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Abstract
Increasingly, object-oriented measurements are being used to evaluate and predict the quality of
software. A growing body of empirical results supports the theoretical validity of these metrics.
Strategies were presented on how analysis of byte code with metrics can be integrated in an
ongoing software development project and how metrics can be used as a practical aid in codeand architecture investigations on already developed systems. An experimental study was
conducted as an attempt to further validate each metric and increase knowledge about them. The
tool was fully tested and can serve as a guide for software developers and maintainers to identify
early enough what quality measures (coupling or cohesion) may affect the quality of the
software.
_____________________________________________________________________________

Introduction
Software complexity measures are meant
to indicate whether the software has
desirable
attributes
such
as
understandability, testability, maintainability,
and reliability. As such, they may be used to
suggest parts of the program that are prone
to errors. An important way to reduce
complexity is to increase modularization [9]
. Modularity of software design can be
measured with two qualitative properties:
cohesion and coupling [2].
Cohesion
describes
a
module’s
functionality; the highest degree of cohesion
is obtained when a module performs one
function. On the other hand, coupling is the
degree of interdependence between pairs of
modules; the minimum degree of coupling is
obtained by making modules as independent
as possible. Ideally, a well designed
software system maximizes cohesion and
minimizes coupling.
An external attribute is concerned with
how the product relates to its environment.
Practitioners, whether they are developers,
managers, or quality assurance personnel,

are really concerned with the external
attributes. However, they cannot measure
many of the external attributes directly until
quite late in a project’s or even a product’s
life cycle. Therefore, they can use product
metrics as leading indicators of the external
attributes that are important to them. By
having good leading indicators, it is possible
to predict the external attributes and take
early action if the predictions do not fit a
project’s objectives. For instance, if we
know that a certain coupling metric is a
good leading indicator of maintainability as
measured in terms of the effort to make a
corrective change, then we can minimize
coupling during design because we know
that in doing so we are also increasing
maintainability [4] [11].
Internal structure attributes characterize
software products used or produced in the
early stages of software development.
Moreover, these attributes can be measured
directly. It is therefore common practice to
use internal structure measures as early
indicators for software quality.
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Related Literature
Traditional Measures of Complexity
The earliest software measure, which was
proposed in the late 1960s, is the Source
Lines of Code (SLOC) metric, which is still
used today. It is used to measure the amount
of code in a software program. It is typically
used to estimate the amount of effort that
will be required to develop a program, as
well as to estimate productivity or effort
once the software is produced. Two major
types of SLOC measures exist:
•
•

Physical SLOC and
Logical SLOC.

Physical SLOC: This is a count of nonblank, non-comment lines in the text of the
program's source code.
Logical SLOC: This measures attempt to
measure the number of statements; however
their specific definitions are tied to specific
computer languages. Therefore, it is much
easier to create tools that measure physical
SLOC, and physical SLOC definitions are
easier to explain. However, physical SLOC
measures are sensitive to logically irrelevant
formatting and style conventions, while
logical SLOC is less sensitive to formatting
and style conventions.
In [8] a measure known as Cyclomatic
Complexity was defined. It may be
considered as a broad measure of soundness
and confidence for a program. It measures
the number of linearly-independent paths
through a program module and it is intended
to be independent of language and language
format.
Function points, which were pioneered in
[1], are a measure of the size of computer
applications and the projects that build them.
The size is measured from a functional, or
user, point of view. It is independent of the
computer
language,
development
methodology, technology or capability of
the project team used to develop the
application. The original metric has been

augmented and refined to cover more than
the original emphasis on business-related
data processing.
Object-Oriented Metrics
Object-oriented design and development
is becoming very popular in today's software
development environment. Object-oriented
development requires not only a different
approach to design and implementation but
it requires a different approach to software
metrics. Since object oriented technology
uses objects and not algorithms as its
fundamental building blocks, the approach
to software metrics for object oriented
programs must be different from the
standard metrics set. Metrics, such as Lines
of code and Cyclomatic complexity, have
become accepted as standard for traditional
functional or procedural programs and were
used
to
evaluate
object-oriented
environments at the beginning of the objectoriented design revolution. However,
traditional metrics for procedural approaches
are not adequate for evaluating object
oriented software, primarily because they
are not designed to measure basic elements
like classes, objects, polymorphism, and
message-passing [7].
Definitions of Coupling
Myers defined six distinct levels of
coupling to measure the interdependence
among the modules; the coupling levels
were ordered by Page-Jones according to
their effects on the understandability,
maintainability, modifiability and reusability
of the coupled modules.
Coupling is increased between two
classes A and B if:
• A has an attribute that refers to (is of
type) B.
• A calls on services of a B object.
• A has a method which references B
(via return type or parameter).
• A is a subclass of (or implements) B.
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If two modules are coupled in more than one
way, they are considered to be coupled at
the highest level:
Coupling types are ranked on a 6 point
ordinal scale from loosely coupled (i = 1) to
tightly coupled (i = 5). If there is no
coupling between x and y then i = 0. The
types of coupling, in order of lowest to
highest coupling, are as follows:
1. DataCoupling (low and best)
Data coupling is when modules share data
through, for example, parameters. Each
datum is an elementary piece, and these are
the only data which are shared (e.g. passing
an integer to a function which computes a
square root).
2. Stamp Coupling
(Data-structured coupling)
Stamp coupling is when modules share a
composite data structure, each module not
knowing which part of the data structure
will be used by the other (e.g. passing a
student record to a function which calculates
the student's GPA).
3. Control Coupling
Control coupling is one module
controlling the logic of another, by passing it
information on what to do (e.g. passing a
what-to-do flag).
4. External Coupling
External coupling occurs when two
modules share an externally imposed data
format, communication protocol, or device
interface.
5. CommonCoupling
Common coupling is when two modules
share the same global data (e.g. a global
variable).
6. ContentCoupling(worst)
Content coupling is when one module
modifies or relies on the internal workings
of another module (e.g. accessing local data
of another module).

Disadvantages of high coupling include:
• A change in one class forces a ripple
of changes in other classes.
• Difficult to understand a class in
isolation.
• Difficult to reuse or test a class
because dependent class must also be
included.
Definitions of Cohesion
Cohesion was first introduced within the
context of module design.. The cohesion of
a module is measured by inspecting the
association between all pairs of its
processing elements. The term processing
element was defined as an action performed
by a module such as a statement, procedure
call, or something which must be done in a
module but which has not yet been reduced
to code. A scale of cohesion that provides an
ordinal scale of measurement that describes
the degree to which the actions performed
by a module contribute to a unified function
was developed. There are seven categories
of cohesion which range from the most
desirable (functional) to least desirable
(coincidental). They stated that it is possible
for a module to exhibit more than one type
of cohesion; in this case the module is
categorized by its least desirable type of
cohesion. In the principle of good software
design it is desirable to have highly cohesive
modules, preferably functional[9]. Cohesion
is decreased if:
•
The responsibilities (methods) of a
class have little in common.
•
Methods carry out many varied
activities, often usingcoarsely-grainedor
unrelated sets of data.
The types of cohesion, in order of the
worst to the best type, are as follows:
CoincidentalCohesion (worst)
Coincidental cohesion is when parts of a
module are grouped arbitrarily (at random);
the parts have no significant relationship
(e.g. a module of frequently used
mathematical functions).
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Logical Cohesion
Logical cohesion is when parts of a
module are grouped because they logically
are categorized to do the same thing, even if
they are different by nature (e.g. grouping
all I/O handling routines).

because changes in one module require
changes in related modules.
•
Increased difficulty in reusing a
module because most applications would not
need the random set of operations provided
by a module. Types of cohesion

Temporal Cohesion
Temporal cohesion is when parts of a
module are grouped by when they are
processed - the parts are processed at a
particular time in program execution (e.g. a
function which is called after catching an
exception which closes open files, creates an
error log, and notifies the user).

Methodology
Analysis: Identification of Coupling

Procedural Cohesion
Procedural cohesion is when parts of a
module are grouped because they always
follow a certain sequence of execution (e.g.
a function which checks file permissions and
then opens the file).
Communicational Cohesion
Communicational cohesion is when parts
of a module are grouped because they
operate on the same data (e.g. a module
which operates on the same record of
information).
Sequential Cohesion
Sequential cohesion is when parts of a
module are grouped because the output from
one part is the input to another part like an
assembly line (e.g. a function which reads
data from a file and processes the data).
Functional Cohesion (best)
Functional cohesion is when parts of a
module are grouped because they all
contribute to a single well-defined task of
the module
Disadvantages of low cohesion (or "weak
cohesion") are:
• Increased difficulty in understanding
modules.
• Increased difficulty in maintaining a
system, because logical changes in the
domain affect multiple modules, and

Using Byte Code Analysis
The coupling types are determined by
information that is usually not available at
the design level and they must be computed
from the program source code. Doing so,
however, is difficult because some of the
relationships appear only implicitly. The
information must be extracted from the byte
code of the software by an analysis tool.
Programming languages have subtle
complexities that make finding coupling
information more difficult than might be
expected. Some calls are implicit instead of
explicit. There are several types of global
variables and uses, and the effect of
inheritance with regard to coupling is not
obvious.
Occurrences of parameter coupling
In Java, parameter coupling occurs
through only method and constructor calls.
Parameter coupling to be viewed as the
occurrence of an invocation of a call to a
method or constructor through an object or
class.
Java allows two explicit types of method
calls, instance and static, and one implicit
type, through a constructor. If a method in
class A explicitly calls method m() in class
B through an object instance (b.m()), this
represents parameter coupling between A
and B. An explicit static call occurs when
classA calls a public static method m() in
class B (that is, B.m()). An implicit
constructor call is made when a variable of
type B is defined and instantiated in class A,
for example, Bb = new B(). All three of
these types are considered to be parameter
coupling in this research, even if no actual
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parameter value is passed in and no value is
returned.
The three types of parameter coupling can
be summarized as:
1. Bb = new B(); // implicit,
constructor
2. b.m(); // explicit, through an object
reference
3.
3. B.m(); // explicit, static
It is very important to differentiate
between different classes (inter-class) as
opposed to couplings between methods in
the same class (intra-class). The effects of
intra-class couplings are very different from
the effects of inter-class couplings. Intraclass coupling has no direct impact on the
external system, although it can have an
indirect impact. If the class is viewed as a
black box, then intra-class coupling is
invisible. Inter-class parameter coupling has
the potential to propagate problems from
within one class to other classes, especially
during maintenance and reuse.
Global, Inheritance, and External
Coupling
1.
Global coupling is a kind of interclass coupling that refers to the coupling that
takes place through variables that are
defined in one class and used in others.
These variables will typically have public or
protected package access specifiers. Public
variables represent a traditional, or true
global coupling, if the variable is static;
otherwise it is a global coupling with an
object reference. All of these variations must
be detected.
2.
Inheritance coupling refers to the
coupling that is related to the inheritance
between pairs of classes. The coupling takes
place through attributes and methods that are
inherited and used by a subclass but that are
not re-defined. If a subclass does not
actually use anything from its super class, or
if it re-defines everything it uses, this is not
considered to be inheritance coupling.

In Java, the inheritance relation is
established through the keywords extends
and
implements.
Therefore,
an
implementation can detect an inheritance
coupling between two classes or interfaces if
one class extends from another class or
implements one or more interfaces, or if an
interface extends from another interface.
External coupling is defined as access to
an external device by two or more classes.
In other words, external coupling happens
when two classes share something that is
outside the application that owns the classes.
External resources can include files on a
hard disk, printers, or other shared devices.
The challenge in designing an algorithm to
analyze coupling is to find out the unique
interfaces between these resources and the
application. Specifically, different classes or
applications may use the same resource, but
refer to them with different names. Binding
to a physical device may be done at the OS
level, not the program. This is necessary for
symbolically linked files and devices with
multiple names. If there is no unique
interface, then all interfaces must be
enumerated.
Actual types and dynamic binding
When analyzing the software for
coupling, the analyzer must first discover
the types of each reference. This is simple
for direct references to names. However,
when a reference is made through an object
reference (o.b or o.m()), the type of o must
first be found. Inheritance and dynamic
binding means that the type of o cannot be
determined statically, because it can change
during execution.
Metric Descriptions
In the process of choosing what metrics
are to be used as measurement, the first
thing that has to be considered is from
what viewpoint the measure is to be
evaluated. What the main goal of the
measurement is. As an example consider a
metric for evaluating the quality of a text.
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Some observers might emphasize layout,
others might consider language or grammar
as quality indicators. Since all of these
characteristics
give
some
quality
information it is difficult to derive a single
value (metric) that describes the quality of a
text. The same problem occurs for computer
software. This observation indicates that a
metric must be as unambiguous and specific
as possible in its measure. The metrics, the
code analyzer will calculate and displays for
each class are :
Coupling between object classes (CBO):
The coupling between object classes
(CBO) metric represents the number of
classes coupled to a given class (efferent
couplings, Ce). This coupling can occur
through method calls, field accesses,
inheritance, arguments, return types, and
exceptions [12].
Lack of cohesion in methods (LCOM ):
A class's lack of cohesion in methods
(LCOM) metric counts the sets of methods
in a class that are not related through the
sharing of some of the class's fields. The
metric considers all pairs of a class's
methods. In some of these pairs both
methods access at least one common field of
the class, while in other pairs the two
methods do not share any common field
accesses. The lack of cohesion in methods is
then calculated by subtracting from the
number of method pairs that don't share a
field access the number of method pairs that
do [12].
Weighted methods per class (WMC):
A class's weighted methods per class
(WMC) metric are simply the sum of the
complexities of its methods. As a measure of
complexity we can use the cyclomatic
complexity, or we can arbitrarily assign a
complexity value of 1 to each method. The
program assigns a complexity value of 1 to
each method, and therefore the value of the
WMC is equal to the number of methods in
the class.

Depth of Inheritance Tree (DIT ):
The depth of inheritance tree (DIT) metric
provides for each class a measure of the
inheritance levels from the object hierarchy
top. In Java where all classes inherit Object
the minimum value of DIT is 1.
Number of Children (NOC):
A class's number of children (NOC)
metric simply measures the number of
immediate descendants of the class.
Response for a Class (RFC ):
The metric called the response for a class
(RFC) measures the number of different
methods that can be executed when an
object of that class receives a message
(when a method is invoked for that object).
Ideally, we would want to find for each
method of the class, the methods that class
will call, and repeat this for each called
method, calculating what is called the
transitive closure of the method's call graph.
This process can however be both expensive
and quite inaccurate. In this program, we
calculate a rough approximation to the
response set by simply inspecting method
calls within the class's method bodies.
Afferent couplings (Ca ):
A class's afferent couplings are a measure
of how many other classes use the specific
class. Ca is calculated using the same
definition as that used for calculating CBO
(Ce).
Number of Public Methods (NPM):
The NPM metric simply counts all the
methods in a class that are declared as
public. It can be used to measure the size of
an API provided by a package.
Afferent Couplings (Ca):
The number of other packages that
depend upon classes within the package is
an indicator of the package's responsibility.
Efferent Couplings (Ce):
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The number of other packages that the
classes in the package depend upon is an
indicator of the package's independence.
In addition the following metrics are also
of great importance while trying to consider
quality of large object oriented programs.
Instability (I):
The ratio of efferent coupling (Ce) to total
coupling (Ce + Ca) such that I = Ce / (Ce +
Ca). This metric is an indicator of the
package's resilience to change.
The range for this metric is 0 to 1, with
I=0 indicating a completely stable package
and I=1 indicating a completely instable
package [10].
Abstractness (A):
The ratio of the number of abstract classes
(and interfaces) in the analyzed package to
the total number of classes in the analyzed
package [10] The range for this metric is 0
to 1, with A=0 indicating a completely

concrete package and A=1 indicating a
completely abstract package.
Distance from the Main Sequence (D)
The perpendicular distance of a package
from the idealized line A + I = 1. This
metric is an indicator of the package's
balance between abstractness and stability.
A package squarely on the main sequence is
optimally balanced with respect to its
abstractness and stability. Ideal packages are
either completely abstract and stable (x=0,
y=1) or completely concrete and instable
(x=1, y=0).
The range for this metric is 0 to 1, with
D=0 indicating a package that is coincident
with the main sequence and D=1 indicating
a package that is as far from the main
sequence as possible
System model:
Figures 1 and figures 2 below illustrate
the and the Class diagram of the coupling
Analyzer.

Figure 1: Activity diagram
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Figure 2: class diagram of class Analyzer
Testing And Results
The analyzer was developed using Java. T
he various components were fully tested.

After running the analyzer on a certain
numbers application on a number of test
cases, the following results were obtained:
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Package: epayment.adapters

Figure 2.: Showing WMC, DIT, NOC, CBO, RFC, LCOM, Ca, And NPM Of The Package
Epayment.Adapters.
Table 1:The classes and metrics of test case1
METRICS
PACKAGES

CLASSES

WMC

DIT

NOC

CBO

RFC

LCOM

Ca

NPM

Epayment.Adapters

XYZ Gateway

7

1

0

5

9

21

0

7

ABCGateway

7

1

0

5

9

21

0

7

IPaymentCommand

1

1

0

3

1

0

1

1

IgatewayAdapter

6

1

0

3

6

15

2

6

IPaymentResponse

2

1

0

0

2

1

3

2

IPaymentRequest

6

1

0

0

6

15

2

6

AbstractPaymentCommand

3

1

0

5

4

1

0

2

paymentException

1

3

0

0

2

0

3

1

Sales command

2

0

0

5

5

1

0

2

CaptureCommand

2

0

0

5

5

1

0

2

AuthorizeCommand

2

0

0

5

5

1

0

2

VoidSaleCommand

2

0

0

5

5

1

0

2

CreditCommand

2

0

0

5

5

1

0

2

PaymentProcessorConfig

2

1

0

2

4

1

1

2

PaymentProcessor

5

1

0

5

14

8

1

4

Epayment.Framework

Epayment.Commands

Epayment.Processor
Epayment.Response

PaymentResponse
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Table 2: showing the instability of test case 1.
Package name
Ca
Ce
epayment.adapters
0
2
epayment.processor
1
2
epayment.commands
0
5
epayment.response
0
1
epayment.request.
0
1
epayment.framework
3
0

Instability
1
0.6
1
1
1
0

Table 3: showing the classes and their metrics of test case2
METRICS
PACKAGES
Kirk.Analyzer
Analyzer.Textui

Analyzer.
Framework

kirkk.jar

CLASSES
Analyzer
Configuration
XMLUISummary
JarAnalyzertask
Summary
DotSummary
JarCollection
JarBuilder
JarPackage
CollectionDecorator
JarMetrics
JarClass
Jar

WMC
2
3
20
8
2
13
7
1
5
8
5
5
18

DIT
1
1
1
0
1
1
1
1
1
1
1
1
1

NOC
0
0
0
0
0
0
0
0
0
0
0
0
0

CBO
5
0
6
3
0
4
1
2
1
2
0
0
2

RFC
6
13
67
21
2
43
17
1
5
16
5
5
18

LCOM
1
1
58
10
1
66
21
0
10
0
10
10
153

Ca
0
1
0
0
3
0
1
0
1
0
1
1
3

NPM
2
2
5
7
2
5
7
1
5
8
5
5
18

Table 4: showing the instability of test case 2.
Package name
kirkk.analyzer
Kirkk.framework
kirkk.bcel
kirkk.bcelbundle
kirkk.jar
kirkk.textui

Ca
1
4
1
1
2
0

Discussion of Results
The Coupling between objects of test case
1is high, it is not desired while that of test
case 2 is low and desired. The lack of
Cohesion of both test cases is lower, so there
is higher similarities between the methods in
the class. When the RFC of test case 1 is
higher, there is a probability that the classes
are fault prone while that of test case 2 is
low. The Lesser NOC of test case 1
indicates there is no reusability while test
case 2 has high reusability. The larger WMC
of both test cases, indicates that there is a
chance that the classes are fault prone.

Ce
5
4
5
7
4
7

Instability
0.83
0.5
0.83
0.88
0.67
1

Conclusion
Based on the analysis carried out, we
conclude that coupling and cohesion
analyzer can tell the stability of a java
application
by
investigating
the
relationships between the efferent coupling
and afferent coupling, it also shows how
software metrics which quantify the internal
complexity of a design can be used to
characterize it’s external quality. It is
important to note that the Coupling Analyzer
calculates the metrics from the code
appearing in the compiled byte code files.
This can serve as a benchmark for java
programmers and maintainers in assessing
the quality of their products before final
release.
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Abstract
Although Internet and telephone density has experienced quantum growth in the last ten years since
President Obasanjo’s Telecommunications Deregulation policy, a large proportion of the citizens,
particularly those living in the remote communities do not still have access to telephone and the
Internet. Part of the problem is the continuing collapse of local Internet Service Providers (ISPs)
which has been attributed to high cost of bandwidth paid in US Dollars, absence of good energy
supply, weak and poor service delivery. These bottlenecks have dwarfed the expectations of the
citizens to fully participate in the new world economic order galvanized by e-commerce and world
trade. It is estimated that M.I.T in Boston USA has bandwidth allocation that surpasses all the
bandwidth allocated to Nigeria put together. Low bandwidth has been found to handicap effective
Research and Development efforts by academics and professionals in Nigeria’s tertiary institutions.
To create a quantum leap for accelerated diffusion of Internet and telephone applications, there is
urgent need for private/public sector intervention and collaboration to improve current ICT
infrastructure and Local Bandwidth capacity in order to reduce cost of application and improve
Quality of Service. We have proposed as solution- the launching of additional communications
satellites in the orbit, aggressive deployment of broadband wireless technology, construction of fibre
optics backbone around the country to link to Africa-1 hub, Free Space Optics, WiMax Technologies
to expand density. The National Communications Commission (NCC) which is the Apex body that
allocates spectrums should put up effective control mechanisms for radio frequency users to improve
infrastructure and Quality of Service. This paper has also attempted to provide mathematical guide for
the accurate estimation of bandwidth requirements for organizations to reduce cost of monthly
subscription.
Key Words: ISPs, Quality of Service, Internet Diffusion, energy supply, bottlenecks,
Bandwidth tariff.

1.0

Introduction
M’bow, the former UNESCO Scribe, had
captured what the introduction to this topic
should be last 40 years ago: “Information
Technology has opened up such tremendous
vista for modern societies that any failure to
master it would mean a life of permanent
subordination. For information technology is

more than a form of power, it is a power
system. The technology which it involves is not
just one form of technology among others but
an ability to make use of other techniques to
give or refuse access to a whole range of
scientific data and knowledge and thus to
design new models of development [10]
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A critical examination of the above
statement suggests far-reaching implications
for
socio-economic
and
technological
development of the third world nations. That is
to say a nation that plays lip service to
information
technology
infrastructural
development, application and training is likely
to lead a wasted generation! This technology is
said to have broken traditional walls that divide
and shape unique sovereignties. It is not just a
technology; it is a form of power system [11].
If you have ever visited, lived or worked in
the United States of America, and the
developed West, you will get the import of
M’bow’s statement. Nations are today
galvanized by IT, its sociology, business and
technology and how people live and work. You
will also agree with us that although the
Federal Government and the Private Sector
have made efforts to leapfrog the gap chasm
and eliminate the digital divide, the road to the
Promised Land is still far from sight.
Academic literature you can download in one
week say in the US, Canada or Europe will
take you close to six months to download same
in Nigeria if you have regular power supply
and link to the Internet. It may also be very
costly. 8g per month by Glo Network costs
N7500! The secret for the developed West is
that there is high bandwidth deployment
because they have been able to develop ICT
infrastructure such as strong terrestrial
telephone network, fibre optics backbone and
communications satellites. You hardly will see
RF and microwave antennas litter the
ionosphere and landscape. This infrastructural
base has given the developed west solid
foundation for IT diffusion. This has also
brought down the cost of bandwidth, and
improved the speed and quality of service by
operators. Most cities are linked by fibre optics
rings and these countries rely less on wireless
technology. The truth is that we are trying
really to leapfrog even with bad legs – no
electricity, no strong telephone infrastructure,
no fibre optics ring, no strong satellite
capability!
In the few short years of existence, the
Internet has shown that despite security

concerns and slow access, it can deliver on the
long sought after goal of electronic commerce
and global integration. For its ease of use, low
cost and extensive world coverage, it has
attained stunning and rapid success which no
other system has come close to delivering these
fundamentals in our time. The Internet has
portrayed itself as a tool for educational
development, a tool for technological
emancipation. It has introduced many services
which has galvanized our world into one
virtual electronic village. One of the excellent
services provided by the Internet is the email
and associated services.
Today the value of e-commerce trade is in
the range of 240 billion US Dollars. The
internet is hitherto the world’s biggest market
place and any nation that fails to capitalize on
this economic enabler stands to be poor and
doomed for life. This explains why this paper
is significant. What are the governments and
the private sector doing to expand internet
density and national bandwidth for delivery of
Quality of Service? Low bandwidth in Nigeria
and the presence of several bottlenecks which
will be discussed later in this paper, has
contributed in no small measure to low IT
diffusion in Nigeria.
2.0

Research Background – NCC and Radio
Frequency Allocation in Nigeria, internet
diffusion in and current situation
Telecommunication facilities in Nigeria were
first established in 1886 by the colonial
administration. At independence in 1960, with
a population of roughly 40 million people, the
country only had about 18,724 phone lines for
use. This translated to a teledensity of about 0.5
telephone lines per 1,000 people. The
telephone network consisted of 121 exchanges
of which 116 were of the manual (magneto)
type and only 5 were automatic.
Bandwidth refers to the rate of data transfer
that is the capacity of the Internet connection
that you use. The greater the capacity, the more
speed of uploading and downloading of data
[12]. Low bandwidth slows down data transfer
which can occur as a result of network
overload. As at 2002 bandwidth allocated to
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some African countries are show in Table 1.
Table 2 presents current bandwidth utilization
by some African Universities. Compare this
with Table 3 which has information on the
Bandwidth utilization in the developed West.
You can observe how ridiculously low they
are. This explains why Local ISPs are packing
up – the high cost of bandwidth and inability to
obtain adequate bandwidth to meet the needs of
users. This explains the poor quality of service
and lack of interest in the use of services
provided by ISPs [8] [9] [12].
Nigeria does not have a national network
backbone. The SAT-3/WASC submarine cable
project with a landing point in Bonny has been
completed to develop an international fiber link
to Lagos, but the lack of national network
backbone infrastructure implies that more than
90 per cent of the country is currently left out
[13]. However in 2002, Nigeria added 1.3
million new mobile customers and reported the
highest annual growth rate – 369 percent – in
the world [13]. During this period of telecom
deregulation, Nigeria licensed another national
carrier – Globacom – to compete with the
incumbent national fixed line operator, Nitel,
which is now moribund. The National
Communications Commission (NCC) which is
the Regulatory authority for licensing Telecom
firms issued 25 Fixed Wireless Access to
operators. Because of the near absence of
telephone infrastructure, Internet distribution is
highly skewed towards the major cities such as
Lagos, Port Harcourt, Ile-Ife, Abuja, Kano,
Enugu, Owerri, Oshogbo and Kaduna.
Motivation for Deregulation
The main reasons for deregulating the
Nigerian telecom industry, within the context
of National Communications Commission
Decree No. 75 of 1992, can be summarized
thus:
• The inability and unwillingness of
government to continue to subsidize the public
telecom company, NITEL;

• The need to spread some of the burden of
running telecom services to the private sector;
• A growing demand for more efficient and
enhanced modern facilities especially by the
business community;
• The generally poor service delivery, and a
slow growth of the infrastructure, access by
rural populations, and
Quality of Service
(QoS);
• The global trend towards liberalization of
telecom services towards a free market
economy [14]
Provisions of the Deregulation Act
empowered NCC to license four distinct
categories of entities in the telecom sector.
These include:
• Carriers, defined to include owners of
networks and trunks.
• Authorized operators of telecom services to
provide public services.
• User operators who operate their own
network
mainly
for
their
internal
communication needs.
• Technical services e.g. equipment/system
installation, repair and maintenance, and
cabling.
Up till quite recently, Internet link in Nigeria
is powered by foreign satellite firms in New
York, Italy, Germany and some other advanced
countries of the world. This deregulation is
intended to leapfrog current gap chasm in
digital technology and to accelerate the growth
of Internet diffusion. This has yielded fruit.
The deployment of Nigeria’s .ng Domain
which makes it possible for internet addresses
to be allocated using Nigerian domain name,
.ng. Current development efforts are
praiseworthy but more needs to be done. Table
1 below presents statistics of growth of the
Telecommunications sector in Nigeria from
2000-2004 while Table 1.1 provides evidence
of the contribution of the telecom sector to
GDP growth.
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Table 1: Growth of the Telecommunication Sector in Nigeria from 2000-2004 [19]

Table 1.1 Telecom’s Contribution to the GDP 2000 2004

The Current situation
Table 2 lists current market growth and
operator share of the market as at 2010 [15]
Table 2 presents Installed Capacity, active
lines and connected lines as at August 2010.
Table 3: provides information on Mobile
Operator share of the market.
Table 2 : installed capacity, active lines and
connected lines as at August 2010

From a mere 18,724 Lines in 1960 [19],
connected lines has jumped to 110,147,519,
active stood at 81,931,223 providing total
installed capacity of 218,756,182. Studies
have also shown that there is a positive
relationship
between
telecommunication
infrastructure development and economic
growth [19]. This explains why Nigeria
remains the fastest growing market for telecom
operators in the world. However, these figures
do not suggest that Nigeria has reached her
optimum.
There are still many remote
communities who are yet to smell neither
telephone nor the Internet. In most cases, these
group of citizens have to come to the cities to
write and send their mails. This means a lot of
work remains to be done in the areas of
infrastructure and diffusion.

Table 2 indicates that Nigeria has had a
quantum leap.
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Table 3: Mobile Operator share of the market

Table 3 gives GSM 87.24% share of the total
telecom market, followed by CDMA (10.65)
and Fixed lines 2.12%. This implies that broad
band technology represented by GSM is now
the Lord of the Nigerian telecom market. This
estimate has been crossed in 2013.
3.0

Need for adequate bandwidth for
Internet applications
Router’s instability affects badly the speed
of processing in a network. However, stability
of the router increases the speed of processing
and reduces delay which affects browsing
speed. It is therefore recommended that for
better routing stability and efficiency, you
ought to increase your bandwidth to avoid very
slow internet access. This factor explains why
most internet cafes in Nigeria are not able to
deliver quality service, low bandwidth but
expensive bandwidth regime [19] [20].

you get as an Internet subscriber. Its main
function is to rent portions of the expensive
high-speed connection to you and thus ensure
the Internet access that you need at an
affordable price. The various Internet access
technologies currently offered have different
bandwidth standards. For instance, the dial-up
Internet provides a very narrow bandwidth
limit of about 50 Kbps per second, while the
broadband connection ensured by the DSL or
the LAN Internet allows data transfer at a much
higher speed, ranging from 128 Kbps to 2,000
Kbps. So this means you can browse through
the web and download stuff much faster if you
have broadband Internet connection at home or
in the office than if you use dial-up.
Bandwidth and web hosting
The bandwidth is also a factor you should
consider when selecting your web hosting
provider. If you intend to run your own
website, you will need to search for a host that
provides the best combination of resources for
keeping your site online. While most of the
features included in a hosting offer represent
server resources, the bandwidth refers to the
Internet connection between the servers in the
data center where your site is hosted and the
data center's ISP.

How is bandwidth measured?
Since bandwidth generally refers to a
capacity of a communication line i.e. the
amount of information that can be transferred
from one point to another, its measurement
units are the same as those of disk space and
monthly traffic - bits, bytes, kilobytes (Kbps),
megabytes (Mbps) and gigabytes (Gbps). The
standard bandwidth period is considered to be
second, so when we refer to a bandwidth quota
we say such and such kilobytes per second.

Difference between bandwidth and traffic
In the field of web hosting, the term
'bandwidth' is often incorrectly considered as a
synonym of 'data transfer'. Web hosting
providers often use it to designate the
maximum amount of data transferred between
a website and a user's computer over a certain
period of time, most often a month. However,
from a technical point of view, considering the
fact that the bandwidth refers to the speed at
which data is transferred, not the data amount
itself, this use is not appropriate and the correct
term to apply should be data transfer (or
monthly traffic).

Bandwidth and ISPs
As a medium between the global network
and your computer, the ISP is connected to the
Internet at a much higher speed than the speed

Application Areas demanding High
Bandwidth
Bandwidth is a scarce resource. There are a
number of areas where extremely high-
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bandwidth networking is required to support
scientific research community: These include
graphical visualization of supercomputer
results through the movement of high rate
sensor data from space to the ground-based
scientific investigator. Others are military
command and control where there is need to
quickly access and act on data obtained from
real-time sensors. Other areas include battle
management, war gaming or process control
applications where extremely short response
times are critical to accomplish as many as
hundreds of interactions in real time. So there
is need to develop and achieve raw bandwidth
in Gigabit and Terabits per second given
current and emerging Information Technology
applications. Absence of adequate bandwidth
has terribly dwarfed application of Information
Technology (IT) in scientific research and
development in Nigeria and Africa. This has to
be urgently addressed. So how will Nigeria
develop indigenous capacity to provide raw
bandwidth on the order of several Mbits/s to a
large number of users in a cost-effective
manner
through
the
aggregation
of
communications traffic?
4.0

Current bottlenecks
There are many bottlenecks. These include:
•
Poor energy supply. This implies
that most of the time, generating sets are used
to power IT systems. This increases the cost of
application as much as twice the cost of public
electricity supply. This is one of the factors
responsible for the collapse of most ISPs and
Internet Cafes.
•
Poor Service Delivery:
Most
internet access facilities are very slow.
Downloads are very difficult and takes much
time. More time implies additional cost of
application. This performance de-motivates
users who need information for research but
are not able to have them when they need them.
•
High tariffs of between 20K and
50k per second
There is currently a price war amongst
telecom operators. Only Airtel offer 20k per
seconds. Average tariff in Nigeria is 35k per
second which is the highest in the world!

Because of the destruction of telecom
infrastructure in the northern part of Nigeria,
operators whose masts were destroyed are
proposing dynamic price regime such that
troubled states will pay more than peaceful
states.[19]
In a recent research conducted by Hassan,
Afees Olumide of the Department of Political
Science and Public Administration, Fountain
University, Oshogbo [15], it was discovered
that current bottlenecks include network
failure, network congestions, charging for
undelivered SMS, call drops, over billing,
inability to connect other networks, poor
connections, inability to recharge, inability to
check balance and disappearance of credit.
Table 4 catalogues the complaints and per cent
of users who participated in the survey and
rating of complaints in (%).
Table 4: Telecom User complaints

These findings were reinforced by the
works of Ekwonwune [16] and Nwakamma
et.al. [17]. Nwakamma had found out that high
tariff by telecom operators have been the key
factor militating against internet growth and
diffusion in Nigeria. Ekwonwune attributed the
collapse of the local ISPs to poor irregular
electricity generation and high bandwidth costs
from satellite providers.
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5.0

Estimating your bandwidth
Requirements using bandwidth metrics
Bandwidth Capacity Requirement Metrics:
A layer-2 link can normally transfer data at a
constant bit rate called transmission rate of the
segment. For example this rate is 10Mbps on a
10BaseT Ethernet segment, and 1.544Mbps on
a T1 segment. The transmission rate of a
segment is limited by both the physical
bandwidth of the underlying propagation
medium as well as its electronic or optical
transmitter and receiver hardware. Thus, at the
IP layer a hop delivers a lower rate than its

nominal transmission rate due to the overhead
of layer-2 encapsulation and framing. Suppose
that the nominal capacity of segment is CL2,
then the transmission time for an IP packet of
size LL3 bytes can be calculated thus:

(1)
where HL2 is the total layer-q overhead (in bytes
needed to encapsulate the IP packet. Therefore
the capacity CL3 of that segment at the IP layer
can be calculated thus:

(2)
IP networks do not provide explicit feedback
to end hosts regarding the load or capacity of
the network. Instead hosts use active end-toend measurements in an attempt to estimate the
bandwidth characteristics of paths they use.
Thus, at any speciﬁc instance in time, a link is
either transmitting a packet at the full link
capacity or it is idle, so the instantaneous

utilization of a link can only be either or.
Accordingly, any meaningful deﬁnition of
available bandwidth requires time averaging of
the instantaneous utilization over the time
interval of interest [18]. The average utilization
:

-

(3)
where u(x) is the instantaneous available
bandwidth of the link at time x . We refer to
the time length as the averaging timescale of
the available bandwidth.

After a packet pair goes through each link
along an otherwise empty path, the dispersion
that the receiver will measure is:

(4)
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Thus, the minimum link capacity in the path determines the end-to-end capacity C, i.e.

(5)
Where Ci is the capacity of the i-th hop, and H
is the number of hops in the path. The hop with
.

the minimum capacity is the narrow link on the
path

(6)
Where HL2 is the total layer-2 overhead (in
bytes needed to encapsulate the IP packet.

Therefore the capacity CL3 of that segment at
the IP layer can be calculated thus:

After a packet pair goes through each link
along an otherwise empty path, the dispersion

(7)
dR that the receiver will measure can be
calculated thus:

:

(8)

Taxonomy of Bandwidth Estimation Tools
Only few bandwidth capacity calculations
are presented above. However, full discussion
on the above taxonomies is a subject of another
journal paper. Table 5 provides Taxonomy of
bandwidth estimation tools as presented by

R.S. Prasad et.al [18]. Table 5 gives the
names of these tools together with the target
bandwidth metric they try to estimate and the
basic methodology used.

Table 5 Taxonomy of Bandwidth Estimation Tools

Source [18]
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How National Bandwidth capacity
may be enhanced.
National Bandwidth capacity can be
increased via expansion of broadband access
such as WiMix and Free Space Optics
Technology (FSO), deployment of Fibre optics
ring backbone, launch of additional
communications satellites in the orbit and
expansion of submarine cables. The following
paragraphs present other technical options for
increasing national bandwidth capacity.

Suggested Strategies to increase raw
bandwidth:
Some of the strategies here suggested
include:
• Efficient utilization of shared-access
satellite channels for communications
between geographically diverse sites. The
effective implementation of this option will
depend on the successful launching and
sustenance of Nigeria’s communications
satellite in 2014.
•

Packet radio networks for mobile tactical
Environments.
Packet radio is a form of packet switching
technology used to transmit digital data via
radio or wireless communications links. It uses
the same concepts of data transmission via
Datagram
that
are
fundamental
to
communications via the Internet, as opposed to
the older techniques used by dedicated or
switched circuits[4][21]
Packet radio can be further defined as a
form of digital data transmission used in
amateur radio to construct wireless computer
networks. Its name is a reference to the use of
packet switching between network nodes,
which allows multiple virtual circuits to coexist
on a single radio channel. [5][22]. A basic
packet radio station consists of a computer, a
modem, and a transceiver with an antenna.
Traditionally, the computer and modem are
combined in one unit, the terminal node
controller (TNC), with a dumb terminal (or
terminal emulator) used to input and display
data.
Increasingly,
however,
personal
computers are taking over the functions of the

TNC, with the modem either a standalone unit
or implemented entirely in software. The
computer is responsible for managing network
connections, formatting data as AX.25 packets,
and controlling the radio channel. Frequently, it
provides other functionality as well, such as a
simple bulletin board system to accept
messages while the operator is away.
Layers
Following the OSI model, packet radio
networks can be described in terms of the
physical, data link, and network layer protocols
on which they rely.

Physical layer: modem and radio
channel
Modems used for packet radio vary in
throughput and modulation technique, and are
normally selected to match the capabilities of
the radio equipment in use. The first amateur
packet radio stations were constructed using
surplus Bell 202 1,200 bit/s modems, and
despite its low data rate, Bell 202 modulation
has remained the standard for VHF operation
in most areas. More recently, 9,600 bit/s has
become a popular alternative. At HF
frequencies, Bell 103 modulation is used, at a
rate of 300 bit/s. Custom modems have been
developed which allow throughput rates of
19.2 kbit/s, 56 kbit/s, and even 1.2 Mbit/s over
amateur radio links. However, special radio
equipment is needed to carry data at these
speeds, and their adoption has been limited.

Data link layer: AX.25
Packet radio networks rely on the AX.25
data link layer protocol, derived from the X.25
protocol suite and intended specifically for
amateur radio use. Despite its name, AX.25
defines both the physical and data link layers of
the OSI model. (It also defines a network layer
protocol, though this is seldom used.)

Network layer
Packet radio has most often been used for
direct, keyboard-to-keyboard connections
between stations, either between two live
operators or between an operator and a bulletin
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board system. No network services above the
data link layer are required for these
applications. To provide automated routing of
data between stations (important for the
delivery of electronic mail), several network
layer protocols have been developed for use
with AX.25. Most prominent among these are
NET/ROM, ROSE, and TexNet. In principle,
any network layer protocol may be used,
including the ubiquitous Internet protocol.
Examples of Packet radio include:
•
MDI (1979)
•
DCS (1984)
•
DRN (1986)
•
Mobitex (1986)
•
ARDIS (1990)
•
CDPD allowed packet data to be
carried over AMPS analog
cellular telephone networks
•
GPRS is the packet data facility
provided by the GSM cellular
telephone network
Development of a Gigabit Backbone network
(GB)
The rapid growth in demand for high-bandwidth
data, such as on-line video, is driving many
network administrators to convert their existing
network backbones to gigabit speeds and higher.
The problem faced by industrial network
administrators is how to build a redundant network
backbone that is sufficiently reliable in harsh
industrial environments.
Below Moxa [6]
illustrates with a case study how Redundant
Gigabit Backbone network (GB) can be
constructed:

Case study Scenario
A 300 km highway was being constructed in a
desert and required both traffic and environmental
monitoring. Video cameras, vehicle detectors, and

weather stations were to be installed along the
length of the highway. Data from these devices
needed to be transmitted to a control center for
immediate recording and analysis. It was essential
that the Ethernet infrastructure be extremely
rugged and reliable.

Requirements
1. Field switches require tough construction to
stand up to the harsh desert conditions. We can
assume a temperature range of -40°C to 75°C.
2. Due to the bandwidth that is required for
multiple video streams and other data, gigabit
Ethernet speeds are required for the network
backbone. Network and system redundancy are
required to ensure the utmost reliability.
3. Fiber optics is the media of choice for the
network backbone, due to the long transmission
distances involved.
Solution proffered:
1. Network Structure: Since the control center is
located about halfway down the length of the
highway, two separate redundant gigabit rings
with redundancy were used, one for each half.
2. Core Switch: Since the core switch is located in
the control center, exceptional ruggedness was not
required. A general 26-port gigabit Ethernet switch
was used.
3. Field Switch: Two gigabit Ethernet ports were
required on each switch to support the redundant
ring topology. An industrial Ethernet switch with
sixteen 10/100M ports and two 1000M ports was
used for most field switches. Certain field switches
required an additional gigabit port for connecting
to the core switch. For those switches, an industrial
Ethernet switch with seven 10/100M ports and
three 1000M ports was used. Both types of switch
met the requirements for reliability and ruggedness
in harsh environments.
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Fig. 1: A switched Network

Fig. 1b Network Diagram of the proposed Redundant Gigabit Backbone for the case study
source: [6] [20]
Explanatory notes:
Core Switch: In the system control center,
gigabit transmission speeds to prevent network
several servers or processing computers handle
bottlenecks. Usually, the core switch is located
monitoring and control of devices in the field.
in a staffed room or other temperatureThe core switch establishes the communication
controlled facility, making rugged industrialchannel for data transmission between the
grade construction unnecessary. However,
control center and the field site. The required
using industrial-grade switches is still
bandwidth depends on how much data these
preferable in harsh environments or for
system servers or computers need to receive.
applications where reliability cannot be
compromised
Ethernet ports that are connected with the
uplink ports of Field Switch A should support
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Field Switch A: Field switches may be
exposed to harsh environments full of dust,
Electromagnetic fields, moisture, or extreme
temperatures. A field switch must be of rugged
design in order to perform reliably under such
conditions. In the gigabit backbone of an
industrial network, at least two gigabit Ethernet
ports are required to build a redundant ring.
Since Field Switch A is connected with the
core switch, at least one more gigabit Ethernet
port is required for uplink.
Field Switch B
Field Switch B is connected to the end
devices. Ethernet port requirements depend on
how many devices are connected and how
much data each device needs to transmit. In
general, 100Mbps is enough for each device. It
may not be convenient to connect every device
in one large redundant ring, especially when
some devices are at remote sites. Instead,
devices can be grouped into smaller redundant
rings that are connected using a “ring
coupling” function.
Other issues that will need be addressed in
design and construction of Gigabit Backbone
include:
• Power redundancy – the need to
provide backup in the event of primary
power supply failure.
• Media redundancy; This involves
forming backup for network access
• Node Redundancy: Make provision for
dual configuration of nodes as backup.
• Network and system redundancy: This
may involve provision of backup
network in the event of emergency.
• EMI and surge protection: Most
industrial environments are subject to
more severe electricity and magnetic
fields than other environments. Strong
EMI and surge protection are essential
to protect network devices for industrial
applications
Enclosure: devices must be protected from
damage from external factors.
• development of an interconnected set
of networks with gigabit throughput and
appropriate management techniques;

• Development of fibre optics Ring
connected to Africa1.
• Development of the required overall
architecture that allows users to gain access to
such high bandwidth.
• We
shall
also
need
general
communications architecture, high-bandwidth
switching, high-bandwidth host interfaces,
network management algorithms and network
services to address this problem.
Deployment of the 4G broadband
Technology.
4G refers to the fourth generation of cellular
wireless standards. It is a successor to 3G and
2G standards, with the aim to provide a wide
range of data rates up to ultra-broadband
(gigabit-speed) Internet access to mobile as
well as stationary users. Another way of
describing 4G (short for Fourth Generation
wireless Technology) is basically the
extension in the 3G technology with more
bandwidth and services offers in the 3G.
Hitherto, nobody exactly knows the true 4G
definition.
Some people say that 4G wireless
technology is the future technologies that are
mostly in their maturity period. The
expectation for the 4G technology is basically
the high quality audio/video streaming over
end to end Internet Protocol. If the Internet
Protocol
(IP)
multimedia
sub-system
movement achieves what it going to do,
nothing of this possibly will matter. WiMAX
or mobile structural design will become
progressively more translucent, and therefore
the acceptance of several architectures by a
particular network operator ever more
common. 4G delivers true mobile broadband
for the masses with a superior user experience.
4G mobile broadband provides improved
performance, lower total cost of ownership and
enables a new era of personalized services. 4G
networks are IP-based and flatter with fewer
nodes to manage. The benefits are significant
and can make 4G mobile broadband a truly
disruptive technology providing service
providers a cost-effective way to deploy next
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generation technology and services
redefining the end-user experience.

and

Sample Components of the 4G
technology include:
•

•

•

WiMAX is a unique technology that
delivers high-speed, broadband fixed and
mobile services wirelessly to large areas
with much less infrastructure than is needed
today. It supports and enables applications
that allow your network to move from one
access network to another seamlessly.
IP Multimedia Subsystem (IMS) by
Nortel turns the Intelligent Network into an
Intuitive Network that is device, application
and access aware. With IMS, delivers
empowered multimedia services that
provide new levels of personalization,
security and mobility.
Long Term Evolution (LTE) by Nortel
combining OFDM and MIMO, will provide
on average up to 5 times greater spectral
efficiency than the most advanced 3G
networks, reducing the cost per bit and
allowing better economics for operators
and end users.

New Terabyte Bandwidth Initiatives
The Rambus Terabyte Bandwidth Initiative
pioneers new memory signaling technologies
useful for the development of a future memory
architecture capable of delivering a terabyte per
second of memory bandwidth (1 terabyte = 1,024
gigabytes) to a single System-on-Chip (SoC). This
unparalleled memory bandwidth will enable future
memory systems to benefit from an order of
magnitude improvement in memory performance.
To achieve 1 TByte/s memory bandwidth, Ram
bus has developed fundamental innovations
that include:
• 32X Data Rate - A new memory signaling
technology which transmits 32 data bits per
input clock cycle;
• Fully Differential Memory Architecture
(FDMA) - Providing the benefits of
differential signaling on both the DQ (data)
and C/A (command/address) channels;

•

FlexLink™ C/A - The industry's first full
speed,
scalable,
point-to-point
command/address link.
With these innovations and others
developed through the Terabyte Bandwidth
Initiative, Rambus will provide the foundation
for a future memory architecture that offers
increased performance, higher and scalable
data bandwidth, area optimization, and
enhanced signal integrity for gaming, graphics
and multi-core computing applications of the
next decade.

Background
Faster, multi-core processor-based systems
require greatly increased memory performance
over systems built around single-core
processors. Without adequate bandwidth,
memory systems will be the limiting factor in
delivering the required performance desired in
next-generation consumer and computing
systems. As an example, graphics processors
currently require as much as 128GBytes/s of
memory bandwidth and are targeting 500
GBytes/s in the near future. The current
generation of gaming systems uses 25-50
GBytes/s of memory bandwidth. Over the next
4-5 years, graphics and game consoles will
push memory bandwidth needs towards 1
TByte/s.
Innovations
Rambus' innovative 32X Data Rate
technology transmits 32 bits of data per clock
cycle on each I/O. Conventional double data
rate memory systems transfer two bits of data,
per I/O, every clock cycle. While double data
rate memory architectures can achieve a one
gigabit per second transfer rate with a 500
MHz clock, 32X Data Rate enables an amazing
16Gbps signaling rate using the same 500 MHz
clock.
Huawei announced on September 21, 2010,
a breakthrough in DSL technology with the
world’s first 700Mbps prototype. This will
enable worldwide operators to build highbandwidth access networks with SuperMIMO
technology. Considering the current industry
standard is a mere 100Mbp, this is considered a
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huge leap forward in the world of Internet
connectivity. It is expected that this new
technology will greatly improve the
capabilities of operators supporting ultra high
broadband services.
This method increases DSL (Digital
Subscriber Line) bandwidth by 75 percent from
100Mbps to 175Mbps per twisted pair.
SuperMIMO technology utilizes four twisted pairs,
which means the downstream rate is equal to four
times that of a single twisted pair. Four times 175
equals 700Mbps. Many worldwide carriers use

Huawei’s FTTx poducts, just some of these are
France Telecom, Vodafone and Telecom Italia.
You Yiyong, President of Huawei’s Access
Network Product Line, said, “DSL technologies for
broadband access are showing great market
potential. As a leader in the development of DSL
technologies, Huawei newest DSL prototype
demonstrates the company’s commitment to
providing customer-centric and groundbreaking
solutions and services for operators to enhance
their
competitiveness
and
profitability.

Fig. 2: The Rambus Terabyte Bandwidth Initiative
The Rambus Terabyte Bandwidth Initiative
also showcases the industry's first fully
differential memory architecture (FDMA). In
FDMA,
both
the
data
path
and
command/address channel employ differential
signaling for robust communications between
the memory controller and the DRAM.
Rambus pioneered high speed differential
memory signaling by transitioning the data
signals from a single ended architecture to a
differential scheme and used the signaling
technique in its XDR™ DRAM design.
Differential signaling inherently reduces
interference noise, such as simultaneous
switching output (SSO), crosstalk, and
electromagnetic interference (EMI). Rambus

has expanded the use of differential signaling
in the Terabyte Bandwidth Initiative to include
not only the data signals, but also the
command/address
signals,
resulting
in
improved signal integrity and enhanced
performance.
The third featured innovation of the Terabyte
Bandwidth Initiative is FlexLink C/A.
FlexLink C/A implements the industry's first
full-speed,
scalable,
point-to-point
command/address link. Operating at 16Gbps,
FlexLink C/A reduces the required number of
signal pins on both the DRAM and the memory
controller. In contrast with a 1Gbit DDR2
device which requires 28 wires to connect the
command/address link between the memory
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controller and the DRAM, FlexLink C/A
implements a full 16Gbps command/address
link with only two connections. This serial,
scalable link also provides fine access and
scalable
capacity
through
a
single
command/address link per DRAM. FlexLink
C/A's serial connectivity also delivers reduced
area, power and pin count and lowers overall
system costs.
Benefits
Through 32X, FDMA, FlexLink C/A and
other innovations to be developed through the
.

Terabyte Bandwidth Initiative, Rambus
provides the foundation technologies for a
terabyte memory architecture. A future SoC
connected to 16 DRAM devices, each
operating at 16Gbps with a 4-Byte wide
interface, will achieve an impressive 1 terabyte
per second of memory bandwidth. Through the
Terabyte Bandwidth Initiative and the products
that follow, Rambus enables its customers to
develop a new generation of consumer and
computing products that enrich the lives of
consumers worldwide.

Fig. 3: concept of double-tuned waveguide coupled slots as a feasible approach for increasing
bandwidth
A theoretical model that shows that the
concept of double-tuned waveguide coupled
slots is a feasible approach for increasing
bandwidth is developed. A full-wave integral
equation technique has been developed which
allows the analysis of not only thick slots. but
also slots which are coupled through a section
of waveguide. The latter case also provides a
mechanism for improved performance. By
adjusting the slots on the ends of the
waveguide section to different lengths. One can
essentially ‘stagger tune' each slot to a different
frequency, increasing the overall bandwidth.
Within the limited range of parameter variation
used, apparent bandwidth increases in the order
of at least 50% have been seen. To illustrate the

behaviour of the structure, a 0.60 in×0.60 in
cavity fed by a strip line with a ground spacing
of .125 in at 9.7 GHz is studied
6.0 Way forward for Internet Diffusion in
Nigeria
The most probable safe route to leapfrog this
gap chasm is to develop the political will to
make Nigeria central hub of ICT for the
African
content
by
expanding
ICT
infrastructure not only in the big cities but also
in the rural communities of Nigeria. Only
about 30% of Nigerian population live in cities.
The remaining 70% live in remote
communities without power, water, telephone
and internet access. To empower this class of
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citizens, aggressive deployment of functional
Internet and Telephone infrastructure by
governments with collaboration with Telecom
operators has become very critical. The Federal
Government of Nigeria is vigorously working
to improve electricity supply. When regular
and quality power supply becomes a reality,
Nigeria’s quest for IT diffusion will receive a
quantum leap. The real solutions are summed
in
the
concluding
summary
and
recommendations in section 8.0 below.
7.0 Summary, conclusion and
Recommendations
No country can develop in modern
civilization
without
Internet
powered
communications. The basis for enjoying the
new world economic order and enhancing the
wellbeing of citizens is participation in world
trade
via
e-commerce.
E-commerce
implementation is hinged on the availability of
Internet connection to the super highway.
Apart from the existing Information
Technology Infrastructural hiccups, the most
debilitating factor against Internet diffusion in
Nigeria is low speed and expensive bandwidth.
This has dwarfed the expectations of the ICT
industry. The absence of indigenous satellite
capability calls for political will on the part of
governments in Africa to put efforts together to
design and launch functional communications
satellites, work on local breed raw bandwidth
via broadband revolution and the deployment
of terrestrial and broadband Internet
infrastructure to create adequate opportunity
for her citizens to join the new world
.

information society and economic order. No
nation can effectively develop nor compete in
the global market place without seriously
embracing information technology as an
economic enabler.
Governments need to budget fund for
realistic research in the new technologies
outlined above, lay the right information
technology infrastructure such as the
construction of fibre optics ring to be linked to
Africa 1, provision of good and regular
electricity power, launching of a sustainable
communications satellite, sponsor mass I.T.
education from the school system to the civil
society as well as provision for the retraining of
lecturers in the new I.T. paradigm,
development
of
infrastructure
and
superstructure for increment of local content of
locally assembled PCs and work towards
component fabrication, foundries for microlithography/Very Large Scale Integration.
Thus, Nigeria’s internet diffusion will get a
quantum leap if computers are cheap, tariff for
telephone and internet access low, emergence
of functional and sustainable energy supply,
continuing investment via public-private
participation for provision of additional ICT
infrastructure nation wide. Other tactical
strategies include collaboration with African
Universities for proper coordination of ICT
budgets; establishment of a detailed plan,
costing for setting up a hub in Europe or North
America to provide bandwidth at low tariff to
tertiary institutions in Africa. That is the way
forward for Nigeria and the black race
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Abstract
The system presents a single platform that will be used to manage and process data for all
categories of students in a seamless and interactive manner. The design technology adopted
for the implementation is a client/server technology, with MYSQL as the server technology
and Visual Basic.NET as the client technology. Internet Information Server (IIS) is used as
the Web server. The software development methodology adopted is the incremental model in
conjunction with prototyping technique. The data used were obtained from the University of
Port Harcourt and an empirical evaluation of the system shows that the system expedites
processing of students’ results and generation of other related academic information. This
system increases efficient service delivery and provides added advantage in academic
records management.
Keywords: Student Information System, Web Server, Client/Server, MYSQL

1.0 Introduction
Academic institution is an educational
institution dedicated to education and
research, which grants academic degrees
[13]. This definition may well cover the
different types of academic institutions,
although each type of academic institution
offers the same services in varying
degrees. The basic types of academic
institutions include: Primary Schools,
Secondary Schools, and Advanced
Educational Institutions. Our interest
following there-from is in advanced
educational institutions and our focus in
this paper is how they manage students’
information for the purpose of processing
grades and administering results.
Teaching and research remain the
primary activities in higher institutions,
but there are other important activities as
well, like managing of students’ data at the
different levels of higher education
(undergraduate,
postgraduate,
and
doctorate levels); tracking of students’
progress at each level; as well as other
administrative and managerial activities. In

many countries of the developed world,
these activities are handled by automation.
This, however, is far from being the case
in developing countries as evident in
Nigeria. Many higher institutions in
Nigeria still adopt the manual method of
managing students’ data which is timeconsuming and demanding, and are often
prone to a variety of errors and disasters.
Hence, it brings to the fore the need to
properly address how these shortcomings
(in managing students’ data) could be
resolved and improved. The solution to
these shortcomings lies in an efficient
information management system, or
simply, information system.
Information systems, simply stated,
transform data into useful information. It is
an arrangement of people, data, processes,
and interface that interact to support and
improve day-to-day operations in a
business as well as support the problemsolving and decision-making needs of
management and users [9].
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A student information system is a
software application for education
establishment to manage student data [13].
Synonyms include Student Information
Management System, Student Records
System, Student Management System,
Campus Management System, or School
Management System. These systems
encompass a wide range of functions and
capabilities, and therefore vary in size,
scope, and capability. This could range
from systems implemented in relatively
small scale to cover students records alone,
to enterprise-wide solutions that aims to
cover most aspects of running large multicampus organizations with significant
local responsibility [13].
Most student information systems in use
today are server-based, with the
application residing on a central computer
server and being accessed by client
applications at various places within and
even outside the school [13]. Also,
according to [13], student information
systems have been moving to the web
since the late 1990s and that trend is
accelerating as institutions replace their
older systems. There are several forces that
have been driving this evolution of student
information systems, and as a result,
leading many institutions to replace theirs.
These forces are
•

•
•

Demand for 24/7 web-based access
to information by students, teaching
staff, and (in primary and secondary
education) parents.
Increasing demands in the amount
and frequency of data reporting for
accountability and other purposes.
Importance of integrating student
information system with other tools,

especially relating to instructions,
courses and learning.
Thus, this paper is concerned with the
design and implementation of a novel
web-based student academic information
system for higher institutions that will
address some of the identified functions of
a student information system. The
identified functions this paper offers
include: providing means to effectively
maintain accurate, up-to-date student
database that can be quickly and easily
accessed; providing an efficient means to
collect, collate, interpret, and administer
students’ results error-free; enabling
prompt processing and releasing of
relevant
academic
document
(like
transcripts, statement of results, etc) in
real-time fashion; providing effective
means to secure and protect students’ data
against infiltration and unforeseen disaster;
providing an automated means for
nstitution management to extract decisionmaking information about students’
academic performance; providing a
seamless
communication
interface
between students and the institution.
Hence, the objectives of this paper
therefore include:
i. To develop an information system that
will provide a single platform to
manage and process the data of
different categories of students.
ii. To develop information system that will
serve as an interface between students
and institution management to enable
students promptly check their grades, as
well as track their progress.
iii. To develop an information system that
will produce information to aid
decision-making at management level.

2.0 Related Works
In the past, information systems of this
nature were manually operated – it usually
involved high clerical costs, delay in
production of required information,
reduction in work throughput, and many at
times grave errors and/or omissions occur.

To overcome these shortcomings, the use
of information technology is now
employed. But many institutions still have
not put the potentials of information
technology to work as observed. For
instance, many institutions use different
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forms of spreadsheet applications to
collate and process academic results. The
deficiencies with this approach include: it
dose not offer the benefits of a database
management system; it does not provide
timely information and therefore cannot be
relied upon to aid decision-making; the
availability of results and other
information are not real-time. This
approach could be summed up in one word
– inefficient.
Some recent related works aimed at
improving the earlier systems reviewed
include:
a) “Client Server Distributed Database
for Student Result Processing”, [10].
The main highlights in this work
include:
i. It will allow each academic
department to maintain its own
database and control their data.
ii. It emphasizes on advantages of
distributed system over centralized
database system.
iii. It
focuses
on
improving
communication between various
departments’ local database system
in a bid to improve computation of
students results.
b) “Design and Implementation of
Students’ Information System for
Tertiary Institutions Using Neural
Networks:
An
Open
Source
Approach”, [1]. The main highlights in
this work include:
i. It focuses on speeding up
collection of students’ academic
data to expedite processing of
results and transcripts at various
levels.
ii. It would allow online access of
results for students.
c) “Interactive Intranet Portal for
effective Management in Tertiary
Institution”, [4]. The main highlights in
this work include:
i. Their work addresses the problems
arising from result processing,

tuition fee payment, and library
resources management.
ii. As observed from this work,
emphasis is on bringing some
identified services to the academic
community on one platform.
iii. Only two of the mentioned services
(result processing and library
resources
management)
were
discussed in the work and they
didn’t meet the design expectations
as at the time of publication of the
paper.
d) Web portal developed for University of
Port Harcourt by Cinfores – a private
organization (2012)
i. The portal offers the following
services: Information about the
Institution and the various schools,
departments, facilities, and other
information that needs public view;
Account maintenance; Online
payments and payment records;
Email services; SMS services; and
Students Exams and Records
Management.
ii. The last service is presented as a
web application, and it addresses
the following tasks: Students’
Registration; Academic Course
Registration; Tests and Exams
scores and records; Students’
personal and academic records;
Academic course management and
allocation;
Academic
Result
approval; and CGPA check.
iii. From the much documented in the
Staff User manual, this system does
not
provide
the
kind
of
management
information
that
would be expected for management
activities.
iv. The approach adopted for result
update is a major concern. These
concerns include:
• Possibility of the inbuilt
formula in Microsoft Excel file
used to collate results broken.
• Not much difference from the
earlier approach used by the
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University, except for the fact
that the results collated using
Microsoft Excel is eventually
stored in a database.
• Amount of time taken to
manually search through the
Excel file to update a score.
• Unnecessary duplication of
data as a result of versioning.
This leads to wastage of
storage.
The proposed system presents an
enhanced and efficient means to manage
and process students’ personal and
academic data with a lot of added
functionalities. Unlike the reviewed works,
this work provides the following benefits:
•

Would provide information beyond
that required for routine data
processing. Such information will
support
decision-making
and
managerial activities.

•

Would allow generation of the
necessary
academic
documents
(Transcripts, Statement of Results,
etc.) in a flexible and dynamic manner.

3.0 Materials and Methods
The software development model
adopted in this project is the incremental
model in conjunction with prototyping
technique. This methodology has been

adopted because of the nature of the work,
which are iterations of analyze-designimplement activities called builds. Each
build is improved and functionality added
until it becomes a new build.
Hence, to address the identified
problems, as well as the deficiencies in the
existing system, we employed the
following methods:
• Interviewed stakeholders, including
management staff and other staff of the
University of Port Harcourt.
• Surveyed and analyzed the different
academic documents the institution
presents to students.
• Reviewed best practice literature
regarding
information
technology
projects in government and private
settings.
• Reviewed other student information
collection and management methods
and systems to gain in-depth
understanding of what the system
should be like; what it should do; and
how it should perform.
• Collected a comprehensive academic
course data from the University of Port
Harcourt used for testing the system.
• Simulated a fictitious 4-year academic
result scores for 20 students per session
for Computer Science department
(which we used as the test department).

West African Journal of Industrial and Academic Research Vol.7 No. 1 June 2013

34

4.0 Analysis of Proposed System
Two levels of system design have been
made using models. The first model,
logical model, shows what the system is.
The two logical models used include data
model and process model, respectively.
The identified entities and business
assertions for these entities are as
discussed below, and a normalized and
fully attributed entity-relationship diagram
(ERD) representing the data model is as
shown in Figure 1.
The entities identified include Faculties;
Departments; Degree Courses; Academic
Courses; Assigned Academic Courses;
Academic Awards; Degree Course Levels;
Degree Course Awards; States; Local
Government Areas (LGAs); Students;
Users; Academic Sessions; Students
Registration;
Academic
Courses
Registration; Faculty Colour Codes.
The business assertions as would be
represented in the entity-relationship
diagram (ERD) include:
•

•

•

•

We need to store data about Faculties.
For a Faculty, we need to know the
faculty name, faculty code, faculty
colour, as well as the Faculty Dean.
The value of FacultyID uniquely
identifies one and only one Faculty.
We need to store data about
Departments. For a Department, we
need to know the faculty, department
code, department name, as well as the
Head of Department. The value of
DeptID uniquely identifies one and
only one Department.
We need to store data about Degree
Courses. For a Degree Course, we
need to know the department, and
degree course name. The value of
DegreeID uniquely identifies one and
only one Degree Course.
We need to store data about Academic
Courses. For an Academic Course, we
need to know the course code, course
title, course unit, course semester,
course department, and the course
description. The value of CourseID

•

•

•

•

•

•

uniquely identifies one and only one
Academic Course.
We need to store data about Academic
Courses Assigned to Lecturers. For an
Assigned Academic Course, we need
to know the Academic Session,
Lecturer, Academic Course, HOD
Result Approval, Faculty Dean Result
Approval, and Senate Result Approval.
The value of AssignID uniquely
identifies one and only one Assigned
Academic Course to a Lecturer for a
given Academic Session.
We need to store data about Academic
Awards. For an Academic Award, we
need to know the award code, award
name, and degree type. The value of
AwardID uniquely identifies one and
only one Academic Award.
We need to store data about Faculty
Colour Codes. For a Faculty Colour,
we need to know the colour code and
colour name. The value of ColorCode
uniquely identifies one and only one
Faculty Colour.
We need to store data about Degree
Courses’ Levels. For a Degree Course
Level, we need to know the degree
course, department, degree course
level, first semester maximum credit
unit, first semester minimum credit
unit, second semester maximum credit
unit, and second semester minimum
credit unit. Also, we need to know the
academic adviser. The value of
LevelID uniquely identifies one and
only one Degree Course Level.
We need to store data about Degree
Courses’ Awards. For a Degree Course
Award, we need to know the degree
course, award code, and award
duration. The value of DegAwardID
uniquely identifies one and only one
Degree Course Award.
We need to store data about Academic
Sessions. For an Academic Session, we
need to know the session name and
session status. The value of SessionID
uniquely identifies one and only one
Academic Session.
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•

•

•

•

•

We need to store data about States. For
a State, we need to know the State’s
name. The value of State uniquely
identifies one and only one State (of
the Federation).
We need to store data about Local
Government Areas. For a Local
Government Area, we need to know
the State and Local Government’s
name. The value of LGA uniquely
identifies one and only one Local
Government Area (of the Federation).
We need to store data about Students.
For a Student, we need to know
surname, first name, other names, sex,
title, religion, marital status, date of
birth, place of birth, hometown, Local
Government Area, State, Nationality,
home
address,
email
address,
admission year, admission number,
degree course, department, faculty,
degree award code, degree award
name, degree award type, programme
type, programme duration, picture,
signature, PIN (Personal Identification
Number), Password and graduation
status. We also need to know the
graduation year. The value of
StudentID uniquely identifies one and
only one Student.
We need to store data about Users. For
a User, we need to know the user code,
user’s name, user’s department, user’s
class, user’s category, user’s password,
and user’s status. The value of UserID
uniquely identifies one and only one
User.
We need to store data about Students
Registration.
For
a
Student’s
Registration, we need to know the
student, academic session, study year,
degree course level, degree course,
first semester maximum credit unit,
first semester minimum credit unit,
second semester maximum credit unit,
and second semester minimum credit
unit. We also need to know the
registration date. The value of
StudentRegID uniquely identifies one
and only one Student Registration.

•

We need to store data about Academic
Courses Registered for each Registered
Student, and Scores for each
Registered Academic Course for each
Registered Student. For an Academic
Course Registration, we need to know
the student the course is registered for,
academic session, semester, academic
course, course unit, lecturer in-charge,
and if the registered course is a carryover course or not. Also, we need to
know the score, grade, and grade point
as well as the user that entered or
modified
the
score,
date
of
update/modification, and previous
score
and
grade
before
the
modification.
The
value
of
CourseRegID uniquely identifies one
and only one Academic Course
Registration.
The proposed system would be difficult
to fully understand when viewed as a
whole (single process) – we need to break
down the system into smaller subsystems.
This is known as decomposition. The
decomposition diagram is as shown in
Figure 2. The decomposition diagram
shows each distinct operation that need to
be performed by the system. In some
cases, an operation is further broken down
to sub-operations that will be performed.
Some operations are dependent on other
operations, and therefore cannot be
performed until the operations they are
dependent upon are performed. For
instance, an academic course cannot be
assigned to a lecturer if that academic
course has not been pre-defined in the
system. Furthermore, a student cannot
register for an academic course for a given
academic session if the academic course
has not been assigned to a lecturer for that
academic session. By this, Academic
Course Registration is dependent on
Assign Academic Courses, and Assign
Academic Courses is dependent on
Academic Course Definition.
The second model, physical model,
shows how the system is physically and
technically implemented. The output of the
physical modeling is the database model.
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The database models representing some of
:

the entities are:

Table 1: Users table
Entity: Users; Table name: tblUsers
Constraints

Attributes

Data Type

UserID
UserCode

NUMBER (9)
VARCHAR
(10)
VARCHAR
(50)
VARCHAR
(25)
VARCHAR
(10)
NUMBER (9)

NOT NULL
NOT NULL

Primary Key; No Duplicates; Auto-generated
Size=10; No Duplicates

NOT NULL

Size=50

NOT NULL

Size=25

NOT NULL

Size=10; Encrypted

NOT NULL

Foreign Key; Duplicates OK

VARCHAR
(20)
VARCHAR
(15)
VARCHAR
(100)

NOT NULL

Size=20

NOT NULL

Size=15

NULL

Size=100

UserName
UserCategory
Password
UserDept
UserClass
UserStatus
Email

Remarks

Table 2: Academic Courses table
Entity: Academic Courses; Table name: tblAcademicCourses
Data Type
Domain
Remarks
NUMBER
NOT NULL
Primary Key; No Duplicates; Auto-generated
(9)
CourseCode
VARCHAR
NOT NULL
Size=10; No Duplicates
(10)
CourseTitle
VARCHAR
NOT NULL
Size=100
(100)
CourseUnit
NUMBER
NOT NULL
(1)
CourseSemester
VARCHAR
NOT NULL
Size=6
(6)
CourseDescription VARCHAR
NULL
Unlimited size of text
(MAX)
DeptID
NUMBER
NOT NULL
Foreign Key; Duplicates OK
(9)
Attributes
CourseID
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USERS

DEGREE
COURSE
LEVELS

UserID (PK)
UserCode
UserName
UserStatus
UserClass
UserCategory
UserPwd
Email
UserDept (FK)

M

FacultyID
(PK)
FacultyCode
FacultyName
FaculytyColou

1
DEGREE
COURSES

DEPARTMEN
TS

1

M

DeptID (PK)
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DeptName
HOD
FacultyID (FK)

1

1

1

M

FACULTY
COLOURS

ACADEMIC
COURSES
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(PK)
ColourName

CourseID (PK)
CourseCode
CourseTitle
CourseUnit
CourseSemester
CourseDescriptio
n
DeptID (FK)

A

M

1
FACULTIE
S

1

LevelID (PK)
CourseLevel
FirstMax
FirstMin
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AcademicAdviser
DegreeID (FK)

1
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DegreeID (PK)
DegreeName
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Figure 1: Normalized Entity-Relationship Diagram
* Repeated to avoid crossing of lines

M

AssignID (PK)
LecturerID
SessionID (FK)
CourseID (FK)
LecturerAppDate
HODApproval
HODAppDate
DeanApproval
DeanAppDate
SenateApproval

STUDENTS

M

1

SessionID (PK)
SessionName
SessionStatus

1

1

M
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CourseRegID
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CarryOver
Score
Grade
GradePoint
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M
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(PK)
StudyYear
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StudentID (FK)
SessionID (FK)
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M

1
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M

1

M

1
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M
1
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M

A
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Figure 2: Decomposition diagram of the proposed system
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Figure 3 shows the System Logon flowchart representing the logon operation
START

Launch Application

Welcome/Logo
n Page

Exit
Application

YE

STOP

NO

Specify Logon
Data

Logon

NO

Is Logon
Successful?
YE

Which User
Category?

System
Admin Page

Dept
Officer
Page
Lecturer
Page

Students’
Page

Exams/Record
s Page

Figure 3: System Logon Flowchart
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5.0 Implementation of ARIS
A working student information system,
called ARIS, was developed using Visual
Basic.NET as the client-side technology and
MYSQL as the server-side technology.
ARIS Welcome/Logon page allows users to
log on to the system (Figure 4). As indicated in
.

the System Logon flowchart (Figure 3),
successfully logged on users are re-directed to
the appropriate page, depending on their user
categories

Figure 4: ARIS Welcome/Logon page

6.0 Sample Output/Results
Outputs present information to the system
users, and are the most visible component of a
working information system. As such, they are
often the basis for the users’ and system

owners’ final assessment of the system’s value.
Figures 5 to 9 are some of the output results of
the. The output results are based on search
criteria.
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Figure 5: Academic Course Performance Analysis

Figure 6: CGPA Information
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Figure 7: Academic Course Result
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Figure 8: Sessional Result.
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Figure 9: Statement of Result

7.0 Discussion of Results
Academic Course Performance Analysis
output (Figure 5) provides performance
analysis for a given academic course. The
analysis is a 3-year performance analysis for
students of a given programme type. The
periods considered in the analysis include the
specified academic session and the two
immediate past academic sessions (if
available). For instance, if the performance
analysis in, say, CSC502.1 is required and the
specified academic session is 2001/2002, the
periods the system will consider include
1999/2000, 2000/2001, and 2001/2002

academic sessions, respectively. CGPA
Information output (Figure 6) presents the
names of students whose CGPA is exactly or
less than or greater than a specified CGPA
value as at a specified academic session.
Academic Course Result output (Figure 7)
provides the scores and grades of students who
registered for a particular academic course for
a given academic session. Also, the following
information are presented: Score Analysis
(Highest Score, Lowest Score, Average Score);
Attendance Analysis (Number of Students
present and absent, broken down to males and
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females); Grade Distribution Analysis (Count
of different Grades). Sessional Result output
(Figure 8) shows the performance of a student
at the end of a particular academic session,
showing such information like name of student,
student’s matriculation number, department,
registered courses for the semester and grades
earned. Also, the student’s GPA (for each
semester) and CGPA for the academic session
are automatically computed and displayed as
well. Also, a remark will be shown for each
semester if the student did not satisfy the
minimum credit unit load for a semester.
Statement of Result (Figure 9) provides
information about a student’s earned degree
award. This report is usually produced at the
end of the student’s programme – the student
having satisfactorily met all requirements
expected of him or her. This report can only be
printed if the following conditions are met:
student must have satisfied the expected
minimum total Credit Units; student must have
reached the terminal year of the programme;
student must have cleared all previously failed
academic courses; there should be no pending
score for any academic course registered for
the student; the results of all academic courses
undertaken must have been approved up to
Senate level. These are some of the output the
system can provide.

8.0 Conclusion
The system has been thoroughly tested and
evaluated, and is certified to be made
operational. The performance of the system is
seen to meet the design expectations as shown
in the results. The system will expedite
efficient service delivery in academic records
management by eliminating the delays
associated with computing results and
processing academic documents; enabling
management to query the database in a
dynamic manner to extract relevant
information to aid decision-making; providing
an interface between students and the
institution. Therefore, we recommend that the
university will get more added advantage using
ARIS than the present system in use.
Nevertheless, new systems usually represent a
departure from the way business is currently
done; therefore there must be provision for a
smooth transition from the old system to the
new system.
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Abstract
Every man from birth till date has been affected by weight and weight measurement in one way
or the other. Weight is a body's relative mass or the quantity of matter contained by it, giving
rise to a downward force. A weighting spring balance is a machine used to measure the weight
of an object. Some weighing balances are manual weighing balance and the others are digital
weighing balance. Computer based reverse engineering of the weighing spring balance is a
systematic reconstruction of a manual spring weighting balance to include a digital hardware
circuit that can interfaces the spring balance to the computer. This research work shows the
benefits of interfacing a weighting balance to a digital computer. Weights of objects can be read
directly off the computer and the records of transactions kept in the computer. Computer based
reverse engineering of a manual weighting spring balance involves a systematic study of the
existing weighting balance, the design and development of the hardware interface and the
development of the software to read from the manual spring balance. The researchers came up
with digital encoder interface that connects to the computer through the parallel port. The
weighting spring balance spindle that indicates the weight of the measured object is connected
with a conductor that runs through the digital encoder. Modularization research methodology is
used in this research work were the research work is broken down into modules; the different
modules were designed, developed, tested and integrated. The result of the research is a manual
spring balance that can be interfaced to a computer so as to directly capture the data of a
weighed object and other associated data or parameter into a digital computer.
Keywords: Reverse Engineering, Weighting Spring balance, Systematic reconstruction, Digital
interface, Digital encoder.

Introduction
1.0
The Online Dictionary defines weight
as: (i) a measure of the heaviness of an
object. [1] and (ii) The force with which a
body is attracted to Earth or another
celestial body, equal to the product of the
object's mass and the acceleration of
gravity.[1]
Every human being on our planet is
affected by weight and measures in some
ways from the moment we are born and
throughout our daily living. Weighing and
measuring are important and vital part of
our existence. Our body, food we eat and
all the products we use as an integral part
of modern living have all been weighed

and measured at some stage in their
development and production.
Computer based reverse engineering of
a manual weighting balance is the
interfacing of a weighing scale (spring
balance) with a computer system. The
system is made up of software and
hardware components. The hardware
make-up include: encoder, spring balance,
printer cable and computer system etc.
The system measures objects placed on
the spring weighting device and with the
help of an encoder reads the signal
(measurement) into a computer system.
The digital signal, read into the computer
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will be processed using a mathematical
algorithm to produce on the computer
video display unit a corresponding and the
exact weight that is displayed on the spring
weighting balance.
A software designed using visual basic
does the software processes and it reads in
digital signals. The same software
multiplies the processed weight with a
dynamic unit price to produce a cost price
if the weighed material is a market
commodity. The software sends the cost
price and the particulars of the sales to the
systems owner’s mobile phone. This
system ensures that the business owner is
immediately aware and updated any
moment there is a market transaction using
the weighting spring balance
.

2.0

Literature Review

A spring weighing balance is a spring
fixed at one end with a hook to attach an
object at the other end. The object attached
will create a force needed to extend the
spring a distance proportional to the
weight of the object. The distance created
by the extension of the spring is read from
the calibrations as the weight of the object.

replace incorrect, incomplete, or otherwise
unavailable documentation [4].
This research work, dealt with the
taking apart of a spring weighing balance,
analyzing of the spring weighting balance
and the building of a digital encoder. The
digital encoder is connected to the
computer through the printer port.
According to Webster, Edward C.[5], a
parallel port is a type of interface found on
computers (personal and otherwise) for
connecting various peripherals. In
computing, a parallel port is a parallel
communication physical interface. It is
also known as a printer port or Centronics
port. The IEEE 1284 standard defines the
bi-directional version of the port. This
transmits particular amount of bits in
parallel at the same time. This is opposite
to serial transition where one bit will be
transmitted at a time. When signals from
the manual spring balance get into the
computer through the interface, a software
processes the digital signals that came in to
produce the required result.
The required result is sent to the
database and to the system owner’s mobile
phone through a modem. This is an aspect
of e-business or e-commerce.

2.1
Reverse Engineering
According to Eilam, et al [2], Reverse
engineering is the process of discovering
the technological principles of a device,
object, or system through analysis of its
structure, function, and operation. It often
involves taking apart and analyzing in
details the structure and function of
anything so as to understand and or
enhance the structure and function of the
thing without duplicating the original.
Reverse engineering has its origins in the
analysis of hardware for commercial or
military advantage (Chikofsky, et al)[3].
Today the same techniques
are
subsequently being researched for
application to legacy software systems, not
for industrial or defense ends, but rather to

2.2
e-business, e-commerce
According to Beynon-Davies P.[6],
Electronic commerce focuses on the use of
information and computer technology
(ICT) to enable the external activities and
relationships of the business with
individuals, groups and other businesses.
Gerstner, L.[7] and Amor, D.[8] stated
as follows: e-business may be defined as
the conduct of industry, trade, and
commerce using the computer networks.
The term "e-business" was coined by
IBM's marketing and Internet teams in
1996. From the above definitions, the
research we embarked on fully supports ebusiness and e-commerce.

3.0 Materials and Methods

adopted the modular method of building
each component of the project differently
and letter integrating and testing them.

The materials used in this project
include the encoder. The research work
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3.1

The Spring weighing machine.
Fig 1 is a photograph of the weighing
spring used for the reverse engineering. It
is calibrated from 0 to 250 g. The
calibration
is
as
follows
0,25,50,75,100,125,150,175,200,225 and
250 grams.

0 to 250 as shown above gives us eleven
numbers, which implies that 0 to 10 can be

used to represent the numbers on the
spring weighing scale. Using mathematical
proportionality, we see that 1 = 25g.
Then giving N which ranges from 0 to 10
the value of Xg can always be found by
using
Xg = N x 25g.
Based on this we can build a simple
table representing the numbers 0 to 10 in
binary. We will keep the table side by side
with the digital encoder representation of
the binary numbers

Fig 1. A spring weighing machine.
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Table 1: Binary Representation of 0 to 10

Fig 2: Digital
Encoder
3.2 The digital Encoder used to monitor and control transfer of signal
Table 2: Digital Encoder
Value
bits
0
0 0 0 0 0
1
0 0 0 0 1
2

0 0 0 1 0

3

0 0 0 1 1

4

0 0 1 0 0

5
6
7
8
9
10

0
0
0
0
0
0

Below in Table 1 is the tabular
representation of the binary numbers 0 to
10 and attached beside it as fig 2 is the

0
0
0
1
1
1

1
1
1
0
0
0

0
1
1
0
0
1

1
0
1
0
1
0

diagrammatical representation of 0 to 10 in
digital encoder. Any cell in the digital
encoder that is like represents 1 (one), the
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any empty cell represents 0 (zero). The
cells representing the 1s were implemented
in the real digital encoder using turns of
wires as shown in Fig 4 below. Fig 4 also
shows a complete set up of the spring
balance and the digital encoder. All the
.
3.3 The Parallel printer port.

coils of wire on the digital encoder are all
tired together column by column. The right
most column of the digital encoder is
column one, the next to it is column two,
the
next
column
three
etc

Fig. 4: A complete reverse engineered spring
weighing balance.
The parallel printer port is made up of
three ports, namely: the control port, the
data port and the statues port. Each of
these three ports has an address in decimal.
The address of the status port is 889. This
is the address with which we will read in
the weighed value through the digital
encoder into the computer. The following
pins makes up the 5 input lines (pin 10,
11, 12, 13, 15) in the printer port. They are
the information to the database as well as
to the system owner’s mobile phone. In
the input form, one can only type in the
customer’s name. The weight and price

the status pins designated as s4,s5,s6, s7
and s8 respectively. All the wire ends in
column one of the encoder are all tired to
pin 10 in the status port, those of column
two tired to pin 11 and so on. A simple
user interface designed in Visual Basic as
shown in Fig 5 is used to read in the
measured weight, do the mathematical
calculation so as to convert the read in bits
to reasonable weight, capture some other
parameter as displayed on the form, sends
will be calculated and displayed when the
“take weight and price” button is clicked.
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Fig 5: The Input Form

The button “send to database” sends the
captured and calculated information to the
database and to system owner’s mobile
.

phone. The code displayed bellow,
captures the weight and sends it into the
computer.
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Private Sub
cmdTakeWeightAndPrice_Click()
vbOut 888, 0
fromInputPort = vbInp(889)If fromInputPort
120 Then txtWeight.Text = "0 grams"
If fromInputPort = 56 Then txtWeight.Text
"25 grams"
If fromInputPort = 248 Then txtWeight.Text
"50 grams"
If fromInputPort = 184 Then txtWeight.Text
"75 grams"
If fromInputPort = 88 Then txtWeight.Text
"100 grams"
If fromInputPort = 24 Then txtWeight.Text
"125 grams"
If fromInputPort = 216 Then txtWeight.Text
"150 grams"

=
=
=
=
=
=

If fromInputPort = 152 Then txtWeight.Text
"175 grams"
If fromInputPort = 104 Then txtWeight.Text
"200 grams"
If fromInputPort = 40 Then txtWeight.Text
"225 grams"
If fromInputPort = 232 Then txtWeight.Text
"250 grams"
txtPrice.Text = Val(txtWeight.Text) * 100
End Sub
Private Sub Form_Load()
Label3.Caption = "DATE: " & Date

=

computer. The measured weight becomes a raw
data that is processed by the computer to give
out a result that is stored in the database and
sent to the mobile phone of the system’s
owner. The previous analogue spring balance
now after reverse engineering supports ebusiness and e-commerce
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[4]

=

Label4.Caption = "TIME: " & Time
End Sub
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=
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Abstract
The provision of social assets and services to the people by the State government cannot
be achieved without revenue. It is therefore expedient that state governments are
encouraged to expand their internally generated revenue bases to aid planning and
execution of social infrastructure. Kogi State Board of Internal Revenue is responsible
for the collection and management of internal revenue which is the financial backbone of
the State. Information about the present method of revenue collection and management
by the Board was gathered through interviews, group discussions, direct observation and
document study. From the information gathered a number of problems inherent in the
present method of operations were extracted. These problems include: delay in the
remittance of collected revenue to the State treasury due to the huge computation
involved in bringing together all revenues collected from thirty Area offices within the
State, diversion of the revenue collected into private pockets by staff of the Board,
difficulty in identifying and locating tax evaders for necessary legal and prohibitive
actions to be taken against them, computational errors, high level of redundancy and
inconsistencies in record, low level of data security, inability to quickly and accurately
retrieve and assemble relevant data for prompt decision making. This research is
undertaken to proffer solutions to the problems identified in the revenue collection and
management in order to provide Kogi State a sound financial base. A combination of
Structured Systems Analysis and Design Methodology(SSADM) and Object Oriented
Analysis and Design Methodology (OOADM) was deployed to develop a feature rich
software program called Computerized Internally Generated Revenue Processing
System(CIGRPS). The application was developed using MySQL database platform as
backend and Visual Basic 6.0 as front end. The implementation of the application
resulted in the elimination of the identified problems.
Keywords: Revenue, internally generated revenue, social assets and services, board of
internal revenue.

________________________________________________________________
Introduction
It is the responsibility of the State
Government to provide public good also
known as collective good and execute
developmental projects that would

improve the standard of living of her
citizenry as well as meet its recurrent
expenditure.
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The first economist to develop the
theory of public goods is Paul
Samuelson. In his work, ”The Pure
Theory of Public Expenditure”, he
defined a public good or collective good
as “…(goods) which all enjoy in
common in the sense that each
individual consumption of such a good
leads to no subtractions from any other
individual’s consumption of that
good…”. This property has become
known as non-rivalry [1]. Public goods
are defined in terms of their economic
rather than their administrative, physical,
normative or financing characteristics
[2]. Two key characteristics of public
goods has been identified namely, nonexcludability and non-rivalry. Other
characteristics are non-rejectability,
indivisibility and inexhaustibility [3].
The discharge of these duties by the
government requires a lot of fund. State
government get fund from two•sources:
Internally generated revenue and
statutory allocation from Federal
government. Revenue is defined as a
general term for all monetary receipts
accruing from both tax and non 2.tax
sources [4]. Revenue from tax and nontax sources as well as fees, grants and
contributions constitute the live wire of
the State government. Taxation is the
system of imposing compulsory levy on
all income, goods, services and
properties of individuals, partnership,
trustees, executorships and company by
government [5]. Kogi State source fund
3.
internally by imposing various form of
tax on the tax object which could be
individuals or corporate entities. The
increasing cost of running government
4.
revenue has left various states
governments in Nigeria with formulating
strategies to improve revenue base [6].
Over the years Kogi State has made
tremendous effort towards enhancing her
internally generated revenue but the

efforts have ended up in absolute failure,
there is not much to justify the colossal
amounts generated. There are three main
ways: exemptions, cheating and
underrating through which revenue is
eroded [7]. The focus of this paper is to
identify the leakages in the revenue
collection, processing and management
and devise the means by which they can
be plucked. The Board of Internal
Revenue is the government agency that
performs the functions of collecting
taxes and enforcing the laws of internal
revenue.
Statement of Problem
The current method of revenue
collection, processing and management
at the Board of Internal Revenue is
completely manual. There are many
problems inherent in the current method.
They include:
i. Diversion of generated revenue
into private pockets. A reasonable
percentage of the revenue generated is
diverted by the staff into their private
pockets.
ii. Delay in the remittance of the
generated revenue to the State
treasury as a result of the huge
computation involved in bringing
together all revenues collected from
the 30 Area offices in the State. This
makes it difficult for the State
Government to respond to the need of
her citizens as and when necessary.
iii. Difficulty in identifying and
locating those who evade tax for
necessary legal and prohibitive actions
to be taken against them.
iv. Error in the computation of
PAYE for civil servants and Direct
Assessment tax for the self-employed
citizens.
v. Breach of established procedures by
staff of the Board for the purpose of
perpetrating fraud.
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Objectives of Study
.
The objectives include:
• To review the manually
dominated internal revenue
processing system currently
in use at the Board of
internal Revenue with a view
to discover problems areas.
•
To design a software
application module that will
accomplish the following:
- Prepare
monthly
statement of account from
various revenue sources.
- Automatically calculate total
revenue
from
different
revenue sources within an
Area office and forward the
total to head office.
- Prepare yearly statement
of account and reconciliation.
- Produce
scheduled
monthly report on State
revenue
- Ensure adherence to
established procedure
Significance of the Study
Over the years Kogi State has made
tremendous effort towards enhancing her
internally generated revenue but the
efforts have ended up in absolute failure
because the revenue generated, instead
of getting to the State Government purse
goes into private pockets. Against this
background if government must increase
her source of revenue and ensure that the
sourced revenue enters the State
Government purse, then there is no
alternative to embracing the automated
internally generated revenue processing
system. Automation is the best option
for eliminating all the leakages in the
revenue collection and management
process

If the automated solution which is the
goal of this research effort is ignored, the
internal revenue generation capacity of
the State will continue to be poor, the
State will be financially incapacitated,
bankruptcy, unemployment, hunger,
starvation and other social vices with
their attendant consequences will be the
end result, and the State may eventually
collapse.

Analysis of the Present System
Weaknesses of the Present System
An interactive session was organized
involving the Chairman of the Board of
internal revenue and two staff of the
board, one from the Personal Income
Tax Department and the other from
Vehicle Registration and licensing
Department at the Igalamela/Odolu
Local Government Area Office of the
Kogi State Board of Internal Revenue to
discuss the problems inherent in the
current system of operation. From the
discussion the following problems
associated with the current system were
extracted:
1. Inability
to
quickly
and
accurately produce a list of self
employed citizens who evade tax
for prompt action to be taken
against them.
2.

Inability
to
quickly
and
accurately produce a list of
vehicle owners whose vehicle
particulars and driving license
are expired.

3. Error in the computation of
PAYE, some employees are
overtaxed, others are under taxed
while some are mistakenly
ignored.
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4. Error in the computation of
Direct tax for self employed
citizens.
5. Computation of total revenue
generated at the area office from
the various revenue sources is
always full of errors.
6. The computation of the total
revenue from all the board of
internal revenue within the state
is
always
difficult,
time
consuming and prone to errors.
7. Staff of the board of internal
revenue in charge of vehicle
registration often charges vehicle
owners an amount which is about
80% higher than the government
approved rate. As a result vehicle
owners run away from vehicle
registration.
The
amount
collected is always less than what
is written on the receipt issued.
8. Lack of proper auditing standard.
Staff can issue receipt without
proper recording and keep the
money in his/her pocket.
9. Because the current system is
completely manual and records
are kept in files, retrieval of

records for proper assessment by
the director of the board is a very
tedious task. Assessment is
therefore a neglected task giving
the staff opportunity to do what
the like.
10. Delay in the remittance of the
generated internal revenue to the
state treasury as a result of the
huge computation involve in
bringing together all revenues
from the 30 area offices in the
state. This makes it difficult for
the state government to respond
to her obligations to citizen as
and when necessary.
11. Retrieval and assembly of
relevant data for decision making
takes a very long time.
12. Files on which data are recorded
are easily mutilated and security
of information is very low.
13. The absence of centralized
repository for data makes the
level of redundancy high. This in
turn increases the level of
inconsistencies. Records are not
consistent across various units.

Data Flow Diagram of the Present System

Fig.1: Data Flow Diagram of the Present System
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Analysis of the Proposed System
The Proposed System
Having critically examined the
existing system of operations of the
Board of internal revenue with a view to
discover problem areas, it became
obvious that the development and
deployment of a computerized revenue
processing system is a matter of absolute
necessity if all the leakages in the
revenue collection and management
processes must be plucked. The
proposed system which I will call
Computerized Internally Generated
Revenue Processing System (CIGRPS)
will consist of the following modules:
Collection and Accounts, Personal
Income Tax, Motor Vehicle Tax
Authority, Land Registration. Details of
the functions of each module are
discussed in Chapter Four.
Benefits of the Proposed System
The effective deployment of this
application has both tangible and
intangible benefits. In fact, the tangible
benefits cannot be quantified. Prominent
among the benefits derivable from the
deployment are:
1. Strict adherence to due process
and established procedure. The
collection
and
accounts
department is the brain box of the
board. The application allows
this department to effectively
coordinate the operation of other
subordinate units by allowing the
other units to carry out their own
part of the transaction. For
instance, the MVTA unit cannot
update their record and issue
Driving License or Vehicle
Particulars unless the Collection
and Account unit has certified
that the customer has paid.
2. Diversion of generated revenue
by the staff of the Board is

eliminated as all payments will
be made at the Bank.
3. One of the problems of the Board
is that staff overcharges tax
payers in certain situation. This
application reduces this as
government approved rate are
entered into the database by only
authorized staff and not subject
to modification by revenue
officers. The tax payer can see
the approved rate.
4. The application makes it possible
for the Board to quickly and
accurately identify tax evaders
for necessary prohibitive actions
to be taken against them. This
will enhance the revenue
generation.
5. The application provides a
centralized repository for data.
This reduces the level of
redundancy and inconsistency.
6. Reduction in cost: The cost of
moving data from one unit to
another or from one area office to
another is greatly reduced as all
data transfer occurs via the
network.
7. The speed of retrieval and
assembly of vital information is
greatly increased. This facilitates
decision making.
8. Security of data is enhanced.
9. Error in computation is greatly
reduced.
10. One of the outstanding problems
faced by the board is the tedious,
time – consuming task of
bringing together all revenues
from the various area offices at
the end of each month. This task
is performed by the application
within a split of seconds on the
click of a button.
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Indeed, the list of benefits is
inexhaustible.
Systems Design
Systems design in the process of
describing the new system. Systems
design details system outputs, inputs and
user interfaces, specifies hardware,
software, database, data communication
facilities, personnel and procedure
components and shows how these
components are related.
4.1 Objectives of the Design
The objectives of the design include:
• Design
of
software
application module that will
accept
input
from
a
distributed
network
of
computing nodes payment
to Kogi State Board of
Internal Revenue
• Store such payment in a
concurrently
controlled
distributed database.
•
Prepare
monthly
statement of account from
various revenue sources.
•
Collate revenues from
different revenue sources
and Area offices to obtain
total revenue generated in a
given month.
• Prepare yearly statement of
account and reconciliation.
• Produce scheduled monthly
report on State revenue
The application will in addition to the
above objectives achieve the following:
a. Automate
collation:
The
collation of the revenues from
the various area offices is one of
the causes of delay in the
remittance of fund generated to
the
State
Treasury.
This
application eliminates this delay.

The Collection and Accounts
department in an Area Office
will on the click of a button on
the approved date generate the
sum total of all revenues
collected from the various
revenue sources and upload this
sum to the final account at the
Head Office. At the Head Office,
on the click of a button also, will
generate the sum total of all
revenues received from all the
Area Offices. Operations which
take days are now done in
seconds.
b. Ensure proper coordination
and control. High level of
interdependence exists among
the various units in an Area
Office especially between a unit
and the Collection and Accounts
department
which
is
the
clearance centre. A transaction
which is initiated in a unit must
not end until clearance is
obtained from the Collection and
Accounts department. Most times
there is a breach of procedure,
staff in unit for ulterior motive
begin and end a transaction. This
application ensures that all
operations are performed by
those authorized to do them. The
application achieves this by
ensuring that certain features to
be used by other units are only
enabled when the Collection and
Accounts
department
have
completed their own part of the
transaction.
(c) Reduce cost/risk. At the end of
every month, revenue officers
travel from the Area Offices to
Head office at Lokoja to submit
report on income generated for
the month. This involves cost and
risk. This application will
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eliminate the need to travel to the
head office as all necessary

transactions are carried out over
the network.

The Control Centre

Fig. 2: The Control Center of the new Software
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Over All Data Flow Diagram of the Proposed System

Fig. 3: Over All Data Flow Diagram of the Proposed System
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Data Flow Diagram for Personal Income Tax

Fig.4: Data Flow Diagram for Personal Income Tax
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Fig. 5: DFD of Vehicle Registration
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Data flow diagram for Land registration

Fig 5: Data flow diagram for Land registration
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Data flow diagram for Collection and Account

Fig. 6: Data flow diagram for Collection and Account
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Sample Outputs from Program
KOGI STATE BOARD OF INTERNAL REVENUE
PERSONAL INCOME TAX DEPARTMENT, IDAH
LIST OF TAX EVADERS
INCOME TYPE PAYE
MONTH ISSUED: 5-YEAR ISSUED: 2012
S/NO BILL NUMBER
OWNER
ADDRESS
1
1
OJONUGBA THOMPSON NO 2 OMACHONU STREET,
2 10
OKPANACHI BONI
NO 10 ANGWA, IDAH
3 12
KOREDE ABIOLA
NO 13 AJAYI STREET, KABBA
4 15
CHINEDU CLEMENT BENSONNO 27 AROMEH STREET, AJAKA
5 17
GODWIN MERCY
NO 15 MIKE ROAD, IDAH
Total

AMOUNT
5000
5000
5000
5000
5000
25000

KOGI STATE BOARD OF INTERNAL REVENUE
LAND REGISTRATION DEPARTMENT, IDAH
REPORT ON ALLOCATED LANDS
MONTH ISSUED: 6 -YEAR ISSUED: 2012
S/NO
1
2
3
4
5
6
7

DATE ISSUED COFO
LOCATION
6/19/2009
4-5 ST. BARNABAS ROAD, KABBA
6/9/2009
NO 18 SALAWU STREET, AJAKA
6/20/2009
GRA B, IDAH
6/13/2009
NO 19 LERAMA STREET, IBAJI
6/22/2009
NO 47 ANGWA ROAD, IDAH
6/12/2009
NO 40 ANGWA ROAD, IDAH
6/30/2009
NO 40 ADENIYI ADEDEJI

SIZE
2 PLOT
4 PLOT
2 PLOT
2 PLOT
2 PLOT
3 PLOT
4 PLOT

Fig. 7: Sample Outputs from the software
Conclusions
Computerized
Internally
Generated Revenue Processing System
(CIGRPS) is a feature rich package
designed to meet the performance,
availability,
recoverability,
fast
retrievability and security requirement of
the mission critical operations of the
Kogi State Board of Internal Revenue.
The application was tested with respect
to the problems identified with the
.

existing system of operations of the
Board and found to perform excellently.
The deployment of this application will
enhance the revenue generation capacity
of the state, pluck all leakages in the
revenue collection and management
process and put the State in a better
position to meet her obligation to
citizens.
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Security Benefits
Chinedu, Pascal Uchena+, Nwankwo, Wilson+, Eze, Udoka Felista+
+Department of Information Mgt. Technology, Federal University of Technology, Owerri, Nigeria

Abstract
The impact of globalization coupled with the pressure t of the recent economic downturn have
stirred increased customers outlook on availability, scalability and efficiency to enterprise
information technology (IT) solutions. The increasing interest in cost-effective Information
Technology deployment by leaders and organisations centre on how best cloud computing can
contain these requirements to reduce or eliminate the huge capital outlay for infrastructure
ownership, increase efficiency, ensure higher return on investment (ROI), dynamic provisioning
and utility–like pay-as-use services. However, a number of these enterprises along with some
information security professionals have expressed fear of the cloud, stating their unflinching
consciousness on security, privacy and forensic issues associated with this new computing
platform for the next generation of the Internet. As with any emerging technology, cloud
computing offers a rare opportunity to rework security and IT controls for a better tomorrow. In
an environment where security and privacy has become paramount to enterprise customers, risk
of unauthorized access to information in the cloud poses a significant concern to cloud
computing stakeholders. This paper defines clouds, describes cloud computing with the different
models and characteristics. The paper focuses on unveiling the fear to cloud adoption due to
numerous associated security, privacy and forensic concerns in the cloud while also examining
both the business and security benefits of this emerging computing paradigm. Finally, as a move
in the new direction, appropriate suggestions on measures on how to ameliorate the security
issues have been prescribed.
Key Words: Cloud Computing, Cloud Security, Cloud Forensic, Security Benefits, Business
Benefits

1.0

Introduction: What is Cloud Computing?

A cloud has been defined as a pool of
virtualized computer resources [3]. A cloud
hosts a variety of different workloads,
quickly through the rapid provisioning of
virtual machines or physical machines
• Supports redundant, self-recovering,
highly scalable programming models
that allow workloads to recover from
many unavoidabl hardware/software
failures Monitors resource use in real
time to enable rebalancing of
allocations when needed [3].

including batch-style back-end jobs and
interactive, user-facing applications Allows
workloads to be deployed and scaled-out
Boss et al [3] has argued that a cloud is
more than a collection of computer
resources owing to the fact that it provides a
mechanism to manage those resources.
Management here includes provisioning,
change requests, re-imaging, workload
rebalancing,
deprovisioning,
and
monitoring.

West African Journal of Industrial and Academic Research Vol.7 No. 1 June 2013

70

Thus, Cloud computing is a term used to
describe both a platform and type of
application. A cloud computing platform
dynamically
provisions,
configures,
reconfigures, and deprovisions servers as
needed. Servers in the cloud can be physical
machines or virtual machines. Advanced
clouds typically include other computing
resources such as storage area networks
(SANs), network equipment, firewall and
other security devices [3] Siddiqui [9] had
described Cloud Computing as nothing but a
way for renting the Software, Platform
and/or Infrastructure hosted by a provider.
The word Cloud in the name refers to the
fact that most of the services could be
accessed over the Internet. Thus implying
that it is the Cloud Provider that installs,
maintains, scales and monitors hardware
and/or software services for its customers
which access these services via the Internet
[9]. In support of this, Boss et al, [3] added
that cloud computing also describes
applications that are extended to be
accessible through the Internet. These cloud
applications use large data centres and
powerful servers that host Web applications
and Web services. According to them,
anyone who has the appropriate Internet
access or connection with a standard
browser could access a cloud application.
Cloud computing environments support
grid computing by quickly providing
physical and virtual servers on which the
grid applications can run [3] . According to
his lecture, mid to late ’90s, Grid computing
was proposed to link and share computing
resources [5]. However, Cloud computing
should not be confused with grid computing.
Grid computing involves dividing a large
task into many smaller tasks that run in
parallel on separate servers. Grids require
many computers, typically in the thousands,
and commonly use servers, desktops, and
laptops [3].
Clouds
also
support
non-grid
environments, such as a three-tier Web

architecture running standard or Web 2.0
applications [3]

2.0 Cloud Computing Models
and Characteristics
Our understanding and appreciation of the
security issues in cloud computing are better
grasped through adequate discussion of the
three computing models that come under its
canopy. These models (also described as
delivery models [8] are:
• Software as a Service – SaaS
• Platform as a Service – PaaS
• Infrastructure as a Service – IaaS [9]

Figure 1: Cloud computing stack showing
three delivery models of computing
(Source: Hasan, [5])
In highlighting the place of these models,
Hasan [5] in a lecture described Cloud
computing to mean selling “X as a service”.
Thus, exerting:
• IaaS: Infrastructure as a Service – as
“Selling virtualized hardware”
• PaaS: Platform as a service – as
“Access
to
a
configurable
platform/API”
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•

SaaS: Software as a service – as
“Software that runs on top of a
cloud”
The cloud computing stack (shown
below) would be beneficial in revealing the
place of these services.
The
demonstration
of
adequate
understanding of these three delivery models
has significantly shed light on creative ways
a few companies had implemented cloud
Security at the different levels. Obviously,
cloud security has been very broad term
with; it is not only composed of the security
of data exist in the provider’s cloud but also
comprises authorization to data access,
security of data en route, encryption at the
source, and other related aspects.
In order to be considered “cloud” [8]
Maintained that these delivery models must
be deployed on top of cloud infrastructure
that
satisfies
the
following
five
characteristics:
1. On-demand self-service
2. Ubiquitous network access
3. Location
independent
resource
pooling
4. Rapid elasticity
5. Pay per use [8] 2011).
Thus, the four deployment models are:
1. Private (internal) cloud: enterprise
owned or leased, behind a firewall
2. Public (external) cloud: sold to the
public, mega-scale infrastructure
(e.g. Amazon EC2)
3. Hybrid cloud (virtual private
cloud): composition of two or more
clouds (e.g. Amazon VPC)
4. Community
cloud:
shared
infrastructure for specific community
(e.g. academic clouds) [8]

Anatomy of Fear- Need For
Cloud Security

3.0

There have been high levels of comfort
and confidence by enterprises (and
individuals alike) in storing and maintaining
their data on their private computers in their

own network environments. The present
concern expressed by Siddiqui [9] with the
advent of cloud computing where the data
storage will be provided (and controlled) by
the provider is that the enterprises and
individuals would have to part with their
data if they want to enjoy the benefits of the
cloud; and this is where the concerns
for security originate from.
The concern pinged that we maintain
complete control where the data and
infrastructure are house within; we could
implement any security mechanism we
deem fit, we could install any hardware or
software to create perimeter around our
internal network, we could design “securityby-complexity” by adding multiple layers of
security, etc. However, once the data leaves
our network into the cloud we lose control
over it as well as the security around it. In
the cloud we totally depend on the provider
to offer these services; meaning that we
have lost most of the control [9].
The fears based on the concern of where
we are coming from (traditional standalone/
network environment), and where we are
going (cloud computing) have been
examined and hence outlined by [5] in a
lecture, against the following security,
privacy and forensic issues:
Confidentiality
• Will the sensitive data stored on a
cloud remain confidential? Will
cloud compromises leak confidential
client data (i.e., fear of loss of
control over data)
• Will the cloud provider itself be
honest and won’t peek into the data?
[5]
Integrity
• How do I know that the cloud
provider is doing the computations
correctly?
• How do I ensure that the cloud
provider really stored my data
without tampering with it?
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Availability
• Will critical systems go down at the
client, if the provider is attacked in a
Denial of Service attack?
• What happens if cloud provider goes
out of business?
Privacy issues engendered via massive data
mining
• Cloud now stores data from a lot of
clients, and can run data mining
algorithms to get large amounts of
information on clients
Increased attack surface
• Entity outside the organization now
stores and computes data, and so
• Attackers can now target the
communication link between cloud
provider and client
• Cloud provider employees can be
phished
Auditability and forensics
• Difficult to audit data held outside
organization in a cloud
• Forensics also made difficult since
now clients don’t maintain data
locally
Legal quagmire and transitive trust issues
• Who is responsible for complying
with regulations (e.g., SOX, HIPAA,
GLBA)?
• If cloud provider subcontracts to
third party clouds, will the data still
be secure? [5]
These are practical issues are advancing
into a perpetual inefficient deployment of
technology infrastructure and services, by
obviously militate against the adoption of
cloud computing. The onus lies with the
providers, if they want to win the trust of
incredulous potential customers and gain
competitive edge in the marketplace, to
speedily address the matters of security first.
4.0

The Business Benefits Of
Cloud Computing

Cloud computing offers a very attractive
enticement by promising high financial
savings to enterprises. However, cloud’s

best opportunity is for enterprises to
streamline processes and increase innovation
by ensuring increasing
productivity and transforming business
processes through means that were
prohibitively expensive before the cloud.
The focus of organizations can be
streamlined on their core business, rather
than raising concerns on scalability of
infrastructure. Through cloud computing,
resolving peak business demands for
performance can be promptly met—
resulting in more reliable backup, increased
scalability, more satisfied customers and
even higher margins [7]
Some of the key business benefits offered
by the cloud include:
• Cost Containment
The cloud offers enterprises the option
of scalability without the any huge financial
obligations required for infrastructure
purchase, use and maintenance. ISACA [7]
observed that there is usually little to no
upfront capital expenditure with cloud
services, and that services and storage are
availed on demand as they are priced on a
pay-as-you-go service bases. Imogokate [6]
sustained this assertion while listing his top
10 business benefit of cloud computing by
maintaining that there are significant
reductions in capital expenditures and IT
costs as load and storage shift to the cloud.
Furthermore, the paper appreciated that
the cloud model could support with cost
savings in terms of wasted resources. Saving
on unused server space allows enterprises to
contain costs in terms of existing technology
requirements and experiment with new
technologies and services without a large
investment [7]. This suggests that
enterprises will match current costs against
potential cloud outlays and consider models
for TCO to determine whether cloud
services will

offer the enterprise potential savings.
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• Immediacy
The ability to provision and utilize a
service in a single day has been notably
cited as an advantage by many early
adopters of cloud computing. This is in
contrast with traditional IT projects
requiring weeks or months to order,
configure and operationalize their necessary
resources. This offers significant impact on
the agility of a business and the costs
reduction associated with time delays [7]
• Availability
Cloud providers maintain the necessary
infrastructure and bandwidth to cater for
business requirements for high speed access,
storage and applications. Where redundant
paths challenge exist, these providers often
take advantage of existing load balancing to
ensure that systems are not overloaded and
services
delayed
[7]
Concurrently,
Imogokate [6] view this under “mobility &
accessibility”; arguing that one the greatest
advantages of cloud computing is the
availability of files and software anywhere
with an internet connection. While
availability can be promised, ISACA [7]
suggested that customers should take care to
ensure that they have provisions in place for
service interruptions.
• Scalability
ISACA [7] observed that with
unconstrained capacity, cloud services offer
increased flexibility and scalability for
evolving IT needs. Provisioning and
implementation are done on demand,
allowing for traffic spikes and reducing the
time to implement new services.

Imogokate [6] concurred by pointing out
that service providers may realize this by
adding servers or shifting load from one
server to another to accommodate additional
storage.

• Efficiency
Organisations now have the unique
opportunity to concentrate efforts on
innovation, research and development while
reallocating
information
management
operational activities to the cloud. This
stimulates business and product growth
which may be even more rewarding than the
financial advantages offered by the cloud.
Arguing on the “efficient use of
resources”, Imogokate [6] filed that users
are no longer requiring separate or
individual servers for different applications
if deploying cloud services.
• Resiliency
The use of mirrored solutions in case of a
disaster scenario and for load-balancing
traffic by cloud providers is yet another plus
to deployment of their services. In the
report, cloud providers insisted that whether
there is a natural disaster requiring a site in a
different geographic area or just heavy
traffic, they will have the resiliency and
capacity to ensure sustainability through an
unexpected event [7].
• Software as a subscription: Imogokate
[6] appreciated the fact that software in a
cloud resides on a service provider’s servers
which is external to clients’ computers.
• Reduced Software Maintenance:
Running a list of software in the clouds
reduces computer and systems maintenance
for the clients.

• Increased Reliability: Cloud systems
provide back up and redundancy to data
which are preserved in provider’s data
centers [6].
• Environmentally Friendly: Cloud IT
reduces a business’s carbon footprint.
• Stays Current: Overhead processing is
performed by the provider’s servers, muting
the
need
for
individual
business
components.
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• Versionless Software: Software changes
are controlled or eliminated as updates
become automatic.
The idea of the cloud is that while
providers commit to smarter, faster and
cheaper handling of operational activities
outsources by enterprises with portions of
information management, these enterprises
or organisations’ workers will focus to
improve processes, increase productivity
and innovations. Assuming this to be the
case, significant changes to the existing
business processes will likely be required to
take advantage of the opportunities that
cloud services offer [7]

The Security
Cloud Computing

5.0

Benefits

of

Haven considered the enormous security
concerns of cloud computing, Balding [2]
views from a different dimension and
focuses on assessing potential security
benefits of Cloud Computing. Where the
risks are properly managed, some strong
technical security arguments in favour of
Cloud Computing are in place to
substantiate the assessment.
Though the challenges posed by this new
paradigm are getting sufficient attention, yet
we are not to lose sight of the opportunities.
In a blog post Imogokate [6] summarized
security advantages of Cloud Computing
under the following four (4) outlines:
• Reduces the exposure of sensitive
data
• Simplifies security auditing & testing
• Enables
automated
security
management
• Improves redundancy & disaster
recovery
Thus, in this paper major focus is on
seven technical security benefits some of
which are immediate, and others
progressively evolving. These presentations
highlights some outcomes prevailing today
outside of cloud but are either complex;
slow to implement (and thus less likely to
happen) or prohibitive for capital cost

reasons. The benefits discussed do not
suggest definitive list but a reflection of the
thinking of Balding [2].
Also certain other benefits depend on the
Cloud service deployed and so do not apply
across the board. A peculiar example
includes the absence of any solid forensic
benefits with SaaS.
Seven Technical Security Benefits of the
Cloud
1. Centralized Data
Reduced Data Leakage: Commonly
appreciated among cloud providers is the
benefit of reduced data leakage. Balding [2]
concurred with this by putting forward the
following questions: How many laptops do
we need to lose before we get this? How
many backup tapes? The data “landmines”
of today could be greatly reduced by the
Cloud as thin client technology becomes
prevalent. The idea transporting data buckets
in the form of laptops poses more risk than
small, temporary caches on handheld
devices or Netbook computers. The major
challenge is how many laptops in any large
company have company ‘mandated’ controls
(e.g. full disk encryption) consistently
applied. Despite best efforts around asset
management and endpoint security we
continue to see embarrassing and disturbing
misses. Another concern falls on SMBs, as
par how many use encryptions for sensitive
data, or even has in place a data
classification policy?
Monitoring benefits: Monitoring and
Controlling centralized storage is easier to
ensure. The flipside is the nightmare
scenario of comprehensive data theft. As a
security professional, time spent to figure
out smart ways to protect and monitor
access to data stores in one place are far
more justifiable than trying to figure out all
the places where the company data resides
across a myriad of thick clients. The benefits
of Thin Clients are sure available today but
Cloud Storage implies faster and potentially
cheaper centralize data. What has become
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the logistic challenge today is getting
Terabytes of data into the Cloud in the first
place ( [2].
2. Incident Response / Forensics
Forensic readiness: Cloud computing
services provide quick evidence gathering
needed for forensic and investigation
purpose. Cloud tweaks (2010) unveiled that
in traditional systems this is attained by
turning your server offline, but cloud based
servers don’t need to be turned down. The
cloud customers have the privilege of now
storing logs more cost-effectively, thus
enabling comprehensive logging and
increasing performance. Also, Balding
(2008) suggested that with Infrastructure as
a Service (IaaS) providers, a dedicated
forensic server can be built in the same
Cloud as my company and place it offline,
ready for use when needed. According to the
report what is needed to be pay for is the
storage until an incident occur to with the
need to bring it online. With a button at the
cloud providers’ web interface, the server
could be brought ON. Working with
multiple incident responders, a copy of the
VM can be provided so we can distribute the
forensic workload based on the job at hand
or as new sources of evidence arise and need
analysis. This benefit can be better realized
where commercial forensic software vendors
could move away from archaic, physical
dongle based licensing schemes to a network
licensing model.
Decrease evidence acquisition time: In a
situation of compromised server in the
Cloud (i.e. where server has been broken
into), it is now possible to clone that server
at the click of a mouse and make the cloned
disks instantly available to my Cloud
Forensics server. Thus, the need to “finding”
storage or have it “ready, waiting and
unused” would be completely eliminated –
it’s just there.
Eliminate or reduce service downtime:
Balding [2] noted that in the above scenario
there was need to go tell the COO that the

system needs to be taken offline for hours
whilst dig around in the RAID Array hoping
that the physical acquisition toolkit is
compatible (and that the version of RAID
firmware isn’t supported by the forensic
software). Abstracting the hardware
removes a barrier to even doing forensics in
some situations.
Decrease
evidence
transfer
time:
According to a testimony, copies in the same
cloud are super-fast- made quicker by the
replicated, distributed file system Cloud
providers have engineered ([2]. Judging
from a network traffic stance, it may even be
free to make the copy in the same Cloud.
Without the Cloud, lots of time consuming
and expensive provisioning of physical
devices would be required. Payment for only
the storage is required as long as I need the
evidence.
Eliminate forensic image verification
time:
Certain
Cloud
Storage
implementations reveal a cryptographic
checksum or hash. A typical example
includes Amazon S3 which generates an
MD5 hash automatically when you store an
object. In theory generating time-consuming
MD5 checksums using external tools are no
longer needful- they are already there.
Decrease time to access protected
documents: The Huge CPU power opens
some doors. Did the suspect password
protect a document that is pertinent to the
investigation? A wider range of candidate
passwords can now be tested in less time to
expedite investigations.
3. Password assurance testing (aka
cracking)
Decrease password cracking time: Cloud
computing can be used to decrease crack
time such that you pay only for what you
use if your organisation regularly tests
password strength by running password
crackers. Ironically, your cracking costs go
up as people choose better passwords ;-).
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Keep cracking activities to dedicated
machines: Rather than use a distributed
password cracker where the load is spread
across non-production machines, those
agents can now be put in dedicated Compute
instances - and thus stop mixing sensitive
credentials with other workloads.
4. Logging
“Unlimited”, pay per drink storage:
Consideration for logging usually come as
an afterthought. So minimal disk space is
allocated and logging is either non-existent
or minimal. The reverse is the case with
Cloud Storage- no more ‘guessing’ how
much storage you need for standard logs.
Improve log indexing and search: Having
your logs in the Cloud leverage Cloud
Compute to index those logs in real-time
and ensure the benefit of instant search
results. What is different here? The
Compute instances can be plumbed in and
scale as needed based on the logging load meaning a true real-time view.
Get compliant with extended logging:
Extended logging in the form of a C2 audit
trail is features characteristics of a number
of recent operating systems. Usually, the
fear of performance degradation and log size
keep it from being enabled often times. Now
with cloud computing you can ‘opt-in’
easily - if you are willing to pay for the
enhanced logging, you can do so. Granular
logging promotes the acts of compliance and
investigations easily.
5. Improve the state of security software
(performance)
Drive vendors to create more efficient
security software: Billable CPU cycles get
noticed. More attention will be paid to
inefficient processes; e.g. poorly tuned
security agents. Process accounting will
make a comeback as customers target
‘expensive’ processes. Security vendors that
understand how to squeeze the most
performance from their software will win.

6. Secure builds
Pre-hardened, change control builds:
This is primarily a benefit of virtualization
based Cloud Computing. Now you get a
chance to start ’secure’ (by your own
definition) - you create your Gold Image
VM and clone away. This is achievable
today where you can have installed baremetal OS. However, these usually require
additional 3rd party tools, and can be time
consuming to clone or include yet another
agent to each endpoint.
Reduce exposure through patching
offline: Gold images can be kept up securely
kept up to date. Offline VMs can be
conveniently patched “off” the network.
Easier to test impact of security changes:
This is a big one. Spin up a copy of your
production environment, implement a
security change and test the impact at low
cost, with minimal startup time. This is a big
deal which eliminates a key barrier to
‘doing’ security in production environments.
7. Security Testing
Reduce cost of testing security: With SaaS
provider only a portion of their security
testing costs is passed on. This implies
reduction on the expensive security code
review and/or penetration test where there is
sharing of the same application as a service.
Even with Platform as a Service (PaaS)
where your developers get to write code,
Balding [2] further highlighted potential cost
economies of scale (particularly around use
of code scanning tools that sweep source
code for security weaknesses).
6.0
Suggestions and Conclusion
While cloud security emerges as a critical
concern among Information security
professionals as well as all those who
respond to cloud computing surveys, the
basis to understanding security in cloud
computing is to realize that the technology is
not new, or untested. It signifies the logical
evolution to outsourcing of commodity
services to many of the same trusted IT
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providers we have already been using for
years.
Cloud computing is the logical move for
services to take as more established parts of
IT are commoditized. Not moving to cloud
computing will imply you are paying more
than your competitors for the same
commodity [1].
While cloud computing is certainly poised
to deliver several benefits, sufficient
business impact analyses and risk
assessments to inform business leaders of
the potential risks to their enterprise should
be conducted by information security and
assurance
professionals.
Regular
reassessment of risks or reassessment based
on event of change should be a part of
planned risk management activities which
must be managed throughout the
information life cycle.
Enterprises that have been considering the
utilisation of cloud in their business
environment should estimate and match
what cost savings the cloud can offer them
against what associated and/or additional
risks are incurred. Once this analysis is
made, enterprises will be better positioned to
appreciate how they can leverage cloud
services.
Organisations should work with legal,
security and assurance professionals to
guarantee attainment and sustenance of
appropriate levels of security and privacy
within this new computing platform. The
cloud represents a major paradigm shift in
how computing resources will be utilized,
and as such requires participation of a broad
stream of stakeholders whose governance
should initiate its deployment within
adopting organizations.
Cloud security has to be a joint-venture
between the provider and its customers; it
ought to be a two-way street where
providers are committed to providing the
infrastructure and other services on the
server-side and the customers should
possess sufficient knowledge to take

intelligent and safe cloud decisions on the
client-side.
Your organisation is likely to be exposed
to higher security risk than your cloud
provider, unless you are in the business of
implementing security. So ensure you artner
with your provider to determine its
commitment to security. Match it against
your current and actual security levels to
ensure the provider is attaining parity or
better levels of security.
Understand that proper risk assessment is
the key to cloud security. Insist on having
the risk assessment provided you by your
cloud computing provider with details on
how it plans to mitigate any issue identified.
Mandatory discussions with the cloud
provider’s top security personnel should be
on your monthly schedules. This discussion
should encourage free flow of ideas from
both ways with no hidden items.
The need for improved government
regulations around cloud security cannot be
over emphasised. Thus, these regulations
should be very specific and well-targeted at
cloud.

Conclusion
Despite the security privacy and forensic
concerns expressed by banks along with
other organization, it blows the mind to
imagine a world without online banking and
other forms of online financial transactions
and systems. Correspondingly, the attraction
due the economics and convenience of cloud
computing (offering enterprises long-term
IT savings, including reducing infrastructure
costs and offering pay-for-service models)
will make this technology innovation a
commonplace while cloud computing
vendors work vigorously to alleviate
customers or market concerns about security
… like ecommerce, online banking and
other online financial transactions are today.
Obviously, regardless of the convenience
and economic benefits, cloud computing
may not be for everyone. For critical
security and risk reasons, a few
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organizations with highly classified missions
and/or extremely sensitive data may opt out
of the idea of cloud computing. However,
for most (especially any business looking to
enhance IT resources while controlling
costs), the business and the security
advantages of cloud computing discussed
above together with the possibility to deploy
private clouds (allowing customers to
control who is in the cloud, where data is
stored, who has access, etc.) would contain
the security assurances required to satisfy
these organizations.
With challenges come opportunities, and
cloud computing security is surely not an
exemption. Just as have been highlighted,
these concerns pose huge opportunity that
cloud vendors could seize to translate the
enormous security ills of cloud computing
into solutions to win the trust and the
business of potential customers. Therefore,
it would not be mind-boggling to assert that
through developments in cloud security a
cloud provider or vendor could gain a
differentiating advantage over others in the
global business environment.

Finally, cloud security is part of the
foreseeable evolution of IT. Any
organisation intending to attain or sustain
competitiveness must need to embrace cloud
computing and cloud security. Evidently,
companies who tackle cloud computing
responsibly need not be scared of entering
the cloud due to security concerns. The
concerns of handling security in the cloud
are not as much a nightmare as compared to
addressing them in-house.

7.0 Recommendations for Further
Research:
It is recommended that the follow-up of
this research be conducted with the analysis
of how to handle cloud security challenges.
The follow-up should identify the challenges
and opportunities offerings of cloud
computing. Its study should also bring to
focus the fears of the cloud with appropriate
strategies for demystifying the immediate
and future fears within the digitalized and
ever changing business environment.

____________________________________________________________________________
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Abstract
Software maintenance is the process of modifying existing operational software by correcting
errors, migration of the software to new technologies and platforms, and adapting it to deal with
new environmental requirements. It denotes any change made to a software product before and
after delivery to customer or user. Software maintenance is an important activity of many of
organizations today. This is no surprise given the rate of hardware obsolescence, the
immortality of a software product, and the demand of users to ensure that existing software
products run on newer platforms, run on newer environments, and or with enhanced features.
Software maintenance forms an essential component of software development. Therefore, with
an increasing use of computers in almost every organization whether big or small, there has
emerged the need for software maintenance. In this paper, we argue that software maintenance
and evolution are characterized by huge costs, slow speed of implementation, increased
complexity, requires technical expertise, be in line with new technologies, may introduce new
faults, yet changes and improvements are inevitable if software must stand the test of time.
Keywords: Software, software maintenance, software evolution, reverse engineering,

_____________________________________________________________________________

1.0 Introduction
Software maintenance is an essential
component of software development process
[25]. It is the process of modifying existing
operational software by way of correcting
errors, migration of the software to new
technologies and platforms, and adapting it
to
deal
with
new
environmental
requirements. As software grows in size, it
becomes necessary to determine the
complexity of such software [2]. The size of
software increases as the complexity
increases [18]. Software maintenance is the
general process of changing a system after it
has been delivered. As noted by [26],
software evolution is important because
organizations are now completely dependent
on their software systems and have invested
millions of dollars in these systems. Their

systems are critical business assets and they
must invest in system change to maintain
the value of these assets. Thus, the majority
of the software budget in large companies is
devoted to maintaining existing systems.
Erlikh [5] suggest that about 90% of
software costs are evolution costs. Although
this percentage may not be exactly correct,
but the fact remains that the large chunk of
software costs is expended on software
maintenance.
As the 21st century advances, more than
50% of the global software population is
engaged in modifying existing applications
rather than writing new applications. As
noted by [9], this should not be a surprise
because as an industry grows in size,
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capacity, and aging, the number of
personnel who does repair often outnumbers
the number of personnel who build new
products. This is very common in almost all
area of human endeavour be it automobile,
software, etc. at the end of the 20th century,
software
maintenance
grew
rapidly
especially the year culminating the Y2K.
This was largely due to need for updates in
software to be able to meet the required
modifications needed for software that
meets about 85% of the world’s supply of
existing software application. So two mass
update were required to ensure that these
software are not obsolete. The first was the
set of changes needed to support the new
unified European currency (euro) which
came into existence in January 1999. Due to
the introduction of the Euro currency, about
10% of the world software needed
modifications to meet this new currency and
also, in the European Monetary Union,

about 50% of the information systems
required modification in order to support the
euro. Secondly, there was the Y2K problem
which affected about 75% of the installed
software applications operating throughout
the world. The Y2K problem also affected
not just these software but also some
embedded computers inside physical
devices such as medical equipments,
telephone switching systems, oil wells, and
electric generating plants. With software
maintenance, these two problems were
taking care of although with some penalties
such as time wastage as a result of the
delays that was triggered in other kinds of
software and also in other organizations that
depended directly and indirectly in these
products. Therefore, concerns for Y2K
compliance emphasize the need for
understanding
and
improving
the
management of software activities.
With an increasing use of computers and
software, there has emerged a need for
software maintenance in almost every

organization [25]. Therefore, software must
evolve and be maintained over time [22] and
the only way this can be done is to maintain
them if they must meet the current and even
new challenges. Technology is changing on
daily basis and software cannot be left
behind if they must be in line with new
technologies. It is no longer new that on
daily basis, several new communication and
security gadgets are being produced and
new features are added to them. With these
new features, existing software must be
modified and new changes must be made to
them in order to keep pace with these new
technologies and stand the test of time.
2.0 Background of Software Maintenance
and Evolution
Maintenance is generally used to describe
all changes made to a program after its first
installation. It differs significantly from
restoration of a system or systems
component to its former state [12]. Software
evolution plays an important role in software
engineering. In fact, most development
effort and expenditure is allocated to the
evolution and update of these existing
versions. Software is ceaselessly changed –
maintained, evolved and updated – more
often than it is written, and changing
software is extremely costly [16]. Normally,
the software systems become more and more
complex as the evolution and updates of the
software
systems.
Such
increasing
complexity confronts much more challenges
in system robustness and adaptability, which
depends on predetermined factor to ensure
that long-term safety and reduce the cost of
maintenance.
Maintenance plays an
important role in the life cycle of a software
product. It is estimated that there are more
than one billion lines of code in production
in the world. As much as 80% of it is
unstructured, patched and not well
documented. It is through the process of
maintenance that these problems are
alleviated.

West African Journal of Industrial and Academic Research Vol.7 No. 1 June 2013

82

2.1 What is Software Maintenance?
Software products must satisfy user’s
requirements. Software products must
change or evolve. As software products are
used, faults must be discovered, operating
environments may change, and new user
requirements will surface. In fact, most of
the maintenance processes are often
requested by software user(s). Although the
maintenance phase of a software life cycle
commences after delivery, however,
maintenance activities occur much earlier.
Maintenance is one of the primary life cycle
processes.
Software maintenance is defined in the
IEEE Standard and Software Maintenance,
IEEE 1219, as the modification of a
software product after delivery to correct
faults, to improve performance or other
attributes, or to adapt the product to a
changed environment (IEEE STD 1219,
1998). According to the ISO/IEC 12207
Standard for Life Cycle Processes,
maintenance is the process of a software
product undergoing modification to code
and associated documentation due to a
problem or the need for improvement.
According to them, the main objective is to
modify existing software product while
preserving its integrity. However, a more
generally accepted definition of software
maintenance by researcher and practitioners
is that provided by SWEBOK. It defines
software maintenance as totality of activities
required to provide cost effective support to
a software system. Based on this definition,
activities are performed during the predelivery and post-delivery stages. Predelivery activities include: planning for
post-delivery stage, supportability, and
logistics while post-delivery activities
include modification, training, and operating
a help desk [23].
Again we define maintainability as the
quality factor which includes all features of
the software to make it easier to maintain or

which makes the maintenance stage more
productive
[8].
Granja-Alvarez
and
Barranco-Garcia
[7]
notes
that
maintainability is the quality factor
including all those software characteristics
designed to make the product easier to
maintain towards the end of achieving
greater efficiency and productivity in the
maintenance stage.
2.1.1 Characteristics of Software
Maintenance and Evolution
As software ages, it becomes increasingly
difficult to keep them up and running
without maintenance. Thus there is need to
maintain software to keep it is good shape in
order to be able to meet new challenges.
Some characteristics of software that affect
maintenance are system size, age, slow in
implementation, support new technology,
and structure.
• Size: As software is being
maintained, it continues to grow in
size and as a result becomes more
and more complex. Just imagine
software with a few hundred lines of
code designed to handle a particular
application, such software will not be
very complex. Consider software
such as an operating system with
several millions of lines of code
(LOC) and developed by about a
thousand software engineers. There
is no doubt that such software will be
very complex due to its large size.
As a result, maintaining large
software will be very difficult and
cumbersome than maintaining small
size software.
• Age: Software must evolve over
time. That is, every software product
continues to evolve after its
development through maintenance
efforts. As the age of software
increases, so also the software
depreciates. So in order to ensure
that the software remain useful and
valid, there is the need to maintain it.
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•

•

•

Slow in Implementation: Software
maintenance takes time. This is so
because the maintainer may not be
the person who first developed the
software. So before the maintainer
can begin to maintain the software,
there is the need to properly study
the software using the program
documentation if it exists or try to
study the software for some time
before the maintenance process can
begin. This will in no doubt take
some time and effort which will slow
down implementation process in an
organization
Support New Technology: For
software to evolve and support new
technology, it must be properly
maintained. This is to ensure that it
meets the requirements of users of
the new system. This way, the
software will have to be properly
redesigned
and
possibly
reengineered.
Structure:
The structure of software system
does
affect
its
maintenance
especially if the software is not well
structured as at the time it was
initially developed. Software system
developed using spaghetti code will
give the maintainer problems in
trying to change it to a structured
program that can easily be
understood by future maintainer.

2.1.2 Types of Software Maintenance
Software must evolve over time. That is,
every software product continues to evolve
after its development through maintenance
efforts. ISO/IEC 14764 and IEEE Computer
Society IEEE 1219 classify software
maintenance as: corrective, adaptive,
perfective, and preventive maintenance.
• Corrective Maintenance:
This
form of maintenance involves the
software product after delivery to
correct errors e. g., fixing of bugs.

•

•

•

•

Usually, in corrective maintenance,
errors are corrected and the cost of
corrective maintenance is bored by
the developer.
Adaptive Maintenance: Adaptive
maintenance involves modifications
to the software as a result of changes
in operating environments. This is
because software must adapt to its
environment after delivery. These
operating environments could result
as a result of database upgrades,
operating system upgrade, changes
in compiler version, etc. Usually, the
organization requesting for adaptive
maintenance usually bear the costs.
Perfective Maintenance: Perfective
maintenance often involves changes
to the code to allow the software to
meet the same requirements but in a
significantly more acceptable
manner. This form of maintenance is
usually carried out after the software
product has been delivered to
improve performance.
Preventive
Maintenance:
In
preventive maintenance, software
usually modified after delivery to
detect and correct latent faults before
they become effective faults that can
now affect the result of users.

2.1.3 The Nature of Software
Maintenance
Software maintenance forms an essential
component of software development. Its
planning includes estimation of maintenance
effort,
personnel
and
costs
[25].
Maintenance has a very broad scope. In
encompasses a lot of changes both for
tracking and controlling software. It is
generally used to describe all changes to a
program after its first installation. It differs
significantly from restoration of a system or
system component too its former state [12]
[10]. Software maintenance involves the
modification of a software product after
delivery to correct faults, to improve
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performance or other attributes. When we
talk about software maintenance, people do
think that it is merely the process of fixing
bugs. This is a wrong notion. Software
maintenance involves much more, it is not
just about fixing bugs. Studies have shown
that over 80% of the maintenance effort is
expended on non-corrective actions [23].
Software maintenance and evolution of
systems was first proposed by Lehman in
1969. Lehman notes that systems continue
to evolve over time. As a result, they
become more complex unless some actions
such as code refactoring is adopted to reduce
the complexity that may arise as a result of
maintenance. Software maintenance is a
very broad activity that includes error
correction, enhancements of capabilities,
removal of obsolete functions, and
optimization.
Because
changes
are
inevitable, certain mechanisms must be
developed to evaluate, control, and modify
the software. Thus changes to software are
done in order to preserve the value of the
software over time. The software value can
be enhanced by expanding the customer
base, meeting additional requirements, thus
making the software more easier to use,
more efficient, and employing new
technology to cater for the new features that
may be introduced to these technologies.
The software maintenance process can
last for years or even decades after
development process [11]. Therefore, there
is need for effective planning in order to
address the scope of software maintenance,
the
tailoring
of
the
post
delivery/deployment, the designation of who
will provide maintenance, and an estimation
of the life-cycle costs. Software maintenance
takes more effort than all other phases of
software life cycle. As noted in [1], about 60
to 70% effort is expended on maintenance
phase of software development life cycle.
Thus software maintenance activities span a
system’s productive life cycle and consume
a major portion of the total life cycle costs
of the system. However, what is actually

done to maintenance is sometimes a mystery
to many organizations. Thus software
maintenance remains an opaque activity that
is expensive and difficult to manage.
2.2 What is Software Evolution?
Software evolution is the process by
which programs change shape, adapt to the
marketplace and inherit characteristics from
preexisting programs. As large-scale
programs such as Windows and Solaris
expand well into the range of 30 to 50
million lines of code, project managers have
devoted much of their time to working on
legacy codes as by adding new
functionalities and making the existing
codes more structured and providing better
documentations for users to be able to use
such software. Lehman and Ramil [15]
define
software
evolution
as
all
programming activities that are intended to
generate a new Software version from an
earlier operational version. Chapin et al. [3]
defines software evolution as the application
of software maintenance activities and
processes that generate a new operational
software version with a changed customerexperienced functionality or properties from
a prior operational version (…) together
with the associated quality assurance
activities and processes, and with the
management of the activities and processes.
Therefore, it suffixes to say that software
evolution is a change process of software.
This change process concerns both hardware
and software starting from its development
up to the retirement time of the system,
during which the system changes into a
different and usually more complex or better
state [28]. System evolution is part of the
system life cycle. Thus the resultant
evolution of software appears to be driven
and controlled by human decision,
managerial edict, and programmer judgment
[12]). Software evolution takes place only
when the initial development was
successful. The goal is to adapt the
application to the ever-changing user
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requirements and operating environment.
The evolution stage also corrects the faults
in the application and responds to both
developer and user learning, where more
accurate requirements are based on the past
experience
with
the
application.
Businesswise, software is being evolved
because the software is successful in the
marketplace, revenue accrues from it is high,
user demand is strong, the development
atmosphere is vibrant and positive, and the
organization is supportive, and return on
investment is excellent.
Stammel et al. [28] identified several
reasons for evolving software. These
include:
• New requirements to the system
• Change of Environment
• Evolution of the technology stack
especially in the case of strong
coupling to it which could result in
the co-evolution of certain parts of
the software
As noted by [28] the ability to evolve
software rapidly and reliably by preserving
the architectural integrity of an application is
a challenge for every organization. Thus the
evolution of a software system may becomei).
very costly and expensive resulting in what
is referred to as software erosion especially
in legacy system due to exposure to changes
in processes [20]. By software erosion we
mean s the decreasing quality of the internal
structure of a software system. This could
occur at early development stages of the
system. Software erosion may be for
example caused by:
ii).
• Unmanaged or unstructured
introduction of new features
(processing of change requests
or bugs)
• Unmanaged or unstructured changes
of the system
• Unclear or outdated system
iii).
architecture or bad system
development, e.g., software
redundancy through copy and paste

•

programming" or violation of
architectural decisions
Loss of knowledge about the system
by team fluctuation, or insufficient or
outdated documentation

2.2.1 Lehman’s Laws of Software
Evolution
Lehman [12] and Lehman and Belady
[14] examined the growth and evolution of a
number of large software projects and from
these they were able to propose a number of
laws which they called Lehman’s laws. The
first five laws were those originally
proposed by Lehman in his paper titled
“Programs, Life Cycles, and Laws of
software Evolution” [12]. After further
works, three additional laws were proposed
[14]. The studies which began with three
laws in 1980 have given rise to eight laws of
software evolution as formulated and refined
by Lehman and his colleagues. These laws
seek to consistently account for observed
phenomena regarding the evolution software
releases, systems and E-Type applications
[24]. These laws are summarized below.
Continue change: According to this law,
system maintenance is an inevitable process.
As the system’s environment changes, new
requirements must emerge and the system
must be modified. That is, any software
system used in the real-world must change
or become less and less useful in that
environment. Therefore, software must
undergo continual change or it becomes
progressively less useful.
Increasing Complexity: As software
undergo changes, they become increasingly
more and more complex. To avoid this
situation, extra effort and resources must be
put in place to ensure that the structure of
the system is maintained.
Large Program Evolution: Program
evolution is a self-regulating process and
measurements of system attributes such as
size, time between releases, number of
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iv).

v).

vi).

vii).

viii).

reported errors, etc., reveal statistically
significant trends and invariances for each
system that is released.
Organizational stability: During the
lifetime of a program, the rate of
development
of
that
program
is
approximately constant and independent of
the resources devoted
to system development.
Conservation of Familiarity: Throughout
the duration of a software system, the
incremental system change in each release is
approximately constant.
continuing Growth: As software evolve,
there is the need for continual growth to
ensure its usefulness. That is, the
functionality offered by any software must
continually increase for user’s satisfaction.
Declining Quality: For a system to maintain
its quality there is need for it to be adapted
to changes in its operational environment
otherwise it is bound to decline.
Feedback System: Since processes involve
multi-agent, multi-loop feedback, they must
be treated as such to ensure significant
improvement. For Lehman, the software
development process itself should be the
place to focus attention on, this is what
Lehman viewed as feedback-driven and
biased toward increasing complexity.
2.2.2 Problems Inherent in Software
Maintenance
Software maintenance work is very
expensive and takes more time than
required. The reasons adduced for this are
not farfetched. First, maintenance work is
mostly carried out using ad hoc techniques
because less attention is paid to software
maintenance and as a result fire-brigade
approach is often used in software
maintenance instead of systematic and
planned techniques. Secondly, software
maintenance has a very poor image in
industries and the result is that competent
engineers are not often employed to carry
out maintenance. Since maintenance is more
challenging than development, there is

therefore the need to fully understand the
software by the maintainer before necessary
modifications and extensions are carried out.
Also, since most products are legacy
products, they are usually difficult to
maintain. This is because legacy systems are
often poorly documented, unstructured
(usually spaghetti codes with poor and ugly
control structures), and lacking in expert(s)
knowledgeable in such software products.
Although legacy software are believed to be
“aged” software developed a long time ago,
however, a recently developed software
having poor design and documentation can
be considered a legacy system.
Another major source of concern is the
high costs of maintaining software. It has
been estimated that a large chunk of
software costs is devoted to maintaining the
software. It is often the most expensive and
laborious phase especially in legacy codes.
Software maintenance alone costs about 7080% of total costs of software development
process. Therefore, in order to ensure that
the software stand the test of time, be able to
adapt to different environments, and be able
to persist for a long time, it must be
maintained.
Sometimes maintenance is difficult when
the developers are no longer available [30].
Maintenance must take the products of the
development e.g., code, documentation, and
evolve/maintain them over the life cycle.
Therefore, for software that is not properly
documented, it becomes a tedious and
herculean task to maintain them without
properly understanding them. For a
maintainer to maintain software product,
enough time must be devoted to
understanding it. Also, problem of
maintainer
turnover,
recruitment
of
experience maintainers, maintenance bid
costing and time span, and optimization of
resource allocation have made long term
estimation of maintainer costs a challenging
and daunting task to organizations.
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2.3 Software Reverse Engineering
Reverse engineering is becoming since
legacy software products lack proper
documentation, and are highly unstructured.
The output of a reverse engineering activity
is synthesized, higher-level information that
enables the reverse engineer to reason about
the system and to evolve it in an effective
way. The process of reverse engineering
usually focuses on carrying out changes to
the code to improve its readability, structure
and understanding, without changing any of
its functionalities. Reverse engineering is
taking apart an object to see how it works in
order to duplicate or enhance the object to
make it more functional of perform better
[6]. Reverse engineering often involves
taking software or program apart and
analyzing its working in detail, usually to try
to make a new device or program that does
the same thing without copying anything
from the original. The process of reverse
engineering usually starts with lower levels
of information such as the system’s source
code, which may also include the system’s
build environment.
Therefore, reverse engineering is the
process of analyzing s system in order to
create representations of the system at a
higher level of abstraction. It is also seen as
the process of going backward through the
development cycle [31]. Therefore, reverse
engineering is the way of analyzing a system
to identify its current components and their
dependencies, and to extract and create
system abstractions and design information
[4]. Through the process of reverse
engineering, a system is analyzed to identify
its components and their interrelationships
and to create the representations of the
system in another form or a higher level of
abstraction and to create the physical
representation of that system.
Software reverse engineering is the
process of reversing the design and the
requirement specification of a product from
an analysis of its code the purpose of reverse
engineering is to facilitate maintenance

work by improving the understandability of
a system and to produce the necessary
documents for a legacy system [17]. It is
concerned
with
the
analysis
(not
modification) of an existing (software)
system [19]. The IEEE Standard for
Software Maintenance (IEEE Std 12191993) defines reverse engineering as the
process of extracting software system
information (including documentation) from
source code. It involves reversing a
program’s machine code back into the
source code that it was written in, using
programming language statements. Usually,
software reverse engineering is done in
order to retrieve the source code of a
program because the source code is lost. It is
used to study how the program performs
certain operations. As noted by [6], software
reverse engineering is done to improve the
performance of a program and fixing of
bugs. It is often used to identify malicious
content in a program such as virus.
Usually, before the process of reverse
engineering, some cosmetic changes to the
code are usually carried out. This is done to
improve its readability, structure and
understandability, without changing any of
its functionality. The cosmetic changes are
carried out using these steps:
• Reformat program: The first step is
to reformat the legacy software to
make the program look neat and
appeal to the eyes of the reader.
Reformatting the legacy code will
help to remove complex control
structures
• Assigning
Variable
Names:
Variable names that are meaningful
are then assigned to enable the reader
comprehend the program faster. This
will provide good information for
code documentation. Therefore, all
variables, data statements, and
functions should be assigned
meaningful
names
whenever
possible.
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•

Simplify
Conditions:
Nested
conditions should be simplified in
the program as much as possible.
Complex nested conditions in the
program should be replaced by
simpler conditional statements. This
is to ensure that complexity is
reduced in the software.
• Remove GO TOs: The use of Go
TOs should be discouraged in the
program. If they are already in the
legacy code, measure should be put
in place by the software maintainer
to remove them and replace them
with other control constructs that are
appropriate. GO TO statements
usually make programs to be
complex and often causes an infinite
loops.
• Simplify Processing: The program
• is the simplified having removed
unnecessary nested conditions and
GO TO statements that could make
the program to be complex.
After these cosmetic changes have been
carried out on the legacy code, the process
of reverse engineering then starts. This
involves extracting the code, design, and the
requirement specification then begins. After
reverse engineering, the process starts all
over again from forward engineering which
involve the reversal of the reverse
engineering.

•

2.4 Software Maintenance Models
Different types of models are in use in
software maintenance. However, five
models are mostly used in the industry. They
are: quick fix model, Boehm’s model,
Osborne’s model, the iterative enhancement
model, and the reuse oriented model.
The Quick Fix Model: This is an ad hoc
model. The goal of this model is to identify
a problem and the quickly fix it [29]. As the
name implies, the model does not pay
attention to the long-term effects as a result
of time constraint. However, the quick fix

•

•

model is fast and it gets work done quickly
with lower cost.
Boehm’s Model: This model is based on
economic models and principles. Boehm
economic model helps us to better
understand the problem and improve
productivity in maintenance. The model
provides an overview of economic analysis
techniques and their applicability to
software engineering and management. This
model provides a balanced view of
candidate software engineering solutions,
and a framework that takes account of both
programming and human problems and
proffering solution to these problems.
Osborne’s Model: This model is concerned
with the reality of the maintenance
environment. According to Osborne,
technical problems that arise during
maintenance are due to poor communication
and control between management. Osborne
therefore recommends four strategies to
address these technical problems. These are:
1).

Maintenance requirements need to
be included in the change
specification
2).
A quality assurance program is
required to establish quality
assurance requirements.
3).
A metric needs to be developed in
order to verify that the maintenance
goals have been met
4).
Managers need to provide with
feedback
through
performance
reviews
• The Iterative Enhancement Model
This model state that changes made to the
system during the lifetime make up an iterative
process. Software enhancement implies addition
of new features or functionalities to an existing
application. The iterative model has three
stages: 1) the system has to be analyzed, 2) the
proposed modifications are then classified, and
3) the changes are then implemented. However,
for the iterative enhancement model to work, the
system must be completely documented since
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the model assumes that a full documentation of
the system exists before enhancement can begin.
• The Reuse Oriented Model: This model
assumes that existing program components
could be reused. Software products are very
costly. In order to reduce costs, parts of
previously developed software can be
reused. In addition to reduce development
costs and time, reuse also leads to higher
quality of the developed products since the
reusable components are ensured to have
high quality. Component-based software
development is a good example of a reuse
approach [21]. This approach ensures that
software product is developed through offthe-shelf components. Therefore, the steps
for the reuse model are identifying the parts
of the old system which have the potential
for reuse, understanding the system parts,
modifying the old or existing system based
on new requirements, and integrating the
modified parts into the new system.
Conclusion
Software maintenance is the process of
modifying existing operational software by
correcting errors, migration of the software
to new technologies and platforms, and
adapting it to deal with new environmental
requirements.

It denotes any change made to a software
product before and after delivery to
customer or user.
Software maintenance is an important
activity of many of organizations today.
This is no surprise given the rate of
hardware obsolescence, the immortality of a
software product, and the demand of users
to ensure that existing software products run
on newer platforms, run on newer
environments, and or with enhanced
features. Software maintenance forms an
essential
component
of
software
development. As software grows in size, it
becomes necessary to determine the
complexity of such software. The size of
software increases as the complexity
increases. Software maintenance is the
general process of changing a system after it
has been delivered. In this paper, we argue
that software maintenance and evolution are
characterized by huge costs, slow speed of
implementation, increased complexity,
requires technical expertise, be in line with
new technologies, may introduce new faults,
yet changes and improvements are
inevitable if software must stand the test of
time.
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Abstract
This paper presents several types of statistical distributions to describe rainfall distribution
in Ibadan metropolis over a period of 30 years. The exponential, gamma, normal and poison
distributions are compared to identify the optimal model for daily rainfall amount based on
data recorded at rain guage station at Forestry Research Institute of Nigeria, Jericho,
Ibadan (FRIN). The models are evaluated based on chi- square and Kolmogorov-Smirnov
tests. Overall, this study has shown that the exponential distribution is the best model
followed by normal and poisson model that has the same estimated rainfall amount for
describing the daily rainfall in Ibadan metropolis.
Keywords : scale parameter, asymptotically, exponential distribution, gamma distribution,
poisson and kolmogorov-smirnov.
___________________________________________________________________________
Introduction
Modeling of daily rainfall using various
mathematical models has been done
throughout the world to give better
understanding about the rainfall pattern
and its characteristics which involve the
study on the sequence of dry and wet days
and also the rainfall amount on the wet
days. Markov chain models have been
widely used in modelling the sequence of
dry and wet days, Gabriel and Neumann
[1] ; Roldan and Woolhiser [2] [9]; Stern
and Coe [3]; Jimoh and Webster [5].
On the otherhand, the gamma with two
parameters distribution is often used in
fitting rainfall amount because it
represents the large sizes of drop size
distribution better than simple exponential,
Ison et al [5]; Katz [6]; Bruishand(1978);
Aksoy [8] and May(2004).
Some other theoretical distributions that
have been employed in the analysis of
rainfall are the exponential, the mixed
exponential, the weibull and the skew
normal. These mathematical models of
rainfall have been employed in various

applications. Mostly used in the study of
agriculture and crop planning. Sharda and
Das [10] compared the two and three
parameters probability distributions in
order to identify the most suitable
distributions that best describe the weekly
rainfall data. The results from the model
have been used to study the effect of
rainfall variability during the cropping
season in India. The same kind of study
has also been conducted in Uganda,
Rugumayo et al [11]. The first-order
Markov chain, the gamma and Weibull
distributions have been selected as the
models to generate the daily data such as
the studies done in Argentina, Castellvi et
al [12] and in western Australia,
Mummery and Battaglia [13].
In addition, these mathematical models
of rainfall are also play important role to
serve other purpose. For example, Yoo et
al [14] have used the results from the
parameter estimations of the mixed gamma
distribution to study the effect of global
warming in Korea. As a result of these, the
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importance of these mathematical models
in rainfall studies should not be neglected.
In the Ibadan metropolis as a case study
received less attention. The studies that
have been conducted in Nigeria are more
on the general aspects such as pattern,
trend and variability of rainfall. Most of
the data are outdated and not analysed
comprehensively especially in the area of
statistics.
The purpose of this study is to find the
most appropriate distribution(s) that best
describes the daily rainfall of Ibadan
metropolis and to test for the goodness-offit tests of the data using two methods viz:
chi-square and kolmogorov-smirnov
Materials and Methods.
Rainfall data, consisting of rainfall
frequency, recorded daily intervals
collected from Agro- meteorological data
for forestry research institute of Nigeria,
Jericho Ibadan(FRIN) . The periods of data
was 30 year(1979 - 2008). The data which
covered period of 30 years was examined
and missing records were removed. The
original data were tabulated in the
Appendix A.
Modeling Rainfall Amount: In this
study four models were tested. These four
models are
described below with
their probability mass function (pmf) or
probability density function (pdf). In these
models, we let X to be a random variable
representing the daily rainfall amount.

scale parameter determines the variation of
rainfall amount series that is given in the
same unit as the random variable X is
given by:

The maximum likelihood estimation (mle)
for β is given as β = .
Model 2: The gamma distribution with two
parameters, α and β denote the shape and
scale parameters respectively defined as

The shape parameter governs the shape
of the rainfall distribution and the scale
parameter determines the variation of
rainfall amount unit as the random variable
X. For α <1, the rainfall distribution tends
to be positively skewed and the maximum
of gamma density is located at 0mm/day.
For α = 1, the rainfall distribution exhibit
an exponential shape and the probability
density function approaches 0 mm/day
asymptotically. For α>1, the gamma
density exhibits a single mode at x = β(α1) and will result in the distribution to be
less skewed and the probability density
function will be shifted to the right. The
maximum likelihood estimation (m.l.e) for
α and β is given as

Model 1: The exponential distribution,
with one parameter which represents the
Table 1: The behaviours of shape and scale parameter of gamma distribution is shown
below.
For α < 1
For α = 1

+vely skewed
Exponential

For α>1

Less skewed to the right

0(zero) mm per day
Approaches 0(zero) per
day asymptotically
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Model 3: The Normal distribution.
The probability density function (pdf) of
a normal random variable X with mean µ
and standard deviation is given by

(EDF) which includes Kolmogorov–
Smirnov, Anderson–Darling and so on.
In this paper, two goodness – of – fit
level of
tests were conducted at

significance. The tests are as follows:
If X is a normal random variable with
mean µ and standard deviation , the

Here, the mean µ, is the location
parameter, and the standard deviation is
the, scale parameter. The normal
distribution is the most commonly used
distribution to model univariate data from
a population or from an experiment
Model 4: Poisson distribution.
Let X denote the number of events in
aunit interval of time or in a Poisson
random variable with mean number of
events
in a unit interval of time. The
probability mass function of a Poisson
distribution with mean is given by

The Poisson distribution can also be
developed as a limiting distribution of the
and
so
binomial, in which
that np remain a constant. In other words,
for large n and small p, the binomial
distribution can be approximated by the
Poisson distribution with mean
Goodness -of- Fit Tests:
There are several tests of goodness of –
fit tests that exist in determining which
distribution is the best model to describe
the daily rainfall. Among them were the
Empirical Distribution Function Statistics

Test 1: Chi-Squared Test
:C–S
This test simply compares how well
theoretical distribution fits the empirical
distribution (PDF). The statistic is defined
as

Where Oi = observed frequency for bin i
Ei = the expected frequency for bin
i
K = the number of classes
and Ei = F(X2) – F(X1) where X1
and X2 are the lower and upper limit for
bin i.
If the observed frequencies are close to
the corresponding expected frequencies,
the Chi-Square value will be small
indicating a good fit otherwise, it is a poor
fit. A good fit leads to the acceptance of
Ho whereas a poor fit leads to its rejection.
Test 2: Kolmogorov – Smirnov Test
(K-S)
This test statistic is used to decide if a
sample comes from a hypothesized
continuous PDF. It is a test that is based on
the largest vertical difference between the
theoretical and empirical CDF. The test is
defined as, for a random variable X and
samples
the
empirical CDF of X

where, I is (condition) = 1 if true and 0,
otherwise.
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Equation (7) can be simply written as

and that,

is an unbiased estimator of F(x) and
it is also consistent.
Note that: for given two cumulative
probability functions F(x1) and F(x2), the
K-S test statistics (Dn, Dn+ and Dn-) is
given by

Results and Discussion
In the first place, we will have a brief
discussion on the descriptive statistics for
each of the thirty years and then proceed to
comment on the results of fitting
distributions that are based on chi-square
test and Kolmogorov-Smirnov test.
Finally, the remarks on the estimated
parameters for the best model will be
made.
Descriptive Statistics
The descriptive statistics of the daily
rainfall amount for each of the thirty (30)
years are summarized in table 1, where the
mean , standard deviation, coefficient of

variations, skewness, kurtosis number of
wet days and maximum amount of daily
rainfall of each year are given.
Year 2007 received the highest mean
rainfall amount followed by 2008,
2005,2006 in that order, while year 2001
received the lowest followed by 2000 and
so on. The irregularity of the daily rainfall
between years is represented by coefficient
of variation (CV) which is evident in all
cases that the 100 percent is clearly less
than. Those 25 years have high coefficient
of variations which ranged between 65
percent to 95 percent compared to other 5
years that ranged between 3 percent to 55
percent. In terms of co-efficient of
skewness statistics, the shape of the
rainfall distribution for most of the years is
strongly skewed. This may be due to the
effect of extreme values of the rainfall
amount time series of the maximum
amount of rainfall that were recorded at
those years. We also observed that only
few years are weakly skewed. Finally, we
could summarized that the differences
among the years is mostly affected by the
climate change in different years
Fitting Distributions Based On ChiSquare test and Kolmogorov–Smirnov
test:
The values for chi-Square and
Kolmogorov-Smirnov
have
been
calculated and the results are tabulated in
table 3. Of these four models tested, the
exponential model is found to be the best
fitting distribution for all the years studied.
This is followed closely by the Poisson
and normal models that has the same
estimated values throughout the 30 years.
The least and poor among the four models
tested is gamma model. The graph below
illustrate better.
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.
Comparison of Estimated Curves of The Fitted Models

The estimated amount of rainfall models were tabulated in the table 2 below

Fig. 1: Comparison of Estimated Curves of The Fitted Models
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Table 2:Kolmogorov-Sirnov test Result
YEAR

POISSON

NORMAL

EXPONENTIAL

GAMMA

1979

6.333333333

6.33333333

8.444444444

-1.10E-07

1980

8.083333333

8.083333333

8.818181818

-2.89E-08

1981

7.166666667

7.166666667

9.555555556

-2.41E-07

1982

6.166666667

6.166666667

7.4

-2.38E-08

1983

5.083333333

5.083333333

6.1

-9.19E-07

1984

6.583333333

6.583333333

7.181818182

-1.55E-08

1985

7.916666667

7.916666667

10.55555556

-1.27E-06

1986

6.166666667

6.166666667

7.4

-1.59E-07

1987

8.416666667

8.416666667

9.181818182

-6.04E-06

1988

7.583333333

7.583333333

9.1

-1.47E-07

1989

8.333333333

8.333333333

10

-2.73E-08

1990

8.166666667

8.166666667

8.909090909

-9.05E-08

1991

8.5

8.5

8.5

-1.78E-08

1992

7.666666667

7.666666667

10.22222222

-3.01E-07

1993

8.666666667

8.666666667

9.454545455

-1.46E-08

1994

7.166666667

7.166666667

7.818181818

-4.81E-08

1995

8.583333333

8.583333333

10.3

-1.60E-08

1996

9.25

9.25

12.33333333

-1.57E-08

1997

7.25

7.25

7.909090909

7.46E-11

1998

7.583333333

7.583333333

8.272727273

-1.75E-08

1999

23.83333333

23.83333333

23.83333333

#DIV/0!

2000

6

6

8

-4.51E-07

2001

4.5

4.5

6

-6.36E-07

2002

6.083333333

6.083333333

8.111111111

-1.67E-08

2003

11.83333333

11.83333333

11.83333333

-9.77E-09

2004

15.66666667

15.66666667

15.66666667

1.96E-10

2005

30.58333333

30.58333333

30.58333333

0

2006

17

17

17

5.05E-15

2007

32.75

32.75

32.75

#NUM!

2008

32.17

32.17

32.17

#NUM!
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At 0.05 level of significance KolmogorovSirnov test are significance for normal, Poisson

and exponential distribution while the test is
not significant in case of chi-square test

Table 3: Test of Goodness – Fit- Tests
YEAR
1979

CHI-SQR

NORMAL

K-S
EXPONENTIAL

POISSON

2.666666667

0.63596433

1.507781775

1.109581449

1980

1.333333333

0.723520855

0.841889902

1.304618374

1981

3

0.763471818

1.562251334

1.352871236

1982

1.5

0.584788846

1.257252161

0.969003286

1983

1.333333333

0.622670892

1.007821057

0.853823184

1984

3

0.734865106

0.77494637

1.118363843

1985

2.666666667

0.512388569

1.451073693

1.103857754

1986

1.333333333

0.640255558

1.109283577

0.82838039

1987

2.666666667

0.867340728

0.88464691

1.621573259

1988

1.5

0.601818324

1.311431876

0.924197256

1989

1

0.78849329

1.338055053

1.287095863

1990

1.5

0.686773418

0.694605771

1.312259016

1991

6

0.734646003

0.819155028

1.148004605

1992

2.666666667

0.506957001

1.515685974

1.026389831

1993

3

0.743070723

0.70145285

1.255796487

1994

1.333333333

0.646817629

0.788430578

1.188832203

1995

1.333333333

0.622902115

1.183312401

1.124598025

1996

2.666666667

0.546613094

1.697085525

0.991566561

1997

3.166666667

0.695324847

0.825424928

1.069749649

1998

3

0.629803505

0.691633438

1.006543426

1999

2

0.895398497

2.144383242

1.402088279

2000

3

0.685543513

1.52132183

1.228709438

2001

2

0.545125435

1.566626809

0.943045728

2002

3.166666667

0.596932984

1.655749939

0.858125305

2003

3

0.727098727

0.993590259

1.3651883

2004
2005
2006
2007

2.666666667
0.833333333
0.833333333

0.71011351
0.813519857
0.436723814

0.94650584
2.031317425
0.887943508

1.422035504
0.81159942
0.935436714

1.333333333

2008

1.333333333

0.642625082
0.530911014

2.03512699
2.05789052

0.80636485
0.916513217
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Conclusion
Basic statistical characteristics of daily
goodness-of-fit tests were used to evaluate the
rainfall for Ibadan metropolis have been
best fit at 0.05 level of significance.
obtained using daily data recorded at FRIN
Exponential model is found to be the most
over a period of 30 years. Four probability
suitable distribution for modeling the daily
distributions
namely,
Poisson, normal,
rainfall amount. Basen on these findings it is
exponential and gamma were tested to model
recommended as the best model for describing
the distributions of the daily rainfall and
the daily rainfall in Ibadan metropolis
Kolmogorov-Smirnov
and
chi-squared
__________________________________________________________________________
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Abstract
Intermediate statistic is a link between Friedman test statistic and the multinomial statistic. The
statistic is based on ranking in a selected number of treatments, not necessarily all alternatives.
We show that this statistic is transitive to well-known test statistic being used for analysis of
preference data. Specifically, it is shown that our link is equivalent to the multinomial test
statistic when only one alternative is selected for ranking but to Friedman statistic when all
alternatives are selected for the purpose. Having used intermediate statistic in knowing whether
all the alternatives on why people choose to be educated have the same probability with respect
to their preferability, it was discovered that at least one alternative is significantly preferable to
the other.
Keywords:-Preference data, Friedman statistic, multinomial test statistic, intermediate test
statistic.

Introduction
In nonparametric statistic, preference data
consist of ranks assigned to the given
alternatives by the members randomly
drawn from a population. These members
who may be voters, consumers or generic
blocks, assign the ranks such as 1, 2, 3 to the
treatment or alternatives from the most
favoured one to the least favoured one. In
this context, the alternatives are the choices
for a question, which are given to the
individuals to vote for their favourite, as a
part or whole body of a questionnaire.
Let A1, A2, …. Ac denote c different
alternatives. If an individual in the sample is
asked to complete ranking. On the other
hand, if the respondents are asked to rank a
portion of the alternatives only, then we
have partial or incomplete ranking. The
complete ranking approach may give rise to
a “psychological assessment problem”.
When the respondents are asked to rank all

alternatives, the selection of the most
favourable ones would not be a big issue in
general; however, the higher order rankings
f alternatives might be problematic due to
the perception difficulties. The severity of
the psychological assessment problem tends
to increase with the number of alternatives.
Therefore, if the structure of alternatives
seems clearly perceptible, then the complete
ranking approach may be a way to obtain
preference data. Conversely, if there are too
many alternatives with possible perception
problems, then ranking of all these
alternatives may not be easy for the
respondents. In such situation, the partial
ranking approach varies from 1 to the total
of treatments.
Intermediate statistic is a new version of
the statistic suggested by Friedman (1937)
for analysis of preference data. The
motivation is that a respondent may face
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with a psychological difficulty when she has
no assign large ranks to the options. As a
panacea, intermediate statistic suggests a
new method and consequently a new
statistic related to preference data.
Material and methodology
A
questionnaire
containing
nine
alternatives on “why people chose to be
educated” was administered on four hundred
(400) students in January, 2013 from a
sample drawn from the student’s population
of Ekiti State University Nigeria.
Specifically, these alternatives are: To
read and write (A1), to be exposed and
sociable (A2), to involve in politicking (A3),
to be relevant in the society (A4), to get a
white cola job (A5) for effective
communication (A6), for acquisition of
knowledge (A7), for the removal of
inferiority complex (A8), and for livelihood
A9). The respondents were asked to rank
their reasons preference from the most
preferred to the least preferred as 1, 2 and 3.
In doing this, the respondents have no
difficulty in ranking their first few
alternatives but possible mistakes in ranking
arise due to perception problems when they
are asked to rank further alternatives. Our
interest is whether there is any statistically
significant structure in respondent’s
preference regarding the reasons why people
chose to be educated. Therefore, the

Individuals
I1
I2

hypothesis to be tested is that all the
alternatives have the same probability with
respect to their preferability.
An Intermediate Test Statistic
Assume that a random sample with the
size is drawn from a given population. The
respondents are asked to rank only k
alternatives of A1, A2,…, Ac from most
important to the least important. Notice that
ith respondent’s favorite permutation is given
B1, Bi2, Bi3….. Bik which is any permutation
with k elements of A1, A2,……..., Ac based
on given choice rule. The null hypothesis Ho
can be described as
P(ith respondents favorite permutation is
equal to Bi1, Bi2….Bik)
_______
_C_______________
(C-k)! Where I Є (1, 2, ., n)
(1)
Based on the permutations given above,
the ranking method can be described as
follows. 1 is assigned to Bi1, 2 to Bi2, ……,
k to Bik; however c is assigned for the rest of
all the alternatives which are not ranked or
chosen by the respondents. The implication
being that any non-ranked alternative will be
punished more severely than those that have
been ranked by the respondents. Therefore,
the data in the following contingency table
represent the ranked data.

Table 1
Alternatives
A1, A2………. Ac
Ri1, Ri2………. R1c
R2i, R22………. R2c

In
Total
In the above contingency table (I1, I2,., In)
denote the respondents in the sample
randomly drawn from a population and Rij’s

Rni, Rn2………. Rnc
R.1 R.2 ……… R.C
for I ∑ (1,2, ………..n) and j ∑ 1, 2, …, c)
denotes the ranking that is based on the
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explained procedure. The probability mass

P (Rij = rij)

=

function is given by

i/c, rij Є (1,2,……,k)
i-k/c, rij Є (c)
(2)

Where i ≤ k ≤ C, i Є (1,2, ……., n) and j Є(1, 2, …, c)
The formula for intermediate test statistic (s) is given as

(3)
Where c (k)

=

C-1
nc k (k+1)(2k+1) + c (c-k) - k(k+1) + c-k
6c
2c

2

It should be noted that S (k) will have a chi-square distribution with C-1 degrees of freedom no
matter what the value of k is the summary of the ranked data for k = 3.

Table 2
A1 A2 A3 A4 A5 A6 A7 A8 A9
R.1 R.2 R.3 R.4 R.5 R.6 R.7 R.8 R.9
270 107 52 188 79 87 149 56 17
Substituting 3 for k, 8 for c and the
column sums in the above test statistic
yields the value of the statistics, Q(k) =
1020. Based on the χ2- approximation, a
critical value for the 1% significance level is
χ2c-1, r = 18.48.
Interpretation of Result
The result strongly suggests the rejection
of Ho at 1% significance level. This result is
interpreted as that at least one alternative is
significantly preferable to others.

Conclusion
Intermediate test statistic is a test used for
the analysis of preference data. It is a test
between the multinomial and Freidman test
statistics. This test statistic is considered to
be more general than those two. It is
especially useful when the alternatives seem
close to each other from respondent’s
perspective.
Recommendation
The test statistic used in this research
work for preference data is hereby
recommended as the best test statistic for the
analysis of preference data.

.
________________________________________________________________________
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Abstract
This study detects outliers in a univariate and bivariate data by using both Rosner’s and
Grubb’s test in a regression analysis model. The study shows how an observation that
causes the least square point estimate of a Regression model to be substantially different
from what it would be if the observation were removed from the data set. A Boilers data
with dependent variable Y (man-Hour) and four independent variables X1 (Boiler
Capacity), X2 (Design Pressure), X3 (Boiler Type), X4 (Drum Type) were used. The
analysis of the Boilers data reviewed an unexpected group of Outliers. The results from
the findings showed that an observation can be outlying with respect to its Y (dependent)
value or X (independent) value or both values and yet influential to the data set.
Key Words: Outliners, univariate, bivariate data, Regression Analysis,
_______________________________________________________________________

1.0 Brief History and Background of Study
Outliers” are unusual data values that
occur almost in all research projects
involving data collection. This is
especially true in observational studies
where data naturally take on very
unusual values, even if they come from
reliable sources. Although definitions
varies. An outlier is generally considered
to be a data point that is far outside the
norm for a variable or population Jarrell
[4], Rasmussen [5]) and Steven [6].
1.1 Causes of Outliers
Outliers can arise from several
different mechanisms or causes.
Ascombe (1960) sorts into two major
categories. Those arising from errors in

the data and those arising from the
inherent variability of the data.
1.2 Identification Of Outliers.
There is no such thing as a simple
test. However, there are many ways to
look at a distribution of numerical
values, to see if certain points seem out
of line with the majority of the data. This
can be achieved by:
(I)
By visual Aids
(II)
By computation of IQR
(III) By plotting a scatter plot.
1.3 Dealing with Outliers
There is a great deal of debates as
what to do with identified outliers. If
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your data set contains an outlier two
questions arises
(1)
Are they merely fluke of some
kind?
(2)
How much have the coefficients
error statistics and predictions been
affected?

2.0 Data Presentation
Methodology

outlier in a univariate and Bivariate data.
In order to do this, a Broiler data were
collected from Kelly Uscategui,
university of Connecticut on Broilers.
2.1 Method of Data Analysis
2.1.1 ROSNER’S TEST (Rosner,1983)
The procedure entails removing from
the data set the observation X that is
fartherest from the mean. The test
statistic R is calculated and compared
with the critical value.
The Rosner’s R test

and

This study intends to examine the
causes, problems, methods of detection
and approaches to data analysis of

R

i

+

=

1

X

(i )

(i )

− X

S

(i )

where
X
X

(i )
(i )

is g iv e n b y
=

1
n − 1

n − i

∑

j = 1

X

j

. . .

(1 )

a n d
S

(i )


1
= 
 n − 1

n − i

∑ (X

j

− X

(i )

j = 1

)

2





1
2

. . .

(2 )

i ,0 ...k

Li+1 ⇒ Tabled Critical Value for Comparison with Ri+1.

2.1.2 Test Criteria/Decision Rule

2.2 GRUBB’S

Hypothesis

1950)

H0 :
There is no outlier in the data set
HAK: There is at least one outlier in the
data set.
Decision Rule
Reject H0 if Ri+1> Li+1 at the stated
level of significance otherwise do not
reject H0.

TEST (Grubb,

Grubb’s test detects one outlier at a
time. This outlier is expunged from the
data set and the test is iterated until no
outlier is detected. A test statistic G is
calculated and compared with the critical
value. The Grubb’s test statistic is given
by

G

=

M

a x

Y

i

− Y

S
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Test Criteria/Decision Rule.
Hypothesis
HO:
There is no outlier in the given
data set.
Hak: There is outlier in the given data set.
Decision Rule:
Reject HO if G

 α 
T 2
, N − 2
 2N 
 α 
N − 2 +T 2 
 N −2
 2N 
given (α ) level of significance,

N-I
> N

at a
otherwise do not reject HO.

Regression analysis is an
estimating equation which expresses the
functional relationship between two or
more variables as well take care of the
error term which is classified into;
Simple linear regression and multiple
linear regression.

2.3.1 Simple Linear Regression.
This is the type of linear regression
that involves only two variables one
independent and one dependent plus the
random error term. The simple linear
regression model assumes that there is a
straight line (linear) relationship between
the dependent variable Y and the
independent variable X. This can be
estimated by the least square estimate
method expressed by.

2.3 Regression Analysis

bi =

n
 n

n ∑ X Y  ∑ X i

i = I i i  i = I

 n

 ∑ Y i
 i = I

2
n
 n

2
n ∑ X
−  ∑ X i
i
 i = I

i= I

2.3.2 Multiple Linear Regressions
Multiple linear regression analyses
three or more variables and the random
error term.

- - - - - - -- - - - - - - - - - - -- - - - - - -

(4 )

This is expressed as follows.
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Yi = β O + β 1 X 1 + β 2 X
 y1
y
W h e re Y =  2
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bk
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1
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 e1
e
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. . . X 1k 
. . . X 2 k 


. . . X kn  n xk






 n x1

T h e m a trix b e c o m e s .
Y1
Y
 2
M

 yn



 =




1
1

M

1

X

11

X

X

21

X

X

1n

X

...
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X

2n

... X

12

1n
2n

1n








2.4 : Broilers Data As Used In The Study
Table 1
Man- Hours Boiler
Design
Capacity
Pressure
S/N
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Y
3137
3590
4526
10825
4023
7606
3748
2972
3163
4065
2048
6500
5651
6565
6387
6454
6928
4268
14791
2680
2974

X1
120000
65000
150000
1073877
150000
610000
88200
88200
88200
90000
30000
441000
441000
441000
441000
627000
610000
150000
1089490
125000
120000

X2
375
750
500
2170
325
1500
399
399
399
1140
325
410
410
410
410
1525
1500
500
2970
750
375

b1
b
 2
M

bk



 +




e1
e
 2
M

en








Boiler Type

Drum Type

X3
1
1
1
0
1
0
1
1
1
1
1
1
1
1
1
0
0
1
0
1
1

X4
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
0
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22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

1965
2566
1515
2000
2735
3698
2635
1206
3775
3120
4206
4006
3728
3211
1200

65000
150000
150000
150000
150000
610000
90000
30000
441000
441000
441000
441000
627000
610000
30000

750
500
250
500
325
1500
1140
325
410
410
410
410
1525
1500
325

1
1
1
1
1
0
1
1
1
1
1
1
0
0
1

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Note Y is the dependent variable which x1, x2,x 3 and x4 are the independent variables.
For the purpose of this study, the following holds:
Y represents man hours
X1 represent boiler capacity
X2 represent design pressure
X3 represent boiler type
X4 represent drum type

3.0 Data Analysis
3.1 Dependent Variable Y Using Rosner’s Test To Check For Outlier In The Dataset
1200
2735
3728
5651

1206
2972
3738
6387

1515
2974
3775
6454

1965
3120
4006
6500

2000
3137
4023
6565

Sy(i)

2048
3163
4065
6928

Y(i)

I

n-i

Y0] i

O
1
2

36
35
34

4290.7500 2702.7215 1200
4379.0571 2688.9615 14791
4072.8235 2016.9126 10825

2566
3211
4206
7606

2635
3590
4268
10825

2680
3698
4526
4791

Ri+1

λi+1α(0.05)

1.144
3.872
3.348

2.99
2.98
2.97.

The decision rule is to reject HO if Ry.1 > λi +1 from our result above.
Ry.1 < λi +1 . That is 1.44 < 2.99 Accept HO.
Ry.2 > λi +1 . That is 3.872 > 2.98 Reject HO
Ry. 3 > λi +1 That is 3.348 > 2.97 Reject HO.
We therefore conclude that observation 14791 and 10825 are outliers.
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3.2 3 Rosner’s Test On The Independent Variable X1 The Data Becomes.
30000
90000
50000
41000
61000

30000
120000
150000
441000
610000

30000
120000
150000
441000
627000

65000
125000
150000
441000
627000

65000
15000
441000
441000
1073877

88200
150000
441000
610000
1089490

90000
15000
441000
610000

From the data above we have.
i

n-i

X1 ( i )

S xi ( i )

X i (i )

Ri+1

λi +1 (α =0.05 )

0
1
2

36
35
34

318471.3056
326713.3429
304278.7353

281427.7874
281093.5943
251511.9055

3000
1089490
1073877

1.025
2.714
3.060

2.99
2.98
2.97

RX1.1 > λ i +1 That is 1.025 < 2.99 accept
HO
RX1.2 < λ i +1 That is 2.714 < 2.98 accept
HO
Rx1.3 > λ i +1 That is 3.060 > 2.97 Reject
HO
Therefore only observation 1073877 is
an outlier in the data set of X1
independent variable.

The null and alternative hypotheses are
stated as fellows.
HO:
There are no outliers in the data
set.
HA: There is at least one outlier in the
data set.

36 − 1
Critical region =

36

4.13
36-2+4.13
= 1.920

3.3 Grubb’s Test
Grubb’s Test on Y the Dependent Variable.
Y = 290.7500, S = 2702.7215.
i.
G
1
0.427
(accept HO) < 1.920
Not an outlier
2
0.259
(accept HO) < 1.920
Not an outlier
3
0.087
(accept HO) < 1.920 Not an outlier
4
2.417
(reject HO)
> 1.920
An outlier
5
0.099
(accept HO) < 1.920 Not an outlier
6
1.227
(accept HO) < 1.920 Not an outlier
7
0.201
(accept HO)
< 1.920
Not an outlier
8
0.488
(accept HO) < 1.920 Not an outlier
9
0.417
(accept HO)
< 1.920
Not an outlier
10
0.084
(accept HO) < 1.920 Not an outlier
11
0.830
(accept HO)
< 1.920
Not an outlier
12
0.817
(accept HO)
< 1.920
Not an outlier
13
0.503
(accept HO) < 1.920 Not an outlier
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14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

0.841
0.776
0.800
0.976
0.008
3.885
0.596
0.487
0.861
0.638
1.027
0.848
0.576
0.219
0.613
1.141
0.191
0.433
0.031
0.105
0.208
0.400
1.144

(accept HO) < 1.920 Not an outlier
(accept HO)
< 1.920
Not an outlier
(accept HO)
< 1.920
Not an outlier
(accept HO)
< 1.920
Not an outlier
(accept HO) < 1.920 Not outlier
(Reject HO) > 1.920 An outlier
(accept HO)
< 1.920
Not an outlier
(accept HO) < 1.920 Not an outlier
(accept HO) > 1.920
Not an outlier
(accept HO) < 1.920 Not an outlier
(accept HO) < 1.920 Not an outlier
(accept HO)
< 1.920
Not an outlier
(accept HO) < 1.920 Not an outlier
(accept HO)
< 1.920
Not an outlier
(accept HO) < 1.920 Not an outlier
(accept HO)
< 1.920
Not an outlier
(accept HO) < 1.920 Not an outlier
(accept HO) < 1.920 Not an outlier
(accept HO) < 1.920 Not an outlier
(accept HO) < 1.920 Not an outlier
(accept HO) < 1.920 Not an outlier
(accept HO) < 1.920 Not an outlier
(accept HO) < 1.920 Not an outlier

This shows that observation 4 and 19 are
outliers on the dependent variable (Y)
using Grubb’s Test Method.

4.0 Conclusion
The above discussed statistical tests
are used to determine if experimental
observations are statistical outliers in the
data set. Of course effective working
with outliers in numerical data can be
rather
difficult
and
frustrating
experience. Neither ignoring nor
deleting them at all will be good solution
if you do nothing, you will end up with a
model that describes essentially none of
the data neither the bulk of the data nor
the outliers. Even though your numbers
may be perfectly legitimate, if they lie
outside the verge of most of the data,

they can cause potential computational
problem and thus influences problems.

4.1 Recommendation
Having carried out this study
successfully
the
following
recommendations were made.
(a) We
recommend
that
experimenters should keep good record
for each experiment.
All data should be recorded with
any possible explanation or
additional information.
(b) We recommend that analyst
should employ robust statistical
methods. These
methods are minimally affected
by outliers.

_____________________________________________________
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Abstract
The relative efficiency of split-plot design (SPD) to randomized complete block design (RCBD)
was computed using their error variance, sensitivity analysis and design planning. The result of
this work showed that conducting an experiment using split-plot (SPD) without replication is
more efficient to randomized complete block design (RCBD) based on comparison of their error
variances, sensitivity analysis and design planning consideration.

Key words: Split-plot Design, Randomized Complete Block Design, Error variance, Sensitivity
Analysis and Design planning.

Introduction
In experimental design, the Relative
Efficiency (RE)of design say A to another
design say B denoted as RE(A:B) is defined
in terms of the number of replicates of
design B required to achieve the same result
as one replicate of design A. In view of this,
the relative efficiency of split-plot design
(SPD) to randomized complete block design
(RCBD) denoted as RE (SPD:RCBD) is the
number of replicates of RCBD required to
achieve the same result as one replicate of
SPD. Relative efficiency can be expressed in
terms of percentage by multiplying it by
100. If RE (SPD:RCBD) > 100%, SPD is
said to be more efficient to RCBD and if
RE(SPD:RCBD) ≤ 100% SPD is said to be
less efficient to RCBD.
The relative efficiency of two designs is
mostly measured in terms of comparing their
error variances and the design with the
smallest variance is said to be more efficient
than the other. This measure of relative
efficiency does not put into consideration

the probability of obtaining significant
difference or detecting significant difference
if they exist between the treatments. RCBD
is said to be more efficient to complete
randomized design (CRD) based on the
comparison of their error variance since the
error variance of RCBD is always smaller
than that of complete randomized design
(CRD). There is a decrease in the error
degree of freedom of RCBD compare to
CRD and a decrease in the error degree of
freedom leads to an increase in the tabulated
value thereby reducing the probability of
obtaining a significant result since the
decision rule is always to reject the null
hypothesis if F-calculated is greater than Ftabulated. Based on this assessment which is
sensitivity analysis, CRD is said to be more
efficient than RCBD; in other words, the
sensitivity of RCBD is decreased. From
above, it can be clearly seen that the relative
efficiency of any two designs cannot be best
judged by considering the ratio of their error
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power of both designs. The p-value
approach evaluates the relative efficiency of
RCDD to CRD in terms of the p-value for
the expected value of the F-statistic, the
estimation approach compares the expected
squared half width of scheffe confidence
Interval for both designs and lastly the
power approach compares the power of both
designs in terms of detecting treatment
effects. They concluded that the proposed
efficiency measures provide feasible
solutions for the evaluation of efficiency
regarding sensitivity in the context of RCBD
relative to CRD, and also that the proposed
three efficiency measures could be extended
for use in more general block designs and
models.

variances only because it does not provide
complete information about the designs. A
better approach may be to consider the
sensitivity of the two designs which is the
probability of obtaining a significant result
with respect to treatment comparisons and
the design planning consideration to get a
better comparison.
In design planning consideration, it is
required to plan the sample sizes of the
design in such a way that it enhances the
sensitivity of the design. The sample sizes
should be large enough to detect important
differences with high probability. At the
same time, the sample sizes should not be so
large that the cost of the study becomes
excessive and that unimportant difference
becomes statistically significant with high
probability [5]. The sample sizes of two
designs can be used as a measure of relative
efficiency of the two designs. The design
that requires the smallest sample sizes to
achieve a particular power is said to be more
efficient than the other.
However, Gwowen and Show-Li [3]
proposed three alternative criteria related to
the sensitivity issue and design planning
consideration. The proposed relative
measures employ the p-value, scheffe
confidence interval estimation and the

R E V (S P D : R C B D )

R E V (SP D : R C B D )

Research Methodology:
The following methods will be adopted in
computing the relative efficiency of SPD to
RCBD:
Comparison Of Error Variance:
The ratio of the error variances of SPD
and RCBD will be use in obtaining the
relative efficiency of SPD to RCBD. A
correction factor will be use in a case where
the error degrees of freedom for both
designs are less than 20.

=

( S − P )

(W − P )

where,
REV(SPD:RCBD)(S-P)
is the relative
efficiency of SPD to RCBD with split-plot
comparison based on comparison of their
error variance.

=

σˆ
σˆ

σˆ
σˆ

2
R C B D

2
S P D

=

( S − P )

2
R C B D

2
S P D (W − P )

=

M S E RCBD
M S E SPD (S −

M S E RCBD
M S E S P D (W −

P )

P )

REV(SPD:RCBD)(W-P)
is the relative
efficiency of SPD to RCBD with whole-plot
comparison based on comparison of their
error variance.
2
σˆ RCBD
is the error variance of RCBD;
2
σˆ SPD
( S − P ) is the error variance of SPD with

split-plot comparison;

West African Journal of Industrial and Academic Research Vol.7 No. 1 June 2013

114

2
σˆ SPD
(W − P ) is the error variance of SPD with

MSERCBD is an estimate of the error

whole-plot comparison;
MSESPD ( S − P ) is an estimate of the error

variance of RCBD.
Since RCBD was not performed, an estimate
of error variance of RCBD will be obtained
as:

variance of SPD with split-plot comparison;
MSESPD (W − P ) is an estimate of the error

(i)

variance of SPD
comparison;
Split-plot comparison

M SE

(ii)

RC BD

=

with

(b n

− 1)M S E

(b n

− 1)M S E

a

Whole-plot comparison

M SE

RCBD

=

a

whole-plot

Sensitivity
+ (Analysis:
a − 1 ) M S E S P D (W − P )
The three criteria related to sensitivity
a b n −proposed
1
analysis
by Gwowen and Show-Li
[3] will be used in computing the relative
efficiency of SPD to RCBD. The proposed
methods are: estimation approach, p-value
− 1 )approach.
M S E SPD (S − P )
( a power
( Wapproach
− P ) + and

SPD (S − P )

SPD

abn − 1

Estimation Approach:
The relative efficiency of SPD to RCBD
denoted as RE (SPD: RCBD) using
estimation approach is obtained in terms of
the expected half width of Scheffe
confidence interval which is defined as:

The correction factor is given as:

m=

( F1 + 1)( F2 + 3)
( F1 + 3)( F2 + 1)

where ,m is the correction factor; F1 = d.f of
mean square error for SPD; F2 = d.f of mean
square error for RCBD.
:

R E (SP D : R C B D )(S −P) =

S
S

2
RCBD

2
SP D ( S − P )

(m
=

(b

− 1) F [Fm , F2 ,α

]

− 1 ) F [ F b , F1 , α

σ

 (m − 1) F [Fm , F2 ,α ] 
= 
R E V (SP D : R C B D )(S −P )
 ( b − 1 ) F [ F , F , α ] 
1
b



(

σ

]

2
RCBD

b
2
RCBD

b

m

∑C
i =1
m

∑C
i =1

)

i = 1, 2 , ..., m

West African Journal of Industrial and Academic Research Vol.7 No. 1 June 2013

2
i

115

2
i

S R2 C B D

R E ( S P D : R C B D ) (W − P ) =

S

2
S P D (W − P )

(m
=

− 1 ) F [ Fm , F2 , α

]

( b − 1 ) F [ F b , F1 , α ]

 ( m − 1) F [ Fm , F2 ,α ] 
= 
R E V ( S P D : R C B D ) (W − P )
 ( b − 1 ) F [ F , F , α ] 
1
b



(

σ

σ

2
RCBD

b
2
RCBD

b

m

∑C

2
i

i =1
m

∑C

2
i

i =1

)

i = 1, 2 , ...., m

where,

REV ( SPD : RCBD) ( S − P ) is the relative
efficiency of SPD to RCBD based on
comparison of their error variance with splitplot comparison;
REV ( SPD : RCBD) (W − P ) is the relative
efficiency of SPD to RCBD based on
comparison of their error variance with
whole-plot comparison;
F1= d.f for error of SPD; F2 = d.f for error of
RCBD;
Ci = possible contrasts among the wholeplot treatment effects;
Fm = d.f for the whole-plot treatment; Fb=
d.f for the split-plot treatment
α= level of significance.

P-Value Approach
The relative efficiency of SPD to RCBD
denoted as RE (SPD: RCBD) using p-value
approach is obtained in terms of the ratio of
the p-value of both SPD and RCBD and it is
given as:

RE ( SPD : RCBD )( S − P ) =

PRCBD
PSPD ( S − P )

RE ( SPD : RCBD )(W − P ) =

PRCBD
PSPD (W − P )

where ,
PRCBD is the p-value associated with the Fstatistic of RCBD;
PSPD is the p-value associated with the Fstatistic of SPD.
when the F-statistic of SPD (FSPD) is
available, an estimate is given as:

RE ( SPD : RCBD) =

PˆRCBD
PˆSPD

where PˆSPD = P  FFF1b > FSPD 
PˆRCBD = P  PˆFF2m > FRCBD 
Since RCBD was not conducted, the Fstatistic of RCBD is obtained as:

FRCBD =

FSPD + REV ( SPD : RCBD ) − 1
REV ( SPD : RCBD)

REV ( SPD : RCBD) =

MSERCBD
MSESPD

Fb = d.f for the split-plot treatment;
Fm = d.f for the whole-plot
treatment;
F1 = d.f for error of SPD;
F2 =d.f for the error of RCBD;
FSPD = F-statistic for SPD;
FRCBD = estimated F-statistic for
RCBD.

Power Approach
The relative efficiency of SPD to RCBD
denoted as RE(SPD:RCBD) using power
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approach is obtained in terms of the power

of both designs and it is given as:

PSPD

R E (SP D : R C B D ) =

PRCBD

{

(δ
(δ

SP D

)

R C B D

)

}

where PSPD (δ SPD ) = P F FF1 b (δ SPD ) > F [ Fb , F1 , α ] is the associated pow er of FSPD

{

}

PRCBD (δ RCBD ) = P FFF2m (δ RCBD ) > F [ Fm , F2 , α ] is the associated power of FRCBD
Fb = d.f for the split-plot treatment;
Fm = d.f for the whole-plot treatment;
F1 = d.f for error of SPD;
F2 = d.f for error of RCBD;
FSPD = F-statistic for SPD;

FRCBD = F-statistic for RCBD;

δ SPD and δ RCBD arethe non − centrality parameter.

An estimate of RE (SPD: RCBD) using
power approach is given as:

P

: R C B D ) =

R E ( S P D

S P D

R C B D

w h e r e δˆ

δˆ

S P D

R C B D

F

=

b

[(

F

1

2 ( F
=

−
1

The power for both designs will be obtain
using Table (10) by specifying the noncentrality parameter, the degree of freedom

S P D

R C B D

2 ) F

S P D

)
)

]

− 1 )

δˆ
R E V

(δ ˆ
(δ ˆ

S P D

( S P D

: R C B D )

for treatment and error and the level of
significance (α).

Model and Definition of Variables:
Yijkl = µ + Ri + A j + ( RA )ij + Bk + ( AB ) jk + eijkl ; i = 1, 2, 3 ( r ) , j = 1, 2, 3 ( a ) , k = 1, 2, 3, 4 ( b ) ,
l = 1, 2, 3, 4 ( n )
where,
Yijkl is the observed response from the l th
th

replication of the i level of the land
preparation method , j th level of the
phosphorus and the k
manure;

th

level of the poultry

µ is the universal constant or overall mean;
Ri is the effect of the i th level of the land
preparation method (block);
Aj is the effect of the j th level of the
phosphorus (whole-plot treatments);
( RA )ij is the whole-plot error;
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Bk is the effect of the k th level of the
poultry manure (split-plot treatments);
( AB ) jk is the interaction effect of the j th
level

of

the

phosphorus

(whole-plot

th

treatments) and k level of the poultry
manure (split-plot treatments);
eijkl is the random error component
associated with the
(split-plot error);

( ijkl )

th

observation

Table B: ANOVA TABLE with Replication
Source
Block (Ai)
Whole-plot (Bj)
Block/whole-plot
Interaction (AB) ij
Split-plot (Ck)
Whole-plot /split-plot
Interaction (BC)jk
Error (eijkl)
Total

D.F

SS

MS

2
2
4

3.98
3.2429
33.2821

1.99
1.62145
8.3205

3
6

24.0792
26.3854

8.0264
4.3976

126
143

2066.2979
2157.2675

16.3992
-

F-ratio
0.2392
0.1949
_
0.4894
0.2682
_
_

Table C - Summary
Criteria

Split-plot
comparison

Whole-plot
comparison

Error variance

72%

79%

Sensitivity(estimation approach)
Sensitivity(p-value approach)
Sensitivity(power approach)

60%
108%
116%

65%
85%
116%

Analysis of Variance Table
Summary
In computing the relative efficiency of
SPD to RCBD, we are interested in the

number of replicates required by RCBD to
achieve the same result as one replicate
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(100%) of SPD. Relative efficiency can be
expressed in terms of percentage by
multiplying it by 100, if RE (SPD:RCBD) is
greater than 100, it implies that SPD is more
efficient or better than RCBD and there is a
gain in using SPD instead of RCBD. If RE
(SPD:RCBD) is less than or equal to 100, it

implies that SPD is less efficient to or not
better than RCBD and the experiment could
have been performed using RCBD. The
summary of the statistical analysis of this
experiment is given in the table below:

Conclusion
From the summary table above, the
conclusion of this study is given as follows:
1. SPD (with split-plot comparison) is
less efficient to RCBD based on the
comparison of their error variances,
sensitivity analysis using estimation
approach but more efficient to
RCBD based on sensitivity analysis
using p-value and power approach.
2. SPD (with whole-plot comparison) is
less efficient to RCBD based on
comparison of their error variances
and sensitivity analysis based on
estimation and p-value approach but
more efficient to RCBD based on
sensitivity analysis using power
approach.

Recommendation
From the summary of analysis above, it
can be seen that SPD (with split-plot
comparison) is less efficient to RCBD
based on comparison of their error
variances, sensitivity analysis using
estimation approach but SPD is more
efficient to RCBD based on sensitivity
analysis using p-value and power and power
approach. It can therefore be recommended
that for a maximum plant height of African
yam bean, the experiment should be
conducted using SPD by combining the
levels of the poultry manure (split-plot
treatments) and phosphorus application
(whole-plot treatments) instead of RCBD
which is one at a time experiment.

______________________________________________________________________________
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Abstracts
Electrical resistivity and conductivity of wild mango (irvingia gabonensis) seed and mucuna
(flagellipes sp.) seed was determined at a temperature range of 20-500F and different moisture
contents. The result showed fluctuations between minimum and maximum value at these range of
temperature tested and at the same moisture content. Electrical resistivity of mucuna ranged between
9.51 x105 and 1.80 x106Ωm while that of wild mango ranged between 4.22 x105 and 5.63 x105 Ωm.
Electrical conductivity of mucuna lies within 1.14 x10-6 and 1.46 x10-6 s/m, while for wild mango, it
was 2.63 x10-6 and 3.05 x10-6 s/m. The increase and decrease in the values of the electrical resistivity
and conductivity were inconsistent with the thickness and diameter of the products. Results showed
that temperature and moisture contents had a more significant effect.

Key words: receptivity, conductivity, temperature, moisture contents

_______________________________________________________________________________

Introduction
Agricultural products are of great
importance in human nutrition and health.
They supply vital nutrient to the diet, provide
variety in foods and make them appetizing and
more attractive (Abdul 1989). They also
provide raw materials for pharmaceutical
industries. Some of these agricultural products
have been underutilized; among them are
mucuna (flagillipes sp.) and wild mango
(irvingia). Mucuna is the third largest among
flowering plants, consisting of approximately
650 genera and 20,000 species [1]. It is the
second most important plant source of animal
nutrition. The seeds often have a hard coat and
sometimes bear a U-shaped line called a
pleurogram 15] . Many varieties of the Mucuna
seed are used in the food and pharmaceutical
industries. Nutritional importance of Mucuna
seeds as a rich source of protein supplement in
food has been documented [2].
Irvingia with a common name wild mango,
African mango or bush mango is a genus of

Africa. They bear edible mango- like fruits
and are especially valued for their fat and
protein rich seed [3]. As a natural fiber, it
slows the gastric erupting process and helps
you maintain a sense of fullness for longer
periods. When used correctly, it demonstrated
impressive results in the areas of weight loss,
leptin control and health benefits [4]. Many
agricultural product are harvested mostly when
relatively fresh but are later dried to preserve
them, which destroy its freshness and alter its
useful primary constituents. However, in the
Recent past electrical treatment has become
acceptable in processing of biomaterials [5].
This borders on the need to keep the product
fresh and retain its original food value. [6]
reported that electric current flowing through
biomaterials decreased the microbial count and,
improve the quality of the product. The
application of electrical treatment in the
processing of biomaterials requires the
knowledge of electrical properties and their
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effects on processing [7]. The apparent
electrical conductivity of biomaterial is
influenced by a combination of physicochemical properties including soluble salts,
fiber content and mineral composition, water
content, bulk density, organic matter and
temperature. Since this physico-chemical,
properties differ from one biomaterial to
another; their electrical properties will also
vary. Thus, electrical properties of biomaterial
has become an important area of research in
post harvest processing of some agricultural
products [8,9,10]. Therefore, electrical
conductivity information is useful in sorting of
materials, checking proper heat treatment of
materials and inspecting of heat damage of
material. It will also help the food and post
harvest processors to apply electrical
stimulation to inactivate harmful pathogens
that can contaminate them and freshly preserve
them. In addition, an understanding of
electrical resistivity and conductivity behavior
of biomaterial will enable us, to optimize, the
electrical parameters that could be used in
designing appropriate processing equipment. In
general electrical resistivity of conductors
increases with temperature while the electrical
.

resistivity of semi-conductors and insulators
decreases with increasing temperature. In both
cases, the electron-phonon interaction can play
a key role. As the temperature of a material
decreases, the temperature dependence of
resistivity follows a power law function of
temperature as demonstrated by the BlochGruneesen formula. However, a better
approximation of the temperature dependence
of the resistivity of a semi-conductor and
insulator is given by the Steinhart-Hart
equation. This research was undertaken to
generate result that will serve as an implicit
indicator of those factors that can be adjusted
to improve electrical treatment of agricultural
products.

Materials and Methods
Mucuna and Irvingia (Figs. 1 and 2) used in
the research were sourced, from the open
market because there is no known plantation
for these crops. They are local plants that
mostly grow in the wild. The seeds were sorted
of dirt and chaff after removal from the pod
and
thoroughly
cleaned

Fig.1: Mucuna flagellipes seed
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.

Fig 2: Irvingia gabonensis (wild mango) seed
The seeds were weighed individually using a
digital weighing scale, grouped based on
theirweight and the modal weight group was
chosen for the experiment. The seeds were kept
at a room temperature inside a sealed polythene
bag to obtain a uniform moisture distribution
throughout the seeds [11]. The seed coats were
removed because of the glossy nature of the
seed coats, which makes water absorption
difficult. The cotyledon was splinted into two
longitudinally through the helium. The axial
dimensions of the seeds were determined using
digital veneer callipers. The split cotyledons
were conditioned by soaking in warm distilled
water inside a calibrated beaker (250ml) for
24-72 h to absorb enough moisture, then each
seed was removed, cleaned and placed in a
refrigerator at 20- 50˚F for 3 h. A direct current
digital resistance probe (DT92 series) was used
for resistance measurements. To maintain a
steady voltage, the probe was powered through
a converter using a Sawafuji generator (SH
3200 EX, 50HZ, Phase 1ø, rated power 2.4 2.6KVA) with maximum DC output of 12V.
The probe was left in place for 60 seconds
before the resistance value was recorded.
Resistance measurements were taken at a

moisture content of 6.75 – 84.6% db for
Irvingia and 18.7 – 65.7% db for Mucuna over
a temperature range of 20-50˚F. The internal
temperatures were measured at two different
points of the sample using a thermocouple.
Electrical
resistivity
were
determined
mathematically using the general formula.
(1)
Where R is electrical resistance of a uniform
seed (biomaterial) measured in ohms .
A is the cross sectional area measured
in m2.
is the major diameter of the seed
measured in m
The cross-sectional area was given by
(2)
Where d is the diameter of the biomaterials
measured in m.
The electrical conductivity was taken as the
inverse of the electrical resistivity.
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Results and Discussion
Effects of Temperature on Electrical resistivity
of Irvingia Gabonensis and Mucuna
Flagellipes
Temperature is one of the important factors
that affect the flow of electricity. The
resistivity of the biomaterials (Irvingia
Gabonensis and Mucuna Flagellipes) decreased
with an increase in temperature (Figure 3 and

Figure 4). The lower resistivity at higher
temperature than at lower temperature indicates
that the biomaterials behave as either an
insulator or a semi-conductor [10] [12]. This
appears to be an important parametric
consideration for the agro processors and food
engineers, to design the temperature dependent
equipment for processing biomaterials.

Figure 3. Mean value of electrical resistivity at different temperature of Irvingia gabonensis
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Figure 4: Average mean value of electrical resistivity at different temperature of Mucuna
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Flagellipes
Figures 3 and Figure 4 show the effect of
temperature on electrical resistivity of wild
mango and Mucuna flagellipes at 20°–50°F.
The electrical resistivity of these materials
fluctuated between a minimum and maximum
value at 5% confidence level. [13] suggested
that this might be the result of cells or tissues
of the biomaterials moving from one
physiological state to another. This could also
be the result of an uneven temperature
distribution within the sample [10], or the
presence of ice crystals within the
sample[14]. A linear regression was
performed
between
temperature
and
resistivity at different temperatures. It
showed very high correlation coefficient for
minimum and maximum values of resistivity
for wild mango ( R2 = 93.9% and 94.5%), as
well as for Mucuna flagellipe (R2 = 70% and
81.1% )

Effects of Temperature on Electrical
Conductivity of Irvingia Gabonensis and
Mucuna Flagellipes
The effect of temperature on electrical
conductivity of Irvingia gabonensis and
Mucuna flagellipes at 200F-500F as shown in
figure 5 and 6.The conductivity increases
with increase in temperature. Electrical
conductivity is a measure of how well a
material accommodates the movement of
electric charge. It is a ratio of the current
density to the electric field strength. In
addition, electrical conductivity is a very
useful property since values are affected by
such things as substances chemical
composition and stress state of the structure.
Therefore, electrical conductivity information
is useful in sorting of materials, checking
proper heat treatment of materials and
inspecting of heat damage of material. In
addition, these are very useful in the design
of the temperature dependent equipment in
the processing of biomaterial like ohmic
heaters.

Figure 5: mean value of electrical conductivity at different temperature of Irvingia
Gabonensis
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Figure 6: mean value of electrical conductivity at different temperature for Mucuna
Flagellipes
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Figure 7: relationship between moisture content and Electrical Conductivity and resistivity
of Irvingia Gabonensis at 300F
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Table 1: Average Values of some physical properties of
MucunaFlagellipesand Irvingia Gabonensis at 30˚F (-1.10C)

Mucuna

Flagellipes

Irvingia Gabonensis

Moisture
content
(%)db

Average
Weight
(g)

Average
Thickness
(mm)

Average
Major
diameter
(mm)

Moisture
content
(%)db

Average
Weight
(g)

Average
Thickness
(mm)

Average
Major
diameter
(mm)

18.7
27.4
50.8
64.8
65.7

2.73
2.93
3.47
3.79
3.81

2.61
2.62
2.92
3.57
3.66

25.25
26.52
31.37
31.60
31.90

6.7
25.9
35.6
54.8
84.6

1.11
1.31
1.41
1.61
1.92

1.55
1.60
1.64
1.84
3.29

25.58
25.78
26.33
27.67
30.50

Figure 7 and 8 generally showed that
the resistivity of both products decreased at
the first stage and started to increase as the
moisture content increased. However, the
reverse was found for the conductivity.
According to [10] level of Moisture
present in a biomaterial, influences sample
condition, which in turn would have
influenced electrical properties. The
increase in resistivity and decrease in
conductivity was found to occur for both
seeds at moisture content of about 50%db
and above.

Conclusion
Electrical resistivity and conductivity of
wild mango (irvingia gabonensis) and
mucuna (flagellipes sp.) was determined at

a temperature range of 20-500F and
different moisture contents. The result
showed fluctuations between minimum
and maximum value at these range of
temperature tested and at the same
moisture content. Electrical resistivity of
mucuna ranged between 9.51 x105 and
1.80 x106Ωm while that of wild mango
ranged between 4.22 x105 and 5.63 x105
Ωm. Electrical conductivity of mucuna lies
within 1.14 x10-6 and 1.46 x10-6 s/m, while
for wild mango, it were 2.63 x10-6 and
3.05 x10-6 s/m. The increase and decrease
in the values of the electrical resistivity
and conductivity were inconsistent with
the thickness and diameter of the products.
Results showed that temperature and
moisture contents had a more significant
effect

.
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Comparison between the Behaviour of Coated and Uncoated
Lightly Loaded Piles in Swelling Soils
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Abstract
In the last four decades significant effort has been devoted to designing piles in swelling soils.
Nevertheless, only a scant effort has been devoted to the elimination of heave forces acting on
the upper part of lightly loaded piles. For this purpose, an investigation site was established
in Karmiel in Northern Israel. On this site sixteen unloaded cast-in-situ piles, both uncoated
and coated, were installed in a moderately expansive clay soil in the end of summer 1996. The
piles were executed to different depths ranging between 2.0 m and 7.0 m and were observed
over a period of 27 months. Another nine unloaded cast-in-situ bored piles, both coated and
uncoated, were installed at the end of summer 1998 for carrying out pullout tests. These piles
were embedded two meters from the ground surface. Results obtained from observations and
from full-scale static pull out tests showed that separating the piles from the surrounding clay
in the active zone by a twin walled plastic sleeve eliminated the heave forces significantly.
The scope of the work is, determining of the elimination degree of the heave forces due to the
provision of the above sleeve.
Keywords: sleeves, swelling, figures, tables, references
___________________________________________________________________________

1.0 Introduction
For many years, foundation engineers
have tried to solve the problem of heave
and downdrag forces on piles in shrinkable
clay. It is well known that swelling forces
on lightly loaded piles in clay subsoil
demand anchoring of the piles deep in the
ground because the vertical applied load
issmaller than the heave force. In this
research case the soil consists of 7.2 m
clay overlying hard rock.
If it is
impossible to drill into the rock, the length
and diameter of the pile may be too small
to provide sufficient resistance to the
applied vertical load from the building. In
this case, the usual solution is to increase
the pile diameter, but by this way the
heave forces on the pile will increase

because the increase of the contact area
between the swelling soil and the pile
shaft. On the other hand, if it is possible to
drill into the rock, the pile might fail in
tension. The ability of a pile to withstand
vertical load is based, usually, on shaft
friction which provides the majority of
resistance to vertical applied loads. In
order to maximize the pile load capability,
it is desirable to have a high shaft friction
and therefore beneficial to obtain as rough
a surface as possible between the pile shaft
and the clay. When either uplift or
downdrag occurs via clay expansion or
desiccation, respectively, it is again the
shaft friction that transmits the heave or
downdrag forces to the pile. Hence, to
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minimize heave and downdrag forces on a
pile it is desirable to have low shaft friction
and therefore beneficial to provide as
smooth a surface as possible between the
pile and surrounding soil along the active
zone. Since tensile forces on piles are
undesirable, it was proven in this research
that by the provision of lubricated and
unlubricated pile sleeve, these forces were
significantly minimized.

2.0 Description of Test Site
Location and description of items in
the test site are shown in Figure 1. The
twenty five piles shown in Figure 1 were
divided into two groups executed in two
different periods. The first group shown in
Table 1 includes piles No. 1 to 16 which
where observed over a period of 27
months. The second group includes piles
No. 17 to 25 which are shown in Table 2
and were pulled out together with piles No.
13,14,15 and 16 from the first group. Test
site stratigraphy illustrated in Figure 2.

Figure 2: Test Site Stratigraphy

Fig. 1:

Location and description of items in the test site
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Fig. 2: Test site stratigraphy

Pile
No.

Table 1: Specification of the Observed Piles
Diameter
Emb. Length
Pile
Diameter
(cm)
(m)
No.

1
50
5.0**
2
40
5.0**
3
40
6.04
40
7.05
40
6.5**
6
40
7.0***
7
50
6.5**
6.08
50
Legend: ***: Coated Pile, PS=3.0m

Emb.
Length
(m)
9
50
6.5**
10
50
7.011
50
7.0**
12
50
7.0***
13
50
2.014
50
2.0**
15
50
4.0**
16
50
4.0**: Coated Pile, PS 2.0m : Uncoated Pile.

West African Journal of Industrial and Academic Research Vol.7 No. 1 June 2013

133

Fig. 3: Vertical Movements in Clay Layers and Ground Surface
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Table 2: Specification of the Pulled Out Piles
Pile No.
13
14
15
16
17
18
19
20
21
22
23
24
25

Diameter (cm)
50
50
50
50
50
50
50
60
60
60
70
70
70

Emb. Length (m)
2.02.0**
4.0**
4.02.02.0**
2.0*
2.02.0**
2.0*
2.02.0**
2.0*

Legend: *: Coated and Lubricated Pile, PS = 2.0m **: Coated Pile, PS 2.0m
Figure 3: Vertical Movements in Clay Layers and Ground Surface

3.0 Field Measurements
3.1 Vertical Movement of Ground Surface and Clay Subsoil

Figure 4: Seasonal Strain in the Clay Subsoil
The ground surface showed a maximum
heave of about 58-mm and a maximum
settlement of 12 mm, amounting altogether
to an amplitude of about 70 mm (Figure 3).
Results obtained from calculation of the

strain in the clay subsoil showed that the
depth of the desiccated / expansible zone
ranged between 2.0 m and 2.50 m (Figure
4).
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3.2 Vertical Movements of Piles
The vertical movement of the piles as a
function of rainfall is shown in Figure 5.

The vertical movements of all observed
piles showed a good accordance with the
rainfall

Figure 5: Vertical Movements of Pile 13 (Uncoated) and Pile 14 (Coated) as a function
of Rainfall

3.3 Pullout Tests
The average ultimate uplift capacity of
the pulled out piles was determined
according to eight different methods as
.

shown in Table 3. Table 3: Determination
of the Average Ultimate Uplift Capacity,
Qua, according to Eight Different Methods

Fig. 5: The vertical movement of the piles as a function of rainfall
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4.0 Determination of Earth Pressure
Coefficient K0
Norlund [8] summarized the factors
affecting
the
frictional
resistance
developed between the pile shaft and the
surrounding soil as a function of: soil type
and its density, degree of roughness of the
pile shaft [2] and manner of casting. For
a simplifying assumption it can be argued
that by pushing the pile into the clay, an
inclined resultant of soil resistance can be
:

derived as shown in Figure 6, where P
is the ultimate compressive load, K is the
earth pressure coefficient inclined by an
angle (),  is the friction angle
between the shaft and the soil, Wp is the
weight of pile,  is the shaft inclination
angle, L is the embedded length of pile and
Pl is the vertical total earth pressure at
depth l below ground surface. Therefore,
the general formula for calculating the
frictional
resistance
will
be

L

Pu = ∑ K δ ⋅ Pl ⋅ sin (ω + δ )p ⋅ ∆l ⋅ sec ω = Q u − Wp

(1)

l=0

Where Q is the ultimate uplift resistance
of pile (kN), p is the perimeter of pile and
p.∆l is the shaft area in slice of ∆l. For

P

u

=

L

∑

K

δ

⋅ P

l

⋅ sin

conventional piles where <0 and the
pile shaft is rough (inclined resultant K
Pl), Equation (1) will have the form:

δ ⋅ p ⋅ ∆ l

(2)

l = 0

.
.

This approach does not take into account
the adhesion (Ca) between the pile and the
surrounding clay. By exerting a pullout
load instead of a compressive load, the
Fig. 6: Determination of Earth Pressure Coefficient K0
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frictional resistance terms will be as shown
in Figure 7. Hereinafter, P will be defined
as the ultimate pull out load which is equal
to the ultimate uplift capacity (Q) minus
the weight of the pile (Wp) and the uplift
Vertical component:
and
Horizontal component:

capacity at the pile toe (Qtu). The resultant
of the earth pressure during uplift force
(Kp) has two components according to the
following analysis:

Puv = K ⋅ Pl ⋅ sin δ

(3)

Puh = K ⋅ Pl ⋅ cos δ

(4)

Fig. 7: Forces acting on a Rough Pile Shaft due to Uplift Load
Equation (2) could be derived in an
approach according to the classical
definition of shearing resistance. From the

simple condition of vertical equalization of
the forces acting along the pile shaft:
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P

u

=

L

∑

τ

f

⋅ p ⋅ ∆ l

(5)

l= 0

where f is the shearing resistance at failure between the soil and the pile shaft.
By substituting τf = σ · tanδ + Ca and σ= KPl · cosδ , then Equation (5) will be:
L

Pu = ∑ p ⋅ ∆l (k ⋅ pl ⋅ sin δ + Ca )

(6)

l =0

Hence, Equation (2) is a special case
of Ca=0. Equation (6) shows an approach
for estimating the earth pressure
coefficient (K) by taking the adhesion into
account. By considering a fully rough
vertical pile shaft ( = 0) obtained in this
work and the double direct shear test
results (Ca=15 kN/m2, =450), the
resultant (K·Pl) will act theoretically on
the concreted pile shaft at an interface
friction angle of  = 450 (Figure 6). The
shear parameters obtained from two simple
direct shear tests and one double direct
shear test give an internal friction angle of

380 and an adhesion of 15 kN/m2.
Therefore, It could be assumed that the
earth pressure resultant KPL will act at an
interface friction angle of 380. Hereinafter,
the calculations of the K-values for the
unsleeved, sleeved and lubricated piles
will be derived from the pull out tests. The
tension resistance at the pile toe will be
taken into account in order to check its
affect on the K-values. Table 5
summarizes the various K- values of
various types of unsleeved, sleeved and
lubricated piles.

Table 5: Comparison between K- Values of Pulled Out Unsleeved, Sleeved and
Lubricated Piles.
Pile o.
17,18,19
20,21,22
23,24,25

Dimensions
L (m)
D (m)
2.0
0.50
2.0
0.60
2.0
0.70

K
1.92
1.09
1.76

From the above results it can be
concluded that the earth pressure
coefficient decreased by increasing the
smoothness degree of the pile shaft. For
example, K for the unsleeved pile 17 is
greater by 25% and 32% from that of the
sleeved pile 18 (ks) and the lubricated pile
19 (kl) respectively. By taking the effect of
the lubrication and the basal tension
resistance into account the earth pressure
coefficient will be greater by 32% and
55% respectively. The critical quoted
decrease in the earth pressure coefficient is
obtained by increasing the pile diameter.
For example, the earth pressure coefficient
for the lubricated pile 25 (D=0.70m) is
smaller by 72% than the same unsleeved

Kt
1.86
1.02
1.68

Ks

Kst

Kl

Klt

1.54
0.70
0.28

1.31
0.43
-

1.46
0.88
0.50

1.24
0.63
0.20

pile (pile 23). By considering the tension
resistance at the pile toe the decrease in the
earth pressure coefficient will be 88%.
Furthermore, the tension resistance effect
on the earth pressure coefficients for the
unsleeved piles (K) can be neglected
because it is a relatively small contribution
(5% to 10%) in decreasing K. On the
other hand, the decrease in the Ks and Kl values by considering the tension
resistance at the pile toe which reaches
89%, cannot be neglected because their
great contribution in decreasing frictional
uplift forces such as swelling forces which
are the crux and the aim of this work. The
same conclusion was obtained by Amir
[1], Sowa [9] and Kulhawy [6] [7]. The
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earth pressure coefficient K is not only a
function of the original in-situ earth
pressure coefficient at rest (K0), the stress
changes caused by construction, loading
and time as mentioned by Kulhawy [6] [7]
and it is not a function of smoothness/
roughness of the pile shaft only as
mentioned by Burland [2] and by Norlund
[8], but it is also a function of the pile
diameter. This finding must be connected
to the fact that all piles are installed in
swelling/shrinking clay.

the contact between the pile and the soil
and hence minimize the heave/drag down
forces. Results have shown that the
displacement necessary to mobilize the
maximum shaft resistance of the uncoated
piles ranges between 0.7% and 0.8% of the
shaft diameter.
By the coated and
lubricated piles the displacement to
mobilize the maximum side resistance was
10% only. It ranges between 0.07 and
0.08% of the shaft diameter. Results from
the pull tests have shown that the
displacement between the sleeves occurred
at friction/side resistance of only
10KN/m2. The frictional resistance of a
bored concrete pile in medium to hard
clays is about half the average undisturbed
shear strength of the clay along the pile
shaft. The butt displacement to mobilize
the maximum tip resistance was found to
be in the range of 2-3% of the shaft
diameter. Criteria for establishing the
ultimate pull out load has to be the load
which causes a heave of 0.5-1.0% of the
pile diameter.

9.0 Conclusions:
From this study it was possible to
conclude the following: Provision of
sleeves minimizes the amount of
reinforcement in the pile due to the strong
reduction of the heave forces. The sleeves
allow the use of 40cm and 50cm pile
diameter despite the fact that the swelling
forces could increase significantly.
Without the provision of the sleeve, such
piles might fail in tension. The sleeve acts
as a protection against the concrete
entering cracks in the soil, which minimize
.
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Abstract
Generally speaking, the quality management philosophy emphasizes on preventive practices
instead of treatment efforts. In the quality management system, there is an exciting interest on
why defects and flaws occur in the operation process in spite of all efforts made to prevent
defected products from proceeding in the process. Thus, these defects and drawbacks are
resolved or omitted at the very beginning of the process. This paper deals with various cases
of quality growth in industrial firms that are active in Iran and also evaluates some practical
ways used to solve quality problems leading ultimately to the production of high quality
products with competitive capability in the world’s international market. This paper
concludes with a model proposal for implementation to achieve production quality
management in Iranian industries.

Key words: Quality, Management, Iranian Industrial Firms, production.

Introduction
stabilization and customer has selection
Effort for survival in competition
rights
bazaar, necessity of optimum use of all
Customer management objective is to
available resources, discovery and constant
absorb more customers. It is clear that in
use of new resources in order to represent
order to reach this goal and remain in
services and products with high quality
international bazaar, the Industrial Institute
proportionate with obvious and hidden
of Iran must become more flexible in order
needs of customers is critical for survival
to meet customer needs and deliver their
in today’s corporate competition. It is
products with high quality and low price
obvious in this case that those theories
within a short time. Finally, all workers of
with product base made their objectives to
Iranian industrial companies must provide
represent their products or services in
quality service to customers. For Iranian
bazaar and interpret quality only by
Corporate competitiveness, customers
conformity characteristics of technical part
must always be given quality products and
of product with assigned standards. For
services. It is recommended in Iran that
lack of available resources, especially
industries should execute basic Quality
human creativity, and confronted with
changing trends in
technology and
Function Deployment (QFD) [1]
different needs of bazaar, they become
weak and fail from competition of bazaar.
Content Elements of Quality
It is obvious that Iranian industrial factory,
Management
should be based on customers needs, and
Today, to gain corporate competitive
these needs have important effects on
advantage, an enterprise should produce
quality for remaining in National and
quality products based on customer or
International competition. Today’s market
consumer needs. Management should
competition is more than demand of
deploy existing opportunities and new
services and products, bazaar has no
resources rationally to achieve this goal.
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Naturally, market demands should be met
with quality products on the basis of
defined standards. This plays important
role in competition and market
penetration. Economic entities can solve
this problem, making maximum use of
human skills innovation and latest
technologies, else the firm is doomed.
Undoubtedly, enterprises that mostly take
into consideration desires and demands of
consumers will win the competition and
acquire larger market share. Increased
quality of products, first of all, begins from
the process of management in any
enterprise. Providing labour discipline and
work culture is very important for
enterprises to achieve their goals.
Thus, improved product and service
quality plays critical role in improving
corporate competitiveness. Prices do not
determine competitiveness. However,
products gain importance due to their
quality improvements. It means, quality is
the determining factor and power base of
corporate competitiveness. A brief
historical analysis suggests that before
sales and service quality parameters were
the main elements of competition together
with prices. Today however, competition
is synonymous with quality. Quality factor
solves lots of competition problems thus:
• Preparation for reproduction being
aware of new qualities and using
this information and definition of
prices on this basis;
• Consideration of post-sales service
to consumers, defected products
and advertisement expenses;
• Working
on
functionality,
durability and outward appearance
of a product;
• Working on increasing quality of a
product, providing its salability and
acceptance as qualitative product in
the market place;
• Quality guaranty of a product – in
case of out of order, damage and
repair costs should be minimized;
• Different types of advertisement s
on production process and quality

of a product is necessary to boost
market share;
• Taking measures against all types
of cases that may damage the
image and prestige of a product .
Looking at the global markets from the
perspective of globalization, we can see
that production (it means offer) exceeds
demand in all spheres [2]. The global
markets are unstable due to frenzied
competition conditions and plenty of range
of goods available on offer. Because
consumers have wide and different choice
possibilities, administrators of enterprises
are obliged to focus on attraction of
consumers to quality factor. For achieving
this goal, a manager should change all
internal conditions of an enterprise
(softening in front of desires of
consumers). The main target is producing
a qualitative product at an acceptable cost,
which, in turn, makes all workers focus on
excellent service delivery. Thus, today,
producing a highly qualitative product for
consumers is the most important principle
for conducting the policy of attraction of
customers and clientele loyalty.

Quality Function Deployment (QFD)
QFD is one of the new quality
engineering methods for analyzing
markets and introducing new products.
Discovering consumers’ desires and needs
in the process of analysis, enterprises try to
use results of their analyses in business
plans for new stages of production. In
other words, the economical essence of
QFD is consideration of consumers’
desires for increase of quality of products
in different stages of production. All
projects and plans in the process of
production are based on desires and
opinions of customers and consumers. [2]
QFD is considered a type of quality
method for extending sales in the market
through gaining satisfaction of consumers.
QDF provides quality increase of a
product through a process of logical
planning. It can be characterized also as a
sum of chain of activities focused on
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achieving the final goal by gaining
satisfaction of customers [3].
The key advantage of QFD method is
that using this method, producers can learn
the needs of consumers and this
information is used in the process of
projection of products sales volume.
Desires of customers become a kind of
technical and engineering “language” of an
enterprise today. By use of QFD, an
enterprise can precisely take into
consideration all desires of customers from
the first stage of the production process
until its last stage, which enables the firm
to achieve rationality and productivity.
This process assesses quality of different
materials during all stages of production.
The most important advantages of this
process for industrial enterprises are:
production
and
1. Shortening
development time. (30-50%);
2. Reducing the number of changes in
technical projects (25-50%);
3. Reducing primary expenses of
advertisement of a product;
4. Satisfaction of customers through
providing their needs and desires;
5. Intensification of production of a
product;
6.
Peace and harmony in work of
different sections of an enterprise;
7. Formation
of
an
appropriate
information centre for further goals.
Customers have special place in the
process of QFD. Connected with each
other and carried out mutually, these
processes include not only customers or
workers of economical centre and
industrial enterprises who produce
products and serve customers [4]
Thus, implementing QFD in production
of new products demands investment, time
and human resources. Implementation of
old methods can increase the cost of
production which can lead to suboptimization of corporate goals.
For
preventing such cases, producers should
take into account several important
principles, such as:
1. Analysis of internal and
foreign customers;

2.

Precise recognition of
desires of customers;
3.
Constant consideration of
desires of customers in
projects;
4.
Definition of exact product
Required on the basis of
needs of customers through
departments engaged in
market investigations;
5.
Implementation of changes
not included in projects
after a product is presented
to the market;
6.
Precise definition of limits
and capacities of current
process;
Unified programming
7.
during realization of
projects
planning and
projection, production, sale
and post-sale services as a
whole);
Definition of cases not
8.
included in introduction and
marketing of a product
(connected with projection
process);
Meeting project offers
9.
connected with production
demands;
Opinions of customers on
10.
work done by an enterprises
on the basis of their
desires;
Reduction of number of
11.
products returned back after
sale, reduction of guaranty
expenses;
Attractiveness of a project
12.
and development process of
a product;
Attention to production of a
13.
Quality
product
for
studying
customers’
desires.
The main goal of QFD project is
finding satisfied customers for corporate
products. So, there is need to study
different customer groups (segments),
product distributors, salespersons, post-
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sale service personnel and sections of
other industrial enterprises by the
marketing team and experts on product
quality management. The main goal of this
study is to “hear voices of customers”. For
using the best method in this stage,
opinion of customers, product guaranty,
customer complaints, behaviour of users
should be taken into consideration [5]
The next stage in QFD project consists
of study and analysis of desires of
customers, after which comes the stage of
precise definition and classification of
customers’ desires. Classification of
customers’ desires is carried out by QFD
group.
The Kano model (method)[6] is one of
wide-spread models in assessment of
quality of a product. Being one of the most
remarkable theorists of management of
quality, Dr. Nuryaki Kano [7] divides
needs of customers, in other words, quality
of a product into three:
a) Basic attributes (QB). According to
features of the first group, implementation
of these features in production only
prevents consumers’ dissatisfaction and
brings no “joyous” advantage for them. In
other words, QB feature of a product only
enables it to enter the market, without any
advantage in “occupying” the market and
winning in competition. These criteria
only guaranty durability of a product.
b) Performance attributes (PQ). The
second feature is job performance of a
product, without which consumers are
dissatisfied. On the contrary, when a
product has high job performance, it
satisfies consumers. Definition and
implementation of job performance of a
product (PQ) helps to hold an enterprises
business position in the market place. For
this kind of definition, these quality
features play an important role in
popularization of a product. Because,
features of a product are subject to
advertisement, media and even daily chats
with friends. This is crucial for any
product [6]. Contrary to the first group

(basic attributes), these desires belong to
consumers and customers. Among
important means, methods and sources for
definition of substantial and necessary
needs of customers are;
1. Conduction of questionnaires;
2. Interview of customers and service
workers after sales;
3. Interview of a row of customers by
help of an experienced person
(Focus Groups);
4. Analysis of complaints and
Shortcomings of the product;
5. Analysis of social environment and
cultural peculiarities;
6. Study of laws and technical
Standards of the country.

Goal attributes
Features of the third group in the Kano
model are those, according which desires
of customers are not taken into
consideration very much, because a
possible shortcoming cannot cause their
dissatisfaction. However, absence of
dissatisfaction is the main factor of
attraction to a product. Principles of EQ
are consideration of a product in the
production project, including that it
replaces other products of its type in the
market and strengthens the producer
company’s position.
This kind of priority in production
process in modern conditions satisfies
consumers, which, in turn, plays an
important
role
for
winning
the
competition
Being the most efficient method, The
Kano model helps an enterprise to collect
information from different customer
groups. It studies and analyses their needs
and classifies them for durability of a
product and thus, helps an enterprise to
win the competition in the market place.
According to Kano, paying attention to
the first and second level needs today, an
enterprise can find a kind of “comfort” in
the market. But it is not enough to win the
competition in the market. According to
Kano, quality parameter becomes a duty of
second degree for industrial enterprises
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with no rivals. Projection of product
improvement stages consists of:

Guaranty of quality and desires of
customers
In terms of quality, the study of the
importance of customers’ primary desires
and needs include:
•
Recognition of all customer
groups;
•
Precise collection of information
received from customers in terms
of needs and desires;
•
Recognition of necessary needs for
improvement of a product using the
method of “indignation”;
•
Transformation of usual
Information to logical information
and using the graphics of reasons
by
classification
of
the
information;
•
Using the graphic of “tree” for
examination of implementation of
all quality desires.
Undoubtedly, in terms of importance,
not all desires of customers are the same.

Only some part of them bears importance
for customers and producers. So,
classifying these desires, an enterprise can
use a scale from 1 to 5 that shows how
important desires of customers are
weighted. The most significant thing in
this sphere is usage of skills of customers
and experienced persons by producers.

Vocabulary check
1)
Quality assembly
Staff education
2)
3)
Project team
quality dimension
4)
5)
quality surement

Conclusion
This paper concludes that establishment
of Quality Management System will
include the following activities to ensure
product quality delivery:
Making design, immunity,
1)
buying, transportation and
packaging very effective.
Organizing
effective
2)
information system that
keeps
the
company
galvanized for effectiveness
Enhance the corporate
3)
quality system
Ensuring quality guarantee
4)
system at all levels of the
firm
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