them.

Finally, although not implicitly stated in the mettology book, DEMO models can
be developed iteratively; i.e. the developmenthef PM is completed only after the
SM has been developed. The example is derived dydle of the IUT cross model
table and its positioning in Figure 42. More exjaldon follows in the next section. In
DEMO-3, the process is designed to be recursivechEoncept is created in all the
models before the next concept is produced [Sag@aiiO].

5.2.4. Way of controlling

DEMO does not provide a clear method or techniguedntrolling the execution of
the methodology. Though, it provides guidance endider of developing the models
and the role of cross-model tables in the procébs is showed in the following
figure [Dietz, 2006].
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(Transaction Rosull Table) TRESSSPECT (Bank Contents Table)

{Infarmation Usa Tabla)

Figure 42 - The cross-model tables

The logical sequence of developing the aspect madelnti-clockwise, starting from
the IAM?. Therefore:

1. The first result of the method is a list of ideiif transaction types and the
participating actor roles.

2. Based on them, the boundary of the enterprise eddemntified. Based on this
information the IAM of the CM can be made straightforwardly.

3. Further on the PSD of the PM is produced.

4. Based on this the ARS of the AM is developed.

5. Next, the SM is developed by making the OFD andQivect Property List
(OPL).

6. When the SM is complete the Information Use Tabtss-model table can be
developed which will complete the PM.

7. Finally, the ISM of the CM is produced, which caisiof an ABD and the
BCT cross-model table, derived from the SM. Usydtg ABD and the ATD
can be combined in the Organization ConstructicagEam (OCD).

Thus, using the above guidelines, Figure 41 andirBigl2 the practitioner can go
through the development of diagrams since he ig@awhthe relationships between
the models.

From a project management perspective, the deperedenf the phases of the project
can be implied from the above paragraph, thus ttey be used by the project
manager in order to plan the project by developireg,a Gant chart or an activity
network diagram.

5.2.5. Way of supporting

DEMO can be executed without the support of spizeidltools. However, in practice
the maintenance of diagrammatic models withoutube of a software package is
very difficult.

One solution for supporting DEMO is a Microsoft Misshape stencil which is a
template for displaying the graphical notation &NMO to Microsoft Visio modeler.
However, it lacks basic features like the compleEMO models, support of the
formal syntax of DEMO and the syntactical checkwfigliagrams.

Xemod' is a software package which is developed by M{fisener Xprise) and is a
dedicated modeler for DEMO which supports the fdrsyatax, consistency checking
of the models and use of a central repository. Algo accommodates the

2 The sequence of developing the aspect models cabaisonsidered in the “way of working”
% See Figure 41 and Figure 42 for the explanatich@fcronyms
* http://www.xprise.com/
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communication between teams since it can creattsepf the DEMO models in an
interoperable way.

The way of controlling of DEMO does not requirepesialized software tool. Thus, a
general project management tool can be used subtiangsoft Project or Primavera
Project Planner.

5.3. RUP Grid
Function Construction - : :
c : Engineering | Implementation
Design Design
— Business Use — Business Analysis — Business — BUC Realization
Case Model Model Analysis Model
- BUC - Domain Model - Business Goals

— Business Rules
- Analysis Model

— Business Rules
- Analysis Model

Specification
— Use Case

- Use Case Realization

I-Organization

Model = Design Model - Design Model - Navigation Map
— Use Case - Navigation Map - Implementation
Specification - GUI Prototype Model
- Test Results — Design Model
- Source Code
— Deployment — Test Results — Deployment Model

Model (Descriptor
Level)
- Data model

(Descriptor &
Instance Level)
- Programming &

Implementation
Platform

Table 7 - Applying the combination framework to RUP

Use case models provide a model of the environmedtthe functions of the system
[Rational, 2003] by identifying actors and use saeé the system and associating
them in use case diagrams. RUP defines use caselsnimd the business system
(business use cases) as well as the informatidaraysystem use cases).

A use case defines “a coherent piece of behavithowt revealing the internal
structure of the system” [Rumbaugh et al., 200%iisTpiece of behavior contains a
flow of events; the steps that should be followedirdy a use case from an outside
perspective [Booch et al., 1998]. Furthermorepittains the main flow as well as all
the alternative flows that may arise due to exomgti These workflows are included
to the use case specification, usually in a texéunal diagrammatic format, using an
interaction diagram or an activity diagram [Boodhak, 1998]. Lastly, use case
realization describes the implementation of a uasecby describing how it is
implemented [Rational, 2003] in terms of collabamatbetween elements of the
construction model. The use case provides a “bbackview” of the system, the flow
of events provides a “gray box view” of the systamd the use case realization
provides a “white box view” of the system [Krucht@005].

Both business use case models and system use casdsrserve the same purpose
and have the same parts and semantics. The diéeienthe modeling system; system
use cases are modeling the information system \blidgness use cases are modeling
the organization.

Concerning the rest cells of the B-organizatiomr, llasiness goals and their hierarchy
guide the engineering process. Goals are requiresnieat must be satisfied by the
business, thus the engineering process shouldieeted towards their satisfaction.
Also, the engineering process should take into @wticthe business rules which are
the declaration of the business policy [Kruchted04].

® See Business Modeling in RUP chapter for more dietdilis mapping
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However, business rules are expressed in sevens,waus they can be classified
into model based and document based [Rational,]2003del based business rules
are captured in the models using stereotyped @introf UML in natural language
or the standard Object Constraint Language (OChe @ocument based business
rules are captured in a separate document eithmaube the rules are distributed
across different models or the number of rules #pgly is large [Rational, 2003].
Thus, business rules, and more specifically madekr can describe the construction
of the organization as well.

The analysis model is an abstraction or a genetadiz of the design model, a rough
sketch of the system which is refined further isige [Kruchten, 2004]. Therefore it
provides a model that accommodates the engineerimgess by evolving itself in a
more detailed model of the implementation. The rolethe analysis model is to
distinguish clearly the problem domain from theusoh domain [Arlow, 2005]. They
hold key attributes of the objects and very higreleesponsibilities only.

Analysis models can also give an overview of tlengnts that exist in the real world
[Kruchten, 2004] by restricting to classes that@ag of the vocabulary of the domain
of the problem and map in a clear and unambiguoag to a real-world concept
[Arlow, 2005]. In the B-organization the businessalgsis model describes the
construction of the business using elements sudbuamess workers and business
entities [Rational, 2003] while in the I-organizatithese elements are classes that
model things in the problem domain [Oestereich,1200n the general case, the
analysis classes are derived from business entimes evolve into design classes
which act as the abstraction of the source code thrdimplementation model
[Rational, 2003]. Thus, business analysis model (#8yanalysis model, despite the
accommodation of the engineering process, alscesasvan abstract constructional
model of the respective systems.

Also, during the engineering process the navigatieap and the graphical user
interface (GUI) prototype are used as well [Krucht2004]. The first one is a model
of the structure and the navigation pathways of@é# while the later is an early
implementation of the GUI that does not includectionality, it is “a mile wide and
an inch deep” [Kroll et al., 2003] which among athés used for involving the client
in the process and thus gain support, understagdireznents better and test the
usability of the product [Kruchten, 2004]. Finalliest Results although not a model,
fine tune engineering by reporting mistakes dutimg process. The whole workflow
of “Test” could also be included in the cell buistlvouldn’t be comparable with the
content of the rest of the cells.

The implementation model describes the physicalpomition of the implementation
[Rational, 2003] in terms of components and intefa Thus it provides a way to
model the implementation of the I-organization.

Finally, the construction of the D-organization demodeled using the Deployment
Model and the Data Model. The former, in the dexdorilevel, displays information
about the physical deployment of devices, the @siog nodes on these devices and
the communication links between them [Rumbaugh.e®805]. This model, in the
Instance level, can also reveal information abdwe implementation of the D-
organization (application), such as special hardwalevices, communication
protocols or databases used.

The Data Model describes the logical and physiepfasentations of persistent data
used by the application [Rational, 2003] and treneefdefines the static elements of
the D-organization; how these elements are relateldvhat their properties are.
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The Test Resulthave the same effect as in the I-organizatiory fivevide feedback
in the engineering process and thus guiding towardsore robust implementation.
Finally, the implementation of the D-organizatioontains, besides the Deployment
Model, the Programming & Implementation Platforime tSpecific hardware devices
(PC or Solaris) and software (communication protgcdatabase vendors, operating
system, programming language, libraries) upon wthiehsoftware will be developed.

5.3.1. Way of thinking

RUP is asoftware development approatiat is iterative, architecture-centric, and
use-case-driven [Kroll, 2003].

This approach can be briefly described in the fwoihg principles [Kroll, 2003]:
Attack major risks early and continuously or theit attack you.
Ensure that you deliver value to your customer.

Stay focused on executable software.

Accommodate change early in the project.

Baseline an executable architecture early on.

Build your system with components.

Work together as one team.

Make quality a way of life, not an afterthought

ONoOlhwWNE

RUP approaches software development by deployinge$ practises which are
“commercially proven approaches to software develm that, when used in
combination, strike at the root causes of softwreelopment problems” [Kruchten,
2000]. These are [Rational, 2001]:

1. Develop software iterativelylhe process supports an iterative approach in the
development of software which faces and mitigatgh hsks in the first
phases of the software lifecycle by creating psgies of the system,
involving the users [Rational, 2001].

2. Manage requirement®RUP practitioner should expect that the requirgse
are dynamic and will change during the softwarecltcle. Thus, the process
describes how to elicit, organize and documenftuhetional and non-
functional requirements of the system [RationaQ -0

3. Use component-based architectur€®mponents are non-trivial modules,
subsystems that fulfill a clear function [Ratior2001]. They enable reuse of
software, facilitate resilient architecture andasepe clearly the elements of
the system that are likely to change [Kruchten,(200

4. Visually model softwaré/isual models provide a better understandindnef t
system to be modeled by capturing the structureavier and architecture of
the system. The complexity of the details of thetem is hidden in the models
and communication between team members is faeititf{ruchten, 2000].

5. Continuously verify software qualitoftware quality is reviewed and tested
in correspondence with the requirements and ischaseeliability,
functionality, application and system performar@aality testing is
encompassed in the process and involves all efetments (role, activities,
artifacts), using the measurements and criterii¢Ral, 2001].

6. Control changes to softwar@s the system evolves and is developed by a
team, coordination, communication and change pratiay should be
managed in order to make team work as a unit anaté successfully. RUP
contains guidelines on how to control, track anditow changes to enable
successful iterative development [Rational, 2001].
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The above best practices have implication on the efavorking, way of modelling
and way of controlling of the process. For examle to (4), RUP uses UML in
order to model the system while 1, 2, 5 and 6 plewhe basic way of working;
working in iteration of evolving system prototypedarequirements elicitation which
will guide the next iterations into the completiohthe final product. Also, 5) has an
immediate result on the way of working by adding tiest” discipline on the “way
of working”.

However, contrary to DEMO, RUP does not explicgtates the way of thinking. We
see above no assumptions about the basic conefrattinit of the system or no
explicit separation between function and constac{or teleological and ontological
system notions). Thus, the above six practicesatdlinstrate the complete way of
thinking. We should also consider the implicatiasfsthe way of modelling, and
especially the language of UML, to the way of thingk of the methodology. A
description of the way of modelling of RUP existstie following paragraph so the
reader should refer there for further explanation.

5.3.2. Way of modeling

RUP activities focus mainly on the creation andntemiance of models since most of
the artifacts are models [Rational, 2001]. RUP rdefimodel as “a semantically rich
representation of the software system under dewsdop’ [Rational, 2001]. Models
are expressed with the combination of several dmagr The advantages that
modelling ads to a software development procese @en identified to [Rational,
2003]: aiding understanding of complex systems,lakpy and comparing design
alternatives at a low cost, forming a foundatiom fmplementation, capturing
requirements precisely and communicating decisimr@nbiguously.

The design activities are centred on the notiorfsoftware) architecture [Rational,
2001]. RUP defines architect§ria [Rational, 2003] as “the architecture of a seafite
system (at a given point) is the organization oucdtire of the system's significant
components interacting through interfaces, with ponents composed of
successively smaller components and interfacestofting to [Kruchten, 2000] the
architecture of the software encompasses signifigacisions about the following:
- The organization of a software system
- The selection of structural elements and theirfates by which the system is
composed, together with their behaviour as spekifre the collaboration
among those elements
- The composition of these elements into progresgiaeger subsystems

The architectural style that guides this organizgtithese elements and their
interfaces, their collaborations, and their composi

The architecture of a software system is repredentenultiple (architectural) views.
Each view captures certain aspects of the systatarudevelopment and it uses UML
diagrams to do so. RUP models focus on a specédie.v

The model of architecture that RUP suggests iscbasethe 4+1 architecture model
of Kruchten (1995) and is divided into four viewlsigpone more redundant which on
the one hand “acts as a driver to help designerder architectural elements during
the architecture design” and on the other handidat#s and illustrates the
architecture design”. As Kruchten (1995) also sstgyénot all software architectures

® In these paragraphs architecture has the meaningteBsefarchitecture
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need every view in the 4+1 View Model. Views thet aseless can be omitted.” This
makes the process more configurable and thus siftabvarious types of projects.
The 4+1 architectural view can be schematicallpldiged in the following diagram
which exists in various sources like [Kroll, 200B{ruchten, 1999, 2005], [Rational,
2003].

End Users Developers
Functionality Software Management
Logical Implementation
View View
Analysts/Testers ."/ Use-Case \
Behavior \ View Lo
Process Deployment
View View
Performance Engineers System Engineers
Performance System Topology
Scalability Delivery, Installation
Throughput Communication

Figure 43 - Software architecture model of RUP

— The logical view (existing for any system), shoWws various elements of the
software and their structure: classes, packagéess@aon.

— The process view shows the parallelism betweemuwarentities, and how
communication and synchronization are achieved.

- The implementation view shows how the implementaétements (source
code files, executable, and so on) are organizéteiievelopment
environment.

— The deployment view, showing how physically at nwnat the various runtime
components are replicated and deployed, and hopctimunicate.

— The use-case view captures the most significantiregents: use cases or
parts of use cases that have some great impabearcthitecture, as well as
significant non-functional requirements. This maglude use-case
realizations to illustrate how the system works.

RUP uses Unified Modelling Language (UML) as theglaage to create the models
of the architecture of the software. The UML isemegral purpose, visual modelling
language that is used for visualizing, specifyingnstructing and documenting the
artifacts of a software-intensive system [Boochakf 1998] and it is used to
understand, design, browse, configure, maintain @rdrol information about such
systems [Rumbaugh et al., 2005]. UML is intendedafeariety of software processes
and methods. RUP is one of the methods that use.UML

UML captures information for the static structuredalynamic behavior of a system.
The structural area defines the objects and thie s&dationships among them that are
important to the system [Rumbaugh et al., 2005¢ d@wnamic behavior describes the
history of objects over time and the communicationong objects to accomplish
goals [Rumbaugh et al., 2005]. Finally, the physidayout describes the
computational resources and the deployment of coemts (mainly source code) on
them while the model management describes the mag@an of the models
themselves [Rumbaugh et al., 2005].

This gives UML the advantage to model a system fgaweral viewpoints which
when related with each other can give a completderstanding of the modeled
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system. The relation of all the above aspects ands of UML can be seen in the
following table from [Rumbaugh et al., 2005].

Major Area View Diagrams Main Concepts
static view class diagram association, class, depegden
generalization, interface,
realization
design view internal structure connector, interface, part, port,
provided interface, role,
required interface
collaboration diagranm connector, collaboration,
structural collaboration use, role
component diagram| component, dependency, port,
provided interface, realization,
required interface, subsystem
use case view use case diagram actor, associationdexte
include, use case, use case
generalization
implementation view| component diagram  component,fexter
dependency, realization
state machine view state machine | completion transition, do
diagram activity, effect, event, region,
state, event, transition, action
activity view activity diagram action, activity, otol flow,
control node, data flow,
exception, expansion region,
. fork, join, object node, pin
dynamic interaction view sequence diagram occurrence specification,
execution specification,
interaction, interaction fragment,
interaction operand, lifeline,
message, signal
collaboration diagran collaboration, guard conditio
message, role, sequence number
physical deployment view deployment diagram a_rtifact,_depenxd,en
manifestation, node
model management|  package diagram import, model, package
model view
management profile package diagram constraint, profile, sterpety

ta%]ed value

Table 8 - UML views and diagrams relationship [Rumbaug et al., 2005]

Another important classification of the UML diagrams done in [OMG, 2009] where
the UML diagrams are classified into two major gatées: structure diagrams and
behavior diagrams.
Structure diagrams describe the construction ofsiregeem while behavior diagrams
describe the behavior of the system. On the one lae case and activity diagram
provide a functional model of the system. On thieepthand interaction diagrams
display how the different elements of the systermmuoinicate with each other in
order to realize the use cases.
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Diagram
Structure Behavior
Diagram Diagram
Class Component Object Activity Use Case
Diagram Diagram Diagram Diagram Diagram
Profile Csot:-: F;:Isr';e Deployment Package Interaction State Machine
Diagram Diagram Diagram Diagram Diagram Diagram

i

Interaction

™, Sequence Communication - Timing
Notation: UML Diagram Diagram D\.zervlew Diagram
Diagram

Figure 44 - UML diagrams categorization [OMG, 2009]

We see that the use case diagram is a specialadiagbn Rumbaugh’s table it is
classified as a structural diagram while on OMGlassification as a behavior
diagram. Although there seems to be a contradictios is not the case. The
functionality of the system, expressed in a use ciaggram, apparently defines the
behavior of the system. However, this behavioras agynamic. It does not change
over time since no new functions can be added iaxasting system and they do not
change dynamically over time. Thus it can not @sgfied as dynamic diagram on
Rumbaugh'’s table. Thus, we will accept both classtions, each one complementary
of the other and not contradictive.

5.3.3. Way of working

RUP is well-defined and well-structured; it prowsdea disciplined approach to
assigning tasks and responsibilities within a dgwedent organization. The structure
of RUP is described in the following diagram [Ratd 2003].

Phases
Disciplines |Inna|:|tinn|| Elaboration ” Construction ||Transitiun|

Business Modeling
Requirements

Analysis & Design

Implementation
Test
Deployment

Configuration
& Change Mgmt

Project Management i i H
Environment P =SS

| T

Iterations

| Initial ”IEI-III #1

Figure 45 - 2dimensional structure of RUP

The horizontal axis of this diagram represents tithe dynamic structure of the
process [Kroll, 2003]. It shows the lifecycle asjseof the process as it evolves,
organized into iterations and phases [Kruchten0R0Dhe lower part represents the
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iterations that divide the software lifecycle intgcles; each cycle is working on a
new generation of the software.

The upper part divides each cycle into four conseeuphases, each phase is
concluded with a well-defined milestone — “a pamttime at which certain critical
decisions must be made and therefore key goals Imawst been achieved” [Rational,
2001]. These phases repeat themselves in everg agd they are [Kroll, 2003]:

- Inception.Establish a good understanding of what systenuild by getting a
high-level understanding of all the requirementd astablishing the scope of
the system

- Elaboration.Design, implement, test, and baseline an executabtdtecture,
including subsystems, their interfaces, key compt®jeand architectural
mechanisms

— Construction. All remaining components and application featurase
developed and integrated into the product, andfegltures are thoroughly
tested. The construction phase is a manufacturocess.

— Transition. Transit the software product to the user commurniligst the
product in preparation for release and make midgusaments based on user
feedback.

The vertical axis represents process workflows sth#éc structure of the process. It is
a grouping of activities according to their nat{ikeuchten, 2004]. The workflows
are divided into core and supporting, with the dotthree being the supporting ones.
A short description of every workflow follows frorKruchten (2004) while the
description of the supporting workflows follows t¢ime description of the “way of
controlling” of RUP.

Business ModellingRUP provides a common language and process fdndass
modelling and software engineering, and guidelioeshow to create and maintain
direct traceability between business and softwavdets. Many projects choose not to
do business modeling [Rational, 2001]. More abdig workflow can be found in
Chapter 3.

Requirements:The requirements derived from this workflow dedseriwhat the
system should do and facilitates the agreementdsstweustomers and developers.
More about this workflow can be found in Chaptep&agraph 3.7.1.

Analysis & Design:The goal of this workflow is to show how the syst&vill be
realized [Rational, 2001]. In this workflow the tegements are translated into
specifications that describe how to implement thetesn. The main artifacts are a
design model which is an object model describirg ribalization of use cases, and
serves as an abstraction of the implementation hettk its source code [Rational,
2003] and a use-case realization which describesahparticular use case is realized
within the design model, in terms of collaboratwigjects [Rational, 2003]. Also, an
analysis model may be created which is a descnigiiothe realization of use cases,
and which serves as an abstraction of the DesigiehjRational, 2003].

ImplementationDuring this workflow the actual implementationtbé design classes
in a programming language is done. The purposehisf workflow is [Kruchten,
2004], [Rational, 2001]:
- To define the organization of the code in termamgilementation subsystems
organized in layers
- To implement classes and objects in terms of compisn (source files,
binaries, executables, and others)
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- To test the developed components as units
- To integrate into an executable system the resuisluced by individual
implementers or teams
The main artifact of this workflow is the implemedtsystem.

Test: In an iterative process, testing is done througlog project. This is the main
advantages of an iterative process since you faidatis and error as early as possible
and thus the cost of fixing is reduced. RUP caraet tests along three dimensions:
reliability, functionality, application and systemerformance. Also, it provides
strategies and tools for automating testing [Ratio2001]. The purpose of this
workflow is [Kruchten, 2004]:

- Verifying the interactions of components

- Verifying the proper integration of components

- Verifying that all requirements have been impleradntorrectly

- ldentifying and ensuring that all discovered defemte addressed before the

software is deployed

Deploymentin this workflow, the product releases are produaed the software is
delivered to the end users [Rational, 2001]. Depenadn the project size this
workflow can be trivial or extremely complex. Therrpose of this workflow is
[Kruchten, 2004]:

- Testing the software in its final operational eowiment (beta test)

- Packaging the software for delivery

- Distributing the software

- Installing the software

- Training the end users and the sales force (pradilebut)

- Migrating existing software or converting databases

If we combine the above framework with the iterativature of RUP then we get a
process that is a sequence of incremental stegsy leration includes all or some of
the above workflows, depending on the project nesdkdevelopment team. It also
builds on the work of the previous iteration and lskear objectives; among them to
produce a partial working implementation of theafiproduct and refine the system
until the final product is complete [Kroll, 2003].

The iterative development of RUP can be brieflycdiégd in the following picture
[Rational, 2003].

Requirements

Business
Modeling /
Flanning config. & Change
N \ lManagemert
Initial
Planning

Environment
Test
A\

Evaluation N\ Deployment

T Tt

M_k__‘/f

Analysis & Design

Implementation

Figure 46 - An iterative process

Among the advantages of an iterative approacheshave been identified in [Kroll,
2003] and [Kruchten, 2000] are:
- It accommodates changing requirements and makegehmaore manageable.
— Integration is not one "big bang" at the end of@ezt
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— Risks are usually discovered and mitigated eariering early integrations.
— Management has a means of making tactical changés product

- Reuse is facilitated and has increased opportsnitie

— Defects can be found and corrected over severatibas

— The final product has a better overall quality

— ltis a better use of project personnel

- Team members learn along the way

— The development process itself is improved andhegfialong the way

Every workflow describesvho is doingwhat, how,andwhen.The RUP workflow
details are represented using four primary modglielements [Kruchten, 2000],
[Rational, 2001]:
— Workers (Roles): The who. It defines the behavamuat responsibilities of an
individual, or a group of individuals working toget as a team.
— Activities: The how. A unit of work that a role snae asked to perform. It
has a clear purpose and is assigned to a speaficew
- Artifacts: The what. It is a piece of informatidmat is produced, modified, or
used by a process.
- Workflows: The when. It is a sequence of activitiegt produces a result of
observable value. The most two common workfloves\&orkflows
(or Disciplines in order to reduce confusion), whare the high level
workflows, and Workflow Details, which are the wliows within a
discipline.

The following picture represents the first thresib@&lements [Kroll, 2003] while
Figure 4 shows an example of a workflow descriptietail of RUP.

Role Activities
2 ~ * L u ~

Designer Use-Case Analysis Use-Case Design

Artifact responsible for

. ""\
* 5
i

- -

Use-Case Realization

Figure 47 - Roles, activities and artifacts

5.3.4. Way of controlling
RUP provides a detailed way to control the prod®ssledicating three supporting
disciplines for the control of the process (FigdE. These are the last three of the 2
dimensional structure of the procesSonfiguration and Change Management,
Project Management and Environment

Configuration & Change Managemenit describes how to control the numerous
artifacts produced by the many people who work otoemon project [Rational,
2001] so as to ensure that costly confusions as&lad and that the resultant artifacts
are not in conflict. The purpose is to track andntan the integrity of evolving
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project assets [Kruchten, 2004]. The general astibat this workflow involves are
[Rational, 2003]:

- identifying configuration items,

— restricting changes to those items,

- auditing changes made to those items

- defining and managing configurations of those items

Project ManagementThis workflow tries to balance competing objecsivenanage
risk, and overcome constraints to deliver succélgsfioe product [Rational, 2001].
The purpose of it is to [Kruchten, 2004]:

- To provide a framework for managing software-inteagrojects

- To provide practical guidelines for planning, stagf executing, and

monitoring projects

- To provide a framework for managing risk
However not all of the aspects of project managenaee considered within this
discipline. The management of people (hiring, frajnand coaching), of budget and
of contracts are not covered. It only focuses om g$pecific project management
aspects of the iterative process such as planhmgvhole lifecycle of the project and
specific iterations, manage risks and monitor thegpess of the project and its
iterations.

Environment:This workflow provides the software developmengaorization with
the software development environment that is neddesupport the development
team and thus focuses on the activities to cordighe process in the context of a
project [Rational, 2001]. The main purpose is toviate a process configuration
together with the appropriate tool to support iméng these, this discipline results in
[Kruchten, 2004]:

- Tool selection and acquisition

- Set up tools and configuration of tools to suit dhganization

- Process configuration

- Process improvement

- Technical services to support the process: thernmdtion technology (IT)

infrastructure, account administration, backup, sman

5.3.5. Way of supporting

RUP is also a process product maintained by itsldpment team in order to
continuously improve it. The philosophy of RUP fbrs aspect of the process is that
“software processes are software too” [KruchterQ420and thus they have to be
delivered to the practitioner not as a binder ishelf or a book but as a software
product. The characteristics of approaching RUR ssftware product are [Kruchten,
2004]:
- Rational Software releases regular upgrades.
- ltis delivered online using Web technology, sis iiterally at the fingertips of
the developers.
- It can be tailored and configured to suit the sipecieeds of a development
organization.
- It is integrated with many of the software devel@mintools in the Rational
suite so that developers can access process gaiaatian the tool they are
using.
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The above characteristics offer advantages in RWiRhwhave been identified in
[Kruchten 2000]. These are:
The process is never obsolete; companies get rleases at regular intervals,
with improvements and up-to-date techniques.

- All project members can access the latest verdidineoprocess on an intranet.

- Java applets, such as a process browser and arbséarch engine, allow
developers to reach instantaneously process guedamgolicies, including the
latest document templates they should use.

- Hyperlinks provide navigation from one part of tipeocess to another,
eventually branching out to a software developntent or to an external
reference or guideline document.

- Local, project or company-specific process improgeta or special
procedures are included easily.

- Each project or department can manage its own arersr variant of the
process.

The RUP product framework can be viewed in theofeihg figure [Rational, 2003]
where it is divided in four integrated parts [K@&DO3].

Figure 48 - RUP Product framework

- Best PractisesThis is the core of the cube and of the RUP al amd
consists of the best practises and the approacptetidy RUP which are
expressed in phases, workflows, roles, activities artifacts. All this aspects
were discussed previously.

— Process Delivery ToolsRUP is delivered to their practitioners using ebw
based knowledge base providing all team membets guidelines, templates
and tool mentors. The knowledge base consists teinsive guidelines, tool
mentors, templates and examples of the artifadiss Knowledge base has
been used as a reference in this document.

— Process Configuration ToolRUP is a configurable process which can be
tailored from the practitioners in order to fit th@roject’'s specific needs.
RUP product offers tools (RUP Builder) to accomntedand publish the
tailored process [Rational, 2003].

— Process Authoring ToalsRUP allows the practitioners to capture and add
their own best practices in their configured preceRational Process
Workbench is a tool to facilitate this and consiefsRUP Organizer for
managing content libraries, RUP Modeller for defmiprocess models that
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extend the basic RUP process definition, and thé® Ritcbcess engineering
process. [Rational, 2003]

Community/Marketplace The Rational Developer Network (RDN) is an
online community that allows users to exchange e&pees and provide

access to the latest updates of RUP in aspectsalilitacts, articles and

templates. [Kroll, 2003]

The RUP product consists of tools to support dilvdies in a system's lifecycle, to
support the process and to develop, maintain aedrdent the various artifacts that
are created, especially models and UML diagramsigRal, 2001]. Also, there are
tools to configure and deploy the process, managguirements, automate
documentation editing, testing automation and tezotaboration. Tool mentors
provide step by step guidelines for implementing RUUP activities using the tools.
There are also templates and examples for thaetdithat these tools develop. Some
of the most useful tools are [Rational, 2003]:

The Rational Unified Process a flexible software development process
platform. Through its configurable architecture, Renables practitioners to
select and deploy only the process components ahatrequired by the
project’s specific needs.

RUP Builder enables project managers to select, configurggtereustom
views of and publish RUP-based processes for fiiejects.

Rational ClearCaseproduct family provides a configuration management
solution.

Rational PurifyPlusis an advanced debugging and diagnostic tool that
pinpoints hard-to-find, run-time errors in your &pation; provides advanced
application performance profiling; pinpoints aredscode that have not been
exercised during runtime execution.

Rational Roses a graphical component modelling and developn@uitthat
uses the visual modelling language UML.

Rational SoDAprovides automatic generation of software docuatent.
SoDA templates support Microsoft Word 97, 2000, Afd

Rational ClearQuesis a defect tracking and change request management
system.

Rational Test Managetreates, maintains and executes automated funttiona
tests.

Rational Suite Analyst Studitacilitates the collection, management, and
modelling of enhancement requests, requirementsl, ase cases in a
comprehensive and integrated solution

Rational RequisitePrahelps teams organize, prioritize, track, and cdntro
changing requirements of a system or application.
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6.1. The combined frameworks

In the previous chapter the two methodologies weeeomposed based on a
framework that divides organizations systemicaliyoithree aspect systems and
recognizes four phases in system development. Baséhis framework we combine
the two methodologies in a manner that will utilthe complementary parts of every
methodology so all the aspect systems of an orgtaiz are taken into account
during all the phases of a system development psoce

Thus, the following table (Table 9) makes a firguitive combination of RUP and
DEMO based on the idea that the complementary sktisld be combined. However,
this combination is intuitive; it does not takedrdccount problems that may emerge

due to the differences in the “ways” of each metiogy.

Function Construction : . :
- Desi : Engineering | Implementation
esign Design
- Business Use - Construction - Business - BUC Realization
Case Model Model Analysis Model
- BUC — Process Model — Business Goals
Specification - State Model - Business Rules
— Action Model
I-Organization - Use Case - Analysis Model - Analysis Model - Use Case Realization
Model - Design Model = Design Model - Navigation Map
- Use Case - Navigation Map | — Implementation
Specification - GUI Prototype Model
— Test Results — Design Model
— Source Code
— Deployment — Test Results — Deployment Model
Model (Descriptor (Descriptor &
Level) Instance Level)
— Data model — Product (H/W &
S/W platform)

Table 9 - A combination of DEMO with RUP

Thus, the above table may not be feasible and yt ah@ange after considering the
“ways” of each methodology. In the following paraghs we will examine the
possibilities of combining DEMO and RUP in the Isvef the way of working,

modeling and controlling. However, we should firgcognize if the “way of

thinking” of the methodologies is incommensuraldensthing that can prevent their
combination. Furthermore, we should remind to tleader that by saying I-
organization and D-organization in the above calalso mean I-application and D-
application respectively. We only focus on the gsbams of |- and D- organizations
that can be substituted by I- and D-applications.

6.2. Way of thinking

The way of thinking of the two methodologies regaian extensive study since an
incommensurability appears, inherent from the d#ffie ontological commitment that
is used by the methodologies to describe systelyita world they are modeling.
By ontological commitment we mean the “vocabulatifat each methodology is
using, the “repertoire of types of objects to thixéstence of which it is committed”
[Smith, 2003]. Thus, in order for our effort to eccessful we have to bridge the gap
between the two ways of thinking carefully.
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Both DEMO and RUP try to describe a system mainith ihe usage of diagrams.

Thus, by recalling chapter 1 and the first defonitof system, this description should
start from the elements (things) of the systemthedelations between the elements.
Furthermore, according to Bunge these relationsildhibe active, namely elements
should affect each other because of the existeinitese relations.

DEMO assumes as the fundamental constructional exlerof the system the

elementary actor role (Operation axiom). The irdtoas (or relationships) between
the actors (either internal or external to the eayst follow a specific pattern

(transaction theorem). Actors perform C- and P-attich have effect in the C-world

and the P-world. These are systemic classificatiohghe B-organization, each

referring to the relations and the elements of dhgtem respectively. The need of
such a classification is to describe the state-cér@ P-acts which both are complex
enough since every C-act can follow a pattern ¢b 8 steps while the actors are
assumed to be social elements, undertaken by huraadsthus the complexity of

their production acts has to be modeled in moraildet

On the other hand RUP, as justified by UML, usegeab as the fundamental
constructional element, which possesses attribates provides functions to other
objects. The combination of the value of the prbopsrof an object denotes its
internal state which changes over the lifecycléhefobject based on events and/or the
execution of functions [Rumbaugh, 2005]. The int&oa between the objects is done
with the exchange of messages, by calling a fundaiwd receiving a value, and by the
encapsulation of objects; describing the attributésan object in terms of other
objects.

Figure 44 categorizes the diagrams of UML in twoirmeategories, structure and
behavior diagrams which visualize different persives of the system This
classification, although not directly related aedhantically different, serves the same
purpose as the C- and P-worlds of DEMO. Using theminology of Bunge’s
ontological system notion [Dietz 2006], structuragidams visualize the composition
and some aspects of the structure of the system)yntae simple and static influence
bonds that do not change over time. Behavior dragraisualize the structure
(dynamic relations that change over time) and ttoelyction of the system; what is
delivered to the environment and how is producethbyelements.

Furthermore, a classification of diagrams and thede in system modeling, similar to
DEMO (Figure 41), is done with the 4+1 views ofte@ire architecture (Figure 43).
Indeed, this architecture focuses on the descriptib a software system thus the
views have meaning only when describing a softvegisstem. The two basic views
that exist in every description are the logic viamd the use case view [Kruchten,
1995, 2004]. The former describes the kernel ef sistem (in Bunge’s system
terms) since it does not include the interactionhef structure with the environment
of the system. The later is captured in the use wasnv and provides the functions
that the system provides to actors in the envirarinmieis the black box model of the
system, developed with a use case diagram andeitseats (actor, use case, flow of
events).

Finally, the “Business Modeling” technique uses MLUprofile (See Appendix C —
UML profiles) to describe the function and constrmie of the B-organization in
terms of business use cases for the functional haogebusiness workers and entities

! For more detail see the relative paragraph
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for the construction. Also, the implementation lué business is modeled in the “BUC
Realization” artifacts.

We see from the above paragraphs that there indafnental incommensurability in
the “ways of thinking” of the two methodologies. eltilundamental elements and
relationships used in the description of a systeeninherently different andan not
be relatedor combined The elementary actors of DEMO can hardly be desdrin
terms of UML objects or classes while it is impb#sito transform transactions into
UMLZreIations. The transaction pattern can not &lated to a concept of RUP or
UML~.

Also, the “Business Modeling” technique, althoughdéfines business workers, a
term similar to (internal) actor of DEMO, @oes not use them as the fundamental
constructional unitIt merely uses it for identifying the users amang functions of
the information system by assigning them respolitslsi over the entities and
business processes. Also, business workersiot per se social individualthey can
be any kind of system, i.e. mechanical or softw&wwthermore RUP technique is
concerned with the implementatiarf the business which is contradicted with the
ontological notion that DEMO adopts and indeed titutes one of its advantages.
However, this incommensurability can be avoided i®glating methodologies in
every aspect system

Thus, B-organizatichshould only be described using either DEMO or Riui not
both. Therefore, the B-organization’s row on Tablghould contain only the DEMO
models of the “Construction Design” column. We hawelerlined the rest of the cells
of this row for this reason. Therefore, the emergedhodology would belong to the
“Multi-Methodology” level of Table 4 since RUP isagitioned and partially
combined with DEMO.

Also, we have already made an assumption concethegway of thinking”. As was
also discussed in paragraphs 4.2.3.1 on page 64.2ntlon page 70 in our case the
terms |- and D-organizations are used intercharlgeaiih the terms I- and D-
application. Therefore in the RUP decompositionmieavork (Table 7) and the
combined framework (Table 9) the green and bluesroan as well be named I- and
D-applications respectively without contradictifgheory.

Practically, this means that we are assuming thetd D- organizations are not social
systems per sdhey may be rational systems substituting the $@yatem This
assumption is made in order to avoid the impossmigsion of defining a social
system in terms of objects, message exchangingubgtibn calling and object
encapsulation. Thus, with respect to Figure 30 asiblde way of thinking for the
combination of DEMO and RUP is thB®lEMO describes the B-organization as a
social system while RUP should describe the |- Brarganizations in terms of their
supporting |- and D-applications perspectivésowever, by taking this assumption
we deliberately and unavoidably include implemeatatdetails in their models,
detracting one of the advantages of DEMO. Alsamtlaer side effect of including
implementation details in the description of th@rganization$ is that the limits
between x-organization and x-application are bhgriHowever, B-applications can
not substitute the B-organization, they camly mimic elementary actorfietz,

2 Although we will see later that the transaction stegin be modeled with an interaction diagram this
modeling element is not atomic.
¥ DEMO and RUP do not interfere in the I- and D-arigations. See Table 9.
4
x=I or x=D
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2006] thus the B-organization still remains a sbsystem and RUP is used only for
modeling the B-application.

6.3. Way of working

It is feasible to combine the “ways of working” ieféntly, in a practical way. The
option here is tadapt the way of working of RU$nce it is a configurable process
[Rational, 2001] and thus easier to adapt to theduction of DEMO as the business
modeling methodology.

As we see from Table 9, DEMO substitutes the atsfaf the “Business Modeling”
discipline. Thus this disciplinghould be removed during the RUP executidre fact
that the “Business Modeling” discipline is not mataty in every project of RUP
makes it easier; practitioners will be familiar lviexecuting a process instance
without executing the “Business Modeling” workflaxplicitly. The discipline of the
“Business Modeling” is substituted by applying DENt@thodology.

Furthermore, since the “Requirements” disciplinkofes, DEMO models can be used
in order to elicit requirementsActually, RUP uses some transformation guidelines
that use the “Business Modeling” artifacts as gouirand creates the use case model
of the softwareFurther research on this subject is done on thksighof Puspa I.
Sandhyaduhita (2009). How to derive functional regquents will be described in the
paragraph of the way of modeling since RUP capttuestional requirement in use
case diagrams and it is actually a matter of tanshg models.

Also, RUP is explicitly iterative but DEMO is notHowever,iterating during the
development of DEMO models is possibliiough not explicitly stated as explained
in the “way of working” and way of controlling” alysis of DEMO. Thus, Figure 46
can be transformed to the Figure 49 by introdu¢cireyDEMO methodology for the
business modeling of the organization.

Requirements

DEMO .
Modeling
Flanning ¥ Config. & Change
- : Management
Initial
Flanning

_ En'v'irnjnmerrt
. <:y/'rest
Evaluation \_\R_Deplo;ment
=

Figure 49 - Introducing DEMO in the RUP iterative nature

Analysis & Design

Implementation

However, if we take a deeper look into the itemoftware lifecycle we will see that
one of the advantages it offers is that it redutesrisk of developing the wrong
software functions and reduces “the continuing asireof requirements changes”
[Boehm, 1988]. These two advantages are achievepbing through a rough analysis
of the problem domain to the design of a partidlitsen and the development of a
prototype of the system that will help to bettederstand user needs and predict
change propagation into the business. Thus, tla tequirements can be elicitated
because the impact of the system to the businetersycan be predicted. Therefore,
the business model of RUP can be altered duringesative process by introducing
the usage of the system under development by thimdas workers, something that
affects the implementation of the business procefisesiness use case realization).
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Also, the introduction of a software system maeetfithe other business models of
RUP as well.

However, DEMO models are completely independennftbe implementation of the
system, providing only the essence of a businegstP2006, 2008]. Thus, a sound
DEMO model does not have to be dramatically alteifaubt at all, during an iterative
process since the implementation details, i.defliusiness is supported by a software
system or human, are abstracted from the models.

Practically, the practitioner of the combined melblogy will have to develop the
DEMO models based on the theory of DEMO duringitieeption phase. The models
that should be developed in the first iteration a@epended on the modeling
guidelines. Later on he will have to develop the oase model of the I-organization.
Also, the analysis and design of the I-organizatad I|-application should be done,
as explained in “Analysis & Design” discipline ofUR. On the second iteration he
will be able to complete the DEMO triangle of malahd then complete the model
of the I-organization and a prototype of the |-aggtion.

DEMO models can support these two disciplines dkhbei shown in the “way of
modeling” paragraph. Based on the model transfoaomajuidelines the practitioner
can decide what DEMO models are required as inputhie activity of transforming
into RUP models. Thus, when this input is availalde can move on to the RUP
artifacts without completing the rest of DEMO madelAfter completing, for
instance, the IAM of the CM and the PM of DEMO fractitioner can create the use
case model of the I-organization. Then, he caratéeland complete the DEMO
triangle, finalize the use case model and contioutne analysis model based on the
SM of DEMO.

However, iterating through DEMO and RU®&an be cognitively cumbersome
especially if there is only one person that undedahe several roles of DEMO and
RUP. The practitioner will beequired to switch several times into different “ygaof
thinking” and therefore the quality of the developed modedy be compromised.
Thus, during the planning of the iterations thipexd should be taken into account
and avoid the cognitive overload of the practitioegher by assigning the roles to
different persons or by planning the executionhaf &ctivities of each methodology
on different days or weeks.

6.4. Way of controlling

The “way of controlling” of the multi-methodologgdapts DEMO into the stages of
RUP for controlling the methodology execution. Thisdene due to the fact that
DEMO only provides the cross model tables (Figu® #hat introduce some

dependencies between the models and some guidamncineo sequence of the

development of the models. Contrarily, RUP provittese dedicated disciplines for
the support of the process.

The guidance that the cross-model tables that DENi€s can be used as an input
for the “Project Management” discipline and itsidties. It can be used by the

project manager role to derive the dependencieshef project phases and the
milestones that connect phases with each others,Tthe Project Manager role of
RUP has information about the dependencies of ithiegt; namely the sequence that
the models have to be developed. Then the overdlpartial projects can be planned
by developing a Gant chart or an activity netwadgdam.
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6.5. Way of supporting

DEMO does not use an extensive set of specialindivare tools to support the
execution of the methodology. So far the most dedit software that is used is the
Xemod modeler developed by Mprise which supports ‘thvay of modeling” of
DEMO. Among others, Xemod provides the functioncodating reports so people
with different tools can communicate easily in atefoperable way.

Thus combining the “ways of supporting” of the twethodologies is possible since
the practitioners of DEMO have a way to communiegté the practitioners of RUP.
The practitioners of the former can create a refat can be used by the practitioners
of the later without the need for an extra toolrtRe@rmore, we hope that this thesis
will provide enough guidance to the practitionefstte multi-methodology on the
value and utility of the Xemod report!

Though, this communication, although required, donest provide an added value
since it lacks automation of tedious parts. Thectraner of RUP will have to do a
lot of manual work in order to transform the modalsd enter every modeling
element (actor, use case, class) into the mod#&ioigof RUP (Rational Rose). Also,
he will have to apply the guidelines in a right walyich can not be assumed that will
always be the case.

However, Xemod may include the function of transfing DEMO diagrams into
UML diagrams. The transformation algorithms canbased on the guidelines that
follow but so far the granularity of the guideline®es not comply with the
granularity of algorithmic steps. The steps of ¢hedelines can not be transformed
immediately into algorithmic steps, executed by &ogpamming language.
Furthermore, the human judgment and experiencehefpractitioner is required
during the transformations something that will reguadvanced techniques from
disciplines such as artificial intelligence and tmctomputer interaction. Thus,
although suggested the feasibility of adding thisction to the program is not studied
in more detailed.

6.6. Way of modeling

Based on Figure 44 there may beskationship between the two worlds of DEMO (C-
and P-world) with the two main categories of diamsa of UML (behavior and
structure diagrams respectivelyBoth C-world and behavior diagrams describe the
interactions between the elements of the systera. J4world does this by keeping
track of all the C-facts that have been createtbupis time (PSD of the PM). UML
behavior diagrams show the dynamic behavior obttjects in a system as a series of
changes in their internal state and exchanged messaver time [OMG, 2009]. The
state machine diagram shows the former and thendignaehavior diagrams, such as
interaction diagrams, of Table 8 show the lateuslhthere should be an unidentified
correspondence between the PM of DEMO and beha@grams of UML that can
be used in the mapping of the “ways of modelinge ¥an make an intuitive mapping
between the C-world and how it is modeled in DEMTM( PM) and the behavior
models of UML as well as the P-world (SM, AM) artketstructure diagrams of
UML.

Transformation guidelines can be created that gillde the practitioner in the
transformation of the models. Anyway, this is hoWwHR connects its “Business
Modeling” artifacts with the rest of the procesg, transforming them into the
requirements discipline artifacts.
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In the following paragraphs we provide some rougihdegines on how we can
transform DEMO models into RUP models. However, wensider two
transformation scenarios since each scenario egdifferent guidelines. We should
mention here that these two scenarios are notinlisjd/ithin the execution of the
multi-methodology each scenario can be used; tloptamh of one scenario for an
actor does not exclude the adoption of the othearmother actor.

i.  Mimicking B-ActorsIn this scenario a B-actor will be mimicked by ICT.
includes the development of a B-application, réfgrrto Figure 35. We
should keep in mind this figure and expect thad #denario can not apply to
all B-actors.

ii.  Supporting B-Actordn this scenario the intellectual needs of the Bxacare
supported by ICT. This scenario could as well bened “Mimicking I-
Actors” or “replacing I-actors” since I-Actdtsare supporting the B-Actors
with the services they offer to them (see Figure B@wever, if we name this
scenario with the two later options we imply thhe tl-actors have been
identified. This will not be our option though. Hidying I-actors requires
additional workload for the modelling of the I-orgzation with DEMO ([De
Jong et al., 2010], [Sandhyaduhita, 2009]). Alse, agsumed previously that
the Operation Axiom does not hold for the I-orgatian in our case thus I-
actors can not be identified.

For describing the guidelines we use some simphergd examples in the following
section which consist of simple diagrams of DEMQ@l dow to transform them to
UML diagrams. On the next chapter we apply the glingés into the case study of
Mprise that we used in chapter of Business ModelingRUP. The narrative
description can be found in Appendix D — The nareatlescription of the case study.

6.6.1. “Mimicking B-actors” scenario

This scenario has gained the most attention sqCietz, 2003], [Shishkov et al.,
2004], [Mallens et. al., 2001], [Sandhyaduhita, Z0Mn this scenario the B-actors are
replaced by ICT thus the transaction that is exatbly him is replaced by a use case.
The goal of this scenario is to develop the use casdel and analysis model of the
B-application.

The use case model that will be derived shouldaorivo major components: use
case diagram and use case description. The maipawnts of the later are the flow
of events and the goal of the use case. The floevehts describes the sequence of
actions between the actor and the system [Kruch2805] and contains all the
exceptional flows that may arise as well. It iatwal description in natural language
of the steps and usually it is supported by diagtamainly activity or sequence
diagrams.

Based on [Dietz, 2003] and [Shishkov et al., 200d]can immediately state that a B-
actor is transformed to a use case actor. Furthrerna DEMO transaction can be
straightforwardly mapped to a B-application useeca$e goal of a use case can be
identified in the Transaction Result Table (TRT)tbé IAM. The 1AM is mainly
used to derive the use case diagram.

Further information for the flow of events existsthe PM which shows the steps and
the kind of relationships between the transactidime AM contains the “agendum”
of the actor, specific guidelines that he has totlgmugh in every step of the
transaction he is responsible for.

® We refer to I-actors internal to the I-organizatiomd not B-actors who had shaped their ability
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Also, AM contains the object classes that the B#ags manipulating during the
execution of a transaction. The Information Usel@4BJT) of the PM contains this
information in a compact format. These classeslaseribed in the SM further. Every
class that the replaced B-actor is using is transd into an analysis class of the
analysis model since the B-application will replabe B-actor and therefore the
application should be aware of all the classesaratised by the B-actor.

6.6.1.1. Building the Use Case Model of the B-application

The simplest IAM is comprised of the initiator, taeecutor and the transaction. It can
be shown in Figure 50:

CREE: fisgaresman

#xpruber

" ran ion
Initiator transactio Executor

Figure 50 - Transforming the IAM into a use case diagrm

We see that the executor is present in the use Elaseever, when the transaction is
executed by the system the executor should notdmeied as an actor. Though, we
keep this actor in the use case because it makdsltowing UML diagrams easier to

understand.

Further on, the transaction pattern applies forT@2 transaction of Figure 51. This
will provide the flow of events of the derived usase which can be modelled both in
natural language and a sequence diagram. Belowhesea@ sequence diagram.

initiator EWEsUtor
o request
pm: promise
sl state

[14]

g [l ® "

@ =ty ac: accemt . nitator : Executor

[=H

él m ‘ request(Transaction) ‘

g promise

o - —— — — — —

=

& exeqgute(Transaction)

Wl —
state(Transaction)

3 @ =

.I:m accept

5 o T

o

Figure 51 - Transforming PSD into sequence diagram

However, the above pattern is the simplificationtter “shortest path to success” of
the complete pattern. The complete pattern canrdvesformed in a UML activity
diagram with swim lanes. Due to many alternativavll in the complete pattern a
sequence diagram will become difficult to read.
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rq: request
P promise
st: state

ac: accepl

dic: decling
gl gquit

r: reject
sp: slop

—>

Initatmr

Islal‘l

Executor

onRequest

request
transaction
[resojved]

Discussion
State

[notResolved ]

[ accepted ]
onsStated

transal

[ canMotPromise

decline

action failed

ion succeeded

! [canPfomise ]

execute }

[ nothcoepted |

state )

[resoled]

Figure 52 - Transforming the complete pattern into a activity diagram

D\sgﬁ:;lon

[nofResolved]

stop
transaction failed

We see in the activity diagram two decision nodaskequest and onStated. The
outcome of the decision nodes is based on the agerad the executor which is
stated in the AM. The names of the nodes are itideaf the agendum that applies.
We should include a slightly more complex exampleacl includes the initiation of
transactions from the mimicked B-actor. This exampill show what happens to the
use case model when the B-actor who is mimicked Byapplication has to initiate a
third transaction. The DEMO diagrams that are usade been developed using
Xemod 2010 beta version which uses the DEMO 3 iootdibr the PSD.
First, based on [Dietz, 2003] the use case derik@d two transactions of the IAM
will be related with “extend” and “include” stergped relationships based on the
PSD and the multiplicity of the causal link betweabam. If the multiplicity is 1, then
the stereotype “include” is used while if the nplitity is 0...n, r21, then the
“extend” relationship is used. Thus, based on ttlewing IAM and PSD we develop

the following use case model.
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Organization transaction TO1
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promise(T03) ‘
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accept(T03)
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Figure 53 - A more complex case of transformation

We see that the sequence diagram can also indhedmformation about the causal
links of the PSD. We see in the sequence diagramtite “request(T03) message is
not sent before the “state(T01)” and “accept(TQRFssages have been sent in order
to complete transaction T02. Also, “accept(T01)"ssege is sent in the end of the
message exchanges, showing the same informatiie &SD.

The use case model is completed with the use qes#fisation. The most important
parts of it are the use case goal and the flowehts. The goal of a use case can be
identified in the TRT of the CM for the originatirigansaction. The flow of events of
the use case can be found on the PSD which prothdesteps that are taken during
the execution of a transaction. Also, the AM camdaihe agendum of the B-actor,
thus some more detailed steps he has to take. Howine natural language used in
the description of the flow of events should beurdt and not contain special
terminology of DEMO since this may create confudiothe RUP practitioners. This
should be taken more in account for the informatiwat is contained in the AM since
it can be confusing to a non-DEMO practitioner.

Finally, we should note here that we followed afeté#nt sequence of steps that
[Dietz, 2003] and [Sandhyaduhita, 2009] have tak®atz (2003) first transforms the
PM into a use case diagram, then determines tlted{irelationships between the use
cases and finally adds the infological componehth®use cases. Finally, he chooses
the use cases that are mimicked by ICT. Howeweour research we first choose the
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use cases that will be mimicked by ICT from the |Aien we determine the kind of
relationships based on the PSD and finally we deter the use case specification
based on PM and AM.

Also, Sandhyaduhita (2009) uses the same approathelaborates more on the
definition of the infological components by defigithe I-organization using DEMO.
However, we chose not to follow this path becauseassume that the Operation
Axiom of DEMO does not hold for the I-organizatidghus no l-actors can be
identified. The definition of the I-organizationdsnsidered in the next scenario using
UML. Although, the technique we use is not fundataby different from
Sandhyaduhita, we use it in a different contexhthle does and we removed some
intermediate steps. So far, the infological actiohs use case are stated in the use
case specification since we will prefer to avoidliag DEMO terminology into the
use case model. This may create problems on thenooioation of the (possibly)
different teams that will use DEMO and RUP.

6.6.1.2. Building the Analysis Model of the B-application

The IUT table of the PM contains what object clas$act and result types of the SM
are used in every step of the PM. Based on thik, tdbe object classes that the
replaced B-actor is using during the executionhef transaction areansformed into
analysis classes of the analysis model of RUs correlation is necessary because
since the B-application is replacing the B-actoenthit should hold a similar
representation of the P-world; it should “know” teme “things” as the B-actor.
The transformation is done following the bellow mened rules which are more
rules of thump than strict rules that always haved followed:

1. Every object class used in the replaced transaditransformed into an
analysis class. There is no difference in the tegpanalysis class if the
object class is external or not.

2. Every original fact type of this object class ie t@PL is a property of the
analysis class. The scale denotes the type ofrtdpepy but it may not relate
directly to the types used for class diagrams.

3. Every derived fact is transformed into a methothefanalysis class. The
returned value of the method is of the same tygbescale of the derived
fact. Though, not all of information has to be pd®d on the signature of the
method since it is defined on a higher level.

a. The derivation rule of the derived fact describbesdlgorithm of the
method of the analysis class. This may be modei&aly an activity
diagram or even the same rule if it is formallyided.

4. A unary result type associated with the objectefines a state of the
analysis class. The transaction that createsehidirtype, based on the TRT,
defines the event that initiates a transition te flate. Based on the PM, the
TRT and the rest of the unary result types, theesviat initiate transitions
from a current state can be identified. Based akimowledge a complete
state machine diagram of the UML can be developed.

5. The unary unicity law of a binary factum defines thultiplicity of the
relationship of the analysis classes. The objextscthat is under a unicity law
in the SM has a multiplicity 1 in the correspondmetationship of the analysis
model. On the opposite the related class has aptieity O...*.

a. If there is a binary unicity law in two factums thi#ne multiplicity in
relationship of the analysis model may be 1...* fottbroles.
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6. A ternary fact type that does not define an extansreates an association
class. The facts that are not under a unicity lelae properties of the class.
The multiplicity of the association may be 1...* fasth classes that
participate in the relationship. Rule 5 may alsplyp

7. If an object class is dependent (marked with akothat) then the object
classes participating in the relationship shousd &le included in the analysis
model using the same above rules.

a. The dependency usually will denote a directed iaiahip between
the analysis classes. The dependency dot denetasatt of the
relationship.

b. The dependency may also denote (week) aggregatierevihe
dependent object class (container) creates thgsasalass which is
the container (white diamond on its side of thattehship).

c. Choosing the first or the second option is mairdpehdent on the
semantics of the domain and a rule can not be elévis

An example from the pizzeria case of [Dietz, 208&hown that uses all the above
rules in order to transform the SM of the B-orgatian into the analysis model of the
B-application.

urchase P has been complefed,
H s omp purchase P has been prepared transaction type result type
@ T completion ROV purchase P has been completed
TOZ preparation ROZ purchase P has been prepared
o TO3 payment RO3 purchase P has been paid
PURCHASE TO4 delivery RO4 purchase P has been delivered
ch P it N
person C is the customer purchase P contains
pizzas of kind K 3
of purchase P property type ohject class scale
delivery_address PERSON ADDRESS
purchase P has been psnd pumha.s‘e P has been delivered pizza_price PIZZA_KIND EURO
total_price (*) PURCHASE EURO
T02/prepartion R02 Purchase P
. has been prepared
PIGIESE Pizza Kinds/Purchase
] &n: Integer Tod/delivery
total price() : EURO
=
0.* 1. - - R0O4 Purchase P
has been delivered
9.
1 TO3fpayment
Ferson Fizza Kind

Sydelivery address : ADDRESS Sypizza price : EURQ

R03 Purchase P
has beenpaid

R01 Purchase P has
been completed

Figure 54 - Transforming a SM into an analysis model

TOlcompletion

8. The extension of a fact type can be either transéadrinto a new analysis
class, an association class or a specializati@s.ctome rules of thump could
be the following but they may not apply in evergea

a. An extension of a unary fact type of an objectlaansforms into a
specialization class in the analysis model. Theegaization class is
the related object class. This is the case of apeaiion as presented
in [Dietz, 2006, ch. 5].
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|
A\
b

Figure 55 - Transforming a specialization

b. An extension of a binary fact type that does nolude both facts of
the fact type introduces a specialization clagbénanalysis model.
The generalization class is the object class rlaith the extension.

i. The multiplicity of the introduced class is detemed using the

above rules.
member

EMBERS M
w x (| v PERSON
¥ is ""ll" !

MEMBER

Person

7

Membership Member

1 1

Figure 56 - An extension of a binary fact type

c. An extension of a ternary fact type that includes or two of the facts
of the fact type is transformed in a relationshgss. The rest of the
facts may become properties of the new relationslaigs. This
denotes the case of partition as presented inZP2&06, ch. 5].

i. The type of the properties of the relationship €lean be
derived from the associated scale if existent. H@neghere is
no direct relationship between scales and propgpss.

ii. Also, there may be the case that the associatass ¢$
redundant. Then the property of the associatiossatan be

included in the class which has multiplicity liretrelationship.
G G

|“[*)2d':> |

M

X ‘ z

Figure 57 - An extension creating an association class

F

d : X >
2 | %Y

Figure 58 - An extension as the property of on class
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d. In abinary or ternary fact type where all facts excluded in an
extension a new analysis class is created. Thejpating object
classes are transformed in analysis classes ashellnew class is
related with a composition relationship. This desdahe case of
aggregation in [Dietz, 2006, Ch. 5].

i. Aggregation in the analysis class diagram has twm$:
strong and weak aggregation (or composition andeggdgion).
Composition is drawn with a black diamond on thetamer
class while aggregation with a white diamond. Cositmn
classes should always be present in an instantte of
composed class.

ii. The selection depends on the unicity law. The dlgkss
under a unicity law is a composition otherwiseris a
aggregation.

E E

) ‘—-1 e ) —> 7 R

.-/

A B

Figure 59 — Transformation of an aggregation

9. The union of two object classes creates a genataizanalysis class
associated with two analysis classes derived fl@object classes
participating in the union.

[ A
— .
1
€
I A B
il
-

Figure 60 - Transforming a union into a generalizaitvn class

6.6.2. “Supporting B-actors” scenario

This scenario models the I-organization using tbe case and analysis model. The
development of the use case of the I-organizatianssfrom the AM of DEMO which

is the base of the triangle of the B-organizatisee( Figure 41) and also the most
detailed and comprehensive model [Dietz, 2006]. Tihilogical actions are
identified using this model.

Also, the construction of the I-organization is thealysis model as well. The
construction of the B-application and I-organizatimay be the same because B-
application can be mimicked by the I-applicatioRsirthermore, by evolving the
analysis model into the design model we can dethe construction of the I-
application.
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Thus, if we take an example from the source booRBMO [Dietz, 2006] we can
identify the following agendum for an actor thatcocs every time the actor is
requested the transaction T04:

on requested T04(L) with book_copy(new L) = C and rhership(L) =M
if #books_in_loan(M® max_books_in_loan(Y® decline TO4(L)
¢ #books_in_loan(M) < max_books_in_loan(*) promise T04(L)
fi

no

We can derive infological actions from this agenduhich are actions that are using
the informa human ability in order to be performéthus, we can identify the
following use case diagram for the I-organization.

>

/view membership M

Execum\culate books in loan of M

-

determine loan acceptance

Figure 61 - Use case model of the I-organization

The use case specification can contain the stegisthile actor has to do in order to
view the membership and determine loan acceptaasedoon the example. The steps
may as well contain the interaction with the I-origation or the I-application that
supports the l-organization. Thus, they may notagkvbe derived by a DEMO
diagram.

Concerning the construction of the I-organizatiomdelled with the analysis model,
this scenario uses the same guidelines in trangigrthe SM in the analysis model of
the l-organization, using the information of [UTh& agendum of a B-actor contains
the object classes that he is manipulating. THus, also easy to determine which
object classes are initially transformed into asslglasses.
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7. Applying to the Case Study

7.1. Applying to the case study

The multi-methodology designed in the previous teawill be applied in the case
study of Mprise. The case study is based on th& wbB6andhyaduhita (2009) and is
based on the training division of Mprise which waaseparate business entity until
recently.

The narrative description of Mprise activities leen developed in [Sandhyaduhita,
2009] and for convenience is copied in Appendix Dhe narrative description of the
case study with permission. Also, SandhyaduhitdieghDEMO methodology to the
case by developing the models. The DEMO diagrame theen approved for their
validity thus they will be the base of applying timeilti-methodology. They can be
found in Appendix E — The DEMO models of Mprise fifayaduhita, 2009.

In the application of the multi-methodology we witicus mainly on applying the
“way of modeling” that was discussed in the presiahapter so we can validate our
method. However, we should also mention the otlarswvherever required.

7.1.1. The Case Study

The case study refers to the Mprise division offtrener Dynaprise Group B.V. and
not to the current organization of Mprise whichhe merger of the former divisions
of Dynaprise Group in one legal entity. Thus, fréms point on when referring to
Mprise we will refer to the former Mprise divisionVe should give a small
introduction by quoting parts of the narrative dggmon.

“Mprise is a company which has competence in ERPlicapipns (Microsoft
Dynamics-AX and Dynamics-NAV). It has the statusMadrosoft Gold CPLS
(Certified Partners for Learning Solutions) and ré#ere it has Microsoft Certified
Trainers (MCT). Every year there is a certificatimnewal by Microsoft.
Furthermore, since Mprise is an independent tragncenter (the only one in the
Netherlands) of Dynamics-NAV and Dynamics-AX 9%%sdousiness is to provide
training and the rest is to provide advisory seeadn ERP applications (Microsoft
Dynamics-AX and Dynamics-NAV). The business is emdéd by two kinds of
training services and an advisory service. Eacthete services is supported by some
business processess stated in the sub lists.
a. Standard course

1. Course product development

2. Establishment of standard courses

3. Standard course enrollment

b. Client specific course

1. Client specific training development
C. Advisory service

1. Advisory service development
d. Applied to all categories

1. Course altering
2. Course execution
3. Course evaluation

! This list is rather informal and conducted intuitizeThe formal specification is expressed in the
DEMO models.
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4. Provided service paymént

7.2. The “way of working”

In our case the DEMO model triangle is completedteiwe are based on a previous
thesis conducted in Mprise. Thus we will only preetthe guidelines of combining
the “ways of modeling” of the previous paragrapl are will also practice the RUP
workflows of “Requirements” and “Analysis & Desigrthough we will focus mainly
on the analysis part of the former.
Thus, iterating will be easier and less cumberssimee we avoid iterating in both
methodologies. However, based on the guidelingsaasforming DEMO models into
use case and analysis models we could as weltetbeaween DEMO and RUP.
The use case model requires as input, mainly tiéd &kd the PSD of the PM of
DEMO and during the completion of the use case miad&so requires the AM.
Thus, a first iteration could develop DEMO’s IAMMPand part of the AM model.
Then the use case diagram and some use case'ScgiEri can be completed.
Then a second iteration can start by finalizing AMijlding the SM and ISM of the
CM and finally completing the PM with IUT. Based tre IUT, the complete AM
and the SM the RUP practitioner will be able to ptete the remaining of the use
case specifications and the analysis model. Witctimpletion of these two models a
new iteration can start by adopting RUP complessigl using it in order to devise the
ICT system.
A brief description of the guidelines follows. Tleare not to be followed strictly
since a project may have different needs. Theip@sg is more to indicate a possible
sequence of the tasks and reveal the dependentidse anodels based on the
guidelines provided earlier.
1. 1%iteration
a. DEMO practitioner
i) Complete the IAM
ii) Complete the PSD of the PM
iif) Develop a part of the AM. The part can be 10-60%hefcomplete model.
b. RUP practitioner
i) ldentify use cases and system actors based oAMeand the PSD
(1) Identify B-actors that can be mimicked by a B-aggttiion
(2) Identify B-actors that can be supported by an lkappon. Not all of
these actors can be identified during tfiitération since a complete
AM is required.
ii) Develop the use case diagram based on the PSD
i) Identify part of the flow of events of every ussea
iv) Continue in designing a solution and a prototypeeiessary following the
techniques and guidelines of RUP.
2. 2" teration
a. DEMO practitioner
i) Complete the AM
i) Complete the SM
iii) Complete the PM with IUT
iv) Develop the IAM partially. The IAM is not used aput in the guidelines
of transforming models thus is not required from RIJP practitioner.
b. RUP practitioner
i) Complete Use case model by completing the usespas®fication
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i) Develop the analysis model based on the SM, thedk'the outcomes of
steps 1.b.i.
iif) Continue in designing a solution and a prototypeeiessary following the
techniques and guidelines of RUP.
The above guidelines on the *“way of working” can bsed for the “way of
controlling” of the multi-methodology”. The previsdist contains information about
the phases of the project and the dependencidge gittases. Based on it, the phases,
activities and tasks can be determined. By compgetine list with an assessment of
the duration of each part the project manager careldp a Gant or an activity
network diagram which will assist him in the manageat of the project.

7.3. Transforming DEMO models to RUP models

In our case we have the complete triangle of thé#DEnodels completed. Thus, we
do not have to iterate between DEMO and RUP. Thesefwve will follow only the
steps under the “RUP practitioner” heading.
First, we examine the IAM, PSD and AM to identifyaBtors that can be mimicked
by a B-application and B-actors that can be suppldoy an I-application.
The B-actors that can be mimicked by a B-applicatice:

= AO01 - Enroller (Figure 70)

= AO07b — Client project completer (Figure 71)
Thus, based on the IAM diagram of the CM (see gl and Figure 71) we identify
the following (system) actors and use cases

B-application actors | B-application use cases
CAO01 — Person TO1 enrollment
CAO02 — Client T02 enroliment payment
CAO03 — Debtor T03 quotation
A24 — Approver T04 quotation payment
A16 — Designer T16 design

T24 discount approval

Table 10 - The B-application actors and use cases

By identifying the causal and conditional linkstbe PSD we can complete the use
case diagram with the stereotypes of the relatipsdietween the use cases.
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==pxtend==

%/_}O//Tjdscountappmh‘al

T01 enroliment ==includes= A24 - Approver
CA01 - Person

;Q\ TOZ enrallment payment

CAD3 - Debtor
TO04 quotation payment
<<inclM /‘7
A16 Designer
l\____,,/ =zgtend==

TO3 quotation T16 Design

CA02 Client
Figure 62 - Use case of the B-application

From the following use case diagram we will onlycde on the use case “T02
enrollment payment” due to time and resource caimg. Thus, we will develop the

use case specification only for this use case ated bn we will develop the analysis
model only for this use case. We present the gbHieouse case, the preconditions,
the basic and some alternative flow of events texdual representation since it is
easier to present; an activity or a sequence diagruld be used as well.

Use case goal
Enroliment E has been performed

Preconditions

1. There is a person who will be the participant i@ émrollment

2. PAis the participant in E

3. The chosen standard course is currently offered

4. There is a client - representative of a companye wrders the enrollment for the
participant

5. There is a debtor who will pay for the enrollmese f

Flow of Events
1. If there are is no seats available then the engsitns declined
a. Seats are available if the number of the partidgpain the chosen course is
less than 10.
2. If there are available seats then it is examineth& enrollment should have
discount.
a. This is examined by the “T24 discount approval” aase
3. After the determination of the discount the enrelimnfee is calculated
a. The formula is Enrollment fee = price(Course Kird)L+tax%o)
4. If the enrollment is delayed, relatively with coeirdate, then the delay fee has to
be paid.
a. The formula is Delay_fee = price(CK) (delay_peregei(E)) x (1+tax%),
where the delay percentage is calculated basech@nwveeks before the
course.
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5. The enrollment is completed.

Alternative Flows
The person who enrolls has the option to cancektivellment. This can happen in
any time before the execution of the enrollmente $teps that apply are:
1. The person requests the cancelation of an enrolimen
2. If the type of enrollment is normal and the staddasurse has not been given then
the cancelation is possible and the cancelatiorgoao the next step.
3. The cancelation fee that the debtor has to pagl@itated
a. If the enrollment is not completed before cancefais requested then there
is no cancelation fee.
b. Otherwise the cancelation fee is dependent on teeksv before the
scheduled course.

7.4. Building the Analysis Model

In order to build the analysis model we have towhat information is used by the
transactions that the use cases are originatimg. fi@ find out, we check the IUT of
the PM or the AM. The fastest information we cam igefrom the TRT which will
give as the main outcome of every transaction.
Thus, the object classes that should be transformedinalysis classes are:
= Enrollment
= Course Kind
= Course
Standard Course
Professional
Person
Company
Period

Based on the OPL of the SM of Mprise (see Figurea8t the guidelines provided
earlier we can transform into the following anaysiass diagram.
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Course Kind gives Course
&pprice : EURO &pprice | EURO
1 0. 0.*
A is delivered

Standard Course

Professional
®zparticipants()

7

Period

&smin_threshold :Integer
&smax_threshold : Integer
Q}plan_delay_percentage . PERCENTAGE 0.*
l%prep_delay_percentage : PERCENTAGE
&tax - PERCENTAGE Ensollmeant Person

&:0UGdisc_percentage : PERCENTAGE @type . {normal, delayed}

&splan_cancel_percentage : PER CENTAGE &cancel_date : Date has as the particip 1+
Q}prep_canoel_percentage . PERCEMNTAGE
&smax_capacity : PERCENTAGE ®enroliment_fee()

@delay_fee()
@delay_percentage()
@advance_fee()
@cancel_feel)
’cancel_percentatge[}
@disc_delay_fee()
@disc_advance_fee()
@delay_percentage()
@disc_enroliment_fee()
@disc_cancel_fee()

-
T4

has as debtor

Company

- %DUGmembership:Eloolean
has as the client &amount_paid_by : EURO

Figure 63 - Analysis model of the B- and I-applicatin

The analysis classes of Enroliment, Course and&®ereed a state machine diagram
to complete their description. We include only teete machine diagrams of
Enrollment and Course since they are more mearlingfu

TO4/gnrollment

E has been
performed

T24 / discount appedval gliment payment

E has been
paid

Discounted fee for E To2/enrollment payment
has been approved |

Figure 64 - State-machine diagram for the Enrolimenclass
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( Course Preparation
TO6/course|establishment Facilityfor(? has been
provided

C has been
established
J

T12/acility provision
T13/Kitshipment ‘ Kit shipment for C

‘ has been provided

T14/catering order

Catering for C has
been ordered

Urse preparation

C has been \‘ TO9/course execution ( C has been )

prepared given

10/ course evaluation

Course has
@ been evaluated

J

Figure 65 - State machine diagram for the Course c&s

7.5. The added value of the case study

Applying the multi-methodology to the case studys lgiven an insight into the
advantages of the emerged multi-methodology. Thesaliscussed in the following
chapter. Also, the multi-methodology was refined #&gplying the draft design
versions into a real case problem. For examphpiild be impossible to devise the
rules of transforming the SM to the Analysis modg&hout applying and verifying

them in the case study.

However, the case study was not a complete execuafica RUP process, even as
configured to match the multi-methodology. Thiglige to the fact that RUP requires
an extensive set of documental artifacts and arskvef undertaken roles that are
difficult to be taken by one person. However, tloafguration of RUP used was a
possible configuration for simple projects. Aldoe fact that the DEMO models were
already developed has influenced the multi-methmgioexecution steps.
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8. Discussion and Conclusions

In this thesis we tried to connect a business moglehethodology with a software
engineering process. Our purpose was to exploiathantages of both and create a
multi-methodology that will be able to go throughthe phases of developing large
software systems.

We used DEMO methodology for modeling the businB&sMO has well identified
advantages when modeling an organization but it m@nbe used for developing
software. Contrarily, RUP is very popular among tkeftware engineering
practitioners for the development of software hutan not cope well with the
business domain.

In this paragraph we will mention the advantages BEMO offers against the RUP
modeling technique and the advantages that thei-mathodology offers. For the
former case we will a comparison medium. Thesdtaé dimension of Dietz (2006)
that are required in a business model. Let us sightthe 5 dimensions after a small
discussion about the RUP technique for businesshmagd

8.1. Disadvantages of UML in Business Modeling

The business modeling in RUP uses a profile ofUML modeling language. It is
rather a technique than a methodology and thuktkeof theoretical background can
not give a sound basis which the practitioner wge to validate his results. The
quality of the models is based on the experiencehef practitioner. Also, the
application of the technique varies among practéis. This was obvious from the
different assumptions that every writer made fa tble, the identification and the
description of a use case.

According to Dietz (2006) a business model showdcbherent, comprehensive,
consistent, concise and essenti@dbherentmeans that the different models of a
business should constitute a logical and integradlez Comprehensiveneans that the
different models are complete; that all relevasues are covere@onsistenimeans
that the models should not contradict each ot@encisemeans that no irrelevant
information is included in the models. Finaltgsentialmeans that the models show
only the essence of the enterprise.

The coherency of the models is not obvious to the fii@aer. After the identification
of the business use cases the practitioner doebavat other option than to observe
the modeled business in order to identify busiresgysis classes. The correlation of
use case and entities is done late, in the demuripgf the business use case
realization.

Also, UML business models ar®ot comprehensivelrhere are diagrams that can be
used for modeling all the issues of the businesshmuselection of them falls into the
experience of the modeler. The technique suggesés diagrams should be used for
every modeling issue but some diagrams may be regiti-urthermore, the selection
of every diagram is dependent on the modeling dasethe state machine diagram of
a business analysis class is not mandatory foryeekass. The modeler should
identify the states based on his experience andifgehat these are states and not for
example properties of the class.

This affects the concisenes§the models as well. The modeler can as welbchice
superfluous information in some models by includimglevant diagrams or diagrams
without a clear role i.e. a state machine diagrawne state. One common mistake is
the inclusion of business rules in the businesscase specification.
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UML business modelsan be consistertiut the technique itself does not guarantee
consistencyFor example a business process can be descnlibd business use case
specification and in the business use case realizadlthough, the perspectives are
different and complementary, a change only in ohé¢hem can make the models
inconsistent. Another example is the business ridespite the modeling artifact of a
business rule it is common that business rulespaaning in several diagrams, such
as the decision nodes of activity diagrams, busimesity diagrams and business use
case realizations. Thus, by duplicating a rule ar making it clear, contradictions
may emerge among the different instances.

Finally, RUP business models are not essential &kault becausehey include
implementation detailsThis suggested by the business modeling technigtirethe
business use case realizations. Thus, changingtismgen the implementation i.e.
introducing a new billing system or a new web poadhanges drastically the business
model, i.e. a new business worker will have torlieoduced.

Also, as it was discussed in paragraph 3.7 of g&yéwo of the identified advantages
of the UML business modeling profile are: it uses same modeling language as the
developers and therefore communication is accomtaeddand that the language is
object oriented therefore objects reflect real danhtities.

However, these two can not be considered an adyanfarstly, the language may be
the same but the semantics are different. This thee one hand may create
misconceptions to the communication between arsalystl developers. On the other
hand the language does not provide a different wfathinking for describing the
business world. This world is not object orienti¢éds rather process oriented. Thus, if
someone tries to describe this world using a voeapuhat contains object the
chances that he will lose the essence and thatmal$é important notions are high.
Also, during observation of the (business) world thodeler tries to identify wrong
elements that are difficult to be observed. A besiis more easily conceived and
described in terms of business processes thantsbjec

8.2. The advantages of the multi-methodology

The advantages that this multi-methodology offens be summarized by Mingers &
Brocklesby (1997). First of all, it copes with themplexity of developing software
for a business. This complex and multi-dimensiopedblem is now solved by
adopting the right methodology for the right dimensof the world. Adopting a
methodology means that you view the world “throwglparticular instrument” that
reveals certain aspects of the world and omitsrstfMingers et al., 1997]. Thus, we
utilize two different paradigms for two differenowds.

Furthermore, the process of developing a systesupported in all aspect worlds and
during most of the phases of the process. The psooé developing a system, as
shown, is comprised of several phases, each onmgha$ own characteristics,
purpose and workload. With this multi-methodologg wan support most of the
phases in the three aspect systems of the orgammizhtorem. Thus the practitioner
is better supported and guided, the complexityhef process itself is reduced and
consequently the quality of the developed systeimcieased.

Finally, in practice DEMO and RUP practitioners naseady combine and transform
their artifacts. Work has already been done intirelDEMO diagrams with the UML
diagrams. However, UML is not a process, it is alating language. There is neither
a way of thinking to guide the practitioner nor gfie guidelines on activities, tasks
and roles as well as tools to support him. Howeireithis multi-methodology the
models that each methodology produces are comhtiget@king into account their
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role in the development process. Also, the todis,rhanagement and the philosophy
of each methodology are examined and combined.

Also, we should mention the advantages that thdi-m#éthodology offers based on
the three problems of Mallens (et. al., 2001). Hentifies three problems that a
system designer can face when there is no formsihbss modeling in the system
development process: tdelimitation problemwhich is the proper delimitation of the
system boundary, thidentification problemwhich is that all elements of the system
have been properly identified, tlspecificationproblem which is what key model
elements should be specified further and how timisilsl be done unambiguously.
Thedelimitation problenrequires the proper identification of the systesaridary. In
RUP this is done with the identification of the usese of the information system.
RUP’s business modeling technique is used in adadelimit the system by deriving
the business functions. However, the identificatmnuse case is based on the
identification of a goal of a user which is not alg clear to identify. DEMO on the
other hand uses the transaction pattern and reqthieeidentification of one of the
transaction’s steps.

Also, it is awkward to model use case steps usaxg, & sequence or an activity
diagram. The problem is the granularity of the stefich may be atomic or complex
since there are no principles on identifying anvégt Also, the use case specification
does not include the informational needs of eveep,sespecially in the diagrammatic
representation. Anyway, the given guideline is &saibe the interaction with the
system from an outside perspective [Rational, 2063] when followed the
description of the informational needs should beided. DEMO can delimit a
system formally by identifying transactions, thepst of every transaction, actors and
facts used in every step of every transaction. ¢ éiese elements the scope of the
information system contains the above crucial im@tion.

The identification problemarises in RUP since the analysis model is notrigiea
related with the use case model until late in tftexgss. Instead the analyst has to go
through the system description or observe the weald in order to identify nouns
that describe it. Furthermore, there is no prirciph deciding when a noun can be a
class or a property of a class. Also, the usescésemselves are difficult to be
identified and difficult to verify that are compéetThe guideline is that there is a use
case wherever there is a goal that the user wishashieve, something that can be
missed or omitted easily. Also, the identificatiohactors is done using scenarios,
case studies and brainstorming about people oemgsthat will have interest on the
functionality of the system.

However using DEMO as the business modeling metlbggicthe system actors and
use case can be identified straightforwardly in eéf@mentary actors and transaction
respectively. DEMO guarantees the completeness tbargethat improves the
requirements gathering of the system. Furtherm@EMO relates the object classes
of the system with the transactions that use thém WT. Therefore there is a sound
method that can guide through the identificatiothef analysis classes.

Finally, thespecificationof use cases and analysis classes can also be& badbe
DEMO models. The specification of a modeling eletrteas two aspects: the unique
identification and that it is easily identifiablaciunderstood by all who deal with the
modeling concept [Mallens et al., 2001]. Also, dmotaspect stemming from RUP is
the traceability of the element; how this elementderived during the process
[Kruchten, 2004] (see also Figure 17).

The transaction pattern and the PSD offer a goats dar specifying the use cases
unambiguously. Moreover, the goal of the use case be equated with the
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transaction result of the TRT. Also, the pattermigre close to the real world, thus
the flow of events is more likely to describe stepsthe real world. Besides, the
analysis model can reach a great level of spetificasince it can derive properties
and states from the SM of the DEMO. Furthermoresé¢hspecification elements are
derives from the real world, thus easily identifeaby the stakeholders of a project.
Finally, the requirements can be traced in the DEMG@els, yet satisfying the RUP
aspect on requirement traceability.

Finally, DEMO is enhanced using methods of RUPstFaf all, DEMO does not
provide clear guidance for the “way of controllingf the methodology. The three
supporting workflows of RUP (Environment, Configiioa & Change Management,
and Project Management) can be used instead. FbvetynRUP provides extensive
guidance and tools that can be used in order to@anprocess.
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Appendix A — Class diagrams in UML

A class represents a discrete concept within tipiicgtion being modelled. A class is
the descriptor for a set of objects with similausture, behaviour and relationships.
[Rumbaugh et al., 1999] A class diagram describesytpes of objects in the system
and the various kinds of static relationships #mest among them. Class diagrams
also show the attributes and operations of a @adsthe constraints that apply to the
way objects are connected. [Fowler, 1997] Theretaxe principal kinds of static
relationships:

» associations (for example, a customer may rentabeu of videos)

» subtypes (a nurse is a kind of person)
In a class diagram a class is represented as angtetdivided into three parts, the
upper one is the name of the class, the middleioiiee attributes that every object
belonging to this class should have and in theobotthere are the methods and
operations that the class should have. A speclijeab of interest that belongs to a
class is represented as a rectangle with a semidolcseparating the name of the
object with the name of the class it belongs to.ekample of a simple class diagram
and the respective object diagram follows from wdeveloper.com:

Studies
*
College Student
v ame:String mam eOfStudent: String
_ stadentldiint
noJfC oursesiint !
capacityint ageirt
areall am e 3tring

Figure 66 - Class diagram

College student no. 1:
Siudent

Graduate School of Business: College

rarmne0 B udent="Sar"

studentld=1

age=18
univMarme="University of G
Ch cagn™
no0fCourses: 1000
capacity=2000 College student no. 2:
areaMame="Hyde Patk” Student

rame0 fHudent="Mancy”
studentld=2

age=219

Figure 67 - Object Diagram

Classes can be related with several kinds of oglakiips. In [Rumbaugh et al., 1999]
the various relations have been identified.
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Relationship Function Notation
o A description of a connection among | c|ass Class?
association instances of classes
A relationship between two model Class Class2
dependency | elements — 7
A relationship between two versior|s | cjass | Class?
flow of an object at successive times 7
A relationship between a more cl
o ass —_| Class2
general description and a more =

generalization specific variety of the general thing,

used for inheritance

o Relationship between a specification | ¢35 Class?
realization and its implementation — =
A situation in which one element Class | Class?2
usage requires another for its correct 7
functioning
An association that represents a part | cjass Class?

aggregation | whole-relationship.

Table 11 - Class relationships

Class diagrams can be classified according to tpenspective, which is the
perspective of the system under design. [Fowle®/L8ecognizes three perspectives
that a class diagram can have: conceptual, spatiificand implementation.
Conceptual A diagram that represents the concepts in theadloomder study. These
concepts will naturally relate to the classes thgiement them, but there is often no
direct mapping

Specification The classes are more close to the software ltfdbus is at the
interfaces, not their implementation.

Implementation The classes that implement the system. This wshably the
perspective used most often, but in many ways fleeication perspective is often a
better one to take

Appendix B — Discipline details in RUP

RUP contains detailed description for every disogl Among the concepts used to
describe them areaole (the “who”), activity (the “how”), artifact (the “what”) and
workflow (the “when”) [Kroll et al., 2003]. These concepie the backbone of the
RUP but the RUP product also offers more detailedgss elements which make the
process easier to understand and practice by pngvidomplete guidance to the
practitioner [Kroll, 2003], [Rational, 2003].

The most important description is the workflow. \kftow in RUP is a sequence of
activities that produce a result of observable @dRational, 2001]. The most two
common workflows are ‘Disciplines’, which are thegin level workflows, and
‘Workflow Details’, which are the workflows withia discipline. A workflow can be
diagrammatically expressed using a sequence diagramollaboration diagram or an
activity diagram which shows the activities and tthependencies among them,
although not all of the dependencies are shownusecthey are intended for humans
and thus are not developed to follow them exactly mechanically [Kroll, 2003].
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These elements are:
Workflow Details Workflow detail diagrams show groupings of adtes that
are often performed together in a workflow activithese diagrams show roles
involved, input and output artifacts, and activgtiperformed.
Steps Activities are broken down into steps, which @& necessary to perform
them every time an activity is executed. They dlesbk into thinking,
performing and reviewing steps.
Guidelines Rules, recommendations or heuristics that supgmivities.
TemplatesModels or prototypes for the artifacts to be deped.
CheckpointsA quick reference to help assessing the qualfithe artifact.
Tool mentors They establish a link and guide on using thedawl the RUP
product.
ConceptsKey definitions and principles.
Roadmaps Guidance of the practitioner into RUP from thewpoint of a
specific role.

The above description can be diagrammatically desdrwith the following diagram
from [Passing, 2004]

* Phasa Step

v/ :

Unified Procass b !

" I ; O

n Discipline i 1 Ackivity LA T Task

uiput
=
gt

responsibisFor

il N
Riobanorker Antifact

| J i

Concepl Guidaline Checklist Templats

Suaparn Magerial

Figure 68 - The structure of RUP

For further details you can refer to [Kruchten, 2D@nd [Kroll, 2003] for an
introduction to this topic and to [Rational, 2088 the complete details of RUP.

Appendix C — UML profiles

The business modeling discipline uses a profil&bfL. UML profiles are a part of

UML that are used as an extension mechanism tbakie language [Johnston, 2004].
More specifically UML contains three mechanismg @ilfow the designer to extend
the basic elements of the language (classes, pagkagsociations etc.) in order to
adapt it to a special application domain and misetniodeling requirements. These
mechanisms are stereotypes, tagged values andaotss{Rumbaugh et al., 1999].
Stereotypes introduce new modeling elements, taggkets add modeling attributes
to the elements and constraints represent the nesieling semantics [Booch et al.,

! Activities at this level of abstraction can alsoréferred as “tasks”.
2«Checklist” is used instead of “Checkpoint”, “Taskistead of “Activity” and “Activity” instead of
“Workflow Details”
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1998]. A stereotype is a new kind of model elendgfined in the model, a tagged
value is a pair of a tag and a value that stor&srnmation about an element and a
constraint is a rule that applies to a tailored et@d element.

The following picture from [Booch et al., 1998] é&ily displays the above
mechanisms.

/,__H. «container» tagged value
ActionQueue

stereotype {version = 3.2} &—|
add(a : Action) {add runs in O(1) time}
remove(n : Integer)
i «query»

length() : Integer constraint
e «helper functions»
reorder()

Figure 69 - The UML extensions mechanisms

Appendix D — The narrative description of the case study

Mprise B.V. is part of Dynaprise Group B.V (estahkd in 1991). Mprise is a
company which has competence in ERP applicationsr@igoft Dynamics-AX and
Dynamics-NAV). It has the status of Microsoft G@ertified Partner for Learning
Solutions and Microsoft Business Solutions. Theustaf Microsoft Gold CPLS
(Certified Partners for Learning Solutions) medret Mprise has Microsoft Certified
Trainers (MCT). Mprise facilitates and give suppdudr its trainers to acquire or
maintain their Microsoft certification. Every yethere is a certification renewal by
Microsoft. Thus, Mprise provides time for its trams to study for the exams and also
pays for the exam fee.

Furthermore, since Mprise is an independent trgiognter (the only one in the
Netherlands) of Dynamics-NAV and Dynamics-AX itssiness is not to sell
Microsoft licenses to companies but 95% of the hess is to provide training and the
rest is to provide advisory services in ERP appbes (Microsoft Dynamics-AX and
Dynamics-NAV). The business is addressed by twdskof training services and an
advisory service as follows:

a. Standard course
b. Client specific course
C. Advisory service

As an education center, Mprise has four (4) clamssofor the standard courses. In
each classroom, an ICT infrastructure which coasifta number of PCs for the
course is provided.

The client of Mprise is either big or small compamiFor the big company, the client
is usually represented by a manager as the cqmtesbn. For the small one, e.g. a
company with only one employee (a freelancer i@rasultant who runs his/her own
business), the client is the freelancer his/her3éliis, the participants of the courses
offered by Mprise could be employees of a comparg foeelancer.

Mirjam who is responsible for the marketing of Mygigroups the clients into the
following:
1. Microsoft implementation partner companies
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2. Companies which use Dynamics-AX or Dynamics-NAV

3. HBO (educational institution)

Consequently, the main target groups for the coueséhe ones who will attend the
course offered by Mprise can be classified into:

1. Consultants (of Microsoft implementation partnempanies)

2. Key users and end users (from companies whghising Dynamics-AX or
Dynamics-NAV)

3. Lecturers and students of HBO (educationaltuntibin)

In running its business Mprise can be seen as @i@ion network of the following
actors:

1. Mirjam Berntsen — director competence develogngarticularly responsible
for sales and marketing

2. Joop de Jong — general manager, particularporesble for innovation of
new course products

3. Yvonne Leentfaar — secretary, responsible famiastrative issues of Mprise
4. Dorien de Jong — financial staff, responsiblefiftancial issues

5. Pieter Thijsse Claase — manager of training (@lsenior trainer with

competence in Dynamics-AX: all except logistic, gwotion), responsible (as
supervisor) for course preparation and executiahadher trainers
Internal trainers:

6. Sicco Antuma — senior trainer (competence inddyics-AX: logistic,
production)

7. Jan van Maanen — senior trainer (competence/iramics-NAV: installation,
configuration; Dynamics-AX: administrator)

8. Berend Otten — senior trainer (competence inadyins-AX: development)
9. Marjan Baan — medior trainer (competence in Dyina-NAV: logistic)

10. George Doorn — medior trainer (competence inddyics-AX: introduction,

logistic, production)

11. Guido van Gemerden — medior trainer (competanBeisiness Intelligence,
Dynamics-AX: installation, configuration)

Mprise also has several external trainers thahmeel when needed. Mirjam is the
one who decides to hire external trainers.

Course product development

Since the main business of Mprise is about cowseéglivering (executing) courses,
the content (material) for each course product roesteveloped beforehand. The
developer i.e. the assigned trainer will be thewoesible person (‘owner’ or can be
called as the first responsible trainer (FR-trgntar the course product. Thus, he/she
will be responsible for maintaining the course pratcuring its existence and also
responsible to provide information to promote tbarse via several marketing
channels under Mirjam responsibility. Mirjam assighe EV-trainer to keep the
information about the course on the website updig-@nd to provide relevant
information for course product promotion items (egwsletter, direct mailing,
presentation/seminar, knowledge session and aseréint product such as leaflet,
poster, booklet, etc).

Mostly, the responsible trainer will also be theso@ who will give the course to the
participants though not always. Therefore, if thgponsible person leaves Mprise, the
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responsibility of the particular course producti @ given to other person.

The assignment of a trainer to a development progc vary. The trainer can be
someone who has specialty corresponding to thecoewse material or someone who
does not yet have enough knowledge about the rahtkrithe latter case, he/she
needs to learn beforehand in order to be ableuteldp the material for the new
course product.

Generally, the content of the course product idledhin the material which consists
of:

1. main document: if the course is for consultarkey user, then the main
document is usually downloaded from Microsoft (ak)p however if the course is
for end users, the main document is then made hys®lby its responsible trainer)

2. presentation slides: is made by Mprise (byatponsible trainer)
3. exercise: is mostly made by Mprise (by its resiae trainer)
4. additional material e.g. books needed to cometemmain material

Besides having a product code relevant to the abneé@ery course product
developed by trainers at Mprise also has a progersion corresponding to that of
Microsoft. The version is attached to a course pebdince Microsoft continues
making improvement and development of its prod(@sramics-AX and Dynamics-
NAV).

Joop who is responsible for the innovation obsewlesther there is a possibility for a
new course product that needs to be developed, Shugetimes he visits a client to
listen to his/her opinion to see if there is a pext of a new course product.
Moreover, Joop can also identify market needs eftioen the information given by
the trainers or from Mirjam. If there is a new caiproduct that needs to be
developed he can initiate the development of a camwse product. However, a
discussion with the trainer of the correspondingcgty is sometimes needed to
define the outline of the new course product he.target group, description,
preliminary knowledge, content, and duration (maximfive days, preferably one,
two or three days). Nevertheless, this task mighddne by the assigned trainer
him/herself. To assign a trainer to do the develepimloop also needs to see the
availability of the resource (the trainer). Thus,feeds to know the trainer's agenda.
If the trainer is available Joop will assign thevimurse product development to the
trainer. Next, the trainer will propose to Joop éséimated time for the development.
Thus, the development project starts. After theérafinishes producing the material,
a colleague (other trainer) will review the matkiiiait is good then the assigned
trainer will notify Joop that the new course pradisaeady. Otherwise, he needs to
revise the material again.

New course product might also be developed whemddaft launches new product
of Dynamics-AX or Dynamics-NAV. Joop asks the cepending trainer to develop a
new course product. The development for this kihcooirse product can be
straightforwardly assigned to trainer with corresgiog specialties without too much
discussion since almost all the material is avéelam Microsoft website. The
procedure for this development is the same asrénequs one.
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Moreover, besides those two kinds of developméetetis other trigger for course
product development that is especially made dwéeat specific course project. This
material is usually specific to a particular caséhe client. Thus, this kind of
development is initiated from a client specific siproject. The developer (the
assigned trainer) is usually involved in the intakecess (analysis of client problem)
thus he/she will have enough information to preplaeecourse material.

Sometimes, the development of a new course pradurcalso be done by (delegated
to) different trainers. However, the responsibibifythe corresponding course product
stays on the assigned trainer (the ‘owner’ of tnrse product / the FR-trainer).

Basically, the first two kinds of course producvelepment are independent from the
course project with the client. However, it cartee case a client specific course
project started while the development of the cqoesling material has not yet
finished. Then, the arrangement for the course statelld be made by considering the
completion of the course material.

All course products (course materials) are stonetié shared folder where Yvonne
has access to them. However, sometimes Yvonneriggint the material for the
course from the shared folder since the traineratsmdirectly send the material to
her to make it faster.

Usually, during the development of a new course&pet Mirjam who is responsible
for marketing will start a marketing action for thew course product.

There are several ways to promote course prodectsyi making direct contacts with
clients, via website, newsletter, direct mailingggentation/seminar, knowledge
session by trainers, advertisement products (legfteter, etc), booklet:

- Via the website: Mirjam assigns the responsipiiit keep the content
information for a course product up-to-date toFfetrainer. Website is the main
resource for marketing the course product.

- Via newsletter: Mirjam is the initiator and thditor of the newsletter. The
content of the newsletter can be from Mirjam, Jd®pier and FR-trainers. The drafts
are then given to Dorien who is responsible to dergnd send it to the subscriber
and upload it to the website. Any subscription mrsubscription request for the
newsletter from an online form on the website Wwéldirected to Dorien’s email
account and consequently will be followed up by. her

- Via direct mailing: Mirjam sends email containingw course product
information to the relevant clients and particigant

- Via presentation/seminar and knowledge sessionai herself or the
trainers gives overview of the course productsai@mptial clients.

- Via advertisement products (leaflet, poster): iggphas a partner named
Elevation Concept.

- For booklet: Mirjam assigns Yvonne to compileeavrversion of booklet.
There is already a default design thus changesedem@ only the content.

Establishment of standard courses
Mprise offers standard course programs which alid f@ six months. The programs
contain the description of each standard course.pfbgrams and their schedules can
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be found on Mprise website (most updated) anderbthoklets of Mprise. Currently
the programs are as follows:

1. Dynamics-AX for consultants

2 Dynamics-AX for users (key users / administratiod end users)
3. Dynamics-NAV for consultants

4 Dynamics-NAV for users

Twice a year, Mirjam creates training program actieslules (this year there are four
(4) schedules as mentioned above) for the nextr@@msoThe courses in the training
schedule can be either of existing courses fronptheious semester or new courses.
However, most time the standard courses will usddtest version of corresponding
course materials. Mirjam chooses the courses fhenavailable course product and
sets date and the corresponding executor of thasdard courses. Yvonne will do
the rest by assigning the standard course to &aitdassroom at Mprise education
center. The standard courses are then offerecetmérket via several marketing
channels mentioned earlier.

For the price Mirjam takes the market price for skendard courses. For standard
course, some particular users can have discountygers who are registered as
Dynamic user group — external group, partner disgou

Thus, each training schedule produced by Mirjanh aihsists of:
1. Course name (e.g. Dynamics-AX Financial 1)

2 Course code (e.g. X-FF1)

3. Duration — days (e.g. 3)

4 Fixed date or open date (e.g. fixed date, Fepri@-12)

Mirjam also compiles a description (for marketigeach course which is provided
by the corresponding trainer (the FR-trainer) whiohsists of:

Course name

Course code

Target group

Description

Prerequisite knowledge

Content

Exam information (available only if the coursepart of the path/track for a
speC|f|c exam to get certification from Microsoft)

8. Duration

9. Price

Other description that she needs can be acquioed tiie responsible trainer (the
‘owner’ of the course product). In each progranbghamics-AX and Dynamics-
NAV training for consultants, a diagram/schemalmwebsite containing
information of components (trainings and self-sjuadlycertification requirements for
Microsoft examination is provided. When a courselsgl in the schema is clicked, it
will lead to a page with description of the couls&ewise, a schema is also provided
for the end users. As mentioned earlier the FRwrais responsible to update relevant
information on the website according to his/heposssibility.

NogMwbhE

When Mirjam finishes the draft for both programsl @achedule, she will ask someone
to update the (the content of the) programs (ugtiladl FR-trainer) and schedule on
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the website and give the draft also to Yvonne. Yaewill then print the booklets and
the schedules. Yvonne will complete the tablesdsygning the classroom to each
course. She will then input into each trainer agefMicrosoft Outlook) of the
corresponding standard courses.

Standard courses

To have a standard training (standard course)eatdke.g. a manager of a company)
can go to Mprise website and read all informatibaw the standard training. Two
online registration forms are available on the viteker the client to register for
Dynamics-AX course and Dynamics-NAV course. Besitiese online forms, there
is other registration form that can be downloadedhfthe website (Inschrijfformulier
cursussen.pdf) thus can be sent by post or byofdiptrise. In doing its business
Mprise has general conditions the client shouldvknbhe client can read the general
condition by downloading the file AlgemeneVoorwaangdf from the website.

A client can order a standard course by fillingggistration form on the website or
filling a printed sheet of registration form theemd it by post or fax it to Mprise. In
most cases, a client uses the online registration bn the website.

When a registration form is submitted by a cliégmbugh website, an email
containing registration information is automatigaent to training@meprise.nl. If the
order is received from Monday until Thursday, Yvewho has access to that email
account will further process the order. Otherwi3erien who substitutes Yvonne on
Friday will handle it.

Since the website and Mprise information systenoisyet connected, Yvonne and
Dorien should input the information manually inke tinformation system when a
course request or other request is received init@@ mprise.nl email account or in
Dorien’s email account. Likewise, the registratiorm sent by post or fax will be
also processed by Yvonne or Dorien.

The registration form contains the following infation:

1. course name and code

2. course date

3. name(s) of the participant(s) (along with sed enether he/she has
preliminary knowledge mentioned in the brochureat)

4. company name

5 client name (surname) and initial of first name
6 email address

7. post address, post code and city

8 telephone

If the client wants the invoice to be sent to otbarty then he/she needs to fill the
following information of the other party:

1 company name

2. name (surname) and initial of first name

3. postal address

4 post code

5 city
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The information system used by Mprise is the MiofoBynamics-NAV added with
add-ons provided by ABECON. The add-ons are forcthese administration part
while the financial part is from the standard paykaf Microsoft Dynamics-NAV.
Thus, given the registration information, Yvonndl wieck into Mprise information
system the available seats for the requestednigaifrlowever, the course project for a
standard course will be created by Yvonne in tifiermation system only if there is
participant request for the course. When a courgiet is created, Yvonne will also
notify the corresponding trainer that the course preticipant(s), thus most probably
will be executed later on.

The default course capacity according to Mirjarmaximum 10 and minimum 3.
However, the number is negotiable; Yvonne can asfaM whether the class can
have more than 10 participants. Mostly, Mirjam vidglfward the question to the
corresponding trainer who will give the trainingarfhormal case, if number of
participants does not exceed the maximum numbesnie will directly compose
and send a confirmation email to the client (if tfient does not have email address -
a very rare case - then Yvonne will send the cordiion by fax). The email will
contain the following information:

course name and its code

date and time

name of participants

company name and address

course location

price

: payment

If the requested course is not possible to be e, Yvonne will contact the client
(the company) mostly by phone to discuss this mdftee/she is willing to wait for
the next schedule (2 months later) then Yvonneingkirt the requested course to the
next schedule. Other case, if the client does raoitwo wait, Yvonne will offer
additional course, thus the client will have thierd specific training. In this case,
Yvonne will forward the request to Mirjam. The pedacire for a client specific course
is described later.

NogMwhE

Besides making a confirmation email, Yvonne alguis manually the corresponding
information (the participant(s), the client (e.gnanager of a company), the company
(as the default debtor), and the debtor if the iceravill be paid by other company) of
the requested standard course into the informatstem. When the course date of a
standard course is still more than a week aheadniYer will mark the course as
‘inplannen’.

However, after receiving confirmation email sometithe client wants to cancel or
delay the date of the requested training. Whemaetdation or a delay request comes
Yvonne will look at the following rules (statedtime general condition) to process the
request:

1. for delay request:

a. if the request comes longer than three (3) wbeksre the course date, the
client still has to pay 100% of the course feethar canceled training, but in the next
course in which he/she will attend, he/she doesieet! to pay any fee.
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b. if the request comes within two (2) and threewi8eks before the course date,
the client still has to pay 100% of the courseftgdghe canceled training, and another
extra fee 25% of the course price in the next ingin

C. if the request comes less than a week beforedhese date, the client still has
to pay 100% of the course price for the cancelgiditrg, and another extra fee 50%
of the course price in the next training.

2. for cancel request:

a. if the request comes longer than three (3) wbeksre the course date, the
client does not need to pay at all

b. if the request comes within two and three wdmKsre the course date, the
client has to pay 50% of the course price

C. if the request comes less than a week beforedhese date, the client has to

pay 100% of the course price; this rules also an#iweequestion if a participant does
not attend the course without notice or with nobaeless than a week.

When the course date is already a week ahead, évstants to prepare the execution
of the training. First she checks the participaftthe training. If the participants are
less than 3, Yvonne will ask Pieter whether theegponding course should be
delivered or not. If Pieter is not available, sh# ask Mirjam instead. If the course is
canceled, Yvonne will contact the client(s) to mfothis cancellation and also notify
the assigned trainer. Otherwise, the course villllgt delivered, thus Yvonne marks
the course in the information system as ‘definitief

Then, Yvonne prepares a package of materials fdr participant. The package
consists of hard copies of:

1. course materials
2. presence list
3. evaluation sheets for participant

One week before course the responsible trainesdoesponding course should have
submitted the final material to Yvonne so that s start printing and binding it for
each participant. Sometimes, Yvonne needs to ong@ber of certain books as the as
part of the course material. Then, she will conthaist Hotel to prepare the lunch for
the participants during the course days. Furthesnsire also needs to prepare
certificates for the participants.

Regarding the ICT infrastructure in the classroéonghe course in Mprise, Mprise
has SLA (service level agreement) with Dynaprisghls case, Jan van Maanen is the
contact person from Mprise. Thus, to prepare thesmexecution, Yvonne will

directly contact the system administrator (in tase Dynaprise) to prepare a number
of PCs with the software (VPC) as many as the nurabparticipants in a particular
classroom. She also gives the name of the tramt#rat if the system administrator
has questions he/she can directly ask the trainer.

Advisory service and client specific training

When a client wants to have an advisory servic drent specific training, he/she
can send request through email to training@ mpliise.make a phone call to Mprise.
Or if he/she has had contact with Mirjam, then he/san directly contact Mirjam to
ask for an offering of specific course(s) or a edtascy for his/her problem.
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When someone fills in a contact form on the welemite asks a question, an email to
training@mprise.nl is sent. Depending on the qoasif question is quite simple or
about the standard course then Yvonne will direatigwer it, if the question is quite
complex or it concerns with advisory service andntlspecific course then Mirjam
will take over and give further response.

Mirjam is the one who will handle all requests amake contract proposal for
advisory service and client specific training. Whiea client describes the problem to
Mirjam, she can directly categorize the problero ithtree levels:

- simple case; Mirjam will make a phone call to dhient and ask questions
necessary to determine the solution; this can bedcsimple intake

- middle case; Mirjam creates a checklist to aggunformation needed and
sends to the client, then based on the answersizosooffered by Mirjam is made;
this can be called middle intake

- complex case, Mirjam will propose an intake solut(advisory service) for
the problem, later on other solution concerningttaming can be offered based on
the intake; this will be called complex intake

More detailed information for the three levels abdvas follows:

In the intake, Mirjam will do inventory checking tife company to collect the
information needed and to analyze what the compaeyls, in terms of training (of
Dynamics-AX or Dynamics-NAV). In this step, Mirjamill sometimes need
communication with Pieter and other trainers t@ass about the solution for the
company problem and the possibility to deliver ¢batent of the proposed training
for the company. For the simple and middle casejaihi and/or the corresponding
trainer do not need to visit the company to anatiteeproblem in order to determine
the appropriate solution (i.e. what the companydsgeShe and/or the corresponding
trainer can directly determine the solution for gineblem and describe kinds of
training and duration for the proposed trainingwdwger, for the complex case, she
and/or the corresponding trainer will need to \isé company. In this case, Mirjam
decides to propose a separate contract only fanthke process. This contract is
referred to as advisory service contract. Howevegn be the case a client requests
for an advisory service only, without any initiaténtion to have any training
afterwards. Before going to the client, the proplosaution i.e. the advisory service
contract should be first signed by the client. @e&ail arrangement for the contract is
explained later. Thus, after the intake processjadi will propose a solution in a
form of a client specific course contract to ther. If the client signs the contract
and previously there is an advisory service contiajam will give discount for the
training price 50% of the advisory service fee.

Both for advisory service and client specific ceusslution, Mirjam needs to
determine the executor of the solution. Since steams the area of competency of
each trainer she can assign the trainer to dediotvity in the proposed solution.

For the price of client specific course(s) and adry services, Mirjam has some
guidance. There is a daily rate for an advisoryiserand also for a course with
maximum three participants. For the training, & ttumber of participants is greater
than three then extra fees are applied per additerticipant. However, if course
consists of many days, the client might ask sordaatons.
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In the proposed solution (contract proposal), firisferable not to specify the date to
make the offer flexible so that the client can diga contract without worrying the
date. However, if necessary the date is set by M&pso she needs to take a look at
the trainers’ agenda and if needed Yvonne makémagcall to negotiate the date
with the client.

For all contract drafts Mirjam made, she will givéo Yvonne. The contract draft
contains the name of the executor (e.g. the traofahe project. For the advisory
service contract, Yvonne can just send directlhéoclient and wait for the reply. If
the client signs, scans and sends it back to Yvbgremail, Yvonne will then record
(create) the advisory service project into therimfation system and notify Mirjam or
the corresponding trainer so that they know thetask for him/her. Dorien will then
generate the invoice (on Friday) after the progcbmpleted.

For the training contract, if the training solutisnsimple, Yvonne will see the agenda
(Microsoft Outlook) of the corresponding trainerésid then set a date for the course
on the contract and send it by emalil to the clielowever, if the contract is complex,
she can just directly send the contract by emaildiscusses the date later. If the
client agrees, he/she will sign, scan and senddk o Yvonne. Cancelation for client
specific course is not possible after the contisigned.

For certain reason, the client can request to ahémgydate of the course (i.e. delay
the training). Mprise has the general conditionthar delay as follows:

1. if the request comes longer than three (3) wbeksre the course date, the
client does not need to pay any extra fee

2. if the request comes within two and three wdssre the course date, the
client has to pay an extra 25% of the course price

3. if the request comes less than a week beforedhese date, the client has to
pay an extra 50% of the course price

However, according to Yvonne there has not beercasg for change request for
client specific training.

Thus, after a contract of client specific courssigmed, Yvonne will insert the
course(s) information (create a course project) the information system (Microsoft
Navision):
project number
course date (if there is more than one datejdite entered is the first date)
company name
client name (surname) and initial of first name
email address
post address, post code and city
telephone
. location
the invoice is to be sent to other party theroire will insert the following
formation of the other party:

company name

name (surname) and initial of first name

postal address

post code

city

SOoNokwNRE

arwNPES
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Yvonne also notifies the corresponding trainer'srata (Microsoft Outlook) of the
planned training. She gives the course the stdefmitief’.

Thus, after the contract is signed and insertealtim information system, the
assigned trainer (the executor) will prepare théenel. Since usually the executor of
the course has involved during the intake phasshkavould have had information
about the training. However, Mirjam can also gideidonal information via email to
the trainer.

The material for client specific course can bedlyetaken from the available

standard course or just a combination with smalfliffcation of or addition to the
material of standard training. However, it can e ¢ase that the course material for a
client specific course should be made specific ¢mlg particular case. Thus, the
assigned trainer should carry out the course naigevelopment beforehand.

The location of client specific course can be mntls site or at Mprise. If the

location of the course is at Mprise, then Yvonnedseto also ensure about the
facilities and to order the lunch to Ibis Hoteaek before the course date), just like
in the standard course course preparation. Ifédt idient’s site Yvonne does not need
to prepare the facilities and the lunch. Thosdifas and lunch are taken care of by
the client (e.g. contact person in the companywéier, it is necessary for the trainer
to have a communication with the contact persotiabthe trainer can make sure that
the preparation is sufficient.

One week before training, the responsible traiaesefior trainer) for corresponding
course should have submitted the final materidonne so that she can start
printing and binding it for each participant. Soimets, Yvonne needs to order a
number of certain books as part of the course naht&he also prepares course
certificate for each participant which will be givat the end of the course by the
trainers.

Course Execution

During the course, the partner who provides ICTpsupmonitors the course to
ensure the ICT support provision. At the end ofdberse, the trainer distributes
evaluation sheets to the participants. He/shekasdis/her own evaluation sheet
over the course. A trainer should fill an evaluatstheet about the course including
further follow up if needed. The participants aupjgosed to give evaluation over the
trainer and the course.

Course Evaluation

The evaluation sheet is then submitted to MirjaikeWwise, the evaluation sheets
from the participants are also submitted to Mirjdéithe score for the course or the
trainer from the evaluation sheets from the paréiots are low, Mirjam takes
initiatives to contact the client to clarify andufad out what went wrong and thus tries
to fix it so that the relationship with the cliaatstill good. This is done to ensure the
client is happy about the project.

After the course has finished, usually there islid up to ask any progress or status
of the post-course condition. Sometimes, it istth@ger himself who makes contact
(usually a phone call) with the client. This adgvis known as ‘guarantee’ meaning
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Mprise cares for the post condition of the course ianecessary a follow up course
for the client can be initiated when the client v&aio have the benefit of the follow
up training.

Other than the evaluation sheets, the participastsneed to submit the presence list.
In the presence list, there is an option to subedior a newsletter. If the participant
wants the newsletter, Yvonne will turn on the awtimnewsletter option in the
information system so that the participant wille®e newsletter automatically.
Otherwise, she turns it off. Dorien will export allbscribers’ emails and send them
the newsletter when a newsletter is released.

It can be the case that a participant looses histhase certificate. Thus, he/she can
request a certificate by sending a request to YeoB8he will look into the presence
list to check the request and if it is valid ilee requester was truly the participant of
the corresponding course she will prepare and gsencequested certificate.

Payment

Every Friday, Dorien will print invoices for all pjects executed within that week, the
standard course and client specific course andaalgizory service projects. Dorien
looks into the information system of the trainimgfpct with the status ‘definitief’

and passed execution date. Then, she generatewdiee for the corresponding
project. She calculates the tax and added intintreece. Some clients who are
members of Dynamics User Group (of Dynamics-AX) gét 10% discount for

every training. For the client specific trainingesalso needs to check the price based
on the file given by Mirjam. Thus, an invoice watbntain the following information:

1. client name and address (debtor, the one wihesmnsible to pay the
training)

2. number/id of the client (debtor number)

3. invoice number

4. invoice date

5. description: course name, starting date, duraparticipant, discount (if
applicable), etc

6. amount

7. tax

8. total

9. additional information for the payments (i.ee thvoice should be paid no

longer than 14 days after the invoice date, nuntbef/client and invoice number
should be mentioned in the bank transfer)
10. Mprise bank account, IBAN, BIC

When an invoice for a particular project has besmt¢d, Dorien will set the status of
the training/project in the information system afgerond’. Then, all the invoices for
that week are sent by post.

Then, every month when the account statement fhenbbank comes, Dorien enters
the information of the money transferred into Mptssbank account into the
information system. Thus, the information system jeest generate a report of clients
who have not paid the invoices. Then, dependintherclient’s relationship with
Mprise, either Mirjam or Dorien will remind him/h&w pay e.qg. first by letter then
directly contact him/her by phone.
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Appendix E — The DEMO models of Mprise [Sandhyadubhi

2009]

The Interaction Model (ATD +TRT) of Mprise
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Figure 71 - ATD for client specific course
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Figure 72 - ATD for development and marketing

transaction type result type

T01 Enrollment Enrollment E has been performed

T02 Enrollment payment Enrollment E has been paid

T03 Quotation Client specific course kind K has been produced

T04 Quotation payment Client specific course kind K has been paid

T05 Standard course Standard courses for period P have been managed

management

T06 Course establishment Course C has been established (a.k.a. planned,
with date, trainer and/or classroom)

T07a Standard project Standard project SP has been completed

completion

T07b Client project completion | Client project CP has been completed

TO8 Course preparation Course C has been prepared

T09 Course execution Course C has been given

T10 Course evaluation Course C has been evaluated

T11 Client project payment Client project CP has been paid

T12 Facility provision Facility for course C has been provided

T13 Kit shipment Kit shipment for course C has been provided

T14 Catering order Catering for course C has been ordered

T15 Innovation Course kinds innovation for period P has been
performed

T16 Design Course kind CK has been designed

T17 Development Course kind CK has been developed

TI18 Review Course kind CK has been reviewed

T19 Maintenance Course kinds maintenance for period P has been
performed

T20 Update Course kind CK has been updated

T21 Marketing management Marketing for period P has been managed

T22 Advertisement provision Advertisement for period P has been provided

T23 Publication Course kind CK has been published

T24 Discount approval Discounted fee for E has been approved

Figure 73 - TRT of ATD of Mprise
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The Process Model of Mprise

CANL Permon

Figure 74 - PSD for the enrollment process

CABD: Mpriss kerisl

Figure 75 - PSD of the Standard Operation Process
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CADD: Mprise kemel
AD3Z: Producer
CADZ: Client A16: Designer
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Figure 76 - PSD for the Client-Course-Kind ProductionProcess
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EADOE Mpnaa kernas

Figure 77 - PSD for the Client Specific Course Oper&in

CAND: Mprise keimel
ALS: Innovabal ALE: Designer

Figure 78 - PSD for the innovation process
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CADOD: Mprise kermel
ALD Maintainer Azo: Updater

Figure 79 - PSD for the Maintenance Process
CADBDT Mprise kermel
AZl: Marketing manager ALS: Publisher

0.k

Lo ] L] -

Figure 80 - PSD for the Marketing Process

The State Model of Mprise
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Figure 81 - The SM of Mprise
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The Interstricion Model of Mprise

Eampany duns

&

pisss asts

o AN AD1
Person ./ Drvigen
CAD3
,’ \ Enrciler . ADS - ADS
N A
= O = Q|-
7N 7N |
Illl.llll}'. MTE (‘I! Ill e Pasility previaben M
® |- &
cu::ti- / \ AL0 Parirr
N, Evalimaton -
Figure 82 - ABD of the Standard Course
&
Canl
A &
- &
CAD3
N Enrolier ADS ADG
'>—.— 7N RN
e N i‘:olm'd:;l s Establisher
sads 18 imrin manage e e T -
|
ADS
() AD7a :@ e T12 b cAod
7N L —@—<
Stamdard (--. . Fretor -
=N [ ORI
DL, [ T
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Abbreviations

ABD

AM

ARS

ATD

B-actor
B-application
BCT
B-organization
B-transaction
BUC

BW

BE

BUR

C-act

C-fact
C-world
D-actor
D-application
DEMO
D-organization
D-transaction
GSDP

|-actor

IAM
[-application
I-ATD

ICT

ISM
[-organization
I-transaction
IUT

OCD

OER

OFD

OPL

O

P-act

P-fact

PM

PSD

RUP

SDP

SM

TRT

UML

us

Actor Bank Diagram
Action Model
Action Rules Specification
Actor Transaction Diagram
Business actor
Business application
Bank Content Table
Business organization
Business transaction
Business use case
Business Worker
Business Entity
Business Use Case Realization
Coordination act
Coordination fact
Coordination world
Document actor
Document application
Design and Engineering Methodology @ganizations
Document organization
Document transaction
Generic System Development Process
Intellect actor
Interaction Model
Intellect application
I-organization Actor Transaction Diagn
Information and Communication Techrgylo
Interstriction Model
Intellect organizati
Intellect transaction
Information Use Table
Organization Construction Diagram
Order-Execute-Result
Object Fact Diagram
Object Property List
Object System
Production act
Production fact
Process Model
Process Structure Diagram
Rational Unified Process
System Development Process
State Model
Transaction Result Table
Unified Modeling Language
Using System
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