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ABSTRACT

E-COSMIC: A BUSINESS PROCESS MODEL BASED FUNCTIONAL
SIZE ESTIMATION APPROACH

KAYA, Mahir
M.Sc., Department of Information Systems

Supervisor: Assoc. Prof. Dr. Onur Demirors

February 2010, 120 pages

The cost and effort estimation of projects depend on software size. A software product size
is needed at as early a phase of the project as possible. Conventional Early Functional Size
Estimation methods generate size at the early phase but result in subjectivity and
unrepeatability due to manual calculation. On the other hand, automated Functional Size
Measurement calculation approaches require constructs which are available in considerably

late software development phases.



In this study we developed an approach called e-Cosmic to calculate and automate the
functional size measurement based on the business processes. Functions and input and
output relationship types of each function are identified in the business process model. The
size of each relationship type is determined by assigning appropriate data movements
based on the COSMIC Measurement Manual. Then, relationship type size is aggregated to
produce the size of each function. The size of the software product is the sum of the size of
these functions. Automation of this process based on business process model is performed

by developing a script in the ARIS tool concept.

Three case studies were conducted to validate the proposed functional size estimation
method (e-Cosmic). The size of the products in the case studies are measured manually
with COSMIC FSM (Abran et al, 2007) as well as using a conventional early estimation
method, called Early and Quick COSMIC FFP. We compared the results of different

approaches and discussed the usability of e-Cosmic based on the findings.

Keywords: Early size estimation, Functional size measurement, Business process model.
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E-COSMIC: iS SURECIi MODELI TEMELLI FONKSIYONEL
BUYUKLUK KESTIRIM YAKLASIMI

KAYA, Mahir
Yiiksek Lisans, Bilisim Sistemleri B6lUmu

Tez Yoneticisi: Dog. Dr.Onur Demirors

Subat 2010, 120 sayfa

Projelerin maliyet ve isglcli kestirimleri yaziimin buyukligine baghdir. Bir yazilm
Grinandan bayadklagine, projenin mimkin oldugu kadar erken bir safhasinda ihtiyag
duyulur. Geleneksel erken buyiklik kestirim yontemleri buylklGgli erken asamada
bulmakta fakat elle hesaplamadan dolayl 6znellige ve tekrarlanamayan sonug (iretimine
neden olmaktadir. Diger taraftan otomatiklestirilmis FBO hesaplama yaklagimlari yazilim

gelistirme safhalarinin oldukga ileri asamasindaki yapilara ihtiyag duyarlar.

Bu calismada, is suregleri temel alinarak fonsiyonel biyiklik olgimini hesaplamak ve

otomatiklestirmek icin e-Cosmic olarak adlandirilan bir yaklasim gelistirilmistir. Is slreg

vi



modelindeki fonksiyonlar ve her fonksiyonun girdi ve cikti iliski ¢esitleri tanimlanmistir. Her
iliski cesidinin blylkligl, COSMIC 6lcim elkitabi temel alinarak uygun veri hareketleri
atanmasi ile belirlenmistir. Daha sonra, her fonksiyonun buyuklGginid bulmak igin iligki
cesitleri blyukligu toplanir. Yazilim Grlinlin biyUklGgi ise bu fonksiyonlarin biyiklGgiinin
toplamidir. Bu slrecin, is stregleri modeli temel alinarak otomatiklestirilmesi ARIS aracinda

bir kod sayfasi gelistirilerek gergeklestirilmistir.

Onerilen fonksiyonel biyiikliik kestirim yénteminin (e-Cosmic) gecerlemesi igin ii¢c drnek
olay incelemesi yiritilmistir. Ornek olaylardaki triinlerin biyikligii hem COSMIC FBO
hem de Early and Quick COSMIC FFP olarak adlandirilan geleneksel bir erken kestirim
modeli kullanilarak elle ol¢lildii. Farkh yaklasimlarin sonuclari karsilastirildi ve bulgular

temel alinarak e-Cosmic yonteminin kullanilabilirligi tartisildi.

Anahtar Kelimeler: Erken biiyiikliik kestirimi, Fonksiyonel biiyiikliik 6lgme, is siireci modeli.
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CHAPTER 1

INTRODUCTION

Software industry continues to have problems related to project management. The major
problems are related to difficulties of achieving high product quality and estimating effort
and the time required for projects (Glass, 2003). The accuracy of size estimation is
considered to be one of the most significant causes of management problems as estimated

size is the basis of accurate effort prediction approaches.

It is at the beginning of the project when we most need the software product size in order
to make a realistic effort prediction and a proper allocation of available time and resources.
In addition to being the most reliable indicator of effort prediction models software size is
frequently utilized by other quality measures to normalize and compare the process

outcomes.

Among the various size measurement methods, the ones based on “functionality” are
widely-used due to their earlier applicability in the software life cycle. Although “Line of
Code” (LOC) based size estimation has some drawbacks, it had been widely used until Allan
Albrecht introduced the idea of measuring a size of software by means of its requirements
or functional specifications. Funtional size became a significant innovation since the
method does not depend on the development environment and programming language of

the software product (Symons, 2001).



In earlier Functional Size Measurement (FSM) methods, generation of the functional size of
a software product might have been varying depending on the assumptions of the
measurer. It was heavily dependent on the way how the measurer maps the software
requirements represented in natural language to the elements of the FSM method. Various
FSM methods and a set of related standards have been proposed and published since the
original size estimation method proposed by Albrecht (1979). Modern FSM methodologies
such as COSMIC (ISO/IEC 19761, 2003a), IFPUG Function Point Analysis (ISO/IEC 20926,
2003b) and Mark Il Function Point Analysis (ISO/IEC 20968, 2002) can be reliably applied

after the requirement specification phase.

There are also various early functional size estimation methods (Meli, 1997; Santillo and
Melli, 1998; Abran, Desharnais, Oligny, St-Pierre & Symons, 2003; Conte, lorio, Meli &
Santillo, 2004; Galorath and Evans, 2006; Jones, 2007) that enable functional size prediction
(in COSMIC, IFPUG or Mark Il) earlier than the software requirements phase. Early
functional size estimation methods entail a certain degree of subjectivity (Santillo and Meli,
1998). They are also frequently criticized of being unrepeatable and subjective (Vogelezang,

2005).

Functional size estimation starts with extracting Functional User Requirements (FURs) from
software product requirements. However, researchers who worked on formalizing and
automating function point measurement have been largely interested in extracting
elements of FSM methods from the software artifacts such as Data Flow Diagrams (DFD),

Entity Relationship (ER) Diagrams, State Diagrams and Object — Oriented Diagrams.

During the recent years, software size estimation from Object-Oriented Design artifacts has
emerged as a good solution for software size estimation problems such as measurer
dependency or subjectivity, low accuracy and reliability and high measurement costs (Diab,
Koukane, Frappier & St-Denis, 2005). In order to overcome these problems, considerable
researches have been conducted on developing software size measurement algorithms and
mappings for Object-Oriented Design artifacts (Poels, 2003; Diab et al., 2005; Condori-

Fernandez, Abrahao & Pastor, 2007; Levesque, Bevo & Cao, 2008). However, researchers



have not reached to an agreement on a unified definition of Object-Oriented Design
artifacts to be used for automation of software size (van den Berg, Dekkers & Oudshoorn,
2005). Furthermore Object-Oriented Design artifacts needed for software size estimation
might not be available in early phases of the software life cycle. Although most studies have
used class diagram and sequence diagrams as input artifacts for automation of software
size estimation, class and sequence diagrams may be available only considerably later
during the software development process than the time when the functional size can be
measured manually (Uemura, Kusumoto & Inoue, 1999). Generation of these artifacts also
requires one third of all project development effort (Meli, 1997). In addition, it has been
observed that most FSM automation approaches could not make their algorithm
compatible with the whole measurement procedure of a FSM method (Abrahao and Emilio,

2008).

It has been hypothesized that a solution for cost effective, early size measurement was to

establish an approach to measaure functional size based on process model constructs.

Business process models are frequently developed during organizational process
improvement studies or system analysis phases of information system development
projects. In other words, these models are available before the requirement specification

phase of a software development project.

In this study to overcome the reliability and subjectivity problems, a mapping between
functional size estimation components and common business process model constructs
was developed and to decrease the measurement costs, the counting process was
automated. The mapping and automation algorithm were also integrated into the

methodology called e-Cosmic.

In e-Cosmic, the business process model elements are mapped to the main components,
“functional processes” of COSMIC FSM method (Abran et al, 2007) and components of
functional processes are mapped to different types of externally observable relationship

types that are represented as input to and output of activities of processes. An algorithm



was defined to count the occurrences of those relationships. This algorithm was
implemented in a specific process modeling environment called ARIS (Davis and Brabander,

2007).

In order to validate e-Cosmic functional size estimation method, three case studies have
been conducted. The applicability of e-Cosmic functional size estimation approach was
explored in the first case study. After refinements to the approach, second case study was
conducted. During the second case study, a well known early functional size estimation
method called Early and Quick COSMIC Full Function Point (Meli, Abran, Ho & Oligny, 2000)
was also implemented and the results were compared with e-Cosmic. Third case study was

conducted to observe the deviations between COSMIC FSM results and estimation results.

In Chapter 2, a literature review on related subjects is presented and discussed. COSMIC
FSM method which is used as a base model is described in this chapter. In addition, early
functional size estimation methods and FSM automation approaches available in the

literature are summarized and compared.

In chapter 3, e-Cosmic estimation methodology is explained. Mapping between the

concepts of the process model constructs and the COSMIC FSM is detailed.

In chapter 4, we described the case studies that we have performed to validate e-Cosmic

Functional size estimation method.

In chapter 5, significance and contributions of the study are presented and suggestions for

future work are provided.



CHAPTER 2

RELATED RESEARCH

This chapter presents the results of the literature review on software size
measurement/estimation methods, early software size estimation approaches and

automation approaches of software functional size measurement.

2.1. Software Size Measurement/Estimation Methods

Since the early computer era of 1940s, software size measurement has been a prominent
but difficult activity. Software size is necessary to make a reliable project plan and properly
allocate time and resources. In addition, size may help post-assessment about development
effort by providing feedback on quality and productivity, on which various software

measures depend.

There has been considerable research in the literature on the accurate and complete
estimation of software size. These various approaches can be classified as technology-
independent methods such as Function Point Analysis (FPA) method and technology-

dependent methods such as LOC or number of classes.

Although counting program code is the oldest method and is used widely, the debate on
how good it represents the size of software has come into prominence. In addition, there is
not a consensus on definition of the measurement procedure such as counting comment
line or only executable statements. The advantages and disadvantages of the LOC are

shown in Table 1 (Galorath and Evans, 2006).



Table 1: Advantage and Disadvantage of SLOC

Advantage Disadvantage

Easy to compute It heavily depends on how code is written

Intuitive Multiple definitions for what constitutes a line of code.
Granular Varies dramatically based on technology used

Natural by-product of process It becomes available at the end of the development.

Some languages difficult to count automatically

Source: Based on Galorath and Evans (2006), edited by the author.

In the late 1970s, in order to overcome deficiencies of source code based approaches,
Albrecht (1979) proposed a method based on measuring amount of functionality delivered
to user. The size is measured from a functional, or user, point of view. The Function Point
technique is independent of the computer language, development methodology,
technology or the capability of the program developers. Symons (2001) stated that “At the
time it was a genuine breakthrough in thinking by providing the first method for sizing
software which was independent of the technology to be used for its development”

(Symons, 2001: p413).

Albrecht’s model counts software product in terms of four characteristics; namely External
Inputs and Outputs, User Interactions, External Interfaces and Files used by the system.
After identification of these types of components in a specification, they are weighted from
3 (simple) to 15 (complex). The Function Point Method has evolved and got refined in
course of time. The result of these refinements is the “counting manual” produced by IBM
in the early eighties. International Function Point Users Group (IFPUG) was formed in 1986.
This organization produced its own Counting Practices Manual to clarify and standardize
rules for the application of FPA. Since the first publication of IFPUG FPA, each release of
these IFPUG publications has provided refinements to the technique originally presented by

Albrecht. The IFPUG (Release 4.2) was published in 2005.

There are four functional size measurement methods that are certified by ISO/IEC. These

are IFPUG FPA, Mark Il FPA, Netherland Software Metrics Association (NESMA) FPA and



COSMIC FFP. NESMA and IFPUG methods are alike and Mark Il method is used less
frequently (van den Berg et al, 2005). The history of FPA methods are shown in Figure 1
(Levesque et al, 2008). The detailed discussion of differences between FPA methods, and
their evolutions are out of the scope of this thesis. COSMIC, details of which is given later in
this section, is selected as FPA method in this thesis study because of the fact that it is easy
to apply, suitable for MIS applications, has a measurement procedure more appropriate for
counting business process model and the definition of entity attributes is not required for

counting.
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The COSMIC FSM method is accepted as a second generation size measurement method.
The word “COSMIC” stands for “Common Software Measurement International
Consortium”. The COSMIC Function Point method evolved from “Full Function Point”
method coupled with some aspects of Mark Il function point (Jones, 2008). A group of
software metrics experts established COSMIC in 1999 (Abran, 1999). It has been improved

and new versions have been released since then.

The COSMIC method was designed as a standardized method of measuring a functional size
of software from the functional domains that are business application (or MIS) software
and real-time software (Abran et al., 2007). The functional size of any component of
software can be measured as seen by direct users of that component. On the other hand, it
has not been suitable for measuring complex mathematical algorithms such as expert
systems and simulation systems. In addition to this, it does not take into account neither
the influence of complexity arising from technology nor the influence of the number of data

attributes per data movement on software functional size.

The measurement process of the method includes three phases: the measurement
strategy, the mapping of the concepts and the measurement phase that represents value
assignments. In the first phase, the purpose and the scope of the measurement must be
identified. Then, functional users, which send or receive data to or from the functional
process, must be identified. FURs must be extracted from software artifacts. Finally, the
“levels of granularity” should be identified in the beginning of the measurement. Scope and
purpose affect software size in terms of both “user viewpoint” or “developer viewpoint”
and entry-exit pair across the boundary. These terms also help determining the boundary of

the application.

In the mapping phase, functional processes, which are elementary components of a set of
FURs, must be identified. It comprises a unique, cohesive and independently executable set
of data movements. Functional user triggers the functional process by an entry data
movement. Then, the data group and the object of interest (O0I) should be determined. A

data group is a set of data attributes that are distinct, non empty, unordered and non



redundant. OOls can be any “entity” which is related with FURs. It is optional to define

attributes of a data group (Abran et al., 2007).

In the measurement phase, the data movements for each functional process should be
identified. Data movements are the Entries, eXits, Reads and Writes crossing the boundary
between the functional user and the application (ISO/IEC, 2003a). A visual representation
can be seen in Figure 2. After identification of all data movements, we can apply
measurement function as assigning 1 CFP to each data movement of the functional process,
when all functional processes are aggregated, the functional size of the measured piece of

the software is generated.

The data movements are described as follows:

e An Entry (E) is a movement of a data group from the user’s side of the boundary to
the inside of the boundary

e An Exit (X) is a movement of a data group from inside the boundary to the user
side.

e A Read (R) is a movement of a data group from the persistent storage to the
functional process which requires it.

e A Write (W) is a movement of a data group from the functional process to the

persistent storage.

Functional DG: Data Group
U Boundary
S€rs i Software
: « Front end » « Back end »
= - —_—
| ENTRIES 1DG > < READS 1 DG W
i ‘ ] T é
EXITS 1DG |
OR : SOFTWARE | =
Engineered ‘ : !\ = ;
devices ENTRIES 1DG ; 2 |
: 1 N
OR EXITS 1DG | WRITES 1 DG % |
Other : ‘ | - |
Software :

Source: Based on Abran et al. (2007), edited by the author
Figure 2: Data movement types and their relationship with software
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2.2. Early Software Size Estimation

The most important advantage of FSM methods is their usability when FURs of business
application are defined. However, project managers also need a method for planning and
managing the tasks of the requirements phase as requirement specification tasks comprises

from 15 % to 40 % of the total work effort (Meli, 1997).

In order to overcome this problem a few techniques for early functional size estimation are
developed. In this section we will describe each early functional size estimation method to

represent their applicability. Strengths and weaknesses of them will be identified.
2.2.1. Jones Very Early Size Predictor

This is an estimation method developed by Capers Jones. Jones (2007) tried to transform
function point metric from sizing a very difficult task into one that is now not only easy to

apply but comparatively accurate as well.

Most software cost estimating tools need to identify the project in terms of scope, class and
type. The method utilizes taxonomy for defining software projects. Early size approximation
of function points are produced by utilizing this project identification mechanism. Although
this basic method of sizing is far from producing reliable results for serious cost estimating
purposes, if we do not have enough information about the project it emerges as a good
solution to find project size. The examples of the scope, class and type of taxonomy for

guessing at the approximate size of the software are depicted in Table 2.

In order to apply this superficial sizing method, we firstly identify numeric list values of the
project in terms of scope, class, and type factors and then apply the following formula

proposed by Jones (2007):

Size = (Scope + Class + Type)z'35
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Table 2: Examples of Scope, Class, and Type Values

Scope: Class: Type:
1) Subroutine 1) Individual software 1) Nonprocedural
2) Module 2) Shareware 2) Web applet
3) Reusable module 3) Academic software 3) Batch (not database)
4) Disposable prototype 4) Single location —internal  4) Interactive
5) Evolutionary prototype 5) Multi location — internal 5) Interactive GUI or web -based
6) Standalone program 6) Contract project — civilian  6) Batch database
7) Component of a system 7) Time sharing 7) Interactive database
8) Release of system 8) Military services 8) Client/server
9) New system 9) Internet 9) Mathematical
10) Compound system 10) Leased software 10) Systems
11) Bundled software 11) Communications

12) Marketed commercially  12) Process control

13) Outsource contract 13) Trusted system

14) Government contract 14) Embedded

15) Military contract 15) Image processing

16) Multimedia

17) Robotics

18) Artificial intelligence

19) Neural net

20) Hybrid: mixed

Source: Based on Jones (2007)
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This rough approximation method gives a limited size value. If we use the highest numeric
list values of scope, class, and type, the maximum size of a project may be approximately
7675 FP. According to this value, we would conclude that the method is not suitable for
large software projects. However this approximation method is enough to see whether an
application will be a trivial one. In addition, Jones (2007) suggested that this taxonomy
would be suitable for other metrics such as object points, CFPs, or engineering function
points by using the proper power for formula. Since this empirical formula utilizes only a
fundamental taxonomy to try to find applications with similar patterns, it can be applied on

thousands of projects in existence to come up with appropriate power for specific projects.

2.2.2. Standard Component Sizing

Standard component sizing depends on identification of a number of key components and
then comparison to the collected past data related to this key components (Vogelezang,
2005). An estimation of average and extreme size for key components can be produced by
comparison of historical data on similar components, so data of previous projects is
required to apply the method. Another method suggested by Putnam and Myers relies on

Fuzzy logic concepts.

Fuzzy logic is used as a systematic way to perform comparison with past work. It was used
by Putnam and Myers for software sizing purposes after adaptation to this field. According
to the project size, systems built previously are divided into six sub-categories. In order to
represent quartiles, four ranges are created within each size category. A new information
system is compared to the past projects, thus depending on the expert opinion the size of

the new system can be estimated (Vogelezang, 2005).

2.2.3. Proxy Based Estimating

PROxy-Based Estimating (PROBE) method has evolved from the similarity based approach.
Referring to Humphrey (1995), Vogelezang (2005) states that if a component needed to be
developed is similar to the one built previously, the result of its software metrics will

resemble to the previously completed work.

13



Historical data is needed to apply the method. A size range is assigned to each conceptual
function. In order to estimate size and effort in the Personal Software Process (PSP) which
is a discipline that enables software engineers to monitor, test, and improve their own

work, PROBE method can be used.

In the PROBE method, individual engineers break down past works into individual
components. A type such as data or logic is identified for each component and then from
very small to very large a size is counted and assigned to each component. Before a new
project is started and determined a resource allocation, the size estimation of the project
must be finished. The project is firstly separated into tasks according to the types and sizes

and then a formula is applied in order to estimate size.

2.2.4. Wideband Delphi

Software size estimate mostly needs judgment of the estimator. Lacking rigor, this process
may sometimes generate biased results about size of the software product (Galorath and
Evans, 2006). In order to eliminate these disadvantages, one can apply Delphi estimation
method. That is based upon software size estimations of expert teams and individuals.
These groups and individuals start with the same description of the task and produce
estimates anonymously. The average size is calculated based on estimation of the experts
by a moderator and this average and all other estimates are given to the experts in order to
repeat estimation. This process is repeated until the estimates get close enough and a
consensus is reached (Boehm, 1981). In addition, this method might take much time to

agree on a size; on the other hand, experts may not reach a consensus.

2.2.5. Statistical Sizing

The method relies on asking questions to the developer in order to determine a range of
potential sizes that is classified by “least”, “likely”, and “most” (Galorath and Evans, 2006).
In this method, estimator prepares a questionnaire to handle all expected and

unanticipated situations during the development phase of the software product.
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The questions are asked to the developer consecutively since the order of the question is
important. The initial question most likely would be that “what do you think the size of the
software product will be”. Then, other questions are designed according to capturing all of
the risk related to the product. The classification of the results is depicted as follows:

e least =" What is the best case size?”

e Likely ="What is the expected size?”

e Most ="What is the worst case size?”

Galorath and Evans (2006) determined a formula in order to apply statistical sizing method
as follows:
Expected value = [Least + (4*Likely) + Most]/6

Standard deviation = Most — Least

Expected size for any probability level can be calculated by using the standard deviation
and “bell curve” probability table. This method is also known as Three-point estimation

technique (Meli and Santillo, 1999).

2.2.6. FPA;

This method is structured from many approaches so as to estimate the functional size of
the software product (Vogelezang, 2005). Not only does this method benefit from some
feature of the fuzzy logic and standard-component sizing but it is the adjusted convergence
midpoint of the Delphi method and Early and Quick FPA method. Weight factors of the
requirements are assigned by estimators in this approach. Then, a minimum, an average,
and a maximum estimate values are determined for each weight factor. When we compare
this method to the Early and Quick FPA and Delphi method, this method is less complex

than Early and Quick method and it needs less time than Delphi method.

2.2.7. Early Function Point Analysis

Early Function Point Analysis (EFPA) method was introduced in 1997 (Meli, 1997), and then
it is refined and exemplified by Santillo and Meli (1998). Early Function Point technique is

not perceived as alternative measurement method to the FPA method since it is developed
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to produce a fast and early estimate as compared to the FPA (Meli, 1997). The
measurement procedure of the method is based on using both analogical and analytical
classification of functionalities. As considering this approach, we can see that the method

produces better software product estimation compared to previously covered approaches.

The method allows estimators to identify software objects, which are composed of logical
data and functionalities aspects, at different levels of detail. This aspect makes the method
more robust because it is easy to increase detailed level of the software application brunch
that is previously produced; on the other hand, little or nothing may be known about
another software branch that is completely innovative (Santillo and Meli, 1998). The
method enables estimators to use all information about the software application by
supporting the different detail level of the software objects. There is a minimum, an
average, and a maximum estimate for each type of object. Early & Quick IFPUG Function
Point (E&QFP 2.0), which is an evolution of this technique, was released in 2004 (Conte et
al., 2004). The technique is performed through statistically and analytically validated tables
of values. There are 6 software objects in E&QFP 2.0. From high level to low level, these
objects are macro process, general process, typical process, functional process, multiple
data group and logical data group. Macro process is a set of two or more average general
processes. A general process contains a set of two or more average functional processes.
The methodology defines a functional process as the elementary processes of the standard
FPA. A typical process is a particular case of general process composed of “create, read,
update, delete” (CRUD) and list (L) operations. Finally, logical data groups are presented to
be a group of logical data attributes. Multiple data groups consist of a set of two or more

logical data groups.

A set of size values based on statistical/analytical tables is determined for each software
object, and then these values are summed in order to find the overall result (Conte et al.,
2004). These methods rely on the estimator’s ability to identify and assess the software
objects accurately and completely. Therefore, this situation increases the subjectivity of the

method.
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2.2.8. Early & Quick COSMIC-FFP

In order to extend software domain of the EFPA method, EFPA research group has designed
E&Q COSMIC FFP based on present COSMIC FFP (Abran et al., 2003) principles. Such an
extension was needed for EFPA was based on IFPUG FPA, which is suitable mostly for MIS

domain and thus requires a domain expansion.

Meli et al. (2000) stated that Early & Quick estimation must not be perceived as an accurate
measure of the software functional size, but only an estimation of that measure allowed to
be produced for a wide range of software at early stages of the development life cycle.

E&Q COSMIC FFP 2.0 is released as a new proposal of the first version (Conte et al., 2004).

In order to apply the measurement procedure of the COSMIC FFP, a new software product
has to be represented according to the software breakdown structure (Meli et al., 2000).
The software product is decomposed towards finding a single node consisting of unique
and ordered set of data movements in the function tree and then accepting those leaves as
an input for measurement process to produce final size for the software item under
measurement. On the other hand, in the early stages, it is not possible to distinguish the
single data movements because of the fact that detailed level of information is not
available. Thus, forecasts of average process size, at the intermediate and top levels, are
assigned. Then, final result is produced by aggregating the intermediate results. Moreover,
the size of functional process in the COSMIC FFP is not bounded as E&Q COSMIC FFP. The
component ranges and the numerical assignment for the E&Q COSMIC FFP 2.0 Release
Candidate is represented in Table 3. But it should be noted that this technique also entails a

certain degree of subjectivity as EFPA does.
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Table 3: ERXQCFFP 2.0 elements ranges and numerical values

Type Level Ranges / COSMIC Equivalent Min. | Most Max.
CFSU | likely | CFSU
CFSU
Functional Small 1-5 Data movements 2.0 3.9 5.0
Process Medium 5-8 Data movements 5.0 6.9 8.0
Large 8-14 Data movements 8.0 8.0 8.0
10.5 | 10.5 10.5
14.0 | 14.0 14.0
Very 14+ Data movements 14.0 | 23.7 30.0
Large
Typical Small CRUD (Small/Medium processes); 15.6 | 20.4 27.6
Process CRUD + List (Small processes)
Medium CRUD (Medium/Large processes); 27.6 | 32.3 42.0
CRUD + List (Medium processes);
CRUD + List + Report (Small
processes)
Large CRUD (Large processes); 42.0 | 48.5 63.0
CRUD + List (Medium/Large
processes);
CRUD + List + Report (Medium
proc’s)
General Small 6—10 generic FP’s 20.0 | 60.0 110.0
Process Medium 10-15 generic FP’s 40.0 | 95.0 160.0
Large 15-20 generic FP’s 60.0 | 130.0 | 220.0
Macro Small 2—-4 generic GP’s 120.0 | 285.0 | 520.0
Process Medium 4-6 generic GP’s 240.0 | 475.0 | 780.0
Large 6—10 generic GP’s 360.0 | 760.0 1,300.0

Source: Based on Conte et al. (2004)
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2.2.9. Approximate COSMIC- FFP

This technique is based on using an average value produced from previous software
applications for the size of a functional process. An approximate version of the COSMIC-
FFP method was designed in order to generate a software size estimation at an early phase
of the software development process, when information needed to produce a size estimate
by means of the detailed rules in the Measurement Manual is not available (Abran et al.,
2003). The main aim of this method is to create a concept at a higher level of abstraction
than the Data Movement, and then functional process is defined as first higher level
abstraction. The size estimation of an application is produced by multiplying the quantity of
the functional processes by the average size of a functional process. Subsequent COSMIC
(2007) measurement manual excluded this section from the context. However, conducted

literature review has failed to identify the reason for this exclusion.

2.3. Software Size Automation Approaches

In this section, we present the automation approach on measurement procedure of the
FSM methods. During the literature survey, we identified a number of attempts to
automate measurement procedure of the FSM methods by means of the software models.
Ever since the first FPA method was introduced, it has evolved continuously and new
methods were proposed. All of these methods define software size estimation procedure in
a descriptive way that lacks a formal foundation (Fetcke, 1999). Many researchers have
tried to translate the informal counting rules expressed in natural language that lacks
formalization (Lamma, Mello & Riguzzi, 2004). Fenton and Pfleeger (1997) defined the
importance of the rules in terms of support for consistency in measurement and provision

of a basis for interpreting data.

It is important to make automation of the function point measurement possible so as to
produce consistent measurement results with minimum effort (Uemura et al., 1999).
Automation of the measurement procedure enables support measurement repeatability,
reductions in measurement variance, removes estimator’s dependency and estimator’s

need for advanced measurement training and eliminates measurement related costs.
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Marin, Giachetti & Pastor (2008) conducted a comprehensive survey on measurement
process approaches that use conceptual models. This survey indicated eleven proposals of
functional size measurement procedures based on COSMIC FSM. This survey has been one
of the most important and detailed survey on measurement process proposals so far. In
addition to these, we have examined other proposals such as Fectke et al. (1997), Lamma et
al. (2004), Rask (1991), Poels (2003), Uemura et al. (1999), van den Berg et al. (2005),
Hericko et al. (2006) and Diab et al. (2005). Hericko et al. (2006) also criticized the proposals
of Fetcke et al. (1997), Uemura et al. (1999). We selected nine proposals for detailed

explanation in order to represent differences of the models.

Proposal of Lamma et al. (2004)

A knowledge based approach for the automated measurement of the Function Point
metrics is proposed by integrating ER diagram and DFD. FPA method rules were specialized
according to the ER-DFD model. Proposed model is implemented in Prolog that
automatically counts Function Point by analyzing the graph. The example graph is depicted

in Figure 3.
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Figure 3: Example of an ER-DFD diagram.

Formal rules for counting Function Points on ER-DFD are identified. Every process in the
model is defined as an elementary process of the FPA method, every attribute of an entity
is accepted as Data Element Type (DET), and the direction of arrow between entity and

process of DFD represents the transaction type such as El, EO, or EQ. This model has not
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been accepted widely because of the fact that conceptual model representation of the
software products has already transformed to the object oriented area. In addition to this,

Rask (1991) proposed algorithms to generate function points from DFD.

Proposal of Bevo et al. (1999) and Jenner (2001)

The characteristics of these proposals are very similar. Both of them present a mapping
between COSMIC FFP concepts and Unified Modeling Language (UML) based specifications.
Bevo et al. (1999) used diagrams of use cases, scenarios, and classes as input artifacts but
proposal of Jenner (2001) differs from previous work in terms of using sequence diagrams
instead of scenarios which are sequence of interactions that occur inside a use case. This
difference shows its effect in granularity level of use cases. Bevo et al. (1999) defined a
mapping between use cases and COSMIC FFP functional processes. The boundary of the
system is represented as a use case diagram. While scenarios represent data movements, a
data group is represented as a class. The attributes of those classes constitute attributes of
a data group. Each actor of the UML notations represents functional user. On the other
hand, Jenner (2001) argued that a mapping of use cases on to functional processes may
include some shortcomings. Jenner (2001) provided appropriateness of accepting a
sequence diagram for each use case and each use case as a sequence of functional process,
states Marin (2008). Poels (2002) introduced this conflict that is raised between Bevo et al.
(1999) and Jenner (2001) as well.

Proposal of Diab et al. (2005)

Diab et al. designed a software tool named pcROSE in order to automate functional size
estimation of real time applications for Rational Rose Real Time (RRRT) models. The ROOM
charts used for input are a type of state chart diagram. The model consists of a set of
formal rules. The RRRT model has two different viewpoints such as structure and behavior.
The structure of an RRRT is composed of capsules, protocols, and data classes. A capsule is
an active entity. A protocol represents a set of possible messages exchanged between
capsules. And the dynamic aspects of each capsules is specified with extended finite state

machine. Table 4 depicts the correspondence between COSMIC-FFP and RRRT concepts.
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Table 4: Mapping between COSMIC-FFP and RRRT concepts

COSMIC-FFP concepts RRRT concepts

Layer Set of capsules

Boundary Conceptual boundary of a set of capsules
Data Group Message or a data type

Functional Process One or several transitions

Triggering event Arrival of an external message

Data movements Actions and messages

Source: Based on Diab et al. (2005)

It is the first tool to provide automatic measurement of COSMIC FFP. The validation phase
of the ucROSE with an expert emerged as an important behavior of the COSMIC-FFP. One of
them is that pcROSE identifies one data group for all simple attributes of a capsule;
however, the expert identifies one data group per simple attribute of a capsule. We want to
indicate that the number of data groups determines the number of data movements (Entry,

eXit, Read, Write).

Proposal of Azzouz and Abran (2004)

The proposal resembles previous works such as Bevo (1999) and Jenner (2001). The main
difference of the proposal is to make early indicators of functional size measurement
possible. The proposal defines three levels of the size estimation concept. The bottom level
describes the detailed functional size measurement as in Table 5. Furthermore, because of
the fact that there is no UML equivalence of the layer, this problem has been overcome by
requesting information from the user manually. The developed tool used artifacts of the
application that is produced with the Rational Unified Process (RUP). The solution mapping
of the proposal different from previous works is that a new UML stereotype is defined in
order to distinguish a trigger event from a simple message in use-case diagrams (Azzouz

and Abran, 2004).
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Table 5: Early and detailed size indicator

Development phase RUP artifacts used  Unit Convention

Business modeling Use-case diagram Use case function size unit (Ufsu)
Requirement analysis

Analysis / Design Scenarios Scenario function size unit (Sfsu)
Analysis / Design Detailed scenarios  Cosmic function size unit (Cfsu)

Source: Based on Azzouz (2004)

Proposal of Uemura et al. (1999)

Uemura et al. (1999) proposed detailed FPA measurement rules for the design
specifications which are based on the UML. The proposal is also supported with a tool. It
focuses on OO-FPA mapping like previous attempts such as Fetcke et al. (1997). Class
diagrams and sequence diagrams represent the input of the measurement process. Object
of the sequence diagrams defines boundary of the measurement. The objects with
methods that change the state of other objects are mapped to ILF. Others are considered as
EIF. There are five different sequence diagram patterns restricted by some common
assumptions in order to identify type of the transactional functions. The example of the

pattern 5 is depicted in Figure 4 (Uemura et al., 1999).
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Source: Based on Uemura et al. (1999)
Figure 4: Example of the sequence diagrams pattern
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Although the five patterns is considered enough for determining the transactional function
without relying on any additional information, there are some drawbacks. The messages
without any argument are not counted and the case of a message being used in different

sequence diagrams is not explored in depth (Hericko et al., 2006).

Proposal of Poels (2002)

The proposal is to provide a set of rules for mapping COSMIC FFP concepts to the Object
Oriented (00) methodology such as MERODE (Snoeck et al., 1999) composed of business
model and services model. Poels (2002) supports that event-based OO enterprise modeling
that uses MERODE is suitable for real world and system events. The business model
includes class diagrams, an object-event table that describes which type of business events
affect which type of business domain objects, and state transition diagrams model. The
information system service model provides end-user event transactions to the enterprise
model (Poels, 2003). The proposal defines rules of the layered architecture. We can
describe functional user of the business layer as objects of the services layer; on the other
hand, the functional user of the service layer corresponds to objects of the user interface
layer. Functional process of the business model is a set of class methods which are invoked
by the occurrence of a type of business event. Functional process of the service model is a
non-persistent service object. Data movements are identified according to type of the

different class methods (Poels, 2003).

Proposal of Condori-Fernandez et al. (2007)

Condori-Fernandez et al. (2007) provide an FSM procedure, called RmFFP, which is defined
in a systematic way in order to estimate the functional size of a software product from its
corresponding requirements specification in the 00-Method approach. As shown in Figure
5, the O0O-Method generates software application in an automatic way on different
platforms by means of model transformations. OO-Method is comprised of the
Requirement Model, which represents the system’s functionality, the Conceptual Model,
which represents static and dynamic properties of the functional requirements, and the

Execution Model, which provide transition from problem space to solution space.
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Figure 5: The software production models in 00-method

There are three important steps to needed for the application of the measurement
procedure. These are software documentation gathering, construction of the software
model, and application of the numerical assignment rules. The measurement procedure of
the proposals is depicted in Figure 6 (Condori-Fernandez et al. 2007). Use case diagram
boundary with actors is accepted as system boundary to be measured. Each primary and
secondary use cases that must be leaf node of the function refinement tree are accepted as
functional process. Each object of the sequence diagram that includes actor, control class,

or entity class is accepted as a data group. The messages of the sequence diagrams are

accepted as data movements.
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Figure 6: Measurement procedure application

Proposal of Levesque et al. (2008)

The proposal is based on UML specifications such as use case diagrams and sequence
diagrams in order to generate functional size of the software product. However, the
difference of the proposal from previous work is that Levesque et al. (2008) also considers

data manipulation type of the functional process type in order to take into account the

complexity of the process.

Comparison of proposals of the functional size automation is given in the Table 6. The table
provides an overview of the reviewed methods in terms of the measurement method they
are based on, the input artifacts that they make use of and whether the process has been

automated by creating and implementing a script. Table 6 also covers whether the

discussed methods have been validated in the relevant studies.
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Table 6: Comparison of proposals of the functional size automation

Proposal

Lamma et al.

(1997)

Bevo et al.

(1999)

Jenner (2001)

Diab et al.
(2001)
Azzouz and
Abran (2004)
Uemura et al.
(1999)

Poels (2002)

Condori-

Fernandez

Levesque et al.

(2008)

During the literature survey we observed two important improvement opportunities
related to early functional size estimation. First, lack of measurement manual of early
functional size estimation methods makes the reliability of them directly proportional to
the estimator’s ability and thus introduces subjectivity to the measurement process. An

objective formulation needs to be placed at the core of a proposition for a new functional

FSM method

IFPUG FPA v
4.0

COSMIC FFP v.

2.0

COSMIC FFP v.

2.0

COSMIC FFP v.

2.2

COSMIC FFP v.

2.2
IFPUG FPA v
4.0

COSMIC FFP v.

2.1

COSMIC FFP v.

2.2

COSMIC FFP v.

2.1

Input

Artifacts

ER-DFD Diagrams

Use Case,
Scenarios, and
Class Diagrams
Use Case,
Sequences and
Class Diagrams
RRRT model
artifacts

RUP artifacts

Classes, and

Sequence Diagrams

MERODE model

artifacts
00-Method
requirements
model artifacts

Use Cases and

Sequence Diagrams

27

Automated

FUN
(written in
Prolog)
Metric

Xpert

No

McROSE

COSMIC-

RUP

Yes

No

RETO (not

ready)

No

Validated

No

Yes (case study)

Yes (case study)

Yes (case study,

COSMIC experts)

Yes (case study)

Yes (Case Study)

Yes

Yes (Case Study)

Yes (Case study)



size estimation method, so that formal representation of estimation methods is possible.
Such formalization requires a passage from the business realm to the software realm. A
potential candidate for such transition is business process model. FSM from the business
process models is a new issue and no approach and tool can be found in the literature that
automatically generates functional size of the software product from business process

models.

Secondly, it has been observed that there is considerable room for improvement by
automation of the measurement process. On the application side, such formalization is
possible through the automation of the size estimation process. Automating the FSM is a
challenging but a rewarding research area as well. Its challenge is mostly due to the
difficulties related to the identification and representation of method elements accurately.
The rewards include minimizing effort and time spent for measurement, eliminating errors

that depend on measurer’s ability and increasing repeatability.

In order to perform these improvements, we develop the early functional size estimation

method based on measurement manual of COSMIC FSM method in the next chapter.
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CHAPTER 3

E-COSMIC: FUNCTIONAL SIZE ESTIMATION APPROACH

Components of the design and implementation of the e-Cosmic method are grouped under

three headings and they will be explained in detail respectively.

1. Business Process Model: Business Process Model (BPM) description is used in model
extraction that is input to the e-Cosmic FSE method. BPM elements and diagrams were
investigated to determine COSMIC FSM method elements and transform them to e-
Cosmic FSE method. The automation requirements of the methodology have also been

taken into account during investigation.

2. Method Specification: A method for generating early functional size estimation on
business process model using eEPC diagram, function allocation diagram and its

elements was developed and formalized based on the COSMIC FSM method principles.

3. Method Implementation: A script that makes use of the specified e-Cosmic FSE
method and documents was written in this study. The script calculates functional size

based on the e-Cosmic formalism and reports the results.

3.1. Business Process Models

EFPA leads to a certain degree of subjectivity due to the fact that “The reliability of the

EFPA is directly proportional to the estimator’s ability to recognize the components of the
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system as part of one of the proposed classes” (Santillo and Meli, 1998: p7). Hence, early
size estimation method developers suggested that the expression of user requirements
should be formalized as much as possible. Demirdrs and Gencel (2004) claim that business
process models may help this formalization. In order to decrease the subjectivity of early
size estimation methods, definition of requirements has to be formalized. Since business
process models enable the identification of software objects at higher abstraction levels,

they are very useful to create a structured estimation process and a standard guideline.

In e-Cosmic, BPM was utilized as an approach for early software functional size estimation.
More specifically, eEPC Modeling was used with Architecture of Integrated Information
Systems (ARIS) concept for this study, so that roles, inputs, outputs and their relationships

could be shown precisely, and functions could be presented with their triggering event.

Essentially there are four types of objects used in the eEPC. These are events, functions,
rules and resources (data, entity, organization, and system). An event can trigger a function
or a function can produce an event, so combinations of events and functions in a sequence
produce eEPCs. Triggering multiple events or functions entails logical operators which are

already part of the modeling notation.

Alternative or parallel paths are modeled with logical operators, for example, the AND
logical operator is used when all paths are parallel and functions are done simultaneously,
the XOR is used to choose only one of alternative paths, the OR logical operator is used
when one or more alternative paths can be followed simultaneously. These are some basic
examples; however, more complex expressions can be formed according to needs. eEPCs
can be hierarchically structured across any number of levels by assigning more detailed
eEPCs to every function within an eEPC; thus, it is easy to show sub-processes (Davis and

Brabander, 2007).
In addition to business process models, two important concepts are used for the
formulation of the proposed e-Cosmic FSE Method. These are Function Tree and Function

Allocation Model. We need to define process purpose of the measurement model before
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the definition of function tree. The process purpose is a high level description of the nature
and purpose of the system. The goal of this phase is to define what the system will and will

not do.

The function tree, on the other hand, depicts the hierarchical decomposition of the
business functions as a module representation. It is an organization of external functions
and it does not say anything about the internal process of functions. In addition to this, it
consists of main business process flow and its leaf nodes are function allocation diagrams

that represent the function of desired model with inputs, outputs, and relationships.

Function Allocation Model is used for modeling the functional requirements of system from
the view of the user. It represents relationships between function and its environment
(Davis and Brabander, 2007). This model is composed of organization, data, systems,
knowledge, products and general resources subcomponents. However, this framework
covers business processes at a high level. Therefore, we specialize these subcomponents so
that they can be related to software size estimation approach. We use the concept of entity
to cover data aspects of business process model. The concept of roles refers to
organization. Application system is used to account for existing systems of the business
process model whereas documents are used to cover general resources. These resource
objects, namely entity, roles, application system and document, are allocated to functions

in the Function Allocation Diagram (FAD) in the eEPC.

We design FAD based on “CRUDL” to describe whether a process creates, reads, updates,
lists or deletes a data object. Object connection to the function is based on these simple
relationships depicted in Table 7. FAD is summarized in Figure 7. Functions and some of its

relationships are depicted.

Table 7: Data Object Relationship Types

Connection Direction Relationship Base operation
Input connection (from Isinput for Reads

data object to function)
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Table 7 ( continued)

Output connection (from

function to data object)

creates

Entity-1

is managed by

Reads Reads
Uses Updates, Lists
Views Lists
Has output of Creates
Changes Updates,Lists
Deletes Deletes
Views Lists
Archives Creates
Application
System-1
Role (Position)
) is managed by
carries out
R
hﬂ reads
Function Entity-3
i
views
Sub-entity-2
Entity-2
lies on
is managed by Sub-entity-2
Application N
System-2

Figure 7: Instance of the function allocation diagram
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Function of the FAD represents base functional components of the proposed method. Each
relationship type represents a connection type such as creates, reads and views between a
function and an entity. In addition, each entity has to be associated with an application
system. Role represents user perspective of the model. For instance, we can interpret part
of this diagram as “role views Entity-2 on Application System-2”. In addition, Entity-2 is

composed of two sub-entities.

3.2. The Measurement Procedure

The aim of this measurement procedure is to represent mapping rules between business
process model elements and COSMIC FSM method in order to construct e-Cosmic FSE
method and its automation principles. Functional requirements are specified by means of

business process flow for a product that is intended to support that business process.

Step 1. Identification of the Software Boundary
Software size varies in terms of identification of the software boundary, since the total size
of software aggregated from separately measured software components is more than the
size of measurement of whole software. The measurement of the software component but
not the whole software system adds an entry-exit pair to the size of software during the
interaction with other part of the software components. In addition to this, it is important
to identify the users of the system. A role in the business process model or eEPC
measurement model approach can be a person who is the user of the application or an
external application and device. As a result, user concept of e-Cosmic FSE method is related
to roles of eEPC measurement model. We have designed measurement procedure for e-
Cosmic FSE method as follow;

e We should accept each role of eEPC measurement model as a user of the system.

e The border between roles of processes and the set of process flow diagrams can be

accepted as the boundary of the system to be measured.

Step 2. Identification of Functional Processes
The main advantage of the business process modeling based on eEPC is event triggering

dependency. Each function in the eEPC model has to be initiated by at least an event sent
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by an actor or by the occurrence of a temporal event. Therefore, each function of the eEPC
measurement model is identified as a functional process of e-Cosmic FSE method. The
important part here is the level of granularity. We assume that each function that is
identified as a functional process has to go down at FAD level, namely, this function does
not include any business process flow assignment. COSMIC FSM method defines each
functional process to be constituted of at least two data movements (Entry-eXit or Entry-
Write), which has to be taken into account for definition of each functional process.
e We should accept each function of eEPC without any assignment as a functional
process of e-Cosmic FSE method. It is mandatory to have a FAD diagram for each

function involved measurement procedure.

Step 3. Identification of Object of Interest and Data Groups

The concept of data group is related to the object of interest. Moreover, COSMIC FSM
method has not claimed definition of data group attributes as a mandatory phase for size
estimation. However, the attributes of an entity can be accepted as attributes that must
represent the smallest piece of information. Thus, entities which are specified in the FAD
are identified as data groups because they represent a set of attributes of persistent
objects. The roles are also candidate for entity so that they have a set of attributes. As a
result, we have to add two new mapping rules related to the identification of data groups.

e We should accept each entity in the FADs as a data group.

e We should accept each role that participates in a FAD as a data group

Step 4. Identification of Data Movements

COSMIC FSM method is based on data movements that are Entry, Read, Write, and eXit.
Data movements are identified in the relationship types represented in the function
allocation diagrams. First of all, we have to consider output relationship types. Create, view,
and list are basic output relationship types. As shown in Table 8 and Table 9, the
appropriate set of data movement types are assigned to each output relationship types.
The basic relationship types that are labeled with the above stereotype define data

movement types in Table 8.
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Table 8: Data movements of output relationship types

Output relationship type Data movement types
(stereotype)

Creates 1 Entry, 1 Write

Views 1 Entry, 1 Read, 1 eXit

Lists 1 Entry, 1 Read, 1 eXit
Changes 1 Entry, 1 Read, 1 eXit, 1 Write
Deletes 1 Entry, 1 Write

Archives 1 Entry, 1 Write

Updates 1 Entry, 1 Write

Table 9: Data movements of input relationship types

Input relationship type Data movement types
(stereotype)

Reads 1 Read

Views 1 Entry, 1 Read, 1 eXit

Uses 1 Entry, 1 Read, 1 eXit, 1 write

When an entity used according to these data movements includes attributes of different
sub-entities, it is necessary to identify additionally each data movement for each sub-entity.
The difference between list and view relationship types is that list relationship type is used
for retrieving all instances of an entity in order to allow further selections whereas view
relationship type is used for retrieving details of an entity. All confirmation and error
messages within the scope of the function have to be accepted as only one eXit data

movement.

3.2.1. Functional Size Calculation Algorithm

The purpose of this phase is to represent how the measurement procedure proposed in the
previous subsection can be applied to the project consisting of business process model and

to produce a quantitative value that shows the functional size of the software product. We
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can apply that measurement procedure to the business processes either automatically or
manually. Furthermore, a script was developed to estimate software size from the business

process model automatically.

In order to define the size of the software product, firstly requirements of the software
product presented as business process models has to be transformed to the functional user
requirements. However, extracting the e-Cosmic FSE method elements from the functional
user requirements is not only time consuming but also error prone work. Instead, elements
of the e-Cosmic FSE method developed according to the COSMIC FSM method compatible
with the business process model results in effective and correct deliverables than
previously discussed approaches. The requirements in the business process model are
detailed system-level requirements. The main measurement procedure of the e-Cosmic FSE

method is depicted in Figure 8.
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Request for size
measurement

Identify system
boundary

System boundary
identified

Identify system
users

System users
identified

Find business
processes

Business
processes
defined

Check functions

Business
process
assigned...

Business
process is not
assigned

Find Function
Allocation
diagrams

FAD identified

Identity data
movements type

 Data movements
type is assigned

Calculate
Function Point

FAD function
% point calculated

Figure 8: The main procedure of the e-Cosmic FSE method
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The detail of the Identify Data Movement Type step is depicted in Figure 9.

Function
Allocation
Diagrams. ..

System boundary
assigned

ldentify Input
relation types

Input relation
type identified

Identify Entity
type

Identify Output
relation type

Output relation
type identified

Master Entity
defined

Define number of
sub-entity

SubEnt\ty cdefined

Unit Entity

Assign Constant

Constant assigned

Identify
Application
system

Entiv using other

system identified

assign data

|dentify Raoles

Roles identified

movement types

f Data movements
type assigned

Figure 9: The detail of the Identify Data Movement Type Step
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The detail of the Identify Application System step is depicted in Figure 10.

Application

system identified

Check
Application
system

Inside system
scope

Qutside sytem
scope

Define cross
boundary data
movements

Assign Entity

constant

Entity constant
assigned

Figure 10: The detail of the Identify Application System step

According to algorithm defined in Figure 8, Figure 9 and Figure 10, firstly software boundary
has to be identified as either a whole database that business process model is based on for
structure or a module that is a part of database. As a result of this definition, interactions
between users and system are easily defined. Then, business processes generating the
modules are identified as a starting point of the function definition. The most important
part of the function definition is to determine it without any business process assignment.
Functions without any business process assignment are named as base functions from this

point.
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Base function is figured as FAD in order to determine input, output, relationship types, roles
and application systems. Input and output relationship types definition is the most

important part of measurement in terms of assignment of data movements

Application system type definition help the determination of the boundary and application
systems that are placed outside the software measurement scope also connect some
entities. The interaction of those type entities with measured system requires entry-exit
pair of data movements. Entities are also separated into two parts; master entity and unit
entity. This separation not only affects software size but makes the proposed model more
suitable to the COSMIC FSM method with respect to identification of objects of interest as
well. Since Master Entity consists of more than one sub-entity, we have to add set of data
movements as many as the quantity of sub-entities to the function point of function

allocation diagram.

Input and output relationship definition determines each entity behavior since each entity
is assigned a set of data movements in terms of relationship types. The assignment of a set

of data movements is explicitly identified in previous subsection.

The functional size of a FAD is equal to the sum of all data movements defined in the same
FAD. The size of whole system is found by aggregation of functional size of functional

allocation diagrams.

3.3. Method Implementation

Business process model is developed in ARIS tool environment; therefore, same
environment also is used for automating the functional size of the software product. The
tool has been developed by IDS Scheer AG to support consultants and companies in
creating, analyzing, and evaluating company processes in terms of business process
(Scheer, 2001). Each object of the ARIS tool has lots of attributes that consist of common
and objects specific properties such as Name, Identifier, and Description. The ARIS toolset

enables users to write their own scripts or edit written scripts through a script editor.
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The e-Cosmic script was developed using the ARIS Scripting language which is based on the
JavaScript programming language. ARIS Script is a scripting language of ARIS Tool. The core
functionality of the e-Cosmic script reports functional size of the software product from
business process model. In addition, functional size generation can be filtered according to

the groups of the database in order to report partial size of the software.

The execution of the script starts from taking necessary information such as language,
database, group, output format and model for the script and controls them. Firstly,
database or group selection is completed according to desired functional size measurement
approach. And then all groups selected before is searched and sorted by group hierarchy.
When these processes are completed, function allocation diagrams are constructed and its
functions are identified. Since each function is composed of roles, entities and application
systems, counting procedure starts from identifying each of them. All these processes are

executed according to the algorithm described in the previous section.

ARIS tool scripting language is composed of various predefined classes and methods. The
script is not only composed of sub programs but uses these predefined classes and
methods as well. The summary of ARIS tool classes and methods are described in the

following subsections (ARIS tool, 2009).

3.3.1 Description of Classes

The classes described below are the defined classes of the ARIS Tool Set which are used in
the tool. In addition, only common classes used in the script are mentioned below.
1. Context object: The object is a basic class of ARIS tool used to define language

and output format.

getSelectedLanguage ( ) : Returns the selected database language
getSelectedFile () : Returns the name of the output file. If several output files
have been created, this is the name of the file displayed after running the

report.

getSelectedFormat ( ) : Returns the selected output format
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ArisData Object : The ARIS start object is registered as the "ArisData" object in
each script. It provides database-dependent methods and objects, e.g. the
selection data for user (selected groups, models, objects) in the script.

getSelectedFilters ( ) : Returns the list of selected method filters (in context) as
a list of MethodFilter objects.

getSelectedDatabases ( ) : Returns the list of selected databases (in context) as
a list of Database objects. In the current version only one database can be
selected. The list contains only the database that is also returned by
ActiveDatabase.

getSelectedGroups ( ): Returns all selected groups. Navigation and inquiries are
carried out using the ARIS object model.

sort ( Object[] aObjects, int kriterium1, int localelD ) : Sorts the transferred
array containing items of the "ltem" class (objects, models etc.) based on the
specified sorting criteria.

Database Object

Find ( int SearchKind ): General database search. Return all items in the
database that correspond to the specified search criteria.

Group Object

ModellListFilter ( int modelTypeNum ) : Returns a list of all models in the group
with the specified model type.

Model Object

ObjOcclistFilter ( int value ) : Returns the object occurrences in the model
which meet the specified criteria as a list of object occurrences

ObjOcc Object
ObjDef ( ) : Returns the object definition as ObjDef .

CxnOcclist ( ) : Returns all relationship occurrences attached to the object
occurrence.

CxnOcc Object: The object represents a relationship occurrence.
CxnDef () : Returns the relationship definition.

ActiveType ( ) : Returns the active name of the relationship.
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10.

SourceObjOcc ( ) : Returns the occurrence of the source object.
TargetObjOcc ( ) : Returns the occurrence of the target object.
ObjDef Object

ActiveType () : Returns the active name of the relationship.

Item Object: This class contains the common methods of all attribute-bearing
items and is also the basic class of all specialized items (object, model, etc.)

Name (int): Returns the name of the item in the specified language as a string.

Output Object: The object is an Output object for the ARIS report and
outputting documents in RTF, HTML, XLS, PDF and Text (UTF-8) formats.

OutputLn (String p_sText, String p_Font, int p_iFontSize, int p_FontColor, int
p_BkColor, int p_Format, int p_ilndent): Output of a text in report with line
break.
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CHAPTER 4

CASE STUDY

This chapter presents case studies performed to validate e-Cosmic Functional size

estimation method.

4.1 Overview

We performed case studies in order to analyze functional size measurement potential of

business process models and validate measurement results.

E-Cosmic FSE method requires business process model as input artifacts to apply its
measurement procedure. We have applied the proposed method to a continuing project.
We explore the applicability of business process models for functional size measurement
and developing an approach for doing this during the first case study. The second and third

case studies are performed for comparison and method validation.

4.2 Case Study Design

We planned three case studies. The goal of the first case study was to explore applicability
of the proposed method. Hence, use cases of the first case study were created in order to
apply COSMIC FSM method for finding size of the first software product. When e-Cosmic
FSE method was applied to the business process model manually to quantify software size

of the first product, we also examined possible deviations from the size obtained by
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applying COSMIC FSM. Because of these concerns the first case study was not used for

validation purposes.

Second case study was conducted with a wider view of the applicability of the method.
Although both cases are in the information system domain, they reflect different views on
software products. The second and third cases are more complex data-driven functions
than the first case study. In addition, second and third case studies also contain
measurement result of other early estimation method in order to compare their results to
the results of the proposed estimation method. Third case study was performed after the
script was applied to the whole project. According to the algorithm presented at the
previous chapter, script was executed to take whole project as an input. When whole
project functional size was determined, we decided to implement the third case study in
order to complete the validation purpose. All of the selected case products are in the MIS

domain.

The details of the case studies are described in this chapter. The main aim of the
experimental study was to validate the e-Cosmic FSE procedure. Other aims were to
determine possible improvement opportunities and measure the effectiveness of the
method and discover if there were other benefits of the method. The aim of this thesis
study is not only to create an early functional size estimation method and support it with

measurement manual but to automate this measurement procedure as well.

The research questions of the case studies are
e What are the business process model’s elements that can be utilized for
measuring functional size?
e What are the problems and difficulties of the current early functional size
estimation based methods and improvement opportunities?
e |s there a significant deviation between the proposed early size estimation

method and COSMIC FSM method results?
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e How much does the proposed early size estimation method improve
software size estimation with respect to the available methods in the

literature?

The implementation plan of the case studies is depicted in Table 10.

Table 10: Implementation plan of Case Studies

No

10

11
12

Activity to be performed

Case study 1 (Part 1)

Identification of a coherent set of business processes.

Software requirement specifications of the first set of business processes are
constituted.

The size of the first set of business processes is counted based on defined
requirements by using COSMIC FSM v3.0.

e-Cosmic FSE developed in the context of this thesis study is applied to count
the size of the first set of business processes.

e-Cosmic FSE v1.0 is constituted.

Case Study 2 (Part 2)

Identification of a coherent set of business processes.

Software requirement specifications of the second set of business processes
are constituted.

The size of the second set of business processes is counted based on defined
requirements by using COSMIC FSM v3.0.

e-Cosmic FSE is applied to count the size of the second set of business
processes.

Other early estimation method (Early and Quick COSMIC FFP) is applied to the
first and second set of business processes in order to compare results.

Case Study 3 (Part 3)

Identification of a coherent set of business processes.

Software requirement specifications of the third set of business processes are

constituted.
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Table 10 ( continued)

13 The size of the third set of business processes is counted based on defined
requirements by using COSMIC FSM v3.0.

14 Other early estimation method (Early and Quick COSMIC FFP) is applied to the
third set of business processes in order to compare results.

15 Script is completed by using ARIS tool scripting language and applied all set of

business processes.

16 Functional size of the third set of business processes is calculated by executing
script.
17 Results are compared.

4.2.1 Case Study 1: Constructing e-Cosmic FSE method

The goal of the first case study is exploration of the similar concepts in business process
models and functional size measurement method and establishment of a draft early size
estimation method. Specifically, the first case attempts to address the research question of
identifying the business process model elements that can be utilized for measuring
functional size and point out the problems and difficulties of the current early functional
size estimation based methods. We also explored any improvement opportunities during
the early functional size estimation by means of comparing the proposed method results to

the COSMIC FSM results.

Business processes of the “Extending Independent Auditor Pool” (EIAP) of Development
Agency were chosen as the business process set to be applied. We selected EIAP since it
displays an adequate level of complexity. That is, EIAP has different process levels which
provide a rich environment to test the proposed method. But it is not too complex so that it

is possible to identify improvement opportunities for e-Cosmic.

EIAP business processes were modeled with eEPC by using ARIS tool. We determined that
eEPC business process models is suitable for identifying COSMIC base functional

components, we also utilized a resource allocation mapping concept for each function
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involved in the size measurement scope of the eEPC diagrams. We also decide whether
function might be a part of the software product at this phase. If we develop a FAD for a

function, we associate this function as a part of the software product.

We determined the business processes of the first case study that is part of the
Development Agency Process Modelling project in order to count size of the software
product. To calculate the size of the software product we need to determine the
requirements of the same product. COSMIC FSM is designed to measure software product
size from its FURs. Uses cases are used to extract FURs, and then each FUR is decomposed

to functional processes.

We extracted the functional user requirements as input to the COSMIC FSM method for
software size estimation. To provide the integrity among the size measurement results, the
functional sizes of the case products measured were filled in a preformatted Excel table
which consisted of “functional process name”, “data movement type”, and “data group
description”. Then this size of the software product was verified by a certificated COSMIC
FSM measurer. Use case models are also verified by an object-oriented analysis/design
expert. In addition, all of the sizes of the case products were measured by using COSMIC
v3.0 by the author of this thesis. The use case model and COSMIC FSM method results are

given in Appendix B.

Once the size of the software products was measured, we started constructing e-Cosmic
FSE procedure on the business process models of the first case study in order to estimate

functional size manually.

The instance of business process model in the EIAP considered being a part of the software
product is given in Appendix A. The business process model includes 9 functions initiated
by events. Each function also includes 1 FAD to represent input-output relationships of
resources. However, the level of granularity of one function of this business process is not
the same as with the other functions; so a new business process is assigned to this function.

This new business process also includes 6 functions initiated by events. Totally, two distinct
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diagrams consisting of 14 functions were created to model existing business processes of
organization unit by using the eEPC notation. The reason why these business processes are
selected is to include opportunities for possible improvements. Firstly, measurement
procedure is applied to the business processes, and then refinements have been identified

through this measurement procedure.

In order to find any shortcomings during the method procedure, every step was monitored.
The summary of the measurement results of the first case study using the e-Cosmic FSE

method is given in Table 11 in the case study results part.

4.2.2 Case Study 2: Comparing Estimation Methods

Second case study is more related to the performance of the proposed e-Cosmic method.
This case study addresses two research questions. The first question is whether there is a
significant deviation between proposed early size estimation method and software size
obtained by applying COSMIC FSM. Second question we ask is by how much software size
estimation is improved by e-Cosmic method with respect to the available methods in the
literature. In order to answer these questions, results from e-Cosmic FSE method are

compared with another early estimation method; Early and Quick COSMIC FFP.

The second case study is performed on “Perform Project Payments” (PPP) business process
models of Development Agency. This case study is deliberately chosen as a bigger boundary
than first case study. The first case study included 14 functions whereas the second case
study involves three distinct diagrams consisting of 29 functions to model existing business
processes of organization unit by using the eEPC notation. This increase creates higher
complexity and presents a better ground for comparing the performances of e-Cosmic to
Early and Quick COSMIC FFP. The second case study consists of the PPP activities. Business
processes of this case study contain arrangement of payment system for each project. The
conduct of each payment phase such as prepayment, interim payment and final payment is

handled. In addition, project contractor related issues are also solved in this phase.
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The conduct of the second case study is the same as the first case study. Firstly, we
determined requirement specifications. Uses cases were created to extract FURs so as to
apply COSMIC FSM method procedure and then proposed early size estimation method
was applied to find functional size of the software product. The case study result is

explained in the case study results part.

The implementation of Early and Quick COSMIC FFP is that this method makes use of both
analogical and analytical classification of functionalities (Meli and Santillo, 1999). The key
factor defining detail level of the method is determined as function of eEPC model. Each
function of the eEPC model is classified in terms of their complexity and a set of FP values
(min, avg, max) based on analytical tables are assigned to each object. The sum of values

generates estimate of software product size.

4.2.3 Case Study 3: Implementation of e-Cosmic FSE method

The aim of the third case study is quite similar to the purpose of conducting the second
case study. Same research questions are addressed. Firstly, we investigate the existence of
deviation between proposed early size estimation method and software size obtained by
applying COSMIC FSM. Secondly, we try to assess the software size estimation
improvements brought about by the proposed early size estimation method. This second
research question is tackled by comparisons to the available methods in the literature. Even
though the research questions of the two case studies are identical, the third case study

involves automation of the proposed e-Cosmic method.

When we decided to select the third and last case study, we have attempted finishing the
script which executes the automation procedure of the e-Cosmic FSE method. After
finishing the script of the e-Cosmic FSE method in the ARIS tool environment, we
determined business processes of the third case study as input for script to estimate
functional size of the last case study. We also determined requirements. Uses cases were

created to extract FURs so as to apply COSMIC FSM method procedure.
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In order to answer the formulated research questions, the written script is executed and
obtained results are compared with the result of the software products obtained by
applying COSMIC FSM. Thus, with the last case study, we validate not only the result of the
measurement procedure but the result of the automation procedure as well. The last case

study is of nearly the same boundary size as the second case study.

The last case study consists of the “Problem Management” (PM) activities. Early warning,
infraction of rules and contract termination works are conducted in the last case study. The
third case study involves three distinct diagrams consisting of 29 functions to model
existing business processes of organization unit. This case, as in the second case study,
provides a complex environment to compare results of different methods. It is also complex
enough to challenge an automated software size estimation method. The last case study

result is explained in the case study results part.

4.3 General Discussions on the Case Studies and the Results

The first case study is deliberately more detailed than other case studies for we want to
increase the comprehensibility of the steps of the e-Cosmic measurement procedure and
then the case study results and our inferences based on these results are explained in the
following parts. The estimation results of the “Extending Independent Auditor Pool”

business processes are given in Table 11.

Table 11: Summary of e-Cosmic FP of the “Extending Independent Auditor Pool”

# of # of # of # of CFP

Functional Process Entry Exit Read Write count
Create IA selection criteria 3 3 3 1 10
Create |IA advertisement text 3 1 1 1 6
Create IA reference documents 1 0 0 1 2
Plan IA advertisement time, 1 0 0 1 2

advertisement tool, and application

time
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Table 11 (Continued)
Send outputs to approve
Review IA outputs 12
Update IA outputs 19
Prepare for advertisement tools
Announce acquisition advertisement

Receive IA applications

(6]

Determine selection committee

[EEN
w

Select IA applications
Approve selected IA

Save selected IA

List IA selection criteria
Update IA selection criteria
Delete IA selection criteria
List IA advertisement text
Update IA advertisement text
Delete IA advertisement text
List IA reference documents
Update IA reference documents
Delete reference documents

List IA acquisition plan

P O B P O KB kB O Rr P O kB N M P P O R b R R

Update IA acquisition plan

R R R R R R R R R R R R N WU NN R R O Rr N
c o »p O O OO B OO R OBNIBNPFP O > O U 1
O O B O O B O O kP O O B KB N N Rk KRB b P (O U K

N N W NN NN W NN N W NN N W B O

Delete IA acquisition plan 1

TOTAL CFP 131

The results obtained from the COSMIC FSM method are represented for each functional
process of the business processes and data movements are also represented for each

function in Table 12.
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Table 12: Cosmic Function Point of “Extending Independent Auditor Pool” by means of
COSMIC

Functional Process #t of # of # of # of CFP

Entry Exit Read Write count

Create IA selection criteria 3 3 3 1 10
List IA selection criteria 1 1 0 3
Update IA selection criteria 1 0 0 1 2
Delete IA selection criteria 1 0 0 1 2
Create IA advertisement text 3 2 1 1 7
List IA advertisement text 1 1 1 0 3
Update IA advertisement text 1 0 0 1 2
Delete IA advertisement text 1 0 0 1 2
Create IA reference documents 2 1 1 1 5
List IA reference documents 1 1 1 0 3
Update IA reference documents 1 0 0 1 2
Delete reference documents 1 0 0 1 2
Plan IA advertisement time, 1 0 0 1 2
advertisement tool, and application time
List IA acquisition plan 1 1 1 0 3
Update IA acquisition plan 1 0 0 1 2
Delete IA acquisition plan 1 0 0 1 2
Send outputs to approve 2 1 1 1 5
Review IA outputs 1 6 6 1 14
Update IA outputs 5 5 5 4 19
Prepare for advertisement tools 1 0 1 1 3
Announce acquisition advertisement 1 5 5 0 11
Receive IA applications 2 0 1 1 4
Determine selection committee 2 1 1 1 5
Select IA applications 5 2 2 4 13
Approve and save selected |A 4 2 2 3 11
TOTAL CFP 137
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When the COSMIC functional processes which are extracted from the requirement
specifications depicted in Table 12 are compared with the functional processes of the e-
Cosmic FSE procedure in Table 11, we find out few differences. Also, the quantity of
functions of the use case model is one function less than the quantity of proposed
measurement procedure functions. The difference resulted from the combination of two
functions as one function in COSMIC FSM approach. Since identification of use cases is left
to the measurer, such deviations may occur in the COSMIC FSM method, legitimizing the
concern for subjectivity. Still, software product size estimation from the use case brought
about few refinement potentials on the proposed measurement procedure. These

improvements are listed below.

e User interactions have to be taken into account. For this purpose we revised the
view relationship type. The differences of view and read relationship types are not
only quantity of data movements but their measurement view point differs as well
since read does not take into account any user interaction. On the other hand view
relationship type is identified to reflect user interactions better.

e For each function, we added one triggering entry in order to consider user role
effects.
e We also clarify effect of sub-entity type; if an entity lies on sub-entities, we have

to increase quantity of data movements depending on quantity of sub-entities.

The other improvement is to find that create relationship requires list, delete and update
relationships for the size estimation. When we need to use create relationships, an entity is
created, and so each created entity would be updated and deleted by users. To perform
this operation, we also require list relationship type for each entity. Update, delete and list

data movements pattern is given in Table 13 below.

In Table 13, data movements that are allowed in the relationship type are marked with an *
sign.

Table 13: Update, delete, and list pattern for an entity

Relationships type Entry Exit Read Write

Update * *
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Table 13 (Continued)
Delete * *

List * * *

The business processes of the software products was calculated by means of this pattern
for four functions that require create relationship. Therefore, software product size would
be 131 FP. This increase is inevitable for a business process model because of the addition

of the size of list, delete and update operations.

When the results obtained from e-Cosmic which is 131 CFP and COSMIC FSM (Table 12)
which is 137 are compared, it is found that the difference between the results is 6 CFP. The
software product size estimation from the business process model for this particular
example resulted in 5% lower result than the COSMIC FSM value that was produced by
using the use case model. The functional processes where differences from Table 11

occurred are represented with bold numbers in Table 12.

The reason for such a difference is that the measurement by using use case model
considers triggering event for each function that starts without any triggering event.
However, this difference is not based on COSMIC measurement procedure as a special rule.
This variance purely resulted from measurer’s interpretations of the FUR. The other
differences also reflect measurer’s interpretations. For instance, when a function completes
its task, the last purpose of such a function either saves results or shows results to the user.
However, if we want to do both operations for some functions, these operations also

increase data movements and contribute to the size of software product.

We continue explaining relationship types and measurement procedure by giving two
function allocation diagrams in order to clarify steps. The first function of the EIAP business
process, “create IA selection criteria”, depicts relationships and sub-entity situations (Figure

11).
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proposal
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Figure 11: Function allocation diagram of “create IA selection criteria”

In Table 14, data movements that are allowed in the relationship type are marked with an *

sign.

Table 14: Mapping of relationship types into data movements for “create IA selection
criteria”

Relationships Type Entry Exit Read Write
Reads *

Views * * *

Creates * *

The function depicted in Figure 11 includes two application systems; however, both of
them are in the same measurement scope. Therefore, we do not have to take into account

the application system so that there are not any effects to increase the data movements.
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The other important part is sub-entity type. “Reference guide” entity includes request for
proposal sub-entity. So according to proposed measurement procedure, we have to add
data movements of “request for proposal” for each set of data movements of “reference
guide”. We can also see roles relationship types as “carries out”. The second function of the

It

EIAP business process, “update IA outputs”, is given in the detail in Figure 12 to depict

measurement procedure steps.

PYVE sxpert

carries out

update 1A
outputs

views
cnanges changes | changes | changes |
|A reference s it |4 advertisement s . . '
o 14 aceuisition plan bt |4 selection criteria approve
is managed by is managed by is managed by

s managed by

is managed by

PFDS

Figure 12: Function allocation diagram of “update IA outputs”

Table 15: Mapping of relationship types into data movements for “update IA outputs”

Relationships Entry Exit Read Write
Views * * *
Changes * * * *

The function in Figure 12 explains an important part of measurement procedure in terms of
the change relationship types. Change relationship type includes both update and list-

before update data movements. Also, view relationship type differs from read with respect

57



to quantity of data movements. User interactions are classified as list, list-before update,

and list-before create. View relationships type covers all of them.

Functional sizes are computed by the e-Cosmic method for each functional process
separately. FP count values of each software product are given in Table 16. This table

provides data for a statistical analysis.

Table 16: CFP count of each functional process for software products by e-Cosmic

Functional Cs-1 CS-2 Cs-3
Process (CFP Count) (CFP Count) (CFP Count)

fp-1 10 25 6
fp-2 7 7 15
fp-3 6 12 7
fp-4 7 7 7
fp-5 2 4 6
fp-6 7 6 8
fp-7 2 6 7
fp-8 7 7 8
fp-9 5 7 15
fp-10 12 6 6
fp-11 19 22 7
fp-12 3 14 7
fp-13 9 9 15
fp-14 4 7 7
fp-15 5 16 3
fp-16 13 7 6
fp-17 9 12 3
fp-18 4 7 10
fp-19 - 6 7
fp-20 - 24 7
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Table 16 ( continued)

fp-21 - 7 3
fp-22 - 8 3
fp-23 - 24 5
fp-24 - 7 15
fp-25 - 12 3
fp-26 - 7 7
fp-27 - 9 10
fp-28 - 6 8
fp-29 - 7 3

Based on the data available in Table 16 and Table 17 summarizes the mean and standard
deviation of the functional processes of three software products. Software product in case
Study 2 has the highest mean and standard deviation values with respect to functional size
of each functional process. Comparing columns 1 and 2 in Table 17 shows that the average
functional size of the functional processes and the related standard deviation increase with
the number of functional processes of the software product. However, comparing columns
1 and 3 shows that while the average functional size of the functional processes may
remain unchanged, standard deviation may even decrease as the number of functional
processes of the software product increases. Finally, columns 2 and 3 taken together imply
that the average functional size of the functional processes and the related standard
deviation may be independent of the number of functional processes of the software

product.

Table 17: Statistical analysis of the case studies with respect to size of the functional
processes
Cs-1 CS-2 CS-3

Sum (CFP) 131 298 214
Mean 7.28 10.28 7.38
Std 4.30 6.11 3.67
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Table 18 shows that estimation deviations of the e-Cosmic FSE method from the COSMIC
FSM method for software products are 4.38%, 6.29% and 5.31% respectively. As shown in
Figure 13, the deviation of results obtained from e-Cosmic FSE method with respect to
COSMIC FSM method are seen to increase with the increase in the functional size of the
software products. Also, estimation deviations are acceptable in order to validate the e-
Cosmic FSE method according to the other early functional size estimation ranges. There
are not any differences between quantity of functional sizes of the e-Cosmic FSE and
COSMIC FSM. We have not observed any effect of the quantity of the functional processes
on the functional sizes clearly.

Table 18: Deviation between total functional sizes of the software products with respect
to the methods

CSs-1 CS-2 CS-3
E-Cosmic FSE (Total CFP) 131 298 214
COSMIC FSM (Total CFP) 137 318 226
Estimation deviation(CFP) 6 20 12
% Estimation deviation 4.38 6.29 5.31
# of Functional Process 18 29 29

B % Estimation Deviation

O Kk N W B U1 O N

Cs-1 CS-2 Cs-3

Figure 13: Estimation deviations between total functional sizes of the software products
with respect to the methods

Early and Quick COSMIC FFP method, another functional size estimation method, was

applied to the three case studies according to the values based on analytical tables as
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standard by Early and Quick COSMIC method’s developers. Results are given in Table 19.
We have used values published by Conte et al. (2004).

Table 19: Implementation of Early and Quick COSMIC FFP method on the case studies

Min. CFP Most likely CFP Max. CFP
Cs-1 123.00 190.80 241.00
Cs-2 223.00 345.30 438.00
Cs-3 178.00 275.70 348.00

Table 20: Size estimates by Early and Quick COSMIC FFP and the deviations with respect
to COSMIC FSM.

Min. Most likely Max.
CS-1 -10.22 39.27 75.91
CS-2 -29.87 8.58 37.74
CS-3 -21.24 21.68 53.98
[a % a O o
400 b w % 3 w2
350 = 2 Q ﬂ O & )
P S O = 9 =
K s 2 5 2
300 8= 8 = &
S o 2 9
250 +—G-o—= o
oo |85 3 ® E&Q COSMIC FFP
150 - S o = COSMIC FSM
100 - " E-COSMIC
050 -
000 -
Cs-1 Cs-2 Cs-3

Figure 14: Comparison of the functional size of the software products with respect to the
employed methods

As shown in Figure 14, if we compare the functional size of e-Cosmic FSE method with

results of COSMIC FSM method, we can observe that functional sizes are underestimated
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by using e-Cosmic FSE. However, the differences are not significant if one considers 10% as
a deviation benchmark for significance, a benchmark proposed by Santillo and Meli (1998).
In addition, the functional sizes are overestimated by using the E&Q COSMIC FFP 2.0 (Conte
et al., 2004). We used average values of the E&Q COSMIC FFP 2.0 method for comparison in
Table 20. The results of the E&Q COSMIC FFP 2.0 are not so reliable according to the results
of the other two methods. On the other hand, upon comparing e-Cosmic and E&Q COSMIC
FFP 2.0 values with COSMIC FSM values, we can see that e-Cosmic values are closer to

COSMIC FSM values than E&Q COSMIC FFP 2.0 values.

Effort values of COSMIC FSM and e-Cosmic FSE method are summarized in Table 21. As
shown in Table 21, the effort needed to make an e-Cosmic estimation is found to be about
44% less than the effort to make a measurement with COSMIC FSM for the software
products. We can conclude that e-Cosmic FSE method reduces the required effort for

measurement.

Table 21: Effort values for COSMIC FSM and e-Cosmic

Case Studies
Method Phase Cs-1 Cs-2 cs-3
COSMIC FSM Requirement Specification 14 10 10
(man-hours)
Size Measurement 10 9 9
(man-hours)
e-Cosmic Size Measurement 6 5 5

(man-hours)

In summary, compared to a benchmark case of COSMIC FSM method, e-Cosmic performs at
least no worse than the E&Q COSMIC FFP method. e-Cosmic method differs from E&Q
COSMIC FFP method in determination of components to be used in software size
measurement. e-Cosmic is based on business process models, a relatively well formulated

framework that is less prone to deviations caused by subjectivity. E&Q COSMIC FFP
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method, however, lacks such a foundation. Therefore, the analysis conducted so far implies

non-negligible gains from formalization of software size estimation methods.
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CHAPTER 5

CONCLUSION AND FUTURE WORK

This chapter summarizes results, contribution, and significance of this research and

suggests future research directions.

5.1. Conclusion

In this study, a method of early functional size estimation based on Business Process
Models is developed. Business process model artifacts, which are widely used in

information system environment, are used as input to e-Cosmic FSE method.

We also developed a software that automates parts of the methodology. In order to
construct and verify the applicability of e-Cosmic method, we performed three case studies.
COSMIC FSM method, E&Q COSMIC FFP and e-Cosmic FSE methods were applied during
these case studies in order to find the functional size. The improvement opportunities have

been observed by comparing the results.

Based on the three case studies conducted we have found out that e-Cosmic FSE method
can successfully estimate the size of the software to be developed. Santillo and Meli (1998)
suggested 10% deviation benchmark for significance. Our results have consistently
displayed less than 10% deviation. The estimation deviations vary from 4.38% to 6.29% with
respect to COSMIC FSM results. These deviations resulted from additionally identified exit

data movements in the COSMIC FSM method in order to display function
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results to the users and the list relationships. E-Cosmic FSE method underestimated the

software product size.

The estimation deviations of E&Q COSMIC FFP vary from 8.58% to 39.27% with respect to
COSMIC FSM results. When we compare estimation deviations of E&Q COSMIC FFP and e-
Cosmic FSE methods values for each case study, we can see that the estimation deviations
of e-Cosmic FSE are significantly smaller than the estimation deviations of the E&Q COSMIC
FFP. Based on these comparisons, we can conclude that e-Cosmic FSE method produced

more precise result than the other method in the literature.

In addition, since the reliability of the E&Q COSMIC FFP is directly proportional to the
estimator's ability to “recognize” the components of the system as part of one of the
proposed classes, E&Q COSMIC FFP method entails a large degree of subjectivity. We have
largely eliminated the subjectivity by e-Cosmic FSE by precisely defining the counting rules
based on the process models. This study showed that business process models can be used

for decreasing subjectivity and increasing reliability of the early size estimation technique.

Conventional FSM methods accomplished automation of the measurement procedure
based on software model artifacts at a late phase of the software life cycle. We also show
that e-Cosmic method provides software size estimation at an early phase of the software
life cycle when business process model is available. Business process model artifacts are
chosen due to the fact that it is suitable for formalization of the user requirements. They
are widely used in information system domain and available at the beginning of the

software life cycle.

Another result is that the effort needed to make e-Cosmic FSE is less than the effort to
make E&Q COSMIC FFP and COSMIC FSM. The effort needed to make manual calculation
by using COSMIC FSM was 9 man-hours. On the other hand, the effort needed to make
estimation based on e-Cosmic FSE was a few man-minutes for the same product. This

reduction in man-hours is due to automation of the size estimation process in e-Cosmic FSE.
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The constructed algorithm enabled automation of the size measurement process. The

automation, in turn, led to improvements in effort needed for size estimation process.

The automation of the measurement procedure eliminates measurer dependency and
manual calculation effort in conventional early functional size estimation methods. This

also decreases advanced measurement training needs.

5.2. Future Work

E-Cosmic FSE method can be applied to different application domains. The performed case
studies were in management information systems. In order to make method more general,
we should apply the method to different functional domains such as real-time systems or

control strong systems. We also should apply method to more case studies.

This study can be further improved by making use of different notations in business process
model and adjusting or modifying the method if necessary in order to widen its

applicability.

Given that the e-Cosmic method underestimates the real software size, further research
can be conducted on the e-Cosmic method to see if this underestimation is systematic.
Then, it may be possible to understand if the underestimation takes place by a constant
ratio. Once this constant has been identified, e-Cosmic results can be increased by making

use of the identified constant to make the results converge to real software sizes.
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APPENDICES

APPENDIX A: BUSINESS PROCESS MODEL
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Figure 16 : Business Process Model instance
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APPENDIX B: USE CASE MODEL AND COSMIC FSM

BAGIMSIZ DEGERLENDIRICILERIN BELIRLENMESi SURECI

Use Case #1: BD segim kriterlerinin olusturulmasi
Primary Actor PYB Uzmani
Stakeholders PYB Uzmani

Minimal Guarantees

Success Guarantees

Secim kriterleri olusturuldu.

Preconditions

Triggers

Calisma programinda belirlenen BD alim zamaninin gelmesi.

Main Scenario Success

1- PYB uzmani basvuru rehberi gériintiileme isteginde
bulunur.

2- Sistem basvuru rehberi konularini listeler.

3-  PYB uzmani teklif ¢cagrisi konusu bélimiini seger.

4- Sistem teklif cagrisi konusu bolimind goéruntiler.

5-  PYB uzmani teklif gagrisi konusunu diizenler.

6- PYB uzmani teklif ¢agrisini segim kriterlerine ekler.

7- Sistem segim kriterlerini kaydeder.

8- PYB uzmani galisma programindan bagimsiz
degerlendiricilerin secimi ve gorevlendirilmesi bilgilerini
goriantileme isteginde bulunur.

9- Sistem bagimsiz degerlendiricilerin se¢imi ve
gorevlendirilmesi bilgilerini gériintiler.

10- PYB uzmani gerekli diizenlemeyi yapip segim kriterlerine
ekler.

11- Sistem secim kriterlerini kaydeder.

Extensions

6-11 a- PYB uzmani segim kriterlerini silme isteginde bulunur.
1-PYB uzmani segim kriterlerini seger.
2- PYB uzmani segilen seg¢im kriterlerini siler.
3- Sistem degisikleri kayit eder.
6-11 b- PYB uzmani segim kriterlerini degistirme isteginde
bulunur.

1- PYB uzmani segim kriterlerini degistirir.
2- Sistem degisiklikleri kaydeder .
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Use Case #2: BD ilan metninin olusturulmasi
Primary Actor PYB Uzmani
Stakeholders PYB Uzmani

Minimal Guarantees

Success Guarantees

ilan metni olusturuldu.

Preconditions

Segim kriterleri olusturuldu.

Triggers

Secim kriterleri olusturuldu.

Main Scenario Success

1- PYB uzmani sisteme girer

2- PYB uzmani ilan ekleme isteginde bulunur.

3- Sistem yeni bir ilan metni formu acar.

4- PYB uzmani segim kriterlerini gériintiileme isteginde
bulunur.

5- Sistem segim kriterlerini listeler.

6- PYB uzmani segim kriterlerini segerek ilan metnine ekler.

7- PYB uzmaniilan metni formunu dizenler.

8- Sistem ilan metni formu bilgilerini kaydeder.

Extensions 2-a PYB uzmani ilan metni formunu silme isteginde bulunur.
1- Sistem ilan metni formlarini listeler.
2-  PYB uzmani ilan metnini segerek silme isteginde
bulunur.
3- Sistem ilan metnini siler.
2-b- PYB uzmani ilan metni formunu degistirme isteginde
bulunur.
1- Sistem ilan metni formlarini listeler.
3-  PYB uzmaniilan metni seger.
4- Sistem ilan formunu goérintiler.
5- PYB uzmaniilan formunu degistirir.
6- Sistem ilan metni formunu kaydedip 2’e doner.
Use Case #3: BD basvuru dékiimanlarinin olusturulmasi
Primary Actor PYB Uzmani
Stakeholders PYB Uzmani

Minimal Guarantees

Success Guarantees

BD basvuru dékimani olusturuldu.

Preconditions

Secim kriterleri olusturuldu.

Triggers

Secim kriterleri olusturuldu.

Main Scenario Success

1- PYB uzmani sisteme girer.

2-  PYB uzmani yeni BD basvuru dékiimanini olusturma
isteginde bulunur.

3- Sistem BD sablonunu gorintiler.

4- PYB uzmani standart BD basvuru dékiimani olusturacak
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sekilde sablonu doldurur.
5- Sistem sablonu kaydeder.
6- Sistem BD basvuru dékiimanini goruntuler.

Extensions 3 a- PYB BD bagvuru dokiimanini silme isteginde bulunur.
1- Sistem BD basvuru dokiimanlarini listeler.
2-  PYB uzmani silmek istedigi dokiimani seger
3- Sistem BD bagvuru dokiimanini siler ve 2’ye doner..
3 b- PYB uzmani BD bagvuru ddkiimanini degistirme isteginde
bulunur.
1- Sistem BD basvuru dokiimanlarini listeler.
2-  PYB uzmani BD basvuru dékiimanini seger.
3- Sistem BD basvuru dékiimanini goriintiler.
4-  PYB uzmani BD basvuru dékiimanini degistirir.
5- Sistem BD basvuru dokiimanini kaydedip 2’e doner.
Use Case #4: BD ilan zamani, ilan araglari, bagvuru siiresinin planlamasi
Primary Actor PYB Uzmani
Stakeholders PYB Uzmani

Minimal Guarantees

Success Guarantees

BD alim plani olusturuldu.

Preconditions

Secim kriterleri olusturuldu.

Triggers

Secim kriterleri olusturuldu.

Main Scenario Success

1- PYB uzmani sisteme girer

2- PYB uzmani yeni BD alim planini olusturma isteginde
bulunur.

3- Sistem alim plani sablonunu goérintiler.

4- PYB uzmani ilan zamani, ilan araglari ve basvuru siresi
bilgilerini girer.

5- Sistem alim planini kaydeder.

Extensions

3 a- PYB BD bagvuru dékiimanini silme isteginde bulunur.

1- Sistem BD alim planlarini listeler.
2-  PYB uzmani BD alim plani silme isteginde bulunur.
3- Sistem BD alim planini siler ve 2’ye doner..

3 b- PYB uzmani BD alim plani degistirme isteginde bulunur.

1- Sistem BD alim planlarini listeler.

2-  PYB uzmani BD alim planini seger.

3- Sistem BD alim planini gérintiler.

4- PYB uzmani BD alim planini degistirir.

5- Sistem BD alim planini kaydedip 2’e doéner.
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Use Case

#5: Ciktilarin onaya gonderilmesi

Primary Actor

PYB Uzmani

Stakeholders

GS, PYB Uzmani

Minimal Guarantees

Success Guarantees

Ciktilar onaya gonderildi.

Preconditions

BD ilani, basvuru dékiimanlari ve alim plani olusturuldu.

Triggers

BD ilani, basvuru dékiimanlari ve alim plani olusturuldu.

Main Scenario Success

1- PYB uzmani BD ilani, bagvuru dékiimanlari ve alim
planinin onaya génderilmesi isteginde bulunur.

2- Sistem BD ilani, basvuru dékiimanlari ve alim planilarini
listeler.

3-  PYB uzmaniilgili BD ilani, bagvuru dékiimanlari ve alim
planlarini secer ve onay isteginde bulunur.

4-  Sistem alim plani sablonunu segilen BD ilani, bagvuru
dékimanlari ve alim planini onay igin sorumlu GS’ye

gonderir .
5- Sistem génderme zamani ve onay istegi bilgilerini
kaydeder.
Extensions -
Use Case #6: BD ciktilarinin gbzden gegirilmesi.
Primary Actor GS uzmani
Stakeholders GS uzmani

Minimal Guarantees

Success Guarantees

Ciktilar onaylandi.

Preconditions

Ciktilar onaya gonderildi.

Triggers

Ciktilar onaya gonderildi.

Main Scenario Success

1- GSuzmani giktilarin listelenmesi isteginde bulunur.
2- Sistem onay istegi, BD basvuru dokiimanlari, BD alim
plani, BD ilan metni, BD segim kriterlerini listeler.

3-  GS uzmaniilgili dokiimani segerek goriintiileme
isteginde bulunur.

4-  Sistem dokiimani goriintiler.

5- GS dékimani onaylar.

6- Sistem onay bilgisini kaydeder.

Extensions

5 a- GS uzmani dokiimandaki eksiklikleri belirler.

1- ilgili dékiimandaki eksikleri yorum alanina yazar.
2- Sistem yorumlari kaydeder 1 ‘e doner.
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Use Case #7: BD ¢iktilarinin glincellenmesi.
Primary Actor PYB uzmani
Stakeholders PYB uzmani

Minimal Guarantees

Success Guarantees

BD ciktilari glincellendi

Preconditions

Eksiklikler bulundu.

Triggers

Eksiklikler bulundu.

Main Scenario Success 1- PYB uzmani giktilarin giincellenmesi isteginde bulunur.
2- Sistem onay istegi, BD basvuru dékimanlari, BD alim
plani, BD ilan metni, BD se¢im kriterlerini ve onay
durumunu listeler.
3-  PYB uzmani ilgili dokiimani segerek goriintileme
isteginde bulunur.
4-  Sistem dékimani ve GS uzmaninin yorumlarini
gorintaler.
5-  PYB uzmani dékiimanlari giinceller.
6- Sistem dokiimanlari kaydedip, onaya gonderir.
Extensions -
Use Case #8: ilan araglanyla ilgili hazirliklarin yapilmasi
Primary Actor PYB uzmani
Stakeholders PYB uzmani

Minimal Guarantees

Success Guarantees

Ilan araglari ile ilgili hazirhklar yapildi.

Preconditions

BD alimi ile ilgili giktilar onaylandi.

Triggers

BD alimiileilgili ¢ciktilar onaylandi.

Main Scenario Success 1- PYB uzmani ilan araglari bilgisini gériintileme isteginde
bulunur.

2- Sistem ilan araglarini ve zaman bilgilerini goriintiler.
3-  PYB uzmaniilgili tarih ve ilan arag bilgilerini diizenler.
4- Sistem ilan araglari bilgilerini kaydeder.

Extensions -

Use Case #9: BD alim ilaninin internet sitesinde yayinlanmasi.

Primary Actor PYB uzmani

Stakeholders PYB uzmani

Minimal Guarantees

77




Success Guarantees

BD alim ilani internet sitesinde yayinlandi.

Preconditions

BD alim planinda belirlenen ilan zamani ve ilan araglari

hazirliklari yapildi.

Triggers

BD alim planinda belirlenen ilan zamani ve ilan araglar

hazirhklari yapild.

Main Scenario Success

1- PYB uzmani BD alimilaninin yayinlanmasi isteginde
bulunur.

2- Sistem BD alim plani, BD ilani ve BD basvuru
dékimanlarini listeler.

3-  PYB uzmani BD ilanini ve basvuru dékiimanlarini segip
yayinlanmasi isteginde bulunur.

4- Sistem ajans internet sitesinde yayinlanmak tzere ilani
kaydeder.

Extensions

Use Case

#10: BD Bagvurularinin alinmasi.

Primary Actor

BD adayi

Stakeholders

BD adayi, PYB uzmani

Minimal Guarantees

Success Guarantees

BD basvurulari alindi.

Preconditions

BD alim ilani internet sitesinde yayinlandi.

Triggers

BD alim ilani internet sitesinde yayinlandi.

Main Scenario Success

1- BD adayi BD basvuru formu doldurma isteginde
bulunur.

2- Sistem BD basvuru formunu gorintiler.

3- BD adayi bagvuru formunu doldurur.

4- Sistem BD basvuru formunu kaydeder.

Extensions -

Use Case #11: Secim komisyonunun belirlenmesi.
Primary Actor GS

Stakeholders GS

Minimal Guarantees

Success Guarantees

secim komisyonu belirlendi

Preconditions

BD alim ilani internet sitesinde yayinlandi.

Triggers

BD alim ilani internet sitesinde yayinlandi.

Main Scenario Success

1- GS uzmani se¢im komisyonunu belirleme isteginde
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bulunur.

2- Sistem ajans uzmanlarini, birim ve pozisyon bilgileri ile
listeler.

3-  GS uzmani 3 tane se¢im kurulu komisyonu Gyesini
listeden seger.

4- Sistem BD se¢im komisyonu (ye bilgilerini kaydeder.

Extensions 4-a . Uye sayisinin 3 den az secilmesi ve se¢im kurallarina
uyulmamasi durumu
1. Sistem hata mesaji verir.
2. Sistem 2. Adima geri déner
Use Case #12: BD basvurularinin degerlendirilmesi.

Primary Actor

BD se¢im komisyonu

Stakeholders

BD se¢im komisyonu

Minimal Guarantees

Success Guarantees

BD bagvurulari degerlendirildi.

Preconditions

BD basvurulari alindi ve se¢cim komisyonu belirlendi.

Triggers

BD basvurulari alindi ve se¢cim komisyonu belirlendi.

Main Scenario Success

1- BD segim komisyonu lyesi BD basvuru degerlendirme
isteginde bulunur.

2- Sistem BD adaylarini ve segim kriterlerini listeler.

3- Sistem aday degerlendirme bilgilerini kaydedip, sonraki
adaya geger.
3-4 biitlin adaylar bitene kadar devam eder.

4- Sistem secilen adaylari listeler.

Extensions

3-a. BD segcim komisyonu Uyesi aday degerlendirme bilgisi
degistirme isteginde bulunur.

1. Sistem aday bilgisini goérintiler.
2. BD sec¢im komisyonu Uyesi degisiklikleri yapar.
3. Sistem degisiklikleri kaydeder.
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Use Case #13: Segilen BD'lerin onaylanmasi ve paydas veri tabanina kayit
edilmesi

Primary Actor GS,PYB

Stakeholders GS,PYB

Minimal Guarantees -

Success Guarantees

Secilen BD'ler onaylandi ve paydas veri tabanina kayit edildi

Preconditions

BD basvurulari degerlendirildi.

Triggers

BD basvurulari degerlendirildi.

Main Scenario Success

1- GSuzmani segilen adaylari onaylama isteginde bulunur .

2- Sistem segilen BD listesini goriintuler.

3-  GSuzmani BD listesini onaylar.

4- Sistem onayi kaydeder.

5- PYB uzmani onaylanan segilen BD’leri paydas veri
tabanina aktarma isteginde bulunur.

6- System BD’leri paydas veri tabanina kaydeder.

Extensions

bulunur.

3-a. GS uzmani segilen BD lerin yeniden degelendirmesi isteginde

1. Sistem BD sec¢im komisyonu tyelerini uyarir 1’e doner

FP#

FP name

Data

Mov.

0O0l/Data Group

BD secim kriterlerinin olusturulmasi

Bd secim kriterleri olusturma istegi

Basvuru rehberi

Basvuru rehberi

Basvuru rehberi

Teklif ¢agrisi

Teklif cagrisi

Teklif cagrisi

Calisma programi

Bd secim kriterleri

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

Hata bilgisi

BD secim kriterlerinin listelenmesi

Secim kriterleri parametresi

=

Secim kriterleri

Secim kriterleri
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FP# | FP name Data 0O0I/Data Group
Mov.
3 | BD segim kriterlerinin silinmesi E Segim kriterleri parametresi
w Segim kriterleri
4 | BD segim kriterlerinin E Segim kriterleri parametresi
guncellenmesi
w Segim kriterleri
5 | BD ilan metninin olusturulmasi E Bd ilan metni istegi
R Secim kriterleri bilgisi
X Secim kriterleri bilgisi
E Secim kriterleri bilgisi
E Bd ilan metni bilgisi
W Bd ilan metni bilgisi
X Bd ilan metni bilgisi
E
6 | BD ilan metninin listelenmesi Bd ilan metni listeleme istegi
R Bd ilan metinleri bilgisi
Bd ilan metinleri bilgisi
7 | BDilan metninin silinmesi E Ilan metni parametresi
w Ilan metni bilgisi
8 | BD ilan metninin gilincellenmesi E llan metni parametresi
w Ilan metni bilgisi
BD Basvuru dékiimanlarnin E Pd Easvuru dékiimanlari olusturma
istegi
9 | olusturulmasi
R Bd basvuru dékiiman alanlari
X Bd basvuru dékiiman alanlari
E Basvuru dokiman alan bilgisi
w

Bd basvuru dokiiman alan bilgisi
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FP# | FP name Data 0O0I/Data Group
Mov.
BD basvuru dokman alanlarinin E
10 | listelenmesi Bd basvuru dékiiman alan bilgisi
R
Bd basvuru dékiiman alan bilgisi
X
Bd basvuru dokiiman alan bilgisi
BD basvuru doékiman alanlarinin
11 | silinmesi E Bd basvuru dokiiman alan bilgisi
w
Bd basvuru dokiiman alan bilgisi
BD bagvuru dokiiman alanlarinin E
12 | giincellenmesi Bd basvuru dokiiman alan bilgisi
w
Bd basvuru dokiiman alan bilgisi
. . E
BD ilan zamani, ilan araglari,
13 | basvuru siresinin planlanmasi Alim plani bilgisi
w
Alim plani bilgisi
14 | BD alim planinin listelenmesi Bd alim plani
R Bd alim plani
X Bd alim plani
15 | BD alim planinin silinmesi E Alim plani parametresi
W Alim plani bilgisi
16 | BD alim planinin giincellenmesi E Alim plani parametresi
w Alim plani bilgisi
17 | Ciktilarin onaya génderilmesi E Onay istegi
R Cikt1 dokiimanlar bilgisi
X Cikti dokiimanlar bilgisi
E
Cikti dokiimanlari bilgisi-onay
w

Cikti dokiimanlari bilgisi-onay
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FP#

FP name

Data

Mov.

0O0I/Data Group

18

BD ciktilarinin gdzden gegirilmesi

Cikti bilgileri goriintileme istegi

Cikti bilgileri (basvuru dok., alim

plani, ilan metni, secim kriterleri)

Cikt1  bilgileri  (basvuru dok., alim
plani, ilan metni, secim kriterleri)

Onay bilgisi

Bd basvuru dokimanlari

Bd alim plani

Bd ilan metni

Bd secgim kriterleri

Onay bilgisi

Bd basvuru dokiimanlari

Bd alim plani

Bd ilan metni

Bd secim kriterleri

S| x| x| x|X|x|=m| ™| o o =™

Onay bilgisi

19

BD ciktilarinin giincellenmesi

Cikti bilgileri goriintileme istegi

Onay durum bilgisi

Bd basvuru dékimanlari

Bd alim plani

Bd ilan metni

Secim kriterleri

Onay durum bilgisi

Bd basvuru dékimanlari

Bd alim plani

Bd ilan metni

Secim kriterleri

Bd basvuru dékimanlari

Bd alim plani

Bd ilan metni

Bd secim kriterleri

S| m|m|m|m|X|[X|X|X|X|=o |0 |0 |o

Bd basvuru dokimanlari
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FP# | FP name Data 0O0I/Data Group
Mov.
W Bd alim plani
w Bd ilan metni
W Bd segim kriterleri
llan  araglanyla ilgili  hazirhk E
20 | yapilmasi llan araglari bilgisi istegi
Bd alim plani bilgisi
llan araglari bilgisi
BD alim ilaninin internet sitesinde E
21 | yayinlanmasi internet ilani istegi
R
Internet  ilani  bilgisi(  basvuru
dokumanlari, ahm plani, ilan metni)
X
Internet  ilani  bilgisi(  basvuru
doktmanlari, alim plani, ilan metni)
R Bd basvuru dokimanlari
R Bd alim plani
R Bd ilan metni
R Bd secim kriterleri
X Bd basvuru dékimanlari
X Bd alim plani
X Bd ilan metni
X Bd segim kriterleri
22 | Basvurularin alinmasi E Basvuru alinmasi istegi
R Basvuru dokiimanlari
E Basvuru aday bilgisi
w Basvuru aday bilgisi
E
23 | Segim komisyonun belirlenmesi Secim komisyonu parametre bilgisi
R Secim komisyonu Uyeleri
X Secim komisyonu Gyeleri
E Secim komisyonu bilgisi
w

Secim komisyonu bilgisi
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FP#

FP name

Data

Mov.

0O0I/Data Group

24

BD bagvuru degerlendirme

m

Degerlendirme istegi

Bd secim kriterleri

Bd secim kriterleri

Bd basvuru bilgisi

Bd basvuru bilgisi

Onay istegi

Onay istegi

Kabul listesi

Kabul listesi

Secim komisyonu raporu

Secim komisyonu raporu

Bd

Smism|Ss|m|S|m|x |= |x |=

Bd

25

Secilen BD lerin onaylanmasi ve

kayit

Onaylama istegi

Onay bilgisi

Onay bilgisi

Kabul listesi onay bilgisi

Kabul listesi onay bilgisi

Kabul listesi onay bilgisi

Kabul listesi onay bilgisi

Onay durumu

Onay durumu

Bd

S mS|m|S |m|x|>o|x |2

Bd

Toplam CFP
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ODEMELERIN GERCEKLESTIRILMESI SURECI

Use Case #1: On d6deme, ara 6deme ve nihai 6deme oranlarinin
belirlenmesi

Primary Actor iDB uzmani

Stakeholders iDB uzmani

Minimal Guarantees

Success Guarantees

Odeme oranlari belirlendi

Preconditions

Triggers Sozlesme imzalama donemi tamamlandi
Main Scenario 1- iDB uzmani sisteme girer
Success 2- DB uzmani 6deme gerceklestirme isteginde
bulunur
3- Sistem s6zlesmesi tamamlanmis mevcut proje
listesini sunar
4- DB uzmani belirlenen projeyi seger
5- Sistem proje bilgilerini gérintiler
6- DB uzmani 6deme kontrol listesi, proje uygun
maliyetleri, 6n 6deme risk puani, sézlesme
dosyasini goriintiileme isteginde bulunur
7- Sistem istenilen bilgileri goriintiler
8- IDB uzmani 6n 6deme, ara ddeme ve nihai 6deme
miktarini belirler ve 6deme planini olusturur.
9- Sistem 6n 6deme miktarini toplam miktar ile
karsilastirip, kayit eder
10- iDB uzmani onay istegi olusturma isteginde
bulunur.
11- Sistem onay istegini kayit eder.
Extensions 9a sistem hata verir, gerekli kosullarin saglanmadigina dair

1. iDB uzmani hata mesajini gériintiiler
2. Sistem 6n 6deme miktarinin alt ve Ust sinirini gésterir
3. IDB uzmani yeni 6n 6deme miktarini sisteme girer

1a sistem hata verir

9a.1. den devam eder

4. MSS da9dandevam eder
8a iDB uzmani 6n édeme miktarini degistirmek ister

1. Sistem degisiklikleri kayit eder.
3 den devam eder
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8b iDB uzmani 6n 6deme miktarini silmek ister

1. Sistem 6n 6deme miktarini siler
3 den devam eder

Use Case #2: Odeme oranlarinin onaylanmasi
Primary Actor GS uzmani
Stakeholders GS uzmani

Minimal Guarantees

Success Guarantees

0n 6deme orani onaylandi, azaltildi, artirildi, iptal edildi.

Preconditions

6deme oranlari belirlendi

Triggers 6deme oranlari belirlendi
Main Scenario 1- GS uzmani sisteme girer
2- GSuzmani onay isteklerini gérintlleme isteginde
Success
bulunur
3- Sistem onay isteklerini listeler
4- GS uzmani onay istegi detaylarini gériintileme
isteginde bulunur,
5- Sistem onay istegi detaylarini gériintiler
6- GSuzmani 6n 6deme miktari ve 6deme planini
gorintileme isteginde bulunur
7- Sistem 6n 6deme miktarini ve 6deme planini
sunar
8- GS uzmani onay durumunu yaratir
9- Sistem kayit eder.
Extensions 8a GS uzmani 6n 6deme miktarinin azaltilmasini ister

1. Sistem uyari verir.

2. GSuzmani 6deme planini gériintiileme isteginde
bulunur.

3. Sistem 6deme planini gorintiler

4. GS uzmani 6n 6deme orani degisikligi bilgisini
yaratir.

5. Sistem degisiklik bilgisini 6deme planina yansitarak
yararlaniciya bilgi verir

8b GS uzmani 6n 6deme miktarinin artirilmasini ister.

1. 8a.1.dendevam eder
8¢ GS uzmani 6n 6deme miktarinin iptalini ister.

1. 8a.l. den devam eder

8d GS onay durumunu degistirmek ister
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1. Sistem degisiklikleri kayit edip 3 “ doner
8e GS onay durumunu silmek ister

1. Sistem degisiklikleri kayit eder 3’e doner

Use Case #3: Basvuru sahibinden 6n 6deme talebi alinmasi
Primary Actor Yararlanici
Stakeholders Yararlanici

Minimal Guarantees

Success Guarantees

Basvuru sahibinden 6n 6deme talebi alind..

Preconditions

Triggers
Main Scenario 1- Yararlanici sisteme girer.
2- Yararlanici 6n 6deme talebi olusturma isteginde
Success
bulunur
3- Sistem 6deme talebi sartlarini goriintiler
4- Yararlanici 6deme sartlarina uygunlugunu kabul
eder.
5- Sistem 6n 6deme talebini kayit eder.
6- Yararlanici teminat bilgilerini girer
7- Sistem teminat bilgilerini kontrol eder.
8- Sistem teminat bilgilerini kayit eder.
Extensions 8a . sistem hata mesaji verir, teminatin uygun
olmadigina dair
1. Yararlanici teminat bilgilerini tekrar girer
7 den devam eder
6a yararlanici teminat bilgilerini degistirmek ister
1. Sistem degisiklikleri kayit eder 3 ‘e doner
6b yararlanici teminat bilgilerini silmek ister
1. Sistem degisiklikleri kayit eder 3 ‘e doner
Use Case #4: On 6deme miktarinin hesap numarasina aktarilmasi.
Primary Actor iDB Uzmani
Stakeholders iDB Uzmani
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Minimal Guarantees

Success Guarantees

On 6deme gerceklestirildi

Preconditions Teminat var
Triggers
Main Scenario 1- iDB Uzmani Proje detaylarini seger
2- Sistem proje detaylarini goriintiler.
Success ; o ..
3- IDB Uzmani belirtilen hesap numarasina 6n
o6deme talimati olusturur.
4- Sistem muhasebe departmanina 6deme talimatini
aktirir.
Extensions
Use Case #5: hakedis esasina gore ©6n oOdeme harcamalarini

degerlendirme

Primary Actor

iDB Uzmani

Stakeholders

iDB Uzmani

Minimal Guarantees

Success Guarantees

On o6deme miktari kullaniimamis, 6n &deme miktari

kullaniimamig

Preconditions

On 6deme gergeklestirildi

Triggers
Main Scenario 1- IDB Uzmani sisteme girer

2- IDB Uzmani proje detaylarini gériintiileme
Success

isteginde bulunur

3- Sistem proje detaylarini goriintiler.

4- IDB Uzmani es finansman orani, 6n 6deme miktari,
o0deme talebi, 6deme plani, ara donem hakedis
miktarini ve 6deme kontrol listesini goriintliileme
isteginde bulunur

5- Sistem es finansman orani, 6n 6deme miktari,
o0deme talebi, 6deme plani, ara donem hakedis
miktarini ve 6deme kontrol listesini goriintiiler

6- IDB Uzmani 6n 6demenin kapatilmasi isteginde
bulunur.

7- Sistem 6deme planini gorintiler

8- IDB Uzmani 6deme planinin degistirir

9- Sistem degisikligi kayit eder.
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Extensions 6a IDB Uzmani 6n 6demede kalan harcanmamis miktari
tespit eder
1. IDB Uzmani 6n 6deme miktari ve ara dénem
hakedis miktarini gériintileme isteginde bulunur.
2. Sistem 6n 6deme miktarini ve ara dénem hakedis
miktarini gérintiler
3. IDB Uzmani hakedis gerceklesmemis 6deme
miktarini olusturur
3a- hakedis gerceklesmemis ©6deme miktarini
degistirmek ister
1. Sistem degisiklikleri kayit eder
3b -hakedis gerceklesmemis ©Odeme miktarini
silmek ister
1. Sistem degisiklikleri kayit eder
4. Sistem kayit eder.
Use Case #6: Ara 6deme miktarinin olusturulmasi
Primary Actor iDB Uzmani
Stakeholders iDB Uzmani

Minimal Guarantees

Success Guarantees

Ara 6deme miktari belirlendi

Preconditions

On 6deme kapatildi

Triggers On 6deme kapatildi
Main Scenario 1- iDB Uzmani sisteme girer

2- IDB Uzmani proje detaylarini gériintiileme
Success

isteginde bulunur

3- Sistem proje detaylarini géruntiler

4- IDB Uzmani es finansman orani, basvuru rehberi ve
proje uygun maliyetleri gériintiileme isteginde
bulunur

5- Sistem es finansman orani, basvuru rehberi ve
proje uygun maliyetleri gériintiler

6- IDB Uzmani 6deme plani gériintiileme isteginde
bulunur

7- Sistem 6deme planini goriintiler

8- IDB Uzmani 6deme planini degistirir

9- Sistem degisikligi kayit eder

10- iDB Uzmani onay istegi olusturur

11- Sistem onay istegini kayit eder
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Extensions

10a -iDB uzmani onay istegini degistirmek ister

1. Sistem degisiklikleri kayit eder
10b- IDB uzmani onay istegini silmek ister

Use Case

#7: Ara dénem 6deme miktarinin onaylanmasi ve hesaba

transferi

Primary Actor

iDB Uzmani, GS

Stakeholders

iDB Uzmani, GS, yararlanici

Minimal Guarantees

Success Guarantees

Ara 6deme miktari yararlanici hesabina aktarildi.

Preconditions

Ara donem 6deme miktari tespit edildi

Triggers
Main Scenario 1- GS sisteme girer
2- GS onay isteklerini goriintileme isteginde bulunur
Success . . A
3- Sistem onay isteklerini gérintiler
4- GS ara donem 6deme miktari 6deme plani ve onay
istegi yazisini gériintileme isteginde bulunur
5- Sistem ara donem 6deme miktari 6deme plani ve
onay istegi yazisini gérintdler.
6- GS onay Durumu olusturur
7- Sistem onay durumunu kayit eder
8- IDB uzmani onay durumlarini gériintiileme
isteginde bulunur.
9- Sistem onay durumlarini gérintiler
10- iDB uzmani onaylanmis miktarlari sézlesme hesap
numaralarina aktarir
11- Sistem para aktarma islemini kayit eder.
Extensions ---
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Use Case #8: Proje toplam uygun maliyetlerinin belirlenmesi
Primary Actor iDB uzmani
Stakeholders iDB uzmani

Minimal Guarantees

Success Guarantees

Es finansman gerceklesme orani saptandi

Preconditions

Ara veya nihai rapor incelenmesi tamamlandi

Triggers Proje ara 6demesi gergeklesti
Main Scenario 1- IDB uzmani sisteme girer
2- DB uzmani proje goériinteleme isteginde bulunur
Success . ST
3- sistem projeyi gorintiler
4- DB uzmani 6n 6deme miktari, ara ddnem ddeme
miktari, proje uygun maliyetleri, temel proje
raporlari, sozlesme dosyasi, 6deme kontrol listesi
goriintileme isteginde bulunur
5- Sistem 6n 6deme miktari, ara donem 6deme
miktari, proje uygun maliyetleri, temel proje
raporlari, sozlesme dosyasi, 6deme kontrol
listesini goriintller
6- IDB uzmani proje nihai destek miktarini olusturur
7- Sistem proje nihai destek miktarini kayit eder.
Extensions 6a - IDB uzmani nihai destek miktarini degistirmek ister
1. Sistem degisiklikleri kayit eder
6b- IDB uzmani nihai destek miktarini silmek ister
1. Sistem degisiklikleri kayit eder
7a sistem es finansman gergeklesme orani hakkinda hata
verir
1. DB uzmani basvuru rehberini gériintileme
isteginde bulunur
2. Sistem basvuru rehberini gortntiler
3. IDB uzmani es finansman gerceklesme oraninda
proje nihai destek miktarini indirir
4. Sistem yeni proje destek miktarini kayit eder.
Use Case #9: Nihai 6demenin belirlenmesi
Primary Actor iDB uzmani
Stakeholders iDB uzmani
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Minimal Guarantees

Success Guarantees

Nihai 6deme miktari belirlendi

Preconditions

Toplam 6deme miktari belirlendi

Triggers Toplam 6deme miktari belirlendi
Main Scenario 1- DB uzmani sisteme girer
2- IDB uzmani proje gériintiileme isteginde bulunur
Success . LT
3- Sistem projeyi gorintiler
4- DB uzmani proje nihai destek miktari, 6n 6deme
miktari, ara dénem 6deme miktari goriintileme
isteginde bulunur
5- Sistem proje nihai destek miktari, 6n 6deme
miktari, ara dénem 6deme miktarini gérintiler
6- DB uzmani proje nihai 6deme miktarini olusturur
7- Sistem proje nihai 6deme miktarini kayit eder
8- iDB uzmani 6deme planina proje nihai 6deme
mikatarini girer
9- Sistem 6deme planini kayit eder.
10- iDB uzmani proje nihai 6deme miktari icin onay
istegi olusturur
11- Sistem onay istegini kayit eder.
Extensions 6a - IDB uzmani nihai 6deme miktarini degistirmek ister
2. Sistem degisiklikleri kayit eder
6b- IDB uzmani nihai 6deme miktarini silmek ister
2. Sistem degisiklikleri kayit eder
Use Case #2: Nihai 6deme miktarinin onaylanmasi
Primary Actor GS uzmani
Stakeholders GS uzmani

Minimal Guarantees

Success Guarantees

Nihai 6deme gerceklesti

Preconditions

Nihai 6deme miktari belirlendi.

Triggers

Main Scenario

1- GS sisteme girer
2- GS onay isteklerini goriintiileme isteginde bulunur
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Success 3- Sistem onay isteklerini goruntiler
4- @GS proje nihai 6deme miktari ve 6deme plani
goriintileme isteginde bulunur
5- Sistem proje nihai 6deme miktari ve 6deme plani
gorintiler
6- GS proje onay durumunu olusturur
7- Sistem proje onay durumunu kayit eder
Extensions 6a — GS onay durumunu degistirmek ister
1. Sistem degisiklikleri kayit eder
6b- GS onay durumunu silmek ister
1. Sistem degisiklikleri kayit eder
Use Case #9: Nihai 6deme miktarinin hesap numarasina aktariimasi
Primary Actor iDB uzmani
Stakeholders iDB uzmani

Minimal Guarantees

Success Guarantees

Proje nihai 6demesi gercgeklesti

Preconditions

Nihai 6deme miktari onaylandi

Triggers Toplam 6deme miktari belirlendi
Main Scenario 1- iDB uzmani sisteme girer
Success 2- iI?B uzman pr'oj?yigéfl'jntuleme isteginde bulunur
3- Sistem projeyi gorlintiler
4- iDB uzmani proje nihai édeme miktarini
gorintileme isteginde bulunur
5- Sistem nihai 6deme miktarini gérintiler
6- DB uzmani nihai 6deme miktarini hesap
numarasina 6denmesi talimati yaratir
7- Sistem hesap numarasina 6deme talimatini kayit
eder.
Extensions 6a- IDB uzmani kalan eksi degerin ajans hesabina

o6denmesi talimatini yaratir

1. Sistem geri 6deme talimatini kayit eder

2. DB uzmani yararlaniciya geri 5deme miktarini
iletir

3. Sistem yararlaniciya uyari mesaji atar,
yararlanicidan geri 6deme alinana kadar blok
islemi gerceklesir.
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FP#

FP name

Data Mov.

0O0l/Data Group

Odeme
belirlenmesi

oranlarinin

E

Odeme oranlari

Proje listesi

Proje listesi

Proje listesi

Proje

Proje

Proje

Odeme kontrol listesi

Odeme kontrol listesi

Odeme kontrol listesi

m|X| ™| M| X| J|mM| X|=xmm| m

Proje uygun maliyetleri

Proje uygun maliyetleri

Proje uygun maliyetleri

On 6deme risk puani

On 6deme risk puani

On 6deme risk puani

S6zlesme dosyasl

Sozlesme dosyasl

S6zlesme dosyasl

Is kurallari

Is kurallari

Is kurallar

On 6deme miktari

On 6deme miktar

Odeme plani

Odeme plani

Onay istegi

Emémémxxmxxmxxmxx

Onay istegi

On ddeme
listelenmesi

miktari

On 6deme miktari

On 6deme miktari

x| =

On 6deme miktar

On ddeme
gincellenmesi

miktari

On 6deme miktari

On 6deme miktari
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FP# | FP name Data Mov. | OOl/Data Group
On 0deme miktari | E On 6deme miktar
silinmesi
w On 6deme miktar
3 Odeme oranlarinin | E Onay istegi gériintiileme
onaylanmasi
E Onay istekleri
R Onay istekleri
X Onay istekleri
E Onay istegi
R Onay istegi
X Onay istegi
E On 6deme miktari
R On 6deme miktar
X On 6deme miktari
E Odeme plani
R Odeme plani
X Odeme plani
E Onay durumu
w Onay durumu
4 Onay durumu listelenmesi | E Onay durumu
R Onay durumu
X Onay durumu
Onay durumu | E Onay durumu
giincellenmesi
w Onay durumu
Onay durumu silinmesi E Onay durumu
w Onay durumu
5 Basvuru sahibinden ©6n | E Talep alinmasi istegi
O6deme talebi alinmasi
E Odeme talebi sartlar
R Odeme talebi sartlari
X Odeme talebi sartlari
E On 6deme talebi
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FP# | FP name Data Mov. | OOl/Data Group
w On 6deme talebi
E Is kurallar
R Is kurallar
X Is kurallar
E Teminat
w Teminat
6 Teminatin listelenmesi E Teminat
R Teminat
X Teminat
Teminatin glincellenmesi E Teminat
w Teminat
Teminatin silinmesi E Teminat
w Teminat
7 Odeme talebinin | E Odeme talebi
listelenmesi
R Odeme talebi
X Odeme talebi
Odeme talebinin | E Odeme talebi
guncellenmesi
w Odeme talebi
Odeme talebinin silinmesi | E Odeme talebi
w Odeme talebi
8 On o6deme miktarinin | E Aktarim istegi
hesap numarasina
aktariimasi
E Proje
R Proje
X Proje
E On 6deme miktari
R On 6deme miktari
X On 6deme miktari
E On 6deme miktari talimat
w On 6deme miktari talimati
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FP#

FP name

Data Mov.

0OO0l/Data Group

Hakedis esasina gore ©n
odeme harcamalarini
degerlendirme

Degerlendirme istegi

Proje

Proje

Proje

Es finansman orani

On 6deme miktar

Odeme talebi

Odeme plani

Ara donem hakedis miktari

Odeme kontrol listesi

Es finansman orani

On 6deme miktari

Odeme talebi

Odeme plani

Ara donem hakedis miktari

Odeme kontrol listesi

Es finansman orani

On 6deme miktar

Odeme talebi

Odeme plani

Ara donem hakedis miktari

X| X[ X|X[|X|X|IWB|I|WI| WP/ MM M M| M mM|X| M

Odeme kontrol listesi

10

On 6demenin kapatiimasi

Kapatilmasi istegi

Odeme plani

On 6deme miktar

Ara donem hakedis miktari

Es finansman orani

Odeme plani

On 6deme miktar

Ara donem hakedis miktari

Es finansman orani

Odeme plani

On 6deme miktari

Ara donem hakedis miktari

X| X | X|X|=m|B|=I|=HIM|(mMm|mMm|m|m|m

Es finansman orani

98




FP# | FP name Data Mov. | OOl/Data Group
w Odeme plani
11 On 6demede kalan | E Kalan miktar istegi
miktarin belirlenmesi
E On 6deme miktari
E Ara donem hakedis miktari
R On 6deme miktari
R Ara donem hakedis miktari
X On 6deme miktar
X Ara donem hakedis miktari
E Hakedis gerceklesmemis
miktar
w Hakedis gerceklesmemis
miktar
12 Hakedis gerceklesmemis | E Hakedis gerceklesmemis
miktarin listelenmesi miktar
R Hakedis gerceklesmemis
miktar
X Hakedis gerceklesmemis
miktar
Hakedis gerceklesmemis | E Hakedis gerceklesmemis
miktarin glincellenmesi miktar
w Hakedis gerceklesmemis
miktar
Hakedis gerceklesmemis | E Hakedis gerceklesmemis
miktarin silinmesi miktar
w Hakedis gerceklesmemis
miktar
13 Ara 6deme miktarinin | E Odeme miktari istegi
olusturulmasi
E Proje
R Proje
X Proje
E Es finansman orani
E Basvuru rehberi
E Proje uygun maliyetleri
E Odeme plani
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FP#

FP name

Data Mov.

0OO0l/Data Group

Es finansman orani

Basvuru rehberi

Proje uygun maliyetleri

Odeme plani

Es finansman orani

Basvuru rehberi

Proje uygun maliyetleri

Odeme plani

Odeme plani

Onay istegi

EmEXXXX;UT;U;U

Onay istegi

14

Onay istegi listelenmesi

m

Onay istegi

Onay istegi

x| =

Onay istegi

Onay istegi gincellenmesi

m

Onay istegi

Onay istegi

Onay istegi silinmesi

m

Onay istegi

Onay istegi

15

Ara doénem 0deme
miktarinin onaylanmasi

Onama istegi

Onay istekleri listesi

Onay istekleri listesi

Onay istekleri listesi

Onay

Onay

Onay

Ara donem 6deme miktari

Odeme plani

Ara donem 6deme miktari

Odeme plani

Ara donem 6deme miktari

X|X| ™|/ M| M| X" mM|X|=|mM

Odeme plani

16

Onay durumu listelenmesi

m

Onay durumu

Onay durumu
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FP#

FP name

Data Mov.

0OO0l/Data Group

X

Onay durumu

Onay durumu
giincellenmesi

Onay durumu

Onay durumu

Onay durumu silinmesi

Onay durumu

Onay durumu

17

Ara 6deme miktarinin
hesap numarasina
aktarilmasi

Aktarim talebi

Proje

Proje

Proje

Ara 6deme miktari

Ara 6deme miktari

Ara 6deme miktari

Ara 6deme miktari talimati

EH'IX;UH'IXDJH'I

Ara 6deme miktari talimati

18

Proje  toplam uygun
maliyetlerin belirlenmesi

Nihai maliyet belirleme istegi

Proje

Proje

Proje

On 6deme miktar

Ara donem 6deme miktari

Proje uygun maliyetleri

Temel proje raporlari

So6zlesme dosyasi

Odeme kontrol listesi

On 6deme miktari

Ara donem 6deme miktari

Proje uygun maliyetleri

Temel proje raporlari

Soézlesme dosyasl

Odeme kontrol listesi

On 6deme miktar

X|X|RI|B|I|W|IW|I MMM M M mM| X|D|mM

Ara donem 6deme miktari
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FP#

FP name

Data Mov.

0OO0l/Data Group

Proje uygun maliyetleri

Temel proje raporlari

S6zlesme dosyasl

Odeme kontrol listesi

Proje nihai destek miktari

Ern><><><><

Proje nihai destek miktari

19

Proje nihai destek miktari
listelenmesi

Proje nihai destek miktari

Proje nihai destek miktari

x| =3

Proje nihai destek miktari

Proje nihai destek miktari
gincellenmesi

Proje nihai destek miktari

Proje nihai destek miktari

Proje nihai destek miktari
silinmesi

Proje nihai destek miktari

Proje nihai destek miktari

20

Es finansman oraninda
nihai destek miktarinin
indirilmesi

Indirim istegi

Basvuru rehberi

Basvuru rehberi

Basvuru rehberi

Proje nihai destek miktari

Proje nihai destek miktari

Proje nihai destek miktari

EX?JH'IXDJI"'I

Proje nihai destek miktari

21

Nihai
belirlenmesi

6demenin

m

Nihai 6deme istegi

Proje

Proje

Proje

Business rule

Business rule

Business rule

m{X|xo|m|X|>|m

Proje nihai destek miktari
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FP#

FP name

Data Mov.

0OO0l/Data Group

On 6deme miktari

Ara donem 6deme miktari

Odeme plani

Proje nihai destek miktari

On 6deme miktar

Ara donem 6deme miktari

Odeme plani

Proje nihai destek miktari

On 6deme miktari

Ara donem 6deme miktari

Odeme plani

Odeme plani

Onay istegi

Onay istegi

Proje nihai 6deme miktari

Proje nihai 6deme miktari

22

Proje nihai 6deme miktari
listelenmesi

Proje nihai destek miktari

Proje nihai destek miktari

x| =

Proje nihai destek miktari

Proje nihai 6deme miktari
giincellenmesi

Proje nihai destek miktari

Proje nihai destek miktari

Proje nihai 6deme miktari
silinmesi

Proje nihai destek miktari

Proje nihai destek miktari

23

Nihai 6deme miktarinin
onaylanmasi

Onay

Onay istekleri

Onay istekleri

Onay istekleri

Onay istegi

Odeme plani

Proje nihai 6deme miktari

Onay istegi

|| mMmmMm M| X|=X[m

Odeme plani
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FP#

FP name

Data Mov.

0OO0l/Data Group

Proje nihai 6deme miktari

Onay istegi

Odeme plani

Proje nihai 6deme miktari

Onay durumu

EH'IXXX:U

Onay durumu

24

Onay durumu listelenmesi

m

Onay durumu

Onay durumu

x| =

Onay durumu

Onay durumu

giincellenmesi

Onay durumu

Onay durumu

Onay durumu silinmesi

Onay durumu

Onay durumu

25

6deme miktarinin
numarasina

Nihai
hesap
aktariimasi

Hesaba aktarim istegi

Proje

Proje

Proje

Business rule

Business rule

Business rule

Proje nihai 6deme miktari

Proje nihai 6deme miktari

Proje nihai 6deme miktari

Odeme talimati

mexmxxmxxm

Odeme talimati

26

Kalan eksi degerin ajans
hesabina aktarilmasi

Hesaba aktarim istegi

Proje

Proje

Proje

Proje nihai 6deme miktari

| M| X[ |m

Proje nihai 6deme miktari
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FP# | FP name Data Mov. | OOl/Data Group
X Proje nihai 6deme miktari
E Ajans hesabina geri aktarim
talimati
w Ajans hesabina geri aktarim
talimati
27 Yararlanicidan geri 6deme | E Geri 6deme yapilmasi
yapilmasi
E Proje geri 6deme miktari
R Proje geri 6deme miktari
X Proje geri 6deme miktari
E Business rule
R Business rule
X Business rule
Toplam CFP 318

SORUN YONETIMI SURECI

Use Case #1: Proje uygulama sorunu olusturulmasi
Primary Actor iDB uzmani
Stakeholders iDB uzmani

Minimal Guarantees

Success Guarantees

Sorun kaydedildi

Preconditions

Triggers Sorun tespit edildi, yararlanicidan sorun geri bildirimi
yapildi
Main Scenario 1- DB uzmani sisteme girer
2- IDB uzmani proje listesi gériintiileme isteginde
Success

bulunur

3- Sistem projeleri gorinttler

4- DB uzmani proje uygulama sorunu olusturur

5- Sistem proje uygulama sorununu kayit eder.

6- DB uzmani proje uygulama sorunu ve sézlesme
dosyasini goriintileme isteginde bulunur.

7- Sistem proje uygulama sorunu ve sdzlesme
dosyasini gorintiiler

8- IDB uzmani proje uygulama sorunu raporunu
olusturur.
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9- Sistem proje uygulama sorunu raporunu kayit
eder.

Extensions 4a- IDB uzmani proje uygulama sorunu listeleme isteginde
bulunur
1. Sistem proje uygulama sorunlarini listeler
4b- IDB uzmani proje uygulama sorunu glincelleme
isteginde bulunur
1. Sistem degisiklikleri kayit eder
4c- IDB uzmani proje uygulama sorunu silme isteginde
bulunur
1. Sistem degisiklikleri kayit eder
8a- IDB uzmani proje uygulama sorunu raporu listeleme
isteginde bulunur
2. Sistem proje uygulama sorunu raporlarini listeler
8b- IDB uzmani proje uygulama sorunu raporunu
guncelleme isteginde bulunur
2. Sistem degisiklikleri kayit eder
8c- IDB uzmani proje uygulama sorunu raporunu silme
isteginde bulunur
2. Sistem degisiklikleri kayit eder
Use Case #2: Sorun uyari mekanizmasinin olusturulmasi
Primary Actor iDB uzmani
Stakeholders iDB uzmani

Minimal Guarantees

Success Guarantees

Sorun uyari mekanimasi olusturuldu

Preconditions

Sorun degerlendirildi

Triggers Sorun degerlendirildi
Main Scenario 1- DB uzmani sisteme girer

2- IDB uzmani Sorun uyari mekanizmasi olusturma
Success

isteginde bulunur.
3- Sistem uyari mekanizmalari secenegini listeler
4- DB uzmani s6zlii sorun mekanizmasi olusturma
isteginde bulunur
5- Sistem s6zli sorun mekanizmasi olusturur.
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Extensions 4a IDB uzmani erken uyari mekanizmasi olusturma
isteginde bulnur
1. Sistem erken uyari mekanizmasini kayit eder
4b IDB uzmani usulstizlik mekanizmasi olusturma
isteginde bulnur
1. Sistem usulstzlik mekanizmasini kayit eder.
Use Case #3: S0zl uyari sonucunun takip edilmesi
Primary Actor iDB uzmani
Stakeholders iDB uzmani

Minimal Guarantees

Success Guarantees

Sorun belirlenen zamanda giderildi

Preconditions

S6zIU uyari mekanizmasi olusturuldu

Triggers
Main Scenario 1- DB uzmani sisteme girer.
2- IDB uzmani sozlii sorun takibi gériintileme
Success -
isteginde bulunur
3- Sistem s0zli sorun takibini gérintiler
4- DB uzmani proje uygulama sorunu raporunu
goruntiileme isteginde bulunur
5- Sistem proje uygulama sorun raporunu
goriintiler.
6- DB uzmani sorun asamasini proje uygulama sorun
raporuna girer.
7- Sistem proje uygulama sorunu raporunu kayit
eder.
Extensions
Use Case #4:Erken uyarida izlenmesi gereken dizeltici tedbirlerin

hazirlanmasi

Primary Actor

izleme uzmani

Stakeholders

izleme uzmani
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Minimal Guarantees

Success Guarantees

Erken uyari ¢calismalari gergeklestirildi.

Preconditions

Erken uyari mekanizmasina karar verildi.

Triggers
Main Scenario 1- izleme uzmani sisteme girer
2- izleme uzmani sorunlu projeleri gériintiileme
Success e
isteginde bulunur
3- Sistem sorunlu projeleri gériintiler
4- izleme uzmani proje uygulama sorunu ve proje
uygulama sorunu raporu gorintileme isteginde
bulunur.
5- Sistem proje uygulama sorunu ve proje uygulama
sorunu raporunu goriintiler.
6- Izleme uzmani proje uygulama sorun asamasini
degistirir.
7- Sistem proje uygulama sorununu kayit eder.
Extensions -
Use Case #5: Erken uyari raporunun hazirlanmasi

Primary Actor

izleme uzmani

Stakeholders

izleme uzmani

Minimal Guarantees

Success Guarantees

Erken uyari 6n ¢alismalari gergeklestirildi.

Preconditions

Erken uyari raporu hazirlandi

Triggers
Main Scenario 1- izleme uzmani sisteme girer
2- izleme uzmani sorunlu projeleri gériintiileme
Success C
isteginde bulunur
3- Sistem sorunlu projeleri gorintiler
4- izleme uzmani erken uyari raporu hazirlama
isteginde bulunur
5- Sistem proje uygulama sorun, proje uygulama
sorunu raporu ve Ek I-13:erken uyari raporunu
gorintiler
6- izleme uzmani erken uyari raporu olusturur.
7- Sistem erken uyari raporunu kayit eder.
8- izleme uzmani erken uyari raporu icin onay istegi
olusturur.
9- Sistem erken uyari raporunu kayit eder.
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Extensions 4a- izleme uzmani erken uyari raporu listeleme,
glincelleme ve silme isteginde bulunur.
8a- izleme uzmani onay istegi listeleme,
gincelleme ve silme isteginde bulunur.

Use Case #6: Erken uyari raporunun onaylanmasi

Primary Actor GS

Stakeholders GS

Minimal Guarantees

Success Guarantees

Erken uyari raporu onaylandi

Preconditions

Triggers
Main Scenario 1- GSsisteme girer
2- GS onay isteklerini gérintileme isteginde bulunur
Success . . e
3- Sistem onay isteklerini gérintiler
4- GS onay istegi deyatlarini gériintileme isteginde
bulnur
5- Sistem onay istegi detaylarini goriintller
6- GS erken uyari raporunu goériintiileme isteginde
bulunur
7- Sistem erken uyari raporunu gorintiler
8- GS anlik izleme ziyareti olusmaksizin onay durumu
olusturur.
9- Sistem onay durumunu kayit eder
Extensions 8a- GS anlik izleme durumu olusturur

1. Sistem anlik izleme durumunu kayit eder
2. izleme uzmaniinclude: ANLIK iZLEME sonucunu
kayit eder.
8b- GS onay durumunu listeleme, glincellemek ve silme

isteginde bulunur.
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Use Case

#7: Erken uyari raporu sorun giderilmesi

Primary Actor

izleme uzmani

Stakeholders

izleme uzmani

Minimal Guarantees

Success Guarantees

Sorun giderildi

Preconditions

Erken uyari raporu olusturuldu

Triggers
Main Scenario 1- izleme uzmani sisteme girer
2- izleme uzmani Erken uyari raporu goriintiileme
Success e
isteginde bulunur
3- Sistem erken uyari raporunu goruntiler
4- izleme uzmani erken uyari raporunu yararlaniciya
gonderir.
5- sistem yararlaniciya gonderildi bilgisini kayit eder.
6- Izleme uzmani erken uyari durumunu takip eder.
7- Sistem yararlanici erken uyari durum bilgisini
goruntdiler.
8- izleme uzmani sorun giderildi raporunu olusturur.
Extensions 7b — sistem erken uyari sorunu diizeltiiememe sebebini

gorintiler

1. izleme uzmani erken uyari durumunu gériintiileme
isteginde bulunur

2. Sistem erken uyari durumunu goriintiler

3. izleme uzmani erken uyari raporu sorun bilgisini
olusturur

4. Sistem erken uyari sorun bilgisini kayit eder

5. izleme uzmani erken uyari onay istegi olusturur
5a- izleme uzmani erken uyari onayi listeleme,
giincelleme ve silme isteginde bulunur.
1. Sistem degisiklikleri kayit eder.

6. Sistem onay istegini kayit eder.
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Use Case #8: Sorun ile ilgili karar verilmesi
Primary Actor GS
Stakeholders GS

Minimal Guarantees

Success Guarantees

Erken uyari islemleri tamamlandi

Preconditions

Ara veya nihai rapor incelenmesi tamamlandi

Triggers Proje ara 6demesi gergeklesti
Main Scenario 1- GSsisteme girer
Success 2- GS erken uyari raporu onay isteklerini gortntiler
3- Sistem erken uyari raporu onay isteklerini
gorintaler
4- GS dizeltici tedbirlere devam edilmesi durumunu
olusturur
5- Sistem duzeltici tedbir durumunu kayit eder
Extensions 4a- GS usulsiizlik islemleri mekanizmasi durumunu
olusturur
1- izleme uzmani include : USULSUZLUK
MEKANIZMASI
2- Sistem kayit eder
4b- GS s6zlesmenin Feshi durumunu olusturur.
1- izleme uzmani include : SOZLESME FESHI
4c- GS odemenin durdurulmasi  durumunu
olusturur.
1- GSsozlesme durumunu gorintiileme isteginde
bulunur
2- Sistem s6zlesme durumunu goriintiler.
3- GSsozlesme durumuna 6demenin
durdurulmasini girer
4- Sistem 6demenin durdurulmasi durumunu
kayit eder.
Use Case #9: Usulstzlik raporunun hazirlanmasi

Primary Actor

izleme uzmani

Stakeholders

izleme uzmani
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Minimal Guarantees

Success Guarantees

Usulshzlik raporu hazirlandi

Preconditions

Usulslzliik mekanizmasi uygun gorilda.

Triggers
Main Scenario 1- izleme uzmani sisteme girer
2- izleme uzmani usulsiizliik islemlerine dair projeleri
Success e
gorintiler

3- sistem usulsiizlik islemi projesini gérintiler

4- izleme uzmani proje uygulama sorun raporunu,
proje uygulama sorun ve Ek 1-15: usulstizlik
raporunu goérintileme isteginde bulunur.

5- Sistem proje uygulama sorun raporunu, proje
uygulama sorun ve Ek I-15: usulstizlik raporunu
goriuntuler

6- izleme uzmani usulsizlik raporu olusturur

7- sistem usulsiizlik raporunu kayit eder.

8- izleme uzmani anlik izleme olusturmaz

9- sistem anlik izleme olusturulmadigini kayit eder

Extensions 8a izleme uzmani anlik izleme olusturur include: ANLIK
IZLEME use case
1. sistem sonucu kayit eder
Use Case #2: Usulstzlik durumunun degerlendirilmesi
Primary Actor GS
Stakeholders GS

Minimal Guarantees

Success Guarantees

Preconditions

Triggers -
Main Scenario 1- GS sisteme girer

2- GS usulsuzluk belirlenen projeleri géritileme
Success N

isteginde bulunur

3- Sistem usulsiiz projeleri gorintiler

4- GS duzeltici tedbirlerin alinmasi istegini yaratir

5- Sistem diizeltici tedbir istegini kayit eder
Extensions 4a- GS usulsiizlik durumunu tptal eder

1- Sistem usulsizlik durumunu iptal edip, projenin
usulstzlik degerini sifirlar.
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4b- GS sozlesmenin feshine karar verir

1- Sistem s6zlesme fesih durumunu kayit eder

Use Case #9: izlenmesi gereken diizeltici tedbirlerin alinmasi
Primary Actor izleme uzmani
Stakeholders izleme uzmani
Minimal Guarantees | -
Success Guarantees | izlenmesi gereken diizeltici tedbirler hazirlandh.
Preconditions Durumun dizeltici tedbirlerle diizeltilmesine karar verildi
Triggers
Main Scenario 1- izleme uzmani sisteme girer
2- izleme uzmani usulsiiz projeleri gériintiileme
Success e
isteginde bulunur
3- Sistem usulsliz projeleri goriintiler
4- izleme uzmani izlenmesi gereken diizeltici
tedbirleri hazirlama isteginde bulunur
5- Sistem proje uygulama sorun ve proje uygulama
sorunu raporunu goriintiler.
6- izleme uzmani proje uygulama sorun’a diizeltici
tedbirleri ekler
7- Sistem “proje uygulama sorun” u kayit eder.
Extensions 6a- izleme uzmani proje uygulama sorun’u goriintiileme
isteginde bulunur.
1. Sistem diizeltici tedbir eklenmis proje uygulama
sorun’unu goriintiler
2. izleme uzmani sorun giderildi bilgisini ekler
2a- sorun giderilmedi bilgisi eklenir
1. GS uzmani sozlesmeyi fesh eder.
3. Sistem usulstzliik islemlerini tamamlar.
FP# | FP name Data Mov. | OOl/Data Group
1 Proje uygulama sorunu | E Sorun olusturma istegi
olusturulmasi
E Proje listesi
R Proje listesi
X Proje listesi
E Proje
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FP# | FP name Data Mov. | OOIl/Data Group
R Proje
X Proje
E Proje uygulama sorun
W Proje uygulama sorun
2 Proje uygulama sorunu | E Sorun raporu istegi
raporu olusturulmasi
E Proje
R Proje
X Proje
E Business rule
R Business rule
X Business rule
E Proje uygulama sorun
E S6zlesme dosyasi
R Proje uygulama sorun
R S6zlesme dosyasi
X Proje uygulama sorun
X S6zlesme dosyasi
E Proje uygulama sorunu raporu
W Proje uygulama sorunu raporu
3 Proje uygulama sorun | 7 DM
raporu icin listeleme,
giincelleme ve silme
4 Proje uygulama sorun | 7 DM
icin listeleme,
giincelleme ve silme
5 Sorun uyari | E Sorun uyari istegi
mekanizmasinin
olusturulmasi
E Sorun uyari mekanizmlari
R Sorun uyari mekanizmlari
X Sorun uyari mekanizmlari
E Sorun tip belirleme
w Sorun tip belirleme
6 S6zI0 uyari sonucunun | E S6zIU uyari sonug takip istegi
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FP#

FP name

Data Mov.

0OO0l/Data Group

izlenmesi

SozIU sorun listesi

So6zlh sorun listesi

SozIU sorun listesi

Proje uygulama sorun

Proje uygulama sorunu rapor

Proje uygulama sorun

Proje uygulama sorunu rapor

Proje uygulama sorun

Proje uygulama sorunu rapor

§><><;U;Urnm><30m

Proje uygulama sorunu rapor

Erken uyarida izlenmesi
gereken dizeltici
tedbirlerin hazirlanmasi

Diizeltici tedbirler istegi

Sorunlu proje

Sorunlu proje

Sorunlu proje

Proje uygulama sorun

m({m|X|>X|m

Proje uygulama sorun rapor

Proje uygulama sorun

Proje uygulama sorun rapor

Proje uygulama sorun

Proje uygulama sorun rapor

E><><7~77~7

Proje uygulama sorun

Erken uyari raporunun
hazirlanmasi

m

Erken uyari rapor istegi

Sorunlu proje

Sorunlu proje

Sorunlu proje

Is kurallari

Is kurallar

Is kurallari

Proje uygulama sorun

Proje uygulama sorunu rapor

Ek-13 erken uyari raporu

Proje uygulama sorun

|| Mm M M| X|>O(mM|X|>XO| M

Proje uygulama sorunu rapor
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FP#

FP name

Data Mov.

0OO0l/Data Group

Ek-13 erken uyari raporu

Proje uygulama sorun

Proje uygulama sorunu rapor

Ek-13 erken uyari raporu

Erken uyari raporu

EmXXXW

Erken uyari raporu

Erken uyari raporunun
onaya sunulmasi

Onay istegi

Erken uyari raporu

Erken uyari raporu

Erken uyari raporu

Onay istegi

Ernx:um

Onay istegi

10

Erken  uyari  raporu
listeleme, glincelleme ve
silme

7 DM

11

Onay istegi listeleme,
giincelleme ve silme

7 DM

12

Erken uyari raporunun
onaylanmasi

Onaylama

Onay istekleri

Onay istekleri

Onay istekleri

Onay detaylari

Onay detaylari

Onay detaylari

Is kurallari

Is kurallar

Is kurallari

Erken uyari raporu

Onay istegi

Erken uyari raporu

Onay istegi

Erken uyari raporu

Onay istegi

mMX[(X|D|mMm@ M| X|XD(M|X|>0| M|X|>O|mM

Onay durumu
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FP# | FP name Data Mov. | OOIl/Data Group
w Onay durumu
13 | Onay durumu listeleme, | 7 DM
giincelleme ve silme
14 | Anhk izleme ziyareti | E Anlik izleme
olusturma
w Anlik izleme
W Proje
15 | Erken  uyarn  raporu | E Erken uyari gonderim istegi
sorun giderilmesi
E Erken uyari raporu
R Erken uyari raporu
X Erken uyari raporu
E Erken uyari-proje
W Erken uyari-proje
16 | Erken uyar | E Erken uyari dizeltme istegi
dizeltilememe durumu
E Erken uyari durumu
R Erken uyari durumu
X Erken uyari durumu
E Erken uyari raporu
R Erken uyari raporu
X Erken uyari raporu
w Erken uyari raporu
E Onay istegi
w Onay istegi
17 | Onay istegi listeleme, | 7 DM
giincelleme ve silme
18 | Diizeltici tedbirlere | E Karar istegi
devam edilmesi
E Erken uyari onay istegi
R Erken uyari onay istegi
X Erken uyari onay istegi
E Proje uygulama sorun-dizeltici
tedbirlere devam
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FP#

FP name

Data Mov.

0OO0l/Data Group

W

Proje uygulama sorun-diizeltici
tedbirlere devam

19

Usulsiizlik mekanizmasi
olusturma

Usulstzlik istegi

Proje sorun-

usulstizlik

uygulama

Proje
usulsuzlik

uygulama sorun-

20

Sozlesme feshi

Sozlesme feshi istegi

Proje uygulama sorun-sozlesme
feshi

Proje uygulama sorun-sozlesme
feshi

21

Odemenin durdurulmasi

Sozlesme-6deme durdurma

istegi

So6zlesme durumu

So6zlesme durumu

So6zlesme durumu

EX;UITI

S6zlesme durumu

22

Usulsizlik
hazirlanmasi

raporunun

m

Usulsiizlik rapor istegi

Usulsiiz-proje

Usulsiiz-proje

Usulstiz-proje

Proje uygulama sorunu raporu

Proje uygulama sorun

Ek-15 usulstzlik raporu

Proje uygulama sorunu raporu

Proje uygulama sorun

Ek-15 usulsiizlik raporu

Proje uygulama sorunu raporu

Proje uygulama sorun

Ek-15 usulsiizlik raporu

Is kurallari

D M| X| X|X|I|H™|(mM(mM|mMm m|X|olm

Is kurallar
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FP#

FP name

Data Mov.

0OO0l/Data Group

X

Is kurallar

E

Usulstizlik raporu

W

Usulstzlik raporu

23

Usulstizlik anlik izleme
olusturma

Anlik izleme

m

Usulsizlik rapor-anlik izleme

Usulsizlik rapor-anlik izleme

24

Usulshzlik raporu
listeleme, giincelleme ve
silme

7 DM

25

Usulsizlik durum

degerlendirme

Usulsizlik durum

degerlendirme

Usulslizlik durumu-proje

Usulsizlik durumu-proje

Usulslizlik durumu-proje

Duzeltici tedbir

Usulsiizllk iptal

Sozlesme iptal

Duizeltici tedbir

Usulsiizllk iptal

Sozlesme iptal

26

Durum duzeltici
tedbirler alinmasi

m

Durum dizeltme

Usulstiz-proje

Usulsiiz-proje

Usulsiiz-proje

Proje uygulama sorun

Proje uygulama sorun raporu

Proje uygulama sorun

Proje uygulama sorun raporu

Proje uygulama sorun

Proje uygulama sorun raporu

§><><JUJUmrn><;UITI

Proje uygulama sorun

27

Dizeltici tedbir eklenmis
sozlesme feshi

Fesih
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FP# | FP name Data Mov. | OOIl/Data Group
E Proje uygulama sorun
R Proje uygulama sorun
X Proje uygulama sorun
w Proje uygulama sorun
Toplam CFP 226
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