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ABSTRACT

A RESEARCH ON LINE OF CODE, DATABASE DESIGN AND
SOFTWARE COST ESTIMATION RELATION

Yesiltan, Yelda
M.S., Department of Software Engineering
Supervisor: Assist. Prof. Dr. Nergiz Ercil CAGILTAY
August 2008, 107 pages

The aim of this research is to explore the relation between Lines of Code
(LOC) and two database design phases, conceptual design and logical
design, of a software and the usability of this relation for software cost
estimation. For analysing LOC and database design relation, which is
suggested by Assist. Prof. Dr. Nergiz Ercil Cagiltay, 20 sub-modules of
Modular Object-Oriented Dynamic Learning Environment (MOODLE) was
analyzed. In addition to open Personal Home Pages (PHP) source software
MOOQODLE, 33 sub-modules of an in house development project on Systems
Applications and Products/ Advanced Business Application Programming
(SAP/ABAP) was analyzed. The data about LOC of each project is

collected qualitatively and analyzed by using statistical methods.

The results of this study show that there is a direct relation between Lines of
Code (LOC) and two database design phases, conceptual design and logical

design, of a software.

Keywords: LOC, Database Design, Conceptual Design, Logical Design,

Cost Estimate.
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0z

SATIR SAYISI, VERI TABANI TASARIMI VE YAZILIMIN
MALIYET TAHMINI iLiSKiSi UZERINE BiR ARASTIRMA

Yesiltan, Yelda
Yiiksek Lisans, Yazilim Miihendisligi Boliimii
Tez Yoneticisi: Yrd. Dog. Dr. Nergiz Ercil CAGILTAY
Agustos 2008, 107 sayfa

Bu calisma, yazilima ait satir sayis1 ve veri tabani tasarimi adimlar1 olan
kavramsal tasarim ve mantiksal tasarim arasindaki iliskiyi ve bu iligkinin
yazilim maliyeti hesaplanmasi i¢in kullanilabilirligini aragtirma amacini
tasimaktadir. Yrd. Dog. Dr. Nergiz Ercil Cagiltay tarafindan onerilen satir
sayis1 ve veri tabani tasarimu iligkisi, acik kaynakli Personel Home Pages
(PHP) kodu ile gelistirilmis olan Modular Object-Oriented Dynamic
Learning Environment’a (MOODLE) ait 20 alt modiiliin analizi yapilarak
incelenmistir. MOODLE’a ek olarak, Systems Applications and Products /
Advanced Business Application Programming (SAP/ABAP) ile gelistirilmis

olan bir projeye ait 33 alt modiiliin analizi yapilmistir.

Gergeklestirilmis olan ¢alismanin sonuglar1 yazilima ait satir sayis1 ve veri
taban1 tasarimi adimlar1 olan kavramsal tasarim ve mantiksal tasarim

arasinda direkt bir iliski oldugunu gostermistir.

Anahtar Kelimeler: Satir Sayisi, Veri Taban1 Tasarimi, Kavramsal Tasarim,

Mantiksal Tasarim, Yazilim Maliyet Tahmini
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CHAPTER 1

INTRODUCTION

As the size of software became larger and larger developing, software
turned out to be more challenging process. Today for companies, to build an
information system, main obstacle is to develop software not to gather
hardware, because cost of hardware has declined and their processing
capacity has increased where as the cost of developing software has grown
significantly [3]. For example in US software development cost increases

more than 10 percent every year [3].

According to the CHAOS Report of 2004, by the Standish Group, only %29
of projects succeeded, %53 succeeded with more budget and late delivery or
without required functionality and %18 failed [52]. Therefore managing a

software project is a critical issue for software developing companies.

In order to manage the software project effectively, development activities
must be clearly described and cost of development process must be
accurately estimated [7], [8]. This estimation optimizes development
process, reduces risks, determines economical feasibility of project,
improves control over project resources and provides better resource

reallocation, so minimize project failure [7], [8], [20].

Researchers have developed several models in order to achieve accurate
cost estimation. Formal models such as The Constructive Cost Model
(COCOMO), Putnam Estimation Model - Software Life Cycle Management
(SLIM) and Function Point Analysis (FPA), which uses algorithmic
techniques and some other approaches like expert intuition have been used
for many years [52]. However it has not been possible to solve estimation
problem totally [52], because there are many parameters like project

1



complexity, size, team experience, technology used which have non-

negligible impacts on estimation success [7].

This research aims to explore the relation between the line of code and two
phases of database design, conceptual design and logical design, of a
software and usability of this relation for cost estimation. The research
assumption is that there is a relation between conceptual and logical design
and LOC of software. By using this relation, an easier estimation model
than the present models can be developed in the future works with the help
of this research. Following sections will describe the methods and steps of

research with the support of two projects.

This study is organized as follows: Chapter 1 briefly introduces the topic.
Chapter 2 gives the information about the background of the subject.
Chapter 3 gives the research question and the research methods used in this
study. Research results are given in Chapter 4. Chapter 5 discusses the

research topics and gives the conclusion of the study.



CHAPTER 2

BACKGROUND INFORMATION

2.1.Introduction

Software development is an expensive process and compared to hardware
expenses, it is the major cost for information system budgets [1].
Investigation reports showed that majority of the projects end up with
different budgets than estimates, 63% over-running them and 14% under-
running them [4]. Therefore, in order to manage the software projects
effectively and determine economic feasibility and control of project, it is

important to have accurate, reliable cost estimates [3].

Accurate cost estimation is a challenging task in software management.
Inaccurate estimations (over/under) may cause opportunity lost, non-
productive projects, low quality software, less profit products, and even the
break-down of the project in the mid-stream. On the contrary, with the
knowledge of cost of software project early in development cycle,
management can approve or reject project proposal or rearrange resources

accordingly [2], [5].

In order to make accurate cost estimations in the literature some models and
techniques exists, such as COCOMO, SLIM and FPA. Other than these
formal models, some approaches depending on expert intuition or guess
have also been used while determining the project cost. Studies claim that
both formal and expert estimations are beneficial for some projects, where

as, not useful for some others [52].

Although both approaches help engineers to optimize development process,

improve control over resources and minimize project failure risk [7], it is
3



still difficult to make accurate estimation [7]. The reason behind this is that
cost estimation is affected by multiple parameters related to technologies,
scheduling, manager - team member skills and experiences, mentality and
culture, team cohesion, productivity, project size, complexity, reliability,
quality and many more. These parameters are not easy to measure and

manage and also have positive or negative impact on estimation accuracy

[7].

Main objective of this research is purposing a new cost estimation approach
for estimating LOC in the design phase of the software cycle by using LOC
and conceptual and logical design phases of the software database design
process. Before getting into details of the proposed approach, some software

engineering concepts, in the scope of this study, will be described briefly.

2.2.The Classic Life Cycle

There are two main obstacles that large software projects have to stand up
with. First, a team composed of many people develops these projects. They
need adequate management process because of existence of multiple levels
of personnel and large expenditures (computers, salaries, etc.). The second
hurdle is overall system complexity. Some models have been developed in
software engineering paradigm to manage software projects and to solve
complexity problem of large systems. The bibliography [10], [52] presents
four different models for the software process; classic life cycle (sequential)

model, evolutionary model, incremental model and spiral model [9].

Classic life cycle model, which is sometimes called as “Waterfall Model”,
[52] is explained in this work. Waterfall model defines a step-by-step
(clearly identified sequence of phases [9]) process to transform user
concepts into a developed code. These steps form a divide and conquer

approach for dealing with the complexity of large systems [11].

Model also contains the mandatory testing steps in order to verify/validate
the final product. Waterfall uses set of checkpoints, review and documents

for all steps while managing the development process [11].
4



The current form of Waterfall Model goes back to the early 1970’s. The
model was presented by Royce of TRW [12] and by Boehm, also of TRW,
in a classic article in 1976 [13]. Main feature of the model is that it uses
verification steps for each step. Continuing to next step is only possible if
current step is verified. Boehm’s work on cost estimating [14] used the steps
of the model as major categories for cost allocation. By the beginning of the
1980’s Waterfall Life-Cycle Model was seen as fundamental standard

practice in software engineering area [11].

Waterfall Model has sequential processing approach, consists of following
parts: System engineering and analysis, requirements analysis, design,
coding, testing, maintenance as shown in Figure 1 [52].
‘Syst‘em
= _¢

A

Requirements

Analysis I
A
Design ﬁ
Coding ﬁ
A
Testing -ﬁ

Maintenance

Y Y Y Y I

Figure 1 .The Classical Life Cycle — Waterfall Model [52]

Software development process begins by establishing requirements and
allocating them to software. Requirements analysis focuses on software.
Requirements analysis enables engineers to understand the information
domain as well as the functions, interfaces and performance requirements

[52]. Design phase is the step where software architecture, data structure,
5



procedural detail and interface characterization is defined. Design activities
represent requirements of software that can be verified before coding [52].
When design is finished, it is translated into machine readable form via
coding. After coding developed, software is tested if it will produce desired
results that are parallel to the required results [52]. Maintenance phase of
Waterfall model deals with correcting errors encountered, enhancements

and new functional requirements of customers [52].
2.3.Software Database Design

In the early 1970s organizations have moved to database systems from file
systems. To accommodate such software development environment and
manage successfully, two systems became the most important issues for
management; information systems and database systems. These two
systems have their own life cycles, which take place in the classic software
life cycle phases. Information system includes all information resources
about the collection, management, usage and dissemination of the
information. Database system is a part of information system or in other

words is a subsystem of information system [54].

System Definition ﬁ
Database Design ﬁ

Database
Implemetation |
Loading or Data

Conversion |
Application

Conversion I

Testing and
Validation

Operation

Monitoring and
Maintenance

Figure 2 .Database System Life Cycle
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Database system life cycle phases are given in Figure 2 above. If the phases

are explained briefly [54];
1. System Definition: Scope, users, applications are defined.

2. Database Design: Conceptual, logical and physical design of the
database system is prepared. This study focuses on conceptual and

logical phases of database design.

3. Database Implementation: The conceptual, external and internal

database definitions are specified.

4. Loading or Data Conversion: The data is loaded directly or

converted by existing files.

5. Application Conversion: Previous system applications are

converted to the new system.

6. Testing and Validation: Tests and approvals are done.
7. Operation: Database system and applications are used.
8. Monitoring and Maintenance: Modifications are done.

As mentioned before, this research focuses on conceptual design and logical
design phases of database design, which is the second step of the database
system life cycle. In the following paragraphs conceptual and logical design
of database are explained in detail and the other phases are explained briefly

in the following paragraphs [54].



REQUIREMENTS
COLLECTION AND
ANALYSIS

Functional

FUNCTIONAL
ANALYSIS

Data Requi

Y

CONCEPTUAL
DESIGN

LOGICAL DESIGN

Y

APPLICATION

PHYSICAL DESIGN

PROGRAM DESIGN [*®

v

APPLICATION
PROGRAMS

Figure 3 .Database Design Phases

Database design of database determines structures and constraints of the
database to be developed. Phases of design are shown in Figure 3. Database
design starts with requirements collection and analysis in which the
designers interview with users to gather data requirements and document
them. The expectations of users and design for database are determined in as
much detail as possible. Requirement collection and analysis phase, which
is crucial for the success of the information system, used for analyzing the
existing users and applications and also the new users and applications and
used for data requirements and functional requirements collections. An error

made in this phase will cause unsatisfied users and as a result, the system

may not be used. [54].




In the second phase two parallel activities, conceptual design and functional
(transaction and application) design begins with the collected data and
functional requirements. Conceptual design examines data requirements. As
all the requirements are collected conceptual schema of database is created
in the conceptual design. This conceptual schema design consists of entity
types, relationships and constraints, which is expressed by a high-level data
model [54]. Conceptual schema is built to describe the organization of data
without considering physical organization of data and where and how the
data is used. It can be understood by a non-technical user easily and can be
used as a communication tool among users, designers and analysts. Data
model of conceptual schema is described with Entity-Relationship (ER)
Diagram [52].

ER Diagram was developed by Professor Chen in 1976 [51] and originally
used in the database domain [50]. It specifies data as entities, relationships
and attributes [52]. Entity is a “thing” with independent existence. It may be
an object such as car, house, employee, which is an physical existence, or it
may be an existence like “a company”, “a job”, “a course”, which is an
conceptual existence [52]. Attributes are the properties of entities. For
example “name, birthday, salary” attributes of “employee” entity [52].

Relationships are the references used whenever an entity refers to attribute

of another entity [52], [50].

Entities, attributes and relationships directly influence software
development effort and, cost and complexity of software increases with
respect to increasing number of entities, relationships and attributes. ER
Diagram, which shows the entities, attributes and their relationships, is

created in the conceptual design phase of the database design [50].

Transaction and application design collects the characteristics of database
applications and examines the functional requirements, which are collected
and modeled by data flow diagrams, sequence diagrams and scenarios [54].
This phase identifies transactions’ input, output and functional behavior.

Empirical estimation models, like FPA, are used in this phase or in the

9



following steps of transaction and application design phase. Usage phases of
the estimation models, COCOMO, SLIM and FPA, which are explained in

the following parts of the chapter, are pointed out in Figure 4.

REQUIREMENTS
COLLECTION AND
ANALYSIS

Functional R 1 Data Ry

Y

FUNCTIONAL CONCEPTUAL
ANALYSIS DESIGN
LOGICAL DESIGN

Y

PHYSICAL DESIGN

\

| APPLICATION g
PROGRAM DESIGN| ™

v

APPLICATION
PROGRAMS

Figure 4 .Empirical Models Usage in the Database Design Phases

Collecting functional requirements, parallel to the conceptual design, makes
the verification of the conceptual schema, and shows if the functional
requirements are meet or not, early in the database design. Since the
transaction and application design, the transaction and application
implementation and application programs are the works of software

engineering, they are out of database design and this study’s scope [54].

In the third phase, logical design is created. After conceptual design
finished, conceptual schema is transformed into an implementation model in
logical design phase. Logical design focuses on relational database schema

based on a conceptual schema design and can be called as relational

10



database design. There are seven basic mapping steps to convert the basic

ER Diagram to Relational Model. The mapping steps are [54];

1. Strong Entity Types Mapping: a relation, that includes all simple
attributes, also only simple attributes of composite attributes, of each
strong entity in the ER Schema is created. One of the key attributes

of the entity is chosen as a primary key for the relation.

2. Weak Entity Types Mapping: a relation, that includes all simple
attributes, also only simple attributes of composite attributes, of each

weak entity in the ER Schema is created with its attributes.

3. Binary 1:1 Relationship Types Mapping: identification of the
relations and entity types participating in binary 1:1 relationship type

in the ER Schema.

4. Binary 1:N Relationship Types Mapping: identification of the
relations that represents the participating entity type at the N-side of
the relationship type. Each entity type instance on the N-side is

related to at most one entity instance on the 1-side of the relationship

type.

5. Binary M: N Relationship Types Mapping: creation of a new
relation to represent for each binary M:N relationship type. Any
simple attributes, also only simple attributes of composite attributes,

of the M:N relationship are included as attributes of new relation.

6. Multi-valued Attributes Mapping: creation of a new relation which
includes an attribute corresponding to multi-valued attribute and the
primary key of the relation that represents the entity type or

relationship type that has multi-valued attribute as an attribute.

7. N-ary Relationship Types Mapping: creation of a new relation to
represent each n-ary relationship type where n is greater than 2.
Simple attributes, foreign key attributes, the primary keys of the

relations are determined.

11



The result of the logical design phase is the transformation of the conceptual
schema from the high-level data model into the implementation data model.
It specifies the conceptual and the external level schemas of the database

systems [54].

After the logical design, final phase of database design is physical design
during which storage structures, indexes, access paths and file organizations
are specified for good performance. Response time, amount of storage space
and number of transactions processed under the peak time condition of the
system in a minute are the most important criteria for the physical database

design options [54].

2.4.Software Metrics (LOC)

Management of software development process is important for development
organizations in order to provide qualified products to global market.
Management process should qualify and quantify the product to be
developed [44]. Software size estimation is the process, which performs this
quantification. Software size is the main product metric used for assessment,

cost estimation, and improvement purposes [44].

However, estimating the software size is not that easy [44], [40]. It requires
specific knowledge about scope, complexity and interactions of
functionalities taking part in the software system [40]. Lines of Code (LOC)
and Function Points are the main software size metrics identified in the
literature [44], [40], [52]. These sizing metrics have been used by different
type of cost estimation models. For example COCOMO and SLIM uses
LOC where FPA of Albrecht uses function points [41]. Independent from
the metric used, software size determination provides managerial

information to support decision making during software lifecycle [52].
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2.5.Software Cost Estimation

Software development is getting more and more sophisticated compared to
the past [15]. Beside this, it is more expensive than expected cost and
completed after planned time. There are many reasons for this, some of

which are [15]:

e 35% of the participating organizations do not make an estimate of

software development costs and time;

® 50% of the responding organizations record no data on an ongoing

project;
® 57% do not use cost-accounting;

® 62% of the organizations that make an estimate, base their
estimations on intuition and experiences. Only 16% use formalized

estimation methods like cost estimation models.

Software cost estimation of a software project is an important concern for
both managers and developers [16] since it is a crucial factor for software
project success [17]. Overestimating a cost may contribute disapproval of
project by managers, which might be significant to organization. On the
contrary under estimating may convince managers to accept a project, which
in fact exceeds the estimated cost and thus fail to produce expected profits.
Underestimating may also cause overruns, which can damage software

management’s credibility and stifle future general management support

[18], [6].

It is obvious that effective techniques for estimating software costs are
needed in order to control the costs and make software more competitive [3]

since software can be seen as industrial product [15].

Cost estimates are required in the lifecycle of software [19] to determine
whether a project is feasible to accept or not. They also guide for allocation

and reallocation of available resources [20]. Cost estimation techniques
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determine the effort needed to build up a software system [20] thus

improving the quality of software product [21].

With the help of the techniques, the amount of effort required to develop a
software system is predicted. In order to determine feasibility of software
projects and to provide for appropriate allocation or reallocation of available
resources, cost estimates are used throughout the software lifecycle [20],

[22], [23].

Cost estimation is highly related with risk management. It identifies and
eliminates the risks before they become real threats [24] by using the
estimation results. The accurate estimations about cost of the project depend
on the reliable information amount, about the product to be developed [20].
To achieve accurate cost estimates, the software development process
should be clearly understood, and estimation process should be tightly

linked to development process [21].

For estimating the size, cost, and schedule of software projects, many
sophisticated models and methods are used [25]. Among them COCOMO,
SLIM [26] and FPA [27] are the most well known ones [2]. Main
assumption of these models is that some formulation can be built between
project characteristics (input) and development effort (output) [28].
Accuracy of these models are still not hundred percent reliable. There are
not so many models, which can make estimations more than 75 percent
accuracy. Similar results are valid for software size estimation even there

are some studies that have shown superior results [25].

Researches had started to develop some algorithmic models in early 50s.
The first one was documented in 1956 [30]. Initial models were not much
standardized and reliable [29]. They were mainly based only on single
parameter like program size, therefore were not accurate and did not have

enough information to make estimations [25].

After then some attempts (like fourteen factors which included design

stability, programming language, concurrent hardware development, and
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differences between host and target computers) made to determine
development effort including cost, size and schedule. However, these

models were not more accurate than former ones [31].

The early 1980s witnessed a few attempts at software support cost
estimating. By the late 1980s, most software development models had added
support cost capabilities, but these capabilities varied widely in degree of
sophistication, especially in their consideration of support-unique factors
[25]. There were more advances in estimation modeling, especially software
estimation. Function points have been continuing its importance. Albrecht’s

function points have also become popular for some applications.

Dr. Barry Boehm made major improvements to COCOMO during late 90s,
and COCOMO 1II [32], revised one. COCOMO 1I is a set of three models
that are used in different phases (application composition, early design, post
architecture) [53] of the software development process. There were not
many improvements for software maintenance cost estimation during 90s

and most models did not change since 80s [25].

As mentioned above software cost estimation is a vital task through
development cycle for a well managed and controlled software project.
However, the process of estimation remains prone to human errors and

biases [33], and does not give hundred percent correct results.

2.6. Empirical Estimation Models

Parametric models estimate the development duration and the effort as a
function of number of variables, which represent the most important cost
drivers [15]. Cost drivers, not the same for each model are the inputs of the
model. Model gives an output of development time and effort. This output
also changes between models. Algorithms and parameters stands in the
center of it. Data are collected from database of completed projects as the
values of parameters to be used by estimation model [15]. In general, steps

of Software Cost Estimation (SCE) Models can be defined as:
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1. Calibrate the model; a calibration process for model is performed before
model is used for the first time, because there will be differences between
the characteristics of the project and the data of the past project that the
model is based on. Data on previous projects should be in an organized
structure in order to make calibration possible. However, it is not easy to

form this information precisely [15].
2. Estimate the software size in terms of LOC and function points [15].

3. Make a transformation from software size estimation to effort estimation.
Mainly productivity measures are used for this translation. For example, a

thousand of instructions can be used to identify an effort as;

effort = ax (size)”
Values of “a” and “b” gathered from regression analysis on previous

projects. Effort is then expressed in the number of man months [15].

4. Adjust the estimated effort by taking in account the cost drivers. Adjust

the previous effort formula as;

effort = ax ((size)”)x correction factor
The correction factor is the total influence of all the cost drivers on

development effort [15].

5. Split up the total effort over the phases and activities of a project.
Splitting must be done by using empirical data. Thibodeau and Dodson
made an analysis of effort division in a great number of software projects.
Their conclusion was that in most of the projects %40 of total effort was for

analysis & design, %20 for coding and %40 for testing [15].

6. Estimate development duration: Several researchers have implied that
there is fairly a close relation between development time and effort, which

can be formulated as;

duration = ax (effort)”
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The values of “a” and “b” are empirically derived from previous projects.
Value of “a” changes between 2-4 and value of “b” changes between 0.25-

0.4 [15].

7. Finally execute risk analysis and sensibility analysis: Risk factors and

sensitiveness of the cost drivers are much more important for management

[15].

COST DRIVER OF
THE NEW

Inputs
PRODUCT 1

ESTIMATE
SOFTWARE COST
ESTIMATION MODEL = Output=3»-

DATA OF THE
PAST PROJECT

Re-calibration

Figure 5 .Software Cost Estimation Process

Most important empirical estimation models, COCOMO, SLIM and FPA

are explained in detail in the following parts of the chapter.

2.6.1. The Constructive Cost Model (COCOMO)

COCOMO is developed by Barry Boehm [24]. COCOMO as an empirical
well-documented model, which is not tied to a specific software vendor and
is based on project experience, is quite popular for software cost and effort

estimation [23].
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In COCOMO software development effort is calculated using the estimated
delivered source instructions and an effort adjustment factor, applied to
three distinct levels (basic, intermediate and advanced) each one for a

different kind of project environment [7], [15].

The development effort is calculated and effort multipliers associated with
cost driver ratings are modified by COCOMO model. Cost driver variables

consist of attributes of product, platform, personnel and project [24].

The main focus in COCOMO is upon the estimation of the influence of 15
cost drivers like size, complexity, execution time, reliability, experience on

the development effort [15], [24].

COCOMO uses Effort equation as given in the below, in order to calculate

manpower (person-month) to develop a software.

EFFORT = Ax(SIZE)"®
In this equation “A” represents a proportinality constant and “B” is for
economy. SIZE (Project’s size) is LOC in COCOMO, whereas COCOMO

IT uses LOC, Function or Use Case points as software size input.

There are three operation modes , which is appropriate to different type of

projects [34] :

e Organic : This mode is suitable for projects with small and
experienced team who develops applications in familiar

environment.

¢ Embedded: Embedded mode is more appropriate for large projects
especially where severe time constraints exist and the project is not

familiar.

¢ Semi-detached: Semi-detached mode is for projects somewhere in

between embedded and organic modes[23].
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Table 1 Modes of COCOMO

Mode Effort (Cost) Schedule

Organic Effort = 2.4(Size)"™ Time = 2.5(Effort)™'
Semi-detached Effort =3.0(Size)"" Time = 2.5(Effort)*!
Embedded Effort =3.6(Size)"* Time = 2.5(Effort)"*

2.6.2. Putnam Estimation Model (SLIM)

SLIM, based on work of Norden, has been developed by Putnam in 1974
(Putnam, 1978) [15].

SLIM is a macro estimation model for software cost estimation. In order to
determine the software cost estimate, it uses linear programming, statistical

simulation, program evaluation and review techniques.

By using SLIM following tasks are performed to estimate software cost:
1. Calibration of the model

2. Building an information model of the software system.

3. Software sizing with LOC costing technique.

Puntnam’s model uses the software equation below to get software size:

1/3 .4/3

S = EX(Effort) t,

In this equation, “z 7~ represents delivery time of software. “ £ reflects the

development capability and environmental factor. This capability is derived
from historical data using software equation. Value of E (environmental

factor/state of technology) can be between 610 and 57314.
Another important function included in this model is:

Effort = D, x tfl
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“D,” is manpower parameter. It ranges from 8 (new software with too

many interfaces) to 27 (rebuilt software). Output of former function (S) is

LOC and latter one is person-year (manpower).

Software size is an important factor for SLIM model and must be identified
in advance. Researches about SLIM shows that, estimates done by this
model are too sensitive to technology (environmental factor E). SLIM is
much more suitable for large projects and not recommended for small ones

[23].

2.6.3. Function-Point Analysis (FPA)

FPA focuses on “functionality” or “utility” rather than LOC [2], [35]. FPA
was developed by Albrecht of IBM, cooperating with Guide and Share user

groups in 1979. Following years it has been refined several times [52], [15],

[37].

International Function Point User Group (IFPUG), which was set up in
1984, clarifies the rules, set standards and promote their use and evolution
[37], [38]. Table below shows the versions of FPA. The first three addresses
the structure of FPA, while latter four clarifies rules and provides counting

guidelines.

20



Table 2 Sequence of Official FPA Versions [37]

SEQUENCE OF OFFICIAL FPA
VERSIONS
1 Albrecht 79
2 Albrecht 83
3 Guide 84
4 IFPUG 86
5 IFPUG 88
6 IFPUG 90
7 IFPUG 94

FPA model quantifies the size and complexity of software system in terms

of the functionality that the system provides to user [15], [40], [37], [38].

This model is designed to measure metrics of business type of applications.
FPA is not suitable for scientific applications with complex algorithms,

which cannot be handled by FPA. [40].

Functions delivered to user are independent from languages, methodologies
and tools used to develop software [40]. For example, size of a general
ledger application with 1,500 function points will remain that size whether

written in COBOL, C++, or Smalltalk [38].

FPA model estimates the function points from system requirements and
software design specifications [42], [40]. These specifications are the
abstractions capturing fundamental entities, their attributes and relationships

[43], [36], [39], which are used for identifying the functions of system.

Therefore, it is possible to estimate development effort before starting

development [40]. Besides, it is possible to make re-estimations due to
21



requirement changes, since function points are directly linked to

requirements [40].

FPA represent the external view of the system [40], which makes it more

meaningful for non-technical users than LOC.

Main goal of the function points is to determine size of software system not
the effort for developing it. In order to discuss effort, some other project
characteristics such as technologies, reuse, team experience, management

capabilities, and development processes should be involved [38].
FPA assesses the functionality of the software by quantifying [2], [15]:
(1) User inputs
(2) User outputs
(3) User inquiries
(4) Files
(5) External interfaces

2 13

These parameters get values as “simple”, “average” or “complex” and the
Unadjusted Function Points (UFP) are computed with coefficients, given in

the table below [2], [37], [52].
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Table 3 FPA Coefficients

Measurement Parameter Simple | Average Complex
Number of user inputs * 3 4 6
Number of user outputs | * 4 5 7
Number of user inquiries | * 3 4 6
Number of files * 7 10 15
Number of external * 5 7 10
interfaces

This computation is referred as the functional size measurement process. It
comprises both data function type measurement and transaction function

type measurement [37].

Measurement process of FPA also includes 14 software characteristics sum
of whose scores constitutes Technical Complexity Factors (TFC), which is
shown in Figure 6 Factor Rates of FPA. TFC determines the influence of

software characteristics on the overall complexity of the system [2], [52].
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Rate each factor on a scale of 0 to 5:

0 1 2 3 4 3
. Ne Incidental Moderate Average Significant Essential
Influence

. Does the system require reliable backup and recovery?
Are data communications required?
Are there distributed processing functions?
Is performance critical?
Will the system run in an existing, heavily utilized operational environment?
Does the system require on-line data entry?
Does the on line data entry require the input transaction to be built over multiple screens or operations?
Are the master files updated online?
5. Are the inputs, outputs, files, or inquiries complex?
10. 15 the internal processing complex?
11. Is the code designed to be reusable?
12, Are conversion and installation included in the design?
12. I3 the system designed for multiple installations in different organizations?
14. 13 the application designed to facilitate change and ease of use by the user?

I R R

Figure 6 .Factor Rates of FPA [52]

After UPF and TFC are calculated Function Point (FP) of the system is

designated as:

FP=UFPx(0.65+0.01xTFC)

This formula gives size of software as the number of adjusted function

points.

FPA assumes that if large number of function points included in system then
system will be more complex. More complex system means more effort

needed to develop the software [2].

2.7.Limits of The Current Solutions

Software cost estimation techniques are important concerns for managers
and developers of a software project [16]. However, these models are not
silver bullet and they have some defects, which makes the estimations only
to some extend accurate. There are some challenging points for models

during estimation process such as access to historical data, validity and
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uncertainty of data, limited time to develop estimates and immaturity of

requirements [45], [5].

Like all empirical models, COCOMO model has some shortcomings.
Although it is simple to apply [47] and offers a more adaptable tailored
model [48], COCOMO has some weakness similar to LOC based techniques
[2]. First, unlike function points [38], it is hard to estimate size of software
at initial stage of project [2]. Measured number of lines of code is not
accurate as function points [38]. Software size is dependent to programming
language, because some languages may represent the same functionality
with less number of lines of code than another one [49]. Other than these
drawbacks for some languages, such as Authorware, definition of line is not

clear thus making counting LOC difficult [2].

SLIM model has also some shortcomings. It is hard to estimate size of
software at initial stage of project. This model requires historical data,
experienced analyst and assumes equally distributed effort over the life of a
software development project [52]. Historical data usage brings the validity
and uncertainty drawbacks to the model [45], [5]. Researches about SLIM
shows that, estimates done by this model are too sensitive to technology
(environmental factor E). SLIM is not recommended for all projects, it is
much more suitable for large projects and not for small ones. [23]. Since the
model is not easy to use, simple to understand and requires for statistical
knowledge, experienced user is required for the analysis. This is accepted as

another limit of the model [52].

For FPA, if it is used within a specific organization then there will not be
much problem but if it is used for cross-company development, there will be
more risks with non-negligible problems [46]. Function points includes
inputs, outputs, files, interfaces, and queries with values ranging as simple,
average and complex, which means absolute scale counts are reduced to
ordinal scale measures . Then it is not possible to use other transformations

to make them as interval or ratio scale.
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Moreover, you cannot make any arithmetic operation between values,
because it is senseless, even if you make synonyms for example 3 as for
“simple”. Measuring size on an ordinal scale can tell you that one system is
bigger than another is, but not by how much [46]. It can be implied that

complexity determination of function points is subjective [52].

Technology adjustment factor is another problem area of function points. It
is based on assessment of 14 factors on a six-point ordinal scale. Raw
function point is the sum of ordinal measures. There is not any evidence that
those measures improve any predictive models involving function points.
Some studies showed that predictions based on raw function points can be
as accurate as the ones based on adjusted functions [46]. For effort
estimation, function point does not deal with the impact of development

environment on development effort [2].
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CHAPTER 3

RESEARCH QUESTION AND RESEARCH METHOD

3.1.Introduction

Software project life cycle, a systematic development approach, which has
specific documents, meetings, and deliverables associated with each step of
the process, is described in Chapter 2 (The Classic Life Cycle). The
complexities of the projects are handled, checkpoints and control
mechanisms are determined for management with the life cycle’s divide and
conquer approach. In the life cycle of a project, the most important issue for
all stakeholders is the cost of the project. Line of code is used as an input for
most of the cost estimation models. However, line of code cannot be

determined in the early phases of project life cycle.

From this point of view, in this study, the research question is defined as “is
there a relation between actual LOC and database design of a software
application?” For this aim, the relation between conceptual and logical
database design and LOC is analyzed to be a basis to construct a statistical

model for estimating LOC from database design.

For a new starting project, the model usage will be in the analysis phase of
the software life cycle, where the database design is created. Since there was
no chance to research relation between LOC and database design in a real
time application, reverse engineering methodology used for gathering the

data.

The proposed approach, DD&C (Database Design & Lines of Code), and

the research method are discussed in this chapter. The details of research

27



methods are given in the 3.3. (Research Methods and Tools for MOODLE
and PROJECT X) part of the chapter.

3.2. Research Question and Proposed Approach

Objective of this research is to estimate LOC from the database design
phases, conceptual design and logical design, of software. If the relation
between LOC and database design can be proved, variables and appropriate
coefficients can be determined and a new estimation model can be

developed in the future works.

The database of a software project consists of several parameters such as
number of fields, number of tables, field types, field sizes, foreign keys and
primary keys. All of these parameters are usually defined in the database
design of the software system. In this study, the aim is to analyze some of
these parameters in order to find a relation between actual LOC and
parameters in the database design of the software projects. The proposed
approach is called as Database Design & Lines of Code (DD&C). DD&C
approach usage phase in the database design, is shown in the Figure 7

below.
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Figure 7 .DD&C Approach Usage in Software Database Design

DD&C, like FPA, can be used for all languages which is used in the coding
phase of the project and it is not effected from the tools or methodologies
used for implementation in the software. DD&C estimation approach, based
on the database design, makes LOC estimation possible in the early phases
of development. The database design makes the estimation process easier
and eliminates the need for technical knowledge because it can be driven
from the pseudo codes. As a result of these properties given, DD&C can

make re-estimations for rapidly changing requirements.

3.3.Research Methods and Tools for MOODLE and PROJECT X

In this study, two software projects are analysed. These two projects are

MOODLE and PROJECT X (because of the confidentiality constraints).
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MOODLE;
® is developed with PHP,
e has a structured language and
* uses MySQL database.

PROJECT X (Name and detail information about this project will not be
given because of confidential constraints and it will be called as PROJECT

X);
e s developed with SAP/ABAP
¢ has a structured language and
¢ uses ORACLE database [55].

In determination of these projects, language structures are taken into
consideration. Since the LOC is used as an indicator of the research,
analysing a project which has an object oriented language should cause
misinterpretation. For that reason, MOODLE and PROJECT X are analysed

together in this research, which have structured languages.

In the data collection phase of the research, 4 basic steps are used for each

project, which is shown in Figure 8 Research Phases.
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Figure 8 .Research Phases

The steps are applied to the projects with different methods because of the
different specifications of these projects. The methods are summarized in

the following figure.
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Figure 9 .Research Methodologies

Reverse Engineering is used for both projects, to turn to the design phase,
whose all codes are written and all phases of the life cycle are done. This
step can be defined as going backwards through the development cycle.
Source code of the projects is reverse engineered back to the first phase of

the waterfall model.
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Figure 10 .Reverse Engineering

In the second step, after gathering the data and drawing the ER Diagram,

database is created with the data required for analysis.

The third step is LOC determination for all modules of each project. This
data later used in the analysis as shown in the Figure 9. For this aim two
different programs have been developed, in order to count the LOC by

handling the recursive structure of both projects.

In the last step, analysis is done, in order to answer the research question.
The methods used for each project are explained separately in the following

parts with headings, 3.3.1 PHP Analysis and 3.3.2. SAP/ABAP Analysis.

In summary, for reverse engineering DB Designer tool is used for
MOODLE, SAP/ABAP Data Modeler tool is used for PROJECT X. A

database is created for each software, which consists the data required for
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the analysis. The details of these steps are given in detail in the following

sections.

3.3.1. DB Designer for MOODLE

Since there was no chance to apply the research phases concurrently with a
new start project, reverse engineering, which can also be an alternative
method for the future works, is done in order to gather the data required for
the research. The output of the implementation phase is reverse engineered

back to the analysis phase with a tool compatible with MySQL database.

In MOODLE, DB Designer tool is used, for reverse engineering. DB
Designer [57];

® s avisual database design system,
® integrates database design, modelling, creation and maintenance,
e builds a clear and effective database structure,

e provides whole picture of the system representing all the tables,

references, views, stored procedures within in the database.
For MOODLE, DB Designer tool is preferred because;
¢ DB Designer works well in MySQL database,
* MOODLE’s database size fits well to the DB Designer,

® DB Designer produces the detailed data of the database with tables,
fields and relations which can be called as metadata and the ER
Diagram, which represents all the tables, references, views, stored
procedures within in the database. Below Figure 11 shows the
format of metadata produced with DB Designer tool and Figure 12

shows an example of ER Diagram
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Figure 11 .DB Designer 4 — DB Model - ER Diagram Screen

Table Table idData |DataD|Datatype Primary IsForeign |Default Index |Index
ID |Tablename  [Type |Prefix ID2 |ColName |[type |esc |Params |Width [Key NotNull [Key Value [ID3 |Name |Kind
DATE
1000)adodb_logsgl 0 0] 1132 created 15|TIME 0 0 1 1]
VARC
1000[adodb_logsgl 1] 0]1133]zq0 20[HAR [(250) 0 0 1 0
1000{adodb_logsgl a 0]1134 =g 28|TEXT 0 0 1 0
1000{adodb_logsgl i} 0] 1135/ params 2B|TEXT 0 0 1 0
1000{adadb_logsgl 0 0] 1136 tracer 2B|TEXT 0 0 1 1]
DECI 0.00000
1000{adodb_logsql 1] 0] 1137 [timer 12|MAL |(16,6) i i 1 oja
INTEG
1001 [assignment 1] 0]5961|id SER  |(10) Gl 1 1 0
INTEG
1001|assignment 0 0] 1135 course 5[ER (10 0 0 1 1]0

Figure 12 .Metadata Format Produced by DB Designer

As it is shown in Figure 12, the columns of metadata are; ID, Tablename,
TableType, TablePrefix, ID’, ColName, IdDatatype, DataDesc,
DatatypeParams, Width, PrimaryKey, NotNull, IsForeignKey,
DefaultValue, ID3, IndexName and IndexKind.

The ER Diagram and the metadata of MOODLE are the outputs, which will
be used as inputs of the following steps.
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3.3.2. Database Created for MOODLE

DB Designer gets all metadata of the database in a text format, produces an
ER Diagram and makes it possible to prepare the data required for the
analysis. DB Designer is used for gathering the detailed data of the database
like table and field names, as described in the previous section and also

shown in the Figure 11 and Figure 12.

By using the ER Diagram and metadata, five steps are applied in order to
arrange the data for analysis. Summary of the steps are given in the

following figure as a flow chart.
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Figure 13 .Database Analysis Phases of MOODLE

The analysis steps shown Figure 13 of MOODLE are explained in detail in
the following.

1. Determining Modules and Table Relation of MOODLE

Large software is usually built up from several modules. Each module

actually consists of several program units to implement the functionality in
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the scope of the module. Accordingly, the first step is determining the

modules of the database system.

While analyzing the metadata and ER Diagram, it is realized that all table
names in the same module starts with module name as prefix. Naming

standard of tables is;
Module Name _ Table name.

which can be seen on the ER Diagram and is given in the “Tablename”

column of the metadata.

As a result, the relation between the modules and the tables is determined
from the table names. The constituted format of the excel database, which

keeps the module and the module’s table relation, is given in the following

Figure 14.

MODULE HAME |TABLE HAME
hModule 1 Tahle 1
hModule 1 Tahle 2
Module 1 Tahle 3
Module 2 Tahle 4
Module 2 Tahle &5
hModule 2 Tahle B
Module 2 Table 7
Module 3 Table 8
Module 3 Tahle 9
hModule 4 Tahle 10

Figure 14 .Modules and Modules’ Tables of MOODLE

2. Determining Number of Tables Used In Modules of MOODLE

In the second step, the occurrence of these tables is counted for all modules
separately. For this aim the “VLOOKUP”, “ISNA”, “OFFSET”,
“COUNTIF” and “IF” functions of excel are used. By using functions of
excel, the duplication risk of the same data in the excel database is
eliminated. As a result, a flexible format, which is sensitive to the changes
in the modules and the tables, is prepared. The format of excel is shown in

the following Figure 15. The rows represent the table names, all the
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columns show the modules and the values, under the modules, “0” and “1”

shows that if the table is used by the module, or not.

MODULE NAME| Module 01|Module 02|Module 03|Module 04 |Module 05|Module 06 |Module 07 Module 08|Module 09|Module 10
TABLE NAME

Table 1
Tahle 2
Tahle 3
Tahle 4
Tahle 5
Tahle 6
Tahle 7
Tahle §
Tahle 9
Table 10
TOTAL

P01 I e P g ] T e e =]
—=[ojo|ojo|o|lo|o|o|o] -
=] [=10=1f=]1=] {=10=] =] =] {=1 =]
oy = =] P P = ] e ] ] =]
=] [=10=1f=]1=] {=10=] =] =] {=1 =]
—|olo|loloa|l=|alo|a|o
o|o|o|ojo|o|o|o|o|o|o
=lojo|—lolo|o|lojo|o|o
—|o|=|olo|alo|lalo|a]|o
=] I=10=1=]1=] [=10=] f=]1=] {=] =]

Figure 15 .Modules and Tables Used for Modules of MOODLE

3. Determining Number of Fields of Tables of MOODLE

Determining the number of fields of all tables is the third step of the study in
the excel database. Using “ColName” column of the metadata for this aim
should cause complexity and trash data. For this reason, the data types
(“DataDesc” column of metadata) in the database are counted for all tables.
The total of these counts provides the results (the number of fields in the
tables) required for the study. For determining the occurrence of the fields in
the tables, like in the previous step, the functions of excel is used and the
duplication risk is eliminated. The format of this step is shown in the
following Figure 16. In the format table names, field types and total fields of

tables, whatever the type of it, are given.

FIELD TYPE DATE LONG [MEDIUM |SMALL TOTAL
TABLE NAME CHAR| TIME | DECIMAL | DOUBLE | ENUM|FLOAT |INTEGER |LONGBLOB | TEXT| TEXT | INT |TEXT|TINYINT|VARCHAR | FIELDS
Table 1
Tahle 2
Tahle 3
Tahle 4
Table S
Table B
Table 7
Table &
Tahle 9
Tahle 10

Figure 16 .Tables and Total Fields of Tables of MOODLE

4. Determining Total LOC of Each Module of MOODLE

In the fourth step, the total LOC for each module, which will be input of the

fifth step and will be required at the end of the research for analysis, is
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added to excel in a format. Total LOC is determined with the help of a
program, which is developed in Java. Java based program, which can be
called as Line Counter for MOODLE, counts the LOC by handling the
recursive structure of the source code and produces an excel output which
represents LOC of the each module separately. The format consists of

module names and total LOC, which is shown in the following Figure 17.

MODULE NAME [TOTAL LOC
Module 1
hModule 2
Module 3
Module 4
Module 5
hModule B
Module 7
Module 8
hModule 9
Module 10

Figure 17 .Modules and Modules’ Total LOC of MOODLE

5. Preparing Format for Analysis of MOODLE

A format, which will be the input of the analysis, is used as the fifth step of
the study. Data required for the analysis is prepared in the format, as given
Figure 18. The format is made up of Module Name, Count of Total Table,
Count of Total Field and Total LOC columns.

MODULE HAME [COUNT OF TOTAL TABLE|COUNT OF TOTAL FIELD|TOTAL LOC
hodule 1
Module 2
Module 3
Module 4
Module &
Module &
Module 7
Module 3
Module 9
Module 10

Figure 18 .Analysis Data of MOODLE
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3.3.3. SAP/ABAP Data Modeler for PROJECT X

In PROJECT X, the metadata and the ER Diagram of the project is provided
from a standard tool called Data Modeler in SAP/ABAP, which directly
gives the metadata and the ER Diagram of the modules. For PROJECT X,

DB Designer is not preferred because;

PROJECT X’s codes are in confidential level because of that another

database tool is not allowed for connection

SAP/ABAP has its own dictionary separate from Oracle’s data
dictionary. Referential integrity and entity relationships are handled
at SAP/ABAP level within its own dictionary and not at database
(Oracle) level. Therefore, there is no relationship between tables in
database level and if DB Designer was used it would not be possible

to see the existing relationships.

For these reasons, the metadata and the ER Diagram of the PROJECT X is
developed with SAP/ABAP’s Data Modeler tool [55].

Data Modeler;

is an ABAP/4 Development Workbench development tool,

develop data models with the SAP/ABAP SERM (Structured Entity
Relationship Model) method,

allows to map the models which have been created in the Dictionary,
have basic objects like data models,

unlimited hierarchy levels of data models can be created and in the

process parts of data models can be reused,

can produce the ER Diagram, which represents all the entity types,
the attributes of the entities, the relationships and specializations
existing between the entity types within in the database, as shown in

the following Figure 19.
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Figure 19 .SAP/ABAP Data Modeler Graphics Display Screen of
PROJECT X

In this screen, entities, attributes and their relations are visualized. For

details of the attributes, the button [Attributes] is used. The

attributes of the entity can be seen as the screen given below.
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D NDOan R @
Dispiay Attributes

E

Figure 20 .SAP/ABAP Data Modeler Attributes Display Screen of
PROJECT X

The details of these attributes are gathered with the [Data Element]

:I Diata element

shown in the figure below, gives the details of the attributes.

button. With the help of this button, the screen, which is
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Dictionary: Display Data Element

+spRd e @s | H800]

® Elementary type
® Domain I:I _5@1!!
Datatype  DATS
Length 8 Decimal places ]
@ Built-in type Datatpe |
Length 0 Decimal places o
© Reference e
Reference to
Affributes Search help
Parametre n. Mame
Default component narme |:|
[ Change document

Figure 21 .SAP/ABAP Data Modeler Data Element Display Screen of
PROJECT X
As an output of this step, the metadata and the ER Diagram of the
PROJECT X, which is required for the following steps of this research, is

produced.

3.3.4. Database Created for PROJECT X

Data Modeler is used for gathering the detailed data of the database, as
described in the previous section. Data Modeler gets all data of the database,
can be called as metadata, in a ER Diagram format and makes it possible

prepare the data required for the analysis, which is done in this research.

By using the metadata and ER Diagram obtained from the Data Modeler,
five steps are applied in order to arrange the data for analysis. Summary of

the steps are given in the following figure.
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DETERMINATION OF
PROJECTX'S MODULES AND
TABLE RELATION

DETERMINATION OF
PROJECTX'S MODULES’
NUMBER OF TABLES

i

DETERMINATION OF
PROJECTX'S TABLES'
NUMBER OF FIELDS

;

DETERMINATION OF
PROJECTX'S MODULES'
TOTAL LOC

l

PREPARING ANALYSIS
FORMAT FOR PROJECTX

Figure 22 .Database Analysis Phases of PROJECT X

The analysis steps shown Figure 22 of MOODLE are explained in detail in
the following.
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1. Determining Modules and Tables Relation for PROJECT X

As mentioned in MOODLE analysis steps, large software usually build up
several modules, which consist of several program units to implement the
functionality in the scope of the module. Accordingly, the first step in the

analysis is determining the modules of the database system.

The relation between the modules and the tables is determined from the ER
Diagram. The constituted format of the excel database, which keeps the

module and the module’s table relation, is given in the following Figure 23.

MODULE NAME |TABLE HAME
Module 1 Table 1
Fodule 1 Tahble 2
Module 1 Tahle 3
Module 2 Tahle 4
Module 2 Tahle 5
Module 2 Tahle B
Module 2 Tahle 7
hodule 3 Tahle 8
Module 3 Table 9
kodule 4 Tahble 10

Figure 23 .Modules and Modules’ Tables of PROJECT X

2. Determining Number of Tables Used In Modules for PROJECT X

In the second step, by using ER Diagram the occurrence of these tables are
counted for all modules separately. The format of excel, made up of Module

Name and Count of Total Table columns, is shown in the following Figure

24.
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MODULE NAME

COUNT OF TOTAL TABLE

Module 1

Module 2

hodule 3

hodule 4

Muodule 5

Muodule B

Module 7

Module 8

Module 9

Module 10

Figure 24 .Modules and Count of Tables Used for Modules of

PROJECT X

3. Determining Number of Fields of Tables for PROJECT X

Determining the number of fields of all tables is the third step of the study in
the excel database. The attributes of the entities are counted from the ER
Diagram. The total of these counts will provide the results (the number of
fields in the tables) required for the study. The format of database, consists

Table Name and Count of Total Fields, is shown in the following Figure 25.

TABLE NAME

COUNT OF TOTAL FIELDS

Tahle 1

Table 2

Tahble 3

Tahle 4

Table 5

Table B

Table 7

Table 8

Table 9

Tahle 10

Figure 25 .Tables and Total Fields of Tables of PROJECT X

4. Determining Total LOC of Each Module for PROJECT X

In the fourth step, the total LOC for each module, which will be input of the
fifth step and will be required at the end of the research for analysis, is

computed. LOC of the modules have been determined with the help of
SAP/ABAP codes, which can be called as Line Counter for PROJECT X. It
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counts the LOC by handling the recursive structure of the source code and
determines LOC of all modules separately. The format for storing data,

Module Name and Total LOC, is shown in the following Figure 26.

MODULE NHAME [TOTAL LOC
hodule 1
hModule 2
hodule 3
Module 4
Module 5
Module B
Module 7
hodule 8
hodule 9
hodule 10

Figure 26 .Modules and Modules’ Total LOC of PROJECT X

5. Preparing Format for Analysis for PROJECT X

A format, which will be the input of the analysis, is used as the fifth step of
the study. The data of the analysis is prepared in the format with Module
Name, Count of Total Table, Count of Total Field and Total LOC columns,

as given the next figure.

MODULE NAME |COUNT OF TOTAL TABLE|COUNT OF TOTAL FIELD|TOTAL LOC
Module 1
Module 2
Module 3
Module 4
Module 5
Wodule B
Module 7
Module 3
Module 9
Madule 10

Figure 27 .Analysis Format of PROJECT X
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CHAPTER 4

RESEARCH RESULTS

4.1.Introduction

As mentioned in the previous chapter, two software projects, MOODLE and
PROJECT X, are analysed. To collect data, required for the DD&C

Analysis, 4 basic steps are used for each project,
Reverse engineering,
Gathering metadata,
Determination of LOC and
Analysis.

In some steps, different methods are used since the features of two projects
are different. However, the methods are different; the data collected are the
same data for the analysis. The methods, summarized in Figure 8 in Chapter

3, are summarized again in a table format for a clear understanding in Table

4,
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Table 4 Research Phases

MOODLE PROJECT X

Reverse Engineering DB Designer is used | SAP/ABAP  Data
Modeler Tool is

used

Gathering metadata Collected data stored | Collected data
in an excel database | stored in an excel

database

Determination of LOC | A program, Custom developed
developed in Java is | program in ABAP

used is used

Analysis Excel is used Excel is used

As shown in Figure 10, Reverse Engineering is used for both projects, to
turn to the design phase of the projects. This step can be defined as going

backwards through the development cycle.

In the second step, after gathering the metadata and drawing the ER

Diagram, excel database is created with data required for analysis.

The third step is LOC determination for all modules of each project. This
data will be used in the analysis as shown in Figure 8. For this aim, two
different programs have been developed, in order to count the LOC by

handling the recursive structure of both projects.

The results of the research are given in the following parts of the chapter.
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4.2. Research Results for Project 1: MOODLE

MOODLE [56];

is a course management system (CMS),
is an open Source software package,
provides effective web-based learning communities,

compatible with Windows, Mac OS X, Linux, FreeBSD, Unix,
NetWare and all systems that supports PHP,

supports more than 70 languages.

MOODLE is divided into modules in order to divide the database into

meaningful fragments. Modules are determined from the directory of the

database files.

MOODLE is decomposed into 20 modules. The names of the modules are

given in the table given below.
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Table 5 MOODLE’s Modules

Module 1 Admin
Module 2 Assignment
Module 3 Backup
Module 4 Chat
Module 5 Choice
Module 6 Config
Module 7 Course
Module 8 Enrol
Module 9 Forum
Module 10 Glossary
Module 11 Journal
Module 12 Label
Module 13 Lesson
Module 14 Quiz
Module 15 Resource
Module 16 Scorm
Module 17 Survey
Module 18 User
Module 19 Wiki
Module 20 Workshop
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4.2.1. DB Designer for MOODLE

The output of the implementation phase for MOODLE is reverse engineered
back to the analysis phase by using DB Designer. DB Designer produced
the detailed data of the database with tables, fields and relations which can
be called as metadata and the ER Diagram. In Figure 28, a part of
MOODLE’s ER Diagram is shown and the whole ER Diagram of

MOODLE is given in Appendix A.

forurns

rdl_forurn_discussions ('

7 id
& course
@ forum (FK)
@ narme

|< @ firstpost
& userid (FK)
& groupid
@ assessed
@ timemodified
@ usermodified

A

rncll_forum_gueLe E'

7 id
@ userid

@ discussionid (FK)
@ postid (FK)

Figure 28 .Example ER Diagram for a Module of MOODLE

First 30 rows of metadata is illustrated in Figure 29. The whole data is given

in Appendix B.

>l

@ timemodified

rdll_forurm {'
id

& Course

@ type

& name

@ intro

& open

@ assessed

& assesspublic

@ assesstimestart
@ assesstimefinish
& scale

& maxbytes

& forcesubscribe
@ restype

& resarticles

rndl_forurn_posts ['
#id

@ discussion (FK)

@ parent

|( & userid

@ created

& modified

@ mailed

& subject

& Mmessage

@ format

@ attachment
@ totalscore
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Table|Tahle idData Datatype Primary |Not |IsForeign (Default Index |Index

ID__ |Tahl Type |Prefix |ID2  |ColName |type |DataDesc Params |Width |[Key Null|Key Value |ID3  |Name |Kind
0000-00-
]
00:00:0

1000 adodb_logsgl 0 0] 1132|created 15|DATETIME 0 o 1 o] ]

1000 adodh_logsgl 0 0] 1133|sqi0 20|VARCHAR  [(250) 0 o 1 ]

1000 adodb_logsg! 0 0] 1134)sg 28|TEXT 0 o 1 i

1000 |adodb_logsgl 0 0| 1135|params 28|TEXT 0 o 1 o

1000|adadb_lagsgl 0 0] 1136 |tracer 2B|TEXT 0 o 1 1}
0.00000

1000 adodb_logsg! 0 0] 1137 timer 12|DECIMAL (165) 0 o 1 ojo

1001 assignment 0 0] 5961)id 5|INTEGER (10 -1 11 ]

1001 [assignment 0 0] 1139|course 5|INTEGER 10) i o 1 1

1001 |assignment 0 0] 1140/name 20[VARCHAR  [(255) 0 o 1 a

1001 |assignment 0 0] 1141|description 2B|TEXT 0 o 1 1}

1001 [assignment 0 0] 1142 [format 1{TINYINT 14) i o 1 a

1001 |assignment 0 0] 1143 |assignmentty 20[VARCHAR  [(50) 0 o 1 a

1001 |assignment 0 0] 1144 |resubmit TTINYINT 2) 0 o 1 1}

1001 [assignment 0 0] 1145 |preventlate 1{TINYINT (] i o 1 a

1001 |assignment 0 0] 1146 emailteacher: 1{TINYINT 12) 0 o 1 a

1001 |assignment 0 0] 1147 |varl S|INTEGER (10} 0 o o 1}

1001 | assignment 0 0] 1148 var2 5|INTEGER (10} 0 o o ]

1001 |assignment 0 0] 1149 |var3 5|INTEGER 10) 0 o 0 a

1001 |assignment 0 0] 1150 vard 5|INTEGER (10) 0 o o 0

1001 | assignment 0 0] 1151 |vars 5|INTEGER (10} 0 o o ]

1001 |assignment 0 0] 1152 |maxbytes 5|INTEGER 10) 0 o 1 a[100000

1001 |assignment 0 0] 1153 [timedue 5|INTEGER (10) 0 0 1 0

1001 | assignment 0 0] 1154 timeavailable 5|INTEGER (10} 0 o 1 ]

1001 |assignment 0 0] 1155|grade 5|INTEGER (10) 0 o 1 1

1001 |assignment 0 0| 1156 timemodified 5|INTEGER (10) 0 0 1 0

1002 | assignement_subrizsions 0 0]13938)id 5|INTEGER (10} -1 1 1 ]

1002 |assignment_submissions 0 0] 13936 |assignment 5|INTEGER (10) -1 o 1 1

1002 |assignment_submissions 0 0] 1161 userid 5|INTEGER (10) 0 0 1 1

Figure 29 .Metadata of MOODLE

The ER Diagram and the metadata of MOODLE are the outputs of DB

Designer, which will be used as inputs of the following steps.

4.2.2. Database Created for MOODLE

By using the ER Diagram and metadata, obtained from the DB Designer,

five steps are applied in order to arrange the data for analysis. Summary of

the steps are given in Figure 30 .
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Y
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TABLES' NUMBER OF FIELDS

Y

( DETERMINATION OF MOODLE'S

MODULES' TOTAL LOC

Y
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ANALYSIS FOR MOODLE

Figure 30 .Database Analysis Phases of MOODLE

Data collected by using the steps above are given in following sections of

the chapter.
1. Modules and Tables Relation

The relation between the modules and the tables is determined from the
table names. The constituted format and first 30 entries of the excel
database, which keeps the module and the module’s table relation, is

illustrated in Figure 31. The whole data is given in Appendix C.
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MODULE NAME |[TABLE HAME

admin mdl adodb logsgl
assignment mdl_assignment
assignment mdl_assignment submissions
backup mdl backup config
backup mdl backup courses
backup mdl backup files
backup mdl backup ids
backup mdl backup log

chat mdl_chat

chat mdl_chat_messages
chat mdl _chat users
choice mdl chaoice

choice mdl_choice_angwers
choice mdl choice options
config mdl_canfig

config mdl config pluging
course mdl_course

course mdl course categories
course mdl course display
courge mdl_courge_meta
course mdl_course_modules
course mdl_course_sections
gnral mdl_enrol_authorize
enrol mdl enrol paypal
forum mdl_farum

forurn mdl farum discussions
forurn mdl forum posts
forurm mdl forum gueue

Figure 31 .Modules and Modules’ Tables Data of MOODLE

2. Number of Tables Used In Modules

The occurrence of these tables is counted for all modules separately. As
mentioned before, for this aim the “VLOOKUP”, “ISNA”, “OFFSET”,
“COUNTIF” and “IF” functions of excel are used. The data collected for 10
modules and 30 tables in the excel database is illustrated in Figure 32 and

the whole data is given in Appendix D.
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md|

i [chat

[choice

[farum

Tglossary

[journal

[label

[lesson

[quiz

[resource |

MODULE NAME| Module 01 |Module 02 |Module 03 |Module 04 |Module 05]|Module 06 Module 07| Module 08 |Module 09| Module 10

TABLE NAME

adodb_logsgl

rdl

assignment

rd|

asswgnment subrnissions

md|

backup_config

rnd|

backup_courses

rd|

backup_files

md|

backup_ids

rnd|

backup_log

rd|

block

md|

block_instance

rnd|

block_rss_client

rd|

chat

mmdl

chat_messages

rnd|

chat_users

rd|

chaoice

mmdl

choice_answers

rnd|

choice_options

md|

config

mmdl

config_pluging

tnd|

course

md|

course

categories

mmdl

course

display

rd|

course

meta

md|

course

modules

rnd|

COUrse

sections

rd|

enral_authorize

md|

enral_paypal
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Figure 32 .Modules and Tables Used for Modules Data of MOODLE

3. Number of Fields of Tables

The total data types of all tables are counted separately with the functions of

excel. By calculating the sum of all types for each table, the field number of

tables is determined. The first 30 tables’ data is given as an example in the

following figure. The rest of the data collected is illustrated in Appendix E.

FIELD TYPE

TABLE NAME

CHAR

DATE
TIME

DECIMAL

DOUBLE

ENUM

FLOAT

INTEGER

LONG
BLOB

LONG
TEXT

MEDIUM
TEXT

SMALL
INT

TEXT

TINY
INT

VARC
HAR

TOTAL
FIELDS

mdl_adodb_logsgl
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mdl_choice
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Figure 33 .Tables and Total Fields of Tables Data of MOODLE
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4. Total LOC of Each Module

The LOC of the modules, determined with Java codes as mentioned before,

are added to the excel database and the data is illustrated in the following

figure.
MODULE NAME [TOTAL LOC
assignment 5721
chat 70957
choice 40540
forum 157667
glossary 248340
|ourhal 54759
label 26473
lesson 43937
quiz 224341
resource a047E
SCONm 115469
survey Sea92
wiki B756E7
workshop BE10
admin 286097
backup B7 144
config 13148
Course 454130
enral 1427
User Eas05

Figure 34 .Modules and Modules’ Total LOC Data of MOODLE

5. Data for Analysis

The data required for the analysis is given in Figure 35.
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MODULE NAME [COUNT OF TOTAL TABLE [COUNT OF TOTAL FIELD |TOTAL LOC
assignment 5 27 57211
chat 7 21 70997
choice 3 21 40540
forum B a5 167667
glossary 15 51 249340
journal 4 15 54759
label 2 3 26473
lesson 26 127 43937
quiz 40 127 224341
resource 10 7 0470
SCOMNm 22 19 115469
survey 15 28 885892
wiki 10 2h R7aR7
workshop 12 74 BE10
admin 4 ] 286097
backup 0 16 B7144
config 5 2 13148
course 18 45 454130
ental 21 B 1427
user 31 39 BEE05

Figure 35 .Analysis Data of MOODLE

4.3.Research Results for Project 2: PROJECT X

PROJECT X, is an integrated business application software project. Because
of the confidentiality constraints, the details of the project can not be given
in this research. PROJECT X is developed in SAP/ABAP language. A brief
information about SAP/ABAP is given.

SAP/ABAP [55];

e is real-time business applications, with several currency and several

language capabilities built in,

e is compatible with multiple platforms and operating systems, like

UNIX or Microsoft Windows,

e a 3-tiered model which is a client/server based application. The first
layer is the presentation layer, which interfaces with the user. The
second layer, which is called application layer, houses all the
business-specific logic, and the last layer, which is the database

layer, keeps all the information about the system,
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e uses language called ABAP (Advanced Business Application
Programming), which is a fourth generation language (4GL) and
interacts with the database system with SQL statements for

operations like query, update, delete.

® have application modules. Some examples for modules are; Human
Resources (HR), Financial Accounting (FI) and Environmental

Health and Safety (EH&S).

This research is done in HR module of PROJECT X. Briefly; HR supports
the planning and control of personnel activities. The modules for the
analysis are the sub modules of HR and their names are not given because

of the confidentiality constraints of PROJECT X.

4.3.1. SAP/ABAP Data Modeler for PROJECT X

In PROJECT X, the metadata and the ER Diagram of the project is provided
from a standard tool called Data Modeler in SAP/ABAP. Data Modeler
produced the ER Diagram and represented all the entity types, the attributes
of the entities, the relationships and specializations existing between the
entity types within in the database. The ER Diagram produced is not given

because of confidentiality constraints.
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Figure 36 .SAP/ABAP Data Modeler Graphics Display Screen of
PROJECT X

4.3.2. Database Created for PROJECT X

By using the metadata and ER Diagram obtained from the Data Modeler,
five steps (section 4.2.2.2.1) are applied in order to arrange the data for

analysis. Summary of the steps are given in Figure 37 .
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Figure 37 .Database Analysis Phases of PROJECT X

These data collected by using the steps above are given in following section

of the chapter.
1. Modules and Tables Relation

The relation between the modules and the tables is determined from the ER
Diagram. The data, which keeps the module and the module’s table relation,

is collected but cannot be given because of the confidentiality constraints.
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2. Number of Tables Used In Modules

In the second step, by using ER Diagram the occurrence of these tables are
counted for all modules separately but the data collected cannot be given

because of the confidentiality constraints.
3. Number of Fields of Tables

Determining the number of fields of all tables is the third step of the study in
the excel database. The attributes of the entities are counted from the ER
Diagram. The total of these counts provided the results (the number of fields
in the tables) required for the study but the data collected cannot be given

because of the confidentiality constraints.
4. Total LOC of Each Module

In the fourth step, the total LOC for each module, which will be input of the
fifth step and will be required at the end of the research for analysis, is
collected. As mentioned before, the LOC of the modules have been
determined with the help of SAP/ABAP codes. The module names are not

given because of the confidentiality constraints.
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MODULE NAME | TOTAL LOC
Wadule 1 4929
todule 2 1286
hodule 3 GE04
odule 4 2287
bodule & 2466
hodule & 3015
tadule 7 1905
todule § 1165
tlodule 8 1178
tadule 10 1404
tadule 11 2652
tadule 12 J174
tadule 13 3952
todule 14 4442
tadule 15 740
todule 16 1815
tadule 17 1637
Wodule 15 4063
hodule 18 1651
Wadule 20 G075
Wladule 21 3205
Wodule 22 3229
Wodule 23 3169
Wodule 24 2206
Wodule 25 2003
Wodule 25 871
Wadule 27 1768
Wodule 25 5175
Wodule 23 593
Wadule 30 2672
Wladule 31 §11
Wodule 32 3204
Wodule 33 2236
Wodule 34 2016

Figure 38 .Modules and Modules’ Total LOC Data of PROJECT X

5. Format for Analysis

A format, which will be the input of the analysis, is used as the fifth step of

the study. The data of the analysis is given in the next figure.
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MODULE NAME|COUNT OF TOTAL TABLE|COUNT OF TOTAL FIELD|TOTAL LOC
Module 1 41 977 4529
Module 2 15 305 1285
Module 3 35 535 FE04
Module 4 13 518 287
Module 5 24 556 2466
Module B 2 458 015
Module 7 21 554 1905
Module B 33 456 1165
Module 9 34 B12 1178
Module 10 32 = 1404
Module 11 E] B40 2652
Module 12 35 504 3174
Module 13 43 2005 552
Module 14 23 458 4442
Module 15 16 376 740
Module 16 17 506 1815
Module 17 & 245 1637
Module 18 2 g9 4063
Module 19 19 B35 1681
Module 20 ] a0y BO7S
Module 21 35 1014 3205
Module 2! 23 F3b 3229
Module 23 2 8315 3169
Module 24 35 K53 2286
Module 25 23 478 2008
Module 25 10 177 571
Module 27 17 305 1764
Module 28 33 742 B175
Module 29 10 230 895
Module 30 23 B41 272
Module 31 12 356 811
Module 32 24 517 3204
Module 33 21 354 2296
Module 34 19 243 2016

Figure 39 .Analysis Data of PROJECT X

4.4.Research Results Analysis for MOODLE and PROJECT X

In this study, our research question is “Is there a relationship between LOC

and conceptual and logical database design?”” Accordingly, we analyzed the

LOC and total number of tables and fields in the related module databases.

We found that, LOC number and the number of tables and fields in the

related module databases follow the similar paths (they generate similar

signals) however, the sizes of the numbers are different.

65




4.4.1. Analysis Results for MOODLE

The change in the number of tables and fields are analysed according to
increasing LOC. To keep the graphic lines more readable, number of tables
is multiplied with 10000 and number of fields with 2000. In this part of the
chapter only the graphics and regression analysis results of MOODLE are
given. The evaluations of these analyses are done in the next part of the

chapter for both projects, MOODLE and PROJECT X.

In Figure 43 and Figure 44 graphical paths are drawn for number of tables,

number of fields and LOC.
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Figure 40 .LOC, Number of Tables and Fields (Unordered)
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Figure 41 .Changes in the Number of Tables and Fields by LOC

(Ordered by LOC)

In Figure 45, the change in the LOC according to increasing number of

tables is analysed.
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The change in the LOC according to increasing number of fields is analysed

in below, Figure 46.

Count of Variahle

S00000 1

450000

400000
250000

300000
250000

——Lac

—i— AR D00

200000

150000

100000
50000 4

1] T

label
admin

Module Name

config
resource
journal
choice
backup
chat
anrol
assignment
forum
cours e
glos=sary
user

i s hop
le=zon
quiz

Figure 43 .Changes in LOC by Number of Fields

In the following Figure 47, regression results applied to the LOC and

number of tables and field are given.

Regression Statistics
Multiple R 0263512937
R Square 0069439068
Adjusted R Square -0,040038655
Standard Error 116736 4739
Observations 20
ANCVA
off 55 MS F Significance F

Regression 2 17287061215 8643530808 0534275555 054241408
Residual 17| 231BBBE+11| 13527405512
Total 19 2.48953E+11

Coefficients | Standard Errar t Stat P-valug Lower 35% Upper 85% | Lower 95,0%  Upper 95,0%
Intercept 85456 06915 4014212835 21280837525 0,048186735 763,582204 170148,5561 763552204 170148 5561
% Wariable 1 0764758053 1,196530046 0639545774 0530992623 1756192784 325776859 -1758192764 3 28776582
X Watiahle 2 -0,21666762 0824503018 -0262688220 070504787 -1.95686252 1,523527279  -1595B86252 1523527279

Figure 44 .Regression Analysis for MOODLE
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4.4.2. Analysis Results for PROJECT X

The change in the number of tables and fields according to increasing LOC
are analysed. To keep the graphic lines more readable, number of tables is

multiplied with 100 and number of fields with 5.

In this part of the chapter only the graphics and regression analysis results of
PROJECT X are given. The evaluations of these analyses are done in the

next part of the chapter for both projects, MOODLE and PROJECT X.

In Figure 48 and Figure 49 graphical paths are drawn for number of tables,

number of fields and LOC.
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Figure 45 .LOC, Number of Tables and Fields
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Figure 46 .Changes in Number of Tables and Fields by LOC

In Figure 50, the change in the LOC according to increasing number of

tables is analysed.
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Figure 47 .Changes in LOC by Number of Tables

The change in the LOC according to increasing number of fields is analysed

in below, Figure 51.
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Figure 48 .Changes in LOC by Number of Fields

In the following Figure 52, the regression results applied to the LOC and

number of tables and field are given.

Regression Statistics
Multiple R 0,642918604
R Square 0,413344337
Adjusted R Sguare 0,3754585578
Standard Error 1248 587488
Observations 34
ANOWVA
off 55 s F Significance F

Regression 2| 3408088124 1702544097 1022084583 0,000257004
Residual 31 48328092,18 1558970716
Total 33 B2378974.12

Coefficients | Standard Error t Stat P-value Lower 95% Upper 85% | Lower 95,0% | Upper 95 0%
Intercept 1398846707 B12,2422018) 0228479302 0820774154 1108 791527 1388 560865 -1103,791527 | 1388 560862
X Watiable 1 0786447986 0362521795 2168381251 003783986 0047079212 1528816058 0047072912 1525816059
X Wariable 2 0,180774886 0209862743 081395801 0,385634256 -0,247242899 0 BOB7H2771 -0, 247242993 0608792771

Figure 49 .Regression Analysis for PROJECT X

4.4.3. Evaluations on Analysis of MOODLE and PROJECT X

From the graphical interpretation, both curves follow the same inclinations

and same path except some data points. It is clearly seen from the graphical

analysis that, the number of tables and fields in the modules is generally

increasing by the increase in LOC. This is a promising result regarding an
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estimate for LOC. The graphical analysis results of this study show that
there is a strong relationship between actual LOC and number of tables and
fields in the database. Depending on this strong relation, it can be accepted

that DD&C approach is proven.

However, according to regression results on the data, it is hard to specify
that there is an exact linear functional relation between these three variables.
The reason for poor regression results seems to be some data points that
saturate the graphical path. The data points, which saturate the regression

results, require special attention on characteristics of the module.

72



CHAPTER 5

CONCLUSION AND DISCUSSION

Software development is an expensive process and compared to hardware
expenses, it is the major cost for information system budgets [1]. In order to
manage the software projects effectively and determine economic feasibility
and control of project, it is important to have accurate, reliable cost
estimates [3]. Inaccurate estimations (over/under) may cause opportunity
lost, non-productive projects, low quality software, less profit products, and
even the break-down of the project in the mid-stream. As a result, accurate
cost estimation is a challenging task in software management. On the
contrary, with the knowledge of cost of software project early in
development cycle, management can approve or reject project proposal or

rearrange resources accordingly [2], [5].

Cost estimation is affected by multiple parameters related to technologies,
scheduling, manager - team member skills and experiences, mentality and
culture, team cohesion, productivity, project size, complexity, reliability,
quality and many more. These parameters are not easy to measure and

manage and also have positive or negative impact on estimation accuracy

[7].

In order to make accurate cost estimations in the literature some models and
techniques exists, such as COCOMO, SLIM and FPA. Other than these
formal models, some approaches depending on expert intuition or guess
have also been used while determining the project cost. Although estimation
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models help engineers to optimize development process, improve control
over resources and minimize project failure risk [7], it is still difficult to
make accurate estimation and have some limits [7]. These limits are

summarized in the following paragraphs.

* Some models use absolute scale counts, like FPA. As a result,
transformations, to make them as interval or ratio scale, will not be possible.
Any arithmetic operation between values can not be made [46]. Since
determining one of the absolute scale of a model is dependent to the analyst,
absolute scale counts will cause subjectivity and inconsistent results, which

can change analyst from analyst [52].

* LOC based techniques, like COCOMO, cannot be used in the early phases
of a software project [2]. Software size is dependent to programming
language, because some languages may represent the same functionality
with less number of lines of code than another one [49]. Other than these
drawbacks for some languages, such as Authorware, definition of line is not

clear thus making counting LOC difficult [2].

* Historical data, validity and uncertainty of data, limited time to develop
estimates and immaturity of requirements are some challenging points for

models, like COCOMO and SLIM, during estimation process [45], [5].

* Historical data based models, like COCOMO and SLIM, cannot estimate

size of software at initial stage of project.

* Experienced analyst required models, like SLIM, causes to increase the
cost of the project with the experienced workforce need and for these

models, there cannot be simplicity advantage for the model usage.

In order to handle these disadvantages of the models, the relation between

the LOC, database design and cost estimation is researched in this study.
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This proven relation, DD&C approach, can be used to develop a new model,
which uses parameters collected from the conceptual and logical database

design like number of tables and fields.

DD&C approach can provide advantages like simplicity, independent results
from the analyst and early estimation in the software life cycle. Besides
these advantages, it will not require additional calculations because the data
collections, used by DD&C, are already produced at the main steps of a

database design phase.

By using the DD&C approach proposed in this study, a new model can be
developed in the future works. By including other complexity elements in
the database such as foreign keys, field types and field sizes, it would be
possible to make better estimations based on a functional dependency of
LOC and database complexity elements. This model can bring the
simplicity, user-friendliness and consistent results. Also the cost estimation
can be made at early stages of software design by carrying the cost

estimation process to the database design phase of software.
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APPENDIX A - MOODLE ER DIAGRAM
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APPENDIX B - MOODLE METADATA
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APPENDIX C - MOODLE MODULE AND TABLE RELATION

MODULE

NAME TABLE NAME

admin mdl_adodb_logsql
assignment mdl_assignment
assignment mdl_assignment_submissions
backup mdl_backup_config
backup mdl_backup_courses
backup mdl_backup_files
backup mdl_backup_ids

backup mdl_backup_log

chat md| chat

chat mdl_chat_messages
chat mdl_chat_users

choice mdl_choice

choice md|_choice answers
choice mdl_choice_options
config mdl_config

config mdl_config_plugins
course mdl_course

course mdl_course_categories
course mdl_course_display
course md|_course_meta
course mdl _course _modules
course mdl_course_sections
enrol md|_enrol authorize
enrol mdl_enrol_paypal

forum md|_forum

forum mdl_forum_discussions
forum mdl_forum_posts

forum mdl_forum_queue
forum mdl_forum_ratings

forum mdl forum_read

forum mdl_forum_subscriptions
forum mdl_forum_track_prefs
glossary mdl_glossary

glossary mdl_glossary_alias
glossary mdl_glossary_categories
glossary mdl_glossary_comments
glossary mdl_glossary entries
glossary mdl_glossary entries_categories
glossary mdl_glossary formats
journal mdl_journal
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journal mdl_journal_entries

label mdl_label

lesson md|_lesson

lesson mdl_lesson_answers

lesson mdl_lesson_attempts

lesson md|_lesson_branch

lesson mdl_lesson_default

lesson mdl_lesson_grades

lesson mdl_lesson_high_scores
lesson mdl_lesson_pages

lesson md|_lesson_timer

lesson mdl_log

lesson mdl_log_display

lesson mdl_message

lesson mdl_message_contacts
lesson mdl_message_read
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