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DEVELOPING A TOOL FOR ANALYSIS OF SOFTWARE AND
EVALUATION OF SOFTWARE DEVELOPER

ABSTRACT

The objective of this study was to develop measerdgnof software quality
factors. Most of Software measures were definechymgears ago but now in
industry they are not used widely. These type afasares were used for
determination of user satisfaction. And it mearet the idea of user satisfaction is
not new. Satisfying of user is more important indeim business and developing
technology. Software metrics play an important rmledetermination of quality

factors.

Definition and calculation of Halstead's method &®C metrics are analyzed in
this thesis. These analysis are based on measuremaiysis that define program
quality factors. Difference of these analysis areasuring the program's metrics
without seeing source code. After measurement tiadity factors are determined by

web tool.

Keywords : Software quality factors, software metrics, Haldteametric, Line of

Code (LOC) metrics, software measurement, quadityse.



YAZILIM ANAL iz VE YAZILIM GEL ISTIRICiNiN
DEGERLENDIRILMESi AMACIYLA B iR ARAC GEL iSTIiRILMESI

Oz

Bu calsmanin amaci, yazilim kalite faktorleri olcimuni igi@mektir. lgili
yazilim parametrelerinin @o yillar 6nce tanimlanmiancaksu anda endustride
yaygin olarak kullanilmamaktadir. Bu Ol¢cimler gdadan veya dolayli olarak
kullanicinin memnuniyetini okturmak igin kullanilir. Kullanici memnuniyeti uzun
zamandir dnemli bir kriter olmasinagraen, memnuniyeti gefirmeye yonelik bu
objektif degserlendirme sistemlerinde 6nemli bir getie yganmamgtir. Kullanicinin
memnuniyeti modern giimcilikte ve teknoloji gekmesinde 6nemli yere sahiptir

ve yazilim olcutleri kalite faktorlerinin belirleresinde 6nemli rol oynamalidir.

Bu tezde Halstead ve LOC olcumleri ve hesaplamalaaliz edilmektedir. Bu
analiz programi kalite faktorleri tanimlayan ol¢ianalizine dayanir. Bu analizin
diger analizlerden farki kaynak kodu gbrmeden progrdigiimleri dlgmesidir.
Olgiim vyapildiktan sonra Kkalite faktorleri web ara@rafindan belirlenir ve

raporlanarak tez dahilinde yorumlanir.

Anahtar sozcukler : Yazihm kalite faktorleri, yazilim olcutleri, kodag dlgtimleri

halstead olgumleri, yazilim dlguimu, kalite kullsun



CONTENTS

Page
THESIS EXAMINATION RESULT FORM .....ciiiiiiiii et esiieeee e i
ACKNOWLEDGEMENTS ... eemmme et e et e e e aaes ili
AB S T R A C T e errmm e v
(@ YRR V..
LIST OF FIGURES ... ettt e e e e n e e emnan e eee IX
LIST OF TABLES ... oo ettt e et e e e e e e e ena e e eaan s X
CHAPTER ONE - INTRODUCTION ....ouiiiiiiiiiiiiiiiniieee e s eiiiieeee e e e sinieeee e e e 1
R S oo o[ TP 1
1.2 AUdIENCE ...ttt ettt ettt et e e e e e e e e e e et b e bbb b eeeee s 2
1.3 STrUCTUrE Of TRESIS ... .ttt ieeeeeei ittt 2
CHAPTER TWO — QUALITY AND ANALYSIS OF SOFTWARE .... ............... 3
2.1 Definition of SQ ANd ItS IMPOMaNCe ......cccccviiiiiieiiieeeeeeeeeeeei e 3
2.2 SOMtWAIE MELIICS ....cooiiiiiieiie ettt e e eeee e e 4
2.2.1 Classification of Software MetriCS ... cceeeeeeiriiiiiiiiiiiiiiiiieeeee 5..
2.2.1.1 ProCeSS METIICS ....eeveeiiiiiiiiis ettt 5
2.2.1.2 ProdUCE MEtriCS ....ccuvuuiiriiiiiieeeeeeeeeeeeiiiiiies e e e e e e e e e e e eeeeeesaeeees 7
2.2.1.3 RESOUICE MELIICS ....oeeiiiiiiieietcemmmmm et 10
2.2.2 Measurement of Software MetriCS.......cccceeeeiiiiiiiiiiiiiiiiiiiieieeeeeeeeee 10
2.2.2.1 DIreCt MEaASUIEIMENT ..ot ceeemmm ettt e et e e e e e e e e e e e e e e e e aeans 10
2.2.2.2 IndireCt MEASUIEMENT ........uuveitcmmmmmm e e eeeeeeeeiiiiii e 11
2.3 Software Quality FACIOIS.......ccooi i 11
2.3. 1 ACCUIACY ..ueiiiieeiiie ettt e et s ettt e e e et e e e e e e e et e e e e eeeeeans 11
R T O - |V 12
2.3.3 COMPIBLENESS ...t eeeeeee e 12
2.3.4 COMPIEXILY oottt e e e e e e e e e e e e eeeeeeeees 12

Vi



2.3.5 CONCISENESS. .. uiiiii ettt e e e e e e e e e e e e e e e eene e 13
2.3.6 COITECINESS ...ttt cemmmm e ettt e e e e e et e e e eea e e e e eeeenmnsanns 13
2.3.7 EXPeNndability ..........uuueiieeiie it 14
2.3.8 Maintainability............coovvvvueet e eeeeeeeeeiirre e e e e e e e e e e e e aeeeene e 14
ARG ILe I\ (oo (1] F= T 1 U 15
2.3.10 POrtability ......ccoiiieiieiiii e 15
P2 Tt I I =1 = o 1Y 16
2.3.12 SIMPLICILY...cceiieieeeieeeeieemmmmm e e e e e eeeeee e e e as 16
2.3.13 Understandability...............eiieemmmmiiiiiii e 16
CHAPTER THREE - HALSTEAD'S METRIC AND LOC......... «eeeiiciiieeeeeenee, 17
3.1 Halstead's Software MetriCS ........... oo 17
3.1.1 VOCADUIAIY .. 18
3.1.2 Implementation LENGth...........ccoovviiiiiiiiiiccee e 19
3.1.3 Estimated LeNgth ..........ccooiiiiii e 19
LA VOIUME .. ettt eeeee e 20
3.1.5 Program LEVEL .......ccooiiiiiiiiie e 21
3.1.6 DIFfICUILY ... 21
3.1.7 Intelligent CONLENT ...........uueeee e e e e e e e e e e e e e e e eeeeeeeeeee e e eeeeee s 22
3.1.8 Programming EffOrt.............oooiiimmmmm oo 23
3.1.9 Programming TIME ........uuuuuuuumneeeeeiiiaa e e e e e e e e e e e eeeeeeenennnn e 24
3.1.10 LaNQUAge LEVEI ......ccocoeiiiiiiii et ee e e 25
G 00 00t I VW ] o 1= o) = 11 T £ 25
3.2 Line 0f Code (LOC) ...cciiieeeeeeeeeeet ettt e e e e e e e e e e e e e e eennee e 26
3.3 Software Quality Factors Based On LOC andtdat's Metrics.................. 28
3.3.1 Implementation LENGtN...........cooiiiiiiiiiiiiiie e 28
.32 VOIUME .ottt 28
3.3.3 Program LEVEl .......ccooiieieieeceee e 28
3.3 DIFfICUILY ... 29
3.3.5 Intelligent CONLENT ...........uuuun et 29
3.3.6 Programming EffOrt..............ooiiimmmmme oo 29

vii



3.3.7 NUMDEI Of BUGS .. oo ittt 30

CHAPTER FOUR - DEVELOPING A TOOL ...cooiiiiiiiee st 32
4.1 Creating a Tool for Measuring the Program 8e@ode..............ccccceeeeeeennnn. 33
4.2 Analysis the Parameter of Source Code .....cccccoeeveeiiiiiiiiiiiiiiiiine 36
4.3 Determination of Program and Developers Qualit..............covvvvviiiiinnnnnnn. 41

O Tt R O - 11 32 43
4.3.2 COMPLEXILY ..ottt eeeeeet e e e e e e e e e e e eeeeebb e nnnes 44
4.3.3 CONCISENESS. ... cciiiiieieiiiiiiititemtt s s e e e e e e e e e e e eeeeeeeesbbbans s nnnnnes 47
4.3.4 COITECINESS ....cieeeiiiie e eeeeettmmmmm e e e et e e e e e e e e e e e e 49
4.3.5 MaintaiNability.............uuuuue s e e e e e e e e e e 50
4.3.6 Understandability...........coooooii oo 52
4.3.7 Performance of Programmers .........coceccciiuiiiiiiiininneeee e e eeeeeeeeennenns 35
4.3.8 Ability of Programmers ..........ooooeceeeeeiiiiiiiee e e 55
4.3.9 Reliability Of Programmers ...........coceeeeeeerieeeeeuiiniinnneeeeeeeesseenes 56
4.3.10 Accuracy Of Programmers ..........coceeeemeurumiiiinanaeeeeeeeeeeeeeeeeeenennnnnns 58
4.3.11 Productivity of Programmers.........ccccccuieeiiiininneeeeeeeeeeeeeeeeeiniiinnnns 29

CHAPTER FIVE - CONCLUSION .....uiiiiiiiiiiiiiecimece e siiieeee e e e senneeeas 61

o o N [ P 62

viii



LIST OF FIGURES

Pages
Figure 4.1 Clarity of programs by programming laBgQES ................ccevvvvevniiiieeennn. 43
Figure 4.2 Clarity of programs by COUNIIES .....cc.cooviviiiiiiiiiiiiiiiiiei e 44
Figure 4.3 Structural complexity of programs bygyeonming languages .............. 45
Figure 4.4 Structural complexity of programs by @oi@s .............cccccceeevieeieeeeennnn. 45
Figure 4.5 Psychological complexity of programsbggramming languages........ 46
Figure 4.6 Psychological complexity of programscbyntries...........cccoeeeeeeeeeeenee. 47
Figure 4.7 Conciseness or efficiency of programgimgramming languages........ 48
Figure 4.8 Conciseness or efficiency of programsdyntries .............ccceevvvvvvvnnnnns 48
Figure 4.9 Incorrectness of programs by programr@nguages...........ccccvevvvvvvnnens 49
Figure 4.10 Incorrectness of programs by COUNLLES...........ccovvvvviviviiiiiinnneennn. a0
Figure 4.11 Maintainability of programs by programgilanguages ...................... 51
Figure 4.12 Maintainability of programs by cournstie............cccccceeeviiiiiiiieeeeeeeeee, 51
Figure 4.13 Understandability of programs by prograng languages .................. 52
Figure 4.14 Understandability of programs by costr..............ccoovvviiiiiiiiiiiiinnnn. 53
Figure 4.15 Performance of programmers by prograngfanguages ................... 54
Figure 4.16 Performance of programmers by COWBMIE. .........cooveeeeiiiiiiiiiiiiiiiiees 54
Figure 4.17 Ability of programmers by programmlagguages.............ccccvvvvevnens 55
Figure 4.18 Ability of programmers by COuNtries.............couvvvvviiiiiiiiiiieeeeeee, 56
Figure 4.19 Unreliability of programmers by pragraing languages ................... 57
Figure 4.20 Unreliability of programmers by COUBEL................cooviriiiiiiiiiiiinnnnnn. 57
Figure 4.21 Inaccuracy of programmers by programyianguages ..............co...... 58
Figure 4.22 Inaccuracy of programmers by COUNLIES.............uvvvviiiiiieeieeeeeennnn. 59
Figure 4.23 Productivity of programmers by progmaing languages.................... 60
Figure 4.24 Productivity of programmers DY COWEIL...........coovvveriiiiiiiinniiiianennn. 60



LIST OF TABLES

Pages
Table 3.1 Basic code example............oiieeeeeeeiiie e 23
Table 4.1 Calculation of Halstead's metric of adilen data..............cccccceeeiiinnie 37
Table 4.2 Insert Halstead's metric into table..............ccooooiies 37
Table 4.3 Number of programmers by programminguaig@s .............ccccceeeeeeeennnn. 42
Table 4.4 Number of programmers DY COUNTMHES weeevvvveeeeiiiiiiiiiiiieeeeeeeeeeeen 24



CHAPTER ONE

INTRODUCTION

1.1 Scope

In modern time users demand powerful and reliabfevaere. Companies want to
control software complexity and development prockisst computer scientists and
experts agree that the complexity of program wiltrease in future. But it takes

more time to define and measure complex program.

Software metrics are defined from program numitersugh to model that help
for determination of software quality. It is knovthat all methods measure the
metrics of program by using this number. Progranasuees have an application to
estimating of software products. They are used dtcutate productivity and
complexity of products. This thesis presents metbb#ialstead's and LOC which
determine quality factors of software. A numbenudfasures in industry are not well
understood. Halstead and LOC measures were propesely thirty years ago. To
definition of Halstead's metric, firstly definindhd context and designing the

measurememust be applied.

The quality factors are quantified by SQM. The alepers and project managers
determine these factors because it is more impoftanheir applications. Quality is
measured by software metrics. Many program metisselate with these factors.
Our thesis's the web tool uses a metric that basedource code that is used in
avionic product. Because this type of metricsas changeable, it can be used and
measure in any time. In this research only produ@lities factor are measured.
These types of quality are based on source codg@mtam metrics. So Halstead
and LOC metrics are applied to source code forrawteation. In measurement the

web tool can not see the source code of program.



1.2 Audience

The objective of our thesis is to provide creatingw method that helps
organizations and project managers to determinétgwd program without seeing
source code. Developers, project managers, testerproduct improvement teams
should get our tools helpful in measurement ofveafé metrics and collecting data.
There are many reports or analysis tools that nmeaéie quality by seeing source

code.

The determination of software quality factors lohea 318 source code from 36
countries. The working principle of tool is guidég Halstead metrics and LOC
metrics. In modern programming the using of thigety metric is not so widely. But
in thesis it is seen that the quality factor candetermined by using the these

metrics.

1.3 Structure of Thesis

Chapter 2 discusses the quality and analysis ofvacé. This chapter defines the
SQM, discusses about the measurement methodghis lohapter the type of metrics

and quality factors are explained.

Chapter 3 defines measurement of Halstead's msetn its calculation. The
equation of Halstead's metric and calculation assgnted. Near Halstead metrics
LOC is also define in this chapter. The advantagesk calculation of this metric are
also represented in this section. At last of thiapter the relation between quality

factors and these type of metrics are described.

Chapter 4 describes the working principles of wedds and the collecting of data
from programmers. The analyzing of program and kbpess quality is also
presented in this chapter. The qualities are défime programming languages and

countries. These comparisons are shown in pieshart

After these chapters the conclusion discuss thel gb web tool and which

innovation we do in this thesis.



CHAPTER TWO

QUALITY AND ANALYSIS OF SOFTWARE

Definition and means of Software quality, aboutimgortance, software metrics
type and their meanings and functions take maitqiahis chapter. There are some
guality metrics that are used for analysis of safew The qualities of software or

products are determined by these quality factors.

2.1 Definition of SQ and Its Importance

Computer systems generally based on two things.y Tdme hardware and
software. The hardware consists of physical paftsomputers and the software
consists of programs. The code is a subset of aodtwit is used for the purpose of
being loaded into computer to control it. If it cbe read by people then it is called
source code. The translation of source code iselbadto the computer is called

object code.

The first definition of quality in software sciendége said by Shewhart at the
beginning of 20th century: "There are two commopeasts of quality: one of them
has to do with the consideration of the qualityaothing as an objective reality
independent of the existence of man. The othetdds with what we think, feel or
sense as a result of the objective reality. In owinards, there is a subjective side of
quality."(Wikipedia) But now there are many defioits of software quality that
defined by scientists. And, all of these are ngsbabeen satisfactory by software

industry.

1. Software quality is determined by a set of qudéctors.

2. Software quality is determined by the user &attsn.

3. Software quality is determined by the errorsunexpected behavior of the

software.



All of these items of these are significance goftware quality, since they are
important for determination of software quality.eTéoftware quality are divided into

two parts: Software functional quality and Softwaneictural quality.

- Functional quality generally based on compliesd adesign of software,

functional requirements and etc.

- Structural quality is defined through the anaysf software's inner structure.

Source code, architecture of software and etecefbr determination of this quality

type.

Difference between structural and functional gyas the functional quality that
is evaluated through software testing. Every titgas been more difficult to define
software quality. It is reason that the comprehehdjuality is change person to
person and object to object. The description otwafe quality is differ among

project manager, tester, user clients, developeelemics and quality consultants.

The SQM stands for a quality modifies software.Ns@easures the quality of
software. This measure is based on quality factdrieh is defined when it affects

shown objectives such as software reliability aochplexity.

Another measure's type is metric. The measurensefased on relations of
numbers. These measures are monotonic and repeatablepeatable measurement
the results never change and anyone can get sasnéisr@at any time. In the
monotonic measurement, the certain change in thasune always represents a
certain change in the property being measured.ofih such a function is
consistently non increasing or non decreasing, fitat proportional. It is a desirable
measure and is reflected in the measure by theemettical relation. This measure is

considered well-behaved.
2.2 Software Metrics

Software metrics are necessary in computer scieremmuse there are many
companies that used software product on their wBsery director of company

wants that the software which they use will beatde. The measurement of quality



is determined how software product is reliable. Fat we use metrics to know
quality factors and measure characteristics ofnso#. The metrics must apply to
software’s code and avionics equipment code. Nbstginding factors are not
correlated with metric in some time, it helps peogmers to develop their programs.
Every project manager knows that without metriexyéhis no any way to determine
improving of software quality. In software enginag the "software metrics" are
related with the measurement. Therefore withoutsueawe cannot determine the
quality of software. Before measuring the souroeecof software it must be
translated into numbers. There are several aredsatle used in software metrics.
These areas are used in the planning of improvewpfesidftware. Software metrics
are used for developing of software size, in comipteanalyzing, in defect

analyzing and in effort estimation.
2.2.1 Classification of Software Metrics

There are different measures during the codingaftware. So the software

metrics grouped as follow.

a) Process Metrics

b) Product Metrics

c) Resource Metrics
2.2.1.1 Process Metrics

General purpose of this thesis is determinati@ngbality factors by using this
metrics. Process metric is making a big role toeustnd programming process.
Process conception differs from company or tesserch companies define this
metric as end product metrics. These metrics faliguthe defect during machine
testing. On the other hand some organizations hisetytpe of software metrics on

each phase of development cycle. There are sqvantslinclude this type of metric.

Defect density during machine testing is correlateth the defect rate on the

field. If there are many defects during machinginigsit will be harder to develop



software product. The higher defects of code ateragned during software testing.
After determination of defect developer must fiwittil the product is given to user.

The metrics of defects per line of code or funttoint is determination of
quality while software is tested. The project ngeraand tester use this metric for
quality determination. If the defect rate during tlesting is lower or same than the
previous, then you must do more testing. But ifdkéects rate higher than previous

one, then quality perspective is negative.

The phase defect density is more useful betwedrnasneThis metric uses for all
phase of development cycle. The design review, emddyzing is included into the
this cycle. The most percentage of defects relaiebe design problem. Because
design never harmonize with the results of programgmproduct. More
organizations use this defect density metrics isigite and coding phases for

determination of effort in process quality.

After the testing we know the number of defedhich must be removed the

defect from the product . In this, we can calaitlie defect removal efficiency.

DRDP

DRE = * 100

- DRE: Defect Removal Efficiency

- DRDP: Defects removed during a development phase

- DLP : Defects latent in the product

The total number of DLP in any development phasaat known, it is usually
estimated by DRDP + Defects Found Later. This metalculate development
process, for front end and for each phases. Forthiseametric is called early defect

metric and phase efficiency.

The effort and cost of products are measured isyntietrics type. Effort and cost
are main quality metrics in the quality factors.cBese cost metrics effect the price

of product. We also determine some quality factan effort metrics.



Software process metrics help developers to reshlture products problems.
Software Process metrics also measure the costpardiiction time of software
products. This metrics is known as managementicseaind project manager can
determine the future of program. So process mediiesnaking a big role in level of

measurement.

2.2.1.2 Product Metrics

Unlike the process metrics, the product metricsuse to measure properties of
software programs. With product metrics we can rdatee quality factors such as
reliability, usability, cost and size of produc®roduct metrics divided into two

parts; intrinsic product quality and customer atison.

Mean time to failure (MTTF) is one measurementt whiproduct metrics. It is
most used in security critical systems. This typeetrics measure the time between
two failures. What is the difference between tladufe and defects? Their
definitions and differences of this metric chang® prganizations. The following

differences were given from IEEE American NatioG&ndards Institute (ANSI).

* An error is a human mistake that occur in software
e Afault is caused when the system run the function.
« A defectis a anomaly of product.

e Afailure is a problem that occurs when producemsdy and used by clients.

In this definition, there is not any differencestieen fault and defect. Some
organizations and companies take these terms aswymously. These terms also are

taken as synonymously in the calculation of progsagnality.

Measure the MTTF metric is more expensive. Becawdeing the failure of
products firstly need to collect all problems aaduire from testers and costumers.
MTTF measure the time between the two failures dcatr in software. Some tester
companies think that this metrics only take moneg there are no any advantages
for products. Unless it is more expensive, this rineinfluence increasing the

maintainability and reliability quality factors.



The second measurement of product metrics is tdétsity metric. Differences
between DDM of process metrics and DDM of produetrios is only number of
defect density is used in process metrics. In pbduetrics number of defect are
divided to line of code and function point. Defdeinsity metrics use numerator and
denominator for measurement. Numerator is a sizesaffware that shows the
number defect for a time. It shows how many deféetge in definite time. The
denominator is number the thousand line of codedR) or number of function

point.

Line of code is a simple metric among the metrig@w this metrics are
measured? The line of code gives us the size ajram. This metric used for
productivity of program. There are two types of mig method in this metric. First,
some organizations counting only code's line ingtagram and show this in LOC.
In second type counting method the comments, blankiscode's line are showed in
LOC.

Other density metrics is calculating by numberfofction point (FP). What is
function point? This metric was developed by Alliwedor determination the
number of function in program. Function pointsedetine the effort of program
before development process. Calculation of thisrimét harder. This metric was
used in industry for estimation of function in sedire. It is also called as complexity

software metric.

There are five function types in FP. Each typecfiom's number is counted in
program. Then all types’ metrics is collected assigned a weight. These types are
following. "

e Number of external inputs

*  Number of external outputs

*  Number of logical internal files

Number of external interface files

* Number of external inquiries " ( U.S. DepartmehiTaansportation Federal
Aviation Administration, 1991)



External inputs file is a data that is includedusgr and changes the internal files
of program. Example of external input files arersea form and purchase card.
Examples of this function in modern programming de¢ete, add, insert and etc.
This function classified as three levels: simphlegrage, or complex. Simple input
function contains basic element types. The mang tigtes included in the complex
input function. If function is not simple and coraplthen it means that it is average
input function. If input's data is file, then itdglled an internal file. There are many
problems in measurement of input functions. Eaabpfe count the data as different.

So, firstly tester must attribute how and whicheyy data they will count.

External output functions control the data whicbheg to user or another
application. Example to external output functiossprinter reports and monitor.
External output functions are also divided by 3elevfor its complexity: sample,
average and complex. Sample output has a maximuntéumn format. There are
multiple columns format in average output functiQemplex output function has a
tangled file format transformation. In this metriall data types are used as output

functions.

Logical internal file is group of data, hardwareadable file or a file that is
generated by applications or users. Example oftyipis of file is card files, memory
reader files and etc. Database files also includesis file. Sample, average and
complex are complexity levels of logical internde$. Sample level contains one
record and data types. There are many records aadypes in complex level. The

data which is not a sample and complex is in awelaggl.

External Interface file is a same as complexityeleof logical internal file. This
file is entered by user a passed through applicatiche module related with other
module in module level then it is called a exterim&rface file. On system level

module show as the as input in application théemdtlled external input file.

Product metrics improve the quality of productsmpare existing systems with
new system. These metrics describes all propesfieevelopment process. So with
this metric we can determine quality improvemenpraigram.



2.2.1.3 Resource Metrics

Resource Metrics measure the characteristic ofuress and systems which
programs run on. Examples for this metrics are lbper's skills, system
performance and etc. Some project manager and teatethese metric as project

metrics.
2.2.2 Measurement of Software Metrics

Measurement defines as different. Let's explainiefjnition of the measurement.
Before measurement properties of program must tigbwded. Then properties of
program are converted to number. After changing tlhumber is categorized by
qguality metrics. And process from beginning to #rel is called measurement of

program.

After measurement, the quality metrics of prograam be determined. The
measurement divided into two parts: Direct andrixtiMeasurement.

2.2.2.1 Direct Measurement

Direct measure is a number that we can take frommceocode without another
function. Examples of direct measurement are L (bf code- measure number
of size), duration (time of process), Defects (nembf defects during testing) and
effort (measure works of person by month)

Defects and LOC are explained in product and m®geetrics. What is time
duration means? This metrics are known as two types some organizations
measure a time from starting project until finighirFor another organizations or
tester time is a duration when program start rugntilhgiving results. But in modern
programming the running of program depends on uBke running duration of

source code is called time metrics.

Effort is most usable metrics. This metrics detaeboth developer and software
quality. By this metrics project manager deterntime quality of developer. In next

chapters we will explain about effort and its cétion by Halstead's method.

10



2.2.2.2 Indirect Measurement

Indirect measure is number that collets many imdireetrics for categorizing
quality factors. By this method we can measure ssi@istics metrics. For example
productivity of programmer per month or per sizeeofle, defect density per time or
size of code and etc. The comparison of line alecito month effort is a calculation

of programmers productivity.

Many Quality factors are determined by this meaments method. In next
chapter these quality factors will be discussed.

2.3 Software Quality Factors

Quality Factor determination is more important fgpplication in process of
testing Many years ago many tester determined the progcarality as negative or
positive. The developing of programming also afdtie determination of software
quality. Increasing number of programming languamed their functions cause the
distribution of quality per category. Then all thesategories are named as quality
factors. Each quality factors has own name andutalon method. But many factors

are nearly related or nonrelated to each other.

There are many metrics type that relate with tedity factors. But some of these
metrics do not correspond with factors. Only indinmeasurement is correlated with

quality factors.

The following factors are more important factarsoftware engineering.

2.3.1 Accuracy

The accuracy of software products are dependedrogram's functions. If the
result is wrong then accuracy of product will bewl For example. The type of
input you show in program as integer. But userrsrtee value as real. So program
give the results error. If you show inputs typerea then the accuracy of program
will be so high. Sometimes programmer makes acguwsa high but in this moment

program's size expanded. Accuracy is same categtnefficiency and simplicity
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2.3.2 Clarity

Clarity metrics show that how programmer undeigtarprogram. Clarity gives
the reader about module, inputs and outputs. QGleagram is easy for testing. So
tester can understand the program easily. Fomgetttis quality factor programmer
must comment before some functions, write lines raaéte description of variables.
By measuring clarity tester or developer can fimdbpem's point easily. Clarity is

opposite to complexity.
2.3.3 Completeness

Completeness shows the how program is fully fimlshed customer satisfied.
Completeness covers broad area. This quality selati¢éh other quality factors.
Complete program determines all working parts afgpam. Incomplete program
contains many missing variables, incorrect remattkes,function that give incorrect
results and etc. Complete program firstly must haweccuracy. Most programmer
write in the code incorrect data specifications amdsing some variables. Tester
inputs some data during testing. If program is cleteol tester will not need to
generate extra input data. Completeness is depgradi programming languages

and developer.
2.3.4 Complexity

Complexity is most used term in SQM. Complexitynetimes used as quality
factor and sometimes as decision making. If it uasddecision making then it

measure for using software metrics.

Complexity is composed as many part. Many timétssscientist want to know
how many process and products of software relatesh womplexity.
Understandability or errors rated of software aggedmined by this quality metrics.
Project manager can determine of program such sts tbme and effort for budget

the program properly.
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Complexity quality factors divided into 2 typesstructural and psychological.
Structural complexity is depended on software peteluPsychological complexity

determines how person understands the program.

Definition of complexity relates by the time. Stamnetrics measure the product at
given time, history metrics measure the product gratess in time interval. Static
metrics has 3 types of measurement ways. Volumayaoorganizations and data
organizations. Volume measures the size of prodimhtrol organizations measure
structure of control. Data organizations measueer#lation between program and

data.

Complexity in many time related with maintainatyililt is harder maintain when
programs complexity is higher. Because complex paogtends to more bug and it
takes more time to fix these bugs. Complexity atsmflicts with simplicity,

understandability and etc.
2.3.5 Conciseness

Conciseness is ability of program that is usimgn function. Comments show
the understandability of program but many commeatguse the attention of reader.
Generally complexity is defined as structural coemply. Hence conciseness is
inversely proportional to structural complexity.pfogram conciseness so it will be
so cryptic and person ability cannot understandluently. This means that
conciseness is proportional to complexity. We cadeustand from this proportion
that when program is conciseness, it may not benstahdability.

Conciseness relates with some quality factors,samdetimes conflict with them.
Efficiency is one of the quality factors that relstwith conciseness. Overly
conciseness program used many functions. Developst include modularity of his

program package otherwise he will not gain thedukhlity of program.
2.3.6 Correctness

Division error to line of code is determined catreess quality factor. Difference

between the accuracy and correctness that corssctetates with standard errors.
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Correctness relates with the reliability. If softeas reliable, it gives correct results
in a period of time. Correctness also determinesptrformance of program. Firstly
tester must understand the program for measuringaitrectness. If correctness of
program is higher then it is understandable andaiel@. In modern programming the
size of code is so higher. If code's size so highen this code must be modular
hence it may not defined as correctness.

2.3.7 Expendability

Expendability increases performance of softwarexpaBding means that you
change program and increase its function's modwlarFirstly program must be
readable and simple. If program is so complex tihemill be hard to change and

expend it.

Before expending developer need to measure tlee dfiprogram. The size is
changed when the program expends. If there arampproblem with the size and
data then developer may analyze the function andufeoof program. Modular
program is expended so easily. The changing a readybrogram is so easier than

changing all source codes.

2.3.8 Maintainability

There are many definitions about this process. @rleem is following.

"It is a measure of how easily software can bengbd because of bugs
encountered during operation, user requirementisviieae not satisfied, changing
requirements, and upgrading or 'obsolete’ a systdm this view, maintenance
encompasses not only the time needed to fix erbotsalso time needed to enhance
the system's operation. " ( U.S. Department of 3partation Federal Aviation
Administration, 1991)

Maintainability is part of quality that give usw@rogram can be maintain after
developing. It is so hard for developer. This awyafactor is determined every life

cycle of developing.
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Maintainability also relates and conflicts withhet quality factors. Complexity
conflicts with maintainability. The complex prograsharder to understand. Before
maintain the program developer and user must utashetsoftware. Then it can fix
bug. There are many bugs in complex software.cigficy is also one of factors that
conflicts with maintainability. Efficiency is depded on machine system. The
developer fixes the bug or writes some module &ftwsare but it may not work on
requirement system. Maintainability relates witmglicity, portability, adaptability

and generality.
2.3.9 Modularity

Improvement of technology is going so fast. Develtspand programmers every
day write new codes, new programs for these tecigiesd. Modern technologies
consist of multifunctional programs. Developer useedule for decreasing the
complexity, efficiency and size of program. Modufaogram helps developer for
making program reliable, usable, expendable andMetclularity also relates with

other factors such as flexibility, portability, sability
2.3.10 Portability

Portability measures how easily program runs in yndifferent systems. In
modern time there are many systems and operatigtereg that used by user.
Portable program is not dependent only operatingtesy and machine, it also
dependent from the programming language. Most progring languages are not
working on every operating system.

Before writing a program firstly need to selecognamming language. The
operating system must be determined which prograthrun on it. After this
procedure the programming language and operatistersy are combined. Then
written program uses the class of programming lagguwhich operating system run

the program by using this compiler. Portable prograwritten following this steps.
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2.3.11 Reliability

Reliability is remarkable between quality factdfsr that many researcher writes
many articles about how increasing the reliabibfyprograms. Reliability is not

dependent only program. It also depends on hardaradeleveloper.

In spite of good programmed program, the probldmhardware affects the
reliability of software product. For example: Thiane's software products must be

full reliable.

Reliability factors are related with accuracy. i$t depended on developers
experience. Good algorithm, using necessary typear@bles every time gives you
reliable program. Complexity conflict with reliaityl. There are many bugs and error
in complex program and it affects the quality obgnam. But when developer use
the module in complex program the reliability ofogram increases. Reliable
program is also usable, portable, understandalgdeettm This quality factors are also

related with performance and correctness.
2.3.12 Simplicity

Software program simplicity uses data and corfimolorganizing program and
makes it understandable. Simplicity relates withaigeness. This quality factor is
proportional to understandability. All programmeusaderstand simple programs
code's structures. Modularity also relates withmpdicity. Module in the program
allows programmer to understand the applicatiormg8city is opposite of

complexity.
2.3.13 Understandability

Understandability determines how you can undedstdre program. To be
understood the program it must be simple, well cemied, good defined variables
and coding as standards. Understandability is e@ldab all quality factors. It is

conflicted with reliability and performance.
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CHAPTER THREE

HALSTEAD'S METRICS AND LOC

In Chapter two software metrics, about its measereamand quality factors are
discussed. There are many methods that is useddasurement of software metrics.
There are a few methods that used in 70's and y&@ss. But nowadays many
company and organizations use their own calculatmethods. And their

measurement covers all development process aptiades of software life cycle.

Measurement of metrics is divided into two parfifiey are code based
measurement and report based measurement. Coakrbaasurement measures the
metrics by using some mathematical calculationse Téport based measurement
takes all reports from tester and users for detatiun of quality. In 70's and 80’s
determination of software quality based on numb&he methods which were used
in that time are McCabe Cyclomatic Complexity Medri Halstead's Metrics,
RADC's Software Metrics, Albrecht's Function Poifetric, Henry and Kafura's

Information Flow Metrics.

3.1 Halstead's Software Metrics

In 70’s, Halstead created new measurement method3oftware science. He
thinks that without using the code it is possilblealculate some metrics of software.
For his method some metrics are gotten from algaribecause it obeys physical

law. He used directly, indirectly, statically adgnhamically metrics in this method

His calculation based on operators and operanpgsradds are the variables and
constants. Operators are the symbols that affecvatue of operands. For example
parentheses are operators. Halstead calculatesbftveare metrics by counting the
operands and operators. Before counting operatods operands, code must be
written clearly. This counting helps programmer dalculate program length,

vocabulary and etc.
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Calculating of metrics by using Halstead's methéicstly we must count

following parameters.

* Nl - number of unique operators.
* N2 - number of unique operands
e NI1- number of total operators

e N2 - number of total operands.
Let's calculate software metrics by using the téald's method
3.1.1 Vocabulary
Calculation of vocabulary is as following.
n=nl+n2

The unit of vocabulary is defining as word. Womsl defined as string and
characters in programs. In this equation vocabukatgtal of unique operators and
operands. Each programming language has own s$ymaules. Same programs
give different number of operators in different gnams.

Calculate vocabulary in following example.

X=y+2z

t=x*Xx;

In this program unique operands are X, y, z ahitnber of unique operands is 4.
Operators are =, +, *. In this program return fimeimust be counted as operator. So
number of unique operators is 4. In this calcafatihe vocabulary is 8. Calculate

vocabulary of this program is so easy becausedte s written so clearly.

The counting method should be established by gramomer who knows the
programming language so clearly. Without this kremige, the counting will be
false. And it affects the quality of program.
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3.1.2 Implementation Length
Calculation of Implementation length is as follows
N =N1+ N2

N1 is total number of operands, N2 is total numibeoperators. These results
give total length of programs. In this calculatialh operands and operators are

counted whether they are unique or not.
Example:
Calculate Implementation Length of following exdep

X=Yy+2z;

t=x1y;

There are 5 operators and 6 operands in exampke.operators are two equal,
one plus sign, one division sign and one returrctions. The operands are two X,

two y, one z and one t. The implementation lengthli words.

This calculation is easy. Because this measurkseiar. But in programming the

measure is not line in many time and it is cal@adads linear.
3.1.3 Estimated Length

The implementation length can be estimated. Halstzdculated the length as
total of operators and operands in the power bt calculation of this definition is

as
N=n1M*n2"?
Calculation of estimated length is as follow

N =log(n1™*n2")
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Differentiated between Implementation and Estimidéagth the sign is written as
N. There is a strong relationship between estimatetimplementation length. Let's
calculates both length parameters. The compare witle other for finding

correlation. If this correlation is bigger than 9@8&n it is well structured programs.

The calculation of estimated length is based aguenoperands and operators. If
operators and operands will repeats once or twedithen it means the estimated
length will underestimate implementation lengthisTiength also can overestimate.
In the program number of unique operands and opsracreases. Then it is not
means that the implementation length changes.l&ualue of estimated changes its

value.
3.1.4 Volume

Halstead measures the size of algorithm from tHievace's parameter. The size
of algorithm is important aspect of software. Hdirtks this size as Volume of
program. The calculation of Volume is based on enm@ntation length and
vocabulary of program. When program is translatechfone language to another it

changes its size.
The calculation of volume is as follows
V =N log n bits
N is the total number of words,is total number of unique words in the program.

Halstead used in this calculation combinatorydod@he calculating of minimal
number of digits is as leg. t is a base of number, c is a number of elemients
program. Halstead shows the value of t as 2, becaugrogram all code are stored
as binary digits. logc can represent the each unique words in vocabular
example: If our program has 16 unique words scoctleulation will be log 16 = 4
bits/words. Then Halstead multiplies to this cadtian number of total words and at
the results it gives us the Volume of program. Theasure is calculated normally as

follow
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V =(N1+N2)log (Nl +n2)
3.1.5Program Level

Halstead used this metric to measure the abifitthe programmer. The lowest
program level is 1. It means that there is oneestaht. The function of this
statement is call to a procedure. And this prooedxists outside of the program.

The lower degree of program level reduces the aragnto simplest form.

Project manager and some developers use thiscn@ticalculating the effort of a
program. Effort of a program can be measured @myewritten program. With this
measure project managers determine how programe&sgy understood and

implemented the program again.

If program is written by experienced programmettts® level of program is too
high. If the product is coded by group of new pesgmer then the value of program
level is so high. Halstead wrote on his article tbaver level is so wordier. Because
it is so difficult to understand this type of pragr and there are many hidden steps

in the source code.
Calculation of Program Level is as follow
L=(n1/n1)x{O2/N2)

n1 is the minimum number of unique operators. Theimim number of unique
operators in software programs is given as 2. Aalstdad calculated the program

level as follow.
L=(2/n1)x 2/N2)
3.1.6 Program Difficulty

Program Difficulty is the inverse of Program levélhis metric is proportional to

Programs Volume. When the value of Volume increashe difficulty also
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increases. The Operators and Operands are repedtethcrease the value of
Volume and Program Difficulty.

Calculation of Program difficulty is as follow.
D=1/L

If we write square roots program in different laages then the rate of program
difficulty will change on each languages. Assemiblas high difficulty rate among
the other programming language.

3.1.7 Intelligent Content

Intelligent content presents the algorithm compyerf programming language.

Calculation of this metrics is as follow.
| = L. x V bits

L is symbol of program level and V is symbol of Vimle. The unit of intelligent
content is "bit". This metric represents the numbérconstant information that

presents in programming language at any level.

Calculate Intelligent content by using operatard aperands. In before equation

we used program level and volume. Let's write dat@n of this metrics.
V =(N1+N2)log (Nl +n2)
L=(2/nl)x02/N2)
Substitute these quantities into the main eqnoatio

| =(2/n1) x (N2 /N2) x (N1 + N2) log(nl +n2)
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3.1.8 Programming Effort

Programming effort measures the programmer's tpbikquired to write a

program. Calculation of programming effort is aloiw.
E=V/L
V is the Volume and L is the Program level. Thé ohEffort is a discrimination.

Let's calculate the effort of following program e is written in Basic.

Table 3.1. Basic Code Example

Leta=4.5
input b
let x = b/a*7

print x

Let's count the operators and operands that we fasecalculations of
programming effort.

* nl number of unique operators is 6 ( input, "lettd &n", *, /, print, line
separator)
* N2 number of unique operandsis 5 (a, b, x, 4.Dmst@Ant, 7 is constant)

* N1 total number of operators is 9 ( two "let" ard";" input, print, *, /, 3
line separators)

* N2 total number of operands is 8 ( two a, two bo tey constant 4.5,
constant 7)

"Let" and “=" symbols are counted together becaus8asic" =" is not used
without "let".

Calculate the volume of this program.
V=(N1+N2)log(Nnl+n2)=(9+8)log(5+6)=17logll =58.81
Let's substitute the numbers of Hallstead's pataraen Level equation

L=2/n1)xM2/N2)=(2/6)x (5/8) =10/ 48 =0.20
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Calculation effort of this program is as follow
E=V/L=58.81/0.20 = 294.05 discriminations

Effort measures the programmer's mental that hewitites a program by using
the operators and operands. If the effort of thegmmmer is higher, then
programmer is fluent in language which program rgten and he understands the
program very well. Volume is proportional to effo80 large volume requires high

level effort.

3.1.9 Programming Time

Programming time is duration of programmers cgdirCalculation of

programming time is as follow
T=E/S

S is a Stroud number that changes between 2@n8troud number is a number
of human brains perform effort discriminations peicond. Generally in software
scientists use Stroud number's value as 18. Thgrgmmer who are fluent in

coding, his Stroud number is defined as 18.

Let's calculate the time of program in table 3ffioi of this program is 294.05
discriminations. Let give the value of Stroud numbs 16 discriminations/second.

The programming time is
T=E/S=294.05/ 16 = 18.3 seconds

For Hallstead the programming time is amount aietithat how much time
programmers understand the program. So with thisiledion you also can calculate

future application. But firstly we must calculaketeffort of programs as follow.

E=V/\2

V is volume,A is Language level. So from this equation we cdoutaie the

future programming time.
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3.1.10 Language Level
Calculation of language level is as follow.
A=L%V

L is program level, V is volume. Language levelmgtrics that gives us how
language represents algorithm. Let's calculateuageg level of program in Table

3.1. Substitute Volume and program Level into #gsation. And language level is
A = (0.20fx 58.81 = 2.35

This amount allows project manager and programn@rselect programming
language for their projects. The project develsperite their code in different
language and measure their language's level. Thghermlevel of programming

language is chosen for implementation
3.1.11 Number of Bugs
Calculation of number of bugs in program is aofel
B=V/E

V is number of Volume, 1/ Hs average number of discriminations which people
make for a bug during the coding,i& determined previous work of developers, but
Halstead determines it as 3200. Let's calculatentimeber of bug of program in table
3.1

B=V/E=58.81/3200 = 0.01 bugs

Number of bugs in this program is less than 1 beedt has only few statements.
In generally, the number of bug is higher whenwblkeime of program is large. The

number of bugs in real life program is more thaaregle.
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3.2 Line of Code (LOC)

First metrics in software science is Line of Codlkeis metrics first time used in
1960 year. Programming cost, defects rate and ptimity of the program can be
calculated by this metrics. Economic of softwaremeasured by using "dollar per
LOC". Productivity of software is measured by "L@€r time” and defects rate is
measured by "defects per KLOC". KLOC is 1000 LOC.

Determination volume of code by LOC can be comgavgh other programming
language. Program gives different LOC in differartguages. First time when the
LOC was used, there was only assembly languageo@a the LOC and calculation

of program efforts was so easy.

What is the LOC? Line of code is a number of caithes is not a comment and
blank. Code is combination of headers, functiors statements. There are two types

of counting method in LOC. Physical and logicaklwf code.

Physical LOC is code that contains inside the remdd comments and blanks
line. Before measuring the Line of Code by using thethod you must ask yourself
what you are measuring and what this measure wii gou. If you want to measure
the productivity, complexity of program then youncase for measuring the
executable physical line methods. What is execatablysical line? Inside of this
line there are not any comments and blanks linais Type of measurement is so
easy than logical if programming language standadistatements in one format. In
modern language some of developers creates ows tassubstitution of some
functions. And in counting time the organizatiom$eimine this class name as blank.
Before testing developer must introduce its owrssho tester and input it as class

into the counting program.

Logical LOC counts the statements and functioms iin program. Logical LOC is
independent physical form that counts logic statégman code. Logical LOC is used
for determination effort, cost, design, coded amcl Advantages of this source
statement are not dependent on programming sl changing of logical LOC is

not affected the source code and its formatteraddantages of this types LOC is
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counting rule determined by organizations. So fiamst, modules of statements are
delimiter from language to language. It means thafi cannot compare this

measurement with other code that writes in diffef@nguage. But if delimiter is not

defines as explicitly so they determine own rulesuse general rules. There are
many languages that have more one type delimitasca&, Basic C has own

comment counting rules. The coding rule is différen many languages. Many

languages need to use semicolon at the end ofditesome of them do not need to
put this type symbol. So developer must write theéecby the rule that is determined
by organizations. And it makes easy counting ldgsoairce statements determined
number of Logical LOC

Comments are a string that has not any effectroagram’'s code. Writing and
deleting code is not change structure of codes. i@@ms are physical lines that
many time counts by some testers and project managemments are divided into
many types by its purposes. Header comments areextptanation of class or

programs. Explanation before procedure and modutall pre-module comments.

Blank Lines is a physical line that is not defineg any symbol. Blank lines

effects many quality factors such as readability emraintainability.

The advantages of LOC are being simple for measemé The disadvantages of
Loc is that it is depended on languages, bad tstraiccodes give excessive line code

and cannot easy understand it.

Some of tester and scientist think that they meathe productivity of program
by LOC. But modern programming is different thanthe 60's. In 60's years
developers did not used functions, procedures &s$ n their code. But now there
are many different languages that is used by dpeeto The complexity of program
affects the productivity of product. So in modgrogramming the complexity
program nearly takes 100 line codes. And this tyfggrogram is same as 10000 line
code in 60's years. | think we cannot use this iosetor measuring of productivity in
modern programming. Because the productivity ofgpam which has 20 line of
codes is less productivity than system that ha$ 1lid@ of code. But first program is
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more effectiveness than others and it used mangtiburs and class in coding. Line
of code is a product metrics.

3.3 Software Quality Factor Based On LOC and Halstaed Metrics

Software Quality is determined by software metridsere are many measurement
methods for determining metrics and quality fact&@sme Halstead's metrics relate

with quality factors.

3.3.1 Implementation Length

Implementation length is determined by calculatadnoperators and operands.
This counting is correlated with the complexity. donly the number of unique
operands correlated with the modularity. Increasimplementation length also
affects to the complexity. Complexity and this duyafactor depend on size of
program. When the size of program is increasing difficult to understand it. So
Halstead's implementation length is used for dateng Complexity of program.

3.3.2Volume

Volume determines the size of program or algoritiyrbits. The running of big
volume program is depended on system requiremarits@me tester organizations
use the volume of program for determining conciserend efficiency. Decreasing
the volume of program increase only the runningedps product.

3.3.3 Program Level

In software engineering this metrics determines poogrammers understand the
program before writing. Many project managers s Iinetric determine the effort
of program and ability of programmers. Program lleigerelated with program
volume. Halstead noted on his research that loesel lof programs is wordier. So
the program level is proportional to understandgbdf program and it is difficult

understand the lowest level program.
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3.3.4 Difficulty

Difficulty is inverse of program level. Difficultys not proportional to quality
factor that are determined by program level. Cowipés of program are measured

by this metric. Complexity is divided into two padtructural and psychological.

3.3.5 Intelligence Content

New developers write same algorithm in differeabduage for knowing the
difference of intelligence content between two pamgs. At the result the
intelligence content of programs are nearly santd wihers and it took 10 percent
of average. So in 1960 years the tester determiinadthis metric measures the
complexity of program. But for many organizatiohstresult is not true because it is
written by new developer not experienced programriénen the programmer is
written by professional programmers so the intelice content will not give same
result. For experts standpoint, the Intelligecoatent relates with efficiency of

program because it is an estimated of volume.

3.3.6 Programming Effort

Programming effort is used by many researchersifeeyaht version. Sheppard,
Milliman and Curtis used this metric for determigiaf program understandability.

For these researchers the effort is proportionahtterstandability.

According to the research effort is related witoggamming development and
program clarity. Effort determines the modularifypoogram according to Baker and

Zweben’s research.

Harrison used the equation of effort for correlatbetween effort and module. By
this correlation he found maintenance time thaivdetd by module. In Study,
module is defined as software component. But inegrpce it is subprograms. He
used effort for finding the bug of module and det@ing the maintenance of

program.
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3.3.7 Number of Bugs

According to equation Volume is proportional tawher of bugs. The program is
written as same relative quality by many prograngneknd at the result we
determine that Volume and number of bug are na&alin Number of Bugs relates

with correctness and maintainability.

Halstead's software metric relate with the follogvguality factors

e Complexity e Modularity

» Conciseness * Readability

» Correctness e Simplicity

* Expendability » Testability

» Efficiency * Understandability

* Maintainability

Determination of software quality factors by Habsl's metrics are not used in
modern quality determination. Implementation lengwlates with flexibility,
reusability, portability and etc. For some testidwis metric relates with

understandability. Because this quality factorasplementary to complexity.

Volume and Programming efforts also relates witmynquality factors such as

complexity, modifiability, modularity, number of g and etc.

Halstead's metric is derived from programming m$fo volume and
implementation length. Some quality factors areedwined by documentation
reports. But Halstead metrics are determined byhemastical calculation. For this

reason Hallstead metrics are not correlated alitguactors.

The other type of metrics that related with qyaléctors is line of code. Above
line of code and its functions are discussed. By bf code the size of programs, its

defects rate and productivity can be measured.
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If the code size is calculated as physical limesmtcomplexity and volume of code
should be determined. The measurement of LOCvideti into many parts such as
CLOC, BLOC, SLOC and etc. CLOC is a comment linecofle, BLOC is a blank
line of code and SLOC is a Source line of code. CL@easures the number of
comments in the program's source code. Commemsad for explanations some
modules or functions in the code. Number of commeigt increasing the
understandability of program, but more commentoismore effectiveness. Blank is
a line that there is no any symbol in it. The numbé blank determines the
inaccuracy of programmers. It is also determine mlewity and maintenance of
program. More blanks line is not proportional toarity, accuracy and
understandability. Source line code is determingddgical line. There are only
statements in this line. This metric determine® giZ code. By this metric we can

measure volume, complexity of program and abilitprmgrammers.
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CHAPTER FOUR

DEVELOPING A TOOL

The determination quality of software program isingportant for product's
companies since the first software program wastewitimproving technology and
programming languages also affects for analyzingrofiucts. Programming style is
changing years by years. First programming typdingar programming. Then
programming is changed to object orienting programgm file programming,
database programming and etc. Increasing progragimsiyle affects to the
complexity of programs. Creating new measuremerdgthaoa is also depended on
developing program style and programming langu&gein modern programming
there are many analyzing style that are used f®sqgpibing quality of products. Each

programming language has its own analyzing method.

Generally, user wants to know the quality of pemgs. But companies want to
know quality of programmers before the programs.cddee the qualitative
programmers create quality program. So compani&d steasure the quality of
programmers by the near of product. The qualitdefelopers is determined by his

own code's parameter.

Halstead's and Line of Code metrics are used falyaing software and
developer's work in this thesis. Halstead's mefiiss time was used in 70's years.
The programming type was linear when Halstead'iogktvas used. But now most
useful programming type is object oriented. Fdcuwation metrics of programs
which is written in this type is difficult. Thermfe we cannot apply Halstead
method's to this calculation metric.

Line of Code metrics first time was used in 6@srg. It was easy to calculate
number of line in programs. programmers have gstatte use more than one
programming languages in one software product ss@®and it was difficult count

the line of code as accuracy. Testers startedséofunction as line of statement

32



which relates with other language. In these peritheis productivity of software

increased but number of LOC decreased. After ®@snumber of programming
language increased. And programmers start to usee rti@n 4 programming

languages in one product. So it was difficult makstandards calculation for all
programming language and each tester starts tdecitsaown calculation method.
Increasing number of programming languages chatiggsmeasurement type of
LOC. Some tester used physical line, some testgcdb statement line. In large
projects there are many non-code workers such@sgbrmanager, designer, quality
assurance, data base administrators and etc. ©here problem that none of this
people can measure Line of Code. For measuremehninefof Code firstly tester

must know the programming language. As of 2013twsot industry has 2500
programming language but 2400 of them are becomésyl languages. And other
remainder languages have its own measurement stBnddany organizations use

own standards for measurement.

The main problem of modern programming that witheeeing the source code
organizations cannot determine the quality of paogr And the programmer does
not want to give the source code to anyone. Compagins to test its own program.
At the result it consider that this program qualdy not. Now there are some

organization has own quality standards such as IBKd,and etc.
4.1 Creating a Tool for Measuring the Program Soure Code

In this thesis for determination of the progranalgy without seeing source code
the web tool is created. Halstead's and LOC mearesused in this measurement. It
iIs known that applying these methods for modermganmming is difficult. Firstly
web tool measures the LOC of source code on tlegniet. This tool measures the
CLOC, BLOC and SLOC of program. At the result numbé& comment's line,
blanks line and statements line are inserted ih® database table. After this
programmers enter into the database the uniquaataldnumbers of operator and

operands. So tester cannot see the source codegram.

How is developing tools working? For collectingdasletermining Halstead's and
LOC metrics of source code windows 7 home premiuenused as server of web
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tool. Use the apache as internal server and MYSQs database. This tool is
coded in 4 programming language. They are PHPV&, I&¢# and JavaScript. Firstly
Programmer must enter to special IP address an@ meajstration for entering his

programs source code data. Then his source codée rast analyzed by web tools.

LOC metric tool is written in java and C#. It detenes comment, blank and source
lines. Programmer must enter Halstead's metricthrgdool by his own hand.

This tool measures the LOC of program which isttemi in 45 programming

languages. Before calculating the LOC programmestrda the following process

* If you are using the linear programming you musitevthe function code
under the function's name in the main code.

* If you are using the object orienting programmiray ynust enter class code
which you write in the main code.

* If you are using the class of library then thissslavill count as one source
line.

* If you use the two programming language in one fwgthen shows the

type of file as which language take main.

In this tool we put all 45 languages specific s the database and write the
standards of each programming languages. Prograranters its source code into
the text pad and tool calculates the physical agetél line of program on internet.
Then number of comment lines, blank lines and solines automatically enter into

database table.

After calculation of LOC programmer must enter tHalstead's metric into
database. The number of operators and operanddevitounted by programmers.
Because there are many problems for determinafitimecoperators and operands. In
modern programming there are some words that usedparator and operands.
Programs may make a mistake the determination esfetllype operators. So some
standards must be defined for this calculation.oBefmeasurement programmers

must do attention in following calculation rules.
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* If you are writing linear programming and using tlu@ction in code then
you must count all operators and operands of fanctAnd you must enter
the sum of all this number into the database

* If you are writing object orienting programming ausing the class in code
then you must count all operators and operand$as§cAnd you must enter
the sum of all this number into the database.

* If you are using the class which you write then youst count this class's
operators and operands.

* If you are using the class from program librarynthe@u must count it as
operator.

* If you are using the two or more programming lamgguan one program then
you will enter the sum of all operators and opesaoidtwo language's source
code.

» If there are any operators and operands as same tiem you will take them

as operators and operands by its position.

Before counting, programmer must know what he tourin modern
programming operator is argument that defined state. There are some words has
multiple part that occur operator set. They defiseone compound operator. There
are some words that represent in one function #nd function is counted as one
unique operator. But some words have different tione so these are counted as
two distinct operators. For example: if ¥ or ” faerare denoted in source code then
these two symbols are represent as one functionsymbol is defined as comment
and multiplication sign in the code then this syiiaist be counted as two unique
operators. The operands are mostly variables anstaat in source code. There are
some operands that are written in different forrhdmunted as one unique operands.
For example if variable name denoted by velocityarthen this two form represent
as one. Conversely, the one variable may be cduaggwo unique operands. For
example: If constant 5 is given as number of aaagl also it denotes length of

something as 5m, then this constant is counted@sutguments.

The measurement of operators and operands is oobtonic and repeatable.

Because programmers may count the word that ismgerand or operator. And it
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increases the value of measurements. So diffeeater define different operator
sets. A software tool's measurement is also nomotoaic. Although it has a good
define standards for identifying operator and opeésa it also makes mistakes in

counting common operands.

4.2 Analysis the Parameter of Source Code

The purpose of this project is analyzing moderrgpam's quality without seeing
source code. There are many programming style ademm time. Many quality
analyzers make attention to the programming s8ig. quality is not depended on
programming style. It depends on structure of pogrQuality is divided into 4
parts. They are product quality, manufacturingli(yyauser perceived quality and

economic quality. User satisfaction affects adis quality types.

Software must do what the customers want in ddo This term is first mission
of programmers. So it means that user makes a targaole in software production
and quality. Before writing the code of programjpob managers or developers must
collect the request of user. User's view of thalityis called quality in use. The
behavior and work of developer is measured by vaydtem. The output of work
system measured as effectiveness, productivity @sel satisfaction. User data
satisfaction is measured by 5 point scale. Theyarg satisfied, satisfied, neutral,
dissatisfied and very dissatisfied. The qualitgesermined by these scales and based
on design metric, system requirement, density idiraand etc. We can determine
the capability, functionality, usability, performam install ability, documentation
and overall of product by user satisfaction metrits this project my tools cannot
determine this quality types. For this determimagmwogram is needed to run firstly

then opinion of user should be collected. Web tlmtérmines the product quality.

95 programmers' sources codes have been collectas month. Some of unfit
data is bolted from collection data. Then web tewlrts calculating the Halstead's
metric of data and insert it into new databaseetabhe calculation is in Table 4.1
and Table 4.2
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Table 4.1 Calculation of Halstead's metric of atiilen data

$plen=$topnd+$toprt;

$voca=$uopnd+$Suoprt;

$pvol=$plen*log($voca,2);
$prlen=($uopnd*log(Suopnd,2))+($uoprt*log($uopjy;
$lev=(2*$uopnd)/($uoprt*$Stopnd);

$diff=1/$lev;

$effort=$pvol/$lev;

$time=$effort/15;

$error=3$pvol/3200;

$icont=$pvol*$lev;

$llev=$pvol*$icont

Table. 4.2 Insert Halstead's metric into table

INSERT INTO vyap (‘yap_id’, ‘pro_id’, “prog_length’yocab’, “prog_vol
‘pred_length’, “level’, “difficulty’, “effort’, e, “error’, ‘intel_cont’, ‘lang_lev)
VALUES

Vocabulary- This module defines number of unique words in therce code.
This module must be well defined. The unique opesaand operands must be
counted once time. This metrics applies the implaateon of algorithm. If
algorithm is less than one operand and two opeyatmn it is undefined. Metrics
produced integer number. The unit of metric is woftliis module relates with
clarity, complexity, simplicity and understandatyilCalculation in our thesis is as

follow

$voca=$uopnd+$Suoprt;

$voca is vocabulary, $uopnd is unigue number @&rapd and $uoprt is unique
number of operator.
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Implementation length This module defines the total number of wordsha
program. This code also applies the implementatioalgorithm. Implementation
length is not monotonic. This metric produce theger number. The unit of metric
is words. It relates with clarity, complexity, sifigity, performance and

understandability. Calculation of implementationdth in our thesis is as follow

$plen=$topnd+$toprt;

$plen is implementation length, $topnd is totamber of operands and $toprt is
total number of operators.

Estimated Length estimate the total number of operands and operators
program. It is also same as vocabulary in applyirghod. This metric produces a
real number. The difference of estimated lengtlwbeh implementation lengths is
the equation is nonlinear. The unit of metric isrédg It relates with clarity,
complexity, performance, understandability and sicitg. Calculation of this metric

in our thesis is as follow

$prlen=(Suopnd*log(Suopnd,2))+($uoprt*log(Suopnd;2)

$prlen is estimared length, $uopnd is a numbemajue operands and $uoprt is a

number of unique operators.

Volume- This metric calculate the binary digits of albgram's function. Volume
Is used in comparison size of program in diffedlanguages. Metric produces a real
number. And the value of metric must be higher thad equal to 4.755. If the
volume of large algorithm is less than small algon so it can be implemented so
tersely. The unit of metric is bits. It relates hvitlarity, performance, reliability,
complexity, simplicity and understandability. Cdltion of volume in this thesis is

as follow

$pvol=%plen*log($voca,2);

$pvol is a volume, $plen is implementation lengtid $voca is vocabulary of

program.
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Program level measure the implementation of module in souozkecWhen the
number of operator is two and number of operandnis, this program's level of
source code is higher. Metric produces a real nanitiee value of this metric is less
than and equal to one. This metric is unitlessgRrm level relates with clarity,
understandability, simplicity, complexity and perfance. Calculation of metric in

our thesis is as follow

$lev=(2*$uopnd)/($uoprt*$topnd);

$lev is a program level, $uopnd is a number ofquei operands, $uoprt is a

number of unique operators and $topnd is a totadbar of unique operands.

Intelligence Content represent quantity of information in any funation any
language, at any level. This metric produces reahbver and it value is bigger than
and equal to 4.755. This metric measure the sizaalgbrithm that based on
implementation. The unit of metric is bit Intelligge content also measures the
impurity of algorithm implementation. It relates tiviconciseness and efficiency.

Calculation metrics in thesis is as follow.

$icont=$pvol*$lev;

$icont is a intelligence content, $pvol is a votuand $lev is a program level of

program.

Programming Effort- measure the number of discriminations when faogner
converts the algorithm to the programming languagbsgch he knows fluently.
Programmer selects the vocabulary words and usesNittimes in implementation.
Each mental discrimination in selection processingsf the effort to difficulty
understanding. This metrics also produces a reabeun and its value is higher than
and equal to 4.755. The unit of metric is discriation. This metric relates with
clarity, complexity, reliability and simplicity. Tehcalculation of metric in my thesis

is as follow.

$effort=$pvol/$lev;
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$effort is value of effort. $pvol is volume ank$is program level of program.

Programming time- measure the time that programmer expend foringrit
program'’s source code. This metric produces amaaber and its value is greater
than and equal to quarter of the second. Most probl in calculation of
programming time is determination of Stroud numbd@rogramming time is no
monotonic and repeatable. Because the result progirag time may be shorter for
the program has high programming effort than fopragram is lesser value of
programming effort. The unit of this metric is ead. It relates with performance.

Calculation of programming time in this thesis ssfallow.
$time=$effort/15;

$time is a programming time and $ effort is prognang effort of program. In
this research the Stroud number is taken as 1Eany Halstead's calculation the

Stroud number takes as 15, it is general Stroudoeuwf normal programmers.

Language Level This metric measure the efficiency of languagen algorithm
is implemented in. This number produces a real rermiich is less than or equal to
the volume of program. It does not relates witheotuality factors. Because it
measures the language level and it does not dffequality of program. Calculation

of language level in our thesis is as follow.
$llev=$lev*$icont;

$llev is language level. $lev is a program leved &icont is intelligence content

of program.

Number of Bugs measures the number of bugs of program that occueal
measurement time. The metric produces is posigaémumber. Most problem is in
determination of Evalue. It is not monotonic and repeatable. Becgusgrammers
may make a minimum bug in high volume program tbioer. The concentration of
programmer may changes day by day. It also depemgisogramming language. If

programmer knows the language as fluently so thebeu of bugs and Ewill be
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minimum. The unit of this metric is bug. Number d&iugs relates with
maintainability. Calculation of number bugs in tthesis is as follow.

$error=%$pvol/3200;

$error is number of bugs and $pvol is a volumeprofyram. g is defined as 3200.
In many calculation of Halstead's metric Halsteatednined the typical value of

discriminations per bug as 3200.

Difficulty - This metrics is inverse of program level. Thistrit is also unitless.
Metric produces a real number. It relates with claxipy, simplicity and clarity.

Calculation of difficulty in our thesis is as follo

$diff=1/$lev;

$diff is difficulty and $lev is program level ofggram.

4.3 Determination of Program and Developers Quality

The quality metrics is used for measurements dftivgre quality factors. There
are many quality factors in software science buthis thesis we will measure the
quality factors that are determinate by Halsteadts LOC metrics. Some of metrics

are applied broadly, and some of them are nota@aith quality factors.

The source codes are written in 7 different progreng languages by
programmers from 36 countries. In this thesis kulate the quality factors per
country and programming languages. 318 sourcescaderegistered in our project.
The useless data is automatically illuminated.

The number of programmers is grouped by programrisinguages and countries
in Table 4.3 and Table 4.4
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Table 4.3 Number of programmers by programminguaggs.

Language Number of programmers
C 9
C# 8
C++ 10
Java 29
Lisp
Pascal
PHP 26
Table 4.4 Number of programmers by countries.

Country Number Country Number
Azerbaijan 8 Niger 1
Belgium 1 Pakistan 7
Botswana 1 Philippines 6
Brazil 2 Poland 1
Bulgaria 1 Romania 1
Cameroon 1 Saudi Arabia 1
Egypt 7 Serbia and Montenegro|1
Ethiopia 1 Slovenia 1
Ghana 1 South Africa 2
Honduras 1 Sri Lanka 4
India 10 Taiwan 2
Indonesia 1 Tanzania 1
Iran 3 Thailand 1
Iraq 2 Tunisia 6
Italy 2 Turkey 1
Kenya 2 United Arab Emirates |2
Macedonia 2 United Kingdom 1
Malaysia 4 USA 6
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4.3.1 Clarity

This quality factor determines the metric that h@eople understands the
program. How programmers understand the source. ¢tal® user understands the
interface of program. This factor applies all pagming source code. Normally
program should be coded with clarity. Because marogrammers writes code,
reviews it then code some more. This is a programbased factor not user

oriented.

We determine this quality factor with Halsteadfore. Effort is also used for
measurement of programmers ability that how he rataled the program. It is

function is same as clarity. So effort determiriesgoftware clarity.

Clarity of programs by programming language alsweg us the writing
complexity. The minimum value of clarity means thas difficulty writing code in
this programming language. The clarity of progrdimprogramming languages is as
Figure 4.1. And the clarity of program by countrigss Figure 4.2

Clarity by Programming Languages

M Pascal 367416.54826299904
- C++ 226241.0249297925

| Lisp 108864.13616755509
- C55324.8665855773

M pohp 41729.488787763386
- Java 28893.790861458612
W c# 4693.810570088457

Figure 4.1 Clarity of programs by programming laages
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Clarity by Country

M Kenya 536940 8681812987

¥ Ethiopia 322980.8005046567

| Ghana 216823.02109569893

¥ Tanzania 174302.32563141166
M iran 125774.31362386246

M Tunisia 115750.11190213742

W Romania 105507.6083652696

B United States 87200.58151054404
M egypt 81851.95427143056

1 Azerbaijan 72713.85020058443
|| sri Lanka 60189.100223653

|| India 59534.205587968296

1 saudi Arabia 53541.89416740026
I pakistan 52845.813904901086
W Taiwan 40525.648055948994

W Brazil 35202.13362259845

W Botswana 33614.91670302416

[ iraq 33484.82566421326

W United Kingdom 28024.98391601117
M Turkey 25780.272174881233

W Malaysia 25404 639206665634
M siovenia 23655.84927326773

W Thailand 23010.164287939635
W south Africa 22012.38134760642
1 Indonesia 21954.872635220298

|| Macedonia 16375.501222355186
|| Niger 11907.0574451837

1 Poland 10993 436291720396

W italy 8736.204142106975

M ehilippines 7338.644872951139
M 5uigeria 6704.699235603849

M Belgium 4515.5807127391

: Serbia and Montenegro 4335.132422394045
¥ Honduras 1697.6342367765

. United Arab Emirates 1409,6119723252984

Figure 4.2 Clarity of programs by countries

4.3.2 Complexity

There are many types of complexity. Such as stractomplexity, psychological
complexity, design complexity and etc. In this tkenly structural and
psychological complexity are determined. Other ipdhctors are based on user
satisfaction. The two main sub factors apply tgoatigram's source code. These two
quality factors are programmer orienting, not uséenting. These two sub factors
are inverse of simplicity. But design complexityngerse of usability.

Structural Complexity is complexity of source code. It means that hnany
operators and operands are used by programmeirtheSotal number of operators
and operands determine structural complexity ofgmm. So the sum of total

number of operators and operands give us Halst@agkementation length. The
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structural complexity of programs by programminggaages is as Figure 4.3. The
structural complexity of programs by countriesss=ggure 4.4.

Structural € ity by Progr ing L

M Fascal 349.04

M C++ 204.53455459459458
[ Lisp194.64285714285714
W c12022411764705883
M ohp111.58412698412699
M java 83.62820512820512
M C# 52.666566566666664

5%

Figure 4.3 Structural complexity of programs bygreonming languages

Structural Complexity by Country

M cthiopia 431

M Tanzania 204

: Kenya 270

¥ Ghana 259.3333333333333

M Romania 210 66666666666666
M iran 205.94117647058823

M saudi Arabia 155.33333333333334
M united States 152

M sri Lanka 137.7058823529412
W india136.02777777777777

| Tunisia 135.35294117647058
|| Pakistan 130.27272727272728
W Azerbaljan 129.36363636363637
M eoypt 1288125

M Taiwan 108.1

M Botswana106.75

M south Africa 105.8

1 Brazil 103.11111111111111

I United Kingdom 101.66666666666667
M Turkey 98.33333333333333

M Thailand 98

B malaysia 05.88888888888889
M Macedonia 91

Indonesia 84.33333333333333
Niger 80.75

[ lirag7s.4

W ttaly 72.5

W poland 71

M Fhilippines 59.8421052631579
M Slovenia 58.66666666E656664
M seigium 49,5

¥ Bulgaria 47.666666666666664

[ Serbia and Montenegro 47.5

- Honduras 38

M United Arab Erirates 25.666666666666668

Figure 4.4 Structural complexity of programs by wivies
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Psychological Complexity -determines how programmers understand the
program. This complexity is not defined as singimehsions. Sometimes many
testers measure this quality factor by HalstedttsteThe 60% of effort relates with
this quality factors. But Halstead's difficult i8% relates with complexity between
Halstead's metrics. This quality factor also pereithe structural complexity,
programmer characteristics and problem compleXitye complexity is depended on
program's source code, not programmer's abilityis Tomplexity types is also
measured programming behavior of developers. Thehegical complexity of
programs by programming languages is as FigureTf&.Psychological complexity

of programs by countries is as Figure 4.6.

Psychological C ity by Progr ing L

W Pascal 73.43737976260981
W Lisp 70.66536804161622

| C++64.01394623009173
W php 33.947077887573084
W c29.087043080048235
M java 28 692066205782922
W c# 14528182531753963

Figure 4.5 Psychological complexity of programsbggramming languages
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Psychological Complexity by Country

M Ethiopia 98.41469162035433

¥ Kenya 91.60536817466766

| Tanzania 70.875571725573

¥ Ghana 61.74808816913934

M iran 55.71275711076115

W United States 43.95851110997929
M Romanis 49.08167095667067

M sriLanka 47.13055643445926

:.: Azerbaijan 45.48364792271801
1 Saudi Arabia 44.243055555555664
| india41.53391901672%6

| Tunisia 41.26907267259241

1 Brazil 40.38840542627311

¥ egypt 39.19222038799767

W Turkey 37.24768518518533

M Fakistan 36.74164114239073

W Taiwan 35.807587748294544

| Botswana 33.83838036963025
W siovenia 33.32532051282067

M south Africa 32.6501923076924
W Macedonia 30.321230158730163
W indonesia 29.731481481481335
M Thailsnd 29.315686274509662
M United Kingdom 28.84170977747171
W irag 27.462848297213167

|| Malaysia 26.971122594152103

| Niger24.025946275946247

¥ ttaly 21.04836309523825

M 5uigaria 16.88611111111105

M hilippines 14.881016275199093

M Foiand 14.5511904761905

- Belgium 14.5

: Serbia and Montenegro 11.91666666666675
1 Honduras 9.6458333333335

W United Arab Emirates 8.041 666666666666

Figure 4.6 Psychological complexity of programscbyntries

4.3.3 Conciseness

This quality factor measure the program's code tthexte are not any extraneous
information. Conciseness applies to the source wddeh the functional necessity is
explicitly stated. This quality factor is also pragimer-oriented, not user oriented.

The intelligence content metrics relates with tjuslity factor. This metric is also
determine the efficiency of source code. Other naimefficiency is effectiveness.
Conciseness is also encompass with efficiency. vEthee of Volume affects to the
intelligence content and it also affects this dyakactor. The Conciseness or
efficiency of programs by programming languageasis-igure 4.7. The Conciseness

or efficiency of programs by countries is as Figdr@
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Conciseness by Programming Language

- Pascal 25.07658816863368
W c19.06682401784382

: C++ 18.416917044349063
N c#17.859612641113433
M Lisp 17.833827557626
M php 17.827617581852202
M java 15.334814356627698

Figure 4.7 Conciseness or efficiency of programgimgramming languages

Conciseness by Country

‘ Cameroon 53.919970745797
W Ethiopia 28.341361810580334
| Tanzania 24.396244559981998
1 Romania 22.901184532271667
M Ghana 22.381982773352664
W iran 22.002462941573352
M seudi arabia 18.888970934331
M roland 18.508304423813676
W Eqypt 18.40113653540826
[ Philippines 18.38360570068656
|| Pakistan 18.34638643340435

| India18.213505637142834
W niger18.147835808538
W malaysia 18.13857488616339
:.: United Kingdom 17.998546492668336
M Taiwan 17.8607728195808
W Tunisia 17.475410847191377
[ sriLanka 17.45407014180227
W kenya 17.240037737745283
M rzerbaijan 17.086465197045865
M United States 16.87168965774324
M Honduras 16.81195649357635
M Thailand 16.792803806020668
M Macedonia 16.659348176545702
I south Africa 16.0618239806248
|| Botswana 15.980057523212024

| ltaly 15.9281384124885
17 Turkey 15.798310129801001
l Serbia and Montenegro 15.752774237029724
M iraq 15.122660382024899
M Brazil 14.251572107988522
¥ indonesia 13.6974935318971
| United Arab Emirates 13.675884963908516
¥ Bulgaria 13.564204540617267
M Belgium 12.7181956818385
M siovenia 10.841887560802334

Figure 4.8 Conciseness or efficiency of programsduyntries
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4.3.4 Correctness

This quality factor measures density of error inrse code. Correctness applies
to the source code which the functional necessiwgxplicitly stated. This quality is
same as others. It is also programmer orienteduser oriented. Before measuring
the correctness the completeness must be satisfied.

Determination of this quality factor is based drfO® and Halsted's bug number.
Firstly the bug number of source code is determifiéen results is divided SLOC
of program. We must calculate this quality facterthis method. Because less bug
number is not means that it is correctness. Foerghation of factors | should
calculate by this method. In this graph minimumueagives high correctness. The
incorrectness of programs by programming languaigesas Figure 4.9. The
incorrectness of programs by countries is as Figut®.

Incorrectness by Programming Languages

:.: C++ 0.0037751252302014
I Lisp 0.0037030760525254

| Pascal 0.0033839231877905
¥ php 0.0031231239180905
:.: C0.0030549866043718

M jav= 0.0026752808765135
W c# 0.0025102576393493

Figure 4.9 Incorrectness of programs by programr@nguages
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Incorrectness by Country

M Kenya 0.0041279626801093

¥ camercon 0.0038576459669562

[ United Kingdom 0.003670875669176
¥ Taiwan 0.0035934957505853

M iran 0.0035472076938582

W italy 0.0035371140044363

M romania 0.0034865922720116
M india0.0033890676228377

M saudi Arabia 0.0033628431182297
1 Ghana 0.0033402462258076

|| United States 0.0032890275614981
|| Niger0.0032580178006705

¥ south Africa 0.0032061505281101
W Pakistan 0.0031702752643568

M Eqypt 0.0031442387959555

M 5ozl 0.0030966141294367

M Tunisia 0.0030534882776998

| Tanzania 0.0030473049967247
M Ethiopia 0.0030291146363858

M 2zerbaijan 0.0030142472123286
M 120 0.0029153464607711

M 5ulgaria 0.0029135337140116

M Malaysia 0.0029115586562433

M Philippines 0.002803259801399

I sri Lanka 0.0027762493228048
|| Macedonia 0.0027122483688156

| Slovenia D.0025891717827487

1 Botswana 0.0025865018390863
B Thailand 0.0025713422170873

M indonesia 0.0025624240921506
' Serbiz and Montenegro 0.0024851100368474
¥ Poland 0.0024699723850294

| Turkey 0.0024083700112139

1 United Arab Emirates 0.0021487275872804
M Belgium 0.0017596004760484

M Honduras 0.0016476318036214

Figure 4.10 Incorrectness of programs by countries

4.3.5 Maintainability

This quality factor measures how easily programes faxed. Maintainability
applies to the source code which has a failureixo fThis quality factors is not
confused with portability, reusability, flexibilitgnd etc. None of this quality factors
affect to change source code failures.

The number of bugs in Halstead's method relatéls the maintainability. Then
high number of bugs is gives as minimum maintairgbof software. It was so
difficult and takes more time to fix the failureAnd this calculation is makes
maintainability independent form understandabilityd complexity. But in real life
more complexity program has more failure and it mseéhat more complexity
program has less maintainability. The less numibdiug is more maintenance. The
maintainability of programs by programming langusagse as Figure 4.11. The
maintainability of programs by countries is as Fegd.12.
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by Progr ing L

M Pascal 0.7509602338344706
I c++ 0.4234263510948951
| Lisp 0.36898523679418505
W co.22427206560282265

M onp0.20558088115787526
M java 0.14854657583693973
M c# 0.0810454250667393

Figure 4.11 Maintainability of programs by prograimgilanguages

Maintainability by Country

W Ethiopia 0.9006566509148867
I kenya 0.6033706826747366
| Tanzania 0.5952401411167166
¥ Ghana 0.5600480618686113
M Romania 0.435824034001445
M iran 0.4254563474505899
M United States 0.30123611410799994
M saudi Arabia 0.28696250066083
W Tunisia 0.25954650360448556
1 India 0.25559229619126556
[ 7] 5ri Lanka 0.24871917958036934

| Egypt0.247805320106246
‘ Azerbaijan 0.24374288087885707
[ Pakistan 0.24046893560499424
M Taiwan 0.1997983637325444
M Brazil 0.18923749572541923
M United Kingdom 0.1866027241539228
| Turkey 0.1725999310826667
W South Africa 0.1712084382010792
B Thailand 0.169708586327761
W Malaysia 0.16903228472340143
1B Botswana 0.1687692450003805
W Macedonia 0.15143381035057316
M indonesia 0.13837090097613433
W Miger0.13683674762816025
| lirag 0.13031598719876641

| Poland 0.118558674481411
1 italy 0.11141909113974499
M Siovenia D.10874521487544668
M Philippines 0.09398293243227182
W Buigaria 0.07332402892041484
‘ Serbia and Montenegro 0.07020435854093932
| Belgium 0.06510521761379
B Honduras 0.052724217715885
1M United Arab Emirates 0.031872721068739666

Figure 4.12 Maintainability of programs by countrie
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4.3.6 Understandability

Understandability measures how program be easgratathd. This factor applies
to all programs source code. This quality fact@ogbrogrammer oriented, not user
oriented. This quality factor is not confused witlodularity. Because Program must
be understand firstly, then it may be modified.

Many project manager and tester use the Halste#dls for determination of this
quality factor. Yes may be it is true. But | thitikat number of comments line is first
place that help programmer to understand the saade. If programmer knows the
programming language is not fluently so he may wstdad source code and may
find the place of module, function and variableshvthe help of comments. So in
this thesis we use division of CLOC to SLOC foratetination this quality factor.
Because more comments are not means that good aprogng. The
understandability of programs by programming lamggsais as Figure 4.13. The
understandability of programs by countries is agifé 4.14

Underst ility by Progr ing L

- Pascal 0.20547945205479

W php 0.14444120354757

| java 0.078041479965398
15% W co.0a1666326121958
W Lisp 0.022222356033395
- C++ 0.014698356487301
W c# 0.0088401180507872

Figure 4.13 Understandability of programs by prograng languages
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Understandability by Country

. Tanzania 1.039249324104

¥ saudi Arabia 0.37890600738516

| United Arab Emirates 0.30337146825049
' Honduras 0.25

. Serbia and Montenegro 0.23893805309735
M italy 0.1984126984127

W United Kingdom 0.19672144047308
M 1r2q 0.1923937360179

. Philippines 0.17582315972833

17 Malaysia 0.1636362383645

| Ethiopia 0.16031403142534

| India0.12228326086928

W sriLanka 0.11621843055224

¥ Pakistan 0.10576917991866

M seigium 0.094594594594595

M Romania 0.0933336

W Macedonia 0.083582736467305

| Ghana 0.081511116995802

W Taiwan 0.080935251798561

M Thailand 0.075757575757576

. Cameroon 0.06934481109517

1 niger 0.06547619047619

M Turkey 0.065116713899203

M siovenia 0.063492857142857

1 Iran 0.051496066405872

[ | Azerbaijan 0.04890333846131

| Poland 0.046875

17 Tunisia 0.044982352941178

M United States 0.041104640117395
M Brezil 0.034545279008233

W Eqypt 0.034099520697859

¥ indonesia 0.030864814814815
| South Africa 0.029962546816479
¥ Botswana 0.026819923371648
M 5uigeria 0.019867523354274

M ienys 0.0045612304307342

2% 2% 2% 300 =

3%

Figure 4.14 Understandability of programs by caestr
4.3.7 Performance of Programmers

Performance quality factor is divided into two ga®erformance of program and
performance of programmer. Performance of Progranbased on utilization of
resources. Program performance is concerned hoyothes done, how program is
working and etc. This quality factor is determiridproject manager and users. It is

depended on number of bugs, design complexityectress and usability.

Performance of Programmers measures how programmtss this program.
Many project manager use the effort for determomabf this quality factor. But it
gives us only clarity, accuracy of program. Thegoammer may understand code
clearly but he spends many time for coding. So isnimportant for determination of
this quality factor. Halstead's time metric retab@th this quality factor. It measures
the time that programmer expends for writing pragr&o in thesis we calculate

performance the division of time to SLOC. The perfance of programmers by
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programming languages is as Figure 4.15. The pmadonce of programmers by
countries is as Figure 4.16

Performance by Programming Languages

M C++134.47253170248
- Pascal 110.37507458033
[ Lisp 72.836188808606
W cs0.241574774607

M ohp 42.262803100083
M jove 34.691254558208
M c# 9.6022385059813

Figure 3.15 Performance of programmers by progrargri@nguages

Performance by Country

:.: Kenya 244 89885780245
:.: Cameroon 201.08263210132
| Tunisia90.784401491872
l Ghana 86.211919677829
M Ethiopia 72.41724816217
M iran 69.908874028197
M gypt 69.237709137881
- United States 63.4729375695
:.: Azerbaijan 59.947739321181
1 Tanzania 59.488858490047
|| Romaniz 56.270724461479
: India 52.626898806204
W ir2q 4994008301895
:.: Taiwan 48.591904143823
! Pakistan 46.578819990464
M sri Lanka 43.789455325332
W saudi Arabia 41.829621157976
: Brazil 38.402334570532
- Slovenia 37.548967100425
M United Kingdom 36.75410136795
M Botswana 34.34474248074
M malaysia 29.172769100271
:.: South Africa27.481125277911
‘ Indonesia 27.104781031136
W Turkey 23.981637380523
|| Thailand 23.242500189838
| Macedonia 20.269267291927
¥ niger18.200091182847
M taly 18.489320935676
M suigaria 17.760769152899
! Poland 15.268661516278
W Philippines 14.59281195748
[ Serbia and Montenegro 10.2304009968
:.: Belgium 8.1361814643947
:.: United Arab Emirates 6.3353489438193
- Honduras 3.5367379932844

Figure 4.16 Performance of programmers by countries
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4.3.8 Ability of Programmers

This quality factor measures the programmer ghbaiich how he understand the
program before coding. Firstly programmer must ustded the program. After
understanding it must create algorithm of problefhen must choose the
programming language which is be easy for writinge tcode. And at last

programmer start to code the program. This quédityor applies all types of source
code.

The determination of quality factor is used Hadsite program level. This metric
also measures how programmer understands the prdigéore coding. This quality
factor concerned with clarity and accuracy of pamgr But this type of quality factor
IS based on programmer not program. The abilitprogrammers by programming

languages is as Figure 4.17. The ability of prognems by countries is as Figure
4.18

Ability by Programming Languages

W c#0.11796870875594993
W Java 0.09765174273807117

| C0.08971757047981635
0 php 0.06936679724703634
M c++0.04331637002255603
W Lisp 0.029973452028607978
W Pascal 0.02514256681009546

Figure 4.17 Ability of programmers by programmiagduages
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Ability by Country

1M United Arab Emirates 0.23982351712614802
. Serbia and Montenegro 0.1838446275946275
| Poland 0.17530410622515902

¥ siovenia 0.15898891084323033

M prilippines 0.12101733080367158
M selgium 0.1208333333333335

M Guigeria 0.1143082062199718

M Hondurss 0.10413855150697199

M 120 0.09879928591581524

17 Malaysia 0.095433642450529

| Tunisia 0.07348565048319514

[ United States 0.07117021484699027
0 Pakistan 0.07042513364939897

W Taiwan 0.0702637213454434

. Azerbaijan 0.06889617613343561
M Eqypt 0.06720708850063968

W United Kingdom 0.06599790956067515
| Botswana 0.061528201561281755
W Indonesia 0.05440604716920533

M italy 0.0519574098428055

M Brazil 0.04987632656712478

M ndia0.04887755219440252

M niger 0.04883721721832175

W ran 0.04641465866851337

¥ Thailand 0.04510233918128667

| SriLanka 0.043337278835076896

| Ghana 0.0421181772517937

17 Macedonia 0.03915922444014933
W south Africa 0.03551881309003

M Fomania 0.035149238500224333
W Turkey 0.03506165291665

¥ Saudi Arabia 0.033672946716425005

|| Kenya 0.03188234216014373
1 Tanzania 0.0177024771905347
M Ethiopia 0.011121233289851465
W cameroon 0.00425659382274455

Figure 4.18 Ability of programmers by countries
4.3.9 Reliability of Programmers

Mainly tester measures the reliability of progratémd reliability of program is
not concerned with the accuracy and correctnessiatilgy of programmers
concerned to the function of program. This qudiggtor measure the program that

how it works without a failure for at given periofitime.

Reliability of Programmers is measured the abibfy programmers that how
many failure makes through the programming timen&dester does not determine
this quality factor. High number of bugs per progmaing time means that
programmer is unreliable. Division of Halstead'g Ibwmber to programming time is
determining reliability of programmers. The unrbllay of programmers by
programming languages is as Figure 4.19. The waméty of programmers by
countries is as Figure 4.20
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Unreliability by Progr ing L

W C# 0.0002589966845945
I Java 7.7116867365656E-5
1] php 7.3897699371587E-5
W C6.0805848421741E-5
W Lisp 5.0841156204042E-5
M Pascal 3.065840001157E-5
- C++ 2.B073578911669E-5

Figure 4.19 Unreliability of programmers by prograing languages

Unreliability by Country

M Honduras 0.00046586199112005
¥ United Arsb Emirates 0.00033916483785423
|1 Serbia and Montenagro 0.00024291423548546
¥ Belgium 0.00021626858788102
M ehilippines 0.00019209867910084
M italy 0.00019130578222651
M niger 0.00017238106256479
M Bulgaria 0.00016404321732519
M Foland 0.00016176744650447
1 Macedonia 0.00013381090346053
|| south Africa 0.00011666736699051
| Thailand 0.00011063062232244
1 Turkey 0.00010042558700224
8 United Kingdom 9.9876626894579E-5
W Malaysia 9.9803986595714E-5
M indonesia9.4537716029033E-5
W 5rozil 8.063609059364E-5
| saudi Arabia 8.0393822012621E-5
W Botswana 7.5309979119418E-5
M Taiwan 7.3952560902929E-5
M siovenia 6.8954540768697E-5
M Pakistan 6.8255813801372E-5
M india6.4398011277803E-5
M siiLanka 6.198444037172E-5
1 Romania 6.1961034007984E-5
| liraq 5.8376884720332E-5
| United States 5.1817793337464E-5
1 Tanzania 5.1224801989342E-5
W iran 5.0740449523297E-5
W Azerbaijan 5.028124907562E-5
W Egypt 4.5412230345375E-5
1 Ethiopia 4.182863403518E-5
| Ghana 3.8744598638912E-5
¥ Tunisia 3.3634503587857E-5
W camercon 1.9184381697433E-5
M Kkenya16855785760501E-5

Figure 4.20 Unreliability of programmers by couesi
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4.3.10 Accuracy of Programmer

Accuracy is a quality factor that has two typescéacy of Programmer and
accuracy of program. Accuracy of program measules grecision of output.
Accuracy is important between quality factors beeathe result of output is more
significance for user. This quality factor appléstypes of source code.

Accuracy of programmer determines how programragogsly writes code. This
quality factor affects to the complexity, modulgriand understandability. The
accuracy of programmer is determined by LOC metidggision Blank line of code
to Source line of code defines the value of acgurabis factor is also define as
inaccuracy or unserious. The inaccuracy of prograrsry programming languages
Is as Figure 4.21. The inaccuracy of programmegrsoointries is as Figure 4.22

Inaccuracy by Programming Languages

W Fascal 0.25270367700072
W java 0.22004084602418
|| php 0.17566927052475
W c# 0.16961688921101
M co16746762782005

W Lisp 0.16344064654883
W c++0.13638552025549

Figure 4.21 Inaccuracy of programmers by prograngnanguages
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Inaccuracy by Country

W Tsnzania 0.70989790271295

[ Pakistan 0.41165893670243

| United Arab Emirates 0.38202557758557
¥ serbia and Montenegro 0.31858407079646
M gelgium 0.2072972972973

M Foland 0.28645833333333

M Turkey 0.27906963764203

B indonesia 0,25925925925926
:.: Philippines 0.25431676027477
17 italy 0.23809523809524

|| United Kingdom 0.23606572856769
| liraq0.21476510067114

1 Slovenia 0.21428571428571

¥ Macedonia 0.20895534564534
M niger0.20238095238095

W Taiwan 0.19244604316547

W azerbaijan 0.18437343872892

| South Africa 0.18352059925094
W United States 0.17790610580838
M eqypt 0.1776367961835

W india0.17274423304122

W Tunisia 0.16539764705882

M Malaysia 0.15603748751197

B Thailand 0.15656515151515

1 saudi Arabia 0.15624967041003
|| 5rilanka 0.15101765634313

|| Ethiopia 0.14798207937019
1 Brazil 0.14545475371905

W Ghana 0.14512899639225

M iran 0.13241821826028

M Romania 0.1226664

W Botswana0.12260536398467
|| Kenya 0.11060453578004

¥ Bulgaria 0.099337616771369
M Honduras 0.09375

W cameroon 0.086083213773314

Figure 4.22 Inaccuracy of programmers by countries
4.3.11 Productivity of Programmer

Productivity is also divided into two parts. The &roductivity of program and
programmers. Productivity of program measures tiraber of program's code line.
If the number of source line of code is higher thieg® program is more productive.
But in modern programming Productivity is not detared as this rule. If program is
effectiveness then this is also productive.

Productivity of Programmers determines how manyrs® code lines
programmer writes during programming time. Divisisource line of code to
Halstead's programming time measures productivitprogrammers. This quality
factor applies all types of source code. The prodilg of programmers by
programming languages is as Figure 4.23. The ptodily of programmers by
countries is as Figure 4.24
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Productivity by Programming Languages

M c# 0.10317533966522

W java 0.028825708745068

| php0.023661468872093
W co.o19903834712311

W Lisp 0.013729438845678
M Pascal 0.0090600165282084
M c++0.007436462551501

Figure 4.23 Productivity of programmers by prograngrianguages

Productivity by Country

W Honduras 0.28274641828114
‘ United Arab Emirates 0.15784450215258
| Belgium 0.12290777981983
¥ Serbia and Montenegro 0.09774787912153
M Philippines 0.068526888643103
M Foland 0.065493625550208
M Buigaria 0.056303867889459
W italy 0 054085274601431
M Miger0.052909797647303
17 Macedonia 0.049335774480526
| Thailand 0.043024464650124
| Turkey 0.041698570624379
I indonesia 0.036893860121954
¥ south Africa 0.036388611815827
W malaysia 0.034278542313307
M Botswana 0.029116538013374
- United Kingdom 0.027207847907608
| Slovenia 0.026631891027135
W Brozil 0.026040083530946
M saudi Arabia 0.023906503867758
M sritanka 0.022326683652132
I Fakistan 0.021468985264219
M Tsiwan 0.020579559859194
M iraq 0.020023995547231
W india 0.019001689681211
|| Romania 0.017771230236863
:Tanzanla 0.01680987037543
1 Azerbaijan 0.016681196177262
MW United States 0.015754745853775
M Eqypt 0.014442996633648
M ren 0.01430433566412
¥ Ethiopia 0.013808864951076
| Ghana 0.011599324127533
¥ Tunisia 0.011015108141562
M camercon 0.0049730799201798
B kenya 0.0040833183501684

Figure 4.24 Productivity of programmers by courstrie
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CHAPTER FIVE
CONCLUSION

The web tool calculates the modern software metiod quality factors. The
Halstead's metric and LOC are used in this calicriaf he Halstead's metric is used
rarely, notwithstanding LOC is used in modern asiglySome of tester company
thinks that it is impossible using older analysistmes in modern programming.
Because the programming style changes year aftat Yees in this idea they are
right. But modern programming also is used opesatoperands and etc. All new
programming type is based on old one. In old prognéng all operations did some
operation as manipulation, reading, writing and samathematical and technical
operations. Differentness of modern programminghese operations are done by
class and functions. And these classes every trmeawved on language's library. So
these classes may be counted place of operatiartsif Brogrammers write own

class then we must count inside operations.

In this thesis the quality factors are determibgdprogramming languages and
countries. The program collects 318 data from Qgm@mmers. The analyze tool
works on online. So tester cannot see the sourde abprograms. At the results of
this calculation it is seen that without seeingecdds possible determine the quality
factor of programs. Only product qualities are dateed in this research. Because

the data for determination other quality factarsnust be collected from user.
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