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Management science (the application of a scientific approaci
to solvin; management problems in other 1o help managers malke
better decisions) encompasses a number of mathem atically oriented
techmques like linear mathematical programming technigues,
network techniques, probabilistic technique etc

These techniques can be applied to solve problernis in a variety
of different types of organiza.icns including government, military,
business and industr., and health-care, though they a
predominantly used in business. The success rate in situations wiere
these techniques are used have been quite high.

[n teaching these techniques emphasis has always being an
manual solutions to the techniques both in the classroom and in
textbooks. Where there are computerised soluticns tr:ey are Iimited
to linear mathematical programming t c“niques an. a few others

In this project, an attempt 1s made to provide a compurterise
solution to the management science technique of replacement
anaiysis with emphasis on replacement probiems involving sudden

failure items.

8%
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Management scicnce, operations researcn, quantitative methods,
quantitative analysis, guantitative techniques, decision sciences, by
whatever by whatever name it may be called refers by whatever name
it may be called refers ¢, the samec discipline. It is a scientic
approach to solving management problems in order to help managers

make decistons. [t encompasses a number of mathematically oriented

technuques like linear programming technigques, inventory control
technigues, network technigues, probabilist technigues,

replacement analysis techniques etc. these technigues have eithe
been developed within the field of management scicnce or adapted

3(1CS

{/\

from other discipiines like mathematics (calculus), stati
(prebabilistic techniques) to mention & few.

The application of management science technigues is
widespread. Though [predominantly used in business, they are not
restricted to business but alsc in government, military and
healthcare. They have also being credited with increasing  the
efficiency and preductivity of business., today management science is
studied as either a course on its own or part of tne curriculum of
business courses, computer science eic.

Management science technique do not actually make decisions
but provide information that can aid the manager n making
decisions. This information is the results or sclutions of management

science techniques models. The manager uses his skill and experience



togethier with the information {rom management science techniques G

make decisions.

- - 4

As indicated earlier management science encompasses a ogicay,

systematic approach to problem solving. This approach foliows the

steps below.

1.

N

w

9

1

Observation- The system is closcy observed so that problems
can be identified as soon as they occur ort are articipated.

[}

Definition of the problems- The problem identfied must be
clearly and concisely defined. An unmidentified probicinis can
easily result in no solutions ¢r an inappropriate solution.

Model construction- It is an abstract representation of an
existing problem situation. it can be 1in the form of a graph or

A

g
chart or mostly frequently as a set of mathematical relationship.
Model Solution- A management sclence techniques solution
usually «pplies to a specific type of model. Thus the model type
and solution are both part c¢f the maragement science
techniques.

Implementaticn of results-The manager combines  the
information {model solution /resuits] with his own experience
and expertise in making the uitimate decision.

Most organizations have a formalized information system to
accumulate organise and distribute information for decisions
meking purposes called a management inicrmation system
(mis). A management information system, is aesigned tc chainel
through an organization. Data is collected, organized, processed

and made convenienty accessible to the manager so inat the

[ S



information can be of assistance N the manager’s daily
operations. The components of a management information
systern are; the database, the computer system and the form 1n
which the data is distributed/. Most of the information is often
in the form of reports or management science recnniques results
/ solutions. The database contains items such as prices,
production outlpu. and rates available rescurces, number of
orders, capacities and Labour rates, for an efficient and ctfective
management information systein the database must contan
reievant and quaiity inforrnation. the right tre and should be
enouighi/. The information in the database must be properly
organised. Since most mclern organizations have access te such
a large quality and variety of information that, the usc of
properly organized. Since most modern organizations have
access to such a large quantity and variety of mformation that
the use of computer is required
A decision support system (ASS) -a subsysten: of a management
information system-supports the manager in e decision maxing
process. In a decision support system the manager acts as an internal

cornponents. In otherworlds the manager interacts witia the computer
based mnformation system such that decisions arc reached oty an
interactive process. A decision support syste 1 ferquently interates
management science models within its framework. The computer
generates the results of a management science model and the
manager might ask the computer what if something were changed in

the model. The manager might then ask the computer for new results



based on this change. Such experimentation with possibie changes
educates the manager regarding possible courses of action, that can
be taken as a result of occurrences in the futurc. The manager can
also test the possible decisions to see their potential results befere

<

actually making tiem.
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In management science textbocks and classes where students

»-

are taugnt managerment science technigues emphasis is on how 16

se the techmnigues manually. Compu! rised technigues are few and

usually limited te linear programming.
The lack of computerised tochniques limits our “aking advantage
of the attributes of a comvuter which include the ability to do

calculations faster than human beings, ability to store and retrive in

formation, accurately and less human efiort.

3o 5

The lack of computerised techni

"
»

)—'Q
c?
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&)

itmits our ability to have an
efictent and effective decision support systera, since it limits our
degree of interaction with the system because much efforts wiil be
required in providing rcsuits based on chan

The lack of computerised techniquesalso limits our ability to
have an efiicient and effective management information systemi. or
ability to channel large quantities and numero: s types of mnforrmation

through the organization will be limited.
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OCBJECTIVE OF THE STUDY

The purposc of this study, 1s (o computerise replacerent
analysis techniques (o management science  technigues  for
solving replacement problems involving sudden failure items or
components to form port of & management information system
or a decision support system.

[t 1s believed that s work could be an important tool to be
used curtailing all these wasteful spending which drain the
limited resources.

It 1s also shows the nceds for he total embracement of tl

,
)
@}

technological advancement.

in  addivon, the study of replacement analysis  could  aid
mdividuals and corporate bodics in minimizing cost benefit.
ASSUMPTIONS OF THE STUDY

In this study the following assumptions arc made:-

The data required for the usc of the techniques is readily
available.

A peresonal computer will be used in processing the date

The user of the technique 1s a management scicnust or someone
with the knowledge of management science techniques and 1s
computer literate.

The techniques is already in use (manuaily) or about to be
introduced.

The computerised technique will be used either in a classroom,

business or Industry.



N

.(ﬂ

I

place hence only those controls and security measures required

for this technigue will be considered in this study.
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The scope of this study wili incluce

An overview of replacemicne wrovlems  generally, whal an

optimum replacement strategy 1s, how to use replacement
analysis to soive replacement problems involving sudden failure
items and the data required for the technique.

A look at how the compurterise technique of replacement analysis

F 11dde: failiire aTa g ~1 10 < ~ < Pt B Porete e ¢
for sudden {failure items could form part of a management

“

information system or decision sunport system

t I o~
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inuormation system and decision
support system arce, their components, the attributes required o
make thiem effective and cificient and now to Go the work.

A look at how the data required for the technique wil be
coliected, entered into the commputer system and how it will be

A A

processed. The contrel and securily measures necessary or the

-

mtegrity of the data used and nformaticn produced will be

loc)
i

ocked into

produce the results of the tccanique will be written with a
justification of t rogramming languagze used, how the
ustification of the ogramnling ianguaze used, how

program will be implemented and maintained and report that

will be produced.



BACK UP:-

DATA:-

DATA BASE:-

in general a program that is designed
to perform a specific user function.

on authroised to

or failure of one or more system
componernts or to copy files into a

second storage device so  that thev

rmay be retrieved il the data on the
CT1ZIna) source 1S accidentall
destroyed.

An  elecironic  systemn wiuch 1n

accordance with its nrogramming will

store and process information as well

OT 10gical operation

Any material which is represented in a
formulized manner so tanat it can »e
stored, manipulated and transraicted
by machine.

a collection ol data stored
electronically in a predefined format
and according to an cotablish set of

Tuics.



DOCUMEKTATION:-

HARDCUOPY:_

INPUT:-

MANITAINANCE:-

A writtenn description of a program
that includes its name, purpose, how
it works and frequently operating
mstructions.

Equipment (as oppncaed to a computer
programe or a method cf use) such as
mechanical, electrical, magnetic or
electronic devices.

The Jdaia to be processed. The device
or collective set of devices. The process
of transferring data form an exter
storage to an internal storage.

An activity intended to eliminate faults
or to keep hardware or programs Iin
satisfactory working condition.

A word or character string thiat when
accurately presented permits a user

access to a system or computer
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2.0 INTRODUCTICON 70 REPLACENMERT AN ALYIIS

At one tume In our lives, we have had cause to replace some of
the assets or iterns we have e.g ciotiies because of fashion, one
celebration (Christmas, Sallah, weddings or birthdays) or the circs we
have, have been destroyed. We change cur cars tecause it 13 either
giving us problem or we want to get a new model or another trand of
car. A house because the one we have has been destroyed by a
catastrophe, we have need for a bigger one, or a new design. Bulbs in
our homes because the one we have faied, fan velis in . v cars
because the have failed too or fuses [.C’s 1n appliances that suddenly
fail and have to be repiaced.

Just as we have ltems, components or assets as indviduals nat

we need to replace from time tc tirne, so are companics bUSInEsses

~

factories, industrics and crganizations tnat have asscts that tiey need
to be replaced. Mechinery because thiey are worn-out, cestroyed or an
improved version is needed. Buildings because there is need ior a
bigger one, a new design or the oid ¢nc hias been destroyed. Some of
the components of the machinery in industries could also izil and
need replacement, so also ¢¢ “nany vehnicies.

The cost of replacing the: ~ssets could be enormous taikliess of
the incouineninces they could c¢. 2, because of their failure of a
conveyor belt in a factory could stop production cornpictely.

Because of these cost and niconvenicnces some organization
embark on a deliberate nolicy of the tme interval to take belore

replacing their assets afier taking into considerauon certain facicrs.



Replacement analysis techniques assist organizadons in making th
replacement policies. It will be sood to note that 1t is not all
replacement problems stated above that replacement analysis helps

us to soive.

Replacement anaiysis involves tie study of the variocus costs
associated withi eacin time interval, whiclh we ars considering as the

possible time interval tc ¢ o0se as our replacement cycle. The cycle

with lowest cost is chiosen as the optimum replacemenit cycle.

2.1 LITERATURE REVIEW

According to Professor R. Adebtoye Stated thus:-

“‘many systems deteriorate as time goes on unless some
corrective action 1s taken. In scme cases parts of a system iail

suddenly and unpredictably and the only ccrrective action possible is

Ps

to replace them. For example a labour force deweriorates as people
leave and hence replacement may be necessary”. Ho :oes on to sav

wr

“once the data about the detcriorates have been collected the time

dadl

when it becomes economical to repiace the system with an associate

capital cost can be calculated”. When giving an exampie of a system

that fails he wrote, “A classic examiple of this kind of a systemn that

>

fails he wrote, the case of the light bulbs”.

Accountancy Tutors (N: ) Lt? , a tutorial schicol in accountancy
based in Kaduna in 1ts :utorial notes on the subject financial
management defined replacement analysis thus “must items of
equipment (i.e. components, parts, vehicles, rmachinery e t ¢ necd

replacement of sometime cr the othcer. Replacement analysis 1s te

19
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process 2y winich the various cost conscguences involved are
so that thie optimmum replaccment decision can be taken”.

M'ayo/BPP Icon study text an financial management corites “The
major problem with replacement is not so much” ‘should the asset be
replaced? But rather ‘when or how frequently should the asset be
replace?’

Accountancy Tutors (Nig) Ltd. While writing about the types of
replacenient problems wrote “the two most common replacement
problerns relate to: -

ta)  Sudden failure:-

Y

lere  are  vayious parits oy components that work

-

adequately up to a pownt and then fail e.g.

“ ‘lyresetic
(b} Gradual Detericration
These are usually relatively cxpensive iterms wiich could be
xept functioning with increasing amounts of maintenance
o

a
e sl.
L)

Vehicles

(]

4]

Boilers’.

They wrote this again abour sudden failure items, “ofternn tnese
ltems are inexpensive in themselves but the cost consequences of
their fai.ure and/or the installaton costs involved i replacing them

can be considerable. It 1s therefore necessary to estimate the various



~

costs involived and choosc the least cost position. The three categorics
of cost are:-
(). The replacement cost of the item: usually the purc
price at tiie time of replacement.
(I} The consequential costs of failure which night be trivial
say, if an electric bulb failed, but could be substantial of a

L P

small component {ailure caused on assembly line stoppage.

(III) The costs involved in the actual replacement of the item
Haoratios ; ~rat et N G 1N Tty 11 &
because of location and/or accessibilit prooicms

consideration often given o group replacement at interval

thien ail the bulbs night be replaced at the same timne even
if many are still functioning.

As a result of the need to minimize the varicus costs involved
several decisions alternatives are ually explored ard the least cost
alternative chiosen
2.2 TYPES OF REPLACEMENT PROLSLENS.

The two common replacement problems scived by replacement
anialysis relate to: -
(aj Assets that deteriorate gradually and

(b) Assets, items or components that suddenly {ail.

GRADUAL DETERIORATION OF ASSETS
These are assets that because of usage with tirnc they wear their

functioning capability deteriorate. 7o KkKeep them funcuoning



increasing amounts have to be spent on operating and maintaining
them. A good example is a car, as it grows older it gives more
problems and more is spent to maintain it, and it functions iess than
wiaen it was new. Please note that my concern is not with this twoe of
replacement problem as one is faced with the preblem of what it will

be economuical to replace this type of asset.

Yl e Sienhit ? Egn Y {‘.4 ”Z"Y ‘:""',?" '_Z:'\ 3’1"‘ b ’l} {;‘,
EVJ iJEJ L% *I‘ALMUA‘JLL AP B

e type of item work adequately, but at a certain sta

"\)

fail to function completely. A good cxampie 1s an electiic bulb, it
provides light up to a certain pomnt, then it fails and has to be
replaced. Other examples include fuses and beits. These are items
thhat are inexpensive at times but their failure . -ald disrupt our
activities like a bulb not providing light, a car’s fan beit not turning
the car fan to cool the radiator e t ¢ Replacement analysis is also
concerned in heiping to chicose the opiimum time ¢ replace this vpe

of items (which of course is my main concern).

2.3 THINGS TO CONSIDER I CHCOUOSING A REPLACEMENT
STRATEGY FOR u‘iﬁl‘uﬁz. FEILTURE VTSNS,
This management science tecnnique of replacement analysis

helps in choosing the most economical or optimum replacement
strategy for replacing items that suddenly fail. Just as it is defined as
a study of the cost consequences nvolved 1n ithe decisions or
alternatives being considered, various costs are inciuded in the things

to consider. These include:-

.
%



(0 Thie replacement cost of the item-usually it is the surchase
price of the item to replace the one that has failed.

T The ¢ 14l ta AL Faiiiiea Tt 11 1 lk
i.) ne consequenual costs oi fauure 1t couid be smail like
wnen an electric bulb fails, but many ifs the failure of a conveyor belt

. Production.

C/J

a:srupt
(L) T

abour cost, cost of machinery or cguipment to be uscl were

yrd

%
w

costs involved in the actual replacement of a the item e.g.

fa—

necessary n doing the replacenicnt. Sometimes because of the
lccaticny or accessibility ol the item concerned, consideration ¢ oiten

givenn to group replacement of intervals or an the failure 11 an

overhiead lamp ciuster i a factory tnen all the bulbs might be

o

replaced at the same time even though many are still functonin

A A A

iy
rt
o)
¢
ra
—~

{iv}. The life span o item, asset or component: This could be

kaiown with certainty or Experience which will have shown the
£

amper of items on average that survive a particular time

and on average the maximum life span ¢f the item knowing he itfe-
o

[

soan enable one when considering the alternative replacement cycles

tc know the member of items that could {all in each cycle and tne
associated cost of replacing them

(vi. The total number of components under consideration.

T TOPSTR AT CREHY ) oSN TS e
¥ LV Y W
2.4 &J J’} HREPLECANIEN

After gathering the data orn .ne various cots and life span of item
comes the guestion of how these could be used to arrive at the
optimum replacement strategy. In choosing a replacement strategy in

<

crhoosing a reuvlacement stratevy varicus alterinciive sirategies are
o Py o o

14



considered., for eacn strategy these costs (il the cost applies to that
strategy, arzs added up, the strategy with the lowest total cost 1s the
Optimui’n repiacement strategy i.e the item should be replaced after
the intervai in the premium sirategy. For example, assuming a
machine contains 50 components whose maximum life span is 4

weeks, tae various alternatives are:-

a) Rewnlace on Faiure only

/\

o

b) Renlace on failure and all compoenents afier 1 week

d)
)

(c) Replace on failure And all components afier 2 weeks
( Replace on failure And all components afier 3 weeks

e Replace on failure And all components after 4 weeks
The total costs in each alternative are found and the alternative
with the lowest cost is the optimum then the components will be

replaced everyviime any fails and all comnonents to be replaced after
j

tx.’)

weeks, even ot it was replaced within the two weeks or it did not faii

the end of the 2 weeks.

o A e W o W S d 7, T TN , AN TR T ol e Tl s alinFatowd M T Siw) ST T N LT

2.5 CLDOOSING A RIEPLACTIEAERT STRATEGY TR SUDEDEN
TP RTA TOCTRAT A ~7
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An example will be used to iliustrate how replacement analysis

is used in the choice of an optimum replacement strategy.

'e"& rn-&fvgﬁ ool
i S W)

-

The authorizes of the Aminu Kano [nternationai Alrport in Kaino
are considering a replacement strategy for its illuminating bulbs at
the airport. The following data have being collected on the

lluminating bulb life span relating to normal cperaticn:.

l5
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Month aiter repiacement L 2
Percentage of original bulbs
Which have failed by the ana  10% 25% 50% 80% 10G%
of that month cumulative.
That is to say the buibs nave a maximum life span of S montis.
One thousand bulbs are in use at any given time. They couid be
replaced by new bulbs on a mass replacement basis for N30.0C per
bulb. Alternatively, they may be replaced individually as they fail at a

105

cost of N120.CO0 per bulb. In each case the actual cost of the bulb

bour and overhead. At

itself 1s N15.00 the remainder represcnting Lal
v fail.

present the crganization repiace bulos as the

SCLUTION

%
Step 1: Alternatives involved include:-

foad

Replacement on failure only

2. Replace on failure and all bulbs at the end of month 1
3. Replace on failure and all buibs at the end of month 2
4.  Replace on failure and all bulbs at the end of month 3
5. Replace on failure and all bulbs at the end of month 4
6. Replace on failure and ail bulbs at the end of month 5

16
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MES 2: Calculation of average life span of Bulbs
Months {n) Percentage of Original Vercentage of Original
Bulbs failing (cumulative) ‘11-“ ‘1 tadling at the xopected value
cad of each monih
Pn PSn0n-Pn-1) ey
189%% O‘? o G
25% 59

i

569
30%
160%

.
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That is an average after 3.35 months ali 1000 bulbs f{au
< fa coa VLI I _ S Ty g T e
thereiore for 1 montiy 1000 =253 bulbs fail
3.55
Step & Compositon of number of bulbs that fail.
1 o Py’ 1 = I BFa ¥ L i
Alternative 1 =1000 = 2S99 bulbs montniy
8.85
Alternative 2-5
Month 1 2 3 4 3 Toral Cumulative Total
Percentage 10% 15% 25% 30% 20% - -
Of Faiiure
-~ 7 L1
Montns
1 160 10< 100 100
2 106 10 100C 130 160 2¢O
160 16 100 15 10006 250 2851 S5+l

300 360 S77 91
30 10060 200 350 1268
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In this chapter one will look at twi types ol infcrmation systeins,

management information system ana !

: o i i 101 -
ccision suprort and how the
3 i e e faTm it rage D g A lA e prmy g ey SN B S
management sCiencg {eCiilugudes OF Trellalernent Srooleims invoiviiig
Ny iy ilrye e e o PP O R | P AR o~y et ~F -
sudden r1ailure items can Dbe 1ncorjscrated or Lorm part of a

managerment information sysicm or deCiaion suppors ystem.

P AL N Y

VJJW&UL “u

For the running of an corganiztdon those charged witn tie
responsibility of running that organizaiion need nisrimation on h
activities carried out Dy the organization nced nicrmation on the
activities carried out by the organizetion to whetheo they are dol g

well or not, whether they are goiny according to plan or not, abour

decisicns to be taken and about their outceme of decision taken.

AF e M gm0 % . E

Mest at times, a formal ystem  of  where and Gow
s gy o A - ; & 3 PR, | PR P PR g +1n S, m
iormationn 18 o be  generated aod cnanncied  tarougn  (ae

organization and the form the information systems could be manual

(mostly for very small organizations} o1 computeriscd modern day
information system.
There are different types of inforication syster.s pat I will ze

concerned with managsement

O

UV B R S
a0 systems and decision

uUpport systems.

iy
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A managernent Informadorn system [Mis) Is &~ siem specificaily
designed to channel dilferent amounts and different ypes ol
infermatter through an organization Data is normaily collected about
the activities of the corganizaticn cr any dcecision that is to be taxen
processed, organized to be meaning and made available ¢ tie
decisionn malker or the person changed with the responsibility of
running the organization or carrying cut tize activity.

A modern management information system is made up of a data

base, computer system and the form in which the inicrmation 1s 1o 5e

)

distributed . the database consist ol rcievant numerical and ion-
numecericair miormation about the acuviues of the crganization properly
orgenized.
software. I a management iniormaticn system, scluvare package as
weil as programs written Dy programraes internally are combined to
iorm the management information systcm. The computer processes
data as per the instructions in the program, {o generate mnfcrmation
system.
prograi to generate information ace this indormation is dsiributed
Tough the organization in whatever form the organization decides.

The information could be in the form of reports or the results of

management science techniques. [t could be on recuest or scneduied
16 be o Tuced periodically or alter : N ;
(O e proguced periodicany or altey a ceil el acuv xL\

-3

o

Tn

he diagram below shows an iliustration of & management

iniormeion system.

24
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tnroughn or by the computler system

of reports or management science

10 management ior decision making. Decisions  afiect  many
departments 1 an organization hience the flow of informaticn between

departments.

a decision support system the information systern support the

manager in the decision making process. The manager intercats wiin
he computer based Iinformation sysiem suchh that a decision 18

reached WLy an Interactive process. A Gecision support sysiem
ntegrates management  science  mocels  within its

framework. Below 1s a genera: {rameworxk of a decision support



e s ) S PR S U e

AT L. Lol ZLLECNOLE O &4 llBlvl L 00l O foawidl
KTt SIS, o od e R R S
With the decision support system, it can be seen oo ae

diagramn that its framework inciude that of the management
informationn system with the additon of what if analysis. The

computer generates the resulis of management science mode:s, the

manager tien introduces changes to the model by asking guestion

inform ¢f vhat if analysis so and so cniunges are inooduce what the

results ¢i decisions taken will be. By o doing, the manager s w

- 92

—

A
i

P

mformea tefore making an actual cecision. The decision iken

R - i - . , T 5 -

I’ ~ o . : 4 4+ o -t A Y > o E = T ; -~
PIovVILGEe & LzeldalxK 1o the database hience it 1s an CTgoirg 1o lEss
i LR N S S VN e A
ine interacuve nature ol e Gecisio su pDOft SYsSTSiin 1S adliozved

through orograms written to ask for data in an intcractive way. The
mteractive mnature of decision support makes the information
genierate . to be on request oniy. Scoltware’s like latus 123, excel, lindo

suppoert e manager in his interaction with information system.
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The computer in a management information sysiem or decision

FY <«

~

support systeni process data and generates informadtion for use by the
different urits of the organization In gaeston. The information can

take several forms e.g reports or the results of a management science

ag
model . [or reports data is summarized and organized In a uselul
and easy interpretable manner. Reports can be about accoun