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ABSTRACT
In this research work, a study of computer network architecture, protocols, data transmission,
switching techniques, and data routing algorithms is carried out. The Travelling Salesperson
Problem is also reviewed because of its apparent similarity to the transmission of data in a
computer network environment.

A model for the transmission of dala in a computer network environment is
conceptualised. A modified form of the two phase ravelling salesperson algorithm is adopied
for the mimimization of the cost of transmitting data in the network, The cost element is
generated from the case data obtained from Nitel Plc. A software package is coded using Basic
language. The package is menu driven, user friendly and interactive. The software will generate
all the feasible alternate paths for the routing of data in a computer network and attempts to
select the minimum paths. A case study using a hypothetical Nigerian national computer network
comprising all the states’ capital in Nigeria and the Federal Capital Territory (Abuja) as nodes

i carried out and the results obtained were presented.
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CHAPTER ONE

OVERVIEW OF RESEARCH

In this chapter, an overview of the Research is presented. The Motivation, Objective and
Methodology of research i discussed. The orgamzation of the dissertation 5 also

provided,

1.1 Maotivation

World wide, the number of people who are using the facilities provided by cable and
wireless communication systems s growing tremendously. This growth 15 being driven
mainly by the value consumers and the business world place on mobility, convenience,
and more effective use of time. It is sometimes said that there is a race going on berween
transportation and communications. If one wins, the other one becomes unneces.ary,
Using a computer network a5 a sophisticated commumcation system masy reduce the
amount of travelling done, thus saving energy (and time).»

Most developing countries have been unable to fully utilise the enormous potential
that exists as a result of the merging of the two powerful technologies of computing and
communications, This is due 1o the lack of an efficient commmunications system. In
many developing countries the communications facilities are either obsolette or grossly
inadequate. This has resulted in the high cost usually incurred. Cost in this case s
defined in terms of time wasted, energy consumed, and monetary loss. There s
therefore, the need for an efficient communications model that will support the
transmission of data and information with minimal cost incurred.

Virtually every aspect of any communication system can be modelled. Models that
have been applied 1o communications systems include those of lincar graph, linear

programming, conves programming, queuing theory, and nerwork models. Some madels



which are well known in other fields have not really found a wide application in
communications systems for example the transshipment problem . In communications
systems networking the following network models have been applied: the shortest path
model, the maximal flow models and activity netwaorks.

The cost of a transmission systern is to a large extent a function of the loads
carried by the network and the distance (in kilometers) over which i is  transmitted,
Where computers dre connected together to form a network spread out over & numbe;
of geographically distant locations, the problem of designing a mmimum cost
communications network becomes economically significant. The design issues involvey
finding a way of connecting all the computers inorder to minimise the transmission costs.
In communmnications system modelling, the mathematical theory of shortest connecting ree
has been applied to the problem. A mathematical tree 15 a type of graph in which each
pair of computer site 15 connected by only one line. The use of mathematical theory of

trees permits a minimum cost network 1o be devised without an exhaustive search,

1.2 Ohjective

The objectives of the research are: A i
o o

a, To propose & framework for the effjcient Aransmission of data i computer

network environments.

b. To carry out an experimental study of the framework proposed

1.3  Methodology

The Travelling Salesperson Problem, the Minimum Spanning Tree optimization techmgque
and the Hamiltonian ¢ycle problem will be studied, In order to be able to identify those

factors like the transmission time, line capacity, load, transmission distance and duration

2



which determine the cost of data transmisston per unit time. Computer networking and
the mechanisms of data transmission (o a computer commumnications network will also he
extensively studied

The MNite] network and Mlling procedures will ulse be reviewed. The cost of
putting a call through te any part of the country where computers may be located will
be determined. A framework will then be designed for efficient data transmission in
computer networks., The experimental study of the framework will then be carried out
by software simulation on the computer.

This experimental study will be based on a network comprising of the state capital
cities and the federal capital (Abuja), A computer software package coded using Basic
Programming Language will be used in the research for the experimental study, This

software will be designed 10 be wser-friendly, menu-driven, and interactive.

1.4 Organzation of dissertation
The thesis is organized as follows. Chapter one containg the Overview of the research
The motivation, objective. methodalogy and the organization of dissertation is presemed
Chapter two presents the basic concepts of Knowledge Based Systems. Artificial
Intelligence ,Knowledge Based Systems and Expert Systems is reviewed, Chaprer three
presents a Review of Travelling Salesperson Problem and the Minymum Spanning Tree
optimization technigue. Chapter four focuses on Local Area Networks and Wide Area
Networks. Routing in data network, network protocols, data transmission mechanisms
and switching methods for computer networks are also considered. A review of Nitel Plg
telephone network services and their billing procedures is also carried out
Chapter five presents the framework proposed for data transmission ina computer

network environment. The design of the Knowledpe Based Software package 15 also



considered, Chapter six presents the implementation of the computer software developed
for the research work, The case $tudy carried out is also reported. Chapter seven

presents the conclusion and recommendations.



CHAPTER TWO
REVIEW OF KNOWLEDGE - BASED SYSTEMS

In this chapter, the Basic Concepts of Knowledge Based Systems is presented. Topics
covered include a Review of Artificial Imelligence, Knowledge Based Systems and

Expert Systems.

2.1 Introduction

Knowledge Based systems are computer based systems which incorporate Factual und
inferential data as well as uncertain, heuristic and subjective data [Savory,1988]. In
other words, a knowledge based system can be described as being a system that possesses
a store of knowledge in a particular expert domain and is able to make deductions or
inference from the knowledge base to solve problems in that domain of knowledge.
The conventional file system and database system have proved effective for
solving problems with mathematical or statistical basis or a routine data processing
nature, However, in areas such as management, industry and medicine, important
problems exist which do not fit into this category. Solving sech problems is still
critically dependent on evaluating alternatives, predicting outcomes and making complex
decisions. Scientists have been looking for ways of solving these unstructured problems
These are the types of problems that people solve by (rying various approaches
and learning from their mistakes. Until now only a human intelligence could do this, but
intelligent computer programs are now being developed for this. Computer systems that
exhibit the characteristics associated with human intelligence are classified under the
heading of Artificial Intelligence (Al). Using concepts from such disciplines  as
Psychology, Linguistics, and Computer Science researchers are learning how 1o prepare

programs or construct systems that do tasks that no machine has ever done automatically

3



before. Computers can be programmexd to act as "experts” in ficlds of diverse nature as
medical diagnosis and oil exploration [Akinyokun, 1994].

These types of systems are also known as Intelligent Knowledge - Based Systems
{IKBS), since the knowledge of an expert in a particular field has o be stored n the

computer systems and tapped by a user having an intelligent conversation with the

COTTpULET.

2.2 Arthcial Intelhgence
Artificial Intelligence can be defined as being a collection of computer supported
technique emulating some of the natural capabilities of human beings. This collection

includes primarily:

a. Problem Solving

k. Understanding natural language s

c: Vision and robotics

d. Expert systems and knowledge acquisition/representation methods |

There are three basic methods of problem solving in use in Artificial Intelligence
resedarch. These are:
i The search based methods
b. The algorithmic based methods
€. The knowledpe based methods.

The algorithmic method is said wo be associated with a curious phenomenon. That
i5, a5 soon as an algorithmic method for solving a problem is known, people cease o
regard the problem as being one in the area of artificial intelligence  The corollary s
that the algorithmic solution nd longer separates its domain knowledge from its inference

mechanisms, so that the self-explanation capability disappears [Savory, 1988].



All the basic methods of artificial intelligence appear to involve searching through
a space of possible solutions whilst optimizing some (predefined) evaluation function.
Knowledge (often in the form of heuristics) is used to guide and constrain the search

space. The major approach to problem solving now in use is that of knowledge

controlled search.

2.3 Knowledge Based Systems

Knowledge based systems are programs that consist of at least two active components
4 knowledge base and a so called "inference™ engine. The concept of a "program”
mitially was that of a series of instructions. This classical Von Neumann computational
schema concept lacked the ability to distinguish context dependent situations, and with
its inherent linearity proved to be unsatisfactory practically, Therefore some subsequent
developments of programming paradigms developed dual programming concepts.

One concept arose out of the mathematical differentiation between operators and
operand. i.e., distinguishing between the algorithm and the data structures of a problem.
PASCAL is a typical member of a group of languages that represent data structured
oriented programming {i.¢. algorithm plus data structures). The conceptual spht of the
algorithm and the objects on which the programming instructions act led to a certain
degree of data independence, with the data structures bemg removed (or hidden) from
the program wself. This is what has led to the development of database systems

Another concept imported its principal ideas from the first order predicate logic
and it draws a distinction between the descriptive (factwal) logic of a program and the
algorithmic control functions. PROLOG (i.e. Programming in Logic) is a language
based on this programming concept. It is frequently wsed in Euwrope for the

implementation of intelligent systems, and 15 the base implementation concept ol the



Japanese Sth Generation project "KLa" (Kernel Language "-fersinn g - i

Yet another viewpoint is represented by the research domain of artificial
intelligence in the language SMALLTALK. This is based on the abstract data type (an
abstract datatype is composed of an abstract data structure and an associated access
function,}. A program based on SMALLTALK consists of a number of objects that are
composed of {local) procedures as well as (localy data, The execution of a program
conceived in this style consists of a form of action by program objects so that objects
send or receive communications from other objects, called “message passing’

This object oriented programming concept consists of a set of objects in the form
of (data, procedure) couples. In this object oriented programming paradigm, the
conceptual duality is hidden by the concept of the object, but the program behaves as if
it were explicitly incorporated.

The most recent duality concept arose in the field of artificial melligence that i3,
that of the knowledge based program, This consists of the knowledge base and the
inference component. The knowledge base can contain descriptive and/or procedural
knowledge for the solution of problems. It is the function of the inference machine
instantiate the knowledge base to the problem at hand, That is, to interpret the problem
in the context of its knowledge about the problem domain. The method of representing
knowledge for example predicate logic set rules, specific rules and facts, graphs, trees,
nets, frames or procedures, is withouwt significance, as far as the conceplual level of the
knowledge base 15 concerned.

In the 1950s there was a preconeption dommnant in arhificial intelligence research
that it was sufficient that problem solving systems should contain general, domain
independent, knowledge coupled with very powerful problem solving strategies which

would give quantitatively satistactory results. Practical experience, however, conflicted



with this preconception.

Since the mad 1960s, and reinforced in the 1970s the above directions were
replaced by the recogmition of the fact that the construction of problem solving
knowledge based systems that give satisfactory performance requires emphasis on
precisely the previously neglected aspect that is to highlight domain specific problem
solving knowledge. Therefore, the new concept of knowledge based systems emerged
It is a domain specific knowledge otiented system paradigm, and this concept has now
percolated all artificial intelligence activity in this area [Savory,1988].

The Knowledge-Based system for the Efficient Transmission of Data in o
Computer Network Environment is based on a heuristic method developed for solving
the traveling salesperson problem. This rule of thumb method which would give a sub
optimal solution near the optimal but which is also computationally feasible and efficient
is applied by an interactive process which takes place between the user and the menu
driven svstem. Hence, while a knowledge base consisung of the problem domam and
mathematical procedures have been created, the human mtuition and experience 15 still

needed to complete the processing of the algorithm

2.4 Expert Systems

A person is considered an expert if he has a large knowledge domain in the form of facts
and rules, and in addition has individual experience generally not found in the literature
of the domain. Experience consists of heuristics, analogies, judgments on the basis of
individual decision critena, Such experience and Knowledge enables the human expert

to choose promising problem solving strategies or, if these turn oul to be unsuccesstul,

0 go back 1o the poim from where the strategy failed and o try another alternative

Expert systems are computer based programs which siore experts factual and



inferential knowledge. They use heuristics and fuzzy knowledge and are able to draw
conclusions themselves, based on their database from given case data. In addition they
can inform the user at any point of the solution, what hypothesis they are cerrently
pursing, why they have chosen & particular strategy, what conclusions have been drawn
so far, and why these conclusions were drawn. Expert systems are thus intrinsically
knowledge based systems.|Savory,1988]

The first applications of Expert systems oceurred in the USA as a result of close
cooperation between the industry and academia. The majority of these systems were
developed within the frame work of the famous "Heuristics Programming project” (HPP)
at Stanford University. However, it is the more speculative yet relatively rare
applications in industry that brought arificial intelligence into the world headlines. For
example, Expert systéms being used for mineral prospecting (system "Prospector”)

Early knowledge based systems, such as Stanford’s MYCIN for the diagnosis of
mfectious diseases or Nixdorf's CHICO for generating commercial application program
suites, did not separate their knowledge clearly from their inference mechanism, They
also did not have an explanation component or only a rudimentary one as m MYCIN
BRI an expert system for compuler systems configuration developed by DEC (Digual
Equipment Corporation) however remains a classic example of a successtul, yet relatively
simple, expert system in industrial everyday use.

To develop the Knowledge Base for an Expent system, Al researchers spend many
maonths picking the brains of specialists to extract and slerum the Knowledge that 15 the
basis for the specialists expertise. Once a knowledge base 15 created, programmed
techniques for efficiently representing and processing the stored facts and ideas are then
used to probe the base, Different approaches are used by different Expert sysiem

packages to deduce factual relationships and arrive at conclusions.

10



Knowledge may be expressed in a natural language for example English, and a
series of exchanges between the user and the Expernt system is usually needed. As the
user supplies the inputs, the Expert system responds as an intelligent assistant by giving
advice and suggesting possible decisions

Decision support systems (DSS) software are the programs which come closest
to Expert systems in purpose. However, a D55 cannot help to decide what questions o
ask, or what data to key in, neither can it suggest further actions based on the resull of
an analysis. Only an expert system that can assume the role of teacher/partner can do
this.

The human input to Expert Systems remain 4 crucial element in their
development. Expert systems are used as consultants, not decision makers. The human

user must decide how 0 make use of a sysitems knowledge.

11



CHAPTER THREE
REVIEW OF TRAVELLING SALESPERSON PROBLEM
This chapter reviews Travelling Salesperson Problem” with emphasis on some existing
published work in the area. The review is relevant because of the apparent similarities

of travelling salesperson programmes and data transmission programme in & computer

network environment.

3.1  Basic Concept of Travelling Salesperson Problem

The Travelling salesperson problem (TSP) can be represented by undirected graph
Gi{V.E,C) where V.E and C are the vectors which define the finite set of the verlices,
edges and cost of edges respectively of the graph. A tour of G is 2 directed cycle that
includes every veriex in V. The cost of a tour is the sum of the cost of all the edges in
the tour. The cost of a tour may be defined in terms of kilometer, the time in terms of
hours it takes to make the tour or the fuel consumption during the tour.

The travelling salesperson finds application in a variety of real life situations such

as in

a. The tour of company goods delivery vans,

b. The tour of post office mail delivery vans.

c. The communication of data in 4 network of computers.

d. The movement of robot arm to tighten the nuts of some pieces of

machinery on assembly line of a manufacturing company.
- ¥

A number of attempts have been made at solving the travelling salesperson
problem. The travelling salesperson problem has been modelled using dynamic
programming technique in [Horowitz et al,1978], The drawback of this technigue 15 the

12



large computer storage space and computational time needed even for a tour consisiting
of modest value of n vertices. On a general note, dynamic programming model 15
characterised by a multi-dimensional state vector which presents 8 serious obstacle in
solving medium-size to large size dynamic programming problems.

A least cost Branch and Bound algorithm is proposed in [Horowitz et al, 1978] for
solving the travelling salesperson problem. The algorithm involves the construction of
a state space tree and the formulation of a constrained r:i;st function for each vertex of
the weighted conceptual graph of the problem. The state tree is given by:

T={in, 1)
Where n is the permutation of the n vertices of the concepiual graph. The cost of the
mathematical permutation in terms of computational time 5 0{n-1)! which may be
expensive when n is large.

A heuristic procedure for solving travelling salesperson problem 15 proposed 1n
[Golden, 1980]. The procedure selects any vertex of the weighted conceptual graph of
a tour as the central depot, computes the savings for navigating the edges from the mitial
vertex. The savings are sorted in ascending order of magnitude and the tour of the graph
is constructed by linking the appropriate vertices in the sorted order, One of the
drawback of the procedure is that the computation of the saving is exhaustive and may
be very expensive when the degree of a vertex is very large. Another drawback of the
procedure 15 that, the approximate optimal tour obtamed 15 not guaranteed 1o be a
Hamiltonian cycle. A tour 15 Hamiltonian cycle if each vertex in the conceptual graph
15 visited only once and returns (o its starting position, This 18 the requarement for the
travelling salesperson problem

In [Christofides, 1976], a Three-step heuristic procedure for travelling salesperson

problem is reported. The first step constructs the mimmum spanning tree of the
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weighted conceptual graph of the travelling salesperson problem. The second step
transforms the minimum spanning tree into Euler eycle. The Euler cyele is transformed
into Hamiltonian cycle which is least costly in the third and final step. The experimental
study of that procedure carried out in [Golden et al,1980] addressed a tour of limited
vertices and the implementation of the third step was not reported. That experimental
study is, however, improved upon in [Lithe, 1984] by considering clustered vertices of
a tour which facilitates the transformation of Euler cycle into Hamiltonian cycle with
considerable reduce cost.

In [Akinyokun, 1990] a two phase-heunistic procedure for solving travelling
salesperson problem 1s proposed. The heuristic is an extension of Christofides procedure
with emphasis on the designers interaction with the mathematical algorithmic procedure
for generating the Hamiltonian cycle of the tour of a salesperson,

The objectives of [Akinyokun, 1990] are:
a, Given a set of cities and a start cily, it is desired to generate the wur of

a salesperson so that each city is visited only once.

b. To mimmise the cost of the twour,

The first phase of the algorithm employs the greedy philosophy in the construction
of sub optimal initial tour of a travelling salesperson. The empirical rules which guide
the construction of the initial tour are as follows,

a. Select the start city for the travelling salesperson

b. Identify all the cities connected to the start city and visit the city whose cost from
the start city is least,

C, From the current city, select the next ¢ity 1o be visited by applying the following
criteria:

=i Idemify all the cities connected to the current city which have not been visited
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and visit the city with the least cost.

¢.2  If all the cities connected to the current city have been visited, select the one
with the least cost as the next city to be visited. (This selection criteria violates
the requirements for Hamiltonian cycle of the travelling salesperson problem.

This requirement would however be restored in the second phase ),

£33 If all cities in the route have been visited and the start city is among the city
connected to the current city, then visit the start city and end the journey.
d. Repeat step © until all cities have been visited.

The time complexity of the generalised algorithm has been proved n
[Akinyokun,1990] to be {Q(n)) where n represents the vertices of the tour and Qin)
represents a polynomial in o, This time complexity has a polynomial growth which is
computationally tractable.

Applying these rules to the weighted conceptual graph of Fig. 3.1 where the
vertex represented as A is considered as the start city, that is the take off point of the
salesperson. The initial tour depicted in Fig. 3.2 15 obtained.

The initial suboptimal tour obtained from the first phase acts as the primary input
to the second phase, The main goal of this phase is to obtain an approximate optimal tour

which 15 a Hamiltoruan cycle, The processes of the second phase are as follows:

a. Display on the computer screen the initial tour.
b ldentify the subtours of the imtial tour which are not Hamiltonian cycles.
G Select a subtour which 15 not a hamiltonian cycle.

¢.1  Generate all the tours of the subtours such that in each tour, every node in the
subtour 15 visited only once,
c.2 Select the wour of the subtour which has the cheapest cost.

d. Repeart step ¢ until the subtours are exhausted. . \"-,
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Applying these rules to the initial our of Fig 3.2, four Hamiltonian cycles are
generated. These are depicted in Figures 3.3, 3.4, 3.5 and 3.6. Two of them have the
same cost which 15 the cheapest. Hence any of these two can be selected as the
approximate optimal tour,

The implementation of these rules i interactive and menu driven, A tour T of a
given subtour 15 defined by the permutation of the vertices of the subtour. The thime
complexity of the mathematical permutation is O{n-1)! where n is the number of vertices
of the subtour. A subtour 15 constraint to be of limited and manageable size, hence n 15
small and the time complexity is not explosive. Let k represent the subtours of the initial
tour which are not Hamiltonian cycle. Then the time complexity of generating all
Hamiltonian ¢ycle is Odkin-1)!. Since k is a constant, this time complexity reduces 1o
(Hn-1)!. A permutation may give rise to an infeasible ;.uur of the subtour. By the
designers interaction with the scheduling system, such permutation can be ignored during
the subseguent steps of tour evaluation.

The algorithm for generating Hamiltonian cycle of a salesperson tour proposed
m [Horowitz et al,1978]is the recursive formulation of backtracking whose time
complexity s O(p{N}N!), where N represents the vertices of the tour and P{N} represents
a polynomial of order N, Let t represent the time complexity of the proposed heuristic
procedure. Then, t 1s defired by t = O{Q{n)}{n-1}!) where Q{n) represents a polynomial
of order n. In practice, N is very large compared with n. Therefore QiP{(N)N!) = >
O(Q{n)}{n-1)!}. Hence the two-phase heuristic procedure is more efficient than the
mathematical algorithmic procedure proposed in [Horowitz et al, 1978].

The following conclusions can be derived from [Akinyokun 1990],

a. The minimization of cost in terms of computational time and storage space have

been achieved.
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b. The time complexity of the proposed heuristic procedure is not explosive, hence
it is computationally feasible.

£ Extensive experimental study of the proposed algorithm of the first phase and the
variant of Prims minimum spanning tree generalised algorithm have been carried
out and the resulis obtained show that the proposed algorithm reflects the true
nature of a travelling salesperson while the Prims algorithm does not.

d. From the results of the case study carriad out, it«ias been shown that given a
salesperson tour and a start city, two or more approximate optimal tours can be
obtained. When any of the other vertices is chosen as the start city, the results
obtained (that is the cost of the approximate optimal tour) in each case vary from

one te another.

3.2 Concluding Remarks
The travelling salesperson problem is one of the problems, whose solution 1s being
sought by using the theory of networks in the field of operations research. The simplicity
of the statement of the problem has been described as being misleading, because unul
very recently, there existed no compuiationally feasible algorithm lor its solution.
With the advent of the computer, the ultimate soal has always been to minimise
the cost in terms of the computational time and storage space required. Hence only
approximate algorithms like that proposed in this paper which are based on heuristic
solutions have proven to be better than the other methods that have been applied to

problems with large number of vertices.



The heuristic method proposed in this paper has proved to be efficient in
producing a sub-optimal solution close o the optimal, It also reduces the

computational time from an exponential to a polynomial function (of the input)
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CHAPTER FOUR
REVIEW OF COMPUTER NETWORKING

In this chapter, a review of the software, hardware and techniques for implementing
computer networks is carried out, Other topics covered are Network Protocols, Routing
systems and Switching Techniques for computer networks, A review of Nitel plc services

and tariff structure is also carried out,

4.1 Local Area Networks(LANs)

Computer network is the interconnected collection of awtonomous computers. Two

computers are said to be interconnected if they are able to exchange information via a

communication medium such as cables, microwaves or satellite between them. Two

computers are autonomous when there is no master/slave relationship between them.

Each of them has a processor (Central Processing Umit) heénce capable of processing its

local data without reference to any other computer,

The goals of cabled computer network are:

a. To share resources:typical resources are data files, programs, computer memary,
output devices, input devices and software packages.

b, To provide high reliability:the components of computer network are often
replicated. A faulty component cannot cause a breakdown of the computer

*
network.

B To save money:interconnection of low cost and high cost components with a view
to optimizing users and system performance gradually as the workload grows just
by adding more processors.

d. To provide communication medium among widely separated people:electronic
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mail, multi-media system, electronic bulleting board system.

A Local Area Network (LAN} is essentially a network designed for intelligent
workstations. The workstations attached to the network can use the processing capability
of other intelligent devices for certain shared processing functions, such as network
management and batch processing, However, in most applications, the workstations use
their own computing power.

The response lime experienced by a user of a LAN must be very high, and it
should be able to transfer large amounts of data quickly since the network may be used
for sharing file storage devices or for real ume cooperation between processors situated
on the network. The distances that a LAN spans are relatively small, compared to a Wide
Area Network (WAN) hence high grade communications I':I‘JE'.I:HE can be used withoul the
cost of the complete system being too heavy. This also means that the information
transfer rate can be high without the need for expensive signal strengthening, to be
carried out, at frequent intervals along the communications path.

A local area network (LAN) consists of the following:

a. Computers

b. Data transmission medium

c. MNetwork hardware interface

d. Network software that runs on each of the computers and allows the computers

to work in comjunction with each other.

Computers ina LAN environment can be connected in any of the following ways
. A host-to-terminal connection
b. A peer-lo-peer connection

C. A client-server connection
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4.1.1 Host-to-Terminal connection

The host computer has all the processing power in the LAN environment and drives the
terminals each of which serves as a workstation, In this environment the terminals rely
on the host computer for all its processing.

Host-to-terminal systems were created at a time when computer processors were
extremely expensive. To be economical, one processor had to support many people using
dumb terminals, Today the cost of processors has declingd to the point that intelligent
workstations are as inexpensive as dumb terminals. The cost efficiency of hosi-1o-

terminal protocols, therefore, have dimmished.

4.1.2 Peer-to-Peer connection

When two computers connected to each other are capable of passing data back and forth,
they are peer-to-peer connected, The fypical peer-to-peéer system 18 designed for
transferring large files from one host computer to another. Where peer-lo-peer types of
proweels have been used on LANS, performance has suffered because the protocols were
not optimized for handling multiple requests. Reliability also declines when no special-
perpose machine is placed in control of shared resources,that is there is no client nor

server, but every computer is both a client and a server to all the other computers.

4.1.3 Client-Server connection

In the client-server LAN environment, there 15 a computer which serves as the file server
and a host of other computers each of which serve as an intelligent workstation. Each of
the workstations has a processing power and capable of storing local data filex and
programs, However, the server has a large processing power such as large storage space,

high processing speed, expensive peripherals such as Primters and expensive software
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packages which each of the workstations has to share.

Client-server protocols are designed for optimal use of the computing resources
that are available in the LAN environment, The workstations uses its own resources for
most processing. It is only when the workstations local resources are not sutficient that
it sends a request to the network.

The primary role of a server is to share resources with users at the workstations.
Servers get their name from their role of serving the needs of users at clients. A
computer that operates as a server must have a large hard disk. Files and applications
that are shared across the LAN are stored on the server hard disk. In addition, the
server will have special network software that enables it to share printers with other
computers on the network. A network must have at least one server but a large network
may have more than one server. Every workstation has access 1o a shared directory on
the server that provides essential network utilities to a workstation.  The utilities include
programs that enable workstations to access other resources on the network,

Most of the computers on a LAN operate as  workstations. Workstatons use
resources shared by servers. Shared resources may include directories and printers. For
example, a workstation can connect to a servers shared directory and then use that
directory as though it were one of the workstations own disk drives. In order for a

computer (0 become a-workstation on a LAN it must have the client program installed

on 1t

42 LAN Software

It is often necessary (o interconnect many different types of computers, each with a
different operating system, A LAN software or network operating system softwiare may

be used for this purpose. The LAN software functions in the network in the way a local
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operating system functions in a standalong computer, The network operating systcmxc.an'
provide a standard connection language and message passing protocol among the
individual operating systems of the networked machines as well as providing access 1o
files in other machines. The LAN software provides the software enviromment in whicl
the LAN hardware operates. Functions provided by LAN software may include, File and
record locking, Security, Print Spooling and Electronic mail.

In order to enable several computers share a harddisk, early network systems
werg based on a multiplexer device. It used a polling scheme o regulate compulers
access to a central hard disk, but does not however, have a mechanism for security o
data integrity. Such concepts as data organization, disk management, and information
sharing were nearly impossible. This leads to the introduction of the Disk server in the
early 1980's on which early network operating systems were based

The Disk server is a software program that runs on top of PC-DOS, and provides
4 level of network management. Many LANs used this management approach before
1985. In a Disk server environmenl workstations access the shared harddisk as if the
disk was their own dedicated device. Input/output (I/0) requests 1o the disk storage are
redirected by Disk server software to go out onto the network to the shared hard disk.
The workstation operating system is tricked into thinking that it is talking to a local disk,
when in reahty the disk 15 somewhere else on the network. Disk servers include many
information sharing features, however, because of the inherent design of the Disk server,
sharing information without losing data integrity was still not possible.

In 1983, Novell introduced a new management approach for LANs called File
service, The File server software is a centralized software for managing disk. While
i a Disk server environment, each computer manages its own disk, in a File server

environment, the File server does this function. The File server svstems enforces all disk

24



IO request to go through the File server and the system can synchronize disk. Dara
mtegrity and security is better maintained, since only one device controls the disk ar a
time, and all requests must pass through the File - server. The File server architecture
also enables dissimilar workstations operating systems to access the same disk and to
share information. In 1984 IBM and Microsoft adopted the File server approach 1o
network management,

Among the network software available are: Microsoft LAN manager, NCR (Star
Group) LAN manager, Novel Netware, Unix and WindowsNT Advanced Server
Operating systems that provide support for networking include Dos 3.1 and all higher

versions, WindowsNT, and Windows "95 operating systems.

4.2.1 MS-DOS/Netbios
MS-DOS 15 the most common operating system for single - user computers. With the
earlier versions of MS-DOS each LAN vendor developed proprietary file and record
iocking technigues, and applications software had to be modified to suit each type of
LAN. MS-DOS 3.1 included multiuser primitives for controlling application access to
the network. This provided a standard interface for applications software and permitted
one version to run on all MS-DOS 3,1 compatible networks, Consequently, a large range
of compatible applications software were developed for :TIUlLiLtE'ET computer network
applications. The versions of MS-DOS greater than 3.1 have improved on and enhanced
this metwork support.

The IBM NetBios (Network basic input/output system) is a peer - to - peer,
session layer interface for the IBM computer network. For compatibility with the [BM
computer, a network operating system must emulate NetBios and, if the IBM PC network

program 15 o be run, a8 LAN must emulate NetBios because NetBios 15 implemented in
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firmware on the compuler network adapter hardwiare.

4.2.2 Novell Netware

Novel created its first networking product in the early 1950°s. In 1983, it produoced a
product that converted the 1BM PC X'T hard disk system into a file sharing system, and
later, it introduced Netware/86, which provided file server capabilities. In 1986, 4 new
version of Netware called Advanced Netware, was able to provide more support for LAN
hardware by bridging different network types within the file server or an external
workstation, hence it became possible to install both an E;hernet and Token Ring card
in the same server.

The Advanced Netware 286 is designed to take advantage of Intel 80286 based
systems and 1t provides multitasking capabilities long before products such as 05/2 and
Microsoft Windows existed. In 1989, the Netware 386 V3.0 was introduced, This
operating system was completely rewritten to take advantages of features built into the
Intel 80386, It has a full 32 bit pperating system that was designed for large networks
with massive data handling needs, It also had enhanced security performance and
flexibility. Version 3.1 came out in June 1990 and in 1991 the Netware V3 11 which
supports DOS, Macintosh, Windows, 05/2 and UNIX file and print services 15 produced.
The Novell Netware version 3.11 has been widely used all over the world in the 90°s.

The Netware 4.2, 15 however an entérprise - wide network operating system., that
15, it encompasses all the computing resources of an organization. This has made Novell
Netware very popular in business enviromments. Novell Netware can operate
cooperatively with an MS-DOS system, because it has been upgraded to take advantage
of the enhanced MS-DOS features, In place of the directory used in DOS, there is a

Netware shell which sits between DOS and applications in a Netware environment, The
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shell receives all operating systems commands, and decides if they are intended for the
network or the local systems. Local commands are associated to MS-DOS and remote
commands to the Internetwork Packet Exchange (IPX), which passes them across the
LAN to the server. Netware allows the shell to interpret commands rather than MS-DOS

This makes it more efficient for networking, Novell also provides a Netbios emulator
for the clients workstations |Sheldon, 1994]. The ability of Novell Netware 1o cooperate
and coexist with MS-DOS has made it popular and most widely used in LAN

environment worldwide in the past decade.

4.2.3 Unix m the network environment

Most Unix implementations nowadays include TCP/IP and support for Ethernet, and this
has greatly simplified networking in the UNIX environment, Also the Network File
System (NF3) is the distributed File - sharing system included with UNIX. NFS lets
users access files on remote systems as if the remote systems were a part of their own
systems. The remote file system is ‘mapped” so that it appears as a local drive. The
TCP/IP has several applications to facilitate file transfers and remote access between
systems, such as Telnet and File Transfer Protocol (FTP). Hence UNTX provides in one
package the ability to install a powerful operating system on a computer that lets users
share files and run programs on other users computers. Unix is very popular in research

Enviromments

4.2.4 Microsoft Windows NT/Windows NT Advanced Server

Microsoft Windows NT is designed to take advantage of powerful new deskiop systems,
and i5 not restricted to Intel systems as are DOS and WINDOWS. Tt runs on the
Motorola Power PC; Intel 80386, B0486 and Pentium processor systems; MIPS R4000
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64 - bit Risc systems; DEC Alpha based 64 bit Risc systems and ' super server” systems.
Windows NT expands on the features of Windows 3.1 and offers many features that
makes it unique,

Windows NT is a 32-bit operating system with pre-emptive multitasking and
memory protection, as well as support for symetrical multiprocessing and networking,

all with a praphical user front - end. The ahility of Windows NT to fullv access 32 kit
processors allows it o work with larger numbers of memary addresses and instructions

The Networking features enables files 10 be shared with other network users and
connections with shared directories on other systems. Windows NT has software and

drivers 1o support connections to other types of operating systems, such as UNIX and

IBM mainframes.

The Windows NT Advanced Server is an enhanced version of Windows NT that
provides sophisticated file server features for large network environments. [t provides all
the features of Windows NT, such as 32-bit operations, preemptive multitasking,
symmetrical multitasking, gigabyte memory addressing capabilities, networking, and
security, in a system designed to operate as a network server. The system provides
network administration features and the data protection features of advanced fault
tolerance, TFeatures available only i Windows NT Advanced serves include more
control over administrative domains and advanced fault tolerance features. The Remote
Access server features also provide a way for admimstrators to access and control
systems remotely using asynchronous telephone lines, Integrated services Digital Network

{(ISDN), and X.25 networks [Sheldon, 1994]

4.2.5 Windows 95 and Networking

w

WINDOWS 95 was launched as a full - fledged operating system by Microsoft Corp, to
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replace the Windows operating environment for M5-DOS which the previous versions
of Windows that is, Windows 3.x provided. Windows 95 has many new features that are
not available in the older Windows 3.x and Windows for Workgroups 3,11 releases

Windows 95 uses a 32 - bit architecture to provide for faster communications
between applications and the network. The network drivers in Windows 95 are
implemented as Virtual Device Drivers that are 32 - bit, protected - mode applications.
Being 32 - hit protected mode, they do not require any of the machines conventional
memory, leaving this vital resource for memory - hungry applications. The 32 - bit
architecture is extended to all facets of networking support. Windows 95 includes 32 -
bit network client software, 32 - bit network protocels, 32 - bit aetwork interface card
drivers, 32 - bit file and printer sharing software, and much more, This is combined
with support for existing 16 - bit software applications currently in use with Windows
for Workgroups.

Windows 95 supports more than one protocol at 2 ime, which makes it possible
to be connected and working on two or three different networks at the same time. Hence
while Novell Netware IPX/SPX might be used for workgroup client/server systems, i
could be switched o TCP/IP when a UNIX server is to be connected. Files can also be
transferred between the TCP/IP network and the Novell Netware network without having
to reconfigure and reboot each time. Windows 95 is designed to integrate as cleanly with
Netware as possible, The default network protocol is now Netwares [PX/SPX instead
of Windows tor Workgroups NetBIOS, although NetBEUT can sull be used ina Windows
for Workgroups network., The new network drivers included with Windows 95 are
written in 32 - bit protected mode and have been designed for faster performance for
Netware 3.x and 4.x systems.

Windows 95 supports several different peer-to-peer protocols directly. For dial -

29



up use, the Remote Access server, allows access to deskiop machines or workgroup
servers from laptops anywhere, and file transfer or application usage can take place over
a modem line. Network printing and network backup software are also included in the
Windows 95 package. Windows NT and Windows NT server versions have also been

upgraded to the Windows 95 standard, with the same Graphical User Interface being

provided for them also [Tilley,1995].

4.3 Local Area Network Architectures

The topology of a LAN is usually a description of the wiring which connects the network
workstation, however, it does nol always describe the route which packets take when
they traverse the network, The topologies employed by LANs are simple unlike WANs
which are normally more irregular, The most common topologies in the 80's in use tor
LANs are the bus and the ring, because they are both very simple to implement. They
regquire only one sort of node on the network, which serves to connect hosts o the
network and perform packet routing. In the business education and research environment

loday, the Star topology has assumed a state of prominence.

4.3.1 Bus Topology . '“I.\ ) 3

.

The Bus topology is the simplest of all LAN topologies, It has a qu}:?lﬁ;r:u_ﬁ nicating
medium to which all network nodes are connected, and a device has only to tap onto the
medium. It contains no active circuitry to amplify signals that 1s it 15 passive. When a
packet is placed on the bus, it is seen by all devices which are attached to the bus, The
computers share a common communications medium,only one computer can transmit data

at a time. Transmission employs a packel containing the source and destination address

fields and data. Each computer monitors the commumcation medium and copies the
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packets addressed o itself. Bus systems have been implemented using a very wide range
of communications media, for example both cable (coaxial and twisted pair) and
atmosphere types (radio) are suitable for use, Fig.4.1 shows a conceptual diagram of «
bus LAN, The workstations are labelled A - H in the diagram. Any one of them could

be the server, they are all connected by the common commumications medium provided.
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4.3.2 Ring Topology

A ring network contains a loop of communication medium, Data flows around the ring
in only one direction with the devices connected to the ring receiving data from it, and
interrupting the data on the ring to inject their own when they wish to transmit. Rings
are normally "active®, that is they imclude regenerating circuits which must operate
continuously. Hence rings can be extended to any size provided sufficient regenerating
circuits or repeaters are included. Packets transmitted on a ring can be removed by the
source or the destination, otherwise it will circulate indefinitely until removed. Rings
haye a broadcast nature. Any packel transmitted may be seea by all nodes on the

netwaork, this makes it possible to transmit to many nodes with only a single packet. All
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thit needs to be done is to reserve a particular network address that is recognized by all
nodes. Ring systems have advantages over bus systems 48 far as network access
lechniques are concerned, although it may appear 1o have poor reliability, since the
fatlure of any element in the ring will disable the entire network. A number of schemes
hive been proposed to counter this situation and actually ring fallures ure very rare in

practice.
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FIG 4.2 Conceptual diagram of
a Ring LAN _ :

The maximum size of a single ring communication system is hmited for a
number of reasons, The greatest degradation in service occurs when a ring Is populated
with many devices which generate packets at a high rate. Another is the round trip delay
that would be experienced on a physically large ring. An allernative to large scale rings
is a collection of smaller rings interconnected by bridges. When a dialogue with a device
connected to a different ring is required, packets are directed to the local bridge, which
then forwards them to the adjoining ring. Complex structures of multi-ring svstems can

be built, and in such a network a dialogue may take place across several brnidges. Also
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#s the number of stations on each individual ring is reduced, reliability 15 increased, Fig
4.2 shows a conceptual diagram of a ring LAN. The workstations are labelled A - F
Any one of them could be the server. They are all connected together by the commmon

communications medium provided.

4.3.3 Star Networks

A star network employs a central switching node to which all network nodes are
connected by bi-directional links. In order to transmit a packet, a network node sends the
packet to the central switch where a number of torwarding schemes are possible. In the
simplest method, the switch broadcasts the packet on all its links, thereby enabling the
packet to reach its destination. The switch will also have to arbitrate when several nodes
gre trying to transmit at once so that only one transmission occurs at a time. A more
complex switch will look at the destination address of each packet, choose the
appropriate link on which (o relay the packet, and if another arrives, can also relay it
provided the destination is different. 1F many packets have to be handled in this wav, the
switch will of course become more complex,

Expanding a star network can be a problem 1f only one switch is employed, since
the number of links it can support is likely to be fixed, Using switch nodes of hmited
gize and allowing them to be connected to both network nodes and other switch nodes
to form a multi-switch star (or tree) has some ﬂdditinm:l advantages over the single
switch star, Tt will use rather less of the communication medium and provides adequately
for growth.

The multi-switch star configuration has been employed in Wide Area Networks
for some time with the switches being used in a store and forward manner. The most

common star network in use is the private automatic branch exchange (PABX) used for



office telephone switching. Fig 4.3 shows a conceptual diagram of a star LAN. The
sérver in this instance is a dedicated one. The supervisor, which is a workstation serves

as 2 backup to the dedicated server. The other workstations are clients on the network
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FIG 4.3 Conceptual dicgram of
a Star network

4.4  Transmission Media

4.4.1 Twisted Pair Cable

A twisted pair Wire consists of individual insulated pairs of conductors enclosed in a
common protective sheath. Twisting the wires together increases the immunity to
electromagnetic interference by increasing the coupling between the two wires so that
interference will affect both more equally. Twisting the wires together also reduces
radiation and cross-talk between pairs in a cable because the radiation flowing in one
wire is almost cancelled out by radiation from currént flowing in the retorn wire of the

pair. A well defined characteristic impedance is necessary (o ensure uniform propagation
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of high speed signals down the cable and to permit the equipment connected to have a

characteristic impedance which matches the line [Akinyokun et al, 1996].

44.2 Coaxial Cable

The high-frequency electrical current that flows in the outer skin of a conducior makes
twisted pair (and muliicore) cables inefficient, and this skin effect mcreases atenuation
with the square root of frequency, A coaxial cable surrounds the mner conductor with
a dielectric such as polyethylene, and a coaxial fuse of solid or braided metal surrounds
the dielectric. Electrical interference is extremely low in coaxial cables if the outer
screen has no gaps. They have closely toleranced electrical characteristics and are

efficient electrical transmission lines [Tanenbaum, 1996] i

,- 1._-‘1

443 Fibre Optic Cable \ 2\
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An optical fibre has-a cylindrical shape and consists of three mﬁgenﬂ'ie_é:;:ﬁum, the
core, the cladding and the jacket. The core is the innermost section and consists of one
or more very thin strands, or fibres, made of glass or plastic. Each fiber is surrounded
by its own cladding, which is glass or plastic. The jacket is the outermost layer
surrounding one or a hundle of cladded fibers. The jacket is composed of plastic and
other materials layvered to protect against moisture, abrasion, crushing, and other
environmental dangers.

The advantages of fibre optic cables over electrical cables tor data transmission are:

a Higher transmission speed
b. Increased transmission capacity
w
c. It does not generate electromagnetic interference nor is it

susceptible to Nuclear Elecromagnetic pulse (NEMP) that accopanies a nuclear
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explosion.
d. Ground loop or cross-talk problems are rectified,
e Less bit error rates
f. no tisk of short circuits or electrical sparks
L. It is lighter than screened copper cable (this is important in ships and aircrafis)

and more flexible. It also takes less time o install,

h. It is sumable over 4 wide temperature range.

& Eavesdropping or tapping is more difficult because there is no Electromagnetic
radiation,

% It has higher insistence to corrosive atmosphere and ligquads.

4.4.4 Terrestrial Microwave

The most common type of microwave antenna i1s the parabolic dish. A typical size is
about ten feet in diameter. The antenna is fixed rigidly and focuses a narrow beam (o
achieve line of sight transmission to the receiving antenna. They are normally located
at substantial heights above ground level to extend the range between antennas and 1o be
able to transmit over intervening obstacles. To achieve long distance transmission, a
series of microwave relay towers is used, and point-to-point rmicrowave links are strung
together over the desired distance. Their primary use 15 in long haul elecommunication
service, -as an alternate to coaxial eable for transmitting television and voice. They can
support high data rates over long distances. It requires fewer amplifiers and repeaters

than coaxial cable for the same distance, but requires line-of-sight transmission,

4.4.5 Satellite Microwave

Communications satellite is, in effect, a microwave relay station. It is used to link two
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or more ground based microwave transmitter/receivers, known as earth stations or
ground stations. The satellite receives transmission on one frequency band (uplmk),
amplifies it, if it is an analog transmission ot repeats the signal il s a dignal
transmission, and transmits it on another frequency iﬂﬂf-'ﬂ link). A single orhiling
satellite will operate on a number of frequency bands. Satellites can be used 10 provide
point-to-point links between earth stations, or broadcast links (1.e, transmitting and
receiving from a number of earth stations simultaneously),

For a satellite o function effectively, it must be in geostationary orbit gt a heighi
of 35,784 km. Thas and the fact that a spacing of 4" in the 4/GHz band or 3% in the 12/14
GHz band is required to prevent interference, limits the number of satellites that can be
placed in orbit, Because of the long distances involved, there is a propagation delay of
about 240 to 300 ms from transmission from one earth station to reception by another
[Tanenbaum, 1996]. Given below n table 4.1 15 an estimate of the one-way maximum

delay for various orbit heights.

446 Radio

The main difference between radic and microwave is that radio is omnidirectional and
microwave is focused. Hence radio does not require dish shaped antennas, and the
antenpae need not be rigidly mounted to a precise alignment. Radio in general is used
to cover a wide frequency band, but particularly it is used for VHF and pan of the UHF

band of 30 MHz 10 16 Hz. This range covers FM radio and VHF television
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Table 4. IMaximum Propagation Delay for Satellite Channel

DISTANCE (MILES) APPROPRIATE DELAY (MS5)
7 000 L0
10,000 140
20,000 230 1
22,300 2707
25,000 300

* . Synchronous satellite
A well known use of radio for digital data communications is packet radio
A packet radio system uses ground-based antennas to link multiple sites in a data
transmission network, For example, the ALOHA system in Hawaii used two
frequencies one at 407,35 MHz for transmitting from users to a central controller
and one at 413.475 MHz for transmission in the opposite directions the bandwidth
on both channels was 100 KHz with a data rate of 9600 bps. Transmission is in
the form of short bursts of data called packets. The point-to-point range is about
30km. Repeaters were used to extend the system to a radius of about 500 km.

[Tanenbaum,1996]. Table 4.2 presents some applications of the various
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transmission media.

Table 4 Eransmission media applications oz ~
= ——
) X " »
LISES | -
s
———

I. Twisted Pair

Telephone system, intrabuiiding
communications, low-cost
microcomputers local network
within a building.

2. Coaxial cable

Long distance telephone network,
long distance television
transmission (cable TV), local area
networks, short range connection
between devices (I/O devices on
COmpuUters).

3. Optical fibre

Long distance telecommunications

4. Terrestrial
microwave

Long haul telecommunications
service, point-to-point links
between buildings,

4.4.7 Relationship between Medium and Topology

The choices of transmission medium and topology cannot be made independently. The

bus topology can be implemented with either twisted pair wire or coaxial cable, The

Tree topology can be implemented with broadband coaxial cable. The uridirectional

nature of broadband signaling allows the construction of a Tree architecture. The

bidirectional nature of baseband signaling on either twisted pair wire or coaxial cable
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would not be suited to the Tree topology.

The Ring topology requires point-to-point links belween repeaters. Twisted pair
wire, baseband coaxial cable, and fibre optics all can be used 10 provide these links,
Broadband coaxial cable would not work well i this topotogy, as each repeater would
have to be capable, asynchronously, of receiving and retransmitting data on multiple
channels.

The star topology requires a single point-to-point link between each device and
the central switch. Twisted pair wire can be used for this task. The higher dati rates of
coaxial cable or fibre optic cable would overwhelm most of the switches bemg used

currently [Stallings, 1994]

4.5  Transmission Techniques

Two transmission techniques are in use for bus/tree LANs. These are Baseband and
Broadband. Baseband uses digital signaling and can be employed on twisted pair wire or
coaxial cable. Broadband uses analog signaling in the radio frequency (RF) range amd is
employed only on coaxizl cable. There is also a variant known as single channel
broadband, which has the signaling characteristics of broadband but some of the
restrictions of baseband. Table 4.3 highlights some of the differences between baseband
and broadband.

4.5.1 Baseband Systems

A baseband LAN is by definition one that uses digital signaling. The entire frequency
spectrum of the medium is used to form the digital signal, which is inserted on the line
as constant-voltage pulses. Baseband systems can extend only about a Kilometer ai most
because the attenuation of the signal, especially at higher frequencies, causes a blurning

of the pulses and a weakening of the signal to the extent that communication over larger
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distances is impractical.

Table 4.3 Baseband Vs Broadband transmission
BASEBAND EROADBAND H
1. Digital Signaling 1. Analog signaling (requires
RF modem)
2. Entire bandwidth consumed 2. FDM possible-multiple data
by signal-no FDM

3. Bidirectional 3. Unidirectional
4. Bus topology 4. Bus or Tree wpology
5. Distance, up to a few km. 5. Distance up to tens of km.

Baseband fransmission iz bi-directional i.e. a signal inserted at any point on the
medium propagates in both directions to the ends, where it 15 ahsorbed.  Basehand
systems require a bus topology, because unlike analog signals, digital signals cannot

easily be propagated through the sphitters and joiners of a tree topology. [Stallings. 1994

4.35.2. Broadband Systems

A Broadband system is by definition one that uses analog signaling, Here digital signals
are passed through a modem and transmitted on a carrier wave over one of the frequency
bands of the cable. Unlike digital signaling, in which the entire frequency spectrum of
the medium is used to provide the signal, analog signaling allows frequency-division
multiplexing (FDM). With FDM, the frequency spectrum on the cable is divided imo
channels or sections of bandwidth. Separate channels can support data traffic, TV and
radio signals. The broadband system 15 categorized as being FDM broadband and single
channel broadband (this is a special case of a low-cost broadband system using a single
channel)[Stallings, 1994]

41



45.3 FDM Broadband

The Broadband LAN can be used (0 carry multiple channels, some used for analog
signals such as video and voice and some for data. One of the advamages of the use of
multiple channels is that different channels can be used to satisfy different requirements.
The three kinds of data transfer techniques that can be used are dedicated, switched and

multiple access.

For dedicated service, & small portion of the cables bandwidth is reserved for
gxclusive use by two devices, No special protocol is needed. Each of the two devices
attached to the cable through a modem, Both modems are ned to the same [requency
Transfer rates of up to 20Mbps are achievable. The dedicated service could be used to

connect two devices when a heavy traffic pattern is expected.

The switched transfer technique requires the use of a number of frequency bands.
Devices are attached through "frequency agile" modems, capable of charging their
frequency by electronic command. All attached devices, together with a controller, are
initially tuned to the same frequency. A station wishing to establish a connection sends
a request 1o the controller, which assigns an available frequency to the two devices and

signals their modems to tune (o that frequency.

The multiple-access service, which is by far the most common, allows a number
of attached devices to be supported at the same frequency. As with baseband, some form
of medium access control protocol is needed to control transmission. It provides for
distributed, peer communications among many devices, which is the primary motivation

for a local network.[Stalling, 1994],
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4.5.4 Single Channel Broadband

An abridged form of broadband is possible, in which the entire spectrum of the cable 15
devoted to a single transmission path for analog signals. A single-channel broadband
LAN uses bi directional transmission and a bus topology, Therefore, there can be no
amplifiers, and there is no need for a headend, Transmission is generally a1 a low
frequency {a few Megahertz). This is an advantage since attenuation is less at lower
frequencies, Because the cable is dedicated to a single task, it 15 not necéssary o ensure
that the modem output is confined to a narrow bandwidth. As a resuli the electronics are
simple and inexpensive. This scheme would appear to give comparable performance, at

a comparable price, to baseband [Stallings, 1994,

4.5.5 Broadband Integrated Services Digital Network

Broadband Integrated Services Digital Network(Broadband ISDN or B-ISDNjs a
technology vision which astempts to address the requirement for data transmission above
the 64Kbps capacity provided by ordinary ISDN. These higher rates are required to
support video conferencing using normal-sized screens, and other applications such as
high speed and color FAX

To meet these requirements, combining several ordinary ISDN charnels together
i5 not feasible since the delay on different channels is net guaranteed varialions may
occur 85 a result of routing in part via satellite links, It is possible to overcome such
delays by using buffers in the receiving terminal to equalize the delay across channels.
Otherwise a network solution could be provided which enforces a uniform delay across
all channels, B-ISDN can be implemented by media such as optical fiber once the

gconomical problems of laying fiber cable to individual subscribers is resolved. BISDN
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promotes the dea of a universal socket lor various applications ranging from low speed

data transmission o high speed definition television systems.

4.5.6 Asynchronous Transfer Mode

Asynchronous Transfer Mode(ATM) is a new switching technology being introduced tor
implementing LANs and WANs, Some sources classify it as Broadband 15DN. It may
also be described as fast packet switching with short fixed length packet, ATM is not a
shared medium and data rates of between 531 Mbps and 155Mbps can be achieved, Unlike
Synchronous Transfer Mode(STM) which reserves a fixed bandwidth for a connection
whether data is transmitted or not, with ATM bandwidth i; not wasted when data is not
being transmatted although while setting up a connection it 1$ guaranteed that the network
would be able to accomodate the bandwidth which the connection will require when
transmitting, When a connection is set up a specific virtual path is defined which the
transmition would follow unlike ordinary packet switching.

Implementation of B-ISDN with ATM networks will encourage the development
of new applications. A complete overhaul of the copper-based low-handwidih

telecommunications technology currently in place is however required. The introduction

of Asymetric Digital Subscriber Line (ADSL) technology may solve this problem

46 Medium Access Control Protocols

All local networks consist of a collection of devices that must share the network's
transmission capacity, Some means of controlling access to the transmission medium is
needed so that any two particular devices can exchange data when required. How access

15 controlled is constrained by the topology and is a trade-off among competing factors;



cost, performance and complexity,

aince in all cases, muluple data transfers share a single transmission medium, this
always implies some sort of multiplexing, either in the time or frequency domain. In the
frequency domain, any technique on & multiple-channel broadband system 15 by definition
based on frequency-division multiplexing (FDM). Within a single channel, however,
some form of time-division multiplexing 15 required. Time-division sccess control
techniques are either synchronous or asynchronous.  With synchronous technigques o
specific capacity is dedicated to a connection. This is not optimal 1in bus/tree and ring
network. The needs of the stations are unpredictable, and the transmission capacity
should be allocated in an asynchronous (dynamic) fashion in response to these need

Access to the medium using asynchronous time-division multiplexing (TDM) may
be random (stations attempt to sccess the medium al will and at random times) or
regulated (an algorithm is used to regulate the sequence and time of station access). The
random access category includes two common bus echniques, Carrier Sense Muluple
Access (CS5MA) and Carrier Sense Multiple Access with Collision Detection
(CSMA/CD), and two common ring techniques, register insertion and slotted ring. The
regulated access category includes both token bus and token ring for LANS

[Stallings, 1994]

4.6.1 Bus/Tree LANs

For the Bus/Tree topology the access protocols for which standards have been developed

by the IEEE 802 committee are:

a. CSMA/CD: In the simpler version or CSMA or listen before talk (LBT) A station

wishing to transmit listens to the medium to determine whether another
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transmission 15 in progress.  If the medium s idle the station may tranamit
Otherwise, the station backs off for some period of time and tries again.  There
are three algorithms developed for this frying agaia and these are called

i, Non-persistent

if. l-persistent

iii. p-persistent algorithms

After transmitting, a station waits for a reasonable amount of time lor an
acknowledgement. Collisions only occur when more than one user begins
transmitting within the period of progagation delay. CSMA/CD also referred o
as listen while tafk (LWT), attempts to overcome one glaring inefficiency of
CSMA, that is, when two packets collide, the medium remains unusable for the
duration of transmission of both damaged packets. For packets that are long in
comparison to their propagation time, the amount of wasted bandwidth can be

considerable. This waste is reduced with the CSMA/CD protocol.

Token Bus; In this technique, the stations on the bus or tree form a logical ring
that is the stations are assigned positions in an ordered sequence, with the last
member of the sequence followed by the first, Each station knows the wdentity
of the station preceding and following it. A control packet known as the wken
regulates the right of access: when a station receives the token, it 1s guaranteed
the control of the medium for a specified time, during which it may transmit one
or more packets and may poll stations and receive a response.  When the station
15 through it passes the toke on 10 the next staton in logical sequence

[Stallings, 1994].



4.6.2 Ring LAN

The various type of Ring LAN are as follows:

R Token Ring: This technique is based on the use of a small token packer thar
circulates around the ring, When all stations are idle, the token is labelled as

"free” oken.

A station wishing to transmit waits until it detects the token passing by,
alters the it pattern of the token from "free” 1o "busy token”™, and transmils a
packet immediately following the busy token. Other stations wishing to transmil
must wait until the packet on the ring has made a round trip and will be purged
by the transmitting station. The transmitting station will then place & new free

token on the ring,
b. Register Insertion: This technique derived its name from the shift register
assocated with each station on the ning, which 15 equal in s1ze 1w the maximum
packet length and wsed for temporanly holding packets that circulate past the

slation.

When a packet arrives along the ring, it is inserted bit by bit in the shifl
register. The packet begin with an address field. As soon as the #ntire address
field is in the buffer, the station can determine if it«s the addressee. 1f not, then
the packet is forwarded by being shifted bit by bit out until the packet is gone.
If another packet is due, as the first is bemng shifted out, the new one will be
accumulating in the register. If the arriving packet is addressed to the station, i
can either erase the address bit and divert the remainder of the packet to iself,
thus purging the packet from the ring or retransmit the data, while copying it o

the local station. [In this technique maximum wtilization of the ring is achieved
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since a station may transmit whenever the ring is idle at its location and multiple

packets may be on the ring al any ong time

B Slotted Ring: In the slotted ring, a number of fixed length slots circulate
continuously on the ring. Each slot contains a leading bit to designate the slot as
empty or full. All slots are initially marked empty. A station wishing 1o transmi
wails until an empty slot arrives, marks the slot full, and mserts a packet of data
as the slot gees by. The station cannot transmit another packet until this slot
returns. The slot may also contain response bits, which could indicate accepied,

w

busy or rejected by the addressed station.

The full slot makes a complete round trip to be marked empty again hy
the source. The total number of slots on the ring 18 known by each station and
it can thus clear the full/empty bit it had set as it goes by, Once the now cmpty

slot goes by, the station 1s then free to transmat again [Stallings, 1994]

4.7 Extended LANs and Internetworking

Large organizations that have adopted LAN technology have come 10 the conclusion that
a single LAN is unlikely to satisfy the needs of all the user departments.  The desire 10
have a unified approach 1o corporate networking, however, has resulted in the
development of various ways of linking LANSs, either within a local environment, which
may be termed on extended LAN, or between widely separated systems, which 15 termed
internetworking. The reasons for adopting a system of multiple LANS are usually due w
the physical limitations of 4 given technology and the complexity of managing a large
network. The methods available for extending LANS are through the use of Repeaters,

Bridges, Routers and Gateways.
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47.1 Repeaters

A repeater is a simple signal regenerator which can be usedsto extend the length of a bus
topology LAN. The extended LAN operates as one network, Repeaters operate at the
physical layer of the 150 model, and are used to join, exactly identical LANs, being
specific to each LAN. However, even with the use of repeaters, there is still a relatively

low limit imposed on the number of segments and stations permitied

4.7.2 Bridges

A Bridge 15 a4 simple store - and - forward device, used to connect two or more LANs
which use the same protocols ar or above the media access level of the data-hink layer
The interconnected individual LANs (known as segments) form what is called a bridged
local network. A bridge usually consists of two processors, one handling each LAN, plus
a large amount of common memory to buffer the message packets. In practice. since the
bridge has very little processing to do, quite impressive performance figures can be

achieved, Al present most bridges are used with Bus/Tree LANs and Ring LAN:

4.7.3 Routers

A Router transfers packets over a swiiched wide area network, rather than over a
dedicated point-to-point link of the Bridge. A router offers more sophisticated services
than a bridge, since it can select one of many different possible paths to forward a
packet. This decision can be based on a number of parameters such as transit delay,
congestion at other routers, or the number of routers between the source and destination

stations

The route over the WAN can either be established by manual contral ol the
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bridge, or where 1P s being run on the LAN, the destination [P address can be usid to
route over the network to a similar router. This 15 very close to the gateway function
gxcept that communication is restricted to router to router traffic 1.e. LAN station to

LAN station, and not LAN station to WAN station.

4.7.4 Gateways

The term Gateway is used to describe several essentially different entities, which
basically perform the same function, that of linking different networks together, A
Gateway operates at the network laver, and it 15 used o hnk different addressing domains
or significanily different technologies, e.g. LAN to WAN. A second type of Gateway
connects networks which run  very different protocols on either side. This may be

between two LANs, LAN 10 WAN, or between two WANs [Tanenbaum, 19496

4.8 Wide Area Networks

The principle of Wide Area Networks (WANs) also known as long hiul networks, hegan
a5 & means of connecting remote terminals to computer systems. In these loosely coupled
systems the communicating devices can function as independent units and are connected
by a network which can span a large area, The communications media used for the
networks are either the national telecommunications systems telephone lmes or cables lawd
specifically for the network, The scale of WANs is now so large that intercontinental
links have been provided using satellite technology. The data rate required by these
gystems can be rather low. MNemwork speeds in the range of 10 -30 kbps, with response
times in the order of a few seconds are typical. These networks are packet switching

networks using switching nodes and the store and forward method of operation
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The recent years have seen the development of both WANs and LANs o curry
mtegrated digital services including data, voice and video wraffic. Although WANs and
LANs can be categorized separately, many LANsS have gatéways o LANS, hence global

communications often make use of combinations of both types of netwarks.

In a typical WAN topology more than one path usually exists between a source
and & destination node. Each node accepts data from computers or terminals connected
W it, in a series of bursts, and assembles the data into packets with the appropriale
address mformation. The nodes then determine the routing, provide buffering and error
control, and return acknowledgement information to the sender when the packel reaches
the final destination, If an acknowledgement is not received within a specilied interval
such as 125ms the packet is retransmitted. The end to end delay for short messages,

varies between 50 and 250ms, depending on the packet length used.

In most WAN topologies the individual links are guite separate and rouling
algorithms are required. An alternative topology 15 one where each individual nodle 18
comnected to a common broadcast channel and has to compete for access, with all other
nodes, Wide area networks based on a single communications channel use either «adio
to connect many geographically separate nodes, or satellte communications.  This
approach to a WAN is cost-effective because it ruplaces thewvery expensive long distance
dedicated links with a single wideband channel, The Satellite is actually regarded as
being a node in the network. In a typical satellite system each ground station transmits
on a frequency f-up and receives on a frequency f-down. The equipment used for
receiving  signals, amplifying it and retransmitting it on another frequency is called a
transponder. Tn sech & system each ground station can monitor its own output for error-

free transmission [Tanenbaum, 1996].
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4.8.1 Circuit Switched (Dial - Up) Networks

The circuit switched (Dial-up) networks is used in the public Telephone networks, Ircan
be referred to as a point-to-point connection and was origimally designed for voice and

telex, bul now used for data transmission also,
The Bandwidth services in Dial-up networks include:
a. Narrow Band Daal-up (up to 300 bps)
b. Voice Band Dial-up (600 - 4800 bps)
g Wide Band Dial-up {above 9600 bps)
The advantages of using the telephone networks for data transmission includes:
8. It is relatively inexpensive
b. It is available as an already established network.
-7 The bandwidth is conserved.
The disadvantages include:
a. There 15 & himited ransmisston speed
b Variable line quality
& There are usually connection delays
d. There are limited connection points.

The connection protocols used in dial-up networks are the Point-to-Point protocol
{PPP) and the Serial Line Internet Protocol (SLIP). The Point-to-Point protocol {PPP)
15 @ popular standard for remote access which is used in Microsoft Networks. It supports
IPX, TCP/IP and NETBEUI. The Serial Line Interneéd Protocol (SLIP) i5 used in the

older remote access standard, and is typically used by UNIX remote services.



4.8.2 Leased Networks

The leased {private) Networks provides a private, full-time connection between users

It can be wsed for Point-to-Point or multi-point configurations. There is no dialing
required to establish a connection between users.
The Bandwidth services in leased lines include:
a. Narrow Band private (up to 300 bps)
b. Voice Band private (above 4800 bps)
€. Wide Band private
lts advantages include:
1. It is cost effective in locations that have medium to heavy data volume.
h. It offers pood line quality always
C. It guarantees line availability always
d. There are connection points available.

The main disadvantage is the cost of maintaining or leasing the line.

4.8.3 Wireless Computer Networks

The physical connection of the devices that make up a local Area Network {LAN] is
usually done by cable wires made of the coaxial type, twisted pair wire or fibre optid
cibles, These connections could become very cumbersome and even expensive when the
cables have to be laid across barriers such as streets and high rise buildings, |t is also
susceptible to interference when the cables are laid beside power lines, while the
movement of heavy vehicles around the cables could lead to vibration of the computer

system. Attempts at reorganizations of offices where a LAN exists will lead to a relaying
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of cables with its attendant inconveniences. The number of add-on devices allowed in a
cabled network is limited, while cabled networks does not permit mebile communication
from remote locations, from vehicles or even airplanes. These and other difficulties

form the need for wireless computer networks,

Wireless Computer Networks (WCN) have become possible due to advancements
m communications technology. These include the introduction of cellular phones, the
mereased usage of VLSI technology to produce mimaturized devices and Lapiops or
Notebooks and Palmtop computers with processing power and storage capacities rivalling
those of larger systems.

The desire to be able to access data in the office server from remote locations or
the implementation of cableless LANs in places prone to frequent reorganization have
become a reality. The components needed for implementing a wireless computer network
are: The transmission medium, an Access point, integrated radio transceiver, Antenna,
wireless modem, Bridges and the network software.

The transmission medium vsed by wireless networks are radio waves amd light
waves, The radio waves used fall into either of two categories, i.¢. the licensed radio and
the unlicensed radio frequencies, Both operate within a geographical distance of between
lkm and 14km. Light waves which make use of low power infra red waves as the
carrier on which the data to be transmitted is modulated can be used. Infra-red rays does
not require licensing to be psed and provides good security, It is however, only good
for room connections since it canmot penetrate walls, cetlings, etc, and has limaed
coverage.

The Access point is a radio equipment that allows groups of workers o stay uned

to the office LAN for file and print services. They can also sull move about from one



access point to another without losing their connection to the network.

The Integrated Radio receiver enables users to have a high degree of mobility. Deskiop
computers can be fitted with a Network Interface Card (NIC) adapter with a radio
transceiver, while a Personal Computer Modem Card Interface Adapter (PCMCIA} with
a radio transceiver is required for Notebooks. The wireless PCMCIA LAN adapier is

fitted into the PC card slol of the Notehook with an antenna attached.

The Antenna 5 a passive device that radiates the same amount of power as i
receives from a transmitter to a receiver. 1ts dimensions is usually related o its frequency
of operation. It has maximum sensitivity m its band of operation and becomes
increasingly less sensitive at frequencies further away from this band.

A Bridge collects data packets from one network and retransmits them as soon as
possible to intended recipients on another network. Its connection o the LAN allows

multiple networks to appear hke a single one.

The WCN Network Interface Card contains its network operating system drivers,

This allows it to be used with existing network operating systems, However, an interface
.

is need between the application software and the wireless network, before application

software developed for wire-based networks can be used on a wireless network. The

objective of this middleware is to minimize the liability of the restricted bandwidth

available. In a wireless LAN, adequate security and control measures exist for the

protection of network resources against unauthorized disclosure, modification, utilization

and destruction,

4.9  Routing in Data Networks

The main function of the network layver is routing packets from the source machine (o the
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destination machine. The routing algorithm is that part of the network layer software
responsible for deciding which output line an incoming packet should be transmatted on
It can also be described as the network layer protocol that guides packets through
the communication network to their correct destination. Routing in a network involves
a rather complex collection of algorithms that work more or less independently and yet
support each other by exchanging services or information. The complexity 15 due to

mumber of reasons, some of which are:

a. Routing requires coordination between all the nodes of the network

b. The routing system must cope with link and node failures which requires the
redirection of traffic and an updating of the databases {(and routing tables)
maintained by the system

& To achieve high performance, the routing algorithm may need to modify its routes

when some aréas within the network become congested

When a routing decision 1s made depend on whether the network uses datagrams
or virtual circuits. In a datagram network, two successive packets of the same user pair
may travel along different routes, and a routing decision 15 necessary for cach individual
packet. In a virtwal circuit network, 4 rouling decision is made when each virtual circuit
is set up. The routing algorithm 15 used to choose the communication path for the virtual
circuit. All packets of the virtual circuit subseguently use this path up to the time that the
virtual circuit is either termanated or rerouted,

There are a number of ways to classify routing algorithms. They can be divided
into centralized and distributed routing. In centralized routing algorithms, all route
cholces are made at a central node. In a distributed routing algorithm, the computation

of routes is shared among the network nodes with information exchanged between them
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5 Mecessary.

Another classification of routing algorithms relates 1o whether they change routes
in response to the traffic input patterns. In static routing algorithms, the path used by the
sessions of each source-destination pair 15 fixed regardless of tratfic conditions. It can
only change in response Lo a link or node failure. This type of algorithm cannor achieve
a high throughput under a broad variety of traffic input patierns. It is recommended fo
either very simple networks or networks where efficiency is not essential,  Most mujor
packet networks use some form of Adaptive routing. In this case the paths used w route
new rraffic between origin and destinations change occasionally m response o
congestion, then the routing algorithm would try to change 1ts routes and guide traffic

around the point of congestion.

Generally, routing algorithms are based on the notion of a shortest path between
two nodes that is a source node and a destination node, Here, each communication link
15 assigned a positive number called its length. A hink can have a different length in each
direction. Each path {which s a sequence of links) between two noddes has a length equal
to the sum of the lengths of its links. The routing algorithm therefore, tries w route
packets along a minimum length (or shortest path) between the source node ol
destination node, The ARPANET has a distributed adaptive algorithm that makes use ol
a distributed computation of routes in the nodes in a datagram network. The TYM™ET
on the other hand has a centralized adaptive algorithm operated at a special node called
the supervisor. TYMNET uses virtual circuits, so a routing decision is needed only at
the time a virtual circuil 1§ s&f up,

Some static routing algorithms in use are based on | Shortest path routing,
Flooding, and Flow based routing. The first two takes only topology into account, while
the third also considers the load, Some dynamic (adaptive) routing algorithm in use are

al



: Distance vector routing, Link state routing, and Hierarchical routing [Huitema, 1995]

410 Network Protocols

A prodocol may be conceived as a set of agreements between two communicating entities,
o facilitate the orderly exchange of information, and to efficiently manage network
resources. The communicating entities maybe user application programs, file wansfer
packages, database management systems, electromic mail facilimes, and terminals.  Fo
two entities to communicate successfully, they must "speak the same language”  Wha
15 communicated, how it 1s communicated, and when it 15 communicated must conform

to some mutually acceptable conventions between the entities involved.

The concept of layering has generally becn used in"the designing of protocols.
The main principle used n layering is that a given layer in a node logically exchanges
messages with its corresponding layer in another node and that the processing at other

layers is transparent to it. The advantages of layering includes:

a. It allows interactions between functionally paired layers in different nodes,

b It allows simpler descriptive, development and testing processes ol the protocol
software,

. Changes or modifications may be made to layers independently of  each other

Virtually all aspects of communications networking s governed by various
protocols which follow either a hierarchical, or layered structured approach, with lower
level protocols serving higher level protocols and vice-versa. There are protocols for data
transmission, medium access contrpl, various aspects of network management, for
process synchronization, the management of priorities, routing and flow control, error

control and recovery and internetworking. [Stallings, 1994]
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4.10. 1 The TCF/IP

The TCP/IP (Transmission control protocol/Internet Protocol) is the most widely used
networking protocol in the world. After originally beng developed for tying Unix
machines together to form the Internet, it became the dominant Unix network protocol
because of its simplicity, standardization, and speed. TCP/IP is not a single protocol but
a whole family of several protocols with different purposes. The TCP/IP protocal family

15 listed below:

& Transport: These protocols control the movement of data between two machine
T C P (Transmission control protocol): A connection-based service, which
means that the sending and receiving machines are communicating with cach
other at all times and is designed to use an underlying IP service, It provides
relability, multiplexing and flow control.
U D P{user Datagram Protocol): A connectionless service (the two machines are
not communicating with each other}. It is used in conjunction with [P to provide
a datagram mode environment for application processes to send messages 1o other
programs.

b, Routing: These protocols handie the addressing of the data and determine the hest

routing to the destination. They also handle the way large messages are hroken

up and reassembled at the destination.

| P {Interned protocol): IP handles the actual transfer of data. It s protocol
designed 1o transfer variable sized blocks of data (datagrams) between hosts. [P
does not guarantee correct delivery of datagrams, nor correct sequencing. Had
delivery or other problems with datagrams are signalled via a sub-protocol called

ICMP (Internet Control Message Protocol),
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ICMP{Internet Control Message Protocol): This handles states messages for 1P,

such as errors and network changes that can affect routing,

R 1 P (Routing Information Protocol): One of several protocols that determine the

best routing method.

OSPF (Open shortest path first): This is an alternate protocol for determiming
routing.

MNetwork Addresses: These services handle the way machines are addressed,
both by a unigue number and 4 more common symbolic name.,

ARP{Address Resolution Protocol): This determines the unigue numeric addresses
of machines on the network. It is used in Ethernet systems to convert the 32 bit
[P address into 48 bit Ethernet addresses.

DNS(Domain Name System): Determines numeric addresses from machine
TAImes.

RARP (Reverse Address Resplution Protocol): Determines addresses of machines

on the network, but in a manner backward from ARP.

User Services: These are applications 1o which users have access.

BOOTP (Boot Protocol):Starts wp a network machine by reading the hoot
information from a server. BootP i1s commonly used tor diskless workstations
FTP ( File Transfer Protocol): A simple file transfer method that uses UDP as the
transport,

Telnet: A high level terminal-oriented protocol for gser interaction with a remote

system. Allows remote logins so that a user on one machine can connect to

anather maching and vse the remote machings resourees,

Gateway Protocols: These services help the network communicate routing and
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gatus information, as well as handle data for local networks.

EGP (Exterior Gateway Protocol): Transfers routing information for external

networks.
GGP (Gateway-1o-Gateway protocol): Transfers routing ndonmaton between
Interned gateways.

IGP (Interior Gateway Protocol): Transfers routing information for internal

nerworks.
. Other Categories: These are services that do not fall into  the categories
mentioned earlier, but they provide important services over a network.

NES (Network File System): Enables directonies on one machine to be mounted
on another machine and then accessed by users as though the directory was on

a local machine.

NIS (Metwork Information Service): Maintains user accounts across networks,
simplifying logins and password mamienance,

RPC (Remote Procedure Call): Enables remote applications to communicale with

each other using function calls.

SMTP (Simple Mail Transfer Protocol): A protocol for transfermmg clectrome

mail between machines.

SNMP(Simple Network Management Protocol): An administrator's service that

sends status messages about the network and devices attached to it [Tilley, 1995].

4.10.2 The 150 Reference Model for Open Systems Interconnection
Widely publicized step towards the standardization of computer networks was the
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defimtion by the International standards organization (I50) of its Reference model for
open systems Interconnection (OSI). This standard attempis (o define the structure of a
network as a seven layer hierarchy, each of which has a well defined function. Each
level provides a service for the level above it and in turn uses the services provided by
the level below . The users feels that communication with another user takes place
across a direct link, whereas this virtual connection only happens through all the network
layers below. The only level at which there is an dctual physical transmission medium
coanecting the host to the network is at the very bottom, The layers are described below
B Application Layer

b. Presentation Laver

[ Session Layer

d. Transport Layer

.} Network Layer

r Data Link layer

i. Physical Layver

The Application layer: This is the highest layer, and it provides communication between
two application processes, such as for application programs. It provides application -
specific aspects of communication between the network users.

The Presentation layer: This layer provides services for the application layer to interpret
the meaning of the data exchanged. It includes management of the entry, exchange,
display, and control of structured data.

The Session layer: This layer provides session initiatibn and termination, session

recovery, data delimiting, and dialog control.
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The Transport layer: This layer provides the transparent transfer of data, 1t also includes
such functions as class of service, sequencing of messages, dehivery and flow control.
The Network layer: This layer provides message routing. [t determines whether the
messape should be sent to the transport layer in the local node or through the datu-link
layer to another node. The layer also segments and blocks messages to facilitate
transmission. A message between two network users traverses the lowest three layers in
each of the transit nodes in the network.

The Data-link layer: This layer establishes and maintains ong or more data links between

network entities, and provides sequencing and link flow control.

The Physical layer: This layer supports the mechanical, electrical and functional

procedures for creation, maintenance, and release of data circuits between link entities.

One of the major issues at the network level is the use of connection-oriented or
connectionless protocols, connection-oriented protocols are commonly known as virtual

¢ircuit service, while connectionless protocols are known as datagram systems.

Connection-oriented protocols supports broadcasting, the use of multiple stations and
provides for correct sequencing of data, guaranteed delivery, error recovery, and data
flow control. Connectionless protocols does not guarantee delivery of message packes,
confirmations are not sent and the responsibility for proper message receipt rests on the

sender and receiver,

4.11 Switching Techniques for Computer Networks

In a network, data which is sent between two hosts travel along a number of links and
through some switching nodes. However, the concept of a single commumication link

between two host devices can still be supported. This can be done by ensuring that all
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the communications links between the two hosts devices are reserved for their sole use,
while the transmission is on. This technique is called Circuit Switching. Problems can
pocur im a circuit switched data network when a communication line which connects two
heavily populated switching nodes is in great demand, since once a connection across the
network has been made, this prevents other devices from setting up a link by using any

of the lines already in use.

The dedicated line' problem of circuit-switched networks is therefore solved hy
not letting host devices reserve the lines, For example the message to be transmitied
could contain an address field, which the nodes could distinguish from the data and
thereby send the message on in the right direction, hence hnes are reserved by the
switching nodes only for the duration of the message. This technique is known as
Message swiching. Problems that may occur with this technmique 15 inter message
mterference and queuing problems at the switching nodes, In an adaptive system, it is
possible to overcome this problem by adjusting the routes used by the messages so that

the traffic load is spread more evenly across the network.

The complexity of the switching nodes can be reduced by the use of Packel
switching: In a packet-switched network the data to be sent is divided into small chunks
called Packets which are typically a few hundred bits in length. Each packet contains
enough addressing information to enable the switching nodes to route it to its destination,
[t also contains a portion of the message being sent and sufficient information to allow
the message (0 be reconstructed from all the packets. There can still be contention for
a link in this scheme and switching nodes must be able to store whole packets while a
link 1s busy and forward them when it becomes free. Networks based on this principle
are known as Store and Forward networks. Two packet transmission fechniques can be

identified:



A Virtual circuit transmission system is one in which a path is set up between
source and destination and all packets follow the same path and arrive m the sequence
it which they were transmitted.

A Datagram transmission is one in which individual packets are transmitted by whatever
route is avatlable when they are presented for transmission. No fixed route is set up and
gich intermediate node decides on the appropriate path, according to some routing
glgorithm. In the case of datagram the packets do not necsssarily arrive in the order in
which they are transmitted, and each packet must identify itz position in the transmitted

sequence.

The main feature of the datagram type of packet switched network 1s that the data
links between nodes are used at near their full capacity. Further packets are scheduled
for transmission s0 that their is no contention,  Essentially each node queuves packets tor
transmission and since there 15 more than one outlet, each node can select an allernative
route if the quewe for the direct route becomes too long, There are many possible
glgorithms for this.

Circunt switching is essentially a transparént service. Onge a connection has been
established, a constant data rate is provided to the connected station. This is not the case
with message switching and packet switching. These services introduce variable delay so
that data arrives in a choppy manner. The data may also arrive in a different order from

the way they were transmitted. (Hopper et al, 1986)
Three types of delays can be identified, these are:

& Propagation delay: This is the time it takes a signal to propagate from one node
to the next, This time is generally negligible. The speed of electromagnetic

signals through a guided medium, for example, is typically 2x10° m/s and for an
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unguided medium is 3x10° m/s.

b. Transmission time: This is the time it takes for a transmitier to send out a block
of data. For example, it takes one second 1o transmit a 10,000 bit block of data
onto a 10kbps line,

c. Node delay: This is the time it takes for a node o perform the necessary

processing as it switches data.

For Circuit switching, there 18 & cerfain amount of elapsed time before the
message can be sent. This is the time needed to set up the call in the first place. After
the connection has been set up, the message is senl as a sifgle block, with no noticeable
delay at the switching nodes.

Message switching does not require a call set up, however, the entire message
must be received at each node before that node begins to transmit, Hence the total delay
using message switching is almost always significantly longer than for circuil swilching.
Datagram packet switching also does not require a call setup and each node along the
route can begin transmission of each packet as soon as the packet arrives, and need not
wait for the entire message. Hence, datagram service is significantly faster than message
switching.

Virtual circuit packet switching actually appears quite similar 1o circuit switching.
However, for virteal circuit packet switching apart from the delay incurred in setting up
the connection, there is also a node delay due to the queuing of each packet at each node,
even though the virwal circult has now been set up, and each packer must wan for s
turn before retransmission. The rate of transmission is also no faster than circuit switched
transmission. This is because circuit switching ¢ essentially a transparent process which

provides a constant data rate across the network,



[n circuit switching, once a connection has been established, the analog or digital

data 15 passed from source to destination, as it Is. For message and packet switching,

the data is first orgamized into digital blocks, This means that analog data must firss be

eonverted to digital data before beng transmitted.

Further observations made about these transmission technigues are as follows:
For interactive traffic, message switching i nol appropriate, whereas circuit
switching, Datagram packet switching and virtual circuit packet switching are fust
enough for interactive transmission.

For light and/or intermittent loads, circuit switching is the most efficient, since
the public telephone system can be used, via dizl-up lines.

For heavy and sustained loads between two stations, a leased circuit switched line
is the most cost effective.

Packet switching is preferred when there is a collection of devices that must
exchange a moderate to heavy amount of data. With this technique, line

utilization is most efficient.
Datagram packet switching is good for short messages and for flexibility.

Virtual circuit packet switching is good for long exchanges and for relieving
stations of processing burden

Broadcast communications networks, unlike switching network do not have

intermediate switching nodes, rather at each station, there 18 a transmitter/receiver that

communicaties over a medium shared by other stations. A transmussion from any one

station is broadcast to and received by all other stations.

Two similar types of broadcast networks are packet radio networks and satellite

networks. In both cases, stations transmit and receive via aptenna, and sll stations share
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the same channel or radio frequency. [n a packet radio network, stations are withim
iransmission range of each other, and broadeast directly to each other. In a satellite
metwork, data is transferred from the transmitter o the receiver via a satelliie.  Each

stption transmts o the satellne and receryves oot the satelbite

Broadcast transmissions are also found in local networks. In the bus local
network, all stations are attached to a common wire or cable, A transmission by any one
station propagates the length of the medium in both directions and can be received by all
other stations. The ring local network consists of a closed loop, with each station
attached to a repeating element, A transmission from any one station circulates around
the ring past all other stahons, and can be received by each station as it poes

by.[Stallings, 1994]

4,12 Modems and Multiplexers

Long distance Data communication over analog telephone lines requires a Jevice called
2 Modulator - Demodulator or a Modem. The Modem convert the digital signals into
analog signals with frequencies within the bandwidth of the telephone ling.

Signals runming between subscribers telephones and the exchange office are direct
current, limited by fitters 1o the frequency range 300Hz wo 3KHz. 1M a dignal signal were
to be applied 1o one end of the line, the received signal at the other end would not show
a square waveform owing o the capacitance and inductance effects. Rather it would rise
slowly and decay slowly. This effect makes baseband signalling unsuitable except at
slow speeds and over short distances. The variation of current signal propagation speed
with frequency also contributes to the distortion. Alernating Current signalling is

therefore used inorder to get around the problems associated with d.¢, signalling. A
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continuous tone, called a smme wave carrier in the 1006Hz range is imtroduced, Iis
amplitude, frequency or phase can be modulated, as Amplitude Modulation, Frequency
Modulation or Phase Modulation. The MODEM therefore is a device that-can accept a
serial stream of bits as input and produce a modulated carrier as output (or vice versa),
The modulator is inserted between the (digital) computer and the {analog) telephone

system,

Early data communications depended on dedicated or pubhic switched 1elephone
lines because there were few alternatives. However, with the introduction of all digial
networks in some countries that is, ISDN technology, data can now be entered in a
digital form through a standard interface, making Modems unnecessary. Modems are
however still necessary where the all digital network is unavailable, or computers, or

other data communication devices are to be interconnected [Tanenbaum, 1996].

4.12.1 Types ol Modems

There are two general types of modems for connecting computers into communications
channels. The Acoustic coupler, which is a small stand alone device, can be plugged into
a computer terminal or a4 micro-computer, and has a pair of rubber cups that serve as
receptacles for a telephone handset, With the coupler, one needs first to call the number
assigned to the computer. When the computer answers with a high-pitched tone, the
handset is placed into the cups, The mouthpiece on the handset is placed adjacent to the
demodulator. After a few seconds, the computer being called and the microcomputer or
terminal will establish communications and await transmission, The microcomputer or

terminal can then be used as if it were connected directly (o the computer being cailed,
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The direct-connect modem, has cables that are connected o the microcomputer
or terminal and then directly into a telephone. The telephone is used to call the
computer, and then & switch on the modem 8 set tw direct signals from  the
microcomputer, or terminal to the computer. This modem works like an Acoustic coupler
except that it is not necessary (o place the phone handset physically into the modem.

A type of direct-connect modem in popular use with microcomputers is a printed
circuit board that resides internally in the microcomputer, A receptacle in the board
accepts a wire that is plugged into the phone outlet in the wall. Thus, the modem
connects the microcompauter directly into the phone system. Most direct-connect modems
are also called "smart® modems because they are driven by software that automatically
dials the telephone numbers, keeps a directory of often used numbers, automatically
transmits sign-on sequences such as account numbers and passwords, and performs other
services for the user,

Modems have been given fax capabilities, so that a digital document cau be
cenverted to analog, ending up as a picture file (if the receiver 15 another fax/modem)
or a printed document (if received by a facsimile machiney. Also voice In the form of
voicemail have been added to modems. These multipurpose modems or voice/data/fax
modems automatically direct incoming data or fax calls to the appropriate software
module and pass voice calls through to the answering machines / vowcemail software
Some Modems can also enable the simultaneous transfer of voice and data. The data
transfer rate of these modems are vsually between 14.4 Kilobytes per second and a
maximum of 28.8 kilobytes per second. When dial-up services are used, it may be
necessary to set the modem manually at the appropriate transmission rate. With software-
driven modems, the transmission speed acceptable by the host computer can often be

detected by the terminal modem, which adjusts its rate 1o match that of the computer
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Modems can be connected 1o several types of devices that receive data transmissions,

These could be terminals, compulers, mutiplexers or concentrators.

Multiplexing is a technique for sharing a common channel between several users.
Thus, & mutiplexer joins 2 number of separate signals from different devices lor
transmission over a single carrier channel. Multiplexers are associated with host
computers that service a large number of users, A data concentrator 15 a computer which
accepts digital information from several sources and nutpt:m it on lower speed lines or
a smaller number of high speed lines, The name of this device is associated with the fact

that it usuvally has a memory or storage capability. Messages can be held in the

concentrator for selective (ransmission.

4.13 Common Carriers

The primary  data commumication system in most modern nations 18 the pubhc elephone
network which 15 government owned in almost all countries (excepl
the United State), In the U.S, telephone system are owned by private, licensed

monopolies. In America the best known of these is American Telephone and Telegraph
(ATE&T).

Common carriers are firms hke AT&T, and Niel ple, that have been authorizid
by the state (or country) to provide communications service (o the public, In Nigeria the
sole carrier was Nitel ple, however, in late 1997 the government has licensed other
private carriers. The only one of them thal is operating to date is Multi-links. In America
there are several thousand common carries and most like AT&T are investor owned and
privately operated. Three important common carries are Western Union, General

Telephone and Electronics (G T E), and the Communication Satellite Corporation

Tl



{COMSAT), These firms and others like MCI elecommunication (MCI mail) offer voice

and data communication service over land hines and sateliite links.

Value Added Networks, or VAN, such as GTEs Telenet, Tymshares Tymnet and
Lockheed's Dialnet use common carrier lmes to provide additional services such as
access to data banks and electronic mail. Because these network provide additional
service through the telephone, they are called value added network. These network use
special data holding rechnigues to provide low error rate and fBs0 reESponse LUne access
to subscribers at low cost. VANs provide economical service because they can make the

most effective use of their equipment

4.14 Nitel Plc Services and Tarifts

The Nigerian Telécommunications (Nitel) ple is one of the public carrier for
elecommunications services in Nigeria. The company as it is today came info existence
with the fusion of the former telecommunications service of the Post and
Telecommunications (P&T) with the Nigerian External Telecommunications (NET) in

1986, The postal services of P&T thereafter became the Nigerian postal services

{NIPOST],

4.14.1 Nitel Services

Mitel offers a wide range of services to the public. These includes:
a. Telephone with [DD (International Direct Diaﬁ“g}'.
b. Telex and Telex Delivery Service

£, Telegraph and registered telegraphic addresses Public coin telephone

d Transmission and reception of real-time television for network services.
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i,

Private leased telephone and telex services
Pal- Secam tape conversion

Private wire

Maritime mobile service (MMS)

Leased telephone and telex services
Alternate Voice Data (AVD) Circuits
Voice cost and press reception
International Public Counter Service
Nifax Services (Fascimile Service)
Satellite Mobile Communication (INMARSAT)
Training of PBX amnd Telex Operators
Drata Switching Svstems

Electromic Main (National Service Only)
Press reception and Broadeast

Word processing

X.20 Packet Switching

X.40 Electronic Message Service
Teleconference

Air-Traffic Subsystem

Collect Calls

Cellular Radio Telephone Service

International and Local Card payphone

The telephone service, which is advertised as bemng the most popular medium of
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communication in the world today, has been greatly enhanced by the use of satellite
technology. The international Direct Dialing (IDD) facility 15 a Do-it-yourself faciliy,
which has gained precedence over operator assisted calls: [t offers quick service and
customers can dial direct the mternational numbers they want without the assistance ol
Niutel operators. Trunk calls can also be either through the operators or the subscriber B
dial do n yourself facitity which is available on all Nitel modern selephone exchanges
The ott-peak rate for local telephone service is from 700 pome and 700 0 m . and
o discount ol 30% s offered tor off-peak calls. Since Nuel s committed o helping
customers improve their  busingss  performance by designing and  providing
telecommunications solutions that enhance productivity, shorten response ume and
maximize the flow of information exchange, Nitel has embarked on a digitization
program by converting 11s analog exchange [acilities to digital telephone exchanges. The
systems being installed are among the most modern in the world with many facilities
mcluded. They are very fast in information processing and call completion and the
subscriber 15 guaranieed 1o be connecteéd as soon as the last digit 15 dialed. Some of the

facilities provided by the digital exchanges are:

Malicious call identification

B. Call diversion

b, Traffic restriction

F Conversation transter

d. Alarm-Call Service

&; International Direct Dialing.

All Nitel exchanges that have been digitized have also ceased local operator

assisted call services, Miwel alse offérs both on Internal and an [nternational Telex
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service. The telex equipment wsed 1s the teleprimier machine which is mainly acquired
by firms. business organizations and governmental agencies who have constant exchange
of correspondence with local and overseas pariners.

The service is comparable with the telephone service because the telex subscriber
15 fully in control and establishes both internal and international telex connection within
& minute, withoul the assistance of Nitel operators. The connection is immediate and
charges are based on minute-by-minute usage. Privacy and secrecy 15 guarantecd and
records of discussions are automatically printed for remrd‘purpuses. The machines also
have built in facility to receve and record messages unattended . The service combines

both speed and accuracy which is regarded as the cornerstone of any efficient modern

business organization [Nitel, 1990].

Nitel ple has commenced the conversion of its present analog exchange facilities
to digital exchange systems. This conversion is expected to boost the performance of the
natianal carrier, Furthermare, optical fibre links, which is a higher grade transmission
medium 1s being used o replace the present cable systems,

These changes notwithsianding, the maximum data transmission rate presently
supported by the Nitel network is only 9.6kbps. Correspondingly, this implies that the
bandwidth available via the Nuel telephone network is severely limited. Hence, data
transmission services that requires a higher bandwidth/data transmission rate cannol be
supported by the present Nitel telephone system. This explains why Nigeria as yet cannol
have full Internet connectivity. The present system however supports Electronic Mail (E-
mail) facilities and probably others which can operate within the present bandwidth

limitations. The bandwidth limitation is only one of the problems of data transmission.
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4.14.2 Nitel Tariffs
Nitel charges service taniffs on installation | monthly rental charges, and telephone
removal/transfer. For telephone call charges both tocal calls and trunk calls are chirged
tased on the duration of the calls and the distance away from the exchange m oo radol
direction. Various categories of rates are available for International calls, Special
services, Domestic/Internal leased circuits, and Private wire (full or part-time) services
Others include, Inland/Imernational telegram service, Nifax service, (facsimile
service) for domestic/international service, Television (video) channel (1elecast service)
charges, Music channel charges, Terminal Earth Station / Message delivery service lor
INMARSAT services, Ship-shore {radio telegram & telephone) services, Pal-Sccam npe

conversion, and Licensing fee for privately owned lelecommunications systems thag is

FAX, PBX, PABX, PMBX and INMARSAT [Nitel, 1990]

Dial calls for either local or trunk calls are charged uniformly at the spme rale
all over the country at a rate of #1.80 (one naire eighty kobo) per umit. Each subscribe
has an account, where the meter reading are entered, and the number of wines used e
moenth is entered. The total bill for that moath is just the product of the number ol umis
used and the price per unit i.e. #1,80 . The other inputs to the bill are the Access charge
(#100 for businesses and #50 for private subscribers) and a 3% VAT (value added v
charge.

Commercial call office charges are based on the distance away from the exchangy
and the demand in thal area. e.g. If the demand is high, the price s low and vice versa
Furthermore, each state 15 allowed to determine its own tarift structure. by adjusting s
value by a factor derived for it, considering its commercial viability, VAT charpes are

also an integral part of the call-office charges.
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CHAFTER FIVE
FRAMEWORK FOR THE IMPLEMENTATION

This chapter presents the framework for the implementation of the Knowledge Based
System for the efficient transmission of data in 8 computer network environment, The
issues examined are the Framework Proposed, the Network Design, the Program Logic,

the Representation of the Input Data, and the Coding of the Routing algorithm,

5.1 Framework Proposed

When computers are interconnected (o one another, the choice ol topology usually
depends on the type of applications for which the network will be used, The commuonly
used topologies in Local Area Network are the Bus topology, the Star topology and the
Ring topology. The Star topology is widely used in Business environments or in networks
where there is a need 1o enforce a central control, The Ring topology is usually used in

w

Military or Research environments,

In the Star topology the server is used to connect all the workstations in the
network, A workstation wishing to transmit data sends a request o the server for a
connection to the destination workstation, The server uses circuit switching to establish
a dedicated path between the two workstations as if they were connecied by a dedicated
point-to-point link. In the Star topolagy, there is no direct link between one workstation
and another. A problem however arises if the workstation-to-server route is very busy

or gut-of-order.

In this research work, a Star/Ring hybrid topology network is proposed for

solving the problem. The features of this topology are:

a. Each workstation is linked to the central server independentlv,
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b. There is a direct link between the worksiations as conceptualised in figure 5.1
[ The desirable features of the Star topology and the Ring topology are
retained in the Star/Ring hybrid topology proposed.

d. The topology being proposed can be used in a cabled long haul network

environment.

Figure 5.1 Conceploal dlogram of a 5tar/Ming
hylTid netwsrk.

If the Server to workstation line is busy or out of order, then the data can be
routed through the other workstations in the network to the destination workstation since
there are now alternative routes available. This confers a greater reliability on the

network, It is observed that:

a. If the capital cost of transmission in the Star topology 18 "X,

b. If the Recurrent cost of transmission in the Star topology is "R".
= If the Capital cost of transmission in the Hybrid topology is "Y".
d. If the Recurent cost of transmission in the Hybrid topology is 'S'.

Then it can be shown that X << Y, while B > > 5.

In the Star topology and likewise in the Ring topology, there is no need o route



data. However, in the Hybrid topology being proposed, there is a need o route the data
through the network, and there is also the need to optimize (minimize) the cost of data
transmission. The routing algorithm proposed for such hybrid networks will minimise the
recurrent cost incurred when the communications channel is busy and a direct point 1o

point link between the server and the destination workstation 15 not possible.

5.2 Network Design

The conceptual Network graph showing a network linking all the State Capitals mn
Nigeria and the Federal Capital Territory (FCT) would have 1332 edges and 37 nodes.
In the classical travelling salesperson pmblem._the edge cost used was the road distances
between the towns or nodes to be visiled. This could however be transformed 10 speed,
time or even monetary cost. In a communications network, the transmission time, the ling
capacity, the load, the speed of transmission (or the data transmission rate), the duration
of transmassion and the distance are some of the factors that were examined that could

be used for the edge cost in a data transmission network graph.

The cost in monetary terms charged by the common carriers was however selected
as the edge cost because all these parameters can be translated (o the monetry cost, for
example the monetary cost is a function of the transmission time. The longer the duration
of the transmission, the higher will be the bill incurred. The cost is also a function of the
data transmission rate; This is determined by the speed of the Modem being used, the
available bandwidth and the quality of the transmission medium. Hence, when their is
more bandwidth available the data transmission rate achievable will be higher and the

rransmission time and monetary cost will also be reduced.

Nitel PLC multiplexes 40 communications channels at the Akure exchange and
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their charges are based on the duration of the transmission and the separation distance
ina radial direction from the exchange: The cost of processing the call, the number of
repeaters used and the switching technology being used at the exchange also contribute
to the amount charged. Based on all these considerations an appropriate tariff struciure
had been worked out by Nitels Customer Engineering Section . Information showing the
separation distance, current pulse rate in seconds, units per minute and the curren
charges per minute were clearly spelt out, Table 5.1 shows the published values for
Local and Trunk calls as at 1994, The tariff structure is reviewed periodically and the
current structure came into effect in January 1937 and the*details have not being made

public.

Table 5.1 Summary of Nitel taniff{1994)

e S

Radial dist. Current Unit per Current

in KM Pulse minute charge
Rate per
minute.

0 - 50 Gl | L.44

51 -90 30 2 1.80

91 - 160 20 3 2.70

161 - 250 13 4 5.00

251 - 400 12 5 7.00

401 - 600 9 6.7 9.38

601 - 700 ) B3 11.90

= 700 f 10 14.00

The weights used for the edge cost of the conceptual network graphs prepared for the

experimental case study of the framework being proposed was the current  Nitel call-
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office telephone rates. These values are a function of the linear separation distance
between the nodes. Since this data was not readily available it had 1o be computed by
extrapolation. The call*office rates was chosen rather than the dial call rates because the
information available about it was more reliable than that of the dial call.  The linear
separation distance belween pairs of stale capitals was first accurately determined from
a scaled road map of Nigeria and then converted to kilometers by multiplying the values
obtained with the scale or conversion factor used for the map.This computation was
carried out for each one of the 1332 different edges possible in a national network
comprising of the 36 states and the FCT{Abuja). These values of the distances obtained
were then used (o determine the appropriate Nitel tariff. The dentity of the nodes or
vertices of the weighted network graph was represented by codes corresponding to each
State Capitals and the Federal Capital Territory (Abuja). The convention adopted for
labelling the edges of the weighted graph is to refer to the pair of nodes (or states) they
connect together with the source node written first followed by the destination node for
example <OD EK> is interpreted as an edge of the weighted graph connecting ONDO
state to EKITI state. The braces used indicate the bi-directional nature of the edge being
referred (o. Note that a state 15 described or represented by the state capital. The

relational representation of the codes used in the weighted graph is :
WTGRAPH[statename, state capital, state code, code number]
The actuzal relation is presented in Appendix A.

The call office rates for telephone calls originating from the Akure exchange of
Nitel in Ondo State to some state capitals and towns at varying distances from AKure was

ohtained from the Akure exchange and the relational representation is:

NITELCOST[edge location separation distance,cost of 3 minute-call]
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The actual relation i1s presented in Appendix B, A praph showing the relationship
between the linear separation distance and amount charged for a 3 minute call duration
15 conceptualised. The graph in figure 5.2 was then used (o derive the corresponding
values that relate the call-oifice charges (o the separation distance between the source and
destination of a call in a radial direction. Table 5.2 shows the summary of the values

obtamed. The comprehensive data list obtained is presented in Appendix D
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It should be noted that it is neccessary 1o derive the relationship between the call
office charges and the linear separation distance, because this set of data is not readily
available, This again is due to the decentralisation and commercialisation of the
operations of Nitel, hence the rates being charged from Akure to the other states of the

federation are nol neccessanily being reciprocated from ihese other states (or exchanges),

3.3, Program Logic

The condition for constructing a Hamiltonian cycle states that each node in the network
should he visited only once. In real life experiences, it has been observed that daia

transmission over the public telephone network is only poessible at some locations
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{exchanges) at specific periods. For example, this might be for only a few minutes at a
particular tme period cach day during which time the line is less busy. The implications
of this is that, any attempt 1o transmit data (o a particular node outside this time slot may
result in the transmission being delayed for hours (or even days). This situation ends 1w
increase the cost of the trunsmission. The only alternative left is to route the data 1o its

destination by wsing other alternate roufes that are free.

Tablebfifmary of nitel call office wriff for Akure exchange, vat charges mclusive

DISTANCE IN A RADIAL COST/THREE MINUTES,
DIRECTION FROM EXCHANGE WITH VAT CHARGES (#)
{(KM)
- 20 [ |
21 — 53 17
30 - 80 21
81 - 100 30
101 - 205 35
206 - 2335 vl
236 - 355 35
356 - 330 63
531 AND ABOVE | 68.5 “

Therefore it has been proposed that the transmission of data in a computer
networking environment can be modelled by a Hamiltonian ¢ycle. This 1s why the
algorithm developed for the solution of the travelling salesperson problem, which
15 a Hamiltonian cycle problem is being applied to the transmission of data in a

computer networking environment.
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3.4  Representation of Input Data
There are two common ways to represent network (graph) for processing, These could
be refered o as the sequential form and the linked representation. The linked
representation is otherwise retered to as the linked list method. The sequenual form or
matrix method used a square table with n rows and columns where n is the numbers of
nodes { or vertices). This table is called the adjacency matrix. For an undirected graph,
the adjacency matrix, GRAPH { lin, Lin), is defined as
1 if edge i,j is feasible
GRAPH (i.)) =
0 optherwise
When the graph is a network, then the cost of (i,j)is represented as C(i,j), Cii.j) is
defined by
% if (i) is feasible
Ciy) =
+ o, otherwise
For undirected graphs GRAPH (i,j) = GRAPH (j,i), and is said t0 be symmetric. Even
though the adjacency matrix normally requires n’ location, for undirected graph, it would
suffice to keep only an upper trianglar matrix, of n (n-1)/2 elements. Also, the main
diagonal need not be stored as GRAPH (i,j) = 0, as would normally be the case which
indicates that there are no “self-edges”. The matrix method 15 used in this research work

1o répresent the network,

3.3 Coding of the Routing Algorithm
The algorithm uwsed for the opuimization of the network was based on the heunstic

algorithm proposed and implemented by [AkKinyokun, 1990] in the paper titled "Interactive
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‘ and Menu Driven Heuristics for the Travelling Salesperson Problem ®. This work has
been reviewed in detail in chapter 3.

The algorithm starts by accessing the node which represents the source of data
transmission. This is called the start node. From it the other edges are then added o the
data transmission route,one at a time. The next edge (i,j) added is such that i is a node
already accessed and j is a node not yet accessed. The cost of the edge (i.j) denoted by
MAT(,j) 15 the minimum among all the edges {k,1) such that node k has already been
accessed while node | has not been accessed .

The edge (i,j) is determined by associating with each node j not yet included n
the route, an initial value of MIN = 1000, thereafter | is set to the corresponding
minimum value in the row being scanned and if no other lower value in the row k, then
column | and minimum cost MAT(i,]) is recorded, and the process is repoated till end.
When all data rows have been sccanned a test for a patlr back to the starting node is
carried out and if a path is found the algorithm ends, otherwise, the search for a route
back to the starting node continues till one is found.

The operation of the program is presented below.
1. PROCESS DATA [ NOD,SNOD MAT,MST,ROW,COL MIN]

[NOD is the total number of rows SNOD is the starting node MAT 15 the

adjacency matrix (read in as input data), MST is the solution matix contaiming the

putput of the route constructed, ROW 1s the node just last accessed, COL 15 the
node just being accessed and MIN holds the current minimum value of the row
being searched.]

2. ROW <-———0, COL <-—-0MIN <—-— 10000
|initialise ROW, COL, MIN.]

3. CT <-—- -1, WORK(]) <-—---5NOD
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10.

13.

[ Define start node]

WHILE CT = NOD , For] < - 1 To SNOD do

[Search data row correspoding to SNGD and test for value of MAT{ij) = 0
AND = 10 but less than MIN].

Row < - WORK (CT), COL<-——], MIN <---MAT(WORK(CT),y)

endif

enddo

MST(CT,1) <--— ROW, MST(CT,2) <---- COL, MST{CT,3) <-—--MIN
[store start node value, currently accessed node value and edge cost in solution
matrix array]

WEND

CT <~ CT + 1, WORK{(CT) <---—COL, MIN <---— 10000

[increment counter CT, reset Col, Min to scan the data row

contaming the next node to be accessed]

Flag § <-——- "false"

While flag § <--— "false”, if MAT (work{CT), SNOD)

=/={), then MST{CT,1} <--—-work{(CT,2) <---- SNOD MST(CT,3)

< - MAT(work{CT)}, SNOD)

flag § <——- "true”

else Repeat step 4 to step 10

[while the test flag is false, continue the search for nodes/ edges 1o be included
in the data transmission route, but if the test flag is true, test if there is a path
back 1o the starting node, else continue the search for nodes ledpes in the route

till & path is found feading back to the starting nle)

end if



4. WEND

15. Cost €---0, forl <---- | 10 CT do

16.  print MST(CT,1), MST(CT.2), MST(CT,3)

17. Cost <-—-- Cost + MST (CT.3)
[print the nodes ledges in the route and its edge cost)
[sum the total cost for the route generated]

18,  enddo

19.  print cost
[print the total cost of the route generated]

20. End.

The algorithm is coded in a manner designed to make it interactive and user-
friendly,thereby enabling the user to actually select whichever route he desires among
edges of the same weight. The algorithm is tested using sample data that is representative
of & computer systems network. The results indicate that a Hamitonian cycle is ohtained
after applying the first phase of the algorithm. The second phase is not needed, since in
a communications network, there are no hanging nodes and there is always a path linking
each node to every other node that is, the network is fully connected. The situation is
similar 1o a travelling salesperson in a physical distribution problem, who is travelling
by air, rather than by road.

The processing may proceed to the second phase if there are constraints, such as
when there is no path between a pair of nodes in the network graph, In this
circumstance, the routing problem resembles the classical Travelling salesperson
problem.

The program modules are coded in Qbasic which 1s one of the utilities of MS-

DOS. Qbasic is a dialet or version of Basic programming language. Qbasic has features
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which support data processing. voice processing, and graphics/image processing. Qbasic
can be compiled using MicroSoft Quickbasicd.5 or Visual Basics for DOS. These
features of Qbasic make it more relevant in the implementation wnd case swdy

programmes ol thas research work
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CHAPTER SIX
IMPLEMENTATION AND CASE STUDY
This chapter presents the implementation of the research work. An illustration of the

algorithm for the optimal routing of data is first presented. The implementation technigue

15 then considered. The case study carried out is also presented,

6.1 Ilustration of the algorithm for Optimal Routing of Data

The graph depicted in figure 6.1 is used to illustrate the algorithm for optimal routing
of the data transmission. The processing starts with an examination of all the edges
connécted to the starl ¢ity and the cheapest edge is then selected as the path to the first
node along the transmission route. In this case the cheapest edge from FCT (the stan
node) is <FCT, KD > with a cost of 35, the node KD is therefore selected as the first
city along the transmission route.

From the node KD, it can be observed that two edges <KD SO> and
<KD KW > have the some cost value of 63, this being the cheapest amongst all the
edges connected to the node KD. Any of them could be sclected. Selecting the edoe
< KD,50> places the node 50 as the next node for the routing of the data. From the
node 50, the next node is KW, then node LA, node RV, and thén node BO,

Thereafter the circuit is completed by visiting the hode FCT again. The linked
list representation of the complete route is
FCT —-> KD --> S0 —> KW —> LA —-> RV --> BD —> FCT.

The total cost of the transmission along this route is 416 and the route is depicted in
figure 6,2, Three other alternate routes are depicted in figures 6.3, 6.4 and 6.5. The

manually generated routes which is not exhaustive is presented in Appendix E.
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6.2  Implementation Techniques

The software package used for implementing the research work is given the name
KBSNET. This is a mnenomic name derived from the rescarch topic, The KHESNET
supports three sessions. These are a tutorial session, a tour construchion session and i
graph definition session. The software is activated by typing KBSNET at the DOS
prompt. A typical transcript of the dialogues between KBSNET and the user during the

three sessions 15 presented.

As soon as the software is activated at the DOS prompt, the Welcome banner is
displayed. Thereafter, the Login Screen depicted in Figure 6.6 iz displayed on the

SCTeen.

_———

KBESNET LOGIN
Please enter the following;

User oame:;
User password:

Figure 6. 6(KBSNET login screen)

The user name and password are entered. Subject to verification and validation,

authorisation is granted and the system introductory screen depicted in Figure 6.7 is

displayed on the screen.
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Are you knowledgeable of the travelling
Sales Person problem?

1. No

2. Yes

3. Exit

Pls. select an option.

igure

INIrOQUCIOTY SCreen

selecting option 1, the system shifts control to a tutorial session which addresses the

lollowings:

'3 What is the travelling sales person problem?

h. What is the Hamiltonian Cycle Problem?

€, Objectives of KBSNET

d. Operation of KBSNET

£, Creation of program data files. "

Selecting option 2, calls forth the display on the screen of the Main menu depicted in

figure 6.8

KBSNET MAIN MENU

1. Inittal Tour Construction
2. Final Tour Consiruction
3. Define Graph
4. Exit

Please Select an Option. I

Fig. 0.8 RBSRET Main Meny)

The second session starts with the tour construction sub menus being selected
from the main menu, The two sub menus available for tour construction aretfeitial Tow

Construction Sub Menu (option 1) and the Final Tour Construction sub menu {(option 2)

F



Selecting option 1 for the construction of the initial tour calls on the screen the sub menu
depicted in figure 6.9, When otpion 1 is selected, the screen displayed changes to that

depicted in figure 6. 10.

INITIAL TOUR CONSTRUCTION SUB MENU

1. Construction of Initial Tour

2. Optimization of Initial Tour
3. Exit

Please Select an Option.

Fig. 6.9(Initial tour construction submenu)

Please enter the following:
Mame of data file:
Enter number of nodes:
Enter starting node number:

Figure 6.10(Data input screen)

Upon supplying these information, control 15 passed back o the initial tour
construction sub menu where option 2 can now be selected to start the Optimization
process, Once it has been activated, the screen display depicted in figure 6.11 15 shown

on the screen.
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Make a choice please

. Automated processing
2. Interactive processing

Enter vour choey

Fig. 6. T1{Processing option screen)

Selecting Option | activates the automated processing module. In this module the
program gets its input from the data file and processes it without the users input. The
route constructed when using this module may not be the cheapest route, Tt is however
observed that for any network, there will probably be more than one route that will give
the least cost,

Selecting Option 2 activates the Interactive processing module. In this module,
whenever the processing of the data reaches a point where a choice has 1o be made
between two or more allernative routes of the same weight, the program displiys a

message of the form shown below

From RV

1. BO is 63
2. 50 5 63
Enter node to include in the route

“g. . Qule chiice SCreen

In this example the user is being prompted to select either the node "Bo” or 'S¢
both of them with equal weight of 63, as the next node to visit from the node 'RY" The
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selected nodes edgefedge cost 15 then included in the rowte being constructed. The
processing continues in this manner until the end of the processing,

This module therefore allows the user to actually select the data transmizsion route he
prefers when presented with alternatives and the user *is able to generate all the
alternative route available, when starting from any of the nodes. When option 2 that is,
the Final Tour Construction seb menu of the Main Menu is selected, the sub menu

depicted in figure 6,13 is displayed on the screen.

m@
FINAL TOUR CONSTRUCTION SUB MENLU

1. Display Edges and edge costs

2. Delect/Add edges 1o network graph
3. Print Results

4. Exit

Please select an option

Fig. 0.13(Final tour construction submenu)

In this research work, the optimisation of the network actually ends with the
construction of the mitial tour, since the network being optimised are uwsoally fully
connected networks without any hanging nodes. Option 2, has however, been added to
the software for completeness, Should there be networks that are not optimised in the
first phase, option 2 provides the facilities for displaying the edge and the edge costs
from the database Tiles provided. It also facilitates a deletion and addition of edges 10 the
sub tours that need (o be reconstructed into Hamiltoman cycles. Finally it provides the
facilities for printing the outpul files where the results of the optimised tour which 15
generated is stored, Figure 6,14 shows the print sub menu,

The network graph showing the route constructed can also be printed directly by
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using the print screen command key on the key board, For this purpose, a color printer

15 recommended.

PRINT RESULT SUBMENU

1. Print Route
2. Exit
Please Select an Oplion

.F'lg E 1!E FTII[T. ELLEIITH]]W

The third session of the system 1s activated when option 3 | that is, Define Graph
Sub menu 15 selected from the KBSNET Main Menu. Selecting this option allows the
current network graph plotted to be viewed on the screen. The cost of the tour is also
displayed.

The software program was used in the Interactive mode to generate the feasible
routes obtainable from the network graph of figure 6.1. Only three feasible routes were
generated based on the heuristic algorithm coded. The linked list representation of these
three routes generated by the soflware were:

. FCT -->= KD > KW > LA --> RV --> BO = S0 -= FCT

with a cost of 416. (figure 6.3)

b FCT - KD —> KW > LA —> RV —-> 50 --> B0 —> FCT

with a cost of 421.5 (figure 6.4)

. FCT -> KD --> 80 -> KW —> LA —-> RV —-> BO --> FCT

with a cost of 416. (figure 6.2)

The routes generated in (a) and (c) give the minimum cost of 416, This is the same value

obtained earlier in the illustration.
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6.3 Case Study
An experimental study simulating an interconnection of computers located in the Migerian
State Capitals and the FCT{Abuja) 15 carried out using the software program developed.
The network has 37 nodes. This would have resulted in an exhaustive search of (n-1)1/2,
that is about 1.86 x 10*' different routes before the least cost routes could be determined.
While it is not possible to show all the edges used in a single network graph diagram,
it is however possible to represent the network by the data file used for the processing.
The linked list representation of the feasible routes are:
i 8 FCT -> NS --> BN > EB > EN —-> AN --> DT —> IM —-> AB
~>» AK-~-> CR->RV->BY -> ED-> EK --> 0D --> 08
->» KW ->0G->LA -> 0Y -> KG-—-> NG —-> KD -> ZM
~> KT -> KN -> J(G--> BA -> PL --> TA —-> GB --> AD
~-> BO --> YB--> KB —-> 80 --> FCT
The cost of the route is 1227.5 and the graph of the linked list is presemed in

Appendix F,

b. FCT -> NS —> BN --> EB > EN --> AN —-> DT --> IM --> AB
—> AK ->CR —-> RY -> BY —> ED —> 05 --> EK —-> 0D
=2 0¥ ->0G-> LA => KW -> NG—> KG-> KD --> PL
—> BA --> JG —-> KN —-> KT —-> ZM —-> 80 --> KB - > YB
-~> B0 -> AD —-> TA --> GB —-> FCT
The cost of the route is 1229.5 and the graph of the linked list is presented in

Appendix G.

c; FCT «> NS —=> BN «=> EB «-> EN > AN —> DT --> [M —-> AB
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—-> AK-> CR-> RV --> BY --» ED —~> EK --> 0D --> 0S8

—> Y --> 0G --> LA -> KW > NG -> Kig = PL —-> KD
—-=>ZM -> 50 -> KB-> KT == KN —-> JG —-> BA --> GB

- AD -->TA -5 ¥YB—> BO —->=FCT

The cost of the route s 1241.5 and the graph of the linked list is presented in

Appendix H.

FCT -> N5 --> PL ~> KD --> ZM --> 50 -> KB —-> KT > KN

—> Jo—->BA-~->6GB—->TA —-> AD-> BO ->YB -> BN

—> EB—->EN-> AN --> DT —-> [M --> AB —-> AK --> CR

= RV —-> BY --> ED --> KGO --> NG -> KW --> 0§ —-> EK

-=> 0D —-> 0G —-> LA —-> 0Y --> FCT

The cost of the route 15 1239.5 and the graph of the linked list is presented in

Appendix 1.

FCT-->N5-->=KG-Z2BN-ZEB-ZEN - AN ->DT -->IM - > AB- > AK >
CR->RV->BY-=>ED -->EK -->0D -505 = >KW-->0G

- LA ->0Y «~>KD -2ZM - >80 ->KB «->KT - > KN --= ]G -- > BA
->PL->GB -->TA ->AD ->BO - >¥YB ~>NG ~->FCT

The cost of the route is 1248.5 and the graph of the linked list is presemed in

Appendix J.

FCT —> NS —-3>KG —> DT -> AN—-> EN —-> EB —> AK —-> CR -
=>IM --> AB--> BY -> BY - El —=> 08 <> EK --= 0OD--> KW -->

OY--2> 0G —> LA => NG -—-> KD -5 ZM --> KT > KN
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> JG-—->BA->PL->GB->TA-> AD -> BO —-> YB-> KB-->
50--> BN --> FCT
The cost of the route is 1250 and the graph of the linked list is presented in

Appendix K.

FCT -> N§ —~->NG => KD --> KN --> JG--> BA --> PL->TA ->
GB --> AD —> Bl —-> YB-> KT -> ZM —-> 80 -> KB

2 KW 2> 08§ --> EK ~> 0D -> 0G --> LA --> OY --> KOG

->» BN-->EN-> AN-->DT -> IM --> AR -->> AK = CR

—~> EB —~> RY > BY -2 ED -2 FCT

The cost of the route is 12395 and the graph of the linked list 15 presented in

Appendix L.

FCT -> N8 =>KG ~> EB 5 EN—> AN <> DT ~> IM > AB —>
AK --> CR ~> RY —-> BY ~-> ED --> EK ~> 0D --> 0S8

= 0Y -2 G --> LA == KW --> NG --> KD --> PL --> BA

> GB - AD --> TA > BN ~> ZM --> KT --> KN --> JG

—~> YB —-> BO --> KB --> 80 —> FCT

The cost of the route is 1269.5 and the graph of the linked Dhst is presented

Appendix M.

FCT -=> NS ->KG => EB —~> EN--> AN «-> DT > IM -> AB —=>
AK --> CR -=-> RV --> BY —>» ED -->» EK --> OD --=> 0§
= OY > 0G -=> LA =-> KW --> NG --> KD —-> PL --> BA

w2 QB - AD->TA --> BN —-> ZM -~ > KT --> KN --> ]G
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-> ¥YB --> BO > KB --> 80 —-> FCT
The cost of the route is 1269.5 and the graph of the linked list 15 presented in

Appendix N.

FCT -« NS ~>BN --> EB—-> EN=-> AN --> DT -> IM -> AB -->
AK->CR ->RV-~->BY->ED->EK->0D-> 058 -> KW -
206->20Y->LA->KG->NG~->KD->EKN--=JG--> BA >
PL->ZM-~>80->KB--> KT -> 0GB —-> TA -> AD--> BO —-> ¥B
-2 FCT

The cost of the route is 1276.5 and the graph of the linked list 15 presented in

Appendix O,

FCT - N5 -5KG -=> EB —> EN —-> AN --> DT - IM --= AB
> AK --> CR --> RV --> BY -2 ED --> QD --> EK —> OS5

> KW ->0Y ->0G -> LA --> NG --> KD --> KN —-> IG

> BA > GB--> AD —-> TA --> BN -> PL —-> ZM --= 80

-> KB -> KT --> YB -> BO --> FCT

The cost of the route is 1279 and the graph of the linked list is presented in

Appendix P,

FCT -> NS =->PL —> BA -> JG —> KN --> KT —-> ZM —> 50
~> KB —-> NG-->KD->KG->EK-—->0D-> 0§ -> KW
~->0G->0Y->LA->ED-->DT--> AN --> EN —-> EB
~> CR > AK --> AB—> IM ~-> RY --> BY --> BN —-> TA

=-> 08 -> AD —> B0 --> YB—> FCT
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The cost of the route is 1279.5 and the graph of the linked list is presented in

Appendix Q.

FCT -> NS —> BN —> EB -> EN —> AN--> DT > IM --> AB

> AK «~> CR ~> RV --> BY > ED --> EK —-> 0D -> 08
~=0Y > 0G --> LA —> KW —-> NG -> KG --> PL > BA

—> JG -3 KN —-> KM —-> 850 --> KB—-> KT —-> KD --> TA

—~> AD --> GB.~>YB —-> BO —-> FCT

The cost of the route is 1281.5 and the graph of the linked list is presented in

Appendix R.

FCT -> N§--> NG --> KG --> OD --> BK --> 08§ --> 0Y —-> OG
a2 LA w2 ED e DT wa> AN == EN == EB == AB --> [M

—> BRY > BY -5 AK > CR --> BN --> TA > AD --> GB

e BA == ]G = KN =2 KT == ZM === KD =-> PL --> KW
> 80 --> KB ->Y¥B--> BO —~-> FCT

The cost of the route is 1284 and the graph of the linked list is presenicd n
Appendix 5.

FCT -> N§ -> NG—> KD —-> PL —-> BA --> JG —=> KN --= ZM
=2 KT —-=> 80 -->KB—-> 085 -=> EK —->= 0D —-> 0Y —-> 00

-~ LA -> ED --> DT —-> AN --> EN --> EB --> IM --> AB

-2 AK--> CR—->RV ~->BY —> KG—~> BN ->TA --> AD
w2 GB --> BO --> YB —> KW —-> FCT

The cost of the route is 1287.5 and the graph of the linked list 15 presented in
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Appendix T.

FCT -> NS —~> NG —-> KD -> ZM > KN --> J§ --> BA —-> (B
—> TA—-> AD--> BO —> YB —> BN --> EN ~-> AN --> DT

—=>» M —-> AB—-> AK ~-> CR—-> EB —-> KG —-> ED -> 08§

~> EK->0D--> KW --> 0Y —> 0G —-> LA -> RV —-> BY

—-> 80 --> KB --> KT --> PL --> FCT

The cost of the route is 1293 and the graph of the linked list is presented in

Appendix U.

FCT -=> NS --> NG -> KG ~-> ED —-> DT ~> AN --> EN --> EB
~> AB--> IM --> RV —-> BY -> AK --> CR --> BN --> PL

~> BA -> 0GB ~> TA > AD —-> BO == ¥YB «-> KN --> IG

w3 KT == ZM =-> KD --> KB --> 80 --> KW --> 0§ --> EK

—~> 0D -> 06 --> LA --= OY --> FCT

The cost of the route is 1294 and the graph of the linked list s presented n

Appendix V.

FCT - NS «> KG «~> NG «~>» KD «> ZM --> KN --= JG --> BA
e PLo=>TA > GB —-> AD -> BO —~> YB --> 0D -->EK

== 085 -2 KW ->20G-> LA ->0Y -> EDl-> DT --> AN

—> EN -«> EB «-> BN > AB > IM --> RV -->= BY --> AK

—~> CR-—-> KB--> 80 —-> KT --> FCT

The cost of the route is 1297 and the graph of the linked list is presented in

Appendix W.
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FCT -> N5 --> KG -> 0D —> EK -> 08 =>0QY —> 0G —-> LA
—=> ED ~> DT -> AN —> EN~=> EB ~> ARB=> 1M => RV
—>»BY -> AK--> CR -> BN ->TA —> AD -5 GB—> BA

—=> ]G —>» KN --> KT -> ZM —> KD —~> NG > KW => PL

—-> B0 —-> YB -> 50 —> KT --> KT

The cost of the route is 1298.5 and the graph of the linked list 1§ presented in

Appendix X.

FCT ->» NS == NG => KD => KN --> JG ~> BA —-> PL —-> TA
> 0GB ~> AD -> BO -> YB -> 0Y —-> OG —-> LA -> 0§
~> EK --> 0D -> KW --> DT --> AN —-> EN --> EB --> AB
->IM-> RV -> BY —> AK -> CR --> BN --> KG -> ED

- 50 —> ZM --> KT --> KB > FCT

The cost of the route is 1309 and the graph of the linked list is presented in

Appendix Y.

FCT -> NS —> KG > AN <> DT > IM <> AB --> AK --> CR

—= RV ->8BY - ED=> EM -->= EB -> BN --> KD --> ZM

-> 580 ->KB--> KW —-> 05 —-> EK --> 0D > 0Y --=> 00

> LA -> NG —-> KN -2 ]G —-> BA -> GB --> TA -> AD

--= BO --> YB --> PL --= KT --> FCT

The cost of the route is 1319.5 and the graph of the linked list is presented in

Appendix Z.
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The result of the case study shows clearly the relative advantage of the Knowledge Based
processing technigue over the purely Automated techniques. Using the automated
lechnigque only one solution ¢an be obtained. This solution 18 dependent on the
arrangement of the data in the data file used. With the present data set the only solution
that can be obtained with the sutomated processing mode of the software program 15 the
route shown in Appendix ¥V, When the Interactive mode is used however, up to two
hundred different routes can be generated, Comparing the results it 15 also observed that
the result generated by the Automated processing technique is not the miinimum possible,

although it is within an acceptable range in the solution space.

104



CHAPTER SEVEN
CONCLUSION AND RECOMMENDATIONS

This chapter presents the Conclusions drawn from the research work., The

Recommendations are also presented.

7.1 Conclusion

In this research work it had been proposed that the topology that is most suited for
connecling computers in & communications network for distributed processing 15 a
Star/Ring topology. This topology is especially useful since most networking applications
require some form of central control, enforcement of standards, data integrity,
compatibility and accuracy. Besides there is the continual need (o ensure that the
attendant problems of data redundancy and peneration of conflicting statistics are
eliminated.

All these have been highlighted in [Akinyokun,1987], where a three level
architecture for the Design and Implementation of a Road safety Relational Database had
been proposed. The driving force behind this and other proposed and existing distributed
systems is telecommunications technology, In developing countries where these facilities
are substandard, the proposed wpology allows the routing of data along alternate least
¢cost and most reliable paths through the common carrier networks, while not
compromising the data.

It is being proposed here that the routing of data in the proposed Star/Ring hybrid
network can be modelled by a Hamiltonian cyvcle. An experimental study of the model
proposed has been carried out using a hypothetical computer networking environment that
is based on the Nigerian State Capitals and the Federal Capital Territory {Abuja)

The nodes of the conceptual network graph were the State Capital cities and the
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FCT, while the weights attached to the edges of the network graph 1s the cost of
processing a call from one node 1o another using NITEL call-office rates,

The routing algorithm is coded to allow for the following features
. Menu driven
b, User-friendliness
(8 Interative

The algorithm allows for the generation of all the feasible routes. In the Ring
opology networks, data packets sent out circulates round the ring until it ends wp back
gl the transmittmg node where it s then recovered or removed from ciculanon. The
routing algorithm implemented for the Star/Ring hybid network proposed has also
retained this feature. For a tour to be & Hamiltonian eycle it must end at the starting node
also. The proposed algorithm therefore, guarantees the automatic acknowledgement of
data sent in the network.

The proposed routing algorithm supports real time processing of data and finds
ready application in the transmission of messages in any network that is based on the
Mesh topology architecture. 1t is noted that the Internet which is an interconnection of
thousands of computers which spans the globe is actually a Mesh topology network. The

Internet is based on telephone ling connections.

7.2 Recommendations

During the course of this research, quite a number of literary publications on
communications systems modelling were consulted, It is observed that there 1s a dearth
of information on the application of the Travelling Salesperson Problem as a possible
model for designing least cost networks, or to any aspect of communications. This made

it impossible 1o make adequate comparison of the present work with any other model
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of this nature,

Within the context of the framework proposed, the model designed is actually
limited to the point-to-point cabled networks. The current trend in long distance
communications is towards wireless communication systems via satellite, microwave or
radio channels. The application of the routing model in wireless network environment has
not been fully addressed in this research. It is felt that the model should be applicable 10
packet radio networks.

The routing algorithm developed will provide a reliable method for sending
Broadcast or Multicast transmission packets from the source node to the other nodes in
a cabled point-to-point network. Muiticast transmissions were formerly limited to LANs,
but in recent times has increasingly being used by applications on the Internet for
Multimedia conferencing and resourse discovery, While multicast file transfer is not a
standard software, there are however many protocols devised for it. The routing
algorithm developed in this research provides a viable alternative (o those based on the
Flooding techniques and the Spanning Tree technigues presently being used for multicast
transmissions,

It 15 recommended that the proposed model should be futher researched amd
tested, so that a full-scale routing algorithm and communications protocol can be
developed. This would be deally suited to our local needs considering the state of our
telecommunications facilities, Perhaps the package that may evolve can serve as a utility

of MicroSoft Windows MNT.
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Appendix A
Coding convention used for the labelling of network nodes

m—

STATE CAPITAL STATE NODE I
CODE CODE
QONDO AKURE 15
OYo0 IBADAN Oy 2
OSUN GS0GBRO S 3 u
OGUN __AHEEI KUTA 0G 4 |
LAGOS IKEIA LA b i
EKITI ADO-EKITI EK (¥
EDO BENIN ED 7
DELTA ASABA DT B
KWARA ILORIN KW 9
KOG LOKOQJA KG 10
ABUIA ABUJA FCT 11 I
ABIA UMUAHIA AR 12
ANAMBRA AWEKA AN 13
ENUGU ENUGU EN 14 n
EBOINYI ABARALIKI EB 15
MO OWERRI IM 16
BAYELSA YENAGOA BY 17
RIVERS PORT-HARCOURT RV 18
AKWA-IBOM UYO AK 19
I CROSS- CALABAR CR 20 H
RIVERS
l JIGAWA DUTSE 13 2 “




ADAMAWA YOLA Al 5

TARABA TALINGO TA - Z AR
NASARAWA ~ NASARAWA NS bR
YORE ~ DAMATURL YH 25
NIGER MINNA NG 26
BORNO BEALTYLIGLERE R18) 17
GOMBE ~ GOMBE GR 2R
BAUCHI ~ BAUCHI BA |
BENUE MARKURDI (I 30

PLATEAU 108 PL |
KANO KAND KN 32

KATSINA KATSINA K 13 \
KADUNA KADUNA K1) 34
SOKOT) SOEOT S0) _ 15
KERRI HIRNIN-KEBBI KH 0
ZAMEARA GUSAU M| 17
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Appendix O

Nitel call office cost/separation distance

LOCATION SEPARATION COSTITHREE
DISTANCE (KM) MINUTE CALL (#)

oD,0D> 0.0 10
<OD,EK> o 412 i7
{GD.II{UI..EI} 71.3 21
<0OD,IFON > 72.9 2
<0D,08> 85.8 30
<0D,EL > 114.1 35
<0D,0Y > 142.7 35
< 0D KW= 155.3 33
<0DKG> 182.3 35
<0OD,0G> 202.9 35
<D, DT> 210.8 42
<0D,LA> 229.8 42
<OD,AN> 237.8 55
<0D,EN> 266.3 55
< OD,FCT> 277.4 a3
<0OD,BY > 280.5 55
<0D,IM> 280.5 55
<0OD NG=> 298 55
< 0D, NS > 312.2 55

b <ODAB> 317 5
ﬂ <0D,EB> 334 .4 35
I <OD,RV > 339.2 . 55
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<OD,BN > 369.3 63
<0D,AK> 388.3 63
<0D,CR> 428 3
<ODKD> 432,7 63
<OD,PL> 496,1 63
<0D,ZM > 562,7 685
<OD KB> 581.7 685
<0D,BA > 607.1 68.5
<0OD,KN> 634 68.5
<0D,S0> 638 8 68.5
<0Db JG> 670.5

<OD,KT > 681.6

<0OD,TA> 694.2

<0D,GB> 729.1

<0OD,AD> 821

<D, BO = Q498 .6

<OD,YB> 1050.9
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Appendix C

Screen locations used for the network nodes

STATE CODE | SCREEN

NODE SCREEN
CODE MODE U MODE 9
1 O (15,28) (224,210)
2 oy {153,20) (160,210}
3 0s {13,24) (192,182)
4 0OG =» (16,16} (128.224)
5 LA (19,18) (144, 266)
& EK (13,30) (240, 182)
7 ED (17,34} (272,238)
3 DT (19,38) (304.266)
9 KW (11,18} (144,154)
10 KG (14,38) (304,196}
11 FCT (11,38) (304.154)
12 AR (18,48} {384,252)
13 AN {17,40) (320,238)
14 EN (16,44) (331,224)
15 EB (16,50) (400,224)
16 IM (19,44) (352, 266)
17 BY (21,36) (288,294}
I8 RV (22,44) (352,308)
19 AK (22,52) (416,308)
20 CR (20,54) (432,280)
21 IG (4. 48] __\384,50)
22 AD (11,62) (496,154)
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23 TA (12.52) (416, 168)
24 NS (11,44) (352,154
25 YB (5,58) (464,70)
26 NG (9,34) (272,126)
27 BO (6,64) (512,84)
28 L 14 {8,50) {448, 112)
29 BA (8,50) {400.112) |
30 BN (14,46) (368, 196)
31 PL (9,46) (368,126) l
32 KN (5,42) (336,70 |
33 KT (6,36) (288,84) I
34 KD (8,40) (320,112)
5 SO {d,24) (192,56)
36 KR (6,20) (160,84)
37 ZM (6,30) (240,84)
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Appendix D
Computed Nitel call office tariff

LOCATION SEPARATION COST (#)
DISTANCE  (KM)

<0OD,0D> 00 10
<0D,0Y > 142.7 35
<0D,08 > 88.8 30 '
<0D,0G> 202.9 35
<OD,LA> 229.8 42
<OD,EK> 41.2 17 I
<OD,ED > 114.1 35
<0D,DT> 210.8 42
<ODKW = 155.3 35
<OD.KG> 182.3 35
<OD,FCT> 277.4 55

<0OD AB= 317.0 33
<OD,AN> 237.8 55
<OD,EN> 266.3 55
<QD,EB> 333.3 63
<0OD,IM> 280,5 55 |
<OD,BY > 2805 55
<OD,RV> 339.2 55
<OD,AK> 188.3 63
<OD,CR> 428.0 63
<0D,JG> 670.5 68.5
<0D,AD> | 821.0 ' 68.5
<OD,TA> 694.2 68.5
<OD,NS=> 312.2 55
<OD,YB> 1050.9 68.5
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<OD,NG> 208.0 55
<OD,BO> 9983 68.5
<OD,GB> 729.1 68.5
<OD,BA> 607. 1 68.5
<OD,BN> 169.3 63
<OD,PL>. 496.1 63

! <0OD.KN> 634.0 68.5
<ODKT> 681.6 68.5
<OD,KD> 432.7 63
<0D,50> 638.8 68.5
<OD,KB> 581.7 68.5
<OD,ZM> 562.7 68.5
LOCATION SEPARATION COST (#)

DISTANCE (KM)
<0Y,0D> 142.7 15
<0Y,0Y> 0.0 10
<0Y,08> 82.4 30
<OY,06> 65.0 21
<OY, LA > o 1157 35
<OY.EK> 150.6 35
<OY,ED> 221.9 42
< 0¥, DT> 340).8 55
<OY, KW= 144.2 1
<OY,KG> 317.0 2
<OY FCT> 191.5 63
<OY,AB> 4422 63
<OY AN> 167.7 63
| <ovEn> 404.2 63
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<0Y ,EB>

475.5 63

<0Y,IM> 399 .4 63

<OY,BY > 372.5 63

<OY RV > 44.8 63

<0Y,AK> 512.0 63 ,
<OY,CR>. 554.8 68.5

<0Y JG> 764.0 68.5

<OY,AD > 054.2 68.5 I
<OY,TA> 830.5 68.5
<OY,NS> 435.9 i3 I
<0Y YB> D 11586 68.5 |
<Y ,NG> 3772 63

<Y, BO > 1117.4 B85 u
=0Y,GB> 851.2 68.5

<OY,BA » 721.2 68.5

<0Y BN> 507.2 63

<0Y,PL> 610.2 68.5 I
<OY KN= 713.3 68.5

<0DY KT> 733.9 68.5

<0Y KD > 516.7 63
<0Y,50> #42.0 68. 5

<0OY KB> 559.5 68.5

<0Y,ZM > 607.1 68.5
LOCATION SHEPARATION COST (%) u

DISTANCE (KM)

<05,0D> 88.8 30 i
< 08,07 > 82.4 30

b L



<08,058> 0.0 10
I <08,0G> 149.0 35
<0S,LA> 193.4 35
<0S,EK> 777 21
<08,ED> 198.1 35
<08.DT> 208.0 55
<OS.KW > §2.4 30
<08,KG> 240.9 55
<0S,FCT> 309.1 55
<08,AB> 404.2 63
<08,AN> 3233 55
<0S,EN> 355.0 55
<OS;EB> N\, 4169 63
<08,IM> 1= 369.3 63
! < 0§,BY > A 3646 63
<O08,RV> - 424.8 63
<08,AK> 475.5 63
<08,CR> * 516.7 63
<08,YG> 680.0 68.3
<0S,AD> §76.5 68.5
<08, TA> 749.7 68.5
<OS.NS> 353.5 55
<05,YB> 1077.8 68.5
<08,NG> 298.0 55
<08,B0> 1035.0 68.5
<05,GB> 767.1 68.5
<08,BA > 634.0 68.5
<0S,BN> 432.7 63
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<0§,PL> 527.8 63 ﬂ
<05,KN> 630.8 68.5 N
<05, KT> 662.5 68.5
<05,KD> 435.9 63
= (5,50 & 586.5 68.5
<05,KB>. 518.3 63
<05,ZM 535.7 68.5 |
LOCATION SEPARATION COST (#)
DISTANCE (KM) [
< 0G,0D = 202.9 i5
<0G, 0 = 65.0 21
<0G,08 > 149.0 35 |
<0G,0G> 0.0 10
<0G, LA 7.7 21
<0G, EK > 214.0 42
<0G,ED > 169.5 55
<0G,DT> 393.1 63
<0G KW= 198. 1 35
< 00, KG > 80,4 63
<0G, FCT> 456.5 63
<0G AR> 488.2 |63
<0G,AN> 420.0 - 63
<0G, EN> 459.7 63
<0G, EB> 527.8 " 63 |
<0G,IM> 443.8 ' 63
< 0G,BY > 404.2 63 |
= 00, R = 480.3 - 63
<0G,AK> 554.8 68.5
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<0G,CR> 597.5 68.5
<0G 1G> 827.4 68.5
<0G,AD> 1022.3 68.5
<0G, TA> 8935 68.5
<0OG,N5S> 623 68.5
<0GYB> , 1226.8 68.5
< (M3, NG = 4438 &3
<0G, B0 > @ 1185.6 68.5
=0G,GB> 914.5 G68.5
<0G, BA> 787.7 68.5
<G, BN > S70.6 68.5
<0G, PL> 673.6 68.5
<0G KN> Ti3.5 68.5
<0G,KT > T89.3 68.5
<0G KD > 578.5 68,5
< OG, 50 > 678.4 68.5
<0G.KB> 386.5 68.5
<0G,ZM> 657.8 68.5
LOCATION SEPARATION COST (#)
DISTANCE (KM)
<LA,OD> 229 .8 42
<LA,0Y> 115.7 35
<LA 05> 193.4 35
<LA0G> i 21
<LA,LA> 0.0 10
<LAEK> 237 8 53
<LA.ED > 253.0 33
< LA, DT> 367.7 63
< LA KW> 258.4 k]
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<LAKG> 396.2 63 [

<LA,FCT> 488.2 63

<LAAB> 459.7 63 |

<LA,AN> 404.2 63

<LA,EN> 447.0 63

<LAEB> | 521.5 63

< LAJIM = 412.1 63

<LA BY = 356.6 63 |

<LA,RV> 435.9 63

<LA,AK> 364.6 63

<LACR> 565.8 68.5 |

<LAJG> 871.8 68.5

<LAAD> 1035.0 68.5 I

<LA TA> 905.0 68.5

<LANS> 523.1 63

<LA,YB> 1264.8 68.5 I

LA MG>= 486,06 63

<LA,BO> 1214.1 68.5

<LAGB> 941.5 68.5

< LA BA> B19.4 68.5

<LA,BN> 576.9 69.5

<LA,FL> 705.3 68.5

<LAKN> 824.2 68.5

<LAKT> 851.1 68.5

<LAKD> 626.1 68.3

<LA,50> 751.3 68.5

<LA KB> 6. 1 68.5 I
I <LAZM> | 718.0 68.5



LOCATION SEPARATION T ot
DISTANCE

< EK.OD = 41.2 17
<EK.0Y> 150.6 35
<EK,08> 77,7 1
< EK.0G> 214.0 )
CEKIAS 2378 55
< EK.EK > 1,0} L]
<EK.ED> 149.0 15
<EK,DT> 220.8 42
<EK.KW> 125.2 35
<EK,KG> 1664 35
<EK,FCT> 248.8 55
<EK,AB> 336.0 55
< EK. AN > 255.2 55
= EK,EM=> 2700 a5
< EK,EB> 342.4 55
<EK.IM> 305.9 55
<K, BY > 317.0 55
<EK.RV> 367.7 63
< EK,AK > 408.9 63
<FK,CR> 4549 63
< EK 1G> (AL 0 6R.5
=< EK, AD > Bk, B 6R.5
<EK.TA> = 184 685
<FK N§> I A .
< EK,YB> 1022.3 - hK.5
< KNG > 261.5 55
< EK,BO - 974.8 685
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<EK.GB> 705.3

< EK,BA > 578.5 68.5

<EK.BN> 358.2 63

<EK.PL> 467 6 3

<EK,KN> 59911 o5 |

< EK . KT> fd4 9 GE. 5 L

<EK.KD> 1963 63 H

< EK,$0 > 5975 68,5

<EK,KB> 543.7 s

< EK,ZM > 5231 04 H

LOCATION SEPARATION COST (#) I
DISTANCE (KM)

<ED,OD> 4.1 s

<ED,0Y > 219 42

<ED,OS> 1981 35

<ED,0G > 260, 5 35

< LA > 253.0 55 _

<ED,EK > 149.0 15

<ED,ED> 0.0 10

< kD DT = n 126.8 35

<ED,KW=> 269.5 55

<ED,KG> 204.5 35 .

=< ED.FCT= 324.9 55

<ED,AR> 221.9 12

<ED,AN> 158.5 35

< ED . EN= 1997 35

<ED,EB> 269.5 55

< LM > 179.1 15
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< ED.BY > 1696 15
<ED,RV > 386.7 03
<ED,AK> 25011 35 L 1
< EDJCR> 3329 a5
<EDJG> T19.6 6R_5 N
<ED,AD> BOS 4 6B.5 .
<ED.TA > 684.7 bR S
<ED,NS> 334.4 55 |
<ED YBR> [(F3.0 685
<EDNG= 374.1 13
< EDR,BO > 1014 .4 iR, 5l
<ED,GB> - T41.8 6’5
< ED,BA > 6292 68,5
< ED,BN > 333.5 a5
<ED,PL> 527.8 f -
< B} KN = 4.2 6B.5
<ED,KT> 7048 68.5
<EDKD > 490.1 63
< ED 50> 741.8 GBS
<ED.KR> 692.6 68.5
<ED,ZM> 40,9 (RS
LOCATION SEPARATION COST (#) I
DISTANCE (KM)
< I¥T, 0D = 2108 42
<DT.0Y > 3408 55
< DT.,08> 298.0 55 L
< DT 06> 3931 i
<|IT, LA > InT.7 f13 ]

¥




<DT.EK> 219 8 42
<DT.ED> 126.8 35 I
<DT,DT > 0.0 10
<DT,KW> 351.9 55 .

< DT, K> 177.5 15 I
<DT.FCT = 293.2 53
<DT,AB> 109.4 15 } 1
<DT.AN> 1.7 17 I
< DT, EN> &2.4 30 -
<DT.EB=> 147.4 35

<DT,IM > R4.0) )

<DT,BY > 150.6 35 |
<DT.RV> 160.0 35
<DT.AK=> 1 &0 T 15
<DT,CR> 210.3 42
<DT,JG> 672.0 68,5 |
<DT.AD> 702.2 08, 5
<DT,TA> 578.5 68,5
<DT,N§ = 277.4 54 )
<DT.YB> .6 8. 5

< DT,NG > 372.5 63
<DT.BO> 93014 685 '
< DT.GB > 741.4 6H S i
<DT,BA > 557.9 68,5
<DT,BN> 256.8 55
<DT,PL> 6.0 03 |
a DT KN = el 1) (TR} -
< DT KT > 75 5_3_ 68§ “
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< DT, KD =

478.7 i3
<DT.50> T 6% 5 .
< DT, KB> 7418 s
=D, ZM > fﬁL qH .5
LOCATION SERARATION COST {(#) ]
DISTANCE
(kM) I
=< KW,0D = 1553 i5
< KW,0Y > 144.2 35 I
<KW, 05> 824 3
=KW,0G> 198, | 15 I
< KW, LA = 254.8 55
< KW, EK > 125.2 35
<KW,.ED > 269.5 55
<KW, DT> a 3519 55 l
<KW, KW= 0.0 1]
<KW KG> 253.6 55
<KW, FCT > 288.5 55
<KW, AP > 459.7 o0 |
<KW, AN> 375.6 61
< KW, EN = 394.7 03
<KW, FR= 456.5 %
<KW, IM>=> 425.0 63
< KW,BY = 435.9 63
I <KW.RV> 491.4 fil i
<KW, AK> 532.6 iR 5 I
I"H <KW, CR> | 8151 6
<KW.IG> 629.2 68,5 “
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68.5 [

<KW,AD > B6S.4

<KW, TA> 741 8 68.5 |
<KW, NS = 348.7 55
< KW, Y= 1042.9 GE. 5
<KW, NG> 250.4 47
<KW,BO > 10033 68 4
<KW,GB> 743 .4 685 |
<KW,BA > 607.1 68 5 .
<KW, BN> 443 8 63
< KW.PL=>= 496, 1 1} |
<KW . EN>= 3754 0BE.5
<KW, KT > 5944 68.5
<KW KD> 185.2 63 I
<KW,50> 507.2 i3
<KW,KB> 4359 63 t
<KW.ZM > 4644 i3
LOCATION SEPARATION COST (#)

DISTANCE

(KM) -
< K0, 00D = I82.3 is
< KG,0Y > 317.0 55
KG.0S > 240.9 55
< KG,0G > 180.4 (i3
< KG,LA= 396.2 f13
<KG,EK > 1664 3’
<KGED> 204 8 35 “
<KG.DT=> 177.5 15
CKGKW> 2536 i 55 __"

FL



<KG,KG> 0.0 10
<KG,FCT> 123.6 35
<KG,AB> 263.1 55
<KG,AN> 180.7 35
<KG,EN> 174.4 35
<KG.EB>, 202.9 35
<KG,IM> 256.8 55
<KG,BY > 121.8 55
<KG,RV> 334 4 55
<KG,AK> 3207 55

I <KG,CR> 358.2 55
<KG,IG> 518.3 63
<KG,AD> 641.9 68.5

I <KG,TA> 515.1 63
<KG,N§> 134.7 45
<KG,YB> 640.3 68.5
<KG NG= 193.4 15
<KG,BO > 521.0 68,5

I <KG,GB> 548.4 68.5
< KG,BA = 432.7 3
< KG,BN > 195.0 35
<KG,PL> 1249 55
<KG,KN> 497.7 63
<KG.KT> 576.9
<KG,KD> 307.5

i <KG,50> 599.1
<KG KB> 580.1

| <KG,ZM > 475.5
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LOCATION SEPARATION COST (#) I
DISTANCE
(kM)
<FCT,0D> 277.4 55 I
<FCT,0Y> 391.5 63 |
<FCT, 08> 309.1 55
<FCT,0G> 456.5 63 |
<FCT,LA> 4882 63 I
<FCT.EK > 248.8 55
<FCT,ED > 324.9 35
<FCT,DT> 293.2 55
H <FCT.KW > 288.5 55
<FCT.KG> 123.6 35
<FCT,FCT> 0.0 10
I <FCT, AB> 366.1 63
<FCT,AN> 293.2 55
<FCT,EN> 269.5 55
<FCT,EB> 296.4 55
<FCT,IM > 369.3 63
<FCT,BY > 440.6 3
<FCT,RV > 448.6 63
<FCT,AK > 428.0 63
<FCT,CR> 447.0 63
<FCT.IG> 396.3 63
<FCT,AD> 578.5 68.5
I <FCT.TA> 454,59 63
' <FCT NS> 69.7 21
<FCT.YB> 773.5 6.5
< FCT ,NG> 106.2 15
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<FCT,BO > 1215 685
<FCT,GB> 461.2 i3
<FCT,BA > 331.3 55
< FCT,BN > 193.4 35
< FCT,PL> 221.9 42 =
<FCT,KN= 375.6 63
<FCT,KT> 458.1 0 I
<FCT,KI'> 187.0 15
<FCT,50 > 507.2 (3 !
<FCT.KB = 512.0 %

| <FCT,ZM > 366, 1 63

I LOCATION SEPARATION COST (#)

DISTANCE
(KM

< AB.OD > 317.0 55 H
<AB.OY > 442.2 63
< AR OS> 404 2 03
< AB,OG=> 4882 63
<AB,LA> 459,7 63
= AB.EK > 336.0 35 I
<AB,ED> 221.9 42
< AR DT> 1049 4 .

I <ABKW > 459.7 %
<ABKG> 263.1 55
< AR, FCT > 66, 1 i B I
< AB AB> (.0 -
< ABAN> 85.6 o l
<ABEN> 95,1 i

e



<AB.EB> 107.8 33
<AB,IM> 52.3 17
<AB,BY > 150.6 L]
< AB RV > 99.9 30
<AB,AK> 6.6 21 |
| < AB,CR> 112.5 i5
<AB,JG> 713.3 6.5
<ABAD> 676.8 68.5
<AB,TA> 554.8 68,5
< AB NS> 331.3 55
<AB YB> 005.4 68.5
< ABNG> 459.7 63
< AB,BO>> 925.6 68.5
<AB.,GB> 656.2 68.5
<AB,BA> 583.3 68.5 i
<AB.BN> 266.3 35
<ABPL> 504.0 % 63
< ABKN=> 718.0 68.5
. <ABKT> 819.4 68.5
<ABKD> 246.8 68.5
< AB.SO> 862.2 68.5
<ABKB> 843.2 68,5
<ABZM> T35 68.5
LOCATION SEPARATION COST (#)
DISTANCE (KM)
<AN,OD> 237.8 33
< AN.OY > 367.7 63
<AN OS> 3233 33
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< ANOG >

420.0 3
<AN,LA> 404.2 i3 i
< AN EK = 255.2 35
=<AN.ED> 158.5 15
<AN.DT> 3.7 17
< AN KW= ITH.6 03 u
<ANKG> 1807 A5
< AN, FCT > 293.2 35 |
<AMN AB> B5.6 _?I{Z; M
< AN AN> 0.0 10
<AM,EN > T 17
< AN EB> 114.1 35
< AN.IM > T6.1 Il
< ANBY = 163.3 J3
<ANRV > 156.9 35 I
<AN.AK=> 158.5 5
<AN,CR> 195.0 15 I
< AN JG = 657 8 fif.5
< AN AD>= 676.8 [Eh
< AMTA= 554 8 55 |
< AN NS = 267.9 55
< AN, YB> 971.6 B85
< AN NG> IR0 4 i
< AN, BO> 930).4 685
< AN GH> 1324 BM. 5 \
< AN BA > 561 1 o83 |
< AN,BN= 256.8 55
< AN.PL> 454 9 63
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< AN KNZ>

656.2 68.5

<ANKT> 7497 68.5

< AN KD > 478.7 63

< AN,50> 781.4 68.5

< AN KB> 756.0 68.5

” < AN, ZM >, 6578 68.5
LOCATION SEPARATION COST (#)

LEETANCE (KM)

<EN.OD> 266.3 33

< EN,OY > 404 .2 63

< EN, OS> 355.0 35

' < EN,OG > 459.7 63

<EN,LA> 447.0 63

< EN,EK> 279.0 35

| < EN.ED > 199.7 i5

<EMN,LT> E1.4 30

<EN KW= 3T 63

<EN,KG> 174.4 15

<EN.FCT> 269.5 23

I <EN,AB> 93.1 30

<EM.ANZ> 50.7 17

< EM,EN = 0.0 10

I <EN,EB> 69.7 21

< EN,IM> 111.0 35

< EN,BY > 210.8 42

I -::EN.FW"*_ 187.0 35

<EMN,AK > 158.5 35

'ﬂ_ LEN,CR> 185.4 15
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<EN.IG> 622.9 68.5
<EN,AD> W 626.1 68.5
<EN,TA> 504.0 63
< EN NS> 237.8 35
<EN,YB> 924.1 6.5
<EN,NG >, 364.6 63
<EN,BO> 859.0 68.5
< EN,GB> 583.3 68.5
<EN,BA> 4993 63
<EN,BN > 187.0 35
< EN,PL> 413.7 63
< EN,KN> 622.9 68.5
<EN.KT=> 722.8 68.5
<EN,KD= 451.7 63
< EN,S50> 768.7 6B.5
<EN,KB> 754.5 68.5

| < EN,ZM > 665.7 68.5
LOCATION SEPARATION COST (#)

DISTANCE (KM}

< EB,0D> 334 4 33
< EB,OY > 475.5 63
<EB, 05> 416.9 hi
<EB.OG> 527.8 1
<EB,LA> 521.5 fi
=< [EBR,EK > A42.4 55
< EB.ED > 269.5 33
<EB,DT > 147.4 33
< EB,KW = 4565 : il

16



<EBKG> 202.9 35

<EB,FCT > 296.4 55

<EB,AB > 107.8 35

<EB,AN> 114.1 15 ﬂ
<EB,EN> 69,7 2]

<EB,EB> 0.0 10

<EB,IM> 147.4 35

< ER.BY > 253.5 55

<EB,RV > 207.6 42

<EB,AK > 142.7 35

<EB.CR> 144.2 35

<EB,JG> 613.4 68.5

<EBADS> ket 573.8 68.5

CEBTA> /i W 4549 63 I
<EB,NS> [ | \all 2473 55

<EB,YB> 8876 68.5

<EB.NG > 196.3 63

<ER, KO = 817.9 68,5

<EB,GB> 546.8 68.5

<EB,BA> 477.1 63

< EB.BN> 161.7 35

<EB,PL> 402.6 63

<EB,KN> 626.1 68.5 |
<EB,KT> 733.9 68.5 |
<EBKD> 4676 63

<EB,S0> 802.0 68.5 I
<EB,KB> 797.3 68.5

<EB,ZM> 659.4 68.5
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Tu—l—-=

LOCATION SEPARATION COST (#)
DISTANCE {(KM)

<IM.OD> 280.5 55
<IM,0Y > 399 .4 R
<= IM,0S > ing.3 61
<IM,0G > 4438 63
<IM,LA> 412.1 63
< IM,EK - 5.9 35
<IM,ED > 179.1 33
<IM,DT > 84.0 30
<IM, KW > 428.0 fd
<IM,KG> 256.8 55
<IM.FCT = 369.3 63
<M, AB> 52.3 17
<IM,AN> 76.1 21
< IM,EN > 111.0 35
<IM,EB> 147 .4 5
<IM,IM > 0.0 10
<IM,BY > 104.6 35
<IM,RV > 79.3 21
<IM,AK > 1125 a5
<IM,CR> 155.3 35
<IMJG=> 7339 685
<IM,AD> 721.2 68.5
<IM, TA> 602.3 68.5
<|M,NI> 3439 33
<IM,YB>= 10231.4 685
<IM,NG=> 454.9 63
<IM,BO> 963.7 6.5
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<IM,GB> 691.1 68.5
<IM,BA > 610.2 68.5
<IM,BN = 296 4 a8
<]M,PL = 526.2 63
<M KN=> 732.3 68.5 I
<IM.KT=, B29.0 68.5
<IM,KD > T13.3 68.5
<IM.50> B52.7 G8.5
<IM,KB> 825.8 68.5
<IM,ZM >
LOCATION SEPARATION COST (#)
DISTANCE (KM) 1
<BY 0D > 280.5 b
<BY,0Y> 3712.5 63
<RBY.,08> 3646 63 I
< BY.,0G > 404 .2 63
<BY.,LA> 356.6 63
<BY.EK> 317.0 33
<RBY,.ED=> 169.6 35
<BY.DT> 150.6 35
<BY KW> 4359 63
<BY KG> 'EEE.B 35
<BY.FCT> 440.6 63 I
<BY . AB> 150.6 5
<HBY AN> 163.3 35
<RY,EN=> 2108 42
l <BY,EB> 253.6 55 i
l <BY,IM > 1046 35 “
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<BY,BY > 0.0 10
<BY,RV> 84.0 30
<BY,AK> 185.4 35
<BY,CR> 228.2 42
<BYJG> 822.6 68.5
<BY AD> . £25.8 68.5 |
<BY,TA> 705.3 68.
<BY,NS> 4280 63
<BY.YB> 1134.9 68.5
<BY,NG> 515.2 63
<BY,BO> 1068.3 68.5
<BY,GB> 792.5 68.5
<BY,BA> 706.9 68.5 |
<BY BN> 396.3 63 |
<BY,PL> 616.6 68.5
<BY,KN> 973.2 68.5 |
<BY KT> §98.7 68.5
<BY,KD> 787.7 68.5
<BY,S0> 900.3 68.5
<BY.KB> 850.1 68.5
<BY ZM> 95,7 68.5
LOCATION SEPARATION COST (#)
DISTANCE (KM)
H <RV.0D> 339.2 55
<RV 0¥ = 443 .8 k!
= Ry, 08 = CFEN. il
' <RV,0G> 480.3 63
e SRR A _____}



< RV,EE > 7 7 0

<RV,ED> 3867 03

<RV,DT= 1601 s

<RV KW 491.1 63

<RV, KG> 3344 55 I
<RV, FCT =, M 448.6 63

< RV,AB> 99,9 1)

<RV, AN> 156.9 5 |
<RV,EN= 187.0 15 I
<RV,El - 207.6 A7

<RV.IM> 79.3 21

=RV RBY > B4.0 )

<RV,RV> 0.0 )

<RV, AK> 107 8 35

<RV,CR> 149 0 15 I
<RV IG> ROR .4 685 ]
<RV, AD> 7687 64 5

=RV TA> 656.2 (R 5

<RV, NS> 420.0 63

<RV.YB> 1093.7 685 -
<RV ,NG=> 535.7 68 5
<RV.BO> 1025.5 6%.5 I
<RV.GB=> 754.5 685

<RV.BA > 681.6 68 5

< RV.BN> 3. 1 61
<RV.PL> 509, | o8 5 |
<RV KN> B9 Y o8 4

< RY,KT> 905.0
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<RV,KD> 634.0 68.5 |
<RV, 80> 932.0 68,5
<RV,KB> 8Y8,7 68.5
<RV.ZM> 811.5 68.5

==  —  —— — ——— — —— —— — —— _—— ————————— =

LOCATION SEPARATION COST (#)
DISTANCE (KM} |

<AK,0D> 388.3 63

<AK,0Y> 5120 63
<AK,08> 4755 - 63

<AK,0G> 554.8 68.5
<AK,LA> 364.6 63 I

[I <AK,EK> 408.9 63 |

<AK,ED> 290.1 55 |
<AK.DT> 180.7 35

< AK.KW> 532.6 68.5

< AK,KG> 329.7 55
< AK,FCT> 428.0 63

< AK,AB> 66.6 21

< AK,AN> 158.5 35 l
<AK.EN> 158.5 35

< AK,EB> 142.7 35

<AKIM> 112.5 33 I
< AK,BY > 185.4 35

<AK.RV> 107.8 35

<AK,AK> . 0.0 10 I
<AK,CR> ' 16.6 17

<AK,JG> 914.5 68.5
<AK,AD> 673.6 68.5
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<AK.TA> 564,13 ﬁH.S_
<AK, NS> 3852 nHl
<AK.YB> 1.2 [ —
< AK NG> 923.1 hi _—
< AK,BO = 9399 68 5 _
< AK.GB>, 673.6 (3}
< AKBA > 615.0 HR.5 I
< AK.,BN > il b
< AK.PL > 543.7 fl 5 _
< AK KM= 767.1 OR.5 !
< AK.KT= R74.9 68.5
< AK.KD> 605.5 GRS
<AK. 50> b 930.4 [,
< AK. KB> 011.4 685
< AK.,ZM> 795.7 6k 5

ﬂ LOCATION SEPARATION COST )

DISTANCE (KM}

| <CR,0D> 428.0 63
<CR,OY > 554 .8 hﬁ.ﬁq o
<R, 08> 516.7 i}
< CR,OG> V1.5 085
<CR,LA> Sh5.R 8.5
<CH.EK> 4549 (X _
< CR.ED> 3329 35 )
<CR,DT> 220.% 42 _ -
= CRKW = 5161 fd 'l
< CR,KG> 3582 fil
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144

< CR.FCT > 44-_7.[1' 6l

<CR,AB> 112.5 A5

<CR,AN> 195.0 15

<CR.EN> 185:4 35

<CR,EB > 1442 35 |

= 0CRIM = 1553 15

<CR.BY > 228.2 42

<CR,RV > 149.0 i3 )

=R, AK = 36.5 H. ) |

<R CR> (1.0} I1]‘ .

<CR,JG= 756.0 GRS

<CR,AD> i A HB.5 I

<CR,TA> 545.2 h

<R NS> 309 .4 i ]

<(CR,YBR= BuT.an 08,5

< CR,NG> 546.8 68.5 I

<CR,BD = 919.3 GRS

<CR.GB> 657.8 nR.5

<CR,BA > 68, 6 68,5

<CR,BN> 3059 55

<CR,FL> T05.3 68.5

<CR,KN> T73.5 6R 5

<CR,KT> HRT.6 6R.5

<CR,KD> 613.2 68,5
__<CR.SD> 9521 ¥ 5 N

<CR,KB> §319.5 ih#.§

< (CRZIM> BI1.5 S



u LOCATION _EIEP.-\R.-\TIUN --:UEI (# !
DISTANCE (KM}
U < JG,0D > G705 hHiH ';
" < ]G.OY = T6e4 .0 H% 5
: < JG,058 > HE0.0 6HR.5
<JG.OG> B27.4 68,5 I
<JG, LA 871.8 685
l <JG.EK > 634 .0 GH.5
< JG.ED > T19.6 685 . il
=< ]G DT> 672.0 68.5
<JG KW= 629.2 R 5
<JG KG> 5182 (R
<JG.FCT> -~ 396.3 55 )
<G, ABR> 713.3 Hi.5
<JGAN> 657.8 685
< JG.EN > 622.9 fl 3
< JG.BN = 613.4 Hl 5 |
< JG, 1M = 733.9 685
< I BY > B22.0 nE.5
<1G,RV > BOE 4 685
<JG,AK> 114.5 6k 5
<JG,CR> T56.0 685
<1G 1G> 0.0 1
<JG,AD > 443 .8 hi
<JG.TA> JR1.6 3 o
<JG,NS> 3963 R “
I <JG.YB> 428.0 0l
<G NG> 331:4_ 63 |
<16 Bo > 412 63
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<JG,GB> 2584 35
<JG,BA > 169.6 ' 35
<], BN> 4533 61
<JG,PL> 210.8 42
<JG,KN> 93.5 30
<IG,KT> 229.8 42
<JG,KD> 247.3 35
<JG,50 > 454 4 a3
=< JG,KB> 562.7 6HE. 5
<JG,ZM > 290.0 55
LOCATION I‘W COST 1#)
DISTANCE (KM)

< AD,OD> 821.0 68.5
<ADOY > 954.2 68,5
<AD OS> 876.5 64.5
<AD OG> 1022.3 68,5
<AD LA 1035.0 6.5
<AD.EK> 806.8 68.5
<AD.ED> .SIZJEA 68.5
<AD. DT> 702.2 68.5
<ADKW> B65.4 68.5
<ADKG> 641.9 8.5
< AD.FCT > 578.5 68.5
<AD AB> 676.8 68.5
< AD AN> 676.8 6&.5
< AD,EN> 626.1 68.5
<AD.EB> 573.8 68,5
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»

< ADIM > T2l HR 5 )
= ADBY = H25.8 &
< ADRV > 768.7 68 5
< ADAK= 673.6 %5
<AD.CR> 499 Hi.5
<AD,IG> 443 8 0
< ADAD > .03 H.’
<AD,TA > 130.0 15 I
< AD,N§> 523.1 b3
<AD.YB>= 3852 i3
ALY MG T45.10) LR 5
<AD,BO> 2996 55
<AD.GB> LK 15
< AD.BA > V'Y s@e 55
< ADBNS /= 459.7 LI
CADPL> =—ef” 397.8 h3 1
<AD,KN> 529.4 13
< ADKT = 672.0 ll’r."'i.ﬁ_. —
< ADKD > 565.8 08,5
<AD,50> K908 08, 5 N
<AD,KB> 0669 68,5
< ADZM > TO8.5 (8 5
LOCATION SEPARATION COST 1#1

DISTANCE (KM)
<AL UMD = 0,2 Ol 5
<TA.OY > HiLS OH. 5
< TA. Q5> T459.7 Ol 5
< TAOGS 8955 6.
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e 5

<TALA> 5.0 B
<TAER> 6784 OR.5 |
= TAED= 6847 bR.5 }
<TA,DT > 578.5 i i3 -
<TAKW> T41.8 o {-.H.?'-
<TAKG= 515.1 f-__'i
<TA,FCT = < 4549 il s
<TAAR> 554.8 _“_hH
<TAANZ> 554 .8 RS
<TA,EN> 504,10 %]
<TAEB> 454.9 03
<TAIM = fiz. 3 BR.5
<TABY > T705.3 6R.5
<TARV > 656.2 AR5
<TAAK> Sh4.3 i .5
<TACR> 545.2 Ol S
<TAJG> 3836 IR
<TAAD > 130.0 A5
<TATA> 0.0 I
<TANS> 306.3 i
<TA,YB> 4549 0l
<TANG> 526.2 (ER)
<TA B = I7R.B i
<TA,GB> 183.7 15
<TABA = 226.7 i
<TA,BN > 1329 55
<TA.PL> 2901 = o
<TAKN:=> 4540.7 03
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<TAKT> 603.9 65,5
<TA KD=> 459.7 Sk
<TA 50> 8036 fhf 3
<TAKB> BOH.6 e, 3
<TA,ZM > 619.7 685
LOCATION SEPARATION COST (#)
DISTANCE (KM)

<NS,0D > 3122 55
< N5.0Y > 4359 63
<NS5,05> 35335 25
< NS5, 0G=> 602.3 685
< NS, LA > 523.1 3
< NS,EK > 288.5 33
<NS,ED > 3344 535
< NS, DT> 277.4 55
<NS, KW= 348.7 i
< NS KG=> 134.7 35
<NS,FCT> 697 21
<NS.AB> 3313 35
< NS,AN> 267.9 2 s
< NS,EN= 237.8 55
< NS.EB > 247.3 35
<N5.IM > 343 33
< N5,BY = 428.0 3
< NS, RV > 420.0 3
< N5, AK> 385.2 63
< NS,CR= 399 4 63
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< N5, 1G> 396.3 03
< NS, AD> 323.1 63
<NS, TA> 396.3 63
< NS NS> 0.0 40
<NS,YB> 743.4 GR35
< N§,NG> 172.8 33
<NS§,BO > 689.5 68.5
<NS,GB> 416.9 63
<N5,BA> 299.6 55
<NS5,BN> 1452 35
< NS, PL= 196.5 35
<NS KN=> 389.9 a3
< NS KT > 4882 63
< N3 KD > 221.5 42
< NS.50> 638 LB 5
'| <NS.KB> 576.9 685
H < NS, ZM > 415.3 3
ﬂ LOCATION SEPARATION COST (#)
DISTANCE {KM)
<¥B,0D> 1050.9 68.5
<YB.0Y > 1158.6 68.5
<YB,0O58= 1077.8 68.5
<¥B,0G> 1226.8 68.5
<YB.LA> 1264 .8 6.5
<¥B.EK> 10223 6R.5
<¥B.ED> 1073.0 68.5
<YB.DT> 990.6 68.5
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<YB. KW= 1042.9 68.5
<YH KG> 640).3 68.5
<YB.FCT=> 773.5 68.5
<YB.AB> 995.4 68.5
<YB.AN> 971.6 68.5
<YB EN> 924.1 68,5
<YB,EB> BB7.6 68,5
<YE,IM> 1033.4 68.5
<YB.BY > 1134.9 68,5
<YB,RV> 1093.7 68.5
<YB,AK> 1011.2 68.5
<YB,CR> 997.0 68.5
<YB.JG=> 428.0 63

<YBAD> 385.2 63

<YB,TA> 4549 i3

<YB.NS> 743 .4 6E.5
<YB,YB> 0.0 10

<YB.NG> T92.5 68.5
<YRB,BO> 87.2 3l

<YB,GE> 340.8 55

<YB,BA> 443 8 63

<YB,BN= 740.2 685
<¥YB.,PL> 554.8 68.5
<YBKN> 512.0 63

<YB,KT> 603.5 68.5
<YBKD> 664.1 68.5
<YB,50> B62.2 68.5
<YB.KB> a974 .8 68.5
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<YB,ZM > 708.5 68.5
LOCATION SEPARATION COST i#)
DISTANCE (KM}
< NG,0D> 298.0 55
<NG,0Y > 377.2 63
<NG,08> 298.0 ok
< NG,0G > 443 .8 63
<NG,LA> 486.6 63
< NG,EK > 261.5 55
<NG,ED> 374.1 63
<NG,DT> ITES 63
< NG KW> 250.4 55
<NG.KG> 193.4 35
< NG,FCT> 106.2 3
<MNG.AB> 439.7 i3
<NG AN> 3804 63
<NG,EN> 364.6 63
<NG,EB> 396.3 3
< NG, IM > 454 9 63
< NG, BY > 515.2 63
<NG,RV= 535.7 H8.5
< NG AK> 523.1 63
<NG,CR> 546.8 68.5
<NG,JG> 380.4 63
< NG, AD> 745.0 6.5
ﬁ <NG,TA> 526.2 63
|| <NG,NS > 172.8 23
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<NG,YB=> 792.5
< NG,NG> 0.0 1
< NG BO > 156.0 f1% 5
< NG,GR > 5004.() (3
< N(i,BA > 5231 i
< NG,BN =, 296.4 55
< NG,PL> 2552 55
< NGLKN=> 337.6 35
< NG, ET > JRE.3 [T K]
ﬂ <NGKD> 139.5 15
< NG,50> 407.3 63
<NG,KB> 4073 s |
<NG.ZM> 282.1 55
LOCATION SEPARATION COST (#)
DISTANCE (KM} l
= BO,OD > M 9983 685
< RO, OY = 1117.4 R 5 .
<B0O,08> 1035.0 683 !
=BO,0G> 1185.6 685
<BO,LA> 1214.1 68 3
<BO,EK > 974.8 085S
= BO,ED = 10144 8.5
< [O,DT> 0304 6HE.5 I
<RO.KW > 1003.3 68 5 -
= B0 KG = 871 0 TR
CHOFCTS s BT
<BO,AB> 9256 68.5 I
<) AN 9364 OE. 5 -
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<BO,EN> 259.0 68,5
BO,EB> 817.9 68.5 |

| <BO,IM> 963.7 68.5 |
<BO,BY > 1068.3 68.5
<BO,RV> 1025.5 68.5 |
<BO,AK> 939.9 68.5 |
<BO,CR> 919.3 68.5
<BO,YG> 412.1 63
=< BO,AD> 299 6 55
<BO,TA> 378.8 63 " |
<BO,NI> 689.5 68.50
<BO,YB> 7.2 10
<BONG> 7560 68.50
<BO,BO - BET 10
<BO,GB> 2758 55
<HO.BA > 3063 63
<BO,BN> 675.2 68.5
<BO,PL> 508.8 63
<BOKN> 500.9 63
<BOKT> 610.2 68.5
<BOKD> 634.0 68.5
<BO,50> 863.8 68.5
<BOKB> 973.2 68.5
<BO,ZM> 700.6 68.5 l

o =y
I LOCATION SEPARATION COST (#)
DISTANCE (KM)

<GB,0D > 729.1 68.5 .
<GB,0Y > L} ks 68.5
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< (l,058>

767.1 68,5
<GH,0G > 914.5 8. § ~
<GH,LA> 941.5 R 5. o
<GR,EK> 705.3 hﬁ.-ﬁ -1
<R, ED > T41.8 ¥l K 5 +
<GB,DT > T41.4 685 3
<GH KW = 743 4 r::-i-_.:.i 1
<GB KG> 548.4 i85
< 0GR, FCT > 461.2 il _
<Gl AR 6562 6.5 o
<(GB,AN> 632.4 685
<GB EN > 5833 8 5
<GB, ER = 546.8 Hl. 5 o
=< GB.IM = 6911 6GR.S
= GR.BY = 7925 6.5
<GB,RV > 754.5 HR.5
<GB AK> 673.6 6E. 5
<GH,CR> 657.8 .5
<GB JG> 258.4 55
< GH,AD > 185.4 35
<GB, TA > 153.7 15
<GB, NS> 416.9 i3
<GB YB> 408 .
<GB, NG > 504.0 0l __|
= CHH, HED = 275 R 55 | |
<GR.GBR = LERA] Hi_
< GE,BA = 142.7 5
<(GB.BN= 399 .4 13
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|

<GB,PL> 2484 55

<GB, KN=> 342.4 53

<GB,KT > 485.0 63

<GB KD > 402.6 63

< GB,50 > T08.5 68,5

<GB KEB> T92.5 68,5

<GB, ZM > 526.2 68.5

LOCATION SEPARATION COST (#)
DISTANCE {KM) _

<BA,OD> 6071 68.5 |

<BAOY > 721.2 68 5

<BA,085> 634.0 685 |

<BA.OG> 787.7 68.5

<BA LA 319.4 68 5

< BA EK> 578.5 68.5

<BA ED> 629.2 68.5

<BA, DT> 557.9 68.5

<BA KW= 607.1 68.5

< BA KG> 432.7 63

<BA ,FCT> 331.3 55

<BA ,AB> 583.3 68.3

<BA AN> 561.1 685

<BA.EN> 499.3 63

< BA EB> 4771 63

<BA.IM> 610.2 68.5

< HA BY > 06,9 68,5 =

<BA RV > 681.6 68,5

<BA AK= 615.0 64.5
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<BA CR> 608 .6 68,5
<BAJG> 169.6 35
<BA AD> 312.2 33
<BA,TA> 226.7 42
<BA NS> 299.6 35
<BAYB> 443 .8 63
<BA NG> 523.1 63
<BA,BO > 396.3 63
<BA GB> 142.7 33
= BA BA = 0.0 {4
< BA BN > 317.0 55
<BA.PL> 112.5 35
< BA KN > 233.0 42
<BA KT> 380.4 63
<BA KD > 1599 55
<BA.S0> 581.7 68.5
<BA KB> 654.6 68.5
L <BAZM > 396.3 63
—_— e
LOCATION SEPARATION COST (#)
DISTANCE (KM)
< BN, OD> 369.3 3
I <BN,OY > 507.2 63
<BN,OS> 432.7 63
<BN,0G> 570.6 HE.5
<BN,LA> 576.9 68.5
<BN.EK > 358.2 63
<BN.,ED > 353.5 55
[ < BN.DT> 256.8 55
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< BN KW > 443 8 63 |
<BN.KG=> 195.0 35
<BN,FCT> 193.4 i5

<BN AB> 266.3 55

<BN, AN > 256.8 55 |
< BN, EN>. 187.0 A5

< BN ,EB > 161.7 35

<BN.IM > 296.4 a5

<BN,RY > 3963 f3

< BN RV > 366, 1 63

<BN,AK> 011 3%

<BN,CR> 305.9 35

<BN,JG> 4531.3 63

<BN,AD> 459.7 63

<BN,TA= 3329 35

< BN, NS> 125.2 i5

<BN,YB> 740.2 68.5 l
< BN NG>= 296.4 55

< BN,BO> 675.2 68.5

< BN, GB> 399.4 63

< BN,BA > 317.0 55

<BN,BN> 0.0 10

< BN,PL> 242.5 35 ]
<BN,KN> 467.6 63

< AN KT = 5805 GR.5 -
<BN.KD > 328.1 55

< BN, 50> 6863 63,5

< BN KR > TO0.6 685 -
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! < BN,ZM > 526.2 63

LOCATION SEPARATION COST (#)
DISTANCE (KM) )
<PL,OD> 496.1 63
<PL.OY > 610.2 6E. 5
<PL,OS> 527.8 63
< PL.OG> 673.6 68.5 |
<PL,LA> 705.3 H8.5
<PL.EK> 467.6 63
<PL.ED> 527.8 63
<PL.DT=> 466.0 63
<PLKW> 4961 3
<PL.KG> 324.9 55
<PL,FCT> 221.9 42
<PL.AB> 504.0 63
<PL,ANZ> 4549 63
< PL.EMZ> 413.7 a3
<PL.EB> 402.6 63
< PL,IM > 526.2 63
<PLBY> 616.6 68.5
<PL,RV> 599.1 68,5
<PL.AK> 543.7 68.5
<PL.CR> T05.3 68.5
<PLJG> 210.8 42
<PL.AD> 397.8 63
<PL.TA> 290.1 55
< PL.NS> 196.5 35
<PL.YB> 534.8 6.5
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<PL,NG> 155.2 55
<PL,BO=> 508.8 63
<PL,GB> 2488 55
<PL.BA> 112.5 35
<PL.BN> 242.5 55
<PL.PL> 0.0 10
. <PL,KN> 234.6 42
J <PLKT> 364.6 63
' <PL,KD> 1712 35
<PL,S0> 524.6 63
<PL,KB> 581.7 68.5
<PL,ZM > 343.9 335
LOCATION SEFARATION COST (#)
DISTANCE (KM)
<KN,OD=> 634.0 68.5
<KN,0Y = 713.3 68.5
<KN,08> 630.8 68.5
<KN,0G > 773.5 68.5
<KN,LA> B24.2 68.5
<KN,EK> 399.1 68.5
< KN,ED > 694.2 68.5
<KN,DT> 660.9 68.5
I <KN KW> 575.4 68.5
<KN,KG> 497.7 63
<KN,FCT> 375.6 63
<KN,AB> 718.0 68.5
< KN AN> 656.2 68.5
< KN,EN= 622.9 68.5
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< KMN,.EB >

626.1 68.5
<KN,IM> 732.3 68.5
<KN.,BY > 9732 GRS
<KN,RV > 809.9 68,5
<KNAK> T67.1 68.5
<KN,CR> T35 6E.5
<KN,JG> 93.5 0
< KN, AD> 529.4 63
<KN,TA> 459.7 63
< KN, NS> 389.9 63
<KN,YB> 512.0 63
<KN,NG > 337.6 55
< KN,BO> 500.9 63
<KN,GB> » 342.4 55
<KN,BA> 233.0 42
<KN,BN > 467.6 61
< KN,PL> 234.6 42
< KN,KN > 0.0 10
<KN.KT> 147.4 35
<KN,KD> 198.1 35
<KN,50> 3725 63
<KN.KB> 470.7 63
<KN,ZM = 199.7 35
LOCATION SEPARATION COST (#)

LISTANCE (KM)

<KT.0D> 6GR1.6 68.5
<KT.0¥ > 7339 GH.5
<KT,05> 6625 GE.5
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<kKT.0G>

789.3 68.5
<KT.LA> &851.1 685
<KT.EK > 649.9 68.5
<kT,ED> T760.8 GR.5
<KkT.DT>= 751.3 68.5
<KT.KW=> 394 .4 6.5
<KT.KG> 376.9 68.5
< KT, FCT> 4581 63

<KT,AB> 8194 68,5
<KT.AN= T749.7 6GE_5
< KT, EN> T22.8 685
<KT.EB> T33.9 68.5
<KT,IM> 829.0 /- 68.5
<KT.BY > B9R.7 68.5
<KT.RV> 9i)5.0) ° 68.5
< KT AK= 874.9 GB.5
<KT,CR> RET.G 6B.5
<KkT, ]G> 229.8 42

<KT,AD> 672.0 68.5
<KT,TA> H03.9 o8 5
<KT,NS> 488.2 63

<KT.YB> 603, 5 6.5
<KT.NG> 3883 63

< KT,BOD = 6102 68,5
< KT G > dB85.0 (0K

<KT,BA> 380.4 63

<KT,BN> 5865 68 5
<KT.PL> 364.6 63
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<KT KN > 147.4 35
<KT,KT = 0.0 10
<KT,KD> 269.5 55
<KT,50> 256.8 55
<KTKB> 375.6 63
<KT,ZM> 137.9 35
LOCATION SEPARATION COST (#)
DISTANCE (KM)
<KD,0D> 432.7 63
<KD,0Y> 516.7 63
<KD,0S> 435.9 63
<KD,0G> 578.5 68.5
<KD,LA> 626.1 68.5
<KD,EK > 396.3 63
<KD,ED > 499.3 63
<KD,DT> 478.7 63
<KD,KW > 185.2 63
<KD, KG> 307.5 55
<KD,FCT> 187.0 P\ 35
<KD,AB> 546.8 | | ST
<KD,AN> 18T N\ T 63
<KD,EN> 517 = 63
<KD,EB> 467.6 63
<KD,IM> 713.3 68.5
<KD,BY > 787.7 68.5
<KD,RV> 634.0 68.5
<KD,AK> 605.5 68.5
<KD,CR> 618.2 68.5
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=KD I > 247.3 55 ﬂ
<KD AD> 565.8 68.5
<KD, TA> 4597 63
<KD,N5 > 121.5 42
<KD,YB> 664.1 68.5 |
<KD NG> 139.5 35
<KD,BO > 634.0 68.5 [
<KD,GB> 402.6 63 I
< RKDNBA > 23449 55
<KD,BN > 328.1 55 I
<KD,PL> 171.2 35
<KD,KN> 198. 1 35
<KD, KT=> 269.5 35 )
<KD.KD> 0.0 It
<KD,50> 366.1 63
<KD, KB> 412.1 63
<KD, ZM=>= 196.5 35 H
LOCATION SEPARATION COST (#)
DISTANCE (KM)
<50,0D> 638.8 68.5
<80,0Y > 642.0 68.5 i
<50,08> 586.5 68.5
< 50,0G> 678.4 68.5
< R0 LA > - 751.3 HR.5 l
< 50.EK = 597.5 68.5
<50,ED > 741 .8 8.5 |
< 50, DT = 7719 ni |
< S0 KW > 7.2 GH. 8
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= 50 KG > 599.1 63
<850,FCT> 507.2 68.5
<S50, AB> 862.2 GH.5
<S50,AN> T81.4 GRS
< S50,ENZ- 768.7 O8.5
< 50,EB >, 802.0 68.5
< 50, IM = B52.7 0OB.5
< 850,BY > 9.3 G& .5
<S0O.RV = 932.0 68.5
<S0,AK> 930.4 68.5
<50,CR> 952.6 68.5
<S0,IG> 464 .4 631
<850,.AD> B8 68,5
<S0.TA> B03.6 68.5
<S50, NS> 565.8 68.5
<350, YB> 862.2 68.5
< S0.NG> 407.3 63
<50,BO > 863.8 68.5
<50,GB> TO8.5 68.5
<30,.BA> 381.7 6R.5
<S0.BN=> 6863 68.5
<50,.PL> 524.6 63
<S0O.KN> 372.5 63
< S0 KT=> 256.8 35
<30, KD > 364.1 63
< 50,50 > (.0 10
<50, KB=> 131.6 35
I <50, LM > 1B85.4 a5




. ———
LOCATION SEPARATION COST (#)
DISTANCE (KM)
<KB.OD> J81.7 6H.5
<KB,0Y > 3995 68.5
<KB. Q5> 518.3 63
<KB.OG> 386.5 68,5
-:I{B.LA'.:-- fi64. 1 685
<KB,EK> 343.7 68.5
<KB.ED> & HE2.6 68.5
<KB,DT> T41.8 68.5
<KB KW= 435.9 63
<KkB.KG> 580. 1 68,5
<KB.FCT> 512.0 63
<KkB,AB> 843.2 685
<KB,AN> 756.0 68.5
< KB,EN= T34.5: 68.5
<KB,EB> 791.3 68.5
<KB,IM > B215.8 68.5
< KB,BY = 859.1 68.5
<KB,RV> 898.7 68.5
<kB,AK> 911.4 68.5
<KkB,CR=> 939.5 68.5
< KB, JG > 562.7 68.5
<KB,AD> 966.9 68.5
<KB, TA> 868.0 68.5
<KB,N5=> 376.9 68.5
<KB,YB> 974 8 68.5
< KB NG> 407.3 63
< KB, BO = 973.2 68,5
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<KB,GB> 792.5 68.5
<KB,BA > 654.6 68.5
< KB,BN> TO0.6 GE.5
<KB,PL> 5817 68.5
<KBKN> 470.7 63
<KBKT> . 375.6 63 |
<KB KD> 412.1 6l
<KB,SO> 131.6 35
<KB,KB> 0.0 10
<KB,ZM> M6 55

“ LOCATION SEPARATION COST(#) u

DISTANCE (KM)
<ZM,OD> 562.7 68.5 l
<ZM.OY > 607, 1 68.5
<ZM,0S> 535.7 68.5
<ZM,0G> 657.8 68.5
<ZM,LA> 718.0 68.5 H
<ZMEK> 5231 63 |
<ZM.ED> 649.9 68.5
<7ZM.DT> 653.0 68.5
<ZM KW > 464.4 63
<ZMKG> 475.5 63 I
< ZM FCT > 3661 63
<ZM,AB> 732.3 68.5
<ZM,AN> 657 .8 68.5
<ZM,EN> 665.7 68.5 |
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<7M.EB> 650.4 68.5

<ZM. IM> 733.9 68.5

< ZM.BY > T95.7 GH.5

<ZM,RV > #11.5 68.5

<7ZM,AK > 795 7 68.5 !
< 7ZM,CR=, Bl1.5 685
<ZM.JG> 240,00 55
<ZM,AD> 708.5 68.5 I
<IM, TA> 619.7 68.5

< IM, NS> 415.3 a3
<ZM,YB> 708.5 68.5

< IM NG > 282.1 i

<7ZM.BO > T00. 6 68.5 |
<M, GB ™ 526.2 Gl
<iM.BA> 3063 63

<ZM,BN > 526.2 63

<7M,PL> 3439 33
<IM.KN> 199.7 35

<ZMKT > 137.9 35 f
<ZMEKD> 196.3 35

< /AM. 50> 185.4 a3
<ZM,KB> 272.6 55 |
<IM,ZM = 0.0 10




Result of manually generated least cost routes

Appendix E

ROUTE COST

FUT KD KW LA Ry BO S0 FCT 416

FCT KD KW LA RY 50 BO FCET 421 ..5

FCT KDy Kw LA BO S0 RY FCT 4115

ECT KD EwW LA 50 RY BO FCT 427

FCT KD KW RY BOD S50 LA FCT 4295

EFCT KD EwW BO S50 LA RY FCT 429 5

FCT KD EwW 50 LA By B FCT 4205

FCT KD LA RY BO S50 KW FCT 456 .5

FCT KD RV BO 50 KW LA FCT 421.3 |
reT | ko | eo [ so | kw | ta | rv | rer | a6 |
Fer | kb [ so | kw | ta | Ry | O | FeT | 46 |
FCT KW LA RY B KD S0 FCT 436

FCT KW LA RV S50 KD B FCT 441.5
FCT KW LA RV KD BO S50 FLT 441.5

LT KW LA RO S50 KD RY FCT 441.5

FCT KW LA S0 KD RY BO FCT 447

FCT KW LA KD RY B 50 FCT 447
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Fer | kw | kv | Bo | so | ko || rer | sa0s
rctr | kw | Bo | so®| ko | ta | rRv | FoT | 4105
Fcr | kw | so | ko | ta | 'v | Bo | For | ases
Fer | kw | ko | ta | rRv | BO | so | Fer | waes
FCT | LA | RV | Bo |so | ko | kw | Fer | 444

FcT | tAa | Rv | Bo | so | kw | kb | For | 424

Fer | LA | Rv | Bo | kw | kD | so | Fer | am

Fcr | LA | RV | BO | KD | kW | so | FCT | 42
FcT | LA | Rv | so | ko | kw | Bo | FoT | 4575
Fer | ta | rRv | ko | kw | Bo | s0 | FcT | 4575
Fct | LA | Rv | kw | Bo | so | ko | FoT | 424
FCT | LA | BO | 50 | KD | KW | RV | FCT | 452
FcT | LA | so | kp | kw | Ry | Bo | FCcT | 4575
Fer | ta | ko | kw | Rv | Bo | so | For | 4575
Fcr | LA | kw | rRv | Bo | so | ko | FoT | 416
rer | Ry | Bo [so | ko | kw [ ta | rer | ae
FcT | RV | Bo | so | kp | ta | kw | FoT | 4415
per | Ry | Bo | so | kw | a | ko | ror | ans
FcT | RV | BO | 50 | LA | KD i[ kw | BT | 455
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FCT

RV

Eu LA KD KW 8N FCT 457.5
FCT RV _'LEI kI KW S50 LA FCT 457.5
FCT RV By Kwa | S0 LA K13 FCT -H-ﬁ
FCT RV 500 KD KW LA BO FCT 4495
FCT RY | KDy KW LA 50 FCT 4495
FCT RV R LA BO 50 KD FCT 416
FCT RV LA BO 50 KD KW FCT 444
FCT BO 50 KD KW LA RV FCT 444
FCT BO 50 KD KW RV LA FCT 452
FCT B0 S0 KD RV LA KW FCT 441.5
FCT By E'U- KD LA KW RY FCT 449.5
FCT BC) 500 LA KW RV KD FCT 427
FCT BO 500 KW RV KD LA FCT 463
FCT BO =0 RY KD LA KW FCT 452.5
FCT BO RV KD LA KW 50 FCT 455
FCT BO KD LA KW 50 RV FCT 455
FCT B() LA KW 50 RV KD FCT 427
FCT B0 oW 50 RV KD LA FCT 4068.5
FCT 50 ] b KW LA RV BO FCT 444

171




FCT 50 KD KW LA BO RV FCT 44
FCT S0 KD KW BO RV LA FCT 452
FCT S0 KD KW RY LA BO FCT 452
FCT S0 KD RY LA B KW FC1 4455
FCT 50 kKD LA BO KW RV FCT 457.5
HET a0 KD BO KW RY LA FCT 452
FCT a0 BO KW RY LA KD FCT 424.5
FCT S0 KW RV LA KD BO FCT 4575
FCT 50 RY LA KD BO KW FCT 455
FCT S0 LA KD BO KW RV FCT 463
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Route of cost 12295
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Appendix H
Route of cost 12415
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Appendix |
Route of Cost 1239-5
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Appendix T

Route of Cos: 124B'5
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Appendix K
Route of Cost 1250
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Appendix L

Foute of Cost 1259:5
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Appendix M
Route of Cost 12685
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Appendix N
Route of Cost 1275
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fAppendix 0

Route of Cest 12765
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Appendix F
Roure of Cast 1279
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Appendix @
Route of Lost 12795
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Appendix R
Route of Cost 1281 5
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Appendns S
route of Cost
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Appendix T
Route of Cost 1287-5
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Route of Cost 1293
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Appendix ¥
Route of Cost 1294
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Appendix W
Route of Cost 1297




Appendix X
Route of Cost 12985
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Appendix. ¥
Route of Cost 1309
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Appendie £
Route of Cost 1%19-5




