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Summary

Motivation

Requirements Engineering as a scientfic discipling has matured over the last decade,
the process itself 5 rather well understood and led to numerous of kechniques and
mdleds, Lately, the term requirements management has become more imporkant,
Requirements Management adds traceability o the requircments  chginccting
process and  artefacts.  Although requirements management is a fairly wel
understood discipling, in practice companies still have gquestions and issues how o
deal with requirements. BiZZdesign identified this need and initiated a desion study
to develop a new method for Requirements Management,

Design Goal

BiZZddesian already completed some wark in the area of Requirements Management
and the main result from this initial study was a proposed modeling domain, What
BiZFdesign needed next was a requirements method, based on the scientific
literature 1o acquire the requiremeants and aftenvards mogel the requirements using
the proposed modeling domains. Therefore the design goal of this study was:

"Ta devalon 3 mathod fe oragquiamants management the method vl comprse af ragquinaikantz
Scisiien ciiLas, spaciReahion Eohnigoes 208 mochaling fachnigues i He cantaye oF B4 ang 504,
Ragearaments rogaling will b Daced! biarn e pronocad rmodiier domaiy (vee feaf) ™

Approach

To realize the design goal we needed a comprehensive understanding of the
subjects at hand, therefaore we needed w0 acguire knowledge about the subjedcts
under investigation. Therefore we investigabed the requirements engineering, the
requirements traceability and enterprise architecture literature. Afer solving these
knowledoe problems we were able to provide the basic requirements for a
requirements management method,

Results

Using the requirements provided we started to design a method for requirements
management. In this method we proposed a basic framework, comprising the
following steps.

o  FProblem investigation
o Investinate solution altermatives
e  Splution validation

For each of these steps we provided a basic approach, the problem investigation
phase leads to the business requirements, During the salution akernatives phase we
investigate possible altermatives and specify the requirements for these alternatives.
These systeemrequirements for these possible solutions should implement the
business requirements from the problem investigation phase, ARer specifving the
solution the solution needs to be validated and shown correct.
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A second important geal was to incorporate the already available modeling domain;
we were able to use this modeling domain after providing a few adjustments, We
introduced the concepts of business requirements and system requirements as a
concrete specialization of a requirement. We also introduced some of the concepts
found in goal oriented requirements engineering. We designed our business
requirements as goals that should be realized by the system requirements of a
propased salution,

Recommendations

The main geal of this thesis was o provide insight how a RM could bbok like and use
it a5 a blueprint for a handbook about RM. We do feel that the method presented
here is a complete and logical structuring abaut how the scientific fiald discusses RM,
however the mathod is complebely based on theory and the anly validation is done
by showing how to use the method on a small example, Therefore we can sugoest
the following course of action:

o FEmpirical bhasad knowledge gatharing, find out the exact desires from the
practical field and what techniques are currently used for RM;

o Validate the method using larger scale fiekd trials:

e Focus on the inkegration of the different RE process miadels and views an RE;

o Pay special attention on the service-criented sectian in the validation effort. This
section is based on the least amount of scientific likera bure;

o Use this input to launch a new iteration of the design oycle wsed during this
research;

o Implement the methed by writing the handbook;

e Evaluate the implementation;

Theasis “Metaod for Requireryenss Masagement” - April 2, 2208 — wWilce Engsle man L1
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1.

INTRODUCTION

1.1.

Requirements Engineering as a scientfic discipling has matured over the last decade,
the process itself i rather well understood and led o numearous of chnigues and
models, Lately, the term requirements management has become more imporkant,
Requirements Management adds traceability o the requircments  chginccting
process and  artefacts.  Although requirements management is a fairly wel
understood discipling, in practice companies still have questions and issues how to
deal with requiremeants. This report describes a method that will guide practitioners
through the requirerments engineering progess and show how oo incorporaks
traceahility into that process. It also describes o0l support and how to model
requirements. & major characteristic of this method is that & tries o not only
provides guidelines for dealing with requirements when developing custom software,
hut also provides guidelines when selecting standard componants or howe RE works
in a service oriented organization,

The: structure of this chapter & as follows. Chapter 1.1 introduces BiZZdesign, the
company where this research takes place, section 1.7 describes the conceptual
design angd background information and section 1.3 describes the technical research
design,

The second section, the way of thinking, describes the conclusions about the topics
under investigation, in our case, Requirements Management and EM in Architecture,
The third section of this document, they way of working, describes the process of
the RM and provides quidelines for this method. The fourth section, the way of
modeling, explains how to model the requirements and finally the last section, way
of supporting, describes how this method can be supported through the use of tools,

BiZZldesign

BiZfdesian operatas at the junction of progess, organization and  information
Echnalogy [19]. BiZZdesion works with effective and proven methods and toals, to
improve businesses, This is supparted by tooks, consulting and training, Its core
activities are designing, improving and arranging  business  processes, from an
architectural leved to process management level. These activities are part of a total
business engineer appreach (including, amang others, EA, BPE, BFM, ebcl. For the
BFM approach BiZZdesiqn uses the BFM layered-model {see Figure 1),

We will use the work of [85 [71] to explain this model. The model comprises of
three horizontal layers (strategize, desion and execute) and bwo vertical control
layers (implkmentation and govarnance).

Thasis “Metaod for Requirar-enss Ma-agenent” - April 2, 2908 — Wilce Engsls nan 11
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Strategize
The focus at “"the strateqy™ lew2l lies on creating stratenic quidelines, Thess
quidelines will be translated into more detail in the lower levels, For example, some
of the activities could be o determing the type of governance, quality standards and
o create an Enterprise Architectura,

Design

Moxdels are used W (reldesign organizations; these describe the various layers [(2.0.
business, applicaton and Echnalogy) at different abstraction levels, Making the
relations between these lavers explicit will help to identfy and solve the possible lack
of coherence within the EA and possible alignment probilems.

Executs

The execution layer refers to the realization of the proposed changes. The new
architecture will be included and used in the daily routines. This may lead to new
proiucts or services, possibly during rew Business processes, using new applhications
and infermation.

Implementation J

&/ scope

5

* Management
information
*EA review

=Design strategy {ﬁ\g
"Principles X
=Change strategy

=Communication plan I
| |

control

* Performance
. * Risk
5} m- * Quality

st 3
produc

service
Governance

Fiitre T Saparac’ BEA moc's!

The above-mentioned horizontal layers covering the change pracess must be
complemented with control mechanisms Facilitating it managament and monitoring.

Implementation

Implementation is generally, but not as pure wakerfall process, executed op-dowm
and will result in the implementation of the architecture. The intention is ko make the
EA actionable, ar, in other words, o incorporate and wse architecture in the working
practices in arder achieve the business goals driving the change,

Govermanoe

Inflicting control from the operational level towards the strateqic level (j.e., bottom-
upt can be translated inta the govermance processes.

Thasis “Metaod for Requirar-enss Ma-agenent” - April 2, 2908 — Wilce Engsls nan 1z
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The governance layer is @ bottom-up control layer, control is imposed from the
aperational level to the strategic level. This will enable the continuous improvement
of the EA, while closing the loop initiated in the implementation.

Governance beging at the operational kel with tasks such as measuring and
monitaring of performance, risks and quality indicators (e, service-level-
agreements). At the tactical kevel, information coming from the operational level can
be processed by means of complex analyses (eg. cost benefits, performance
analysis, ete), This may lead o relevant management information, and can serve
and motivate the decision making process at the strategic levsl,

The applications developed by BiZZdesian can alse be placed within this model. The
application  "Architect” 5 meant b model Enterprise  Architectures. The ™
BiZZdesigner” tool is wsed o model business processes, this is done on the tactical
l=vel. The ool "RiskManager” is used an the operational level and is used b monitor
financial risks.

1.2. Conceptual research design

1.2.1.

In the previous sectian we have introduced this research, thus providing an initial
scope. It is now possible to conceptually design the project.

A conceptual design provides a skeering function during the project design and
exccution. IF the conceptual design covers the aspects required it is possible o
determine the concrete research activities that should be done during the executing
phase [160].

Deslgn goal

Custormers of BiZ2design increasingly expressed the nesd i a method that enables
them to work with, and manage, requirements, Competitors of BiZZdesign (e.q.
Telelogic) already have a RM toal and method b0 assist their customears, This
research will not just focus on requirements engineering, but alko adds traceability
ko the requirements engineering process. The method will not limit iself to RE for
hespoke systems, but will alse descrite what RE for COTS selection looks like and
howe in & service-oriented environmeant RE can be wsed.

Angther new aspect of this method is that it alko incudes ways o suppart the RE
process using toals and madeal the requirements,

Therefore the gaal For this research is:

To develop a method for requirements management, the method will comprise of
requirements  acquisition bechniques, specification bechnigues and  maodelling
techniques in the context of EA and SOA, Requirements madelling will be based
upon the work done by Sebastiaan Hoogevean [66].

Theasis “Metaod for Requireryenss Masagement” - April 2, 2208 — wWilce Engsle man 13
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1.2.2

1.2.2.1.

The results froom this design are applicable iy bwo main stakeholders. For
BiZ7design the main results will be a better understanding of RE and RT and a
rmethiad] desion that can be wsed 10 write 8 hardboak about service-oriented RM.
This handhaok is interesting for the customers of BiZZoesign, This handboak will
enable them how to deal with the issues related to RM.

Background

This design study is about develaping a method for RM, In this chapter we will give
a brief introduction of the concepts of this research. The main concepts in this
research are Requirements Engineering and Requirernents Traceability. In this thesis
we will take the view that EM is [43]:

RM is the systems engineering activity that is concerned with finding,
organizing, documenting and tracking requirements for syskems with its focus
o maintaining traceability between requirements,

This definition can be split into two separate concepts, The activities that are
concerned with fnding, organization and documenting requirements are callad
reqisrements  engineering. Tracking  requirements is known  as  sogrcmonts
traceabifity,

Requirements Engineering

RE iz about getting from problems o the possible solutions [14]. In this thesis we
will showe that there are different types of solutions that can solve problems and that
we do not need to limit ourselves to a particular salution type, Thersfors we define
a salution as [170]:

A sefifon is a system that provides desired services

When we analyze this definition more closely we see that the central topic of a
solution is a system. To fully understand what a solution is we also need a definition
of a system [170].

A ogpstemr 6 & set of elements with relationships among them that have
cmergent propertics,

A systern can be a new information service to cuskomers, new Dusiness processes,
new wark procedurss, supporting software systems and application services that
support DUBINSss Processes,

Because RE & about bridging the gap between problem and solution, two different
views on RE emerged. The first view an RE is prodvern origriferf. Problem oriented RE
is about prablemn investination, o investigate and determing what the actual protlem
i5. Problem orienked RE involves finding and documenting the  problematic
phenamena befre thinking of how to solve that particular problem. A key concept

Thasis “Metaod for Requirar-enss Ma-agenent” - April 2, 2908 — Wilce Engsls nan 14
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within this is: understanding the actual problem is required before one starts to think
of solution alternatives.
The second view sees RE as solubon specification. Sodwton orented BE is about
designing and describing system behavior and about showing which akkernative best
solves the problem,.
When we combine these two views on RE we can use the following definition [27]:

RE is investigating and describing a problem domain and requirements and
designing and documenting the characteristics for a solution system that will
meet these requirements,

Requirements are collected in & Requirerents Specification [R5, Wieringa [168]
provides the following definition for a RS;

An RS is a description of the relevant business objective(s) and of the desired
way of working 0 reach these obijectives, A RS must not refer at all to the
systermn under development but anly to the desired way of working and the
business objectives: It anly says what work is done and why this is dane.

The definition given above clearly takes the viewpoint that requirements are part of
the problem domain, because we will distuss both views in this thesis, we will also
give a definition of a RS that Clearly falls into the solution domain view [130];

AN RS is a docurmnent that containg the requirements; this spedification defines
the product and can be used as a contract to build the product.

If we try b0 relake these two views, we can argue that pmoblern onerfedd R and
sedution evienid RE come together in Arcfiiecture 169 7 IF we investigate a certain
problem, we could determing that certain stakeholders experience that the servics
delivery bo customers is insufficient to realize certain business goals. A solution to
this problem could be new business processes, a new delivered service to the
customer, alignment of existing business processes bo this new sarvice and a new
supporting software system. Together these different solutions form the architecture
of an overal solution. If we look at enterprise architechure (EA), this solution is
either an architectural element within the architechure ar a combination of multipls
architectural elements. The emergent properties of the architectural elements
cambined shauld sohee the identified prablem.

When we look at RE For software solutions we see three different types aof RE
Requirements engineering for bespoke systems, RE for commercial-coff-the-shelf-
softveare (COTS) and RE For services. RE for bespoke systems is the classical
reqiuirements enginessring, whareas RE for COTS emerged around a decade ago. The
latest trend within arganizations ie Service-Orented-Architecture, this has led to the
Frst steps For senvice-orented requirements engineering. We will discuss these
wAMaNtS in more detail in the way of thinking section of this thesis.
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1.2.2.2. Requirements Traceakility

1.2.3.

Reguirertients fracesdifty has received a fair amount of attention in the scientific
community in the past decade and it is a demand in & number of quality standards
feg. CMM(I) and U.5. Department of Defense (Dol) standard 21674). In CMMIT)
we find RM at levad 3 and RE at level 3. RT can be described as the ability to follow
the life of a requirement in a forward and backwards direction. For example, tracing
back a requirement from whom it spawned is Sackeael fraceadifty and tracing the
design artifacts that spawred from a requirement is Avwand traceabifty. This leads
ko the following definition [57, 59]:

RT refers b the ability to describe and follaw the life of a requirement, in bath
a forwards and backwards direction {i.e, from i origins, through i
development and specification, to its subsequent deployment and wse, and
throuah periods of on-going refinemant and iteration in any of these phases.

Pesifioning of requirements n Enterprise Architecture

When we position requirements in the global context of Enberprise Architecture [EAY
we can see the following [95]. EA provides a glebal scope and conkext to RM.
Requirements are no longer specified just for a single system, but a multitude of
systems all aligned o reach the common organizational goals. In this way the
architecture provides an additional set of requirements, High level business goals act
as general requirements and scope. For every relevant solution realization project
the relevant goals are salected and mace more concrete, These requiremeants can be
based on the architectural principles or requirements/constraints  conceming
interoperability with existing systems in the architecture.

Within the actual solution realization projects [desion projects) the requirements
enginear desions the system requirements and together with the architectural
requirements the systems are specified.

We can find requirements on the business level, here they specify products,
services, processes, ete, These solutions usually nesd some sort of software support
and therefore provide a scope what the underlying software systems should
accamplish. What we see here is a goal driven requircments proocss. Systoms are
not seen as single entities but they implement the systems on the higher lavers in
the EA. Both RM and the EA hereby drive the design of these syskems,
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Figure 2: reguiremsats pasibioning

In Figure 2 we have positioned the inAuence of architectural requirements on the
wvarious parallel running projects. In this section we will 0ok more closaly at the
activities in these projects and how architectural requirements influence these
activities.

Problem solving happens in 8 logical framewaork [172] ¢see Figure 20, What we see
here is that RE is From getting from preblem investigation to a solution design, This
design needs to be validated, to see if it has closed the identified gap properly. The
influence of the architecture is to provide additional information, requirgments and
constraints b the problerm solving process. For example, when the requirements for
a certain solution are specified the architechural requirements can mandate that the
systEm under develapment needs to have an inkerface b existing systems.
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1.2.4.

Aspects of a method

Within this research we are interested in literature about requirements engineedng,
requirements  traceability, business process management, S04 and  enterprise
architecture, We will use these Andings to create a method, as specified in the goal
of this research. But firstly we nesod 0 makse Clear what a method is. We will use the
definition provided by [29]:

& method is an approach to perform a systems development project, based on
a specific way of thinking, consisting of directions and rules, structured in a
systematic way in development activities with correspanding development
progducts,

This definiticn provides a wealth of information what a method should contain, it
specifies that a method is an agoroach, based on theory (way of thinking), that
contains guidelines {directions and rules] and that it should be structured in a
systematic way.

To address the aspecks provided by the definition above we will use the work of
Aydin [157 and Wijers [175], mostly adopted from [71] and [62].

In [15] Awdin proposed a generc framework, which stems from general method
enginearing theory. According to Avdin @ gereral method consists out of three
elements: a philosophy, a8 Famewark and supporting ols and technigues. The
phildsophy part will cover all the basic principles, assumptions and  Constrainks
cancerning the requirements methad, thus philosophy defings the scope and steers
the constituent steps of the methad,

A framework is a collection of ternplates, rules and styles throwgh which the various
elemerts (such as products, deliverables and process steps) of the method can be
pasitianed and classified, The tools and technigques support the activities specified by
the method and contribute to the physical realization of the results following the
application of the method. This framewark can be used to strocture the method
initially, but it is oo abstract to be of any use for a concrete method. Theefare
[1¥5] [152] perdormed some  additional research has been  undertaken  to
complement this framework. This framework is often used as a framework for
devaloping, understanding, ardd  structuring  modeling  methods. This  additional
research has laed to the six ways, the way of thinking, the way of working, the way of
modeling, the way of supporting, the way of communicating and the way of
cantrolling.

The way of thinking

The way of thinking is in the Literature also referred as paradigm, underlying
perspective or phildsophy [175] [62]. It articulates the assumptions on the kinds of
proflem domains, solutions and modelers, The way of thinking shaould answer the
“wehiy Qustian’, resulting in the explanabon of the remarkable aspects of the method.
In my thesis this will cover the chapkaers explaining what reguirements engineering,
requirements traceability, enterprise architecture and S04 are. More precisely, we
will investigate these topics mare expensively using a8 literature study o identify the
state of the practice, main concepts and techniques.
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The way of working

The way of working describes a structured manner to apply the method, it consists
of the tasks possibly t0 be performed durng a development process, the
decomposition of tasks into subtasks and decisions, the possible order of tasks and
decisions and the informal guidelines and suggestions cn how to perform tasks and
how ta make decisions [175].

In the context of this thesiz one can think of the structuring of the executicn of the
method in terms of tasks, order of execution and guidelines or hewuristics for theses
tasks, We will select practical to use echniques, describe how b use them to gather
requirerments and document them accordingly,

The way of modeling

The way of modeling defines the concepts of the languagels) that will be used to
denote, document, analyze, visualize Or animate the architectural requirements
descriptions. This is based largely on the work provided by [66] and will be using
ArchiMate modeling concepts and extensions to the ArchiMate modeling concepts, as
ArchitMate does not support all the reguired concepts.

The way of controlling

The way of controlling deals with managerial aspects of a development project,
prowiding a mechanism ta control the way of working. It includes planning and plan
evaluation. Planning and plan evaluation are realized by dividing development
processes inta phases with checkpoints and baselines. The way of controlling
interacts with the ways of modeling and working. The cantrolling mechanism intencds
ko influence the operational activities {working and modeling] by steering measures,
which leads to a certain feedback of information. Whare upan naw  steering
measures are possibly desirable, One possible way in contrelling s providing
guidelines in assigning the roles to diferent persons within the requirements
£N1giN2ring pracess,

The way of supporting

Tools should support information systems development, which in itself can be
understond by distinguishing a way of modeling, working and  cantrolling,  all
embedded in a specific way of thinking. In this chapter we will provide guidelines
how the available tools (i.e. Architect or BiZZdesigner), or new tools can support the
RE method.

The way of communicating

The way of communicating describes how the meaning of the abstract concepts
defined by the way of modeling will be conveyed to the different stakeholders, for
example in terms of textual or graphical notation.

Usually, the way of communicating uses a graphical notation. It may very well be
the case that different methods are based on the same way of modeling, and yet
use different araphical {for textual) notations [62]. ArchiMate may also play a role
here, as it provides a standardized notation. Although this “way™ is not within the
scope of this research,
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In Table 1; mapping of the ways onto aydin's modal  we will show the mapping
between Aydin's model and the six “ways” [adopted from [71]).

Aydin's Model elemeants Ways [REF
Philosophy Way of thinking
frarmawark Way of working
Way of controlling
Tools and techniques Way of maodeling
Way of supparting
Way of communicating

Talva I: manming of B weps ok apoin s mosked

1.2.5. Knowledge problems

In ordder to solve the dilemma how to solve the design goal of this project we need
b ask aurselves what knowleckys we nesd B know before we can think of solving
the design problem. Therefore this section will descritee 8 number of research
questions addressing this problem,

After analyzing the goal and initial literature of this research the follewing main
research question can be composad.

What EM method can be created based on the scientific likerature, structured
around the layered BPM model and incorporates requirements modeling.

To answer the main research question, we have composad a number of research
questions which cover the concepts found in the literature. The first four questions
are part of a literabure survey to review the state-of-the-art within these topics. The
second groups of questions ara the actual research questions,

Literature Survey
e Whatis Pequirements Enginesring?
o Whatis Requirements Traceability?
o Whatis the role of RM in EA?
Research Questions
e How does a method for RM glabally ook liks
What Framewark can we use when we perform BEM within EA?
What are the skeps/phases within this method?
How do these phases look like?

What guidelines can we provide?
Howw can traceability e incorporatad within this method?

O O 0 O o
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1.2.5.

o What are the fundamental differences between classical RE, RE for COTS
selertion and service oriented RE?

How do wou position this method within the BiZZdesign layered madel?
o How do the achvities within EM relabe to the & areas of the layered
moceal?
What activities are perfarmed at the stratagize kevel?
YWhak activities are performed at the design level?
What activities are performead at the execute evel?
YWhat activities are performed at the implementation level?
What activities are performed at the governance level?

O O 0 O o

How can requirements be madelled?
o How do you model requirements in an architechure using the proposed
meta-model?
What changss need to be made to the proposed meta-modeal?
What level of abstraction should be used?

How can this method be supparted through the use of tools?
o Which existing teols within BiZZdesign can be used?
o ‘Which ather existing tools can he wsed?
o Which tools need to be developed to support his method?

Reseoarch Madel

\We have designed this research using a research framework by Verschuren and
Coarewaard [160] (s2e Figure 4), This research framework gives a schematic
ovenview of the research goal. Tt also shaws the steps needed to reach that goal. Tt
helps b communicate the type and nature of the project and i results,

Limiwiis FE i
Bt R
m— b Ll M Gemssemem 0 » Tasing # Condesion one
Pamacus phases rctind o oS
[ !
' i
i and

LA il 24

Figure 4 applied msearch frama e by Lerschunan [ 16if

At first we will review the lterature on requirements enginesring, requirements
maceahility, erterprise architecture and existing work abdut regquirements in
architecture, We will use this literature review to determine the key concepts used in
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requirements management and architecture. After identifying the ooncepts
fmethods, techniques for said subjects) we will order and place them in the layered
BRFM model in use by BiZZdesign, the next phase comprises of a RM method. This
will demonstrate how b elicit, analyze, pridritize and validate requirements, The
third phase describes how to introduce and realize RT. Finally we will describe hiowr
ko model these requirements using the proposed meta-model for requirements
rmickdeling,
The process of creating this method is net a waterfall like process. It is rather a
evalutionary-iterative process where after each oycle the stakeholders will validaks
the method. Therefare, in the process of developing a method for BN, we will take a
spiral approach {see [24],7149] and [71] for examples of such spiral models and
Figure 5.

Spiral appreach for RE

2. Rasearch BT Itaraturs

1. Recearch RE Itaraturs

3. Investigate RM in
other EA frameworks

a. Validate mathod

4. Specify method

Figura &7 spwial rasagrch imadel

The elaboration of this research method starts in the middle, We start revieswing
existing literature about RE, RT. The next step is to investigate what has been done
about RM in existing EA methods and frameworks, The fourth step is 0 actually
create the method and the final step is to validate this method. After sach cycle we
have gathersd all comments, l2aming axperiencas, et and refined the methed.
These first results of method walidation will be used to initiate another cycle of
refinement and validation. After a number of cycles we have refined the theoretical
aspects of the method with input from practice. After this phase the method not only
meets the demands dictabad by the scientific literature, but is also applicable to use
in practice,
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1.2.7.

1.2.8.

Research validation

The result of this research is a method based on the combination of requirements
enginearing, requirements  traceability,  layered BPM model and  Enterprise
Architecturs, which will answer the guestion by to ceal with requirements on an
architectural level.
Walidation will take place on the following levels,
o the graduation cammittes wrill evaluate the thesis;
o an example case will be used to demonstrate the usefulness of the method;
o the method will be tested using an e-mail based survey (althouah this is out of
the scope of this thesis), results will be used for implementing the result in a
handboak;

Scope definition

This research will be based on existng methods and models available in the
literature. For every rRlevant concept we will review the models and methods. After
reviawing we will select the most appropriate model to wse and where necessany
combine them. It is not the goal of this research to create a new meathod or mode|
for elicitation, validation, tracing, madeling, analyzing requirements, etc.

Although we will review existing popular enterprise architecture framewaorks, we will
only try B find out how they deal with requirements and traceability, It is not the
goal o develop modeling concepts that are compatible with those Frameworks.
Requirements traceability ard modeling will Be inroduced wsing ArchiMate modealing
cancepts, based on an internal proposed meta-rmaocdel [66].

Since the goal of this research is creating a practical handbonk, wea will focus less on
farmal methods and notations in requirements engineering. We will refer the reader
o them, but not cover them extensively.

In this research we will concentrate only o the sway of thinking, way of warking,
way of madeling and the way of supparting,

1.3. Technical research design

1.3.1.

After designing the direction of the research, as done in the conceptual research
design, it is time © design how the research should be realized. This paragraph
describes how to obtain the answers For the defined research guestions in the
previous chapter. It describes what material and sources should be utilized and
which strategy has b be pursued,

Research Material

To answer the resgarch questions it is a necessity b examine research material.
During this research we will review the scientific literature about RE, RT and RM to
determing the technigques ang methods available. A major topic within RE that is
largely neglected by scientific research is stkakeholder identification and role
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1.3.2.

assignrment. We will look into the interdisciplinary fields of systems enginesring and
enkarprise engineening to see how these topics there are coverad.

We will also use the scientific literature and internal BiZfdesign documents to
determine the available BA frameworks. Within Bif Zdesign there were a8 number of
research projects that lead to handbooks about EA. These handbooks describe EA
framewaorks and the BPM model used by BiZZdesign. We will use these handbooks
and adapt the relessant material from i,

Research jfrategy

According to Werschuren [160] the most decisive factor in the technical design is
choosing an approach. The approach, research strategy, covers the whole of related
decisions about the way the research should be executed.

There are five bypes of research strategies [160]:

o Suryey

o xpcrment

o case study

o grounded thearetical approach
o litarature research

This research is @ combination of two of them. The method will be elaborated using
A literature res2arch stratagy. The method will be validated by applying it in practice
using one, or more, case studies. We will use a case study to get feedback on the
method from practice, in order to prevent that the method will anly be created as a
theoratical exerrise.
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2.

LITERATURE REVIEW

2.1.

2.2,

In this chapter we will discuss the results from a number of literature reviews (these
can be fourd in the appendices of this document), Before we start t0 desian a
method, the concepts need b ke investinated. Firstly we will discuss the bopic of RE,
We idertified a number of sub-concepts in RE. We will investigate prablem-oriented
RE. RE for bespoke systems, RE for COTS selection and lasty service oriented RE
{SORE). The second concept within BM is BT, We will also discuss the results from
investigating the literature about RT.

In this thesis, we do not only ook at RM as a stand-alone activity, buk in conjunction
with EA. Therefore we have investigabed some of the most popular EA frameworks.
I the last section we will discuss the derived requirements from these reviews.

In section 2.1 we will discuss requirements management, section 2.2 describes the
concept of requirements. Section 2.3 provides an overview of the concept
requirements engineering. In section 2.4 we discuss RE for bespake systems, in
section 2.0 we discuss RE for COTS selection and in section 2.6 we will discuss
service oriented RE. Every section will be structured as follows. We Rrstly describe
the essence of the topic and then discuss the techniques,

Requirements Management

As mentioned in the introduction of this thesis RM is an umbrella activity that
describes various topics on how o deal with requirements. It is now time to provids
a more concrete description far B, In this thesis we will ke the view that BRM is
[48]:

RM is the systems enginesring activity that is concerned with finding,
crganizing, dotumenting and tracking requirements for systems with its foous
on maintaining traceability betwesen requirements,

This definition can be split into two separate concepts, The activities that are
concerned with fnding, organization and documenting requirements are callad
reqisrements  engineering. Tracking  requirements is known  as  sogrcmonts
tracaaility.

What are Requirements

Before we start to discuss the requirements engineering process we will need o
describe what 3 raguirement achually is, we will provide the fallowing definition from
[271:

Requirements are the effects that the client wishes to be brought about in the
problem domain.
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Robertson and Robertson [130] state that a soguiecmesdis:

A requirement B something that the product must do or a quality that the
proguct must have,

The frst definition describes the requirement from the problem domain {this is the
damain in which a system is going to be used) viewpaint, the second definition
emphasizes less on the problem domain and more on the capability needed for a
solution.

In this thesis we see a number of different requirements as important o s0lve our
problems, Fusincss soguiemonts 186 7 are the requirements why something is baing
built; they describe the benefits for the customers and the business. Business
requirements describe in an abstract manner what should happen [i.e. negate the
experiencad problems’ 10 solve the problem without specifying the solution type.
Business rooquiromonts deseribe the desired effecks the salution should cause in the
problem domain which keads to reducing the gap betwean what there is and what is
expariencad,

Business requirements serve as an input when we start to think about what solutions
are possible to solve our problem. Business requirements are refined into spsiem
roquirement [102]. System  requirements are more  concrebe than  business
requirements; they are already more constrained by the chosen solation type, whers
in essence different solution types can solve the same problem. When we speak of
Systermn requirgments we can already  distinguish between  Smctionasd and  man-
funciionad requirements. Functional reguirements can be met by certain behavior of
the new solution system and sor-arctional requiremeants describe how well the
solutinn system meets these requirements (i.e. without non-functional requirements
the system can be builk as cheaply as possible, because it does rot need to adhere
o a certain quality standard ).

It is important to notice that spefom romeiromonts are designed “84]. This is so
because we design the sclution arnd the properies of these solutions are our
requirements. We will illustrate this with an example. After we have dentified a
business prablem and stated the business requirements we have concluded that we
need both a new tailor made software system and new wark procadures 10 achieve
our businass requirements. The requirements engineer uses the identified business
requirements as an input document (o determine the requirements of the proposed
solutions. He needs to refine the business requirements into requirements of bio
propased solutions. He therefore designs and structures the required properties of
the solutions to mateh the stated business requirements.

Arother well known classification is wser regurernants 667 User requirements are
usually captured in the form of use cases or scenarios (@n instance of a use Case).
These describe the tasks or business processes @ user will be able to perform, or
wants t0 realize with the system {user goals),

Cur wiew is that schware based systemns, although not always, help realize or
completely realize the before mentioned business solutions. We can also find the
Functianal and non-functional requirements at the software system levels,
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Censtradits are another type of well known requirements. These are also properties
of the proposed solution, but these limit the solution space of the analyst [e.. the
systermn shall be designed according to the latest service arientad principles).

2.3. Requirements engineering overview

In the previows chapter we introduced a definition of RE and we explained the
different views on RE in the introduction section of this thesis. The first part of the
definition describes that RE is inwvolved with investigating and describing the
environment in sehich the envisionsd system is supposed to create desired effects
{the so-called problem domain, The second part of the definition describes that RE
is also about designing and documenting the behavior of the envisioned system,

Our view in this thesis is, as mentionad, that RE is about getting from a problem to a
solution. In this thesis we therefore will use a requirements engineering meathod that
describes kechniques ranging from problem description to solution specification and
add traceability to the proosss. Understand that problem analysis and sclution
specification nead not be sequentially related, In general, problem analysis and
solution specification proceed jointly, with the engineer spending most, but not all of
her time on prablem analysis at the start of the process, and spending most, but not
all of her time on solution specification wards the end of the process [169]. IF we
relate that concretely to our method, the requirements engineer has during problem
analysis already an idea what possible saltion types he could use to solve the
problem fe.0. only 3 business solution, business selution and scftware, etc),

In [69] Hull et f alse distinguish bebaeen requirements in the problem domain and
requirements in the solution domain (see Figure &) Requirements in the protlem
damain are requirements that the stakeholders want B achieve through wse of the
sysbem, with no reference at all o a possible solution, System requirements in the
solation domain state how the system will meet the stakeholder requirements,
without any reference to a design (see Figure 6 different phases of requirements
engireenng .

| Stabtement of needs

v

Stakehaleler requirements

\4

‘Swstern reguiremenks

Figuwre & different phasas of requisments anginasqng J&0f
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2.3.1.

2.3.2.

Descrbing the problem

In this section we Dok at RE as a problem solving activity. The literature mentions a
number of RE styles that can be used in this view {see [169]). The literature
recognizes goal-orientee] RE as a way t0 ook at RE in this context. In Appendic I we
provide a review af the GORE literature,

When we anly ook at the Rrst part of the provided definition, RE is about problem
analysis, This view on RE comes from systems engineering and is about investigating
and decumenting a problem domain [147, Within this view the requirements
engineer describes the experienced problematic phenomena, the relations bebueen
these phenomena, why this s seen as problematic and who experiences these
problems. Problem oriented RE abstracts from every possible solution type and is
therefore suited to use as a RE kechnigue for different types of solution systems.
Wieringa provides us [169] with information about what a Requirements
Specification {RS) should contain when RE is seen as problem analysis, a RS in this
view describes:

e Lthe problematic phenomena;

o the cause relationships bebwesn these phanomena;
e by which norms these phenomena are problematic;
o which stakeholders have these norms

When can therefore use the following definition for a RS [168]:

A RS is a description of the relevant business objectivels) and of the desired way
of working to reach these objectives. A RS must not refer at all to the system
under development but only to the desired way of working and the business
objectives: It only savs what work is dong and why this is done.

If we ook chsely at this definition and compare it to the reviewsd GORE literature
fsee Appendix I and [159]) and especially the section where van Lamswesrde
describes the neads for goals we argue that goals can be used to specify the needs
of a system. We therefore will use goals as a representstion of the business
requirements discussed in section 2.27, in [159] we can find the argumsrts sy
qoals are needed,

Descrilring the solution

As mentioned in section 2.3 the scope of RE does not anly lie in problem analysis,
but also describing possible solution alternatives. We will again use the work of
Wieringa [163].

When using the vigw of solution specification a requirements specification consists of
[169]:

o A specification of the context in which the system will aperate,
o A list of desired system functions of the system,

o A definition of the semantics of these Functions.

o A list of quality attributes of those functions,
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Therefore the definition provided in the introduction section of this document is
valid:

A RS is a document that contains the requirements; this specification defines the
progiuct and can bBe used as a contract 10 build the product.

2.4, RE for bespoke systems

RE for bespoke systems i the classical requirements enginearing (see Appendix 11
for an extensive likzrature review). In this branch of RE the requirements engineer
specifies the needs for a system that will be constructed fram scratch., Although
mast of the RE literature does not mention that it is intended for bespoke systems
anly, it is assumed the reader can distinguish betwean the concepts,

If we look at the summarized literature [(se2 Table 2 for an overview), RE for
bespoke systems has received a lange amount of attention in the scientific literature.
The main activities in RE for bespoke systems are elicitation, analysis, negotiation,
specification, validation and verification, The enwd-goal of these activities is ko get a
complete and correct RS, In order to assist the requirements engineer the literature
sugoests the use of A number of methods. These methods vary from goal based
methods, 0 scenano based and to a collection of techniques o specify system
behavior.

Within elicitation the main techniques arg interviews, sUrveys, group sessions,
workshops, goal ientification techniques, intraspection, viewpoints, and scenarios
feq. see [34]). Requirements analysis is an extension of requirements elicitabon.
This i where the requirsments engineer tries 1 refine the requirements and derive
additional requirements fram the existing ones (see [27]). Techniques the
reqiuirements enginear can use are structurad analysis (see [13]), goal analysis [(2.0.
see [155]), problem framing (see [72]), scenano analysis (e.q. see [122]), object
oriented analysis (e.g. see [73]) and checklists., Because some requirements arc
more impartant than cthers it is important B prioritize these {s2e [16]). The main
activities here are discussing the requirements with all stakeholders and priocitizing
them. Technigues the requirements enginesr can use are prioritization workshops,
pair wise comparisors, weightings schemes, QFD, etc. The next step is to document
the requirements. In this phase the external behavior is specified and the
specification is written (e.g. see [27], [174]). Some well known specification
Echniques are subject domain modeling (ERD, data flow diagrams, state transition
tablas, context diagrams, goal modeling, etc {see [173].

Main Activities Technigues [Methods
Elicitatiarn [elenti®y stakeho ders, [ +terviews, surveys, group IMCRE, I*, F3, ORDIT, F5a,
recerd their desires, ceseions, process modal inquiry cycle, CREWS, SCMRAM |
identify constraints, ahElysis, organizaticnal RESCUE, W2RE
sbnicture requirements, docurrenbe anabysic, gaal
ident fiy existing systems  |idenbficatian, viewpaints,
ahel derive recu rements  fintrospection, scerarios, VYolers
fron thern, invectic)ate shakeholde - identification,
architectural racu remeqts |protetyping, probocol ana ysis,
inwastigaze business svents
Wra by s check For necessity, |Strucu||bd anahsis, goal [+ F3, QRDIT, FSA, inJuiry
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dheck far completensss
ahel consistenoy, check Far
fuacilility

analysis, ol ect criented
ahBlesis, problerm framing,
ccenario analysis, checklisks

lcpcle, CREVWS, SERAOM,
RESCLE, MNYAM

[egatist an

Discuss the recu reme s
#ith all st=keholdars,
priotitize the requirements,
agreeing on the

recu raments

EMAP. RIEYL, MOI calculston,

ir wise companscne, 100 dellar
chricues, GFLC, wating schemes,
in-+win, Micritizat an workgroups

IQFD

IS pecification

Transforrm abjectives 1o
cysten functions

Cpecify  behavior,

White the specitication

Cice U ImeiE wiriting teck niques,
medeling kachnigues (ERLC,
dataflow, goal madeling, context
diagiame. ete)

[ACS, GBRAM, PR, MTAM

validation,
warificstian

Faview cpasificatiar,

develop pratotypes, wriks
INENLEA &, write test casas,
perfe-im acceptance teste

Simnple checks, docunyent
reviesss, fonnal validation,
pratatyping, scenarias,

[Funcional besting, writing

IE0M, CREWTS, RESCUE,
SCRAM, YORE

manuals

Table & avendiaw RE achiufias, technigues ana matiods

Selection of techniques

We hiave identified five main phases in RE (see [21], alicitation, analysis, negatiation,
specification and validation / verification. In this section we will choose activities and
Echniques discussed in Table 2 overviewe RE activides, technigues and methods,

Within elicitation the activities stakehoker identification and finding out their desires
are key goals within the elicitation phase. Appropriate techniques to use here are
plain interviewing techniques, surveys, workshops, scenario creation [using business
events) etc. A technique for stakeholder identificabion is the Volere stakeholder
identification echnigque [2]. This technigue has been proven to work in RE toals and
is from the well known Atlantic syskem guild. In the introduction section of this thesis
we explained the role of architectural requirements. They are basically described in a
dacument or madel containing the principles, arganizational goals and requirements
impased rom the architecture. Irvestigating this document during elicitation will
also provide additional requirements (see [957),

The main concerns of analysis are to refine the elicited requirements. This can be
done through both analyzing and modeling. Some very popular modeling techniques
are structurad analysis (see [127), object oranted analysis (see [737), Scenarios and
goal refinement trees can be used o analyze the initially elicited requirements (see
[155]). Goal analysis is a promising technique to use because goals and business
requirements are largely interchangeable, If non-functional regquirements need o be
analyzed the NFR framevsork is a well known and accepted method,

2.4.1.

2.4.2. Elicitation
2.4.3. Analysis
2.4.4. Hegctlialion

The negatiaticn phase contains three main phases that arc important. Requircments
discussion, requirements pricritization and agreement over the requirements are the
steps involved. A few suitable light-weight easy to use techniques are the weighting;
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scoring [ woting techniques (e.g. see [16]). These bechnigues are highly accepted
and easy to use. For a more heavy weight technique both QFD and win-win [sege
[24]} are accepted technigques to use,

2.4.5. Specificaticn
Glohally speaking a specification containg all the results from the previous phases,
The Arst set of activities are, specifying the functional, non-functional and
constraints.
In specifying external behavior system requirements need o be transformed in
system functions. A specification should also contain a context diagram and a data
diagram (see [169]). We recommend the Wolere template to specify the
requirements. This template is both recommended by [14%] and [170].

2.4.6. Vdlidation / Yerillcafion

For validation the easy o use technigues like dotument reviews are suitable o use.
If more detailed walidation is required scenarios or scerarios combined  with
prototyping are well accepted] t2chnigues. For verification the easiest and best way is
ko organize an acceptance test,

2.5. RE for COTS selection

Requirements Engineering for COTS s different than classical requirements
enginesring (see Appendix III for a detailed literature reviaw). Much less emphasas
i placed on requirements elicitation and specification. The requirements engineer
elicits a rough set of requirements and then looks at the market to And soitable
products. After he identifies the products he analyzes them to compare them to the
elicited requirements, This analyzas is also wsed w0 identify addidicnal requiremeants.,
When a number of products have been identified the requirements endinesr must
select the best option. We have discussed a number of methods and techniques and
we will summarize them in the table provided below. All methods argue that the
requirements specification shwuld be compared to the product features. Most
methiads use some sart of goaloranted amalysis, The methods anly differ in how
and how detailed the comparison of the wants b the offered products. The
evaluation criteria can be either functional based or nan-functional based and the
requirements should be arganized according to their desirability. Table 3 summarizes
these methods.

Fe Plain gaal Core Techniques | Advartagec Disaclvantacies
pheses
OTE0 | Mone COTS selection Ewaluation and Tharougk, Mrowen Disregards RE
fnalvzing
traugh well
defined critera
PORE | elicitation | Refinemeant of Knenwwladg= Based on ampincal Research
COTS preduct angineer i, reserich, Uses probatype, il
cptians A, pravan RE definad
recu rame s tac anigaes canpliance
elicitat an procase
CARE | Elicicatian | Map sycterm goals Goal oriented Baced an exicting N cystamatic

Thasis “Metaod for Requirar-enss Ma-agenent” - April 2, 2908 — Wilce Engsls nan

X




f\
4
Universitait Twente
de pedernemende wersifeif

BiZZdesign

2.5.1.

, anslysis | te comporent gaals | [nfr i*, agent RE methods mismateh
Coienbad, pracess
knoww edge
oriented

CRE Slicitation | Selact COTS Goa oriented L=es well known RE | Wery bime
analysis producks based an [NF3 frarmewark] | tecanigaes inbansiwa
non-functional
qJalities
CMT =licitaticy | Racohie colecting Zaa oliented, Very spstematic, Mer ernpinicalby

} analysis | conflicks ubilizy cri=nzed, use af mekrice testad

quelity macels

Tabie 25 aranwen GOTE salactian nrethico's

Selection of techniques

In RE for COTS selection the specification activity has been replaced with a8 match-
making process. Therefore we sugoest using well known techniques from the
elicitation and analysis phases (sse “106]). We already established that interviewing
stakeholders using structured interviews, Surveys, group $885ians et is a fing way to
elicit initial stakeholder reguirements,

Bath goal analysis and scenario analysis can be used as well to refine the initial
requircments st

After eliciting an initial set of requirements they need o be prioritized. Prioritization
is important, because COTS solutions are developed for a general public and most
likehy will ot mest the requirements axactly (again, see [106]). Technigues that we
can use are the same techniques we suggested in chapter 2.4.4,

After identifving the initial requirements the market must be scannad for possible
ready 0 use salubions. Technigques that can be wsed are, searching in house
libraries, search the imternst, search magazines and journals, visit trace shows and
contact vendars {e.g. se2 [81]).

Afer identification of possible randidates the requirements engineer needs to
analyze these candidates. Techniques that the literature sugoests are, multi criteria
analysis, analyzing quality aspects of the software, testing the solution and conflict
analysis [e.g. s2e [3, 4, 5]

Berause a standard build product most likely does not fit the needs exactly there are
mainky two options, Firstly adapt to the product or negotiate a change. Technigues
that we can use are standard negatiating technigues or business engineering
techniquas to adapt,

Aspect Techniques
Initial requirements | Stakehobdar surveys, interviews, SCenanos,
Mentification goal analysis, etc

Prioritization Pair wrise comparisans, 100 dollar techniques,
waking schemes, win-win, pricritization
workgroups, Sic

Searching in house libraries, search the
internet, search magazines and journals, visit
trace showrs and cantact vendos.

Muki criteria  amalysis, analyzing quality

Product
identification

Product analysis
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aspects of the software, testing the solution
and conflict analysis.

Table 4 cals fechiniques

2.6, RE for services

This section will provide conclusions about the service odented RE literature. A
review of the SORE literature can be found in Appendix Ty

Requiremeants engineering for services doas differ for both service consumers and
service providers (e, see [153] "&111. The requirements engineer for a service
consumer is responsible for identifying the frictionad aspects the service needs to
address, or in other words, the needs the service needs to address, This comprisas
identifying needs and addressing thess needs by selecting and orchestrabing already
available services (eg. see [B]. IOF the available services are not there, the
requirements engineer could contact the service provider. The focus of these
activities s in determining what services are needed in the organization and help the
organization adjust to these services, Therefore the reguirements enginesr is not
only responsible for determining the Functional needs, but also aligning the
processes b the offerad services (see [152]) Both [35] [8] menton that services
need o address the fosiness regodreriienss; therefore we S8 again a tertain aoal
ariented way ofF wwarking.

In the case of a solution provider, the requirements enginesr is responsible for the
service functiomality, service design [153] [185] and the activities concerning how
clients can access the services (2. making service level agreements, defining
palicies, e [61]. The foous les on determining the need in the market, to creats a
service that is applicable to explait in multiple organizations, Therefore it seams that
the requirements enginesering activicy for service providers, in the case of an
outsourced  service provider, should start with some sort of market scan to
determine the needs for services in general [61] [111]. These activities describe the
functional requirements for the service for multiple organizations. Rememtber, 8
service provided by an exkernal service pravider should be developed as general and
standardized as possible. The next step is to functionally design the service. This
design is suitable to use for the designers of the service [153] [78, 132] [177]

The process of specifving is l2ss project-like than requirements engineering for
custom syskems. Business abjectives and goals gradually shift over time and services
need to be adjusted accordinoly [8] [153] [61] [F8]. One way of measuring the
perfarmance of services is through the use of key process indicators (KPIs) within
the process models “8]. A number of authors mention that is required to leverage
service-orientad computing W A mainstream practitioner's level, To bridge the gap
hetween high-level business senvices and lower-level software services, This r@quires
an accurate capture and representation of business services at the business
processes level [184] [12] [132] [78].

The non-functional requirements are hardly discussed in the literature, but thesea
probably will discuss the availability, performance, security and reliability of the
service, The gutput document is 8 service level agreement that contairs what the
service should do and howe well it should be done (2.9, [153] [61]).
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Another reoccurring event is to use viewpoints for the RE specification and service
identification. Another important aspect of the RE process is the conbinuous
monitoring of the service. The service provider and the consumer need to define
metrics that they both agree upon. IE s the task of the consumer o provida the
provider with results from these metris. If we compare SORE to RE for COTS and
traditional IT services, we can see that the outline of the SORE process behaves as a
cambination of RE for COTS development and [T senvice management. The service
provider invents requiremeaents based an market demands, but after service delivery
he s recponsible for maintaining the service performance,

Method Aralysis NE phases [Main Goal Marepective | End result ftdvantages | disadwartages
Techniques
EMREM Ceal driven | ElicitztionfAnalysis | Sarvica pravider Identified Coiip ebe Unclear,
identification  fiar sanvice Eanvice untestec,
leqacy cycems elicitat an naive
methad
Ibenticnal Caal driven | ElicitstionAnalysis! | Service Pravider Identified Neaconably | Li-tested
Merspective Specificaticn identification  and selvice  and | complets
deciqn behaviar appraach
dasign
TRO2OS Geal driven | ElicicationgAnalvsic | Servics Prawicler Ielentified Reaconably | Mot service
identification and Sevice  and | tecad cpecific
design dasign approach
Service - Dezign techrigua Desicn the service Mravider Servioe Comnran Mot yeE
Blue printing dmsign celvoe [(in | praven to be
Oerral] of any use in
decign RE/S0OA
appraach
BFM Process ElicicatonfAaalyeic | Specify, anayze |, [ Cansunwer Praver and | Mot RE
Analysis [re]design Pravider popular cpecific
processec technigues
I5H § | Gaal + | Elicicationffaalysic | Method Ffor S04 [ Pravider Saryice Di~farent Based ar
COADMSOMA | Process development cycle specificatian viewpoirts | white papers,
diwen  + requiremnents, | to  identify | less scientific
ctakehaleler selvice and | services validatian
interviews dasign
RE for e- | EZwvalue, Elicitaton/Analysis! | Lnderstandffnalyze | pravider Earvice ‘iewpnints Lh-tested
canvices goal Specificaticn E=calvice =+ devsdap Specificatian that
ceiented, sarvica blugprink describe
priocese the naeds,
analysis tasks, IT

Tabls 50 averwierr SORE nediads

2.6.1. 3election of technlques

In service oriented RE we dao not only investigate and specify the requirements far a
service, but also perform service identification and matching. Therefare we: see three
groups of techniques {see Table &), Classical technigues to derive functional, non-
functional requiremeants can e used again. Examplkes of these are stakeholder
elicitation, scenario usage, qoal analysis, standard prieritization techniques ete, But
because of the different philosophy behind the service paradigm we also need to
identify senvices and compose them into a composite service, A straightformard
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technigue to do this is o analyze the business processes and group them into
service specific tasks,

Service specifications can be made by using a combination of technigues, firstly from
reqiuirements Sngineering viewpoints can be used b specify the service (see [185].
Techniques we Can use in these viewpaints are value specification techniques (e.q.
value chains ar e3 value analysis). E3walue might be a promising technique, and
BiZZdesian is already investigating this technique for general purposas. Technical
viewpoints for a service can be realized using BPEL and WSDL techniques,

Angther aspect is that the requirements engineer s responsible for the aspects
surrounding a service. Some cases describe adapting w0 deliversd services by
process recesign, developing the SLA, et

Monitoring is also seen as an active component in refining the servica requirements.
Technigues  from  services  marketing  include, gap  analysis,  benchmarking,
perfarmance measurements (2.0, see [113])

Main task Selacted techniques

CDetermina Standard elicitation bkechniques, scenarios,

Functionality goal analysis, business process  analysis,
market scans, value analysis,

Design Valug specifications, process design, BPEL

and WSDL deseriptions, service composition
Control aspects | 5LA  specification  technigues,  monitoring
techniques, gap analysis, benchmarking,
PEHFOrMance measuraments

Table &- overwaw fechnguas

2.7. Requirements Traceability

When we analyze the reviewed literature on BT we distinguish & number of different
traceahility types (see Appendic VI The most commen distinction is that of pre-RS ¢
past-RS and forveard/backward traceability (see [57, 60, 5%, 58]), This means tracing
the requirements back ta either their stakehalders ar b the design implamentation. .
Forward traceability is fracing the requirement to the resulting requirements ar
artifacts and backwards traceabiliby is tracing from the requiremant to i originating
sources. A third distinction  bebween  traceability types s tracing  bebween
requirements and tracing bebween a requirement and other artifads.

In order o rRalize pre RS traceability vee will need to include traceability in the RE
process, To realize this we will provide guidelines in our method to supgest what
information should be recorded and when, Another important distinction is the
different usages of traceability. Pre RS traceability can only be realized throwgh high-
end usage of traceability. High-end traceability focuses more on capturing design
rationale and design decisions. Ancther vany important requirement to enable proper
traceability is tooling suppart. Tooling should not only be used to create advanced
WEISIONS or crmss-references and matrices but a toal should supplement the entire
FM process [124]. An example of such a toal i PRO-ART [116].
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2.7.1.

Requirements traceability models

We will provide two conceptual models for traceability in RE. These traceability
riodels will b2 used in the RE process in the "“way of working” section. These models
will fxcus on the traceahility concepts introduced earlier in this section, these models
describe requirements traceability from stakeholder to the requirements specification
and where requirements are allocated in the solution systems. These modz2ls are
based on the work of Ramesh and Jarke [125] and refined using the work of [56].

Stakeholder Concem Business Goals Vision
Has justities

Trarslate to

Business System Objectives
Fequirements ~ deobe
Akernative Design Decision credte
resuits in
e ined inio
based on
Ratlonale System
Requirements

Funa 7 ooncapival imodal fxdkanned fown FI25) refined veing concemes am FesT)

This model can be explained as follows. The Susiiass reguirerternts describe what
shoukd be dore to address the spsiar need, Spster reguirerienis are a refinement
in kzrms of solution alternatives to realize the busincss requirements. Aogusiymomts
can generate conficts with each other and gesign decisions are needed to resolve
these conflicts, Design decisions are based on atongla Stakatoidons have a cerkain
interest or concerns with requirements and make decisions to resolve conflicting
requiremaents.

The second model describes the design allocation mappings of requirements. This
model is only applicable when we decide o uss software based solutions. In this
madel the requirements represent the centre of all relations. Raegurements map to
system  fIoictions,  whereas  spsterr  compancnis satisfy requirements  and
requirements are allocated to system components. Requirements are used to dhive
the ciesiorr of systems,

Ruinctions
Mpio
Stsfies
Standards Methods Policles Requirements — System companents
Coretrain —
Alocated to
Drive
Usedby
Design Resaurces

Fligura & Ragquiremants aiiocation maser fadagted fom fiz0)]
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2.8. Requirements Management and Enterprise Architecture

When we compare the different frameworks with each other (see Appendix VI for a
description af these frameaworks), @specially TOGAF 8.1 and IAF (see [149][102]),
we can distinguish explicit BM activities, Bath frameworks have in comman that they
refine  requirements from business  requirements to more concreke system
requirements. The TAF even provides general guidelines about what information bo
capture to create a limibed form of requirements traceability,

According to IAF busingss requirements answer the why question, These describe
the added value to organization. In TOGAF we find the business requirements in the
architectural wision phase. Business requirements should not be mistaken with
requirements for business systerms at the business architecture. In the business
architecture we find solutions describing products, services, processes that
contribute in realizing the business requirements.

When we analyze the different phases in IAF that describe the requiremsnts we see
an interesting recurring pattern. It beqins with identifying the business requirements,
answering the why question. This can be seen as problem imesbdgation. Afer this
phase they transform the requirements inte mare concrete system reguirements.
System requirements are part of solution designing. They then move to solution
alternatives. These are solutions that provide similar functions and they by
selection which solution fits best.

Basically this is the design phase from the engineering cycle (see introduction), The
engiresnng ovcle is about deseribing and investigatdng the problem, fnd a solution
for this problem and determing how well this solution actually sclved the problem,
We can distinguish the following phases within the engineering cycle [170]:

o prablem investigation: What is the problem

) Saluticn design: Which solution alternatives are available

o Solution validation: Which alternative best solves the problem
o Solution implementation

. Solution evaluation: How well did it solve the problem?

IAF clearly contains the first three steps of the engineering cycle. IF look close at
TOGAF and TAF how they deal with requiremants, we can conclude the following:

° Requirermnents start fram high leval geals and business requircments.

. Requirements need to be refined into system requirements for solutions.

. This refinement becomes more concrete when it braverses the business,
application and technology layer (also described by [18], but in oo litde detail
b grant it its own section).

. The engineering cycle can be used as a contral framework for RE in EA.

. Traceability is realized through recording rationale, conflicks, decisions and
alternatives.

2.9. Requirements for a RE method
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2.%9.1.

2.9.2,

2.9.3.

In this section we will derive a number of requirements for our method. These
requirements are based on the result of the literature study about BRM and RM
relabed I EA. We will start with providing gereral requirements for this method and
refine these into more detailed requirements,

Zeneral requirements

Below we will summardze the general requirements for the method. These
requirements are based on our view on RE and the resulls from the literature
FEVIES

o Include the aspect that RE is both about problem investigating and solution
specification [163];

e Shouw the differences between RE for bespoke systems, service-oriented RE and
RE for COTS selection (see Appendices ILIILIVY;

o Show how traceability i= realized from problem investipation to solution
specification;

o  Method shipuld b usable independent of B, but the relation between the two
must be showr;

o Use a framework to abstract from the different process variants;

Requlrements for the overall framework

In the discussed Fameworks For BA we can already see a general implicit RM
method. All the discussed frameworks provide us with a way to discuss why. A good
way to answer the why guestion s to provide business requirements. Business
requirerments are high level goals that describe the need for a certain system. The
Zachman framewark does not mention business requirements, but in TOGAF and IAF
this distinction is explicithy made,

o The method should begin with higher l2vel requirements and work, i way down
ko more refined system requirements;

o The concepts of business requirements and system requirements should be
made clear;

e The method should be as solution type independent as possible (possible to
specify requirements for business solutions and the systems that suppaort it);

o  The overall frarmework should work with the concepts described in Figure 7;

o The framewaork should lead to a design decision where alternatives are rejectad
and a final salution is chosen;

Requirements for RE for bespoke systems

RE for bespcke systems does not need an extensive requirements list for our

methad. This prooess is well described in the literature; we can summarize the work

of existing moacels, meathads, ek,

e Highlight the importance of the specification;

o Include the activities, elicitation, analysis, negobation, specification, validation
and verification

o Describe these activities;
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2.%.4.

2.9.5.

2.9.4.

RE for COT5 selection

Because the literature for RE does not mention & process model for COTS selection
fat least one where all agres upon) we proposse our own process model for COTS
selection. We reviewsd the existing literature and methods o determine the main
concepts used,

o Use well known techniques for initial elicitation;

o Highlight the matchmaking aspedts of COTS selection;
o Include priaritization;

o Use the market place to refine the initial requirements;

Service-arlented RE

The literature about service-oriented RE is even less complete than the literature
about COTS selection, Therefare we have analyzed 8 number of service-oriented
developrent methods and RE methods to derive a number of requirements.

o Make a distinction between the service consumer and the service pravider;
o show the interactions between the sarvice consumer and the provider;
e show the different nature of service consumer oriented RE and service provider
oriented RE;
o Cansumer orientsd RE focuses on determining service need, service
identification, monitoring of existing services and adapting to deliverad
Sorvices;
o prowided ariented RE focuses on developing generalized services based
on rmarket demands and adjusted according 1o changing market needs;
o End result is & SLA;
e SORE has the properbes of both COTS oriented RE and IT services
management. The SORE process models shauld highlight these.
o Llse viewpaints for the service specification;
o Include the value aspact in the specification;
e Use business processes to bridge the pap between business services and
software services;

Requirements Traceabillty

In this section we will describe the raceability requirements. These are based on an
extensive review of the RT literature and Figure 7, Figure 8,

o Inoorporate traceability @xplicit in the method [116] ;

e Show the concepts of pre specification traceability ¢rationale, conflicts, decisions
and alternatives) [57, 60, 59, 58] ;

o Show the conepts of post epecification traceability;

o  Showr Forweard and backward traceability [57, 597 ;

o Traceability can only be realized through method and tool support [124] ;

o Traceability shauld be based on the concepts introduced by [66];

2.10. Conclusion
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In chapter 2.9 we presented a number of requirements for the parts of the method
wa should design. We hawe separated the mequirements into fve  different
cateqories, We have chiosen these categories on the resulls from the literature
review.
The goal of the method is to guide practitioners through the requirements
engineering prooess and suggests what information to record. We will also select 3
number of echnkgues that are well known in the erature angd easy 0 inkegrate in
the BiZ7design portfolio of mathods and ooling. In the next chapter wee will design
our method based on the requirements from section 2.3,
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3. A RE METHOD

In this chapter we will describe our RM method, The method will be based upon the
conclusions drawn in chapter 2.9, The method will start with specifying business
requirements and refing it Nt system requirements, We will pravide guidelines for
specifying business requirements using problem-oriented RE tachnigques. Guidelines
For system requirements will be based on techniques from RE for bespoke systems,
RE for COTS selection and service oriented RE. The method itself will provide
quidelines how 1o realize traceability and the engineering cycle will be used to
provide us with a control framework.

The main goal of this chapter is to describe how a method for RM could ook like;
the actual method will be discuzsed in the fortheoming handbock and will use the
resules of this design stucly as a hasis, This chapter will discuss what the skeps within
this method are, how these steps look like and how braceability can be realized
thraughout this method,

In saction 3.1 we will provide a conceptual control framework 0 organize our
methiod. In section 3.2 we propose a process model for getting the husiness
requirements; in section 3.2 we describe howy 10 specify the desired solutions and in
section 3.4 we show how to validate the requiremeants.

A RE framework

In order w0 develop a method that does not maks a disdnction what solubion we
want, a control framewark is needead. We have chasen the engineering ovele as our
conceptual framewdrk for our method, In the propased method vwe will anly focus on
the first three steps of the enginesring cycle [80], which is known as the design
cycle, We have extended these Frst three steps accordingly to the IAF and TOGAF
Framewarks. We have also argued that RE is both about problem investigation and
solution specification  and  that  these wviews come  gether in [(enterprise)
architecture, Therefore we have designed a method that starks with problem
analysis; these problems are translated into business requirements, These business
requirerments nesd a solution and therefore a solution investigation is required, The
next skep in this method s solution specification. In this step the Ausiness
fogquitements are made more concrete, accordingly ko [8] [166] (Sce Figurs 9:
framewaork for RE methodb.

This step takes the view that BE is about specifying desirad behavior or a selution,
In this st2p we design the syskem requirements [34], After this step the solution
needs to be validated and if it did not solve the problem a new iteration s reguirad.
Although we explicitly separated problem-oriented REE and solution oriented RE, in
practice this distinchon is probably not this strict [170]. We have used this way of
thinking to structure our method.
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Figuia 81 framapvors for BE mathod

This framework acts as a control framevrark because it provides a struchured way of
working For the different RE types. Requirements engineering for different solution
kypes require different steps (e.q. the nature of these types are different from each
other and therefore require a different process modelh, A second argument why this
is & contrgl framawark is that this framawark provides st2ering. It has 8 pre-defined
set of skeps and cantains a feedback loop to re-inibiate the RE processes. In short, it
provides procass guidance and links the business requirements (the objectives) o
the sysbem requirernents (the behavior).

The process model described abave can ako be interpreted as a spiral model [71].
In this spiral model we stark with investigating 8 business problem and end with a
proposed solticn, every Cycle of the spiral model refines this solution into 8 more
concrete and usable solution.
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3.1.1.

3.1.2.

2. Investigate altamatives

1. Problam investigatian 3. Solution Validation

Figure 18- spivad made) af fe Samsmaonk

Preblem investgation

In this chapter we use RE as a problem investigation technigque, we use the skandard
RE process medel o guide us thraugh the steps of problam investigation.

In this model we identify the stakeholders, find cut what their desires are, document
their desires and validate these desires. The end result of preblem investigatien and
specifying the desired effects are the business requirements. These requirements
describe what should happen to solve a cartain problemn [165], describe the
organizational goals, ek,

Since we use the cancept of prablem chaining, this step can be executed multiple
bmes and every iteration leads © a more conorete desired effects [il.e. for every
specified solution it s possible that we need to refine that soluticn into multiple
solutions, therefore we nead to investigate the problems that arise from that solution
S0 we can solve the next step),

For traceability purposes we recommerded to record the stakeholders, their
concerns and the pridrity of their concerns and the business requirements with their
pricrity, This is based on the wark provided by [66] [125] [102]

Investigate selution alternatives

In the previous step we have ientified the problem and their stakeholders, and
specifisd the desires that should solve the problem, In this step we start t0 ook for
passible solutions that are available 10 solve our problem. In thesic we only treat
specifying solution alternatives concerning business processes, business services or
softreare based systems like application services, tailor made software, caormmerdcial
software or applicabon services., To realize traceability in this context we have to
record the design decisions made, who was responsible for this  decision,
alternatives, rationale where it was basad on, et According 0 [167] solution
specification i an important activity during this phase. In section 5.3 we proposs
process models for specifying solutions.

In the previous chapter we have described a way to specify the desired needs to
solve a certain problem. In the next chapters we will deseribe how these desired
needs are fleshed out into more detail. Remember, although we explicitly writken
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3.1.3.

down the steps of problem analysis and solution specification sequentially, in
practice this does not need o be the case. In this chapter we provide similar process
models [alternatives to the process model ws2d in the problem analysis phase), but
they explicitly focus an salution specification. It is entirely possible that the problem
analysis and solution specification happen at the same time {probably when the
same persan is responsible for both problem analysis and sclubicn specification).

Solufion validation

In the solution validation phase the different solution alternatives are compared and
amalyzed. The main goal is to determine which solution best implements the
husiness requirements [102]. TAF [102] suggests using scenarios and prioritized
requirements to determing which alternative fits best. In chapter 3.4 we will describe
a validation approach with recommancied techniques,

3.2, RE approach for problem investigation

In this section we will describe how b find and analyze the business requiremeants
fse2 Figure 11: ). The business requirements serve as a why e the system
requirerments [102] [182]. These are the high kevel goals and abjectives that belong
o the architectural elements, We have used goals as the representation as business
requirements, The definition of business requirements itself (as explained in chapter
2.2) already suggests that a goal notation is applicable to wse. Business
requirements provide the why for systems. According e [89] [101] [159] goals
provide an excellent way ta explain the why,

rt

stakeholders f

-—
—

i

Elicitation

N
~
e N

Analysis concerns /

Specification — PBusiness requirements/

Validation

i

Figure 11: husiness reguiraments agurasch
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3.2.1. Elicitation

The main goal of eliciting business reguirements is to identify the Wiy for the system
requiraments [102°[149]. During this phase we want w0 ind stakeholder goals, erganizational
goals, etc, We will aks irvestigate the architectural requirements, The architactural
reqguirements document cantains requirgments, principles and organizational goals for the
relevant BM project.

3.2.1.1. Activities

o stakeholder identification;

o Interview stakeholders and record their concerns [159];

o [nwestigate arganizational goals and obdjectives [10] [156] [159];

o Imvestigata architectural requirements document [95];

o Irvestigabe business processes [10];

e  Use business scenarios to refine the concerns [10] [156] [159] [133];

o Record stakehwnlders and their concerns {based on [66] and RT literature);

2.2.1.2. Techniques

These techmiques have been selected according to sugnestions of the raviewred work
from [53], [102] [141, 149] [108] [159].

o Wolere stakehobder identification [2];

e Baseline stakeholder identification [137];

e {Gpal identification;

o Intomvicws;

o SuURrvCys:

o Business scenarios,

o  Procoss inspections;

We will at least use a combination of goals and scenarios as sungested by [133]
[121]. Scenarios are used o elicit more goals. Business provesses also provide us
with context and goals,

3.2.2. Analysis

Elicited concenns can still be vague, incomplebs or just incorrect. In this sEp we will
refine these activities, We will check far completeness, necessity and correctness.

3.2.2.1. Activities

o Check for completeness, necessity and carrectness;

e Refine goals and concems;

e FPrioritize concorns;

e  Transform concerns into business requirements;

e FRerord amalysis results (goals, rationale, decisions, priority of requirements}

3.2.2.2. Techniques

o Goal refinement trees;
o  Busiress process modeling technigues,;
e BUBINCSs SCCNArios;
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3.2.3.

2231

3232

3.2.4.

3.24.1.

3.24.2,

3.3,

o  Prigritization techniques;

Specificatfion

Specification is about documenting the business requirements. Wieringa suggested
[169] that a specification should contain the business abjectives and how these
business ohiectives are reached. A second element of this specification is: the
stakeholders and their concerns. We will therefore specify the business objectives
four goals) and howe we are going b reach these goals (refinement of geals)

Activities

o  Specify stakehaolders and their concerns;

o Specify business requiremernts;

o  Specify constraints;

o Specify nonrfunctional Business requirements;

e Record all process traces, models created, rationale behind decisions, conflicks,
lricrity, efc;

Techniques
o Guidelines abaut writing requiremeant dacurments [84];

Validation

Business requirements validation is about checking if the recorded requirements
have been corractly specified [27].

Activities

Firstly to check of the written requiremeants are written down correcty without any
ambiguity then discuss them with the skakehalders [27].

o usesimple checks to review the reguirameants specification;

o usE doument or desian reviews to discuss the requirements with stakeholders
within the project to receive constructing <riticism;

o discuss business scenarios to validate the goals;

o campare specification to ormanizational documents, etc;

Techniques

There are a number of techniques that can be used for validation [277, [83].
o Interviews;

o Workshops;

o Leenarins;

o document reviewing kechniques,;

Investigating solution alternatives

In this section we will describe the RE procsss for syskem requirements, In this
thesis we will gither use RE for services, RE for COTS selection or the classical RE for
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3.3.1.

bespoke systems. The main goal of this phase i to investigate the different solution
alternatives and create specifications for these [167].

For each variant we proposs a process model. During each step of the process
miodeds we propose activities and technigques that can be used to gather and specify
the requirements. The geoal of this section is to provide process models and
quidelines for the different possible solutions within an EA.

T try 1o integrate these different solution alternatives we provide a framework (see
Figure 12} to RE in this context. In general the requirements angineer has three
optione, He either wants to specify the functionality of a custom svstem, he wants o
select a commercial off the shelf system or specify a service (either at the consumer
side or the prowider side]l. Solution alternatives can occur at different levels. The
requirements enginesr can either specify for buy or make, leading to a design
decision bebwesn either COTS selection of specification of a bespoke system, It is
also possible to find solution alkernabives when we chose to specify a bespoke
system. We can think of alternative specifications where in sach instance the
product containg different functionality or quality requirements,

START '
Invesiigate _ 7
Atematives ’— —»  Atematives ,

Spedify Select )
i) ER ) serme
e
y

_ Design Decision ,
—
Choice
- >
Final choice ,

Fliguie 12: provass ssfackian Rameveark

RE process for bespoke systems

AfRer analyzing the literature we can derive the following pracess model For RE when
we take the viewpoint that we are specifying custom made systems, This is based on
the models proposed by [21] [83]. As mentioned in the traceahility section of this
thesis wee will incorporake BT within this process model. We will describe what
information to capture W realize pre-RS traceability,

Thasis “Metaod for Requirar-enss Ma-agenent” - April 2, 2908 — Wilce Engsls nan 7



)
&

Universitait Twente BiZZdesign

de padernemende wnserRifeil

Fligura 15 FE for bosprake spafarms

3.3.2. Elicitation

The goal of elicitation in this context is to elicit the system requirements. These
systern requirements should be traceable to business cbjectives and o system
campanents [24].

3.3.2.1. Activities

o Stakeholder identification;

o FElicit requirements from stakehoklers,

e  Elicit requirements from the business requirements;

o Imvestigata architectural requirements document [95];

o  [etermine canskraints;

o (Creake scenarios that desaribe system usage;

o Struchure requirements;

o Record process traces (stakehobders, rationale, intervicw transcripts, scenarios
)

3.3.2.2. Techniques

YWithin the literature we can distinguish a numbar of techniques 53, 74]
e olere stakeholder identification [2];
o Intorvicws;
o SuURrvCys:
e  QHOLP 5C35i0015;
e srenarios;
o pratotyping;
o business process inspection;
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3.3.3. Analysis

During the analysis phase we will refite the elicited requirements, check for
necessity, completeness, consiskency, ete,

3.3.3.1. Activities
The main activities within analysis are;

o review reguirements for necessity, complebeness, consistency and feasibility;

o Analyze sCEnarios;

o Crzate models for Further analysis (2.9, data models ahout the subiject
darmain, context diagrams, vse case diagrams, etc);

e Record process traces (link refined and derived requirements b their parent
requirement, record creabed models, They provide rationale for the analysis
results)

3.3.3.2. Techniques

same of the techniques that can be used are;
o pgoal analysis (see[155]7;
e scenario analysis (see [145]);
o skructursd analysis [see;[136]]
e object-oriented analysis (see [731);

3.3.4. Negofialion

The main goals of negotiation are to resolve conflicts between the stakehaolders
prigritize the requirements and create a mutual ukderstanding oF Betwvesn the
stakeholders abaut the requirements,

3.3.4.1. Activities

o Jdiscuss requiremnents with the stakeholders;

e prigritize the requiraments;

o agree on the requirements;

o rexordd dasign decisions and rabonale (record conflicks between stakeholders,
the decisions made, rationale where they are hased an and alternatives, and
the requirements priority)

3.3.4.2. Techniques

In O we reviewed a numbsr of t2chnigques that can e used. We will summarize them
below. According to the RE literature these technigues are accepbad to use,

e ROI calculation (determine which set of requirements in more favarable in
Financial termns);

e Pair wise comparisons;

o  Pricritization workgroups;

o 100 dollar test [give every stakehalder 100 dollars™ and let him divide it among
the requirements);
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3.3.5.

3.3.5.1.

3.3.5.2.

3.3.6.

2.3.4.1.

o Vating schemes (each stakehalder is allowed 0 cast his vate on a number of
rEuirements];
o Waightings! weight each reguirement From a specific skakehalder);

Speciflcation

A requirements specification for a system that needs to be build from scratch should
at lzast contain [169]:

e A specification of the context in which the system will operate,
o A list of desired system functions of the system.

e A definition of the semantics of these functions.

o A ligt of quality attributes of those functions,

When we ok at the available specification literature we sse that the Yolers
Emplate comes highly recormmended [149] [170]. We will make the abowve
specification description more concrete using the volere templake.

Activities

o Specify project drivers. In our case these are the business requirements. We
have already identified the stakehalders and recorded thair conoems;

o Specify project Constraints;

o Specify Functional requirements,

o Specify non-functional requirements;

o  Spetify system conkext;

e  Sperify list of system functions;

o Sperify data requirements [2.g. subject damain model, UML diagram of the
problem domain, ete);

e Rerord sgenario, priority, motivation, rationale, staksholder of the specific
requirements angd possible conflicts for traceability purposes, This shaould be
supported by a tonl;

Techniques

Crocument writing Eechniques like [84];

OO or SA for specification models;

MYAM for the specification models [174];

Vaolere requirements specification template [130];

Vdlidation and verifleafion

Requiremeants validation is checking the requiremeants for consistency, completeness
and acouracy.

Activities
The activities here can be divided into two main categories [27]. Check if the

requirements are written down correctly and check if the specified requirements are
carrect, The activities we suggest are;
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2.3.8.2.

3.3.7.

. Use simple chacks to review the requirements specification. Cheek if the
resiuirements are documeantad in a readatide and urderstandable manner. See
[84] chapter 13 for guidelines.

o Organize document and desian reviews with the stakeholders [27];

. Develop a prototype of the sysbem and use scenarios B analyze this prototype
[27] [144;

. Write test cases (scenarias, that describe system usags);

J Write the user manual;

o Perform acceptance tests after system deliver;

. Record process braces. IF certain aspects where not correct. Record it and
iy,
Techniques

o simple chexks;

o dacument reviews;

o devabp a protobype;

o scenario analysis;

o write the kest rases;

o write the user manual;
o accepance testing;

RE process for COTS selection

When RE is used to specify the reguirements for systems that are bought off the
shelf, the process medel is a litde different. The fous s less on specifying a
complete requirements specification, but more on selecting and  discovering
requirements and matching them against your needds [2], This process model is
based cn a combination of multiple models and provides the essence which all
modeds have in comman.

We will use the process model proposed here [3] as a basis.

The first skep is still reguirements dicitation [3] [106] 4], but this is less important
than the traditional elicitation phase. The goal is W derive an initial set of
requirements and scan the market for possible products.

The second step is to prioritize the requirements [97] [5]. Mot all requirements arg
just as important and offered preducts will not always provide a complete makch,
therefore the requirements engineer needs o have an understanding of the most
imporant requircments.

The: third step is to identify and analyze the available products on the market. This is
based an [4] and [81]. This skep leads to another iteration of requirements
elicitation. The identified products prowide additional insight and lead © a better
understanding of wanted product features [95], After each iteration, the amount of
passible matches will decrease, in the end only a few possible matches remain 758,
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97, 106]. One of the possible selection criteria could be selecting on non-functianal
requirements (4],

When the requirements engineer has chosen a suitable progduct, beo options remain
[S]. In most cases the identified product does not completely adhers to the stabked
needs, therefore one of the aptions is to adapt the business processes or negotiate a
change to tha selectad product,

= )
v
» EI|0|t.at|on J
!
Priorit.ization )
'

Identify products )

!

Analyze products
kil

!

Choose product

end /

Figura 14 RE for COTY sedection

3.3.8. Elicitation

As mentioned in the previous section, elicitation for COTS selection is 285 important
than elicitation for bespoke systems. The idea behind elicitation is to gather an initial
set of requirements and scan the market for products.

3.3.8.1. Activities

Identify stakeholders;

Analyze business requirements,;

Elicit requirements from stakeholders;

Investigate architectural requirements document [95];
Develop scenarios that describe system usage;
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3.3.8.2.

3.3.9.

33.9.1.

2.3.%.2.

3.3.10.

3.3.10..

e Rerord process traces (stakehalders, concems);

Techniques

There are a number of Echnigues the requirements engineer can select from, these
are the same as elicitation for bespoke systems:

o stakeholder intenviews, surveys, Qroup sessions, card sorting;
e SCnarios;

PHardfizatlan

When locking at the market place for commercial-off-the-shelf solutions & is not
ahways possible to fingd an exact match. Therefore the requirements engineer neecls
o determing whether which requirements ars mare important than athers,

Activities
o Analyze the requirements;

o LUse a prigritization technigue o select the right requirchcnts;
o Record rationale, alternatives and priarity of the requirements ;

Techniques

To prioritize the réquirements the requirements engineer can case a number of
different techniques [50, 16] [25]:

o ROT cakulation {determing which set of requirements is more Rvarable in
Financial terms);

e Pair wisc comparisons ;

o  FPriaritization workgroups;

o 10 dallar test [give every stakehalcker 100 dollars™ and et him divide it among
the requirements);

o Wating schemes (each stakeholder is allowed b cast his vote on a number of
rEuirements];

o WWaightings( weight each requirement from a specific stakehalder);

e Eoshm's Win-Win Echnigue  {an iterative conflict-goal maragament technigue
for stakeholders);

Idenlify praducts

Thex main goal oF this phase is I identify the products that can be used as a solution
for our problems.

Activities
In this phase of the selection process the reguirements sngineer looks at the market
place and identifies a number of products that fit the high level requiraments, This

phase is driven by 2valuation criteria (such as the business requiremsants, non-
functional requirements).

The activities in this step are: [4]
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3.3.10.2.

3311

3111,

3112

COTS candidates' identification;
Clarify COTS;
Generate list of COTS products;

Technigques

Typical techniques for finding products are [81]:

gsearch in house libraries;

search the inkzrnet;

search magazines and journals,
visit trade shows and conferences;
contact vendors;

Analyze products

The analysis phase has a number of different goals, The first main goal is to assess
if the product meets the requirements, the secand goal is that thraugh analysis of
the products the requirements engineer can find additional requirements [4] [98, §7,
10a].

Activities

The literature mentions a number of activities that take place in this phase [81][106]
(97061 [3].

Define: analysis criteria.  In this step the equirements enginegr defines the
criteria that he uses 10 analyze the selected product. These criberia can be based
on functional requirements and non-funcbonal requirements. Non-functional
requirements help determining when multiple products fit the selected functional
requirements {ie. select on quality ).

Compare product features to the requirements and analysis criteria. During the
analysis phase the requiraments engineer compares the selected products to the
selertion criteria. It is wise to defing patterns to asses in what manner producks
Al the requirements (e.g. & requirement s completely Fulfilles, partially
hulflled, provides an additional feature or just completely doesn't fulfill a
requirement at all}

Analyze non stated requirements. In this step the product has given the
requirements engineer additional insights in possible requirements. He could
jump back to the elicitation phase and derive new requirements from this
additional product feature.

Record their compliance. In this step the requirements emgineer records for
traceability purposes the manmer of compliance of the differant products,

Record analysis results. This phase is an extension to the previous step. The
requirements enginesr records all results.

Techniques

There are a number of techniquas the requiremeant enginesr can use in this phase:

krowledge engineering technigques;
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3.3.12.

A3.121.

33122,

3.3.13.

o  mmulti criteria analysis;

o asses the product quality through comparing non-functional requirements;

o yrite test cases to conduct requirerments tests;

o CopfAict analysis; determing iF Certain requirements  conflict  with product
features.

Choose product
The main gaal of this phase is b select the product that best fits our requirements,

Activities

These activities are based on [3, 4, 5, 81, 98, 97]

o Select product;

e Adapt to produdt, it is not always possible to get a product that perfectly
addresses the requirements. One can think of changed business processes,
other work procedures, ete;

e Request changes o the product or adapt the product ywourself,

e Use the requirements specification from the developer for the system
FEqUiremcts;

o Record altermatives, record design decisions, recard rationale;

Techniques

o [Busirness Engineering t adapt 2 the product;
e Megohating technigues;
o  Multi-Criteria analysis;

Service-oriented Requirements Engineering

O of the most important distinctions between the previous process madals and the
process model fr service oriented RE is that the SORE madel comprises of both a
model For the service consurner and the senvice provider (see Figure 15). This is
based on the assumption of the different nature of RE far the consumer and the
provider [153] [61]. We propose to use the classical RE model far both the pravider
and the consumer, since the literature does not mentdon any process quidance, We
will then assign the techniques from the reviewed methods in the activities of the
process model, We will extend the classical RE process madel with both the
negotiation and monitaring concepts reviewed from the IT service management
literature. Another major difference between classical RE and serviea oriented RE is
that SORE i less project-like than classical RE. In this case RE is more like
constantly monitaring the service and adjusting where needed [153] [61] [76]. We
also distinguish betwesn when a provider delivers services only to in-house
consumers and services to the market place,
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3.3.14.
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Figura I5: preriianw caiiza aveniss’ SE

In Figure 15 we s2e the two inkeraction moments of S0RE. The service consumer
and the service provider interact with each other, The interactions are negotiating
and seryice monitoring,

RE process for service consumers

In this section we will describe the activibies of the organization when it assumes the
role of service consumer (demand side). We will use the classical RE process modal,
extended with the phases negotiating and aligniment. We have extended the
classical process moklel with these two phases based on [153]. The main goal of
this process is the elicitation of a composite service. If a requirements engineer
carmot compase the composite service of available services he neads b contact the
service provider & deliver the additicnal functionality.
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3.2.15. Elicitation

Elicitation for a service-consumer does not only contain eliciting stakehalder needs,
although this is still $2en as an important activiey [24] [184] [12]. In this phase we
will iclentify the needs and we will identify the services. We will use both stakeholder
elicitation and scenario usaqge to scope compaosite service behavior.

3.3.15.1. Activities

o Identify stakeholders;

o Hlicit stakeholder requirements [177] [184] [127;

o Imvestigate business requirements,

o Imvestigabe architectural requirements document [95];
o Use scenarios to derive requirements [184] [12];

e Record process traces;

3.3.15.2. Techniques

There are a number of technigues the requirements enginser can use to determine
the IT need.
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o Stakeholder interviews;

o Stakeholder workshops,

o Surveys;

o Business scenarios) use cases,;

o Goal identification [ analysis techniques;

Analysis

The analysis phase not only serves the same purpose as in the classical RE process
model, but also comprises of service identification and composition,  Elicited
requirements need to be refined, checked for feasibility and prioritized. We argus
that prioritization is an important activity, Just as with RE for COTS selection the
service provider might not be able to deliver 8 service that meets the exact needs of
the consurmer. An understanding about which regquirements arc most important
helps in the later negotiation procass, Anather resemblance with RE For COTS
selection is that there might be a number of avallable services that more or less
deliver the same functionality. Selection of a service could then be made on the best
match or an the best non-functional requirerments. See chapter 337 for more
information about component selection.

Activities

o check for necessity, complebeness, cansistency and Feasibility of elicited
FELUIrements;

o Business process analysis [132] [F8] [164] o identify the various activities
(each {part of) process provides a service) [77];

o Discuss current services and processes with the stakehokders [111];

e Examing existing legacy applications and group their Functionality (to identify
if the legacy systems can already provide the required service functionality);

o  Model the services with their operations,;

o  Examine either the service provider portiolio [111] for re-useable services or a
service library {registry);

o priaritize the service requiremeants,;

e record proosss traces (stakeholders, priorities, motivation ,efc);

Technigques

o aal analysis;

o rexjuirenments analysis,

e busin2ss process analysis;
e scenario analysis;

o service library analysis;

o pravider porthelios analysis;

Speciflcation

We argue that the RS an the service consumer side is technalogy independent; it
says what work should be realized and how it is realized. A specification should at
least contain the composite service and the identified component services with their
operations. A Process madels can be used to explain these aperations in more detail,
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One of the modek of the specification should also contain the composite service. It
should also contain how well we expect the service I perform {non-functional
requiremeants)

3.3.17.1. Activities

o specify functional requirements;

o specify non-functional requirements;

o sperify needed services and their operations;

o Specify business process madels b pravide context;

3.3.17.2 Techniques

Techniques for specifying the needed servioss are:

o Eneric document wriking techniques;
o Senvice contract kemplabes;

3.3.18. Vdlidaticn

The: RE literature does not specify distinet validation techniques fr SORE, We will
use standard RE validation techniques instead.

3.3.18.1. Activities

Firstly to check of the written requirements are written down correctly without any
ambiguity.

o use simple checks to review the requiraments specification;

o use document or design reviews to discuss the requirements with stakeholders
within the project to receive constructing <riticism;

e usE srenarios to validate the needs

o check if the requirements are compatible with the business roequircments

3.3.18.2. Techniques

o [Dacument reviews;
o Leenarins;

3.3.19. NegoHation

The negotiabion phase becomes of importance after the requiremants enginesr has
identified a need far a certain service that is not met by current a deliversd service,
The main goal of negotiation s 0 ¢ome e an agreement bebwesn the sevice
provider and the service consumer [153]. The e result will be a SLA [153] [61].
According to the semantic service literature SLA negotiation can be done completely
autematically. Alhocugh according te [30 this is not yet the case in practice,
therefore we will focus on human negotiated SLAS.

3.3.19.1. Activities

When we combined the work provided by [26] aned [150] we can suggest the
Fllowveing activities that should be undertaken in this phase,
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o agres on what should be supported;

o prioritize IT neads;

o define roles:

o Agree on Metrics t MEasure performance;

o aAgres on the effort that showld be undertaken in case of an incident;
o walidate the SLA;

o reord procass traces, decisions mads and why

3.3.1%.2 Techniques

o  FPriaritization techniques;
o Validation technigues;
o HNegotiating techniques and skills;

3.3.20. Allgnment

According to [153] delivered services do not always address the requirements skaked
by the consumer. Therefore the service consumer needs o adapt their business
processes bo match service functionality. Since the literatur2 swgoests that business
processes need o e adapted, we will use the BPFM method used by Bil Adesion in
this phase [151].
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3.3.20.0. Activities

The rmain activity in this phase is to adapt to the delivered service [153]. Activities in
this step are [151]:

o Analyze the current situation;
o Redesign the current situation;
e Migrate bebween to the to-be situation;

A.3.20.2. Technigues

3.3.21.

same techniques that can be usad are [151]:
o Intomvicws;

o SuURrvCys:

o document studly;

e vyisual inspection / inkrospection;

o Workshiops;

Monltor service

In this phase the service consumer measures the actual service performance and
provides the provider with results from the measurements. Another goal is o
icdentify the need or new services.

3.3.21.1. Activities

The literature at least recommendds performance measurements [8]. This can be
assigning KPIs to supporting business processes, service availability quality, etr,

e Measure service performance using the pre-defined metrics;
o  Communicabts results b the senvice pravider;

o  [dentify new service nesds;

o Start a new iteration af the RE process;

3.3.21.2. Techniques

3.3.22.

The services marketing literature suggests a number of techniques that are
applicable to use in monitoring senvices [113].

o Gap analysis, analyze how customers perceive the delivered service quality;

e Benchmarking, compare the service quality to similar services in the market,

o FPerformance measurements (e.g. revenues, market share, marketing costs,
overhead costs, profits, ROL consurmer attitudes complaints, ete );

RE appreach for servlce providers

RE far service providers is somawhat diferent than for service consumers. The main
asks of consumers are ta determine service needs and adapt t0 them. Fram the
service provider viewpoint the main tasks are o develop a service that adheres to
miarket demand and to functionally design a service [61] [152]. In the development
context of this method a service can either b2 & business savice to the customer
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{the organization itself acts as a service provider) or an application service, wihere an
external company, or the IT department, acts as a service provider, These business
services are realized through business processes and application services support
these business processes [77] In this section we will show how to use RE for
services and how these and their corresponding business processes can be used as
an input for application service discovery.

In order o fnd activities and techriques for SORE we have not only laoked at the
RE literature (see [113]) but also the services marketing literature and the IT
seErvices management literature,

Intemal | Commercial
request /§eMoe providing )

Figure 18: NE far in-hause sendcas ar axtarnaliy

In Figure 18 we demanstrate that there are basically two paths for 4 senvice provider
to choose from (technically a combination of the two is also possible). In our case
the service provider can respond to an inkernal request by a service consumer. In
this case the service provider probably receives a pre-defined service specification
from the service consumer. This will contain a list of functional and non-functional
requirements, perhaps a composite service description, models from supporting
busingess processes, ete, The nature of the RE process will again behave like 3 match
making process, The service prowider will check his portfolia if there are services that
can be rewsedd in this context or examine legacy systems to check if they can be
used to address the required service functionality, IF the service provider believes he
can provide the requested services, ar close enough, he will initiate a negokiating
process b with the consumer to reach an agreement about possible service reuse,
Another option is that the required functionality is not available and that a service
needs to be created. RE in this context will be either solution specification or the
provider will just buy a service, or application, of the shelf (s2e chapter 3.3.7).

When we see RE for commercial service providing {extemally located) we can
distinguish the fellowing. IF we ompare RE for service providers with development
of COTS products we do see a number of similarities, Both try ta develap generalized
producks for a market. In [3] the author mentions a process model for developing
COTS based systems. They start with inventing requirements and then prieritize
these requirements. In our process model we find inventing requirements in our
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market scan and elicitation activities and prioritization is included in the analysis
phase, It is important to notice that RE for service providers is not the same as RE
for COTS development [153.. It behawes like a combination of early COTS
devalopment but later in the RE process it behaves more like the traditional TT
services discipline. A service provider delivers a service and is responsible for
realizing the contents agreed upon in the SLA. In our RE process we will emphasize
these two charactanstics (see Figure 20 Another important distinction is that the
service provider can either select a COTS product and provide it is a service or just
specify a service himself (see Figure 12). For selecting a COTS product we refer to
chapter 3.3.7.

Specify senice
characteristics )
RE forbespoke o ,
i Select COTS '
v

D

Figua 18 Znacifiing ar selsckng

As shown in Figure 19 the service provider has the choice to either select an off the
shelf product or Create a new one (assuming the need e a new serviee is
identified}. Because of the different and intangible nature of a service aven akfter a
COTS selection the service provider needs to sperify service related behavior (e.g.
the aclded value of a service, service design and realization, senvice intent, &g, We
will argue that the service characteristics will be the basis for the service realization.
Therefore our service-orent2d RE approach will facus on specifying thesa service
Characteristics, We will mention technigues arel the way of woarking for both an
int2rnally located provider and an (external) commercial service provider, For an
overview of the RE process, see Figure 20,
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3.3.23. Inifiafive provider

When the initiative in developing a service comes from the provider itself, the RE
phase should start with a market scan (a5 suggested by [61] and [153])

But it neglects to mention what the activities are, We have usaed services marketing
litzrature ko find these activities [113]. This is nat intended as a detailed description
of identifying suitable markets; it just outlines the basic activities. For more
information we refer to [113].
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3.3.22.0. Activities

3.3.24.

3.3.25.

o Define the markeat; the definition of the relevant market involves specifying the
customer growpr [an impoertant sEkehalder) W which the company is seeking to
markat iks services;

o Identify market segments;

o Selact target market seqments;

o  FPriaritize market segments;

e Determine characteristics of the market segment;

o Determine key success Factors;

e Determine relakive importance of key success factors;

Inlfiafive cansumer

When the service consumer initiates the request for a service, the RE process s 8
litthe different. The consurmer has provided a service description and 3 way of
working (the compasite service and business pracesses). The provider then books at
his own portfolio to determine if he has the available services in his portfalia,
Another optian is to examing the available legacy systemns and analyze them to see if
they are capable of providing the requested service. We will discuss these variations
in more detail in the sections below.

Elicitation

The main goal of elicitation is twofold. In the case of an exbzrnal commercially
operation service provider the resuls of the market scan are analyzesd and serve as
an input for the requirements inventing process.  The second option is that the
provider operates on behalf of a request done by a service provider. The input
document will then be the service requirements document writen by the consumer,

3.3.25.1. Activities

33252

The main goal of elicitation for providers is to analyze the results from the market
scan, organizational goals [8] [132] [78] [88] [114][184] [12] provided by the
service consurmer angd stakehalder goals o determine high-level functiomality of the
service. In our case the business requirements are the stakeholder goals and
arganizational goals (provided by the service consumer ),

Possible activities Far a commercial provider could be (inventing requirements

e Invent requirements based on the results of the market scan;

o Irvent requirements based on arganizational goals;

o Imvent requirements fom  stakeholders (customers, intemal  developers,
miarketing consultants, et);

o Develop scenarios that describe service usane to find more requirements,

e Rerord stakeholders, concerns, qoals, ete;

Technigques

o ‘Warkshops;
o  Stakeholder identification techniques (e, [2];
o Interviews;
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3.3.26.

o SUMVCYys:
e  SCENArS, Use CHSES;

Analysis

During the analysis phase the initially elicibed requirements need to be refined and
checked for completeness and consistency. A second important achvity is
prioritization of requirements. During the analysis phase we also identify services
based on the elicited requirements. In the case when we have received a
requirements document from the consumer we can try B map the identified services
of the consumer to the service portfolio of the provider, The third step is to ook for
component services already at the provider's disposal to realize the intended service
needs, In functionally desianing the service valug analysis is suggestad w0 b2 used
feq. [153])

3.3.26.1. Activities

e Check requirements for consistency, completensss, ebc;

o  Prigritize requirements [5];

o Identify component services based on the requirements;

o Try to compose componcnt services inta a composite service;

o Business process analysis and design;

o Analyze aclled value to the customers;

o Analyze service delivery quality (non-functional requiremernts];

o Rerord prioritized requirements, analysis results, design decisions, rationale
during the analysis, record who was responsible far the decisions made.

3.3.24.2. Techniques

3.3.27.

e Value chain analysis (see [113]);

o  E3value analysis {see [54];

o pal Analysis (see [8] [132] [78] [68] [114][184] [1213;
o Business enginesring/BPM (sea [151]);

o Seenarios (.. see [122]);

Speciflcation

A sperification for an application service and a business service deviates a little in
their level of abstraction. A specification for an application service also needs o take
the technological perspective inta considaration, To specify a service we will use
multiple viewpoints, as suggested here [55]. VWiewpeoints B2] are an accepbed
Echnigue within RE. In arder to specify a service we will use the mission statement
Fom services marketing. A mission statement [113] provides the  high-level
specification of poals of the service and provides the interded service costomers. As
suggested by [S5][113] we also need a value ariented vigwpoint, This can either be
e3value models for a more formal specification, or just a general description of the
added value to the customer. A service blueprint [153] [113] provides the general
design of the services, In the case of specifying a business service the blueprint can
be passed along to the business processes desianer b design the business processes
that nead b suppart the business service, When we specify an application service an
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3.3.27.0.

information systems viewpoint is needed. We will use BPEL and WSDL for this
viewpoint, as sugoestad in [55].

Activities

The main activities in this phase are a combination of service specific specification
activities and general requiremeants enginearing specification activities,

(Generic specification activities

3.3.27.2

3.3.28.

Specify project drivers,

Specify service constraints;

Specify service requirsments;
Specify non-functional requirements;

Service specific elements:

Specify a service mission; a service mission describes the high-level goals and
abgectives of the mission, the intended service customers and  service
philosaphy, et [113];

Create value models, aither genenic value descriptions or more formal models
fe.0. eFalue models);

Specify the sepvics Blueprint [This specifies the generic design of the service, A
Bluaprint can alsa be used o demonstrate the business processes design)
Specify supporting business processes fie. the business processes needed to
realiz2 the service or the business processes the service supports);

Specify the service in language application service designers can understand for
application services [e.0. BPEL and WSDL);

Record scenarios, priority, motivation, rationale, stakeholder of the specific
requirements angd possible conflicts for traceability purposes, This shaould be
supported by a tonl;

Techniques

In specifying a service we can use the fallowing techniques,

Mission statement [113]

E3value [54, 55, 56, 171, 185]

Walue chain models[113] [118]
Business enginesring techniques [151]
Service blueprinting [113] [183]

BPEL [55]

WSDL [55]

Validation

The RE literature does not specify distinct validation technigues for SORE. We will
use standard RE walidation kechnigues instead,
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3.3.28.0. Activities

Firstly to check of the written requirements are written down corractly withaut anmy
ambiguity.

e usesimple checks to review the requiraments specification;

o use document or design reviews to discuss the requirements with stakeholders
within the project to receive constructing <riticism;

e usE srenarios to validate the needs

o check if the requirements are compatible with the business requirements

3.3.28.2. Techniques

o [Doument reviews
o Seenarios {in combination with ey, prototypes, stakeholder discussions, etc)

3.3.29. NegoHation

The main goal of negotiation is to come to an agreement bebwesn the service
provider and the service consumer [153]. The end result will be a SLA [153] [61].
Acrording o the semantic service literature SLA neqgotiation can be done completely
automatically. Alhough according to [300 this is not yet the case in practice,
therefare we will f2ous an human regotiated SLAS.

3.2.27.1.1. Activilies

When we combinasd the work provided by [26] and [150] we can suggoest the
following activities that should be undertaken in this phase.

L

Agree on senice
Conients

Prioriize Needs

Define roles

T

Agree on ;
metrics

L

Agree on Incident
response

Validate SLA
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L

Figure 210 5i3 process (28]
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o agrea on what should be supported
e agres on metrics to measure performance
e agree on the effort that should be underteken in case of an incident
o recor the results from the negotiation

3.2.30. Monltor service

Service monitoring is an important activity for the service provide. Based on
consumer feedback and market scan activities the service provider can adapt their
services o the changing market [153] [61] [3].

3.3.30.1. Activities

The literature at least recommendds performance measurements [8]. This can be
assigning KPIs t0 supporting business processes, service availability quality, etc.
These KPIs are the output from the previous phase of neqgotiating.

3.3.30.2. Techniques

The services marketing literature suggests a number of technigues that are
applicable to use in Monitoring sarvices [113].

o (Gap analysis, analyze how customers perceive the delivered service quality

e EBenchrnarking, compare the service Quality t0 similar sarvices in the market

o FPerformance measurements (e.g. revenues, market share, marketing costs,
overhead costs, profits, ROL consumer attitudes complaints, etc )

3.4, Solution validation

In this phase we have specified a number of solution alternatives and now it is time
o choose the best solution. Validation is to show sehich solution s expected to
reduce the gap betwesn the experienced problems and the desires [170,

3.4.1. Activities

We have based these activities on the work of [170] and [102”.

o Compare the specified system requirements o the busingss requirements;;

o use seenaring o describe different situations to examine how the solution reacts
ta the changed situation[1027 [170];

o use stenarnios to describe solution usage on prioritized requirements [102];

o investigate financials of 2ach possible sclution;

o investigata possible new problems the solution causes (preblem chaining);

o  Ohrganize a validakion session with the stakeholders;

o For traceability purposes, record the altermatives, the decision made, whio was
responsible for this decision.
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3.4.2.

Techniques

o stakeholder analysis;
o sensitivity analysis;

o  Lrade-off analysis;

e  SCCHArKS!

o yalidation session [71]

3.5, Conclusion

The method presented in this chapter has been arganized using the engineering
Cyele [167] (in accordance to [102] [141]) The methad starts with specifying
busiress requirements which specify the need for syskems [141] [102] [167]. After
identifying the business requirements these need to be refined into system
requirements, These reguirements are designed accarding b the salution type, Far
this section swe have presented thre: requirements engineering process models. The
process model far classical RE is hased on the work of [21] [83] The process of
COTS selection has been based on the available literature on COTS selection
bechnigues {an overview can be found here [3]). RE for COTS selection starks with
identifving a few baseling requirements. These are refined as more products are
Found. When we use RE in a service-oriented environment we se2 RE split off in two
separate branches, RE at the consumer side, which mostly focuses on debermining
IT need and adapting & standard deliverad services, RE at the provider side focuses
mostly an specifing and designing standard services that address the market needs.
The method accounts for the different nature of the RE process when we specify
bespoke systems, services and COTS selection. e have positioned these variants in
an over-arching generic framework that resembles the engineering oyele. This
framework incorporates the important output elements required for traceabiliby
purposes, It identfies the relevant stakeholders, records their concams, derives
requirements and it specifies solution behavior. YWe also account for the fack that we
have different soluticn alternatives {more than one solution can solve the problem).
We recordd these alternatives and the arguments why the chosen salution was betber
than then the alternatives.

When we ook closely at the diferent proposed process mocels wa can distinguish
the following:

When we se2 RE as a selaction activity for COTS procducts we tried b highlight the
match making aspects, We used initial stakeholkder requirements as an input for a
market survey and then use the market to derive additional raquirements. We basad
the initial elicitation on weall known RE techniques,

When we reflact on service-oriented RE we can distinguish the following:

We distinguished bebwesn service consumer and  service provider and  the
interactions bebween the two parties. The RE processes for the consumer and the
privider behave quite different, We sugoestad that RE for service consumers is
about identifying service needs, looking at available services b compose the
composite service and when needed contact the service provider with & servics
specification. This service specification is used as a negobation basis between the
prowider and the consumer. The RE process for a provider is different in the sense
that it is based on market demands [or & consumer request]). The provider invents
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requirements, then specifies the service and then negotiates with consumers about
the service quality and performance. The end resul is than a 504 and the next
activity is service monitoring. This s where the consumer provides feedback on
service performance to the provider based an the defined metrics in the SLA. We
used the well known RE concept of viewpoints to specify our service. Those
viewpoints are based on the concepts of what the business can understand and why
service designers can understand, The method also incorporates the well known
concepts in the EA literature of business requirements. We use the husiness
requirements b determine the why for the architectural elements. These are used to
design the system regquirerments.
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4. REQUIREMENTS
MODELING IN ARCHITECT

In this chapter we will discuss the madeling concepks related to method presented in
chapter 3. This work s largely based on the concepts introduced by Sebastiaan
Hoageveen, which can be found here [66]. We did make a few modifications to the
work proposed by Sebastinan Hoogeveen, The major change is the introduction of
business requirements and that system requirements implement them. Sebastiaan
Hoogeveen argued that this distinction was ot needed in order to model
requirements. We felt differently about this, it is true that business requirements and
system requirements are both @ type of @ more abstract requircment. But it is
imparkant to show the relation between the o, System requirements are designed
to realize business requirements, therefore separating these bwo concepts enable us
o distinguich bebwean the different semantics of the twa.

Section 4.1 describes an extersion to the ArchiMate framework. Section 4.2
introduces the modeling concepls related to the method and section 6.3 maps the
methiod presented in chaptar 5 B the modeling concepts.

4.1. Requirements traceability modeling framework

Sebastiaan Hoogevesn [66] has provided us with models that provide traceability in
EA. He introduces an architecture lifecycle model that prowvides forward and
backwards traceability for the enterprise architecture,

This way we can add motivation for the architectural model and show  how the
differant elements within the architecture are realized. The motivation layer of the
new framework provides wus with the design decisions, the needs and rationale
behired the architecture, the architecture layer i the narmal ArchiMate framework
and the realization layer provides us with all the information how the architacture is
realized.
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4.1.1.

Business

Application

Technology Realisation
Architecture

Figuwre 25- architacfure lifacyola imads!

Motivation layer
The motivation layer containg three aspects (see Figure 23);

o stakeholders; these are the stakeholders and their inberesks

o conditions; these represent the conditions whers the architecture musk comply
to

o Rationale, the decisions that were made during the architecture design

The stakeholders-domain cantains the stakeholdes and their concems. Concerns are
the experience phenamena or desires of a stakeholder. Within the conditions domain
we can find the already developad principles domain. Principles are the architectural
prineciples and goals where the architectural elements must comply ta, We also find
the Suginess seguirerments domain here. The business  reguiresttents  cbrtain
stretches all the way from the busingss layer down b the chnology layer, Theses
describe in business terms the functionality of the systems in the business (e.q.
information service to the customer), application {software systems supporting
business processes). The business requirgments are the mesult of  oroffen
imvestigation &t anafysf They provide motivation for systems  within the
architectural mocde|

The original model did not explicitly address business requirements. Sinc2 our
method does recognize the difference between business requirements and system
requirements we have included the business requirements domain. We have placed
these business requirements in the motivation layer because they describe the neegls
for cert@in systems.

There is a small overlap between the principles domain and the requirements
damain. The architectural goals within the principles domain can be seen as high
level requiremeants, Iower l2vel architectural elements requirements implement thess
architectural goals. IF we investinate the similarities even Fuarther grikcides can alsn
describe constraints and our Husiness reads of the system,

The desion dedsions doman describes the decisions that were made during the
architecture desian, This damain provides the rationale behind eertain choices that
led to the architectural elements within the architecture. The design decisions
domain contains the concapts design decisian, and alternatives,
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Realizaticn layer

Just as the motivation layer the realization layer contains damains that oover

multipl2 layers, Within the realization layer we distinguish the following aspects (see

Figure 241:

o contral, contralling informaticn that has direct infuence on architecturs
realization

o time, ko madel haw the realization & realized in terms of time and planning

o execution, ko model who is responsible for the creabion, or parts, of the

architecture

The existing programs and projects demain are part of the control aspect and are
classified into the business layer. We added the Solubion resization domait to
control aspect. The design domain covers the business, application and technology
layers. Within this domain we find the detailed spsfom sogicmeits,  sedution
cesions and  £292s that provide control to the realization of the architecture
elements.

The aspect time containg the period domain, This domain describes the different
phases within a projects life-cycle. The execution domain contains the execution
damain. This domain containg the concepts of the stakeholder who is responsible for
the creation, ar parts, of the architecture. The executor s a role for ore of the
stakeholders,
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4.2, Requirements modeling concepts

In [66] [71] we can find a number of modeling concepts related o reguirerments
modeling, we will discuss these concepts structured around the before introduced
layers, Section 6.2.1 discusses the modeling concepts from the motivation layer and
section £.2.2 discusses the madeling concepts from the realization layer, We will only
discuss the new domaing; existing domaing are out ofF the scope of this design
docurnent (see [717 for more information]. These concepts are added to the
ArchiMate meta-model used by Architect.

4.2.1. 5takeholder domain

In the stakeholder domain we model the identified stakeholders and their concarms.
The stakeholder domain contains the following concepts:

o stakeholder
o CONCErN

These concepts are defined in the tables below.

Stakeholder
Crefiniticn Somedne within the arganization who has some
stake with & certain elameant within the architectural
definition
Yisualization )
-~
Attributes Hame
Authority
Rules and | Stakehclders are defined as concretely as possible, if
guitkelines applicable with the names of the persons ar
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tepartmants,

Relationships

The stakeholder has an association relabonship with
g CONCern.

ExAmple CEC H. Jarsan
Sales department
Table 7- siakehaider
Concern
Drefinition The concern of one or more stakeholdes
Yisualization _)
Attritwtes Dascription
Weight
Rules and A concern that is linked to the architectural elements
guidelines must be indivisible, so it is clear which concern serves
thoze alements.
Relations A congern has a relationship with both the stakeholder
with  other | and the business requirements. The relationship with
concepks the stakeholder is an association relationship and with
the relationship with the business requirements is a
realization relatiorship originating from the business
requirement.
example Lowve gperational costs (CED concern)
Uniform IT systems (IT department concem}

Taie B ctakeh ooy concarm

Business requirements domaln

The business requirements domain s a refinement of the principles domain. The
business requirements are the goals for the systerms to be developed, They describe
the nezd for a system, These business requirements implement in their turn the
high-level organizational and architectural principles. The modeling concepts have
already been created by the principkes domain, We will use the wark from [71] to
demanstrate these modeling concepts. We will model business requirements as

qnals,

Business requirements

Crefiniticn

Business requirements descrile the why for architectural
elements. These can be goals of the stakeholders, revised
architectural goals, revised crganization goals eto,
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Attributes

Pricrity;
Description;
Type;

Yisualization

The business requirement concept can be visualized as
Follows:

Guidelines

Decomposition:  add  more  detail to &  business
requirement by inktroducing o or mare sub
requircmaents.

Maming: assign a clear, compact and striking name,
Within the description (docurnentation) you can define
the goal, ideally SMART (Specific, Measurable, Accessible,
Realistic and Time-bounded), Mumber the goals,

Relations
with  other
concepks

The business requirement has a realisation relationship
with 8 congern and a realization relationship with the
System requiremsants. Business requirements can have an
aggregation relationship with other business requirement.

Example

FRO-FIT wants t improve the service quality while
relucing costs, Goals related W custamer service are:

For each goal you can add a description, for example
(.33 "Realize a “ocustomer profile” for every individual
customer that is up-to-date at all times.

Tabls & husinass requiremants modeling cancept

Design decisions domain

This domain containg the follawing elements:

o Design decision
o Design alternative
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Design decision

Definiticn

A decision during the architectural development. To
keep things synophc, it is advisable to only model
decisions with a certain impact.

Visualization

Attributes Cecision
Responsible
Rationale
Rules & | The design decision must be formulated as short and
Guirelines cancretely as possible.
Relations Design decisions justify one solution, which leads to
with  ather | design alternatives (the dismissed alternatives) and it is
concepts based on rationale. The relationship bebween the
derision and the alternatives is an  association
relationship.
Exarnple Applications  communicate  wsing  fmal  defined
interfaces

Systems A and B are located at location C.

Tabls 10: design Secisian

Design alternative

Definttion

Represents a possible alternative during architectural
development. Only alternatives that are not part of the
evantual architzcture are modaled this way.

Visualization

__

weithh  other

Attributes Altarnative
Seenarios
Rules & Describes the state of the model as it would have been
Guidelines  puhien this alternative was chosen, Try t0 use descriptions
that discuss the difference with the eventual decision,
hecause models change regularly.
Relations Design alternatives have a relationship with the design

decisions, st2narios that werg used during the validation

concepts process, Scenarios describe sysbam usage comparsd to
the requirements. The relationships are association
relationships,

Example Systems A and B on location D

Taie 11 decign aifemaniea

The requirements domain contains the following concepts
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requirement
Case

BiZZdesign

desinn artifact

System Requirement

Definition A concrete and wverifiable demand for the artifact this
requirement refers 0. This demand is suitable For a
more refined version of the architecture model or the
architecture itself,

Visualization

Attributes Friority
DoscHption
Typc

Rules & | A requirement describes the situation as it should be,

Guidelines A% concrete as possible without implementation details.
IF needed use cases and design artifacks can be linked
b a requirement.

Relations Requirements are linked to cases and design artifacts.

with  other | A Case can b2 anything from a scenario describing

concepts syskermn wsage o tesk cases, In the solution realization
phase the requirement can also be linked to system
components and  application  functions.  The
relationships with system functions, components and
business requirements are realization relationships. The
relationships between the systermn requirements and the
CASES are association relationships. It is also possible
for system requirements to aggregate a higher level
system requirement.

Exammple Thes technology layer shall have an uptime of 99 99%
Applications shall run on the existing UNDE platfarm

Table 12 requiremants modaling comcapts

Case

Definition & case i @ certain use of the artifact. There are
different cases 2.0 test cases, use cases or abuse
CASES.

Visualization

Attributes Category
DascHption

Thasis “Metaod for Requirar-enss Ma-agenent” - April 2, 2908 — Wilce Engsls nan

4



)
&

Universitait Twente BiZZdESign

de padernemende wnserRifeil

Rules & | The case can be assigned a number or a name. Use a

guidelines scenario to describe the case. If needed cases can be
related to each other. The relationships are association
relationship,

Relations Cases are related o requiremeants and sach other,

withh  other

concepts

Table I1%: cass modeling cancegi=z

Design artifact

Definition & design artifack is a design that spawns fiom the
requirements and that entails detailed information
about  the realization of the oorresponding
FEgUirc ments.

Visualization :

sz DeS|gnartefact|

Attributes description

Rules & In most cases this will be a reference to an artifact

quidelines from an external tool.

Relations A rlesign artifact can either be documents ¢reated

withh  other | during thee RE process (2.0, diagrams) or software

concepts design diagrams. It s related to the  systemn
requirements through a realization relationship.

Tahle idr plecion atiack

4.3. Requirements Viewpoint

4.3.1.

Based on experience with modeling the requirements we will refine the list of
wiewpaints a litde, The requirements view is entirely based on the mobdvation view,
In this views we can model the stakeholders, concerns, (business) requirements,
design documents, decisions and alternatives,

Requirements view

In the requirements view it is possible to see who has what desire, the business
requirements and the system requirements. This viewpoint is based on standard RE
litzrature (e.q. [21] [83], [L70]]) and the RT literature (e.n. [57, 60, 53, 58]). Gotal
argued about the importance of demonstrating who contributes to what. In this view
we see the elicited concems and their prioritization.  In this view we can assign
concerns to stakeholders, model the business and system requirements and link
them together. Business requirements provide the why for systems. These
cantribute to provide the motivation for architectural 2lements. Using a cross-
reference view it is easy o show which system requirements implement the business
requirements. The mast impar@ant relation in this view is how system regquirements
implement the business regquiremants, This view adds verifiability [147] to the
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architectural element (it helps to increase the understanding of which system
requirement realizes which ormanizational goal ).

Views Requirements vievy
Purpsose To model the requirements and their origin for a system,
Concepts  and

relations % .

STakeholder

Application Functiony”1) Application
I component

Table 15 stakefaidar concsms viaw

4.4, Conclusicn

In this section we will describe how these modeling concepts relate to the methind
described in chapter 3.1, We have s2en that our method started with a problem
investigation phase, In this phase we decided b identify the stakehalders, recard
their desires and analyze these desires. This has led to the modeling concepts of a
stakeholder, his prioritized concern and the derived business requirements,

In the second phase of our method we investigate the selution alkernabives. In this
phase we transfarm our business requirements into system raguirements. These
syskem requirements have a priority, In this phase we specify the solution
alternatives and validate each of these alternatives to the original requiremeants
specification. An example of a solution alternative is when we decided to specify a
bespoke systern, scan the market for a system and need to chose between either
the specified solution or the selected solution {note; this is only an example it is also
possible that we only specify altematives for bespoke syskems or we record all
alternatives we found dudng the market scan for COTS syskerms). During the
investinate alternatives phase we create models (e.4. design artifacts), scenarios,
best cases i,
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During the salution validation phase we evaluate the available specified solutions,
this leads again to desian decisions, based on rationale which l2ads again o design

alternatives.

Prabler investigatian

Investigate calubon alternatives

‘walielak cn

Stakeholder

System requiraments

Desian decision

Priaritized concern

Use rases

Chosen element

Busiress requirements

Test cases

Alternatives

Design artifact

Tabie I&: madaling cancepts ralafes b e mhase af the RE mathod

The table clearly demonstrates that design decisions can be found in both the
solution alternatives phase and the validation phase. The anly difference is the
scope. In tinvestigate solution alternatives” the scopa is at the requirements level,
Certain requirements get disregaried or receive a higher priority (based on a cerain
rationale), In the ™walidation phase” the scope is at the solution alternative level.
Here the albernatives are the different possible solubons ad we have W decide
which one suits our requirements the best.
Since this is a requirements engineering method, we did not include the concepts
From the projects, periods and esecution domains,
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d.

TOOL SUPPORT

5.1.

5.2,

5.2.1.

In this chapter we will discuss how the method can be supparted. In chapter 4 swe
introduced the modeling concepts used far the concepts of the mathod itself. In this
chapter we will discuss how the curment tooling set of Bizzdesign can be used for
some of the proposed techniques in the method.

Remember, the literature {e.g. [116]) sugnests that 8 method needs o be support
with suitablbe tooling. In section 5.1 we will discuss the general requirements for
tooling support, in section 5.2 we will discuss how the current ktools can be used and
in section 5.3 we will provide conclusions about the current toaling,

Requirements for tooling support.

In this section we will briefly mentian the ghobal requirements for t0aling support.
This is not intended as a full requirements specification for a RM tool. We will only
discuss what features at least should be used and what features we can already
implement in the current booling support. When we 0ok at [116] we see a prototy pe
requirerments bool. This ool enables working with informal requirements, mare
formal requirements models and it records process execution. When we map these
properties o the proposed method in chapter 3 we can derive the following
conclusions:

o Support for kxtual requirements and use of cross referencing between the
requiremesnts,

e Be able to model more formal requirements models {pro-art uses data flow
diagrams, data dictionany and an ER model ).

e Record the output of the requirements negotiation process (decisions, rabonale,
and alternatives),

e  Tooling should record the output of all process execution and provids traceability
links [scenarios, requirements, modeals, atc)

Current tooling suppeort

In this section we will discuss how the available tools within BiZZdesign can be used
o support the requirements Management process,

Medels during problem Investigation

In chapter 3.2 we discuss a way of working b elicit the business requirgments, Onea
of the analysis technigues we propose there is through the use of goal analysis, Tt is
passible t0 draw rodimentary g0al trees in Architect
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5.2.2,

5221

Improve e
fficiency

Faster Decrease

N response - labourcots s

Flgitie 25 ayammia Hoadl s

Atthouah this kind of goal madeling is sufficient 1o build basic goal trees, it lacks
some of the cammon concepts in GORE. The distinction between ANDYOR relations
is already present in the current release of Architect. A distinction not vet available is
that of soft-goals and hard-goals. Soft goals are usually NFR or high level goals (e.0.
improve efficiency in Figure 25: example goal tree).

During the method we also use scenarios to analyze goak and derive additional
business requirements. Currently there i no suppart for actual stenano usage. In
[66” the author suggests a modeling concept for a case (scenario, see also chapter
41, It is possible B use as a limited scenano representation, but it lacks the
analytical properties A scenario has ‘e.q. tiggerng events, description, result, links
ko goals and actors}

In our method we also use the concept of 8 business process as an analytical madel,
Bath BiZZdesiqner and Architect are able to draw business process models.

R R Erd)

Fgitine 282 axamala fusingcs mrecass

Models during solution speciflcation

We have already established in section 2.3 that a specification for a bespoke systemn
should contain system context, list of functions, semantics of these functions and the
quality attributes of these functions. If we ok closely at the Violere template [130]
we 582 bwo models that we can support throwgh the use of Architect and
BiZZdesigner,

Context diagram

A context diagram  shows  the  communication  between the syskem  under
dev2lopment and the environment. This can contain persans, organizational
departments or ather entities depending on the level of detail. In Architect @ model
can be created that resembles this definition.
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£.2.2.2. Duta diagram of the subject demain

A data model of the subject domain specifies the essential subjects, business
objects, entities, et that are relevant for the system under dewelopment. In
BiZ designer we can draw this model using the standard UML notabon. We refer to
[73C for more information about DOA,

UML class 1 UML class 2

UML class 3 UML class 4

Figuwra 28; sultfect dowmain oats nod's!

5.3. Conclusion

Afer booking at the current tooling options within the BiZZdesign tool repositany we
can conclude that some basic well known RE models are fully supperted within the
available tools. This enables the customers of BiZZdesign to at least use Archibect
and BiZZdesigner during their RE process, Still there are a number of techniques that
are not (yet) supported. Currently scenarios {use cases, test cases) can only be
created during the modeling phase as a simplified representation of a proper
scenario, Currently it is also not possible b creake WSDL descriptions  using
BiZ7desianer or Architect (as suggested in the servicg requirements chapter). In
chapter 3.3.22 we also recommend to create value madels during service analysis.
Currently these are not possible to modsl using Architect, but in the near fukture this
support will be added to the BiZZdesian portfalio,

The current BiZZdesion toolset lacks the proper method and traceability support the
RE literature recommends. The introduced concepts by [66] add traceability on a
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higher abstract level. It provides the architectural model with motivation and
reasaning (it supports the method framework presented in 3.10.
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6.

METHOD VALIDATION

6.1,

6.2,

6.2.1.

In this chapter we will conduct & basic validation of the proposed methad. We will
provide an example case and provide an illustration to show how the method warks.
The example will discuss two parts of the methad, we will specify a service and s
will show how COTS selection takes place,

Section 6.1 will provide us with an example case which discusses the context of the
RM methad, in section &2 we will validabke the service-oriented part of the method
and in 6.3 vre will select a new customer management system.

Both chapter 6.2 and chapter ©.3 are structured the same way, we will start with
problem investigation, solution specification, soluicn validation and finally we will
show howe the end model shows us forward and backward traceability,

In section 6.4 the solution properties are compared with the results From the
literature reviews in chapber 2 and in section 5.5 we will discuss the results from the
validation attermpt.

Example case

PRO-FIT iz an average financial service provider, specialized in different insurance
packages, such as life insurances, pensions, investments, travel insura nees, damages
insurances and morkgages.

In the last years PRO-FIT went through a structural change process, the result of
which is that all business processes are consistent up the department level However,
the financial branch is one of the most dynamic and the senior management of PRO-
FIT is now aware of new develspments and threats, which require PRO-FIT B think
of new ways to deal with these new challenges.

A new business service

During the identification of new developments and threats the senior management
of PRC-FIT became aware of the new Service-Orienbed way af thinking, A market
analysis identified a number of apportunities, one of them s a differentiation
strategy for their insurance services using modern Echnolagy.

During the past few months the customer support at PRO-FIT identified & number of
problams as well. Customers are complaining about the lack of insight in their
insurance portfolios, competitors offer new inbernet based solutions where customers
can request all kinds of information about their insurance portfolios,

Prablem investigation

In chapter 3.1.1 we proposed a prablem investigation phase, We have also argued
that this phase will result in a list of the identified stakeholders, their concerns and
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6.2.1.7.

the pricritized business requirements. In section 3.2 we have provided a process
model to gather these results, In this section we will fxllow this procsss model, use a
number of techniques (some more detailed than others) and model the results
accarding to the proposed modeling cancepts in chapker 4.2

Elicitation

In the alicitation phase we start by identifying the stakeholders. There are 8 numbser
of techniques we can use o identify stakeholders. A well known technique is the
Vorlere stakeholder identification technigue [2]. For more information about this
technique we refer to the originating article. We assume that after applying the
Yolere stakeholder identification tachnique we have the following stakeholders:

e customers of PRO-FLT
o senigr management of PRO-FIT
o custorner service department of PRO-FIT

The second step is 0 record the stakeholders cesires. There are a8 number of
techniques that can be used to do so. For simplicity reasons we will assume that the
desires have been collected through surveys, interviews, eke. Again, application of
these techninques is not relevant for this validation. Only the results and the
relationships between them are of any relevance, Secondly, we will also provide a
small st of concerns, again because we just need b demonstrate feasibility.

After surveying the customers of FRO-FIT we can identify the fallowing concerns:

o customers lack the possibility to gain insights in their current insurance portfolio
through modern technology;

e customers Fnd that current ways to manage their insurance portfolio & not
optimal;

o customers find that they should be able to submit claims more easily through
the inkernat;

The senior management of PRO-FIT has the follring concerns:

e itis harder to attract new customers, insurance sales have dropped;

o eyisting customers [Esave or do not buy new insurances from PRO-FIT;
o differentiation is needed to attract new customers:

Customer services of PRO-FIT:

o they experience heavy workload in managing Custamer insurance portfolio’s;
o they experience custorner dissatisfaction;

A second way in identifying goals is examining arganizational decumants and goals,
The releyant organizational goals, principles, general requirements far this RM
prodect are stared in an architectural requirements document. After investigating this
document we s2 the fallowing goals:
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o  Be a reliable business partnar to the custamers;
o Development shauld be dane using the service arientation paradigm;

$.2.1.2. Analysis

The elicited concerms are not y2t complete, We can by 0 derive additional concems
using goal refinement trees (3 way 0 transform a concem into a goal 15 10 find an
Qbjective that negates the concem) Or Jse A husiness scenario. Scenarios can be
used to describe a way of working that addresses certain business goals.  In this
section wa will transform the concems inta goals and refing them using refinement
trees.

Transfrmation of Cconcerms to goals:
Customer:

o Gain bettar insight in portHic;
o  Eetter management of bought insurances;

Senior management;
o increase sales;
e current custamers should not leave FRO-FIT;
o attract new customers through product differentiation;

Help desk:
o derrease warkload;
(] increase customer satisfaction;

In the picture provided below (see Figure 291 swe will show a snippet of a goal tree.
We constructed a goal tree to refine the goalks. We asked WHY questions o elicit
more abstract goals and asked HOW questions ta elicit more concrete goals,

Increase

Increase Be areliable Improve Increase
Insights _business partner ¢ Portfolio customer

. Management satisfacion
A / ag .

Provide
Intemnet based
Solution /

Figure 20: smpnst af 3 G030 bras
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$.2.1.3.

5.2.1.4.

$.2.1.5.

During the analysis phase we also pricritize the goals. The results from this analysis
phase should be recorded. We now have prioritized goals, based on a certain
rationale.

Specification

Curing this phase we specify all the work done up until now. Duaring this phase we
will write down the stakebolders and their concerns, the functional business
requirements, business constraints and the pon-functional business requirements.
Curing this validation example we swill s2e those steps as trivial and will not discuss
them any further.

Validation

During this phase the specified business requirements need to be validated against
the stakeholders concerns, The techniques to us these are trivial in nakure. We will
not discuss these in the example. After validation we hawe a validated requirements
specification. It is possible to record the results of this phase,

Madeling the results

Afer the problem analysis phase we now have the stakeholders, their prioritized
concerns and the business requirements. We can now use Architect to model these
concepts. It s arguahle that modeling is a form of specifiing the requirements. But
after actually working on this example we found that the models have the tendency
o grow quite quickly, Therefone we will only focus on the relevant modealing aspects.
Of caurse in the end the end-user of the method is free to choose how he specifies

the rE[]uirEl’ﬂEl"ltS.

Sub-optimal
Customer rtfolio managemen

Figure 30- modelas cancems of He customsr

Dropped insuran

/ sales
Leaving
customers

Use differentiatiol
strategy

Senior
Management
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When we model the busingss requirements, we will use a modified geal
representation, As mentioned before, we have chosen the goal notation becauss
gaals explain the why very well, Business requirements provide by definition the why
for systems. In business requirements we can also distinguish the types functional,
non-functional and constraints.

Lackof insight
%/
b-optimal AA

Customer

Management Use differentiation

Figura 38 husiiess raguiramenis ralsfed o stakahalder concems

Using a goal notation for the business requirements (see Figqure 33: ) provides us
with an excellent way o réason about the why iy architectural elements. It also
prowides us why we decided b build a cartain element.
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6.2.2,

H5.2.2.1.

= =2

/ T

/ —
/
/ —
Lackofinsight ‘ ) Bad ‘ ) Dmmedirsumj ’ Leaving cus ) lkedilerem‘aﬁ;j ) lkesewi[ ,
\\\\\\\ \\\\\ T~ = ,"/ ‘\“‘ ‘\“‘

Flguna 332 shatalini@as, concams ano’ Busiacs ragiiements

As we can see hers a goal notation fr business requirements provides us with a
structured way to show us why a certain architectural element should be thers. It
also gives us an owerview of the problem under investigation ; it shows who has what
desires, the objectives to be reached and how they should be reached.

Investigate solution alternatives

In this section we will provide an example that will disouss the application of the
solution specification part of the method. In this context we will specify the behavior
of an insurance portfolio management servics,

Elicitation

In this section we will use aur proposed method to specify a business service, This
business senvice provides the customers with an “insurance administration™ aption,
This husiress service abstracts from any technology related Bsues. We will only
specify the senvice-related concepts. The contaxt of this specification is that the
organization itself acts as a service provider, We therefore nesd to identify
requirements for this service, Again we assume that the right stakeholders haye
been identified, and some sort af market scan has been performed {or knowledge
about the market is availablz). We will now identify the system requirements, Thess
are based on the business requirements, a refinement of these business
requirerments (e.g. stakeholders could be asked what the requirements are for a
certain solution bypel, arganizational goals, etc. The two techniques that we will use
are stakeholder elicitation and organizational goal analysis. We will then elicit a
number of requirements for the business service (again, this is only for illustration
purposes only, & complete list of requirements is not needed’,
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6.22.2,

We still have a list of stakeholder concerns; we have transformed these into business
requirements, These were, improve partfolio management, and increase insight into
the insurance portfolio.

We can then use these husiness requirements and organizational goaks 0 identify
systemn requirements for the business service. We present a selection of the
following system requirements:

1] The service shall pravide the customer with the cption to view the status of
his insurancs portfolio;

21 The servicg shall provide the customer 1 handle claims,;

3] The service shall provide the customer to view prémium payments;

41 The service shall provide the fustomer with the option to buy new
insurancas fiom PRO-FIT.

51 The service must have a guaranteed availability of 93, 6%.

Analysis

In this phase wee will refire the elicited requirements, We will also try B ook at how
we can realize the service, We will investigate our business procssses to alicit
additional  requiremants  and  construct a  scenario b check if our  elicibed
roquircments are carrcck,

Handle claim S

Formalise Create contract!’! Checkand sign Check b
I e e S )

Floitone Te siwonal AF 20 @yamipie Huciees e

In Figure 34 we see the business process “close contract” After analyzing this
business process we can refing reguirement £2 inke;

11 The service must be able to formalize the contract;
2] The service must be able to create the contract;

We will now try 2 refine these rRguirements even more by using a stenario that
describes “close Contract process”,

Event name | Input SCenario ot
Request for | Consumer After a (potential) customer inftiates Signed
insurance request are request for a new insurance policy | contract

the first step is to farmalize the
contract. Contract fvrmalization is
realized through an intensive
neotiabion progess with the
cuskamer, insurer and an
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intermediary. After the formalization
phase the contract is drawn up,
signed and send to the customer. The
custamer has to $ign the cantract as
well and send it back.

Table 17 requast far insurancs scanaiia

After analyzing this soenario we can refine requirement #27 aven further:

31 The service must show the customer the status of the of the negotiation
pracess,

Requirements proritization also t3kas place during this phase. Because we wark with
such a small example and because of the practical nature of prioritization we take
this step for granked,

The next step is to identify component services we can use bo offer this new service
b the customer (see Figure 35 for an overviesy of existing services). We can fird
existing services easily by inwestigating the ewdsting architecture model, The
architecture provides us with required design infermation.

Insurance
Premium, Payment
senice ) ) Senice )
Mutatation Verzekerings =

!

Senvice Polis

Policy Claim
Servioe) Senice )

Figura 35- avsilsble sarwres

Remember, we have identified the following requirements. We will use these
requirements (o elicit component services,

o buy new insurances;
o edit insurances;,

o laim handling;

e premium payment;

If we compare these functional requirements to the available services we ses we can

Create a composite service through combining the existing services, Our portfalio
MANAGEMEnt service will use the:
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6.2.2.3.

h.2.2.4,

5.2.2.5.

e  Prcmium scrvioc;
o Mutation service;
o Paymaont servic;
o (Clairm service;

Specification

Again, we fAnd that the specification phase s somewhat out the scope of this
example. We refer to the Volere template [130] for more information about a
requirements specification. The recommended specification techniques have been
validaked in [185]. After this phase we assume tc have a requirements specification
with the identified stakehaldars, business requirements, requiraments, data model of
the service, value madels and business process models.

Validation

During this phase the specified business requirements need to be validated against
the stakeholders concerns, The techniques to us these are trivial in nakure. We will
not discuss these in the example. After validation we hawe a validated requirements
specification. It is possible to record the results of this phase,

Negotiation

The negotiating phase has been valiclated in [26]. In a modeling example ke this it
is nearly impossible to validabe the accuracy of process steps. We will therefore anly
shosy this step for illustration purpases only. Another possible problem is the Fact
that PRO-FIT just specifies a SLA and the customer just has b accept it. For
illustration purposes anly we will assumea this is not the case.

The: first step is where the consumar and the provider have to agree an the conkents
of the SLA. We will use the non-functional requirement as an example, PRO-FIT
specified that in arder for thern to be a relisble business partner thair service ness
o have an availability of 99%. The consumer in this case does nat agres with the
99% and they settle or an availability of 99.6%. Afer agreeing on the needs the
secand step is to prioritize these needs (see 3.3.4 for more information about
prioritization). The third step comprises of defining the responsibility of wha has to
perform what, Bouman [26] mentcns that this phase is particularly important
because it is not always clear what the responsibilities of the cansumer are for the
prowider (2.9, consumer is respansible fr providing accurabs measuring data ).

The fourth step within this phase is to agree on the metrics used. One technigues
that can be used is the GOJM technique. We have agreed upon on an availability of
99.6%, Through wsage of the GQM technigque we have agreed on the metric that
availability is measured from the time the customer notices the incident and
expariences the down-time. During the fifth step we have b agree on the
apprapriate incident response, PRO-FIT agrees with the customer that the proper
response 0 reported down-time is b guarantee the service re-availability within 8
working honars.,

The results mentioned here are recorded in the SLA document and after validation
used as a binding contract between PRO-FIT and the customer.
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6.2.2.8.

6.22.7.

Maonitaring

In chapter 6 we have argued that monitoring is an important aspect in scrvico
ariented RE. Manitaring is not only used t0 measure the service performance against
the SLA drawn in the previous phase but also ko find out new demands from the
market.

In the previous phase PRO-FIT and the unnamed customer agresd on service
availabiliy metrics how to measure service performance, In this phase we will show
hoawe the monitoring phase can be used b refine the requirements to changing
customer demands, In chapter 6.3 we have suggested o use benchmarking, gap
analysis or perfarmance measurements as techniques o monitor service delivery
perfarmance,

The unnamed custamer ard other customers have been using the management
partfolio service provided by PRO-FIT Fr quite some time now. The measurements
proviged by the customers oo nob indicate any problems with service dedivery
performance.  In order t0 gain more insight in how the portfolio management
service performs compared 0 competitors the requirements enginegr performs a
benchmark analysis, The results of this benchmark clearly show that similar services
provided by competitors contain mare features with higher service quality standards.
Therefore another iteration of the RE process is required © refing the current
partfalio management service,

Modeling the resulls

After specifying the solution properties we nowr have the following relevant concepts:
o gystom roquircmcents

o design artifacts [requirements anahsis models, <k

o A usE case [scenanio) describing sysbem usage.

We will now show some of the options we have to model these relevant concepts,

Firstly we will model the system requirements and link them to the relevant business
regUircments.

Bm:rflin

Figure Ja: maggoing om businass ragquivemants fa spstany regoiremenit=

The second step of is to model the relevant artifacts created during the RE process,
We will then link the relevant concepts o each other (see Figura 373,
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6.2.3.

6.2.3.1.

Floura 37 srapmat of rnoelelied raguiremanis for 3 portolo Manssement cendca

Solufion Validation

In the previous phase we haye constructed a number of requirements specifcations
fexplicitly or implicitly). Guring this phase we will explain the validation phasa to pick
the: best possible sclation. In this example we take the view that there are a number
of service specifications and designs. We assume that during the solution validation
phase the requirements engineer  organized a4 validation  session  with  the
stakeholders and that the financials have been investigated, Far fllustration purposes
only we will assume that the different requirements specifications differ on the
service delivery quality. As a concrete example we will use the availability of 99%
requirement. During this phase we have three different requirements specifications.
We assume we have a requirements specification that specified the availability of
28%, one with the availability of 99% and the availahility of 35.9%. ARer an initial
financial analysis (i.e. ROI} it was concluded that specification with 9% availability
was the most profitable. This result was then discussed in a stakeholder validation
meeting and therafore decided that the specification with 99% availability had to be
implementad,

Modeling results

Afer the solution validation we now have a decision about which altermative is st
bwva sabation specifications that where rejectzd and a final choice. The final choice is
rodelad as the normal architectural element.
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6.2.4. Traceability for the Portfolio Management Service

We will showr that the method l2ads to requirements raceability throwah anakyzing
Fiqure 33 . We wil show that forward and backward raceability is realized. We see
Forward traceability at work with the concern "use differentiation strategy™ from
senior managernent. This leads to the business requirement “Be a reliable business
partner”. We implement this goal through a nonfunchonal system reqguirement
“availability ofF the service must be at least 99%%",

It is also easy o demonstrate backward traceability as well, the system requirement
“farmalize contract™ is a sub function of “buying new irsurances”. We see that
buying new insurances implemeants the business requirement "offer a8 web-based
service for portfolio management™
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Figure 349 raquiremants auodal e tha povlfalio managemant sarvica

8.3. Selecting a customer management application

In this section we will validabs another part of the mathod, In the previous example
we hawe shown how ta use the method for 8 senvice, In this secton we will discuss
how to use the method for COTS selection. Because we already demenstrated larges
parts of the methad, we will focus on the COTS selection only.

We will again use the PRO-FIT case, more precisely their efor in selecting 8
customer support application,

After the problem investigation phase we have identified the fallowing stakeholders
and thair concerns:

Senior Management;

o Customer satisfaction belmwr desired levels
e  Buy of the shealf before making it ourselves
IT deparkment:

e Wea do not want silo's
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Customer
o  (ur persanal information ahvays seems incorrect ar unknown

Afer investgating the organizational goals throwgh analyzing the  architectural
prirkiples we alse Barkd the relevant organization goal "never ask for known
information”™

Using the same technigues as in saction 6.2.1 we have refined these into the
following business requirements:

Figura H- siakshalders, concanns and Businass requirements

During the investigating solution alkermatives phase we will refine the concepts from
Figure 40 intz a preliminary set of System requirements, We have already
demonstrated the applicability of some of the technigues in section 5.2.1, we will
therefore only discuss the results,

Afer refirement we have the following st of requirameants:

o  Ghiwy rustomer information;

o  Edit customer;

o Insert mew customer;

o Interface with insurance acceptance system;
o (ustomer data interface;

Cine of the concerns of Senior management was that they wish to buy before making
it themselyes, Therefore after searching the inteérmet we have identified three
customer management applications that we can use;

o Customer Management Application of company X

o Customer Management Application of campany ¥
o Customer Management Application of company z
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6.3.1.

The First step in analyzing the found products is to determine the evaluation criteria.
In our case, we will base them on the functional requirements and the price of the
syskems.,

o The application must be atzle b show aur customer information

e \We must be able to edit customears

o e must be ahle to insert 8 new custamer

o And we want an interface with our insurance acceptance system,

o e want the cheapest product that complies with the reguircments.

Al applications are able to show customer information, insert and edit customers,
The differences lie in the 4™ requirement. Because campany x is also the provider of
aur insurance acceptance systems, they alreacy have an interface readily available
we can use. Company v doesn't pravide an interface at all and company z wants to
develop an interface for his product for an additional fee. Therefore the product from
campany x will be used as our customer management syskem.

Customer Management
- Application of Company
X

Figuea #1: choasiig saolication «

Traceability for the customer monagement application

\We have already demonstrated that traceability is an import aspect in RM and
argued that a RM method should incorporate traceability. However we have not yet
shown how we realized traceability. We defined traceability as "the ability to describe
and folloswe the life of 8 requirement, in oth a Rrwards and backwards direction”

In this section we will show that our method results in both forwards and backwards
traceability through method and modeling support.

For this example we use the PRO-FIT case again, more precisely their customer
suppert application ($ee Figurs 42). We will show that afer modeling it is possible to
show where the requirements came fram andd where they were implemented,
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When we ook at Figure 42 we can see backward traceabiliby. Backward traceability
i5 to determine where the requirements spawn from., When we Iook at the
requirement “interface for insurance acceptance systems” we see that it spavned
from the business requiremeant “interoperability with other systemns”. This directly
spawned from the concerns issued by the [T-department that they dont want to
work with isolated silo applications.

Forwards traceability shows how requirements are implemeanted in either systemn
components or system funcbons (see Figure 8). We will start with the business
requirement "need COTS system that ensures Sorrect custamer information”. This is
refined into the business requirermant "k able o edit incomect irformation”. Where
as this is implemeniad by the system requirement “edit customer information™ and
“shiwy custamer information”. Both these requirements are yeb again AHevedrerited
by the edit customer flow chart and the system that was bought of the shelf,

6.4, Mapping of solution properties to the requirements

In this section we will discuss how the proposed solution properties can be mapped
against the requirements from chapter 5. One of the overall requirements was that
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the method should start with high-lewvel business requirements. In this section we
discussed how we could translabs organizational goals and stakeholder concerns to
high level business objectives. During this phase of the method we are still {in
theary ) abstracted avway from any possible solution implementation,

We hawe also discussed the requirements for realizing traceability. We have
concluded that in order to realize traceability we should include it explicily in the RE
process, During this phase we have recorded the pre-RS information. We suggested
recording all process information (e.g. stakeholders and their concerns, etc). This
enabledd us to madel the stakeholders, their prioritized concerne and the high level
business requinsments.

We have alse shown how 0 specify the system requirements for an information
service that will be provided o the customer. We have used the earlier business
requirements as an input for the syskem requiremants. Thase system requirements
implement the business requiremants, We have also used the service prowvider
process model, We assumed that PRO-FIT in this case is the service provider and the
customer the service consumer. We therefore made an explicit distinction bebwesan
the consurmner and the provider roles,

We have also shown the different interaction points between the provider and the
customer, being service negotiation and monitoring, The service provider process
model also shows that we specified generalized services based on market demancs
and is adjusted according ko changing market needs. We have also shown that the
RE phase ends with a SLA.

We hiawve also argued that service-orented RE used properties of both RE for COTS
and IT services management, In order te elidit réquirements for a service we used
the term “inventing requirements”. This is gathering requirements fr a system that
is aimed at pleasing market demands, based on expected needs. Both [4, 7] discues
this process, We have alko used the IT service management literature o incluce the
5LA specification phase. More infarmation abaut this can be found here [26].

Curing the equirerments specification phase we have used the value aspect of a
seErvice to specify it This was realized through the concept oF 8 viewpoint,

We have also demonstrated that RE is both about problem investigation and
specifying solution behaviar, We started the method with recording the stakeholder
cancerns, analyzing these and transkate them inte business requirements. The
secand part of the method we have specified solution behavior. According to our
discussion in section 2.3.1 we should have recorded the experienced problematic
phenomena, the relations between these phenomena, why this & seen as
problematic and who experiences these problems. If we loak at our business
requirements goal models from the prablem investigation phase we see that his is
true, We have recondad the experiences and through goal refinement it is possible to
see the relations betwezn the phenomena and why this is experiencead,

We have also shown that we have implemented the requirement that the method
Should lead t0 a design decision that results in a fnal choice and alternatives that did
not make it. We assumed that in the prewious phase we had beo additional
specificatians (it is alse possible that the alternatives are completely other praducts
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and that the design decision is a choice bebween a product, service, and business
processes, ete)

4.5. Conclusion

During this example we have shown that it is possible to map method properties to
the requirements From chapter 5 We do have a Few comments and sugoestdons
ahout the currert modeling damain, Modeling all the requircments is an intensive
sk, Even in our trivial examplke with only a few requirements and concarms we had
to limit the amount of requirements. We therefore suggest limiting the modeling of
requirements ta a cartain level of abstraction,

A gecond point of further investination is the pre-defined modeling views. The pre-
defined views are not that hard to use. Although we do suggest o adapt existing
wizws in Architect

After writing this example and modeling the resulks from the RE method we suggest
that requiremerts modeling in Architect should be only used to enrich the Archibect
model, It s not applicable to use as a requirements repository. A dedicated toal that
supporks the entine RE process could be used to store the output from the
requirements enginasring process. Belevant information should then be modeled in
Architect to enrich the architectural model.

Another point of discussion is the lewvel of abstraction used in the requirements
domain. In [66] the author introduces the concepts of case and design artifact. It
rmight e more interesting to create new concepts based on the models that can be
created wsing Architect or BiZZdesigner (e.g. data domain models). These models
couled be implement2d as a new view (o adapt a view] in Architect, We suggest
implementing these views after a validation rourd with the customers of BiZ Zdesion.
A fourth peint of discussion is the lack of a modeling approach. During axacution of
the method and madeling the results we found that a pre-defined  modeling
approach, to integrate requirements modeling in oan BA context, s required,
Therefore we added a modeling approach in the modeling section of this thesis. The
Ffth thing we neticed during the madeling phase is that the business requirements
domain and the solution requirements domain could be menged,

It is also difficult ko distinguish when to classify something as a business requirement
ar system requirement. When we are talking of high level goals, it is easy to classify
it a5 @ business requirement. We found the following rule of thumb a good guideline
o wse, When a husiness requirement can be implemented by a requirernent that ¢an
be executed by a person we skt speaking of system requirements (e, the
busiress requirement ¥To support selling insurances” can be implemented by the
System requirement “buy insurance™,

Lastly, but not least, because we had to work with a pre-defined mod=ling domain
which lacked some of the needed semantics we had to find and apply thess
semantics as well. When we look at the GORE literature we see that the majoerity of
the newly cefined semantics matches the GORE literabure. The anly major difference
is the absence of the distinction between hard and soft goals (see Appendiz 1), We
there fore suggest that after a mare thorough validation the model domains should
be further improved,
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7. COMPARISON TO
RELATED CONCEPTS

In this chapter we wil position our method in a number of framaworks and system
development methocds, This is dona to show the relevancy of the method and where
it can be used. In section 7.1 we show how the method relates to the existing BEM
model wsed by Billdesign. Section 7.2 demorstrates how the method can
supplement thair BPM method and in section 7.3 we position our method in existing
dev2lnpment methods and compare it to the Volere and i#/ tropos methods,

7.1. Positioning of the method in the layered BPM model

In section 1.1 we introduced BiZZdesion and their layered BPM model. We il
quickly summarize the model here and position the method in this Framework, The
layered BPM model comprises 3 hordzantal layers (strategize, design, execute] and
bva wertical lavers (implementation and gavemance).

Strategize

Steering and giving focus to an arganization beging  with  identifying  new
developments and opportunities. These develbpments and  opportunities  are
translated into palicies, geals, guidelines and principles for the business and the IT.
Business systerns are a way to realize these goals; these systems should create both
strategic alignment between business and IT and act as an enabler to realize
organizational goals, Requirements for business systems ultimatgly need o adhers
o these high level business goals,

Design

In the EA framework model design represents the instrument through which one can
redesign organizations, These models describe the various organizational layers at
different detail and abstraction levels, In design requirements engineering for
busiress systems starts, problems are identified and possible solutions for these
problems are identified. Based on the type of solution different techniques can be
used and lead to different requirements mocdels and a specification of the system.

Execute
This is the phase where the planred solutions are realized and the incorporation of
the newly developed solutions into daily use. Depending on the solution type this
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may result in new products, services, business processes, applications and
information.

Implementation

Onee the derision to improve has been taken, the implementation of this decision
may begin. This starks by identifying what needs to be changed, namely the
translating of the decision inte concrete requirerments specifications.  Identifying the
needs is the damain of requirernents enginesring. Te position the engineering cycle
within & known framework we argue that the steps of problem irvestigation, solution
design, solution validation and solution implementatden ik within the implernsntation
elermart af the layered BPM model. We can also place RE onto this framework. As
mentioned before RE is about getting from problem  investigation ko solution
specification. RE can be found in the steps problem investigation ang solution design
of the engineering cycle. Requirements engineering basically comprises the steps of
requirements elicitation, analyses, specification and walidation. Reguirements
validaton is when we either show that the stated requirements are correct or that
the delivered solution meets the requirements. The latker is alsa known as
requirements verification.

Govermance

After a soluticn has been implemented, the implementstion needs to be evaluated.
Implementation evaluaticnn happens in the governance layer of the BPM maodel,
During the governance oycle the solution is constantly evaluated to check if it still
adherss 10 the business requirements and arganizational goals. The govermance
process for business systems is mainly directad at monitoring the performance of the
systems. For example, it is common for business sysbems composed out of services
I use KRS [B] t0 monitar the perfyrmance of 3 service ba check iF the services still
camply with the created SLAs, Another function of governance for business systems
it to check i they still adhere to the busingss geals and strategy. When they no
longer adhere to those goals a rew iteration of change is nesded 10 develop new, or
mcklify the systems, This will lead to a change impulse that initiates another REE

oycle,

7.2. BPM and the RM method

In the BiZZdesign portfalio we can also Ard their BPMYBPE methnd. This methad is
an approsach 0 analvee and redesign business processes.  In this method we can
either see BPM as a technique for analyzing and specifying a new solution [business
ProCesses) or use Dusiness process analysis as a technigque e requirements
analysis, Business processes can serve as a context for systems, they can be used to
derive gaals, identify stakeelolders (roles associated to the activities in a business
process, k) There are a numbser of situabcns in our method where BPM can be
used a5 a technique to adapt.

o After the initial problem analysis, our method tries to be as solution indepandent

as possible. Mew or improved business processes can be seen as a solution that
can solve the experienced problems,

Theasis “Metaod for Requireryenss Masagement” - April 2, 2208 — wWilce Engsle man 1006



)
&

Universitait Twante BiZZdESigI‘I

de padernemende wnserRifeil

o Adapting to COTS software, as mentionsd in the COTS selection section of this
thesis, we mentioned BPM/BFE as a technigue that can be used by the
organization to adapt to standard delivered software ;

e Adapting to services, the same line of reascning applies here, services offer
generalized functionality, therefore the consumer might need o adapt o the
offered functionality

7.3. Positioning in development methods

7.3.1.

7.3.2.

To demonstrate the added value of the proposed method we will compare our
method to a number of well known development methods and RE methods. In
section 7.3.1 and 7.3.2 we position gur method in the well known DSGM and EUP
development methods. In section 7.4.1 we compare our method to the well known
YOLERE method.

D5DM

D50M [128] is a framework containing steering mechanisms for Rapid Application
Development. It is used in the development of information systems. DSDM
acknowledoes that projects are restrained by time and resources, and that
requirements should be able to change. The framework suggests that after
conducting a feasibility study and @ business study a functional prototype should be
identified, created and reviewad. After the next step it suggests to design the
prototypes and afterwards implementation.

Although DEDM doss mention requirements and a functional prototype it lacks how
o get to a functional model, It does not provide process guidanca how t0 get to 8
well defined requirements specification.

RUP

RUP is refinement of the generic Unified Process and developed by Rational Sofbware
CorporationIBM . The main reason behind RUP was to tackle the problem of ad hoc
requirements, ambiguous requirements, =tc. RUP can be divided into four main
phases;

e Inception phase, during this phase project feasibility and scope is determined,
The end goal is a go/no-go decision based on assessed risks and cost
projections.

e Elabwration phase, during this phase functional requirements are specified [using
use cases) and the system architecture is development.

o  Constructon phase, during this phase the systam is created.

o Transition phase, during this phase the system is validated by the stakeholders
through besting. After implementation a lessons learned document is created.

In RUF requirements engineering starts at the incaption phase and ends in the
canstruction phase. The end document is the specification, IF we ook closely at the
provided documents by IBM we can distinguish the same behavior as with DSDM.
RUP does mention some of the RE acBvities and end-pradusts, but again it lacks a
detailed method for RE. Qur methad provides a more detailed RE process model,
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7.3.3.

with an explicit link betwesn syskem requirements and their business objectives. We
also abstract from techniques used and provide information when it is possible to
use what technique.

This desian study has provided BiZZdesign with a foundation of hoth proven RE
knowledge and cuting edge Service-Oriented RE knowledge,

During the solution implementation phase special atkention should be given b the
propased service orented aspects of the method, as this is an opportunity in the RE
Feld.

Angther impertant contribution t0 practice is that the method distinguishes iself by
nawe anly providing a RE process model, bt it ako provides practice with a modealing
technique. This modeling technique can be used to visually realize traceability in
Enterprise Architecture models,

BiZZdesign EA method

An important activity is the positioning of our RM method in the general EA mathod
used by BiZZdesign [see [71] chapter 3 and Figure 43). We will firstly summarize
this process maddel and then position our activities for RM within this medel.

The EA vision phase documents the architecture’s drivers; these are expressed in
long termn goals and drivers, In this phase organizatonal goals are identified,
impartant stakeholders are identified and their concems are recorded. In the second
phase the current situation and the desired situation are described (incorporating the
stakeholder concerns). These descriptions describe eithar the EBA, EAS, ETA layers
of the architecture framewark. In the third phase the differences between the
current skate and the desired state are anahyzed and resalts inoa lisk of the
functignality to be realized, documentation of the choices that have been made and
the results from the different analysis. During the migration planning phase the
wishes and functionality are broken into smaller parts and assigned to the projects
that will realiza them and during the BA maintenance phase results in the grounds
For & new iteration of the cycle,

Figua A3 an Ed pracass page f717

Cur method s also a oyclic method (see Figure 10) cansisting of the phases problem
investigation, specification of business requirements, investigate alternatives, specify
business requirements and validate the solutions,

EM method EA Method
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Prablem investigation EBA, EAR, ETA
Investigate selution altermatives

Validate solution

Table IE: mapoig af e KM onto tha EA raiiad

We argue that our method takes place in the relevant EBA, EAA and ETA sactions of
the EA process model. The reasoning behind this is as follows. If we zoom in an the
EAA section of the process moddel and the application domain we see the following
approach:

o Goals

o Design principles

o Stakeholders

o D[ata domainfapplication domainfeoherence
o Dorument, validate and iterate

This is again the basic problem solving and desion Famework, We can map our
three phases exactly on these steps,

RM method EAA approach

Pratrem Investigation | Goals, Design principles, Stakeholders
Investigate Alternatives | Data domainfapplication domainf coherence,
U mierit

Salution Validation Validabe and ibarate

Table 19 maguing ante Edd aopwoack

7.4. Alternative RE methods

7.4.1.

There are already a number of requirements methods availabla. In this section we
will discuss some of them. We have selected the Volere method because of its
acceptance in the literature, we have selected CMMI because it provides best
practices and we compare the method to I* because it handles with relevant goal
cancepts and modeling concepts,

VOLERE requirements methad

One very well known RE method is the Valere specification method [130]. This
method starts with a project blast off to assess the risks and b determine the
business ohbjects of the system under development. IE describes a custom process
model, very much similar Tke our bespoke systems process model.

It also uses a wariation of the engineering cycle {although with custom naming
conventions) and in more much more detail. But the major process steps (e
eliciting, analyzing, specification, walidation, designing,  implementation  and
evaluation) are there, It ako provides a wealth of guidelines and technicques, The
Yolers method seems to focus much mare abjectives than aur proposad method, But
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7.4.2,

in general it looks like a solid method. However, the Volere method 5 not entirely
suitable by wse in the context we position our method and does not meet all the
requirements we have drawn. We will highlight a few of them:

o W2 already had a modeling domain, Our mathod is aimed at supporting the
already available requirements modeling domain. Integrating this with the Yoleres
rmethod would have Been a time consuming task.

e e use requirements as a form to create tracesbility in architectural models, We
therefore did an extensive background research inko [requiremants ) traceability.
We have drawn up context models that can be used based on our madeling
damain and the state of the art in the RT literature. This is not included in the
Valere process modal,

e The Vaolere method predates the service-oriented paradigm and does net inglude
this in their method.

e It does not establish the influence of EA on the RM process, as we described in
the intraduction of this chapter and during the literature review phases,

o Wa alsn establisherd that business requirements Osystem need) directly
influences the system requirements. For traceability purposes we have provided
& way to link these business requirements to the system requirements D
argued that system requirements implement the business reguirements), This is
much less extensively coversd in the Yolere methocd,

After careful consideration we rejecked the Volere process model as an option b use
2% a basis for our methad, Our proposad method suits the reguirgments much better
than the Valere method. However we were able o use parks of the glabal idea and
EEchnigues in our method,

I* / TROPQ3J

[* [180] is a technique that fcuses on modeling and reasoning support for early
phase reguirements enginesring, It tries o capture the understanding of the
organizational context and rationales that lead up W systems reguirements. I
consists of bwo main modeling components. The Strategic Dependency (SO0 model is
used to describe the dependency relationships among wvarious actors in an
organizational contexk. The Strategic Rationale (SR) model s used to describe
stakeholder interests and concerns, and how they might be addressed by various
canfigurations of systems and environments [179] [180].

I* can be usexd for both early and late phases of RE. During the early réquirements
phase ¢ is used to model the environment of the system to be, it Facilitates the
analysis of the domain by allowing the modeller b diagrammatically represent the
stakeholders of the system, their objectives and their relationships [87]. During the
late phases the # models are used to propose the new system and the new
pricesses and evaluate them on how well they mest the functional and non-
functional needs of the uses.

Tropos is an extension framework for i, it is 8 requirements driven agent oriented
development methodology [28] [87]. Tropos guides the development of agent-based
systems from the early raquirements analysis through architectural design and
detailed desian b implementaticn [37].
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7.4.3.

[* hias quite a ok in common with our proposed modeling framework. The SR uses
the same concepts as our method and modeling domain, They model the
stakeholders, goalks, soft geals and tasks. Goals are realised by tasks and soft goals
mention how well a kask should be executed. Their early phase requirements process
maps in general pretty well to our stakeholders and business requirements domains.
Their distinction betweeen early and 1at@ requirements is almost the same as our
distinction between business requirements and system requirements, Our business
requirements are the needs of the organization, stakeholders and  system
requirements are designed to implement these needs, The main questian again, why
nat use R Tropos instead of developing our own method? We will provida a fewr
arguments why we think our method fits Gur requirements better:

e Although the madeling concepts used in i* match our concepts, theirs are much
more detailed. Therefore their models have the tendency to grow ewen faster
out of conkrol.

o Owr business requirements are focused on both arganizatianal goals and
stakeholder necds. They explain why an organization naeds a system and why
other stakeholders require this system. This is kess clear in i

o Inour method we do not explicitly specify for software systems, TROPOS and i#
take a software based solution for grantad,

e TROPOS does not take COTS selection in consideration.

o Although TROPOS is redesigned for services, we believe it is not suitable to use.
Our reviesw of the likerabure sugoested different activities and specification
techniques were required (2., monitoring activities for 8 continiouws RE ¢yvche ar
using value specifications),

CMMI

CMMI [148] & @ process improvement approach that provides organizations with
guidelines for effective processes. There are two differert models availahle,
development and acquisition and a third one (for services) is under development.
CMMI provides pracess guidelines for RE, either For developrment or COTS selection.
The process guidelines for bespoke systems specification resemhbles the process
introduced in this thesis and the Volere requirements proosss. I stars with
identifying custormer needs and refining these intd product egquirements.

The proposed RE process model far acquisition identifies customer needs as well and
tries to refine these into contractual requirements, These are specified requirements
the bought produdct should adhere o,

The CMMI process models are widely accepbed process models based an best
practices,  Why not use the CMMI process models instead of developing our owm
rmethod? We can answer this question by reusing some of the arguments used in
discussion the Yolere model.
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o  Firstly, we already had a medeling demain, Our method is aimed at supparting
the already available requirements modeling damain, Integrating this with the

CMMI practices would have been a time consuming task;

o  Secondly, we use requirements as a form to create traceability in architectural
models, We therefore did an extensive background research inta (requirements)
traceabiliby. We hawve drawn up context models that can be used based on our
modeling domain and the state of the art in the ET lierature. This & not
included in the CMMI models,

o The described acquisttion process modal is quite different than we concluded
after analyzing the scientific likerature. This provides us with a reason o develop
our own pracess model for COTS selection;

e Service orientation & still under development for CMKIL  therefore no
requirements process model had been defined (March 20087;

o Our method pravides better integration by using an absbract Framewark where
we place, needs identification, solution design/selection and validation.

o Berause traceability was an imporant aspect of this research, our process
models are aimed at generating the information needed to realize traceability
from system functions to stakeholders and vice versa.

o W also showr the role of BA in requirements engineering; this i not there in the
CMMI process models,

Angther differencs betveaen our methad and the suggested CMMI approaches is that
CMMI provides a set of activities and desired gutcomes {goals). Cur methad provides
a more detailed approach howe the set of activities interact and the relation bebueen
the end producks of every step [we therefore provide process guidancs, wheang CMMI
provides outtome guidance).

The most imporant requirements activities at CMMI are at level two and three.
Requirements Management activities are defined at level two and Requirements
Dev2lopment at level three, If we look at the goals of these activities and compars
them ko our method we can see the following.

In Eequirements Dewelopment the main goals are to develop customer
requirements,  develop  product requirements  and  analyze  and  validate  the
requirements, Qur method  does use slightly  different t2rms,  our business
requirements include the term customer requirements [CMMI defines this as the
needs for a systerm), These customer requirements are then refined into product
requirements, this & more ar less the same we suggest when we refing our business
requirements into system requirements, The last primary goal is the analysis and
validatcen of requirements. This is also done in aur method

If we compare our methad o the Requirements Management section of CMMT we do
see g small gap. We clearly meet the goal "maintain bidirectional traceability of
requirements”. The goals "manage requirements changes” and "obkain commitment
o requirements” are partially met or nat met at all (the latter was left out of the
scope intentionally of this thesis),

7.5 Conclusion
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In this chapter we mapped the proposed method to the existing BiZZdesign
portfalio, We have arqued that requirements engineering and architecture desingn
overlap, if we look Closer, we see our RM method as a detailed subset of the existing
EA process modsl RM drives the design of the archibecture and the EA therefare
provides a scope and conbext for RM. The current state of this method does not yet
contain the elements on how bo control a methad, how to sctup RM prajocts, otc. In
the future we nead to bbok on how to exbend the method with these elements and
hewe the existing tools like the grip card and Risk manager can suppart those new
aspects, We also compared aur methoed 1o well ko RE methads o demonstraks
the need o develop a new method. Comparisan with Yalere, i* [ Trapos and CMMI
shovwved that although they where samewhat usable, they did not abwvays map to our
canclusions drawn in chapter 2.9,
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8. CONCLUSION AND
DISCUSSION

In the previous chapters we have presented the aspects of RM, developed these
aspects inko a method, showed how to model the requirements, and showed how
ool support can supplement the method, provided a validation and discussed the
position of the method in related concepts, In this chapter we will discuss the
results, the relevance, derive general conclusions and provide a number of
recommendations. Section 8.1 will discoss the result of this design study, secton 8.2
prowides a general context b the results, we will show relevance in 8.3, and
conclude this thesis with & conclusion and recommendations insections 8.4 and B.5.

8.1. Result

In seckon 1.2.1 we presented the main goal of this thesis, t0 develop a method for
RM, using previously developed modeling concepts. And in section 1.2.4 we specified
the high level structure of this method. The method should be based on solid theory,
provide process modgls, provide modeling concepts and discuss tooling support, In
chapter 2 we privide the conclusions of an estensive literature review abouot
requirements enginearing, mquirements traceability and how to position RM o EA,
Based on these reviews chapter 2.9 provides us with requirements for the method
under development. In chapter 3 we present & method based on these
requirements, It positions the summarized views on RE in an overall framevrork
which i5 based on the design cycle of the enginesring cycle. Using this framework
we structured the methoed ardund problem inmvestigation, solution specification and
soluation validation, The method explidtly mentions the modeling concepts provided
at the start of this design research. In chapter 4 we structure these concepts into
mexdeling domains and vieses and provide a modeling approach o guide the process
of requirements modeling. Chapter 6 discusses possible tooling support for the
methiod. Wa review the existing BiZZ2design tools and map these ta the techniques
mentioned in the methodd, In chapter 7 we provided a basic validation (through an
illustration) of the method by inveskigating experienced problems and specify a
solation. We showed that the method implemented the requirements by explicitly
mapping salution propertdes 1o stated requirements,

8.2. Discussion

The results from this design study can be used by BiZZdesion as a basis for further
validaicn and refinement. In 1.3.2 we proposed to use a spiral model for this
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method design. We were able to finish ane large full circle. We usad the results from
aur illustration exampl2 to refine the methed a litde, The first validation atbempt
provided us with & modeling approach, some refined relationships in the modaling
Chapter. The gquestion now is how o procesd further, We have plannad a number of
e-mail interviews. These interviews can be used as a more concrete validation. It is
possible to gather more data about preferable bechniques and novelty aspects of the
rmethad (Le. where should we fus an the most),
After a successful proper validation we can begin with solution implamantation. Our
solation implementation is writing a handbaook about requirerments engineering and
using the method in practice. Another important aspect i€ t0 keep monitoring the
changes in the RE figkl and EA field, Mew concepts may arise and the method nesds
o be adjusted accordingly. This is the solution evaluation phase,

8.3. Relevance

We will now discuss the relevance of this method to practice and science. We will
start with showing the relevance for the scientific field.

Although the main goal of this design was not to create new knowledos, we wers
able w structure and integrate exwisting knosledge, We were able to shiw the
relevance of the bwo views on RE in one method. RE is not just about problem
investigation or solution specification. It is about both. The question is which phase
is done in more detail.

The last contribution to the scientific feld is that we used the little available
knowledge in senvice arent2d RE, supplementad it with technigues frown senvices
marketing and the IT service management field and proposed a structured way of
working in the context of the sendce-orientad paradigm.

Our main goal was o introduce 3 mwew artifact, the artifact being a BRM method.
Therefore it must have somea use to practice and provide a novel way of warking.
We argue that the proposed method is of use in practice because it provides
complete requiremants engineedng process support, We show the practitioner how
o determine the intended need of the system and specify a solution for it. It uses
the stabe of the art from the requirements engineering field. It shows the differences
between RE for bespoke systems, RE for COTS selection and how these bwo relate to
the latest service oriented paradigm. Tt also inteqrates the labest techniques and
concepts in the RE field (=.g. goal oriented RE). Using and positioning the latest
devalopments from the RE field we create a novelty aspect for the method itself.,
Angther novelty feature is the combination of modeling technigques o model the
requirements to enrich architectural modek with the results from the RM phase,
Angther practical acvantage of this model is that it can be used in conjunction with
existing system developrment methads (e, DSOM and RUP). Both DSDM and RUP
mention the RE process and objectives but 4o not provide any guidance far it It is
possible to use our method in existing system development projects because we
built aur methad around the ides of a logical problem solving process. This logical
problem solving process can also be Found in either EUP or DSOM.

8.4, Conclusion and further work
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8.4.1.

In this thesis we have presented a method, suggested a way how to deal with
requirements, suggested a modeling approach and showed how the method can be
used in a practical validation exampl2, We have also shown the relevance of this
methiad by comparing and positioning it W existing (systemn) development methods,
What we see is that our method can used as a detailed zoom on the different phases
in RUR, DSDM and the EA method used by BiZZdesign.

When we ook back at the design goal in chapter 1.2.1 we see that our methoed has
provided us with a way to acquire requirements, how to specify the solution and
haw t0 mod2l rRguirements.

Our literature review provided us with insight into the Fundamental differences
between classical RE, RE for COTS selection and service oriented RE. This
understanding enabled us to decide on a framework 0 position BM in, define the
steps required in this method and describe how these steps can be executed, We
also showed that traceability can be incorporated by recording the process
information and linking the relevant concepts to each other.

We were also able to answer the research question on how requirements could be
modeled, We proposed a modeling approach, refined the originally proposed meta-
model by separating the requirements domain into business requirements and
systemn requirements, We also argued that when modeling the requirements the
modeler should use some form of abstraction ta limit the level of detail. For example
a good level of abstraction is "The user should be able to request new insurances”. A
less workable level of abstraction is "when user x presses the submit insurance
buktan, the system shall provide x with an overviewr of her request”

This thesis also discusses how the method can be supported using the BiZZdesign
wolset, either using existing woling t0 produce goal trees, process models, oantext
diagrams, efc or the newly proposed modeling domains within Archibkect. We also
showed that for a complete way of supporting 4 requirements management ool is
recommended.

Limitations and future work

When wee ook critically at our work we see a first design of a RM methad, It has a
solid basis, but it is still not entirely complete, For example, we designed a method
for requirements management in general, but the focus lies more on functional
requirements, It would be interesting t0¢ investgate the role of non-functional
requirements an business — IT alignment. Mon functional requirements have an
important role; they say how well 8 solution must perform. The role of non-
functional requirsments becomes increasingly mare important in certain situations
wherz the correctness of information, the speed of the information handling, etc is
desired, In this case the business requirements dickate that information should be
carrectly and safely, should be handled quickly amd the system requirements
implement this thraugh security requirements and performancs requirements,

A second point of improvement is the modeling domain, The concepls introduced
work well, but we could increase their semantics a little further. At the moment we
use aggregation relationships to refing highar level requirements and goals. But as
the GORE literature (e, see [155]1 recommends, orfand refiements could be
desired. Cambined with the increased research into non-functional requirements swe
could also introduce hard/soft goalks into the maodeling domain,
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Modeling the requirements has also proven to be quite burdensome. Models tend to
grosy quickly out of cantrol; therafore relying on the models only for a complaks
specification s not desired. A dedicated RM tool combined with a pre-defined
requirements document could be a selution to this particular protblem.

Lastly, this method anly describes the process steps for RM, but how to setup a RM
management project is not considered in this thesis. For the actual implementation
of the mathad this is could be anothar interesting subject to disouss,

8.5, Recommendations

8.5.1.

The main geal of this thesis was o provide insight how a RM could bbok like and use

it a5 a blueprint for a handbook about RM. We do feel that the method presented

hera is a complete and logical structuring about how the scientific field discusses RM,

however the mathod is complebely based on theory and the anly validation is done

by showing how to use the method an a trivial example. Therefore we can suggest

the following course of action:

e  Practice based knosvledge gathering, fing out the exact desires fram the practical
field and what techniques are currently used for RM;

o Validate the method using larger scale fiekd trials:

e Focus on the inkegration of the different RE process miadels and views an RE;

o Pay spacial attention on the service-criented section in the validation effort. This
section is based on the least amount of scientific likerabure;

o Use this input to launch a new iteration of the design oycle used during this
research;

o Implament the methed by writing the hardbook;

e Evaluate the implementation;

Suggestiens far implementafion

o Due to time constraints, we have not included the way of controlling. During the
implementation of this methed it might be a topic of consideration. We can think
of a detailed project inception phase, how to assian resources to the method,
position risk ass2ssments, ete,

e For complete process support a RM tool should be deweloped W create a
requirements repository and a customized specification.

o Improve the modeling concepts, ranging from better representation models
{pictures) to some mare detailed semantics fe.q. incorporake ANDSOR realization
relationships .

o Some reguirements can ke derived directly From the architechure, Cumently we
do not map these requirements to the originating architectural elements. This
can be dasirable in the future.

o Detailed analysis of the role of non-fundional requirements could be desired. We
have already selected the NFR framework as an analysis technique. Detailed
Studly coule! k2ad to aspects we can use.
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Intfroduction
A popular RE technique within problem-oriented RE is Goal Qriented RE (GORE),
GORE has received a large amount of research efforts over the past years and its
papularity has increased ever singe. The main reason far this is the inadequacy of
fraditional system approaches (e.g. structured or object analysis), at  the
requirements level, these approaches treat requirements as consisting only of data
and processes and do not capture the rationale for the systems, making it difficult to
understand high-leved concerns in the problem domain [87].
According W wan Lamswesarde [157] GORE ends where most traditional specification
techniques would start, it focuses an the activities that prerede the formulation of
syskem requircments.
Goals are aither an objective that the system should achieve throwgh cooperation of
agents in the software-to-be and in the enwvironment [159] or, as Anton states it
goals are high-level objectives of the business, organization or system, they capture
the reasans why a system is needed and guide decisions at vadous levels within the
enterprise [11].
(Gcals may be formulated at different levels of abstraction ranging from high-level
strategic concerns 10 love-level t2chnical concamms, Goals also cover different types of
concerns, funchicnal and quality conosrns.
GORE wviews the system-to-be and its environment as a collection of active
campanents called agents, or as Anton describes them, agents are the entides or
process that sesk to achieve goals within an crganization or system based on the
resporsibility that they must assume for the achieverment of certain goals (2.9. in an
electronic meeting system an mesting initiator is the agent resporsible for calling, or
initiating a8 meeting) [101[11]. A requirement i a goal whose achievement is the
responsibility of a single software agent, while an assumption is a goal whose
achisvemeant is delegated to a single agent in the ervironment, Requircments
implement goals the same way as programs implement design specifications [87]
[157].

A basic tree structure is usually not enough to display goals. Firstly the distinction
between soft goals and hard goals needs to be made. Soft-geals are goals that
cannot he easily satisfied. Abstract, high-leved and NFR are usually represanted as
soft-goals. Hard-goals are goals that are directly measurable and usually equate to
concrete requirements that have a KPL attached. Hard-goals usually achieve soft-
goals. Another extensian is ta include the actar [ agent in the model, the notation of
agent k a simple way ko represent someone who achieves goals.

Wan Lamsweerde [153] also mentians why goals are needed:

e goals provide an exact criberion for sufficient completeness of 3
requirements specification, the specification is complete with respect to 3 set
of geals if all the goals can be proved 10 be achieved from the specification
and the properties know about the domain considered “181] [159]

e FExplaining requirements o stakeholders is an imporant issue; goals provide
the rational for requirements. A requirement appears because of some
underlying goal which provides a base for it. A goal refinement tree provides
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traceability links from high-level strategic objectives to low-level technical
requirements [159] [101] [89].

e Goal refinement prowides a natural mechanism for structuring camples
requirements decuments for increasen readability,

o Goal refinements provide the right level of abstrachon at which decisions
makers can be involvad for validating choices being made or suggesting
other alternatives overlooked so far.

o Goals have been recognized to provide the roots for detecting conflicts
among requirements and far restlving them eventually;

o Goals drive the identification of requirements o support hem, ogether with
scenarics they are the driving forces for @ systemabc requiremerts
elaboration process;

e A goal refinement tree provides traceability links from high-level strategic
obijectives to low-level technical requirements;

o Goal models provide a way o communicate requirements to customers. Goal
refinements offer the right level of abstraction B involve decision makars for
validating choices being made among altermatives and for suggesting other
alternatives

Goal Identification
Goal identification is not an easy task, Goals could be explicitly stated by the
stakeholders or in the warious sources of information available @ requirements
engireers, However, mast frequently goals are implicit and therefore the slicitation
process must take place. A preliminary analysis of the current system/organization is
an impart source of goal identification. This analysis can result in a list of problems
and deficiencies that can be formulated.
Goals can also be elicited from available documents, intorvicw transcripts, process
descriptions, etc, the suggestion iz bo find intentional keywords in the documents
[159].
Anton [10] mentions that using process descriptions is very useful to identify an
initial set of goals, althaugh it is not wise © only use process descriptions, Other
sources of information, such as interviews, diagrams should be used to supplement
the goal identification process,

Stakeholders express their requirements in terms of operations or actions, rather
than goals. It makes sense to Kok for action words such as schedule or reserve
when gathering requiremants fr a meeting schaduler system.

Wan Lamswesrde mentions [159]: akhough goal based reasaning is appropriate far
RE, goak are hard B understand fr same stakeholders. Therefore scenario-based
elicitation is a gond alternative For stakeholders to discuss the system. Therefore
some techniques have been developed to alicit goals using scenarios, Pobs also
suggests [] that it is unwise to apply goal based requirements methods in isolation
and says that they stwuld be complementzd with scenarios [121] [133] . Some
Echniques interpret scenarnios as containing information on how goals can be
achieved [(operationalize goak) [11] [65], other techniques suggest that a goal is
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only a contextual property of a use case [73] [91]{i.e. it is a property that relates the
specific scenario to its organizational conkext ),

In [133] Eolland describes that it is wise o couple goals and scenarios tonether in a
bidirectional manner, scenariog are used to elicit goals and goals are used to elicit
scendrios. Another important characteristic of this approach is the distinction
between the refinement relationship and the AND/OR relationship among geals.
Thirdly they suggest methodological guidelines on how to associate goals with
SCENArins.

Goal Analysis

One of the steps in analyzing goals is to refine the inidal goals, goal refinement is a
core actvity within any GORE approach and therefore every technique has its owmn
ways bo refing the initial set of goals. We will oy o discuss the essence behind goal
refinermeant without discussing every GORE techniqus in detail.

After identifving the goals, goals can be refined to simpler goals until it is no longer
passible to obtain simpler goals, This is usually done by asking HOW guestions and
refining goals through AND/OR refinements. Many GORE approaches mention when
determining how a high-level goal can be refined, you need to consider alternative
ways of refining it to make sure that as many options are explored [28].

When aliciting more abstract goals {(e.0. going up in the treel, you can ask yourself
WHY guestions. An important reasan to find more abstrack goals is thak once a more
ahstract goal is found, it is possible to refine it and fine important sub goals that
were ariginally left undetecked. The identification and further refinement of higher-
lewel gaals lead to more complete goal models angd thus o more complets
requirements specificatians,

Within goal hased reasoning, satisfying goals is an impartant wpic, Goal satisfaction
can either be qualitative or quantitative, Letier and Van Lamsweerde prefer a
qualitative approach to a guantitative approach, because qualitative technigues are
much richer in detail.

When using a quantitative approach goals, goal satisfaction can either be absolute
fgoals need W be satisfied completely) or partial degrees in which goals can be
satisfied.

Goal based methods

KAQS

some papular GORE methode are
o KADS[41]

I*} tropos [180] [32]

GERAM [11] [10]

o ORDIT [43]
o NFR framework [33] [104]
e B-scp

In the section below we will discuss some of the available SGORE methords.

KADS is a GORE approach, with a large amount of Fermal analysis technigues; it
stands for Knowledgs Acquisition in autDmated Specification. Tt is 3 muld paradiam
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MFR

framewaork that allows combining different levels of reasoning. KAOS is focussed on
qoal satisfaction and the systematic building of complete, conflict-free aoal based
requirements modeling [155].

KACS is semi-farmal for structuring and madeling goals, qualitive for selection
among the alternatives and formal for accurate reasoning. In KAQS a gqoal is &
prescriptive statement of intent about some system whose satisfaction in general
requirements the cooperation of some of the agents Forming that system [154].
Goals in KAOS can be both functional and non functional (saft goals). Goal
refinement ends when every sub-poal can be realized by some agent. These end
goals ‘terminal goals) become the requirements of the system. Owerall 8 KADS
specificatian is a collection of the fllowing models:

e goal madel { where goals are represented and assigned to agents)

o abject mocel (a UML model that can be derived from formal specification of
goals since they refer to objects or their properties

o aperation model, which defines various services to be provided by software
agents

More information about KAQS can be found here [41] [42] [157] [156].

The NFR framework deals with MNon-Functional requirements [104] [36]. it
concentrates on modeling and analyzing non functional raquiremeants. The main goal
of this Framework is to get the developer think of non functional requirements in
systemn development. It comprises the following activities: capturing MFRs for the
domain of interest, decomposing MFRs, identify possible MFRs operationalizations,
dealing with ambiguities, tradeoffs, priorities and interdependencies amang MFRs,
selecting operationalizations, supporting  decisions  with  design  rationale, and
evaluating impact of decisions, The main idea of this approach is to model and refine
non-functional requirements and to expose positive and negative inAuences of
different alternatives on these requirements.

GBRAM

GERAM {Gaal Based Regquirements Analysis Methad) [11] [10] is a GORE method
that emphasizes on the initial identification and abstracton of goals fram various
sources of information. This method is vseful o identify, elaborate, refine and
organize geals for requirernents specification, The method discusses goals From b
viesys, goal analysis and goal evalution. The method assumes that na goals have
been documented or elicited form stakehalders and thus can use existing diagrams,
textual statements, interviewr transcripts, etc, Goal analysis is about the exploration
of information sources for goal ilentification Followed by organization and
classification of goals,

Goals refinement concerns the evolution of goals from the moment they first
identified to the moment they are translated into operaticnal requirements For the
systermn specification,

GERAM helps in goal elicitation and refinement by prowiding requirements engineers
with standard guestions. In GBRAM, goals, agents, stakeholders are specified in
textual form anly, called goal schemas, the method does not provide a graphical
represcntation.
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I#
[* is a kechnique that focuses on modeling and reasoning support for early phase
requirements enginearing. It tries 1o capture the understanding of the organizational
cantext and rationakes that lead up o systems requirements. [t consists of two main
modeling components, The Strabegic Dependency (50) model is used to describe the
dependency relationships among various actors in an crganizational context. The
Strateqic Rationale (SR model is used to describe stakeholder interests and
concerns, and how they might be addressed by various configurations af systems
and erwironments [179] [180].
I* can be usexd for both early and late phases of RE. During the early réquirements
phase #is used to model the environment of the system to be, it facilitates the
analysis of the domain by allowing the modeller b diagrammatically represent the
stakeholders of the system, their objectives and their relationships [87]. During the
late phases the i* models are wsed to propose the new system and the new
pricesses and evaluate them on how well they mest the functional and non-
functional needs of the uses.
Tropos ks an extension framewoaork for i*, &t is a requirements driven agent orientad
development methodology [28] [&7]. Tropos guides the development of agent-based
systems from the early raquirements analysis through architectural design and
detailed desian b implementaticn [37].

ORDIT
ORDIT [43] describes an approach to RE within the context of organizational
change, it focuses an the representation of organizational requirements in the design
of sociotechnical svstems which are intended to emphasize the relationships
between organizational structure IT systems. The model contains a process model,
an enterprise modeling language, an  information  modeling language, a role
reference model and supporting t0ols, with a focus on the process and enterprise
model.

B-SCP
B-SCP provides an integrated frarmework for # goal modeling, Jackson context
diagrame and Role Activity Diagrams (RADs), the goal model is integrated with
cantaxt cdiagrams via a problermn diagram framework, in 8 progression of problems
from the strateqic-business kevel problem to the system level problem. A critical step
in B-SCP is ko scope the strategic-level business problam diagram using the Weill and
Vitale business model framework., RADs are connected b the goal model and
context diagrams by cross-referencing according to mapping rules [22].
In evaluation the technique they found it promising but in its current skate not
without its fair share of difficulties.

In Table 20 we show the different GORE methads with their main geals, advantages
and disadvantages,

[-lethcd RE phazes IMain goa Advantages [iisadwva +tages
K0S Sperification ‘elating bucinets ¢oals | Well aocepted, | Toa farma ,
b fFuncbional and non- | mceleling Bxpacts

functional system | techniques, lroweledge cf
AmMpCchehts thorough discrete
mathe nats
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I*fTROPS Elir tationy Elicit early requireme-ts | Focuses an | Impractcal

Analysis rationale  behind | medeling
raquirernents

MNAR Epacification Bralyze solutions based | Modzling Dioes nat facus on
ch nen-funebanal | technique,  gives | elicitaticon,
recu raments attantion tc NFR= analysis. Cthear

techniques can be
used ta acguire
recu rame its

DRDIT Zlicitationy Understanding the Complete process | Little armnpirical

Ermlysis ourrent arganizatian rc<lel, focuses an | validation fhat we
situatian &a-ly wizre able ko find)
raquirernents

GOM Yalidegian Waliclbs specificelicn to | Ersy o use well
czakebk oldel goals leacawn  validatian

technigu=
B-5CF Elicitatiary Pravicle practcal geal | Carnplete, trizs te | Mot pracical b
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Infraduction
Requirements enginesring for tailor made systems is the traditional RE. This is where

the requirements enginesr analyzes the wants of the organization for a tailor made
software solution. The most important facet of RE for hespoke systems is that you
get what you specify. It is therefore of utmost importance to get the requirements
as detailed and correctly as possible. A complete requirements specification ensunes
that the delivered system meets those wants,

Activities
The main activities within RE for bespoke systems are elicitation, analysis,
negotiation, validation and verification. They all have the common goal to get a clear
and correct RS [84] [83] [21] (271

Pre-elicitalion activifies
Requirements Engineering starks wwhen samewhere in the trganization the need for
change is identified and the decision is taken b create an (1T solution for it [21].
Requirements fragquently start with a vague statement of intent; the first problem is
o establish the boundary of investigation and the scope of the intended system
[143].
In [108] the author describes that some assessment of a project’s feasibility and
associatad risks needs ko be undertaken, and RE plays a crucial rele in making such
an assessment. Groundwork also includes the identification of a suitable process for
RE, and the selection of methods and techniques for the wvarious RE activities, A
Echnique prescribes howe to perfarm ang particular activity and 8 method provides 8
prescription for how to perform a collection of activities, forusing on how a relaked
set of techniques can be integrated and providing guidance on their usa.
Stakehokders are an impartant source of information during the elicitation phase, but
for some reason stakeholders, and particularly, stakeholder identification have been
somawhat neglected in the RE literature, & few stakehalder identification techniquas
can be found here [137] ared [1]. Adequabs, timely and effective consulkation of
relevant stakeholders is of great importance in the requirements  engineering
process, missing stakeholders esult in missing requiremeants and escalating project
costs [137].
We will define a stakeholder as [1] [137]:

Stakehoklers are individuals or organizations who stand © gain or s Fram the
success of failure of a system.

Stakeholders can be categorized as follows, end-users, manogers, CNgincors,
customers and external bodies such as requlators, domain 2xperts and 50 on, They
all have different goals and will try to satisfy their own without recourse to others
[1371.

A stakeholder can be someone who Anances the project; semeone whose skill is
needed to build & product, such 38 a network specialist or a usability expert, an
arganization whose rules developers must obey, such as a tax lawyer firm or a
stands institute or an external organization that can influence project success [1].

Elicitation

The first phase in RE [108] is eliciting requirements and has received a great amount
of attention in the scientific literature, because the activities in this phase contain
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aspecks of several different fields, amongst which sociology, computer science and
anthropolody.

In the past this phase was considered as common sense and just a part of the
analysis process, The term elicitation s preferrsd t0 capture o avaid the suggestion
that requirements are out there to be collected simply by asking the right questions
[108], this phase is important because users hardly know what they want and
stakeholders have conflicting interests [27].

Curing elicitation there are three main concerns, what information o elicit, from
whom and what techniques can B2 used to elicit the information.

One of the most important goals of elicitation is to And what problem needs o be
sobved, and hence identify system boundaries. These boundaries define where the
final deliversd system will fit into the current aperational envirgnment, Identifying
and agreeing a systerm's boundaries affects all subsequent elicitation efforts. The
identification of stakeholders and user classes of goals and tasks, and of scenarios
and use cases all depend on how the boundaries are chosen. A second goal in
elicitation is to gather a list of problems requinng solution and thirdly ke And out
what the client imposed constraints are [27].

In reviewing the literature we have found two definitions that describe requirements
elicitation very well, and both definitions supplement each other rather well.

Kotonya and Sommerville provide the following definition for requirements elicitation
[83]:

The activity that encompasses leaming about the prablem o be salved,
understanding the need of potential users, trying to find out who the user really
it and understanding all the constraints on the solution,

Cheng and Atlee provide another definition [34]:

Requirements elicitation comprises activities that enable the understanding of
the goals, ohjectives, and motives for building a proposed system, Elicitation
alsc involves identifying the requirements that the resulting system must satisfy
in order to achieve these goals,

Infermation gatherad in this phase often needs to be interpreted, analyred, modeled
and validated before the requirements engineer can feel confident that a complete
enough set of requirements has been collectsd.
A good requirement should be traceable to business objectives and shoukd B2 relabed
ko system lifecycle components. [t shoukd be consistent with the scope and
constraint of the product, incorporate  stakeholder expectations, should  be
measurable against acceptance crikeria, and should be maintainable over the
project’s lifecycle [40].

Technlgques
In requirements  elicitation are a number of t2chnigquas  availabke where the
requirements engineer can choase from. This choice depends largely on the time
and resources available o the requirements engineer. Easterbrook, Nuseibeh ~108]
and Goguen, Linda [52] distinguish a number of available elicitation techniques:
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Traditional technigques include a broad class of generic data gather technigques.,
One can think of the use of Quastionnaires and surveys, interviews and analysis
of existing documentation such as organizational charts, process maodels or
standardds and user of other manuals of existing sysbems.

Group elicitation techniques aim to fosker stakeholder agreement and buy-in,
while explaiting team dynamics 10 2licit a richer understanding oF needs. & foous
qroup & a group interview, qroups are brouaht together to discuss some topic of
interest to the researcher. Focus groups have the advantage of allowed more
natural inksractions bebveen peaple than questionnaire intervicws, ar cven open
ended interviews.

Prototyping is used for elicitation where there s a great deal of uncertainby
about the requirements or where early fesdback from stakeholders is needed.
This can be combined with ather techniques (2.0, scenarios),

Madel-driven kechniques provide a specific model of the type of information to
be gatheradd angd use this model to drive the elicitation process {e.g. goal-based
methods and scenario based methods),

Connitive Echniques include techniques such as protecal analysis, laddering and
repertory grids. Protocol analysis asks a subject to engage in some task and
concurrently talk aloud, explaining his/her thought process

Conbextual techniques, these include the use of ethnagraphic techniques (2.0
participant abservabon)

Introspection amounts to imagining what kind of system the designer wants if
he was doing the stakehalders job. This method can be wseful, but it has the
problem that the introspection of an expert in a different is unlikely to reflect the
experience of actual users. They conclude with that introspecting should be
carefully checked with methods like interviewing or protocol analysis,

WViewpoinks in RE have heen recagnized as a practical tool o elicit and validate
requirements [52] [139] [49] [92]. Viewpoints taks the perspective of a
stakeholder, actor or role to discover or validabe sysbem requirements.

In addition to the technigques mentioned above, [129] identifies an additional
number of elicitation techniques, which she calls trawling because like fishing she
rung & net thrawgh the organizakion and traps as many requirements as she can (We
will only discuss the echnioues not mentioned akove)],

Analysis

Abstraction, this technigue is based on making useful generalisations. The
purpose of the generalisations is o understand and articulate the rules that
apply t0 a specific domain of knowledge and even o discover rules that are
shared between domains.

Business events, this inwalves the investigation of some activity, work or
business in the world, This can be used to identify the boundaries of the project,
Neurolinguistic programming, this i5 a technigue o learn how to get a better
understanding of what people say,

Reusing requirements, if requirements are consistendy documented, then
requirements can be reusad,
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After the elicitation phase it is time to analyse the gathered information. At this point
the requirements 2ngineer has a description of the problem domain, a list of
problems requiring a solution and the client imposed constrainks on the solution.
In [27] Bray provides us with the fllowing definition for Requirements Analysis:

Throwgh stuchy of a problem domain, the achievement of understanding of and
the documentation of the characteristics of that domain and the problems
{requiring solution) that exist within that domain.

This phase discovers the, sometimes abstract, system  requirements and the

activities comprise bath modeling and analyzing.

There are many possible ways to0 analyze the initial set of requiraments, the

maditicnal techniques (.9, stractured analysis, modem structured analysis, abject

ariented analysis, NYAM] or the more newer techniques that focus on problem

analysis [e.g. problem framing, theory building, goal based analysis).

The traditional techniques focus mare on modeling the proposed solution, instead of

analyzing the problem to be solved, Most technigques even take a readily available

requirements document. for granted.

The traditional methods have been around such a long Hima, that We will describe

them only briefly. For more information ¥We will refer to their originating sources.
Techniques

The literature recognizes a number of techniques that can be used [27] in

requirements analysis. We will summarize them belowy,

Stiuctured Analysis
Before Structured Analysis (S&) requirements documents were usually writken in

poorly maintainable textual specification documents, SA changed all this with a
graphical notation for systems anmalysis [136]. Ross aned Schoman argue in their
seminal paper about structured analysis that desion methods prior to structured
analysis were ad hoc at best and there was a need for a structured design method in
requirements definition. They discuss the need of problem analysis, althouwgh
compared 0 current knowledge SA is more solution specification, before actually
building the system. They by to answer this by asking thres questions, why are we
gaing to build the system? To answer this question they introduce the context
analysis phass, This phase describes the boundary conditions of the system by
describing certain economic, operational and technical feasibilities.

The: second question ouses on: YWhat is © be build? This intraduces the concept of
functional specification. Lastly they argue that you need to answer how a system is
build and introduce design constraints as the answer,

SA mainly tries o model and uarederstand the ourrent solution $ystem, in the times
that SA was introduced these weare mainly non-automated work procedures, that
operates within the problem domain and has a similar funchon to the new system
required (27,

To model the data, 54 uses data Bow diagrams [BFDY) and later down the oad Chen
3% intraduced 3 data structure diagram, usually in the farm of an entity relation
diagram { ERD).

Afer a while researchers and practitiongrs started o notice there was something
wrong with SA, this ulimataly led o madern stroctured analysis (proposed by
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S5ADM

Yourdaon), the main differences between SA and modern structured analysis are that
modern struckured analysis ipnores the modeling of the current pre-existing system,
it adds an preliminary phase to develop an "essential™ model, it introduces top-dowm
Functional decomposidon, places more emphasis on information madeling (ERE) and
behavior modeling (state transition diagrams); and finally prototyping is given a
more important role,

ScalM s a methed based arcund the pringiples of 54, We will discuss this method
briefly. For more information about SSADM read [13]. SSADM introduced entity life
histores (ELH) and explicit stated requirements to SA.

SSADM s based around & number of basic principles, these are:
o data-driven

o differentiation betwesan logical and physical

o different views of the system

e both top-down and bottom-up

o user involvament

o quality assurance

o zelf docurmenting

5ADM contains B stages, stage 1 s the analysis of systems operations and current
problems, stage 2 contains the specification of requirements, stage 3 describas the
selection of technical options, stage 4 is all about data design, in stage 5 processes
are designed and Anally in stage & the physical design of the system is made.

Object orienlad analysis

Object ariented analysis (004 adopted the ideas behind OO0 programming, instead
of modeling objects from the solution domain [solution system], OO0A focuses on
modeling obijects from the problem domain, akthowgh according to Michael Jackson
the problem domain is much oo rich @ be captured in terms of objects [72].
Anather problam with this kind of analysis is that bath modeling techniques in O0A
angd 00D are very similar and abjects appear to be in both the problem and solution
domain, the ling betwaen prablem and solution is hard to distinguish.

But when an O0A approach is chosen, the outling of the method is usually like this
[271:

o identify ohiects within the prablem domain

o define attributes and methods of those classes
o define the bahavior of those classes

o muovdel the relationships between the classes

The main prablem with DOA is that isn't really analysis, it still assumes the existence
of a requirements document. This means that O0A assumes that problem domain
analysis and specification already has been accomplished, 004 is suitable For high-
level sysbemns cesign,

Froblem framing
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Froblem framing is a kechnigue that Michael Jackson intreduced in RE [72], the idea
behingd problem framing is t0 use a generalizaticn class of common problems, A
problam is struchured according to principle parts and a solution part. IF other
problems Rl inte the same frame, it is possible t0 reuse the echpigues and
methods used to solve that problem. A problem frame describes a peneral problem,
so it is possible that the names of the principle parts are not the same, you can solve
this problem by keoking for the charackeristics of the principle parts of the problem
Frame and the problem under investigation, A rewarding advantage For finding the
right problem Frame is the that it comes with an efficient method t0 solve the
proflem. Jackson mentions the following example frames:

o Simple IS frame

e Simple cantrol frame
o J5F frame

e {onnection frames

o Work piece frames

Every frame mentioned above comes with a set of technigues and methods to
analyze the problemn, for example the content for an information problem comprises
[27. the data model for the sub-domains, the charackeristics of each problem sub-
domain, howr the system <an access the state of the relevant sub-domainsg and
events in the problem domain, distortions and delays introduced by any connection
damain, where initialization data are to be extracted from existing files and the
querias ta be supparted and the relevant respanses,

A& more advanced problem frame & the multi-frame problem, a number of several
simple prablems behave as ona realistic problem.

According o [171] this technigque s hard I use in molti-business  information
systems, because multiple businesses are invalved each with their own distinet
understanding of a certain problem frame, The authors propose 8 technique to uss
e3value networks to develop a common understanding of the problem frame,
although value oriented thinking i not yet common in requirements enginesring.
They conclude with that it is still uncertain if value modeding is suited for framing
software problems,

In [39, 38] an approach is proposed and analvzed to use business models as a basis
to create problem frames. They tesbed this approach in & real-world setting and
concluded that thare was much resistance from the company 0 use the problem-
frame approach. Alse, they encountered a number of problems using this approach.
It was often impossible o identify a suitable problem-frame. They question the
validity to use problem-frames in an (e)-business contest, because problem-frames
emerged from more traditional Software Engineering (SE) problems, these prablems
are not always the same problems encaunterad in businesses.

In [23] the ideas behind the approach above have been revampead, a new approach

is proposed cantaining a business strategy dimension. The approach tries to achieve
this by wsing Problem Diagrams (problem diagrams are used to create problem
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frames], goal modeling and business process modeling. The organization's business
strateqy is representad as a problem diagram, where the context part of the diagram
represents business model context and the requirement part of the praoblem diagram
represents the obijectives of the business strategy and business processes, modeled
using goal-based RE techniques. In order to derive at the systam requirements, the
model goes through a number decomposidon phases. Goals are used o increase
traceahility fram high-level strategic objectives t0 low-level systemn requirements,
Business process modeling i wsed to gain mare understanding about the problem
where more detail is needed to understand the needed requirements; the goals that
the business processes achiewe are representad in the goal model,

The above two technigques led to a problem frame based requirements analysis
Famewark, inCorprating  business  strat2gy, business processes  and GORE
techniques. This approach (B-5CF) is focused to be applicable in industry, but still
lacks ermpirical testing [22] [178].
Negotlalan

After the initial specification and analysis of requirements an initial set of
requirements emerges. This set of requirements still needs further analysis to be of
any use, requirements from different stakeholders can conflict with each other and
some are more important than others. In requirements negotiation these issues are
I e oresolvedl. Easterbrook  provides the follow  definition B requirements
negotiation “447;

Requirements regotiation s a collaborative approach to resolving conflict by
explaration of the range of possibilities, it is characterize by the paricipants
attempting to Fred a settlement which satisfies all parties as much as possihle

The best way to resolve these issues is to discuss these requirements with the
different stakeholders, This can be done ingroup mestings or in single meetings. In
the end the requirements have to be prioritized and an agreement on them has to
be made [21].

Megotiation itself is all about structuring issues between stakeholders and to develop
alternatives to solve problems, after negotiation s@keholders eventually agree on
the solution that has the most support between the stakeholders. Negetiation is
perfarmad around three dimensions: conflict resolution  strateqy,  collaboration
situation and negotiation support ols [14],

Requirements negotiation has the fllowing benefits “14]:

o Understanding project constraints, negatiating about the requirements makes
the stakeholders aware of budget and time constrainks;

o Adapting to changes, negotiating makes stakeholders aware of alternatives and
in bimes where alternatives are needed stakelwlders are already avare of them;

e EBetter k=am leaming, because different stakehokders with different experiences
participate in the negotiating process they transfer their knowledge to the other
participants;
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o Discussing requirements helps bringing unspoken thoughts and hidden issues o
the negatiation tabile;

o In large requirements projects there are a large number of stakehalder goals,
discussing these goals halps to reduce complexity;

e Megotiating about reguirements helps to create a shared wvision bebween
stakeholders;

o HMegotiation helps o get a bettdr solution system, because of a shared
understanding of project goals and the solution is based an a subset of
requirements that is bereficial to all involved parties.

In [50] Firesmith discusses the need for requirements prioritization, he mentions the
fllowing benefits fr requirements pricritization ;

e itis possible to construct a schedule that Fvuses on the important requiremeants
first

o improved cuskomer satisfaction

o stakeholders discuss all requirements and not just thair own

o lower risk of project cancellation

o itis possible to estimate project returns betar

o investments g2t pricritized

Berander and Andrews [16] performad & literature reviewr about  requirements
prigritization and mention that using the right requirements is fundamental o the
System's suoess, I dossn't matter how solid the end-produdct is, i youve build the
wrong systerm. The challenge s to select the right requirements fram the given set
of requirements and t0 realize this one has to prioritize the requirements. Some
arganizations experience prioritization a5 easy, some as vary hard, but bath types of
arganizations agree that it is 4 fundamental activity, The most common aspects of
prigritization are importance, penalty, cast, time, rick and volatility.

There are numersus challenges and associated risks that must be addressed when
pricritizing requirements, including [50]:

o Mandatory nature of requirements, a requirement is by its definition mandatony
so it ks hard to agree upon what is needed the most.

e large number of requirements, in large projects there can be hundreds of
different requiremeants, pridritizing these can take up a large amount oF time.

e Lirnited resources, implementing  all requirements s costly s0 a set of
requirements has to be chosen that captures the essential functionality of the
syskem and is affardable,

o Quality requirements are urder used, quality requirements are often urder-
specified and therefore will not ke prioritized correctly.

o Changing requirements are difficult to pricritize

o Incompatible requirements, some requirements negate or make implementing
other requiremants vary hard (i, perfarmance varsus maintainability )

Technlgques
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There are many ideas and methods within RE that try o solve the problem of
negotiating a set of requirements, 5ome methods wse goal based reasoning,
viewpoints, qualitative reasoning and many formal methods.

REMAP [79] captures the histony of design decisions in the early stages of systems

development in a structured manner. From the requirements analysis phase it

records the essence of discussions/deliberativns of requirements, or the rationale

hehined the modeling technicues used,

SIBYL [79] is a system designed to help users represent and manage the qualitative

aspects of the decision making process, such as the altermatives under discussion.

SIBYL is organized around decision graphs witch record the positive and negative

aspects of choosing from a set of alternatives 1o satisfy a goal,

The following requirameants pricritization Echnigues are available [50, 16]:

e ROI calculation (determine which set of requirements in more favarable in
firancial terms)

e Pair wise comparisons

o  Priaritization warkgroups

o 100 dollar test [give every stakehalder 100 dollars™ and let him divide it among
the requirements)

o Vating schemes (each stakehalder is allowed 0 cast his vate on a number of
requirem:ants)

e Weightings! weight each reguirement From a specific stakehaolder)

o Boshms 'Win-Win techmique [25] {an iterative conflictg0al management
technique for stakeholders)

o Chality Function Deployment (QFD) (a group decision making 2chnigue often
used in product or service development.}

Specification
After analyzing and negetiating the requirements it is time to document the
requirements intd a single specification document. Bray [27] distinguishes  two
requirements  documents, firstly the requirements docoment that describes the
problem domain and the problems to be solved, secondly a requirements
specification that describes the behavior of the solution sysbem that salves the initial
problems (requirements), this documsant i the intended output of the RE process,
The first document can be used as an input document for the second.

Where Bray clearly uses the problem based requirerments document as an input to
create the requiraments specification, Wieringa [169] takes are more separatist view
fas explained in the introduction). He clearly distinguishes that a requirements
specification either describes the problematic phenomena ar, when RE is seen as
solution specification, the solution system behavior,

A first step in specifying external behavior is transforming the requirements into
Functions of the system, usually there isnt much difference between a requirement
and a function of the system, although requirements shauldnt mention the system
under development [SuD?, functions can mention the Sul. Mapping requiremsants
intg Functions is a wery abstract way of describing functional behavior. A less abstract
way in describing system behavior can be done wsing formal methods and models
{eq. data-fow diagrams and state-transition diagrams) [27].
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Formal

Requirement documents/specifications are usually build around standard templates,
a few templates found in the literature are the Volere termplate, IEEE 830 standard
and the specification template by Bray [27].

specification

A requirements specification is formal when it uses a mathematical notation to
specify the requirements. The advantages of using a formal specification are that it
is easier to check the model for inconsistencies and implementations can be derved
that could b2 showwn to have the correct behavior. Although formal specification
sooncds good in theory, it hasnt een adopted in practice because it requires the
practitioner to possess 3 high degree of understanding of predicate caloulus, A few
formal specification methods are the Yienna development method [20], Albert 1T
[64] and Z [119].

Yalldation

After the requirements are documented they nead to be validated. Yalidation means
that you need the stakehlders to agree that the specified requirements meet their
needs and find any errors that oocurred during the RE phase. Bray 27] distinguishes
again between the requirements document and specification. The requirements
docurnant describes samething that exists [thus can be wrang that it describes the
wrong thing), the requirements specification describes something that does not axist
yet, it cannot be wrong in the same sense (it can describe the wrong behavior), The
literature describes a number of specific validation methods, e.g. rapid protoyping
[9], walidate requirements through the use of wiewpaints [90], validation methods
based on scenarios “142] [L28], safety cases { proaf that an application is safe to use
in a safety critical situation) [176], viswalization of requirements (.0, using multi-
media technmiques) [31] [100] [47], wvalidation through natural language parsing
[105], using GOM for requirements validation [79] and even role playing use cases
[17].

But as Sutcliffe [143] describes it, the state of the art in requirements validation is
still discussing the requirements with the relevant stakebolders in a semi-farmal way,

Technlques

Most methods described in the lterature are somewhat a variation of general
validation techniguas, which we will describe belowr [27, 21]:

o simple checks

o document reviews

o loqical analysis

e profotyping, use of scenarios
o  hunctional kst planming

o wyritineg the user manual

o qoal bracing

Simple checks

This is a straight fonvard technique where the requirements enginesr chaecks if the
requirements  document containg  all requirements  and  if the requirements
specificatian containg all the reguiremants mentioned in the reguiramants document,

Docurmnent reviews
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Document reviewing is one of the oldest techniques for validating requirements; a
review is an examination of the reguirements document. In software-engineering
this technique is known as a design review [45, 112].

The goal of a requirements document review is b get canstructive criticism, so
arrors are found.

The following roles can be identified in requirements reviews [27]:

e the presenter

e the scribe

o refergm

o domain experts

e roquiremeonts cxporks

o client representatives

Farmal validation
When a requirements specification is formal enough, logic can be wsed to determine

the validity of the specification, one method to check formal specifications is the QC-
logic approach [70], or wsing logic b check farmal TROPODS specifications [51], or
validaton wsing Albert II [64 ar the SCR method [63], When behavior is specified
using Fnite state machines (FSM) {(e.g. mealy diagrams, STD:Y formal reasan can be
used to check For:

o every event i recognized in at l2ast ane stake

o every transition has orly one trigger

e eyery state is reachable by ane transition at least

Frotetyping {and scenarics)
In [130] the authors describe that using a prototype s a good way o find more

requirements and visualize requirements that are hard o understand. The prototype
construckad in this phase is not meant ko evolve into the fnal product, it is only used
For elicitation and validating. A prototype can be s2en as a simulation of the product
o be, it describes in & Clear visual way the behavior of the system, prototypes are
particularly us2ful when combined with scenarios [use cases), The prototype then
enacts the use case.

Ideally speaking, these prototypes are created from the requirements specification
aukomatically, this eliminates the possibility that mistakes are made in craating the
prototype. This is possible when sufficient formal languages hawve been used [2.0.
state chart diagrams?,

Scenarios
Scenarios by themsalves are also an excellent way t0 validate the requirements. The

scenario describes a certain business event where the system neds to respond to
and describes a set of tasks that needs to be execubad by the users of the system,
The likzrature describes many variations on scenanio validation (e.g. scenarios using
Bayesian Belisf Nets [142], a iterative method of assessing the implications of
human error an system requirements [145] and scenic (a method that uses the
inquiry cycle for validation) [122].

Functional tests
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After the specification process it is possible to skart designing the functional tests of
the system, It is not yet possible to execute those tests, but designing them helps
the engineers find specification errors [27].

Writing the user manual

The rational in writing the user manual after the specification is the same as aboye
with the functional tests, Writing the user manual forces 8 close examination oF the
specification. This extra examination will maks any omission and inconsistencies
more apparent.

Requirements verification

Requirements verification is the activity that makes sure the product has been build
right. After the product has been build, checks are done to make sure the product
meets the requirements. The easikest way 0 perform requirements verification is to
arganize an acceptance test. An acceptance test is used to obtain confirmation by
the client that the delivered product meets all his demands {requirements), the
general way of doing this i5 to use the requirements specification. Specification
based test case generation is & kind of black box testing because the software is
viewed as a black box that transforms inputs inte outputs based an the specification
of what the software is supposed to da. This approach considers the edemal views
of the software and hence is a testing of the product, but not the design decisions ar
program code [93]. For information about software verificabion and acceptance
testing the fallowing articles desoribe the process and the state of the practice [162]
[671.

Techniques

o Acceptance fosks

Existing methods

ACRE

VORE

Within RE a number of methods emarged to guide the requirements engineer during
the RE process. In the section below we will discuss 8 number of these methods.

T discuss goal based RE [GORE), we will adopt the work of Lapouchnian, who did a
review of available GORE techniques [87].

In 99] Maklan presents a framework that assists reguirements engineers in
choosing techniques for reguirements elicitation (ACRE}. Practitioners are often
unaware of the range of methods availakble. They argue in the paper that mare than
ane acquisition method is needed to capture the full range of complex requiremants
For most complex systems, ACRE provides methods for acquiring requirements From
stakeholders, rather than for mining requirements out of documents, ACRE acquires
bath requirements for the system and knowledge about that system’s domain and
environment. The framework offers 12 acquisition methods {roughly the above
mentioned terhniques ),

In [82 [139] Kontonwa and Sommerville describe a way for eliciting requirements
using viewpoints. They argue that it is widely accepted that a mult-perspactive
approach to requirements engineering can, potentially, lead to requirements
specifications which are more likely bo satisfy the needs of a diverse set of system

Theasis “Metaod for Requireryenss Masagement” - April 2, 2208 — wWilce Engsle man 1448



)
&

Universitait Twante BiZZdESigI‘I

de padernemende wnserRifeil

NY AM

stakeholders. Good requirements engineers will always consider these different
perspectives but viewpoint oriented requirements  engineering  methods  which
explicitly identify and separate different system viewpoints are not widely used in
aractice.

They designed the viewpoint method to be as flexible as possible, their rationals
behind this is that although a method may be conceplually elegant, stekehalders and
end-users are reluctant i adapt to the structures imposedd by methods,

The problem with more structured approaches is that they arg 00 rigid. They are
based around the idea of a single ype of viewpoint and require the specification to
he fitked arcund this concept. They have their own ideas and do not have time to
think about howr to present thern inwhat is (to them) an artificial frarmewaork,
Yiewpoints may be weed during the early skages of a reguirements engineering
process as a structuring mechanism Far requirements elicitation and analysis,

A methad that contains all these elements is NYAM (Hat Yet Another Method)
[Wieringal®38a, [173]. MYAM combines the essence of both SA and OOA methods
thus combining the best of both techniques. SA is very strong in explaining the
external functions of a system, while O0OA techniques are suitable to describe the
internal  decomposition of &  system. NYAM  contains  functional,  behavior,
cammunication and dacomposition techniquas. Functions can be specified using an
initial mission statement that describes the goal of the system and what it will and
will not do. This mission statement can be refined with a function decompaosition
tree. The root node is the initial mission statement, while every leaf of the tres
cantaing an extemal systems function. An event-response specification describes the
reactions {responses) of the system to pertain events. Behavior is specified using
mealy machineg diagrames and sequance diagrams, communication is specified with a
cammunication diagram and sequence diagrams and finally the decomposition of the
sysbem is specified with class diagrams and a function decomposition tatile,

Scenario based methods

Seenario based technigues are popular technigques [107], partially because they are
easy to use for practitioners and non-technical stakeholders [34].

A scenania is a sequence of interaction events between the systam o be and its
environment in the restricked context of achieving some implicit purpose. There arg
a nurber of scenario-based techniques proposed to help assist the RE process § ..
elicit requirements in hypothetical situations [123], to help identify exceptional cases
[120], to make abstract models more camplebs [134], to validate requirements in
combination with prototyping [144] 3.

Use of scenarios is usually wide spread, scenarios can be osed to describe the
environment of the system, without talking about the system under development,
but usually they describe user-machine interactions [135]. Scenarios can be used to
alicit new requirements, but they are mostly used in the later phases of
requirerments enfinesring as they describe the intended use of the system.

Usually wsers start by identifving large scope scenarins that cover their current
organization and processes and refine them to more detailed scenarios in response
ko inguiries from desigrers.

Stakeholder invalvarment is mportant because it helps designers avoid inkerpreting
systemn reguirements too early. Scenarios are also used in different phases of
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requirements enginesring, they can start as a tocl for elicitation, secondly they can
be used as test cases to validate a current model the of system during refinement
and finally they can become test data to verify that the final system meets the
requirements expressed in the scenarios,

In [163] the authors conducted a survey of availablc scenario usage in practice.
They congluded that scenarios where used in the fdlowing situations:

Use Scenanos when abstract modeling Fails,

Use scenarins to explain prototypes.

SCenAarios as means for complexity reduction,

Soenarics as means for reaching partial agreement and consistancy,
Reflection on static models.

Wan Lamsweerde mentians the positive aspects and negative ones of Scenarios in
[155].

On the positive side, scenarios provide an informal, descriptive and concrete way of
describing the dynamic aspects of ervironment interactions. They can therefore be
used easily by multiple stakeholders with different backgrounds to build a shared
view Of the "visible part” of the system. Scenarios are alsc applicable to use in a
variety of purposes in the RE lifscycle (e.n. elicitation, analysis, validation) .

On the downside, scenarios are naturally incomplete, in the case of interaction
SEquences they are very procadural (thus introducing risks of over-specification], not
entirely suitable for the early stages of RE and they leave required properties abaut
the envisioned system implicit (these need to ke made explicit in order to support
analysis, negotiation, ete)

There are a number of popular scenana based echniques and models available such
as the formal scenario analysis [63], the inquiny-based requirement analysis [123],
SCRAM [144], RESCUE [36] and the CREWS project [117].

These methods are a general Famework for RE and use stenarios far elicitabion,
analysing, validating and verification. & description of these methods can be found in
the chapter below [mostly adapted from [52]).

scenario analysis

Hsia and assoriates prﬂpt:@ed a farmal EI[J[JI‘CIBCH ko scenario -EII"IH|}'SiS-, il requirement
analysis model in the early phases in software developrment. Their approach defines
systEmatic development stages from the initial $emi-frrmal scenarios to the final
formal scenarios. Each of the stages, except the first, use scenarios in formal
notation, which enable the system analysts to derive part of the system requirement
specification. More informaticn about this model can be found here [68],

Inquiry Cycle

Potts 2¢ &f developed the Inquiry Cycle Model of requirement analysis, which is "a
structure for describing and supperting discussions about system requirement,” The
model consists of three phases of requirements: documentation, discuesion, and
evalution, These three phases make a oycle for acguinng and modeling the
knowledge of problem demain. Their scenarios are part of the requirements
documantation, which are in hypertest frm. The stenarios are intended o be
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semiformal; in fact, they are expressed in tabular notation. *In the broad sense, 3
scenario is simply a proposed specific use of the systern”. More sperifically, a
scendric is a description of one or more end-to-end ansactions involving the
required system and its environment.” Mo infermaton can be found here [123]

CREWS
The CREWS project [117] (Cooperative Requirements Engineering with Scenarios) is
A large European prodect on sCenano use in requirements enginesring. Based on
existing techniques and tools, the project s trying to make scenario usage A
systematic engineering discipling; hence, its approach to scenano wsage i tool-
andfor method-driven. The privect has specific goals. With the mulimedia recorded
systerm use, it provides a common medium for discussing system requircmcnts
among rmultiple stakeholkders, With natural language understanding, it provides a
device e eliclt requirements in a  graphical represcntation. By cooporative
requirement animaticn and by comparison between a specification and its best
scenanios, it expedites the walidation process of a sysbem. In the CREWS project
there & a framework to classify scenarios in scenario-hased approaches. They give
four dimensions: the form view, the contents view, the purpose view, and the
lifecycle view. The form view represents the format of scenarios; for example,
narrative texts, graphics, imagas, videos, and prototypes are in the form vigw. In
addition, formality (e.g., formal, semi-formal, and informal} is discussed from this
vieswpoint. The contents view expresses what knowledge scenarios express. It
consists of four elements: abstraction, context, argumentation, and coverage. In the
purpose wiew, scenarios are categaorized from the reasons of usage. The lifecycle
wigsw cleals with how sCenarios are handled (e.g., creation, refinement, and deletion’,
Applying the framework bo eleven scenaric-based approaches, they found out that
scenarios are used o describe system Dehaviours inkeracting with its envirgnment
angd most of them are in textual represantation. They pointed out the importance of
the formalization of scenario-based approaches, the varety of the application fields,
and the need for practical scenario evaluation,

SCRAM
In [144] Sutcliffe describes a scenaric based RE framework called SCRAM.
Requirernents are elicited by presenting wser with a prototype-simulaton of a design,
combinad with rationale basad techniquas for structuring probe questions,

Sutcliffe proposed this kechnigue based on the hypothasis that kechnique inbegration
provides the best averue for improving RE. SCRAM uses thrae techniques:

o Luse of prototypes
e sCENarins

o design ratianal

These technigques are place inside a method to provide proves guidance for the

requirements engineer. The method has the following phases:

o Initial requirements capture and dormain Familiarisaton. This is conducted wsing
conventional interviewing and fact finding technigues to gain sufficient
informatian 0 develop a first concept demonstrator.

e Spetification and development of a concept demonstrator. & more or less
scripted early prototype of the system
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e Requirements analysis-validation session. The users involvaed in the initial
refiuirements capture are invited t analyze the concept demonstrator. This is 8
recorded session for further analysis

e Sescion Analysis. Data collection during the previous phase is analyzed and
conclusions are reported back to the users, This leads to the iteration phase of
further refinemert of the product demonstrator,

In [95] Suzanne Robertson and Meil Maiden describe their experiences with RESCUE,
a scenario based raguirements elicitation approach,

RESCUE is a framework ko guide a requirements enginesring project to deliver a
complete, correct and testable specification of requirements for a future syskem
[75].

It recognises real-workd constraints on the process, and also supports the analysis of
current wark practices @ inferm the change that will arise from the introduction of
the newr system. In addition, it uses creative desinn processes o generate additional
requirements and to underpin these requirements with high-level design alternatives,
The RESCUE process consists of a number of sub-processes, organised into 4
ongoing streams. These streams run in parallel throughout the requirements
specificatian stage of a project, and are mutually suppartive.

[-lethcd NE phasas Main gaal AdvanbEges DisadvabBges
Farmal Elicitet anS Anelysisf | Lee semi-fermal Tewa fearmal, nct
scanarnio specificatich techniques e very piactcal to
methad derve = farmal use

specificatian
Ihgquiry Elicitetian, analysis Fravide a rethad | Pravide
cycle fior discussiar, | standard

documentatian and | questions o
evolution based an | facility scenaric

SCEnanas discussian
ECTAM Eliciticn/t Analysis! | Carabine 3 nomber | Cambinakicn cf
Walidaban af  techniques o | wall knessm
create a RE method | technigdec
RESCUE Elicitatian el defirred
jarocess
CREWS Elicitaticn/analysis!validetion | Provide a complete | Provided reculte
Scenaric bazed | tat scenaras
frarmewor £ ara  useful in
decrribing
Lyctan
Lelavior

Table Z1; auvargery srenans based nebiod's
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Appendix lll.  REQUIREMENTS
ENGINEERING AND COTS SELECTION
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Intfroduction
In order to discuss the differences between classical RE and RE for COTS we will use
the work of [3], she summarized existing work about COTS based requirements
engineering. Classical requirements engineering (RE) s aimed at specifying the
requirements for a custom made system. Classical RE starts with identifying the user
needs, analyzing these needs, documenting these needs and the validation of these
needs. It is important that the requirements specification for a custom made system
i A8 precise as possible, since it is userd to develop the new solutian system.
Where custorn build systems only addresses the needs of a single cuskomer,
commercial-cff-the-shelf {COTS) are build o address the needs of the market.
Multiplz customers have comparable requirements for the solubion system, the main
task of requirzments engineering here is o evaluate the available COTS products
against the needs of the customer, and this means that COTS alternatives need to
be assessed Against the customer requirements, The problem becomes even worse
when different COTS based components have to work together, The products from
different vendars need to be adapted to be able to work together, Tt is possible that
mary conflicks will arise in this process therefore an srensie evafugfion s 8
fundamental activity within COTS based development, The ewvaluation process is
used to identify possible conflicts and inconsistencies.
Anather major difference between classical RE and RE for COTS 5 in the way how
detailed the requirements specification actually is. As mentioned before, it is of
utmost impartance that the requirements specification for a custom made system is
as complete as possihle, But for a COTS based solution the requirements
specification can be much less complete and detailed. Requirements should be
specified with more flexibility and should only discuss the desirable needs.
Requirements prioritization is an important activity within RE for COTS, it s not
always possible for COTS based solutions to address all needed functionality,
therefare it is important to determine what functionality is good enaugh. Anather
major difference & that requirements elicitation loses much of its imporance. It is
not needed to elicit all requirements; COTS based products usually provide the
requirements for the system. During the elicitation phase high level goals are
icdentified using typical elicitation techniques {such a8 inkerviews, use cases). From
these goals it is possible bo already select an initial set of COTS based products.
The evaluabon of COTS demands some inexact matching betwsen customer
requirements and products features. Eg. there may be requirements that are not
met all by the product, requirements that are partially met and requirements that
are fully met by the product. If critical features cammot be met by the solution system
an intensive negotiating process is needed to balance conflicting interests bebween
what is wanted and what is possible to meet,
An important distinction that needs be made is that requirements enginesring for
commercial products comprise of two RE phases for both the developar and the
customer. The provider tries to develop a generic component ar system and sell it bo
as many customers as possible, The requirements engineering phase for the
customers is more about comparing the different sclutions to the stated needs and
iddentifying the most suitable solution,

Existing methods
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We can find @ number of different methods in the likerature that describe thea
process of RE far COTS. We will discuss these methads briefly o try and understarnd
the eszence of these different methods and use their core componants as techniques
in aur awn method.

One of the firsks attempts in the literature to develop a method for COTS selection is
OTS0 [B1]. OTS0 covers the entire COTS selection process, The main pillare of
OTS0 are that it describes a well-defined, documented process, it provides
higrarchical and detailed 2valuation criteria, it provides a maodel for making
alternatives comparable in E@rms of costs and added value they produce and it uses
appropriate tachniques for consolicating evaluation data, The phases of 0TS0
camprise of:

- Searchy;
. SCreening;
* Evaluation;

* Analysis;
. Deployment;
- Asgessment;

The mast important phases in 0TS0 are the avaluation and the analysis phases,
Evaluation criteria are gradually refined as the selection process progresses, The
evaluation criteria are formally defined so that the evaluation of alternatives can
conclucted efficiently and consistently. There s a Emplate available for this. The
evaluation attribube definitions should include a detailed description of the attribute,
its rationale as well as the scale and measurement unit vsed,  The evaluation
definition process decomposes the requiremeants for COTS software into hierarchical
criteria set and the different options are analyzed using multiple criteria decision
miaking. The advantages of this technique are that it is a thorough and kgical
methog that has proven itself. The disadvantage is that it takes reguirements
specification For granted. It does not discuss how o elicit the requirements and
hardly mentions what the effects are of non-required Features.

PORE / BANKSEC

A second contribution to the COTS requirements literatore is PORE. PORE is a
template based approach to support selection that is based on iterative requiremants
acquisition and product evaluation [108] [97]. When PORE starts there are very few
requirements and a large number of possible solutions. Using the templates in an
iterative manner it is possible to refine the list [ more requirements angd lesser
solutions. PORE uses a number cof techniques, like knowledge engineering
techniques, multi-criteria decision making and general requirements elicitation
Echnigques, PORE alse provides the evaluation experts with a few guidelines howy
derive test cases o select and reject potential products, The method sugqests to uss
criteria t0 determing of the requirements are mat by the possible solution systems.

One of the advantages of PORE is that is based on empirical ressarch. All the
templates have been derived from practical use. Another advantage is that PORE
builds on existing requirements eliciation techniquas to derive the initial set of user
requirements, But as the authors meantion in the low-up research  project
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CARE

{BANKSECY PORE is still a research prototype, and the process of requirements
product compliance is il-defined [3].

CRE is a COTS selection method that is based upon the NFR framework and
emphasizes the importance of non functional requirements [4]. Mon functional
requirements are used as the important factors in deriding what possible solution
should be seleckad. They argue that it is possible o determine a number of solubdons
that are functiomally the same, but they differ in how well they deliver that
functignality. The advantagas of CRE are that it uses the well-known NFR framework
o model the non-farctional rguirements and that it provides guidelines on how to
acquire and specify noncfunciional requirerments. The draw-backs however is that
analyzing the nan-functianal requirements ke up a large amount of time and the
methad does not address issues of quality testding, The method also lacks support for
cases where non functional mequirements are not properly satisfied,

CARE is a goal-oriented COTS reguirements engine2ring method [37]. CARE arques
that requirements for COTS products need to be flexible, because they are
constrained by the capabilities of available COTS products, Reguirements arg
classified as  native [requirements  elicited  Fom consumers)  and  Foreign
frequirements of the COTDS components). The main driving force behind this
methiad is that it argues that it is required o bridge the gap betwesn the sets of
native and foreign requirements and that it is required to explore different
alternatives of matching. CARE s based upon ¥ modeling concepts, The
disadvantages of this method are that it does not provide any systermatic solution o
support the possible mismatching between both specifications

Conflict Management method

In [&] [3] the authors propose a confict managament method Fr COTS-baserd
Systems.,

The rmain idea behing this method is o define goals the system should meet and
operationalize these goals using features from existing COTS packages. This method
it riot suited for the entire selection process but only for conflict management, The
Famework handles amd deals with conflict instead of trying t0 2liminake it. The
method extends the selection process, as conflicks will still arise even after selecting
& COTS product.

The methcd starts with describing goals and candidate products that should be
obtained from the organizaticn and the marketplace. The two specifications should
be compared to find similarities and differences. That is, how goals are met or not
by the features of the COTS product. After mismatches are identified the conflict
resolution process beqgins,

In order ta spacify the goals, the authors use KADS as a specification language. An
imparkant featurs is o identify conflicts bebtween goals (2.0, MaintainBuyerHistory
conflicks  with MaintainBuyerPrivacy). They alko arque that it 5 needed to
differentiate the goals into core goals and peripheral goals, Care goals ara supparted
by all products ard peripheral goals belp b differentiate between the praducts.
Andther way to analyze goals is to add two distinct attributes to the goals, namely
desirability and modifiability. Desirability priaridzas the goals by assigning numbers
o make a relative distinction of importance between the different geals, Modifiability
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concerns with the feasibility to change a critical goal or feature whenever a conflict
arises, This attribute is considerad of utmast importance in this framework. As soon
as possible products are identified after analyzing the core goals they lose their
impartance to peripheral anes. They do peint out that omparing packages @ goals
is= @ manual operation, because package specifications are usually written in natural
language.
For the matching process they define a number af patterns, namely:

* fulfill, feature satisty a goal

* differ, product provides a feature that partially satisfes a goal

- exbend, products provids an extra featurs

* fail, product does not provide a feature that was requested by a custamer goal

The Fulfill pattern is the only patkern that doesn't generate a conflict, but the other
patterns do. After conflicts have been identified they hawe o be analyzed, they
propase risk analysis. In order b resolve a conflict the reasons of its occurrence
should be explored, Also it is very impartant to record all rationale in the analysis
and decision making process, because it s possible conflicts change in the near
Ffuture and information about these conflicks should be recorded to aid conflict
resolution in the future. In [7] the authors extend the framework with quality models
and scenarios. Juality madeks are used to define metrics which can be measured to
determine the suitability of the product. Scenarios are wsed b determine and
analyzing possible conflicts in the matching process. The benefits of using scenarios
to deal with conflicts are as follows:

. To explore resolution alternatives and highlight products limitations;
+ Ta identify associated risks with each COTS;
. To explicit evaluate the impact of decisions,

The: advantages of this methad are that it provides explict reasoning b to link
proiuct featunss 10 regquirements using the well knoswe goal-driven arentation in
requirements engineering. The method also provides a detailed strategy how o
measure the compatibility between product features and the r2quirements and
provides a scenario driven way to explore resolution alternatives, making it a very
complete method for COTS selection. One of the drawbacks of this method is that it
requires some formal understanding of utility theary, Ancther disadwantage is that
the method has anly been applied o a iterature case study instead of intensive
empirically testing.
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Intfroduction
The shift to service ariented computing probably has a number of effects for RE. Yan

Eck andd Wieringa have the fallkwing t0 say about these effects [153], They argue
that RE will split into bwo separate kinds of requirements engineering, RE far service
consumers and RE for service providers. Service consumers are the user groups
respongible B soma business functon and need [T support for this, Service
providers are the user groups that are responsible for designing, implementing and
providing IT services,

The distinction between RE for service providers and service cansumers comes from

the separation of concerns. Service consumers are only interesbed in performing a

certain sk as well and efficient as possible and need support for this task. Service

providers arg interested in providing 2 service as effectively and efficiently as

passible. In general service providers deliver @ highly standardized service and as a

conmsequence they cannot meet each specific business function demanded by the

cansumers, Service consumers nesd B align their tasks and processes around thess

JCNCHC sCrvices,

Lichtenske=in o 2f [94] position RE for services betwreen [T service managemeant ard

the traditional socio-technical issues in reguirements engineering, the goal of the RE

process here is o produce the service specification requirements, but in practics this
would most likely directy lead t0 an SLA. After an initial case study they concluded
that there are three main implications for service-oriented RE.

o service providers clearly need 0 recognize the customer’s needs, but consumers
alsn need to address the service providers nesds,;

o service performance is wery important, both consumer and provider play an
important role herg (24, the consumer needs to provide performance metrics,
&tel;

e 5Social issues are still important, stakeholder groups must be able to
communicate and neqotiate their conflicting [T service needs and this affects
team composition on the provider side (ie, personnel with strong negobiating
skills ),

Requirements engineering for service consumers
Service consumers [153] can be found in all departments except the IT department.

Their goal is derived Fram the business geals of the departmant in which they are
located, Service consumers try to support this mission as effectively and efficiently
a8 possible, The primary task of the requirements engineer is 0 align business
processes and user tasks with services offered. The requirements  engineer
debermines the need For & new service and sugoests some changses to certain tasks
and business processes to adapt to the offerad services [153] [46]. Greenspan [127]
also mentions that in service specification there are two main tasks, analyze the
business processss to comply with the service and describe the systems that need to
comply with the senvicse,

Gu and Lago mention [61] that the requirements engineer is in general responsible
for checking if the functionality matches the requirements and Gresnspan mentions
when a new senvic? is introduced the specification should contain the sevvwe mork
tasks, resporsible Suginess paits and their realization in the capabilities of the
enterprise’s systenm.
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Requirements engineering for service providers
Requirements engineering for service providers takes place in the IT department of

an organization or even a separake arganization when this is outsaurced, The goal of
the requirements enginesr here is to ensure the availability of a service
infrastructure for current and future use. Service providers need o develop this as
efficiently and effectively as possible. This bas as a result that they try to foous on a
generic standardized infrastructures.

The requirements enginesr s not only respansible for specifring the service
functionality, bt also for infrastructure design [153].

Gu and Laga [61] in general agree with the view described above. They too argue
that requirements enginesring for service providers is about daveloping a reusable
infrastructure t0 gain investments returrns 3% soon as possible, Service providers do
nat only need to analyze the abjective, functionality interface and the quality of the
services, buk also need to consider the issues relating o by which means their clients
are able to access these services (2.g. service level agresments, palicies, ete), They
also argue that the requirements gathered in this phase should be used bo {relmaodel
the business processes [61],

Existing methods
In the literature we can find a number of initial atempts for senvice orientag RE. In

this section we will briefly describe these methods and provide an analysis table bo
establish the core elements behind these methods.

The terature describes a number of techniques for RE for services, most of tham
adopt a goal driven elicitation technique. We have nat only looked at explicit RE
methiads, but alsa at service-oriented design methods 0 identify what those
methods describe about RE For services.

An Intentional Perspective to Service Modeling and Discovery
In [132] [78] the authors propose a technique to elicit requirements for services

using a goal driven manner. They argue that organizations find it hard bo describe
services in software terms; services for service consumers should be described in
terms the crganization ¢an understand, (i.e.] using tasks and goals, They propose a
technique that describes the intendonal services of an organization, using goal based
approaches, It identifies services that should be provided by each arganization and
distribute and archestrate the coordination between those services o achieve the
purpose of the cooperative process

An intentional service 5 a business-oriented service described in an fatentionaf
Forsooctive, focusing on the goarit allows to achieve rather than on the functionality
it performs. An intentional service & executable by composing it of @ number of
softreare senvices. There are three different aspects in the description of an
intentional service, namely the sanvice inferfare, He senice Defiavior and the sarvice
COMMEOS AT,

The: service interface s specified through the fulfillment of a goal, given an initial
situaticn and terminating in a final situation. Sanvice fefavior is specified through
pre angd post corditions that are the initial and the final sets of states, Thirdly
services are classified as an aggregate or an atamic sevice. Atomic services relabe to
operationalized qoals (goals that are fulfiled by a functionality provided by the
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service). Aggregate services correspond fto high level goals that need to be
decomposad in Iwrer level aoals that can be operationalized. They argue that it can
be understond that agoregate services lies on a goal-driven composition ko bridge
the gap betwssn the actual functiorality (captured in atomic servicesy and the high
level perception of strategic/ tactical goals. Their technique comprises 5 steps,

1) Identify services from process maps; a process map is basically a directed graph
with intentions as nodes and strategies as edges bebveen the inkensions. A map
visualizes the intentions and how they are accomplished. From this model it is
passible to derive a namber of services,

21 Determine key playing actors, this step of the methodalogical approach Foouses
on relating each section of the map, & each service, W the actar who will
provige the service.

31 Identify legacy services, the purpase of this st2p is b identify parts of existing
leqacy information systems of the partners’ organizations that can be packaged
as eservices and reused as such in the new cooperative application, UML
activity diagrams can be used b visualize the messaga passing and identify
available legacy s2rvices,

4) Distribute services among actars, in this step services are distributed among the
actors, assuming that all the serviees under the control of a provider actor
should be gathered into one single composite service. The distribution leads to
identify as many distributed services as provider actars.

5) Orchestrate services, to get a full specification of the service. This is done
through dependencies between the different maps. Thess dependencies show
the different actions bebwesn the services and therefore determine the behavior
af the service.

The end result of this method is an identified service amd it provides a behaviar
design For the service, The advantages are that it provides a complete service
elicitation rmethod, but there are also a number of disadvantages, The methad is
untested in practice. It is only suitable for service providers amdd its value for service
Cansumears is unclear.

Designing for services using TROQPQS
Another attempt t0 service design is throuah the use of Tropos [88] [114] Tropos is
a GORE development method that supparts both early and lat2 requirements as well
as archikecturs design. Tropos was not heavily modified o support the different
nature of sarvices.
The authors used Tropos t0 creak2 a goal and actor diagram of the intended service.
The actor diagram is in fact an architectural desion in terms of subsystems
interconnectad through data and cantrol flows,

TROFOS is a well known goal-oriented RE technigue, therefore the approach is
reasonably tested in practice, The disadvantages however is that TROPOS was not
designed specifically for a service orientation. TROPOS models usually have the
Erdency 0 grow bevond a paint that they are practicable bo use.

SREM: A service requirements Elicitalion Mechanism based on Onfology
A third explicit requirements engineering approach is proposed here [177]. SREM
uses a generic lisk of questions to narrow service requirements down to specific
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expression of user preferences. After this phase, a service requirements and
capability ontoloay is adopted o capture services requirements, This ontology is
based upon /# modeling concepls. SEEM integrates the different requircments
models by different requestors, SREM takes the viewpoint of a systematic approach
in requirements engineering that can address the process of transforming legacy
systems into easily reusable and customizable services.

There are three major components within SREM, service regquirements modeling
ontalogy, a service reguirRments elicitation process and a service raquirements
reconciliation process,

Requirements are 2licitad through determining the intended need of a system, The
requirements engineer neads o ask Questions, based upon $aid ontology, ©
determing the intended need. The appraach provides the regquirements engineer
with predefined questions. The end result of the elicitation approach is a higrarchical
requirement model, Mot every service consumer has the same meeds; SREM
therefore provides a mechanism that assigns scores bo the models. If certain parts of
medels averlap, they receive @ higher score. Thus creating a common service
definition.

SREM is & requirements engineering approach that focuses on service identification
from laegacy systems. The end-result is wet again an identified sevice and s
advantage is that it is a complete 2licitation method that uses practical techniques
like stakeholder questions to identify the services. The major disadvantage is that it
is yet again anly a theoretical approach,

RE for e-services
In [55] the authars describe a few RE technigues for e-services, The authors argue
that before a web-service is designed it is important to understand the service the
web-service  implements. This understanding is about the inter-erganizational
husiness processes, but also on the valee the service creates. Amd that a
requirements specification for senvices Functions as a bridge between business
considerations and web-services, This approach is enly applicable fr the early
phases of e-service deyelopment, Because e-service development is of a multi-
disciplinary nature, they argue that mulbple viewpoints should be taken inke account.
The task of & requirements engineer s 0 makch business processes of a set of
business actors to consumers needs in a market, in a way that results in a
specification that is detailed enough to design the service-based specification. The
vicw points are:

o  Business value viewpaints, in this viewpoint, three descriptions of the service are
profuced using e3value, These descriptions describe the consumer need and
allocated this nesd o services, identify the attivities for these services and
quantify the value exchanges for each business ackor.

e Process viewpoint, this describes the inter-organizational business process and
intra busiress tasks.

o Infurmation  System  wviewpdint, this  viewpoint  describes  a  workflow-like
specification o be used by some enactment engine. The service is specified
using WOSL and BPEL, through automatic UML conversion.
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Other variations in using e3value as a RE technigue for e-services can be found here
[56] and here [26]. In [56] an e-service is designed using i* and &3 value and in
[185] &3 value is used in combination with a goal-oriented method o recognize
service provisiening patbems,

The advantages of this approach are that it uses different viewpoints to describe the
service, These viewpaints not only provide information o the technical designers,
but akg abstract from implamentation technelogy and provide a description servics
cansumers can understand, The disadvantage is that the method is not teskad in
practice {like mast reviewed methods),
Blueprinting

In [1537 the authars propose t0 use a gengral service design technique. This
echnigque is called service blugprinting, Service blugprinting describes all activities
that are carried out by a service provider and its customer to deliver a service. There
are four kinds of activities involved in sarvice blueprinting:

o service customer activities

o QrEtage contact employes activities

o hackstage cantact employee activities
e support activitics

Blueprinting is a wery popular technique in services marketing. It allows to
structurally designing the senvice and provides as a document that the technical
designars can use to design the senvice,

A service design methodology
In [111] the adthors propose a methodology for service development. This

methodalogy Focuses mainly on service providers. Het the entire methodology is
relevant for the requirements engineering viewpoing, but they do descrite a numbxer
of interesting technigues.

They argue that it is 8 key requirement 0 understand the business environmeant and
o make sure all necessary corkrols are incorporated into the design of a service-
ariented  solubicn.  Activities in this phase are, analyzing business needs in
measurable goals, reviewing the current technology landscape, conceptualizing the
requirements of the new environment and mapping those to new or available
implementabons. Flanning also includes financial analysis of the costs and benefits,
atr.

In the analysis phase they propose where the requirements of the service are
investigated, more specifically reviewing business goals and objectives that drive the
development of business processes, Business analysts create an as-is process maodel
ko allow the stakeholders to understand the portfolio of available services and
business processes. The end result of this analysis phase is the to-be process model.
This analysic phase encourages business process (re) desion,

o provess identification

e  proocss scoping
e business gap analysis
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o prowvess realization

IBM service identificafion method
According to Amsden [8] SOA-based infrastructures needs to be business ralevant,
driven by the business requirements the S04 supports. Busingss requirements need
o be formalized and the lewel of abstrachion needs t0 be raised. He proposes a
method based on separabion of concerns and loose coupling. Therefore he separates
the tasks of both the business analvst From thiose of IT staff members. This method
is partly UML Dased. Firstly they model the business goals, and later in the method
they model the business processes that achieve these goals. According to this
methiad the business exscutive is responsible for conveying business goals and
objectives and the business analyst is responsible For analyzing the business
requirements. This method starks with deseribing the business metivation that
establishes the business goals and obiectives that are to be achieved, followed by
high-level  business-process  design.  This  enables o express  the  business
arganizational and operational requirements to meet the goalks and objectives. These
motivations and process modaks establish the context for identifying the services that
are connectad to the business requirements.
The business-process models are used as a service regquirements contract. The
services meed to comply t0 the business processes. Peformance s measured
through the use of KPIs. After that, service specifications and sarvice providers are
designed and connected, The process of deriving candidate services from process
models is called dovrgin comoesition, Ancther important st2p in their approach is to
link the business process to their respedtive use cases.
In the case that the business processes arg not elaborate enaugh 10 be run directly
they are seen as a service specification. These requirements contain the fasks, odes
and the redes This specification does not contain any implementation or IT
architectural conearns.
The IBM service identification method provides an intredoction to service
identification. It is a less detailed version of SOAM/SCAD o pravide practitioners and
introduction ba service oriented RE. It is therefore an easy to use method, which
uses known concepts like geal identification and goal modeling and formalized
business requirzments, Business process modaks are used as context models for the
Services.

SOAM/SOAD
Another method proposed by IBM is SOAM/SOAD (service oriented architecture
modeling and service oriented analysis and desion) [184] [12]. This Arst part of this
kechnigue has some resemblance with RE, the technique is used to identify the
requirements for services throwgh analyzing legacy systems, business goals and
business processes, They also axplicitly argue that there are distinct reguirements
for either the consumer role ar the service provider role. In the consumer role the
activities are service identification, categorization, exposure decisions, composition
and D determine the quality of sarvice {non-functional requirements),
Services are identified through a combination of 8 Ep-down, battom-up and middle-
out kechnigues. In the p-down view a blueprirt of business use cases providas the
specification for business services. This composes the business domain inko s
functional areas and subsystems. In the bottom-up view in identifying services
existing legacy systams are aralyzed to identify their possible role in servics
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provisioning. The middle-out view is a goal-service modeling technique to validake
and find ather services not captured by the othar views.

They also argue that object-oriented analysis is not sufficient for service orienbed
way of thinking; therefore they propose the service-oriented analysis and design
technigue. SOAD combines elements from OO0/, BPM and EA to create a technigue
that can be used o identify and specify services. They use BFM and stakeholder
interviews Cdirect requirements analysis) to identify candidate services and the
individual services are specified with the operations (activities Fom  business
processest they need b accamplish,

This methad by IEM also encourages the use of multiple viewpainks, or techniques,
Ffor service oriented RE. The end results are a service specification, service
requirerments and a glebal service desian. Tha method also uses known RE principles
and technigques, like goal identification, scenarios and stakeholder elicitation. The
disadvantages are that the method is the design philosophy From a commercial
company and therefare less scientific based.

BEPM as RE for SOA

In [164] the authors propose to use business process management [BPM) as a
requirements angineering technique for [business ) services.  Business services ack as
an abstraction layer betwesen the business and the [T. Business services are
specified in this technigue thraugh their business relevant inputs and  outputs,
Functions of a business service are business activibes that are hierarchically
structured, that can be supported by IT. Business services both execute processes
and functions, The wsage of a business service is subject ta a SLA that detarmines
the quality of its execution.

They argue that the only way to deploy a3 504 i that it has o mast it
arganizational requirements. They define services as “the layer between rapidly
changing business requirements represented by business processes and steadily
evalving system landscape that aught b meet these requirements,”

They also argue that a S04 component shauld resemble business functions instead
of, for example, a database connection layer. Web-services are often used to
implement these SOA companants [ar business services),

BFM as RE is not really a specific RE method. But mare a technique that can be used
o analvze and desion the business processes that support the services, It
advantages are therefore that it is a well known agcepted technique, but not a
complete RE methad,
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Appendix V.REQUIREMENTS
TRACEABILITY
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Infraduction
Requirements traceability, [58] has been the focus of ongoing research for the past
decade, it is recognized as a concern in an increasing number of standards and
quidelines for RE. Rostzheim identified RT as a quality factor and non-functional
requirement [131].

Ramesh and larke [125] give the following definition of AT: AT is a characteristic of
a system in which the requirements are clearly linked to their sources and b the
artifacks created during the system development life Optle bhased on these
regUircments.

Spanoudakis [140] defines traceability as the ability o relate  requirements
specificatians with other artifacts created in the devalopment life-cycle of 8 software
system.

Murray [103° defines traceability as the ability o identify requirements at different
levels of abstraction and to show that they have been implemented and tested,

Howewver, we believe the definition provided by Gotel and Finkelstein [57, 5%] is
more suitable for this research, because it also makes a clear distinction where the
requirements originate from and t0owhat artifacts they lead to,

RT refers to the ability to describe and fdown the life of a requirement, in both
8 forwards amd backwards direction (i.e., from its origins, through its
development and specification, to its subsequent deployment and wse, and
through periods of an-gaing refinement and iteration in any of these phases,

Types of RT
Requirements traceability is a broad concept, within RT a number of different types
can ke recognized.

Backwards and forwards traceabillty
Within the RT literature the concepts of backward and forwards traceability have
standand definitions [115]:

Backwarde traceabifity is the ability to trace a requirement back to it scurce {(2.4.
stakeholder, law, argument, etc)

Farwards traceaiiify is the ability to trace a requirement to components of a design
ar implementation,
Pre RS and post RS fraceability:

Gotel and Finkelstein did a tharough analysis of the requirements traceability
protdem [58], They menton that fonwards and backwards BT is clearly an important
feature of traceability, they do point out that the separation between pre-RS and
past-RS should also b made, Most af the problems in RT occur because of a lack of
distinction beteeesn thiose bwa subdects. The main differences are the information
they deal with and the problems they can assist. Post-RS maceability depends on the
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ahility ko trace requirements from, and back to, a baseline (RS} through a succession
of artifacts in which they are distributed. Pre-RS depends on the ability t0 trace
requirements from, and back to, their originating statements.

Fre-R5 traceatbifity refers to those aspects of a requirement's life griar to inclusion in
the RS {e.q. from stakeholder o requirement).

Fost-RS traceabiity refers to those aspects of a requirement's life that result from
inclusion in the RS (&g, from requirement bo design artifacts, to a property of the
system),

Pre-RS  traceability is wseful when we want & kow what happens  when
requirements changes and wee need e validate that new requiremeant with its eriginal
sources. Post-RS is useful to get the design module to which a requirement was
allocaked to when we want to check if the design satisfies all requirements.

.
=
=

Sigura - e snd prase re biacoahiliny fo8f

Inter and extra-requirements traceabillty
Pinheirg [115] alse distinguishes inter and extra-requirernents traceability. When

links behwean requirements themselves are traced we speak of inter-requirements
traceahility. The links between requirements and other artifacts is called extra-
requirements traceabilicy,

Infer-requirements traceahifify refers to the relationships between requirements

Exfra-reguireintents traceabifity refers to the relationships between requirements and
ather artifacks
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Inter-requirements traceakility is important during the requirements analysis phase,
.. when we want to know what requirements derived fram a cerain requiremeant,

The Need for RT
In [126] Ramesh af a4 discuss the need and why requiremants traceability should be
implement=d, they distinguish different levels of needs grouped for a different
audience.

{Project) Managerment

o Regquirements traceability is A must for survival, because customers want it

o Itminimizes the possibility of missing requirements

o Easier to track the progress of a project

o Conficts between requirements are detected easier, thus minimizing project
coslks

o Improwed validation

o Future projects last shorter, due to the availability of previous design decisions

Systemn Desioners Engineer

e Itenahles the enginger to record their decisions and resuls

o It pravides a justification for these results

o It provides design alternatives

e Design can be verified against the requirements easier

e He can re-use certain components because he stored the different design
decisions

Customer

o The quality of the product can be compared with the user requircmaents

o Acceptance testing and requirements can be linked directly

e User requirements are linked to design requirements, so that developrent
personnel can kesp their focus on the user requirements

Ditterent usages of traceability
Traceability in practice can be divided into twa distinct traceability practices, one for

high-=nd users and ane for low-end users. ¥We will summarize the work of Ramesh
[124] b explain the differences betwesn these groups.,

A first obvious distinetion bebtween low-level and high-level use 5 the complexdty of
the systems. When systems g2t mare complex, the need for RT increases, Low end
users of traceability usually work with less complex systems.

A second distinction is that bowr-end users view RT simply a5 a mandate from project
sponsors, whereas high-end  traceahility wsers wiew RT as part of a guality
engineerng process. High-end wsers have a better understanding of the advantages
of adding traceability to the enginesring process,
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Low-=nd users use simple traceability techniques, such as traceability schemes to
model dependencies amang the requirements, allocation of requirements o system
components and links from requirements ko compliance verification procedures.
High-end wsers dermand mare from BT, they capture desion rationale, the evolution
of design artifacts, and they see RT as an ongoing process improvement pragram.

In the conkext of systems development bow-end user have no systematic method for
AT, wheareas the high-end users developed well-defined system development palicias
fstandardized methods), high-end users are trained b understand the impartance of
traceahility and see it as part of the engineering job,

Andather major distinctian between Iwe-end and high-end users is that low-2nd users
see it as an 2xpensive, overrated activity and when the first budget issues arise
within a project, traceability is the first thing t0 go. High-end users see traceability as
a mechanism For process improvement and a trace of the process of systems
developmeant.

Low-=nd users also focus more on post specification traceability; they ignare the
question "Where do requirements come from”, whereas highrend users fotus on
bath pre RS and post-RS traceability. Lowe-2nd users use static documents to create
a form of traceability, but when traceability is seen as an important activity tools are
required, High-level users of traceability understand this and develop tools that are
embedded in the development environment. Another major difference between lowe-
end and high-end use is that low-=nd user’s capture traceability information for all
requirements, but high-end users understand that nok all requirements are equal.
Therefore they only capture traceability information for the most important
requirements, Table 22 shows an averview of the ext above.

High &nd users Lanw &nd users
Canplesity High Lawy
Feacans Required for qualicy enginesing Manclabe from
M acerrent
Techniques Extensive bocling Limple diagran=
Methods Explicitly defined method Ad hac
] Procecs improvernent First t1ing to go
Facus Pre-R5 Past-RS
Capture Cinby for “he impartant | Al
requirernents

Tabls 52 avarviewr bracaabiify usags

Traceability in the RE process
When we look at RE we see a process that rung through three dimensions, thess

dimensions are [116]:

o Specification, from incomplete descriptions o complete requirements documents

e Representation,  from  informal  fextual  statements to  (mored  formal
representation models,

o Agreement, requirements engingering is all about agreeing on a set of
requirements where all stakeholders can kentfy with.
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In order o create requirements pre-RS traceability [116], traceability must be an
int2gral part of the RE process. In the way of working section we will describe a RE
process madel and explain how traceability can be accomplished within this process
model.

Specification

. wmmplepe
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opagur - - : -7
! " . 1. '
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RIERATTE s Forrnnal tiwmal
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When we analyze this picture further, we can discuss the kind of information will be
reconded:

o information alongside the representation  dimension (2. regquirements
statements, behavior models, ete )

e Information alongside the agreement dimension  frationale,  decisions,
altarnative options, etc)

o Infurmation alengside the specification dimension (the requirements)

e Relations betwesn these elerments (which decision led 0 a certain requirement
and what where the akernative oplicns, which requirement led to another
requirement, ete)

e Relating the previous steps W the stakeholders that produced  these
requirements

Techniques
In this section we will discuss the different basic techniques to represent traceability
links. The literature desciibes in essence two standard technigques in BT, matricas
and rross references.

Matrlces
One of the most comman ways to represent traceability is through the use of
raceability matrices. Requirements are  associated bo objects of softwars
development (e.g. design documents, syskem components, test procedures, etc). For
example, requiremants are allecated to the vertical columns and desion artifacts to
harizortal columns. The cells can then vsed bo show that a cerain requiremeant links
o that particular desian artifact.

Crass references
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Cross references are commen to use to incorporate some form of traceability. Within
requirements specification requiramants can cross reference to each other or to
different documerts. The relevant links are embedded as points in a text (eq.
hypeerlinks ). Cross referencing is useful for written specifications buk nat far a concise
representation of links, as can be done with matrices.
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Appendix VI. RM AND EA

In this section wa will discuss the topic of BA. The main goal of this section is to fnd
out hiow existing EA Famevworks deal with the topic of RM. We have chosen the
selected frameworks after an initial analysis of DoDaf, TAF, Zachrman, GEAM and
TOGAF. These frameworks are discussed in [71]. We have evaluated these
Framewarks on how extensively they discuss requirements, We particularly kooked at
how the frameworks provide rationale for architectural elements (solution sysbems)
and any method guidance. In this chapter we have chosen the three frameworks
that discuss these issues the most. These are the Zachman framework, IAF and
TOGAF. An evaluation of these frameworks is useful hecause it provides guidance to
gathering requirameants for the method. By ako looking at highly accepted
frameworks and select the most comman elements the method will be based on
“best practices” derived from the literature,

In section 2.1 we will discuss the general wpic of EA. This is based on the work of
[71.. Section 2.2 discusses popular BEA frameworks and how they deal with
requirements, In section 2.3 we will provide the results fram our analysis.

What is Enterprise Architecture?
The word architecture is associated in the field likerature with two interpretations.

Wery often one can guess from the context which of the two interpretations is
intended. The Fist refers to the inberent architecture of a system. Syskem theory
states that a (complex) system can be divided in smaller less complex sub-systems
that combined will form the original system. This combination of lower order systems
and the manner in which they function together defines the inherent architecture of
the original system and is referred by some authors to as the “architecture™. In this
line of thinking, the ANSI/IEEE 1471-2000 standard is proposing a definition that is
considerad to ba the reference:

The fundamental organization of a system, ambodied n its components, their
relationships to each other and the environment, and the principles governing
its design and evalution.

The second interpretation relates to the assertion that it is necessary © make
explicit the inherent architecture of a system by means of architecture descriptions,
Mext ko documenting the decomposition of the system, an anchibacture description
may refer to many other aspects such as function, data, time, motivation, etc. The
AMSITEEE 1471-2000 standard is wery precise in this respect and makes a clear
distinction between architechure [which is conceptual / intangible) and architecturs
descriptions {which are concretsftangible], which are subsequenty defined as;

A collection of products to document an architecture,
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Architecturs description is thus the second connotabion of the word architecture. The
relation etween architecture as description and architecture as inherent architerturs
i5 that the architecture description represents ardl conweys the essence of the
inherent architecture. In the theory and practice of EA, the second interpretation is
the most cammenly used, and therefore we will adopt it a5 well. Furthermore, the
definition of EA we propoese below fits very well in the "archibacture as description”
line aF thinking.

In this thesis we adhere to the fllewing definition of the concept of Enterprise
Architecture that is based on the existing literature:

Enterprise Architecturs (EA) is the complete, consistent and coherent set of
methods, rules, models and tools which will guide the (reMdesign, migration,
implementation  ang  govermance  of  business  processes,  organizational
structures, information systems and the technical infrastructure of an
organization accarding to a vision,

More specifically, this definition can be complemenbed with additional characteristics
such as those mentionsd belowe.

Enterprise Architecture comprises a collection of simplifisd representations of
the arganization, from different viewpoints and according to the needs of
different stakeholders.

Entzrprise Architecture is a design or a description that makes clear the
relationships between procducts, processes, onganizabon, information senvicss
and technological infrastructure; it s based an & wision and on certain
assumptions, principles and preferences; ronsists of models and underlying
principles; provides frameworks and quidelines for the design and realization of
products, processes, organization, information services, and technological
infrastructure.

EA frameworks
In this section we will briefly discuss some of the available EA frameworks. We will
nat study all available Fameworks extensively, that would be a shucly by itself. We
anly want to understand the general idea behind RM applied in other framewaorks.
These frameworks have been extensively discussed in the handbook EA [71] and in
[66]. Since this is a research doneg at BiZZdesion, we will summarize and reusa this
material. After an initial analyse we concluded that the Zachman framework, TOGAF
£.1 and the TAF framework are suitable candidates to discuss,

Zachman framewaork
In 1987, Zachman introducad his "Framework for Enterprise Architecture” (see [182]
and Figure 48] although back then it was called "Framework By Information
Systems Architecture”. The framework as it applies b Enterprises is simply a logical
structure for classifying and organizing the descriptive representations of an
Enterprise that are significant to the management of the Enterprise as wall a5 to the
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development of the Enterprise's systems. It was derived from analogous structures
that are found in the older disciplines of Architechure/Construction and Enginesring!
Manufacturing that classify and organize the design deliverables created during the
process of designing or producing complex physical products,

i
o] ™

Fligura 8- Zaciman Sanmeswonk

The figure above shows the "Framework for Enterprise Architecturs”, usually knowm
as the Zachman Framework.
The two abstractions that could be relevant for requirements traceability are the
“how” and “why” viewpoints. When we trace the different viewpoints from top o
bottorm we can see how an arkifact is realized and what goal it realized.

TOGAF 8.1
TOGAF is a pracess oriented framework [141]. The steps within this framework are
iterative and cyclic, The Open Group Architectural Frameseork { TOGAF) riginated as
a generic framework and methodology for development of technical architectures,
hut aver the years became an enterprise architecture framewark and method. The
new wersion 8.1 of TOGAF is called the "Enterprise edition” and is dedicated to
enterprise architectures.
TOGAF has thres main comporents:

o A methodalogy called Architecture Develepment Method [ADM], considerad to
be the core of TOGAF. ADM is actually a step-wise iterative approach for the
devaiopment and implementation of enterprise architecture (see Figure 47;
TOGAF],

o The Enterprise Continuum, which comprises a virtual repository containing all of
the architecture assets, This is initially populated by two reference models, the
TOGAF foundation architecture and the integrated infrmation infrastructure
reference model.

o The TOGAF Resource Base - a set of bools and technigques available for use in
combination with the TOGAF ADM [views, architecture board, architecturs
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I1AF

compliance, architecture governance, architecture maturity modeks, patterns,
principles, skill frameworks, building blocks examples, ete,),

TOGAF iself doesnt contain any modeling techniques, but does recommend what
techniques can be used in every phasa.

Each step within ADM interacts with the requirements management phase.
Requirernents here are being actively refined from high level organizational goals, o
business  requirements,  information  system requirements and  infrastrockune
requirerments.  In the architecture change management phase the requirements are
campared ta the actual situation and a change project is executad to Close the gap.

/ Prelim:
|' Framawork
\ and
\

\Prllc ples

£ C.
[ Information |
\ Systems
\, Architecturas

Requirements
Management

[ m gl 1.-n\ . Sy
L Planning f/

A 7
\ | Opportun

Figua 477 TONGAF ADM

Technology
\  Architeclure

Cappemini promotes for more than ken years its owmn framework, namely the
Int=grated Architecture Framework [TAF) [see [102]) that reflects a service oriented
way of thinking., Figure 48 shows the basic structure of IAF. The model is broken
down imo Aspect Areas [business, information, information systems, technobxgy
infrastructure, security and gowernance] and Abstraction Levels {comtextual,
conceptual, logical and physical]. BEach "cell” in the IAF model has a defined set of
Artifacts. Views then allow the architects to bring together and visualize the artifacks
o help in modeling the architecture and to communicate the archibecture with the
warious stakeholders.
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The IAF argues that architecture is actually a continuous improvement process, in
which architecture responds  to the overall business and  IT  enwironmeent.
Consequently architectur2 becomes a part of the overall desian and governance
cantinuurm for a businass, Therefare, the ife oycle of architecturs is regarded, as an
iterative process supplemented with learning From the experience of implemantation,

Sgitire W8 coNBNLALE Frirolkanent s refinamant

When we look at the life-cycle model and the provided whibke paper [102] we can
distinguish a high level requirements management method. At the contextual level
we se@ the why question. This is where business requirements are defined. Business
requirements are the principles behind the architecture and they recommend o
record the priorty, implicatons and rationale. At the conceptual level they
decompose the requirements into more detail and yet again the recommend to
record their priority, rationale, &, Ak the logical level they use solution alernatives;
these are technology independent solutions which provide more or less the same
outcome. Different alternatives are tested here amd in the end the best ane is
chosen.
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Appendix VIl. SOA
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Intfroduction

One of the requirements imposed by BiZfdesign is that the method should be
applicable to use in a service-oriented organization. Therefore we will discuss the
concept of services briefly in this chapter. The main goal of this chapter is to get a
global understanding of services, S0A and service level agreements.

In section 2.1 we will discuss the concspt of 504, section 3.2 discusses how
layering realizes 504, Section 3.3 discusses the concept of a service. Section 3.4
explaing how web services are used t0 realize services. Section 3.5 discusses
service level agreements and in secton 3.6 we will provide analyses of the
provided results.

The concept of Service-Oriented-Architecture
A& common vision in the scientific literature is that software needs to support the
aqgile and changing business resds (1617, Therefre software nesds to be built up
from  discrete parts of functionality, These parts should be reusable and
reconfigurable bo keep adapting to the changing needs. This way af thinking led to
the concept of service-oriented-architecture {SOA).
In traditional arganizations the role of IT is more a enabler of business strategy,
whereas in a service-oriented organization [T plays a strategic role in business
transformation, including the creation of new sources for business revenue,
whereas there is a logical s2paration of business need [consumption) from
fulfillment {service pravision]. The need can be fulfiled by multiple providers,
In the software t2rms, a SOA is a logical way of designing software systems to
provide services b either end-user applications or other services distributed in a
retwark through published and discoverable interfaces (1107,

Layering

In SOA the design philosophy of component based development is re-used,
Functionality should be split up over components that are loosely coupled. The
5048 philosophy is much broader than the component based philosophy. The SCA
philosophy can be depicted as a pyrarnid [110] [161] (see Figure 50). The top
layer describes how organizations should think about service level agresments,
assurance and support for the information systems architecture, The composition
layer encompasses necessary roles and functionality for the consolidation of
multiple services into a single composite senvice, The resulting composite services
may be used by service aggregators as components in o further service
compositions or may be utilized as applications by service clients.
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Seryices also require change in organization structure and roles. The transition b a
service-orentad enterprise requires loosely coupled arganizations that are basad on
the role definitions of sendce providers and senvice conswiters 771 Another
important change has to do with the availability of services; services can be
campared o the raw materials of traditional enterprises. Therefore negotiating with
and changing services prividers must oocur much Faster than in the traditional way,
This regquirement will lead & the emargence of service intermediaries. This will lead
to an environmant where consumers have the possibility to switch b a different
service provider, Service intermediaries can help create trust by judging providers
o past experiences with other consumers, The bottom layer i about basic services,
their descriptions and basic operations {publication, discovery, selection and
bindling).

The concept of service in SOA
In the last three decades we hawe witnessed a strong migration of enterprises from

a function-based organization (following a divisian in deparments such as sales,
production, logistics, etc] o process-driven organizations. However, the last years
hawe brought in the attention of the scientific and practitioncr communitics a now
cancept, namely the concept of service [71]. We define a service as [161]:

A service is & component that offers its functionality to external components
thraugh an interface that i described in a stardardized way.

The consequence is that @ new shift has bequn, in which the enterprise aims to
become service driven. This means that now inkemal business processes are no
longer central in the arganization. Inskead they become just means ta realize and
deliver services o the client. Consequently, the client together with the services he
requires forms the new arganizing principle of the modern enterprise. Related o this
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new phenomenon organizations must also consider the migration from process-
driven to service-driven enterprise architectures,
Seryices can be distinguished aon a number of different levels [77] [8a]:

Business Service, this is a coherent unit of functionality that offers value bo the
environment, independent of internal realization.

Application Service, this i5 an externally visual able unit of functionality, offered
by one or mare components, available throwgh univecal defined interffaces and
offering walue to the environmernt

Infrastructure Service, an externally viewable unit of funcdonality, offersd by one
of more infrastructural nodes, available through univocal defined inkerfaces and
offering walue to the environment. Although the literature does recognize this kind of
service, in this book we will only focus on business services and application services,

These services communicabe in a layered manner to each other, business sarvices
are the services organizabonal cepartments deliver to each other and  their
customners, In general business services are realized through business processes,
These business processes are abl2 to use aubomated application services. When it is
possible to fully automabe the business proress, one application service will realize
this process, thus creating a one-to-one relationship betwesn an enterprise service
and an application service.

Application services are the services automated systems deliver ko each other and
the organization, application services can be divided into a number of different
wariants [F7].

Web services as an implementation of services
Web services can be seen as the implementation of the service-ariented philosophy

[110]. A web service is a collection of business functions or capabilities that can be
published to a network such as the internet that completes tasks, solves problems or
conducts transactions. Each web-s2rvice is a building bBlock that enables the sharing
of software Functionality with other applications residing outside the web services
native environment [110]. Services are offered through components that can be
created wsing traditional programming envirgnments ke 184 or NET. The idea
behing weh service technology is that services creabed through these components
can always communicate with each other, no matter the implementation and
devalopment platform,

Service level agreements
According ta [150] SLAS are clear descriptions of activities performed by a supply

organizatian ungdar orders of a demand arganization. It provides in some detall
when, how and where the activities are executad. It uses a language the demand
organization understands and is created to provide 3 cerain level of expectation.
The SLA conkaing agreements on the quality, quantity and the cosks of the IT
facilities.

The process of canstructing an SLA is in general is [1507;  Frstly the business
situation needs o be 2xplored, The size of the crganization o be supported s
looked at, types of operational processes to be supparted and the users that ane
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gaing ko use the facilities. The second step is o determine the profiles of the
business process to be supporkad and the definition of the desired support and
thirdly the SLA needs to be drawn up with an indication of the products o be
defiverad and their qualities.

Bouman &f af [25] discuss the ssues in specifying an SLA, they argqua that an SLA is

no longer seen as just a fAnancial contract but an instrument for managing

customers expectations. The major problems conteming SLAs are:

o moast SLAs are specified in the effort the provider has to spent when a probilem
occurs, but no commitments are specified regarding the effectiveness of a
service For A customer's business processes,

e unclear service specifications (e.g. availability of a service, does 38% uptime
mean the service can be down an entire week after being up for 51 weeks);

o incomplete specifications;

o Description of SLAS is usually too much technology-oriented.

Ta solve these problems the authars suggest a few guidelines when drafting an SLA,
these guidelines describe a few necessary tasks and required contents of an SLA:

o determine the user nesds early;

o some asperts of a service are mare important than others, focus on those;

e create a readable document and include decisions made

o define roles early [wha is responsible for what)

o review the draft SLA

e Lthe SLA it a document that brings two parties woether, therefore the balance
babwesn commitments on results and effits should be determined betwesn
hath prowvider and consumer,

They also describe a process how to shape a service level agreement, They used
interviews to shape a Arst draft and identdfy the main comporents of a SLA. A
secand step was to make the different components of the SLA measurable, They
observed that it was required t define metrics to be able b measure the SLA
Another imparkant step was to include the decisions made into the SLA, t0 make the
dacument more understandable for the consumer of the sevice. The dacument was
also divided into user friendly sections, concentrabion at one topic at the time, The
process in which @ SLA is developed is spiral like, constant reviews and leaming and
re-gathering  data enabled to produce a complete specification  that  was
understandable and acceptable by both parties,

The: specification always refers t0 the IT ohjecks and its surround business processes
ko enable the user to understand the business context of the IT object.
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