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ABSTRACT

A SOFTWARE FUNCTIONALITY MODEL FOR FUNCTIONAL SIZE
MEASUREMENT

Ozkan, Baris
Ph.D., Department of Information Systems

Supervisor : Prof.Dr. Onur Demirors

September 2012, 256 pages

Functional size is among the few software size measurestiemhwvell-structured and stan-
dardized methods exists for its measurement. Although tiamad Size Measurement(FSM)
methods have gone a long way, one ongoing criticism on FSNhadetis the discrepancies
in the measurement results of the same software obtainedfbyait measures. In this thesis
study the sources of discrepancies that involve the funatiproperties of measurands and
constructs of the FSM method models are investigated in tptoeatory case studies. In
the light of the findings, a software functionality model fanctional size measurement is
proposed. The model is founded on a characterization ofvacdt functionality from a re-
quirements engineering point of view and it aims is to féaié reliable size measurements
on the basis of formalized concepts and rules. Two caseestuade conducted in order to

evaluate the applicability of the model and validate fte&iveness.

Keywords: Software size measurement, Functional size unesent, Software functionality
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ISLEVSEL BUYUKL UK OLCUMU ICIN BIR YAZILIM ISLEVSELLIK MODELI

Ozkan, Baris
Doktora, Bilisim Sistemleri Bolumu

Tez Yoneticisi : Prof.Dr.Onur Demirors

Eylil 2012, 256 sayfa

Yazilim iglevsel buyuklugt, olgcimi igin iyi yalandirilmis ve standartlastiriims yontemler
var olan nadir bilyikliik dlctllerindendislevsel buyiikluk dlcme yontemleri hayli yol alpses
da, dlcumcilerin ayni yontemi izleyerek ayni yazilgim elde ettikleri dlcimlerdeki farkliliklar

hala bir elestiri konusudur.

Bu tez calismasinda bu farklliklarin yontemlerde &aollan modeller ve olcilen gereksimler

ile ilgili sebepleri iki durum ¢alismasi ile incelenrtirs Bulgular 1s1ginda, islevsel buyukluk
Olcimuicin bir yazilim islevsellik modeli dneriligtir. Model gereksinim miihendisligi bakisindan
tanimli bir islevsellik Gzerine kurulmustur ve modesimaci formallestiriimis kural ve kavram-

lar Uzerinden guvenilir dlcumler yapiimasinin saghasidir. Modelin uygulanabilirliginin ve

etkinliginin gecerlenmesi igin iki durum ¢alismasrgeklestiriimistir.

Anahtar Kelimeler: Yazilim biiyiiklilk dlgmislevsel buyuklik dlgme, Yazilim islevseligi
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CHAPTER 1

INTRODUCTION

Software size is a widely accepted predictor of softwargegte and size measurement is
vitally important to software management [9] [10]. From times where software size meant
"lines of code” for the majority of software engineers, thmelarstanding of software size have
evolved into a multi-aspect concept in parallel to the dgwelents in software engineering
methods and software measurement research. Softwareasizeehn refined to be measured
in different properties such as functionality delivered to théwsok users, length of code,
complexity and amount of reuse [11] [12] and sizing concédrage been distinguished with

respect to user’ s viewpoint and the developer’'s viewpdiht [

The idea of measuring software functionality was first idtroed with the Function Point
Analysis (FPA) method [13]. Since then, not only the ori§iRBA was adapted but also FPA
variants and new functional size measurement (FSM) methads been developed in order
to meet theoretic and practical measurement requiremertaeérging contexts [7][3]. Avail-

ability of the software artifacts that describes softwarectionality in the early phases of
software development and the independence from develdpmethods and technical imple-
mentation decisions made functional size an attractivesarego be used inflort estimation

and many other software engineering practices [14] [15] [18] [18] [19].

A desired property of any measurement method is to fa@litaeasurements such that mea-
surers can measure a specific attribute on a specific entigistently and repeatably [12] [1].
These characteristics are essential for an agreement oelidigility of a method where the
provided measure is independent of the measurer and th@emant. However,one signif-
icant challenge of FSM methods remains to be the discrepaiicithe measurement results

and openness to subjective interpretations[20] [21] [2&] [24] [25] [26] [27] [28] [29].



Among others, one core factor that allows subjective redslthe lack of formalism in the

descriptions of the software models the FSM methods rely on.

In this research we explore factors that lead to variatino’sSM results and propose a formal-
ized software functionality model for FSM (4FSM) to improwensistency in measurement
results on the basis of our findings. We demonstrate how measumts can be performed

reliably using 4FSM in a FSM method.

1.1 The Context

Effective software engineering requires measuring the at&#of software products in order
to understand,control and predict. Project managers nesbumes to estimate how much
software to build, in what time and at what cost. Process gensaneed measures to com-
pare before and after productivity figures for a process avgment initiative or to normalize
various process metrics based on a selected product #dtribhey all need objective, com-
parable, thus, reliable measures in order to benchmark pinejects across organizations.
Software size has been such a software measure which hassisely accepted to be a
determinant softwareffort and duration and has been used as a primary input to seftwa

estimation and productivity models.

In section 1.1.1, we summarize properties of software sigegive insight into the measures
that quantify length and functionality attributes of saditw. Section 1.1.2 explains the steps
of a FSM process and highlights their important artifacesct®n 1.1.3 summarizes general

properties and concepts of FSM methods.

1.1.1 Software Size

With the emergence of new software engineering methodbnigages and implementation
technologies, size have been regarded to have multiplendiimes distinguished from several
different aspects. Fenton[11] defines length, functionaldyse and complexity as dimen-
sions of size such that each captures a key aspect of softiz@ranalogous to height, width
and volume of a physical entity. Among them length and fumality measures are the most

popular and used.



Length. Length is the physical size of the product. Lines of Code @)@ the most com-
monly used and oldest traditional size measure. It has lgarded as an intuitive measure
of software product size and relatively easy to capture. lc@&hbe accurately measured only
at the later stages of a project after the code is availablevaas estimated by expert meth-
ods. LOC has been used in manfféient ways distinguished by how blank lines, commented
lines, data declarations, separate instructions are @didl]. Another factor of variation is
the separation of delivered LOC from the written code. As léer@ative to LOC for mea-
suring the code length Halstead proposed a set of metritsdpéures several attributes of a
program [30]. He defined an algorithm as a collection of tekétat comprises operators or
operands. The basic measures for these tokeng ktethe number of distinct operators
u2=the number of distinct operands

N;= the total occurrences of operators

N,= the total occurrences of operands

For a progranP three Halstead metrics are:

Lengthi{N) = N3 + N>

Vocabularyu) = ul + u2

VolumgV) = N xlog, u

Halstead’s "Software science” has been the subject of matgisms[31][11]. They include:

Theoretical shortcomings,

Lack of consensus among researchers on classification andirng operators and

operands,

Counting scheme being language dependent and imprecitemwapping to new gen-

eration languages e.g object-oriented concepts,

Validation with very small sample sizes and programs.

However, Halstead’s work was found instrumental in intreidg metrics to computer sci-
entists and has been argued to be reasonable such thatritvetedtvocabulary, length, and

volume reflect dierent views of size from the measurement theory point of yiglj.

Although LOC measures have been widely used in various astim productivity models
and process metrics, it has received many criticisms duts timitations[32][33][34] [1] .

They include:



¢ inadequacy for consistent usage in project,team and ohaiviproductivity compar-

isons and benchmarking
e being measured in manyftirent ways lacking standardization
¢ language dependency
¢ late availability and dficulty in estimating LOC

o diminishing utility due to increased number of programmilagguages and ambiguity
in handling coded concepts (e.g, data attributes, classethods,inheritance,reuse) by

new generation languages

Other length measures include number of bytes used fongtthie program text and number

of characters in the program text which are not as populamadely used as LOC measures.

Functionality. In contrast to the length measures which quantify techmaicd physical soft-
ware artifacts, functionality measures quantify softwaseseen from the user’s point of view
and from the concepts that have a direct meaning to softwseesu Albrecht was the first
to propose the idea of measuring software functionalityisnFPA method [13]. Albrecht

explains his motivation as follows:

"To measure productivity we had to define and measure a proald a cost.
The product that was analyzed was function value deliveréde number of
inputs, inquiries, outputs, and master files delivered waented, weighted,
summed, and adjusted for complexity for each project. Thectibe was to
develop a relative measure of function value delivered ¢oue that was inde-

pendent of the particular technology or approach used” [234]

After its introduction the original FPA method has becomeuar in software engineering
community[7] and a group of international interest, Ingronal Function Point Users Group
(IFPUG) standardized the method. In the following yearsiaveis of FPA and new methods
have been proposed to overcome the shortcomings of FPA ajt dlde FPA approach to
different development environments, domains and methods aestitnate functional size
earlier in project lifecycles. Table 1.1 gives a list of madhk from the literature that measures

software functionality.



Table 1.1: Methods that Measure the Functionality Attiébof Software

Year Method Name ISO Certification
1979 AlbrechtiFPUG FPA[13] v
1982 DeMarco’s Bang Metrics[35]

1986 Feature Points[36]

1988 Mark Il FPA[37] v
1990 NESMA FPA[38] v
1990 ASSET- R[39]

1992 3-D Function Paints[40]

1994 Object Points [41]

1994 FP by Matson,Barret and Mellichamp [42]
1997 Full Function Points[43]

1997 Early FPA [44]

1998 Object Oriented Function Points[45]
1999 Predictive Object Points[46]

1999 COSMIC Full FP [47] v
2000 Web Object Points [48]

2000 Early&Quick COSMIC FFP[49]

2000 Kammelar's Component Object Points[50]
2001 OOmFP [51]

2004 FiISMA FSM [52] v

As a consequence to the increasing number of methods eaitty lzagtitferent view on func-
tionality attribute of software the need for a common vodafyuincreased. In response, an
ISO working group was started to establish common prinsjptefinitions and norms for
FSM methods. The endeavor resulted in ISO 14143 six-partiatd (Table 1.2). As of today
there are five ISO conformant FSM methods published as IS@atds [53][54][55][56][57].
One significant contribution of ISO 14143 has been in theluéism of the ambiguity between
functional size as an attribute measure and asffamteneasure,thus, underlining thefdr-
ence between the practice of measuring functional size aimd) dunctional size for féort
and cost estimation purposes. Today, among various sizeuresa functional size is re-
garded as a versatile measure having various uses in mamyassfengineering practices
such as estimation and acquisition[17] [18]. Thanks to tled-structured FSM methods,
their improvements with respect to measurement theory laedtandardization process, it
has been taken beyond a pragmatic practice [1]. Functid@eisalso used the primary size
measure in major public benchmark datasets [64].ISO camipiSM methods have interna-
tional communities that form bodies for setting the staddavhere the communities provide

a mechanism for improvement of the methods by respondingnoirecal and theoretical
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Table 1.2: ISQIEC 14143 Standard Set

14143-1:Definition of concepts [58]

14143-2:Conformity evaluation of software size measurgmmeethods
to ISOIEC 14143-1 [59]

14143-3:Verification of functional size measurement mesig0]
14143-4:Reference model[61]

14143-5:Determination of functional domains for use witindtional
size measurement[62]

14143-6:Guide for use of IS@EC 14143 series and related Interna-
tional Standards[63]

feedback [65][66][67].

1.1.2 Measurement Process for FSM

The context for software measurement process can be viesvedh ardering of steps and

interrelated activities that are distinguished by thetpats [1] [68].

Step 1 Step 2 Step 3
Design of the Application of the Exploitation of the
measurement method measurement method measurement results
(examples)
Deter}pﬂt}?atinn software
//'] of the [; documentation LN
objectives \ gathering /_ Quali
ty
( ( \‘ \ A ‘J mode l_>
J i 4= 57

Design or selection of

s 1 del Construction

<:> oIl mone. 4:> of the Budgeting

Relationships across entity software / _ model e
and attribute) model

Characterization
of the concept to
be measured
(entity & attribute)

W

assignment ﬁ assignment model

rules rules

Audit Estimation
model

Figure 1.1: Measurement Context Model-adapted from [1]

| i L
K Definition of Application of
the numerical - the numerical Medsurament . Productivity
— resuts [ﬁ
¥

Step-1. The first step involves the design of a measurement methodhig step either a
measurement method that suits the need is selected or a nihwdne designed. The input

of this step is a measurement objective and the output is arigemethod that comprises
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the specification of the measurable concepts and consttheis relations and the rules for
assigning numbers to the constructs. A measurement mettavdaterizes the entity to be
measured and its attribute to be measured. Entities arebjeets we observe in the real
world and attributes are the properties an entity posse3$escharacterization can be made
by decomposing the concept into sub-concepts and spegitiygrole of each sub-concept in
the constitution of the concept to be measured. The decatigyoshould describe how these
sub-concepts are defined. The method has such a form thatténeelations between sub-
concepts are organized into a measurable construct, e.gtaamodel(Fig 1.2).The method
must have descriptions for the meta-model such that they baugeneric and it should tell
how to identify the constructs. The assignment of numerlaesto the concept involves
definition of an empirical relation set and the selection ofegasurement unit. In 1ISO 14143
the measurable construct is termed as Base Functional Ganmp(BFC) and a category of

BFCs is termed as Base Functional Component Type (BFC T82) [

User [1.1 1.n| Triggering event Piece of software
+produces
+Initiates| 1..n 1_.n | +within
+triggered by |1..n 1 | +comprised of Software operating
Functional Process |+belongs to Layer | 1-n 1 environment
1.n 1 +Is partitioned in
1 {}+Composed of 1+Has
1
Boundary
Measurement
2..n| +Occurs in scope

Data Movement

tMoves +|mplied by| Data Group [tHas +Belongto| Data attributes

1.n 1 1 1.n
Q 1.0 |+related to

Type: String

—-

+Determined by

1

1 |+includes
Object of interest

Measurement

Type=’W" Type="X'
View Point

Type=E [ Type=R Measurement
+Focus +Determined by Purpose

1.n 1 1

Entry Read Write Exit

1
+ldentified from

Figure 1.2: COSMIC FSM Meta Model-adapted from [2]

Step-2. The second step involves the application of the method teasorand (in our case to
a piece of software) in a special context of measurement liyfimg the method rules. The
output is the specific measurement result obtained. Thisistelves gathering the software
artifacts (e.g documents, diagrams, code) and then catisgua model in accordance with

the method meta-model. This is followed by assigning nusib@the constructs following
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the method numbering scheme. Finally, the measuremerityese verified to ascertain their
quality and presented in a selected form for use(e.g. dootatien, measurement report,
measurement record). The primary output is a humeric vadsegiaed to the concept(e.g

functionality).

Step 3. In this step the measurement result is exploited. That is,put in a quantitative

or qualitative model individually or in combination withhar simple or derived measures
or metrics (e.g. #ort, productivity ratios, LOC, team-size, defect count)lthAugh FSM
methods refer software "functionality” as the concept tanteasured, each method rely on
a different software meta-model that compriseffedent constructs, associated relations and
a number assignment scheme. Thus, each method defines atsepaasure for the func-
tionality attribute of software and there does not existraylsi universal way of measuring
software functional size. 1ISO 14143 FSM standard does rfotelany meta-model but sets

the principles,norms and criteria for a compliant FSM mdtho

1.1.3 General Characteristics of FSM Models

The most widely used FSM methods have Albrecht’s FPA as tiggnaand they share a sim-
ilar view on the high level concepts that represent softvitanetionality [69] [3]. Figure 1.3
illustrates the similar concepts between IFPUG, COSMIC MARK || FSM methods and
their associations[3] The constituent parts of FSM modaistie grouped and studied under

the following headings:

Transactional Concepts. Transactions characterize the actions of software thabearon-
trolled by the software users and other entities in the enwirent. IFPUG defines "trans-
actional function” as an elementary process that providastfonality to the user to process
data where an "elementary process” is defined as "the srhah@f activity that is meaning-
ful to the user and constitutes a complete transaction”. [MARK Il FPA defines "logical
transaction” as the basic functional component which isstimallest and complete unit of
information processing that is meaningful to the end usehénbusiness. It is triggered by
an event in the real world of interest to the user, or by a regiee information[55]. Simi-
larly COSMIC FSM uses "functional process” concept to repre software actions that are
triggered by functional users for informing the piece ofta@ire that the functional user has

identified a triggering event in the environment. A functibprocess is complete when it has
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Figure 1.3: Conceptual Associations between FSM Methodpiad from [3]

executed all that is required to be done in response to thgetting event. In FSM methods’
models, transactional concepts are further charactevizdrespect to their associations to

several data concepts of the models.

Data Concepts. FSM models define various data concepts (or data types)dpeatgent the
information maintained by the software and exchanged ustinteracting users. Typically,
the models define data elements as the smallest unit and diefther data concepts that
comprises logically grouped data elements as constituetg pf their models. Accordingly,
IFPUG defines a data element type (DET) as a unique, usernmeedde, non-repeated at-

tribute and defines a Logical File (LF) as the user recogiézgioup of logically related data
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or control information. Record entity type (RET) is defineduser recognizable sub-group
of data element types within a LF. Similarly, MARK Il defineslata element as the unique
user recognizable, non-recursive item of information aefings Data Entity Type as a fun-
damental thing of relevance to the user, about which inftionas kept. COSMIC define a
data attribute as the smallest parcel of information meguirio a functional user. Object of
Interests is defined as anything in the world of the functiasgr about which the software
is required to process afutt store data. A data group is defined as a distinct, non emety,
ordered and non redundant set of data attributes where eszhatribute describes an aspect

of the same object of interest.

1.2 The Problem

The reliability of a measurement method refers to the ctersty of a number of measure-

ments obtained using the same measurement method on thesabjeet. If repeated mea-

surements are highly consistent or even identical, thembasurement method has a high
degree of reliability. If the variations among repeated soeaments are large, then reliability
is low[70]. Unreliable results may lead to poor estimatdanping or misleading decisions.

The more sensitive the figures are to the variations in faneti size, the higher the uncer-

tainty and the risk. Subjective measurement results obddiy the application of a particular

measurement method adversefjeat the reliability of a method and limits the usability of
obtained software size for comparison and benchmarkingeréfbre, any inconsistency in

the measurement results deserves attention. In this tegpecutility of a functional size

measurement method is determined by the reliability of teasarement results obtained by

applying it.

FSM research acknowledge that subjectivity is among thigakiproblems of FSM [28][71]
and inconsistencies are observed between the functioralnseasurements performed by
different measurers on the same piece of software and usingrifeersathod [20] [21] [23]
[22] [24][25] [26] [27] [29]. The empirical studies repodevarious dispersion figures for the
measurement results obtained by using the same method sartteesubject. In [20] Rudolph
reported measurement values obtained by IFPUG to becB0& range around the average.
In a following experiment [21], Low and ffery reported a range consistent with Rudolph.

Later, Kemerer found 26% mean pairwise inter-rater rditgbbetween pairs of measurers
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that count the same application. In [29], a dispersioa33% and+51% around the average
was found for IFPUG and COSMIC methods respectively. Thabiity research on FSM
methods mostly focused on reproducability charactessiicthe methods. The assessments
of reproducability were limited to closeness between tpemed numeric functional size val-
ues and few of them investigated the sources of discrepa{®d [26] [27] [24] [72]. FSM
literature addresses three major factors to cause ind¢ensiss in measurement results[73].
First factor refers to the level of measurer’s experienag lavowledge in the selected FSM
method and the software domain of the measurand. Second @dtity and level of detail

in functional user requirements and their suitability f@NF. Third is the diferent interpreta-

tions of the FSM method concepts and rules.

In this thesis work our focus is on the third factor. When a F@kthod allows a room for
different interpretations of the constructs and rules of théatkt meta-model, then the con-
sequences are discrepant functionality models of the safhgase constructed by fierent
measurers. While this situation constitutes a shortcorfongny measurement method, the
problem grows bigger when the validity of interpretatioas ciot be decided according to the
method’s definitions and rules and the impact of interpi@tatare critical[26] [27]. There-
fore methods need to provide a precise characterizatioofofare functionality attribute to
be measured and its counterpart components in its metalvaltiée preserving its robust-

ness against variations in the software functional requers.

1.3 The Solution Approach

One approach for resolving ambiguities in the understandimd identification of the FSM
meta-model concepts is formalization. Formalized corxapd rules enable consistent and
precise definitions. The proposed formalizations in FSkréiture (Chapter 2) roughly fall
into two categories that are distinguished by their purpo3ée first set of proposals address
the mapping of some formal or semi-formal elements of reqgménts specifications to se-
lected FSM method constructs and attempt to enable contisterpretations by féering a
set of formal mappings between the elements and constr8etsond category of proposals
give formal general presentations of FSM methods basedwitasties between meta-model
constructs and analyses several properties of the metimoldsxglores opportunities for con-

versions between models. None of these studies provideaaterand explicit proposal that
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characterize FSM method model concepts and their relatlartkis thesis study, we propose
a formal software functionality model for FSM (4FSM) in orde facilitate precise and con-
sistent measurements that result in reliable functiorzal galues. 4FSM is based on the idea
that events in the environment in which software operatesesponded by an appropriate
software behavior such that the environment behavior isfeat. Accordingly, in our model
software functionality is expressed in terms of softwarkavéor and requirement specifica-
tions are taken as software artifacts that describe sadtihvainavior. 4FSM follows a stimulus-
response view of software behavior where a stimulus is antatdhe software interface and
the response is the consequent behavior defined by requiteapecifications (Fig 1.4). We
chunk software behavior in terms of stimulus-responsgfgirs such that events in the world
external to software are responded properly by executimmefor more s-r pairs determined
by the state of the environment and software at the instdrecevents happen. In the model
we give formal properties of s-r pairs, describe their deleey relations and give associated
rules. A formalized measurement procedure is also givehatdhe dependencies between s-
r pairs are handled, and software behavior is normalizedforim suitable for quantification.
In the measurable form each s-r pair exhibits a specific swévehavior that can externally
be observed and s-r pairs can be identified in homogeneotswinich are characterized by
their conformance to the the same set of given propertieenuits-response pairs have cer-
tain associations with the information software maintang exchanges with its functional
users. In 4FSM, the information is categorized into two $yp#ata groups and control com-
mands. Control commands comprise a set of parameters asératdy software to control
the environment via functional users or send to softwardadfunctional users to execute s-r
pairs. Data groups are the homogeneous sets of data afriblithe elements of the subject
domain structured with respect to the relation model of §ia4q We allow flat and nested
relation representation styles so that the various strestaf data that exist in the functional
users’ world can be represented while preserving homotyenéle further distinguish data
with respect to internal and external presentations of dathgive associated properties in
their representation. Internal presentation (Surrogaita Model) relates to data groups that
is maintained inside software boundary and determinesltbergable state of the software.

External presentation relates to data groups exchangeeéetsoftware and functional users.

A model with well-founded constructs coupled with formag¢gentations enables a consistent

interpretation and understanding of the meta-model ($tapsection 1.1.2) and equip mea-
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surers with an objective and precise basis to be used whilstreacting and verifying their
models(Step-2 in section 1.1.2). Thus, 4FSM is expectednfrave the overall software

measurement performance enabling consistent and retizddsurement results.

1.4 The Research Strategy

In order to identify the sources of discrepancies resuitingconsistent functional size mea-
surement results and provide input for 4FSM model desigogs® we conducted two ex-
ploratory multiple case studies. They both had COSMIC messent results as their sub-
jects of analysis. In both studies, the analysis were peddrwere not only based on numeric
size values obtained but also on the functionality modetstacted by measurers. The first
exploratory case study had measurement subjects fromdvealitware products from five

different organizations. Our aim was to identify patterns inmegnent specifications which

are prone to inconsistencies in the measurement resukglitife cases. In the second study,
we have conducted the case in a defined context where thdisgéens included properties

that we have found to explain discrepancies in the first cagesaveral other patterns that

are reported in FSM method guidelines and have potentiahtises discrepancies [75][54].

13



Our aim was to validate the error patterns, their relatioseiected specification properties
and identify the reliability ranges for COSMIC measuremesiults. We also identified the
constructs of the FSM method meta-model that relate to meamnt challenges. We took
the findings and results of the exploratory case studiesaictount in the design of the 4FSM
model. We performed a systematic literature review of fdization studies in FSM in order
to understand the extend and limitations of the proposalssaaluate whether they contribute
to the reliability problem that we defined. Besides, we haygared formalism approaches to
be used in modeling software functionality. We have evaldidihe suitability of the applica-
tion of graph, set and logic theories. We have analyzed thpepties of formal specification
languages such as Z[76] , VDM [77], Event-B [78] and procdgslaas such as CSP [79],
CCS [80] and various event-algebras [81][82] for expragsingeneric model of software
functionality. Besides, we have reviewed requirementsneraging literature for a proper and
clear definition of functionality and selection of softwamtifacts that describe software func-
tionality. In order to validate the model in a measuremeatess first we mapped 4FSM and
COSMIC FSM model concepts with the aim of showing how 4FSM etadn be &ectively
used in an ISO FSM method. Then we performed another set otase studies for the
validation of 4FSM. In the first validation study, we appliédSM model to a requirement
specification set and retrospectively compare it to preshpobtained COSMIC measurement
results. In the study we investigate how consistency coelidiproved in a measurement pro-
cess with 4FSM and we address how 4FSM model handles sevatigyes encountered in
previous measurements of the same set of specificationfe Isetcond validation study, we
conduct a multiple-case study with subjects of eight meament results obtained from the
same requirement set. We compare the consistency of the 4r@déls to the COSMIC
models of a similar set of specifications. We also get feekli\mn the measurers on the

perceived characteristics of 4FSM model.

1.5 The Organization of the Thesis

The remainder of the thesis is structured into four chapténsChapter Il, the results of
the literature review on formalization studies in FSM aresgnted and discussed. Also,a
clarification on the fundamental concepts of FunctionaéSiteasurement and a background

on relational data modeling and stimulus-response behasv/gven.
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In Chapter Ill, 4FSM model is presented, the model consdrant their relations are defined

and a mapping of COSMIC and 4FSM model concepts is given.

In Chapter 1V, details for the two exploratory multiple-eastudies and two validation case-

studies conducted in the preparation of thesis study aengind their results are discussed.

In Chapter V, the contributions of this research to the fiélgaftware engineering and direc-

tions for future work are discussed.
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CHAPTER 2

RELATED RESEARCH and BACKGROUND FOR 4FSM
MODEL

In Section 2.1 FSM literature that introduce formalism iR8M methods and practices is

presented. In Section 2.2 the background for 4FSM is given.

2.1 A Systematic Literature Review of Formalization Studis in FSM

This section summarizes the literature that add formalistm FSM methods and practices.
The purpose of the review is to have an understanding thepiart problems addressed by

the proposals, the responses to the problems and theirdexten

Section 2.1.1 explains the paper selection process anatshieevalidity. In section 2.1.2 we
give an overview of papers grouped into two categoriesrdjsished by their purposes. In
the final section we summarize how formalizations in FSM I practices and conclude

on the results of the survey.

2.1.1 Review Method

The main criterion for including a paper in our review wag tthe paper should describe re-
search on software functional size measurement and itgtalidw a formalization approach
in the proposals to FSM problems. We limited the extent offtwenalization approach in
FSM research to defining models, notations or semanticsdscribing FSM methods and
measurements. We included academic publications inadydournals, books, conference

proceedings, technical reports and MSc and PhD thesis. fdposgals in the papers were
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expected to conform to FSM method definitions and rules witladterations or extensions
to the methods. The papers that were a continuation of aqueyormalization work were
also included in the review. The papers only written in Estgkivere included in the review.
Some papers in French were understood to present relevakiowwere referenced by other

reviewed papers [83][84].

2.1.1.1 Identification of Papers

First, we made a search on our paper collection that contai@s400 publications on FSM
by reading the paper titles and abstracts. Initially a setiofelevant papers were found to

satisfy the inclusion criteria [85] [86][69] [87][88][89]

Then, the selected papers were fully read and other resewtrials that were referenced by
the papers were found. When a referenced paper matchedcthsiam criteria, it was added
to the set of identified papers. The same procedure was ezp&at every paper added to
the set. Additionally, FSM methodsfflicial websites were checked for other relevant stud-
ies. The journal, conference and institutions that publiktine selected papers were identified
and other papers were found through a keyword search inargig@ublisher or organization
sites and academic digital libraries. Additionally, catade papers were found by keyword
searches on the academic search and citation search erfgimaly, five journal [90][4][87]
[91][89] nine conference papers [92][86][85][93][69]#95][96][88] and four technical re-
ports [97][98][99][100] were identified to satisfy the insion criteria.

2.1.1.2 Threads to Validity

Publication Bias. As the discussions and their summaries in the selected paghcate, the
research materials that were written in languages otharEnglish were likely to be included
and analyzed in this review. However, when the discussindstee summaries of those papers
in English are assumed to be representative of the forntiaiizaleas explained therein, they
were not evaluated to change the results of our review allificFormalization in FSM is a
subject that can potentially take place in a variety of safevengineering publications and
conferences. The sources to search for related papers warerous. For this reason, some

relevant works may have been overlooked and this nfegctithe quality of the analysis
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negatively.

Anachronism. The time span of the papers range from 1991- 2009. In thiogeRFSM
methods were introduced and some have gone through moidifisahat have been released
as method versions. Furthermore, software engineeringdesexperiencing paradigm shifts
in this period. Although the underlying principles of FSM timeds have remained almost
the same, some formalization suggestions may not be validayrbe obsolete today. Our
analysis and observations were based on these principliesoa@ definitions described in of
each FSM, which we believe to have been valid in 1990s ang/toda

Limited Scope. All of the papers we analyzed proposed formalizations in @nenore of
IFPUG, COSMIC and MARK Il FSM methods. The results of our gee and observations

may not be generalized to all FSM methods.

2.1.2 Overview of the Papers and Their Discussion

The papers were classified into two categories, where thegaaes were identified by a
clear separation of the purposes of suggested formalimatidhe first category papers have
explained how added formalisms in FSM can contribute to oméag software functional-
ity described in a specific language, notation or model. Tdtegory was named as "For-
malizations in measurements from formal specificationdie $econd category papers have
proposed formal presentations for FSM method concepts aabunement functions. The
second category was nhamed as "Formalizations in FSM foigrddt Although they cannot

be perfectly isolated from each other, the motivations flgpapers can be given as:

resolving ambiguities in FSM method concepts and rules dabstract or indticient

definitions,

decreasing or explaining variability in size of the sameddtURs due to dferent

interpretation of FSM concepts and rules,

decreasing measurement errors and

exploring the steps of measurement for automation pogbil
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2.1.2.1 Formalizations in Measurements from Formal Specifations

The formal languages describe the desired software furadity in terms of a set of specifica-
tion elements. FSM methods describe functional aspectsfiofare in terms of the functional
components in the abstract software model of a FSM. As tlwetmgon characteristics, pa-
pers of this category establish correspondences betwedartbtional components of a FSM
method software model and the elements of the specificadinguiage so that the functional
size can be measured directly from the specifications. Tiregmondences are based on a set
of rules that are defined in each specification’s context) shiat the counting rules and func-
tional components are interpreted, redefined and presansalected specification notation
terms. Thus, the papers propose the automation of thisteds&ep of concept mapping in
the FSM process by introducing an automated measuremecggedor a selected language

via formal rules, eliminating the manual work.

One set of studies proposed procedures to measure furlcti@eafrom requirements in a
formal specification language. In [97], a classification@fiial specification languages and
an evaluation of the adequacy of language classes by log@itittieir suitability for formal-
izations of IFPUG concepts is given. As a continuation of thiork, Diab et.al. performed a
syntactic analysis of B specification language and the spardences between IFPUG and B
specification concepts and the formal rules for identifagabf IFPUG functional components
for B were given [86]. In the study, IFPUG method completsngas discussed based on the
cases that can be specified in B but are not covered in IFPU&y &kplained how added
formalisms could be used in the structural analysis of tHdJ& method model by showing
examples of the concepts that need human judgment for fidatittn and can cause subjec-
tive results. In [85], the same approach was followed for RO@eal-Time Object-Oriented
Modeling) specifications and COSMIC-FFP FSM method. Thégrpreted COSMIC con-
cepts and rules and then defined formal rules in first ordec lagd set theory to be used
in functional component identification. They also foundtttigere is not a corresponding
specification concept to map to the layer concept in COSMf@veoe model. Later in [91],
they implemented the rules to support automatic measursnfiemm ROOM specifications
in a tool to run in a RRRT (Rational Rose RealTime) developnegwironment. In a case
study, they compared manual measurement results of a CO8kfiért to the results from

the tool obtained automatically and analyzed the souraegaftations. Similarly, Miyawaki
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et al. proposed a method to measure IFPUG FP from specifisaitioVienna Development
Method- Specification Language (VDM-ML) [93]. They integped IFPUG concepts and
presented the rules that map the VDM-ML concepts to IFPUG@tfanal components in a
mathematical notation. They implemented mapping rulestioo§ they compared manual

and automated measurements in a case study and analyzeditbessfor variations.

The major motivation of this set of papers is automating fiemal size measurement from
specifications in a state based formal language as clasgif{8d@]. The formal rules added

to this automated process are expected to yield consigsntts when considered with the
concept interpretations that constitute a base for thedbzed rules. Commonly, the papers
explained the openness of FSM functional component defitstio interpretations and then

justified their reasoning in their concept mappings.

Another group of studies defined IFPUG measurement proesa@yaplicable to specifications
given in Data Flow Diagrams (DFD) and Entity RelationshiRjjEnodels that are mostly used
in structured development environments. In his proposatkrestablished the conceptual cor-
respondences between the DFD elements and IFPUG conc6pfis The method included a
series of algorithms applied to the specification to idgritie IFPUG functional components.
The algorithm statements were based on DFD and ER diagratioroelements. Later, Rask
used the algorithms in a simulation study that comparegifumpoints with another function
metrics [90]. Gramantieri et al. followed the same appro@&). However, they replaced
DFD data stores with E-R entities and ER relations, thugmated DFD and ER concepits.
They translated conditions that are handled by IFPUG ralesformal rules in terms of prop-
erties of the ER-DFD graph and then implemented the rulesoto® logical programming
language. As a precondition for defining formal rules, a $eissumptions were made to
enable consistent interpretations of IFPUG concepts inDER- specifications. In [4] this
study was extended with case studies and they obtained réssks by automated and man-
ual measurements. Figure 2.1 shows the ER-DFD graph prepen an example and an
ER-DFD instance for a requirement from a series of caseedyuliblished by IFPUG [101].
In the measurement procedure they propose, the softwarelmiednents such as elementary
processes, Logical File (LF), Record Entity Type (RET) arateDElement Type (DET) are
identified in the graph running the interpreted rules. Nbig the formalism in our focus
is not the specification of the requirements in a formal laggubut in translating the infor-

mal counting rules expressed in natural language in the G-PAanual into rigorous rules
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expressing properties of the ER-DFD graph. Once the rulegiaen in terms of directed
arcs, dashed lines, ER multiplicity symbols and other el@sét was possible to automate

measurements sticking to the set of assumptions and relgmetations.

_______

Figure 2.1: ER-DFD Graph Notation and an Instance-adapted [4]

In [99], Abran and Paton used a DFD like formal notation inserging the rules for IFPUG
with the motivation of exploring the measurement actigitieat can be automated in IFPUG.
The notation consisted of graphical symbols that reprge@tesses, stored data, data manip-
ulations and software boundary. They used this notationeaatiated all possible patterns
for a given process against IFPUG process type (El, EO, E&ification rules. They iden-
tified the patterns which require human involvement in deteation of the corresponding
process type and which do not. Then, they proposed an extematation to include data
files, record types and data fields and defined a measurenmadoire for specifications in
the given notation. Later, April et.al extended this natatand represented formal rules that
associate IFPUG model to computational concepts such asesoade, user interfaces, and
software modules [92]. They explored the use of these rulesliculating functional size

from source code as part of a reverse engineering technique.

This group of studies show similar characteristics in tleimalization approach with the
papers that introduces formalizations to measuremenis ftate based formalization lan-

guages such that the applicability of the rules depend omgstions or interpretations on
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IFPUG counting and identification rule and the specificatarguage. This group of studies
sufered fewer diiculties while fitting the software specified in ER and DFD itk®®?UG
meta-model, since FSM method models are data-oriented atiadaghalysis terminology is
used in concept definitions, rules and examples in the IFPB @anual [54].IFPUG man-
ual includes sections that guides the identification of EEF; and RET data types via rules
in ER relation notation in parallel to this approach theselists share; however, they do not
perfectly match since they give rules irfférent sets of ER properties and only data functions

are in its scope.

In summary, the papers of this category provided means aplbrexi automation oppor-

tunuties to measure functional size for software describetthe specification language in
their scope and the associated FSM method. However, a dmattsize measurer should
carefully consider the concerns discussed in this seciédoré attempting to use the ideas in
practice. Table 2.1 gives a summary of papers where FSM meathocepts and rules were
redefined formally to enable automated measurements frgpadfigation language.

Table 2.1: Formalizations in Measurements from Softwarscbption Styles

Research References N
Original Study| Continuation Study Specification Language FSM Method
[85] [91] ROOM COSMIC
[100] [90] ER,DFD IFPUG
[98] [4] ER+DFD IFPUG
[86] B IFPUG
[93] VDM-SL IFPUG

Our final observation on the papers of this category is thaatralysis of FSM method con-
cepts from a formalization point of view contributes to a matear identification of the
ambiguous points in method definitions and rules. The arsabfsthe FSM concepts while
mapping the specification language elements reveals p@ssibrces for subjective measure-
ments. Moreover, the analysis results addresses the plo@itseed human intervention in an

automated measurement process, thus supports autonailatesign.

2.1.2.2 Formalizations in FSM Foundations

The papers in this category propose formalizations in sgmng the functional components

defined in FSM method abstract models and the measuremantitfius The purposes of the
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studies are providing formal FSM model definitions in theuoh of problems resulting from
ambiguities in FSM method concepts and rules. The purpdseg@lude the investigation of
the diferences in FSM method structures, revealing opporturfibiesrethod improvements

and automated measurement; hence promoting a better tardling of FSM methods.

In [69], Fetcke introduced the idea of defining a generaligedcture for IFPUG FPA and
MARK Il FPA and COSMIC FFP as FPA variants. In the study, twepst of data oriented
abstractions in FPA were identified: software requiremangsrepresented in data oriented
abstraction (identification of items) and the items in théadariented representations are
mapped into numbers (mapping into numbers). He introducédity type concept so as to
represent the éierent concepts besides the common concepts in FPA andigstgarThen,
the abstractions were formalized in a mathematical modeiindgJthis model, he formally
presented and tested empirical assumptions of dominamteanotonicity which are made
by Function Point Analysis. In a subsequent study, Fetckenebed the original work and
validated the completeness of the generalized presemtagjainst the concept identification
rules in diferent versions of three FSM methods; COSMIC FFP, IFPUG andRKIA [94].

In this continuation study, he added Control activity tyfmeenable a better representation of
IFPUG and MARK Il concepts in the model. Finally, he explothd potential applications
of the generalized formal model. The generalized model @vshin Figure 2.2. In the
figure, the abstractions from software documentation te daiented software model and
from model elements to numbers are illustrated. The coreequn of user, application, data

and transaction are shown. The definitions of the model &engn Table 2.2.

Transactions <

ers

r Confirm
C ate } [ exit

Entry |
ontrol | [ CE|C;J|
Write Read

Figure 2.2: Generalized Model for FSM Methods
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Table 2.2: Generalized Formal Representation of FSM Method

Definition Formal Presentation
Application closure is a vector eftransaction type$; and | H = (Tq,..., T, F1,...,Fy)
o data group typefk, .
Activity Pj is a quadruplet ,wher¢denotes activity class, Pk = (6,r, D, C)
6 e {Entry, Exit, Confirm ReadWrite, Calculatg r de-
notes data group type referencdd,denotes set of data
elements handled C set of data elements calculated for
Calculate activities.
Transaction typd; is a vector of activities Ti = (Pi1,...,Pin)

F; is a set wheredjx are data elemenigy are designate F; = {(dj1,dj1). - -, (djn, Qjm)}
data sub-groups

Later, Hericko et al. proposed a measurement model thatdaesl steps of converting any
software model into a universal model that is based on Fstganeralized representation
and measuring the functional size in any of the three FSM ou=ti87]. In their study, they

presented instances of Fetcke’s generalized presentatidhe latest versions of the three
FSM methods; IFPUG, COSMIC and MARK Il FSM. They formally repented measure-
ment functions in the notation developed by Fetcke and tledineld method executions in
symbolic code. They showed an execution of the presenteduraraent process for Object
Oriented specifications; they mapped Unified Model Langeidél) elements to the univer-

sal model elements in symbolic notation and then formallgleted the software functionality

in Fetcke’s general presentation.

In (Hericzko, 2006) software description language elesémt UML were mapped to func-
tional components of the generalized model instance fodlERvhere data groups and sub-
groups were identified via a set of interpretations simitaditect language-FSM model ele-
ment mappings such as given in [102]. Hence, the aforenmesdigap problem remains to
be inherited in performing measurements with respect tgémeric model. The generalized
data oriented abstract model, providing formal presemtaticontributes to understanding the
differences between the functional components in each methddlraond provides a tool to

discuss the formal foundations FSM methods are based on.

Demirors and Gencel defined a unified software model tha@swtant set of IFPUG, MARK
Il and COSMIC FSM method software models[89]. In order tostarct the model, they

first performed a conceptual analysis of each method modkidemtified the commonalities
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and the diferences between the model concepts and developed a caalomyaju of method

concepts [88].Then, they defined the unified model elemesish constitute a superset of all
concepts required by each model, and they gave rules thighassdel concepts in terms of
unified model elements via set and assignment operatord. Udes of the unified model were
considered to be in simultaneous measurements and canvefsizes measured byffrent

methods. The unified model was implemented in an automategumement tool and it was
reported that the measurement results obtained followieguhified model and application
of each individual method were consistent in several casdies. The identification of the
components in the unified model requires the knowledge ottimeepts and rules of each
supported FSM method. For example, following the mappirfgs data group and unified
model rules, a measurer may infer that a data group in COSMe@oa corresponds to a

data group in IFPUG.

Bevo, Levesque and Meunier proposed an ontological fomatidin for a software functional
size measurement method’s application process[96][9%5kirTwork highlighted the prob-
lems of technical diiculties, lack of automated support in applying FSM, and eskskd
the essence for domain and task ontologies in an FSM proeediirwas explained that
the proposed ontological formalism contribute to a bettetenstanding of the measurement
procedures of related methods, and facilitated the uratedstg of concepts for structuring,
representing exchanging and interpreting informatioatesl to the measurement procedure.
Among the several formalisms to present ontologies, olgjgented formalisms were justi-
fied and selected. Their works provides instances of domadritask ontologies for IFPUG,
COSMIC and MARK 1l FSM methods and puts all method definitiamsl concepts into a

schema and shows the relations among them.

The second category papers were mainly concerned with FSikloah& abstract models and
added formalizations into presentations of the models,aheléments and their relations so

that the FSM methods and measurement functions are unoersédter.

2.1.3 Summary and Discussion of the Related Research

After an analysis of the papers included in our review, wectaired that formalization studies

in FSM help FSM research and measurement practices in typaakways:
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1. Exploring opportunities for automation: The measurenst@ps and concepts that can
be formalized are good candidates for automation. The dhegiscan be fully automated,

semi-automated or cannot be automated are identified.

2. Automation of measurement through consistent intemiocets: When the formal rules for
identification of the FSM method model concepts from a spmtifin form are given, since
they are repeatable, they can be interpreted consistemtgvéry piece of software described
in the same form. The mapping phase in measurement is awdmabducing results that

conform to the method definitions and rules.

3. Understanding FSM model structures: The formal defingtiof method models and mea-
surement functions enable method comparisons and detgiorinof the suitability to the
measurement purposes, thus describes the similaritiesliffiedences between the models

transparently.

One observation we had throughout the study was thatftreaey of the use of formalisms
was determined by the degree that the abstract softwarel mioal®&SM method and its rules
can be presented formally. The measurements are open &ctubjresults, when abstract
software model elements are interpreted for a requiremesdrigption language. All reviewed
papers and many others in FSM literature, consensuallyedbet in practice, reasoning that
the method concept and rule descriptions given in the mararad guides are too abstract
to be applied directly to software specified in a selecteduage, FSM methods need inter-
pretations. Without interpretations, the required trarmsftion of software descriptions in
a language to the abstract measurement method model cami@lbteresult in inaccurate,
inconsistent and imprecise measurement results. A vasfdssM research was made to fill
this "gap” between software description forms and the FSfilngoe abstract models. They
came up with proposals that interpret or specialize thetfonal concepts and measurement
rules of a selected FSM method systematically for a selestéidiare description form [103]
[104] [105] [102]. A recent study reviews the procedure dgpments for sizing software
with COSMIC FSM method [106].

As the FURS can exist in any specification language, the medsabstraction approach and
interpretation of the functional concepts and rules in a F8&éthod may lead to fferent re-
sults obtained by dierent measurers, regardless of the formalism in thesgnetations. The

formalization studies in the first category proposed plestéutions to this problem by repre-
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senting the authors’ interpretations for a formal langufagmally. Thus, the interpretations
became repeatable and consistent for measurements offthvargodescribed in the same
language, the consistency in the results is achieved andatibns were possible. Neverthe-
less, the formalizations do not significantly change theneatf the subjective measurements
problem due to dierent interpretations. When the interpretations affeidint, although they
are formally represented, they may still result iffeient FSM models for the same piece of
software. For example, although a DFD process may not alwaggspond to an IFPUG
elementary process, given a set of assumptions, constiiat through formalizations, they
may be consistently interpreted so. Furthermore, alth@ogisistent interpretations followed
in the papers can provide comparable measurements rdlelfdpcalize the standard meth-
ods, thus, it may lead to incomparable software functioizalssfor benchmarking purposes or
obtained from other specification styles. The studies iffiteecategory papers in our review
partially eliminated the potential problem getting comiitions from FSM method founders
or co-founders. Nevertheless, it becomes a problem whengtilod experts and founders
are scarce and there exists a variety of software desarifdinguages that specify software

functionality.

The inherited problems with FSM method definitions and $tmas, which turned out to be
the weaknesses of a formalized measurement process, warly atlentified in the formaliza-
tion processes of the first category papers. It was not aidgince that these formalisms were
for software descriptions in formal state based speciGodnguages (B,ROOM,VDM-SL)
or semi-formal ER, DFD presentations. Since their majorivation is automation of FSM,
more formal descriptions of software increased the oppdits for automated measurements
and delegated the problems from ambiguous requirementSKnt the requirements engi-
neering domain. Thefiectiveness of formalizations were tested by few cases vdoene test
or synthetic cases reported by the paper authors’ wereekihtd the analysis of case specific
variations between manual and automated measurement®wnaf the case studies were
conducted in an industrial setting. Most of the mappingsis tategory of papers are based
on older method versions, hence may need revisions to aodatest versions of the FSM

methods.

The generalized software abstract model explained anémiextin Fetcke's work and used in
measurement process Hericko et al. was structured to ¢harelevant information that is

deemed relevant to software functional components fohett FSM methods. Nevertheless,
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the formal model presentations do not include any abstrastior component identification
rules which describe the qualifications expected from advlalhctional component in the
context of a selected FSM method. A data group in IFPUG mayeaaalid in COSMIC or
vice versa. The data group and sub-group concepts in Fetokadel are also abstract and
they become concrete and valid only in a method’s contextocoring method definitions
and rules. For example, in COSMIC FSM manual [8], one datapmidentification rule is
stated as "Each data group shall be directly related to ojexbf interest in the software’s
Functional User Requirements”. It is obvious that accurdémtification of objects of in-
terests is required in order to validate an identified dateugyr the inaccuracies will directly

affect the measurement results.

In [89], Demirors and Gencel give associations between agetbncepts and however it does
not unify the rules which are valid in each method’s cont®&fithout knowing each method’s
details, the exact and complete identification of the cotscépthe model is not possible;
so the unified model should rather be regarded as a simuliamaeasurement method that
approximates and unifies the methods with a focus on theasitiés in method concepts.
However, following the unified model, measuremeffibe can be saved from eliminating the

rework for identification and measurement of common corzept

FSM method software models are data oriented and the dalaewswents described by the
functional user should be carefully analyzed to measursdfievare functionality accurately.
In IFPUG CPM Manual Part 2, data modeling concepts were dinited and the mapping
of ER concepts to IFPUG LF, RET and DET was given in a formalibat is represented
in Entity-Relationship properties of multiplicity, pasipation and entity dependency types.
Although ER formalism may not be ficient or suitable to reflect all aspects of data related
concepts as perceived by a FSM method, when the method meleescribed formally and
are based on a formal data model, measurers will be supparigentification of the method
data concepts from the FURs, where user data is describedexBmple, COSMIC FSM
business application guide explain functional componéentification rules referring to ER
formalism in order to clarify the ambiguities in the relatfobetween functional components

where the same information can hardly be produced from C@Sfnual [75].

As the final conclusion, we believe one significant and comowrribution of the all formal-

ization studies came from the formalization processes $kbras. A set of critical problems
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with FSM have been discovered, revealed and communicateohicrete terms. Besides,the
researchers were equipped with a basis to be used in evguatd expressing FSM method

improvement suggestions.

2.2 Background for 4FSM

Section 2.2.1 clarifies 4FSM view of software functionahiyd associated software artifacts.
4FSM model relies on stimulus-response behavior and oekatimodel of data. For the sake
of completeness, in Section 2.2 an insight into stimulspoese behavior of software is given

and in Section 2.2.3 basic definitions of relational modadatf are summarized.

2.2.1 Software Requirements, Specifications and Functiofity

Ambiguous concepts brings in serious methodological resks clear definitions of funda-
mental software concepts,the entities and their attribtdebe measured is required before
defining any measure or measurement method[107]. Theréfs@ssential that we first dis-
cuss and clarify the fundamental concepts our model retiesuch as software requirements

and functionality.

ISO/IEC 14143-1 defines Functional Size: "a size of the softwamévdd by quantifying the

Functional User Requirements”. There are martiedent views on what a software require-
ment is. In practice, they are used to refer to the propediid¢be environment where there
exists a problem or the desired properties of a solutioreaysthich is to operate in the en-
vironment; or it used to address technical and businesdragms and even for the budget or
schedule objectives pertaining to a software project. 6tems and Software Engineering-

Vocabulary [108] defines a requirement as:

(1) a condition or capability needed by a user to solve a praldr achieve an objective

(2) a condition or capability that must be met or possessed $ystem, system com-
ponent, product, or service to satisfy an agreement, standpecification, or other

formally imposed documents.
a documented representation of a condition or capabiliiy &E) or (2)
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This definition covers a broad range of concepts that comstiliferent types of concerns.
Nevertheless, the clarification and separation of theerdnt concepts are vital for func-
tional size measurement as well as successful managemsaoithwhre projects. The clarifi-
cation of the requirements concepts has been one of the aj@vements of requirements
engineering research and a significant portion of coniobutame from M.Jackson (with
others, notably Pamela Zave) throughout problem analysiies(also known as problem
frames approach) [109][110]. Accordingly, software adif are studied in a universe of
two connected domains where problem domain is the part airtherse where the problem
exist and the solution domain (or machine) is the softwatersive system. A part of the
real world becomes a problematic environment becauseritsrdubehavior is unsatisfactory
in someway. The developers solve the problem by buildingftavace-intensive system and
connecting it to the environment in such a way that the behafithe environment becomes
satisfactory (Fig 2.3). In this view, requirements are tptative statements about the envi-
ronment and they describe the desird@éets to be brought about in the environment by the
behavior of the solution system. Requirements do not dyrecincern the machine and they

can be stated without reference to the solution system. eldyasts some shared phenomena

The

. environment
Environment

phenomena
Specification

The interface

machine

Machine
phenomena

Figure 2.3: Software Specification

common to both the environment and the solution such thavacd system canfiect and
be dfected by the environment. These are the events and statesr¢habserved both by
the environment and by the solution. Shared phenomena ther eontrolled by the solu-
tion system or by the environment. The shared phenomenaaanedas the specifications
which connects the two domains and constitute the intetfab@een the two domains where
interactions occur. Thus, specifications are the desiredgrties of an observable behavior

of a solution system defined such that the solution systemuges the desiredfects in the
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environment [111].

A more formal view of this model is given as a reference modacdbed in terms of five

software artifacts [5],(Fig. 2.4). Domain knowledd&') provides presumed facts about the

Environment Software

Figure 2.4: Software Artifacts-adapted from [5]

environment; they are the indicative properties of the remvent regardless of the behavior

of the software. RequirementR)(are desired properties expressed in terms offfeceon

the environment. Specification§)(are the shared phenomena that connects the software
system to the environment. PrograR) (mplements the specification using the programming
platform; and a programming platfornvi) provides the basis for programming a system that

satisfies the requirements and specifications.

Phenomena controlled by the environment and system aredatkase ands and are further
partitioned with respect to their visibility. Thug,= e, U e, ande, N g, = @. Similarly,
s=sUs ands, N s, = @. At the interface(S), the shared phenomena are denotecaasl

s, hence they are visible to system and environment, resgéctiVheir hidden complements
in each domain are denoted @sand s, and are private to the domain that controls them.
The Venn diagram at the bottom of the figure shows the relsligps among the four sets of

phenomena.

A tiny example illustrates the distinction between the fphenomena: The requirement R is
that security st wants to be notified if there is a fire at a floor when they are énsiécurity
room. There is a programming platform M with a smoke sensdetect fire at a floor and an

actuator that can be programmed P to sound a buzzer basetbaecisived from the sensor.
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Domain knowledge says that there is always fiiter in the security room to hear the buzzer,

and if there is smoke then there is fire. The terminology falis four groups (Fig. 2.4):

en: the security éicer and the fire
e,: smoke from fire
s/: the buzzer at the security room

S.: internal representation of signal data from the sensor

The specification S, which is expressed in the language conmionihe environment and sys-
tem, says that if the sensor detects smoke then the systandsuund the buzzer. Accord-
ingly, while a specification(S) describes machine behasifficient to achieve the require-
ments, S must have a vocabulary common to the environmerthargystem. In other words,
the variables of S must be among thosejands, and they cannot include any of thosesin
or S; S Is phenomena of internal behavior which entirely dependtherconfigurations for

Pand M.

The transitive relation between the artifacts of the modkts on the followingif S properly
takes W into account in saying what is needed to obtain R, arsda® implementation of
S for M, then P implements R as desiréthe model is accompanied with a set proof obli-
gations in order to assure that a given set of specificatiomsa@nsistent and comply with a
given set of requirements. When such conditions are satjshiere exists a specification (S)
that describes an externally visible behawipand its interactions with the environmere X
and that satisfies the requirements and a software systens thatalled in the environment
that enables the environment to behave as desired. Thergriola of domain knowledge in
requirements engineering is in supporting refinement afireqents to implementable spec-
ifications. Correct specifications, in conjunction with egriate domain knowledge, imply

the satisfaction of the requirements.

The separation and clarification of software artifacts &t grovides us with several further
conclusions that are vital for precise characterizatiosaffware artifacts to be measured in
FSM. Requirements are the expressions of the desired lmehaivthe environment where

specifications are requirements that are implementables, @pecifications form the vocab-

ulary of interaction between the environment and the safaad it should not include terms
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and concepts private to the solution. The former belongseinto internal design of the soft-
ware. There may be more than one set of specifications thaftystite requirements in the
environment as there may be many ways to implement a workihgfspecifications. Thus,
specification, as the activity of determination of an exadlynvisible behavior of the software
is an inventive process that takes domain knowledge andrezgents as inputs [112]. The
relation between visible software behavior and requiregsean be complex and indirect such
that the desired behavior of the environment upon the oenoe of an event private to the
domain may involve software’s behavior in a number of ways.dxample as a consequence
to various diferent events that happen in students’ and researchers vioeld desire to have
a list of publications that meet several criteria with regpe the event. A specifications for
a publisher database may define a behavior such that whesexemal query criteria are se-
lected and details are entered in a form, software retufmaathing publications in a view
(Fig 2.5). Thus, many dierent private events and associated requirements aréeshtiy

a single behavioral description. Specifications are thenrimaitrument of communication

‘ ‘ Command Search Publication Quick Search Preferences

ENTER KEYWORDS OR PHRASES, SELECT FIELDS, AND SELECT OPERATORS
Note: Refresh page to reflect updated preferences

Search : @ Metadata Only () Full Text & Metadata [ 7 |
in Metadata Only -
AND in Metadata Only - |4 [ X%

AND - in Metadata Only - | [ X

Publisher
Return Results from
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AIP(261,584) ¥ BIAI(2,335)
IET(198,928) TUP(2,098)
AVS(35,577)
1BM(6,078)

Content Types

Conference Publications (2,069,370) Early Access Articles (6,944)
] Journals & Magazines (1,145,215) ¥ Standards (4,800)

Books & eBooks (11,935) Education & Learning (319)

Figure 2.5: Query Publications Specification

between software users and developers.The availabilibljity and documentation of specifi-
cations is vital in early project life-cycles. They idegtthe boundaries for developers’ design
freedom. However this does not imply that the specificatfonglesigned software compo-
nents do not exist. They are rarely available as applicatimgramming interface(API) or

in some other format. Nevertheless, the all other softwansponents and devices constitute
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the environment of a component and the externally visibleabi®r of software component

can be described.

ISO 14143-1 does not specify any requirement, nor does tigigcany directive or specifi-
cation as to the characteristics comprising the conceptiraftionality. Some definitions of

functionality from software engineering literature ard@kows:

Functionality: Wdtle for "features” or "function”. The capabilities or behakgmf a program,

part of a program, or system, seen as the sum of its featut@8].|

"Functionality captures an intuitive notion of the amouhfunction contained in a delivered

product or in a description of how the product is supposedetdil].

"capability of the software product to provide functionsielhmeet stated and implied needs

when the software is used under specified conditions.” [114]

Naturally, the usability and clarity of such definitionsyreh what a "function” is. Along with
its pure mathematical meaning, there is a wide repertoisefbfvare engineering concepts the
term function refers to and which may involve the shared andie regions of the problem
and solution domains or may pertain to a specific elementvaodt development or modeling
technique (see [54] for a potpourri of definitions). It mayereto a defined objective or
characteristic action of a system or component, or a softwandule performs a specific
action. It may refer to boxes in a functional decompositiae tor the bubbles in a DFD as
an abstract expression of software performed processesahaform inputs to outputs; or, it

may refer to the purpose, role, goals, features of the softwa

In an engineering context, a central meaning of functiorfliaction as desiredfgect” [115].
Accordingly, software is used because software usersadigit something desirable happens
outside the software and the desirgtkets can be stated entirely in terms of the behavior of
environment (environment-centric). For example the fiamcof the tiny fire-alarm software

is "providing a mean by which securityfficer in the security room is alerted that there is a
fire in the building”. However,once the causal relationsngsn the desired changes in the
behavior of the environment and the external software hieha&v established, the function
can also be specified entirely in terms of the software as fwdmaoke signal is received
from the smoke sensor a signal is sent to the buzzer”. Thig @fdunctionality is consistent

with the definition of requirements and notion of specificasi as explained in the reference
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model. Therefore, the functionality can be stated in terfrth@ environment, software or a
mixture of both. Inline with these definitions, for FSM puses, provided that the connection
between requirements and specifications are establistedravinterested in both software

and environment centric presentations which are essigrgigiments of a specifications .

Several taxonomies frequently used in practice classtjuirements into categories of func-
tional and non-functional requirements. The functionguiements capture the nature of
the interaction between the component and its environniel@][ Non-functional require-
ments are considered to be related to the qualities the athehavior exhibits during its
interactions with the environment such as responsiversessrity, portability and reliabil-
ity requirements [58]. Design constraints are also comsitl@s non-functional which can
also be classified as technical requirements that restiicpotential set of solutions to the
problem hence represent a condition that restricts thef ggtssible configurations for P and
M of the reference model. While separation of requiremestsugh may have several ben-
efits for diferent concerns of project management, requirements mawegagearchitectural
or contractual decisions, this separation may not be usefulay cause ambiguity for some
other purpose[117],[118]. "Non-functional” requirememélate to software functionality and
they may overlap with functional requirements and as suetagiteristics can be desired for
the whole system, they can also béfelient for diterent interactions [112]. Furthermore,
a "non-functional” requirements can be precisely exprsee functional. For example, a
security requirement may be fully expressed as a functioegliirement and come to life
as a login service or several failures may require error lragndA legacy architecture may
mandate a query report to be prepared and served in pieceddfined sequence or in an
asynchronous fashion. However, due to their volatilityemhinical complexity, the relation
between non-functional requirements and functionality i@ apparent in later stages of de-
velopment cycles [112]. To summarize, the overall softvweaieavior is induced by functional
requirements and whenever expressed as visible softwhesioe quality requirements and
design constraints mayfact the eventual software functionality and software fiomal size

[119].

The 4FSM software functionality model described in Chap®rs designed to be used in
methods that attempt to measure functionality attributeoftivare. 4FSM relies on the defi-
nition of software functionality as the externally visilldehavior of software and takes speci-

fications as the artifacts that describe software funcliynahere the external manifestation
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is distinguished from the internal structure and interredidwior of the software.

2.2.2 Stimulus-Response Behavior

A fundamental concept we use is stimulus-response behatich is used in modeling and
decomposing software behavior and used mostly in reacyiseems literature[120] [6]. A
reactive software system is a system that, when switcheid able to create desiredfects in
its environment by enabling, enforcing or preventing esemthe environment.lt is supposed
to maintain a certain ongoing relationship with its envirmnt. Analogous to biological
systems, such systems respond to stimuli by possibly chgrgeir state and influence their
environment by sending back some signals to it (Fig. 2.6n@$8t are the events that happen
at the interface of the system. Responses are the messapggals sent to the environment
and they are computed as a function of the state of the systelhrevironment. Events
and the desiredfiects are communicated between the system and environmengtha
connection domain which includes entities that directtgiface and interact with the system

such as humans, sensors or actuators,etc. Reactive syshawvidy well represents a broad

Effect 1 Action 1
A;ed effect

Event or condition = - -—-—-———————— > Action

A
Effect3 %L Action 2

Connection domain

"Stimulus Response

Reactive system

Figure 2.6: Stimulus-Response Behavior-adapted from [6]

category of systems including real-time and embedded mgstélso it extends to business
applications such as information systems, work flow manag¢ror e-commerce systems
[121] [6]. Reactive systems are often contrasted with frangational systems which lend
themselves naturally to problems that can be decomposedesmibed uniformly in terms
of inputs, outputs and a relation between them, such asithigoc problems. The behavior

of reactive systems depends dieets of the traces of past stimuli the system has responded
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hence states have an important notion in descriptions &mtive systems. Table 2.3 compares

some characteristics of reactive systems to transformelt&ystems.

Table 2.3: Characteristics of Reactive Systems

Reactive Transformational

Highly interactive,prompted by the en-May prompt the users to collect information about the en-

vironment vironment

Interrupt-driven Not Interrupt-driven

State-dependent response Output do not depend on state, return the same outputs for
the same input data.

Environment-oriented response Output not defined in terms of environment

Usually, stringent real-time require-Usually, no stringent real-time requirements

ments

Non-termination is desired Termination is desired

Parallel processing Sequential processing

2.2.3 Subject Domain and Relational Model of Data

Exchange of data (messaging) is the means of interactiomeleatthe software and its envi-
ronment. The exchanged messages between the softwares ais@iis are about a part of the
environment that is shared with software. This domain ikedad subject domain and it forms
a discourse between the software and its environment. Timeo$wsubject domains of all
possible messages exchanged by the software and its emé@nbracross various interfaces
is called the subject domain of the software. There may béiaddl elements added to the
subject domain as a software development progresses susbrgreferences, e-mail options
or customers who are shopping online at a certain time. Témeshts of a subject domain
depend on the selection of the environment that the probieéstsevhich is determined by the
selected software boundary. For example, when there exfatsblem addressing a message
broker software, the subject domain may comprise the redaivessages, queues, connected

clients, etc.

The users and software communicate by assigning valuestaoatkaibutes which map to
properties of the elements of the subject-domain. Theioelalt data model[74] is a value-
based model that describe data in formal mathematical tand<reate a consistent, logical
representation of information. The relational model cgisellow organization of subject
domain data in well-structured and homogeneous groupstritfuides. Relational model is

well-known in research and industry. However in the resthis section we give a set of
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important concepts for the sake of completeness. The majfrithe given terminology is

adapted from [122] and [123].

The relational model makes use of a single structure to iwgatata: a variant of the mathe-
matical concept of n-ary relation. A relation is a set ofidist n-tuples and each n-tuple is an
ordered list of values, each having a domain. Relation caefr@sented in a natural way by
means of a table in which every row corresponds to a tuple eeiy eolumn contains values

of an attribute of the relation (Fig 2.7). There are two |levafl descriptions for a data model:
the intentional level corresponds to a time invariant dption of relations called as schemes

and extensional level to the contents of the relationsgimss) at a particular time.

Definition 1(Relation) A relation is set of ordered n-tuples of the forrd;, d, ..., d, > such
that each valuelj is in the domainDj, for j = 1,2,...,n. Alternatively, a symbolic hame,
called an attribute, is assigned to positions of domainkénsequence such that the relation

can be expressed in terms of a set of attribxtes]

Definition 2(Tuple) A tuple over the set of attributeX is a functiont that associates with

each attributey € X a value of the domaidom(a;). [

A, A — Attributes names

/ r

Relation name

™ Attribute values

—— Tuple

Figure 2.7: Relation

In a relation, all the tuples are distinct and thus no twodsmlan have the same combination
of values for all their attributes. There may be other sub-gkattributes of a relation schema
R with the property that no two tuples in any relation statd Roshould have the same

combination of values for these attributes.

Definition 3(Primary Key & Candidate Key & Super Key) A subset K of the attributes of

arelation r is a superkey of r if it has the following property
Unique identification: r does not contain two distinct tuglé, t2 that agree on all the at-
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tributes inK(t1, [K] = t2[K]) A superkey that satisfies the following property is a cdati
key:

Minimality: no proper subset of K possesses the unique ifileation property. There can be
more than one candidate keys in a relation, a selected crdidy by a data model designer

is called the Primary Key.]

Definition 4(Prime & Non-Prime Attribute ) An attribute of relation schema R is called
a prime attribute of R if it is a member of some candidate keRR 0Otherwise it is called a

non-prime attributed

Functional dependency is a formal constraint among ate#bthat is the main tool for for-
mally measuring the appropriateness of groupings of atiiinto relation schemes. Certain
desirable properties of relational schemes have been defimermal forms which are spec-
ified in terms of functional dependencies. The process ahabration consists of analyzing
relations to meet increasingly more stringent normal foleagling to progressively better

groupings of attributes.

Definition 5(Functional Dependency) Let R be a relation schema, adjY € R sets of
attributes. The functional dependensy— Y holds on R if for every state of R, X determines

Y such that ift1[X] = t2[X], thent1[Y] = t2[Y] in any relation instance.]

Definition 6(Trivial & Non-Trivial Functional Dependencie s ) A functional dependency

X — Yis said to be trivial ifX C Y otherwise, it is nontrivial(J]

Definition 7(Full & Partial Functional Dependency) A functional dependencX — Yis a
full functional dependency if removal of any attribute ArftoX means that the dependency
does not hold any longer; that is, for any attribdtes X, (X — A) does not functionally
determine Y. A functional dependengy— Y is partial if for some attributé € X, (X-A) —

Y).O

Definition 8(1NF-First Normal Form) A relation schemdr(X) is in first normal form, or

flat, if every attribute in X is simple. Otherwise, it is nekté]

Definition 9(2NF-Second Normal Form) A relation schema R is in 2NF if every non-prime
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attributeA € Ris fully functional dependent on the primary key of[B.

Definition 10(3NF-Third Normal Form) A relation schema R is in third normal form if,
whenever a non-trivial functional dependen¢y—~ A holds in R, either(a) X is a superkey of

R, or (b) A'is a prime attribute of R

Relational algebra with a family of operators is a query leage that is used to extract rela-
tions from the set of relations. The operators operate oroongore relation to yield another

relation. The standard operators of relational algebra are

1) Union Q): Two relations that belong to the same scheme can be cothliiie one
using a standard set-theoretic union where duplicate duple eliminated. Two relations
R(A4,...,An) andT(By,..., By) are said to be union compatible if they have the same degree

nand ifdom(A) = dom(B) for L <i < n.

2) Difference €): The expressiolR — S describes a relation consisting of the set of tuples in

Rwhich are not irS.

4) Intersection ): The expressioR N S describes a relation consisting of the set of tuples

in Rwhich are also ir5 .

3) Cartesian Produck(): RXT indicates the relatio®(Aq, ..., An, By, ..., By) that is formed

by combining tuples of relationR(A, ..., Ay) andT(By, ..., By) in a combinatorial fashion.

4) Projection £): When applied to a set of tuples and given a list of attriputbe unary
projection operation returns the same set of tuples, disggiother attributes of the relation.

If any duplicates were created during this process, theglarenated.

5) Selection €): Given a relation R, this unary operator applies a predi¢s¢lection condi-
tion) to each tuple in the relation. If the tuple satisfies phedicate, it is added to the set of

result tuples of the selection expression; otherwise,igrisred.

Relational model defines normal forms based on the fundtidependencies between at-
tributes of the relations. When normalization is appliecatdata model, redundancies of

various types which can lead to anomalies and inconsiggmen be eliminated.

Initially, relational model was proposed for specifying ttructures of data stored in software

systems hence there was a semantic gap between the subijeindind the operational data
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models. Entity-Relationship based techniques [124] [M22]e developed as a remedy and
they have been the most widely used techniques where emityredation concepts have
become the terms for capturing important semantic infaionaidf the subject domain and the
technique have provided a formal way to map conceptual saltewn-to a logical relational

model.

Example 2.1

Let us consider a library management system that is usedep &edrack of books reg-
istered to several libraries of a university. Copies of ksake distributed to libraries by the
library managers. According to the specifications it is tifiexd that a library software system
needs to maintain data about books, libraries and the bagjistered for each library. The
entity-relationship diagram and the resulting 3NF logredation schema is given in Fig 2.8.
Accordingly three relation880O0K LIBRARYandLIBRARYREGISTRYare identified in the

system and they are maintained as new books arrive andodistdi to librariesll

| NumberofBooks | \_ NumberofCopies ( Author )
/ N S S
N ] ~— —
- — |
\ | ‘
o I
N M , N
{ LName | ) Is_registered
\Coame, Library 2 Book
\ L N
|
o ~ . I1SB Title 3
L Locat|on/' — —
@
BOOKS | ISBN Title Author |LIBRARV Lname Location
1111128 | Moby Dick Melville PublicLib Main Campus
4441229 | Don Quixote |Cervantes Sciencelib | Main Campus
2337841 Gra?hs Ber'ge Kidslib East Campus
7983234 | Vehicles Braitenberg
9823473 | COSMOS Sagan

LIBRARY_REGISTRY ISBN Lname #Copies
1111128 PublicLib

-

1111128 KidsLib 3
4441229 KidsLib 2
2337841 Sciencelib (4

Figure 2.8: E-R Diagram and 3NF Relations for a Library Maragnt System

A set of extensions to relational model was proposed, tagligap mainly with the motivation

of representing complex data structures which was not pplesisi a first normal form scheme

41



[125][126]. First normal form of the relational model rests values in a relation to scalars,

thus tuples in a relation are flat.

Definition 11(Simple Attribute) Simple Attribute is an attribute of a relation whose domain

contains only atomic values (scalarg).

Definition 12(Complex Attribute) A complex attribute is an either multivalued or relation-
valued attribute of a relation. An attribute is multivaluédts possible values are sets of
values;in this case the domain is the powerset of a givenfsescalar domain. An attribute

is relation-valued if its possible values are tuples (olues); in this case, the domain is a

relation. Complex attributes are set-valued.

The nested relational model relaxes the first normal andatdkical complex objects were
modeled by recursively defining domains of attributes toitieee scalar or set-valued where
sets may comprise further relations. The notion of nestikdioa is the natural extension of
the notion of a relation, e.g. itis a set of attributes thatesent homogeneous tuples. Nested

Relation structure can be graphically represented as [tt@8%[127].

Definition 13(Nested Relation Scheme TreeNested Relation Scheme can be represented
by means of a tree with three types of nodes that corresposet {®) and tuple structure)
constructors and atomic domains. Each atomic or set node ledel, which is the relation
name for the root and the corresponding attribute name fdr efthe others. (1) the root is
always a set node; (2) each set node has one and only onewhilth is a tuple structure
node; (3) the children of each tuple structure node are sisor leaves; and (4) each leaf is

an atomic node and vice verda.

The construction of complex objects using set and tuplechaigbutes have been adopted in
defining structural properties of the classes in objeadad data modeling techniques and

object oriented database development [128] [129] [13Q][13

Example 2.2

Let us extend example 2.1 such that at the end of each yediptagy managers takes a
library inventory report from the system to be used for ir@en counting for each library.
The report includes information the library name, the tatalint of registered books, the

author names of the books whose copies are not registerée tdbtary and the count and
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name of registered book for each library. The report datadsgnted as a nested relation and
a tree is shown in Fig 2.9. The relation LIBRARYNVENTORY comprises attributes of
(LibraryName T otalto f BooksBookCopies Book Copies is a set valued complex attribute
(relation) that comprises of tuples of typebooknamegto f Copies> that belong to another

relationBook Authors are a set-valued complex attribute that compsgiaple attributes.ll

| LIBRARY_INVENTORY | Library | Total # No-book Book Copies
Name | of Books Authors BookName | # of Copies
KidsLib |5 {Berge, Sagan, | Moby Dick 3

Braitenberg} |Don Quixote |2

Scilib |1 {Berge} Graphs 1
(a) Nested Relation LIBRARYINVENTORY

library_inventory
libraryname # of books

no-book
bookcopies
P ®authors
@® author
bookname
# of copies

(b) Tree Representation

Figure 2.9: Nested Relation Example
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CHAPTER 3

A MEASUREMENT MODEL FOR FSM

In this research our focus is on the functionality attriboteoftware.Having given a precise
definition for functionality and addressing the specifioatas the software artifacts that em-
body functionality attribute (Section 2.2), in this chaptee present a Software Functionality
Model for Functional Size Measurement (4FSM). The primagtivation in the design of
4FSM is to improve consistency in specific model constructibase of a measurement pro-
cess (step-2,Section 1.1.2) by providing a formal softwaeta-model (step-1, Sectionl1.1.2).
The identified sources of discrepancies in the exploratase studies and the results of the

literature review provides us with the inputs for setting tiesign targets for our model.

Section 3.1 gives the context for software functionaliigy,dFSM constructs and rules and
4FSM model construction procedure. In Section 3.2 a mappetgveen COSMIC FSM
method and 4FSM is given for demonstrating how a FSM methodeaised with the 4FSM

model.

3.1 Model Structure

3.1.1 The Context for the Model

Software comprises interacting components and servesfal psepose as a whole for sev-
eral entities that exist in the environment it operates @j. Software interacts with the
environment vigunctional usersvhich havefunctional user rolesn the environment. The

interaction between the software and the functional usegoverned by stimulus-response

(s-r) behavior.Stimulus-responsgs-r) pairs constitute the chunks of software behaviort-Sof
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ware reaction upon the occurrence of an event private tortieomment involves a single
s-r pair or a sequence of s-r pairs controlled by its funetiarsers. The desiredfects of
the software behavior in the environment are realized \@duhctional users of the software.
Functional users interact the system by exchanfimgtional messagescross eboundary
in the course of s-r pairs. A functional message is eithesrarol commandr adata group
Data groups are organized accordingntiernal presentatiomndexternal presentatiostyles.
A s-r pair interacts with the functional users and Swerogate Data Model(SDMomponent
of the software. S-r pairs utilizRinctional message capabilitied the software in order to

exhibit the specified behavior and produce the desiffstes.

/\ Environment
"\

observes performs

‘ Functional Users (sensor, hw, human, other sw system) |
A

. Enters Exits
Stimulus

i Data Groups/Commands Data Groups/Commands Response

Interface

Surrogate
Data Model
(SDM)

Software

Figure 3.1: Software Context for 4FSM.

Definition 14(Functional User & Functional User Roles) A functional user is an external
entity that interacts with the software by exchanging fiomel messages across interfaces
such as GUIs, sensor interfaces or application programmiagaces (API). Functional users
have assigned roles, which are distinguished with respetiie set of unique actions they
perform in the environment. The set of roles are called Fanat User Roles. The functional
users and functional user roles are mapped by a reldtisnch thatT : FR «— FUR,

whereFU = {fu;...fun} is the set of functional users alwJR = {furq, ..., fury} is the set

45



of functional user roles andl me I. OJ

Functional users are a part of the environment such as hezdlesices (e.g. sensors, switches,

actuators) and they contribute to the desired behavioreoétivironment.

Example 3.1

All people that purchase items from a shopping site are asditcustomer” role and a subset
of them who also administer the system are also assigneddamriestrator” role. In a triic
light control software, the green and red light softwaretouled switches have ferent
functional user roles distinguished by their unique adiohen the first switch turns red
light on the the drivers stop driving, when the other switasm$ green light on the drivers

start driving.l

Definition 15(Boundary) The set of all interfaces through which software interadtb e
functional users constitutes a conceptoalindarybetween the software and functional users.

Functional users lie outside the software side of the boynda

3.1.2 4FSM Stimulus-Response Behavior

Definition 16(Stimulus) A Stimulus is a visible event (shared phenomena) occurseat th

software interface and that is generated by a functional Use

Stimulus are generated by a subset of the functional usettsecdoftware that observe the
environment and interrupt the system as a consequenceritsereconditions external to the
software. While they can be in the form of requests, buttickg] sensor signals, they can
also be timed or temporal events which are all included invtbeabulary of specifications.

The set of stimuli statements in a specification is denotedl @s

Definition 17(Response) A Response is the reaction of the software to the communicate

stimulus.d

The notion of a response is to enable software to directlyt &omtrol over the environment
enabling, enforcing, preventing events in the environnoeninplicitly affect it by providing

information to the environment. Hence, they contributegreduction of the desiredffects
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of software in the environment in accordance with the spegtifiehavior. The set of response

statements in a specification is denotedR&s

Definition 18(Stimulus-Response Pair)The stimulus and a response to the stimulus is called
a stimulus-response (s-r) pair where the latter is caus&lendent to the former. A formal

definition for s-r pair is given in Definition30.

O

Example 3.2

Stimulus-response behavior can be observed in the foltpexamples:

e Upon the request of a student to apply for a course registrathe registrant fills the
students’ details in a course application web form and st#hitniThe system stores the

application details and returns a confirmation message.

e A smoke sensor detects smoke in the room where it is instalfet stimulates the

software in order to turn on the buzzer in securiffia@rs room.

o A digital display displays weather temperature and curtiems, alternating in ten sec-

ond intervals.

In the above examples, the registrant, the sensor and temerthe functional users that ob-
serve the environment. The responses are recording the pigamnt information, turning
the buzzer on, displaying the temperature and displayiaglick time. The desiredtects
are having the student registered in the school, gettingearity st& alerted that there is
a fire and providing people with weather and time informasgorthey can plan their actions

accordingly.

The consequent software behavior upon reception of a sisedn be dierent depending

on the situation and condition at the instance when a stignglinstantiated. In other words,
the response to a stimulus is determined by state of thedudgpenain (environment) and the
state of the software. For example, the registry stimulug raault in a warning message if

the student has already registered or the course capadity. is
The desired #ects to the environment may be delivered by occurrence afgless-r pair or
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through sequences of s-r pairs.

Example 3.3

When a professor requests the list of application for thesmtio prepare a class roster
and software returns the applicants list, the desiféeceis immediately realized in a single
stimulus-response pair. On the other side, when a persofil@rarequests an elevator by
pushing the request button, the elevator control softwa@édiately sends a command to
start the lift-motor in the direction to the floor. The subseqt stimulus-response could be
a sensor sensing the cage arriving to the floor and the ctamsanding a stop signal to the
motor and an open signal to the door controller and so on. Eseall &ect is produced

when the cage is ready at the requested floor via a sequengepairs. il

While stimulus are visible events at the interface with theimnment, software responses
enable the satisfaction of desireffeets by producing events and state changes which are
visible in the environment. Sending a lights on signal to eledb switch constitutes an
example for the former where storing a new customer’s cowkaiails in a CRM software is

an example for the latter. The software state change is nenhdritself. However, the state
change is the mechanism that implicitly maintains iact distinguished by functional users

in a form to be delivered via subsequent s-r pairs. When aedar list of all customers is

received after a state change, the response will outputeivecuastomer’s details in the list.

3.1.3 Representing Data Concepts in 4FSM

4FSM defines two relational modeling styles for logical praation of data called internal

and external presentation. First is used to organize datataireed and persisted inside the
software boundary and the second for the data exchangedheifanctional users across the
boundary. Both presentations are at the intentional laweh shat subject domain attributes
are organized as relational schemes. Both presentatierisgical thus they are independent
from physical data storage, presentation and collectiut&ires and physical mediums such

as binary files, xml files, graphs, etc.

Internal Presentation of Subject Domain DataBeing the central conceptual component in

the analysis, specification and design of systems such asgearent information systems or

48



business applications, a model of the subject domain istaiagd by the software and kept
in a more or less synchronized correspondence with the dutijenain of the software. The
data model acts as a surrogate of the subject-domain. Thenraftthe model is providing

information to the software that can not be convenientlyaimigd from the subject domain
itself when it is needed. We name the data model of the subljgoiain as surrogate data

model (SDM) in our measurement model.

Definition 19(Surrogate Data Model(SDM)) SDM is a logical and semantic model of per-
sistent data obtained from conceptual models. It is not &iphlycomponent of a solution
system such as a database instance operated by a RDBMS oit Hage any sort of pro-

grammed behaviof.]

SDM simply represents a structure of subject domain dataaestdte that can be captured or
updated as per the specified response behavior. SDM siuttaintains flat base relations
in 3NF of the relational model. SDM comprises a set of finitatrensRs = {r1,ro, ..., I}
where the relatiom;j € Rsis composed of a set of simple attributés = {a;1,3;2, ..., ajn}.
SDM allows constant relations, the relations whose tupbas ftonstant values and that do
not belong to the SDM state, for the reason that they provata that enable an appropri-
ate software response (i.e., display output, join othextieis, perform calculations). State
updates are visible (distinguished) at the interface.eSiptates are not subject to integrity
constraints and null values are allowed in any resultintpsthange. SDM interacts only with

software in the course of response generation.

External Presentation of Subject Domain Datarhe mechanism for the exchange of subject
domain information with the functional users is the assigntrof values to data attributes
that describes an aspect of concepts and realities in Gmadtusers’ world. The sets of data
attributes that are being assigned values and exchangessatie boundary are associated
to relations that model the data of objects in the subjectalomThe data structure of the
objects are defined in relations such that they are in a ddioeu only if the functional user

interpretation is expressed by the object interpretations

Conceptual data modeling techniques are mostly used tolrdatketo be stored in the sys-
tem, reasoning that the values for data attributes of ctatbsdt are being communicated but
not stored can be derived or calculated from stored data antioef complexity and redun-

dancy is avoided. However, such classes have possiblenaestaeach with a distinguishing
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characteristic and they qualify as individual entitieseThasses are instantiated as individual
objects while software receives information from the fiumtl users and outputs information
to the functional users. The values for data attributes o @lasses map to the values of the

attributes from

the persistent relations of the SDM,

the attributes that are specified as functions of SDM reiatio

the derived relations obtained by applying relational bigeexpressions to the relations

of the SDM or

the transient relations that represent an element of thpduiiomain but not main-

tained in SDM.

The relations may have a simple structure where all itdoaties are scalars or they may have a
hierarchical composition such that the attributes may laasemplex structure. Relations are
presented as flat or nested relations. The relations areibjetcs to SDM rules such that they
are not necessarily flat and in 3NF. Thus, the subject done¢éited information available at
the interface is a set of finite relatiorf®, = {r1,r>, ..., r{} and the relatiom; € R; is composed

of a set of attributes either simple or complax = {a1, a2, ...,an}. R is not necessarily
disjoint from the relations of SDMRs). We assume single attribute relations such as errors
and confirmation messages. Subject domain related infamétat software exchanges with

the functional users and SDM are expressed in ternfiy ahdRg, respectively.

Definition 20(Data Element) A Data Element is the smallest piece of information that can

not be subdivided into meaningful pieces. Data elements kealar domaing.]

There are two types of data elements the functional userghengoftware exchange. First
type refers to the simple data attributes that describe ribygepties and states of the elements
of the subject-domain and the second type are command pemantieat enables software to
control actions in the environment and functional userstarol the software behavior. Data
Groups and Control Commands are the higher level data cmtsthat are formed by simple

or complex data attributes and command parameters resggcti

Definition 21(Data Group) Data groups are the logically related and cohesive grougdataf

attributes of a single relation. Data groups are the memidsfetise flat and nested relations
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subject domain data organized accordingly to internal atdreal presentation. Thus, a
datagroup is arelationr € RiURs. A Data group comprise simple or complex data attributes.
O

By definition, nested relations contain subsets of homogenedata attributes which may be
relations themselves. This implies that a nested relatiaminimum includes a complex
attribute. A top-down decomposition is applied in order deritify further homogeneous
groups of data contained in a nested relation. For each exngiribute in a nested relation
scheme, a separate data group is identified. This idenkificarocess is iterated recursively
from top level nested relation down to all simple attribusesl every complex attribute is

identified as a separate data group.

Example 3.4

Let us consider the library example 2.2 in section 2.2.3. g\ in the tree representation
(Fig 2.8), the top level node is the libraryinventory redatiand by definition a relation is a
complex attribute since it is set-valued. The no-book austlamd bookcopies are the other
set-valued (nodes indicated as)j complex attributes of the relation that is nested into the

top level relation. Therefore, three data groups are itledtfrom the tree representatioll.

The environment controlled events stimulate the softwadksoftware controlled events are
realized in the environment by passing control command®ftwvare and functional users

respectively.

Definition 22(Control Command) A Control Command initiates a single action of the func-
tional users or the software when received. A control condrthat is sent from the en-
vironment (environment controlled) and sent from the safev(software controlled) is de-
noted asce andcg respectively. The set of all control command€i€ = (CE U CS) where
CE = {cey,...,cq}andCS = {cs,, ...,csj} i, ] € I. A Control Commanag € CC, comprise a
set of cohesive parametd?g = {pkl, pk2, ..., pkn} k,n e I. O

Example 3.5

Consider a query publications functionality in a publish@nline site (Fig 2.5). The com-

mand is "query” and one of its parameters is sorting order tidlees values ascending or
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descending. The other parameter is search scope(mettutlig¢at) and so onll

The data groups and the control commands constitute theswairthe shared vocabulary
between the functional users and the software. In our modedlystract the groups of both

types of data to the concept of Functional Message.

Definition 23(Functional Message) Functional message is a cohesive group of data ele-
ments. A functional message represents both data groupsoatitdl commands, i.efm e

(CCUR U Ry). The set of functional messages is denote# ks [

Although a specification may require that in the course opsirs, diferent subsets of the
data elements in a data group or in a command are exchangsdath considered to be
instances of the samian since they belong to the same relation or the same command, Th

P-1(A;) andP=1(Px) always maps to relatiory and commanda, respectively.

3.1.4 4FSM Model Constructs and Rules

Definition 24(Functional Message Capability) A Functional Message Capability (FMC) is
a software capability that enable directed passage of #esingctional message (datagroup
or command) from senders to the recipients. Senders aruents are selected from the set
of functional user roles, SDM and the software. FMCs enalnlpars to exhibit the specified

behavior such that

functional users can stimulate the software

the response can collect information about the environm@&nfunctional users, or

from SDM

the response can generate the desifféelcts via directly passing control or subject-

domain information to the functional users,

the response can update SDM state such that they are distieguat the interface

O

The dfect of a FMC utilization in a s-r pair is visible at the softwanterface by functional

users of the software upon the completion of a response. Taeybe observed instanta-
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neously during the course of a stimulus-response pair wihergoftware controls the func-
tional users or provides them with information about theetttdomain or the fects can be

observed later in the course of another stimulus-respoaseafter a state change in SDM.
The states changes on SDM leads to SDM states that are \bsiltleing distinguished at the

interface.
There are four categories of FMCs:

Definition 25(Enter FMC) An Enter FMC enable passage of stimuli and collection of in-
formation about the environment across the boundary vietiomal users. An Enter FMC is
denoted as tuple Eec, fm) whererec € FURand fm € (CEUR). The set of all Enter
FMCs is EnterCapabilities.]

Definition 26(Exit FMC) An Exit FMC enable the passage of control commands and peovid
information to the environment across the boundary by tlfitevace via functional users. An
Exit FMC is denoted as tupl¥ (rec, fm) whererece FURandfme CSUR. The set of all
Exit FMCs is ExitCapabilities]

Definition 27(Update FMC) An Update FMC enables the passage of a data group from soft-
ware to the SDM and update of SDM state by modifying the retatiata group is associated.
An Update FMC is denoted as tuple(rec, fm) whererec € {SDM} and fm € Rs. The set

of all Update FMCs is UpdateCapabiliti€s.

A response can update the state of SDM utilizing an Update MiCcordance with Rule-1.

RULE-1: A relation can be updated by adding, deleting th&etiple in a relation or updat-
ing the values of a subset of its attributes. In order to upedatl delete the subsefl of tuples
of arelation RS T c Rthe response part should have collectefficgent information from
the environment or SDM such that it should be able to unigselgct the tuples to update or
delete. This requires that the response part should havaatttidate key (primary or unique
key) before updating or deleting tuples. If all tuples oat&nR, are updated or deleted then

it is not required.

Definition 28(Capture FMC) A Capture FMC enable the passage of a data group from
software to the SDM and capturing the state of a single mlatiom the SDM state. AN

Capture FMC is denoted as tuplesrec, fm) whererec € {softwarg and fm e Rs. The set
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of all Capture FMCs is CaptureCapabilitiés.

Definition 29(FMC Type) The type of a FMC is a sub-class of a category of FMCs such that

it belongs to a FMC category and it has the saswand f m components(]

Stimulus-Response pairs are the homogeneous chunks dfiepaoftware behavior that is
initiated by stimulation of software by a functional usedas responded by the software
performing the specified response and contributing to edeswents and states visible at the
interface via a set of FMCs. A stimulus is always realizedha form of a Enter FMC
that conveys an environment controlled control commegdcc € CE recognized by the
software. All FMC types utilized in a response constitute tapability of a response to

collect information from the environment and produce \esifffects in the environment.

Definition 30(Stimulus-Response Pair)A stimulus-response pair is a quadrupder, fs, fr)

where: MF €

sis a string stimulus statemerge S S

r is a string response statemeng RS

fs, is a FMC needed to communicate a stimulus,fiee CM whereCM = (cm €

EnterCapabilitiegm fm] € CE)

fr, is a set of functional FMCs that the response needs toautitizxhibit the specified
behavior, i.e.

fr e P(T) whereT = (rm e FMCSIrm[fm] ¢ CE) and

FMCS = (EnterCapabilitiesu ExitCapabilitiesu U pdateCapabilities
CaptureCapabilitie

The set of all s-r tuples identified from specifications idethla 4FSM stimulus-response

schemeSR={sry,...,sn},tel. O

RULE-2: A stimulus occur as a consequence to external evleaitsire private to the environ-
ment. They happen without the control of the software, heheg "interrupt” the software.
While the software is performing a response to a stimulus sifecification may require the

interruption of another functional user external to thewsafe via an Exit FMC and wait for
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one or more functional messages from the functional userdardo complete the response
properly. The behavior of the functional user upon the réoemf such stimulus is equivalent
to the response behavior of the software. The response dfitlctional user may involve a
FMC directed to the software. In such cases the receptidredtinctional message should not
be considered to interrupt the software and lead to ideatifin of another stimulus-response
pair. The event controlled by the response of the functiasel at the interface is anticipated
by the software and is reasoned by the initial stimulatioterupt) of the functional user by
the software. Hence, it is not considered to interrupt thegvsme. In summary, an events that
occurs at the interface and generated by a functional usadantified as stimulus when the
stimulus when they are not controlled by the software. Tiferes delivered by the functional
users as aresponse to the stimulus generated by the sofirgaattributed to the response part
of the initial stimulus received by the software. This kinfdrderaction is usually observed
in software-to-software interactions or in software resss that prompt users for additional
information about the environment while the response geioer has already been started.

An example case for Rule-2 is illustrated in Figure 3.2

Functional 3% Stimulus identified
User A

request(1) l 2::3 :lresponseM)

% stimulus not identified

response(3)

Software
in 4FSM Scope

4\ Functional

1
1
1
|
1 User B
1

request (2) i;}

Figure 3.2: lllustration for Stimulus Identification Ruke-

RULE-3: The response part of a s-r pair may result in fi@ct such that resulting software
behavior involves only an observable software state chantie environment but can not be
expressed in terms of FMCs. Such responses are typical tplermser interfaces where state
changes involve the mechanics of the interface such asatawigl properties of a complex

graphical user interface. In such cases fr component of-the@e iso.
The FMCs that a s-r utilizes ifis and fr components are identified by identifying of all
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possible data elements (datagroups and commands) inpattfre environment, output to
the environment, persisted in SDM and captured from SDM éndburse of a s-r pair and
establishing relations between them. Specifications shimglude stficient detail for the

identification of FMCs.

Example 3.6

Consider the following specification excerpt from an onloveler software specification:
"Customer cancels an order by requesting "cancel” from ordeain page. Software takes
the selected ordernumber (orderno) from the interfacetdslall related information for the
order and returns all order numbersTwo relations of the SDM that represent order related

information is given in Figure 3.3.

‘ ORDER OrderNo | CustomerNO ShipmentAddress Status
B12098 12 Inf.Inst. METU-Ankara Open

‘ORDER_ITEM ProductCode | Quantity OrderNo
1088934 5 B12098

Figure 3.3: Orders and Orderltems

The functional user role, customer, stimulates the "camcdér” s-r pair via Enter FMC
("customet, "requestcance). Software will receive the details of the order to be deldtettie
response viaEnter FMC(”customet,”ORDER). Corresponding Order tuple from ORDER
relation and tuples from ORDER EMS can be deleted via Update FMCS DM "ORDER)
and (SDM”ORDERITEM”) respectively. Specifications imply that only a subset dadtiehs

in ORDER and ORDERTEM are to be deleted. Rule-1 given in FMC definition regsiitieat
intended tuples should be uniquely selected. Rule-1 isfeatifor ORDER since response
has collected OrderNo information from environment and istfficient to select the tuple
in ORDER. However, the response do not have the key (OrdePktmjuctNo) Rule-1 is not
satisfied for ORDERTEM. Therefore further information for selection of theder items
to be deleted from the SDM should be taken via Capture F¥EDM"ORDERITEM").
Finally all tuples in ORDER relation should be retrieved @apture FMC(S DM "ORDER)
and displayed via Exit FMGS DM "ORDER). A total of seven FMCs should be utilized to
satisfy the specified behavidll
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4FSM Scheme Normalization

In a 4FSM stimulus-response scherR the s-r pairs are distinguished into three disjoint
Sub-setdSROSRNOSRi.e., SR= ISRU OSRU NOSR Subset S Rrefers to s-r pairs
whose response can not be expressed in terms of FMCs. Fart&dR= (sre SR| sr[fr] =

@). S-r pairs that pertain purely to interface mechanics RIgeE-3) belong to this subset.

SubselOS Rcontains stimuli-response pairs whose response, at a mninjrimclude either a
FMC that is directed to a functional user or to the SDM. A s4ir ffaat satisfy this condition
is called arobservables-r pair. Formally, the following predicate holds true for@bservable
S-r pair:

isObservablés—r) = Afmc: s—r[fr] ¢ fmce (ExitCapabilitiesu U pdateCapabilitie

SubsetNOS Rcontains s-r pairs whose response is limited to collectfdnformation from
the environment or SDM. A member of 940S Ris called a non-observable s-r pair.nan-
observables-r pair satisfies the following :

isNonObservablg — r) = -isObservablés — r)A

(Vfmc: s—r[fr] « fmce (EnterCapabilitiesu CaptureCapabilitie}.

In a s-r schema, one or more observable s-r pairs depend cnhsenvable s-r pairs for
the collection of sflicient information from the environment and non-observabtepairs’
response part become observable when their associatetvaltlses-r pairs’ responses are

completed. Hence, there exists a relat®n OS R—— NOSR

Example 3.7

For example, a user enters only the information about thé@mwment executing s-r pairs
srl, sr2 (e.g. entering some information on a two-step wifam) and saving the collected

information in sr3. The dependency relatior{(isr3 «<—» srl), (sr3 «— sr2)}. &

Before the use of a 4FSM model in the final step (step-3 in &edtil.2)of a measurement
process, given the set of all s-r pa8% the following normalization steps should be followed

in order to obtain homogeneous s-r schema:

1-All interface s-r pairsIS R) are eliminated from the scheme. The resulting scherBddis=
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SR\ ISR

2-If NOS R+ o a refinement is performed iteratively on all non-observakigairs such that
the response parff) of each non-observable pair is added to the response palosefvable
pairs that depend on them. The procedure is given in Figdrin3lava style. The resulting

scheme iSK = SR\ ISR.

The schem& R is called arobservable schemand all members of the scheme are observ-
able. A 4FSM model with an observable schema is said to beeim#msurableorm. In
accordance with 1ISO 14143, each FMC utilization in an oke@ess-r pair of an observable

4FSM s-r schema is a Base Functional Component (BFC) of t&éMirodel.

Types:

class SR{String stimulus; String response ; Smapf fs; Rmapf fr; }

class Smapf{ String stimulus; FMM sFMM; // stimulus mapping function

class Rmapf{ String stimulus; Set<FMM> rFMMs; }//response mapping function
class FMM{ String type; String fm; String rec; }

Variables:

srset // set of identified SR
osr//observable SR

nosr //set of non-observable SR
measurableSR //set of measurable SR

Initialize :
Set<SR> srset= set of identified SR pairs;

Procedure:
Iterator<SR> srit= srset.iterator():
while (srit.hasNext()) {

SR sr= srit.next():
Set flows= sr.fr.rFMMs;//return set of FMM that enable response
if(flows.hasMembersofCategory ("EnterMovement") || flows.hasMembersofCategory ("ExitMovement")) {
osr.add(sr) ;
}
}
nosr= srset.minus (osr);
Iterator<sR> nobit= nosr.iterator():;
while (nobit.hasNext()) {
SR dependentSR= nobit.next();
Iterator observableSR= osr.iterator();
while (observableSR.hasNext()){
SR cbservable=observableSR.next();
if (dependentSR.depends (observable) ) {
observable. fr.rFMMs.add (dependentsR. fr.rFMMs) ;
}

}

Set measurableSR= osr; //measurable SR.

output:
measurableSR //set of measurable SR

Figure 3.4: Procedure for an observable 4FSM schema

3.1.5 4FSM Model Construction Procedure for FSM

In order to construct a software functional model in accoogawith the construct defini-

tions, a series of activities should be performed in ordeand-up with a 4FSM meta-model
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instance.

e Step-1: Identify Measurement Scope, Functional UsersnBary: This step involves
the selection of the measurand with respect to the measotgrugpose. Measurement
scope is a piece of software which can be distinguished frorereironment via a
boundary. It can be selected as the whole software of a systéncan be a software
component that is a part of a software component compositioorder to be a valid
selection, the specification artifacts that describes tkereal behavior of the software
component should be available or derived. The specificatiost satisfy requirements
in the environment and allow construction of a subject-dontfzat involves all types of
different interfaces. When determination of the scope imptiatadill functional users
(interacting entities), functional user roles and the ltauy are identified. There must
be an internal behavior or a design freedom inside the boyrhat should be excluded

from the scope.

e Step-2: Construct the Model: Once the boundary is detemitiee model constructs
are identified from the specifications. That is, SDM is esshlld, functional messages,

stimuli-response pairs and FMCs utilized in the course ohesar are identified.

o Step-3: Apply the Normalization Procedure: A further pisgieg is done on the set
of identified stimuli-response pairs. Non-observable firctv do not provide any in-
formation to the environment and control any action in th@renment are eliminated
while maintaining their contributions to software functédity by merging their FMCs

to observable pairs of s-r. The procedure ends in a set ofBg fhat are all observable.

3.2 Mapping to COSMIC Software Model

COSMIC FSM [54] is an ISO 14143 compliant model that attractgowing interest from
international community. The motivations for COSMIC hawseb not only to improve FPA
concepts but extend the applicability of FSM to real-tim#vgare domain and resolve prob-
lems with respect to measurement theory. The method alsoihesrporated concepts from
MARK Il FPA and has been called a new generation FSM methd@ig]3.5). In this section
we compare the constructs of COSMIC FSM and 4FSM functipnaiodels and summarize

the corresponding concepts.
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Figure 3.5: Evolution in FSM and COSMIC FSM Method-adaptexirf [7]

Scope, Boundary, Functional UsersThe determination of the measurement scope concerns
the selection of the piece of software which is the subjeea@surand) of a measurement. The
precise determination of scope is given in terms of Boundaupctional Users in both COS-
MIC and 4FSM. COSMIC defines boundary as a "conceptual imberbetween the software
being measured and its functional users.” This definitiocoissistent with 4FSM definition
of boundary where it is the set of interfaces between theveoét and functional users. Simi-
larly, the definition for Functional Users is defined as "Apgyof) user that is a sender dod

an intended recipient of data” which corresponds to the gphof "functional user roles” in
4FSM. One subtle dlierence between the COSMIC FSM and 4FSM lies in the approach to
functional user requirements. According to COSMIC, fumcéil user requirements describe
software in terms of functions that further broken-down aad be allocated to hardware,
software or a combination of the two. The allocation is perfed with respect to a physical
computer architecture where software is organized intgeilsi’ of the architecture (Fig3.6).
COSMIC defines each component interacting with others isdinee physical layer as a "peer
component”. COSMIC requires that the piece of software dpeneasured should confine in
a single layer. On the other hand, 4FSM views functional irequents as a specification of a
single software component or one of its sub-componentshwdéscribes the desired external
behavior of software in terms of stimuli-response behathat is expressed in terms of com-
munication at the interface and states of a surrogate datlelmdFSM model construction
is constrained with the interface description and shoutdmlve any further decisions and
assumptions about the internal structure and behavioreofdftware. It does not require as-

sociations on how the desired behavior emerges from sudhidms obtained by a top-down
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Figure 3.6: Allocation of FURS into Layers in COSMIC-adapfeom [1]

breakdown. However the specifications draws the boundasoftivare by describing the
interactions and the observable behavior at each interfdoerefore, the functionality of any
piece of software at any layer can be modeled provided tlgsitribes an interface between
the software and an environment. 4FSM requires that thest exist a defined environment
and a specification for the software being measured. How&@EMIC requires that the
software piece to be measured should confine in a single, ldyes distinguishes the subject
domains between the software components ffetént layers and constraints the measure-
ment to be performed to a subject domain that pertains to hdeéhed environment and
that is shared between peers components and their funictises. In summary, there are no
equivalent concepts of layers, peers in 4FSM , however, ltlodly models include concerns

for identification of a well-defined environment for a softe@omponent.

Functional Process.COSMIC defines a functional process as an elementary componhe
a set of Functional User Requirements comprising a unicpleesive and independently exe-
cutable set of data movements. Itis triggered by a data merefan Entry) from a functional
user that informs the piece of software that the functiosal thas identified a triggering event.
It is complete when it has executed all that is required todyeedn response to the triggering
event. A triggering event is defined as an event (somethiaghtippens) that causes a func-
tional user of the piece of software to initiate (triggerear more functional processes. In
a set of Functional User Requirements, each event whiclesauunctional user to trigger
a functional process cannot be sub-divided for that set dR F&hd has either happened or

it has not happened. As clear from the definitions, both COSkHd 4FSM models agree
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on the reactive view of software behavior and functionakpes roughly corresponds to the
s-r pairs of the 4FSM. However, in COSMIC, the relations lestvthe external events, trig-
gering events and software behavior allows ambiguity shahthe relation between external
events and the consequent software behavior is not stiaiglaird (Fig.3.7). The relation can
be dfected by the state of the environment and the state of thea@ft thus, can be situa-
tional, dynamic and complex and is typically expressed aga&tos. From the perspective
of the 4FSM model, while for some external events, the speatifin may permit one-to-one
association between an external event and a stimuli, art esaralso be responded by traces
of s-r pairs. Furthermore, there can béelient traces of s-r pairs for two separate occurrence
of the same event. It is a specification task to define s-r paithe chunks of behavior such
that the satisfaction of behavior in the environment afterdccurrence of an external event
should be possible by a specification process that prodticeslisresponse pairs taking do-
main knowledge and requirements as inputs. Thereforetifbation of functional processes
is not without ambiguity and permits the identification oladtional process for eachftiir-
ent scenario when only the definition is taken into accounttie¥the rules for identification
of functional processes and examples given in the COSMI@sguare explored [75], further
information is found that the concepts of s-r pair and fuonal process converge. In the
guides, many s-r pairs are given as examples of valid fumakiprocesses or s-r pairs are

selected as candidate functional processes.

Object of Interest and Datagroups. COSMIC defines an Object of Interest as any thing
that is identified from the point of view of the Functional W&equirements. It may be any
physical thing, as well as any conceptual object or part afreceptual object in the world of
the functional user about which the software is requiredrbzgss antr store data. A data

group is "a distinct, non empty, non ordered and non redunskeinof data attributes where
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each included data attribute describes a complementaegctgfthe same object of interest.”

Object of Interests clearly maps to elements of the subjectain where associated data is
represented in external and internal representationsa Gedups map to the flat and nested
relations inR; U R of a 4FSM model. While mapping the nested relations to dadajy
further refinement is required. For messages in the form stederelations further decom-
position is applied in order to identify subsets of homogersedata. An attribute of a nested
relationr € R, at a minimum includes a complex attribute. Complex attebudo not have
scalar domains such they comprise, a single-valued conafiietsute or a set-valued attribute.
For every complex attribute in a nested relation schemeaaepfunctional message is iden-
tified. This identification process is iterated recursivetytil all attributes are identified as
simple scalars, thus, every homogeneous data group thedagmized as complex attribute
is identified and mapped to a COSMIC data group. In COSMIC treept of data groups
represent both commands and properties of the elemente authject domain. In 4FSM,

commands and data groups are explicitly distinguished.

Data Movement. Data Movement is a base functional component which moveasgesdata

group type. Total functional size is obtained by summingrthmber of data movement type
occurrences in each functional process. There are foutyp@s- of data movement types:
Entry, Exit, Read and Write. An Entry (E) moves a data grogmfia functional user across
the boundary into the functional process. An Exit (X) movetata group from a functional
process across the boundary to the functional user. A Repth@i®es a data group from
persistent storage within reach of the functional procebghvrequires it. A Write (W)

moves a data group lying inside a functional process to §terdi storage.

According to COSMIC model a functional process comprisés@mocess of two types: data
movements and data manipulations. Sub-processes ardiatefitom procedural descrip-
tions of the software response to an external event from i@ point of its user. On the
other side, 4FSM FMC types are declarative constructs suep riepresent the functional
capabilities of software to enable appropriate s-r pairsweéler, in COSMIC data manip-
ulations are considered to be represented by data movemethttheir contributions to the
functionality are attributed to associated data movemasssiming an average distribution
to each data movement. Thus, data manipulations are ngnasisa numeric size value

and do not directly contribute to the size of software fumadility. Furthermore, normally,
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COSMIC does not distinguish between sub-groups of datamdtldata group such that any
combination of attributes that involve a Object of Interast considered identical as long as
they are subsets of the same data group. Following these CO8&finitions, the concept
of data movement and the procedural description converdé-8M FMC concept and the
declarative descriptions respectively. In summary, thecept of data movement types maps
to FMCs types utilized in each s-r pair. The instances of EXRnd W data movement
types map to the members BhterCapabilities E xitCapabilities U pdateCapabilitiesand

CaptureCapabilitiesrespectively.

In COSMIC, total functional size is calculated by summing tlount of E,R,X,W data move-
ments in identified functional processes. Therefore, COSKinctional size of a 4FSM
model is obtained by adding all FMCs frs and fr components of s-r pairs in an observable

4FSM scheme.

In COSMIC, one of the Entry data movements is assumed todritige functional process.
This arbitrary Entry data movement is defined as a triggeeimgy (Fig.3.7). This particular
data movement has a dual role such that it can move an exg#itat group of an OO, it
can move a command or both a command and a datagroup. In a 4¢eBhiands and
data groups are explicitly distinguished. Besides, a dtimis always a command passed
from a functional user to the software, thus utilizes a sseaFMC. Similarly, a functional
process may exit a datagroup, a command or both in a singleratement. In COSMIC, the
commands are interpreted as a triggering event that stéutetional process in a functional
user (usually other software) in the same sense as the RoiletESM stimulus-response
definition. Although this dierentiation does not indicate a conceptudfeience between
4FSM and COSMIC models, it needs to taken into account wioitleparing size values of a
4FSM and a COSMIC model. Since COSMIC size directly depemdthe number of data
movements and may lead to identification of extra data mowsvehen a triggering entry or
an exit conveys both a command and a data group. Table 3.4 gisammary of COSMIC

and 4FSM concept mappings.
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Table 3.1: 4FSM and COSMIC Concept Mapping

COSMIC Concept 4FSM Concept
Functional User (Type Functional User (Role)
Boundary Boundary

Functional Process | S-R pair in an observable schem

Object of Interest | Any element of the Subject Domai
Data Group Data Group or Command
Triggering Entry Stimulus
Layer -
Data Movement Functional Message Capability
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CHAPTER 4

CASE STUDIES

In this chapter, we first briefly discuss the case study as airiglal research strategy. Sec-
tion 4.2 presents two exploratory case studies conductender to investigate sources of

inconsistencies in functional size measurement resuttsi@mcusses their results.

Section 4.3 presents two case studies conducted for validat 4FSM. In the section, the
results of the applications of 4FSM to the requirements ifipations were analyzed and

discussed.

4.1 Case Study in Research Design

Case study is an empirical research strategy commonly nsextial and applied sciences[132]
[133] [134] [135].They are used for investigating a phenoorein a complex settings and
within its real-life context for the purposes of understagdand explanation or constructing
a theory [132] [136]. Case studies are generally obsemalior descriptive in nature, how-
ever they can be relational such that they are used to gapidsights into chains of causes
and dfects. They can be based on qualitative as well as quantitatiidence. They can be
applied both prospectively and retrospectively. Due tovilesatility brought by such prop-
erties, case studies have also become popular in softwgieeening where they are used
for understanding, describing and explaining problemgjesnonstrating the adequacy and
extend of software engineering methods and models, thusaflation of research results

[137].

The design of a case study can be basically characterizeddoyistinct properties[132].

First refers to the replication nature of the case study. Wthe design follow a replication
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logic it is a multiple-case and otherwise it is called a s#aghse study. Second distinction is
made in the characteristics of its units of analysis. Thégdes called holistic if the units of

analysis are identical; otherwise is called to have an endxtdesign.

In the two exploratory case studies and one validation stiglained in this section multiple-
case design were used. A multiple case often considered ecoanpelling as it strengthens
the results by replicating the pattern-matching and irgirgaconfidence in the robustness
of the theory. Since the contexts of multiple casdfedito some extent; the same conclu-
sions derived from multiple studies have stronger extegealeralizability [132][137]. The
retrospective validation study in Case 3 has a single-casdalthe limited case availability.
The design of the case studies were holistic such that a Sasumement result is selected as
the single unit of analysis in every repetition. The reglaa approach we followed in our

multiple-case study design is depicted in Figure 4.1 (basgd 32]).

Define and Design Prepare, Collect, and Analyze Analyze and Conclude

Conduct 1st case ’" Write individual Ll Draw cross-case
study case report conclusions

Select cases Modify theory

Conduct 2nd case [ > Write individual

Develop theory

study case report Develop policy
implications
Design data
collection protocol
Write cross-case
report

ooo0

Conduct remaining > Write individual | |
case studies case reports

Figure 4.1: Case Study Method

4.2 Exploratory Case Studies on the Reliability of FSM Resu$

In our previous research studies and measurement expesiend-SM we observed inconsis-
tencies between the measurement results for the same settibhal requirements [26][27].
When the results were analyzed subjective interpretatifribe requirements and method

rules explained a considerable portion of th&edences in the measurement results. Besides,
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we observed a set of generic functional requirement prigzettiat we found to relate to the
poor results and creating challenges in measurements.e diEervations motivated us to
study the reliability of measurement results. We partidylguestioned theféect of the in-
consistencies on the reliability of the results and sofewaguirement patterns that constitute
the root causes of discrepancies. In this section, we préserctase studies designed for em-
pirical evaluation of the measurement results obtainedbjying the COSMIC method. The
case studies were conducted by SMRG at Informatics InstitdETU as part of a research

project [138].
Both studies were driven by the following research question

RQ1. What is the &ect of measurement errors on the reliability of the measargmesults?

RQ2. What are the common patterns of measurement errors?

In RQ1, our goal is to understand how measurement errorscntipareliability of the results
and to what extend. In RQ2, we particularly look for assaoiet between the errors such
that the commonalities in errors can be identified, theireesican be identified and searched
for patterns. The motivation was that when such informaisoavailable the problems that
lead to inconsistent results can be well defined and disshgd. Furthermore, subsequent
studies can be designed for improving measurement perfaresasuch that the opportunities

can be explored for:

e improving method structure by suggesting precise metaetsahd measurement pro-

cedures
e improving results by further method documentation and eragining and

e avoiding errors a-priori by proving feedback on patternembrs to the FSM commu-

nity

The main focus of the empirical research on the reliabilitF &M methods has been the as-
sessment of the "reproducibility” characteristics of theasurement results where the close-
ness between the measurement resultsfiéndint subjects using the same method have been
investigated [20] [21] [23] [22] [29]. The data used in thedies were single numeric values
obtained from measurers. Their approach did not includesassent of the models con-

structed in accordance with FSM method meta-models.
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However, the answers to our research questions requirdsvbstigation of the causal re-

lations between requirement specifications and the fumality models constructed accord-
ing to the selected FSM method meta-model. Furthermorecéssitates data on the inter-
relations established between model components. Therefog extend the measurement
result assessment approach to the constructed modelseddtthwe collect are not limited

to the calculated numeric size but also include details erctimstructed models. Therefore,
the measurement results being analyzed should be undeissdbe recorded presentation of
the models constructed by following the meta-model defingtiand associated rules of the

FSM method.

In the case studies, an error is defined as any result thahsd=yed invalid as per the rules
and definitions given in COSMIC FSM [8][75] or any result tlean not be properly and
adequately verified as per the rules and definitions givereithie Thus, the inconsistencies
in results were identified in error units. ldentification efags requires a correct model of
software functionality that has been constructed accgrthrthe rules and definitions of the
selected method meta-model. However, there is not any ote#rod to construct the correct
software model for a COSMIC software model and obtain thee"ralue” of functional size.

One suggested and used way for obtaining a correct modefftofage functionality and its

true value is based on the consensus of method experts Q73[f6both studies the software
models for analysis were constructed with the consensusre¢ tCOSMIC certified experts

and a member of the COSMIC Advisory Board.

In both studies, a multiple-case design was followed in otdeobserve the measurement
errors in the contexts of flerent measurers, products and discuss their reprodtibili

different circumstances. The analysis were also performedebgxperts. For our analysis
purpose, we took measurement results not as a single numhendtional size units but as a

measurement report where all functional components ifiethtby the measurer are recorded.

4.2.1 Data Analysis Procedure

The analysis of the measurement results in both studies aréarmed in two steps. In the
first step, the functional components identified and repldoiethe measurers were compared

to the keys that contain all valid COSMIC functional compatsean the requirement sets from
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the COSMIC experts viewpoint. The measurement report dedunformation on Functional
Processes (FPs), Data Groups (DGs), Objects of Intere§itsj@hat DGs belong to and the
Data Movements (DMs) each FP contains. When a FP matched i the key they were
marked as correct, when there is no corresponding FP in thé k&s marked an incorrect.
When a FP in the key was not detected and not recorded in toésréiswas marked as
missing. Similar convention was followed for DMs; howevamrder to be marked as correct,
in addition to having a matching type (Enter, Read, Writeit)iEand DG, they were required

to have the correct identification of the associated OOl efdi® being moved.

In the second step of the analysis, the requirements antsemere investigated for cause-
effect relationships and the commonalities between the ewers explored. To support the
inspection process a checklist was prepared by gatheriregadindings from our previous

research and industrial experiences [26][27]and guidggqB(Table 4.1).

The data movements in an incorrect or a missing FP were markedcorrect or missing.
Whenever the analysis revealed that a reported FP is a catidvirof several correct FPs,
then it was assumed to match the FP having the highest nunitig®e and others were
considered incorrect. The analysis results regardingebersl step were presented in FP and
DM based categories where the instances of measuremers e associated to incorrect

identification or subjective understanding of these meament concepts.

Table 4.1: Potential Error Patterns

Parameter tables are considered as OOls
Different Error Messages are considered as separate Exits
Attributes are considered as Data Groups
List Before Updatéelete is ignored
Retrieve Before UpdatBelete is ignored
List is defined as a part of updadelete FP
Retrieve is defined as a part of another FP
Transient data group concept is ignored
Multi Pages are considered as separate FPs
Cascading Delete is ignored

We defined two indicators, Accuracy Rate (AR) and Componezie&ion Rate (CDR), in
order to analyze the measurement results, measuremeotrparfces and theffect of errors
on the results. AR and CDR are used for pairwise comparisetvgden individual measure-

ments, measurers and groups of measurements. AR is thef rederectly identified items
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to the sum of all correct, missing and incorrect items. CD#Rdates the degree of success
in identification of the measurement items; hence the ratookct items to the items that

should be identified in the requirements.

ARy = # of Correctly Identified x# of (Incorrect+ Missing+ Correctly Identified x)
CDR = # of Correctly Identified X # of all valid x in the requirements identified by experts
wherex € DM, FP, DMandFP

4.2.2 Case 1: A Multiple-case study on Industrial Projects

4.2.2.1 Data Sources

The measurement results of twelve products developed ht gidustrial software projects
in three diferent organizations were analyzed (Appendix B). The measents were per-
formed by five measurers. The functional specifications oflpcts were obtained from var-
ious software requirement artifacts. The software praltotbe measured were selected
from the organizations where the measurers work as softeragmeers or project managers

(Table 4.2). The measurers were graduate students thaakexda software project manage-

Table 4.2: Case Organizations Profiles

Organization 1 Organization 2 | Organization 3
Quality System CMMI2level 3 | ISO/IEC 15502, CMMI level 3
CMMI level 3
-
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2 Capability Maturity Model IntegratioRSoftware Process Improvement and Capability Determinatio

ment course as a part of their graduate programme. The cmaigeed six-hour COSMIC
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functional size measurement v3.0 training and the studeadsmeasured several projects as
part of the course. The students passed the course with e gfd8B (75100) or higher.
The measures had a similar level of knowledge and experienE&M and conducted the

measurements as a part of project course which was a prsitegor their graduation.

4.2.2.2 Conduct of the Case Study

Since the students perform the measurements in the conélticeio term project course,
the measurement process spanned several weeks. Theedeffmtmeasurement results on
a spreadsheet template (Appendix A) that enables the riegoaf detailed measurement
results. After the measurements, the experts analyzedvitilalgle requirement documents
and measurements and identified and classified the errdesviews were performed with
some of the measurers to obtain more information on the megaints, assumptions and the

causes of the errors.

4.2.2.3 Results

The AR, CDR values for them measurements were calculatedadnthted (Table 4.3). Av-
erage performance values for the measurers were also a@dulor cross comparison of
measurement performances between measurers (Tablerd e fable, the values in a row

are calculated by averaging the column values for all measents. Table 4.4 also shows the

average deviation between the actual and reported nunieei § he deviation gives an idea
on the results when the results were not passed throughceiofh and where each reported

DM would be counted as one cosmic function points (cfp) wietorrect or not.

In measurement results, the component detection ratesadd®iween 52-100 for data move-
ments, and 60-100 for functional processes. The AR, CDRs natxe higher for FP when
compared to DM components in the cases except for cases SNIMnéfter a mapping
of measurement results to the measures, the measureméonr@erces were compared at
several levels. The first level comparison among the meeswas based on best and worst
AR, CDR rates for DMs and FPs. At the second level, the samepadson was repeated
but this time, they were based on average AR, CDR rates fosuneaents that a single

measurer performed. Finally, at the third-level, the cornspa was based on average rates
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Table 4.3: Results of the Analysis

Measurer| Product | Reported Component| Correct| Missing | Incorrect| Actual # of | AR | CDR
Name | /Actual Size (%)| Type Components (%) | (%)
M1 AN 121 FP 33 1 3 34 89 | 97
DM 215 9 57 224 77 | 96
BN 109 FP 32 0 2 32 94 | 100
DM 159 1 16 160 90 |99
M2 MN 84 FP 45 8 0 53 85 | 85
DM 211 40 0 251 84 | 84
KA 83 FP 45 9 0 54 83 |83
DM 217 45 0 262 83 | 83
GH 85 FP 30 6 0 36 83 |83
DM 154 28 0 182 85 | 85
M3 CN 105 FP 18 1 0 19 95 | 95
DM 94 16 21 110 72 | 85
SN 127 FP 10 1 0 11 91 |91
DM 60 2 19 62 74 | 97
M4 TN 126 FP 27 0 0 27 100 | 100
DM 128 0 33 128 80 | 100
™ 104 FP 3 0 2 3 60 | 100
DM 99 3 7 102 91 | 97
HB 100 FP 10 0 0 10 100 | 100
DM 206 1 0 207 100 | 100
M5 TCL 164 FP 10 0 2 10 83 | 100
DM 72 8 59 80 52 | 90
DVTCL | 171 FP 3 0 0 3 100 | 100
DM 28 0 20 28 58 | 100

for functional components (without distinguishing DMs dfiés) and on the average values
each measurer performed for all products. From this meNgll analysis we could not come
up with any significant finding regarding the associatiomieein AR and CDR rates and the

measurers. In general, the best and worst values were @osanbe scattered among the

measurements by fiérent measurers and when two measurers’ rates are compaeethat

has a better CDR rate may have lower AR and vice versa at \&wlevals.

Table 4.4: Measurers Performance Summary

Measurer DM FP DM and FP Average (Reporteq
AR (%) | CDR(%) | AR(%) | CDR(%) | AR(%) | CDR(%) | / Actual Size) (%)

M1 83 98 92 99 88 98 15

M2 84 84 84 84 84 84 16

M3 73 91 93 93 83 92 16

M4 90 99 87 100 88 99 10

M5 55 90 92 100 73 95 68

COSMIC method assigns one cfp for each data movement and thbaeported numbers
are used without verification, this can easily hide the exoms concept identifications. This

can be illustrated by a comparison of cases CN and TM. In baies; the reported sizes
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were within +5% of the actual size which seems to be quite acceptable. ¥owease CN
has an AR value of 72% where TM has 91% which indicates that @dsmrement results
include more errors and are less reliable then TM result$s Jituation is explained by the
size contribution of hidden errors (incorrect DMs) in eackasurement. On the average, the

hidden errors constituted 16% (max.45%) of the reportegksiz

The findings obtained from an analysis of how and why the sroocurred in the measure-
ments were grouped and given from two aspects: functioraigss based errors and data

movement based errors.

Functional Process (FP) Based Errors. After the analysis of the errors, the error patterns in
Table 4.5 were found to represent most of the errors madeesimiasurements. Although
requirements allowed in almost half of the cases, we did beterve any occurrence of the
other potential error patterns in the checklist.

Table 4.5: Error Patterns Observed in Measurements

# | Error Patterns The measurements in which the error pattern was obseryed
M1 M2 M3 | M4 M5

1 | List Before Updatfelete is ignored - - N/A | - N/A

2 | Retrieve Before UpdatBelete is ignored - - N/A | CN,SN N/A

4 | Retrieve is defined as a part of another FP AN - - CN,SN N/A

5 | Transient data group concept is ignored AN, BN | MN,GH,KA | N/A | SN -

6 | Measurement of other types of operations as a separate FF #\N, BN | - N/A | -

as Close, Save.

7 | Multi Pages are considered as separate FPs - - ™ | N/A TCL

9 | Parameter tables are considered as OOls AN,BN | - - CN,SN,TN| -

10 | Different Error Messages are considered as seperate Exits | - - - - TCL,DVTCL
11 | Attributes are considered as Data Groups - - - - TCL,DVTCL

As per the definitions of COSMIC FSM, a FP is comprised of uajqohesive and indepen-
dently executable set of data movements. It is initiated byggering event and completed
when it has executed all in response to the triggering evéypically, software functional
requirements specify the data needs and relevant softwieactions of the software user
and they include statements regarding the creation, vatriéisting and updating the user
data. These statements can neither be identified as FPdeothsir context nor does their
existence imply that they should be valid FPs. However, éendases where they are valid
FPs, they were observed to be open to typical measuremems.efError patterns 1, 2 and
4 address the failure of detecting the valid "list” and "rete” FPs that were described in a
functional requirement typically to be executed beforeéts and "update” functional pro-
cesses. In patterns 1 and 2 they are ignored and in 4 they asaleced as a sub-set of data

movements in the functional process typically executeer dlftem. In the cases that included
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similar requirements, the measurement results did notagomiatterns 1, 2 and 4 with the
exception of AN, CN, SN cases with small impact on the ovexaluracy and error rate. A
functional process can be executed following a set of cobaser actions. A typical design
choice is implementing actions in several multiple graphigser interfaces and to be used
step-wise due to constraints such as too many input fields ito di screen or for step-wise
validation of entered data. The functional size and valiacfional components should not
change with respect tofiierent design choices. In measurements results of AN and B&; m
surer 1 identified actions in a multipage form as FPs wheng éine not functional process
themselves; hence does not fulfill a certain response agedduy the triggering event. Pat-
tern 6 did not exist in the checklist and was observed in cabkesnd BN. It refers to incorrect
identification of save, close, cancel actions as FPs. Aibastthat are made available to the
user via controls and interfaces do not necessarily trigganctional process and when AN,
BN results are analyzed we observed that measurer 1 cgrmetluated actions that has no
relation with data requirements such as screen navigatitona. However, when the actions
were described in requirement statements that emphadaeatpirements and along with a

valid functional process then they were qualified as fumetigprocess mistakenly.

Object of Interest (OOI) or Data Movement (DM) Based Errors. Transient datagroups do not
survive beyond the execution of a functional process angiche be derived from persistent
data. A valid data group moved in a DM can be transient witpegesto COSMIC software

model. COSMIC rules imply that they should be identified asd pf a separate object of
interest although they may include shared attributes witleropersistent object of interests.
Pattern 5 refers to errors made in identification of trartstta groups. The errors that fit
this pattern occurred in ten results measured by four meesand they were not observed in
two measurements only performed by measurer 5 who was aide transient data group”

concept. In DMs where the transient data groups were ignmy¢lde measurers, usually there
was a corresponding data group that is associated to arthgstent OOI that contains alll
or a subset of the data attributes of the transient data gtoence the reported size of the
software did not change because of the contribution of ota ohevement; however, the
COSMIC rule was violated. Pattern 9 we investigated in trse ctudies refers to the problem
of interpreting "system parameter” data as data groupsrasidding related data movements
in functional processes. COSMIC manual and measuremedeguixplain how to handle

these types of data and when the error is repeated brealéengéasurement principles, it
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systematically leads to overestimation of functional sitlee pattern was observed in five of
the cases and it was introduced as expected where sets efnsgarameter attributes were
considered as valid OOls and associated data groups weetimoVPs. Most of the incorrect
data movements in cases AN and TN were associated to thexmpattd the errors’ impact
on the results type was relatively high. In cases TCL, DVTGasurements error messages
that are generated as a result dfelient conditions in the execution of a FP were evaluated
as separate data groups and redundant exit data movemeaetseperted. An execution of
a functional process may follow fiierent processing paths henc&elient error or warning
messages may need to be delivered to the functional usexphaired in COSMIC manual
and guides, the confirmation and error messages should B&leced as a single data group
and subsequently in all error and confirmation data movesnémtaddition to obvious errors
of this type, we came across with a more confusing situatiowhich the error messages
were not emphasized in the software requirements docurrentost of the cases, measures
had the tendency to measure the error messages even if theynaespecified. On the
other hand, few of the participants strongly followed thquieements document and did
not measure additional erfoonfirmation messages where they would be appropriate. We
considered such extra data movements as a result of subjestaluation of requirements
and did not mark them as errors in the analysis. According@&SMIC definitions, a data
group consists of one or more data attributes. A data movemay move any attributes
of a data group. In cases TCL, DVTCL we detected results tbatradicts this definition
where each attribute of the same data group was recorded ggsapate data movement in
a functional process. This definition is one of the elemgntifinitions of the method and
was considered one of the simplest rules to understand gulgl. abowever, in the cases
the data group includes multi-valued attributes and thesomes evaluated them as separate
data groups kept in flierent database tables. COSMIC meta-model is defined at¢iwlo
level and not at the physical level. We associated the ington of this type of error to the

software development background of the measurer.

4.2.3 Case 2: Multiple-case study on Movie Manager Applic&n Requirements

The study was designed to observe measurement performandesrors in a defined con-
text. We defined a set of detailed requirements to isolatensistencies in measurement

results that associate to high-level, ambiguous or incetaplequirements. The measures
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had received the same training on the method and had the sasief measurement expe-
rience.Another concern in the case design was exposing ¢aesumers to a requirement set
that would allow and stimulate the occurrences of the emarkthe error patterns under in-
vestigation. All of the previously identified functionaliproperties which were considered as
potential sources of measurement errors and challengedehsurers in measurements were
artificially seeded into the requirements so that the resmtiuld let us discuss their validity
through case comparisons. Furthermore, we would be ables@ree and analyze the causal
dependencies between functionality types and inconsigtenAccordingly, the requirements

specification included cases that involve subject domaipgties which include

complex objects

inheritance relationships,

non-persistent (transient) objects,

constant objects whose state remains unchanged in the saoftware life-cycle

and that involve a software behavior described in terms of

o Multiple-step scenarios and actions
e FornyNavigational Elements

e Conditional behavior where software action changes dapgreh the details of the
information input (e.qg., dierent errofconfirmation messages for described cases, dif-

ferent business rules forferent properties of information entities, etc.)

4.2.3.1 Conduct of the Case Study

We defined a requirement set that is written in natural lagguand supplemented with an En-
tity Relationship diagram (Appendix C).It describes thediions of a Movie Manager (MM)
database application that covers maintenance of moviedetiata. Fifteen participants were
selected from Software Project Management course studénte Software Management
graduate programme. They attended COSMIC v3.0 methodrigagimilar to the first case

study and had the same level of measurement experientferddit from the first case study,
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the selection criterion of the participants was a minimur@@o course attendance. The mea-
surements were conducted at the same place and time. pamtgiwere first given a briefing
about the case study and the analysis procedure to be appligidort questiofanswer ses-
sion on the requirements was performed in order to decreasibjective interpretations and
ambiguities in the requirements. Then, the students meddvovie Manager application in
two-hour time and recorded the measurement results on datntpat includes the same
details with the first case study (Appendix A). Two of the jmpants measurements were
not included into the analysis. After measurements werepbeted, a discussion session was
performed in order to get feedback from the participantshmnrequirement types, which
were hard to measure and to see if there were any errors thdtecaxplained as subjective
interpretation of the requirements. The case session wasded on audiovisual media for

further analysis and to prevent loss of information.

4.2.3.2 Results

After running the analysis procedure, the errors wereidigied and measurement perfor-

mances were calculated (Table 4.6) (Appendix D).

Table 4.6: Measurement Results and Distributions

Participant Correct Incorrect Missing AR (%) CDR (%) AVG (%) | Reported Size
FP | DM FP |DM | FP | DM FP |DM | FP | DM | AR | CDR | total cfp
1 5 35 0 14 7 47 42 |27 |42 |43 |34 |42 60
2 11 | 56 1 26 1 26 85 |52 |92 |68 |68 |80 100
3 11 | 66 2 12 1 16 79 |67 |92 |80 |73 |86 95
4 7 42 0 10 5 40 58 |34 |58 |51 |46 |55 63
5 7 46 0 6 5 36 58 |39 |58 |56 |49 |57 63
6 10 |57 0 4 2 25 83 |53 |83 |70 |68 |76 74
7 12 | 48 1 5 0 34 92 |41 | 100 |59 |67 |79 65
8 10 | 47 1 2 2 35 77 |40 |83 |57 |59 |70 60
9 8 37 0 9 4 45 67 |29 |67 |45 |48 |56 56
10 10 | 44 3 23 2 38 67 |37 |83 |54 |52 |68 82
11 10 |52 2 31 2 30 71 |46 |83 |63 |59 |73 101
12 12 | 57 1 18 0 25 92 |53 |100 |70 |73 |85 91
13 12 | 65 3 28 0 17 80 (66 |100 |79 |73 |90 113
Descriptive Statistics

Min 5 35 0 2 0 16 42 |27 |42 |43 |0.37|0.43 | 56
Max 12 | 66 3 31 7 a7 92 |67 | 100 |80 |O0.71|0.82 | 113
Avg 9.62| 50.15| 1.08| 14.46| 2.38| 31.85( 73 |45 |80 |61 |0.55(0.64 |79
Std.Dev. 2.22]19.75 | 112|982 | 222|975 | 0.15|0.13| 0.18| 0.12| 0.1 | 0.12 | 0.19
Rel.Std.Dev| 0.23| 0.19 | 1.04| 0.68 | 0.93| 0.31 | 0.2 | 0.28| 0.23| 0.19| 0.18| 0.19 | 0.25

The AR ranged between 42-92% and 27-67% and the CDR betwe&00% and 43-80%

in identification of functional processes and data movem)aespectively. The average AR
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and CDR were 73% and 80 % for FP. The average AR for DM was 45%humiean that
measurement results included approximately only the Halfeodata movements that should
be identified in the measurement. Average CDR of DM explaias only 61 % of the data
movements available in the functional requirements weteotied. As the values indicate, the
overall performance in identification of FPs was higher tBais. If the results were to be
used without verification, the number of DMs would be repirs the size value and 79%
accuracy would be reported on the average. However, whencibrnpared to the average
DM CDR of 61%, the impact of hidden errors become visible. Bamaverage, the hidden
errors (incorrect DMs) constituted 21% (max.37%) of theorégd sizes. The patterns and
their impact in terms of data movement units are given indafl7. The counts in the table
are considered to represent the magnitude of fifeeeof each pattern to the inconsistencies in
results. In the table, other incorrect and missing data mewves indicate the inconsistencies

that could not be explained.

Table 4.7: Error Patterns and Distributions

Distribution by Participant No
# | Pattern Description 1 /2 3|4 |5(6|7 |8 |9 |10|11|12]|13
1 | No "exit” for query results 5 2
2 | Exits for populating dropdown form boxes are ignored 2 |2 |2|2 |2]|2|7? 2 2
3 | Missing Triggering Entry 2 1
4 | List and Retrieve Combined 8 |3 6 |6
5 | Retrieve and Update Combined 3 |2
6 | Query and Detail Listing Combined 3 14|5 2 |6 |6
7 | Used only parent types 3 |4 6 8 [12|14|8 13|13
8 | Cascading Delete is ignored 9 12 14 ?
9 | "Read’s for cascading deletes are missing 7 /8 |8|4 (8|8 8 8 |4 |7 |7
10 | Missing Exits for ErrofConfirmation 2 |3 |3|5 (4|44 3 |3 |3 |4 3 |4
11 | Other Missing DMs 18|6 |1(14|/9|6|10(6 |4 (13|14|2 |3
12 | Redundant FPBMs for conditional cases 1 1 2 2
13 | Assumed a retrieve FP before delamdate FP 3 1|9 |25 3
14 | Measurement of other types of operations such as Close, ave 3
15 | Used only Sub-Types 4 |8 111 2 |2 |3 [15]11| 16
16 | Parameter tables are considered as OOls 2 412 |212]2 |4 2 |2 2
17 | Different Error Messages are considered as separate Exit$ 2
18 | Redundant Exits for Errg€onfirmation 2 112 |1 2 1|1 1 |2
19 | Assumed read before write ? ?
20 | Transient Datagroups are ignored 20?2 |?|? [ ?2[?2|?|? |?2|?|? |?|?
21 | Other incorrect DMs 3 |18|4|5 |2|1|1 4 |8 |2 |4 |2

? : The count of error occurrences could not be determinex sheir occurrences were observed to be coupled with otharatterns in the list.

Functional Process (FP) Based Errors.The errors (patterns 4, 5, 6, 13) in the identification
of functional process from statements explaining the @eatetrieval, listing and updating
the user data were observed in most of the results and theyageociated to both incorrect
and missing data movements. For example, 70% of the measuniied "query” and "detail
listing” operations as 1 FP although the requirements addseperate FPs. It could be easily

concluded that measurers tend to unify FPs that were depasteonsecutive operations in
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the requirement text. The assumptions on the reuse of am éRior a sequence of DMs in
the FP were also associated to these errors where exampleobaerved in the combina-
tion of query and list FPs. The patterns 12 and 17 were obdeatue to the incorrect break
down of FPs that involve conditional flows where conditioead diferent processing paths
on different executions of the functional process, e.g, the diefindf the "Delete Person”
operation dictated éierent operations in case the person to be deleted is a "mlited®ar-
ticipants mistakenly added a FP as "Delete Director” or "€é Director”. The triggering
events for FPs were identifiedftérently by almost every measurer. Since triggering events
were represented by a single Entry, they did not contributbe diferences between the nu-
merical results of the measurements. However they werdedwyth FP identification error

patterns.

Object of Interest (OOI) or Data Movement (DM) Based Errors. The participants identi-
fied faulty data movements based on the movement of paratables (pattern 16). System
parameters were considered as object of interests (OOI8DWyof the participants and as-

sociated data movements were incorrectly reported.

The requirements associated to showing error and confomatiessages were one of the
sources that cause errors and discrepancies in the redlltparticipants ignored DM at
least once that shows the eri@imfirmation messages (pattern 10). Majority of the partic-
ipants recorded error message data movements in funciiwoeésses although it was not
specified in the associated requirements (pattern 18).eldigtussion session held with the
participants after the case measurements, the partisipaptained that they assumed that ev-
ery functional process, by default, should return an gzamfirmation message even it is not
specified. This type of errors were also caused as a consegjoéoonsidering dierent mes-
sages as ftierent data groups and recording redundant exit data mowsm&nother group
of errors (patterns 7, 15) was related to hierarchy of OGisoiding to the guideline for siz-
ing business applications [75],sub-types are the speeikntities that are in the lowest level
in the inheritance hierarchy. As itis indicated in the CO&Nuideline, when there is a need
to distinguish more than one sub-type in the same functipradess, each sub-type is taken
as a separate object of interest. The contribution of the @Cthe functional size happens
by including additional data movements for each of the spesitity (sub-type object of in-
terest) in the functional processes. Movie Manager Appbticamaintains information about

directors, scenarist, and cast. Each of these entitiesiffasatht attributes, thus requiring the
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identification of sub-entities besides the "person” gehentity. Nearly all of the measurers

made mistakes while identifying data movements for suledsypMeasurers used either the
parent OOI throughout the whole FPs or its sub-types. Wietkay are expected to use the
parent entity as the OOl when the operation was performdubwitany reference to sub-type

and use sub-entities as OOIs when the sub-types were takecoinsideration separately.

Two participants missed exit data movements which retugrréisults of a query to the func-
tional user (pattern 1). Similarly, the exit data movemeh#t populate dynamic dropdown
menus with values from valid OOls were ignored by the majaftthe participants (pattern

2). Two participants ignored the triggering entry data rmogats which are mandatory for a
valid functional process (pattern 3). We could not explahywhese errors (patterns 1, 2, 3)
were made. Another frequent mistake was ignoring the aeleti associated but independent

OOIls as a consequence of deletion of an OOI (patterns 8, 9).

One other observation on faulty application of the measergmules was about software
layers which are important in identifying measurement scapd valid data groups and data
movements. In functional processes, two participantsrasdua Read DM before a Write

DM included in an update operation (pattern 19). Based andhgervation we deduct that
database management operations were taken into accouathdnwords, they incorrectly

counted the operations which are handled by the databasageraent layer, although the
layer being measured was the application layer and the datamments in other layers were

not to be counted.

4.2.4 Discussion on the Results of Exploratory Case Studies

The effect of measurement errors on the reliability of the measurement results?

As shown by several measurements observed in both studies,the errors will be hidden
in a single numeric result, it will be misleading to assessréiability of COSMIC measure-
ments relying on the functional software size values. Tioeeg we evaluate the impact with

respect to measurement results using the AR, CDR indicaterdefine.

The weighted averages of CDR and AR performance valuessepre¢he performance for
a single measurement in terms of functional components (€ePDis). Although, in the

first study the measurements may be considered successiCIR > .83) in detecting
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the components (FPs and DMs) in the requirements, the mgissirincorrectly identified
components overshadowed the success in several of theasabdscreased the performance

introducing errors up to as many as the correctly identifedmonents (2AR> .53).

In the second study, the movie manager application, wasureaby diferent measurers and
the weighted measurement performance values werAR%.37 and .82CDR>.43. Given
that the measurement background of the participants aitasiamd other important factors
that may lead to discrepancies in the measurement reselts@ated by the case design,
it would be meaningful to evaluate théfect of errors relying on the average terms (AR
(meanr-0.55, stdew0.10), CDR (mean0.64, stdex0.12)). The average AR value indicates
that only 55% of the components were reported in the measmesnwere valid and CDR
rate indicates only 64% of the components were detected. p&Hfermance measurements
indicated that the errors criticallyffacted the reliability of measurement results. Figure 4.2
illustrates AR, CDR plots for the first and second case studhen they are compared it
can be interpreted that the measurement results of thetfidy sre relatively successful in
detecting the items from the requirements with high CDR esluThe second study results
were not as successful and the detection performance was. [dve CDR values were more
dispersed in the second study which shows that the measugegdess consistent in detecting

the correct base components from the requirements.
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Figure 4.2: ACR and CDR Rates for Individual Measurements

The accuracy of measurements in first case study measuremerd dispersed and were not
as successful as in CDR, however they were more accurate edmepared to the second
study results. The main factor we consider to explain thesfoperformance of the second
study measurements is the measurement challenges. Thelssgooy was designed to in-

clude diverse type of functional requirements. The abgtnaof requirements into functional
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processes and data movements would require a complete gahon& OSMIC method prin-

ciples, rules and examples given in the method manual arteguiTherefore, the measure-
ments were relatively more challenging than first case spudgucts where the challenging
conditions and potential error sources were less denseth@ntactor could be that the mea-
surers in first case study performed the measurements inaseveeks duration and since
they performed the measurements as a part of their gradyaiigect they were able to meet
specific challenges earlier and were able to get feedbaok their advisors on measurement
with COSMIC method. On the basis of these characteristies performances in measure-
ment results of the second case study can be accepted aeacefower bound for reliability

of measurements using COSMIC method.
The measurement error patterns?

It can be expected that the same measurer makes similar regast errors or interpretations
while constructing models for fierent sets of functional requirements. For this reason, in
the first study, we decided that a pattern should be considewenmon if it is observed in
different measurement results byfdient measurers. Similarly, the patterns in the second
case study were not added to the pattern list if they are mpoirted in at least two €lierent

measurements.

Table 4.5 and 4.7 list repeated errors as patterns acrossuneezents and Table 4.8 gives a

summary of error patterns and the associated measurenTergts.

In the first case study, the observed relations between theseand their identified sources
were consistent with the checklist such that we have fouidbece that supports the validity
of the patterns that were discussed in previous works[BTHAd COSMIC guides[75]. How-
ever, the requirement types were sparse in real-life casdupts and it was not possible to
observe occurrence of errors that were in the checklist iceake products. The varying level
of detail in the requirements and thdfdrent requirement set for each case were the major
constraints to develop powerful propositions on the comatitynof the errors. The second
case design relaxed these constraints by providing a waahgyer of requirement types and ex-
posing the same and detailed functional requirements sbeaseasurand. We were able to
produce in-depth information about the patterns, catifesterelations between requirement
properties and inconsistencies. Also we were able to eagoCIOSMIC concepts, rules and

principles to the errors and requirement properties. Thargof the same type were repro-
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Table 4.8: Error Patterns and Associated COSMIC FSM ModelcEpts

Pattern Related Measurement Concept
"Read’s for cascading deletes are missing o]e]
Assumed a retrieve before deletpdate FP
Cascading Deletion is ignored o]e]
Exits for populating dropdown form boxes are ignored DM
List & Retrieve Combined FP
Missing Triggering Entry FP (Triggering Events)
Missing Exits for ErrofConfirmation DM
Multi Pages are considered as separate FPs FP
No "exit” for query results DM
Parameter tables are considered as OOls Functional Usér, OO
Query & Detall Listing Combined FP
Redundant Exits for Err¢g€onfirmation FP,00I
Redundant FPs for conditional cases FP
Retrieve and Update Combined FP
Retrieve is defined as a part of another FP FP
Transient data group concept is ignored o]e]
Used only parent types or Sub-Types o]e]]
Read DM before a Write DM Layer

duced in diferent measurement results and were consistent with th&ldtiesnd with our

previous experience.

4.2.5 Limitations of the Exploratory Case Studies

Construct Validity. Both studies had a multiple-case design hence our findirgbased
on multiple sources of evidence. The measurement keys veenpared to the reported re-
sults for detection of the errors in both studies were pregbdry COSMIC certified experts
and reviewed by other experts and researchers includingngberefrom COSMIC Advisory
Board. Hence, the discrepancies were identified in termgrofefrom the viewpoint of
method experts. In both studies, we applied the same proeddurecording measurement
data including details at the same level of granularity gisirstandard template. Similarly,
the same indexes of AR and CDR were used for evaluation ofune@ent performances and
the impact of errors on the reliability in both case studies.

Threats to External Validity The small functional sizes of the industry cases (between 28
cfp and 262 cfp) and the movie manager application (82 cipitdi the generalization of the

results to large size projects. However, the industrial gnedMovie Manager software re-
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qguirements included a variety of functional types and caxip} in the requirements. The
case study products were business applications and thedsdnd the error patterns were
from the same application domain. COSMIC FSM can be apptiegplications in real-time
domain and generalizations of our findings to real-time damequire future work. Given
the fact that the measurers in both studies did not have arterasurement experience, the
generalizability of the findings may be considered to be tamed to COSMIC results by
inexperienced measurers. However, all but one of the secase study participants entered
and passed COSMIC Entry Level Certification exam that wasiridtered one week after

the case had been conducted.

4.3 Application of the 4FSM model

Design in software engineering methods is an iterative accemental endeavor and the
method as a design artifact isfective when it satisfies the requirements in the domain
bounded by constraints. Therefore, the design artifactt in@gigorously presented using
well-designed evaluation methods and the evaluationsldlyinve feedback, which is essen-
tial in improving the design [139]. Having designed the waite functional model for FSM,
in this section, we present two empirical studies for théuateoon of 4FSM model. In the first
case we perform a retrospective analysis on the measuregserits obtained in exploratory
case study 2 and evaluate if results would be improved if 4@ been used as the meta-
model. The second validation study is a multiple-case stuldgre we embed 4FSM in a
COSMIC measurement process and analyze the measuremdts odxained by its applica-
tion on a set of requirement specification. We compare thdtsesf this study to the case

Study 2 which has a similar setting but has COSMIC measurereeults.

4.3.1 Case 3. A Retrospective Analysis of Movie Manager Apation Measurement

Results

In case study 1 and 2 we explored measurement problems ancufzaty analyzed the rela-
tion between meta-model constructs and inconsistencieeasurement results. The analysis
of the measurement results revealed that the majority ofitensistencies were introduced

in COSMIC model construction phase of the measurement psastep-2 in Section 1.1.2).
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It was also observed that the significant portion of the isggiencies could be grouped as pat-
terns that associate to a set of challenging propertiesratifanal requirement specification.
In this validation study, we perform an analysis of thesdlehging properties of specifica-
tions and the identified patterns from the perspective oMR®del context, constructs and

associated rules.

4.3.1.1 Case Design

The aim of this study is to analytically evaluate the abitifydFSM model in the elimination
of some of the previously observed inconsistencies and sberces. We have the following
research question:

RQ: How the measurement results would improve if 4FSM wasd usease study 2 specifi-

cations?

In the literature such a validation design is called as sgeative validation .In contrast to the
prospective studies where the validation is performedregjdghe problem, in retrospective
design the validation is against the expert evaluationrd3pective validation is particularly
used in software engineering to establish evidence thatsmmartifact such as a model,
method or system does what it intends to do based on a reviéigtofic information. Ret-
rospective validation helps to show how application of a elasbuld have led to dierent

results or conclusions, thus, they can be conducted to arisskat-if” questions. [140].

For more precise analysis results and to establish a rellzseline for comparisons we take
the Movie Manager case used in case study 2 and explain hdierfiag patterns would
potentially be improved with 4FSM. Other reasons for sébecbf case study 2 measure-
ments are (1) the availability of detailed information oe theasured requirement specifica-
tion (Movie Manager) and the detailed measurement reg@ltshe definition of the context
in the case such that several other factors that can pdigr@aise discrepancies in the results
were isolated and (3) Availability of a COSMIC-4FSM Mappi(itable 3.1), thus, having a
common unit for comparisons and impact analysis. Accolgirti-SM functional message
capability (FMC) and stimulus-response pair concepts areeptually equivalent to COS-

MIC data movement(DM) and functional process(FP) concepipectively.
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4.3.1.2 Conduct of the Case Study

Case Study 2 results include a list of error patterns thagxgpeessed in relation to properties
of the specifications of the case product MM. Following thieimation, errors in Case Study
2 were grouped with respect to the several properties of 8blanager specifications and
put in a compact form (Table 4.9). Then for each property atwihecenario was run and

potentials for elimination of inconsistencies were idiéadi and justified. The 4FSM model

constructed for MM specifications were used as the referéR&\V model (Appendix E).

Table 4.9: Properties of Movie Manager Specification andagisdéed Error Patterns

Specification Property Associated Error Patterns (from Table 4{7)
Inheritance Relations & Transient,Complex Objects,8,9,15

Constant Objects 16

Multiple-step Descriptions 4,5,6,13

Conditional Behavior 12,17,18

4.3.1.3 Analysis Results

MultiStep Descriptions. The error patterns in this group relate to the MM requirenspetc-
ifications given in terms of scenarios or user operatiorg.,(ese cases) that are completed
in multiple-steps. 85% of the measures could neither ctardly decide nor verify whether
each individual step should be identified as a separateifumattprocess or they should be
combined such that the combined form becomes consistenitngtCOSMIC FP definition:
"It is complete when it has executed all that is required talbee in response to the trig-
gering event.” For example, a group of measurers intergréie initial user decision "update
movie information” as the triggering event and identified sitenario List Movies Retrieve
Movie — Update Movie as a single "Update Movie” FP. Another groupsidered List as a
separate FP that is "re-used” in other functional proceasdsidentified Retrieve Movie»
Update Movie as another FP. Others have considered eaclastseperate FP. COSMIC
FP definition does not reify the concept of FP but it includes groperties that a functional
process should have. However COSMIC FSM, attempts to fdlgap by analyzing examples
and giving additional rules for FP identification in guids [75, p.30].

According to 4FSM, software behavior such as List ,Retraaveé Update would naturally map
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to stimulus-response pairs in the MM case where the spdaiiicaxplicitly refers to stimuli

and the desired responses. In the MM case, each s-r paimitfide as a separate chunk of
behavior and thus each of List, Retrieve, Update, Query agtdiDListing are mapped to a
separate FP in a COSMIC measurement with 4FSM. 4FSM stinamdsesponse definitions

are generic and do not require any further reference to ebemnajpd rules for completeness.

Furthermore, 4FSM is based on the idea that there may be mmameonhe software behavior
that satisfies the same of set of requirements and an acooeatirement necessitates a valid
design of external software behavior. Thus, the measurepreness with 4FSM should not
include the process of inventing and specifying a softwatealsior. Therefore specifications
already establishes the relation between observable a@ftaehavior with the events in the
environment. An external event can be responded by a siAgf@s or a chain of s-r pairs
where the ordering of steps can vary with respect to thetgituavhen the event happens and
each s-r in the chain may be regarded as an intermediary Sgepcenario. This view is also

consistent with the definitions and rules given in COSMIQdglines[75, p.30].

Inheritance Relations & Transient, Complex Objects.MM subject domain data has complex
properties. As per the specification of MM, A Movie is a comptibject that has simple
attributes of title, year of production, production compagenre and set-valued complex
attributes of director, producer, writer and cast. Durihg measurements this complexity
challenged almost all of the measurers in several ways. eMdmitering,writing,reading and
displaying movie related information, some measurersmasdua single data group that com-
prises all data attributes, others identified a separagegiatip for each relation. 4FSM model
groups data according to the relations. It further distisiges internal and external presenta-
tion of data. Each FMC should be expressed in terms of flaioakand set valued attributes
should be identified as seperate data groups. In Figure é.8tarnal presentation of all
Movie related information is organized into four 3NF redais of the Surrogate Data Model
(SDM) component of the model. MM specifications include tk&ads for identification of a

transient Movie relation with respect to external presiona

All the functional messages(FM) and associated Update apt@ FMCs are identified ac-
cordingly. For instance whenever a state change is reqasepart of the response on the
"Director” of a Movie only the Director state is changed andiagle FMC is identified or

when the transient Movie nested relation is displayed thenHiit FMC are identified each
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Movie | Titje(pK) Year of Company Genre
Production
Psycho 1967 WB Horror
ET 1986 20thCF SciFic
Cast | personTitle(PK) Movie (PK) Actor_Actress (PK) Character
A.Hitchcock Psycho Anthony Perkins Norman Bates
A.Hitchcock Psycho Vera Miles Lila Crane
A.Hitchcock Psycho John Gavin Sam Loomis
Producer Producer Name(PK) Movie(PK) Type
A.Hitchcock Psycho Exective
T.Sheedan Psycho Co-Exective
Person | personTitle (PK) Name Surname
A.Hitchcock Alfred Hitchcock
T.Sheedan Tenesse Sheedan

(a) 3rd NF Relations

~ XD\
writers Q9

" D
directorsQ§

name name ame wtype NaMe  prype

*
charname

(b) Complex Object Representation

Figure 4.3: Movie Information Internal and External Préa&ons

enabling passage of a single data group identified from $eédattributes. Similar resolu-
tion also applies to the "person details” complex objectilalsée in the MM specifications.
The internal presentation of related information is asofef:

e name, date of birth & place of birth,

e movies directed (Title and production year of the movie),

e movies produced (Title and production year of the moviehwit/executivgproducer

indicated),

e movies written (Title and production year of the movie, wsthryscreenplajstory &

screenplay indicated),
e movies acted (Title and production year of the movie , withrelster name indicated)
According to 4FSM external presentation, the "person tta identified a nested relation
that has set valued complex attributes which are relatioesselves. When a response out-
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puts the above data five data groups and associated Exit F&I€oasistently identified by

detecting four nested flat relations and a top-level retatio

There were also examples for inconsistencies where "pémgtity was interpreted as a
generic entity for producer, writer and cast entities (guyies). For example, only a per-
son data group and associated write data movement wasfieléntihile deleting all person
details. In SDM Person (Name, PlaceofBirth, DateofBirth)yiseparate relation and MM
specification imply that a deletion of a tuple in Person refashould be subsequently fol-
lowed by deletion of tuples in all associated relations. leasurements with 4FSM, the
relational thinking instead of Objgéintity thinking resolves such ambiguous cases and the
undecidable situations reported in [27] by promoting tHea®n of FMCs based on rela-
tions of set of unique attributes, thus, whenever the atieth that pertain only to a subtype

are exchanged, a seperate relation is identified.

A transient datagroup refers to an element of the subjectdofor which the software does
not keep any state and does not persist any information abbatattributes of a transient data
group are calculated by software or derived from persistdatmation. "Person Details” and
"Movie Information” are examples from MM domain that are geated to the user as outputs
as a result of List Person Details and List Movie Details e=sgs. A common challenge
in MM measurements was in the decomposition of transieragiatps into the set of data
attributes that the software outputs in a row. In the resdt®ral ways of interpretation were

observed:

e asingle data group was recorded for the whole set referiag attributes (a.k.a Person

Details)

o all or some of the persistent data groups which are requirddrive all output attributes

were identified as individual data groups

The notion of 4FSM external presentation is to overcome shelienges. Although the rela-
tion set of the external presentation may include relatafiitie SDM, it allows new relations
that are transient in nature however are individually reied and distinguished from SDM
relations. "Person Details” and "Movie Information” arearisient and are represented as
complex objects. Their relational analysis results homeges sets of data attributes where

attributes can be simple or complex. In "Person Detailsecéise identification of movies
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directed, movies produced, movies written, movies acteseparate relations constitutes a
good example for the consistency introduced by externaesgmtation notion. Each relation
is derived from relational joins of relation "movie” with rdictor, producer, writer and cast
relations. However the output relations are entirely neatians that organizes the transient
data. Note that each movies directed, movies produced,amaviitten, movies acted is a
distinct complex attribute and if the requirement spediiicais altered such that only title
and production year of the movie is listed for each compl&ibate, the same results will be

obtained.

Constant Objects. Constant Objects’ state remains unchanged in the entirea@f life-cycle
as per the specifications. In the development jargon thegllyscorrespond to parameter
tables, which are the relations that comprise one or mogeatfributes. COSMIC FSM sug-
gest diferent interpretations for identification of data groupd tepresent constant objects.
In COSMIC business application guidelines candidate dedapgs are validated or invali-
dated from possible views of users (e.g.,’regular usesgsfem administrators”) and for a
list of scenarios. That is, for the same application the sdata group can be a valid and
invalid data group depending on the context [75]. For exangata groups from parame-
ter tables that are displayed in list-boxes are excludeh fnrieasurement since their use is
only attribute value selection. Furthermore they aremigtished as second-class data groups
which are in support of the "primary” or "genuine” data greupgHowever, other COSMIC
resources include examples where the attributes of paeartadtles that remains unchanged

are considered as valid data groups [141][142].

In the MM case, their identification was observed as a souféeconsistency and "genre

type” of the movies listed in a list-box was considered to keesizted in a parameter ta-
ble and also identified as valid data group by 70% of the casgipants. 4FSM include

constant relations in SDM and advocates their identificaéie valid data groups since they
enable proper response calculations and display of infammaSince any software behavior
involved in validation of the entered data or preventingehgy of invalid data is consistent
with the software notion of preventing events. From the mekepresentation point of view,

any relation at the interface can include attributes of thiestant relations and they are al-
lowed to be identified as valid functional messages in E&bet, Capture and Update FMCs.
However, cases should be distinguished where an ident#ilation is a constant relation or

a relation that include an attribute that has a value-dompeedefined by a constant relation.
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In the MM case, genre-type is a functional message that ptgaib list-box and a valid Exit
FMC would be identified that moves a functional message ‘géype”. However, while en-
tering the movie information it is used as a domain-valudaethe "genre” attribute of the
movie relation and there does not exist another relationrigéype” that is included in Enter

FMC in response to request Add movie.

Conditional Cases. A source of discrepancy in the measurement results was tiditiomal
case specifications which lead tdfdrent execution paths, state changes and outputs. Soft-
ware behavior consequent to an event (or triggering evkat)dccur in the environment and
external to software is determined by the state of the enmient and the software. For exam-
ple in MM, if the person to requested to be deleted has evecigid a movie, the deletion of
the person is not allowed, if not then the person is deletedel@l measurers identified seper-
ate FPs for each case while others identified redundant datarments for each fierent path

of execution. Similarly, success and error messages wengifiéd as seperate datagroups for
success and error cases. Among others, one observed séwaefusion is the same that
relate to multiple-step descriptions. It is the FP propgiten in COSMIC as "It is complete
when it has executed all that is required to be done in regpnthe triggering event.”. This
definition allows the identification of seperate FPs for edifferent condition and state of
the environment. Although COSMIC explains that there aray¥ta-many relations between
triggering events and functional processes, it was notrgbddo help much possibly due to
the reason that FPs are not reified in the COSMIC model by aitiefirthat candidate FPs

can be verified against.

4FSM takes this situation into account and defines the regptuna stimuli to be determined
by the state of the subject domain (environment)and the sfathe software. 4FSM distin-
guishes the stimuli and external events where a stimuli g8desponse are specification
artifacts that are designed to satisfy requirements withdbmain knowledge, hence the
stimulus-response behavior does not imply a direct reidtietween external and interface
events at any cardinality. Furthermore, 4FSM distingusst@mmands from data groups and
defines a command as a functional message that comprisealgg@meters. Thus, a stim-
ulus embodies a mechanism to associateedint behavior for dierent combinations and
values of parameters.In an identified s-r pair all th&edences in the data collected from the

environment, in the state of SDM are handled by the respoiassuitable FMCs.
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In a COSMIC measurement, the size is determined by summintheauof data movement
types (DMs) identified in each functional process. The tssiubm Case Study 2 include
data on the magnitude of the inconsistencies due to pat(€atde4.7). Based on the Case
Study 2 results and establishing the relations betweertiturad properties and error patterns,
Table4.10 is obtained. The numbers indicate the count ofiact or missing DMs that could
be potentially avoided for each measurer if 4FSM was usetiemteasurements. On the

average a 62% reduction in errors would be possible with 4FSM

Table 4.10: Improvement Potentials in Movie Manager Measients

Measurer 1 2 3 4 5 6 7 9 10 11 12 13 14 Average
Total # of Inconsistencies (without 4FSM) 61 52 28 50 42 29 39 &4 61 75 43 45 48

Total # of Inconsistencies (with 4FSM) 32 29 12 26 18 13 15 9 13 22 9 12 18

Error Reduction (%) 48 44 57 48 57 55 62 78 76 61 71 79 73 62

In this study, we have investigated how results would imprdiviFSM model was used in
Movie Manager measurements. First, we showed how measuotesmers that are causally
dependent to a set of properties of MM specifications coulaMo@ed by 4FSM. Our reason-
ing is based on the formalized concepts and rules of the 4F8Nels. We have calculated a

62% reduction in errors.

4.3.1.4 Limitations

Internal Validity. There is not any proven training and guidance documentabilailon
4FSM model. The analysis is based on the presumption thatedisurers of Case Study
2 would had all understood the concepts and the rules of tsdMimodel. In error reduc-
tion calculations we have assumed that the errors are stéeiged by the properties of the

specifications, thus 62% indicates a maximum improvemetarpial.

External Validity. The comparative analysis performed in this case requiregplax re-
quirement specifications, detailed information on the ectband the constructed model and
an expensive causefect analysis. There are no other published empirical datarthludes
detailed measurement results and requirement specifisatiéor this reason, the case design
was limited to the Movie Manager Application specificatidgtowever, the analysis is based

on generic functional properties and their resolution W#SM. Many of them were seeded
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into the MM specification. In Case Study 1 they were also aleskto cause discrepancies in

the measurement results of real-life projects.

Reliability. One problem relating to retrospective validation is higtisibias, which refers
to the ability of people to reconstruct prior probabilitifes an event after it has occurred.
The analysis and the results of this case depend on the chs€arjudgments and decisions.
However, the causal relationships between the specificatiml measurement results have
been established with two other PhD candidate researcheirsgdthe movie manager case
study. Other studies and researchers also establish andatgnsimilar relations between
functional properties and measurement inconsistenc®§?[Z]. The analysis performed was

also reviewed by another FSM expert who is a PhD candidateydesM research.

4.3.2 Case 4: Application of 4FSM to an Online Order Software

The goal of this validation study is to evaluate softwarecfionality model construction
performances using 4FSM. The evaluations are based ondlgudiitative analysis of eight

models constructed by graduate students.

4.3.2.1 Design of the Study

The study was driven by the following research question:

RQ1. Is 4FSM dficacious in constructing consistent software functiopatibdels for FSM?

We have selected a holistic multiple-case design strategthé study. The unit of analysis
were set as a 4FSM model constructed by a graduate studeghtfeame set of requirement
specifications. Two sources of information were decidedetaised for evaluations. First is
the results obtained from the comparison of the consistehsgrved in the 4FSM models
to the consistency observed in COSMIC software models ire Gaisdy 2 and second is the

measurers’ feedback on the selected characteristics ¢iR8& model.

In order to enable comparisons between the models, the caseaonducted in a defined
context. The set of requirement specifications were prejpsyathetically such that they in-
clude similar properties with Movie Manager (MM) softwagécation which were found to

cause measurement challenges and lead inconsistenciessinucted software models. The
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specifications include description of a Online Order SofeM@/OS) that include following

behavioral and data properties:

e complex objects
e inheritance relationships,
e non-persistent (transient) objects and

e constant objects whose state remains unchanged in the sotiware life-cycle

and that involve a software behavior described in terms of

e multiple-step scenarios and actions,
¢ form/navigational elements and

¢ conditional behavior where software action depends onrtfeernation collected from

the environment and software state.

The specifications were given in natural language and sut@uain was described with an
Entity Relationship diagram and its presentation in 3rd Bl&trons(Appendix F). Five PhD
and three MSc students were selected as measurers fromatgastudents at Middle East
Technical University, Informatics Institute. A basic knewdge and experience on COSMIC
FSM method and relational data analysis was expected frerm#fasurers so that the mea-
surers could give feedback on the model and to ensure sitraiaing characteristics of the
measurers in Case Study 2. A measurement report templatere@ared such that the model
can be represented by Functional Message CapabilitiesfrMIized by each s-r pair and

data groups with respect to internal and external presensat

In order to get post-task feedback from the measurers, we defined the high-level charac-
teristics for 4FSM and then prepared a questionnaire tbhtdes 11 questions. Each question
associates to a low-level characteristics defined for a-leigkl characteristic (Table 4.12).
Three questions were added for a comparison of the the naaksi{\WOS specifications)
characteristics with respect to the MM application and tleasurer’s previous measurement
experience. The questions were formulated using a 5-pdketri_scale, using the opposing

statements question format (Table 4.11).
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Table 4.11: Excerpt from the Questionnaire

4FSM model data concepts are intuitife| | | | | 4FSM model data concepts are abstract

We have also added 3 open-ended question to get a feedbauok 4FEM model with com-
parisons to other FSM method models students have experigitlc and their suggestions

for improvement.The questionnaire form can be found in Aylde F

Table 4.12: High-Level and Low-Level 4FSM Characteristics

High-Level Low-level
. Behavioral concepts (Q2)
Level of Abstraction (LA) Data concepts(Q1)

Behavioral concepts(Q3)
Data concepts (Q4)
Ease of Construction (Q6)
Adequacy of Guidance (Q7)
OverAll Model Robustness (OMR) Consistency by Principles (Q14)
Possibility for Verification (Q8)
Adequacy of Measurement Procedure (Q5)
Learning Requirements Adequacy of Training and Documiemtgt R) (Q9,Q10)

Ease of Understanding (EU)

4.3.2.2 Data Analysis Procedure

The same data analysis procedure approach given in Casg Stwds followed and for
each model constructed by the measurer, the data analysipevBbrmed in two steps. In
step 1, the reported s-r pairs were compared against theassr ip the key 4FSM model
constructed by the researcher. The matching s-r pairs veteetéd checking (stimulus state-
ment,response statement, stimulus FMC (command)) compooés-r four-tuples and were
marked as correct. If a s-r pair in the key was not reportechBymieasurer it was marked
as missing. When the reported s-r was not matching any inghetkvas marked as incor-
rect. In step 2 the FMCs that the responses utilized was ebeckor each reported FMC
the matching FMC in the key was compared by checking the immak message (data group
or command), the recipient (for Exit FMCs) and sender (fotriEMCs) components of
the FMC. For data groups, the matching relations in exteandlinternal presentations and
their types (constant,single attribute,flat,nested) vebexked. Diferent namings for same
intended relations (e.g, orderdetails, ordersummarygrarnthtotalcost) were considered in-

different whenever they can be resolved. Finally, followingstwme convention for s-r pairs,
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FMCs was recorded as correct, missing or incorrect . A finplshichent was made if it was
detected that "Multiple-step scenarios and actions” weralined into single s-r or "Condi-
tional behavior” was recorded as seperate s-r pairs. Irottmedr case, the s-r was matched to
the s-r with the highest number of FMCs and for the former lveghe merged and combined
and matched to the s-r pair in the key and the step 2 was repedtbenever a resolution
was required , the measurers were asked for clarificatiore mibdels constructed by the

measurers can be found in Appendix F.

4.3.2.3 Conduct of the Study

A training document on the fundamental concepts and rule=&M model was prepared
and the measurers were given a two-hours 4FSM training. drirdining, relational model

of data was summarized including examples for flat and nestiationships and attribute
domain analysis. At the end of the training, instructiongfitbng out the measurement report
templates were given. Then, the case product specificadionpy of the training material and
the measurement templates were distributed to measurarsvekview of the specifications
was also given. The measurers were allowed to ask questiang 4FSM and specifications
in their model construction process.No time limit was setderforming the measurements.

The questionnaire form were filled after the measurement.

After the data analysis the root cause analysis for missiugircorrect s-r pairs, functional
messages (data groups and commands) and functional mesgsaj@lities was performed.
Whenever it was not clear why the components were not idedtidr missed, additional

information from the measurers were taken for confirmatiooua their root causes.

4.3.2.4 Results

After performing the data analysis procedure and convgttie results into COSMIC equiva-

lents according to the COSMIC-4FSM mapping given in Secii@irable 4.13 was obtained.

In order to check whether results have been improved witiMiFi$e percentage distributions
of correct, incorrect and missing FPs and DMs were calcdl&de all MM and WOS mea-

surements (Figure 4.4). We have also calculated (incarmeissing)correct DM ratios for
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Table 4.13: Measurement Results and Distributions

Participant Correct Incorrect Missing
FP(S-R)| DM(FMC) | FP(S-R)| DM(FMC) | FP(S-R)| DM(FMC)
1 9 61 0 1 0 3
2 9 61 0 0 0 3
3 9 64 0 1 0 0
4 9 59 2 11 0 5
5 9 59 1 15 0 5
6 9 59 0 0 0 5
7 9 60 0 0 0 4
8 9 60 0 5 0 4
Descriptives
Min 9 59.00 0.00 0.00 0 0.00
Max 9 64.00 2.00 15.00 0 5.00
Mean 9.00 60.38 0.38 4.13 0.00 3.63
Std.Dev 0 1.69 0.74 5.82 0 1.69

pairwise comparisons of measurement performances in bsésqTable 4.14). Accordingly,
the overall performance in the constructed 4FSM models f@SA$pecifications were ob-
served to be significantly better than the constructed C@Sdbdels for MM (52% Correct
DMs in MM, 89% Correct DMs in WOS). At individual levels, alhgorrect-missing)correct

ratios in WOS measurements were significantly better tharyeatio in MM measurements.

Table 4.14: (IncorreetMissingyYCorrect DM Ratios

MM | 1.74| 093] 042| 1.19|0.91| 0.51| 0.81| 0.79| 1.46| 1.39| 1.17| 0.75| 0.69
WQOS | 0.07| 0.05| 0.02| 0.27| 0.34 | 0.08 | 0.15| 0.07

According to the inconsistency analysis approach we fgll@esnot only consider the incor-
rect model components (FPs and DMs) but also the data movsrient are expected to be
identified (missing). Total number of correct and missirgnis is a constant that gives the
number of components that exist in the reference softwadehuonstructed by the researcher
and gives the accurate model( Total # of Valid Componettsf Missing Components #

of Incorrect Components). The meta-model of a FSM methodldhenable the identifica-
tion of all components while not-permitting the identificait of any unintended and invalid
components. In this context, th&ectiveness of a FSM method meta-model in achieving con-
sistency can be supported by the observation of a negativelation between the number of

correctly identified components and the number of missirjiacorrect components. Thus,
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Figure 4.4: Correct, Missing, Incorrect FP-DM Distributsfor MM and WOS

the models constructed by the measurers following a FSM-metZel are consistent when a
convergence to the correct (intended) model can be obseRa@bbwing this, in Figure 4.5
plots for correct and incorrect data movements are giveiMiigrand WOS measurements.
The missing data movements in the analysis were not inclaohex it is determined by the
number of correct data movements, hence they are not indeperariables. FPs were not
included in the analysis since the inconsistencies in itleitification are also represented in

the counts of correct and incorrect data groups.

First, we test whether as the number of incorrect data momtsrfezdm) identified according
to COSMIC meta-model increases as correctly identified ammapts increase (cdm). Both
variables were tested for the normal distribution usingShapiro-Wilk test (Table4.15). The
results indicate that both variables can be assumed to faweahdistributions § > 0.05).
The count measure for wdm and cdm have at least an interval aod we apply single-tail

Pearson’s correlation to test our hypothesis (Table4.I8e result shows that there is not
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Figure 4.5: Correct and Incorrect Data Movements Plots

a significant correlation between wdm and cdm and we can ryothsa with the COSMIC
meta-model the more correct DMs identified the less incoiibdds observed for the MM

measurements & .141, p(one- tailed) > 0.05).

Table 4.15: Tests of Normality for cdm and wdm in MM

Shapiro Wilk
Statistic df  Sig.
wdm 0.924 13 0.280
cdm 0.961 13 0.775

We could not run the Pearson Gheient analysis for WOS since we have a very small sample
size (N=8). However visual inspection gives us some evidence. Eastlusion is that with
4FSM a measurer tend to make less errors as the measurédfyideate data movements
(or equivalently FMCSs) correctly. In the figure, the circlas the plots at coordinates (82,0)

and (64,0) indicate the correct number of data movementy@iog to the reference models
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Table 4.16: Pearson Correlation Results for Variables aadinradm

Correlations

cdm wdm
cdm Pearson Correlation 1 0.321964
Sig. (1-tailed) 0.141683
N 13 13

respectively. The results in the WOS case converge to thd psithey move along "correct

DMs” axis.

The WOS specifications include properties that we have fooiotiallenge the measures and
lead to inconsistencies in Case Study 1 and 2. 4FSM is exp&zieontrol the measurement
problems associated to these properties and avoid diswiega The same set of properties
exists in MM specifications in Case Study 2 and the assoce&ted distributions were given

in (Table 4.7). In Table 4.9 Case Study 2 error distributiand properties were re-organized
according to the compact form described in Table 4.18. Afieran analysis of the missing

and incorrect data movements the distribution of errors¥@S measurements are given in

Table 4.17 in the compact form.

Table 4.17: WOS Error Distributions in Compact Form

(Type)Property, Measurer 1/2(3|4(5|6|7|8
(1)Inheritance Relationships& Transient,Complex olgect 4142
(2)Constant Objects
(3)Multiple-step Descriptions 6
(4)Conditional Behavior 5|2

Other Errors
Input-Output-Relations 3121|314 4,9
Attributes of a Relation are identified as Separate Relation| 1 | 1 3 1
Data Groups and Commands are assumed to utilize sameFMC2 | 1 | 2 | 5

When the results are compared to MM error costs in compauot,fidrcan be observed that
with 4FSM only three out of eight measurers have found inistest results for properties
of type (1) in WOS where in MM measurements type (1) propertiave caused all mea-
surers introduce inconsistencies. Similarly the ratices (§8,1/8,2/8) for MM and (1013,

11/13,1013) for WOS for types (2),(3) and (4) respectively. Furtherey the error impact
of the properties is significantly less than the impact in MiMconsistency with high con-

sistency rates given in Table 4.13 and Figure 4.4. Theref@éind further evidence that in
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consistency with Case 3 results, 4FSM can fieative in controlling such challenges.

Table 4.18: MM Error Distributions in Compact Form

Measurer 1| 23| 4] 5|6 7| 8] 9|/10|11|12|13
(1)Inheritance Relationships& Transient, Complex otgeci4 | 20 | 8 | 13| 15| 9| 20| 22| 30| 19| 19| 31| 26
(2)Constant Objects 2|1 0|4] 2| 22| 2| 4] 0] 2| 2] 0] 2
(3)Multiple-step Descriptions 8| 3/3| 6/ 6|5 0| 6 9|15/31| 0| 3
(4)Conditional Behavior& 5/ 01| 3| 1|0 2| O 2| 1| 1| 3| 2

The characteristics of 4FSM as perceived by the users aea givFigure 4.6. The feedback
from measurers were analyzed with respect to the high-fgvel EU, OMR, RL) and low-
level characteristics. The high-level characteristidegdor each measures were calculated
by averaging the rates given for the associated questioreafth measurer. The evaluations

were based on comparisons of the results to value 3 whickgmonds to the "neutral” score.

According to the scores, the measurers found 4FSM conadpitivie without any significant
difference between data and behavioral concepts. 4FSM conveepgdound easy to under-
stand, however data concepts were found relatively easienderstand. The overall robust-
ness of the model was found good ,however the contributi@asihess of model construction
and procedure application to the robustness perceptiomighsr then the guidance and pos-
sibility of verification. The training and material given the conduct was found ficient
for the application of the model. The measurers did not pezcny significant dference in
the dificulty between MM and WOS specifications from a measurement pbview (Q15).
Besides, they found thefticulty of WOS specifications similar to the specificationsythad
measured before (Q16). The open-ended guestions werel@ttdro comparison of 4FSM
with other 4FSM models the measurers know. Majority of trersifound 4FSM to have clear
and precise concepts and rules in comparison to other FSkbaet Stimulus-response pairs
and associated concepts were found to be the most significattibution on the basis of
challenges met in identification of COSMIC functional preges. The questionnaire results

can be found in Appendix F.

The error analysis also provided us with feedback on sew@itcomings of 4FSM rules
and concepts. The majority of errors in handling propentiet/pe (3),(4) was associated
to command concept. Several measurers hfigtdlity in distinguishing a command and its
parameters. For instance in "query products” behavioriipaton , 2 of the users considered

separate stimulus for the user options of "query by produgpgrty” and "query by product
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title” where the specifications imply that both options asenecnunicated to software via single
event at the interface (e.g click query button). The measwuensistently identify FMCs that

enable the reception of a stimuli.On the contrary ,the FMtged in the response part of
the s-r pairs and that enables passage of commands to éxeftmare (e.g. mail server,bank
web service) were ignored when they utilize a FMC that passdatagroup to the same
external software. Another frequent interpretation wagilure to distinguish a relation’s

attribute domain when the domain is shared with attribufemnother relation. Four of the

measurers did not explicitly identify non-observable sirg and their dependency relation
between observable s-r pairs. However they have constitioger models such that the non-
observable s-r pairs’ response part was merged with thosbs#rvable s-r pairs. That is,

they have reported the normalized form of their models.

To sum up ,in this validation study, our findings from an atie} evaluation of the models
constructed from dierent sources of information indicate that the applicatbAFSM was

efficacious in enabling the construction of consistent fumetidy models.

4.3.2.5 Validity Threats

In this section, we discuss several issues that @actahe validity of the validation study.

Construct Validity. The MM measurement analysis was performed on the basisawftgpes

and their sources in the requirement specifications. 4FShehtesign process included their
resolution as a design target. In this validation studydewce on the performance of 4FSM
was obtained by assessing the measurements against thgypasef errors and their sources

in the requirement specifications.

Threats to Internal Validity In this case study, the functionality models were constaict
for a software specification (WOS) which idlgirent from case study 2 requirement specifi-
cations (MM) . However both specifications has small andlainfiiinctional sizes (WOS:64
cfp,MM:82 cfp)and they include the same properties thaevieunnd to cause inconsistencies
between models constructed byfdrent measurers. The questionnaire results show that the
measurers also agree that there was not a significetetice between specifications from a
measurement point of view (Q12,Fig. 4.5). Anothdfatience was that the measures of Case

Study 2 were dterent from the measurers of this study. However, the measaetected in
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both case studies were graduate students in IS having sisaftware engineering profiles
and had similar levels of FSM knowledge. Besides majoritipath group of measurers hold
entry-level COSMIC certificate. Another limitation of theudy was the small number of
sample observations which did not allow statistical arigJylsowever analytic investigation
allowed us to reason how 4FSM could avoid incorrect resutis fchallenging requirements.
As a future work the validation results should be repeatdt between-subject experimen-
tal studies having a larger sample size and using a singlgfigions in both control and

treatment groups.

Threats to External Validity The results we have obtained rely on comparisons between two
specifications with small functional sizes. In both casessghecifications were synthetic such
that they were rich of properties that challenge measuceenable observations. However
our conclusions rely on the observation that using 4FSMrejmmncies due to challenging
functional properties are eliminated. Therefore, we carsag whether the performance im-
provements will be higher or lower for measurements peréation specifications with larger
functional sizes as we do not know the frequency of such pti@gen their specifications. As

a future work study should be extended to real-life projagtk high functional size values.

Another limitation on generalization of the results is thpplecation domain of the specifi-
cations that were measured. They were both InformationeByspecifications. 4FSM is
suitable for software whose functionality can be expressagquential s-r pairs. However a
broad category of real-time systems behavior can be exqdsssequential behavior. As a

future work the validation studies should be extended tbtiese systems domain.

In the study, we decided to select measurers’ with some ledyd on a FSM method so that
they can compare the adequacy of 4FSM to the other meta-modebntrolling measure-
ment challenges and provide data for evaluation. This tatest another limitation on the
generalization of high 4FSM performances to the measui@rs¢p no previous FSM back-
ground. Future work should address validation of 4FSM witresurers without any FSM

knowledge.
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4.3.3 Summary of Validation Studies

In Section 3, we proposed the 4FSM model with formalized epigrelations and rules
in order to facilitate construction of reliable softwarenétionality models for Functional
Size Measurement. Our approach to reliability was not &dito the closeness between the
numeric values obtained by measurers. We extended thbeiliglimssessment to the models

constructed using a FSM method meta-model.

In Case Study 3, we retrospectively evaluated the potefdiaimprovements in software
functionality model construction with 4FSM. The analysistsl were selected as the COS-
MIC functionality models constructed by 13 students for Mhevie Manager(MM) applica-
tion specifications. Availability of detailed informatiaon the properties of the application
and the constructed models allowed us to evaluate the iraprerit potentials analytically. In
the analysis of properties we have demonstrated how the easdnandled by 4FSM formal-
ized concepts and rules. We have also calculated a 62 % eduoction with 4FSM which

indicates a significant improvement in the reliability o timodels and functional size values.

In Case Study 4, we trained students in constructing 4FSMes@ohd they constructed 4FSM
models for an Online Order System (WOS)that has similartfanal properties with MM
application. The results of the analysis provided us witldevce that measurers constructed
models that are consistent with eachother and that convertje reference model. Besides

they introduced few components that do not exist in the esiee model.

When the results are compared to the models of MM construdied COSMIC meta-model,
we found significant improvements in individual and overafiults. In the study we have also
prepared a questionnaire in order to get students’ pokteasiback on 4FSM characteristics.
In the questionnaire we have also asked how they compare 46 8\ other FSM methods
they know. The feedback was positive such that they foundWFsbust, easy to learn and
understand and to provide concepts rules for more precissumements in comparison to
FSM methods they have experience with. The results of Casty3talso address potential
improvement opportunities in 4FSM concepts and rules. Tgrefgcance of the results of the
validation studies mainly relies on an analytic invesiigagnd comparison of the constructed

functionality models with COSMIC and 4FSM.
We are aware that the validation studies had several liimnitst Further validation with -
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cient number of cases to evaluate 4FSM performance wittstitat significance is required
for direct and powerful validation results. Although thegne considered an controlled to an
extent, further empirical studies should be designed suattithe potential validation bias due
to the diferences in requirement specifications, measures baclkgjreMperience should be
minimized. As a future work we are planning to design betwadjects experiments with
increased number of participants and control groups toesddsuch concerns and perform

further validation.
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CHAPTER 5

CONCLUSIONS

In this thesis, we have addressed reliability issues in FBM.nature and the extend of sub-
jectivity in measurements were explored and their impacthenreliability of the measure-
ments were evaluated. The functionality models constduojemeasurers were analyzed and
sources of discrepancies between models were identifiedhaweperformed a systematic lit-
erature survey to understand how formalization in FSM hEIpBI practices. Review results
revealed that formalization proposals in FSM literatureeniamited to the definitions of gen-
eral properties of FSM methods and to the measurement geadir selected semi-formal
and formal specification styles. In order to tackle subyégtin FSM, we have introduced a

software functionality meta-model (4FSM) for functionedesmeasurement .

The novel contribution of this thesis study is the 4FSM mdtat is founded on formalized

terms and concepts. It's objective is to enable constmaifaeliable functionality models.

This chapter summarizes the contributions of this thesidystaddresses its limitations and

suggests future research directions based on the findiagewdired during the study.

5.1 Contributions

4FSM Model and Validation Results. The major contribution of this thesis study is the
4FSM model for FSM. In the model, the components and thedaticels are given in for-
mal terms. Besides, norms and rules for ensuring the pralgetification of homogeneous
components are given. In the design process of 4FSM model, &f generic properties of
software specifications that cause discrepancies wers taleeaccount. We have established

associations between 4FSM and COSMIC FSM meta-models awetipd a mapping in or-
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der to demonstrate how 4FSM can be used in a method and nufaecitonal size value
can be obtained. FSM methods rely on similar concepts [88]vem address establishing

associations to widely used IFPUG method as a future dinecti

We have performed two cases studies (Case Study 3, Case §ttatythe validation of the
4FSM. The first validation study have shown that the moételctively facilitates the resolu-
tion of the functional properties that challenge meastiretise application of COSMIC FSM
method. The study demonstrated that using the the concegthe rules of the 4FSM meta-
model, errors due to functional properties could be avoigled a 62% reduction in errors
could be explained. The second validation study demoestthiat 4FSM help measurers in
the construction of consistent functionality models anthting reliable size measure values.
In the study, the comparison of 4FSM results of a specifinatiothe COSMIC results of a
similar specification indicates that correct Data Movenparcentages increased from 52%
to 89%. Furthermore with 4FSM, measures could successtslylve challenging functional
properties, in the specifications. The measures feedbatieomodel provided us with fur-
ther evidence that the 4FSM model definitions and rules hedmtto identify components
more precisely than other FSM methods they have experieitbe Wheir ratings of 4FSM
characteristics on a five point scale indicated that 4FSMpeaseived to be robust(2), easy
to understand< 2) and they have found the concepts concket®). They have also found
4FSM training adequate for proper 4FSM application and lts@ suggested improvements

for the training and clarification for the concepts of the mlod

Requirements Engineering View Point. Another significant contribution of 4FSM is the
precise characterization of the concept of functionalitg associated software artifacts. The
software context for 4FSM rely on the foundational conceptequirements engineering and
reactive systems. Such characterization is essentialhdth that it helps FSM practition-
ers distinguish the artifacts that pertain to software fisnality, determine their measurement
scope and evaluate the adequacy of available artifactsdasarement regardless of the FSM
method they use. Besides, it provides measurers with aibagelunderstand what type of
artifacts a selected FSM method quantifies. Moreover, tfferdnce in the notions of re-
quirement specification and functional size measurement fiodel construction) has been
emphasized and the measurer’s role have been refined. Bhiisctdon is crucial in that it
avoids inconsistency in models preventing measurers assurdevise a software behavior

(functionality) solely from requirements or phenomenee(ds, states) private to the environ-
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ment software operates in.

Another feedback provided to the FSM community is a coltectf generic requirements
specification properties that challenges measurers amddisarepancies in measurement
results. Although some guidance for handling several addhgroperties have been given
through examples in method guides[75][143], we suggestttiey should be extended. In
addition, further reasoning in their resolution should besg in terms of the meta-model

concepts and rules.

Formalization Studies in FSM We conducted an extensive survey in FSM formalization
literature. We grouped them with respect to their proposerevealed that a group of for-
malisms were introduced for assessing generalized piep@ftFSM methods and their com-
parsion. The other group of studies were automation orieatel they explored the automa-
tion opportunities for formal or semi-formal specificatistyles. The survey also addressed
how their use can help. One significant contributions of tB&Fstudies were the evaluation

of the adequacy of FSM methods from a formalization pointiefw

Other Results of Exploratory Case Studies.A practical and indirect contribution of the
exploratory studies (Case 1 and Case 2) conducted at SMR@rasfpa research project
[138] and explained in this thesis work is the feedback pledito FSM practitioners. In
most of the FSM reliability research, results rely on thedision characteristics in the nu-
meric results. In the case studies the data analyzed in liabiligy analysis was not limited
to total functional size values and was extended to datad¢patsent the constructed models.
The findings revealed that "incorrect” components and cant (such as Functional Pro-
cesses and Data Movements) can critically contribute todtaé size (avg.16%, max.45% in
Case Study 1 and avg.21%, max.37% in Case Study 2) with COSM8I@. Although the
criticality of hidden errors were not explored for other F$hthods and for experienced
measurers, we believe this is a vulnerability of FSM pradtim the utilization of functional
size. We suggest that for a reliable usage of functionahghees, constructed models should
be checked against the specification and the FSM method rmedats. Besides, other cor-
rective and preventive measures should be taken to cortdéh errors and avoid undesired
consequences. Similarly, the functional size values ieriretional benchmark and historical
data-sets should be used cautiously. A suggested way fidicagon or prevention is the

utilization of FSM experts, however it may be ffieient due to time and budget constraints.
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Therefore, we suggest FSM researchers to introduce mamafism into meta-model and
model constructions and enable opportunities for measemeautomation and verification.

We include automated measurement in the directions foréutork.

Two M.Sc. thesis studies at Informatics Institute, METU radg this issues and the thesis’
scopes include models, techniques and tools for detectidrvarification of COSMIC mea-

surements results on the basis of specification properig€&®SMIC method rules[144][145].

5.2 Limitations and Future Work

Specifications Size and CharacteristicsThe results of Case Study 1 rely on the measure-
ments of 12 dferent industrial project specifications that have varyingdmall functional
sizes. Case Study 2 project’'s specification also has a simall She focus of both case
studies was investigation of relations between functigmaperties and discrepancies and we
were able to explain discrepancies in a systematic way. &hefdunctional properties are
generic and can exist in many specification in arbitrarydesgies, thus poses reliability risks
in measurement of projects whether small or large. Howeweigan not say whether the re-
liability threats will be as critical as for the measurensefar projects with larger functional
sizes. On one hand small projects are more sensitive taseonrthe other hand large project
may include challenging properties in higher frequencresmay include properties we have
not met in small projects. Similarly the specifications irs€&tudy 3 and Case Study 4 had
small sizes. As a future work, the robustness of 4FSM modahaglarge size projects with

challenging properties may be evaluated performing furénepirical validation.

Specification Similarity & Measurer Profiles. The purposes of the validation case studies
were the demonstration and assessment offtleetezeness of the 4FSM model. In the second
validation study, the performances of 4FSM measurements e@mpared to Case Study 2
COSMIC measurements. Although the specifications beingured in each case study had
similar characteristics and included the same functionapgrties with similar frequencies,
they were diferent. The measurers profiles between two case studies wBresimilar in
software engineering knowledge and there was not a signifidiference with respect to
COSMIC expertise criteria [73]. Another limitation was tlmv number of observations

which did not permit an analysis with statistical significan Further experimental studies
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with between-subjects design and larger sample sizes cperimed in order to evaluate
reliability of the improvements with 4FSM,controlling @ottial bias from the specifications,

measurers’ level of expertise in FSM and the environment.

Applicability The applicability of 4FSM relies on the availability of ddtet is is or can be
modeled according to the relational model. 4FSM is weltexlifor data-strong information
system software and its validation was performed for tretima systems. 4FSM model has
been designed primarily for software whose functionaléy be expressed in terms of sequen-
tial stimulus-response behavior thus it is not applicableystems where their functionality
involves concurrent behavior (e.g multi-player video gameHowever a broad category of
real-time systems behavior can be expressed by sequestiablior. Moreover 4FSM is com-
patible with COSMIC meta-model and COSMIC is applicabledalttime system software.
These provide some evidence that 4FSM can be a promisinglfioodeal-time system soft-
ware and it's applicability should be validated on the basimeasurements on real-time spec-

ifications and the feed-back from the practitioners in teaé development environments.

The generic functional properties 4FSM handles are idedtifiom FSM method guides and
explorative case studies. They include properties suclo@plex data structures, transient
relations and stimulus-response dependencies and 4F®brsach is to result in a measur-
able scheme that has homogeneous components that can kedchgainst definitions rules
and obtained by following the given procedures. Howeveretloan be other properties that
we have not met. 4FSM provides a formal foundation for mogglinctionality and it allows

inclusion of further rules and procedures for further ndinagion.

4FSM Model Concepts &Training Requirements.In the validation studies we have discov-
ered that discrepancies in several measurers’ models \wased by dterent interpretations
of the concepts of stimulus,command and command paramé&tére other concepts were
more similar to COSMIC equivalents, these were relativedy rconcepts and the training
materials and guidance was limited to few examples.The measave provided feedback
that training and documents could be improved. In order $olve ambiguities the defini-
tions for these concepts need improvement and measureul dtw supported with further

guidance,examples and enhanced training materials.

Automation Opportunities for 4FSM Model Construction. 4FSM model is constructed

from software artifacts that pertain to the externally obakle behavior of software and its
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subject domain. These artifacts are not available only tnrahlanguage and are also ex-
pressed in selected semi-formal notations or formal lagegsiavhich are already supported
by automated tools. As a future direction, concepts mapsdsat the elements of selected
notations and 4FSM model can be established and algorithmajapings can be developed
in order to obtain automated functional size for a select8inethod. Unified Modeling

Language, providing a rich suite of specification elemdatamong the promising languages

for automated FSM.

Effort Estimation. Effort estimation is a significant practical problem in softer@ngineer-
ing. The studies that explore the relationship betweenasidedevelopmentfiort mostly take
total functional size as the primary input; however typeactionality constructs open a new
horizon for further exploration offtort-size relationship[146]. 4FSM meta-model Functional
Message Capability (FMC) constructs require the identificaof the sender and recipient
functional user roles. That is, functional user role aredb&rminants of FMC types and
4FSM facilitates the quantification of the interaction bedw software and functional user
roles. The exploration offtort-functional size relationship based on the FMC typesiped

with respect to their functional user roles is an interggstirection for future work.
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APPENDIX A

Appendix A: Measurement Report Template for COSMIC FSM

Data Group Name | Notes

DM Type

o]e]]

FUR | FP# | FP Name
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APPENDIX B

Appendix B: Case Study 1-Measurement Results

Table B.1: Measurement Results for Project KA

FUR | FP# FP Name DM Type Data Group Desc.
1 1 Add Vehicle Brand E Vehicle Brand Info
w Vehicle Brand Info
X Erro/Confirmation
1 2 List Vehicle Brands E Retrive Vehicle Brands request
Vehicle Brands Info
X Vehicle Brands Info
1 3 Retrieve Vehicle Brand Retrive Vehicle Brand Detail request
Vehicle Brand Detail Info
Vehicle Brand Detail Info
1 4 Update Vehicle Brand E Vehicle Brand Info
Vehicle Brand Info
X Error/Confirmation
1 5 Query Vehicle Brands Vehicle Brand Query Request
Vehicle Brand Info
X Vehicle Brand Info
2 6 Add Vehicle Type E Vehicle Type Info
w Vehicle Type Info
X Erro/Confirmation
2 7 List Vehicle Types E Retrive Vehicle Types request
R Vehicle Types Info
X Vehicle Types Info
2 8 Retrieve Vehicle Type E Retrive Vehicle Type Detail request

124




Vehicle Type Detail Info

Vehicle Type Detail Info

Update Vehicle Type

Vehicle Type Info

Vehicle Type Info

Error/Confirmation

10

Query Vehicle Types

Vehicle Type Query Request

Vehicle Type Info

x

Vehicle Type Info

11

Add Vehicle Model

Vehicle Model Info

Vehicle Brand Info (Dropdown list)

Vehicle Brand Info (Dropdown list)

Vehicle Model Info

X|S|Xx|®omm|m

Error/Confirmation

12

List Vehicle Models

m

Retrive Vehicle Models request

Py

Vehicle Models Info

x

Vehicle Models Info

13

Retrieve Vehicle Model

Retrive Vehicle Model Detail request

Vehicle Brand Detail Info

Vehicle Model Detail Info

Vehicle Brand Detail Info

X | X|om|o|m

Vehicle Model Detail Info

14

Update Vehicle Model

Vehicle Model Info

Vehicle Brand Info (Dropdown list)

Vehicle Brand Info (Dropdown list)

Vehicle Model Info

X|S|Xx|®omm|m

Error/Confirmation

15

Query Vehicle Models

Vehicle Model Query Request

Vehicle Brand Detail Info

Vehicle Model Detail Info

Vehicle Brand Detail Info

X|X|m|o|m

Vehicle Model Detail Info

16

Add Vehicle Defect Type

m

Vehicle Defect Type Info

Vehicle Defect Type Info

Erro/Confirmation
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17

List Vehicle Defect Types

Retrive Vehicle Defect Types reques

Vehicle Defect Types Info

Vehicle Defect Types Info

18

Retrieve Vehicle Defect Type

Retrive Vehicle Defect Type Detail re

quest

Vehicle Defect Type Detail Info

Vehicle Defect Type Detail Info

19

Update Vehicle Defect Type

Vehicle Defect Type Info

Vehicle Defect Type Info

Erro/Confirmation

20

Query Vehicle Defect Types

Vehicle Defect Type Query Request

Vehicle Defect Type Info

x

Vehicle Defect Type Info

21

Add Vehicle Rental

Vehicle Rental Info

Vehicle Type Info (Dropdown list)

Vehicle Type Info (Dropdown list)

Vehicle Brand Info (Dropdown list)

Vehicle Brand Info (Dropdown list)

Vehicle Model Info (Dropdown list)

Vehicle Model Info (Dropdown list)

Vehicle Rental Info

X|S|X|Hm|X|W|X|DM|M

Erro/Confirmation

22

List Vehicle Rentals

Retrive Vehicle Rentals request

Vehicle Rentals Info

x

Vehicle Rentals Info

23

Retrieve Vehicle Rental

Retrive Vehicle Rental Detail request

Vehicle Type Detail Info

Vehicle Model Detail Info

Vehicle Brand Detail Info

Vehicle Rental Detail Info

Vehicle Type Detail Info

Vehicle Model Detail Info

Vehicle Brand Detail Info

X | X | X|X|»|™m|Wm|D|m

Vehicle Rental Detail Info

24

Update Vehicle Rental

Vehicle Rental Info
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Vehicle Type Info (Dropdown list)

Vehicle Type Info (Dropdown list)

Vehicle Brand Info (Dropdown list)

Vehicle Brand Info (Dropdown list)

Vehicle Model Info (Dropdown list)

Vehicle Model Info (Dropdown list)

Vehicle Rental Info

X|S|X|Hm|X|W|X|=D

Erro/Confirmation

25

Query Vehicle Rentals

Vehicle Rental Query Request

Vehicle Type Detail Info

Vehicle Model Detail Info

Vehicle Brand Detail Info

Vehicle Rental Detail Info

Vehicle Type Detail Info

Vehicle Model Detail Info

Vehicle Brand Detail Info

X|IX|X|X|[D|(D|[D|™|mM

Vehicle Rental Detail Info

26

Add Vehicle Fuel

Vehicle Fuel Info

Vehicle Rental Info (Dropdown list)

Vehicle Rental Info (Dropdown list)

Vehicle Fuel Info

X|S|x|xom|lm

Erro/Confirmation

27

List Vehicle Fuel

Retrive Vehicle Fuel request

Vehicle Rental Detail Info

Vehicle Fuel Detail Info

Vehicle Rental Detail Info

X | X|o|o|m

Vehicle Fuel Detail Info

28

Retrieve Vehicle Fuel

Retrive Vehicle Fuel Detail request

Vehicle Rental Detail Info

Vehicle Fuel Detail Info

Vehicle Rental Detail Info

X | X|o|o|m

Vehicle Fuel Detail Info

29

Update Vehicle Fuel

Vehicle Fuel Info

Vehicle Rental Info (Dropdown list)

Vehicle Rental Info (Dropdown list)

Vehicle Fuel Info

X|S|x|xmm|m

Erro/Confirmation

30

Query Vehicle Fuel

m

Vehicle Fuel Query Request
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Vehicle Rental Detail Info

Vehicle Fuel Detail Info

Vehicle Rental Detail Info

X | X |0 | =

Vehicle Fuel Detail Info

31

Add Rented Vehicle Defect

Rented Vehicle Defect Info

Vehicle Defect Type Info (Dropdown
list)

Vehicle Defect Type Info (Dropdown
list)

Vehicle Rental Info (Dropdown list)

Vehicle Rental Info (Dropdown list)

Rented Vehicle Defect Info

Erro/Confirmation

32

List Rented Vehicle Defects

m|X|S|x|=o

Retrive Rented Vehicle Defects r¢

quest

Vehicle Defect Type Detail Info

Vehicle Rental Detail Info

Rented Vehicle Defect Detail Info

Vehicle Defect Type Detail Info

Vehicle Rental Detail Info

X|X|X|D|W|=D

Rented Vehicle Defect Detail Info

33

Retrieve Rented Vehicle Defect

m

Retrive Rented Vehicle Defect Deta

request

Vehicle Defect Type Detail Info

Vehicle Rental Detail Info

Rented Vehicle Defect Detail Info

Vehicle Defect Type Detail Info

Vehicle Rental Detail Info

X|X|X|Do|o|=D

Rented Vehicle Defect Detail Info

34

Update Rented Vehicle Defect

Rented Vehicle Defect Info

Vehicle Defect Type Info (Dropdown
list)

Vehicle Defect Type Info (Dropdown
list)

Vehicle Rental Info (Dropdown list)

Vehicle Rental Info (Dropdown list)

Rented Vehicle Defect Info

X|S|x|=™

Erro/Confirmation

35

Query Rented Vehicle Defects

m

Rented Vehicle Defect Query Reque

Vehicle Defect Type Detail Info

Vehicle Rental Detail Info

128

—



Rented Vehicle Defect Detail Info

Vehicle Defect Type Detail Info

Vehicle Rental Detail Info

X | X|X|=™

Rented Vehicle Defect Detail Info

36

Add Rented Vehicle Daily Wage

Rented Vehicle Daily Wage Info

Vehicle Rental Info (Dropdown list)

Vehicle Rental Info (Dropdown list)

Rented Vehicle Daily Wage Info

X|S|Xx|xmm|m

Erro/Confirmation

37

List Rented Vehicle Daily Wage

m

Retrive Rented Vehicle Daily Wagg¢

request

)

Vehicle Rental Detail Info

Rented Vehicle Daily Wage Detai

Info

Vehicle Rental Detail Info

Rented Vehicle Daily Wage Detai

Info

38

Retrieve Rented Vehicle Daily Wage

Retrive Rented Vehicle Daily Wagg
Detail request

h

Vehicle Rental Detail Info

Rented Vehicle Daily Wage Detai

Info

Vehicle Rental Detail Info

Rented Vehicle Daily Wage Detai

Info

39

Update Rented Vehicle Daily Wage

Rented Vehicle Daily Wage Info

Vehicle Rental Info (Dropdown list)

Vehicle Rental Info (Dropdown list)

Rented Vehicle Daily Wage Info

X|S|x|xmm|m

Error/Confirmation

40

Query Rented Vehicle Daily Wage

m

Rented Vehicle Daily Wage Query Re
quest

Vehicle Rental Detail Info

Rented Vehicle Daily Wage Detai

Info

Vehicle Rental Detail Info

Rented Vehicle Daily Wage Detai

Info

41

Add Rented Vehicle Action

Rented Vehicle Action Info
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Vehicle Rental Info (Dropdown list)

Vehicle Rental Info (Dropdown list)

Rented Vehicle Action Info

X|S|x|=™

Erro/Confirmation

42

List Rented Vehicle Action

Retrive Rented Vehicle Action reques

—

Vehicle Rental Detail Info

Rented Vehicle Action Detail Info

Vehicle Rental Detail Info

X | X|m|om|m

Rented Vehicle Action Detail Info

43

Retrieve Rented Vehicle Action

m

request

Retrive Rented Vehicle Action Detai

Vehicle Rental Detail Info

Rented Vehicle Action Detail Info

Vehicle Rental Detail Info

X | X ||

Rented Vehicle Action Detail Info

44

Update Rented Vehicle Action

Rented Vehicle Action Info

Vehicle Rental Info (Dropdown list)

Vehicle Rental Info (Dropdown list)

Rented Vehicle Action Info

X|[S|x|xomm|m

Error/Confirmation

45

Query Rented Vehicle Action

Rented Vehicle Action Query Reque

bt

Vehicle Rental Detail Info

Rented Vehicle Action Detail Info

Vehicle Rental Detail Info

X | X ||| m

Rented Vehicle Action Detail Info

Table B.2: Measurement Results for Project AN

FUR

FP#

FP Name

DM Type

Data Group Desc.

List Subscribers who have depositE

dept

List Subscribers who have deposit

dept

Subscriber Info

Subscriber Type Info

Reading File Info

Period Info

Adress Info

X|D|OW|W|DW|D

Period Info
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X Adress Info
X Subscriber Info
X Subscriber Type Info
X Reading File Info
Retrieve Subscriber Deposit Info E Retrieve Subscriber Deposit Info re-
quest
R Retrieve Subscriber Info
X Retrieve Subscriber Info
R Retrieve Subscriber Type
X Retrieve Subscriber Type
R Retrieve Deposit Fee of the Subscriber
Type
X Retrieve Deposit Fee of the Subscriber
Type
R Retrieve Subscriber Adress Info
X Retrieve Subscriber Adress Info
Collect Subscriber Deposit E Subscriber’s deposit info
W Subscriber’s deposit info
X Erro/Confirmation
Export Subscribers’ Period Consump- E Report Selection
tion Dept File for Bank Integration
report R Period Info ( Period Dropdown List )
X Period Info ( Period Dropdown List )
R Dept Info
X Dept Info
R Subscriber Info
X Subscriber Info
X Erro/Confirmation
Download Subscribers’ Period Cor- N/A Subscribers Period Consumption Dept
sumption Dept File File Download Request
N/A Error/File Download
Import Subscribers’ Bank Payment E Import Request for Subscribers Bank
File Payment File
X Upload of Subscribers Bank Payment
File/Error
W Subscribers’ Bank Payment Info
X Erro/Confirmation
Collect Other Income Items E Payment Info
R Income ltems Info ( Income Items
Dropdown List)
X Income ltems Info ( Income Items
Dropdown List)
R Bank Info ( Bank Dropdown List )

Bank Info ( Bank Dropdown List )

Branch Info ( Branch Dropdown List)
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Branch Info ( Branch Dropdown List)

ps)

Payment Type (Payment Type Drop-

down List)

Payment Type (Payment Type Drop-

down List)

Payment Info

Payment Receipt

Query&Print Bills

Period Info ( Period Dropdown List )

Period Info ( Period Dropdown List)

o x|®o|x|s

Reading File ( Reading File Drop-

down List)

Reading File ( Reading File Drop-

down List)

Query Parameters ( Period, Reading
File, Begin&End Dates )

Subscriber Info

Subscriber Info

Subcribers’ Water Consumption Dept
Detail

Subcribers’ Water Consumption Dept
Detail

Subscribers’  Water Consumption
Depts

Subscribers’  Water Consumption
Depts

Retrieve Subscriber Adress Info

Retrieve Subscriber Adress Info

Retrieve Subscriber

Subscriber Retrieve Request

|m|X |3

Materials Info ( Materials Dropdown
List)

Materials Info ( Materials Dropdown
List)

Payment Type (Payment Type Drop-

down List)

Payment Type (Payment Type Drop-

down List)

Subscriber Info

Subscriber Info

Bank Info ( Bank Dropdown List )

Bank Info ( Bank Dropdown List )

Branch Info ( Branch Dropdown List)

Branch Info ( Branch Dropdown List)

Retrieve Subscriber Adress Info

Retrieve Subscriber Adress Info

10

Collect First Subscription Payment

m| X || X[D[X|W|X|=D

Payment Record Request
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Payment Info

First Subscription Info

Subscriber Contract Info

Subscription Material Info

Payment Parameters Info ( By Subscriber Typ

e)

Payment Parameters Info ( By Subscriber Typ

e)

Payment Info

First Subscription Info

Subscriber Contract Info

Subscription Material Info

Payment Receipt

11

Import Reading File Of Subscribers

Water Meters from Text File

mix|s|s|s|s|x|xn|m|m|m|m

Import reading file request

Subcribers’ Water Consumption Dept
Detail

Subscribers’ Water Consumption

Depts

Error/Confirmation

12

Retrieve subscriber #2

Subscriber Retrieve Request

Subscriber Info

Subscriber Info

Retrieve Subscriber Adress Info

Retrieve Subscriber Adress Info

Subscriber Depts Info

Subscriber Depts Info

Period Info ( Period Dropdown List )

Period Info ( Period Dropdown List)

Bank Info ( Bank Dropdown List )

Bank Info ( Bank Dropdown List )

Branch Info ( Branch Dropdown List)

Branch Info ( Branch Dropdown List)

11

Collect Any Dept Of A Subsciber

Collection of selected debts request

Payment Info

Payment Receipt

12

List Payment Parameters

List Payment Parameters Request

Payment Parameters Info

Payment Parameters Info

13

Add Payment Parameters

Payment Parameters Info

Payment Parameters Info

Error/Confirmation

14

Retrieve Payment Parameters

miX|s|M{X|TD| M XIs|MX[D|X|D[X|D|X|T|X|D|X|IZ|m|X

Retrieve Payment Parameters Detail
Request

ps)

Payment Parameters Info

Payment Parameters Info

15

Update Payment Parameters

Payment Parameters Info
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Payment Parameters Info

Error/Confirmation

16

Create an application

Application Info

o m|x|s

Application Type Info ( Application
Type Dropdown List )

x

Application Type Info ( Application
Type Dropdown List )

Subscriber Retrieve Request

Subscriber Info

Subscriber Info

Retrieve Subscriber Adress Info

Retrieve Subscriber Adress Info

Record an application request

Application Info

Application Print Out

17

Query Applications

miX|s|m{X|XD|X|D|m

Query Parameters ( Begin&End
Dates, Application Number, Status,

Application type )

Application Type Info

Application Type Info

Subscriber Info

Subscriber Info

Application Info

Application Info

10

18

Retrieve an application

Retrieve Application Request

Subscriber Info

Application Type Info

Adress Info

Adress Info

Subscriber Info

Application Type Info

Application Info

Application Info

11

19

Close an application ( Manually clos|

ing because of cancelation )

miX | DX |X|[X|[DD|D|[D|M[X|D[(X|D|X]|=D

Close Application Request

Application Info

Error/Confirmation

12

20

List Application Type

List Application Type Request

Application Type Info

Application Type Info

12

21

Add Application Type

Application Type Info

Application Type Info

Error/Confirmation

12

22

Retrieve Application Type

m|ix|s|m|x|xo|m|x|s

Retrieve Application Type Detail Re-

quest
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Application Type Info

Application Type Info

12

23

Update Application Type

Application Type Info

Application Type Info

Erro/Confirmation

13

24

Query Subscriber History

mix|s|m|x|=o

Query Parameters (Subscriber Num-
ber)

Subscriber Info

Subscriber Info

Period Info

Period Info

| X || X |2

Subscriber Water Consumption De-
tail(Dept Detail) Info

Subscriber Water Consumption De-
tail(Dept Detail) Info

Subscriber Water Consumption (Dept
Info) Info

Subscriber Water Consumption (Dept

Info) Info

Payment Info

Payment Info

14

25

Query Debts

Query Parameters (Period,Reading
File,Begin&End Amount)

Period Info ( Period Dropdown List)

Period Info ( Period Dropdown List )

Reading File ( Reading File Drop-
down List)

Reading File ( Reading File Drop-
down List)

Subscriber Info

Subscriber Info

Subscriber Dept Info

Subscriber Dept Info

15

26

Query Subscriber Contract Informg

tion

m|(X|2o|[X |2

Query Parameters ( Begin&End

Dates)

Subscriber Type Info

Subscriber Type Info

Subscriber Contract Info ( Count of

contracts accourding to subscriber
types )

Subscriber Contract Info ( Count of
contracts accourding to subscriber

types )

16

27

Query Subscriber Water Consuptia

Depts In Detail

Period Info ( Period Dropdown List )
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Period Info ( Period Dropdown List)

E Query Parameters (Period,Reading
File,Debt Type,Subscriber
Type,Subscriber ~ Number, Be-
gin&End Amount, Begin&End Water
Consumption (m3))

R Subscriber Info

R Subscriber Dept Info

X Subscriber Info

X Subscriber Dept Info

16 28 Query Subscriber Water Consuptign R Period Info ( Period Dropdown List )
Depts In Summary
Period Info ( Period Dropdown List )

E Query Parameters (Period,Reading
File,Debt Type,Subscriber
Type,Subscriber ~ Number, Be-
gin&End Amount, Begin&End Water
Consumption (m3))

R Sum of subscriber Dept Info
Subscribers’ Dept in total

17 29 Query Payments in Detall R Reading File ( Reading File Drop-
down List)

X Reading File ( Reading File Drop-
down List)

R Subscriber Debt Type ( Subscriber
Debt Type Dropdown List)

X Subscriber Debt Type ( Subscriber
Debt Type Dropdown List)

R Bank Info ( Bank Info Dropdown List
)

X Bank Info ( Bank Info Dropdown List
)

R Branch Info ( Branch Info Dropdown
List)

X Branch Info ( Branch Info Dropdown
List)

R Subscriber Type ( Subscriber Type
Dropdown List)

X Subscriber Type ( Subscriber Type
Dropdown List)

R Period Info

X Period Info

R Payment Info

R Subscriber Info
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E Query Parameters ( Begin&End
Dates,Subscriber Number, Subscriber
Type,Reading File, Collector, Sub-
scriber Dept Type, Payment Type,
Bank , Branch )

Subscriber Info
Payment Info

18 30 Query Payments in Summary R Reading File ( Reading File Drop-
down List)

X Reading File ( Reading File Drop-
down List)

R Subscriber Debt Type ( Subscriber
Debt Type Dropdown List)

X Subscriber Debt Type ( Subscriber
Debt Type Dropdown List)

R Bank Info ( Bank Info Dropdown List
)

X Bank Info ( Bank Info Dropdown List
)

R Branch Info ( Branch Info Dropdown
List)

X Branch Info ( Branch Info Dropdown
List)

R Subscriber Type ( Subscriber Type
Dropdown List)

X Subscriber Type ( Subscriber Type
Dropdown List)

R Subscriber Info

X Payment Info

R

X

E Query Parameters ( Begin&End
Dates,Subscriber Number, Subscriber
Type,Reading File, Collector, Sub-
scriber Dept Type, Payment Type,
Bank , Branch)

X Subscriber Info

X Payment Info

19 31 Cancel Payment E Cancel payment request

W Payment Info

X Erro/Confirmation

20 32 Retrieve Receipt E Retrieve receipt request

R Period Info

X Period Info

R Dept Type Info
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Dept Type Info

Subscriber Info

Subscriber Info

Payment Info

Payment Info

21

33

Retrieve Bill

Retrieve bill request

Subscriber Info

Subscriber Info

Adress Info

Adress Info

Period Info

Period Info

Subscriber Type Info

Subscriber Type Info

Debt Info

Debt Info

Debt Detail Info

Debt Detail Info

22

34

Query Water Consumption

Period Info ( Period Dropdown List )

Period Info ( Period Dropdown List )

Query Parameters ( Date,Period)

Subscriber Type Info

Subscriber Type Info

Subscriber Water Consumption Info

XA X[ M| X[OD|X|D|X[D|X[D|X[D|X|[DD|X[D|M[X[O|X]|2O|X

Water Consumption Report accoutd-

ing to subscriber types

23

35

Query Payments accourding to pal
ment types and periods

ps)

Period Info ( Period Dropdown List )

Period Info ( Period Dropdown List )

Query Parameters ( Date,Period)

Debt Info

Debt Info

Debt Type Info

Debt Type Info

Payment Info

XD | X[ | X[m|mM|X

Payment Report accourding to period

and payment types

24

36

Query Water And Waste Water Cor

sumption

Period Info ( Period Dropdown List )

Period Info ( Period Dropdown List)

Query Parameters ( Date,Period)

Subscriber Type Info

Subscriber Type Info

Subscriber Info

X | X | X |o|m|X

Subscriber Info
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R Subscriber Water Consumption Info
(Debt Info)

X Subscriber Water Consumption Info
(Debt Info)

R Subscriber Waste Water Consumption
Info (Debt Info&Debt Detail Info)

X Water&Waste Water Consumption

Report accoutding to subscriber types

Table B.3: Measurement Results for Project BM

FUR

FP#

FP Name

DM Type

Data Group Desc.

List Budget Category

E

List Budget Category Request

Budget Category Info

Budget Category Info

Add Budget Category

Budget Category Info

|m| X |23

Upper Budget Category Info ( Uppe
Budget Category Dropdown list)

Upper Budget Category Info ( Uppe
Budget Category Dropdown list)

Budget Category Info

x

Erro/Confirmation

Retrieve Budget Category

Retrieve Budget Category detail re

quest

Upper Budget Category Info ( Uppe|
Budget Category Dropdown list)

Upper Budget Category Info ( Uppe|
Budget Category Dropdown list)

Budget Category Info

Budget Category Info

Update Budget Category

Budget Category Info

Budget Category Info

Error/Confirmation

List Budget Item

List Budget Item Request

Budget Item Info

Budget Item Info

Add Budget Item

Budget Item Info

D m|X|m|m|X|S|m|x|=D

Upper Budget Item Info (Upper Bud
get Item Dropdown list)

Upper Budget Item Info (Upper Bud
get Item Dropdown list)

Upper Budget Category Info (Uppe

Budget Category Dropdown list)
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Upper Budget Category Info (Uppe
Budget Category Dropdown list)

Account Info

Account Info

Budget Item Info

Erro/Confirmation

Update Budget Item

Budget Item Info

Bugdet Item Account Info

Budget Item Info

Bugdet Item Account Info

Erro/Confirmation

Retrieve Budget ltem

Retrieve Budget Item detail request

T|Im|X|[S|SsS|mm|{x|S|%x|=>

Upper Budget Item Info (Upper Bud
get Item Dropdown list)

Upper Budget Item Info (Upper Bud
get Item Dropdown list)

Upper Budget Category Info (Uppe
Budget Category Dropdown list)

Upper Budget Category Info (Uppe
Budget Category Dropdown list)

Bugdet Item Account Info

Bugdet Item Account Info

Budget Item Info

Budget Item Info

Add Budget Request Form

Unit Info (Unit Dropdown List)

Unit Info (Unit Dropdown List)

DD |IX|D[|X|[D|X|=2

Budget Item Info ( Budget Item Drop

down List)

Budget Item Info ( Budget Item Drop

down List)

Previous Budget Request Form Inf
( Readonly Budget Request Forr
Textbox)

[=]

=

Previous Budget Request Form Infj
( Readonly Budget Request Forr
Textbox)

(=]

=

Budget Request Form Info

Budget Request Form Info

Erro/Confirmation

10

Update Budget Request Form

Budget Request Form Info

Budget Request Form Info

Error/Confirmation

11

Retrieve Budget Request Form

m|X|[S|m|x|=|m

Retrieve Budget Request Form detai

request

Unit Info (Unit Dropdown List)
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Unit Info (Unit Dropdown List)

Budget Item Info ( Budget Item Drop

down List)

Budget Item Info ( Budget Item Drop

down List)

Previous Budget Request Form Infj
( Readonly Budget Request Forr
Textbox)

[=]

=

Previous Budget Request Form Inf
( Readonly Budget Request Forr
Textbox)

(=]

=

Budget Request Form Info

Budget Request Form Info

12

Query Budget Request Form

Query Parameters (Unit, Budge

Itemi, Status)

—

Budget Request Form Info

Budget Request Form (Unit , Budge
Item, Budget Request Amount,Statt

)

—

13

Add Budget Request Form by Exce
File

Budget Request Form Excel File Infg

Budget Request Form Info

Erro/Confirmation

14

Approve Budget Request Form

Budget Request Form Status Info

Budget Request Form Status Info

Error/Confirmation

15

Reject Budget Request Form

Budget Request Form Status Info

Budget Request Form Status Info

Error/Confirmation

16

Add Fund Request Form

Unit Info (Unit Dropdown List)

Unit Info (Unit Dropdown List)

T |x|o|*|S|m{x|s|m|x|=s

Budget Item Info ( Budget Item Drop

down List)

x

Budget Item Info ( Budget Item Drop

down List)

Fund Request Form Info

Fund Request Form Info

Error/Confirmation

17

Update Fund Request Form

Fund Request Form Info

Fund Request Form Info

Erro/Confirmation

18

Retrieve Fund Request Form

m{X|S|m|xX|S|m

Retrieve Fund Request Form detail r

quest

Py

Unit Info (Unit Dropdown List)

Unit Info (Unit Dropdown List)
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Budget Item Info ( Budget Item Drop

down List)

Budget Item Info ( Budget Item Drop

down List)

Fund Request Form Info

Fund Request Form Info

19

Query Fund Request Form

Query Parameters (Unit, Bugdet Iten
Status )

,

Fund Request Form Info

x

Fund Request Form (Unit , Bugde
Item, Fund Request Amount,Status

20

Add Fund Request Form by Excel Fil

11

Fund Request Form Excel File Info

Fund Request Form Info

Error/Confirmation

21

Approve Fund Request Form

Fund Request Form Status Info

Fund Request Form Status Info

Erro/Confirmation

22

Reject Fund Request Form

Fund Request Form Status Info

Fund Request Form Status Info

Error/Confirmation

23

List Period

List Period Request

Period Info

Period Info

24

Add Period

Period Info

Period Info

Erro/Confirmation

25

Retrieve Period

Retrieve Period Detail Request

Period Info

Period Info

26

Update Period

Period Info

Period Info

Erro/Confirmation

27

Transfer Period Parameter

Period Parameter Info

Period Info

Error/Confirmation

28

Query General Budget

Unit Info (Unit Dropdown List)

Unit Info (Unit Dropdown List)

DX |o[X|S|m|X|[s|m|X|a|m|[X|Sm|X|[m|m|X|[s|mMm|X|S|m|X|=|m

Budget Item Info ( Budget Item Drop

down List)

X Budget Item Info ( Budget Item Drop
down List)

R Period Info ( Period Dropdown List)

Period Info ( Period Dropdown List)
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Query (Unit,Budge
Iltem, Period,Planned Budget Ite

Parameters

Amounts,

—

Unit Info

Budget Item Info

Fund Info

Unit Info

X|X|D|W|=D

Spent Money Info ( Spent Money i
calculated by accounts that are asso|
ated in Budget Item creation from ag

counting system )

b

i

Approved Budget Item Amount, Thei
Approved Funds and Expenditures

Budget Items

pf

29

Change Active Period

Period Info ( Period Dropdown List)

Period Info ( Period Dropdown List)

Active Period Info

Active Period Info

Error/Confirmation

30

Move Budget Amount BetweenUnits

D IX|S|m|x|=

Unit Info (Unit Dropdown List) Once

for source and targetUnit list

Unite Info (Unit Dropdown List) Once

for source and targetUnit list

Budget Item Info ( Budget Item Drop
down List) Once for source and targe

budget

et

Budget Item Info ( Budget Item Drop
down List) Once for source and targg

budget

et

Budget Move Info

Budget Move Info

Erro/Confirmation

10

31

Query Budget Request Report

m|X|S|m

Query Parameters (Unit, Period, B¢
gin&End Dates)

D

Py

Budget Request Info

Budget Request Info

11

32

Query Fund

Query Parameters (Unit,Period, Bé¢
gin&End Dates)

D

Unit Info (Unit Dropdown List) Once

for source and targetUnite

Unit Item Info (Unit Item Dropdown

List) Once for source and targetUnit

Period Info ( Period Dropdown List)

Period Info ( Period Dropdown List)

Unit Info

143



Budget Info

Fund Info

Unif Info

Bugdet Info

Fund Info

D|IX|X|X|D|=D

ated in Budget Item creation from ag

counting system)

Budget Items’ Expenditure

12

33

Query Budget Amount Movement

Dates )

Unit Info (Unit Dropdown List) Once
for source and targetUnite

Unit Info (Unit Item Dropdown List)
Once for source and targetUnit

Bugdet Item

Bugdet Item

Unit Budget ltem Info

Unit Budget ltem Info

13

34

Query Budget Fund’s Expenditure

m|X || X |2

Query Parameters ( Begin&End Date¢

)

Unit Info

Budget Info

ated in Budget Item creation from ad

counting system)

Unit Bugdet Info

Unit Bugdet Info

Unit Info

Bugdet Info

X | X | X |X|=™

Budget Funds’ Expenditure Info

TOTAL

175

CFP

Table B.4: Measurement Results for Project CN

FUR

FP Name

DM Type

Data Group Desc.

fillDataEntryMenu

E

Authorization Info

Menu Items

Menu Items

signin

R
X
E

User Info
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Spent Money Info ( Spent Money i$

calculated by accounts that are assoc

Query Parameters ( Begin&Date

Spent Money Info ( Spent Money i$

calculated by accounts that are assoc

U

7]



Authorization Info

Authorization Info

CreateChangeRequest

Change Request Info

Problem Attachment Info

Solution Attachment Info

Effected Item Info

Change Request Info

Problem Attachment Info

Solution Attachment Info

Effected Item Info

ErrorConfirmation

listChangeRequestsWithInitiator

Initiator Info

Change Request Info

Change Request Info

retrieveChangeRequest

Change Request Info

Change Request Detail

Problem Attachment Info

Solution Attachment Info

Effected Item Info

Change Request Detall

Problem Attachment Info

Solution Attachment Info

Effected Item Info

UpdateChangeRequest

Change Request Detail

Problem Attachment Info

Solution Attachment Info

Effected Item Info

Change Request Detail

Problem Attachment Info

Solution Attachment Info

Effected Item Info

ErrorConfirmation

deleteChangeRequest

Selection of Change Request

Change Request Detail

Problem Attachment Info

Solution Attachment Info

Effected Item Info

ErrorConfirmation

listChangeRequestsWithProject

Project ID

Project Info

Change Request Info

Change Request Info

retieveChangeRequestfor review

Selection of the Change Request

Tlm|x|o|Bm|M|{*x|s|s|s|s|m|x|s|s|s|simmmm Xx|X|[X|x|D|D|D|D|M|X|BD|M|X|s|s|s|s|m|m|m|m|x|=D

Change Request Detail
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Problem Attachment Info

Solution Attachment Info

Effected Item Info

Change Request Detall

Problem Attachment Info

Solution Attachment Info

Effected Item Info

review

Change Request Review Info

Change Request Review Info

ErroyConfirmation

10

retrieveReviewedChangeRequest

Change Request Review ID

Change Request Review Info

Change Request Review Info

X|IX|D|mMX|s|M XIX|X[X|ZT|DT|D

ErroyConfirmation

11

UpdateReviewedChangeRequest

Change Request Review Info

Change Request Review Info

ErrorConfirmation

12

deleteReviewedChangeRequest

Selection of Change Request

Change Request Review Info

Change Request Review Info

Change Request Review Info

ErrorConfirmation

13

createCCBAgenda

Selection of Change Request

Change Request Detall

Change Request Detall

CCB Agenda Info

CCB Agenda Info

ErrorConfirmation

14

listCCBWithProject

Project Info

CCB Agenda Info

CCB Agenda Info

Remove

Project Info

CCB Agenda Info

CCB Agenda Info

15

listOpenChangeRequest

Project Info

Change Request Info

Change Request Info

16

List for impactAnalysis

Selection of Project

Project Info

Project Info

Change Request Detail CCB

Change Request Detail CCB

miX|D | XTI M|X|M|X|D|MX|D MXs|mMm XD|Mm X|S|[X|D/mMX|s|m

CCB Agenda Info
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Change Request Detail CR

Change Request Detail CR

Create Impact Analysis

Change Request Detall

Problem Attachment

Solution Attachment

Effected Item

CR Item

CR Item Attachment

CR Item Hfected Docs

CR Item Action Item

Impact Analysis Info

Change Request Detail

Problem Attachment

Solution Attachment

Effected Item

CR Item

CR Item Attachment

CR Item Hfected Docs

s|ls|s|s|s|s|s|s|s|mmm{m|m|m|m|m|x|=D

CR Item Action Item

Table B.5: Measurement Results for Project GH

FUR | FP# FP Name DM Type Data Group Desc.
1 1 Add Guest House Type E Guest House Type Info
W Guest House Type Info
X Erro/Confirmation
1 2 List Guest House Types Retrive Guest House Types request
Guest House Types Info
X Guest House Types Info
1 3 Retrieve Guest House Type E Retrive Guest House Type Detail rg
quest
R Guest House Type Detail Info
X Guest House Type Detail Info
1 4 Update Guest House Type E Guest House Type Info
Guest House Type Info
X Erro/Confirmation
1 5 Query Guest House Types Guest House Type Query Request

Guest House Type Info
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Guest House Type Info

Add Guest House

Guest House Info

Guest House Type Info (Dropdowl
list)

n

Guest House Type Info (Dropdowl
list)

n

Guest House Info

Error/Confirmation

List Guest Houses

Retrive Guest Houses request

Guest Houses Info

x

Guest Houses Info

Retrieve Guest House

Retrive Guest House Detail request

Guest House Type Detail Info

Guest House Detail Info

Guest House Type Detail Info

X | X|m|o|m

Guest House Detail Info

Update Guest House

Guest House Info

Guest House Type Info (Dropdow
list)

n

Guest House Type Info (Dropdow
list)

n

Guest House Info

x

Erro/Confirmation

10

Query Guest Houses

Guest House Query Request

Guest House Type Detail Info

Guest House Detail Info

Guest House Type Detail Info

X | X|o|o|m

Guest House Detail Info

11

Add Guest House Room

Guest House Room Info

Guest House Info (Dropdown list)

Guest House Info (Dropdown list)

Guest House Room Info

X|S|Xx|®mm|m

Erro/Confirmation

12

List Guest House Rooms

Retrive Guest House Rooms reques

Guest House Info (Dropdown list)

Guest House Info (Dropdown list)

Guest House Rooms Info

X|o|X|o|m

Guest House Rooms Info
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13

Retrieve Guest House Room

Retrive Guest House Room Detail r¢

quest

Guest House Detail Info

Guest House Room Detail Info

Guest House Detail Info

X | X ||

Guest House Room Detail Info

14

Update Guest House Room

Guest House Room Info

Guest House Info (Dropdown list)

Guest House Info (Dropdown list)

Guest House Room Info

X|[S|Xx|xmm|m

Error/Confirmation

15

Query Guest House Rooms

Guest House Room Query Request

Guest House Detail Info

Guest House Room Detail Info

Guest House Detail Info

X|X|m|om|m

Guest House Room Detail Info

16

Add Guest House Stay Information

Guest House Stay Info

Guest House Room Info (Dropdown
list)

Guest House Room Info (Dropdown
list)

Guest House Stay Info

Error/Confirmation

17

List Guest House Stay Information

Retrive Guest House Stay Information

request

Guest House Info

Guest House Room Info

Guest House Stay Information Detalil
Info

Guest House Info

Guest House Room Info

Guest House Stay Information Deta|il

Info

18

Retrieve Guest House Stay Informa

tion

Retrive Guest House Stay Information

Detail request

Guest House Room Info

Guest House Stay Information Detalil
Info

Guest House Room Info
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X Guest House Stay Information Deta|i|
Info
19 Update Guest House Stay Informatign E Guest House Stay Info
Guest House Room Info (Dropdown
list)
X Guest House Room Info (Dropdown
list)
Guest House Stay Info
X Erro/Confirmation
20 Query Guest House Stay Informatio E Guest House Stay Information Query
Request
Guest House Info
Guest House Room Info
R Guest House Stay Information Detalil
Info
X Guest House Info
Guest House Room Info
X Guest House Stay Information Deta|il
Info
21 Add Guest House Stay Fare Guest House Stay Fare Info
Guest House Stay Information (Drog
down list)
X Guest House Stay Information (Drog
down list)
Guest House Stay Fare Info
X Erro/Confirmation
22 List Guest House Stay Fares E Retrive Guest House Stay Fares re
quest
Guest House Room Info
Guest House Stay Information Deta|il
Info
R Guest House Info
R Guest House Stay Fares Info
X Guest House Room Info
X Guest House Stay Information Detalil
Info
Guest House Info
X Guest House Stay Fares Info
23 Retrieve Guest House Stay Fare E Retrive Guest House Stay Fare Detai

request
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Guest House Stay Information Deta|i|

Info

Guest House Stay Fares Info

Guest House Stay Information Deta|il

Info

Guest House Stay Fares Info

24

Update Guest House Stay Fare

Guest House Stay Fare Info

Guest House Stay Information (Drog

down list)

Guest House Stay Information (Drog

down list)

Guest House Stay Fare Info

Error/Confirmation

25

Query Guest House Stay Fares

Guest House Stay Fare Query Request

Guest House Room Info

py)

Guest House Stay Information Deta|il

Info

Guest House Info

Guest House Stay Fares Info

Guest House Room Info

X | X ||

Guest House Stay Information Detalil

Info

Guest House Info

Guest House Stay Fares Info

26

Add Guest House Stay Detail Infort

mation

Guest House Stay Detail Info

Guest House Stay Information (Drog

down list)

Guest House Stay Information (Drog

down list)

Guest House Stay Detail Info

Erro/Confirmation

27

List Guest House Stay Detail Informg-

tion

Retrive Guest House Stay Detail In

formation request

Guest House Stay Information Detalil
Info

Guest House Stay Detail Information
Info

Guest House Stay Information Detalil
Info
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Guest House Stay Detail Information

Info

6 28 Retrieve Guest House Stay Detail In- E Retrive Guest House Stay Detail I
formation formation Detail request
R Guest House Room Info
Guest House Stay Information Detalil
Info
R Guest House Info
R Guest House Stay Detail Information
Info
X Guest House Room Info
Guest House Stay Information Detall
Info
Guest House Info
X Guest House Stay Detail Information
Info
6 29 Update Guest House Stay Detail In- E Guest House Stay Detail Info
formation
R Guest House Stay Information (Drog
down list)
X Guest House Stay Information (Drog
down list)
Guest House Stay Detail Info
X Erro/Confirmation
6 30 Query Guest House Stay Detail Infor- E Guest House Stay Detail Information
mation Query Request
R Guest House Stay Information Deta|il
Info
R Guest House Stay Detail Information
Info
X Guest House Stay Information Deta|il
Info
X Guest House Stay Detail Information
Info
Table B.6: Measurement Results for Project HB
FUR | FP# FP Name DM Type Data Group Desc.
1 1 Clientlari Listele E Client Listeleme Istegi
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Client Bilgisi

Client Bilgisi

Ayarlari Goster

Ayar Getirme Istegi

Ayar Bilgisi

Ayar Bilgisi

Ayarlari Degistir

Ayar Bilgisi

Ayar Bilgisi

OnayHata

Ayarlari Kaydet

Ayar Bilgisi

Ayar Bilgisi

OnayHata

Kurallari Goster

Kural Listeleme Istegi

Kural Bilgisi

Kural Bilgisi

Yeni Kural Kaydet

Kural Bilgisi

Kural Bilgisi

OnayHata

Borc Hesapla

Borc Hesaplama Istegi

Tahakkuk Bilgisi

Thksatir Bilgisi

Thksatirhesaplanan Bilgisi

Thktaksit Bilgisi

odemeplaniana Bilgisi

odemeplani Bilgisi

odemeplanisatir Bilgisi

opshesaplanan Bilgisi

Odeme Bilgisi

Tahsilat Bilgisi

Odemesatirhesaplanan Bilgisi

hesaplananvergiodeme Bilgisi

odemesatirhesaplanan Bilgisi

tahsilatekbilgi Bilgisi

odemeekbilgi Bilgisi

tahsilatdetaylari Bilgisi

tahsilataciklama Bilgisi

odemedetay Bilgisi

odemebankabilgileri Bilgisi

odemeemanetbilgileri Bilgisi

odemeindirimbilgileri Bilgisi

odemesaymanlikbilgileri Bilgisi

cekbilgileri Bilgisi

duzeltme Bilgisi

duzeltmebelgeleri Bilgisi

| X|DV|DVD|XJ|D|DV|D|(D|DV|D[(XD(D|D[D(D|DV|D(D|DV|D DDV D[ D|M|X|Ss|M|X|T|M|X|s|MX|s|mMX|D|m XD

duzeltmeiade Bilgisi
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duzeltmeiadesatir Bilgisi

duzeltmesonuclari Bilgisi

tecil414 Bilgisi

tecil414detay Bilgisi

tecil5335 Bilgisi

tecil5335detay Bilgisi

HACIZVARAKA Bilgisi

HACIZVARAKAEKBLG Bilgisi

HACIZVARAKAZIMMET Bilgisi

HACIZVARAKAISLEMLER Bilgisi

HACIZSATIR Bilgisi

HACIZMALLAR Bilgisi

HACIZBILDIRISI Bilgisi

IHTTEMHACIZ Bilgisi

IHTTEMHACIZSATIR Bilgisi

HACIZBILMENKULMAL Bilgisi

HACIZZIMMETISLEMLERI Bilgisi

|0 |XV|OVD|V|(OVD|OV|(OD OOV |OV|DVD|O|D|OD|V|OV|D

HACIZBILGAYRIMENKULMAL
Bilgisi

HATALIHACIZZIMMETDUSME
Bilgisi

HACIZBILDIRISIVARAKALAR
Bilgisi

TKPRELATIONS Bilgisi

SRKZTPC Bilgisi

SRKZTPCEKBLG Bilgisi

SRKZOKDTPCORTAK Bilgisi

SRKZOLAYKAYIT Bilgisi

SRKZOKDEKBLG Bilgisi

SRKZOKDSATIR Bilgisi

SRKZEKBLG Bilgisi

SRKZTAPUEKBILGI Bilgisi

SRKZKABAHATTAKSIT Bilgisi

TAKIP Bilgisi

TKPISLEMLER Bilgisi

TKPSATIRLAR Bilgisi

TKPRELATIONS Bilgisi

TKPILANLISTESI Bilgisi

TKPIDARIBILGILERI Bilgisi

HAPSENTAZYIK Bilgisi

HAPSENTAZYIKISLEM Bilgisi

HAPSENTAZYIKTAKIP Bilgisi

dztTahakkuk Bilgisi

dztThksatir Bilgisi

|||V |O| V|V |O|DVD|OV|VD|OV|DVD[(OD|DVD|OVD|DV|OD|O|D|D

dztThksatirhesaplanan Bilgisi
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dztThktaksit Bilgisi

dztodemeplaniana Bilgisi

dztodemeplani Bilgisi

dztodemeplanisatir Bilgisi

dztopshesaplanan Bilgisi

dztOdeme Bilgisi

dztTahsilat Bilgisi

dztOdemesatirhesaplanan Bilgisi

dzthesaplananvergiodeme Bilgisi

dztodemesatirhesaplanan Bilgisi

dzttahsilatekbilgi Bilgisi

dztodemeekbilgi Bilgisi

dzttahsilatdetaylari Bilgisi

dzttahsilataciklama Bilgisi

dztodemedetay Bilgisi

dztodemebankabilgileri Bilgisi

dztodemeemanetbilgileri Bilgisi

dztodemeindirimbilgileri Bilgisi

dztodemesaymanlikbilgileri Bilgisi

dztcekbilgileri Bilgisi

Hazirborc Bilgisi

Tahsilat Bilgisi

Degisiklik Sorgula Degisiklik Sorgulama Istegi
Degisiklik Bilgisi
Degisiklik Bilgisi

Borc Sorgula Borc Kriteri

Hazirborc Bilgisi

Tahsilat Bilgisi

Tahakkuk Bilgisi

Thksatir Bilgisi

Thksatirhesaplanan Bilgisi

Thktaksit Bilgisi

odemeplaniana Bilgisi

odemeplani Bilgisi

odemeplanisatir Bilgisi

opshesaplanan Bilgisi

Odeme Bilgisi

Tahsilat Bilgisi

Odemesatirhesaplanan Bilgisi

hesaplananvergiodeme Bilgisi

odemesatirhesaplanan Bilgisi

tahsilatekbilgi Bilgisi

odemeekbilgi Bilgisi

s|s|s|s|s|s|s|s|s|s|s|s|s|s|s|s|m|n|m|x|n|m|s|s|n|xn|x|0|D|0|D|D|D|D|D|D|D|DW|D|D|D|D|D|D

tahsilatdetaylari Bilgisi
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tahsilataciklama Bilgisi

odemedetay Bilgisi

odemebankabilgileri Bilgisi

odemeemanetbilgileri Bilgisi

odemeindirimbilgileri Bilgisi

odemesaymanlikbilgileri Bilgisi

cekbilgileri Bilgisi

duzeltme Bilgisi

duzeltmebelgeleri Bilgisi

duzeltmeiade Bilgisi

duzeltmeiadesatir Bilgisi

duzeltmesonuclari Bilgisi

tecil414 Bilgisi

tecil414detay Bilgisi

tecil5335 Bilgisi

tecil5335detay Bilgisi

HACIZVARAKA Bilgisi

HACIZVARAKAEKBLG Bilgisi

HACIZVARAKAZIMMET Bilgisi

HACIZVARAKAISLEMLER Bilgisi

HACIZSATIR Bilgisi

HACIZMALLAR Bilgisi

HACIZBILDIRISI Bilgisi

IHTTEMHACIZ Bilgisi

IHTTEMHACIZSATIR Bilgisi

HACIZBILMENKULMAL Bilgisi

HACIZZIMMETISLEMLERI Bilgisi

22|22 |2|2|s|2|g|2|2|s|e|lg|g|g|s|e|lg|g|g|g|g|g|2|g|g |

HACIZBILGAYRIMENKULMAL
Bilgisi

=

HATALIHACIZZIMMETDUSME
Bilgisi

=

HACIZBILDIRISIVARAKALAR
Bilgisi

TKPRELATIONS Bilgisi

SRKZTPC Bilgisi

SRKZTPCEKBLG Bilgisi

SRKZOKDTPCORTAK Bilgisi

SRKZOLAYKAYIT Bilgisi

SRKZOKDEKBLG Bilgisi

SRKZOKDSATIR Bilgisi

SRKZEKBLG Bilgisi

SRKZTAPUEKBILGI Bilgisi

SRKZKABAHATTAKSIT Bilgisi

TAKIP Bilgisi

s|g|g|g|2|g|g|g|g|2 ||

TKPISLEMLER Bilgisi
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TKPSATIRLAR Bilgisi

TKPRELATIONS Bilgisi

TKPILANLISTESI Bilgisi

TKPIDARIBILGILERI Bilgisi

HAPSENTAZYIK Bilgisi

HAPSENTAZYIKISLEM Bilgisi

HAPSENTAZYIKTAKIP Bilgisi

dztTahakkuk Bilgisi

dztThksatir Bilgisi

dztThksatirhesaplanan Bilgisi

dztThktaksit Bilgisi

dztodemeplaniana Bilgisi

dztodemeplani Bilgisi

dztodemeplanisatir Bilgisi

dztopshesaplanan Bilgisi

dztOdeme Bilgisi

dztTahsilat Bilgisi

dztOdemesatirhesaplanan Bilgisi

dzthesaplananvergiodeme Bilgisi

dztodemesatirhesaplanan Bilgisi

dzttahsilatekbilgi Bilgisi

dztodemeekbilgi Bilgisi

dzttahsilatdetaylari Bilgisi

dzttahsilataciklama Bilgisi

dztodemedetay Bilgisi

dztodemebankabilgileri Bilgisi

dztodemeemanetbilgileri Bilgisi

dztodemeindirimbilgileri Bilgisi

dztodemesaymanlikbilgileri Bilgisi

dztcekbilgileri Bilgisi

Additional OOl for report

Xlg|mix|g|g|g|g|g|g|g|2|g|2|g|g|2|g|g|g|g|2|g|s|g|g|g|2|s|2|g|2|g|

3 10 Calisma durumu gUncelle Calisma GUncelleme Istegi
Durum Bilgisi
Durum Bilgisi
Table B.7: Measurement Results for Project MN
FUR | FP# FP Name DM Type Data Group Desc.
1 1 Login E User info
R User info
X Erro/Confirmation
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Retrieve Menu Bar

Login

Menu Info

Kullanici

Rol

X|m|om|o|m

Menu Bar

Add Firm

m

Firm Info

Firm Info

Erro/Confirmation

List Firms

Retrive firms request

Firms info

Firms info

Retrieve Firm

Retrive firm detail request

Firm detail info

Firm detail info

Update Firm

Firm info

Firm info

Erro/Confirmation

Add Project Definition

Project Definition Info

Project Definition Info

Erro/Confirmation

List Project Definitions

List project definition request

Project Definitions info

Project Definitions info

Retrieve Project Definition

Retrive firm detail request

Project Definition detail info

Project Definition detail info

10

Update Project Definition

Project Definition info

Project Definition info

Erro/Confirmation

11

Add Project Type

Project Type Info

Project Type Info

Erro/Confirmation

12

List Project Types

List project types request

Project Types info
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Project Types info

13

Retrieve Project Type

Retrive firm detail request

Project Type detail info

Project Type detail info

14

Update Project Type

Project Type info

Project Type info

Erro/Confirmation

15

Add Corporation

Corporation Info

Corporation Info

Error/Confirmation

16

List Corporations

List corporations request

Corporations info

Corporations info

17

Retrieve Corporation

Retrive corporation detail request

Corporation detail info

Corporation detail info

18

Update Corporation

Corporation info

Corporation info

x

Erro/Confirmation

19

Add Bank

Bank Info

Firm Info (dropdown list)

Firm Info (dropdown list)

Bank info

X|S|Xx|xomm|m

Erro/Confirmation

20

List Banks

m

List banks request

Banks info

x

Banks info

21

Retrieve Bank

Selection of Bank

Bank Info

Firm Info

Bank Info

X | X||o|m

Firm Info

22

Update Bank

Bank Info

Firm Info (dropdown list)




Firm Info (dropdown list)

Bank info

x

Erro/Confirmation

23

Add Branch

Branch Info

Bank Info (dropdown list)

Bank Info (dropdown list)

Branch info

X|S|x|xomm|m

Erro/Confirmation

24

List Branchs

m

List banks request

Branchs info

x

Branchs info

25

Retrieve Branch

Selection of Branch

Branch Info

Bank Info

Branch Info

X | X|o|o|m

Bank Info

26

Update Branch

Branch Info

Bank Info (dropdown list)

Bank Info (dropdown list)

Branch info

X|S|x|xmm|m

Erro/Confirmation

27

Add Currency

Currency Info

Branch Info (dropdown list)

Branch Info (dropdown list)

Currency info (dropdown list)

Currency info (dropdown list)

Currency info

X|S|X|mm|X|xom|m

Error/Confirmation

28

List Currencies

m

List currencies request

Currencies info

x

Currencies info

29

Retrieve Currency

Selection of Currency

Currency Info

Branch Info

Currency Info

X | X|om|o|m

Branch Info

160




30

Add Account Number

Account Number Info

Currency Info (dropdown list)

Currency Info (dropdown list)

Corporation Info (dropdown list)

Corporation Info (dropdown list)

Bank Info (drop down list)

Bank Info (drop down list)

Branch Info(drop down list)

Branch Info(drop down list)

Account Number info

X|S|X|m|[X|W|X|W|[X|21|m

Error/Confirmation

31

List Account Numbers

m

List account numbers request

Py

Account Numbers info

x

Account Numbers info

32

Retrieve Account Number

Selection of Account Number

Account Number Info

Currency Info

Account Number Info

X | X|m|o|m

Currency Info

33

Update Account Number

Account Number Info

Currency Info (dropdown list)

Currency Info (dropdown list)

Account Number info

X|S|Xx|xomm|m

Error/Confirmation

34

Add Letter of Credit

Letter of Credit Info

Cash outflow info

Cash inflow info

X|S|s|m

Error/Confirmation

deletion

35

Add Sale of Foreign Currency

Letter of Credit Info

Cash outflow info

Cash inflow info

X|Z|g|m[X|Z2|2|m

Erro/Confirmation

Deletion of Foreign Currency

m
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w
X
9 36 Add Purchase of Foreign Currency E Letter of Credit Info
W Cash outflow info
W Cash inflow info
X Error/Confirmation
Deletion E
w
w
10 X
37 Add Payments Made to Other Corpo- E Letter of Credit Info
rations
w Cash outflow info
w Cash inflow info
X Erro/Confirmation
deletion E
w
11 w
X
38 Add Vault Operation E Letter of Credit Info
W Cash outflow info
w Cash inflow info
12 X Error/Confirmation
Deletion E
w
w
X
13 39 Add Credit PaymentUsage E Letter of Credit Info
w Cash outflow info
W Cash inflow info
X Erro/Confirmation
Deletion E
w
14 w
X
40 Add Payment to Foreign Countries E Letter of Credit Info
W Cash outflow info
w Cash inflow info
15 X Error/Confirmation

Deletion

m
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16

41

Add Payment to Firms

Letter of Credit Info

Cash outflow info

Cash inflow info

Error/Confirmation

Deletion

42

Print Cash Outflow

Print Cash Outflow

Paragirisi

Paracikisi

Paragirisi

X|x|m|lon|m|x|Ss|s|m|x|Ss|s|m|x|=

Paracikisi

43

Query Past Operation

Enter Past Operation Query Info

Paragirisi

Paracikisi

Projeaciklama

17

Tur

Firma

HesapNo

Banka

Yetkilikisi

Paragirisi

Paracikisi

Projeaciklama

Tur

Firma

HesapNo

Banka

XX | X|X[X[X[X|X|OD|DWD|WW|W|W|AWW|D|D|mM

Yetkilikisi

44

Query Daily Operations

Enter Daily Operation Query Info

Paragirisi

Paracikisi

Projeaciklama

18

Tur

Firma

HesapNo

Banka

Yetkilikisi

X|»|DW|OD|WM|WW|W|O|XWW|mM

Paragirisi
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Paracikisi

Projeaciklama

Tur

Firma

HesapNo

Banka

XX | X[ X[X|[X][|X

Yetkilikisi

45

Query Cash Outflow

Enter Cash Outflow Query Info

Paragirisi

Paracikisi

Projeaciklama

Tur

Firma

HesapNo

Banka

Yetkilikisi

Paragirisi

Paracikisi

Projeaciklama

Tur

Firma

HesapNo

Banka

X|X|X|X[X|X|X|X|D|W|D|W|OW|OW|OD|O|m

Yetkilikisi

Table B.8: Measurement Results for Project SN

FUR

FP Name

DM Type

Data Group Desc.

signin

E

User Info

Authorization Info

ErroyConfirmation

listMaterials

R
X
R

Project Info(just once for Projec

Name dropdown lists)

x

Project Info(just once for Projec

Name dropdown lists)

Material Info

Material Info

Material Info

retrieveMaterial

Selected Material Info

Material Detail Info

X|o|m|{X|xm|lm

Material Detail Info
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createRequisition

Requisition Info

Material Info

Project Info

User Info

Requisition Info

Material Info

Project Info

User Info

ErroyConfirmation

listRequisitionStatus

|x|s|s|s|s|m|{m|mm

Department Info (just once for Depart
ment Name dropdown lists)

x

Department Info (just once for Depart
ment Name dropdown lists)

Requisition Info

Department Info

Personnel Info

Requisition Info

Requisition Info

UpdateRequisition

Selected Requisition Info

Requisition Info

Material Info

Project Info

User Info

Requisition Info

Material Info

Project Info

User Info

ErroyConfirmation

listRequisitionApproval

T |X|s|s|s|s|n|xm|mm|Wm|M|{*X|D|mM|m|m

Department Info (just once for Depart
ment Name dropdown lists)

x

Department Info (just once for Depart
ment Name dropdown lists)

Requisition Info

Department Info

Personnel Info

Requisition Info

Requisition Info

approveRequisition

Selected Requisition Info

Requisition Info

Material Info

Project Info

User Info

Requisition Info

ErroyConfirmation

cancelRequisition

m(X|s|D|(J|(D|D|(M|X|D|mim|m

Selected Requisition Info
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Requisition Info

Material Info

Project Info

User Info

Requisition Info

Error/Confirmation

10

getReport

Requisition Info

Material Info

Project Info

User Info

Requisition Info

Material Info

Project Info

User Info

Requisition Info

Material Info

Project Info

X[ X|X|X[Z|(D|D|O|MmMmmMm mM(X|s|[J|D|DT|D

User Info

Table B.9: Measurement Results for Project TCL

FUR

FP Name

DM Type

Data Group Desc.

EVRAK BILGILERI

GETIR

DILEKCE BILGILERI

DILEKCE BILGILERI

DILEKCE BILGILERI

KIMLIK BILGILERI

GETIR

MUKELLEF BILGILERI

MUKELLEF BILGILERI

MUKELLEF BILGILERI

X | X |™fm

MESSAGE [18]

ARAC BILGISI

/ SAHIP BILGISI

GETIR

PLAKA ILE ARAC BILGISI

PLAKA ILE ARAC BILGISI

Sahip Bilgisi

PLAKA ILE ARAC BILGISI

X|X|m|lxom|m

Sahip Bilgisi

TECIL ANA BILGILERI TOPLA
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tek bir FP

TECIL ANA BILGILERI

OZEL TAHAKKUK BILGISI

ONAYLAYAN MAKAM

TECIL ANA BILGILERI

s|s|m{m|m

OZEL TAHAKKUK BILGISI

TECIL EK BILGILERI TOPLA

TECIL EK BILGILERI

DERHAL ODEME BILGISI

DERHAL ODEME MIKTAR

BELEDIYE BORCU

TECIL EK BILGILERI

s|s|m|m|{m|m

DERHAL ODEME BILGISI

ORTAK BILGILERI TOPLA

m

ORTAK BILGILERI

ps)

ORTAK BILGILERI

ORTAK BILGILERI

BORCLU TAHAKKUKLARI

GETIR

BORC GIRIS KRITERLERI

BORCLU SATIRLAR

BORCLU TAHAKKUKLAR LIS-
TESI

BORCLU D03 TAHAKKUKLAR
LISTESI

BORCLU TAHAKKUKLARI
LIRLE

BE-

D03 TAHAKKUK ANA VERGI
KODU

D03 TAHAKKUK VADE BILGISI

TECILE ALINACAK D03
TAHAKKUKLARI

TECILE ALINACAK D03
TAHAKKUKLARI

TECILE ALINACAK D03
TAHAKKUK VADELERI

TECILE ALINACAK D03 VADESI

TECILE ALINACAK D03 VADESI

TECILE ALINACAK D03 BORC
MIKTARI [1]

TAHAKKUK ANA VERGI KODU

TAHAKKUK VADE BILGISI

TECILE ALINACAK TAHAKKUK-
LAR

TECILE ALINACAK TAHAKKUK-
LAR
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TECILE ALINACAK TAHAKKUK
VADELERI

TECILE ALINACAK TAHAKKUK
VADELERI

TECILE ALINACAK TAHAKKUK
BORC MIKTARI [3]

DILEKCE BILGILERI

OOl Read

GECIKME ZAMMI ORANINI AL

TPC GECIKME ZAMMI ORANINI
AL

TOPLAM D03 VERGI ASLI
BORCU

TOPLAM D03 GECIKME ZAMMI
BORCU

TOPLAM TAHAKKUK VERGI
ASLIBORCU

TOPLAM TAHAKKUK GECIKME
ZAMMI BORCU

TOPLAM D03 VERGI ASLI
BORCU

TOPLAM D03 GECIKME ZAMMI
BORCU

TOPLAM TAHAKKUK VERGI
ASLIBORCU

TOPLAM TAHAKKUK GECIKME
ZAMMI BORCU

ODEME PLANI

OLUSTUR

TAKSIT SAYISI

DILEKCE BILGILERI

ODEME VADE [1]

ODEME VADE MIKTARI [2]

ODEME PLANI TOPLAM MIKTAR

ODEME PLANI TOPLAM MIKTAR

BIR AY SONRASI BILGISI

Dl | X|{mMm|mfmj|m|m

BIR AY SONRAKI SON IS GUNU
BILGISI (BIRAYSONRASI 2)

GECERLI VADE

MESSAGE [10]

MESSAGE [11]

TECIL LIMITLERINI AL

MESSAGE [21]

MESSAGE [20]

MESSAGE [22]

X | X|X|X|Zm|X|X|=>

MESSAGE [19]
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10

TECIL TAKSITLERI OLUSTUR

VERGI KODLARI

VERGI KODLARI

MESSAGE [05]

MESSAGE [06]

MESSAGE [02]

| X | X[ X]|™[(m

TAHAKKUK GECICI DUZELTME
BILGILERI

ps)

D03 TAHAKKUK GECICI
DUZELTME BILGILERI

MESSAGE [03]

MESSAGE [04]

MESSAGE [09]

MESSAGE [12]

TAHAKKUK BILGISI

MESSAGE [15]

MESSAGE [16]

MESSAGE [07]

MESSAGE [08]

MESSAGE [13]

GECERLI VADE

MESSAGE [17]

MESSAGE [14]

TECIL FAIZ ORANI

TECIL FAIZI

M| X || X[X[O[X|X|X|X|X|OD[X|X]|X]|X

TECIL PLANI TOPLAM VERGI
ASLIBORCU

TECIL PLANI TOPLAM VERGI
ASLIBORCU

TECIL PLANI TOPLAM VERGI
ASLIBORCU

TECIL PLANI TOPLAM GECIKME
ZAMMI BORCU

TECIL PLANI TOPLAM GECIKME
ZAMMI BORCU

TECIL PLANI TOPLAM GECIKME
ZAMMI BORCU

TECIL PLANI TOPLAM VERGI
ASLIBORCU

TECIL PLANI TOPLAM VERGI
ASLIBORCU

TECIL TAKSITLERI

D03 TECIL TAKSITLERI

11

TECILI KAYDET

169




KULLANICI BILGILERI

KULLANICI BILGILERI

TERMINAL BILGISI

TERMINAL BILGISI

SERVIS BILGISI

SERVIS BILGISI

TECIL DOSYANO

TECIL DOSYANO

TECIL DOSYANO

TECIL ANA BILGILERI

TECIL EK BILGILERI

ORTAK BILGILERI

TECIL TAKSITLERI

D03 TECIL TAKSITLERI

TECILLI TAHAKKUKLAR

s|s|s|s|s|s|s|x|n|m|o|m|D|M|D|m

TAHAKKUK

12

YAZDIR

VERGI DAIRESI BILGISI

VERGI DAIRESI BILGISI

VERGI DAIRESI BILGISI

TECIL ANA BILGILERI

ODEME PLANI

TECIL TAKSITLERI

DO3TECI LTAKSITLERI

TOPLAM VERGI ASLI

TOPLAM VERGI ASLI

TOPLAM GECIKME ZAMMI

TOPLAM GECIKME ZAMMI

TOPLAM TECIL FAIZI

TOPLAM TECIL FAIZI

TOPLAM BORC

TOPLAM BORC

TOPLAM BORC

TECIL FAIZLERI

TECIL FAIZLERI

X mX|m|m[X|mMm[X|mM[X| M X|X|[X]|X|X|xO|Mm

TECIL FAIZLERI

Table B.10: Measurement Results for Project DVTCL

FUR

FP Name

DM Type

Data Group Desc.

Tahakkuk Bilgileri Getir

TAHAKKUK FISNO
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TAHAKKUK BILGISI

BTAHAKKUKTAN KONTROL

BDZTTAHAKKUKTAN KONTROL

VERGI KODU

ONCEKI TECILSATIR BILGISI

ONCEKI TECIL BILGISI

X|m|AO|X|Wm|lW| O

3 AYLIK YAPILABILECEK TECIL
MIKTARI

12 AYLIK YAPILABILECEK TECIL
MIKTARI

17. MADDE ICIN YAPILABILE-
CEK TECIL MIKTARI

TECILANABILGISI

TECILSATIRBILGISI

TECIL BILGILERI GIR KAYDET

3 AYLIK YAPILABILECEK TECIL
MIKTARI

12 AYLIK YAPILABILECEK TECIL
MIKTARI

17. MADDE ICIN YAPILABILE-
CEK TECIL MIKTARI

17. MADDE ICIN TECIL SURESI

3 AYLIK TECIL SECIMI

12 AYLIK TECIL SECIMI

17. MADDE TECIL SECIMI

MESSAGE [01]

(X m{m|mjfm

KABUL TARIHI DUZELTME KON-
TROLU

MESSAGE [02]

MESSAGE [03]

TECIL ANA BILGILERI

TECIL ANA BILGILERI

SATIR BILGILERI

SATIR BILGILERI

TAHAKKUKA TECIL BILGISI

SERVIS BILGISI

SERVIS BILGISI

TECIL DOSYANO

TECIL DOSYANO

X|mim|om|m|S|S|m|S|m|X|X

TECIL DOSYANO

YAZDIR
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PRINTER

DOCUEMENT

TERMINAL BILGISI

TERMINAL BILGISI

TERMINAL BILGISI

VERGI DAIRESI BILGISI

VERGI DAIRESI BILGISI

VERGI DAIRESI BILGISI

TECIL ANA BILGILERI

SATIR BILGILERI

SATICI BILGISI

MUKELLEF BILGILERI

ADRES BILGISI

SATICI BILGISI

XXX XXX mMm|X|D|m|m|m

SATICI BILGISI

Table B.11: Measurement Results for Project TM

FUR | FP# FP Name DM Type Data Group Desc.
1 1 Arac Bilgisi Al Arac Bilgisi

Arac Detay Bilgisi

Arac Detay Bilgisi
2 2 Borc Hesapla Arac Detay Bilgisi

Tahakkuk Bilgisi

Thksatir Bilgisi

Thksatirhesaplanan Bilgisi

Thktaksit Bilgisi

odemeplaniana Bilgisi

odemeplani Bilgisi

odemeplanisatir Bilgisi

opshesaplanan Bilgisi

Odeme Bilgisi

Tahsilat Bilgisi

Odemesatirhesaplanan Bilgisi

hesaplananvergiodeme Bilgisi

odemesatirhesaplanan Bilgisi

tahsilatekbilgi Bilgisi

odemeekbilgi Bilgisi

tahsilatdetaylari Bilgisi

tahsilataciklama Bilgisi

odemedetay Bilgisi

V|V |V|V|(DV|WV|WV|D|DVD|DV|(D|(D|D|D|D|D|(D|DD|D|M|X|O|m

odemebankabilgileri Bilgisi
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odemeemanetbilgileri Bilgisi

odemeindirimbilgileri Bilgisi

odemesaymanlikbilgileri Bilgisi

cekbilgileri Bilgisi

duzeltme Bilgisi

duzeltmebelgeleri Bilgisi

duzeltmeiade Bilgisi

duzeltmeiadesatir Bilgisi

duzeltmesonuclari Bilgisi

tecil414 Bilgisi

tecil414detay Bilgisi

tecil5335 Bilgisi

tecil5335detay Bilgisi

HACIZVARAKA Bilgisi

HACIZVARAKAEKBLG Bilgisi

HACIZVARAKAZIMMET Bilgisi

HACIZVARAKAISLEMLER Bilgisi

HACIZSATIR Bilgisi

HACIZMALLAR Bilgisi

HACIZBILDIRISI Bilgisi

IHTTEMHACIZ Bilgisi

IHTTEMHACIZSATIR Bilgisi

HACIZBILMENKULMAL Bilgisi

HACIZZIMMETISLEMLERI Bilgisi

|||V |OV|V|AOV|V|VD|V|D|VD|(OVD|V|OVD|O|(DVD|OV|VD|O|(D|OD|VD|O|D

HACIZBILGAYRIMENKULMAL
Bilgisi

HATALIHACIZZIMMETDUSME
Bilgisi

HACIZBILDIRISIVARAKALAR
Bilgisi

TKPRELATIONS Bilgisi

SRKZTPC Bilgisi

SRKZTPCEKBLG Bilgisi

SRKZOKDTPCORTAK Bilgisi

SRKZOLAYKAYIT Bilgisi

SRKZOKDEKBLG Bilgisi

SRKZOKDSATIR Bilgisi

SRKZEKBLG Bilgisi

SRKZTAPUEKBILGI Bilgisi

SRKZKABAHATTAKSIT Bilgisi

TAKIP Bilgisi

TKPISLEMLER Bilgisi

TKPSATIRLAR Bilgisi

TKPRELATIONS Bilgisi

|0V |DV|OVD|V|DVD|O|(OVD|O|DVD|O|V|OD|D|D

TKPILANLISTESI Bilgisi
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TKPIDARIBILGILERI Bilgisi

HAPSENTAZYIK Bilgisi

HAPSENTAZYIKISLEM Bilgisi

HAPSENTAZYIKTAKIP Bilgisi

dztTahakkuk Bilgisi

dztThksatir Bilgisi

dztThksatirhesaplanan Bilgisi

dztThktaksit Bilgisi

dztodemeplaniana Bilgisi

dztodemeplani Bilgisi

dztodemeplanisatir Bilgisi

dztopshesaplanan Bilgisi

dztOdeme Bilgisi

dztTahsilat Bilgisi

dztOdemesatirhesaplanan Bilgisi

dzthesaplananvergiodeme Bilgisi

dztodemesatirhesaplanan Bilgisi

dzttahsilatekbilgi Bilgisi

dztodemeekbilgi Bilgisi

dzttahsilatdetaylari Bilgisi

dzttahsilataciklama Bilgisi

dztodemedetay Bilgisi

dztodemebankabilgileri Bilgisi

dztodemeemanetbilgileri Bilgisi

dztodemeindirimbilgileri Bilgisi

dztodemesaymanlikbilgileri Bilgisi

dztcekbilgileri Bilgisi

Borc Bilgisi

Tahsilat Bilgisi

Odeme Bilgisi Al

Odeme Bilgisi

Odeme Bilgisi

OnayHata

Kart Bilgisi Al

Kart Bilgisi

Kart Bilgisi

OnayHata

Tahsilat Yaz

Kart Bilgisi

Tahsilat Bilgisi

Borc Bilgisi

Kart Bilgisi

Tahsilat Bilgisi

X|lg|ls/mmm X s/MX s MX|X|»¥|DV|DVD|V|X|V|DVD|XDD|DV|DVD|WV|XV|DV|DVD|XV|(DV|DV|V|(XV|DV|D|W|DV|D|D|XT|D

OnayHata




Table B.12: Measurement Results for Project TN

FUR

FP Name

DM Type

Data Group Desc.

signin

E

User Info

Authorization Info

Authorization Info

createVTMRequest

R
X
R

Department Information(just once fo

department dropdown lists)

x

Department Information(just once fo

department dropdown lists)

Department Information

Letter of Guarantee Information

Letter of Guarantee Information

ErroyConfirmation

listVTMRequest

T |x|s|m|m

Department Information(just once fo

department dropdown lists)

x

Department Information(just once fo

department dropdown lists)

Department Information

Letter of Guarantee Information

Letter of Guarantee Information

Letter of Guarantee Information

retrieveVTMRequest

D (X|mm(mfm

Department Information(just once fo

department dropdown lists)

Department Information(just once fo

department dropdown lists)

Letter of Guarantee Information

Letter of Guarantee Detail Informa|

tion

Letter of Guarantee Detail Informa|

tion

UpdateVTMRequest

Department Information(just once fo

department dropdown lists)

Department Information(just once fo

department dropdown lists)

Department Information

Letter of Guarantee Information

Letter of Guarantee Information

ErroyConfirmation

deleteVTMRequest

Selection of Letter of Guarantee

Letter of Guarantee Information

ErrorConfirmation

createTMRequestForRealization

T (X|s|m|x|s|m|m

General Accounting Information(jus

once for Bank Name dropdown lists)

General Accounting Information(jus

once for Bank Name dropdown lists)
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General Accounting Information(jus

once for Bank Branch dropdown lists)

General Accounting Information(jus

once for Bank Branch dropdown lists)

General Accounting Information(jus

once for Account dropdown lists)

General Accounting Information(jus

once for Account dropdown lists)

Letter of Guarantee Information(just

once for Project dropdown lists)

Letter of Guarantee Information(just

once for Project dropdown lists)

Department Information

Letter of Guarantee Information

General Accounting Information

Letter of Guarantee Information

ErrorConfirmation

listRealizedTM

T (X|s|m|{m|m

General Accounting Information(jus

once for Bank Name dropdown lists)

General Accounting Information(jus

once for Bank Name dropdown lists)

General Accounting Information(jus

once for Bank Branch dropdown lists)

General Accounting Information(jus

once for Bank Branch dropdown lists)

General Accounting Information(jus

once for Account dropdown lists)

General Accounting Information(jus

once for Account dropdown lists)

Letter of Guarantee Information(just

once for Project dropdown lists)

Letter of Guarantee Information(just

once for Project dropdown lists)

Department Information

Letter of Guarantee Information

General Accounting Information

Letter of Guarantee Information

Letter of Guarantee Information

listWaitingForRealizationTM

D (X|m(m[{m|m

Department Information(just once for

department dropdown lists)

Department Information(just once for

department dropdown lists)

Department Information

Letter of Guarantee Information

Letter of Guarantee Information
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Letter of Guarantee Information

10

retrieveRealizedTM

General Accounting Information(jus

once for Bank Name dropdown lists)

General Accounting Information(jus

once for Bank Name dropdown lists)

General Accounting Information(jus

once for Bank Branch dropdown listg

General Accounting Information(jus

once for Bank Branch dropdown listg

General Accounting Information(jus

once for Account dropdown lists)

General Accounting Information(jus

once for Account dropdown lists)

Letter of Guarantee Information(jug

once for Project dropdown lists)

t

Letter of Guarantee Information(jug

once for Project dropdown lists)

t

Selection of Letter of Guarantee Info

mation

Letter of Guarantee Detail Informal

tion

Letter of Guarantee Detail Informa|

tion

11

realizeTM

Letter of Guarantee Information

General Accounting Information

Letter of Guarantee Information

General Accounting Information

Letter of Guarantee Information

General Accounting Information

Letter of Guarantee Information

General Accounting Information

12

printTM

Letter of Guarantee Information

General Accounting Information

Letter of Guarantee Information

General Accounting Information

Letter of Guarantee Information

General Accounting Information

13

createAccountingDataForRealizedT||

Letter of Guarantee Information

General Accounting Information

Daily Voucher Information

ErroyConfirmation

14

deliverTM

mix|s|m{m|x|x|xo|lxm|m|m|x|x|xn|lxn|ls|s|m|m

Selection of Letter of Guarantee Info

mation

=

Letter of Guarantee Information

Letter of Guarantee Information
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Letter of Guarantee Information

15

listCommisionRates

General Accounting Information(jus

once for Bank Name dropdown lists)

General Accounting Information(jus

once for Bank Name dropdown lists)

E

Letter of Guarantee Information

R

Letter of Guarantee Information

X

Letter of Guarantee Information

16

createAccountingDataForCommissid

nEate

Letter of Guarantee Information

E

General Accounting Information

Daily Voucher Information

ErroyConfirmation

17

listExpiredTM

Letter of Guarantee Information

Letter of Guarantee Information

Letter of Guarantee Information

18

returnT™M

Letter of Guarantee Information

General Accounting Information

Daily Voucher Information

ErroyConfirmation

19

sendEmail

Letter of Guarantee Information

Department Information

User Information

E-Mail

20

lengthenExpireDateofTM

mX|m|mim|X|s|m|m|X|X|m]|X

Selection of Letter of Guarantee Info

mation

=

Letter of Guarantee Information

x

ErrorConfirmation

21

createATM

General Accounting Information(jus

once for Bank Name dropdown lists)

General Accounting Information(jus

once for Bank Name dropdown lists)

Department Information(just once fo

department dropdown lists)

Department Information(just once fo

department dropdown lists)

Department Information

Letter of Guarantee Information

General Accounting Information

Letter of Guarantee Information

ErrorConfirmation

22

lisStATM

T (X|s|m|{m|m

General Accounting Information(jus

once for Bank Name dropdown lists)

General Accounting Information(jus

once for Bank Name dropdown lists)
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Department Information(just once fo

department dropdown lists)

Department Information(just once fo

department dropdown lists)

Department Information

Letter of Guarantee Information

General Accounting Information

Letter of Guarantee Information

Letter of Guarantee Information

23

retriveATM

| X|AD|(m|mjfm

General Accounting Information(jus

once for Bank Name dropdown lists)

General Accounting Information(jus

once for Bank Name dropdown lists)

Department Information(just once fo

department dropdown lists)

Department Information(just once fo

department dropdown lists)

Selection of Letter of Guarantee Info

mation

Letter of Guarantee Detail Informa|

tion

Letter of Guarantee Detail Informa|

tion

24

UpdateATM

General Accounting Information(jus

once for Bank Name dropdown lists)

General Accounting Information(jus

once for Bank Name dropdown lists)

Department Information(just once fo

department dropdown lists)

Department Information(just once fo

department dropdown lists)

Department Information

Letter of Guarantee Information

General Accounting Information

Letter of Guarantee Information

ErrorConfirmation

25

deleteATM

Selection of Letter of Guarantee

Letter of Guarantee Information

ErroyConfirmation

26

createAccountingDataForATM

Letter of Guarantee Information

General Accounting Information

Daily Voucher Information

ErroyConfirmation

27

deliverATM

m|ix|s|mm{x|s|m|x|s|m|{m|m

Selection of Letter of Guarantee Info

mation
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Letter of Guarantee Information

ps)

Letter of Guarantee Information

Letter of Guarantee Information
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APPENDIX C

Appendix C: Movie Manager Application Specifications and

COSMIC Model

A SAMPLE CASE FOR COSMIC v3.0.1 - MOVIE MANAGER

Calculate the functional size of the requirements of the igldWanager application with the
COSMIC FSM. Indicate any relevant assumptions you made.

Movies. The application shall keep record of movies. Movie titleayof production,
production company & genre of the movies should be kept forieso The genre can
be of the following type: Comedy, thriller, animation, docentary, science fiction,
action, horror, drama, musical and western.

Movies shall also have director, producer, writer and aastrimation where all can
have more than one record each.

Person The application shall keep record of persons related to@sowerson
information shall include, name of the person, date of kart place of birth.

A person might be acting as an actyessor, or might be a producer, writer or director
of a movie. Itis also possible for a person to be all or a cowruzm of these (both
writer and director, etc.) in a movie.

§ If a person is an actresgtor in a movie, the application shall also maintain theattar
name in the movie.

§ If a person is the producer of a movie. It shall also be noteethdr hgshe is the
coproducer, executive producer or just the producer.

§ If a person is the writer of a movie. It shall also be noted Wheheshe is the story writer,
screenplay writer or both.

§ If a person is the director of a movie no additional attrisuteed to be maintained.

The functional requirements to be measured:

1. The application shall enable the entry and update of persons
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For updates, the application shall first provide a list opallsons. Once a person is
selected, the application shall display the details of #rsgn on an editable form
on which the updated information will be entered.

2. The application shall enable the entry of movie informatiThe movie information
shall be entered in two steps via a wizard:

In the first step; the movie title, year of production, praitue company & genre of
the movie will be entered. Genre options shall be displayeallist box and will be
selected from this list.

In the second step; the director, producer, writer and oéstrhation will be
entered. Persons shall be selected from relevant list hekeh list the persons
recorded in the system.

The user shall be allowed to quit the wizard without saving it

3. The application shall enable an enquiry of movies ovetitleeand the year the
movie is produced. The application shall list the title amel year of the movies that
match the query parameters.

Once user selects a specific movie, details of the movie bhdisted. The output
shall include the following information:

. title, year of production, production company, genre
. director(s) (name),

. producer(s) [¢xecutive] (hame),

. writer(s) [storyscreenplajstory & screenplay] (name),
. cast (actor name, character name)

4. The application shall enable an enquiry of persons by ttene. The application
shall list the name of the persons that match with the quergrpater. Once the
user selects a specific person, details shall be listed. Gipeioshall include the
following information:

. name, date of birth & place of birth

. movies directed (Title and production year of the movie),

¢. movies produced (Title and production year of the moviéh,ao/executivgproducer

indicated),

d. movies written (Title and production year of the movie thagtoryscreenplajstory &

screenplay indicated),
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e. movies acted (Title and production year of the movie , withracter name indicated)

5. The application shall enable the deletion of movies.tHirs application shall
provide a list of all movies.

Once a movie is selected, the application shall delete lalie® information and
display the updated movie list as a confirmation.

6. The application shall enable the deletion of personst Fie application shall
provide a list of all persons.

Once a person is selected, the application shall deletelated person
information. The relevant person

information should be removed from associated movie rolegdr, actor, etc.)

with one exception that if the user is a director of a movishll not be deleted
and a warning message should be displayed stating that therp be deleted is a
director and will not be deleted. Otherwise the user shoetldrn to the updated
persons list as a confirmation. Multiple users can be saldotedeletion.

7. If not specified explicitly; for write, delete and updafecations the application will
produce errgonfirmation messages.

Entity Relationship Diagram:

Production
Company

Place of birth

Producer
pe

!

Genre

Date of birth PERSON MOVIE

—| Title

M N
Acts In
MName
Name Production Year

!
Bl

i
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Table C.1: Movie Manager COSMIC Model

FUR

FP#

FP Name

DM Type

Data Group Desc.

Add Person

E

Person info

w

Person info

X

Erro/Confirmation

List Persons

List persons request

Persons info

Persons info

Retrieve Person

Retrive person details request

Person details info

Person details info

Update Person

Person info

Person info

Erro/Confirmation

Add Movie

Movie Info (title, year, prod.company & genre)

Person Info (just once for writer, producer, cast a|

director dropdown lists)

nd

Person Info (just once for writer, producer, cast a|

director dropdown lists)

nd

Writer info

Producer info

Cast info

Director info

Movie Info

Writer info

Producer info

Cast info

Director info

x|s|s|s|s|g|m|[m|m|m

Error/Confirmation

Query Movie

m

Query Parameters (movie title, year)

Movie Info

Movie Info (title, year)(OOl:set of movies tha

match the criteria)

It

List Movie Details

Selection of the movie

Movie Info

Writer info

Producer info

|V |O0|D|M

Cast info
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Director info

py)

Person info (Name) (counted just once for writg

producer, cast and director)

Movie Info

Writer info

Producer info

Cast info

Director info

X | X | X[ X|X[X

Person info (Name) (counted just once for writg

producer, cast and director)

Query Person

Query Parameters (person name)

Person Info

Person Info (hame)(OOI:Set of persons .t.m.t.c)

List Person Details

Selection of the person

Person Info

Writer info

Producer info

Cast info

Director info

|V |D|D|D|DW|M

Movie info (counted just once for writer, produce

cast and director)

Person Info

Writer info

Producer info

Cast info

Director info

X | X | X[ X|X[X

Movie info (Title, year) (counted just once foj

writer, producer, cast and director)

10

List Movies

Request for a list of movies

Movie info

Movie info (title, year)

11

Delete Movie

Selection of the movie

Movie Info

Py

Writer info (OOI:Set of Writers that are associate
with a selected movie)

Producer info(similar to writerinfo)

Cast info(similar to writerinfo)

Director info(similar to writerinfo)

Writer info

Producer info

s|s|s|»|n|m

=

=

r

o

Cast info
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Director info

py)

Movie Info

Movie info (title, year)

12

Delete Person

Selection of the person

py)

Writer info (OOIl:Set of movie Writers that are ag

sociated with a selected person)

Producer info(similar to writerinfo)

Cast info(similar to writerinfo)

Director info(similar to writerinfo)

Writer info

Producer info

Cast info

ConfirmyError

X|x|s|s|s|n|n|=m

Person
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APPENDIX D

Appendix D: Case Study 2- Measurement Results

Table D.1: MM COSMIC FSM Results for Measurer # 1

FUR | FP# | FP Name Fp? | DM Data Group Desc. Comments
Type
1 1 Add Person 1 E Person info
w Person info
X ErrorConfirmation
1X Confirmation & Error Seperated
1 2 List Persons 0 List persons request
Persons info Add - List - Retrieve - Update taken a
one FP
X Persons info NO X for listing
1 3 Retrieve Person 0 E Retrive person details ref Add - List - Retrieve - Update taken a
quest one FP
R Person details info Add - List - Retrieve - Update taken a
one FP
X Person details info Add - List - Retrieve - Update taken a
one FP
1 4 Update Person 0 E Person info Add - List - Retrieve - Update taken a|
one FP
W Person info Add - List - Retrieve - Update taken a
one FP
X ErroyConfirmation Add - List - Retrieve - Update taken a
one FP
2 5 Add Movie 0 E Movie Info (title, year,
prod.company & genre)
R Person Info (just once fo

writer, producer, cast ang

director dropdown lists)
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br-

X Person Info (just once forf No X for listing
writer, producer, cast ang
director dropdown lists)
E Writer info Entry for diferent attributes are com
bined (counted as 1)
E Producer info Entry for diferent attributes are com
bined (counted as 1)
E Cast info Entry for diferent attributes are com
bined (counted as 1)
E Director info Entry for diferent attributes are com
bined (counted as 1)
w Movie Info
w Writer info
w Producer info
W Cast info
W Director info
X ErrorConfirmation
1W for non-existent OOI (Genre) 1k
for non-existent OOI (Genre) 1X Con
firmation & Error Seperated 1W fo
attribute abstract grouping
Query Movie E Query Parameters (movig¢
title, year)
R Movie Info Selective operations handled sepg
ately
X Movie Info (title, | No X for Query
year)(OOl:set of movies|
that match the criteria)
1R Selective operations handle
seperately
List Movie Details E Selection of the movie Query and Detail Retreival are take|
as one FP
R Movie Info
R Writer info
R Producer info
R Cast info
R Director info
R Person info (Name)
(counted just once fo
writer, producer, cast ang
director)
X Movie Info No X for Query
X Writer info No X for Query
X Producer info No X for Query
X Cast info No X for Query
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Director info

No X for Query

Person info (Name)
(counted just once fo
writer, producer, cast ang

director)

No X for Query

3R Person Info Counted for every typ

1X Error Message

Query Person

Query Parameters (perf

son name)

Person Info

Person Info
(name)(OO0I:Set of

persons .t.m.t.c)

List Person Details

Selection of the person

Person Info

Writer info

Producer info

Cast info

Director info

(V| D |D|(OD|D|mM

Movie info (counted just
once for writer, producer,

cast and director)

Person Info

Writer info

Producer info

Cast info

Director info

X | X | X | X|X|X

Movie info (Title, year)
(counted just once fo
writer, producer, cast ang

director)

10

List Movies

Request for a list of

movies

Movie info

Movie info (title, year)

1X Confirmation Message

11

Delete Movie

Selection of the movie

No E for Selection

Movie Info

Writer info (OOIl:Set of
Writers that are asso
ciated with a selected

movie)

No R to get related data before Delet
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R Producer info(similar to| No R to get related data before Delef
writerinfo)
R Cast info(similar to wri- | No R to get related data before Delet
terinfo)
R Director info(similar to | No R to get related data before Delef
writerinfo)
w Writer info
w Producer info
W Cast info
W Director info
R Movie Info
X Movie info (title, year) No X for Confirmation/ Error after
Delete
1W Problem Specific (No need t
delete Genre upon deleting a movie)
6 12 Delete Person 1 E Selection of the person
Writer info (OOIl:Set of | R for different sub-types are combine
movie Writers that are as; (counted as 1)
sociated with a selecteq
person)
R Producer info(similar to| R for different sub-types are combing
writerinfo) (counted as 1)
R Cast info(similar to wri- | R for different sub-types are combing
terinfo) (counted as 1)
R Director info(similar to | R for different sub-types are combing
writerinfo) (counted as 1)
w Writer info
w Producer info
W Cast info
X ConfirmyError
X Person No X after Delete - Expected: Retur
to list as confirmation
1R Assumption of listing beforg
Delete 1W Trying W before illegal op-
eration (Problem Specific) - Deletin
Director
Table D.2: MM COSMIC FSM Results for Measurer # 2
FUR | FP# | FP Name Fp? | DM Data Group Desc. Comments
Type
1 1 Add Person 1 E Person info
W Person info
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X Error/Confirmation No X for Confirmation/ Error after
Add
List Persons E List persons request
Persons info
Persons info
Retrieve Person E Retrive person details retr List & Retrieve Combined
quest
R Person details info List & Retrieve Combined
Person details info List & Retrieve Combined
Update Person E Person info
Person info
X Error/Confirmation No X for ConfirmatioriError after Up-
date
1R Assumed R before Update
Add Movie E Movie Info (title, year,
prod.company & genre)
R Person Info (just once forf No listing of Choices
writer, producer, cast ang
director dropdown lists)
X Person Info (just once forf No listing of Choices
writer, producer, cast ang
director dropdown lists)
E Writer info
E Producer info
E Cast info
E Director info Trivial Mistake
W Movie Info
w Writer info Write for different attributes are com
bined (counted as 1)
w Producer info Write for different attributes are com
bined (counted as 1)
w Cast info Write for different attributes are com
bined (counted as 1)
w Director info Write for different attributes are com
bined (counted as 1)
X ErrorConfirmation
1E For Separate attribute. (Genre)|?
1R For Genre
Query Movie E Query Parameters (movig¢
title, year)
R Movie Info
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Movie Info (title,
year)(OOl:set of movies|

that match the criteria)

List Movie Details

Selection of the movie

Movie Info

Writer info

Producer info

Cast info

Director info

|V |D|D|OD || M

Person info (Name)
(counted just once fo
writer, producer, cast ang

director)

No R due to Missing OOl

Movie Info

Writer info

Producer info

Cast info

Director info

X | X | X | X |X|X

Person info (Name)
(counted just once fo
writer, producer, cast ang

director)

No X due to Missing OOI

Query Person

Query Parameters (pef

son name)

Person Info

Person Info
(name)(OO0I:Set of
persons .t.m.t.c)

List Person Details

Selection of the person

Person Info

Writer info

Producer info

Cast info

Director info

|V |D|D|OD || M

Movie info (counted just
once for writer, producer,

cast and director)

No R due to Missing OOl

Person Info

Writer info

Producer info

Cast info

X | X | X | X | X

Director info
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X Movie info (Title, year) | No X due to Missing OOI
(counted just once fo
writer, producer, cast ang
director)
1E after list
10 List Movies E Request for a list of
movies
R Movie info
Movie info (title, year)
4E Inclusion of extra OOI? 4X Inclu-
sion of extra OOI?
11 Delete Movie E Selection of the movie
Movie Info
R Writer info (OOIl:Set of | No R to get related data before Delete
Writers that are asso
ciated with a selected
movie)

R Producer info(similar to| No R to get related data before Delete

writerinfo)

R Cast info(similar to wri- | No R to get related data before Delete

terinfo)

R Director info(similar to | No R to get related data before Delete

writerinfo)

w Writer info

w Producer info

w Cast info

w Director info

R Movie Info No R after Delete (to be used in Con-
firmation:X)

X Movie info (title, year) No X to display data as confirmation
1IW Problem Specific (No need tp
delete Genre upon deleting a movi¢)
1X for Error/ Confirmation

12 Delete Person Selection of the person
Writer info (OOIl:Set of | No R before Delete
movie Writers that are as
sociated with a selecteg
person)

R Producer info(similar to| No R before Delete

writerinfo)

R Cast info(similar to wri- | No R before Delete

terinfo)

R Director info(similar to | No R before Delete

writerinfo)

w Writer info
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Producer info

Cast info

ConfirmyError

X|X|s|=s

Person

"List Persons” Repeated as FP befo
"Delete Person” 1W Separate W fq

abstract group (person)

Table D.3: MM COSMIC FSM Results for Measurer # 3

FUR | FP# | FP Name Fp? | DM Data Group Desc. Comments
Type
1 1 Add Person 1 E Person info
w Person info
X ErrorConfirmation No X for Error / Confirmation after
Add
1 2 List Persons 1 List persons request
Persons info
Persons info
1 3 Retrieve Person 1 E Retrive person details re
quest
R Person details info
Person details info No X After Retrieve
1W Write after Retrieve
1 4 Update Person 1 E Person info
Person info
X ErrorConfirmation No X for Error / Confirmation after
Update
2 5 Add Movie 1 E Movie Info (title, year, | Add Movie Separated to two FPs.
prod.company & genre)
R Person Info (just once for No listing of Choices
writer, producer, cast ang
director dropdown lists)
X Person Info (just once for No listing of Choices
writer, producer, cast ang
director dropdown lists)
E Writer info
E Producer info
E Cast info
E Director info
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Movie Info

Writer info

Producer info

Cast info

Director info

xlg|g|lg|2 |

Error/Confirmation

1E For Separate attribute. (Genre)|?
1W For Separate attribute. (Genr
? 1E For Abstract Group Selectio
(Person) 1W ForAbstract Group Writi
(Person)

Query Movie

Query Parameters (movi

title, year)

Movie Info

Movie Info (title,
year)(OOl:set of movies|
that match the criteria)

List Movie Details

Selection of the movie

Movie Info

Writer info

Producer info

Cast info

Director info

|V |D|D|OD || M

Person info (Name)
(counted just once fo
writer, producer, cast ang

director)

Movie Info

Writer info

Producer info

Cast info

Director info

X | X | X | X |X|X

Person info (Name)
(counted just once fo
writer, producer, cast ang

director)

1R For Genre 1X For Genre

Query Person

Query Parameters (pef

son name)

Person Info

Person Info
(name)(OO0I:Set of
persons .t.m.t.c)
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List Person Details

Selection of the person

Person Info

Writer info

Producer info

Cast info

Director info

| V|V |D|D || M

Movie info (counted just
once for writer, producer,

cast and director)

Person Info

Writer info

Producer info

Cast info

Director info

XX | X | X |X|X

Movie info (Title, year)
(counted just once fo
writer, producer, cast ang

director)

10

List Movies

Request for a list of

movies

Movie info

Movie info (title, year)

11

Delete Movie

Selection of the movie

Movie Info

Writer info (OOl:Set of
Writers that are asso
ciated with a selected

movie)

No R to get related data before Delet

Producer info(similar to

writerinfo)

No R to get related data before Dele

Cast info(similar to wri-

terinfo)

No R to get related data before Dele

ps)

Director info(similar to

writerinfo)

No R to get related data before Dele

Writer info

Producer info

Cast info

Director info

Tl2|2|2|

Movie Info

No R after Delete (to be used in Cor

firmation:X)

x

Movie info (title, year)

No X to display data as confirmation

1X for Error/ Confirmation

12

Delete Person

Selection of the person
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Writer info (OOl:Set of
movie Writers that are as
sociated with a selectec

person)

No R before Delete

Producer info(similar to

writerinfo)

No R before Delete

Cast info(similar to wri-

terinfo)

No R before Delete

ps)

Director info(similar to

writerinfo)

No R before Delete

Writer info

Producer info

Cast info

ConfirmyError

X|x1z|g|=

Person

1R 1X 1E"List Persons” Repeated g
FP before "Delete Person” 1W Fo
Abstract Group (Person)

Table D.4: MM COSMIC FSM Results for Measurer # 4

FUR | FP# | FP Name Fp? | DM Data Group Desc. Comments
Type
1 1 Add Person 1 E Person info
w Person info
X Error/Confirmation No X for Error/Confirmation after
Add
1 2 List Persons 0 List persons request Missing Functionality
Persons info Missing Functionality
Persons info Missing Functionality
1 3 Retrieve Person 0 E Retrive person details ref Missing Functionality
quest
R Person details info Missing Functionality
Person details info Missing Functionality
1 4 Update Person 1 E Person info
Person info
X ErrorConfirmation No X for Error / Confirmation after

Update

197



1R Assumed R Before Update 1E A
sumed R Before Update 1X Assume

R Before Update

Add Movie

Movie Info (title, year,

prod.company & genre)

Person Info (just once fo
writer, producer, cast ang

director dropdown lists)

No listing of Choices

Person Info (just once fo
writer, producer, cast ang

director dropdown lists)

No listing of Choices

Writer info

Trivial Mistake

Producer info

Cast info

Director info

Movie Info

Writer info

Trivial Mistake

Producer info

Cast info

Director info

X|ls|s|s|s|s|mmim|m

ErroyConfirmation

No X for Error / Confirmation after
Add

1E For Separate attribute. (Genre) ?,

Query Movie

Query Parameters (movi

title, year)

2 Query and Details Listing Combined

Movie Info

Movie Info (title,
year)(OOl:set of movies|
that match the criteria)

List Movie Details

Selection of the movie

Movie Info

Writer info

Trivial Mistake

Producer info

Cast info

Director info

DD |V | V(D ||| M

Person info (Name)
(counted just once fo
writer, producer, cast ang

director)

No R due to missing OOl

Movie Info

Writer info

Trivial Mistake

Producer info

Cast info

X | X | X | X |X

Director info
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Person info (Name)
(counted just once fo
writer, producer, cast ang

director)

No X due to missing OOl

1R For Genre 1X For Genre 1X Fo

Error

Query Person

Query Parameters (pef

son name)

- Query and Details Listing Combined

Person Info

Person Info
(name)(OO0I:Set of
persons .t.m.t.c)

List Person Details

Selection of the person

Person Info

Writer info

Producer info

Cast info

Director info

|V |D|D|OD || M

Movie info (counted just
once for writer, producer,

cast and director)

No R due to missing OOl

Person Info

Writer info

Producer info

Cast info

Director info

XX | X | X|X|X

Movie info (Title, year)
(counted just once fol
writer, producer, cast ang

director)

No X due to missing OOl

1X for Error/Confirmation

10

List Movies

Request for a list of

movies

Movie info

Movie info (title, year)

11

Delete Movie

Selection of the movie

Movie Info

Writer info (OOl:Set of
Writers that are asso
ciated with a selected

movie)

No R to get related data before Delet

Producer info(similar to

writerinfo)

No R to get related data before Dele
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R Cast info(similar to wri- | No R to get related data before Delete
terinfo)
R Director info(similar to | No R to get related data before Delete
writerinfo)
w Writer info No W to delete related date on Delete
w Producer info No W to delete related date on Delete
w Cast info No W to delete related date on Delete
w Director info No W to delete related date on Delete
R Movie Info No R after Delete (to be used in Co
firmation:X)
X Movie info (title, year) No X to display data as confirmation
1X for Error
6 12 Delete Person 1 Selection of the person
Writer info (OOIl:Set of | No R before Delete
movie Writers that are as
sociated with a selecteq
person)
R Producer info(similar to| No R before Delete
writerinfo)
R Cast info(similar to wri- | No R before Delete
terinfo)
R Director info(similar to | No R before Delete
writerinfo)
w Writer info
w Producer info
W Cast info
X ConfirmyError
X Person No X after Delete - Expected: Returp
to list as confirmation
1W Trying W before illegal operation
(Problem Specific) - Deleting Directol
Table D.5: MM COSMIC FSM Results for Measurer # 5
FUR | FP# | FP Name Fp? | DM Data Group Desc. Comments
Type
1 1 Add Person 1 E Person info
W Person info
X ErroyConfirmation No X for Error/Confirmation after
Add
1 2 List Persons 0 List persons request
Persons info
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Persons info

Retrieve Person

Retrive person details re

quest

Update & Retrieve Combined

Person detalils info

Person details info

Update Person

Person info

No E for Update

Person info

ErroyConfirmation

No X for Error / Confirmation after
Update

Add Movie Movie Info (title, year,

prod.company & genre)

Person Info (just once forf No listing of Choices

writer, producer, cast ang

director dropdown lists)

Person Info (just once for No listing of Choices

writer, producer, cast ang

director dropdown lists)
E Writer info Combined as "Selected Role Info”
E Producer info Combined as "Selected Role Info”
E Cast info Combined as "Selected Role Info”
E Director info Combined as "Selected Role Info”
w Movie Info
w Writer info Combined as "Selected Role Info”
w Producer info Combined as "Selected Role Info”
w Cast info Combined as "Selected Role Info”
w Director info Combined as "Selected Role Info”
X ErrorConfirmation

1W for Genre 1W for "Lookup Info"?
Query Movie E Query Parameters (movi¢ Missing Functionality
title, year)
Movie Info Missing Functionality

Movie Info (title,
year)(OOl:set of movies|
that match the criteria)

Missing Functionality

List Movie Details

Selection of the movie

Movie Info

Writer info

Producer info

Cast info

|| 0| |D (M

Director info
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Person info (Name)
(counted just once fo
writer, producer, cast ang

director)

No R due to missing OOl

Movie Info

Writer info

Producer info

Cast info

Director info

X | X | X | X |X|X

Person info (Name)
(counted just once fo
writer, producer, cast ang

director)

No X due to missing OOI

1R for Genre 1W for Genre

Query Person

Query Parameters (pef

son name)

- Query and Listing Combined

Person Info

X Without R in Query

Person Info
(name)(OO0I:Set of
persons .t.m.t.c)

List Person Details

Selection of the person

Person Info

Writer info

Producer info

Cast info

Director info

| V|V |D| O || M

Movie info (counted just
once for writer, producer,

cast and director)

No R due to missing OOl

Person Info

Writer info

Producer info

Cast info

Director info

X | X | X | X |X|X

Movie info (Title, year)
(counted just once fo
writer, producer, cast ang

director)

No X due to missing OOl

10

List Movies

Request for a list of

movies

Missing Functionality

Movie info

Movie info (title, year)
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11

Delete Movie

Selection of the movie

Movie Info

Writer info (OOI:Set of
Writers that are asso
ciated with a selected

movie)

No R to get related data before Dele

Producer info(similar to

writerinfo)

No R to get related data before Delet

Cast info(similar to wri-

terinfo)

No R to get related data before Delet

ps)

Director info(similar to

writerinfo)

No R to get related data before Delet

Writer info

Producer info

Cast info

Director info

vl

Movie Info

No R after Delete (to be used in Co

firmation:X)

x

Movie info (title, year)

No X to display data as confirmation

1X for Error/ Confirmation

12

Delete Person

Selection of the person

Writer info (OOIl:Set of
movie Writers that are as
sociated with a selecteg

person)

No R before Delete

Producer info(similar to

writerinfo)

No R before Delete

Cast info(similar to wri-

terinfo)

No R before Delete

ps)

Director info(similar to

writerinfo)

No R before Delete

Writer info

Producer info

Cast info

ConfirmyError

x| x|lzlg|2

Person

No X after Delete - Expected: Retur

to list as confirmation

Table D.6: MM COSMIC FSM Results for Measurer # 6

FUR

FP#

FP Name

Fp?

DM
Type

Data Group Desc.

Comments

Add Person

Person info
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Person info

X Error/Confirmation No X for Error/Confirmation after
Add
List Persons List persons request
Persons info
Persons info
Retrieve Person E Retrive person details re
quest
R Person details info
X Person details info
Update Person E Person info
Person info
X ErrorConfirmation No X for Error / Confirmation after
Update
Add Movie E Movie Info (title, year,
prod.company & genre)
R Person Info (just once forl No listing of Choices - Assumed Re
writer, producer, cast and use of "list People”
director dropdown lists)
X Person Info (just once foif No listing of Choices - Assumed Re|
writer, producer, cast and use of "list People”
director dropdown lists)
E Writer info
E Producer info
E Cast info
E Director info
w Movie Info
w Writer info
w Producer info
W Cast info
W Director info
X ErrorConfirmation
1R for Genre 1X for Genre
Query Movie E Query Parameters (movig¢
title, year)
R Movie Info
X Movie Info (title,
year)(OOl:set of movies|
that match the criteria)
List Movie Details E Selection of the movie Query and Details Listing Combined
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Movie Info

Query and Details Listing Combined

Writer info

Producer info

Cast info

Director info

| V| DD |D|7D

Person info (Name)
(counted just once fo
writer, producer, cast ang

director)

Assumed Re-use of "list People”

Movie Info

Query and Details Listing Combined

Writer info

Producer info

Cast info

Director info

X | X | X | X |X|X

Person info (Name)
(counted just once fo
writer, producer, cast ang

director)

Assumed Re-use of "list People”

Query Person

Query Parameters (pef

son name)

- Missing Functionality

Person Info

Missing Functionality

Person Info
(name)(OO0I:Set of
persons .t.m.t.c)

Missing Functionality

List Person Details

Selection of the person

Person Info

Writer info

Producer info

Cast info

Director info

|V |D|D ||| M

Movie info (counted just
once for writer, producer,

cast and director)

No R due to missing OOl

Person Info

Writer info

Producer info

Cast info

Director info

X | X | X | X |X|X

Movie info (Title, year)
(counted just once fo
writer, producer, cast ang

director)

No X due to missing OOI
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10 List Movies E Request for a list of
movies
Movie info
Movie info (title, year)
11 Delete Movie E Selection of the movie
Movie Info
R Writer info (OOIl:Set of
Writers that are asso
ciated with a selected
movie)
R Producer info(similar to
writerinfo)
R Cast info(similar to wri-
terinfo)
R Director info(similar to
writerinfo)
w Writer info
w Producer info
w Cast info
W Director info
R Movie Info No R after Delete (to be used in Corj
firmation:X)
X Movie info (title, year) No X to display data as confirmation
1X for Error/ Confirmation
12 Delete Person Selection of the person
Writer info (OOIl:Set of | Assumed Re-use of "list People”
movie Writers that are as
sociated with a selecteq
person)
R Producer info(similar to| Assumed Re-use of "list People”
writerinfo)
R Cast info(similar to wri- | Assumed Re-use of "list People”
terinfo)
R Director info(similar to | Assumed Re-use of "list People”
writerinfo)
w Writer info
w Producer info
W Cast info
X ConfirmyError
X Person No X after Delete - Expected: Retur

to list as confirmation

1W Person Info
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Table D.7: MM COSMIC FSM Results for Measurer # 7

FUR | FP# | FP Name Fp? | DM Data Group Desc. Comments
Type
1 1 Add Person 1 E Person info
w Person info
X ErrorConfirmation No X for Error/Confirmation after
Add
1 2 List Persons 1 List persons request
Persons info
Persons info
1 3 Retrieve Person 1 E Retrive person details re
quest
R Person details info
Person details info
1 4 Update Person 1 E Person info
Person info
X ErrorConfirmation No X for Error / Confirmation after
Update
2 5 Add Movie 1 E Movie Info (title, year,
prod.company & genre)
R Person Info (just once forl Missing Functionality
writer, producer, cast ang
director dropdown lists)
X Person Info (just once foi Missing Functionality
writer, producer, cast ang
director dropdown lists)
E Writer info Missing Functionality
E Producer info Missing Functionality
E Cast info Missing Functionality
E Director info Missing Functionality
w Movie Info
W Writer info Missing Functionality
W Producer info Missing Functionality
W Cast info Missing Functionality
W Director info Missing Functionality
X Error/Confirmation Missing Functionality
1R for Genre 1X for Genre
3 6 Query Movie 1 E Query Parameters (movi
title, year)
R Movie Info
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Movie Info (title,
year)(OOl:set of movies|

that match the criteria)

List Movie Details

Selection of the movie

Movie Info

Writer info

Producer info

Cast info

Director info

|V |D|D|OD || M

Person info (Name)
(counted just once fo
writer, producer, cast ang

director)

No R due to missing OOl

Movie Info

Writer info

Producer info

Cast info

Director info

X | X | X | X |X|X

Person info (Name)
(counted just once fo
writer, producer, cast ang

director)

No X due to missing OOl

Query Person

Query Parameters (pef

son name)

- Missing Functionality

Person Info

Missing Functionality

Person Info
(name)(OO0I:Set of
persons .t.m.t.c)

Missing Functionality

List Person Details

Selection of the person

Person Info

Writer info

Producer info

Cast info

Director info

|V |D|D|OD || M

Movie info (counted just
once for writer, producer,

cast and director)

No R due to missing OOl

Person Info

Writer info

Producer info

Cast info

X | X | X | X | X

Director info
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-5

X Movie info (Title, year) | No X due to missing OOl
(counted just once fo
writer, producer, cast ang
director)
10 List Movies E Request for a list of
movies
R Movie info
Movie info (title, year)
11 Delete Movie E Selection of the movie
Movie Info
R Writer info (OOIl:Set of | No R to get related data before Delete
Writers that are asso
ciated with a selected
movie)
R Producer info(similar to| No R to get related data before Delete
writerinfo)
R Cast info(similar to wri- | No R to get related data before Delete
terinfo)
R Director info(similar to | No R to get related data before Delete
writerinfo)
W Writer info No W to update related date at Delete
W Producer info No W to update related date at Deleqe
W Cast info No W to update related date at Dele
W Director info No W to update related date at Delelle
R Movie Info No R after Delete (to be used in Cor
firmation:X)
X Movie info (title, year) No X to display data as confirmation
1X for Error/ Confirmation
12 Delete Person Selection of the person
Writer info (OOIl:Set of | Combined in "Person Info”
movie Writers that are as
sociated with a selecteg
person)
R Producer info(similar to| Combined in "Person Info”
writerinfo)
R Cast info(similar to wri- | Combined in "Person Info”
terinfo)
R Director info(similar to | Combined in "Person Info”
writerinfo)
w Writer info Combined in "Person Info”
w Producer info Combined in "Person Info”
w Cast info Combined in "Person Info”
X ConfirmyError Combined in "Person Info”
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Person

No X after Delete - Expected: Retur

to list as confirmation

1E Re-count for listing people 1X Re|

count for listing people

Table D.8: MM COSMIC FSM Results for Measurer # 8

FUR | FP# | FP Name Fp? | DM Data Group Desc. Comments
Type
1 1 Add Person 1 E Person info
W Person info
X ErroyConfirmation No X for Error/Confirmation after
Add
1 2 List Persons 1 List persons request
Persons info
X Persons info Note:"List and Update may be
merged”
1 3 Retrieve Person 0 E Retrive person details ret List and Retrieve Combined
quest
Person details info List and Retrieve Combined
Person details info List and Retrieve Combined
1 4 Update Person 1 E Person info
Person info
X ErroyConfirmation No X for Error / Confirmation after
Update
2 5 Add Movie 1 E Movie Info (title, year,
prod.company & genre)
R Person Info (just once fo
writer, producer, cast ang
director dropdown lists)
X Person Info (just once forl Missing Functionality
writer, producer, cast ang
director dropdown lists)
E Writer info No E Before W/ Combined as E
Movie Info
E Producer info No E Before W/ Combined as E
Movie Info
E Cast info No E Before W/ Combined as E

Movie Info
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E Director info No E Before W/ Combined as E|
Movie Info
W Movie Info Note: "optional and may not be use
with another approach”
W Writer info Note: "optional and may not be use
with another approach”
W Producer info Note: "optional and may not be use
with another approach”
W Cast info Note: "optional and may not be use
with another approach”
W Director info Note: "optional and may not be use
with another approach”
X ErrorConfirmation
1W for Genre
Query Movie E Query Parameters (movi¢ Note:"List and Update may be
title, year) merged”
R Movie Info
Movie Info (title,
year)(OOl:set of movies|
that match the criteria)
List Movie Details E Selection of the movie Used subtypes when reading, and or
parent type when X'ing
Movie Info
Writer info Note: "optional and may not be use
with another approach”
R Producer info Note: "optional and may not be use
with another approach”
R Cast info Note: "optional and may not be use
with another approach”
R Director info Note: "optional and may not be use
with another approach”
R Person info (Name)| Note: "optional and may not be use
(counted just once forl with another approach”
writer, producer, cast andg
director)
X Movie Info Note: "optional and may not be use
with another approach”
X Writer info Combined as "Movie Info”
X Producer info Combined as "Movie Info”
X Cast info Combined as "Movie Info”
X Director info Combined as "Movie Info”
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X Person info (Name)| Combined as "Movie Info”
(counted just once fo
writer, producer, cast ang
director)
1R For Genre
8 Query Person E Query Parameters (per-
son name)
R Person Info
Person Info
(name)(OO0I:Set of
persons .t.m.t.c)
9 List Person Details E Selection of the person | Used subtypes when reading, and on
parent type when X'ing
R Person Info No R due to not including abstrag
group (person)
R Writer info Note: "optional and may not be use
with another approach”
R Producer info Note: "optional and may not be use
with another approach”
R Cast info Note: "optional and may not be use
with another approach”
R Director info Note: "optional and may not be use
with another approach”
R Movie info (counted just| No R due to missing OOI
once for writer, producer,
cast and director)
X Person Info
X Writer info Combined as "Person Info”
X Producer info Combined as "Person Info”
X Cast info Combined as "Person Info”
X Director info Combined as "Person Info”
X Movie info (Title, year) | No X due to missing OOl
(counted just once fo
writer, producer, cast andg
director)
10 List Movies E Request for a list of| Listand Retrieve Combined
movies
R Movie info List and Retrieve Combined
X Movie info (title, year) List and Retrieve Combined
11 Delete Movie E Selection of the movie

Movie Info
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Writer info (OOl:Set of
Writers that are asso
ciated with a selected

movie)

No R to get related data before Delet

Producer info(similar to

writerinfo)

No R to get related data before Dele

Cast info(similar to wri-

terinfo)

No R to get related data before Dele

Director info(similar to

writerinfo)

No R to get related data before Delet

Writer info

Note: "optional and may not be use

with another approach”

Producer info

Note: "optional and may not be use

with another approach”

Cast info

Note: "optional and may not be use

with another approach”

Director info

Note: "optional and may not be use

with another approach”

Movie Info

Note: "optional and may not be use

with another approach”

Movie info (title, year)

1W Problem Specific (No need t

delete Genre upon deleting a movie)

12

Delete Person

Selection of the person

Writer info (OOIl:Set of
movie Writers that are as
sociated with a selecteg

person)

Combined in "Person Info”

Producer info(similar to

writerinfo)

Combined in "Person Info”

Cast info(similar to wri-

terinfo)

Combined in "Person Info”

Director info(similar to

writerinfo)

Combined in "Person Info”

Writer info

Note: "optional and may not be use

with another approach”

Producer info

Note: "optional and may not be use

with another approach”

Cast info Note: "optional and may not be use
with another approach”

ConfirmyError

Person No X after Delete - Expected: Retur

to list as confirmation
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Table D.9: MM COSMIC FSM Results for Measurer # 9

FUR | FP# | FP Name Fp? | DM Data Group Desc. Comments
Type
1 1 Add Person 1 E Person info
W Person info
X ErrorConfirmation No X for Error/Confirmation after
Add
1 2 List Persons 1 List persons request
Persons info X Without R
X Persons info
1 3 Retrieve Person 0 E Retrive person details ret List and retrieve Combined
quest
R Person details info
Person details info
1 4 Update Person 1 E Person info
Person info
X ErrorConfirmation No X for Error / Confirmation after
Update
2 5 Add Movie 1 E Movie Info (title, year,
prod.company & genre)
R Person Info (just once foif No listing of Choices - Assumed Re|
writer, producer, cast and use of "list People”
director dropdown lists)
X Person Info (just once foif No listing of Choices - Assumed Re|
writer, producer, cast and use of "list People”
director dropdown lists)
E Writer info
E Producer info
E Cast info
E Director info
W Movie Info
w Writer info Combined as W Movie Info
w Producer info Combined as W Movie Info
w Cast info Combined as W Movie Info
W Director info Combined as W Movie Info
X ErroyConfirmation No X for Error/Confirmation after

Add

1E For Genre 1E For OOI: "Produce
Type” 1E For OOI: "Cast Character’

1E For "Quit”
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Query Movie E Query Parameters (movi¢ Query and Details Listing Combined
title, year)
Movie Info Query and Details Listing Combined
Movie Info (title, | Query and Details Listing Combined
year)(OOl:set of movies|
that match the criteria)
List Movie Details E Selection of the movie Counted under "Query” - Query an
Details Listing Combined
R Movie Info Counted under "Query” - Query an
Details Listing Combined Combine
as R for Data Group "Movie,Person”
R Writer info Combined as "Movie Info”
R Producer info Combined as "Movie Info”
R Cast info Combined as "Movie Info”
R Director info Combined as "Movie Info”
R Person info (Name)| Combined as R for Data Grou
(counted just once forl "Movie,Person”
writer, producer, cast ang
director)
X Movie Info
X Writer info
X Producer info
X Cast info
X Director info
X Person info (Name)| No X due to missing OOI
(counted just once fo
writer, producer, cast ang
director)
Query Person E Query Parameters (per- Query and Details Listing Combined
son name)
R Person Info Query and Details Listing Combined
Person Info| Query and Details Listing Combined
(name)(OO0I:Set of
persons .t.m.t.c)
List Person Details E Selection of the person
R Person Info
R Writer info Combined as "Person Info”
R Producer info Combined as "Person Info”
R Cast info Combined as "Person Info”
R Director info Combined as "Person Info”
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Movie info (counted just
once for writer, producer,

cast and director)

No R due to missing OOl

Person Info

Writer info

Producer info

Cast info

Director info

X | X | X | X |X|X

Movie info (Title, year)
(counted just once fo
writer, producer, cast ang

director)

No X due to missing OOl

10

List Movies

Request for a list of

movies

List and Delete combined

Movie info

List and Delete combined

Movie info (title, year)

List and Delete combined

11

Delete Movie

Selection of the movie

Movie Info

Writer info (OOIl:Set of
Writers that are asso
ciated with a selected

movie)

No R to get related data before Delete

Producer info(similar to

writerinfo)

No R to get related data before Delete

Cast info(similar to wri-

terinfo)

No R to get related data before Delete

ps)

Director info(similar to

writerinfo)

No R to get related data before Delete

Writer info

No W to update related date at Delete

Producer info

No W to update related date at Delete

Cast info

No W to update related date at Deleqe

Director info

No W to update related date at Delelle

vlz|2|g|2

Movie Info

No R after Delete (to be used in Co

firmation:X)

x

Movie info (title, year)

No X to display data as confirmation

1X for Error/ Confirmation

12

Delete Person

Selection of the person

Writer info (OOl:Set of
movie Writers that are as
sociated with a selectec

person)

Producer info(similar to

writerinfo)
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Cast info(similar to wri-

terinfo)

ps)

Director info(similar to

writerinfo)

Writer info

1W for "Delete Write, Actor Info”

Producer info

Cast info

1W for "Delete Write, Actor Info”

ConfirmyError

X|x1zlg|

Person

No X after Delete - Expected: Retur

to list as confirmation

1W Person Info 1X For List all Per{
sons 1R "If person is director/X” 1E
For user feedback "AN”

Table D.10: MM COSMIC FSM Results for Measurer # 10

FUR | FP# | FP Name Fp? | DM Data Group Desc. Comments
Type
1 1 Add Person 1 E Person info
w Person info
X ErroyConfirmation No X for Error/Confirmation after
Add
1 2 List Persons 1 List persons request
Persons info
Persons info
1 3 Retrieve Person 1 E Retrive person details re
quest
Person details info
Person details info
1 4 Update Person 1 E Person info
Person info
X ErroyConfirmation
1R Person Info
2 5 Add Movie 1 E Movie Info (title, year,
prod.company & genre)
R Person Info (just once fo

writer, producer, cast ang

director dropdown lists)
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Person Info (just once fo
writer, producer, cast ang

director dropdown lists)

Writer info

Used R Instead

Producer info

Used R Instead

Cast info

Used R Instead

Director info

Used R Instead

Movie Info

Writer info

Combined as W Movie Info

Producer info

Combined as W Movie Info

Cast info

Combined as W Movie Info

Director info

Combined as W Movie Info

X|s|s|s|s|s|mmim|m

ErroyConfirmation

1R for Genre 1X for Genre 1R fo
Movie Info 1R for Director Info 1R
for Producer Info 1R for Writer Info
1R for Cast Info

Query Movie 0 E Query Parameters (movi¢ Query and Details Listing Combined

title, year)

R Movie Info Query and Details Listing Combined

Movie Info (title, | Query and Details Listing Combined

year)(OOl:set of movies
that match the criteria)

List Movie Details | 1 Selection of the movie

Movie Info

Writer info

Producer info

Cast info

Director info

|V | V(D | DD |M

Person info (Name)
(counted just once fo
writer, producer, cast ang

director)

Movie Info

Writer info

Producer info

Cast info

Director info

X | X | X | X |X|X

Person info (Name)
(counted just once fo
writer, producer, cast ang

director)

1R for Genre 1W for "Lookup Info”
1X for "Lookup Info”
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Query Person

Query Parameters (perf

son name)

- Query and Details Listing Combined

Person Info

Query and Details Listing Combined

Person Info
(name)(OO0I:Set of

persons .t.m.t.c)

Query and Details Listing Combined

List Person Details

Selection of the person

Person Info

Writer info

Producer info

Cast info

Director info

(V| V(DO |D|M

Movie info (counted just
once for writer, producer,

cast and director)

No R due to missing OOl

Person Info

Writer info

Producer info

Cast info

Director info

No Separate X for Director

XX | X | X|X|X

Movie info (Title, year)
(counted just once fol
writer, producer, cast andg

director)

No X due to missing OOl

1W for "Lookup Info” 1X for

"Lookup Info”

10

List Movies

Request for a list of

movies

Movie info

Movie info (title, year)

1E, 1R, 1X for additional FP "Retrievd

Movie For Delete”

11

Delete Movie

Selection of the movie

Movie Info

No W for Movie Info at Movie Delete

Writer info (OOIl:Set of
Writers that are asso
ciated with a selected

movie)

No R to get related data before Delet

Producer info(similar to

writerinfo)

No R to get related data before Dele

Cast info(similar to wri-

terinfo)

No R to get related data before Dele

Director info(similar to

writerinfo)

No R to get related data before Dele
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w Writer info

w Producer info

W Cast info

W Director info

R Movie Info No R after Delete (to be used in Cor
firmation:X)

X Movie info (title, year) No X to display data as confirmation
1X for Error/ Confirmation 1W Prob-
lem Specific (No need to delete Gen
upon deleting a movie)

6 12 Delete Person 1 Selection of the person
Writer info (OOIl:Set of
movie Writers that are as
sociated with a selecteg
person)

R Producer info(similar to

writerinfo)

R Cast info(similar to wri-

terinfo)

R Director info(similar to

writerinfo)

w Writer info

w Producer info

w Cast info

X ConfirmyError

X Person No X after Delete - Expected: Return
to list as confirmation
1X Warning and Confirmation are sef
aratedand counted as 2X 1E, 1R, ]
for additional "List Persons” 1E, 1R
1X for additional "Retrieve the persor
for update”

Table D.11: MM COSMIC FSM Results for Measurer # 11

FUR | FP# | FP Name Fp? | DM Data Group Desc. Comments

Type

1 1 Add Person 1 E Person info

W Person info

X ErrorConfirmation No X for Error/Confirmation after
Add

1 2 List Persons 1 E List persons request



Persons info

Persons info

Retrieve Person

Retrive person details re

quest

Person details info

Person details info

Update Person

Person info

Person info

ErroyConfirmation

No X for Error / Confirmation after
Update

Add Movie

Movie Info (title, year,

prod.company & genre)

Person Info (just once fo
writer, producer, cast ang

director dropdown lists)

Abstract Group OOI Problem

Person Info (just once fo
writer, producer, cast ang

director dropdown lists)

Abstract Group OOI Problem

Writer info

Producer info

Cast info

Director info

Movie Info

Writer info

Producer info

Cast info

Director info

X|ls|ls|s|s|s|mmim|m

Error/Confirmation

No X for Error/Confirmation after
Add

1E for Genre 1R for Genre 1X fo

Genre 1W for Genre

Query Movie

Query Parameters (movi

title, year)

2 Query and Details Listing Combined

Movie Info

Query and Details Listing Combined

Movie Info (title,
year)(OOl:set of movies|

that match the criteria)

Query and Details Listing Combined

List Movie Details

Selection of the movie

Query and Details Listing Combined

Movie Info

Query and Details Listing Combined

Writer info

|0 |D[(mM

Producer info
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Cast info

Director info

Person info (Name)
(counted just once fo
writer, producer, cast ang

director)

No R due to missing OOl

Movie Info

Writer info

Producer info

Cast info

Director info

X | X | X | X|X|X

Person info (Name)
(counted just once fo
writer, producer, cast ang

director)

No X due to missing OOl

1R For Genre

Query Person

Query Parameters (perf

son name)

- Query and Details Listing Combined

Person Info

Query and Details Listing Combined

Person Info
(name)(OO0I:Set of

persons .t.m.t.c)

Query and Details Listing Combined

List Person Details

Selection of the person

Person Info

Writer info

Producer info

Cast info

Director info

(V| D |(D|(OD|D|mM

Movie info (counted just
once for writer, producer,

cast and director)

No R due to missing OOl

Person Info

Writer info

Producer info

Cast info

Director info

X | X | X | X|X|X

Movie info (Title, year)
(counted just once fol
writer, producer, cast ang

director)

No X due to missing OOl

10

List Movies

Request for a list of

movies

Movie info
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D

X Movie info (title, year)
1E,5R, 5X For additional FP "Retrieve
Selected Movie”
11 Delete Movie E Selection of the movie
Movie Info
R Writer info (OOIl:Set of | No R to get related data before Dele
Writers that are asso
ciated with a selected
movie)
R Producer info(similar to| No R to get related data before Dele
writerinfo)
R Cast info(similar to wri- | No R to get related data before Dele
terinfo)
R Director info(similar to | No R to get related data before Dele
writerinfo)
w Writer info
w Producer info
w Cast info
w Director info
R Movie Info No R after Delete (to be used in Co
firmation:X)
X Movie info (title, year) No X to display data as confirmation
1X for Error/ Confirmation
12 Delete Person Selection of the person | FP Identified (Zaman Yetmemis gibi)
Writer info (OOIl:Set of | FP Identified (Zaman Yetmemis gibi)
movie Writers that are as
sociated with a selecteg
person)
R Producer info(similar to| FP Identified (Zaman Yetmemis gibi)
writerinfo)
R Cast info(similar to wri- | FP Identified (Zaman Yetmemis gibi)
terinfo)
R Director info(similar to | FP Identified (Zaman Yetmemis gibi)
writerinfo)
W Writer info FP Identified (Zaman Yetmemis gibi)
W Producer info FP Identified (Zaman Yetmemis gibi)
W Cast info FP Identified (Zaman Yetmemis gibi)
X ConfirmyError FP Identified (Zaman Yetmemis gibi)
X Person FP Identified (Zaman Yetmemis gibi)

1E, 1R, 1X for additional FP: "List

Person” 1E, 5R, 5X for additional FP|:

"Retrieve Selected Person”
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Table D.12: MM COSMIC FSM Results for Measurer # 12

FUR

FP#

FP Name

Fp?

DM
Type

Data Group Desc.

Comments

Add Person

Person info

Person info

ErrorConfirmation

List Persons

List persons request

Persons info

Persons info

Retrieve Person

Retrive person details re

quest

Person detalils info

Person details info

Update Person

Person info

Person info

ErrorConfirmation

Add Movie

Movie Info (title, year,

prod.company & genre)

Person Info (just once fo
writer, producer, cast ang

director dropdown lists)

Person Info (just once fo
writer, producer, cast ang

director dropdown lists)

Writer info

Combined as E Movie Info

Producer info

Combined as E Movie Info

Cast info

Combined as E Movie Info

Director info

Combined as E Movie Info

Movie Info

Writer info

Combined as W Movie Info

Producer info

Combined as W Movie Info

Cast info

Combined as W Movie Info

Director info

Combined as W Movie Info

X|ls|ls|s|s|s|mm|m|m

ErrorConfirmation

No X for Error/Confirmation after
Add

1E for request all person list

Query Movie

Query Parameters (movi

title, year)

Movie Info
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Movie Info (title,
year)(OOl:set of movies|

that match the criteria)

List Movie Details

Selection of the movie

Movie Info

Writer info

Producer info

Cast info

Director info

|V |D|D|OD || M

Person info (Name)
(counted just once fo
writer, producer, cast ang

director)

Counted once for each type

Movie Info

Writer info

Combined as X Movie: List of Movies|

Producer info

Combined as X Movie: List of Movies|

Cast info

Combined as X Movie: List of Movies|

Director info

Combined as X Movie: List of Movies|

X | X | X | X |X|X

Person info (Name)
(counted just once fo
writer, producer, cast ang

director)

Combined as X Movie: List of Movies|

1R for Genre Type 5R for Person inf
(Name) for each person type

Query Person

Query Parameters (pef

son name)

Query and Details Listing Combined

Person Info

Query and Details Listing Combined

Person Info
(name)(OO0I:Set of
persons .t.m.t.c)

Query and Details Listing Combined

List Person Details

Selection of the person

Person Info

Writer info

Producer info

Cast info

Director info

DD |V | V(D ||| M

Movie info (counted just
once for writer, producer,

cast and director)

Person Info

Writer info

Combined as Xperson

Producer info

Combined as Xperson

X | X | X | X

Cast info

Combined as Xperson
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Director info

Combined as Xperson

X Movie info (Title, year) | Combined as Xperson
(counted just once fo
writer, producer, cast ang
director)
4R for Movie Info counted for each
person type
10 List Movies E Request for a list of
movies
R Movie info
Movie info (title, year)
11 Delete Movie E Selection of the movie
Movie Info
R Writer info (OOIl:Set of | No R to get related data before Delef
Writers that are asso
ciated with a selected
movie)
R Producer info(similar to| No R to get related data before Dele
writerinfo)
R Cast info(similar to wri- | No R to get related data before Dele
terinfo)
R Director info(similar to | No R to get related data before Dele
writerinfo)
w Writer info
w Producer info
w Cast info
W Director info
R Movie Info No R after Delete (to be used in Corj
firmation:X)
X Movie info (title, year) No X to display data as confirmation
1X for Error / Confirmation 1W for
Genre
12 Delete Person Selection of the person
Writer info (OOIl:Set of | No R to get related data before Delef
movie Writers that are as
sociated with a selecteg
person)
R Producer info(similar to| No R to get related data before Dele
writerinfo)
R Cast info(similar to wri- | No R to get related data before Dele
terinfo)
R Director info(similar to | From additional FP: "Check if the pert

writerinfo)

son is director” No R to get relateg
data before Delete
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Writer info

Producer info

Cast info

ConfirmyError

X|x1zlg|=

Person

No X after Delete - Expected: Retur

to list as confirmation

1W Person Info 1W Cast counte
twice 1E, 1X for additional FP:
"Check if the person is director”

Table D.13: MM COSMIC FSM Results for Measurer # 13

FUR | FP# | FP Name Fp? | DM Data Group Desc. Comments
Type
1 1 Add Person 1 E Person info
w Person info
X ErroyConfirmation No X for Error/Confirmation after
Add
1 2 List Persons 1 List persons request
Persons info
Persons info
1 3 Retrieve Person 1 E Retrive person details re
quest
Person details info
Person details info
1 4 Update Person 1 E Person info
Person info
X ErrorConfirmation No X for Error / Confirmation after
Update
2 5 Add Movie 1 E Movie Info (title, year,
prod.company & genre)
R Person Info (just once forf Counted once for each type
writer, producer, cast ang
director dropdown lists)
X Person Info (just once forf Counted once for each type

writer, producer, cast ang

director dropdown lists)

Writer info

Combied as E Movie Details Info

Producer info

Combied as E Movie Details Info

227




E Cast info
E Director info Combied as E Movie Details Info
W Movie Info
w Writer info
w Producer info
w Cast info
w Director info
X ErroyConfirmation
1R, 1X for Genre 4R, 4X for count;
ing Person info for each type 1E fq
Movie Details in additional FP: " Save
Movie” 1W for Genre 1E Movie Info
in additional FP: ” Quit Without Sav-|
ing” 1X Error/Confirmation in addi-
tional FP:"Quit Without Saving”
Query Movie E Query Parameters (movi¢
title, year)
R Movie Info
Movie Info (title,
year)(OOl:set of movies|
that match the criteria)
List Movie Details E Selection of the movie
R Movie Info
R Writer info
R Producer info
R Cast info
R Director info
R Person info (Name)| Counted once for each type
(counted just once fo
writer, producer, cast ang
director)
X Movie Info
X Writer info Combined as X Movie: List of Movies
X Producer info Combined as X Movie: List of Movies
X Cast info Combined as X Movie: List of Movies
X Director info Combined as X Movie: List of Movies
X Person info (Name)| No X due to missing OOl

(counted just once fo
writer, producer, cast ang

director)

1R for Genre 1R for "Lookup Info”
3R for Person info (Name) for eac

person type 1X for Genre
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Query Person

Query Parameters (perf

son name)

Person Info

Person Info
(name)(OO0I:Set of

persons .t.m.t.c)

List Person Details

Selection of the person

Person Info

Writer info

Producer info

Cast info

Director info

(V| V(DO |D|M

Movie info (counted just
once for writer, producer,

cast and director)

Counted once for each type

Person Info

Writer info

Producer info

Cast info

Director info

XX | X | X|X|X

Movie info (Title, year)
(counted just once fol
writer, producer, cast andg

director)

No X due to missing OOl

4R for Movie Info counted for each

person type

10

List Movies

Request for a list of

movies

Movie info

Movie info (title, year)

11

Delete Movie

Selection of the movie

Movie Info

Writer info (OOIl:Set of
Writers that are asso
ciated with a selected

movie)

No R to get related data before Delef

Producer info(similar to

writerinfo)

No R to get related data before Dele

Cast info(similar to wri-

terinfo)

No R to get related data before Dele

Director info(similar to

writerinfo)

No R to get related data before Dele

Writer info
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Producer info

Cast info

Director info

|22

Movie Info

No R after Delete (to be used in Corj
firmation:X)

x

Movie info (title, year)

No X to display data as confirmation

1X for Error / Confirmation 1W for
Genre

12

Delete Person

Selection of the person

Writer info (OOIl:Set of
movie Writers that are as
sociated with a selectec

person)

No R to get related data before Delet

Producer info(similar to

writerinfo)

No R to get related data before Dele

Cast info(similar to wri-

terinfo)

No R to get related data before Dele

ps)

Director info(similar to

writerinfo)

Writer info

Producer info

Cast info

ConfirmyError

X|x1z|g|=

Person

No X after Delete - Expected: Retur

to list as confirmation

1W Person Info 1E, 1R, 1X for addi

tional FP: "List Persons”

230



APPENDIX E

Appendix E: 4FSM Model for Movie Manager Specifications

Table E.1: 4FSM Model for Movie Manager Application Speeifions

Stimulus Stimulus Response Response FMCs
FMC
(sender,receiver,cmd) Category| FM Sender,
(E,X,C,U)| (default:data Receiver
group), only
indicate cmds for X, E
Add person requested usr,sw,add a person working in| E Person usr
user movie industry is added
U Person
ErroyConfirmation | usr
List persons requested | usr,sw,list display list of persons in| E Person usr
persons movie industry
Person
Error/Confirmation | usr
Display person requested usr,sw,display display details of the se Person usr
person lected persons
C Person
X ErroyConfirmation | usr
Update person requested usr,sw,updat¢ update details of the sef E Person usr
person lected persons
Person
Error/Confirmation | usr
Add Movie F.Form re-| usr,sw,display display main movie form Genre
quested main movie | and genres
form
Genre usr
Add main movie infor-| usr,sw, dis-| get main movie infor- Movie
mation requested play second| mation and display nexf
form form
C Person
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Person usr
Add movie information | usr,sw, save| save all movie informa- Director usr
requested movie infor- | tion
mation
E Writer usr
U Movie
E Producer usr
E Cast usr
U Movie
U Director
U Writer
U Producer
U Cast
X ErroyConfirmation | usr
Query Movie requested | usr,sw, display movies that| E MovieQuery usr
query match parameters
movies
Movie
X Movie usr
Display Movie Details| usr,sw, dis-| display selected movig E Movie usr
requested play movie details
C Movie
C Director
C Writer
C Producer
C Cast
R Movie
X Movie usr
X DirectorwithName | usr
X WriterwithName usr
X ProducerwithName usr
X CastwithName usr
Query Person requested| usr,sw, display persons that E PersonNameWord | usr
query per-| match the given name
sons
Person
X Person usr
Display Person details ret usr,sw, dis-| display selected person C Director
quested play person| details
details
C Writer
C Producer
C Cast
X Person usr
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MoviesDirected

usr

MoviesWritten

usr

MoviesProduced

usr

MoviesActed

usr

List Movies Requested

usr,sw, dis-

play movie

display all movies

O X | X|X|X

Movie

X

Movie

usr

Delete Movie Requested

usr,sw,delete

movie

delete movie

m

Movie

Director

Writer

Producer

Cast

Movie

Director

Writer

Producer

Cast

Erro/Confirmation

usr

Movie

Movie

usr

Delete Person Requeste

d usr,sw,delete

person

delete person

m| X|ofX|clc|cjc|c|lO|O|O|O

SetofMovies

Director

Writer

Producer

Cast

Writer

Producer

Cast

X|c|jcjcjfo|lojo|o

Erro/Confirmation

usr
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APPENDIX F

Appendix F: Case Study 4-Specifications, Questionnaire and

4FSM Models

Web Ordering System (WOS) Requirements & Specifications

B2B Product Order System. XYZ Company gets orders from commercial customers thatpgetiucts in their stores. XYZ
desires to have an online Web Ordering System (WOS) to ingpbmsiness performance by automation of order reception,

preparation and payment processes.

Environment and Business RequirementsEach XYZ customer mostly orders products that have similapgrties. For this
purpose XYZ maintains a catalog of generic product progerti.e keywords, tags). Each customer’s preferred setradrge
product properties is already known such that they will He abe a list of products that match the properties when tbeysa

the system. Shipping costs are charged to customers. Fomionization, the customers desire to give multiple-preid
orders and they desire to prepare an order in the systemmeatally and at dferent times before submitting it. Orders can

be in one status: open, in-progress and sent to deliveryh Eiagstomer can have one open order at most at a time. Customers
have prepaid deposits at their XYZ accounts. While checkimgtheir order, they want to select whether they want to pamf
prepaid deposit or online credit card payment. For depasityents customers should provide PaymentKey informatioiciw

is generated by a key generator device each customer ownpafiment validation purposes the key should be kept witle tim
stamp information in XYZ system. The payment validation ésfprmed via another Finance Software System (FinSysjiCre

card payments need to be performed by using an online seankevieb service.

Upon the submission of orders, XYZ warehouse packing maghiapares an empty package with the orderlD barcode printed
on it and customer receives order in progress e-mail. Thelaaise workers collect the ordered products and place tiéme i
package. Before loading the completed orders on the delivecks, the orderID bar codes are scanned to inform thesyst
that it has been shipped. XYZ supervisor can request a reporders created in a time period for planning and monitprin
purposes. The supervisor needs the report for many reasohss:

e asking warehouse workers to get prepared for potentiakrewteprioritize order preparations

e replying customer inquiries about orders and payments

e calling customers for inventory status before they subhgirtorders

Software Requirement Specifications
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Figure F.1: WOS Software Functional Users

Customers should login WOS by typing their names and paskswdf an attempt to login fails an error message is
shown, o.w. after login verification WOS checks if there isopen (unsubmitted) order for the customer. If there is,
WOS displays the open order details (orderID, order creaiie) and the products that match customer preferences
listed below a product query form. o.w, it creates a new opeleroand displays the same details. The query form

comes with one search field, one combo-box that includesfligéneric product property labels.

When the customer user types in the text in the field and "st#raiquery, WOS returns the list of products (pro-
ductno,price,title) that contain the query text in prodiittg. If the user selects an property label from the combg-b
then the search text is ignored and the query returns theipt®that possess the selected property. Customer prefer-

ences are ignored in queries.

Customer adds an item to the order by entering a quantitye\atd requesting "add item” for a selected product. WOS

takes productid and indicated quantity from the interfacé @lds an item to the order and displays a success message.

When the customer clicks "view order”, the system takes riddieom the interface and views order details (orderid,

creationdate, total cost) and order-item details (prodtiet quantity, unitprice, itemcost).

For the deletion of an order item customer first selects "weder” then from the order details view, customer selects
"delete” for an item and WOS takes the productno and ordeoiah the interface and deletes the item from the order and
WOS displays the updated order details (orderid, creatitydotal cost) and order-item details (product title,rgitg

unitprice, itemcost).

Customer cancels an order by requesting "cancel” from arden page. WOS first shows a confirmation dialog, when

user clicks "ok” it takes orderid from the interface delesdisorder related information and returns a success message

In order to check out and submit the order, the customer ficksc’checkout” button. WOS displays checkout wizard.

In the first wizard form, user selects from two options: (1y Ram Deposit, (2) Pay Online and enters a PaymentKey
(1) or CCNumber (2) into a field. In the "next” form, user estshipping address. When the user requests "submit
order” if the payment type is selected as "from deposit” thgrpent key and timestamp information is saved for later
validation. If credit card option is selected WOS sends ditoard payment request to bank web service. Web service
returns a PaymentReferenceNo as a confirmation. In botts aystem saves address information and updates order
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status to "In progress”. WOS also sends orderID to XYZ pagkimachine software and sends a confirmation e-mail

message to customer including orderlD and in-progresgsstat

e When Warehouse worker scans the OrderID printed on the pedieage, scanner software sends orderlD to WOS and

WOS updates order status to "Sent to Delivery”.

e XYZ supervisor enters two dates (from and to) for a report rfeos created in the specified time period. Report

includes all orders details (see sample report at the end).

Generic M N Product M
Product posesses
Property

M N

Online Prepaid
Order Order
(a) E-R Diagram
GenericPiodudPropery ( ProduciProperties Produd
Tabel Char(1) NN (PK) Tabel Char(1) NN (PFK) ProduciNo Char() NN (PK)
Description  Char(1) NN ProductNo Char() NN (PFK) Price Char(1)
Reb Relg Title Char(1)
elationship17
Order
OrderNo Char(1) NN (PK) Orderitem
CustomerPreference od  Custhame Char(1)  (FK) ProduciNo  Char(T) NN (PFK)
CustomerName  Char(1) NN (PFK) Status Char(1) Order Char() NN (PFK)
Label Char(1) NN (PFK) CreationDate Char(1) Quanity  Char(1)
Shipment Address _ Char(1)

7 Relationship28

. ( OnlineOrder
PrePaidOrder PaymentDate  Char(1)

Customer
Name  Char() NN (PK)
Phone  Char(1)
Password Char(1)
email  Char(1)

OrderNo Char(1) NN (PFK) PaymentRefNo  Char(1)

Paykey Char(1)
PaymentTime  Char(1)

OrderNo Char(1) NN (PFK) ‘

(b) 3NF Relations

Figure F.2: WOS Entities and Relations
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Web Ordering System (WOS) 4FSM MODEL

Table F.1: Reference 4FSM Model for WOS Specifications

Stimulus

Stimulus FMC

(sender,receiver,cmd)

Response

Response FMCs

(E,X,C,U)

FM (indicate
cmds)

Sender,
Receiver
for X, E

login requested

cust,sw,login

check login , error or
page,display order

Customer

customer

Customer

loginerr

customer

CustomerPreferen

e

order

order

order

customer

oO|X|Cc|lolo|X|0O

GenericProduct

Property

Product Property

GenericProduct

Property

Product

Product

query requested

cust,sw,query prod-

ucts

display query results

m

Product

customer

Product Property

customer

Product

Product Property

Product

customer

add item requested

cust,sw,add item re-

quest

mixX|ofo|m

Orderltem

customer

Orderltem

Success

customer

view order requested

cust,sw,view order

request

view order details

order

Order

Orderitem

Product

Orderitemdetails

customer

Orderdetails

customer

delete item requested

cust,sw,delete item

req

delete item and show|

m|X|X|O|O|O

Orderitem

customer

Orderitem

Order

Orderitem

O|o0o|j0|C

Product
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Orderitem customer
Orderdetails customer
cancel order request | cust,sw,click cancel| click cancel n.a. interface mechan- n.a
req ics
Cancel Confirmed cust,sw, confirma-| delete all order infor-| E Order customer
tion mation
C Orderitem
U Order
U Orderitem
X Success customer
checkout requested | cust,sw,click check-| show wizard n.a. interface mechan- n.a
out ics
fill  payment re-| cust,sw,click next show address E PrepaidOrder customer
quested (key)
E OnlineOrder  (cc| customer
number)
submit requested cust,sw,click submit| record payment E Order customer
U PrepaidOrder
U OnlineOrder
U Order
X withdraw:cmd Bank WS
X OnlineOrder  (cc| Bank WS
number)
E OnlineOrder Bank WS
(refno)
X PrintBarcode:cmd | PackMac
X Order PackMac
X Orderwithe-mail MailServer
X send e-mail:cmd MailServer
C Customer
order scanneed scanner,sw,scan update status E Order customer
U Order
report requested supervisor,sw,report| display report E OrderReportintervgl supervisor
request
C Order
C Orderltem
C Customer
C OnlineOrder
C PrepaidOrder
C Product
X All Customer Or-| supervisor
der
X Orderdetails supervisor
Orderitemdetails supervisor
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4FSM Model Evaluation Questionnaire

For each of the following paired statements, please markssaver the box, which most closely matches your opiniome Gi

your honest opinion, based on your experience using the 4/8bkl and the construction procedure.

4FSM model data concepts are intuitive

4FSM model data concepts are abstract

4FSM model behavioral concepts are intuitive

4FSM model behavioral concepts are abstract

to any SRS and obtain consistent results.

4FSM model behavioral concepts are easy to un- 4FSM model behavioral concepts are hard to yn-

derstand derstand

4FSM model data concepts are easy to understand 4FSM model data concepts are hard to understand

4FSM model construction procedure was easy| to 4FSM model construction procedure was hard|to

follow and apply follow and apply

Overall, 4FSM model construction was easy Overall, 4FSM model construction was challang-
ing

All 4FSM rules guides me identifying the model All 4FSM rules do NOT guide me identifying the

concepts model concepts

4FSM model provides means for verification of|a 4FSM model do NOT provide means for verifica-

constructed model tion of a constructed model

Itis easy to learn 4FSM model data and behavioral It is difficult to learn 4FSM model data and behay-

concepts ioral concepts

Training and documentation wasfBaient to apply Training and documentation was NOT{Bcient to

the model accurately apply the accurately

The case specifications were simpler than the pre- The case specifications were harder than sw | have

vious sw | have measured measured

The case specification was simpler than Moyie The case specification was harder than Movie Man-

Manager from an FSM point of view. ager from an FSM point of view.

The case specifications were closer to real life The case specifications were NOT close to real life

projects compared to the sw | have measured projects compared to the sw | have measured

4FSM concepts are concrete and solid. Once | leprn 4FSM concepts are subjective. | can achieve con-

it, | can easily extend the FSM definitions and rules sistency by memorizing the examples for each fe-

quirement in order to obtain consistent results.

Please provide free text answers to each of the followingtijres:

1. What do you think about the required skills to understamdl &pply 4FSM? Compare it to the skills for FSM method you

know?

2. What are the most significant contributions of 4FSM moael think with respect to model construction challenges yateh

met?

3. Do you have any suggestions for making 4FSM model easegpyity?

Please write any other comments you would like to make alveuEEM method in the space below.
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Web Ordering System 4FSM Models Constructed by Measurers

Table F.2: WOS Models Constructed by Measurer 1

Stimulus

Stimulus FMC

(sender,receiver,cm

i)

Response

Response FMCs

(E.X,C,U)

FM (indicate

cmds)

Sender,
Receiver
for X, E

login requested

display open orders

cust,sw,login

Customer

customer

Customer

succes®rror

order

order

CustomerPreferen

[¢]

ProductProperty

Product

O|lOo|0olOoX|O|X|[O|m

GenericProduct

Property

Product Property

GenericProduct
Property

query submitted

display query

results

cust,sw,query prod-|

ucts

Product

customer

Product Property

Product

Product Property

Product

customer

add an item requeste

i place order

cust,sw,add item re-

quest

miXxX|ofofm

Orderltem

Product

Orderltem

X|c|m

Success

view order requested

view order details

cust,sw,view order

request

order

order

orderitem

product

orderdescription

ordersummary

delete item requesteg

delete item and

show

cust,sw,delete  item

req

m|iX| X O0O|O[|O

orderdescription

orderitem

order

orderitem

orderdescription

X|IX|0O|O|C

ordersummary
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cancel order request

cancel order

cust,sw, confirmation

order

orderitem

order

orderitem

succesgrror

payment requested

show address

cust,sw,click next

Payment Data

customer

Order

Order

PrepaidOrder

Payment data

Bank WS

BankPaymentData

Bank WS

OnlineOrder

Order

PackMac

Customer

Orderwithe-mail

MailServer

Customer

PrintBarcode:cmd

PackMac

e-mail:cmd

MailServer

send e-mail:cmd

MailServer

order scanned

update status

scanner,sw,scan

Order

customer

Order

report requested

display report

supervisor,sw,report

request

micm{X|X|[X|X|X|O|X|CcimX|Cclcimm|X|C|C|O|M

ReportDate

supervisor

Product

Orderltem

Order

OnlineOrder

PrepaidOrder

RManagerSummarny

ROrderSummary

X | X|X[0oOlojo|o|o

RltemSummary

Table F.3: WOS Models Constructed by Measurer 2

Stimulus

Stimulus FMC

(sender,receiver,cm

i)

Response

Response FMCs

(E.X,C,U)

FM (indicate

cmds)

Sender,
Receiver
for X, E

login requested

cust,sw,login

login to system

Customer

customer

Customer

order

order

Product

Product

C|IX|O|X|O]|O|m

order
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loginerr

CustomerPreferen

(0]

Product Property

O0|0 | X

GenericProduct
Property

GenericProduct
Property

search product buttor)
clicked

cust,sw,query prod-

ucts

display related prod-

ucts

Product

customer

Product

Product Property

Product

m|xX|O|0O

GenericProduct

Property

add item requested

cust,sw,add item re-

quest

idem item to order

Orderltem

customer

Orderltem

view order requested

cust,sw,view order

request

display order details

m

Order

customer

order

orderitem

ordertotalcost

orderdetails

Product

delete item requested

cust,sw,delete item

req

delete an order item

mioO|X[X]|O|O

orderitem

customer

Order

orderitem

order

Product

orderitemdetails

orderdetails

Order

quested

cancel re-

cust,sw, confirma-

tion

order cancelled

miXxX|X[OoO|jOo|c|m

order

customer

orderitem

order

orderitem

success

submit order re-

quested

cust,sw,click submit

record payment

miXxX|jc|lc|O

PrepaidOrder

customer

OnlineOrder

PrepaidOrder

OnlineOrder

Order

o|jc|c|lc|m

Customer
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withdraw:cmd

Bank WS

OnlineOrder

Bank WS

Order

PackMac

Orderwithe-mail

MailServer

CreditCardNo

Bank WS

Order

customer

order scanneed

scanner,sw,scan

update status

Order

Scanner Soft

Order

report requested

supervisor,sw,report

request

display report

mi|CcC|m|m|[X]|X|X|[m]X

OrderReportintervg

supervisor

Order

Orderltem

Customer

OnlineOrder

PrepaidOrder

Product

Xlojojolojo|o

All Customer Or-
der

x

Orderdetails

orderitemdetails

Table F.4: WOS Models Constructed by Measurer 3

Stimulus

Stimulus FMC

(sender,receiver,cm

i)

Response

Response FMCs

(E.X,C,U)

FM (indicate
cmds)

Sender,
Receiver
for X, E

login requested

cust,sw,login

check login , error or
page,display order

Customer

customer

Customer

loginerr

order

order

order

CustomerPreferen

[¢]

Product Property

O|l0O|0O|X|Cc|lOo|X|0O

GenericProduct

Property

GenericProduct

Property

Product

Product

query requested

cust,sw,query prod-

ucts

show search results

Product

customer

Product Property
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Product

Product Property

Product

add item requested

cust,sw,add item re

quest

m|X| O[O

Orderltem

customer

Orderltem

Success

view order requested

cust,sw,view order

request

view order details

Order

customer

Product

order

orderitem

orderitemdetails

orderwithTotalCost

delete orderitem re-

quested

cust,sw,delete item

req

delete item

m|iX| X O0O|O[|O

orderitem

orderitem

Product

order

orderitem

orderitemdetails

orderdetails

Cancel Order clicked

cust,sw, confirma-

tion

delete all order infor-

mation

m|X|X[O[O|O|C

order

customer

orderitem

order

orderitem

success

checkout clicked

cust,sw,request

PrepaidOrder

customer

OnlineOrder

Order

PrepaidOrder

OnlineOrder

Order

withdraw:cmd

Bank WS

CreditCardNo

Bank WS

PaymentReference

NBank WS

PrintBarcode:cmd

PackMac

Order

PackMac

Customer

send e-mail:cmd

MailServer

Orderwithe-mail

MailServer

Customer

MailServer

order scanneed

scanner,sw,scan

update status

Order

Scanner sw

Cm|X|X|X[O|X[X M X|X|C|lCc|cilmimm{X|C|C|O

Order
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report requested

supervisor,sw,report

request

display report

OrderReportintervg

| customer

Order

Orderltem

Customer

OnlineOrder

PrepaidOrder

Product

X|Oo|ojolojo|o

All Customer Or-

der

x

Orderdetails

orderitemdetails

Table F.5: WOS Models Constructed by Measurer 4

Stimulus

Stimulus FMC

(sender,receiver,cm

i)

Response

Response FMCs

(E,X,C,U)

FM (indicate

cmds)

Sender,
Receiver
for X, E

login requested

cust,sw,login

check login

Customer

loginerr

customer

Customer

order

order

Customer Property|

OO |X|0olo|X m

GenericProduct

Property

Product

order

Product Property

Product

X|1O|O|C|X

GenericProduct
Property

Submit text query

Product

customer

Product

Product

Select by label

cust,sw,query prod-

ucts

m|XxX|Offm

Property

customer

Product Property

Product

Product

add item requested

cust,sw,add item re-

quest

m|xX| 0|0

Orderltem

customer

Orderltem

Success
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view order requested

cust,sw,view order

request

order

customer

order

orderitem

Product

orderitemdetails

orderdetails

delete item requesteg

cust,sw,delete item

req

m|X|X|O|O|m

Product

customer

Order

orderitem

Product

orderitem

orderitemdetails

orderdetails

Cancel Order

cust,sw, confirma-

tion

mi X|X[O|Oo|lCc|m

order

customer

Confirmation

order

order

orderitem

orderitem

erroysuccess

click checkout

deposit

cust,sw,click check-

out

m|XxXj|jc|jojc|im|X

Paymentkey

customer

Shipmentaddress

PrepaidOrder

Order

Order

Orderwithe-mail

click checkout credit-

card

m|X|[X|C|lCc|m

Creditcard

customer

m

Shipmentaddress

PaymentRequest

Bank WS

m

Payment  Refer-

ence

Bank WS

Order

Order

PackMac

Orderwithe-mail

PaymentRequest:c|

mBank WS

order scanneed

scanner,sw,scan

Order

Scanner sw

Order

report requested

supervisor,sw,report

request

m|iCc|m|X|X|[X|C

OrderCreationFron

supervisor

OrderCreationTo
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Order

Orderltem

Customer

OnlineOrder

PrepaidOrder

Product

OrderReport

Order.Customer

Ordecltems

XX | X|X[oo0o/o|olo|O

Order.creation

Table F.6: WOS Models Constructed by Measurer 5

Stimulus Stimulus FMC Response Response FMCs

(sender,receiver,cmdl) (E,X,C,U)| FM (indicate Sender,
cmds) Receiver
for X, E

login requested cust,sw,login check login Customer customer

loginerr

Customer

order

order

Customer Property|

O|O|X|o|o|XxX|m

GenericProduct
Property

Product

order

Product Property

Product

X100 |C|X

GenericProduct

Property

Submit text query Product customer

Product

Product

m|XxX|Ofm

Select by label cust,sw,query prod- Property customer

ucts

Product Property

Product

Product

m|X|O|O

add item requested | cust,sw,add item req Orderltem customer

quest

Orderltem

Success

view order requested| cust,sw,view order C order customer

request
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order

orderitem

Product

orderitemdetails

orderdetails

delete item requesteg

cust,sw,delete item

req

m|X|X|O|O|m

Product

customer

Order

orderitem

Product

orderitem

orderitemdetails

orderdetails

Cancel Order

cust,sw, confirma-

tion

mi X|X[O|Oo|lCc|m

order

customer

Confirmation

order

order

orderitem

orderitem

erroysuccess

click checkout

deposit

cust,sw,click check-

out

m|xXj|jcjofjc|im|X

Paymentkey

customer

Shipmentaddress

PrepaidOrder

Order

Order

Orderwithe-mail

click checkout credit-

card

m|X|[X|C|C|m

Creditcard

customer

m

Shipmentaddress

PaymentRequest

Bank WS

m

Payment  Refer-

ence

Bank WS

Order

Order

PackMac

Orderwithe-mail

PaymentRequest:c|

mBank WS

order scanneed

scanner,sw,scan

Order

Scanner sw

Order

report requested

supervisor,sw,report

request

m|iCc|m|X|X|[X|C

OrderCreationFron

supervisor

m

OrderCreationTo

Order

Orderltem
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Customer

OnlineOrder

PrepaidOrder

Product

OrderReport

Order.Customer

Ordecltems

X | X|X[|X[O|O]|O]|O

Ordercreation

Table F.7: WOS Models Constructed by Measurer 6

Stimulus

Stimulus FMC

(sender,receiver,cm

i)

Response

Response FMCs

(E.X,C,U)

FM (indicate

cmds)

Sender,
Receiver
for X, E

login requested

cust,sw,login

verify,show order

Customer

customer

Customer

error

order

order

CustomerPreferen

(o]

Product Property

Product

order

Product

add item requested

cust,sw,add item re-

quest

m|X|cjojfofo(xX|o|xX|o|m

Orderltem

customer

Orderltem

Success

search requested

search

display query results

Product

customer

Product Property

Product

Product Property

Product

view order requested

cust,sw,view order

request

view order details

OX|o/omim|X|C

order

customer

Orderid

orderitem

Product

orderitemdetails

orderdetails

delete item requested

cust,sw,delete item

req

delete item

m|X|X|Oolo|m

orderitem

customer

(@]

orderitem

orderitem
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Product

Product

orderdetails

cancel order request

cust,sw,click cancel

req

cancel order

miXxX|xolO

order

customer

orderitem

order

orderitem

success

checkout requested

cust,sw,click check-

out

submit order

miXxX|jc|lc|O

PrepaidOrder

customer

CreditCardNo

Order

PrepaidOrder

withdraw:cmd

Bank WS

CreditCardNo

Bank WS

OnlineOrder

Bank WS

OnlineOrder

Order

PrintBarcode:cmd

PackMac

Order

PackMac

Order

Customer

Orderwithe-mail

MailServer

send e-mail:cmd

MailServer

order scanneed

Sscanner,sw,scan

update status

Order

Scanner sw

Order

report requested

supervisor,sw,report

request

display report

m|CcClm| X | X[X|X|X|C|Cclm|X|[X|C{m|m

OrderReportintervg

| supervisor

Order

Orderltem

Customer

Product

X|Oo|o|o|lo

All Customer Or-

der

X

Orderdetails

orderitemdetails

Table F.8: WOS Models Constructed by Measurer 7

Stimulus

Stimulus FMC

(sender,receiver,cmdl)

Response

Response FMCs

(E.X,C,U)

FM (indicate

cmds)

Sender,
Receiver
for X, E

login requested

cust,sw,login

create,check

der,display

or-|

Customer

customer
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Customer

loginerr

order

order

CustomerPreferen

[¢]

O|0O|C|Oo|(X|0O

GenericProduct

Property

Product Property

Product

Product

X|1O|X|0O

GenericProduct
Property

x

order

search product

requested

cust,sw,query prod-

ucts

display query results

Product

customer

Product Property

Product

Product Property

Product

add item requested

cust,sw,add item re

quest

m(xX|ofo|m

Orderltem

customer

Orderltem

Success

view order requested

cust,sw,view order

request

view order details

product

customer

Order

orderitem

orderitemdetails

orderdetails

delete item requested

cust,sw,delete item

req

delete item and show|

m| X |X|O||m

orderitem

customer

orderitem

orderitemdetails

orderdetails

cancel order request

cust,sw,click cancel

req

click cancel

n.a.

Cancel Confirmed

cust,sw, confirma-

tion

delete all order infor-

mation

order

customer

orderitem

order

orderitem

success

checkout requested

cust,sw,click check-

out

show wizard

fill payment (next)

cust,sw,click next

show address

PrepaidOrder

customer
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OnlineOrder

submit  order

quested

re-

cust,sw,click submit

record payment

m

Order

customer

PrepaidOrder

withdraw:cmd

Bank WS

CreditCardNo

Bank WS

OnlineOrder

Bank WS

Order

PrintBarcode:cmd

PackMac

Order

PackMac

send e-mail:cmd

MailServer

Orderwithe-mail

MailServer

OnlineOrder

Customer

MailServer

order scanneed

Sscanner,sw,scan

update status

Order

Scanner sw

Order

report requested

supervisor,sw,report

request

display report

m|CcC|m|X|C[X|X[X|X|C|ImMm|X|X|C

OrderReportintervg

| supervisor

Order

Orderltem

Customer

OnlineOrder

PrepaidOrder

Product

Xlojojolojo|o

All Customer Or-

der

x

Orderdetails

orderitemdetails

Table F.9: WOS Models Constructed by Measurer 8

Stimulus

Stimulus FMC

(sender,receiver,cmdl)

Response

Response FMCs

(E.X,C,U)

FM (indicate

cmds)

Sender,
Receiver
for X, E

login requested

cust,sw,login

process login

Customer

customer

loginerr

order

CustomerPreferen

[¢]

Product

Oo|o|o|Xx|m

GenericProduct

Property

X

order

GenericProduct

Property
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product

query submitted

cust,sw,query prod-

ucts

query products

Product

customer

Product

Product

GenericProduct
Property

GenericProduct
Property

add item requested

cust,sw,add item re

quest

Orderltem

customer

Product

Order

Orderltem

Success

view order requested

cust,sw,view order

request

view order details

m(XxX|clo|o

order

customer

order

orderitem

Product

ordectotalcost

productorderitem

delete item requested

cust,sw,delete item

req

delete item from an

order

m|X|X|O|lO|O

Product

customer

Order

Orderltem

Ordertotalcost

productorderitem

ordectotalcost

productorderitem

Cancel Confirmed

cust,sw, confirma-

tion

cancel order

m|X|X|Cc|lCc|Cc|m

order

customer

erroyconfirmation

erroyconfirmation

order

Product

orderitem

erroyconfirmation

checkout requested

cust,sw,click next

checkout order

Order

customer

PrepaidOrder

CreditCardNo

PrepaidOrder

withdraw:cmd

Bank WS

CreditCardNo

Bank WS

cC|IX|X|omimm|X|c|lo|c| m|X

Order
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OnlineOrder

PrepaidOrder

Orderwithe-mail

MailServer

Order

PackMac

PrintBarcode:cmd

PackMac

send e-mail:cmd

MailServer

order scanneed

scanner,sw,scan

update status

Order

Scanner sw

Order

report requested

supervisor,sw,report

request

display report

m|Cc|m|X|X|X|X|[C|C

fromTodates

supervisor

Customer

Order

Product

Orderltem

ProductQuantity

Ordertotal

X | X | X[O[O[O]O

All Customer Or-
der

(@]

OnlineOrder

PrepaidOrder
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Table F.10: Ratings for Questions in 4FSM Evaluation Qoesidire

Oxr1 N e e = NANM A NN
MO Ad A d A M cAA OO A A
m621211222213322
m521121132213241
%444221122131222
M322111111124411
NNANANANNNAANNAAT O
AN ANN-ATANNANNAAOMOOMNN
3833885883355 3%
coooo

suonsan®
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