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The Nigerian business sector, 4nd, indeed the econony,

g8y & whole is i orisis.

This projcet, thzrefure, rorreseilts a hursle attempt
to study the curreat state of the art of _iq"‘l"*;::tvl'y control
in our manufacturing conpanies by &nalysing the current
inventory systems of the thres comjanies seletcd for the
study, namely;~

(1) Yorthern Nigerian ®lour Mills Ltd., Kano

(2) commde Cycle (Nig,) Ttd,, Zaria an

(3) niglapx (Nig.) Lt1,, Zaria,

The project is aimed at finding out what inventory
control models, if any, are used in these ¢onpunies in
establighing inventory policies; amd ﬂa‘arllining the
appropria teness or otherwise of the mdelq baing used in
the light of the given gituations of ocach compary. To
tiis and such inventory management variables ne stock levels
re-order quantity, and general rerlenishment pimctices and

procedures have been thorougzhly analysed.

In the course of the stuly however, it was cbserved
trat none of the threa comianics geavae any serious congideration
to uging inventory molelg for mking inventory decisiona., Howaver,
Rigidpak's policy of varryins enocuph safety stock represents the
coupany's recoenition of the useofulneas of inventory models in
rroducticn averations,

Sugeralions and regomZsuis tivng were mad: accordingly
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GENERAL INTRODUCTION

1.1 General Tntroduotion

"Phe manager who can make rational decisions in the
face of uncertainty and unoclear personal judgements isy a

perscen $0 be envied. ul =

Recent de\rel_opmenj_':n in the business enviromment has
nade it almost impossigle for today's managers to rely on
the syllergistic process of deductive reastning — that we
z;all intuition — in making decisions, Por,|dnoe the
advent of the indugtrial revolution, the \Ivr'éil*ld hay sesn a
renarkable growth in the sise and complexity of crganisations.
The artisan's small shops of an earlier era have wolved

inte the billion dollar corporations of today

~ In like manner, the Nigema,n business arena has witnessed
. trnendous growth in aize, lloOpe and cauplexity of operations
since the '"white man' first set foot on the Nigerian geil,

The miall-tine village textile weaver has been replaced by
glant multi-million nalra t'lnh;ttile companies like the United
Figeria Textiles Limited (UNTL) and Arewa Textiles Limited,
local grain flour hawkers are also being replaced by glant

flour wills with daily production capacities of thousands of

1+ He Moskowitz & G.P. Wright: Operations Reseanrch
Tachni ques for Management (Prentice-Hall, Inc.
mnglewcod Cliffs, USA 1979) p. 6.
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bags 1ike the Nigerian Plour Mills Limited and the Northern
Nigerixz Plour Mills Limited; even the local iudigenous
blacksriths and brass-workers are glowly glving way 1o much
bigger and more sophisticated firmma in that field like the
Agricultural Divipion of John Holt Limited and ‘lower

galvani sed products limited., Many other examplus abound,

An integral consequence ¢f this revolutiouary change is
ihat as the camplexity and specialisation in an organisation
increase, it becmieus more and more Aifficult to allocate it's
available resources to it'e various activities in a way which
aoat officient for the organisation as a whole. Morepo that
what is best for one ommponent of the organisation frequently
igs detrimentsl to another, And sc they may end up working

at ¢russ purposes. For exzample, when inventories gews too

~ large, the Financial manager will ccwmplain about the investment

tied uwp and the ccoul of currying them., On the sther hand

when inventories are low, the production manager will complain
about likely disruptions in the production procuess, while the
marketing manager will complain about poor serv{ce Lo onstomers

and it's attendant cogt -~ the cout of being out of stock,

Thaege kindg of proeblems and the need to rezolve them
provided the enviroment for the emurgence of g budy of
guantitative models which are cellectively called technigues

of operatiomp ressarch.

5
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Trey include:;~

Inventory control models

o Linear programming

3} FERT/CPM

4) fusueing theory .
5 Dyanamic programming

¢)  Game theory

7} Saoulation

8) fegression analywis et

9) Trangportation models

10)  Probability theory

These teclnigues have gained so much popularity and
é,ccaptance in recent times that same of it's most ardent
proponents have dared to poglt that: "anything that cannot be

expregsed in figurer i3 not worth expressing st all™,

Although this sweeping statement wmay sound a bit of an

an exageration, egpecially to the non-quantitative minds, the
v e

importance of guantitative models in aiding camplex, rational,
modern wsanagerial decision making process canlnlot be over-
enphasizede Presently most managers have realised that it is
eagler to exsnine and analyase complex prollems if the congepts,
tools and techngmes of operations research are used to decompose

the problem into simpler elemenis.

In a purvey of operationm research activitiey at the

corporate level conducted by B 'I‘urban1, he found that nearly

2. K. Turban, "A Sample Survey of Operations Resesrch
petivitics at the corporate level™. OPERATIONS
RESKARCH, 20:708-721 1977,



- tifty percent (50%) of the campanies selected for the survey

have ppecial departmenis st their headquarters that is mainly
engaged in operations research activities. While about twelve

percent (12€) of them indicated that they intended to establish

" much a department in the near futurse. The survey zlwo

indicated how widely the technigues of crpera.‘tions research ha
been applied to current projects. (See appendix 1). As a
regult of the importance and practicability of theue technigues,
peveral new more sophigticated models have been developed to

guide xanagers in their onerous task of making sound rational

- desisions for the maxivuww attsinnent of tkeir organisations

o gcale and objeotives.

Operations research as a whole ig baged on the basie
prewige that it ie easier to resolve complex decision problems
if the factors that influence the decigions are made 'vieible'
and quantifiable. Once the concepts and technigues
of operations research arc uped to decompose the protlem into
gimpler elements, the elemente cun, then, bYe easily aggregated
or gynthesiseds Thig will zive insight into the problem and
will provide direction on its regolution. Thus the ovparations
research approach helps in the construction of a medal that
gyntheciges the seppenta of an crganisation that :%are affectad

by ths decision,
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1.2 Uevelopment of Operations Research Techunigues

Qperations Research can be characterised as the

- application of seientific wethods, technigues and tcols to

problens involving the opsrations of systems so as to provide
those in ocontrol of the operations with optimum solutions to.
3

the prollems. Operations Research Society define
"Operations Research as the application of the methods of

sciencs to corplex problems arising in the dirsction and '

managenont of large sywtems of man,machine, materials and

'_ money in induptry, business, govermment and defence. The

distinctive approach is to develop a secientific model of the
system, incorporating meazurements of factors such as chance
and ricks, with which to prediet and compare the outcome of

alternative decigions, strategivs or controls. The purposs

is bto Lelp managenent detemiine itg policy and mctivities

geientifically,

Although it iy difficult %o sark the official beginning
of operations remcarch, it's roote can be traced back many

- .
decades, at the turn of the 20th century when a:ﬂy attempts

- ware made to uge a8 scientific spproach in the management of

organisationss. However, the beginning of the activity ecalled
operations research, as it's being practiced today has been
generally attributed to the military services early in World

War II. To marimize the war effort, it was necessary to

3 G.W, Churchman, R.L, Ackoff, and B.L. Arnoff, Introduction
to Operationp Research, New York: John Wiley & Sons,
1957, pp. 8 ~ 9.



allocate smoarce rewmources to the various milit‘argr operations
and to the activities within each 0pera.t10n.ih an effective
manner.

After the war, the apparent guccess of operationg research
in the military sttracted the attention of induistry which was
than seeking golutions to¢ the problens caused by increasming
complexity and specialisation tbn organisations. When it

.bauame. upi)'trmt to a growing nunber of pecplepgwicluding
business consultants who had eerved on or witli.'tha operations
_raaau:oh t‘aama during the war; that these were banically the

| mame pro‘bl&ns But in a different contexrt than had been faced
by the military, the use of formal toocle of operations ressarch

began to oreep into industry and business,

Since .then 'll:he tachniquas of cperations research havs
been 80 developed and adapted to industry and .'bueinus that
there is virtually no aspect of mamigerial d‘eﬁ]aion oeking |
ivar'iau‘:vles that cannot be reduced into meré figures and numbers
by the mathematical wizards, _The basio thinléi?ng, as mentioned
‘warlier, bheing that it is da:;er fo raéolva.:oo:'llplax decimion
prodlens if the factors that influence the decision are made
viuibla and quantifiable. Hence quantitative MAocdels abowmd |

for practically all areas in business ranging frow simple

optinal trangportation patterms, through efficient queusing

systers in:factory operi.tioul""and plant maintenance, to the



optimal level of inventory to stock at any given period of

time; and other related decisions.

There is no doubt that the operations research approach
is one of the most important recent developments in the
managenent of organisations. Some of the banefits to be
derived from using this approach have been mentioned above.
However, the Operations research approach is beneficial to the
organisation in more ways than have been mentioned above, as

observed by Moskowitz and Wright.?

1) It provides deecision makers with a set of concept
and tools that will enable them to make decisions in a
logically consigtent fashion, and with as much precision as

posgible, Stated simply, a quantitative approach results in
better decigions.

2) It gives decision makers an improved insight into how
they mazke their decisione, e0 that they can improve their own

intuitive decision making process.

3) Pommaligation and gquantification of the problem
facilitates communication and coordination, Im this way,
divergent preferences and information among individuals can

be reconciled and decisions coordinated.

4) PFormalisation of routine or repetitive deciwion

problens (i.e. handling the daily operating activities and

4. Ibid, ps Te

T



* ' 4heir wonitoring for dangerous trends) fress managers tO

concentrate on more pressing matters except when unugual
circunstances arige, regquiring review of the course of asvery-

day actiom. In this way maragers achieve Yetter conirel of

their operations and can allogate their time more efficiently,

5) Quantitative techniques facilitates the development

of better organisstional planning, operating and control

systenx, An operations research study initiated to analyse

a particular decision problem may ultimatsly become aﬁ
integral part of the organisstion decision gystem to ba
arployed reapetitively., Thus the goxt of wundertaking the first
application may produce longer~run benefits and spin-off

benefits not originally snvisicned.

6} It serves as a matter of record, that is of historical
A

oy

"and current informatiocnal value. Thus managers can trace the

development of a system, new managers can gquickly become
faviliar with the existing system, problems can bve more easily
traced and isolated, and revieions tc the system are more

easily made and made known to those involved,

The above géneral di scussion on eperationa regearch
applies equally to inventory control models as well as other

techniques of operations research,
L

Manufacturing cospanies as well ag most non-manufacturing



enterprises, whether operuting in developing or industriali sed
economies, large or wmall, capital-intensive or labour—
intensive, cperating in turbulent or stable envipomments, are
congtantly being faced with the perennial prohlun of how much
~inventory to stock at any particular time and when to place .
orders for replenishments. 1In short, inventory control is a
universal phencmenon, Though the problem of inventory

panagement could be even more crucial in Nigeria.

' 1n Nigeria, like in most other developing nations 2

. significant portion of the materials used for business purposes
is 5;;153 imported from abroad. The situation being further
worgened by the devagtating effect of (8) l?;l! on the nairs,

the recent upwhrd review of oustan duties and tariffsg and the
total ban on the importation of oertain oum:lac‘!itiea like wheat
whigh forma the bulk of the raw material of many industries.
Thege Tactors along with other factors like ineresasad
.oompetition, ghorter product life cyoles, increased product
variety and a higher cost of capital have left companies with

no other choice than to seek ways of cutting dowm coets and

minimi eing wastages in order to sumrvive profitability.

© - With the situation as it is now, companies are beginning

i
i
to realige that inventory management and contrecl reproesent | I
an avenue with pubstantial potential for increasing profits, !

lewering cowts and relsasing scarve capital. With thim
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developrment is the emergence of a cost redugtiop technigue
called Materials Requirement Plamning (used to schedule
production and controlling of inventories), and the Just-in-

time techngue (JIT).

The wanaging of inventories is not zimply a question of
keeping track of the materials. It is the responsibility of
top management to formulets ocompany policies for inventory
managenent and control, Thege policies will be statements of
target inventory investmente for a certain planring horizon,
aimed &t reducing and minimizing the costs related to inventory

after certain restrictions have been fulfilled.

Two types of copt which must be reduced here are the
ordering comt and inventory ocarrying copt. It ig unsually a
it more difficult to control the firgt of the 2 coste mentioned
above, but if g firm ie able to reduse the inventory level
without smerifieing other performance meamures like production
efficlency, it would have saved enough in tems of reduced
costs. For instance, a good inventory control gystem will
reduce the cout of stockrodus, whrehouse and their vperation and
mzintenance; cogt of gpoilage, damage and pilferage; ocoast of
insurance for goods and warehouses; and above all the cost of

capital invested in inventOries.5 'T””

To achieve a good conirol of inventories the company

S5« Management in Nigeria, April 1988, p. 19.
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sugt address itself properly to the following gquestionsi~

1)  How much material im needed over time?
2)  How muck should be ordered each time?

3)  When should it be ordered?

The sgvings to be made in this wrea is s0 substantial that
any cout reduction programney, no matter how mgie:}}, which helps
to reduce the failure rate associated with rule~of-thumb
procedures in dealing with practical inventory problems shomld
be developed and implemented., It is in this spirit that I
decided to make inventory control the subjeot of my M.B.A.
Project, notwithstanding the obviony and oft-cited limitations

altributed to measurement in carrying out a study of this

nature.

1+3 Problem Statement S T

For many companies the root causeg of undue production
gtoppages and high production costs could easily be traced to
ungcientific methods of arriving at general inventury policiesn
and crucial inveniory decisions. The gituation being more acute
in a developing country like Nigeria where the practical
applications of operationg reseasrch techngues in industry end
business enterprises ia in its infancy. Moreover the bulk of
the raw materials inventory and the finished goode inventory
used by companies in developing countries have to be imported
from the industrial nations of BEurope, America and Asia. Thus

KASHAT IEEAMIM LARRARY
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given rise to higher coat of procurement and highep
uncertainty in the availability of such important components
as CKD parts, spare parts, packaging materials and other

LA
hasic raw materials.

It
Since the objective of every busiremss whether in a

developed or developing country is to maximize the owners'

lom
wealth through Z g-;un profitability, there is a great need for
+he application of scientific inventory models in our

manufacturing companies.

1.4 Definition of Key Terms

INVENTORY:— The quantity of goods, commoditics or other
economic regourcer that are mtored or idle at any given point

in time.

ORDERINTG COSTS:= These incremental costs assoeiated with

inventory replenishment,

SET UP COSTS:- The incremental cogts associated with
producing the item(s) in-house. From the initiation to the

termination of a production run.

CARRYING (HOLDING) €CsP'St- These cousts are associated
with holding a given level of ionventory on hand, and vary witl

the level and length of time inventory ig beld. They include

the opportunity cost on capital tied up in inventory; storage

cogts, product determination or obsolescence, t8%es,
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depreciation and insurance,

SHORTAGE { SPOCKOUT) COSTS:- These are the penaliy costs
incurred as @ reasult of ranning ocut of ghock when the commodity
ig needed. They generally include costs resulting from loes
of custwmers' goodwill and petential loss in profit due %o

loss in sales.

SALVAGRE VALUE:~ fThe value attached to an unscld item

that is to be carried over to the next time perivd,

LBAD TI¥E:= This refera to the time between the placanant

and the receipt of an opder.

SAFETY STOCK:~ exirs inventory held to gave o3 o buffer

against possible stockout situation.

RE-CRDER POINT: This is & condition that'wignals gomeone,
weually a purchasing offic-r, that a purchase order should be

placed to replenish the inventory of some item(s).

LON-CIZE:— The giZe of the order that will be purchased

. to replenish inventory.

ROQ:- Economic Order Quantity refers to the mozt econamio
lot giza the firm should order when replenishing inventory.

ORDER CYCLE:~ This refers to the time pertod between two

r o
successive ordsr placenents, '
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dopreciaiion and inswrance.

SHORTAGE (STOCKOUT) COSTS:;~ These are the penalty comts
fnodrred as s result of running out of stook WIeh ths oommeodity
1 needed. They generally include occsts resulting from loss
of gustamers' goodwill and potential loma in profit due to

loge 10 eales.

SALVYAOE VALUEs— The velue attached 10 an ungold item
that is t0 be carried over to the next time periocd,

LEAD TINEs~ Thie refers to the time between the placement
and the receipt of an order,

SARETY STOCXi~ extra inventory held $0 save ap a buffer
agsinet poenible stockout stuation, !

RB«CRDYR POINT: Thie im & oondition that signale someone,
ustally a purchasing offioer, that a pwrchase order shounld be
rlased to replenish the invemtory of sme item(s).

LONSI2F~ The eise of the order that will be purchased
to replenigh inventory,

B0~ Foonceio Order (uantity refers 10 the most eoonmio
1ot size the firm shonld order when replenishing inventory,

ORDER CYCLE1~ This refers t0 the tims period betwesen two

Naoessive crder placements.
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1.9 Statement of Objaetives

Having earlier elucidated my reasons for choosing inventory
as the subject matter of my project, I will now proceed %o
state the objectives of the study in accerdance with the

reapong mentioned. The objeetives, therefore, are:—

1) 7o find cut what inventory models, if any, are ueed
pregently in the canpanies I heve selected, for making inventory

decipgions. like are they using the DETERMINISTIC MODELS or
the STOCKASTIC oneg.

i1) To debermine whether or not the partiocular models
heing employed are the most appropriate ones for the respective

companies in the light of their given gituations.

iii) To identify those factora that may render the
application of the genmeral models not feagible or even totally

impogsible,

iv) To attespt to develop 'special’ models that will
best mult the circunstances of each organisation., and to
provide useful guggestions that will go a long way to improving
their present inventory contrel practices in particular and
those of the remaining conpanics operating in Nigeria in

I } m
general,

1.6 Statement of Hypothesis

The optimum level of inventory to have in stock at any
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Fiven point in time, the most economic gquantity to order when
replenishing the inventory, and the most appropriate time to
place the order are all variables that could be scientifically
determined given adegquate information on the following

component g~

a) Te cost of ordering or wanufacturing the itea(a).
b) Te costs of keeping the itan(s) in storage.
¢) The penalty couvts to be¢ incurred as a result of

running cut of siock when the ites 15 needed,

¢ 4) 'The discount value assvciated with order gquuntities
S
and even the time valus of money.

¢) The probvability values associated with the forecast

figures and states of nature.

f) The szlvage value of left-over items, where applicable,
g) The daily/weekly/monthly/annual consumption rates
h) The price of the inventory itan(s).

i) Lead time.

Once these componenta have hbeen 'a.ccura;elx' determined and
it ie possible to do so, all that remaina is .t? plug in the
resulting values in their respective positions in the model(n)
and out will eome the most optimun inventory deecision one can
ever hope to arrive at in the circumstarces. Thege models will

be fully discussed in chapter two,



Where some of the coiponents can only be determined in a
highly subjective manner, a nwmber of highly sophisticated
stockastic inventory models have been developed to subsiitute
the determinisiic wodels. The results when them models are
used are nommally expected to be within a reasonable degree

of accuracy.

1.7 HMethodology

Fsgentially, data cclleeted for this project was done
through interviews and personal observations. A questiomnaire—
1iice format waes designed and made availahle to the principal
of ficere of each selected campany. The officers concerned were
left to study the format for a couple of da:;s a.!t”t.@r which we
had a detailed discussion on the items in th;e; fortuat. Except
in the case of Rigidpack, date on costs was suwpplied by the
principal officers in the accounts department, While data on
the production process and inventory control techngues wae
stpplisd from the proluction department through interviews
with production managers, supervisors and personal observations
ir the factory. However, in the caze of Rigidpack a1l the data
was supplied Wy the marketing manager who happens to be an

expert on production management. The answers to the gquestion

were recorded on tape for precicsion.



17

1.8 Llimitations of the Study

iz earlier stated certain obvious and oit-cited
limitations are inevitable in carrying out a gtudy of this
nature. The major limitations to thie study ars:-

i) The greatest constraint I faced in carrying out this
atudy was lack of cooperation from the other campanies I

intended to include in the study.

ii) Due to the sensitivity of the topic the ¢rganisations
ware not too inclined t0 rulease information on certain cost
like unit cost of production slements, which they consider

ag clagsified.

1ii} Lack ¢f time and Pinancial constraints have made it
impossible for me o try out & greater number of companies for

a fairer representation.

iv) Considering the scope and pervasiveness of inventory
contrel three covpanies are hardly gy good enoungh sample to
present all the problems and information necessary to represent

all other campanies in the country.

v) Pinally, comparies just like individuals have certain
unique features, and go it ig very difficult to have even two

companies that are identical in all respect. Theruiore the

regult from ¢ne selected company might not exadtly it any

othar company even if they are engaged in similar Lbusiness.
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CHAPTER TWO

REVISW OF RELATED LITERATURE ON INVENTORY MODELS

2.1 Introduction

Inventories axist io all business, playing a major role
in the dstermination of a campany’s internal effectiveness;
that is, how efficiently the manufacturing operations ocan be
carried cut as well as meeting production gosle. 'Thus retail
fimmse, wholesalers, and mamufacturing companies generally have
& stock of goods on hand. However the big question is how de
such organisations decide upom their inventory policies, i.e.
when and how much dees it replenish? Thus the basic inventory
decigiong involve how many units to order and when to order.
I a small firmm the manager may keep track of hie inventory

t
and make thege decisions, However, this may not be feasible!

even in small firns, and so many companies have relied on
seientifio inventory managemant techniques. And by so doing’l
have saved themselves large sums of money. Scientific inventory

management involves the following basic stepsi-

1) Formulate a mathematical model deseribing the

behaviour of the inventory system.

i1} Derive an optimal inventory policy with rerard to

this model.

iii) Crate a sound ard efficient stores coutrcl procedures

to maintain a record of the inventory and to signal when and
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how much to replenish.
Inventory calt be broadly defined as the gquantity of goods,
commodities or other econanio resources that are ntored or
idle at any given point in time. The econanic resources vary
in gquantity over time in response to & 'demand' process which
tvperates to reduce the inventory level, and a replenishment
process which operates to inorease it.1 Normally demand is
uncontrollable but ihe magnitude and timing of t{he replenish-

ment are controllable.

Inventory may include raw material's waiting to be used
in producing goods (raw material inventory), semi-tinished
stored goods or goods in prooess temporarily stored during the
production process (work-in-procesas inventory), goods awaiting
shipment from the factory to the wholeszaler or retailer

(finished goods inventory).

In addition to such physiczl goods as flour, bigycles,
cartons, autumobiles, cask, hmman resources, human body parts,
and library space available for new bocks can also be viewed
g5 inventoriable itemg, Patients waiting in a doctor's office
cali also be regarded as inventory. The rate aﬁﬂghich the
doctor sees and treats the patlents is the demand process. As
this is occouring, new patients arrive to replenish those that

have been sgen and treated, The how many and when decisions
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are determined by how the doctor schedules his appointments.2
Such is the pervasivensss of the concept of inventory that

it $rangpires in almost all hwman endeavours - econonic, social
and even political and legal set ups. However, we are only

corigerned with inventcry managerent in business orpanisationa,

2.2 THE PUNOPIONS OF THVvENTORT ES

Inventories verform a number of vital funetions in the
operationg of manufacturing organisations which makiea then
critical to thas operations of these productiom wystems., Without
in%entories organi sations could not hope to achieve amooth
production flow, obtain reasonable utilisation of machines and
reasonable material handling couts or expect to give reascnable

service to custaners,

The basic function of inventories whether they be raw
materialg, work-in-procses, or finished goods is that of
decoupling the operatione inveolved in coaverting inputs into
outputs, This allows the successive stages }n ?ﬁc purchasing,
manufacturing and distribution provess to operate sumewhat
independently of one anothep, without camplet?rreliance on the
schedule of output of prior activities in the produstion process.

Furthermore, the decoupling function allows both time and

spatial separation between production and consumption of

products the cperating systems The decoupling function may be

2,  Moskowitz, H. & O.P. Wright, Op. cit, p. 964.



perfomed in at least [our ways.

Firgt, process and pipeline inventories sometiimes called
trangit inventories are necessary where significant amounts of
time are required to transport goods from onL Ibcation to
another, In essence, the warehouse must, at &' minimum, carry
enough stock on hand to meet demand during the transit (lead)
time. For example, an inventory representing a month's dumand
would be needed in store if one month were required to sghip

the goods from a supplier to a manufactiurer's warehouse.

Second, lot-size or cycle inventories are inventories that
the organisation orders in lot sizes because it is more economical
to do s¢ than in ordering on an as needed bases 1o meet demand.
The rationale is that econumies may be reamliged from larger
lotg versus mnaller lote through quantity discounts or lower

total set up cogts.

Third, when deuand for an item is known to be seasonal
or variable, it may be more eccnomical for a firm to absorb
pawe 0f the fluctuation by pemmitting inventories rather than
its level of production to ospillate. Thus inventories used
for this purpose are desipgned to more econamically meet seasonal
denand than by varying production levels to meet such demand
fluctuations. By establishing production, the costy of
acqdring and training workers, retrenchment benefits, and
overtime work to meet periods of peak demand, Vﬁich are nigher

than the costs of carrying inventory, are grestly minimized.
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Fourth, fluctuation inventories may be required if an
adequate supply of items is5 t0 be available whan nweded and
stockouts are to be minimiseds In effect, safety mtocks are
necapsary po that fluctuations above average demand can be
met.

lastly, inventoxles can also be uged for other purposes
apart from thoge mentioned above. For example, when inventories
are displayed they serve as promotional investment., Raw-
materials and finished-goods inventories are frequently
accunulated to hedge against price rises, inflation and strikus.

Tnventorien alse perve to wmooth out irregularities in supply.

I1f for nothing else, the simple fact thut inventories serve
thepe functions implies that they have value 1.10 Tanag;ement.
However thay should not be regarded as a subsf.i:ute for management,
mereso that the inventory question ig not a one-mided, One, which
iy precisely why inventories are a problem in the cperation of a
productive system, If there were no optional level to shoot
for, there would be no problem, Anyone could follow the
simple rule; "make inveniories as big as 1:ucnsas.ci.l:-lve:'f'.3 On the
otker hand inventories ghould not necessarily be minimized.
Organisationg who carry minimal inventory levals can igxour
extremely high production and distribution duste. Wha;r't isg

needed, therefore, is a way to detormine opiliepal inv'e‘i_ntory levels

!
in a given situational context. This requires balancing a set
i
N BUFFA, E.S5.% Nodern Produnction Managements Managing

the operations functions (fifth edition) puhhshod by
John Wiley & Sons, Inc., 1977 p. 327.
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of copts that decreases with higher inventory levels.

In essence, inventories act to decouple organisational
activities, thereby achieving lower cost operations.
Inventories act to reduce procurement costs, and inventories
act to provide good ocuetomer service and mmooth production
flow by providing one-time delivery and gvoiding cogtly stock
ghortages. Inventories ordered in large quantities can result
in lower freight charges and price discounts, On the other
hand inventory require t¥img wp capital that would otherwise
he invested elsewhere. Hence there is an appropriute copportunity
oot associated with their value. Inventory also requires

cogtly storage space; and such costs as insurance, spoilage,

ohaolescence, pilferage, and taxes must be incured an a result

of maintaining inventory., Thus, management seeks decision rules
that will optimally balance these controversies costs for a given
system., It is in response to thig management quost for guidance
in handling inventory decision situations that’g " nunber of
technques (modela) bave been developed to serve as aid to

management in achieving eptimal inventory solutions.

2.3 Developmeni of Inventory Control Models

Interestingly, inventory control =~ the gubject matter of

thig study - happens to be the fiprst area in business in which

quantitative models were applied 1o aid managers in making

better and more efficient inventory decisions, Beginning about
L
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1915, attention was focusced on the development of
mathematical approaches designed t0 aid decision o.licrs in
gsetting eptimum inventory levels, The first model wou
developed in the sare year by Hurris. Since that time
increasingly sophisticated analytical tools have bteen brought
tc bear on the problems of inventory managmerﬁt;_ Koontz et al,
have this to say on the subject matter: "perhaps i the history
of operations researoch more attention has been directed to
inventory control than to any cther practical area of operations
0pera.tiona".4 More than anytbing else this pioneering role
and the praminence given inventory control over all the

other practical areas in business bhas clearly demonptrated how

important the iasue of inventory has been and still is in

business organisations.

] |
One reason for greater attention to inventory is that

this asset, for many firms is the largest one sppearing on the
balance sheet. Seccndly inventory probleas of too great or
too mmall quantities can cause difficulties 40 the organisation,

As one aexecutive vice-president succinetly puts it:

"When inventories seem too large, the prasident complains
about the invesgtment tied up, and the cest of earrying them.
When inventories arc low, the marketing vice-president complains

=y
about poor service 1o custamers™.”

4o Koontz et al, Manageuent, eight editiony {McGraw—-Hi 11
International Beok Co., Japan, 1984) p. 608.
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Furtbermore, if a manufacturer experiences a stock out
of a eritical item, production halts can result. Similarly it
an iten is not stocked when a customer thinks it should be the
Pirm losses a customer not only on that iten but perhaps on
many other items in the future. It is largely as a result of
these crucial issues and many cthers that the development of
guantitative models for inventory control todkmprucedence over

a1l the other preas.

Ap earlier mentioned, the development of the rirst
inventory model is crelited to F.W. Harris, Raymond extended
Harris' work in the early 193's. Singe then, particularly
sinoce World War II, the development of inventory theory and
inventory models has preliferated to a point of high development,
Today, there are umerous inventory models covering practically

imaginable inventory situation.

2.4 Types of Inventory Models

Basically there are two main categories of inventory model
techni ques ~ the Deterministic models and the stockastioc
(probablistic) models, The Deterministic modeln are a0 called
because they are baced on the assumpiion that derznd is a
known quantity. The deterministic models are further sub-divided

into six different sub-categories. 6

6.
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i) Classic BOQ model {shortpges not pemitted)
ii) X0Q model (shortages permitted)
1ii) BOQ model with quantity discounts
iv) BOQ model for production runs: single product
v) BOQ model for production rums: multiple products
vi) BOQ model with resource constrai:ﬂ’-u;

a) THE CLASSIC EOQ MODEL i

The ¥0Q model ias the baest known and mogt fundamental
inventory decision model. Althcugh this model is too over-
simplified to represent most real~world decision situation, it
is, neveriheless, an excellent starting point fram which to
develop complex and more realistic inventory decigion models,
This model is potentially opplicable when the entire quantity
ordered (or produced) can be considered to arrive in the
inventory simultaneously and when the demand rate for the item
(which is ansuned with certsinty) is constant. Typical
gituations to which the classic EOQ model may apply includes
uge of clerical supplies much as paper olips, pens and note~
beoky; wee of certain industrial supplies such ap nuts and bolts
and uge of toilet supplies in buildings, There arc many other

gituations to which the simple X0Q model could be applied.

A iP the case with all models, the validity of BOQ model
depands on a nunber of assumptions which are as followsi=
1) Inventory is replenished when the inventory is exactly
equal to zero (no shortages).
2} Demand (usapge) rate iz known and constant.

3} lead time, the interval between the tiﬁ‘; the order
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ie placed and the time¢ it is rsceived, is known and

conatant.

4) Carrying cost is linear throughout the entire imventory

rarge and varies with average inventory.

) Price of the product does not depend on ithe quantity

purchased.

6) Ordering of the product is independent of ordering ©ther

product e

As earlier indicated, many of the above assumptions (require-—

menta) are violated in most real-life gituations., This, how-
ever, does nct mean that the EOQ approuch lack upefulness.
Rather, the B0Q approach represents the First step in solving
the inventory problen and it ecan be expanded to accommodate
erceptions to the above assumptions which oecur in practice.
For example, the demand rate, is rarely known with certainty
and is often gubject to extreme fluctuations, and the lead-
tine may also vary widely, Also if the firm Hgf;a limited
amount of papital the carrying cost may not be.iinear, but it
may increase as the level of inventory increases. [n such
cases, the BOQ foruula may be slightly modified with the

appropriate mathemutical manipulations to accaumoduts the

unique sitwations as will be shown later,

¥When assurption 6 is violated, howaver, it is often
degirable to abandon the B0R approach and use a different

type of inventory system, For example when several products



29

are ordered fran the same supplier, substantial economies may
regult from combining orders for the several products which
indicates an inventory mystem different from the EOQ system,
However, if the violations of the assunptions are not too
extreme, the BOQ model may be guite ingengitive in the sense

that, ite application may result in an order quantity and cost

that is not far off from optimal.
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The above graph illustrates the variation of the inventory

level over time for the classic EOQ model, The downward-asloping

curve indicates that the inventory level is being reduced at a

constant rate over time =~ assumption 1.
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When the inventory level reaches the re-order point level,
@ units of goods are ordered. The order is reoeived at the
time when the inventory level is reduced to zero during the
lead time {L). This raises the inventory to § and the cycle

i repeated.

THE MODEL PORMULATION '

The first step in constructing the inventory model ie to

define its variables and parametres. Let

Q « Order guantity

(@]
]

o Cost of ordering or set up cost
Cc = Inventory carrying cost

I = Annual demand requirements

Lp = Lead time

N = nunber of orders or manufacturing runs per anmum.

P « Total inventory associated cost.

Having defined the notatione used in inventory models the
next step is to express the total inventory costs in terms of
the variables and parameters defined., The inventory associated

coste oan then be represented by a linear equation.

L 18, O D
TIC.JQQO+ OQ

(Iaventory holding cost) + (Order costs).

In order to Qerive the BOQ model, the TIC ig differentiated

and mset to zZero.
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getting d(TIC) = O, we obtain

de
1% =

3

Cc® » 2D

2 ~

Q = 2 Yo D
Ce

The classic BOG mods! bas thus Yeoa formuulatel. In the
gaug way the cost of an optime’ 2oluticn by this fomwla can be
casily derived by substituting Q" into the total ircrunental

cost fomuula and solving for TIC,

1 %+ CD
TC - 3Q X
e = 2% Co4 Co D
™
2 CoD
- G G CoD
¢ / 20,
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multiply both the¢ numerator and denaninator by

2C,0

we obtain,
Ce

2CoD
TICC = 2CoD Co
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:0 TIC‘ = 204 Cc o

The next parameter, in the inventory model formulation,
t0 be determined is the optimum nunber of orders or

zanufacturing runs per year (¥)

™

D
o
Q’

Lastly, the time between orders - cycle time - can be

determined by any of the following formulaes-

3|

Fionally, the re—-order point (R) reprosents the level of
iaventory of inventory at whichk un orler is placed for Q items.
“or the determinigtic inventory systen, the re—ordcs point is

casily detemined as Tollowsi=~

R = L'I' x “R

(Nunber of days) (Hilisation per day)
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Obsdrvingz the optimal re-order point {R*) is equal to the
demand during the lead time: the number uf days in the lead-
time multiplied by ihe demand per day, The obvious implication
of this relationghip is that the inventory systen wssunes that
the lead time ism lecws then the time reguired to deplute the
total onler quantity. Otherwise tle re-order quaniivy will

be higher than the lot gize.
ER L

The clasgic economic order quantity is defined directly
by the cost per order, the carrying cost per unit, and the demand.
With these input parameters, the BEOQ model provides the diract
de_."r-:lvation af the optimal order gquaniity which minimizes the

tctal incremental cout,

b) BOq MODRL WITH SHORTAGKS PERMITTED

One of the assumpitionz of the ¢lassic BOQ model that hardly
holds in real~life inveatory eituations is asgomption 1. The
Classic mode)l assumes that an order is receivsf precisely at
the time when the inventory level fell to sero., Hence the
classic inventory decision model does not allow for shortages.

Consequently shortage cost i3g ignored,

While it is true that in many inventory situations stocke
outs should be aveoided, there are cases where it iy 'prolitable' -
economically justifiable - to plan for and allow stockouts,

This is because the cyole langth can be increaszed with a

reoultant saving in set up coats. However, this tenefit may
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be offset Wy the copt that is incurred when shortages ocour,
Hence a detailed analysis is required before an optimal

decision is reached. Thig model attempts to do jugt that. And
in doing o the model first relaxes the assumption of no stock-
outs and pemit inventory shortages to ocour, And adds a
further assmption that all demands not satisfied as a result

of an invantory shortage are back—ordered a.nd eilrentually filleds
Meanwhile all the assunptione of the classic ROQ model ptill
apply, except of cource, assumption 1, which does not permit

shortages 10 ccour.

When shortages are permitted, the optimum level of
inventory to stock auvtomatically becomes the function of both
the inventory carrying costs and the cogt of stockouts. Thus,
when the cogt of running out of stock ig puffieiently small
relative to the carrying ocost, then the cost trade-off may

indicate a decigion to do both,
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The above diagram depicts inventory level as a function
of time when shortages are permitied. The pattern of inventoery
ig still similar to the diagram in Figure 2.1, but drops below
the zero inventory level, given rise to a mituation of negative
inventory., The term negative inventory represents commodities
that are s0ld but back~ordersd rather than delivered., Since
back-orders (shortages) are filled when an order is received,
the maximum inventory level does not reach the order guantity
an it dcoes in the clasgic BOQ model, Hather, shortages are
filled immediately upon the receipt of an order and the inventory
level returne to a level Imax s {Q = §, the maximum inventory
leval, Since the marximuw inventory level is less when stockouts
are permitted than when they are not, likewise, the inventory
carrying ceet is reduced, An extreme czee wounld be one in
which all demands are back-ordered, resulting in Zero inventory
and hence zerc holding costs. However, the reduction in
holding coste must be balanced against the stuckoul costs

associated with these badk~orders.

THE MODEL FOERMULATICON

In gddition to ihe symbols already defined in the
formulation of the Classic EOQ model the E0Q model with

ahortares permitted uses the following termsr-

Cs = QGogt of stockouts.

5 = HNumber of ghortages during the inventory cycle perid,
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Tnax = Maxioun inventory level when back-orisrs are
satislied,

t1 = time during which inventery iz on hand.

t2 = time dvring which o shortapre exists.

T = the length of the inventory cyole,

"o

When shortages are permitied, the fotal ineremental cost
eXpression must be modified in order to include thie cogt of
being out of mtock that will now be associated with the total
¢opt of inventory., The annual cverall cost function for the

inventory model with shortages pemmitied ist-
TIC = ordering cost + bholding cost + shortage cost.

AT
Teknig the components are after the other, the ordering
cost remains ag it is in the classic model L, §imp1y
multiplying the cost per order {CO) With the numbder of ordery

placed per year gives the tolal annual ordering cost.

Ordering cost/year = 0

D
Q

In order o determine tha' new expression for the annua.i
invantory carrying cost, two important variables have to de
congiderels One ig the period during which there is positive
inventory level and the new maxmun inventory levels It ig
eany to see fram the diagram in {igure 2,2 that 1;1 represents
the period during which there is a nomitive inventory level

While the maximun inventory level ig

Im;;x = Q - S ———r— (1).
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The average level of inventory during which inventory is
on hand is detemined by the same principle tis that used in
the ¢lassie model., That i

average invernt ory

The next step is to determine the holding cost during a

given inventory cycle. (T from the diagram). Thus

C t
Carrying cost - chmax t't = Q-8 1T i (3)-
2 2

Having determined $he invent.ry carcying cost during one
single inventory cycle, the next step is to determine the
anmial carrying cost. To do thut we note that the usage rate,

(d), can be exprensed thus:

4 . 8-S — ().

Looking at the diagrem in figure 2.2 it ig easy to see

that, by similar triangles d cen be expressed thusi-
& . & o (5)

Setting eguation (4) equal to weuation (5) and solving for

t1, we obtain

9 - S 2 ”.g\-
t D
1
Mg - 8) - 4
|“‘""?
1;1 = T -5
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Substituting this expression for t, into equation (3)

1

the expression for the carrying cost per .ycle becorest-~
CcQ=S t, = C.a~5 T(g-3)
2 2 Q
2
. €, (@ - 8)°T e (6).

°q
To get the mppropriate expressicon for the annual carrying
cost we multiply equation (€) by the number of order: in a

year, (¥).

annuzal carrying cost « C.(0 -~ 5}2 ™
2Q

where N = 1 (year);

anaual carrying cost G (Q ~ S!Q 83 ().
2Q

So far the appropriate expressions for both the ordering
costs and the carrying cost have been determined, the next shep
is to derive an appropriate expression for the shortage costs,
From the diagram in figure 2.2 (S) represents the minimum levels
of shortages. THence the average level of ghortages during

the period in which there is a shortage, +., Wwill be 3/2. The

2l
ghortages cogt in a given inventory cycle img thus

L 1

Shortage ooat/cycle o Cs—g—- tr —e—— (8).

[
To determine the anmual shortage cost, the relationship
between the demand rate and the mmber of shortages per order {3)

i equatad $0 the relationship between the demand rate and the
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order guantity (Q) to gel an expression for the peciod in
which there is shortage ('te) in terms of T, 8§ and Q. Again,

1t 1y clear from figure 2.2 that

d « 3§
t.
1
|l!‘“q
or d = . Q
P

- (9).

Substituting equation (9) into eguation (8) we obtain

Shortage cost/oycle = C; SxT §

L

2 Q
w  Cg L (10.
29

Now, since the annual shortage cost is N times eguation (10),
and since TN « 1 (year), then,

antmal shortage coat = Cg 82

29
Thas,
MC =~ Co D, G (4~ 3)2* Cq 5°
@ 2Q 2qQ
= C, D, Cc§+ Ce QQ_‘ZE?* W, cc'_&:'_;

=CoD,  Cc8, Gt cs_s‘?-ccs — (11)
2 2Q
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Taking the partial derivative d%‘-gl and setting it equal !

to zero gives

2
dTIC w Co D Co= (Co4 Cg)° = O ,wy—— (12)
T " Coge o= Loz Tl :
2q _
Similarly taking the partial derivative i‘-%lsﬂ and setting

it equals te zero gives

TMCa CoD, CoQ, G Ca S ~CoS
Q 2 2Q

dfil . 2(co+ C) S-€C = O
S S

= 0

Cc+ Cg 5~ Ce =
S(Ce + Cg) = Cq
Q

s’x Cc Q ——— (13)'
Cc-l» CB

Substituting equation (12) in equation (11) we obtain,

o + Gg @0 )2 =Ce %

TIC= Co D, C §
Q 2 2 (C.+ Cg ) Ce+ Cg
aTIC = ~CoD  C Ce”

°Q R T e, T e

setting dTIC

o 0, we obtain

CO D - cc2

¢
— il +1
Q2 2 2(0(: * CBS

Ce (Ce + Cy) = ccz A

2(Cc + Cgq)
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2(C. + Cy)

CoD . Ce g

1 A
2
8% Cc Cp = 2(CyD(Ce + Cq)

Q2 = 20eD(Cy + Cs)
To Cq

= 2ClxCy+ C

' '1‘-“"-

and

It is easy to notice that the difference between theme
formulae and those derived for the classic model is the inclusion
of the mecond square root terms. Tt is also easy to observe that
the effect of including shortage costs is to incrsase 'Qi, since
annual inventory holding coete are smaller due $0 the amaller
average inventory, and T is mmaller than fplr ihe clasgical BOQ
model without shortages because both imrelntory helding copts and
order c¢osts are lower. It can further be observed that as the

shortage cost Cg beccmes large relative to the inventory carrying
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cost C., the quantities (Cc + Cs)/Cgs and Cg/(Ce + ) in Q"
and TICT approach 1, When that happens the ROQ model with
ghortages permitted and the Classical BOQ model give similar
results,  As G, becomes large relative to Cg, Q" increases while
™ nax decreases; hence, 5% = Q* - I*ma.x, increages. Thig
relationahip explaine why many high~valued items {which have a
very high per—unit cost and hence high per-unit inventory cost)

o
are handled on a back-—order basgis.

c) EOD MODEL WITH QUANTITY IISCOUNTS

None of the BOQ models discussed above tock into account
the factor of quantity diecounts. The models have assumed that
the unit cogt of an item was the same, independent of the
quantity purchased. However, it is common business practice
for suppliers $o offer quaptity discounts t¢ purchasers to
provide an incentive for purchasing large quantitics by offering
lower unit coste when commodities are purchased in large lotg
or gquantities., Like all other inventory deeisions, buying in
large quantities has some favourable and some unfavourable
features, The advantages of buying in large quantities includes
lower unit cost, lower ordering couts, Fewer stockouts, and

lower Lrangportation cost. On the other hand, buying in mmaller

QUyntities presents theme disadvantares: higher inventopy carrying
costs, more capital required, greater chance of deterioration

and deprecimiion cof invantory, and older ustocdk — obpoleseence.
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X
There are three basic approaches used in evaluating quantity

discounts namely:-

1} The cost comparison approach
2) fThe price change approach and
3}  The price break approach.

The Cost Camparison Appreoach

This approach, due to it's simplicity, ia more widely used
than any of the other two approaches. The gquantity discount
model, in this apprcaoch, is formulated in the same way as the
Classic BOQ model, except that the cost of goods purchased (in
addition to carrying and order costs) must be included as an

ineremsntal cost in the TIC expression. Thus giving TIC asi~

TIC = order coat + holding cogt + purchase cost

= CoD,  Co§, P
Q+ 3+

where € = cogt value of one unit at the appropriate price

break level.

The prasent total annual inventory costs, using an ophimum
purchase bagis or economic cordering quantity, is coupared to
the proposed total annual inventory cost uondi,g.iwgnna which
qualify the buyer for the gquantity discounts. A decision is
then made in favour of the situation that resulis in lower

total conts.

The Price Change Approach

The second approach for evaluating quantity discounts is



to determine the point where the reduction in ordering cost
and unit price ie equal %o the additional carrying cost which
result from purchaeing in larger amounts, In other worde,
the problem ig one of finding a solution for the largest order
quantity, expressed in naira, that it is economical to order
at the price offsred with the discount. The following terms
=re used in the development of this model:- |

2 = largest order quantity, in naira, that is eoonamical

to order.

Y =~ discount, expressed as a percentage of D,
I = o0ld annual reguiremsnte in nairs.
C

= ordering cost per order.

o
]

economio order quantity in dollarsg previous to
di sgcount price offer.

¢. =~ annual carrying cogt, expreseed as a percentage of
average inventory.

The firat step in developing a model for this approach is

to determine the reduction in ordering cost. This im found hWy

e
sinply subtracting the new ordering cost from the ordering cost

which prevailed before taking the guantity disdount. The presgent

ordering cost is the annual naira usage (D) divided Yy the
sconomic ordering quantity in naira (Q) times the ordaring cost
per order (Co) or (P/)) Co. The new ordering cost is the new
annual usage in naira or D(1=Y) divided by X, the naira size of

new orders, multiplied by Co, the ordering cost per order, or
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D( 1Y) c°/r PThus the present ordering cost (D (1-¥)/X)C,, is
the resultant decrease in ordering cost. The reduciion in total
cost of units due to the lower unit price must bhe caleulated to
complete the left—side of the squation. This is the samething
ap oultiplying the disoount (Y) times the annual requirements
in naira (D), i.8. YD. The resultant left-hand eide of the
equation for the reduction in ordering cost ‘and unit price ia:~
[

Do o n(1 - y¥ee + T
R Y

4

The next step is to determine the other side of the esquation
which erpresscs the additional carrying cost that resultas from
baying in larzer amcunts. The starting point is an expression
for the carrying coet of the propoged plan. This is obtained hy
taking the largest order quantity to order at a reduced price (X)
and dividing by 2; the resaltant figure is multiplied by the
oarrying cost (Cg) or (H,)C.e  The carrying cost, under the
econamic ordering guantity before the discount, ig next
forsulated. 20Q in naira before discount (Q) divided by 2 times
the carrying coet (C.) is (¥/2)Cc. The additional carrying
cost ip thugi-

X/oCe = ac,
2
The next gtep is to equate the savings in ordering cost and

the reduction in total purchasing price with the additional
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carrying cost and solve for Xi-

Do -~ D1 = y) + YD = X/pC - ®/5 C¢
- X

multiplying both mides of the equation by X will ccovert the
equation into the general algedbric guadratio formula
aX° + bx+ 6 = O

X0y~ (1 ~¥)Co+ XD = X C, -~ X g C,

a 2

[5%]

re—arranging the equation it hecomes

fc°+ (~ QC, = YD = BCIX + D1 ~ §) T,
2 e —

2 Q
solving the guadratic equation by the formula

v /b2 = 4ac

b E

-é givag
2a
K=QCO+YD+DCO+/ [-(ggc+m+nco) 2 .
2 2 g 2C, DGy (1 - ¥).
Cc ".ll-ﬁr'l'

Selving for X in this equation yields the larpest order

guantity economical fo order in dollars at the lowest unit price.

The_Price Break Approach

The third approach for evaluating quantity discounis is the
shortcanings

price break spproach. Ome of the [ of the two previous

approaches is that they were limited to the case where only one

di scount price ig offered. The price bregk #fPpycach seeks to
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overcome this shortcoming by determining the econumic order
quantity with any mumber of successive discounts taking effect
as the purchage quantity increases. The successive diascounts

are known as price breaks.

To illustrate the application of this approach, assume
oyt

that a company is offered the fullowing range of price breaks

along with the price braak guantity:

Price Break Quantity Unit Price {(N)

| 0 - 999 10. 00
1,000 = 2,999 9.50
3,000 - 5,999 9.00
6,000 - 7,999 8.50

8,000 and avove

The procedure in applying thie approach as to first calculate
the BOQ for each price. Any of the resulting" EC’I'QS that exceeds
the upper limit for it's given range is a':rtune;.t'ically Tejected
while those that fall below the upper limit of tlieir given
ranges are evaluated and the total cogts compared. The EOQ with

the loweat total cost is then choosgen as the most sconomio

ordering quantity.

d) ECg MODEL FOR PRODUCTION RUNS: SINCLE PRODUCT

Thi s model considers the case where goods are rgoeived for
inventory at a constant rate over time as units are being consumed.

Thie is in contrast to the preceeding models, where the entire ’LU“'\*"L‘{



48

is agsumed to be received instantane.usly. This model is
typically designed For production gituations in which an order
ig placed, productiou begins, and a constant nunber of units

n |

ave adled to inventory each day until the production run has
been completed, At the same time units are ﬁe;ng demanded

and consumed at a conastant rate. It is assumed that the
production rate is greater than the demand rate. 4 fundamental
aggumption of this model is that the production rate iy greater
than the demand rate. Otherwise, there will be no inventory
build-up and the firmn will experience freguent astockout

situations.

THE MODEL PORMULATI ON

In formulating the BOQ model for production runs, two

additional parameters are defined:—

p = production rate, which is agssuned to be constant

4 = usage or dJdanand rate, also zasumed to be constant.

The annual overall coat function for this inventory is
the same as for the aimple BOQ model,

TIC = ordering cost + holding cost.

The ordering cost is as before equal to C, D/Q. The
interpretation of the order cost in a production situation is
more aptly feferred tc as production set-up cost, This cost,

which inecludes man-hours, material, and lout prediction costs



incurred while preparing the production sysiem for operation
is a fixed cogt which 0ccﬁrs for wvery production run,
regardless of the production gquantity. The carrying cost

is alsv equal to, as hefore, the annual unit holding cost
times the average inventory. ‘'owever, since the production_
of the total order quantity (Q) takes place over a period of
time {defined by the production rate p), and the parts go into
inventory, not in one large batch but in analler gquantities

a8 produotion and consumptiion continues, an inventory pattern
different fran the ones already consigered remults, The
maximuwn inventory level, and herce the average inventory level,
will not only be a function of the lot gize as in ths Clasgic EOQ
rmodel but also a funetion of tie production rqﬁg*(p) and demand

rate (d).

!‘nutnl"’;} Jo\_u y
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In this model, the maximun (and hence average) inventory

level must be adjusted £or the fact that goodxRre being

received and oonsumed gimultaneously. The average inventory

level iz thus detemined as follows:—

The maximum inventory level is
Imax = tp (p — 4)

average invertory = Imax = tp (p - d)
e

2

i I

o3

-~

The annual carrying cost is thus

33

e MC = Co D C 1 -4
2. g {'-4

getting dTIC = O,
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. Q = 2CU!}

C, E1 -g_g

P
o =/2c0 Ce D 51 -gg
P

e) EOQ MODEL FOR PRODUSTION RUNS: MULTIPLE PRODUCT

Some manufacturing firme use the same equipment to produce
& variety of producis on s cyclical basis, These resources
buoome @ coustraint and the independent determination of WOQ™
for each product by the forwula derived for the singls product
is no longer feamible due to the interferenge among produgtion
ruip for the varicus products. Instead, the preduction runas
and BOQ® must be dstermined jointly so that scheduling
jncompatibilities are avoided in other words, the model seeks
to determine the number of units required for each preduction

yun in order %o minimize ousts for the firm.

THE MODEL FPORMULATION

The bamie approach to setting an econmmical cycle length
and the econamic order qugntities (EOQ®) for the multiple
products is the same as in the case of one prodfidt, that is, to
find the oyole length and economic lot size which will make
the total met up {or change over costs) and inventory coste a
minimum. The change over oosts increase with more cycleg in a
given period while inventory coste tend to fall because of more

frequent oycles. Thus the resulting formula is very similar
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to thuat for a one-product condition.

Phae amnual overall cost function for the n products is

the swn of the set-wup costs plub inventory holding cogts,

that is :1_1_
Y
n n d
TIC 'f A Oy f Coy & (1~ i/p&
i=1 % i=1
But N = Di/Qi' therefore

TIHN%C“‘*.“LzC'Di‘I—di
: 12N1n101 s F{;

i=1

The above formula expresses the total incremental cost
funoction in terms of the decigion variabdles N ~ the length of
the production run ~ rather than the lot size § We can

determine the minimum cost N by the use of the differeniial
caloulus, as we have done for the previous models. That is,

we differentiate TIC with respect to N, set the result equal

to gerc and solve for N

TC = Nné coi+§l_né Cc;iDiET-fi}

wi I'Il.lﬂ Py

n b4
d'rmmécoi-_l__éccini(m.igno
R 2N iw1 ( »

making N the subject of the formula, we get
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TIct = zné Co, é Gy Ty (1 _,d~.=./1:,i

If for example a firm uses one mackine t¢ produce 4 preducts
and N* = 12, what ildis means is that each of the four products
would be produced 12 times each year in lot eiges squal to one-

twelfth of the anmnual demand requirements.

£) ROQ MODEL WITH CONSTRAINTS

It ig not uncommon %o encounter situations in which an X0Q
model produces resulte that are infeasible. These situations
frequently occour in the quantity discount model and alge in the
producti one~run model for multiple products ueing the same
production facilitiens., Another situation in whioh the EOQ model

can produce infeasible results iz when inventory is constrained

vy such factops as etorage space and/or the total amount of

capital that may be invested in inventory. T
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Suppose, for example, storage space und/or capital
constraints limit the order quantity to some maximun value say
1,200 unite. Then, one would proceed by first determining
the BOQ ueing the approprizte EOQ formula, completely ignoring
the constraint. If the computed EOQ twrns out to be feamible
(eege Q¥ = 1,000 units, which is less than 1,200), then the
optimal order guantity renains 1,000 unit;s. If on the other
Land, the resulting BOQ is not feamble {h.g, Q@ = 1,500,
which ig greater than 1,200), then the optimal order quantity
13 1,200 units, which ig the maximun leasible order guantity.

The general foraulae Cor tiis model are given as ffollovwai=

B | H"

we o
Co, Dl/qi s Cop Yfy sy ;o

and ° 205 Co,

i Cop + ey U owy)

= %k

whera,
kj = avellable storage space Por ites i,

W, = the rental of the warehouse per eubic feet per

year for each iten.

=
Iy

the maxinmuwn available storage space.

=~ the lagrangian multiplier.
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STOC ASTIC TNVENTORY KODELS

A ]

The deterministic inventory nodels assure that demand i
congtant and known with certain, The probablistic models, on
the other hand, consider inventory situations in which the
axact demand and lead time for an item ig uncertain and therefore

can only be described in terms of a probability distribution.

The basic asaunpiionsg of the stochastic inventory models
are aa follows:

1+ Demand is uncertain

2, Lead time is wncertain

3. Lot gizesn are being purchaged rathed than produced
inventory

4. DBack~orders are permitted {i.e. stockouts are
penalised but not lost)

5. Unit price, ordering cost, wit inveniory carrying

oost, and unit stock-out cosgt are congtant.

In pitugtions whare denand is known with certainty, or can
be aspumed t0 be, the determination of {the optimal order guantity
becomes straight forward as it was demonstirated by the
determini stic models, However, when the itew demand and lead

time are uncertain, the deteamination of the economic order

quantity, @ and pe~order point, R, becomer considerably more
complex. DBecause of the uncertainties involved, a probability

diptribution of demand during lead time (DDLT) must be
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determined. These uncartainties caune an interaction between
order quantity, Q, and re<crder point, H, which precludes their

independent determination,

The foruulae are as followg:-

TEC = Co B(D) + Cc Q + R~ E(0DIT) + ¢, E(5) KD)
- 2 Q
Q

Q' = 28(D) o+ Cy W(S)

TEC = eprpected total annval increment inventory cost.
2(D) = expected (average) demand,

%(LDLT) « expected demand during lead tima.

B(S) = expacted stockouis during lead time.
R = re-order point.
P(5)* = probability of a stockout for a given Reeordsr

point,

The two equations for Q and P(8)" cannot ,be molved
independently, Rather, they interact in & slow way, and thus
must be solved by a back-and=forth trial-and error procedure.
That is assmme an R and solve for Q". Now solve again for KN
ueing the @« With new K, solve again for Q%, and so further,

until the solutions "settle down"™ - giving consigtent resultn.
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2.5 RECENT DEVELOPMINT IN THE FIEIP OF INVENTORY CONTROL

The types of inventory models ligted and discussed above
are by no means exhaustive of the pool of inventory modele that
have been developed tov date. However, they are the ones most
conmonly used by firms, which is precisely why I decided to
dwell on them. This is not to say, however, that the recent
inventory models are less relevant to these firmgs., Rather,
it is the complexities attached +o their application ihat

often precludes their being uged hy the fimme.

The formulation and developmeat of the moéers above is
based vpon differential calculus but in the past decade mont
reéearch into inventury management modelsg have used dynamio
prograuning and cptimal contro} methodologies to allow for
changing cost structures and demands and also pemit
gimultaneous analysis of production patterns.

The analysis of inventory systems have nlso been extended
to include products that cannoct be stored indefinitely,
Products like foodstuffs, drugs, and volatile liquids all wundergo
some degres of perishadbility., For thase p;;:-oc:uct‘!a that are
pubtject to either perishability or decay, inveln;.tory model g
have been developed for detemining optimal and sub—optimal
stocking policieas Perishability refers 'ﬁo the ocass where
an iten way be retained in stock for a fixed pesriod of time with
no loss in wtility. However, if it has not heen used t0 meet

a demand before the expiration date it must be discarded.

Exponential decay corresponds tv situation where a fixed



58

fraction of stock on hand expirss each period O where the
wtility for each item decreases exponentially over time.

Inventory models have been developed for the deteriorating
proceas uging such parameters that include specification of
a maximim product life time, B constant decay rate For the
produect and a fixed point in tiwme where the product is not

demanded regardless of it's a.ge.T

Another area to which recent inventery analysis is being ‘
applied is Hotel over-booking problems, whioh arises as a
conpequence of the option nommally given to pr,pspective quests
to oancel their reservatione « with no penalty - at any time
prior t0 their arrival date. As & means of (partially)
overcoming this problem, hotel managements practice over—
pooking expecting that duwe to (probabilistic) cancellations
the nwsber of actual "show ups" at a given date will be as
¢loge as posgible to the hotel’s nominal cupacity. The new
models developed for this mituation are designed to find the
optimal over-bodking policy euch that some measures of

effectiveness, say, expected profit will be mini euaci.8

Other models included in the recent inventory models

developments are:-

1. Management Science, Volume 25, No. 1 January 1979,
U.8.4. p. 90.
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1)  Muliiple~item inventory model with g job completion

criteria.

2) TRconomic lot size deterioration in multi-stage

aspgembly cystem.

3) Infinite stage dynamic inventory models.

4) Inventory models for Dy-product producticn systems.
5) Non-stationary infinite horizon inventory models.
) Dynanic lot sglze models with time-varying

production capacity constraint,

The 1list goes on and on, However for the purpose of this

project all the relevant models have been adegquately discussed.
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CHAPTER THREE

DATA COLLECTION

3.1 Tantreductien

When I first theught «f writing a )rtjo’ct on Inventery
Centrel, I had had in mind a well researched 'snd cemprehensive
puckage that will gerve as a ngeful guide te yeth manufacturing
cempanies and service firwg in Nigeria in gelecting and
degigning inventery sygters thet will enhance officiency and

el fectivenesns in their speratiens, Little did I knew that

my zeal and enthusiasn en the wubjeot matter will net We
ghared by megt of the erzanisatieng te whem the effert is

directed.

Te We able te dagign a seund inventery model for gny
erganisation a detailed analysis of the inventery systesn and
canplete infermation en all the inventory components are
nsosssary prerequisi tes, However, of the many comparies I
slated fop this wroject, only the three I have now ended up
with were able to offer any reasonable asoistance. Thin
difficulty in collecting data, ig the rreatest hinderance to
research work in Nigeria. For no meaningful regearch can bhe

conducted withoul pertinent information being made available.
4a I bave sarlier meniioned in the methodolopy, data from
the three companies in thies study were gathered in the

following waysi- . i

..\
|
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1)}  The relevant officers providing answers to the

guestion in my guestionnyire ~ like fommat,

2} Verbal discuseions with the principal officers.
3)  Answers to the questione recorded on tape,

4) Personal ohservations in the factorie:.

The data from sach owspany presented below:-

3.2 Data From Northern Nirerian Flour Wills
Limited Kano

1.2.1. Company Background

The Northern Bigeria Mour Hills limited, Kanc vas
incorporated on the 3igt of March 1972, with an initial capitsl
of ¥13 million. The major sharcholders of thewganpuny are

i)  Flour Mills of Nigerin Limited

1i)  Kane State Investment and Propertiss Limited.
|

The rest shares are distributed among individuals like

Alhaji A. Dantata and Alhaji A.¥, Cashash.

At the time of its inception in 1972, it had over 399 junior
staff and about 28 expatriate officers. Today the company has
in its smployment about 158 junior staff, 52 senior staff
amo;zg vhan are 5 expatriates. N

3+2,2 Production Progess At Northern Nigerian Flour
Flour Mills

The Cornm is received from lorries into the intuke conveyor.
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T4 is then converyed by {chain) elevator passing through the
intake scale to the silos, wnicer has a capacity.«f’ atout
500, From here ths corn 1g taken through the oleaning
scale to the seperator (with the help of floor balancer)
which removes rubbigh, dust, ani pops, Then it moves to the

dry stone whers gtones are removed.

The corn then moves to the dunping conveyor where water
ig miged in the temper bing, it then moves to another tenper
bin where ths same process ig repeated to make the corn fully

ready for crughing. ,
.

From the temper bin, the maize goea i¢ m;illlling acale fo
measure the exact quantity of corn left for criehing. From
here it goes to the infelloder — firgt machine to bregk the corn
into pisces ~ then {to the degeminator machine to modify it to
courge pieces. From thers it moves by conveyor and pass
thirough vikrator to the giffer division cne where the product
is seperated into various products (curse, flour cannel and

bran).

The curge roas $0 the puritier-curse bin,

The bran t0 bran bin.

The flour cannel roes to the rollers for grinding into
finer floor then back tc the second siffer which Will azain
ceparate the produnt into curse bran and pure flocr. The

floor then goes into the floor bin, Then it i9 ready for

a



pvackaging into sacks of 10kgs and 50kgm.

3.3 Data Pregentation

The major raw matarials of Northern Nigerian Flour Millp
limited are wheat, vitamin enrichments (energo), maize, sorghum,
millet and water. The vitamin enrichments cirstitive lesas
than 1% of the proportion of the final product. While wheat
and maize are the two moagt important productas used for the

firm's operations.

The canpany has a Weekly requiregrent of awout 10,000
tons of wheat which it orders at the cost of ¥100 per ton.
Wheat used to be imported at the coat of ¥480/ton,  However,
with the recent ban on the importation of whemt the company
now buys its wheat locally at the cost of §3,200/ton to the
yard. The off-loading charges at the yard is about ¥10/ton.
The annual holding cost of wheat in terms of ineurance, storage
space and opportunity cost of capital tied uwp in the inventory
{9 about 1806 of the average inventory value. The combined
capacity of the (wheat) siloa is 10,000 metyic tony, The

L L

wheat millg have the capacity to prucess 70,000 tons of wheat

per week. Tt used to take abowt 3 months between the time an

order is placed and the time it im received. Now it taokes

abont a month,

Maize had always been purchased locally, at th. cost of
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¥2,000/ton on the average. The handling cost at the yard is
also about ¥10/ton, while the cost of keeping the maize

in gtock is about 14 of the mverage inventory value. The
maize mille have the capacity to process 50,000 tons per week
on a 24-hour 3-ghift wamis. However the current woekly

production rate is 1,400 tons/week.

The company also uses oquite & large guantity of diesel
pil for i%ts operations. For whenever pz-oductiw'is about 1o
begin the company switcheg off the NEPA mains and use theilr own
plﬁn‘tg. The production section needs about 300,000 liirag
monthly. There are two tanks with a capacity of 300,000
litres each. The company's policy is to place an ovrdar for
300,000 litres at the and of each month which mormally comes
in lots of 30,000 litres. While maintaining @ constant safety

stock of 300,000 litrea monthly, to guard azainst eventualities,

The cost of being out of stock for amy of the materianls
is egtimated at ¥2,00C per ton per yoar. The post of carrying
the inventory iy estimated to be 16} while ordering cost is

egtimated to be 100 per order,

3.3 DATA FROM COMRADE CYCLE

33,1 Company Backeround

frief Higtory of Comrade Cycle

canrade Cycle is a bicycle assembling company located in
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Zaria, Kaduna State. The company started in 1979, as a ¢ne
man outfit engaged in the diatrivution of beyeles ard spare
parts, under the name of Baka~Cycles, Baka~cycles was owned
ard operated by Alhaji Ibrahim A, Mohammed, Ehe current
Chaimman of Comrade Cycle (Nigeria) Limited. |
‘| ‘-I
Sometime around the middle of the 1980's Baku-cycles

decided %o sxpand iig operationz by venturing into dieycles
assembling instead of being just a distributor of bieycles.
Ba};g-cycles then got in touch with Comrade Cycle of London on
the igsues On its part Comrade Cycle of Londonm introduced
Alhaji Ibrahim A. Mohammed to United freefields Limitea {UGL)
of shephards bush London. The result was a partnership
agreement between UCL and Alhaji Ibrahim to set up a bhicycle
assembling factory in Zaria, to go by the name Comrade Cycle
(Nigeria) limited. In 1986, the factory was coemi seioned hy
the Minigter of Mines and Industries, Alhaji Bunu Sheriff Muss,
thus marking the metamorphogia of Baka-cycles from higycle

distribvation to bicycles assembling.

The company's ovwnership is shared smoug three partien

as followgi-

1) Alhaji Theatim A. Mohpawmed (507)
2)  United Oreenfields Limited (UCL) 30%.

3} Northern Nigerian Tnvestment Limited (NNTL) 207,

S gy
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3.3.3  The Production Procsss at Comrade Cyecle

The Tirat stage in the production process is DECRERASINA,
A11 components #o into the degreasing machine firszh for 15
mimites, While in the machine certain chemical known as
Friklone is used to render the components grease~less. After

desreasing the next task is frane forming,

The first stagze in the frame forming process is head tube
punching after wnioch spot welding is done to hold the head and
the tube together. Next is the top tube matehing and the
bottom tube matching to form the triangle-shaped structure.
Kext 1s the seat tube sloping which enables the sext to be
firnly attached tv the frune, Ly making it possible 1o fit the

Iug into the glot,

After forming the triangular structore the‘fext stage is
to fix the chain wtay blade $o the boltom bra:l‘:at wfver which
the chain stay bdridge is brazed to the chain stay blade. Next
the backwgtay tridge is braced to back slade and finally the
back stay is firxed to the chain stay blade, And a bicycle

frame is completed.

After the frame im formed the next process is agsembling
and freme aligmment. The frame is punched at all joints so
a3 to be firmly held together. The brazing of the frame,
heating with a nozle, ig done to further hcnl:i tltxe Jjointsg

togethier. After the brazing is the seat-tube remmer which is
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done to enable the seat pillar to go in very well, The next
prosess ia attaching the breke work and helding it in place
at the bottom bracket and at the bottom lup. I.I;l;ri-blashing
for 4 minuteg to runove all particles from the asswnbled frame

ip next. The next task is snocthening the frame 2t the

finishing stage.

The next procese after ‘finishing® is the spraying. The
firyt coat is applied to the frame (fork) for 35 minutes, by
pasaing it through the even at 175%, to prevent rushing, The
pecond painting is done according to the dealers specification.
The next process is lining and attaching stickers of brand
marks. After which all the accessories mre passed on to the
final assemblers, The company presently exports its productg

to Chana and Mali.

3 3.4 Data Presentation

The nunber of parts that go into making a dicycle are
numearous, 'l‘!iere are dozens of such parts. Fortunately, the
parts are not purchases separately. The company purchases gbont
484 of the materials locally and import the rest 52 from

oversead.

The locally sourced raw materiale includes-

(1) Tyres, (2) tubes, (3) pipes and (4) paint.
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The imported itens includei~ y
{1) Pedals, (2) the frame, (3) gear cases, (4) chain

covers, (5) spokes, (6) rims, (7) handle bars, (B8) forks,

(9) back cheins, {10} free wheels (nobs), (11) centre rods, -

(12) saddles and (13) brakes.

The company pays ¥ duty on the imported items plus 5%
handling charges at the port., The Freight churges from Lagos

te Zaria is W2,000 per 30-ton tratiler.

The company pays an anmagl premitm of ¥7,500 on ite sbock.
It takes awout nine months batween the time an order ia placed
and the time it is received at the factory. The company
produces about 100 bicycles a day on a one-ghift six working

days arrangusent,

Tue cost of being out of stock in terms of lesa profit

and loss of goodwill ie estimated at ¥100 per unit per ysat.

3.4 DATA FROM RICIIPAK

1. 4.1 Introduction

Rigidpaek is & manufacturing compa:y engaged in the
manufacture of cartons, located in Zaries, Theveumpany started
operations in September 1980, The company's major

shareholders arw:~

1) Tower Group of Companies
2) Confroft Limited of London, and
3) New Nigeria Inveatment Limited (NNIL).
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3. 4.2 Data Presentation

The company's major raw materiale arer-

1) OCraft paper (2) Printing Ink

1) Stiching wire {4) Bundling planks, and

5) Chenicals for making glue.

The craft parer forn 907 of the cout of maturial. The
craft paper is being made by Wigerian Paper Mill Limited Jebba.
Me craft paper being made By the Nigerian Paper Mills is not as
good ag the imported one. There are two tyﬁualgﬂ’:)f‘ craft paper
(1) T™e liner and (2) The floating paper. Nigerian Paper Mills
makea the liner much better than the floating paper. Hence the
company's peolicy is to import most of their floating paper, The
company buye about 60% of ite liner requirement from Nigerian

Paper Mills and import the rest 40% froam Norway, Sweden and North

Anerica.

The ordering cost in terma of issuing the purchase order,
follow—up receiving the goocds, quality conttolland placing them
into, inventory is estimated at ¥25,000 for the inported paper

and about K20,000 from Jebba.

The company moutly operate on overdraft facilities thus

paylng an interest of 18 per annum. Both the Nigerian Paper
Mills Jebba and the foreign suppliers insist on payment first

Whan importing the conpany has to pay the money tco the bank and
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then did for the foreign exchange. From the time the foreign

" i

exchange ig granted and the canpany openg a letter of

credit (L/C) and theu place an order with the. rsuppli qrs
abroad and the material is received at the company, i1 takes
four monthse. When the ccmpany orders its paper from Jebba
it nomally takeg two months to arrive., Neither the foreiegn
suppliers nor Nigerian Paper Mills give any trade disgcounts

at the moment.

The company's irnstalled capacity is 450 tons per menth.
Howsver current production rate is 160 tons per month. As a
matter of policy the company keeps a minimun of 4 months
inventory as a safety stock. The company’s order size is 20

tons.

b

The penalty costs incurred as a remult of punning out of
mtock when the gommodity in needed iz terms of loss of customer
goodwill and potentizl loss in profit due to loss in sales is

eutimated at 300 per ton pur Year.

The campany's policy is to produce sdrictly based on order.
Hence the company hardly keeps any finighed poods inventory.
This is because ull jobs are made according to cugtomer
specification.
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CHAPTER FOUR

DATA ANALYSTS

Having presented the datg from the three companies
congicdered in this study, an analysis will now be made for
sach conpany based on the given data; comparing the reasult with
what current obtains in these campanies., The {tools to he used
for the analysise are those inventory modeln derived and discussed
in chapter two of thia project. As I have already mentioned in
the previocus chaplers mogt of 1he officers who mupplied me with
information contained in the preceeding chapler were somewhat
tafraid! of giving me the exact answers to myl I;;ationa. Becausa

of that the values for some of the parameters may not be the

sxact figure incurred by the companies.

Thia, howevers, will not affect the validity of the results
from the models in any sirmificant way. HNonetheless, sensitivity
analysis will be carried out on the remults to determine the
extent to which over~atatement or under-giatement of gertain
cogt figures can alter the decision 80 reached froaw the models.

o

4.1  APPLICATION OF INVENTORY MOPELS TO DATA FROM NORTHERN
NIGERLA FLOUR WILLS IIMITED, RANO

" ™he company bas two kinds of inventory, raw material
inventury and finished goods inventory, arising from purchasing

and production activities respectively, The anslysis, therefore,
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Will be dene separately fer the raw materials and fer the

finished geeds.

RaW MATERIAL INVENTORY

e
=

|

£2
3

520,000 tens per arnum

[
i

Cc = ¥3,000 per erder .

Co = 18 of average inventory value

-3

N540/ten/year.
¥2,000/ton/year.

(9]
ia3
L

Prics/ten = ¥3,000,

The relevant model to apply lLere is the EOQ model

shortages permitted,

2C°D x CQ + Cg

k3
Q = C(. Cs

-

2 x ¥3,000 x 520,000 N540 + K2,000
= W540 W2, 000

=- 21404 X 1.27

= -3‘!‘ 055 konB-

Thus, the most optimun quantity for NNFY to order whenever
Next

the cowpany is replenishing its inventory is 3,005 tons.
W
¥ cah canputa the optimum optimum level of safety wlock (S)

contained in this figuse frar the selationship

¥ i 3 -
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Mmax = 20,0 Cg
Ce Ce ¢+ Cq
= 2 x ¥3,000 x 520,000 N2,000
¥540 N540 + N2,000

= 2,404 x 0.B87
= 2132 tons
S8 = 3,055 - 2132
= 923 tons.
Ne# ig the calculation of the incremental cout associated
with the optimum ordering gquantity
TICY = 2Cg CD Cy

C. + Cg

L

= 2 x¥3,000 x K540 x 520,000 %2,000
W540 x N2,000

= §1,297,998 x 0.887

= ﬁ.' 3151!324-

VALIDATION QOF HYPOTHESTS

Having used one of the inventory mecdels to arrive at an
ordering quantity, we can now attempt to validate ths claim
that the quantity so camputed is, indeed, the most economical.
There are & variety of statistical technique:a for Leating
hypothegis., However, for the purpose of thié 'projec‘b a gimple

proceduce will be enployed. The procedure involves taking any

two arbitrary quantities one below the figurs of 3,055
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and the other above it, and mubgtituting these figures in

the TIC aquation if both gquantities regult in higher iﬁventory
coyts than what the BOQ of 3,055 tonp wives, then the hypothesis
ig validated. If, on the other hand, any of the guuntities

results in a lower TIC, tren the hypothesie is wrons.

Aszsune on ordering gquantity of 2,500 tons., This means
 that 555 tons (3,055 ~ 2,500) will have to be Biék-ordered.

| The total inoremental cogt for thie is

A

PICy = ¥3,000 x 520,000 + ¥54C {2,500 - 555)? x ¥2,000 (555}2
2,500 2 x 2,500 2 x 2,500

- ¥624,000 + N409,567 + #123,210

- §1,155,777.

Next aspume an ordering quantity of 4,000 tong in which ke
cage there will be no back-orders since 4,000 is greater than

" = 3,055. The total cost for this situation ims
TIC, = ¥3,000 x §§oo,$o x N540 x g,goo o)
)

= H390,000 + #1,080,000

= #1,470, 000,

Since both 'I'IC1 and-’l'Icz are higher than the TIC*, the
hypotheris is, thus, validated. Having sascertained that 3,055
tong is the mout economio quantity to order, we can now proceed
1o caleulate the optimal mmber of orders per year (N*), and

the time between orders (7).
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e D
e ]
Q
a 520,000
3,055 r |
= 170 "
1
N
- ]
T7C
Ed 00060

S8ince the company worke all days of the week

LS

¢ T 006 x 360

it

2.16 days.

fi

Thie means the company should place an order evary 2.16

days or approximately every 3 days.

MAIZE

D = 72,800 tons

Co = NW300 per order

Co = 144 ¢l average inventory
= K280/toufyear

C, = KN2,000/tonfyaar

pricgfton = ¥2,000,

. 2 x 300 x 72,800 ¥280 x ¥2,000
G = N280 ¥2,000
= 395 x1.14 o

= 450 tonu.
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N2,00C

et = 2 x k30 x 72,800 _
NZBS + B2,000

= ¥110,591 x 0.9366

= §103,580

2 x ¥300 x 72,800 ¥2,000
¥280 + W2,000

&
T max

395 x 0.9366

If

370 tong
S’l = Q* - Iﬁmax

450 - 370

¥

= 80 tona.

HYPOTHESTS VALTDATION
First assune an ordering quantity of 400 tong which meann

that 50 tons would huve to te back-ordercd. The totul

incremental cost ig
.

TIC, = ¥300 x 72,800 x #280_(400 ~ 50)7 x ¥2,0¢c (50)%
400 2 x 400 2 x 400

= N54,600 + N42,875 + N6,250
= ¥103,727.

Next agsume an ordering quantity of 500 tons in which caae

there will be no back-orders since 500 is greater than

Q" = 450.
TIC, = #300 x 35200,800 x ¥280 «x 580
[ !

= ¥43,680 + ¥70,000

= #113,680.
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. %
Hoth ‘PIC'1 and TIC, @re higher than TIC,  Henoo the
podel result ig validated.

-

¥ - 72,800
250 o
= 162
™ . 1
182
= - 005.

The campany works all days of the week. Hence,

X

T" = 4006 x 360

- = 2.16 d-&yﬁ.

FINT SHED £00DS TNVENTORY

1
WEEAT FLOUR

D 520,000 tong per anrum

t

Co

set up cout = ¥4,000/tun

Co ¥620/ton/year

Q
¥

10,000 tons/wesk

70,000 tons/week.

e~
i

2CoD

g ColT e )

w2 x 4,000 x 520,000

620 {1 o 10,000)
70, 000)

2,798 tonsftuns.
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L |
et . 2 x 4,000 x 523,000 x PE2O ¢ 10, 000
?{3'(.\“,-‘
= ,"1,.‘{‘3\'.,?57
P = 520,000
2,79
= 186
™ hes - oos
™ = .005 x 360 - 1.8 duye.
HAIZE FLOUR
D = ?2'800
Co = ¥3,000/run
Cc = 620/ton/year
d = 1,000/week
k. -
o 2 _x 72,800 x ¥3,000
NE2O (1 -1 I’_‘OO;
“L-—-
( 7,700
= 1570 toss,
rd® . 7 x¥3,000 x ¥620 x 72,800 x 1000
1,400

= ¥439,818

-

¥ =« 7280 . 16.4
—r -
1,570

Y™ o Vs . .022

= 072 x 360 < 7.92 days.
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Yud 3 - 5 " - * 2
Takdng any cther quantity apart from the Qs vl result

: Lisler inventory cogts as hucz already been proved above,

APFLICATION OF TN meny YCDRLS mo DT RRoY
S(¥PADY CYCIY

L = 31,200 Praneg
Co = ¥2,000/0rdes
Ce = 7,5% of ¥400
= ¥30/uni t fyou.
g = N100/unit fyeon

Vit price = K400 Pur Licye: .,
g

e

Q = 2 x¥2,000 x 31, 200 X30 x ®1CC

30 H100

= N2,040 x 1.3

= 2,652 units.

et . ? x 2,000 x 31,200 x 110 K100
—100
N30 + 1100

= 161,188 x 0,877

= F53, 645

"
Tmax = 2 x N2,000 x 31,2000 K100

80 + 300

2,04C x 0,877

1,789 wiits,

k3 ~ .
S A Q = « Max



= 2,652 - 1,189
= 863 units.

JALI CATION OF HYPOTHESIS

susume @ = 1,800 units

T, = %2,000 x }1g200 + %30 (1,800 ~ 8%2\2 + ¥100 1852\2
1, 2 x1, 2 x §1,800

= N34,667 + NT,487 + 320,164

next assume Q = 3,000

™Mo, = #2,000 x 31,200+ 3,000 P30
3,000 2

= ¥20,800 + ¥45,000

- ¥65,800

Soth TIC, and TIC, are higher than Tc™ Hence the model
result is validated.

-

o= 31,200 = 11,765
2,652
™ = 1 - 0.085

T.c canpany works 6 days = week, lence,

T™ = 0,085 + 312 = 26.52 days.

FIN] SHED COODS INVENTORY - BICYCLYS

7 = 31,20C bicycles



25 = N2,500/run
Ce = N10/unit /year
d = 100 bicycles per diy

v = 200 bicycles per day (2-shifts).

Pricefunit = N520,
g = 2 x 31,200 x N2,500
N10 §1 - 100)
200 )
= 5,586
M = 2 x 31,200 x #2,500 x #10 x 100
200
= %27,928
TC = CoxD, % Q (1~4d) e
Q 2 ( p)

VALIDATION OF RYPOTHESIS

Assume a Q = 6,000

TIC, = N2,500 x 31,200 + N10 x 6,000 E1—1oo
‘ %58 S50 - 1%

¥13,000 + ¥15,000

= N28,000

Aussume a = 5,000

T1C N2,500 x 31,200 « K10 x 5,000 (.5)
2 5,000 2

E15,600 + 112,50C

= E28’100~
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Both TIC, and TIC, are higher than P1c*, thus the model had

agZain produced the optimum result.

Hﬁ = 1 200 = 5-585
5,553
7 o= 15585 = 0.179.

Tha coampany works 6 days of the week., Thus'

T = 0,179 x 312 = 55.86 daye.

APPLICATION OF INVENTORY MODELS TO DATA FROM RIGIDPAX

IMPORTED CRAFT PAPER

i = 1920 x .4 = TEB tous

Co = N25,000 per crder
Co = 180 of average invesiowy value.
= ¥ 30/’t on/yaar
Cg = ¥300/ton/year.
& = 2 x768 xH25,000 §180 + 300
¥180 H300
= 462 F o 1.18

= 545 tons.

rrd® = 2 x 768 x K180 x%25,000 ¥ 100
¥1B0 + W3000

= ¥83,130 x .79
= k65,679
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Imax = 2 x 768 x ¥25,000 ¥300
N150 X180 + ¥300

462 x .9

8

355 units.

il

o 545 ~ 365

= 180 tons.

VALIDATION CF HYPOWESIS

rirst Aszume § = 50C

TIc¥, = ¥25,000 x 768 x 1180 (500 - 45)% + w300 (45)°

500 2 x 500 2 x 500

= #38,400 + 37,065 + N60T
= W76,27z2.

Next aosgume 600,

:'1!.-”"."
PIC, = N25,000 x 768 x €00 ¢ #1800
2 %ﬁ 2
= ¥32,000 + ¥54,000

= ¥86,000.

Both TIC, and TIC, are higher than TICT, Therefore the

model result is the optimal,

N* = __L6§ = 1441
545
™ < /.40 - 1.7, LT1 x 32 = 221 days.

o

LOCALLY MADE CRAFT PAPER r

D = 1920 x 6 = 1152 tone

Co = ¥20,000 per order
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Cc = 187 of averape inventory value.
|"”I'“'

= H180/ton/year,

€. = MN300/ton/year.

¥ - ? x 1152 2 K20,000 »180 + ¥300
© W180 ¥ 300

= 506 x 1.18

= 597 tuns.
TIC‘ = 2 x 1152 x¥28,000 x ¥180 ¥ 300

¥180 + X300
= F91,074 x .79 o
= BT71,948. .
VALIDATION OF HYPOTHESIS
Asgune § = /L0
TIC1 = N20,000 x 1152 x %180 {650 - 47) + ¥300 (4"{)2
2 x 5%0 2 x 550

= ¥41,891 + ¥41,401 + R602
= ¥N83,894
next asswme @ = 620

’I‘IC? = N20,000 x 1152 + %180 x 620
“ 620 2

= ¥3T,16%1 + %S$5,B00

= H92,961,

Both TIC, and TIC, are higher than TICY. Hence 597 is

the optimum order guantity.

¥ o= 1152

597
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= 1,93
. 1
1.93
= .518°

M o cecorany operates 6 days a week, Thus,

m
]

= 518 x 31?2

« 162 days.

This meanes the company should place a new order every

162 dayse.

SENSITIVITY ANALYEIS

The BOQ models derived in chapter have just heen
applied to the data from the threc companies in this study.
Tre question now is how accurate are estimates of the cost used
i s the models. This is one of the difficulties in applying
mathematical models in decision making. Usually, ectreme
precision isg often impossitle tuv oblain because of measuremunt
nroblusg and the need to assign values to intangi'lc itenms such ac
irvestment opportunities, lost .ales, pouldwill, an! o on,.
Lese measurement vroblems, houever, are ne excuce Yor depending

¢ irtuitive judganent in decision malinr, Poye~i' 1s possidle

o+

determine precisely the extra ccout resulting fr.o errors

n cost estimation.

et

If it can be prcved that a particilar model is fairly
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ingensitiva (rahus:} v cost esthiation zrrors, run it can
5t111 be used ag s decigion makinz aid, and it will nomally
produce better solutions than intuitive judgenc.l, The
ertra comgt resultive from an error in ectimating one of the

salues in the BOS fo:aulae can Le caleulated as fellows:=

1

-
—

Percentage of cxtra cost

—~
S
I
e

2

f—
”

1

. gstimated value
trun value

Suppese that tue carvying cost i the wheat protlem had

bie

been incorrectly ectimatel at 2777, the magnitude ¢ the

error cau bs calculated, thuss

k = I77_ - 1.44

54C
% of extra cost - (1.44+ 1) -1
(2 1.-’;'1‘]
- 0-01(

The effect of making a very larre error of 44 in estimating
carryine cost results in only 1.7 increase in total inventory
acoociated costs. Thus

TIC = ¥1,151, 321 (1.016)

= ¥1,169,745.

Generally total cost is morce sensitive to under—estimation



88

cf parateter values than to over—estimation, but within a
rather large range the total cost is relatively inesnsitivy
4o errvors in either direction. Although eome comlinations
such ay over—-estimating €, and under-estimating C, aceentuate
the error, Other combinations such 2 over—-e'sti;ating

both €, and Co cancel the error cut.1 Iy any' oase applying

the models to problem of inventory decision will romult in

"more officient Jdecigion than sinply relying on intiition.

COMPART SON OF THE® THRWE RESEARCH CASKS

In the analysis of data from NNFM Ltd only iaventory
decisions in respect of wheat and meize and their end products
were congidered for analysis. This is not to msy, however,
that the other raw materials like vitaming enrichments and millet
are not important. Iather it isg only for these two products ~
whwvat and maize ~ that sufficient data were provided to snable
any meaningful analysis. In ahy case these two proluctes and
their finished products constitute over 90% of the total inventory

valus., Hence the analysis of these two products suffice.
Popr wheat the order guantity which minimizes the TIC i
caleutated to be 3,005 teons, while for maize it is 490 tong,

Deviations from these gquantities, whother negative cr positive,
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results in a kigsher cost, Similarly, for wheat fluur and
maize Ylour the optimun guantity tc produce in oue production

run 15 caleulated o 2,798 tons and 1,570 tons respectively.

The company dues not use any scientific technisies
in rommulating its inventory poiicies. Rather, foreign
partners just keep sending stock as long as the market is
moving., For its own local purciase, however the campany
maintains a stock replacement account of ¥2,471,776.00. Now
that wheat importation is bvanned the company has to purchase
ite wheat requirement locally., WYhatever the case is, the
compuny can alwayu determine the optimum order gquantity since
most of the inventory relevant costs can be ascertainsd by

simply going through the records,

fopr g caupary Like Comrade Cycle having dozen: of
irventory items it 1g not feagivle to coumte the cptioum
trventory cogt azasociated with each 1tem. To golve Lids
pritlem 1 have decided tc uge the frase on t?.a_,:.gi vot!
inventory item in that it is the pivet to which all cther
accessories are attahced. Using the frame on a baze for all
other parts can be found by simply the number of each part

required on a bicycle by the BCQ fraces.

For example, the optimum number of pedals to cider is found

Ly simply multiplying the BOQ units by 2 (i.e. 2 x 7,652 =

5, %04 pedals)., The optimun order for other accessories like
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gear cuyas, guantity rims, spokas, und 80 on, ig Found in the

same Way.

M.¢ optimum nurhepr of bicyrles to preduce per production
run has been determined as 5,586 units, Teviation:s from this
guantity were shown to have produced higher inwestcry cogts.
Tre determination of the optimun guantities to erder or produce
iy relatively straightforward in this company. All the pertinent
information necessary for inventory model application could be‘
obtained by simply going through a few records, Sirce the
company has been operating for almost six year now a reasonable
prohablistic egtimates could be made from past trends.
Urfortunately, however, the company had never even sttempted to
uge any wathanatical models in aiding its decision making., As

at the time T vigited the company the production flow was not

'
going emoothly because of lack of geur cases, And T was told

thzt the eituation had been like thaet for twoe weeks hence.
These types of problems c¢could be greatly minimized by making

use of geientific techniques in formulating inventory policies.

The comnogition of inventoriable items in Rigidpak is
gimilar to what obtains at the NNFM, A single inventory item ~
craft paper represents about 907 of the cost of material. Hence
determining the economic order quantity for thig itew is
gufficient enocugh for effective inventory control. Tic optimum

order quantity for all other items could be found by detemmining
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how much of each of the othsr items roes into the processing
X L |
of say one ton  of craft paper. Thig is not a difficult task

ot
in that the records at the preducticn department would mave

the tack much easier.

Tn the aralyeis the sconomic ordering gquantitiecsn were
determined peparately for the imporied craft paper and for the
one logally made at Jebba in the proportion that the compay
patronize each source. At the moment the company dees nod
employ any of the popular inventory techniques in making
inventory decisions. However, the company has a poligy of
keeping a8 minimum of three months supply in order to guide
againgt gtock-out during lead time. fOenerally the company likes
to keap aB much inventory aa funds would allow, "his is
because the company belisves thal the freguent price riges in
the market is much more than the interest it pays on its

overdraft facilities.

Cne thing is obvious from the three regearcies caseg in
trhig projects none of the companies use any seientific inventory
technigues in formulating its inventory policies. However,

Ri pidpak’s policy of carrying no less than three monthe safety

stock to gsuide againgt delays during lead time ig wure refined

than the other companies' policies of Just ordFln,. on as-needed
batl me Another common feature of the three cases is that

they all exhivit inventory situations that are quite amenable



te seientific inventory models zpplications.

Fanagers in all the three comparies, with when ! had
diacussions, are very much aware of the existence of scientific
technl sues of marasing inventories arnd the power of its
zralysis, But they have very litile Pailk and confi ience
ic its applicatility in the real-life, corrlex unstiructured
and ill-gtructured protlems of the Nigerian economy that they

have 40 deal with,
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CONCLUSION AND RECONH ENDATIONS

5.1 Introduction

The economic trend in Nlgeria and, indeed, mougt other
developing esconomies, did not encourage preoductivity rises
and cogt reductions., The market structure iF h}ghiy imperfect
end goods and eervices are relatively scarce. There is very
little compaetition in the manufactured-conauﬁ;tion roods
gector. Rven in the export gocds sector, the inefFfiociency
of production ig protected through subsidiesr, exemption of
duties and liberal credit at low rates of interest. Thus
the manufacturing sector had very little incentive to increase
productivity and reduce coste in a mark-up, pricing system as
ours. Under this condition a private industrialist ias not
interested in using the scientific methodology of operations
regearch in general in his protlem solving process. Unlike
what obtaing in developed couniries where demand and supply
equilibrium in a competitive economy discriminate against
ingfficient establichments., Thum, there is a logical and
economic compulsion to use the wids, tocls and metlodg of

science for the improvement of productivity and reduciion

of costs.1

However, of recent the trends in the Nigerian sconomy has

1. "Operations Research applications in Industyry ard
Provlems of Indugtrialization of a developing economy
with special reference to India™ by R. BANDYOPATHYAY
JOURNAL O CPFRATIONS RESEARCH, September 1980, p. 775.

CMeprw

3
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dragtically chanpge that only flrms that seek and vigorously
pupsue Ways of increasing productivity and cogt roduction
techni sues can hope to sruvive the gloom. That the Nigerian

-

rusiness sector, and indeed the econamy as a whole, is in
crigis is a fact which every business organisation is

accutely aware of. Rampant inflation, factory shut-downs and
lay-of'fs, shrirkage of capital investment of prcfit margins,
and tre general economic chaos of the last five yenrs are all
symptoms of this crisis., Alongside the economic cricis,

there 15 also a crisie of legitimation - an unwillingness among
the labour force to accept pascively the conditions cf their
labour, giving rise to strikes, threats ¢f strikes and frequent
etrain in labour~canagement relations, The Yiger: in business
firma, therefore, have nc other choice than to geel ways of
irercasing productivity and mininizing cost, .In this endeavour,
effective inventory control adiinistration ca,:L;y‘. ag an

effective instrument.

5.2 CONCLUSIONS FROM THE STUDY

Havink gone “‘hiruugh all the necessary stages in conducting
a research of this nature, it is now »ipe to draw conclusions
from the research findings and make apprupriate recommendations.
Tie conclugions are, essentially, a highlight of the problems

associated with the application of inventory contrcl mod:ls



95

' -Il.”'ﬂ
in our industries. The recommscdations, on the viler hand

are intendad to reinforece the prospects for the arlication
of these models, Based on the Tindings of this study, the

following conclusions are reachedt—

1) Most managers are aware of the existence of
inventery control models and the power of their analysis, but
that they have very 1ittle faith and confidence in their
apblicability in the real life, complex unatructured and
ill-gtructured problems of the Nigerian edanbmyfwith which they

havve to deal with. As one senior maonager at RICITPAK pub it:

“Becauae of the inflationary nature of the economy,
the company prefers 1o keep as much inventory as poszible.

If we have the funds, oky is the limidln

2) Senicr executives in the organisations consider such
operations research technigues as inventory models to be very
sophi sticated technigues which can only be used in highly
industrialised countriea or by headyuarters of multinaticnal

' _corpo:'ationa operating in the country.

3} None of the three companies consider it necessary
%o engage the services of an operations ressarch exvpert in

"handling thetr prodiction and echedwling operations.

5.3 RECOMMENDATIQONS

The objectiven which this research get out %o uchieve were
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clearly stated under the headinz of statwmient of objectiver
in chapter one, Therefore, the suggestions and recommendations

profered here are made with thoge cbjectives in mind.

1) Operations remesarch, the family to which inventory

model & belong, can be broadly defined aws the application of

quantitative techniques and a model-bullding appruach to

management problems, As such, it is more akin to be technology
than toc a science. The application of inventory models,
therefore, should be appropriate to the context to which it is
being applied like any other technology. This means that it
ghould be done in wayse which are comprenengible and acceptable
to decigion makers and the other interest groups involved.

The inventory decision has already been shown to affect

different interegt groups in an organisstion,

2} The present gtate of affairs wherehy companies do not
czre to employ operations research experts t0 head their
production and procurement divigsions ghould h%?vew to change.
Companies shouwld show more interest in seeking: "F;eung operatione
regearch exports and provide them with vomplex challenging
inventory problems on whieh they could try out their bright,
new chranium plated mathematical tools. However, whare the

organi sation dves not feel mafe in paasing high level

information into the homes of strangers or outeidurs as in the
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case of consultants, lhe company should then search, among
its enmployees, for reliable people who had been with ths
orgenisation for guite stue tine, whe digplay taleuts that
will make a good research and send then for trainisy in
oparationg researdh.

LY . )

3) Successful application of inventory medsl: regquire
2 sound data bvase. Therefore companies should endaavour to
keep accurate records of all inventory related transactions

and other related activities.

The three companies in this gtudy and indeed other
menufacturing companies in the country, are industrial
comparieg. Indumtrial companies are purposgeful organisationsy
and in a purpeseful organisation something i made to happen

when? L

(a} The orgarisation sees the need to db it and

{v) The organisation har {or can require) the means

to do it.

This is whery the rols of an operations research society

is very important. Hence I am strongly recommending that all

operations research experts in the country, whether they ars
in the academic ingtitutions or other institutions should

come together 10 establish an operations research cociety.

For T am not aware that such a soxiety exists, if on the other



hord there is one currently in existence then its activities
should be broaden to include programmes that will enlighten
business firms on the benefits to be derived from meking

use of operations research technigues.

4) Operations research experts who find themselves
working for business corporations should as much as possible
avoid the use of sophisticated techniques with poor data.
Rather the experts should concentrate their efforts in
developing appropriate methodelogy for problem formulation,
model construction and solutions where existing technicues
cannot be applied, instead of '"twisting' problers to fit

the available bag of techniques.
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APPENIIX 1

USE OF OPERATIONS EESEARCH IN CURRENT ACTIVITIES
"(TURBAN_SURVEY)

TECHNIQUES NC. OF PROJECTS |FREQUENCY OF USE ()
Stetistical analysis 63 o9
Sizmulation 94 25
Linear programning 41 19
Inventory theory 13 [
PERT/CPM 13 6
Dynamic programaing 9 o
Non-~linear progranzing T 3
fueueing 2 1
Heurigtic programming 2 1
¥1i scellaneous 13 6
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