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ABSTRACT

software cost today, repreée:ms a significant percemtage of computing systems. Inadequate
monitoring and evaluation of software development. operations and maintenance could lead to
very high cost, failure of projects to meet the targeted or scheduled time, production of low
quality software and poor user satisfaction among others. Monitoring and evaluation of software
development, operations and maintenance are fraught with a lot of problems among which, is
the determination of the appropriate measures of cost, duration, quality and benefits. Unlike in
the case of hardware where most of these metrics could be measured directly, most of the
metrics associated with software development, operations and maintenance are intangible, that
is, they could not be measured directly. This situation probably explains why there has been
little efforts at siand.ardising. the monitoring and evaluation of software development, operations
and maintenance.

In this study, we adopt the use of Project Evaluation and Review Technique (PERT) and
the Critical Path Method (CPM) for the estimation of software schedule and cost, The use of
PERT/CPM enables us to determine the boundary times like earliest start, latest start, earhest
completion, latest completion, total float and free float as well as the critical path of the sottware
life eycle. Piecewise cost-duration curve was used to determine the cost of schedule. McCall's
software quality factors and quality metrics are used to derive the data used for software quality
performance evaluation. A a software package christened CASMESDOM for monitoring and
evaluating the three major phases of software life cycle is developed and implemented in
Paradox Relational Database Management System environment, CASMESDOM is menu-driven,
user friendly, interactive and intelligent. In CASMESDOM, the practical use of PERT/CPM and
the McCall's quality metrics in the estimation of software metrics was demonstrated using the

Federal University of Technology, Akure (FUTA) Payroll System.
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CHAPTER ONE

OVERVIEW OF RESEARCH

1.1  Introduction

In recent years, the availability of an efficient sofiware has continued to occupy an increasingly
prominent place in matters relating to the success of many businesses and organisations. In
[Pressman, 1987], it is reported that, while the first three decades of computing focussed
attention on the reduction of cost of computer based systems by reducimg bardware cost, the
emphasis now is to reduce cost of the development, operations and maintenance of software
system.

The challenge today is to harness the remendous processing and storage capabilities of
modern hardware through the development and implementation of an efficient software sysiem.
Over the years, the software budget of many organisations has continued 1o increase and even
surpass, the hardware budget while operation and maintenance costs amount to substantially
more than half of the entire cost of system development, operations and maintenance |Vic,
1983].

Owing to the increasing importance of software in the success of an organization,
software involves art, science and engineering technology. There 15 now a field of study known
as Software Eﬁgineartng whltch is aimed at providing sound engineering principles, practice and
tools in support of all the phases of software life cycle.

In order to ensure the success of a software development project, I;]‘u:rlr: 15 the need for
effective and efficient monitoring. Monitoring helps to discover any shortcoming or flaw m the
execution of a project. Monitoring allows corrective measures to be taken while 3 project is
Zoing on.

An important component of the software development process is ex post evaluation of its

development and implementation. Software evaluation 15 a form of awdit (o assess the



performance or success of a software development project. The result of the ex post evaluation
could be useful in identifying as well as implementing new projects in similar or other
applications.

1.2  Motivation for the Project

Software costs today, represents a significant percentage of a computer-based system. In some
organisations, it is the most expensive element in computing system. Consequently, a large cost
estimation error can make a difference between profit and loss. This calls for a proper
monitoring and evaluation of software development projects.

Unfortunately, monitoring and evaluation of software development projects are traught
with a lot of problems, chief among which is the nature of software development projects.
Unlike hardware development projects where most elements of cost, benefits and returns are
tangible - can be measured directly, most of the cost, benefits and returns to a software
development project are intangible, that is, cannot be measured directly.

Many variables - human, technical, environmental, political, and so un; could affect the
ultimate cost of a software system and the effort applied to develop it. The opinion 15 expressed
in [Pressman, 1987] that software cost and effort estimation will never be an exact science. That
opinion stems from the fact that estimation of resources, cost and schedule of software
development effort requires expenence, access (o good histoncal information, and courage
commit to guantitative measures when qualitative data are all that exists, This  stenario
probably, accounts for the reason why there has been little efforts at standardizing the
monitoring and evaluation Di.l software development projects. Even where there is monstoring and
evaluation, they are somehow based on the experience and sometimes on the convenience of the
SYStems analg.rsr rather than a formal procedure of monitoring and evaluation. Sometimes,
different systems analysts disagree on the metrics to be adopted in monitoring and evaluation of

software development projects.



In order to find solutions 1o these problems, the development of a Computer Aided
System is been proposed for the monitoring and evaluation of software development, operations
and maintenance. A human expert is somebody who possesses knowledge in the form of facts
and rules as well as experience ina specific domain. Experience are not normally found in the
literature rather it is acquired through many years of practice. Experience consists of heuristic,
analogies and judgements. Knowledge and experience enables the human expert to choose, based
on strategies and if one strategy fails, he could go back and try another alternative. An Expert
System is basically, a computer-based system which possesses a set of facts about a specific
domain of buman expertise, An Experl System uses rules of inference to draw conclusion or
make decisions within a defined domain. They are built to be able to explain why they reject

certain paths of reasoning and choose others,

1.3  Objectives of the Research

The objective of the research work are as follows:

a, To provide a user friendly, menu-driven, and iteractive environment for data entry,
update, processing and retrieval of data/information relating to the monitoring and
evaluation of software development, operations and maintenance.

b. To develop a computer aided system for monitoring and evaluation of software
development, operations and maintenance.

€ To implement and carry out the case study of the computer aided system.

1.4  Rescarch Methodology

In order to carry out this research, the following steps were taken:

a. Review of related literature on software meirics and software project cost estimation,
b. Review of related literature on computer aided system.
s Study of the software life cycle with a view of getting a proper understanding of the



processes involved in the development, operations and maintenance of a software project.
d. Design of computer aided system for monitoring and evaluation of softwure development,
operations and maintenance.
e. Study of Paradox Relational Database Management System, which 1s adopted for the
practical implementation of the computer aided system.

f. Case study of the Federal University of Technology, Akure (FUTA) Payroll System.

1.5  Organisation of Thesis

Chapter two presents the review of expert system. Chapter three reviews related literature on
software metrics and software project cost estimation. In chapter four, the software life cycle
was discussed, In chapter five the framework for the computer aided system for monitormyg and
eviluation of sofiware development, operations and maintenance is presented. In chapter six the
implementation of the framework is carried out using Federal University of Technology, Akure
(FUTA) payroll system. Conclusions and recommendations for further studies are presenied in

chapter seven.



CHAPTER TWO

REVIEW OF EXPERT SYSTEM

2.1 Introduction

Artificial Intelligence (Al) is the part of computer science concerned with the design of
intelligent computer systems, that is, systems that exhibits the characteristics we associate with
human behaviour such as understanding language, learning, reasoning and solving problems. It
15 concerned with programming computers to perform tasks that are presently done by human
beings because Al involves such higher mental processes as perceptual learning, memory
organization and judgement reasonming. Thus, wriling a4 program to perform complicated
statistical calculations would not be seen as an Al activity, while writing a program to design
experiments and test hypotheses 15 an Al activity.

Al is defined as the computer science discipline that is aimed at understanding the nature
of human imtelligence ihmﬁgh the construction of computer programs that imitate intefligent
behaviour. In [Gallaire, 1985], 1t is observed that the field of Artificial Intelligence has been the
ohject of controversial discussions. There have been arguments over the nan'uI: itself, contents
of the field, and results of the field.

Concerning the subject matter of Artificial Intelligence, [Akinyokun and Ademyi, 1991],
observed that, Al deals with the simulation of human behaviour: the discovery of technigues that
will aflow us to design and program machines which can both emulate and extend our mental
capabilities. The discipline is therefore related to a wide range of other academic subjects areas
such as computer science, psychology, philosophy, linguistics and engineering.

The controversy and pessimism that greeted earlier works on Artificial Intetligence is giving way
o concerted effort amed at harnessing the gaing of Al for the advancement of science,
technology and industry. This evolution was due to three events:

a. The breakthroughs in the knowledge engineering component of Al

5



b Advancement in hardware design and implementation thereby making it more efficient
and cheaper. This, in turn, makes it feasible to implement ideas relving on more
powerful or cheaper technology, and which opens a wide potential market 10 new and
unsophisticated users requiring new ergonomic, behavioural attitudes to which traditional
cOmpUters cannot give a correct response,

c. The need for industry and society (o invent solutions to increasing productivity problems
amd to satisty more ambitious social needs [Gallaire, 1985],

Artificial Intelligence centres around problem-solving. It does this by knowledge
representation: how to represent what we know about the problem domain, how 1o extract
precisely what is needed for solving the problem. Hence, an intelligent system, basically
COMPrises a perception system, a memory system and a processing system,

The earliest work on Al focussed on the construction of generabzed purpose intelligent
systems such as game playing, theorem proving and puzzle solving. The emphasis was on
powerful inference methods that could function efficiently even when the available domain -
specific knowledge was relatively meagre. Today, the emphasis 15 on the roles of specific and

detailed knowledge, rather than on peneralized knowledge [Akinyokun and Adeniyi, 1991].

2.2 Basic Concept of Expert Svstem
An Expert System (ES) or Intelligent Knowledpe Based Systems (IKBS) is a specialized
computer package which can perform the function of a human expert. They have some
characteristics which we normally associate with human mtelligence. Expert Systems contaim the
knowledge of human experts in a specific domain along with the reasoning rules the human
experts employ to manipulate their knowledge and arrive at conclusions.

An expert system is described as a knowledge-based system which efficiently solve real

world problem based on the expertise contained in their knowledge bases elicited from domain



experts. An Exbeﬂ system is considered as a part of Artificial Intelligence that has received the
most publicity and as the name implies, these systems contain the knowledge of human expert
in specific field, along with the reasoning rules the human experts employ to 'm:mipu]atu their
knowledge and arrive at conclusions. From the definition given above we can consider expent
systems as a set of computer based programs which store human experts factual and inferential
knowledge and use heuristics to draw conclusions from a given case data.

Expert Systems are very useful in the combinatorial problems where straight forward
methods of enumeration tends to explosive number of possibilities [Akinyokun and Adeniyi,
1991]. ES deals with combinatorial problems by means of stepwise elimination of the
possibilities that are unlikely to prove fruitful, The conventional file system and computer
databases, though capable of storing facts and numerical data, allow users to easily retrieve
information stored in them, but cannot take decisions about its use and imerpret,f-atiﬁn to the user.
Except for a few cases, such systems are unable to answer any question for which there is no
stored or derivable answer.

In the disciplines such as medicine, law, management, agnculture, finance, personnel
management and 50 on, the conventional file system and database systems, process a lot of
unstructured information which must be put into consideration in decision making. Such
unstructured mformation may not lend iself o mathematical, statistical or routine data
processing. Hence, decision making in these areas are still heavily dependent on human experts
who possesses ' the skills for identifying and rating key factors, weighing evidence, evaluating
alternatives, predicting outcomes and making complex decisions.

The knowledge of human experts can be built into computer expert system usimg two methols:
i. Extracting all the necessary and relevant information; and coding it. The system is then
built around the coded information. The data m such system 15 fixed. Building such a

system requires a great deal of expertise and work, Once the system is completed it



normally works consistently within the framework of the field of application.

b. Building a general purpose expert system that can handle a large range of information
types. Such system, learn all about the area of application, The learning process is by
nterrogating the expert who will use the system by using the techniques of the
knowledge engineer and learning by example (indoction).

An Expert System is made up of the following components or features:

a. Knowledge base
b, Inference engine
¢ Decision support systein

The conceptual diagram of expert system for an information technology based personnel

procurement is shown in Figure 2. 1.
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2.2.1 Knowledge Base
Any expert system must posses some form of knowledge base on which inferences are drawn
and decisions taken. There are two types of knowledge:
i structured knowledge
ii. Unstructured knowledge
The structured knowledge can be described as the knowledge which includes factual data in a
given problem domain as found in text books, technical reports, conference proceedings, journals
and so on. THey are made up of the laws, facts and decision rules that represent general
knowledge of the given subject. An example of a decision rule is:
If CONDITION then DECISION with contidence o,

The CONDITION stands for a list of elementary conditions characterizing a situation or an
object to which the rule is applied. The DECISION stands for specific advice or action, which
the rule indicates when the CONDITION is satisfied. The parameter ¢ expresses the strength
of confidence in the DECISION when the CONDITION 15 fully satisfied (0 =< o = 1).
When o = 1, the confidence is maximal. When o = 0.5, the rule states that the DECISION
may be correct only half of the time. Thus, the rule format permits one to express the
condinional knowledge of experis, and also the experts confidence or lack of confidence in this
knowledge.

In general, the CONDITION part of the rule may be only partially satisfied. For
example, the condition: |
temperature = ahove normal, 15 only partially true if the temperature was just above average,
The degree to which the condition is true is expressed by a parameter v(0 = v = 1),
If ¥< 1, then the confidence in the DECISION is calculated as a function of both « and 7.
The way this function 1s calculated depends on the so-called evaluation scheme [Akmyokun and

Adeniyi, 1991].



The DECISION part of a rule in a knowledge base may be an assignment of the status
"TRUE" to some conditions which are in the CONDITION part of another rule. Hence, a
satisfaction of one rule may cause a satisfaction of another rule(s) and in this fashion the system
can perform a chain of inferences.

Unstructured knowledge comprises experiential knowledge, knowledge of good
judgement or good practice in the problem domain, It is also made up of the vague knowledge
and the art of guessing which a human expert acquires over the years,

For ES to solve a problem at high level of human expertise, it must have both structured
and unstructured of knowledge in its knowledge base. These knowledge is broken into their

atomic components as follows:

i, Behaviour description
b. Uncertain facts
c. Vocabulary definition

d. Objects and relationships
&. Decision rules

f. knowledge base

E. Hypotheses

h. Processes

L Constraints

i Unstructured knowledge

k. Disjunctive facts

222 Inference Engine
One of the unfolding development in the computing science 15 the importance of mformation

derived from data and the knowledge that can be nferred from data, Knowledge, which forms
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a basis for reasoning is not sufficient in itself to discover and use lines of reasoning. It 15 the
inference engine that pieces together a suitable line of reasoning leading to a solution w the
problem or the building of a body of consultative advice, This could be accomplished through
forward chaining or backward chaining or both [Akinyokun, 1988].

Forward chaining involves starting from a set of available or given information and
reasoning forward in order tlﬂ try o arrive at a conclusion. For example, a plant pathologist may
use a set of signs and symptoms observed to come to-a set of conclusion about a particular plant
disease. |

In backward chaining, the plant pathologist having suspected the occurrence of a
particular plant disease may use the available statistic to justify the conclusion, The choice of
the chaining method to adopt depends on the nature of the problem. While some requires either
ol forward cahining or backward chaining, others require a combination of the two.

The forward chaining technique can be classified into the parallel approach and serial
approach. The parallel approach involves gathering all the relevant information or evidence and
then use all the evidence as a whole 10 come to a conclusion or take a decision.

The serial approach normally requests for one piece of information at & time and vses 1
o come to a conclusion. This approach has the advantage of not bordering the user about
unwieldy information, some of which may not be necessary to the solution of the problem at
hand, For instance, if the process of drawing a conclusion about a given problem mvolves "yes
or no" answer, the parallel approach reguires a number of "yes or no” comparisons before a
decision 1s made whereas, in serial approach such comparison are made one at a time.

If the learning process involves asking questions whose answers are "ves/no”. It means
there are only two routes the program can take at any given point in the interrogation, The
reasoning pattern can be represented in binary form while the information and the logic path

could be represented in form of a “hinary tree".



2.2.3 Decision Support System
The decision support system assist in decision making by subjecting the output of the inference
engine to inductive and deductive reasomng. The decision support system has two sub-systems,
namely: cognitive filter and emotional filter. For instance, in information technology based
personnel procurement, |AKinyokun and Uzoka, 1999], used the inference engine in matching
the decision variables of the personnel knowledge with the corresponding decision variables of
the job requirements knowledge and reports a list of applicants that are appointable for some
specific jobs. The cognitive filter and the emotional filter, carries out the inductive and deductive
reasoning on the information contents of the list of applicants appointable for a given job
produced by the inference engine. The following could form the basis for cognitive filtering of
the list of appointable applicants:
a. The decision on whether, say, Institute of Chatered Accountants of Nigeria (ICAN)
qualification is more suitable for a job, based on the human resources personnel’s

judgement of syllabi of the professional body.

b. The decision to employ mostly, people of a particular age bracket based on the nature
of the job.
i, The decision to employ a staff who currently works in a similar company, and o the

required position.

d, A company may have a bus service for its staff, Based on this, members of staff may he
clustered within a particular location to make the bus system effective. Among the new
applicants, who are found appointable, there are some who live in the same
neighbourhood as the members of staff. Such an applicant may be employed instead of
an applicant who lives far away from the neighbourhood because of the inconveniences
and extra cost of transportation.

e, The decision o employ somebody who had a second class (lower division) in place of
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somebody who had first class because of the former's past experience on the job, despite

the fact that both of them had the same aggregate score.

sumilarly, the following could form the basis for emotional filtering of the List of appointable

applicants:

H

The decision to employ an applicants because he is related to a senior member of staff
of the organisation and his referees are credible personalities in the society.

The decision 1o employ somebody because of his state of origin, based on the feelings
of the human resources personnel, that applicants from that state have drive and
determination.

The decision o drop a candidate because he was dismissed from his former place of
work, even when he makes a good aggregate score in the matching process.

A job may not have sex restriction, but becanse of the stress involved in the job, the
human resource personnel may feel that a male would do the job better than a female;
as such, employs a male, rather than a female.

An applicant may have indicated that he s a sports man. If the company in question has
a sports club, the tendency is there that the applicant may be employed based on the
feeling that he would make good contributions to the company's sports programme.
From the medical records of an applicant and his or her physical appearance, he or she
may be found disabled in a way. But because of the very high intelligent qoutient of the
applicant, he may be employed and depioyved o an office where his or her physical

contact with cilents or customers could be very remote.

2.3 Knowledge Acquisition

Acquisition of necessary knowledge about the problem domain from the human expert by the

knowledge engineer is the first step in building an expert system. Despite the fact that numerous
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Expert Systems (ESs) have been constructed, an effective standardised method of acquiring the

expert knowledge is still more of an art than science, The process is currently characterised by

an expert at one end who s unfanuliar with E5 and unable to articulate what knowledge he has

and how to use it to solve problems. At the other end, there is the knowledge engimeer who may

be ignorant of expertise domain but can construct an adequate model of the human expertise of

a domain. The knowledge of human experts of a problem domain can be acquired in many ways.

Some of the ways are listed below:

a. Conducting interviews with the human expert in the domain.

h. Studying the past and present problems and their solution.

c. Identifying prototypical or idealized problem types and associated solutions.

d. Carrying out literature research.

€. Systematic observation and collection of verbal protocols from the human expert at work
in a real environment solving actual,as opposed to hypothetical problems.

In practice, the combinations of two or more of these methods of knowledge acquisinion may be

taken.

2.4 Knowledge Representation

Knowledge can be represented in many ways. Among the standardized ways are:
a. Production rules

b. Predicate logic

C. Frame

2.4.1 Production Rules
A production system consists of rule set (production memory), a rule mterpreter that decides

how and when to apply which rule, and a working memory that can hold data, goal and
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intermediate results. The basic cycle of a production rule system consists of a select phase and an
execute phase, Dunng the execute phase, the system interprets the selected rule to draw inferences
that alter the system’s dynamic memory, The working memory includes components for long-term
static data and shori-term dynamic data. The long-term store, which is the knowledge base,
contains rules and facts.

Rules specify aclions the system should imibatle when certain triggenng conditions occur.
The conditions define important patterns of data that can arise in the working memory. The system
presents data in terms of relations, propositions or equivalent logical expressions. Facts define
static, true propositions.

In contrast to conventional data processing systems, most production rule systems distnibute
their logic over numerous ndependent condition-action rules, monitor dynamic resulls for
triggering patterns of data, determine their sequential behaviour by selecting their next activity from
a set of candidate-triggered rules, and store their intermediate results exclusively in a global

working memory, The basic features of production rule system is shown in Figure 2.2

Knowledge Base
[nput
I Workang Rule Facts
Memory Memory
F Y
Data Updates

Selecting Rule

selecting Data

Figure 2.2 - Basic Features of Production Rule System



A production rule is generally expressed as:

I Pl Bl e e Py

Then Q & Qu&...cvvenvnen & Q,,

which reads as follows:
If the premise P, through P, are true then perform actions Q, through (,, where
Pt = 1,2 ... n) are the conditions and Qff = I, 2.’ .......... m}, the
conclusions. The conditions are usually object-attribute-value triples.

Typical production rules are given as follows:

a. IF (student sex is male) &
(student apply for campus accommodation)
THEN (allocate room for him in one of the male halls)

h. IF (student mark not found) & /
(student attend exam) &
(student sign -attendance sheet) &
(student submitted answer sheet)
THEN (course lecturer suspect)

2.4.2 Frames

Frames can be described as data structures, which provide the mechanism for grouping
imformation in terms of a record of ‘slots’ and filters. This record can be thought of as a
complex node in a semantic network, with a special slot filled by the name of the object that the
node is for, and the other slots being filled with the value of the various common attributes

associated with such an object.

Frame systems attempt to modlel classes of object which are related to one another using
data abstraction mechanism, such as classification, peneralization, aggregation and association
[Akinvokun et al, 1985]. When these data abstraction mechanisms are applied to a universe of

discourse, hierarchies of objects are formed. A network of objects is obtained when two or more
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data abstraction mechanisms are integrated in the conceptualization of a universe of discourse.
The conceptual diagram of the aggregation, generalization and association of objects are presented in
Figure 2.3a, and Figure 2.3b respectively. The combmation of aggregation and generalization of objects is

depicted in Figure 2.3c.

Sorvice Hau!ugn’:
Mechanic Date Motor/ Vehicle Site Load
Name shop Ident. [Number Cost Maker

|

Trade Name Location

Figure 2.3a: Aggregation Hierarchy of Vehicle
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Figure 2.3c: Generalization and Aggregaticon Hierarchy




2.4.3 Predicate logic

Predicate logic is used as an analyzing tool to represent facts, general statements, vague
statements and complex relationships. The use of logic for knowledge representation involves
inference.  However, logic does not tell one which inferences should be drawn at any given
pomt in the search for a solution; i only tells which inferences one is entitled 1o draw according
to some rules. In antomatic Ilhmn:m proving, logic programming and knowledge representation,
attempt is made to normalize predicate logic. The three main syntactic normalization schemes
employed are Conjunctive Normal Form (CNF), Full Clausal Form and Horn Clause Subset.
A logic program is an arbitrary set of expressions known as clauses, A clause is an expression
of the form:

1 T o (. FR . Eup——, N

A sentence of this form says that one of the (3 must be true if all of the P, are true.
The expressions to the left and right of the :- operaior in a clause must be atoms, that 1s,

expressions of the form:

where R is a relation constant and where each T, 15 a term. A term is either an object constant,
a variable or an expression of the form:

BTy evsnnrIg)
where F is a function constant and each T, 15 a term.

The schematic diagram of a logic programming system is shown in Figure 2.5, An
application-independent inference procedure is at the centre of any logic programming system.
When inmterrogated by the user, the inference procedure replies after drawing conclusions from
the facts in the knowledge base. In some instances, the conclusions drawn are stored i the

knowledge base for later use.
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FACTS COMCLUSTONS

KOWLEDEGE BASE

Figure 2.5 - Logic Programming System

2.4.4 Concluding Remarks

The PROLOG programming language gives the knowledge engineer facilities o quantify actions
amnd the pattern matching which are generally more powerful than those afforded by production
rule and semantic network interpreters. The lundamental theorem proving method that
PROLOG relied upon is called resolution and refutation. [t is remarked however that the
theorem proving with full unification inherent in logic programming is computationally expensive
in terms of both computer memory and central processing unit, For this reason, it has been
thought that the resolution and refutation mechanisms were impossible as a conceptual device
for reasoning about problems of realistic complexity. Thus the logic base approach is perhaps
less tried and tested as a methodology for the construction of a large scale real life svstem. In
practice, existing and popular ESs adopt the combination of production rules and semantic

network in an attempt to represent knowledge.
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CHAPTER THREE

REVIEW OF SOFTWARE METRICS AND PROJECT COST

3.1  Introduction
A common feature to both monitoring and evaluation of projects whether software or hardware,
is that they make use of data refating to costs, benefits, man-time spent, activities completed,
materials and machine-time consumed and s0 on, to determine the extent of progress or success
of a project at any point in time.  Estimation of cost, efforts and benefits of a software project
15 fraught with many difficulties due to the subjective nature of the variables involved in the
determination of cost, efforts and benefits.

In this chapter, we review some existing and popular approaches to the estimation of
software metrics such as cost, efforis and benefits. Software metrics 18 indeed, a broad range
of measures for computer software. In [Pressman, 1987], the following reasons are given for

software measurement:

a. To indicate the guality of the software
b. To assess the productivity of the people who produce the software
[ 'To assess the benefits (in terms of productivity and quality) derived from new sofrware

engineering methods and twols.
d. To form a baseline for estimation,
- To help justity requests for new wols o additional training.

In [Pressman, 1987], the sofrware metrics are classified into the following two categories
namely, direct measures and indirect measures. The direct measures include: cost, etfort, lines
of code, speed, memory size and error rate while the indirect measures include: function,
guality, complexity, efficiency. reliability and maintainability,

The direct measures of software are relatively casy to collect as long as specific

conventions for measurement are cstablished in advance while indirect measures such as quality,
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complexity, functionality, efficiency and maintainability are difficult to assess.
3.2 Size Orientated Metrics
Size-orientated software metrics imvolve the direct measures of software and the process hy
which the software is developed. The basic requirement is that an organisation should mamtan
simple records of size-orientated data, Such data include: number of lines of code, number of
person-months used for a particular software development project, cost, number of pages of
dm:umcnmliunl. number uflr:rrur:-: encountered per year, number of people involved i the
development and 50 on,

From these rudimentary data, a set of simple size-orientated prl.‘n:iut[i.".-"ll:_',' and guality
metrics can be developed for each project. Averages can be computed for all projects for

example we can have the following, among others;

Productivity = KLOC

person-month
Quality = CIror
Cost = t of money expended
KLOC

Documentation =  Pages of documentation
KLOC

where one KLOC is one thousand lines of code

In mid 1950's, programmers, who were then very few in number, began to measure
software effort in terms of number of "lines of code" (LOC). This was used as the hasis for
predicting programming costs, festing costs, salaries and so on [Biezer, 1983]. A study by
[Weiwurm er al, 1965], debunked the use of such simplistic measure. It is observed that cost
is largely influenced by such things like number of meetings attended, the number of records in

the database, fne relative state of hardware (if new hardware), documentation requirements and
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other factors that did not re.lar.e directly to number of lines of code. The work of [Welwurm er
al, 1965] and [Nelson, 1967] are some of the first landmark efforts at cost estimation of software
development, as they provide the basis for cost estimation. |

In the estimation of number of bugs in a software using number of lines of code, a study
carried out by [Thayer, 1976], showed that there is no simple non-linear law that relates number
of bugs per line to the number of lines of code. The same lack of correlation was shown by
[Rubey, 1975; Curtis, 1979].

In another study by [Lipow, 1982], in which 115 000 statements are examined, it reports
a non-linear relationship between bug rate per lines of code and program size. Other factors such
as language type and modylarizaton, executable lines of code and not data declarstions are
considered as part of software metrics,

Size-orientated metrics are controversial and are not universally accepted as the hest way
of measuring the process of software development. It is claimed that LOC measures are
programming language - dependent, they penalize well-designed but shorter programs, cannot
easily accommodate non-procedural languages, and that their use i estimation requires a level

of detail that may be difficult to achieve.

3.3 Function Orientated Metrics

Function-orientated metrics are indirect measures of software and the process by which it is
developed. Instead of counting lines of code, function-orientated metrics focus on program
"functionality” or "utility”. Function-orientated metrics were first proposed by [Albrecht, 1979],
which suggests a productivity measurement approach called the "function point” method.
Function points are derived using and empirical relationship based on countable measures of
software's information domain and subjective assessinents of software complexity.

Function point measure iz originally designed to be applied to buosiness information
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system applications. Five information domain characteristics are determined and counts are

provided. The information domain covered are the following:

A, Number of user inputs: This refers to the user imputs that provides distinet application-
orientated data 1o the software,

b. Number of user outputs: Each user output that provides application orientated information
to the user, Output in this context, refers to reports, screens, error messages and so on.

= Number of user enquiries: This refers to online input that results in the generation of
some immediate software responses in the form of an online output reports,

d. Number of files: This refers to the lpgical master file, that is, a logical grouping of data
that may be one part of a large database or separate file.

e, Number of external interfaces: All machine-readable interfaces, for example, data files
on tape or disk, that are used to transmit information to another system.

Once data on the above information domain is collected, a complexity value is associsted
with each count. Organisations that uses function point methods develop criteria for determining
whether a particular entry is simple, average or complex. This sort of determination 15 somewhat
subjective in nature.

Function-poinis (FP) is computed as follows!

FP = Count total x [0.65+0.01xSUM(F)}]
where count total is the sum of all counts and F,, i = 1 to 14. F, are known as "complexity
adjustment values" based on responses to some questions derived in [Albrecht, [985]. Such
questions bothers on the degree of modularity, conciseness, simplicity, generality, consistency
and $o on,

Once the funcuon-points have been calculated, they are used in a manner analogous o

LOC, to measure software productivity, quality and other attributes, For example, we have
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Productivity = FP
Person-month

Quality =  Error
FP
Cost = Amount
FP
Documentation = Number of Pages
FP

Like LOC, funl:ﬂﬂn-pﬂjm metric is controversial. Although, it is programming language
mdependent, making it wdeal for applications using conventional and non-procedural languages,
however, it 18 claimed that the computation is based on subjective data, rather than objective
data,

Both size-orientated and function-orientated metrics have their strong and weak points.
They become more useful when averages of LOC and FP estimates are made over a period of
time. Such data can be used for software project planning.

Challenging the usefulness of LOC and FP data, many researchers were of the opinion
that many factors influence productivity, For instance, [Basili and Zelkowitz, 1978}, identitied
the following five factors that influence productivity:

a. People factors: the size and expertise of the software development team.

h. Problem factors: the complexity of the problem to be solved and the number of

changes in design constrainis or requirements.

&, Process factors: analysis and design techniques that are used, languages availiable,

and review procedures.

d. Product factors: reliability and performance of the computer-based system,
7 Resource factors: availability of development tools, hardware, anmd software
FESONITCes .



Although function points and LOC have been found to be relatively accurate predictors
of software development effort and cost, it becomes more useful when a historical haseline of
information is established. This leads to the question of the appropriate methods for metrics data
collection,

3.4  MeCabes's Complexity Metric

In [McCabe, 1976], a complexity metric 15 defined as a count of the number of decision
statements in a program. In practice, it is a count of the decisions when considering the
complexity of an assembly of several modules. Complexity in this context is additive, Thus, if
unit “A" has a complexity of seven, that is, six decisions and unit "B” has a complexity of nine,
that is, eight decisions, their sum has a complexity of sixteen. Hence, multi-way branches such
as ON....GOTO or CASE statements are reckoned at one less than the number of possible
branches, For instance, a ten-way CASE statement 18 counted as equevalent of nine decisions.

The principal virtwe of McCabe’s metric 15 its simplicity, It achieves significantly beuer
correlation of complexity to bugs amd debugging difficulty than lines-of-code does. Most of the
limitations of the Mccabe's metric derive from some of the underlying assumptions of the
metric. These assumptions are:

a, Bugs are proportional to control-flow complexity, that is, processing complexity,
database structure, typographical and wild card bugs are immaterial.
b, It does not distinguish between different kinds of control-flow complexity, for example,

a simple "IF - THEN-ELSE" statement is judged at the same complexity as a loop.

c. A thousand straight-line mstructions are judged to be as complex as a single instruction.
MNevertheless, Mceeabe's metric 18 an easy to use and vseful rule of thumb for comparing
alternative approaches and for estimating debug labour.

3.5  Halstead's Metrics

Halstead's metrics [Halstead, 1977] are based on a combination of arguments derived from
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common sense, information theory; and psychology. The set of metrics are based on two
parameters of program:

n, = the number of distinct operators (keywords) in the program.

n, = the mumber of distinct operands (database objects) in the program.
From this, Halstead dr:ﬁned_ program length as:

H = ndog,n, +ndog.n,  equation (1)
Paired operators such as "BEGIN......END", "DO.......UNTIL", "FOR..... NEXT" are treated
as a single operator. For any given program, it 1s possible to determine the actual operator and
operand appearances.

N, = program operator count

N; = program operand count
The actual Halstead Length is

N = N, + Nj.iooequation (2)
Halstead also defines program’s vocabulary as the sum of the number of distinct operators and
operands. That is, n = vocabulary = n; + 15 ...cnn, equation {3)
Equation 1, assumes that program actual Halstead Length (N) can be calculated from the
program's vocabulary, even though the program has not been written, Hence: if a program is
written using 20 keyword out of a total of 200 in the language, and it references 30 ohjects in
the database, its Halstead Length should be 20 log,20 + 30 log,30 = 233.6,

Also, the relation appears (o hold when a program is subdivided into modules. The bug
prediction *B’ formula, is based on the four values, n,, n,, N, and N, and is defined by:

B = (N, + Ny logg{n, + n /3000 ............... eguation (4).
Hence, a program which accesses 75 database items a total of 1300 times, and which uses 150
operators a total of 1200 times should have its bug prediction calculated as:

(1300 + 1200)log,(75 +150)/3000 = 6.5 bugs.
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In addition, Halstead also derives relations that predict programming effort and time which
seems to correlate with experience. The time prediction is non-linear, showing the following:
a. 24 hours for a 120 - instruction program

b. 230 hours for a 1000 - instruction program

&, 1023 hours for a 2000 - instruction program.

Halstead metrics has been reviewed by many other researchers, For instance, [Lipow,

1982] confirms the suitability of the bug prediction equation. It compares actual bug counts

predicted bug counts to within 8% over a program sizes ranging from 300 to 12,000 executable

statements. However, the analysis was of post - compilation bugs, so that syntax errors caught
by the compiler are excluded.

In [Curtis, 1979], it is shown that Halstead’s metrics are at least twice as good as lines -
of - code and are not mmproved by Mceabe's metric.  In [Bons, 1984], while judging from
numerous experimental confirmation of Halstead's metrics, it is declared that "if ever a tue
software science emerges, it will be hased in no small part on Halstead's work", However, it
also observes the following weaknesses in Halstead's work:

a. Halstead does not distinguish between a programmer’s "own” sub-functions and a sub-
function provided by another programmer.

b, Non - executable statements such as declarations and data statements are ofien ignored,
Hence, mosi initialization and data structure bugs are ignored in the computations of
Halstead’s metrics,

c. It assumes that code is code and data is data, and that the two can m:'u'.::r meet. Hence,
if Halstead's metrics are nigidly applied to an assembly language program that does
extensive modification of its own code, it will predict the same bug count a5 a routine
that performs the same operations on a fixed data area.

d. Problem of data type distinctions arises in languages which permit mixed operations, for
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example, integer - floating pomnt addition and which have no user - defined types.

€. It does not take cognisance of call depth, for example, a routine that calls ten different
sub - routines as sequence of successive calls would actually be considered more complex
than a routine that had ten nested calls.

f. The problem of operator types, for example, IF....THEN.... ELSE statement 15 given the
same weight as a FOR....UNTIL statement, even though it is known that loops are far

more troublesome.

3.6 Measures of Program Quality

In order to ensure thorough monitoring and evaloation of a software development project there
15 the need to quantify the quality of a program. Quality tests and measures provide a way of
quantifying quality judgements, Several tests and metrics have been proposed to measure
objectively, lh:; degree o Willﬂl] certain quality characteristics are present in a software system.
No claim can be made as to their completeness or universal applhicability.

It is remarked in [James e al, 1983], that no single test or metric ]:m:-;. been developed
thus far to measure overall software quality since many individual quality characteristics are 1n
conflict with one another. It is doubtful whether anybody has since come out with a universally
acceptable metric or test of software quality.

Another issue is the fact that it may be difficult o build software quality into software
because of change. Software must be changed for il to continue (o be useful. Software may be
changed in order to correct latent errors and deficiencies not detected during development. It
may also be changed in order to adapt it to the changing computing environment and to respond
to changing user needs. When software 15 changed its quality is threatened. New errors are
introduced and the conceptual integrity may be destroyed. In an attempt to momitor and evaluate

program quality the concept of quality checklists are introduced.
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Quality checklist is a list of questions iesting for the presence of certain program
properties considered essential in a high quality software system. Each question is answered
with a "yes" or "no" depending on the qualitative judgement of the human evaluator. Software

guality relates to its reliability, testability, modifiability and portability.

3.6.1 Program Reliability

Program r:liah.ilily 15 deﬁna;d as the extent to which a program correctly performs its functions
in a manner intended by the users as interpreted by its designers. A reliable program is correct,
complete, and consistent. |

Total reliability remains a goal rather than an actuality in virtwally all “real world”®
software. There is no means of guaranteeing 100% reliability or of measuring exactly how
reliable a program is,

Although, there exist some mathematical methods developed to establish program
correctness through formal proofs but difficultics in automating these methods have not enable
them to be used economically 45 a viable practice. The more practical and commonly accepted
approach for showing correctness 15 program testing [James ef al, 1983], The following checklist
of questions may assist the evaluator or the person responsible for monitoring and evaluating
program reliability;

a, Does the program contain checks for potentially undefined arithmetic operations (e.g.
division by zero)?

b. Are loops termination and multiple transfer index parameter ranges tested before they are
used?

Are subscript ranges tested before they are used?

o

d. Are error recovery and re-start procedures included?

c. Are numerical methods sufficiently accurate?
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Are input data verified and validated?

Are test results satisfactory? Do actual output results corresponds exactly to expected
results?

Do tests shows that most execution paths have been exercised during testing!

Do tests concentrate on most complex module mterfaces?

Do tests cover the normal extreme, and exceptional processing cases!?

Is the program tested with real as well as contrived data?

Does the program make use of standard library routines rather than develop its own code

o perform commonly used functions?.

3.6.2 Program Testability

Program festability is the ease with which program correctness can be demonstrated. Testability

is an extremely important program property in terms of building a high quality software product

and in terms of controlling software cost. For medium to large scale software systems,

approximately half of the development budget is expended on testing [Jensen er al, 19749]. In

[Mills, 1976], it is reported that a program that is difficult to test during development carries

this property into the maintenance phase. The testabality checklist are the following:

il

b.

Is the program modularised and well structured .

Is the program reliahle?

Is the plmgram understandahle?

Can the program display optional intermediate resulis?

Is program output identified n a clear and descriptive manner?

Can the program display all inputs upon request?

Does the program contain a capability for racing and displaying logical flow of control?.

Does the program contain a check point - restart capability?
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L. Does the program provide for display of descriptive error messages?

3.6.3 Program Modifiability
Program moditiability is the ease with which a program can be changed. A modifiable program
is understandable, flexible and simple.

A programmer has a relatively low probability of success when modifying a program.
In [Boehm, 1973], it is reported that, if modification involves fewer than 10 program
mstructions, the probability of correctly changing the program on the first attempt is
approximately 50%, but if the modification involves as many as 50 program instructions, the
probability drops to 20%. A major contributor 1o the high cost of software maintenance is the
abundance of fragile programs in the mdustry, In [James ef al, 1983], it is observed that since
change is the prevalent cause of most maintenance work, improving the modifiability of software

is an important factor in reducing maintenance cost. The modifiability checklist are the

following:

a, Is the program modular and well structured?

b. Is the program understandabie?

., Is there additional memory capacity available to support program extensions”

d. Is information provided o evaluate the impact of a change and to identify which portions

of the program must be modified o accommodate the change”

-] Is redundant code avoided by creating common modules/sub-routines?
L Does the program use standard library routines to provide commonly used functions?
a. Does the program possesses the quality of generality in terms of its ability to;

i Execute on different hardware configurations;
1. Operate on different input/outpul formats;

1i. Function in subset mode performing a selected set of features;
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iv.  Operate with different data structures or algorithms depending on resource
availability?

Does the program possess the quality of flexibility in terms of its ability to:

1. Isolate specialised functions that are likely to change in separate modules;
1. Provide module interfaces that are insensitive to expected changes in imdivadual
functions;

iii.  Identify a subset of the system that can be made operational as part of
contingency ﬁlanning or for a smaller computer;

iv. Permit each module function to perform one unigue function.

V. Define module inter communication based on the function the modules perform,
not upon how the modules work internally?.

Is the use of each variable localised as much as possible?.

3.6.4 Program Portability

Program portability refers to the extent to which a program can be easily and effectively

operated in a variety of computing environments. A portable program is well structured,

tlexible, and independent of features peculiar to a particular computer and/or operating system.

The portability checklist are the following:

i.

b,

Is the program written in high-level, machine-independent language?

Is the program written in a widely used standardised programming language, and does
the program use only a standard version and leatures of that language?

Does the program use only standard, universally available library functions and sub-
routines?!

Are the program computation independent of word size for achievement of required
[recision Or memaory size restrictions?

Dwes the program initialises memory prior o execution’
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i Does the program isolate and document machine-dependent statements?
E. Is the program structured to allow phased (over lay) operations on a smaller computer”?
h. Has dependency on internal bit representation of alphanumeric or special characters been

avoided or documented in the program?,

3.7  Collection of Metrics Data

In order to develop accurate estimates, [Pressman, 1987] observes that a historical baseline must
be established, The baseline consists of data collected from past software development projects,
For the baseline to be an effective aid in cost and effort estimation, baseline data must have the

following attributes:

a. Data must be reasonably accurate. Guesses about past projects must be avoided.
h. Pata must be collected for as many projects as possible.

c. Measurements must be consistent

d. Applications should be similar to the work that is 1o be estimated.

For instance, it makes little sense to use a baseline for batch information system work (o
estimate a real-time microprocessor application.

After data collection and computation of metrics, |Pressman, 1987] proposes that the
result should be evaluated in order o critically examine the relevance of the results obtained
from the project at hand; and also w look at the project and the circumstances surrounding the
process of data collection. It then proposes a spreadsheel model for collection and computation
of historical software baseline data. The model includes cost data, size-orientated data, and

function-orientated data, enabling computation of both LOC and FP orientated metrics.

3.8  Software Project Scheduling

scheduling of software development projects can be viewed from two different perspectives
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|Pressman, 1987]:

a. Developing software to meet an already established (irrevocable) end-date. In this case,
the software development team is constrained to distribute efforts within the prescribed
time frame.

b. End-date is set by the software development team after careful amalysis of the
development process. Effort is then distributed to make the best wse of available
resources to accomplish the task at hand.

The first perspective is encountered more frequently than the second. Pressman, noted that

accuracy in scheduling can sometimes be more important than accuracy in costing because in

a product - orientated environment, added cost can be absorbed by repricing or amortization over

large number of sales. A missed schedule, however, can reduce market impact, create

dissatisfied customers, and raise iniernal costs by creating additional problems during system
integration, Hence, when software project scheduling is being taken, a number of questions must
be asked, among which are!

i, How do we correlaté chronological time with human effort?

b, What tasks and parallelism are 1o be expected?

c. What milestones can be used 1o show progress?

d. How is effort distributed throughout the software engineering process?

e Are scheduling analysis methods available and how do we physically represent a
schedule?.

3.8.1 Task Definition and Parallelism

When more than one person is involved in a sofiware engineering project, it is hkely that

development activities will be performed in parallel, The degree of modularity in the design of

a software would determine to what extent the jobs can be done in parallel. As components of

software are developed, they are integrated and validated before release 1o the end user.
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3.8.2 Scheduling Method

Scheduling of a software project is similar to the scheduling of any multitask development effort.
Hence, generalized project scheduling tools and techniques can be applied to software with little
modification. Project Evaluation and Review Techmque (PERT) and Critical Path Method
(CPM) are two project scheduling methods that can be applied to software development | Wiest
et al, 1977]. Both techniques develop a task network description of project, that is, a pictorial
or tabular representation of tasks that must be accomplished from the beginning to the end of
a project, The network is defined by developing a list of all tasks associated with a specific
project and a list of orderings (sometimes called a restriction list) that indicates in what order
tasks must be accomplished. Both PERT and CPM provide quantitative tools that allow the

software planner to;

da. Determine critical path - the chain of tasks that determines the duration of the project.
b. Establish most likely time estimates for individual tasks by applying statistical models.
e Calculate boundary times that define a time frame for a particular task.

Boundary time calculations can be very useful in software project scheduling shippage in
the design of one function, for example, it can retard the further development of other functions.
The important boundary times that may be discerned from a PERT and CPM network are the
following:

a, The earliest time that a task can begin when all preceding tasks are completed in the
shortest possible time.

b. The latest time for task initiation before the mimmum project completion time is delayed.

. The earliest finish - the sum of the earliest start and task duration.
d. The latest finish - the latest start time added to task duration.
€. The total float - the amount of surplus time or leeway allowed in scheduling tasks so that

the network critical path is maintained on schedule. Boundary time calculations lead to
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a determination of eritical path and provide the manager with a quantitative method for
evaluating progress as tasks are completed.

Maintenance effort fay not be easy to estimate at the development stage and since, it

accounts for a large percentage of project cost, the goal of software engineering should be to

help reduce maintenance cost to the barest minimum.

3.9

Software Project Cost Estimation

Software cost estimation is & continuous activity which starts at the proposal stage and continues

throughout the lifetime of a project. Projects normally have a budget and continual cost

estimation is necessary to ensure that spending 15 in line with the budget. In [Boehm, 1981], the

following seven different technigques of software cost estimation are proposed:

a,

Algorithmic cost modelling i3 developed using historical cost information which relates
some software m“m-c (usually 1ts size) to the project cost. An estimate is made of that
metric and the model predicts the effort required.

Expert judgement on the software development technigues to be used and on the
application domain are consulted.

Estimation by analogy is employed when other projects in the same application domain
have been completed, The cost of a new project is estimated by analogy with these
completed projects.

Parkinson’s Law which states that work expands to fill the time available. In software
costing, this means that the cost 18 determined by available resources rather than by
objective assessment, If the software has 1o be delivered in 12 months and 5 people are
availahle, the effort required is estimated o be 60 person-months.

The software cost is estimated to he whatever the customer has available to spend on the

project. The estimated effort depends on the customer's budget and not on the software
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functionality.

f. A cost estimarte 15 established by considering the overall functionality of the product and
how that functionality is provided by interacting sub-tunctions, Cost estimates are made
on the basis of the logical function rather than the components implementing that
funiction,

2. The m:«?: of each component 15 estimated. All these costs are added to produce a final
cost estimate,

Each techoique has advantages and disadvantages. The most important point made by
Bochm is that no one technigue is better or worse than any other technique. For large projects,
several cost estimation techniques should be used in parallel and their results compared. If these
predict radically different costs, this implies that not enough costing information is available.
More information should be sought and the costing process repeated. The process should
continue until the estimates converge.

Software project estimation cannot be undertaken without risk and that any sofiware
project estimation technigue (or set of techniques) should strive to provide the highest degres of
reliability, that is, the lowest nsk of major estimation error. There are the following options in

arder to achieve reliable cost and effort estimates:

d. Delay estimation until late in the project

h. Use of decomposition techniques to generate project cost and effort estimates
c. Develop an empirical model from software cost and effort estimate

d. Acquire onge Of more automated estimation tools

The first option, though attractive, is not practical. This i1s due to the fact that cost
estimates are made "upfront™. Hence, the option of delaying estimation until Tate in the project
is not popular among Systems Analysis.

Decomposition techniques involves dividing a complex problem into smaller, manageable
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sizes, Each of the subdivisions of the problem is solved and the solutions are combined to solve
the original problem,

Empirical estimation model is made up of estimation models and resource models.
Empirical estimation models could be used to complement decomposition techniques and also
offer a potentially valuable estimation approach. An estimation model for computer software uses
empirically derived formulae to predict data that are used for software project planning.

Resource models consists of one or more empirically derived equations that predict effort
(in person-month), project duration (in chronological months), or other pertinent project data.
There are four classes of resource model: static smgle variable model, static multivariable
models, dynamic multivariable model and theoretical model [Basili, 1980].

Examples of single variable models are found in the work of [Waltson, 1977] and the
Constructive Cost Model (COCOMO) introduced by [Boehem, 1981], which presents a hierarchy
of software estimation models,

The Putnam Estimation Model [Putnam, 1978], is a dynamic multivariable model that
assumes a specific distribution of effort over the life of a software development project. The
model 15 derived from manpower distributions encountered on large projects (total effort of 30
person-years or more). Il is however, possible (o extrapolate to a smaller software projeces.

The distribution of effort for large software projects has been described in curves and
proved analytically by |Norden, 1980]. This curves are often referred to as Raleigh - Norden
curve. Other Empirical models are Function Point Models,[Albrecht and Gaftney, 1983] and
Time Study Model proposed by [Esterling, 1980],

Automated Estimation Tools allow a planner 10 estimate cost and effort and to pertorm
"what if" analysis for important project variables such as delivery date or staffing. There are
many automated estimation tools but all exhibit the same general characteristics and all require

one or more of the following data categories:
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8. A quantitative estimate of project size (e.g. LOC) or functionality {function point data).

h. Qualitative project characteristics such as complexity, required reliability, oo business
criticality.
c Some description of the development statf and/or development environment.

From these data, the model implemented by the automated estimation tool provides estimates of
effort required to complete the project, costs, staffing, development schedule, and associared
risk.

SLIM applies the Putnam Software Model, linear programming, statistical simulation,
and PERT technigues to derive software project estimates. SLIM enables a software planner to
perform the following functions:

d, Calibrate the local software development environment by interpreting historical duta.

b. Create -an information model of the software to be developed by using basic software
characteristics, personnel attributes, and environmental considerations.

C. Comduct software sli’mg-

Once software size has been established, SLIM computes size deviation, a sensitivity profile that

indicates potential deviation of cost and effort, and a consmstency check with lﬁc data collected

for software systems of similar size, SLIM also provides a month - by - month distribution of

effort and cost so that staffing and cash flow requirements can be projected.

ESTIMACS 15 a "macro-estimation modlel” that uses function point estimation method
enhanced to accommodate a varicty of project and personnel factors. In [Presman, 1987], it is
reported that ESTIMACS tools contains a set of models that enable the planner 1o estimate the
following:

a. 53.r.~;:¢:11_develup1nen: effort
b. Staff and cost

£, Hardware configuration
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d. Risk

E. The effects of "developmem portfolio” (i.e. the effects of the current work).

3.0 Maintenance Cost Estimation

Maintenance cost are difficult o estimate. Evidence from existing systems suggests that

maintenance cost are, by far, the greatest cost incurred in developing and using a system.

Maintenance cost vary widely from one application domain to another. On the average, it is

seem to be between 2 times and 4 times of the development cost for large software systems

[Sommerville, 1992]. It is usually cost effective to invest fime and effort when designing and

implementing a system o reduce maintenance cost. For business application ;s}'swm:a, a study

by [Guimaraes, 1983 shows that the overall lifetime cost of a software system can decrease as
more effort is expended during systems development (o produce a maintainable system.
Maintenance cost is influenced by non-technical and technical factors and each of these

15 related 1o a number of product, process and organization, which are discussed below The

technical factors that influence maintenance cost are as follows:

a, Application Domain: If the application is clearly defined and well understood, the
system requirements are likely to be complete. Relatively, linle adaptive mainienance is
necessary. If the application is completely new, it is likely that the nitial requirements
will be modified frequently as users gain experience with the system.

b. StalT Stability: Maintenance cost can be reduced if system developers are responsible
for maintaining their own programs. There is no need for other engineers 1o spend time
understanding the system. In practice, it is very unusual for developers to maintain a
program throughout its useful life.

£. The Lifetime of Program: The useful life of a program depends on its application.

Programs hbecome ohsolete when the application becomes obsolete or when their original
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hardware is replaced and conversion cost exceeds re-writing costs. Maintenance cost
usually .ri:-;l: with program age.

External Enviromment: A software system must be modified as that environment
changes. For example, changes in a taxation system might require pnymil and accounting
programs to be modified,

Hardware Stability: If & program is designed for a panticalar hardware configuration
which does not change during the program’s lifetime, no maintenance due to hardware
changes will be required. Programs must be modified w vse new hardware which

replaces obsolete equipment.

The technical factors that affects mamienance cost are:

g2

Module Independence: It should be possible to modify one component of a system
without affecting the other system components.

Programming Language: Programs written in a high-level programming language are
usually easier to understand (and maintained) than programs written in a low-level
language.

Programming Style: The way in which a program is written contributes o its
understandability and hence, the esase with which it can be modified.

Program Validation and Testing: Generally, the more time and effort spent on design
validation and program testing, the fewer errors in the program. Consequently, corrective
maintenance cost are minumised.

Quality of Program Documentation; Program maintenance costs tends to be less for a
well documented systems than for systems supplied with poor or incomplete
documentation.

In [Pressman, 1987], it is observied that the cost of software mainteénance has increased

steadily during the past twenty years. It is submitted that 35 - 40% and 40 - 60% of overall
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software budget were expended on the maintenance of existing software in the 1970s and 1980s
respectively. It is also, projected that between 70% - BO® would be expended in the 1990s,
Although industry averages are difficult to ascertain and open to broad interpretation, the typical
software development organisation spends between 40% and 70% of expenses in conducting
corrective, adaptive, perfective and preventive maintenance.

.10 Effort Distribution

In |Pressman, 1987), it is observed that in systems development, distribution of efforts on
system analysis and design, coding and testing are 40%, 20% and 40% respectively. This 15
reffered to as the 40-20-40 rule. The 40-20-40 rule is, however, a guideline as the characeeristics
of each project usually dictate the distribution of effort. Effort expended on project planning
rarely accounts for more than 2%-3% of effort unless the plan commits an organisation to large
expenditures with high risks, Requirement analysis may account for 100%-20% of project effort.
Effort expended on analysis or prototyping should increase in direct proportion to project size
and complexity. A range of 20%-30% percent of effort is normally applied to software design,
Time expended for design review and subsequent integration must also be considered, because
of the effort applied to software design, coding should follow with relatively little difficulty. A
range of 10% - 20% of overall effort can be achieved, Testing and subsequernit debugging can
account for 30% - 50% of software development effort. The nature of the task that a software
system performs often dictates the amount of testing that is required. If software is human-rated,

that is, software failure can result in loss of life, ¢ven higher percentage may be considersd,
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CHAPTER FOUR

SOFTWARE DEVELOPMENT CYCLE
Software development project could be broadly categorized into three major phases namely,
development, operations and maimtenance. Each of these three major phases could be further

sub-divided into activities [Sommerville, 1992].

4.1  Development Phase

some of the activities that made up the development phase are:

. Definition of the problem

b, System design

i, Program coding

d. Program walkthrough

e Program compilation

4.1.1 Definition of the Problem

The need 10 develop a new software 13 usually motivated by a felt need of an organisation. That
18, & software project idea is aimed at achieving certain objectives which are stated in qualitative
terms. It is the duty of the System Analyst to quantify the objectives so that performance could
be measured agamst pre - determined target.

During this phase, an otherwise complex problem 15 broken down into sub-problems
which are manageable, The requirements for solving the problem such a5 programming
language, output reports, input data, processes, hardware and other inputs are carefully analysed.

Usually, there are existing solutions to a problem. For example, there may be a manual
method of solving the problem or even an existing computer software in operation.  The
development of a new software may arise as a way of overcoming the limitations of the existing

solution.
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The end product of the system analysis should be the identification of alternative solutions

o 4 problem, the cost implication of each alternative and the careful selection of g rood solution
P E

to the problem. The criteria for selecting a software development project includes:

.

b,

Potential return on investment;

Management desire;

Requirement for integration with other systems;

Technical feasibility of the proposed project;

Critical company need.

Capacity of the organisation 1o implement the project. This is in terms of technical
know-how of the personnel, abihty o absorb the additional work-load in an additional

project.

4.1.2 System Design

The main activities which are undertaken at this phase include:

i

h,

h.

Defining output requirements, volume, frequency, format and distribution.

Specifying the input layouts, frequency and so on. |

Developing the overall system logic.

Determining the control and audit procedures.

Determining the data elements, output requirements, data relationships and information
flow.

Identifying the master files, transaction files, data volumes, frequency of updating, length
of retention, speed of response required from files.

Deciding on which storage devices 1o use,

Determining the file organisation and access techmgues.,

ldentifying computer programs and manual procedures required.

Deciding on division of the computer-based parts of the software development project
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mto individual computer runs.

Preparing program specifications.

Developing peneral test requirements (type of data source, control checks and so0 on).
Producing detailed plan of implementation.

Hevising estimates of operational costs of the program.

Documenting the design phase in a repori for user and system management,

In designing a program. & number of tools such as flowcharts, block diagrams, decision

tables and PO charts are used.

Program flowchart is a symbolic representation of the processing that should take place i a

program. Flowchart is a pictorial or symbolic representation of a program and it is independent

of programming languages. It can be coded using any programming language. It uses symbols

to show the detailed steps within the program and the order in which the steps are performed.

It indicates the "logic" of a program. Program flowchart serves the following purposes:

i.

b.

Specifies the logic of a program.

Helps to sort out the procedural steps in a program,

Serves as an aid to program construction and coding,.

Serves as a reference when testing and debugging the program,

Serves as a documentation ol the program, either for future modifications or for use by
other personnel,

Flowchart is a pictorial or symbolic representation of a program and it is independent of

programming languages. It can be coded using any programming language.

Cieneral principles of the preparation of flowchart include:

.

b

=

The flowchart should be ¢lear, neat and casy to follow.
The fAowchart should have logical start and finish.

As much as possible, crossed flow lines should be avoided.
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d. Comparison inﬁLruct::mnn should be made simple so that choice or selection is based on
"Yes® or "No® answers.

e, Keep the direction of flow of the chart down the page and lefi to rig.ht. Indicate by
arrows if the flow 18 against any direction,

f. Check that the flowchart is logically correct and complete. Check that no set of activities
stops dead without returning to enter the flow at a logical point betore END, This can
he achieved by passing simple test data through the flowchart,

£ There should be consistency in the level of detail illustrated on the flowchart, Parts of
the flowchart that needs to be shown in greater detail could be drawn on a separate sheet
and referenced. Such modular approach to flowchart design helps to simplify program
development.

An Input-Processing-Output (1PO) chart is a textual description of the input, output and the logic

of a program. In PO chart, emphasis is on the logic of the program component, routines and

sub-routines rather than the fine details of the algorithm as in the case of program flowchart,

The statements of the logic of the 1PO chart of a program are described using a natural language

and modifications (o system can be effected without a total restructuring typical of program

Mowchart,

Decision tables are used as a method ol defiming the logic of a process, that is, the
processing operations required m a compact manner. They are more convenlent 1o use than
program flowcharts in situations where a large number of logical alternatives exist. The hasic

format consists of four quadrants as follows:

Condition stub Condition entry
——— |
Action stub Action entry
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The purpase of condition stub is 1o specify the values of data we wish to test for, The comliion
entry specifies what those values might be. Between them, the condition stub and condition entry
show what values an item of data might have that the program should test for. Establishing
conditions will- be done within a program by means of comparison checks. The condition entry
guadrants are divided mito columns, each column representing a distinet “rule’ or unigue result
of all the conditions, The action entry quadranis shows the action or actions that will be
performed for each rule. The important values of a decision table are;

a. Compact notation,

b. Easy program modification.

e, Standard form which facilitate automatic generation of machine language program.

d. Compatibilty with flowcharts.

-5 It is possible to check that all combinations have been considered.
f. They show a cause and effect from actions to conditions.
g, It is n:a;;}r o trace from actions to conditions.

h. They are easy to understand and copy as they use a standard format.

i. Alternatives can be grouped to facilitate analysis,

4.1.3 Programs Coding
Program coding refers to the act of writing of the computer instructions using a language or
package. Before embarking on the coding of the programs, the programmer need to study the
flowcharts, decision tables andfor PO charts in order 1o be sufficiently familiar with the logic
of the program to be written. In coding the program, the programmer should take cognisance
of the problem to be solved and the end result.

He needs to consider the appropriate programming language or software package 1o be

used in coding the program. The nature of data, volume of data, the type and complexity of
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computations and s0 on, would determine the final choice of the programming language

For instance, it is better to use a database language in coding a business onentated
programs (e.g. payroll, personnel records, stock control, Inventory etc), which mvolves large
volume of data but simple calculations. On the other hand in coding scientific or engineering
problem which involves complex mathematical formulae but small volume of data, it is better
to use a programming language like FORTRAN language, BASIC language or C - language,

Also, in cocding programs, the programmer should put the optimal performance of the
program into consideration. In a situation where there are two or more alternative algorithms
for accomplishing a task, the cost analysis of each algorithm has to be carried out, Also, the
trade-off analysis of the alternative algorithms should be carried out. The algorithm which is

less costly in terms of storage space and/or input-output processing time should be coded,

4.1.4 Program Walkthrough

Program walkthrough is undertaken in order to detect errors committed by the programmer
during coding. Usually, computer programs are checked by another programmer or a supervisor
for possible errors in coding.  There are two major Lypes of errors that can be found in a typical
program, namely, syntax error and semantic error.

Syntax error is often referred to as 'computer grammatical error’, Syntax error may occur as a

result of any of the following:

a, Assigning the same symbolic name to two different sets of data.
b, Omission of an instruction or an operator  between two operators.
c. Misuse of an operation symbaol.

d. Incorrect spelling of a keyword .

£ Omission of a special character such as comma.

Whenever there is a syntax error, the program will terminate at the compilation stage thus
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preventing the production of the object code.

Semantic error may be due to inability of cerain conditions in the program to adequately
represents the data processing operation required within the program. An example is division
of a real number by zero, Semantic error may also be caused by error of logic. That is, when
the solution to a particular problem 15 based on a wrong logic. Semantic errors are more
difficult to detect than syntax error.

An important benefit of program walkthrough is that it saves lime during compilation and
test running of a program. In order to ensure a thorough program walkthrough a list of questions
have been suggested in [Collins er af, 1982], Such questions are known as program walkthough
checklist. The supervisor or the person performing the walkthrough should ensure that the
program meets the requirements stated in the checklist, Such walkthrough checklist include:
a. Is there a transaction profile for each input?

b. Have all the correct process structures been identified?

L

Do the processes occur in the correct sequence?!
d. For each process, are all the data required specified?
& For each process, are all the files required specified?
£ Are there dependencies which have not been annotated?
4.1.5 Program Compilation
Each programming language has a language translator which translates the source code into the
object code. Depending on the type of language, the translator can be an assembler. &n
interpreter or a compiler, The object program generated in the compilation process is a machine
language program which performs the instruction originzlly presented in the coding,

The translator checks the source code line by line for any syntax error, Usually, the
running of the program is halted whenever a syntax error is encountered.  Appropriate

corrections are made and the corrected version of the source code is again re-compiled until it
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is free of syntax errors when an object code or object program is produced and tested using a
sample data.
4.2 System Operations

Some of the activities invloved in system operations phase are;

a. Data survey and collection
b. System test run

i Parallel run

d. Full implementation

g. Dacumentation

4.2.1 Data Survey and Collection

The computer programs writien are meant to process a set of input data to generate the desired
output reports. Data survey and collection are very important steps most especially when
programming a problem that has as input large volume of data. The sources of input data (o a
program have to be carefully defined and the source document should be carefully studied in
order to ensure that all relevant data are available. Input data could be collected from any of

the followmg sources:

i, Conducting interview and meetings;

b. Administering questionnaire;

B Sampling users opinions;

d. Searching existing records (output reports, input data and the documentation of
operations),

Data may be collected by applying the combimations of two or more sources outlined
above. The data collected should be analysed mm order o formulate their logical relanonships,

degree of association, estimated population and layout of standard input forms. Data collectid

al



are coded (written) into standard input forms. Depending on the level of sophistication or
complexity of the data processing department, different categories of personnel may be involved
in the data coding process, Such personnel may include a data coder, data supervisor, data
analyst and so on. The coded data values should be manually verified and validated by the data
analyst before they are passed to the data entry staff for input into the computer.

Drata cleamng 1s carried out by printing out the data entered into the computer for manual
checkmg by the Data Analyst. A compoter program can even be coded and implemented to
perform data cleaning operations. Such program may be designed to check for duplicate
records, validate each field of every record of a file and generate error messages, An edit

program can also be used to validate the value set of data.

4.2.2 Program Test Run
Testing is defined as the controlled execution of a program in order to reveal errors [Janson éf
al, 1979]. The end result of program compilition produces the object code or object program.
The object program though free of syntax errors may contain semantic errors. Hence, the object
program need to be tested using a sample data. The sample data should be selected such that
every branch of the program would have been checked against every combination and sequence
of data conceivable under aciual operating condition. In order to ensure a thorough test run, the
correct ﬂutput.uf the mnnp'le transaction should be pre-determined so that the result of the
program test run could be carefully compared with it. Sometimes it might be helpful o test for
intermediate results in order 1o detect where the suspected error emanates from.

Sometimes it may even be necessary for the programmer to develop a debugging routine
in order to eliminate costly computer time. The print out of the areas that are causing error

should he produced and the line numbers of the statements causing the errors are displayed,
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4.2.3 Parallel Run
Parallel run of systems are carried out in order 1o investigate and compare the performance of
the new system with the old system using real life data. Investigation must be carried out by
using the same set of data. The result generated by the two systems are then compared for any
possible disagreement. [T any disagreement is discovered, it should be carefully studied and the
cause of such disagreement wentified and solutions should be found.

During the parallel run of the existing and new systems, the cost of the two systems in
terms of computer time, storage space, computer consumables and human resources can be
easily quantified thereby permitting the comparison and quantification of the benefits of the new

system over the existing one,

4.2.4 Full Implementation

Once it is HR[H]I‘IHEh-Eﬂ that a new system is better than the existing one, the old system can be
discontinued.  The full implementation of the system should be handled with care because of
psychological, social and techmical effect it may have on the employee. It is .uﬁ::n difficult to
adjust what one has been used to; hence, the employees may find it difficult or even be unwilling
to jettison their "old way' of doing things with the apparently new one, Such factors like the
fear of re-training, re-deployment, redundancy, and even the fear of loss of job may make the
employees not be willing 1o adopt the new system,

Hence, the personnel mvolved in the existing operations need to be assured of the
security of their jobs. An evolutionary approach which permits a smooth fake off of
computerizalion exercise a:_]d guarantees job security of the existing employees of the user
departments should be sugpested.

The approach does not render the participation of the existing human labour obsolete,
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rather it should enforce the retraining or re-orientation of the human resources and an efficient

method of doing things.

4.2.5 Documentation of System

Documentation is an integral part of all the phases of system development. 1t is a document that
should provide all facts and figures about the system. It should describe all inputs, processes
and reports ge.nemted. A -T-:r']'lif-‘aﬂj system documentation should consist the following items,
among others:

a. Problem description

h. System design

o System flowcharts, decision tables, etc
. Input and output

B Records and file formats

f. Printed copy of the programs

2. Copy of the test data used during the debugging phase and 50 on.

The major documents normally produced in system documentation are contaied in the
user guide and system reference manual. The user guide should contain the following documents:
a. A functional document which explains what the system can do.

b. An installation document which explams how to install the system and tailor ot o a

particular hardware configuration.

C. An introductory manual which explains, in simple terms, how to get started with the
sYslem.
d, A reference manual which describes in detail the facilities available (o the user and how

0 use these facilities.
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e, An ::-pm:'at::-r guide wﬁi:h explains how the operator should react to situations which arise
whilst the system 15 being run.

The system reference manual should contain the system specification, .'u:mm, Provesses
and outputs. The system reference manual is essential for the proper understanding and
maintenance of the sysiem. The system reference manual should include:

i, The system regquirements specification.

h An overall system specification showing how the system is decomposed into a set of
mteracting modules.

C. A description of each system module with emphasis on 15 functions, input data and
output reports.

d. A test plan showing how the integrated unit of the system is tested.

B, An acceptable test plan, devised in conjunction with the user.

4.3 System Maintenance

System maintenance may involve simple changes to correct coding errors, more extensive

changes to correct design errors or a total review to correct specification errors or accommodate

new requirements. System mamtenance is carricd out after the system has been delivered and

15 in use hy the user organisation. System maintenance falls into three categories, viz: perfective

maintenance, adaptive maintenance and corrective maintenance,

Perfective Mantenance s mmed at addressing changes demanded by the user of the
system. For instance, users' may request for new reports to be generated from the system or the
programmer may see the need for some facilities which might support end user more effectively
and efficiently. Also the programmer may decide to replace an existing alporithm with a newly
developed and more efficient one, Perfective maintenance attempts to improve the system

without changing its functionality.
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Adaptive maintenance may be carried out due to changes in the environment of the

system. For example, adaptive maintenance may be carried out due to;

a, The need to change from batch processing to on-line processing;
b. The need to replace the existing peripherals with some new ones;
¥ The need to change the existing implementation technigue.

Corrective maintenance involves the correction of undiscovered system errors. The
errors may occur when the test data are not representative enough to test all the various branches
of the system and for a period of nme during the full implementation of the system, the real life
data to test such branches are not used, For example, it may not have occurred (o the designer
of a payroll system at the onset that an employee may have negative monthly pay. It may
happen that during the implementation that an employee have obtained several loans to the extent
that his total monthly earnings is less than the total monthly deduction,

The cost of maintenance of a system far out weighs the cost of system development.
Maintenance cost vary from one application to another, but, on the average, maintenance cost
is about four times the development cost for a large system [Sommerville, 1992].  Also,
maintenance cost increases with the age of the system.

Since, it is difficult to estimate, in advance, the cost of maintaining a system, it is better
to invest time and efforts when designing and implementing a system, There are the short term and
term goals of the system. Emphasis, should however, be on the long term goal thereby leading to 2
term benefit and reduction of maintenance cost. Coding errors are usually relatively cheap to correct, ¢
errors are more expensive as they may involve the re-writing of several system components. Require:
errors are the most expensive (o repair because of re-design which is involved,

In [Arthur, 1988] a model of maintenance process which 1s shown in Figure 4.2 below is prop
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Figure 4.2: Maintenance process

4.4  System Monitoring
A project is any distinct economic activity within the domain of economic and social
development, As a unit of investment decision, it may be simple or complex. It has the

following characteristics:

a. It has a specific time dimension and it is geared towards accomplishing a centain set of
objectives.

h. It has a latent stream of benefits and a latent stream of cost.

s It may or may not have a spatial dimension.

Since resources are linnted and there are many alternative ways of investing them, it
follows that, there are alternative ways of achieving a given objective. It then means that, there
has to be a proper momitoring of projects m order o ensure judicious allocation of scarce
TEROUrees,

Regardless of the type of project under consideration, a project is normally divided inio
phases. Before the end of a project, there is the need for proper monitoring of every phase
and/or activity of the project in order to ensure that achievement tally with the predetermined
objectives of the project.

Project monitoring involves checking performance against targets, Monitonng helps 1o
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discover any shortcoming or flaw in the execution of the project. Once, the flaw is detectad,
corrective and/or preventive measures are taken promptly. Monitoring allows corrective
measures to be taken while the project is on. It improves project management. The method of
montoring adopted and the steps involved in checking achievement against target must be well
articulated and stnictly adhered 1o unless there 15 a genuine need for adjustment or changes n
the method used based on past experience.

The method and steps mvolved depend largely on the type and nature of the enterprise
being monitored, It has been suggested that monitoring is better carried out by mdividuals or
agencies/organizations external 1o the project [Kayode, 1985]. This would lend credibility to
the exercise. Whether monitors are external or within the project, the following must be noted,
among others:

a. Good knowledge of the environment in which the project is being implemented.
b. Sound knowledge of the technical aspects of the project.  They must know the ditferent

operations involved,

£ Know the procedures for the employment of labour and their wages.
d. Have accurate record of every input committed to the project, the source, quantity and
COGt,

For a computer programming project, momtoring should centre around the following:

a Total costs imcurred.

b, Man-time spent.

c. Activities completed.

d. Materials and machine time consumed,

e The guality of work done at every phase of the project.

Within these broad categories, the project monitoring system should relate the progress

to the budgeted time, cost and so on, at an activity, and if appropriate, individual level, for
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example, number of system instructions completed, number of terminals delivered and installed

and so o,

4.5 System Performance Evaluation

The performance evaluation of a system is undertaken after the system has been completed and

has been running error free for several cycles, Ex post evaluation is done for the following three

ITEEEN FEasOns;

To examine the system and see whether or where improvement can be made,

To compare the achievements of the system against the set objectives.

To provide feed back to the Systems Analyst so that he can draw lessons for the good
and bad points to be wsed for future projects.

For the purpose of evaluation, the performance of the system should be assessed from

the following aspects.

.

Actual Cost:  The cost analysis of all the resources used in the system development
should be carried out. The analysis should cover the cost of computer consumables,
hardware, personnel cost, operational cost and so on, Also, the human and machine time
spent on system analysis, design, implementation, documentation and mainfenance can
be guantified in terms of money,

Realized Benefits: The benefits realized should be compared with the projection made
during the feasibility and design phase. If the benefits are higher than the cost of the
system development then the new system is a success in the sense that it has penerated
considerable returns on investment.

Timing: An important attribute of any project is that it must have a starting point and
a definite end, That is, it must be completed within a time frame. In order o achieve
this ohjective, each phase of the project is also allotted specific time frame within which

they must be m:ﬁple[:d. The estimated time taken to complete each phase of the project
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should be carefully compared with the actual time taken to complete them. Any

discrepancy in the forecast time and the actual time spent should be noted and the reasons

for it noted for future references.

Problem Areas: All problem areas identified in the analysis, design, implementation,

documentation and maintenance of the system should be carefully noted and solutions

should be sought. As the system evolves, effort should be made to cot down cost. This

may be achieved through a low-level or high-level approach.

Low-level approach may be achieved by using the following strategies:

- Improving the efficiency of the system through the use of better algorithm..

- Restructuring the logical connections of the operational data.

- Periodic re-organization of the stored data with a view to reducing the retrieval
and update cost.

High-level approach mvolves the constant training of the personnel responsible for the

operation of the system. Such training should be both on short term and long term basis.

This will enable the personnel involved to keep abreast of the developments in the

computer industry. This may be achieved through regular attendance of seminars,

conferences, workshops, m-service (raining and so on,

User satisfaction: In order to realize the full benefits of a system, user satisfaction with

the operations and functions as well as the output of the system should be cvaluated.

Users opinion should be sampled from time to time in order to find solutions to their

observations. Sometimes, the user may need to be given proper re-orientation on the use

and benefits of the system,

Error Rates: The rate at which errors are generated should be evaluated, The nature of

such errors and their causes as well a8 remedies should be evaluated and documernted.



CHAPTER FIVE

DESIGN AND IMPLEMENTATION OF COMPUTER AIDED SYSTEM
In this chapler, we present the framework for the estimation and implementation of software
metrics using Project Evaluation and Review Techmgue (PERT) and Critical Path Method
{CPM). The metrics derived from these project scheduling methods are used for the design and
implementation of the Computer Aided System ::hristv:;ncd CASMESDOM.
3.1 Software Metries
Twao categories of software metrics considered in this project are the following:

a. Direct metrics

h. Indirect metrics

The direct metrics include those measures of software which can be determined directly, Such
direct measures include:

it Cost

b. Dhuration

The indirect metrics refers to measures of soflware quality whose determination are somewhat

subjective in nature. The software quality factors focus on three important aspects of a software

product namely:

A Its operational characteristics {product operations)

. lts ability to undergo change {product revision)

L lts adaptability to new environments (product transition)

Thas 15 represented i Figure 5.1.
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Portability
Reusability
Interoperability

Maintainability
Flexibility
Testabilny

Prodduct revision Produst transition

Product operations

Correciness

Reliability
Eﬂi-:lt_:nu}f
Integrity
Usability
Figure 5.1: Software Quality Factors
The description of the software quality factors are presented as follows:
a. Correctness: The extent to which a program satisfies its specification and fulfils the end users
MISSION,
b. Reliability: The extent to which a program can be expected to perform its intended function
with required precision.
¢. Efficiency: The amount of computing resources and code required by a program to perform
its function,
d. Integnty: The extent to which access to sofbware or data by unauthorized persens can be
controlled.
e. Usability: The effort required to leamn, operate, prepare mput, and interpret the output of 8~ -
program,
. Mamntanability: The ease with which software can be understood, corrected, adapted and/or

enbanced.

g, Flexibility: The effort required 1o madify an operational program,
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h. Testability: The effort required to test a program to ensure that it performs its intended
function,

1. Portability: The effort required 1o transfer the program from one hardware and /or software
system environment to another.

1. Reusability: The extent to which a program (or part of a program) can be reused in other
applications. This is related to the packaging and the scope of the functions that the program
performs.

k. Interoperability: The effort required to couple one system to another.

It is difficult and in some cases impossible to develop direct measures of the above factors.

Therefore, a set of metrics are defined and used to develop expressions for each of the factors

according to the following relationship:

Fo =Ci*M; + Ca® Mz +,. ok G,

where F_ is a software quality factor, C,, are regression coefficients, and M, are the metrics that

affect the quality factor. Unfortunately, many of the metrics defined by McCall can only be

measured subjectively, The metrics were then assessed by checklist to “grade™ each of the
quahty factors. The metnes proposed in [MeCall | 1977] are the following:

i Auditahility: The ease with which conformity to standards can be checked,

b. Accuracy: The precision of computations and control.

e Communication commenality: The degree to which standard mterfaces, protocols, and
bandwidth are used.

d. Cnr]‘tp]:tcn:ss: The degree to which full implementation of reguired function has been
achieved.

e Conciseness: The compaciness of the program in terms of lines of code.

f. Consistency:; The use of uniform design and documentation techniques throughout the

software development project.

£ Data commonality: The use of standard data structures and types throughout the program.
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11,

n
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Error tolerance: The damage that occurs when the program encounters an cror.
Execution effhiciency: The runtime performance of a program.

Expandability: The degree to which architectural, data, or procedural design can be
extended.

Ger;em!it}r: The breadth of the potential application of program components.
Hardware mdependence: The degree to which the software is decoupled from the
hardwiare on which it operates.

Instrumentation: The degree to which the program monitors its own operation dnd
identifies errors that do occur .

Maodularity: The [unctional independence of program components,

Operability: The ease of operation of & program.

Secunty; The availability of mechamsms that control or protect programs and data,
Self-documentation: The degree to which the source code provides meaningful
documentation.

Sin';pliﬂit;,rr The degree to which a program can be understood without difficulty.
Software system independence: The degree to which the program is independent of non-
standard language features, operating system chiracteristics, and other environmental
constraints.

Traceability: The ability to trace a design representation or actual program component
back 1o requirements.

Training: The degree to which the soltware assists in enabling new users to apply the

system,

The relationship between software quality factors and metrics listed above is shown in Table 5.1.

In the ﬁnn]lana[ysis the metrics that affoct cach of the software guahlity factor 1s graded on a five-

point scale as follows:

Pooar =1



Average =2
Giood =3

Very Good =4
Excellent=35

Table 5.1: Relationship between software quality Factors and metries (adapted from

Pressman, 1987).

QUALITY FACTOR

METRICS

1. Cormreciness

| Completeness
Consistency
Traceability 3

2. Reliability

-

Accuracy
Consistency
Error tolerance
Modularity

3. Efficiency

Conciseness
Execution efficiency

Operability

4. Integnity

Auditability
Instrumentation
Scourly

5. Mamtainability

Concisencss
Consistency
Instrumentation

Modularity
Self-documentation

6. Flexibility

Conciseness
Consistency
Expandability
Modularity
Self-documentation
Simplicity

7. Testability

Auditability
Instrumentation

Madulanty
Self-documentation
Simplicity

8, Portability

Hardware independence
Maodulanty

| Self-documentation

| Software system independence

9. Reusability

| Generality

| Hardware independence

| Modulanty

Software system independence

10, Interoperability

Communication commonality
[ata commonality
Modularity

11, Usablity

Operability
Training
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- Estimation of Software Project Schedule.

One of the important attributes of a project is that it has a specific time dimension and is geared
towards accomplishing certain objectives, In other words, o project has a starting point and an
end point. Between the starting point and the end point, there are activities or jobs which must be
accomplished. Hence, for a project to conform io the tiJI:ne frame and the ohjectives, there is the
need for a proper scheduling of the activities invelved in the execution of the project. One of the .
earliest and popular methods of project scheduling is the Project Evaluation and Review
Techiigue (PERT) and Critical Path Method (CPM).

fl:.I.I Software Project Scheduling Using PERT/CPM

PERT/CPM were developed almost simultaneously by two different groups between 1956 and
1958. CPM was first developed by E.lL.du Pont de Neumours and Company as an application ro
construction projects and was later extended to o more advanced status by Mauchly Associates,
PERT, on the other hand was developed for the US Navy by a consulting firm for scheduling the
research and development activities for Polaris missile program [ Taha, 1976).

PERT and CPM are basically time-orientlated methods in the sense that they both lead to the
determination of a time schedule. Although, PERT and CPM were developed almost”
independently, today, they comprise one technique and the differences if any, are perhaps, only
historical. Consequently, both PERT and CPM are referred to as “project  scheduling
technigues™. In this research, we employ the PERT/CPM for the estimation of time schedule and
cosl estimation of software development, operations and maintenance.

5.1 Network Diagram Representation

The first step in PERT/CPM project scheduling technique invalves the breaking down of the
praject into a set of mdividual jobs or events and amanging them inte a logical network. This is
followed by estimating the duration and resource requirements of each job, deducing a schedule
and finding which jobs controls the completion of the project. The ammow diagram represents the

inter-dependencies and precedence relationships among the activities of the project. An arrow is
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commonly used to represent an activity with its head indicating the direetion of progress in the
project. The precedence relationship between the activities is specified by using events. An event
represents a point in time signifying the completion of some activilies and the beginning of new
ones. The beginming and end points of an activity are thus described by two events usually
known a3 the tail evenl and the head eventl. Activities onginating from a certain event cannot
start until the petivities terminating at the same event have been completed.

In the network theory terminology, each activity is represented by a directed arc and each
evenl is represented by a node. The length of the are need not be proportional 1o the duration of
the activity nor does it have to be drawn as a straight line. The direction of progress in each
activity is specified by assigning a smaller number to the tail event compared with the number of ]
its head event. Conventionally, letter “i" is used to depict the tail event and letter | depicts the
head event. Hence, a typical activity i1s represented by the symbol (i)

The rules for constructing the network diagram are summarised as follows:

i, Each activity 1= represented by one and only one arrow in the network, That is, no smgle
activity cam be repregented twice m the network.

b. Nao -rwn activities can be identified by the same head and tail events. In case of concurrent
activities, the use of dummy or logical links may be introduced in order (o avoid two events
having the same head and the same tail events. - A dummy is a logical link or constraint
which represents no specific operation,

In order to ensure the correct precedence relationship in the network diagram the following

.2

questions must be answered as every activily 15 added to the network:

L What activities must be completed immediately before this activity can start?
1. What activities must follow this activity?
1. What activities must oceur concurrently with this activity?

v, What controls the start?

v, What controls the finish?



5.2.3  Activities on Software Life Cycle

The Activities in a typical software life cycle revolves around software development, operations
and maintenance. For the purpose of this research, the following major activities have been
wdentified:

Data Requirement Analysis (DR)

Physical Reguirement Analysis (PR) - building, furniture, electrical installation and so on.
Hardware Requirement Analysis (HR)

Hardware Procurement (HP)

Hardware Installation (HI)

Hardware Testing (HT)

Software Requirement Analysis (SR)

File Design (FD)

Report Design (RD)

Personnel Requirement Analysis (PER)

Program Design (PD)

F;mgrﬁm Coding {C)

Program Walkthrough (W)

Program Compilation (CM)

Data Creation (DC)

Data Update (DU)

System Documentation (DOC)

Test Run (TE)

Life Run (LR}

Performance Evaluation (PE)

Maintenance (MT)
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It1s remarked that, each of the above core activities may be further broken down into components.
For mnstance, system maintenance, may be further broken down into perfective maintenance,
corrective maintenance and adaptive maintenance. The network diagram of the software life cycle
15 depicted in Appendix |
324 Duration of Activities on the Network
Finding the duration of a job is one of the important asﬁ:re:;ts of network analysis which must be
handled with utmost care. A realistic estimate of jobs duration will enhance the determination of |
job schedule and will also help in project planning and control which is the ultimate goal of project
scheduling. In well established organtsations, a lot of facts could be derived from work study and
records of past projects and similar projects in other organisations.  Another useful method for
getling realistic jobs duration estimates is the analytic estimate.

An analytic estimator breaks down a job into i1s elements and estimates the "work content”
and hence the duration of each, An analytic estimator possesses a basic skill in the type of work to
be done. This may be supplemented by training in time study. The skill enables him to assess a
future job realistically. Time studies taken later, on the job itselfl, provide a check on his estimate
and alse give information which can be classified into standard data for future use. Scheduling for
software development projects can be viewed from two perspectives.

a. An end date for the release of a computer-based system has already been set. The soltware
developing team 15 constrained to distnbute effort within the prescribed time frame,

b. Rough chronogical bounds have been discussed, but the end-date is set by the software
developing team. Effort is distributed to make best use of the resources and an end-date is
defined after carcful analysis of the software element,

However, the first perspective whereby the end-date has already been pre-determined by the client

organization 1 encountered more fregquently [Pressman, 1987]



In order to make a realistic estimate of effort and schedule in sofiware development, -
operations and maintenance, we took & study of three earlier studies by [Pressman, 1987;
Veryard, 1991; and Sommerville, 1992], They are presented below,
| Veryard [1991], reports the result of effort and schedule distributions by phase for medium-
sized organic project in Constructive Cost Model (COCOMO) model depicted in Tabfe 5.2,

Table 5.2: Effort and schedule distribution by phase in COCOMO,

Phase Effort % Schedule %
Plans and requirement i 12
Product design 16 19
Detail design 24 55
Code and Unit test 38
Imegration and test 22 26
106 [0
Commenting on the above estimates (Veryard, 1991) noted that:
a. The above estimates covers the development phases of COCOMO).
b. Plans and requirements are outside the phases because they have to be completed in most

cases before reliable estimates can be made.
i The distribuiiﬂn- of both time and effort by phase depends on both application type and
project size, The Agures above are for medium sized organic project,
Pressman [1987], also presented theoretical estimates of distribution of efforts in software
development as follows:
Planming — 2-3%
Fequirement Anabysis - 10-200
Systemn design - 20-30%
Coding - 10-20%
Testing/commlation - 30-50%

Systern maintenance 3-4 times of the system development effort
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In another study by [Sommerville, 1992], the following estimate of effort distribution in
software development, operations and maintenance were reported;

Table 5.3: Percentage of effort distribution in software project..

ACTIVITY PERCENTAGE

" Problem definition
System analysis
Software design | 4%

Program coding
Program walkthrough 20%%
Program compilation

Drata survey and collection
Program test Tun 400,
Parallel run of new program with old program

Mamienance was estimated 1o be 3 10 4 times of  effort expended on the above named
activities. The network diagram for software development, operations and maintenance presented
i Appendix [ was drawn with the following assumptions:

d, The time and effort required for the soflware life eyele from the begmning up o and
mcluding perfformance evaluation is 100 umts.

b The value of each activity represents the estimated percentage of time and effort required
lo accomplish such activity.

. Software maintenance is assumed to take 4 times (400% ) of the time and effort expended
on activities from the beginning of the software lile eyele up o and including performance
evaluation, Thus, if 100 time units is allocated to activities from the beginning of software
life cycle up to and including performance evaluation, then 400 time units would be
allocated to software maintenance.

d. Depending on the time avalable for the development, operations and mamtenance of a
given software, the time units could be converled to the actual tme hike hours, days,

&

weeks, months and vears.
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£, In the vse of actual time units, consistency in the definitions must be ensured. For instance,
the delimition of a week must state clearly whether it includes Saturday, Sunday, Overtime
and how many hours makes o working day and so on,

The duratu:r_n of each activity is labelled on the arc in the network diagram depicted in Appendix 1.

5.2.5 Critical Path Calculations

The application of PERT/CPM should ultimately yield a schedule specifying the start and

completion dates of each activity. The network diagram represents the first step toward achieving

this goal. Due to the imteraction among the different activities, the determination of the start and L

completion times requires special computations. These caleulations are performed directly on the
network diagram using simple anthmetic. The end result is to classify the activities of the project
as critical or non-critical.

An activity is said to be eritical if a delay in its start will cause a delay in the complelion
date of the entive project. A non-critical activity is such that the time between its earliest start and
its latest completion dates 15 longer than its actual duration. In this case, the non-critical activity is
said to have a slack or float time.

5.2.0 Determination of the critical path

A critical path defines a chain of critical activities which connect the start and end events of the
arrow <hagram, In other words, the entical path identifies all the entical sctivities of the project.
The critical path calculations are in two phases. The first phase is called the forward pass where
calculations begin from the 'start' node and move fo the 'end’ node. At each node, a number is
:::.nmpull::d representing the comresponding event. These numbers are shown in Appendix | in
squares (o). The second phase, called the backward pass, begins calculations from ‘end’ node and
moves 1o the 'start’ node (shown m angles A)  represent the latest occurrence time of the
corresponding event.

Let ES be the carliest start time of all the activities emanating from event 1. Thus, ES;

represents the earliest occurrence time of event 1. [ i=1, 15 the "start” event, then conventionally,
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for the critical path calculations, ES;=0, Let I} be the dl.llratiun of activitiy (1,j). The forward pass
calculations are thus obtmned from the formula

ESj=max [ESi+ D)oo c0quation (1)
for all defined (i,j) activities where ES =0, thus, in order to compute ES; for event j, ES; for the tul
events of all the incoming activity (1) must be computed firsi.
3.2.0.1 Forward Pass
ESy =0
ES;=ES| +Dpp=0+6=06
ESy= Max {ESi+Da)=Max {0+ 3, 6+6) =12,j=1.2
BES=ES;+Dy=12+1=13
ESs=ESi+Dus=13+15=1435
ESs=ES;+Dy=145+05=15
ESy=ES&, +Dp=15+3=18
ESs=ES++ D= 18+3=22
ESq=Max {ES; + Do) = { Max {2346, [842) =20 =78
ESip=ESy + Djjp=29+8=137
ES; =ES;y+ Dy =3T7+12=49
ESiz=ES) +Djj; =49+ 3=52
ESin=ES5+Din=52+8=60
ESy=ES3+ Dig = 60+ 15 =175
ESs=Max {ES + Djjs} = Max {60+0, 75+5} = 80, i=13,14
ESis=ES|s+ Dy =80+ 1=81
ESin=ES;y+Dy7=81+10=91
ESis=Max {ES + Dixl = Max {81+ 0, 9|43} =94
ESin=ESpp+Dg=M+2=496

ESx=ESjs+Day==96+3=99
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ESz) = ESap + Digp = 99 + 400 = 499
The calculations of the forward pass for all the activities defined in Appendix | are derived by
substituting into the equation 1.
5.2.6.2 Backward pass
The backward pass starts from the "end" event, The objective of this phase is to compute LC;, the
latest completion time for all the activitics coming into event 1. Thus, if i=n 15 the "end” event, LC, :
= ES, initiates the backward pass. In general, for any node i,
LC=min |LC - D} ceeeiiii i ces o SEUANOND [2)
for -all defined (1)) activites. The values of LC,; (entered m the tnangles) are determned as
follows:;
LCy = ESyy =499
LC25= LCx; - Dagzy = 499 - 400 =99
LCis=LCsp- Doz =9-3=96
LCix=LCs-Dygu="%-2=94
LCiy=LCyg- Dyrp=94-2=9]
LC = Max {LCj= Dy} = Min {91-10, 94-0) =81} j=17,18
LCis=LCis - Disio= 81-1 = 80
EC1s=LCys=- Dy4ys=80-5 =75
LCy3=Min {LCj - Dy} = Min {B0-0, 75-15} = 60
LCiz = LCiz- pizia = 60-8 = 32
L= LCl_z -Dypp=352-3=49
LCio=LCy - Doy =49 - 12=37
LC; =LCy=Dyp=37-8=29
LCg=LCqy~Dye=29-0=23
LCy = Min {29-2, 23-5} = 15, Mm {LC]j - [y} j=8.9

LC.;,= I..[::T‘-Dﬁ,‘ll'= IE-3= lﬁ-

T4



LCs= LG -Dyy=15-05=14.5

LCi=1LCs-Das=145-15=13

LCi=LCy-Dyu=13-1=12

LC; =LC;-Dyn=12-6=6

LC) =Min {6-6, 8-3} =(01=2,3 Min {LCj - Dy} j-2.3

5.2.6.3 . Identification of Critical Path activities

The critical path activities is identified by using the results of the- forward and backward passes,

An activity (i,)) lies on the critical path if it satisfies the fGllowing three conditions,

Q@ BEre L i eimrwv oo L3)
b, B Ll e i s o COGUBtIOR {4
c. ES- BS =LC - LC=Dy.......0........equabon (5)

These conditions actually indicate that there is no float or slack time between the ecarhest start
{completion) and the latest start (completion) of the activity, Thus, this activity must be critical. In
the arrow diagram these activities are characterized by the numbers in square (B) and triangle

{A) being the same at cach of the head and the tml events and that the difference between the
number in square and triangle at the head and tml event is equal to the duration of the activity, The
critical activities; and the eritical path for the software life cycle depicted by thick bold lines in
Appendix | are determined by substituting into the equatilr:rn as shown below:

ES;~- B8 =LC;- LG =Dy

(1L.2)=06-0=06-0=6

(1L} 12=h=120=12

(3.4) 13-12=13-12=1

(4.5) 14.5-13=14.5-13 = 1.5

(5,6) 15-14.5=15-145=10.5

(6, 7y 18-15=18-15=3

(7.8) 23-18=23-18 =3
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(7,9)23-18=23-18 =5
(89)29-23=20.23=6
{9,100 37-29=37-29=8§
(10,11) 49-37 =437 =12
(11,12) 52-49 = 52-4% =13
(12,13) G052 = ({)-52 = §
(13,14) 75-060 = 75-60 =15
(13,15) 80-80 =80- 80 =0
{15,16) 31-80 =81-50=1
(16,17) 21-81 =91 -El=10
(16,18} 91-0] =9]1-81 =0
(17,18) 90-87 = 90-87 =3
(15,19) 96-94 = 96=04 =2
(19,20) 99-96 =99-96 =13
(20,21) 499-99 = 499 - 99 = 400
It is observed that while all the activities satisfy conditions {a) and (b) for critical activities
(1,33 (7.93(13,15) and (16,18) did not satisfy condition (c). Hence, they are not critical, Note that
the critical path must form a chain of connected activities which spans the network from "start” to
"end". The critical activities is depicted { . ) in Appendix 1. Thus, the crtical path i
Appendix 11 is defined by the following activities.:
(£1,2), (2.3), (3.4), (4,5), (5.6), (6,7), (7.8), (B.9), (9.10), (10,11), (11,12), (12,13, (13,14}, (14,15),
(15,16), 16,17), (17.18), (18,19} (19,20}, (20.21).
5.2.7 Determination of Float
All critical activities have zero float or slack. In order to determine the float of non-critical
activities, we need to define latest start time of activity (i) LS; and the earliest completion time

ol activity (ij) ECy by
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L& = LG = Dy s civvnns danimaquation (6)
BCy= ES; + Dy ovinnssnineninon . Bquation (7)

5.2.7.1 Latest Start

The latest start time (L.5;) is calculated by substituting into  equation (6):

ES=LC - Dy

LS)3=06-6=0

LSi;=12-3=8

LSz=12—-6 =6

[Sau=13-1=11

LS;s=144-15=13

LSu=15-05=1435

LSg=18-3=13

LS»=23-5=18

LSw=23-2=21

Lidge =29 —G=23

LSgig=37-8=129

LSig =49 -12=137

LSi112=52-3=49

L3izia=060-3=252

LSz =60- 15=45

LSxs=80-0=280

[S1415=80-5=T5

LSisin = EII— 1=80

LS017=91 - 10 =31

LSizp=94-3=91

L51g|u=g'{r-2=94
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LSjgm=99-3=9%

LS = 499 - 400 = 99
5.2.7.2 Earliest Completion
The earhiest completion (ECy) 15 calculated by substituting into equation (7):
EC; =ES; + Dy
ECjz=0+6=6

EC; =0+ ? =3

EC;; =6+ 6= 10
ECu=12+1=13
ECsus=13+1.5=14.5
ECy=145+05=15

ECoy=15+3=138

ECyr=18+5=23
Rl =18+ 2 =20
ECip=23+6=29
ECyp=29+8=17
ECjgn=37+12=49
ECj;=49+3=52
ECiz1i =52+ 8 =60
EC,34=00+15=73
ECi35 =060+ 0=00
ECi51s=75+5=80
ECi5), =80+ 1 =5l
ECiar =81 +10 =91

E':h;.w: Bl +0 =81

ECinz=91+3=94
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ECige=24+2 =96
ECjap=9+3=99
EC52 =99 + 400 = 499
There are two important types of floats: Total Float (TF) and Free Float (FF). The total foat TF;
for activity (i,)) is the difference between the maximum time available to perform the activity (LC; -
- ES;) and its duration ([;); that is
TFij= L& - ESi - Dy = LG - EGy = L5 - ESi
The free float is defined by assuming that all the activities start as early as possible. In this case,
FF;; for activity {1,]) 15 the excess of avalable time (ES; - ES;) over its duration (D) that is
FFi=ES;- ES - Dy
The results-obtained from the cntical paths caleulations together with the floats for the non-cntical
activities is presented in Appendix 111,
328  Estimating the Cost of Software Schedule

Costs are generated by the consumption of resources, and it follows that the best estimate of the
cost of a job will be derived from work measurement described in analytical estimate. In a typical *
organisation using PERT/CPM, special forms are designed for cost estimation. The cost aspect is
included in project scheduling by defining the cost-duration relationship for each activity in the
projecl. Costs are deﬁnc.:d to mmclude direct elements only. Indirect costs such as administrative or
supervision cosls are not ncluded. Figure 5.2 shows a typcal straight-hne relationship between
cost and duration used with most projects,

Cost

e

Con|

De Din Duration

Figure 5.2; Cost-Duration curve,
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The pomt (Dn,Cn) represents the duration "Dn’ and its associated cost "Cn’ if the activity is
execated under normal conditions.  The duration "Dn” can be reduced by increasing the allocated
resources and hence by increasing the direct costs. There is a linit, called crash time, beyond
which no further reduction in the duration can be effected. At this point any increase in resources
will only increase the costs without reducing the duration. The crash point is indicated mn Figure
5.2 by the point (De, Ce). The linear relationship between cost and duration depicted by Figure 5.2
15 a simplifcation of the real life cost-duration relationship as a non-linear relationship would
complicate the caleulations, The straight-line relationship could be improved upon by a piecewise

linear curve as shown in Figure 53.
COST

Be A A

Cn

De I:.in DURATION
Figure 5.3: Piecewise E".‘n:n.st—[.‘ruratinn curve
The piecewise cost-duration curve in Figure 5.3 is derived by breaking down each activity into a
number of sub-activities each corresponding 10 one of the hine segments. The slopes of the line
segments mereases as ong moves from the normal pomnt to the crash point. This condition must be
satisfied in order to ensure the validity of the approximation.

After defining the cost-time relationship, the activities of the project are assigned their
normal durations. The corresponding critical path 15 then computed and the associaled (dircct)
costs are recorded.  The next stepis to consider reducing the duration of the project. Since such a
reduction can be effected only if the duration of a cnitical activity i1s reduced, attention must be paid

to such activities alone. In order to achieve a reduction in the duration at the least possible cost,
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one must compress as much as possible the critical activity having the smallest cost-time slope.
The amount by which an activity can be compressed 15 limited by its ¢rash time.

When an activity is compressed, a new schedule with perhaps o new critical path is
obtained. The cost associated with the new schedule must be greater than with the immediately
preceding one. The new schedule must now he considered for compression by selecting the
{uncrashed} cntical activity with the least slope.

The procedure is repeated until all crtical activities are at their crash times.  The final result
of the above caleulations is a cost-time curve for the different schedules and their cormesponding
costs. A typical curve is shown by a solid ling in Figure 5.4. This represents the direet cost only.
The indirect cost 15 depicted by dotted ling in Figure 5.4 and mcreases as the project duration
mcreases. The sum of the direct and indirect cosis gives the total cost of the project. The optinmum

schedule corresponds to the minimum total cost

COSsT

Crash Schedibs Total Cost

Direct Cost ___——W»

Mormal Schedule

PRl Minimuwm Cost Sch

/

ELASPED TIME

Figure 5.4: The relationship between Total-Cost, Direct Cost, Indirect Cost and Minimum Cost.
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53  Monitoring and Evaluation of Software Life Cycle

For the p;J.rpcusc of monitoring and evaluation of software development, operations and
maintenance, the metrics described earlier in this chapter are modelled into a relationship form.
The general form of a relation is given by Rfay, az, & .. 8 8 - 8y

where R represents the name of the relation or file, [5], j=1, 2 ... n represents the attributes,

propertics or decision varables. The sel of relations that are considered in this research are the

followng;

I, Activity-file [code-of-activity , description-of-activity]
2 Cost-file [code -of-activity, estimated-cost, actual-cost]
3. Duration-file[code-oFactivity, estimated-duration, actual-duration )

4. Qm!]iny-uﬂd&—ﬁ]e:[md&—ui'—qual'ri:.r—lhr:tu:-r, description-of-quality-factor]

5. Software-quality-file[code-ol-quality-factor, metnie, score-obtmnable, actual-score-
obtamed]

The procedure for evaluation of software life cycle involves:

i, The comparison of the estimated duration {schedule) of development, operations and
maintenance activittes with the actual duration of these actiibies.

b, Comparison of the estimated cost of software development, operations and maintenance
activities with their actual cost.

H Drawing of mferences based on the outcome of the compansons made m steps (a) and step

(i),

For.instance, in case of the .:|1mnitnn'|1g, and evaluation of cost, the inference will indicate
whether there is cost overrun, cost under-run or break-even. It will also give the actual difference
and percentage difference between estimated cost and actual cost.

The monitoring and cvaluation of the duration and cost of activities in the software life cycle s

conceptualized in Figure 5.5 and Figure 5.6 respectively.
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ACTUAL-
DURATION

¥
ACTIVITIES
Data requirement
Physical requirement
Hardware requirement
Hardware procurement
Hardware installation
Hardware testing
Software requirement
File design
Personnel requirement
Report design
Program design
Coding
Walkthrough
Compilation
Data creation
Diata updlate
Documentation
Test run
Training
Life run
Performance evalualion
Maintenance

A

Figure 5.5: Matching of Estimated-duration with Actual -duration
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ACTIVITIES

Data requirement
Physical requirement
Hardware requirement
Hardware procurement
Hardware imstallation
Hardware testing
Software requirement
File design

Personnel requirement

Repaort design
Program design

Coding
Walkthrough
Compilation
Diata creation -
Drata updale

L Documentation
Test run
ACTUAL- Training
COST Life run
Performance evaluation
Maintenance

Figure 5.6: Matching of Estimated-cost with Actual-cost.

5.4 Evaluation of Software Quality Factors

Pl:rfunnanc.c evaluation of software quality involves making a quantilative assessment of software
quality factors using software quality metnics. This 1s achieved by grading each quality metric on a
"scale" on which the maximum score (or score oblainable) is 5 and the mnimum score is 1. A
score 15 awarded based on the judgement of the human evaluator on how a given software meets or
possesses the quality attribute under consideration.  The overall evaluation of software qualily 15
determined by taking the sum of the scores of all software quality factors as depicted in the
following equation:

i
E-'Q = Z-"‘h

L=l



where 50 15 software quality, x; refers to the vanous sofiware quality faclors and n is the total

number of the software quality factors.
Finally, based on the result oF the evaluation procedure, an inference of the extent to
which the software under consideration meets the quality of an ideal software is made. The

syslem rates the software quahty cither as poor, average, good, very good or excellent. The

evaluation of a software gquality actor is conceptualized in Figure 5.7

Seore - Obainable

Actual Score - Obtained

Software Quality Metrics

Figure 5.7; Evaluation of a software quality factor,

The results derived from the evaluation of each soliware quality factor serve as an input to the
final or terminal module. The results are designated as {Pil, k=1,2,3.4,5,n+1, and represents the
actual score for each software quality factor hike correctness, reliability, efficiency, integrity, '
maintainability, flexibility, testability and so on, The [Py} serve as input parameters to the
terminal module; which produces the difference and percentage difference between expected
total score and total actual score of the metrics for each software quality of the software being
evaluated. An inference, of whether the guality of the software 15 poor, average, good, very good

or excellent is also made. The logical relationships of the systems modules is presented in Figure

5.8
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MAIN MODLUILE MAIN MODULE 2
(ENTRANT) —# Sub-module | {(evaluation iTERMINAL)
of software quality factor 1}

Sub-module 2 (evaluation
of software quality factor 2) |

o

o

(@]

Sub-module n
(evaluation of software
quality factor n) "

Figure 5.8: Logical relationships of the evaluation of software quality factors

55  System Implementation

The Computer Aided System (CASMESDOM) is implemented using Paradox 4.5 Relational
Database Management System (RDBMS). The Paradox 4.5 RDBMS environment allows the
development of a user friendly, interactive and intelligent software package. The top-down
design adopted in the development and implementation of CASMEDOM enables the system
through menu sessions and dialogue sessions.

5.5.1 Dialogue and Menu Sessions

The [irst dialogue session bexing when uger types “CASMESDM™ al the C:\= prompl of the
computer, This opens the login screen depicted in Figure 5.9, The user name and Password are
entered, subject to the verification and validation, authorization is granted and the systém main

menu depicted in Figure 5.10 is displayed on the screen.

YOU ARE PLEASE WELCOME TO CASMESDOM

Please, enter the following:
User s Name:
Password:

Figure 5.9:  Login screen.

.



CASMESDOM MAIN MENU

I File Maintenance
2. Monitoring / Evaluation
3, Exit.

Pleaise select-an option.

H . -
Figure 5.10  Main Menu.

FILE SUB-MENU

1. Activity — Code

o Cost

3. Duration

4. Quality - Code

5 Software — Quality
6.~ Exit

Please, select an option

Figare 5.11; File Sub — menu

FILE MAINTENANCE SUB-MENL -“

Insert N:.-;a.- Records

A e

Exit

Please, select an oplion.

Modify Existing Fecords
Delete Obsolete Records

Figure 5.12; File Mamtenance Sub — menu

MONITORING / EVALUATION SUB-MENU-

LN N
- .

Exit

Please, select an option

Software Life Cycle Evaluation
Software Cuality Performance Evaluation

Figure 5.13: Monitoring / Evaluation Menu.



The first menu session begins when the option “File Maintenance™ is selected in Figure 5.10. A
file maintenance can be camed oul by an authorized human evaluator or monitor, hence, the
access right of the human evaluator or monitor has to be verified and validated. 1f access right is
granted, the file sub—menu depicted in Figure 5.11 is displayed on the screen. The selection of a
file will c::;use the sub — menu depicted in Figure 5,12 to be displayed on the screen. The
sclection of any of the options in Figure 3.12 will cause the form or screen view of the file
selected in Figure 5.11 to be displaved on the sereen,
The second menu session begins when the option “Monitoring /Evaluation” is selected in Figure
5.10. Immediately the selection is made, the submenu depicted in Figure 5.13 is displayed on the :
screen, Suppose the option “Software Life Cyele” 15 selected in Figure 5.13, the software life
cycle duration and software life cyele cost monttoring evaluation forms are displayed one after
the other for the human monitor to supply the information concerning the actual duration or
actual cost of the activities involved in the software development, operations and maintenance,
Each acttn:l}f and its cstimated duration or cost is displayed one afler the other until all the
activities that make up the software life cycle is displayed. As soon as the human monitor
limshes the dialogue session, an inference procedure is activated which produces the report of
the moenmitoring or evaluation of all the activibies. The system allows the human monitor or
evaluator 1o send the r::p:url to the screen for the purpose of viewing, file for future use or printer 3
for hard copy production. The relational form of the output reports are given as follows:
Duration [activity-description, estimated-duration, actual-duration, absolute-difference, % -
difference, inference].
Cost factivity-description, estmated-cost, absolute-difference, %e-difference, inference].
Each report is followed by a key giving the basis or explanation for the inferences made.
Suppose the eption "Software Quality Performance Evaluation™ is selected from Figure
5.13, a dialogue session is invoked durning which the human evaluator uses his own judgement to
give the aclual score of the soflware quality metrics. The screen view of software quality

evaluation form 15 presented 1n Figure 5.14.
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COMPUTER AIDED SYSTEM FOR MONITORING AND EVALUATION

I OF SOF TWARE DEVELOPMENT, OPERATIONS AND MAINTENANCE

SOFTWARE QUALITY EVALUATION FORM

RECORD#:

r"nTTRIBUT“E-DESE'R]PTIEIN:| j ! ! f l' [

SCORE-OBTAINABLE: ACTUAL-SCORE:

TYPE THE NUMBER CORRESPONDING TO YOUR ASSESSMENT OF THE
SOFTWARE QUALITY UNDER CONSIDERATION

l.
£ 8
3.
4.
3.

POOR
AVERAGE
OO0

VERY GOOD
EXCELLENT

Figure 5.14: Software Quality Evaluation Form

Once the assessment nl"aH metrics associated with each guality factor 1s completed the report is
automatically “fed”™ into the final or termimnal medule, where the total-actual-score of each
software quality factor is compared with 1ts total-score-obtainable. The relational form of the
output report is presented below:

Soltware-guality  [code-of-quality-factor, total-score-obtainable, total-sctual-score-obtained,
total-absolute-difference, %-difference, mference],

The report 1s followed by a key giving the basis or explanation for the mferences made. The
report could be viewed on the screen, stored in a file for future use or sent directly to the printer

for hard copy production.



CHAPTER SIX
CASE STUDY

6.1 Introduction

The Federal University of Technology, Akure {FLJTA],. Payroll System is an in-house software
package developed for the processing of FUTA staff salaries and wages. The payroll system was .
developed between December 1997 and January, 1998 The payroll system was developed by the
FUTA Computer Centre for the Bursary Department. Hence, the project development team consists
ol the stall from bolh departments. Systems analysis, design, coding, compilation, test-running,
debugging were carried out by the stall of the Computer Centre. Data collection, data entry, data
cleaning, data verification and validation were jointly carried out by the staff of both departments,
Several systems develpoment meath.':gs were held by the staff of the two departments in the course

of the project.

Table 6.1: Composition of the project development team

i‘ategnry Number
Project Director
Operation Manager
Systems Programmers

Data Entry Supervisors
Data Entry Clerks
Data Analysis

fed | L] ] ]| =) —

Betore the advent of the new payroll system, a payroll system developed and coded in COBOL had

been in operation since 1993, Th:: need to develop & new payroll system arose due o some

problems associated with the COBOL based payroll system. Some of these problems include:

i, The breakdown of the COBOL based package due to virus attack and the inability to get
the appropriate COBOL compiler 1o compile the backup source code,

b The package 15 not imeractive, user-fnendly and menp-dnven.

[ The package could not be easily maintained.

d. The Package was based on conventional file processing which is now becoming obsolete,
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6.2 Objectives of FUTA Pavroll System

'!.'he objectives of the FUTA new payroll system is us follows:

. To develop a menu-driven, user-friendly, iteractive and intelligent software package that
would be easy to maintain,

b. To develop a package that would be easy to maintain.

B To develop a package that would produce report at a faster rate.

d To produce neater output reports.
o, To change from the convenfional Ale processing system 0 a relational database
manazgement system., ’

6.3 Svstems Development
6.3.1 Systems Analysis and Design
The analysis and design of the FUTA Payroll was carried out in 1997, In systems analysis and design
the chjectives of the FUTA Payroll syvstem as stated m section 6.2 were taken into consideration, The
issue of programming langeage, outpul reports, input data, processes, hardware and other mputs were
carefully analysed. Alternative approach to the problem were considered before a final choice was
made. In selecting the option, factors such as management desire, ability to itegrate with existing
systems, techmical feasibility, eritical organizational need and capacity for the organisation to implement
the project, were taken into consideration,

In designing the new payrell system the following activities were carried out:

a.  Defimtion of outpul requirements.

b. Specification of input layouts

Development of the overall system logic

[ ]

d. [Identification of files, data volumes, frequency of updating and so on.
e. Identification of the relationships between mput and output files,
f.  ldentification of computer programs and manual procedures required.

2. Production of detailed plan of implementation.
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h. Identification of different modules and sub-modules and the relationship between them.
6.3.2  Program Coding
The program was coded in Paradox Relational Database Management System environment using
Paradox Apphcation Language (PAL) version 4.0, PAL have faciliies for developing an mteractive,
user frendly and menu driven software package. The query-by-example facility of paradox enhances
the processing of query transactions which mvolve several tables.
6.3.3  Program Compilation
The PAL has a powerful tool called Debugger. This teel can be used to lest scnpls {programs) and ﬁ];l.d
ETTOTS. Witli the debugger you can:

@,  Find out the cavse of an error.

b. Evaluate expressions interactively

¢. Check values of variables and arrays and save them in a file,

d,  Insert additional commands during senpt play.

¢, Determine where vou are, within nested levels of seripts and procedures.

Retwm from nested scripts or procedures.

Step through command execution, one command at a time.

=

. Skip individual commands in a seript.
i. Instantly enter the script editor or your own editor to change the script being tested.

The debugger is part of PAL's integrated environment for prototyping, developing, and testing
seripts and applications [Borland, 1988], With the aid of the PAL debugger, the compilation of the
prognims was made easier and fasier.

6.4 Systems Operation

0.4.1  Data Collection and Data Entry

The University Personnel and Bursary depariments maintains an accurate rcmn*: ol siafl, Rmnrds of
stait personal data. staff emolument and other financial records like loans, advances, taxes and so on

were collected from these departments, Data entry, data cleanmg, verification and vahdation were
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Jointly camed out by the staff of the Computer Centre and the Busary department. Since, they were
familiar with the manual and the COBOL based processing of the Payroll, the task of validation and
verification was accomplished with better confidence and accuracy,

6.4.2 System Test Run

With the real data of employees the programs were test run. Sample reports were generated to
ascerinin the accuracy and consistency of the programs,

.43 Parallel Run and Full Implementation

After several tnial runs the program was put mto full opération by the end of January, 998,

6.5 Systems Maintenance

Most of the maintenance work on FUTA Payroll were perfective. From time to time there were
requests from the Bursary department to generate a new ¢l of reports which were not in the onginal
design. Also, the Harmonised Tl:ﬂ'iEﬂ'}r Institutions Salary Structure (HATISS) introduced by the
Federal Government in September, 1998, led to the introduction of new set of allowances which had
to be included in the output report. In January, 1999, there was an amendment to the HATISS.
These changes were also effected on the payrotl system.

The maintenance work was made easy by the modular nature of the design of the payroll
system. One module could be amended without significantly disrupting other modules. Also, the
fact that the software maintenance is being carried out by the personnel that were involved in the

system development and operations helped m effecting necessary changes with relative ease.

1.6 Monitoring and Evaluation of Software Lile Cyele

The software life cycle activities depicted i Appendix T using PERT/CPM  project scheduling
method was used for the estimation of the duration of each software life cvcle activity. The total
number of days available for the project was fifty-two days. The duration of gach activity was
derived by using the percentage of the duration of cach activity presented in Appendix 1. The
cstimated duration (Dy), earliest starl (ES;), earliest completion (EC;), latest start (LS;), latest

completion (LC)), total float (TF;j) and 1 he free float (FF;;} are presented in  Appendix IV. The -
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actual values of the duration of the activities (Dy) observed during the development , operations
and mamtenance of FUTA Payroll Svstem is presented in Appendix V. The estimated duration
and actual duration of activities presented in Appendix IV and Appendix V respectively were
evaluated using CASMESDOM. The transcript of the output report is presented in Appendix
VI,

6.7 Software Quality PETFI]]'IIIIIIIIL‘-E Evaluation

In order to evaluate the gquality of the FUTA Pavroll System, the metrics that affect each
software quality factor were “graded” on a scale where the maximum score or score obtainable
15 5" and the mimimum score 15 *17. The actual score of the metnes of quality factors of FUTA
Payroll System is presented in Appendix V1. The actual score is subject to the assessment of the -
human evaluator, The report of the evaluation of each guality factor 15 “fed” into the terminal
module where the overall assessment of the software quality is made, The transcript of the output
report of the performance evaluation of FUTA Payroll System is presented in Appendix VIII

and Appendix IX.
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CHAPTER SEVEN

CONCLUSION AND RECOMMENDATION
7.1 Conclusion
Software costs today, represents a significant percentage of computer-based system. Consequently, '
a large cost estimation error or cost escalation ean make a difference between profit and loss. Also,
maintenance cost now constitutes up 1o 70% of software project cost [Pressman, 1987;
Sommerville, 1992]. This calls for proper monitoring and evaluation of all the phases and activitics
mvolved in software projects development, operations and maintenance, Monitoring help fo detect
any flaw or shortcoming at every phase of the software development, operations and mamtenance
with a w'ml..' to mtroducing comective measures. Evaluation on the other hand, 1s carried out at the
end of the project. A good soflware evaluation exercise would assist mm planning, and
implementation of future software projects.

In this thesis, we adopt the use of Project Evaluation and Review Technigue (PERT)
and the Critical Path Method {CPM) for the estimation of sofiware metrics such as duration and -
cost.  Also, McCall’s software quality factors and quality metrics (MeCall, 1977) were used to
denive the data used for software quality performance evaluation .

A Computer Aitlcd‘Systmn {CASMESDOM)} was designed and implemented. The main
ohjective is o build a svstem that would assist software  developers, operators and maintenance
crew 1o prc_:p:rl}' monilor and evaluate software development, operations and mainténance. This
would enable developers to cormect flaws or discrepancics. This helps m reducing escalation of cost
and enhances conformuty of software o expected qualities. CASMESDOM  was implemented using
the data derived from PERT/CPM and McCall's software quality metrics.

CASMESDOM 15 developed and implemented on an [BM compatible micro computer umming
on MS-DOS, version 6.22. The program coding was done using Paradox Application Language
(PAL) version 4.0, with its powerful wser friendly and interactive features. The design of

CASMESDOM iz such that most selections are made from menu selections and when users need to

s



type values, such values are in most cases, a single character or a few key strokes. The data entry

dialogue screens have been made attractive so as to reduce the boredom associated with data entry

and editing. CASMESDOM 15 capable of domg the following:

. MIIIl.'Ji'[I:I!'ﬁ'lg every phase and activity in software development, operations and maintenance
and penerating reports and using forward chaining to match achievement with targets, and
giving assessment of how far the targets were met;

b, Evaluation of the entire process of software development, operations and maintenance and

using forward chaining to match achievements with targets, and giving an assessment of
how far the targets were met.

b. The use of PERT/CPM for software project scheduling and estimation of cost of software
development, operations and maintenance.

C. The use of McCall's software metrics for software quality performance evaluation,

1.2 HEl::nmmnﬂu!iﬂn

This research has a number of limitations which could be a subject for further research.

i, The issue of a universally acceptable method of estimating software project cost, time
schedule and other metrics is still  a matter of controversy, Further research is
recommended in the area of evolving a universally acceptable technique for estimating :
software metnics like cosl, duration and so on,

b. The case study of FUTA Pavroll System does not fully reflect the full potentials and
capabilitics of the system. It 15 recommended that CASMESDOM be implemented on
larger software packages such as FUTA Personnel System, FUTA Asset Valuahon System

or FUTA Library System.

M.
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APPENDIX 111
Schedule of Software Development, Operations and Maintenance

ACTIVIITY | DESCRIPTION DURATION | EARLIEST | EARLIEST LATEST LATEST TOTAL | FREE
]} (Tj) START COMPLETION | 5TART COMOPLETION FLOAT | FLOAT
: O] ECij LSij & TFij FFij
ESi
LCj
(1,.2) Data Requirement 6 0 & 0 [ ¥ 0
(1.3) Physical Requirement 3 0 3 o 12 0 9
{2.3) Hardware Reguirement (i} 6 12 8 f i 1]
| (3.4) Hardware Procurement 1 12 13 12 13 ] i
4.5) Hardware [nstallation 1.5 13 14.5 13 14.5 ] ¥
(5,6) Hardware Testing 0.5 14.5 15 14.5 15 i} ¥
(6.7) Software Requirement 3 15 18 15 18 i 0
(7.8) File Design 5 15 23 18 23 i i
(7.9} Personnel Requirement 2 18 20 21 23 3 3
(8,9} Report Design & 23 29 23 29 i} ¥
(9,10} Program Design B 29 37 29 37 0 0
(10,11) Coding 12 37 49 25 49 ] ]
(11,12) Walkthrough 3 49 52 49 52 0 0
{12.13) Compilation B 52 60 52 5] i} 0
(13,14) Data Creation 15 60 75 45 i) 0 0
(13,15 Dummy 0 0] bl 1 80 80 20 20
(14.15) Data Update 5 75 8 75 B0 i} 0
(15,16) Documentation 1 8 81 50 Bl 1] 0
(16,17) Test Run 10 81 a1 81 a1 0 0
(16,18) Dummy 4] 8l 81 94 Q4 l 4
(17.18) Training 3 91 04 o1 o4 ¥ ¥
C(18,19) | Life Run 2 94 96 04 o6 0 0
((19.20) | Performance Evaluation | 3 i (T G 54 0 0
(20.21) Mamntenance 400 29 499 949 499 il 0




APPENDIX IV
Estimated Schedule of Activities in the Development, Operations and Maintenance of FUTA Payroll System.

ACTIVITY | DESCRIFIION DURATION | EARLIEST [ EARLIEST CATEST LATEST TOTAL [ FREE
5l ; {Dgh START COMPLETION | START COMOPLETION FLOAT FLOAT
I:' ECy) Lsiy A TFij FFij
E&a
LG
{(1.2) Data Requirement 3.12 ] 3.12 0 3.12 0 i
{1.3) Physical Requirement 1.56 0 1.56 2.6 4.16 4.16 4.16
(2.3) Hardware Requirement 1.04 312 4.16 312 4.16 i} i
G.4) Hardware Procurement 0.52 4.16 4.68 416 4.68 0 i
{4.5) Hardware Installation 0.78 4.68 5.46 4.68 5.46 i] i
(5.6) Hardware Testing 0.26 546 472 546 572 0 i
(6,7} Software Reguirement 1.56 5.72 7.28 5.72 7.28 ] y
[ (7.8) File Design 2.6 7.28 .58 728 988 i (0
(7.9 Personnel Requirement 1.04 7.08 332 11.96 13 4,68 4,68
(5.9 Report Design 312 088 13 988 13 0 0
(9,10) Program Design 4.16 13 17.16 13 17.6 0 0
(10,11) | Coding 6.24 176 23.4 176 23.84 0 0
(11,12} | Walkthrough 1.56 7384 254 | 2384 25.4 0 0
(12,13} | Compilation 4.16 254 2956 25.4 29.56 0 0
(13,14} | Data Creation 78 79,56 37.36 129.56 37.36 0 0
(13,15) | Dummy 0 29.56 3956 39.96 39.96 10.4 10,4
(14,15} | Data Update 6 37.36 39.96 37.36 30.96 0 0
(15,16) | Documentation 0.52 39.96 4048 30.96 40.48 0 0
(16,17} | Test Run 5.2 4048 4568 40.48 45.68 0 0
(16,18) | Dummy 0 40.48 40.48 4724 4724 6.76 676
(17,18} | Training 1.56 45.68 4724 45 68 47.24 0 0
(18,19) | Life Run 1.04 47.24 4828 47 74 4828 0 0
(19,20) Performance Evaluation 1.56 48.28 459 84 48.28 49 84 0 0
(20,21} | Maintenance 208 49.84 257.84 4984 257.54 0 0
) R




APPENDIX Y

Actual duration of activities observed during the development, operation and
maintenance of FUTA Payroll System.

ACTIVITY | DESCRIPTION ABBREVIATION [ESTIMATED- | ACTUAL-
(i) DURATION DURATION

{1.2) Data Reguirement DR 312 2
(1,3) Physical Requirement | PR 1.56 NA
(2,3} Hardware

Reguirement HR 1.04 NA
{3.4) Hardware

Procurement HP (52 MA
{4.5) Hardware Instailation | HI (.78 NA
{5,0) Hardware Testing HT 0.26 NA
{6,7) Soltware Requirement | SR 1.56 2
(7.8) File Design FD 2.6 4
{7.9) Personnel

Requirement PR 1.04 1]
(8.9) Report Design RD 312 3
{(9.10) Program Design PD 4.16 3
(10,11) Coding C 6.24 6
(11,12) Walkthrough W 1.56 1
(12,13) Compilation CM 4.16 3
(13,14) Data Creation DC 7.8 5
(13,15) Dummy DI 0 0
{14,15) Data Update DU 2.6 3
(15,16) Dacumentation DocC 0.52 2
{16,17) Test Run TE 5 5
{16,18) Dummy D2 0 0
(17.18) Training TR 1.56 1
(18,19) Life Run LR 1.04 2
(19.20) Performance

Evaluation PE 1.56 2
(20,21) Maintenance MT 208 130

NA = Not Applicable
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APPENDIX V1

Actual Score of metrics of software quality of FUTA Payroll System.

QUALITY FACTOR

METRICS

SCORE-
OBTAINABLE

ACTUAL-SCORE

l. Correctniess

Completeness
Consistency
Traceability

2. Relabihity

Accuricy
Consistency
Ermor olerance
Meodulanty

—rfee e s i

3. Efficiency

Conciseness
Execution efficiency

Operabihty

4, Integnty

Auditability
Instrumentation
Security

5. Maintainability

Conciscness
Consistency
Instrumentation
Muodularty
Self-documentation

6. Flexibility

Conciseness
Consistency
Expandability
Modularty
Self-documentation
simphieity

7. Testability

Auditalality
Instrumentation
Modulanty
Sclf-documentation
Simphenty

8. Portability

Hardware mdependence
Modularity
Self-documentation

Software system independence

9. Reusability

Generality

Hardware independence
Maodulanty

Software system independence

10, Interoperability

Communication commonality
Data commonality
Modularity

[ 1.Usabifity

Operabihity
Trammng

b Lalum e Lnd Lo n e n Ln b Le| Ln e ol L e lm L Lm e L L un U e e L un Ll Ln| i e La L e L LR LR Lh LR

o Lhl LA fu b P LA e e e L U LR s L L B e e Ln LA LS U L L D LA L] B kD sl B Je] e L L B b B fe
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APPENDIX VII

COMPUTER ATRED STSTEM FOR MOM[TORING AMD EVALUATION OF SOFTWARE DEVELOFMENT, DFERATIONS AKD MATHTEMAKCE
PROJECT SCHEDULE EVALUATION REPOET
DATE OF REPORT:  2=Dec-1389

_________ e B e o s e o e o e T S R B R e o e e e o i e e e e e R

| 8/N0 [ACTEVITY-CODE  [ACTINITY-DESCRIFT O |ESTINATED-DURAT 108 :ﬂl'-'TLLﬁL-IJUHATIﬂ_l (BT FFERERCE | % 1FFERENCE iREMARE }

| 1 | bR IDATA REQUIREMENT | 3.12] 2.00) 1.12] 35, %0)T1HE UNDERRUK |
o2 ! R ISOFTMARE REQUIREMENT | 1.56] 2,00 -4 ZA.2T]TIME OVERRLN |

| 3 | F {FILE DESION | 2.80] 4.00] -1.40) 53.85]TIME OVERRLN |

| & | PR . IPHYSICAL REQUIREMENT | 575 A 0,00 .04 100,00 TIME UNDERRUN |
i g I RO |REFORT DESICN | 3.12] 5.00] =1.64) B0, 256 {TIME. OVERRLN |

! 6 ; FO |FROGRAM DESIGH ; .18 5.00 - B4 20, 19]TIME ONERRLM |

__________ il i i vl i e s e L o B e i e e e o e e e e e e e e P e s T il i i i

| T | T {00 ] G i &4 | 400 24 T.ES|TINE UMDERRLN |

{ & ] W . Mlewest 0 - § i 158 o) .seL 35.50{1INE ukoERRUN |
19 1 o jcowrianiow ; .16} LT o 27.88|TINE UNDERRUN |
T T T ree, sani  2.81)  $5.90iTINE WemRRU |
puy ew  pAAwes e - B LS 3.00)  -40) 15.38{TINe oveRnme |
| %2 | mOE jOOCUMENTATION 1 52| 2.00)  -1.48]  286.62{TINE cuERRLN |
1"13 ] | TE {TEST BLN | §.80] .00 2 ;:Q;HIA;G}E&&G;W
P o (TRammg | T 100)  s&f 35.50{TIN WoERRUK |
P15 | Wk JLIRE RoM | g 200] 860 92.31|TIME oupRmM |
1% | e {PERFORNANCE. EVALUAT 100 | 1.58] 200, TR 28.21{TINE oveRLN |
LA ) oMt jeEewe o | - 20800  wo.oof  7so0) 37.50{TINE UNDERRUN |

KE¥ . E ¥
===

TIHE -0 [ FFERENCE-------- - INTERPRETATION

EGUAL 10D samssasss BREAKENEN

GREATER THAN 0 -------- - TINE OWERELW

LESS THAN O =---==scs TIME UMDERRLUN
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COMPUTER AIDED SYSTEM FOR MONWITORING AND EVALUNTION OF SOFTUARE DEVELDPHENT, OFERATIONE AMD MATNTEWANCE
PROJECT SCHEDULE EVALUATION SUMMARY REPORT

\ TOTAL-ESTIMATED-OURATION |TOTAL-ACTUAL-DURATION {0 FFEREHTE {4-DIFFERERCE  JREMARK ]
; 260,00% 178,00 B2.00] 11,54 | TIME UNDERRLN |
KEY i i

azm

TOTAL TIME DI FFEREMCE====-==-~ IMTERPHETATEDH

EGLUAL TO 4 senesme-== QREACEWEN

GREATER THAM Q -------- - TIME CWERRLIN

LESS THAW 0 cad bl - TIME LMDERRUN
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APPENDIX Vil

COMPUTER AIDED SYSTEM FOR MONITORING AND EVALUATION OF SOFTWARE DEVELOFHENT, OPERATIONS AMD MEINTEWAKCE
SOFTWARE GUALITY FPERFORMAKCE ENALUATION REPDRT

GLALITY FACTOR BEIHG EVALUATER: CORRELCTMESS

DATE OF SEPDRT: 2-Oep- 1599

§ E/HD |SUALITY-CODE  [METRIC [SCORE-DATAINASLE  |ACTUAL-SCORE-OBTALMED  |REWAHK i
3 | CoR |COMPLETEHESS -3 [ 4 |VERY GOOD |
| 2 CoR |Comg [STENCY |.3 | & |VERY GOOD - |
| 3 jcoR | TRACEABILITY . |5 | & |Z&T1SFACTORY |
KEY

ACTUAL SCORE DRTATNED--=--=---=-==- IKTERFRETAT 100

frosunsrsnamsnsavsnssnsansisnsnnssaPOIR

Besmamamenesasccmaeesacaaaaeaas == SATISFACTORY

T G030

Rrrr s e ——————— VERY GOOD

e o o e sesussnmassBYCELLENT

COMPUTER AIDED SYSTEM FOR MORITORING AMD EVALUATION DF SOFTWARE DEVELORMENT, DPERATICHS AKD MAIWTEMANCE
SOFTWARE GUALITY PERFORMAHCE EVALUATION RERDRT

QUALITY FACTOR BEIMG EVALIMTED: RELIABILITY

OATE ‘DF REFORT: 2-Dec-159%

] B e st o -l A A i B e e b T o e e e o o o Tl e L o i o o i o i i i e B e Rl i o i i s i o s

| &0 JEUALLTY-COOE  |METRIC {SCORE-DGTAIMAGLE  [ACTUAL~SCORE-OBTAINED  |REMARE

I 1 |REL |ACCURACY | % | & IVERY GDOD

e LR T e R P R P e T o ey

| 2 [REL |EORS LETENEY | 5 | 5 |EXCELLENT |
| 3 IREL IERROR TOLERAMCE | 5 13  GooD 1
{ & IREL | MODULARITY g | & IVERY ooo6 |
KEY

==E

ACTUAL SCORE DETAINED==+=-=---=--~1NTERPRETATION -

B e -PDak

Frosrarsmssasannnnssaannne s e e BAT I SFACTORY

T P TP Goan

fmrmmmmenn rammssamssanesersseene == UERY GOOD

B ENCELLENT
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COMPUTER AIDED SYSTEM FDR HMON]TORIWG AND EVALUATION OF SOFTWRRE DEVELOFHENT, OFERATIORS AKD MAIWTEWAKCE
SOFTHARE QUALITY PERFOSMAHCE EWALUATION REFORT

QUBLITY FACTOR BEIMG EVALUATED: EFFICIEHCY

DATE OF REPORT: 2Dac - 1995

| 50 |IALITY-CODE  |METRIC . |SCORE-OATATMABLE  |ACTUAL-SCORE-OBTAINED  |REMARK |
L1 |EFF |CONC | SERESS 15 | & ' |VERY GOoD |
| 2 |EFF |ERECUTION EFFIENCY | -5 | & IWERY GOOD |
| 3 |EEF |EERABILITY | 'S |5 |EXCELLENT |
KEY G

EEE

ACTUAL SEORE DETATMED====ssocsn=ms IKTERPRETAT 1M

R A o « PR

B ey e EATESFACTORY

e e T e G000

y TP ssasmmnses==YERY GODE

T T T EXEELLENT

COMPUTER AIDED SYSTEM FOR MOWITORING AMD EVALUATION OF SOFTWARE DEVELDPHMENT, OPERATIONS AND MATHTENANCE
BOFTHARE JUALITY PERFORMANCE EVALUATION REPIRT

JUALLTY FACTOR BEIMG. EVALUATED: INTEGRLTY

DATE OF REFORT: 2+<Dec+ 1999

| B/ND |BMLTTY-CODE  |METRIC {SCORE-CETAIHABLE  [ACTUML-SCORE-DETATRER  |REMARE |
[ | T [ALDETABLLLTY [-5 | A {WERY GDOR |
| 2 | EuT | INSTRUMENTAT I0H | & |2 ISATISFACTORY |
| 3 fIuT ISECURITY |5 | & |MERY €000 |
=N e T e O A e i S
EEY

===

ACTURL SCORE CETAIRED~~-=======-=--= INTERPRETATION

et e e R F e e e -poak .

Pamsssramsamsnaserr ey -gATISFACTORY

et e S e R s R GO

e T e -VERY fodn

e e S s e el -EMCELLEMT
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COMPUTER. ATDED STSTEM FOR MOWITORTRG ARD ENALUATTON OF SOFTWARE DEVELOMHENT, OPERATIORS. AND MAINTEWAWCE
SOFTWARE CUALITY PERFORMARCE ENALUATION REFORT

BUALITY FACTOR BEING EVALLATED: MalkTaMalBLITY

DATE OF REPORT:  2-Dec- 15399

| S/HD [GUALITY-COOE [METRIC © [SUDRE-CBTAINABLE [ACTUAL-SCORE-ORTAINED  |REWARE |
T jeowersensss 0 & d% . s g
j -2 LY | COMS[STERCY - -""""r;""-"“ N E!l | ERCELLEWT |
L3 mswoesmaron 15 re 0 |sanseactoay |
|6 e wewssr 45 35 |exceea |
IS MM |sLr-oocMeNTATIN g, DU g LRl EvcELLENT |
R T R E veRY Gooe |

KEY

LLE]

ACTURL SCORE DOBTALMED==s=s=s==r==«]NTERFRETATIOH
e 01

e SATISFACTORY
L P T L L LT T p———— 1,
besssssasnsss ssasansssssessssnnens JERY, GO0
P EXCELLENT

COMFUTER AIDED SYETEM TOR MOHITORIWG AND EVALUATION OF SOFTWARE DEVELDPMEWT, DFERATIDNG AND MATNTENAMNCE
EDFTMARE QUALITY FERFORMANCE EVALUATION REPDRT

GUALITY FACTOR BEEIMG EVALUATED: FLEXTRELETY

CATE OF REFORT: 2-Dec- 1999

| s |BUALTTY -CODE  |METRIC {SCORE-OATATHABLE  |ACTUAL- SCORE-CETAINED  |REMARE |
| % |mE  |cowcisewess |5 g e
Ve peE posstesey 18 s iocaimr |
Py me jeeweasuare (s 43 T e
o T R T T
1§ RE jsELi-noomewnarion I i i T e |
| 6 e lsweuemw R L T
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KEY

===

ACTUAL BCORE OBTARMED--=--------- -[NTERFRETATION
fomransmamanusse s ram e - PO
e T sasdsssnnnneesSATISFACTORY
L e e e e Goan

frmm e - sasasssnsnse===UERY QOCH
Gradabasnainnsrmrsensmmmsainnins EXCELLENT

COMPUTER AIDED SYSTEM FOR WONITORING AMD EVWALUATION OF SOFTWARE DEVELOPHMENT, DPERATIONS AND MALMTERAKGE
SOFTWARE GUALLTY PERFORMANCE EVALUATION REPORT

QUALITY FACTOR BEIMG EVALUATED: TESTABILITY
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