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"ABSTRACT ™

Dangladesh Power Ievelopment Board (BPDB} has 29 Regional Accounting Offices
{RAOs) through out the couniry. These 29 BAOs are the clients of IMRS Server and
7 other offices are the on-line clients of Database Server at Dhaka Financial Data
Processing Center. BPDB has 2 other Datlabase Servers at the Financial Data
Processing Center located Comilla and Chittagong. For networking the 29 RAOs and
several offices of RPDR situated all over Bangladesh, commumcation media would
play a major role, It must be noted (hat evaluation of 4 communication media needs
o consider multiple criterion for evaluation For example, some available critcria
may be: implementation ¢cost, maintcnance cost, speed, secunty, rehability etc. Some
of these are quantitative, where as some are qualitative in narure. This requires multi-
criteria evaluation, which can handlc both of these types of conflicting criteria This
research aims o ¢valuame possible allcmative communication media for use in BPDR

using Analytic Hisrarchy Process {ATIP) technique.
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Chapier 1

Introduction

1.1 Introduction

For many organizations, computer information systems are now at the heart of daily
activitics and a major consideration in corporate decision making. usinesses
consider carcfully information systems capabilities when deciding whelher or not to
enter new markets or when planning a response o competition. Without automated
assislance, government organizations would grind to a hall lor the sheer volume of
activities and would overwhelm workers and managers. Data communications
capabilities detennine where and when mfommation will flow, Data communication

atid networks are incieasingly beconiing commeon in information sysiems of all sizes.

The components included n an information system determing how data transmiission
can occur. If a new system is heing developed, selection of the components is the
responsibility of the manager. It a system is already in place, the manager must know
what communications feamres to consider when developing a new application that

will interact with an existing application

The manager mwst sclect or be familiar with the communication media,
communicalion control devices and communication protocol. In addition, the
manager must also select nelwork featurcs that will correspond o systems already in
place or that can be tailored to the hardware and software charactenistics ol the

computers on which the commumnications network will operate.

1.2 Background and Statement of the Problem

A deeision may be taken through multi-criteria judgment out of several allermaiives.
Sometimes the decision involves scveral conflicting criteria. There are several such

models o evaloate different alternatives. Amonyg the Analyvlic Hicrarchy Process



{AHP) 15 very helpful to the decision makers to take the right decision. The main
advantage of using AHP method is it's ability to handle a complex problem to
prepare a hicrarchy of choice and reasons of choices through decomposition and
synthesis. Tt can comparc different altematives and aitnbule usmg a scale of relative

imporance.

A Computer Network is a collechon of hardware and software that cnables a group
of nodes (devices) to communicale and provides users with access lo shared
resources. A network is composed of two or more nodes that will share informatien,
a communpication medium through which they can communicate, and network
operating sysleml soflwarc. At one time, communicalion medium choices were
determined by the chosen lopology; for example, Ethemet used coaxial, and Token
Ring used shielded mwisted-pair. Nowadays, networks are more accepting of a vancty
of communication mediums, and (hus communication medium choices are a

balancing act between budgets and performance needs.

Bangladesh Power Development Board (BI'DB) is developing Computerized illing
in Chitlagong and Comilla, and Accounting System in Dhaka, Chitlagong and
Comilla. BFDB is also developing feeder system software (IMRS) for the
transitional perind BIDB has 29 Remonal Accounting Cffices (RAOs) through oul
ihe country. These 29 RAOs are the clients of IMRS Server and scveral offices are
the on-line clients of Database Server at Dhaka Financial Dala Processing Center,
BPB has 2 other Databasc Scrvers at the I'inancial 13ata Processing Center located
Comilla and Chittagong For networking the 29 RAQs and several offices of BPDB
silualed all over Bangladesh. communication media would play a major rale. It must
be noted that evaluation of a communication media needs to consider multiple
critcoon  for  evaluation.  For example, some " available criteria may b
mplementation ¢ost, maintenance cost, speed, secority, telability ¢le. Some of these
are quantitative, where as some arc qualitative in namure. This requires mulli-critena
evaluation, which can handle hoth of these lypes of contlicting criteria. This research
aims to evaluate possible allcrmative commumication media for use in BIPDB using

Analyvtic Hierarchy Process {(AHP) techmgque,



1.3 Objectives of the Study
The main objectives of this study are:

a  I'o set the crniteria for evaluation
a Tostudy MCDM iechniques

o I'o recommend suitable commuticalion media for selected offices & RADs

ol BPDB

1.4 Methodology

The methodology to be adopled for this study is tirstly an in-depth examination of
the MCIXM technigues and the nmelworking & commumcation media; secondly
having an 1dea about the curment scenario & requitements of the orgamization and
collection of data & informabion for mccting those requirements, and finally,
recommendation of suilable communication media [or seleeted offices & RAOs of

BPDE on the basis of the calculation of MCIIM.

1.5 Sources of Information

The dala and imformation requircd in this study about communication media are
dircctly obiained from IT firms. Txtensive interviews have been taken to grasp an in
depth underslanding of the communication media. Information collected to fumish

1his teport was collected from the different publications and books.

The organization pam of the repor is obtuined through survey (On the Spot) and
inspection conducted in the organization under study. Information was galhered
through visits to concerned offices of the organization, interviews with the olficials

and review & examination of the papers made available



1.6 Scope and Limitations of the Study

The scope of this study covers all 29 (I'wenty nine) RAOs, 3 {Three) Financial Dala

Processing Cenlers and some other offices of BPDB.

There were situalions where the people interviewed could not render the expected

assistance, because of lack of information as well as confidentiality,

'he data obtained from IT firms arc sometimes approximate, but very close to actual

data,

The study has taken into account only the major cnleda m AHP. Because,

introduchion of more cotetia multiplics complexities in calculations.



Chupter 2
Multi-Criteria Decision Making (MCDM}

2.1 Evaluation of Alternatives

The probable alternatives of any selected itern may be evaluated through different
mulli<criteria models. Because, the allemative 1tems. pencrally, have multiple
characteristics which demand consideration for selection. There are seseral such

models to evaluale different allematives. The two mosi favorite techniques ane:

o Analytic Hierarchy Process (AHP)
a ELECTRE Melhod

‘The above two methods/techniques actually rank different alternatives as a decision
suppor sysem for the management to decide what aliernative system/mode] they can

select from several available altermnalives.

Here, AHP will be wsed to evaluare ditforent altemative Communication Media,

2.2 The Analytic Hiecrarchy Process

The Angiytic Hierarchy Process. developed by Thomas Saaty, is a nmlti-attribute
decision making technique. The appmoach made in thiz methodology is 0 analvze a
complex problem thraugh decomposilion and synthesis. This methodelogy may be
apphed to numerous fields, such as, lranspomation planming, portfolic sclection,

corporale planning, marketing, perfomance cvaluaztion. cle.

The main advanlege of (s method is that it can handle a complex problem Lo
prepare ¢ hierarchy of choices expluning the reasoms of such choices through
decomposition and synthesis. It can compare different altermabves and atinbutes

using a scale of relative impormance
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The mumerical results of attributes are presented to the decision maker o assign
relative importance according to a mredefined scale. Now a judgment matrix is
prepared. It s an (nxn) mainx. From the judpment matnx. normalized weights are

calcnlated as follows,

¥

1 2 ...k .. n

'] - ~ b

i 1 l ap ernwan Ak aas An é b X1
2 an 1 veveer AlE een Ay % b2 Xz

* E Geomelnc ' ormaliged '

= — s
b= Bbdeun . Weigh .
Kk C: TR 1 S | vee Axn § b XK
L J E

[1] :‘I..] a..g T a“k e l % hn In

Sll]‘ll = vl VI TTLT] j‘rk e }rnk

Where, i and j ame the aliernalives or atinbules io be compared. ay 15 a value which

represents comparison between alternatives or atributes i and j
The above judgment matrix may be consistent if
Ak = Xl e For all valucs of’i, j, k
In the above matnix, sum of the elements in a column
i=n

Y= E ajj (2.1}

i=1

Where.i=1,2,......nand j=1,2,......1



12

Goometric mean i3 calculated from the elements of row as follows:

i = [{ak1): Mz} voover (Bn)]"
Where, k=1, 2, .ciuns n

Normalized weights are caleulated as follows:

= (2.2)

-
I
=

=
1]
ot

Acceplabilily of alicrnative or atribute is measured in terms of Consistency Ralio

(C.R)

Consistency Index
Consistency Ratio = (2.3
Randemly Generated Consistency Index

Saaty’s measure of consistency in done in terms of Consistency Index {C.L)

dpax =11
ClL= —— (2.4)
n-1

Where,

k=n
hon= VMiXitRrXatoot VXt ¥aEg= E!r'kxk (2.3)
=1

= largest eigen value of matrix of order n

Now., some Randomly Generaled Consistency Indea (BLL} values are as follows:

N 1 2 3 4 5 6 7 g 9 10
E.L 0 0 58 0% | 102 | 124 [ 132 | 141 | 145 | 1.49

l-'l?
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If C.R. = 18 %, then the alternative ot atiribute is considerable. Otherwise. the
alternative or adribute is rejected. The over-all consisiency may also be measured o

justify the validity of sclecion.

2.3 Example of the AHP

Three alternative FMS (Flexible Manufaciunng Sysiems) models are considered
here. These altemative models need multi-atiribute evaluation to be ranked according

o a preference order. The AHP is used for that purpose.

A 3-level ierarchy is used which is given below:

. Level 1
1t "To Select an F¥MS Mndnlall i Coal
- NI TN B I
TS | =— v T it V1,4

Mapagement || B/C  ||i| Tech. & Fngg, T I | P Level 2

Effort | Ratjo " [* Capability P”‘"“““’“}f,t ') Flesibility | s frribuces
FMS | |'  FMs ! ms Level 3
' Model 1 Model 2 I Model 3 Alternatives
L PR A . - . s TN

Figurc 2.1; Hietarchy used for Multi-aribute Evaluation

The following “Scale of Relative Importance™ is used for pair wisc compansoen.

-=  BEqguoal Importance

- Moderate Impormance

->  Essential or Strong Importance

- Dominance of One Demonstrated in Practice
-=»  Fxtreme Importance

oos] L e

2,4, 6 & B represent Inlermediale Importance.
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Om the hasis of expert opinion, the following judgement matrices are preparcd at

each level of hierarchy.

Iy AtLevel L:

. ey | M TETETENL BIC Tech, & Productivity| Flexibibi
Alterngtives Effore Ratio Loge, Cap, i bibily
hlana gemyem I b, 1

F.ffort ! h ! i fy

BiC 3 1 2 1 !

Raho

Tech. & s 1 I
i 1 i 1 A A
Brodusiivity 3 ] 2 1 1
Flesibhiy 3 1 2 1 |

n=>5
C. L= (.03675
C.R.= 0003280 = 0.328% < 1 (Mo

S0, acceptable,



2y Ad Level 2:

(i) Management Ellort

Ahernatives| FMB5 1 FME 2 I'MS 3
IMS 1 1 3 3
FMS§ 2 ' 1 1
FMS 3 Iy 1 ]

n=73

C.L = 0.001

C.R=000172 =0172%<10%
So, acceplable.

(it) B/C Ratio

Afrernatives| IS 1 Ias 2 FMS 3
FMS 1 1 Vi e s
FMS 2 1.5 1 1.2
FMS 3 1.3 b 5 1

n=13

L= 00

ORo= 0% =< 10%

S0, acceptable.



(iii) Technical & Engineering Capability

5o, acceptable,

Atiermatives | FRS1 FMSE 2 FMS 3
FMS 1 1 g2 h
FMS 2 2 1 Vs
FIS 3 3 2 1

n=73

C.I. = 000366

C.R = 000631 = {1.63% < 1049,

(iv) Productivity

Afternarives | FME | FMS 2 FMS 3
FR% 1 1 Ifrz_ I.-'r|_5
FMS 2 2 1 1.5
FME 3 1.5 b s 1

=3

C.1 = 0.00196

C.R = 000338 =0.338% < 10%

7]

0, acceplable.

16



{¥) Flexibility

Alternatrves | FME FMS 2 FMS 3
FMS 1 | 5 3
FMS 2 Y ] '
TMS 3 L 3 1

n=3
.1 = roro3a
C.R.= (0333 =3 3304 = 109,

So, acceprable.

On the basis of the above matrices, an over-all evaluation is preformed usmg the
calculated weights of the allernalives and [ive cntena. The composite weights of the
three alternatives are calculated. Cn the basis of these composite woights, we have to

rank the alternatis e FMS models. These arc given in the following table,

) Over-all Evaluation:

Attributes & their weighis Compa | Oner-
Manage- B/C Tech & Producti- | Flexabulny . all
Alrerativer mcnt Ratio Enug vily Weights | Rank-
EITort Cupablity mg
.04950) 02616 0 12 2616 02616
™S 1 060 0263 (.143 0221 0637 | 0.3698 1
FMS 2 0.20 0.400 0.297 0,460 0,105 | 03071 3
FME 3 0.20 0.337 0.540 3319 0,258 | .323] 2




2.4 Evaluation Processes: The AHT

Boih physical and psychological events are now being measured by many
matlhemalical models developed in the recent past. Approaches made by scientists to
madel structures of those problems are notl unilorm but diversificd in the sense that
some have vsed mathematical models and some others theoretical ones. Agam, many

have worked on measurement and on judgment solicitation.

‘The Analvtical Hierarchy Process (AHP) denved by Thomas L. Saaty [17] may be
called a mathematical model The AMP provides a comprehensive [ramework (o
copc with the inmitive, the rational. and irrational in us all the same time. Saaty
represented an example of the application of the AHP to decide zbout a complex

multi attribute problem. The problem is “Choosing the best house o buy™.

SWAMIDASS and WALLER [24] also advecated in favor of AHD and Sconng

method for evaluation process of advanced manufacrring technologies.

DICKER et al [7] said that multi-attribule gvaluation process takes into aceount both
tangible and intangible benelits, whercas discounted cash [low methods consider
only tangible benefits, So, he suggested that multi-attribute method could be used for

ihe evalualion of some alternalives.

PARTOVT et al [15] also applied the AHF for the evaluation of some alternatives. He
identified some complex problem arcas and provided description of the probable
hicrarchics. They presented the problems of “TFuel System Selection Decision'™.
“Supplicr Sclection™, “Best Location for 4 Facility”, “Finding the Right Forecasting

Adjustment Ratic™, ¢te. and also proposed the comesponding hicrarchics.

MUSTAFA and AL-BAITAR [14] used the AHP as a tool to analyze and assess
project risks, They applicd this approach to asscss the osk involved in constructing

the “Jamuna Multi-Purpose Bodee” in Bangladesh.

SURESH and MEREDITH |23] cxplained the usce of sconng meihod as an efleclive
evalvation technigoe of advanced manufactunng technology, It is very simple to

apply for management policies especially for smategic level decisions.

18



ELECTRE T [25] is an mieractive multiple cntena decision technique designed to
handle qualitative and discrete alternatives, in a situation where the decision maker
can only give a prior preference information on a loeal level, In the ELECTRE 1
alporithim. [ROY and BERTIER (1971} complete ordering of allemnatives 1s
accomplished. ELECTRE method is found (o be used less than the AHP method to
evaluale manulaclunng alicrnatives,. TABUCANON applicd MCDM in diversified
fields.

CANADA and SULLIVAN [2] suggested for mulu-aitnbute lechmques to cvaluam
advanced manutacturing technology. e applied AP and Scoring methods to rank

some allermaly e manufBclunng sysems.

19



Chapter 3

Communication System & Networking Technology

3.1 Communigation Maodel

The fundamental purpose of a communications system is the exchange of darm

betw gen wo parlies,

HSouwrce Systemn Diestmation System
o —
il T ~ .t
n I - i ) : ‘Il
Source TT..ﬂIlSTmSS]D]'I Tranzmissian Receiver Diestination
System Svstem

Figore 3.1: General Block Diagram of Simplilied Communications Model [22]

‘The key elements of the model [12] [22] are:

1. Semrce. This device gencrates the data to be transmitted,

2. Transmirter. Usually, the data generated by a source system are not
transmitted direetly in the form in which they arc gencrafed. Rather, a
transouller (mansforms and cocodes the mfoomalion in such a way as W
produce cleclromagnelic signals thal can be insoalled across somc sort of
lransmussion systorm.

3. Tramsmissionm Systerm. This can be a smgle transmussion hine or a complex
nctwork connectmy source and destinaizon.

4. Receiver. 'The receiver accepts the signal from the transmission system and
convens it into a form that can be handled by the destination device,

5 Devtination. Takes the incoming data from the receiver.
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3.2 Digital Communications

The use of digital communications may require a considerable amount of electronic
circuitry. Bul now-a-days clectronics is relatively cheap, due (o the ever-mercasing
availability of very-lange-scale integrated (WLSI} [16] circuits in the form of silicon
chips. Indced, with continwing improvements in the semmconduclor industry, the
technology favors digital communications over analog communications Thus,
alihough cost considerations used to be a faclor in selecting analog communications

over digilal commumnications in the past, that is no [onger the case loday |9].

3.3 Networking Basics

A compitter network is a collection of hardware and sofiware that cnables a group of
nodes (devices) to communicate and provides users with aceess (o shared resources.
A network 12 composed of two or more nodes that will share informalion, a
commumication medium through which they can communicate, and network

operating system software [3][26].

Communication networks are usually defmed by their size and complexity. 1t can he

distinguished into three main types:

Loeal Area Network (LAN) is a collection of compulers cabled iogelher W fomm a

network in a small geographic area {usually within one bulding).

Metropolitan Area Network (MAN) is slightly larger than a LAN and is contained

within a single city or metropolitan area,

Wide Area Network (WAMN) 15 rolatively large and can span gountries and
continents. Siated simply, wide arca networks arc the set of connecting links between
local area networks, Most WANs are privalc and owned by the business that operates
with them Hecentby, however, the Internet has emerged as both the largest and the
least expansive WAN in the world. Many companies are now forming private WANs

through encrypled commumications over (he Internet [3].
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Based on the roles of the computers allached. networks are divided into three types:

o  Server-Bascd Networks

o Peer Networks

o Hybrid Networks

Server-based {also called chent-server), conlaining clients and the servers thal
suppott them. A scrver-based network requires a central [le server and a networking
operating system that can handle lhe job. They require a separate machine and
theretore expensive hardware, expensive NOS, and without the proper training it is
dilficult to 1nsall and maintain, On the other hand, data transfer speeds are higher,
security is more tobust. LAN cxpansion 15 simpler, and there are management tools

available [3] |26).

Peer (also called peer-to-peer) which has no servers and use the network o share
resources among independent peers. A pect-to-peer network does not rely on the use
of a central file server 10 sharc filc but cach workstation relies on another workstation
10 have its resources made available. It is very dilficull 1o mainlain sccunty, must be
hmilcd number of peers to keep administration costs low, siow response time, bul it

is inexpensive, no central point of falure and no special Wraining required |3] [26].

Hyhrid network which is a client-server network that also has peers sharing
resources. Hybrid computing provides ability to users and network administrators 1o

control security lrased on the importance of the shared resource. Mosl nelwerks amc

acually hybrid networks [3].

3.4 Network Topalogies

A network topology refers to the layout of the trensmission medium and devices ona

network [3] |26).
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There are two categories of topologies [3] [26].

o Physical Topology
o Logmeal Topology

Physical Topolopy

o Mesh, Provides each device with a poini-to-point connection to every other

device in the noebwork,

|

:n -
— iy

Figure 3.2: Mesh Topology [3]

o Star DBranches out via drop cables from a cenlral hub {(also callcd a multiport
repeater or concentrator) to each workstation. A sigmal is transmited from a
workstation up the doop cable to the hub. The hub then transmits the signal to

other neoworked workstations.
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Figurs 3.3: Siar Topology [3]
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o Ring. Conncers workstations in a continnous loop. Workstations relay signals

arcund the loop m round-rebin fashion,

[

Figure 3.4, Rinyg Topology [3]

o Bus. Uses a single main bus cable, sometimes called a backbone, to ransmit
data, Workstations and other network deviees tap dircetly into the backbone

by using drop cables thal are connected to the backbone,
— L ‘ . — —_— |—‘—;—|

Figure 3.5: Bus Topology [3]

o Celolar Refers to a geopraphic area, divided into cells, combining a
wircless siructure wilh pomnt-to-point and multipoint design for device

atachment. The devices in cach coll direclly ¢ommunicalion with a central

slation called a hub.

Figure 3.6: Cellular Topology [3]
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Logical Topology
o Ring. Generates and sends the signal on a one-way path, usually

countetrelockwise,

o  Bus (renzrales and sends the signal w all network devices.

Physical topology defmes the cable’s acal physical configuration (star, bus, mesh,
ring, cellular, and hybrid}. Logical topology defines the network path that a signal

follows (ring or bus).

3.5 Network Operating Systems

A notwork consists of resources such as servers, workstations, printers, bndges,
routers. gateways, and other pctipheral computer cquipments. The Nerwork
Operaing Svstem (NOS) 15 a soltware that communicates with cach of these devices

to form an integrated system [10].

The major network operating systems are Microsolt Windows NT, Noveil NetWare,

and UNIX.

Windows NT iz Microsofi's advanced operating system that provides full 32-bil
aperations on high-performance single-processor & multiprocessor systems and can
rvm ¢n Intcl {and compatible} and RISC platforms, It is 2 preemptive multitasking
operating system that shares processor time between all running processes. It
meludes built-in sccunty that meets government ratings and networking suppor. that
is optimized to run back-gend applications for a large number of clients. The
Windows NT operating system was designed specially to serve the needs of network

uses and 10 provide hagh levels of performance and sceunty [11] [13] 11%].

The supcruser o an NT system 18 the wser Administrator. This account has
complete, unlimiled access over the operating svstem, whether it is used as a

workstation or a nelwork setver [4].
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NetWare is one of the world’s most popular network operating systems. With
MNetWare 5, Novell has incorporaled all the advantages of previcus versions of
NetWare and has added new features that build on the foundation b provide a

distributed computing infrasiructure [10].

The delault proweol for tetWare 4 x and earlier is IPX/SPX. NetWare versions 4.0)
and higher use a direclory service based network, Novell Directory Services or NDS.
NetWare 3.x and previous versions uscd a bindery-based database to maintam

mfurmation abowt vsers and groups [24].

The superuser on a NetWare system is the user Adnun, NetWare 3.x and previous
versions used SUPERVISOR rather than Admim, and a scparatc SUPERVISOR

account was required for cach server on the network.

UNIX is a family of operating sysiems developed at Bell Lahoratories n the late
1960ls Because [UNIX was designed for soflware development, the needs of the
beginning user were ignored in favor of speed and accuracy. However, UNIX has

svolved wilth an cver-inercasing focus on the end-user's needs [19].

Cne of the main reasons for the longevity and populanty of UNIX is its pertability.
UNIX mns on almost every type of computer [rom mictos to supct compuicrs.

LUNIX provides utilities for everything from cmail lo compilers.

The soperuser on @ UNTX system is the user root. ‘This account has complete.
unlimited access over the operating system, whether it is used as a workslation or a

nclwork server [1].

Sun Microsystems’ Solaris is perhaps the most popular UNIX system It is a BSD
TNIX with many of the {ftatures of the SVR rcleascs (the releases originating from
AT&Ts original work now called the System V melease or SVYR). It has been
optimized for distibuted network environmenis and performanee cnhanced for

mnning Jatabage and Web applications ‘The system iz also Java-enabled and
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includes support for Java VM (Virtwal Machine). The Hotlava browser is also
included. Solaris runs on SPARC and Intel plaiforns and will he available on
PowerPC platforms. Mulliprocessor systems are supporied and Solaris uses
symmettical multiprocessing techmiques lo full advantage of these syslems.
Multithreading is supported, which allows applications to be bmken into scgments

that execule sirmultaneocusly on each processor |19,

FreeBSD, another interesting varianl, 18 a version of UNIX that is based on the
Berkeley BSD rcleases and that runs on Intel processors. The FreeBSD operating

system is free and can be oblamncd at the Web site [19]

Linux is another free UNIX-like 32-bit operating system thal runs on a vanety of
platformis, including Intel, SPARC, PowerPC, and DEC Alpha processors as well a3
multiprocessing systems It is a freely available operating system with open source
code. Linux 1s a “usct-developed™ product. ‘The original operaiing system was
developed by Linux Torvalds as a college project. It is now well supported and
caining ground as a respectable operating system despiie ils homegrown roots, The
only problem with this approach is that drivers and fixes are only available if some
user decides to develop them. Supporl is another issue sinee user can’l call any

particular vendor | 19}

3.6 The OSI Model

The Open Systems interconnect (O8]) teference model was developed in the early
1470s by the [ntemational Standards Organization (ISQ). Provides a set of general
design guidelines for dam-commumications sysiems and also gives a standard way to
deseribe how various porions (layers) of data-communication systems mieract. The
hierarchical layering of protocels on a compater that forms the OS] medel is known
as a stack. A given layer in a stack sends commands o layers below 1t and services

commands {Tom layers above 1l [19].



It consisls of seven layers [3] [22] [26]:

o Application

o Preseniation

O hession
o lranspor
o Network
o Data Link
o Physical
Application Services
Presentation ( Message Services and
Session File Transfer)
Transport Reliable End-to-End
Nebvork Transport of Data
Data Link Ph}rsical
Physical Connecftions

Figure 3.7: Functions and Categories of the OS] Model [3]

1.7 Wetwork Protocols

A protecef i3 a set of mules for communication. Prodocols are the agree-upon ways
that compuicrs cxchange information. A computer needs to know cxactly how
messages will amive from (he network so it can make sure the message gets to the
right place It needs to know how the retwork expecls the message to be formatied so

the nebwork can convey the dam to its destination [9].

There are many levels of protocols in a network. Prodocols can be broadly divided

1nto tw categories,

o llardware Protocols

o Solfiware Protocols

28
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A protacel swite 15 a set of related protocols that come from a single developer or
source. Transmission Control Protocol (I'CI') is an esample of a protocol. The
Inlernet Protocot suite refers (o a protocol suite that includes I'CP and several other

refated data-communication protocols.

A protocel stack 15 & sct of two or more protocols thal work together, with each

proweel eovering a different aspect of data communications. Typically, TCF and

Intemnet Protocol {(IP) arc used in combination and might be called a protocol stack

05l MNetWare Toternet Apple Microselt
Anphication NetWare NFS, FTP, AppleShare Sorver
Core SHME SMTF, — TTEEGLME
Lelnet, cic ppicia blacks
I'rescrtatian Froloc ol Fillng Frotacol (AT
Qensin Aamed " ) | wumed
e MetRICH Suckels ae |oasae | ze | ear MetBIS P
Teanspart SPX TP ATt | rmr | ser | RTHF
WertRELIT
Metwark IPX IF Datzgrom Delrvery Prutewel
{DOF}
Thaca Link LAN drivers LAMN drivers LAMN drivers LAN drivers
oDl | WKDIs e Ases | a | v NDIS
]'-‘|'|_}r5[c3|_ Ph}'sir_dl P]'I}'Si[:ﬁ] Ph}'!i.l:ﬂl Ph}'siul

Figure 3.8 Common Protocol Stacks [6]

Long ago, the 156} developed the seven-layer OSI model. This model was supposed
to have provided a framework for mcgrating data processing systems everywhere,
The Intermnet protocols, meluding TCPIP, are now commeonly used throughout the
world. Developed by the Departinent af Defense, the TCH/IP protocol suile 15 a
siandard sct of protocols for the communication and interconnection of all types of
computer systems. The name iz derived from the bwo most widely implemenled
protocals in the suite: Transmission Conlrol Prolocol (TCP) & Intemet Protocol {IP).
Only a few years ago, a number ol olther protocels were vying for this top spot,
including the O8I protocols. Other network protocol suiles melude Nowvell’s
IPX/SPX, AppleTalk, and IBM SNA [6].
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3.8 Communication Media

A Communication system consists of a communicaiion medium and the devices that
connect to it. The medivm may be guided or unguided, where guided media is a
metal or optical cable and unguided media refers to fransmitting signals through air
or the vacuum of space. A communication system thal connecls bwo devices 1s said
to be a point-to-point system. In contrast, a shared system connects a number of

devices that can lransmit on the same medium, but only one ata time [19].

] ) ] (]

mmimnmmnimm Peint-to-Foint
Link
Shared media (Nonsharcd) Shared media

Figurc 3.9: Sharcd and Point-to-Point Communication Sysiems j L9]

3.9 Network Connectivity Devices

Network connectivity devices vsed to connect devices to nerworks or to connect
networks to other networks. Nemwork connection devices connect the various
sepments of network media that make up a network or inter-network. A seginent is
one section of nerwork transmission media that is assigned a specific network
address; it provides servers and clicnis on the network with acccss o nctwork

resaurces [3].
Some of these devices are mven below [3]:

MNetwork Interface Board: A network inlerface board attaches a device, such as a
compulet, w4 transmission miedium. Nelwork interface boards (hardware) and their
drivers (soltware) ate aware of their own physical device address, and insert it into

the source address field inthe Data Link header of every frame they subrmit.
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Repeaters: Repeaters regenerale {repeat) all reccived frames to all others peris on
ihe repeatcr. Repeaters work in the Physical layer of the OS1 model to provide [ast

signal regeneration.

Active Hubs: Active hubs, also called multipont repeaters, repeat all received frames

to all other poris on the hubs, It can regenerate or amphiy a sipnal.

Passive hubs: Passive hub connects muliiple media segments together; it does not

regencrale or amplify a signal.

Bridges: Bridges, like a ropeater, extends a network's transmission distance;
however, & bridge is used to connect sepmenls on different nebworks. A bndge

connects iwo LANS together that use the same prodocol slack.

Switches: A swich is a network device that selecls a palh or cirenit for routing data
to its destination. A swilch [orwards data to one of its ports that will direct the data to

the correct destination device. A swilch can be through of an intelligent bridge.

Routers: A router is a device or software in a compuiler thal selectively fonwards
packels o the port attached to the network that will allow Lhe packet o find irs
destination device. Routers use distance and cost algorithms to determine the best

TOLLbe.

CGateways: A pateway 15 a doviee m a nework that acks as an entrance to anolher
network. Gateways lranslale botween the protocols of disparate protocol suites. Tius

translation can take place al & smgle layer or at scveral layers,



Chapter 4

The Communication & Linking Media

4.1 Introductinn

At one tHime, transmission media choices were determined by the chosen topology;
for example. Fthemnel used coaxial, and Token Ring used shielded twisted-pair.
Nowadays nctworks are more accepting of a variety of transmission media types, and
thus transmission media and link choices are a balancing act belween budgets and

performance needs [26].

The larger the area LAN covers, the more critical cabling design becomes. Manager
must looks at the issue of cabling first to delermine whether it will drive network
budget and planning cycles. or whether it is only a minor consideration. The type of
cabling manager wants (o use might be a deciding factor in the desipn and layout of

nelwork, or il might be a minor factor that can be handled quickly [5].

Nemworks lhat cover muluple sites frequently use combinations of cable and wireless

media to link computers and devices [3].

4.2 The Communication Media

The communication medium is the physical path between transmitter and reeciver n
a data transmission system [22]. Compulters send electric sipnals W each other using
electric currents, radio wases, microwaves, or light-specirum energy from the
gleciomagneuic spectrum. The physical path through which computers send and

receive Lhese signals is called communication / transmission media [3].
There are two types of media for dats Leansmission [6]:

o (Guded Media
o Ungnided Modia
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Guided media have a central conductor thal consists of a wire or fiber surrounded by
a plastic jacket. They are typically used for small [LANs [3]. Guided media lzansmit
signals hy sending electricity or light over a cable. Guided media includes metat wire

{copper. aluminwm, and so on} and tiber-optic cable [8].
The following guided media commonly used for data transmission are [22].

Unshielded Twisted Pair Cable
Shielded Twisted Pair Cable
Coaxial Cable

oo D

0

Fiber-optic Cable

Unguided media typically employ the higher electromagnctic frequencies. such as
1adio waves. microwaves, and mfrared. Unguided media transmits data without the
benelit of a conduit-it might transmit data theough open air, water, or even a vacuum,
Unguided media arc ncccssary for nelworks with mobile computers or nebwarks thal
mansmil sipmals over large distances; they especially prevalenl in enierpnise and

global networks [3)
The unguided media conmmeonly used for data transmission are [6] [22]:

> Warrow band radio, laser, and microwave
o Batellite Mictowave

o Temestrial microwave

o Spread spectrum radio

o Infrarcd

Wircless LANs, or at least segmenis of LANs, provide a way out of difficult wiring
problems in many imstallations. Manager can have the wirng for LAN installed by
g coniractors, by local telephone company, by a local electrical contractor, or by
organization’s own employecs. Major vendors and many smaller venders developed
their own premise dislnbution system (PD3) plans. These cabling architectures
provide for an infegrated telephone and data cabling plant using hardware

components {rom a single supplier, The advantage of having one source of supply is
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that there is only one place to paint the linger of responsibility; the disadvanluge 1

that organization becomes wedded to thatl vendor [5].

‘The cost of LAN wiring is divided between the costs of matendal and labor. Prices
vary with the amount of cable s borough. These prices skyrocket for shorter hunks

of cable [5]

a  I'ypical fiber-optic cable should cost just under 2 per Tool.

o Shielded mwised-pair wiring vsed for Token-Ring networks runs about 44
wenls per fool,

o Thin coaxial cable uscd Lor Eihernel costs about 13 cents per foot.

o Four-pair twisted wire casts 10 cents per foot.

A lot of contractors know how to 1nslall twisted-pait winng, and the cable television
industry has taken (he myslery oul of insalling coaxial cable, There are few good
fiber-optic contractors or people who know how to wire Token-Ring networks,
however, Labor costs for cable mslallations vary widely, driven by locale and the

availability of knowledgeable contractors [5].

Companies olien elect to have their own computer resource peeple plan and even
mslall LAN cabling with the help of a licensed elecineal contractor. Involving
organization's own people in LAN wiring can save money, avoid mistakes, and

facilitale expansion [5]

4.1,1 Twisted-Pair Cable

‘The least-expensive and most widely-used guided transmission medium is iwisted
pair. A twisled pair consists of two insulated copper wires arranped in a regular spiral
paltcn. A wire pair acts as a single conununication link. Typically, a number of
these pairs are bundled togelher inlo a cable by wrapping them in a tough protective
sheath. Over longer dismances, cables may conlain hundreds of pairs. ‘The twisting
tends Lo decrease the crasstalk interlerence between adjacent pairs in a cable. The

wires in a pair have thicknesses of from €.016 to 0.036 inches |22].

uq
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Twisted pair is commonly uscd willin a building for local area networks supperting
personal computers. Twisted-pair wire s inexpensive, readily available, and
adequate for many local network applications. It requires liltde technical skill to

install and connect wirc. Installalion requires simple and inexpensive hand tools [§].
The two types of twisted-pair cable are:

o Unshiclded iwisted-pair (1IFTT)
o Shielded twisted-pair (STP)

4.2.1.1 Unshielded Twisted-1"air Cable

Unshielded twisted-Pair {(UTP) cable consisis of a mumber of twisted pairs with
simple plastic casing. UTP uses RJ-45, RI-11, R8-232, and RS-449 conncetors, max
length is 100 melers. speed is up to 100Mps. Cheap, casy to install, length becomes a

problem.

The Flectrical Industries Asscciation (E1A) divides UTP into different categories by
quality grade. The following calegories are defined [3]:

o Category 1 UTP cable can transmit voice signals but not data. Most
telephone cable installed prior to 1983 is Catepory 1.

o Category 2 UTF cable made vp of four twisted-pair wires. cerified for
transmiting data up to 4 Mbps (mepgabifs per second).

@ Category 3 UTP cable made up of four twisted-pair wircs. cach iwisted three
times per [vol. Category 3 is cerrified to transmit data up o 10 Mbps.

o Category 4 UTP cable made up of four twisted-pair wires, certified 1o
transmit data up 1o 16 Mbps.

o Category 5 UTP cable made up of four twisted-pair wires, certified to

transmit data vp to 100 Mbps.
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Plastic Color-code  Copper wire
Encasemen Insulation Condocior

Figure 4.1: Unshizlded Four-Pair Cable | 3]

Expect for professionally insmlled Category 3, the cost of UTP is very low when
compared with other ransmission media. UTP cablc ig casy to insiall. Mamienance
and nelwork reconfiguration iz alse relatively simple. UTP eond to aticnuate tapidly

and is very susceptible to EMI [3].

4.2.1.2 Shicldierd Twisted-Pair Cable

The only difference between shielded twistecd-pair {STP) and UTP is that 811" cable
has a shield — usnally aluminvm/polycsicr — belween the outer jacket or casing and
the wires, Shiclded Twisted Pair uses RI-43, RI-11, R5-232, and R5-449 conncelors,
max length is 100 meters, and speed 15 up o 500Mps Not as inexpensive as UTP,

easy to install, lengih becomes a problem [3].

The shicld makes ST less vulnerable to EMI because the shield s electrically
arounded. IU 1s more teliable cable for 1LAN environments. Allthough many LAMs
now use UTP, STP 15 still used. Transmission media specifications from IBM and
Apple Computer use STP cable A compleiely different type of STP is the standard
[or Apple’s Apple I'alk networks.

S1P is fairly expensive. STP costs more than LYI'P and thin coaxial cable bul less
than thick coaxial or Miber-optic cabling The requirement for special connectors can
make STP more difficult to install than UTP. STP does not outperform UTP by much
in terms of atlenuation The biggest differcoce belween STP and UTP s the

reduction of EMI. Howevcr, since il 18 copper wire, % I'P still suffers from EMI [3].
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4.2.3 Coaxial Cablc

Coaxial cable consisls of iwo conductors, but 18 constructed difTerently to permit it to
operate over a wider range of frequencies. It consists of a hollow outer eylindrical
conduclor that surrounds a single mnet wire conductor. The inner conductor 13 held
m place by gither regulatly spaced insulating rings or a solid dielectric material. ‘The

outer conductor is covered with a jacket or shield [22].

Insulater
Inner T
Conductor Outer Outer

Conductor Sheath

Figure 4.2: Coaxial Cable [22]

A single coaxial cable has a diameter of from 0 4 w0 about | inch. Coaxial cable is
much less susceptible (o interference and crosstalk than is twisted pair, Coaxial cable
can be used over longer distances and supports morc stalions on a shared line than

twisted pair |22].

The following are some coaxial cables commonly used in networking [3):
a  50-chm, R(:-8, and R(G-11, used for Thick Gthernet
o S0-ohm , RG-58, used for ‘Thin Ethemet
o Ta-ohm, RG-39, vsed for cable TV
o 93-ohm, RG-62, used for ARCnet

Coaxial cable 1s relatively inexpensive. ‘The cost for thin coaxial cable is less than
STP or Catcgory 5 UTP. Thick coaxial is more expensive than 1P or Category 5
TP bui Iess than [iber-optic cable. Tnstallation is relativeiy simple. Because it uses
copper wire, coaxial cable suffers from atrenuation, but much less so than twisted-

pair cables. Coaxial cable runs are lmiled (o a couple of thousand meters. (Coaxial
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cabling is wulnerable o EML Uowever, the shiclding provides a much betwr

resistance to EMI's effects | 3].

4.2.3 Fiber Optic Cable

Fiber optic cables are tibers of glass, usually about 120 micmmeicrs m diameicr,
which arc vsed to carry signals in the form of pulses of light over distances up to 50
km without the need for repeaters. ‘These signals may be coded voice

communications or computer data [22].

A fiber aptic cable has a cvlindrical shape and consisis of three conceninic seclions:

o The core
o The cladding
2 The jackel

The core 18 the inner-mosi sechion and consists to one more very thin strands, or
fibers, made of glass or plastic. Each fiber is surrounded by its own cladding. a glass
or plastic coating that has optical propertics dilfercnl from those of the cote. The
outermost layer, surrounding one or a bundle of cladded fibers, is the jacket. The
jacket is composed of plasiic and oilher materal layered to protect against moisture,

abrasion, crushing, and other cnvimmmenital dangers [22].

Core

N TN RN
ﬂ

/ -
Light at less than  Angle of Angle of
Jacket  Cladding critical angle is icidence reilection
absenbed in jacket

Figure 4.3, Fiber Optic Cable [22]
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I'wo different bypes of light source are used in fiber optic systems:
o The light-emitling diodes (LED)
o The injection lased diode {ILI))

Hiber optic cables are differentiated by core/cladding size and mode. ‘The size and
purity of the core detcrming the amount of light that can be transmitted. The

following are the common types of fiber-optic cable [3]:

o 8.3-micron core/125-micron cladding, single-mode
o 62.5-micron core/125-micron cladding, multimods
o 50-micron core/125-nucron cladding. multimode

o 100-micron cored 140 -micron cladding, multimode

Optical fibers carry signals with much less energy loss than copper cable and with a
rmuch highcr bandwidth, This mcans that fibers can camry more chaoncls of
information over longer distances and with fewer repeaters required. Optical fiber
cables are much lighter and thinner than copper cables with e same bandwidth.
This mcans thal much less space 13 required m underground cabling ducis. Alse they
are easier for installation engineers to handle. Optical fibers are much more difficult
to tap information from undetected; a great advantapge for banks and secoriry
installations. They are immune to Electromagnetic interference from radio signals,
car ignition systems, lightming etc. They can be routed safely through explosive or
{lammable atmospheres, for example, in the petrochemical industries or munitions

sites, without any risk of ignition [3] [22]

Optical fiber is slichtly more expensive than copper cable, but cosls ame falling.
Associated equipment costs can be much higher than for copper cable, making
optical fiber nerworks much more cxpensive, Fiber optic cable 18 more dilfficull 1o
install than copper cable. Optical fibers camot be joined (spliced) together as a easily
as copper cable and requires additional training of personnel and expensive precision
splicing and measurement equipment. Optical fiber cable has much lower allenuation
than copper wires, Optical fiber suffcrs very lille from atfcnualion but has instead a
different problem: chromatic dispersion. Fiber optic cable is not subject to electiical

interference [8]



4.2.4 Wireless Drafa Nebtworks

This nzme is misleading. Wireless dala networks typically aren’t totally wireless, but
msicad use cither radio or infrared technology to connect a node or group of nedes
into the main body of the network. It’s difficult to categorize wireless dala network
systems because they have many diflerent architectures. Wireless may be the hottest
word in nerworking, nobody owns the term, and it means duferent tbings w diftercnt
people  Wireless neiworks arc always extensions of cabled networks, not
replacements of them. The rules of physics apply to wireless connections jusi as they
do to cable, but they are more conlining in the wircless environment. Radio waves
travcling through space face a much more hostile environmenl than do clectrons
traveling through copper. Organization’s network can  have long-thsiance
connections, fast commections, or inexpensive conncctions over wireless, bt not all
three. Distance and signaling speed always work agamst one anolher, and raising
either ol those parametcrs while keeping the other steady always raises the cost, This
relationship makes 1t difficull lo ficld a wircless system that is Jess expensive or
faster than one based on copper cables. So, far wireless systems o succeed, they
must be deploved m niche siluations where poided media cable is at some
disadvantage. 'l he two most fruitful applications for wirelcss are in arcas where it is
difficult to install guided media cables and where people need or are willmg o pay

for moblity [5].

4.3 The Linkingz Media

[t iz difficull and expensive 1o semd dala quickly over long distances, Selecting a
method of linking LANs 1s all about cosm. In all the decizsions manager makes
regarding linked LANs, manager has 1o balance throughput against distance and cost.
Becanse the cost of the intemetwork segment is typically the dnving factor m the
gquation, it's smart to pay more for network hardware that makes ihe best use of the

long-distance media [5].

4t}
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Many crpamzalions nced lo move a 1ot of dala over distances greater than a few
thousand feet, so managers need to leamn the techniques of extending and linking
LANs. The techniques usc to ok LANS segmenls depend upon the distance and
speed 15 needed, the network commumealions protocols are used and the
organization’s business philosophy regarding leasing versus owning facilities Just as
sotne manufacturing companics own their own trucks and boxcars, and others
contract for all lransportation services, some organizations own their MAN and
WAN facilities, and others lease these specialized services from commercial
supphers. Many organizabions sel up ther own mcrowave, highl beam, or liber optic
transiiission systems m© camy data around a metropolitan area or  campus,
Organizaliond can usc the transporlation lunncls under many cities © mstall ther
own [iber optic cable sysiems bebween their offices or stores and major customers
and suppliers, Metropolitan telephone and cable television companics also supply
LAN-to-LAN conncctions under scveral ypes of business armangemenis. Bul when
the connections extend beyond the memopoelitan area, organizations typically lease
circuits from commercial suppliers. The suppliers include long-haul carricrs, local
telephone compames & competilive local telephone carmiers, specialized companies

and satellite system providers [3] [6].

The micrmetwork media available o Iink LAN segments inclides telephone lines,
satellite nebworks, microwave radio, fliber-optic neworks, and perhaps cable

telovision coaxial syslemns [5].

4,31 Telephoue Line Systems

Stated a little simplistically, there are two types of telephone lines: those going to the
public dial nerwork {dial up lines) and those leased for long-tenn dedicated use
Dial-up lines provide a temporary dedicated connection by dialing a long-distance
lelephone numnber and the computers in the telephoneg switches route call. Lease lines
provide a full-time dedicated conncehon that does not pass through the system of

swilches [5]
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4.3.1.1 Dial-up Line

A dial-up line is a conncclion or circuit between two sites through a switched
telephone notwork. In the data communication world, a dial-up line forms a link

belween two distant computers or local area networks [19].
Features that are important in data communication are listed below |19]:

o Dial-up lines provide any-to-any connections. The ordginating site can call
any other site, unlike dedicated lincs that connect two sites

o Modems are required on both ends of a dial-up line

o A call setup and disconnecied sequence 1s required for dial-up lines

o Dal-up lines are incxpensive and charges are incurred onily dunng
connection lime and are based on distance. They are uselul for occasional file
transfers, email transmissions. and backup links

o In many countries, calling long distance is still expensive, and, in some cases,
the circuils can’t pass high-speed data e(tectively [5].

© The transmission rate is typically 28,800 bus/sec with the V.34 standard and
the use of compression, but higher rates (up to 56 Kbits/Sec) are available for

download speeds

4.3.1.2 Leased Line

sclling leased telephone ling has been an important business for the long distance
lelephone industry [3]. A leased line is a communication circuit thal is set up on a
penmanent basis lor an organization by a public service provider such as a LEC
{local exchange carrier). a long-distance IXC {inter-exchange carmrict), or both, Some
alternalte carriers. such as MCI, provide LEC bypass facilitics in vadous memropolitan
arvas. Because an organization pays a [ixed rate for the lines under contract, the lines

are oflen called Teased lines [19].

A leased Iime in mest cascs simwlates a physical circuit. In realily, the camier

gharaniees an agreed-upan bandwidlh through its switching system and irunk lines
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For all practical purposes, leased line refers as a private dedicated circuit. llowever, &
leased ling may also be eslablished on the physical wire thal runs from a ¢usiomer
site to the local switching office. To abmain high dama rates on these lines, it is

conditioned to ensure quality [19].

An organization uses leased lines to build private networks that intercommect its
remots sitcs or the sitcs of business parincrs. The lings are called poivate becauss no
one else competes for bandwidth on the line as with packet-switching networks such
as Imame relay. They are also more scoure than wsing open networks hke the inlermnet

for wide atea connections [17].
Leased lines can be either analog circnil or digital circuim [19]:

o  Analeg Lines require modems at each end and typically provide the same
dala rates as dial-up lines excepl thal customers contracl with the carmier to
keep the ling available for permanent use. The carrier may provide a discount
rate ot & higher quality of seovics over dial-up hines

o Digitul Circuits  are conditional fines that can provide higher data

iransmission rates than analog lines

The cost of leased hnes depends on the capacity of the line, the distance. and the
provider. The most often used high-speed digital line scrvice is the T1 channel,

which provides transmission rates of 1.544 Mbits/sec | 19].

Integraled Services Digital Network also provides the equivalent of leased-line
serviges starhing i increments of 64 Kbitsfsee Various protocols are available for
providing bandwidth on demeand duning various times of the day or when traffic

levels inercasc [19].

4.3.2 Cellular Wircless

Cellular dala commumications use the cellular telephone network to carry dats

belween a mohile PC or terminal and & host computer [6).
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The cellular telephone nelwork uses 300 MHz radio signals to communicate berween
the cellular service provider and a customer’s cellular phone, The cellular phone
company operates a network of radio receivers and transmitters called siles. Cell sitcs
are lypieally located a few miles apam, vsually on towers aboul 150 feel tall. Many -
cellular systems offer a chowee between digital and analog service Digital cellular is
orpically more reliable and has better audio quality than the older analog service, and
15 belter suited for cellular modem communications. While digital ccll phoncs are
typically more expensive than their analog counterpants, the monthly service is often

less expensive Lhian analoy.

Each ccll site can support dozens of users at one time, and the cell sitcs arc carcfully
placed so that each cell site’s coverasge overlaps s neighbonng siles’ coverage area.

The area of coverage provided by each site 15 called a cell.

The overlap of the cells ensures that any phone traveling through the area will be
able to comnmnicate with at least one sile. Moving from cell to cell, the cellular

system automatically swiatches call- a process called handing off.

Celluiar dala communications require a celhilar telephone and a special cellular
moedem. Most cellular modems are PC Cards designed to fit into laptop computers,
The modem atraches to the cell phone via a cable. Cell modems are similar o regular
modems; expect that they are more tolerant of noisy and interrupied connections — a

comhon problem with cellular telephones,

Ccliular phone connections do not have much bandwidth as ordimary phone lines, so
cellular modems runs at slower speeds — typically 4,800bps. A new breed of digial
cellular phones promiscs to increase transmission speeds and provide more rehable

communications, but requircs users 1o buy a new phone and modem [6].

4.3.3 Radio Wave Transmission System

The range of the electromagnetic spectrum between 10 KHz and 1GHz is called
radio frequency (ILF). Radie waves have frequencies between 10 KHz and 1 GHe.
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Radie waves mnclude the following types:

o Shor-wave
¢ Very-high-frequency (WVHF) television and FM Radie
o Ulrra-high-frequency (UHF) radio and iclevision

Most radio frequencies arc regulaed. To use a regulaled frequency, onganization
must be received a license from the regulatory body over the area. Getting a license
can take a long time, costs more, and makes it more difficult to move cquipment. The
advantage of unregulated frequencies is that there arc fow restrictions placed on
them. Unregulated frequency equipment must operate at less than 1 watt This makes

unregulated radio communication bandwidihs of limited use |3].

The power of the radio frequency signal is dewrmmined by the antenna and
transceiver. Lach range has chamclenstics that alfect its use in computer networks

For computer nciwork applications, radio waves fall into three categories [3]:

o Low-power, single-frequency
o High-power, single-frequency

o Spread-speclrom

Low-power, single-frequency products can use any radio frequency. Most systems
are moderated priced compared with other wireless systems. Most systems anc casy
fo install Drala rates range fom 1 to 10 Mbps. Low-power, single-frequency
mansmissions suller from adenuation because of their low power. Resistance (o EMI

is low [3]

High-power, simgle-frequency can use any mdio frequency, but metworks faver
higher gipaheriz ranges for betier data rmies. Radio transcoivers are telatively
inuapensive, but other equipment can make high-power, single-lrequency radio
moderaicly (o very expensive. Installations are complex. Skilled lechnicians must
mstall and maintain high-power equipment. Bandwidth is bypically between 1-tol0
Mbps. Atenuation rates are fairly low. Much like low-power, single-frequency

transmission, vulnerability to EMI iz high [3].
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Spread-Spectrum generally operates in the unlicensed frequency ranges. Costs arc
typically tairly incxpensive when compared with other wireless media. installation
problems can range from simple to fairly complex, The most commaon sysems, the
200 MHz systems, support data rates of 2 —to 6 Mbps, but newer sysicms operaling
in gigahenz produce higher daia mies. They usually have high attenuation, Immunity

to EMI i low [3].

4,3.4 Terrestrial Microwave

Frequencies in the range of about 2 Gliz to 40 GHz arc referred 1o as microwave
frequencies At these Frequencies, highly directional beams are possible, and
microwave 18 quile sulable for point-to-point transinission, The most common type
of microwave antenna is the parabelic “dish”. The anlenna 1s {ixed ngidly and
focuses a narrow beam 1o achieve line-of-sight transmission to the receiving antenna.
Mivrowave antennas are usually located at substantial heights above ground level in
order to extend the range between antennas and to be able 1o transmil ower
intervening obstacles. To achicve long-distance transmission, a series of microwave
relay lower 1s used; point-to-point microwave links are strung togcther over ihe

desired distance [22].

As with any transmission syslem, a main source of loss is attenuation. Tor
microwave, the loss varies as the square of the distance, Tn contrast, for twisted pair
and coaxial cable, loss varies logarithmically with distance, Repeaters or amplificrs
may be placed farther apant for microwave systems — 10 to 100 km 15 (ypical.
Arctiualion mereases wilh rainfall, the effects of which become cspecially noliceable
above 10 GHe Another source of impairment is inlerference. With the growing
population of microwave, transmission arcas overlap and interference is always a

danger [22].

Shori-distance systems can be relatively inexpensive, and Lhey are effectively in the
runge of hundreds of meters. Long-distance sysicms can be very expensive. Line-of-

sight requirements for microwave systems can make installation difficull. Owver short
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disiances, allenuation is not significant. But rain and [og can negatively affect
higher-frequency microwave. These signals are vulnerable to EMI, jamming, and

cavesdropping. Microwave systems are also affected by almospheric conditions [3].

The modermn urban environment presents a particular challenge, in that bandwidih
allocation, RF interference, link obstruction and aimosphene pollution place
maximum constraints on the 8ystem simultaneously. However, urban environments
alsa have the highest land acquisition values oo Many modem cities have found it
cost elfective to build a single, very high tower to house an entire city's trunk
communication microwave dishes. These towers are now 4 common teature of the

modern urthan landscape.

4.3.5 Sarellite Communications

A communtcation satellile 15, 1n effect, a microwave relay station. It is used (o link
iwo or more ground-based microwave transmitierfreceivers, known as eanh stations,
or ground stations, The satcllitc receives transmissions on one frequency band
{uplink), amplifies or repeats the signal, and mansmiils it on another frequency
{downlink}. A single orbiting satellite will cperate on a number of frequency bands,

called transponder channeis, or simple transponders [22].

There are two common configurations for satellite communication. In the fimst, ihe
satellite is being used o provide a point-to-point link between iwo distant pround-
hased antennas. In the second, the satellite provides communications between ome

ground-bascd ransmitler and a number of ground-bascd reccivers [22]

T remain stationary, the sacllitc must have a period of roiation equal (o the earth’s
period of rotation. This match occurs at a height of 35,784 km. The optimum
frequency range for satellite transmission is 1 to 10 GHz. Below 1GIIz, thers is
significant neise from namral sources, including galactic, solar, and aimosphene
noise, and human-made interfercnee from various electronic deviges. Above 10 GHe,

the signal is scvercly allenuated by atmospheric absorptien and precipitation. Most
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satellite providing point-to-point service today wse a frequency band-widih in the
range 5925 o 6425 GHz for ransmissiom fom earth (o satelhte {uplink) and a
bandwidth in the range 3.7 to 4.2 GHz transmission from satellite to earth. This

combination is referred to as the 4/6 Gl1z band [22].

Because of the long distances involved, there is a propagation delay of about a
quarler sceond belween insmission [rom one earth slation and reception by anolher
carth stabion, [l also mimoduces problem 1in the areas of ermor contmol and ow control.

Satellite microwave iz inherently a broadcast facility [22)
Satellite communication has a number of advaniages:

o The laying and mainlenance of mtcreonlinenlal cable 15 dilfreull and
EXpPEnsive.

o The heavy usage of inlercontinemtal iralfic makes the salellile
commetcially attractns e,

o Satellites can cover large areas of the Earth. This is particularly usefol for

sparscly populated arcas.
Salcllite communication is limited by Lour Bclors:

a Technological limimtions preventing the deployment of large. high gain
antennas on the satellite platform.

o {ver-crowding of svailable bandwidths due to low antenna pains.

o The high investment cost and insurance cost associated wilh sigmificani

probabiliny of failure,

The ¢ost of building and launching a satellite is extremely expensive — as high as
several hundred million dollars or more. Satellite microwave mstallation for saiclliles
is extremely technical and difficult. The carih-based systems may require difficult,
cxact adjustments, Autenuation depends on the frequency, power, antenna size, and

atmospheric conditions, Microwave systems are volncrable to EMI [3].

The satellite provider can divide the total capacity inlo a number of channels and

lease these channels to individual business users, A user equipped with the anlennas
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e
at a nuwmber of siles can use a satellite channcl for a privae notwork. Traditionally,
such applications have been quite expensive and hmited 1o lirger organizations with
high-volume requirements. A recent development is the very small aperture terminal
{¥SAT) system, which provides a low-cost allernative. A number of subscriber
stations are equipped with low-cost VSA'l" antennas. Using some protocol, these
stations sharc a saicllile transmission capacily for {ransmissiom (o a hub statwm. The
huh station can exchange message with each of the subscribers as well as relay

messaecs between subscrbers,

VEAT technology 5 a telecommunication system based on wireless satellite
technology, The lerm WVSAT' stands for "Very Small Aporure Tomminal'. As lhe
defimnon iigell mdicales, VEAT technology is made up of a small satellile earlh

station and a typical antenna of 1.8 meter diameler,
Thers are three components in a VSAT network.

o Master barth Station
o WSA'T Remote Earlth Smtion

o Satellite

Master Eanth Station

Figure 4.4: Salellile Communications [3} [22]
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VSA'T service may come with a flat monthly service rate for gach installed site,
mespective of where the VSAT uml 15 nstalled. The terms and condifions of the
VSA'T service are specified in a standard service contract agreement A typicai
agreemtent has a contract perind of at least bwo years and may be extended for a

longer peniod.

Satcllite circuits aren’t pertect inter-LAN solution for every arganization, but they

olfer unique [Batures and peopraphie fleaabihily that no oiher service can match [3].

4.3.6 Internet ¥PN

An Internet VPN can provide a secure way o move packets actoss Lhe Inlernet with

the right equipment [6]. There are two methods for doing this:

o Transport Mode Describes the techniques of encrypting only the payload
porlien of an IP packet for transport across the Imlemet. The header
informalion 15 lefl intact and readable so (hat routers can forwanl the pachet
s il traverses the Internel. This is an TP-only lechnique.

o Tunnel Mode With this technique, IP, IPX, SNA, and other packets are
encrypted, then encapsvlated into new IP packels for trenspon across the
Intermet. This technique has the advantage of hiding the source and

destination address of the original packet and improves sccurity.

In either case, Intemet VFNs trade off the guaranteed capacity and predictability
available on [rame relay or ATM virtual circuits for the low cost of creating ¥IPNs

over Inlermet. They are much cheaper than leased lines.

While inexpensive, extending a private network across the public Internet has
scendty and povacy implicalions. However, vendors of Internet VPN products have
gone to great lengths to ensure security and privacy. Encryption provides scounty,
but authenlication 13 also mequired (o ensure that people ot devices at the other end of

the link ame autheniic and authonzed to use the link
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There are twvo types of conneclions i the Intemet VPN scenario.

o Site-to-site connections A conncetion that tunnels large amounts of traffic
between two network sites

o Virmaal dial-up services A tunnel for an individuat user into a corporate site

Both schemes lake advantage of local connections to ISP and (he wide arca

connections provided by the Internel.

4.3.6.1 Site-to-Site Conncetion

A site-{o-site connection is the most common way to set up an Intemet VPN between
two network sites, Two cencerypting routers are requirsd and an SA (security
association} is set up between them. An SA is a symmetrical comnection in which the
same scourity lechniques (encryption, decryption and authentication) are used by the
transmitter and receiver. In the simplest setop, an adminisirator creates two separale
private keys to handle encryption and decryvption in each direction. Ome key 15 used
o encrypl data as it leaves one routor and decrypt it as it arrives at the destination,
The other key is used o encrypt and decrypt data in the meverse dmection. The
administrator typically programs the keys into the devices and personally delivers

them (o the intended sites 1o avold compromisc [6].

Once the routers are set up and the link is established into the Internet, all data iraffic

acmoss the hink 18 cnerypted to hide it from anyonc that might manage to tp the line,

Several initatives and standands are under development for this lype ol connection.
‘The IETH is working on IPSec (1P Security), which strives to provide interoperability
among different vendors® tunneling products. RSA Dama Security helped esmablish the
SIWAN initiative in 1995 to provide an industry forum for interoperabitity and
standardized implemenration of IPSee, These protogols are designed to operate in the

Network Layer of the protocol stack and encrypt all data that crossed the link [6]



4.3.6.2 Virtual Dial-up Services

Virmal dial-up protocols are designed w supporl remole uscr aceess into the
corporate network with might be called personal tunnels. Yirtual dial-up prolocels
help vrganizations belter manage their remotc access capabilities and reduce connect
charges by taking advantage of the Intemet. Tnstead of dhaling i fo a corpeorate
remaote access server, users dial in to a local ISP or carricr aceess point. A tunnel is
then created between the remote chient and the corporate site through the ISP and

across the Inwmet [8].
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Figure 4.5: Inlcrnct VPN [6]

4.3.7 Alternative Connection Schemes

4.3.7.1 DSL

DSL is an all-digital service, and it promises to deliver data at speeds ranging from
about J00Kbps to 8Mbps. ADSL {asymmctric digital subscriber ling), HDSL {high-
bit-rate digital subscriber line), RADSL (rals-adaptive digital subscnber hne) ele. ame

52
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the variations of DSL. These signaling techniques vary, but the idea is that the link is
fasier m one direction (han m (he olher. The reverse channcl specds range from

64K ps to 1 Mbps

DSL has promisc as a campus-wide system. DSL is deployed as a last mile
commechon, 4 lerm thal deseribes the [inal ling connection bemween a teleo central

oftice {CO) and the subscriber,

DSL is & copper loop transmission technology that achieves broadband speeds over
common e isied-pair telephene wire by making full vse of the available frequency

spectrum, resulting in multiple-megabit service capabilities,

DSL's pomary benetit lics in providing a far bigger “pipe” than older analog
connections. This is a key advantage in the ongoing battle to avoid Web congestion
and provide a quality expericnce for users. And bocanse DSL runs over standard
phone lines, generically called ‘“‘copper”, much of the existing telephony
infrasiruclure can carry digilal signals as long as swilcling cquipment at central

ollices is upgraded (o support DSL,
Currently, DSL technology is divided into o main camps:

o Symmetrical D51 {(SDSL)
o  Asymmetrical DSL {ADSL)

Symmecincal DSL fealures a bdirectional ranging from 160Kbps to 1.5Mbps,
whereas Asymmetrical DSL scales between 384K bps and 8. 1 Mbps download speeds
and between 128Khbps and 800Kbps upload specds [5].

4.3.7.2 Cable Modems

Cable television companiss and cable modem equipment vendors talk about cable
modems and their claimed 27Mbps throughput. Cable modem service is provided by

a parinership berwesn national cable Internet access providers and local cable



television providers. The ISI corporations supply technical know-how, a fast Internel
backbone connection, and marketing and billing assistance to hundrcds of local cabls
television operators nationwide. They also provide specialized cantent and their own
Web porials to end users, In almost all case, cable modem connection service is also

ISP, although this is a pomt of contention before regulatory and legislative groups.

All the hemes in a given neighborhood share a single cable much the way PCs share
an Ethernct LAN cennection, Several neighborhood cables conncet to a cable access
unit {CALNY, which combines signals from the neighborhood cables into a single
signal. In tam, the CAL connects via a high-speed [iber-optic lint to the cable
company’s main switching center housing the routers and providing the onramp 10

the Internet,
I'here are two types of cable modems.

o Two-way hybrid fiber-coaxial modem

o Une-way coaxial modem

Two-way hybrid fiber-coaxial (HFC) modems can theorclically achieve download
speeds in the 3Mbps to 10Mbps mange with upload speeds of around 128Kbps 1w
10Mbps, One-way coaxial medems average a 2Mbps download speed and require 4
dial-up modem for the upload of data. A few providers still use the one-way coaxial

icchnology. but most have swiched over to 1IFC

Most cable modems connect to IX2 via an Elhemet conncction, so the cable
company’s installer must open PO and install an Ethernet card. The mstallation fee
sometimes includes the modem and the Gthernet card, but organization might have to
buy or rent a cable modem from the cable company. Cable modem hardware vendors

include Cisco, (eneral Instrumenits, Motorola, Samsung, and Jeom.

Fot now, the local cable company usually sends an installer to organization to set up
cable modem service. 11 can be received cable modem and cable TV service on the
same cable, 5o established cable TV subseribers usually don’t necd any addilional

inside wiring 1o connest 4 cable modem. Each time when someone turns on PC, the
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cable modem automatically establishes a comnnection to the Internct. This is a high-

speed, dedicated connection,

Although cable modem can provide stunming connect speeds. the scrvice has a fow

caveats' slowdowns, bandwadth congeslion, and lack of suppornt for LANs,

Although provider possesses an incredibly fast connection (o the Intemet, there can
be times when the ISP-to-Intemet link can reach near capacity, slowing connection to

a crawl,

Some vsers of cable modem service report thronghput slower speeds during the peak
evening hours. Overall, customers find that getting good technical support can be a

real problem for cable modem customers [5].

4.3.7.3 Other Carrivrs

If organization needs to connect LANs in a metropelitan arca, manager might loak
for communications circuits fom unlikely camers. Many cable iclevision companics
have insialied two-way coaxial cables and can camy data at high speed. Railroads
oflen have cxcess microwave radio or fiber-optic channcls insialled along their
rouics, Power utility companies can offer circuits on their {iber. These organizations

and others might be able to sell a service that can link T.ANs,

Speclalized compamies m many mebopoltan areas offer circuils for MAN

connectivity,

Fially, organizalion can be 118 own carner wilhin a metropolilan area, particularly if
otganizalion has al least onc office with a lop-down view of the skylime. Several
companies sell microwave tadios operatmg al 2.3(:Hz and 23GHz Lhat can be
lucrally set on a desktop and poinl oul window loward the disiant LAN, These
products can only span line-of-sight distances, for a maximum of 3 o 5 miles, but
they can provide throughput of 1.544Mbps, and there arc no monthly leased-line

charges [3].

th




Chapter §
Synopsis of FMU Project, Phase-II, BPDB

5.1 Brief Description of Bangladesh Power Development Board

In ihe year 1947 when the DBritish colomal rulers left, power generaiion and
distribution of this part of the country were in the hands of some private companies
The power supply to then 17 provincial distnicts was within the township in a limited
way. The generation voltage waz 400 volts. Power used (o be supplicd 1o most of the
dislricts during nighttime only. Only exception was Dhaka City where power used to
be supplicd by two 1500 kW generators and the generation voltage was 6600 volis
and this was ihe highcst supply veltage. There were no long dislance transmission
lines. Besides power used to be generated by some industries (tea, sugar and textiles)
and tailway wotkshops. Dhakeswari Cotton Mills, Pahartali Railway workshop,
Saidpur Railway workshop and Sugar Mills were amongsi them, In aggregate the
generation capacity of the country was 21 MW, The generation capacily of (he power
utilily companics together was only 7 (seven) MW and there was no fransmission

system [28].

In 1948, Clectrigity Directorate was crealed in order to plan and improve power
supply simation. Tn 1959, Water and Power Development Authority (WAPDA) was
ctcarcd and the power sector really started worlang satistactarily. In 1960, Electricity
Dircetorate was merged with WAPDA. The busic philosophy was to give more
automomy to an organization for develomment of this basic infrastructure, At that
ume relatively higher capacity plants were bult al Siddhirganj, Chitagong and
Khulna (highest plant size was only 10 MW Steams Turbine at Siddirgan). At the
same (ime Kaplar dam was under construction under Lrigation department. Unit size
of Kaptai was 40 MW, which for that time was considered to be a large power plani.
Side by side construction of [Dhaka-Chittagonyg 132 KV transmission ling was in
progress. Construction of Kaplai dam and commissioning of Dhaka-Chittagong
132KV (ransmussion line in the year 1962 may be taken as milestone ol power

development of this country [28].
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In 1972, afier the emergence of Bangladesh through a bloody War of Liberation as
an independent slate, Bangladesh Power Development Board (BPDB) was crcated
a5 a public sector organization to boost the power scctor. BPDB is under the Ministry

of Encrgy and Mineral Resources.

Duning mid 1970°s government emphasized on the rural electnhcation for achicving
a desirable social upliftment 1n the country. A different approach and a new model
were considered for undertaking & comprehensive scheme. Thus the Govemnment
created Rural Elecrrification Board (REB) in Ocilober 1977, Later in 199] Dhaka
Elecrric Supply Authority (DESA) was created basically to operate and develop
distribution system in and around Dhaka {including the mcirepelitan ¢iry) and bring
aboul mmprovement of customer service, collection of revenue and lessen the

administrative burden of BPDB [28].

I'ublic investmenls and slate ownership have been the traditional means to exercise
control over the electricily sector. Government regovlated the nahiral monopoly of
power supply primarily to protect the consumer’s interest. The situation is fast
changing. Structural changes arc taking place and new corporate characters are
crerping. The gradval expansion of the infrastructure has also been justificd by the
need for realizing social goods relating to rural electrification and low cost electniciry

supply o the public,

The country’s Wolal gencration wasz about 14,430 million kilo-watl hour (MKWh) in
FY 199899, The cfforis of BPDB, DESA and REB have made it possible to supply
electricity to only about 16 per cent of the country's population. The rest 84 per cent

are yet to be conngcted with the electricity infrastructure.

The wnvolvement of fadependent Povwer Producer (IPP} was made effective afier
Oclober 1996, The ncgotiation with IPPs to finalize different packages requires
considerable tme. In spite of this, BPDB could finalize and signed contrect with
IPPs for installaiion of three Barge mounted power plants to meet the severe power
¢nis1s. In about two years, Khulna Power Company Ltd, (KPCL), the first IFP, stared

its commercial operation from Cetober 1998 and starled contnbuling 110 MW of



powet to the national grid. From Junc 1989 two other IPPs' are supplymg 192.3 MW

of power.

At present, BPDB has total installed capacity of 3603 MW at 57 umts of power
plants located at different parts of the country. The main fuel used for power
generation is indigenous gas. The maximum demand served dunng peak hours is
2601 MW in August 7, 1999, The transmission network of BPDB is 3075 km long
comptising 230 and 132 KV lines. The ozl numbers of grid sub-staiions arc 68 and

the lotal capacily is 7095 MY A operated in 157 numbers of transformers

With the target to provide the public with reliable service of power supply, the basic
mitastructure for the county's economic and social development, BFDE power

systern has been expanded 1o kecp pace with the fast growing demand [25].

5.2 Mission

To help serve clectricity throngh- out the couniry, (o mncrease access of electricity to

maore people, and to improve the quality of service [27].

5.3 Key Statistics of BPDB

o Installed Capacity 4230MW
= Present Generation Capability A055MW
o Peak Demand Served So Far J084MW
o Transmission Lines (230 & 132 KV} 3206 KM
o (irid Sub-$tation Capacity (230 & 132 KV) TU9SMVA
o Distribution Lines (33 KV & Below) 40410 KM

o Consumer Number (June 2001) 15,42,650
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5.4 Function of BPDB

o {reneralion
a lransmission

¢ Distribution

5.5 FMU Project, Phase-11, BP DB

All sors of Accounting Sysiems off BPDR are operated manually since its very
mceplions, Due to this process of operaling accounts, they are slow, cumbersome and
dilficult v mainiain, Sometimes as far as the bank reconciliation is concerned
accuracy also comes to question. Besides this, asset values are unreliable.
Management Infommation System (MIS) is delayed and unreltable. To 1mpmve and
sirengthen the Accounting System, Financial Management Syslem and Management
Information System, Financial Management Upgrade (FMU) Project had becn

undertaken with the technical assistance of the Asian Deselopment Bank.

5.6 Main Objeetives of FMU Project

o Development of Computerized Billing System and cenversion of 200,000
cuslomets to computerized billing & customer accounting in Chittagong &
Comilla

o Developmeni of Computerized Accounting System and testing with LIVE
data for Dhaka, Chittagong & Comilla

o Pmcurcmeont of  handware, operating system  software , neiworking
application soflware for Inicgrated Billing & Customer Accounting & 14
Mon-Billing Financial Accounting Modules including Payroll

o Installation of hardware operating & application sollware system in three

financial processing centers localed at Dhaka, Chittagong & Comilla

a9
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Figure 5.1: Financial Processing Centers under FMU Project, Phase - 11

4.7 System to be implemented in FMU Project, Phase I1

To fulfill the objective of the Financial Management Upgrade Project (FMUP) to

&0

computerizalion of Customer Billing & Accounting Systems, Billing & the following

non-hilling moduolcs application software were developed.

1. General Ledger

2. Accounts Payable

3. Accounts Receivable

4. Fixed Asscis

3. TPurchase Management System

G Store Accounting Syslem

7. Project Accounting & Job Costing System
8. Rechargeable Deposit Works

9. Loan Capial Accounting System

10. Encrgy Accounting System



11, Annual Development Program

12. Revenue Hudget

13. Cash & Bank Mannogemem Sysiem

14. Management Information System (MIS)

| Emponyr in BPIA I

MIS ADP
Dilling & \ - I,r =
Cusiomer M e !r Hudpet
Atcountlory § -
- > practe Finonciats NP
Energy General Ledger ' Recharpeahte
Accopnting Heeelvahles pu|  Deposit
Frynbies Warks
/ Assels -
Cnsh & Bank ”, Frojcct
Management o . Accounting
Purchnase Loan Cagpital
Mnnagement § Stores Accounting
Sysiem Acvaunting

! Swvstem

Figure 5.2: Billing and Non-Billing Modules Application Software

5.8 Shortfall of the objectives of FMU Projeet (Accounting System)

o Objective only far development and testing of the xoftware notl for

implementation

o Locaton for Dhakn, Chittngong nnd Comitla anly
5.3 IMRS (Intcgrated Management Reporting System)
o Consultan! recommendation for a feeder system poftware {IMRS) for

tmnsitional peniod
o [MRS wili collect all data chectronicelly and upload into the server

6l
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5.10 IMRS in the Regional Accounting Offices

5.10.1 The present RAQ system

-Q‘J

7~

Hand written Ledgers [or all Unit Offices

Hand writien Trisl Balances for all ESUs, summary level with supporting
sub-codes

Hand writlen consolidated ledgers for the RAO by unit type

Hand written Rank Reconciliations, in many RAOs updated only once a year
Manual posting of billing receivables and revenue [rom hand written MODs

from ESLs

5.10.2 Problems with the present RAO system

Errors in consolidated of RAQ trial balances

Un-reconciled clearing accounts

Mo broughi forward balance sheet fipures

Mo project zccounting by line item to integrale wilth monthly project reporls
to GOB

Time-consuming writing of manual ledgers for all Unit Offices

Only consolidated trial balance dala (o0 Head Office, no Unit Ctice reporting

centrally

5.10.3 Solutions using the IMRS

Cmly manual record required 15 a List of cheques issued and deposits received
All Reecipts and payments entered into the computer system {rom payment
for deposity documents

Automated control of enines (o clearing accounts

Can be used to capture project hine items

Produccs all mial balances, by unit, and consolidated

Produces genersl and project ledgers
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£.10.4 The Bencfits of IMRS

o Az enterprise-wide Management Information System

o Simplification of accounting at RAQOs and Head Otfice through computce
[rocessing

& No additional demands on operating units

o Provision of present MOD and accounting requiremcnts

o Preparation of Government returns

o Consistent MOD, MIS and accounting data

o Simplification of bank reconciliation procedures

o A cenlral dala-base of statistical and accounting data

5.10.5 Additional IMRS featurcs

o Lnter MOI3s for Distribution and Generation, and monihly data from projects
o Send data wo Head Office to produce MIS reports
o Inlerface with Oracle Financials and Empower systems at |lead Qffice

o Consolidate TTmit Olfices trom all RAOs at Head Oifice



Chapter 6
Analvsis of the Case

4.1 Tatroduction

In case of BPDB, {hree separate Oracle RDBMS and Oracle Financals license have
been procured for threc installations ‘Lhis means that there would be three separale
installations of the Empower System at the three Financial Dala Processing Centers.
The primary issue is 1o synchronize the databases of the three Fimancial Data
Processing Centers periodically. The above architecture assumes a distributed
cnvironment  Each of the locations has their own database server runnimg
applications specific to the location. Tach location would be required o have a

database administrator.

BPDP has 22 Regional Accounting Oifices {RAQs) threugh the country. These 29
RADs are the clients of IMRS Scrver and several offices are the on-line clients of
Databuse Server at Dhaka Financial Dala Processing Center. BPDB has 2 others

Natabase Servers al Comilla and Chidagong Financial Dam Processing Cenler.

The transactions ate mosily accounts related and the test are Store, Purchase &
Projest Accounling transactions The servers will yive owtput of Financial and MIS

TrepoTts

Based on area of coverage, the network of BPDR can be divided into [our typcs:

=  Bwldmg / Campus

o Cily {Dhaka)

o Intercity (Dhaka-Chitagong-Comilla)
o Remote Access from RAGs



6.2 Buliding/Campus

Loy ‘Irarsmisslon Mcdin
" quli'.'ﬂiun

e

lmt:llullnn

o1

" |I'I'Ip|t.l'utltl;'llli|ﬂlll| ![
Covd \ |
L |

T Retintiy
..

& Securdiy

"t T "

w  Comal e [ oste L Fver opric !
| Cable Cahie, |||, Cable. | Cable
Ar fevel I:
b,
()
5 Instzitation | Imptarmenta | Reliatality
Aitrtbute peed dltation |10 ~enet | & ity
Sperd ] 'h 'ty ' 0.580
Inatallotion 2 1 h 1 1,075
Implrmenia L] )
o Coss 3 i 1 1 1,610
Reliability y) 1 A 1 1.075
& Senrity
. 4
¥ 5 4 1 4
yiml+2+3+2=8

hy={(1" IJ';' I-"; * Ifﬂm = 0,580
xy=0.580/(0.580+ 1075+ L.610+ 1.075) = 0.134

Level
[ensl

Leved 2
Atiributrs

[vel

1 alternarhes

D14

0.250

0.374

0.250




hnax = £ ¥ %= (8 % 0.134) + (4 % 0.250) + (11 * 0.374) + (4 * 0.250) = 4,072

Consistency Index (C.LY=(Ans—0) /(0 -1} n = number of column or row

Cl=(4072-4)/(4-1)=0.024

Some randomly zenerated consistency index (L) values ate as [ollows:

N i 2 3 ] 4 5] 6 7 5 9 10
E.L 0 0 058 | 09 | 112 1.24 | 1.32 | 141 | 1.45 | 1.49

Conssicney Ralio (CRY=C.1./R.L
CRo=0024 709 =2.68% < 10%; 5o, Acceprable.

At Level 2
Coaxial {ahle
b. UTP Cablc
. STP Cable
d. Fiber Optic Cable
Speed
b, X;
- “w ~
. Craxial UTP STF Fiber Cpuc
Abferaveves |0 Cable Cable Cahle
Coarial ] Ly 1. I
Cable 3 3 g .340 0.067
uTP 3 1 ! 3
Cable 7 1.0360 0.200
S1P 3
Cuble 3 1 1 fa 1.034) 0 200
Fiber Opue| g " " 1 2.750 0.534
{Cahle
. o o

i 15 5 5 1y
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}\-mgx = L }-k W= 4.':”:'625

Consisieney Index (C.1 ) = (A —1) /(n-1) n = number of column or row

C 1. = (4.00625 -4) / (4 - 1) =2 08*10"

Consistency Ratio (CR)=C.L/RT
C.R. = (2.08*10°)/0.9=2.3%< |0%

So, Acceptable

Installation

b, x,
- ~ ~
. Coaoral uTP 5P Fiber Optus
Afternaties | bie Cable Cable Cable
Coaxial 1 3 = 5
Cuble 3 2 1.930 0.410
UTE i b 1 3
Cable 5 1.158 0.250
STR 1 I 3
Cble /s 1 1158 0.250
Fiber Optic g2 1; s 1,-'3 1 0386 0.083
Cable
. 4 A -
™ s 4 4 12
Aoy = = ¥k &, =<.004
Consistency Index (C.1 ) = (Apmx—m}/ (0 -1) n = pumber of column or row

Cl. = (4004 -4}/ (4 - 1) = 1.33%107



Consistency Ralio (CE)=CI /RE.L
C.R. = {13317 09 =0.148% < 10%

Ro. Acecptable.

Implementation Cost

. {naxial uTp STFP Iiber Qpue
. -
AHEARBIET ble Cablc Cablc Cablé

Coanal ] "'I.-'fI ?."'5 7
Cahle

ujp b ] bt o
Cable

S 5t A 1 5

Cabte )

Fiter Cptic ]."'? 'f.fh l"'ls 1

Cahle
1% 19, 19
:r"k .'r? I |'|l5. ]. 9

Panae= Z v xi=4.028

Conststency Index (CL)=(Ang -n) /(o -1}
C.L=(4.028-4)/ (4 -1)=2.27%107

Consistency Ratio (C.RY=CI /R.L
CER = {9.2?*11}'3} F0.9=103% < 10%

5o, Acceptable,

1.848

1.600

1.320

0.263

0.360

{1.320

0.264

0053

6%

n = number of column or row



Reliability & Security

Iy X
-~ N "y
i . Coaxial UTP STP Fiker Dpric
Adfer motnes Cable Cable Cahlc Cablc
{2oanial 1 Y Vs 'Y 0,275 0.050
{able
UTP 3 1 ] f
e 7 1.375 0.220
STP A
Cuble ] 1 l i 1.375 {.250
Fiber Optic = Tie Tig 1 1,930 (.390
{ahle
- o’ o
¥ 18 l3-"5 ]‘3:,-5 lﬂ"rT

fengs = L ¥ X, =4.098

Consistency Index (C.1) = {(Apae—n) /(1 - 1} n = number of column or row

C.l o= (4.098-4)/ (4 - 1) = 0.0326

Consistency Ratio (C.R)=C1 ¢ R.L
CUL =0.0326/70.9=3.63% < 10%

50, Acceptable



Ar Level 3;

On the basis of the sbove matrix, an overuli cvalustion is perfarmed using the

cakeulnted weights of the alternetives and 4{Tour) measuring erileria as followers:

Attributes & their weights c . .
Speed § Installanon | Imptementa | Relibility [ Sompamic Overa
Alrernatiors o3¢ 0.250 -tion Cost | & Security | Weight | Ranking
037 0 250

Coaxial .067 0.410 {.360 0.050 0.2586 2
Cable
TP 0.200 0.250 0.320 0.280 0.2789 1
Cable
S1P 0,200 0.250 0.264 0.280 0.2580 3
Cable
Fiber Optic 0.534 0.083 0.053 0.1%0 0.2096 4
Cable

Frum the abeve result, it is better 1o select the TP Coble.

6.1 City (Dhaka}

i TR Leel )
i Linking Media Setecting Gl
1 e wd] eag 1 “a

. Operation & | Reliabiny Level 2
Alnintenance Cost | & Securdly htrrbmn

= irhi-;'ITm':Ir'nrlalilnH.l“
Sperd A Cot 1

1 il ‘IE

I T oAb Feoar
' Fiher Qiptle ' .- . Radio Level 3
E.ensed Line : Cahlo J 1, VSAT " Aodem AMersaihe
- 1 Lis allonas ILETET ] ) ANNEs NN I TN | P L L [ el
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At Level I
b X
~ - -
Operatinn & sas
. Sneed | lmplementa |5 ™| Reliahility
Attribute e tion Cosl Muinienings & Secority
Cost
Specd 1 ' 2 ! 0.707 | | 0.167
Implementa 2 1 1 2 1.414 0.333
ton Cost
[Cporation &
M aintenancs 2 1 1 2 1.414 0.333
st
Reiabilily 1 L Yt 1 0 707 0.167
& Sceurity
. & N o
Vi 6 3 3 6

Wi=1+242+1=6
b=(1%h*ln* 1) =0707
% = L7074 (0,707 + 1.414 + 1.414 + 0,707} = 0.167

P =L ¥E =6 *0T707)+(3* 1414)+ (3 * 1 414) + (6 * 0.707) = 4.002

Consistensy Index {C. L) ={Aqn:—-m) /(1 -1} n = number of column or row
CL={4002-4)/{4- 11=6667 * 107

Some rendomly generated consisicney mdex (R.L) values arc as follows:

N 1 2 3 4 5 B i g g In
R.L i it 058 | 09 J1.12 | 124 [ 132 | 141 | 1.45 | 1.49

Conssleney Ratio (C Ry =CL/RIL
C.R.=(6.667 * 107)/0.9 = 0.074% < 10%
S0, Acceptable,



At Level 2:

a} leased Line

by Fiber Optic Cable

c}

VSAT

d) Radio Modem

Speed
. Leused Line | Flber Optic | o ar Radio
Afrernatives Cublo 5 Moden
Lrased Line ] lj,r_: ||,-4 e
Fiber Optic 7 ] ?;4 T
Cably )
VEA' 4 s 1 %
Rurhe 5 3 i i i 1
M odom
¥y 17 IT-"I? ”.‘r I?."IS

;I"mdx= E }"I; xi= 4{:")39

Consistency Index (C.LY={Ane —m) /(0 -1)

CL=(40039-4)/(4 - 1)=0.0013

Consisteney Batio (CR)Y=CI1 /R.L
C.R. =0.001370.9=0.144% < 10%

Sa, Acceprable,

(.290

2.035

1.163

1.454

73

0.034

0.412

0235

{294

n = number of column or row



Implementation Cast

e |l-c2sed Linc| Fibet Optic REN) Radio
Alsernatives Cable hioxlem
Leased Line 1 7 73 Tie
Fiher Optic JJ.'? 1 lfrz 1{-'5

i_ahle
VEAT 2."I'? 2 1 E.I'If:
Radio 5 iz 5 i i 1
hlodem
v Pt 15 Yy 3

?‘-[[Id:\. = E }rk = 4.':'5{}

Consigteney Index (C.1} = {(Amac—n) / {n -1)

O =(4.050 -4/ (4-13=0.0178

Consistency Ratio (CRY=CT /R.L
CR.=0.01787 0.9 =1 980 < 10%,
S0, Acceplable,

n = numbar of column or row

2.420

0.350

0.650

1.730

0470

0.070

0133

{r333
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Operation and Maintenance Cost

1.732

0.870

2310

i .o |Leazed Line| Fiber Opuic | WSAT Radic
Alternativet Cable odem
Leased Line 1 1, L A
Fiber Oplic f 1 2 ‘:'."'4

Cable
VEAT 3 'y 1 iy
Badia % 4, i - I
hlmlem ) ’

o

Vi 18 3 6 /s

?Lmax =X ¥ Hi= 4 008

Consistency Rato {CR)=CI /BRIl
C.R. =(2.67*107/0.9=0.3% < 10%
So, Acceptable.

Consiatency Index (C.L) = (Apac—m}p (0 -1)
C.L = (4.008 - 4}/ (4 - 1) = 2 67+10°

(Os6

0.330

0170

0.440

75

1 = aqumbcr of colurmm or row



Reliability & Sccurity

b, X
Y
s mtieene | LD Ling| Fiber Oplic | WSAT Radio
Alternatives Cabie Modem
Leased Line 1 ra ' s 0.310 0.062
Fiber Optic 7 i i ?-'fj 2,190 {1440
Cahle
VSAT 3 Iy 1 s 0940 | | o190
Radio 5 s 3 1 1.560 0.312
Modem
Y o o
Vi 16 Ty, tey, 18
A= 2 v x, = 4008
Congisleney Index (C.L) = (Apm — 1) {n -1 n = nunber o column or row

CL=(008-4)/@-1y=267*10"

{Congistency Ratio (C.R}=CL/RL
CR. = (2.67 * 1079/ 09 =0.3% < 10%

Sa, Accoprable.



At Level 3

On the basis of the above matrix, an overnall evaluation is perfarmed using (he

calevlated weights of Lhe alternatives and 4{Tour) measuring erilenia as followers:

Attributes & their weights c ) ;
, Speed | Implementat | Operation & | Rehiabibty omposite Overa
Afternatives 0167 ton Cost | Maintons & Seeurity | Weight Ranking
03] Cod 0167
0333
Leased Line 0.059 0,470 0.056 0.062 0.1952 3
Fiber Optic 0412 0.070 0,330 0.440 0.2753 2
Cable
VSAT 0.235 0.133 0,170 0.19) 0.L71E d
Kadio 0.294 0.333 0.440 0.312 03584 l
Modem
From 1he above result, it is betier o gelect the Redio Modem.
6.4 Intercity (Dhaka-Chltragong-Comilla)
1 N R [ TP T Level 1
LInking Mcdia Sclcetlon Geal
P TR
] implementstion"|] L Operstian & Y| ¢ Rellabliey | Level 2
Speed B & Malntenance Covt | & Securlty Attributes
] N ' ' “f1 e ! ‘L T '
DR LT I T fare - 1 i !
. Internet VPN Optical Fiber 3] [ A 1 Leved A
., (Slte-ro-5ire) . Cable Ly Eﬁ.l..,. '*ﬂ‘:‘? !—‘i“". | Attermatives




Af Level 1:

b, i
Y
] Operation & T
Averibute Speed | Tmplementa Maintenance J{e||1a|:)lllt}’
tiom Cost . & Seounity
Cosl
Spead 1 'y 'fa ! {.540 111
froplementa | 4 1 s 4 2.150 | | 0.443
Ohperation & 5
Maintenance 3 L-"I4 1 3 1.620 0334
Cost
;E’]q1:cb1.11:’1|tt:; l s ' 1 0.540 0,111
. o w
Vi 9 * 2 9

y=l+4+3+1=9
by=(1* 5% Yy * [V =0540
x1=0.540 { (0.540 + 2.150 + 1.620 + 0.540) = 0.1113

=T Ve %= (9 F 0 1117+ ("l * 0.443) = (3 * 0.334) + (9 * 0.111) = 4002825

Consistency Index (CL) = (e — 1)/ {0 -1} n = munber of column or row

C.IL = (4.002825 - 4)/ (4 - 1} —9.41 * 107

Some randomly generaled consisteney index (R.L) vatues are as follows:

b | 1 2 3 4 5 & i % 4 10
Bl | 0 a 058 | 09 [ 112 [ 124 | 1.32 [ 141 | 145 | 149

Consistency Ratio (C.RY=C.1 /UL
C.R. = (%41 * 1079/ 0.9 =0.104% < 10%
S0, Acceplable,
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Ar Level 2:
a) Internet YPN (Site-to-Site)}
by Fiber Opue Cable
¢) VSAT
dy Leascd Line
Speed
b, X,
r ~ 7 =
Tntermet VPN | Fiho Optic YSAT Leused Line
Aleernatives (Srte-ta-Site) Cal.fﬁ
Enkernzt VBN L 1 1 c
e S 1 f3 fs f3 (.300 0.058
Fiber Optic 3 | 7 Efrg. 2.420 0.470
(ahle
VIAT 5 °fy L s 1510 | | 0.294
Lrasueed Line 3 3-"8 :"I.-'5 1 0.9160 0,120
Y e o
Vi 17 Pty it Yy

Amax = & ¥ x = 4004335

Consisleney Index (C.L) = (Apax — 1)/ {n -1)
C.L = (4.00435 - 4}/ (4 - 1) = 1454107

Consisency Ratio (C1LY =0 JTILL
CR = {1.45*[1]'3} 09 =135 < 10%

S0, Acceplable.

n = number of colamn or row



Implementation Cost

Alternaives | PETEL VI | Fiber Ophe | WSAT  |Leased Line
CHRRHVES | ivite-o-Site) | Cuble
Internet VEN 1 7 by Tr
151le-lo-Sale) ! ?
Frber Optic l:'"‘.' 1 s I'fs
Cable i
vasT i 3 1 s
Leused Line i 5 Sy 1
" i 16 Iy, 18

hunn =T i X, = 4.013

Consistency Index (C.1Y= (Ama —m) / (1 -1)
Cl = (4013 -4)/ (4- 1) =4.33%107

Consistency Ratio (CR)Y=CL/ILL
C.R. = (4335107 /09 = 0.48% < 10%,
Su, Acceptable,

1 = number of column or row

b,

2.200)

0.310

0.9440

1 600

i

0.440

0.062

01860

0.320

50



Operation and Maintenanee Cost

b, Xi
- ~ 7 ~
i oo |Tolemet VPN | Fiber Optic | WSAT  |Leased Line
FErmabives | Site-t0-Sutc) Cable
Internel VPN 2
[Bile-l0-5ite)} 1 ! - 6 1.860 0.375
Fiher Optic 1 ) 2 &
bl 1.8640) {375
VSaT 'h ' 1 3 0930 | | 0.187
Leased Line| Iy, 'fs 'is 1 0.310 | | 0.063
. o o
Yk E."lﬁ S.I'Ij Iﬁ."lg i6
A= 2 ¥y X% =4.008
Consistency Index (C.L) = (A —n) / (n -1} n = number of column or Tow

C.L = (4.008 - 4) / (4 - 1) = 2.67%107

Consistency Ratio (CR)Y=C.I1 /R.L
G = (2674107 /0.9 = 0.3% < 10%
S0, Acceptable.



Reliability & Security

b, X
~ N\ ~
, Tnlermet BN | Fiber Optic VEAT [.cased Line
Alternatives (Srle-1-ile) Cab]vl':
e 1.
| L i s 2 0400 | | 0.084
Fiber Optic 3 1 5,-' 5,-'.. e
Cable 4 2 19040 {r.420
vial 4 s 1 2 1.600 | | 0.330
Leased Line| 9 24 T4 1 {1 800 0.167
Y o Ny o
v 12 s 3 G
P = & 3k &= 4008
Consistency Index (C.1) = {Apx —n}/ (0 -1} n = mumber of colunin or row

Cl={d008-4)/ (4-1)=267*10°

Consistency Rabio {C.RY=C1 /BL
CR.=(2.67*107)/0.9=0.3% = 10%
So, Acceptable,



At Level 3:

83

On the basis of the sbove matriv, an overall evaluntion is performed using the

caleulaled weights of the altematives and 4{four) measuring crteria ns followers:

Attributex & their weights ] Ovenll
R Sperd | Implementat | Operation & | Relabinty | Compoaite Tt
Al o o111 ion Cott | Maimonamec | & Seeutity | WoEh Ranking
D443 Coxt oltLl
03134
Intermmt VPN | 0058 0.440 0375 0.084 0.3359 1
{Site-to-Sie)
Fiber Optic 0.470 0.062 0.375 0.420 0.2515 2
Cable
VEAT 0.294 0.186 0.187 0.230 02141 3
Leased Line 0. 180 0.320 0.063 0.167 0.2013 4
I'rom ihe above result, it is betier to select the Internet VN {Site-tg-Sile).
6.5 Remole Access from RAOs
HT Communicafion Media | Level 1
j Selectlan,, 1| Goml
‘/\I‘ _
Speed v Implementathon Operation & il Reliablliny || Led2
I B FH'T ' 0. Cout ) Maioleeante Cml | ' & Security Attribates
Zlp ‘ Telephooe Llne | Internet VI'N | Ccllulnr" . Leved 3
LSO ““II'-IIIJ[I]" . (Dinlup) Wircless Alternativey
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At Level 1:
b, X
r ™ ™
Dperution & -
Attribute Spesd lntplcmcnta }.-'IF:LEn[emn-:e RL]IHbIl]l:«'I
tior Cost & Secunity
Cosl
Speed 1 ' ' ' 0537 | | 0.130
Lnplementa 3 1 iy 3 1.611 0.375
tion Cust
Cpcration & a,
klatmenance 2 3 1 1 1.074 0.250
Cogt
Reliablity 2 I 1 1 1.074 0.250
& Scourity
- o o’
Vi 8 s 4 4

yi=1+3+2+2=8
by=(1 % *ln = iy®=p 3537
%= 0537/ (0 537+ 1.611+1.074 + 1.074) =0.130

P =T ¥ %= {8 * 0.130) + (M2 ¥ 0.375) + (4 # (0 250) + (4 * 0.250) = 4.040

Conzistency Index (C.1) = (Aquy~n) / (m -1} n = number of column or row
CL={4.040-4)/{4- 1)=0.0133

Some randomly generated consistency index (KLY values are as follows:

N

] | 3 4 5 6 7 8 g 10
RI | 0

2
0 058 09 | 112 | 1.24 | 132 | 141 | 1.45 | 1.49

Consistency Ratio (C.Ry=. L/ R.L
CR.=00133/09=1.48% < 10%
S0, Acceplable,




Af Level 2

a) Aip sk

b} Telephone Line (Dial-up)
c} Intermet ¥TIN (Dhal-up)
d) Cellular Wireless

Speed
bi Xi
r N7 ™
Telcphone .
Afternatives| Zip Dhak Line ]r|1E'|‘rllE.'[ VN CF]!U]HT
{Dnul-uph (Dral- up) Wireless
Zip Disk ! ' Ya s 0.330 | | 0067
Telephone 7 .
Linc 7 1 {4 1 2312 0,500
(Thal up}
o | * 1 4f1 1320 | | o270
E;:jlg;f_ 3 e A 1 1.000 0.200
. o o
Vi 15 Ly 13, 5
foman = E ¥ x,= 4 08E
Consistency Index (C.1) = (Ana — 1) {n -1) t1 = number of column or row

CL=(4.088-4)/(4-1)=003

Caonsistency Ratio (C.R)=C.1 /R.L
CR.=0.03/09=326%<10%
w0, Acceptable



Implementation Cost

Telephane
. W Al
Alternariver | Zip Disk Line ]n:;::;'laf " P;'I EI_‘*]]'-]‘L”
{Disl-up) { P weless
Zip gk 1 5 f 3
l'elephone | p ,
Ling ix 1 /s i
(Dial-up)
Inwernel VEN l 1 l
([hal- w f e 1 Iy
Cellular T4 7 5 1
Wrireless
}?k lTl"’]{l |.'.-"-I|r2 5|II,-5 j]llfm

Amax =X ¥ %= 4060

Consistency Index (C.1.} = (A — ) / {1 -1)
CL={4063-4)/{4-1)=0.021

Consistency Ratio (CRY=C1 /R.L
CR.=0021/09=233%<10%
S0, Acceplable,

3080

0616

(513

L.u26

0.590

0.120

{.100)

0.200

&6

n = number of column or row



Operation and Maintenanee Cost

I, X
r ~ ™
| elephaone .
Alternatiees | Zip Disk Ling ]”E:ETE :Irp;q E::”L;]dr
(Lal-uph g P ireless
Zip Disk ] ' s 'ty 2.430 0.0
Telephone N 1,
Line 3 ] s ‘2 1.300 (0.300
{Dhal-up)
Tnlemel YPN 5 5
(Dial-up) | ° f ! fa 2.140 | | 0453
Cellula 2 *h s 1 0.850 0.180
Wireless
L o o
i 11 1 ifr?l ”II.IS 1 i-llr2
Ame ™ = v X=4.0766
Consistency Index (C1) = (Ape —11) /{0 -1 n = number of column or tow

C.L = (4.0766 -4}/ {4 - 1) = 0.023

Consistency Ratio (C.R)=C.L/RI
CR.=00257049=2 K3% < 10%
S0. Acceptable.



Reliability & Security

b, b1
r N ~
Telephone e
Aftevnatives | Zip Disk Line lmg“?f' VIR Cellular
{1 iatups) {Dal-wp) | Wircless
Zip Disk 1 s " 'y 0359 | | 0.080
Telephune 5 .
Linc 5 1 f3 /3 1.796 0.3584
{Dhal-up)
e ';;’;“ 3 s 1 fa 1.077 | { 0.230
Eﬁlﬁi 4 e 4y ] 1,437 0.307
o ‘e -
” 12 g g, 3,

Amax = L ¥ 4= 4078

Consislency Index (C.L)Y = (Aq—nt/(n-1} = number of column or 10w

C.L=(4078 -4)/ (4 - 1}=0026

Consistency Rabio (C.R)=CIL /R.L
CR.=0026709-20% < 10%
50, Acceptable,



At Level 3:

O the basis of the above matrix, an overall eviluation 15 performed using the

caleulated weights of the alternatives and 4 four) measunng eritena as followers:

Atiributes & their weights

’ . Speed | Tmplementat | Opcration & | Rebability C“‘T‘l}'“‘“m Ovcrall

Alrernatiyes 0130 lon Cost | Maintenance | & Securty | Weight Ranking
nzrs Cuoat 0230
256

Zip Disk 0.067 0.590 0.090 DOBO | 02723 2
Telephone (.500 0.120 {0,300 (.384 02810 1
Lane {Tnal-up)
Inlernet VPN 1 0,270 0.100 (453 (3.230 0.2433 3
(Thal-up)
Cellular (.200 (0. 200 {180 (0.307 02227 4
Wireless

Erom the abose result, it is better to select the Telephone Line (1)ial-up).

&. 6 Discussion of Results

Bascd on arca of coverape, the comununication nebwork of BPDB bas been divided
ino four types, such as Boilding/Campus, City (Dhaka), [Intercity (Dhaka-
Chitlagong-Comilla) and Remole Access from BAO#. The communication media
desmed mos! appropnate and discussed earher have been cvaluated on the basis of
the attmibutes. such as, speed, installaizon, implementabon cosl, operalion &

maintenance cost, reliability & security etc. and ranked according o weight

calcolaed,

Accordingly, the TFTP Cable 15 Tound 10 be the mosi suitable option for nerworking

Building/lampus area, oul o available allematises of Coaxial Cuble, UTP Cable,

STP Cable and Fiber Optic Cable considered in this smdy.

&h



80

The City (Dhaka) area is obviously not the same as Building/Campus siation and as
guch. the UTP Cable is not suitable for this situation So, in this situation the Radio
Modem has been found to be the most suitable option among the altematives of

l.eased Line, Fiber Oplic Cable, VSAT and Radio Maodem.

Sinularly, m Intercity (Dhaka-Chittagong-Comilla) situation, none of the above
communication media (U 1T Cable & Radio Moden) can be suilably applied. So, in
this situation, Internet VPN (Site-to-Site) has been found to be the most suilable
option for networking among (he altermatives of Internet VPN (Site-to-Site), Fiber

Optic Cable, WSAT and Leased Line

‘The Telephone Line (Dial-up} has been [ound (o be the most suitable option for
nelworking the Remote Access fiom RACQs situation, among the altematives of Zip
Disk, Telephone Line (Dial-up), Inemet VPN (Dial-up) and Cellular Wireless

considered in this study,
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Figure 6.1: Proposed Communication Media of the network of BPIDB



Chapter 7

L onclusions

7.1 Conclusions

To summarize the results of this study, the communication network of BPDXB has
been divided into four types, such as Buibding/Campus, Ciy (Dhaka), Inlerciy
{Dhaka-Chitlagong-Comilla) & Remote Access from RAOs and based on the
attributes, such as, Speed, Justallotion, fmplemenration Cost, Operafion &
Muimtenance Cost, Refiability & Seeurity etc., UTP Cable, Radio Modem, Internet
¥ PN (Site-to-Site) and Telephone Line (Dial-up) have. however, been found to be
the mast smimble options respectively for Building/Campus, City (Dhaka), Intereity
(Dhaka-Chitlagong-Comilla) and Remote Access from RAOs situations.

It may finally be stated that MCDM technique has been used [or rankimg ihe various
aliernatives. The main advantage for using this technique is that it gives not only the
quantilative results but also qualitative results which make it easier for ranking in a

mixed fype of simation.

Allhough this techmigue has boen wsed m thiz study for evaluating  the
communication media, this can very convenigntly be used for evalnating any kind of

IT relaled 1ssucs and solving problems thercof,
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