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ABSTRACT

This study, intends to explore the activities
of the production line of a textile mll Wth the aid
of a tool of operations research - Linear Programm ng.
The managenent of the textile mll is facing |oss
probl ens and they have attributed sone reasons for this,
and the intension of this project is to apply L.P. and
find out if reasons other than those sited by the
managenent of this conpany could be found, and to see
if the situation of this conpany can be inproved by
this application of this QP. tool.

In carrying out the research, a questionnaire was
designed in such a way as to fish out facts about the
obj ective function of the conpany, the constraints
facing the conpany, and the tec nol ogical coefficients
currently prevailing in the conpany. In the final
analysis, fourteen (14) variable and thirteen (13)
constraints were identified and the probl emwhich was
sol ved by sinplex algorithun presented itself as a
twenty-seven (27) by thirteen (13) matrix. This was

sol ve by the conputer and concl usions were nade.
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Chapter DOne

INTREDIECTTITON
1«1 3cope
THE "ESENT study encompacses an overall examinatiun

of the production operations of a textile nill, the
I'orthern Textile Manufzcturers, which is engazed in
tre production of blankets and seat upholstery. The
conpany is the largest producer of blankets in black
ifrica and it has been in operation for over 20 years.
leing the first of its «ind, it contrels the largest
share of the market and sec it is made up of four fu
functional departments to make its operation smooth,
The intention is to study the activities in each of
the functional departments with their subsections with
pérticular emphasis on the production department, As
will be seen later in this project, the production
department is further divided into three subsections
i.e the spinning seciion, the wearing section and the
finishing section, Incidentally, the company being a
menufacturing organisation has its four functional
departments and is the busiest, It also has the largets
mumber of workers. the other three functional
departmen s are the administrative department, the

merketing department and the finance departments.



1ee Frovlem

The company has been incurring losses for the
& st three years; aad tiis, they attribute te the
shertage of raw materials, This year however profit
was racorded, yet the minzrement is still not satisfied,
1t is observed that the problem is not only that of
shertage of raw material but also poor allocation of
available production resources {(such as machine hours,
tre raw material itself, time and money), to its
production operations.,

The aim is now to apply the mathematical tocl of
operatisns research - Linear Programming, to the above
probvlem, with the hope that it might yield findings and
iﬁsights pointing to a potentially more profitable
menagement of existing facilities in the compnay, thereby
leading to maximum profits.

The complexity of the problem stems from the
presence of inter-related restrictions. In particular,
the numerous processes exployed in the production of
a great variety of blankets differing in raw materials,
yern type and weight, construction, size, and finish,
as well as Jjacquard design, are subject to capacity
linitations. For exampie if a single change is
epplied to a certain pattern of production, limitations
of machine capacities will force alteration of some
otrher items as well. Such propagation and interacting

efiects make changes in production pattern Jjuite



ccmplicated to followes Luckily, a scientific tool
exicts, that enables the mathematical representation
and solution of such interdependent relations, in the
form of Lincar programming., This teol, we shall
o2pply to the stated problem and see if the situation

of the company can be improved through its applicetion/

1«3 Definitien and Explanation of Key Terms

Both textile and linear programming are full of
terminclogies which need be fully explained., Some

of these teims are discussed below:

1. Textile Fibres:1

A wide variety of fibres are used in making
textiles, Some of them are natural fibres, which
come from certain plants, animals and even minerals,
but some do not occur in nature at all, They are
celled artificial, or man-made fibrgs. ’

Cotton and flax are the mest commen plant fibres,
like all plant fibres, they are made up of Eellulose-
the woody substance in plants., Several other plants
yield useful fibres, including jute, homp, ramie, and
sisal,

Wool and silk are the most important animal
fibres. All animal fibres are made up of complicated

substances called proteins., Wool comes from sheep.

It is a special kind of curly hair,



In its turn, fine tioreads of silk are spun by the
cilkworm «%-n it mabkos 1 cocoon around itself, The

=ilk iz the eply fibra thzt iz produced in 2 long,

continuous thpoad,
There wure two m=in vwinds of mean-made fibres,
Sone, such us rayon, are ride by processinz a natural

substance and then re=forming it, Others are made
cntirely from cnemcizls produced by min, They are called
synthetic fibres, llylon was the first and is the most
important synthetic fitre,

It should be realised that, each kind of fibre has
its own particular properties and advantages,

L
- Carding and Combing:

Before most fibres can be spun satisfactorily, they
nust be strainghtened out from their natural tangled
stete, +~lso, short fibre must be removed, otherwise the
yarn ma‘e from them will be weak., Carding and combing
machines carry out these operations,

The carding machines, ccnsist of a number of
roteting rollers covered with wire 'teeth! The rotating
teeth open out and disentancle the fibres., In the
conbin; machines, the fibres are held and combed even
straighter by needle-like toeth, in much the samy way
s you comb your hair, The fibres leace the machines in
the form of a web, which is split into sections and
e thered into loose ropes, or slivers for further

nrocessing.



3 Dyeing:

The p’=ut 2nd animal fibres used in textile
soerations have little natural colour, They are mostly
ol fewhite or brownish-ysilow, they are therefore dyed
to #dd aclour to them, weing and printing are the two
w&in methods of colouring fabrics, Dyeing, colours the
“ibre s throughuout in the same coluur., The fabric is

notked in dye solution and then steamed to fix the dye,

L, Jacquard Loom:

The machine which weaves the spun yarn into cloth
iz called a loom. The action uf weaving (the weft)
beiween raised and lowered lenghtwise threads (the warp),
In the comrmon loom, the sets of warp threads are
#lternately raised and lowered by a device called a
shaft, The threads in each set move together. This
arrengement results in a uniform, unpatterned cloth,

A Jacquard loom, on the other hand, can weave
intricate designs inte the cloth, Each warp thread on
tois loem is moved individually by a separatzs card, which
in turn is held by a harness., A mechanism controlled by
erforated cards moves each card bup or down, according

to the pattern,

3
5. ROVinE:

In the operations preceding spinning, several

fibre slivers are combined, drawn out through rotating



rollers, and slightly twisted into an intermediate yarn,
or roving, 1he fibres o on to the spinnin: wmichines
in this form,

4

(4 Slivars:
Slivers are lonse ron-s of straightened fibres from

carding and combing operations.

7 Spinning:

All the natural textile materia;s excent silk, are
wr.ce up of fairly short, fine fibre. Cotton for example,
nag fibres up to 2 inches longs Individual fibres are
coc short, %00 fine, ana too weak to be woven inte
cloth or blantet, They must first e gatherad together,
irewn out Intc slivers, and then twisted tightly
topether to make yarn., '"he process of makineg yern from
rew fibres is called spinning. The fivre to be spun is
fed to bota the ring frame and the mule in the form of
roving., The roving passes tnrough several pairs of
rollers, each pair revolving at a slightly higher
speed than the previous one. This draws the roving
inte finer and finer strands of yarn. The yarn is
fuided conto rapidly rotating bobbins by metal clips
called travellers, The travellers move around the

botbins and twist the yarn 2s they do so in the ring frame,

0 warp and Weft:

The method of weaving every kind of yarn, both

natural and m2n-made, is vzsically the same,



Dae sot of throads 1o poored eresswise under and over
¢ set of lenrtheise threads, The crosswise threags are
called the weft, and the lengthwise threads are called

e warp.

L Waste Yarm

luring the operation of weaving, some of the yarn
usec in the process are lost and are not usaful so far
as the 2peration is concerned. The amount of lost yarn,
depends on the quality of the mat3rial used in producing
the yarn., At any rate lar e heap of waste yarn is
éathered and then sent back to the spinning department
vaere it under goes certain processes and then blended

with other fibres, and fed into cards to produce slivers.

1C weaviag

This is the process of interlacing une set of threads
vith another to form fabrics, Curtains handkerchiefs,
and blankets are typical woven products, Various kinds
of weave are done. They include among others, twill
wetve are done, They include 2among others, twill weave,

satin weave plane weave, Jjacquard weave etc,

11. Yarn

The various p spinning process aim at converting
fibres inte a continuous lensth, or yarn, suitable for
méking into fabrics by weaving or in some other way,
All the natural fibres, except silk, are fairly short,

und are made into stapple yarn.6 Very many types of



varn exist and some of them are continuous filament yarn,

cextiled yarn, and st=zolc yarn,

fo4 Collection and -sgembly of Data

[at: for the mroloct was collected using the
nuesticennaire, inte:rvies nnd observation techniuues of
research mcthodology. 'iistorical records of plant
o erations was collected from various sources within
the company, For example, gen<ral background information
2bout the company, including processes and marketing
vspects were gathered by personal interview with the
nersonnel officer and the marketing manager, both of whom
hiéve been working with the commany Jjust a few years
«fter its formation, CQtner miscellaneous information
thet appear in the project were got by observation and
discussions with various members of the company's staff-
including Jjunior staff, “e©ta on the operations of the
spinning section, and the weaving section of the productien
corartment were got through the help of the supervisors
who rendered a lot of assistance, "

Bearin~ in mind that & meaningful  study of so
complex a2 problem must rest on a solid fandation of
accurate and reliable data, efforts were made through
juestionnaire to collect the speed, productivity, and
waste factor of each machine on each product. Other
information requested include precise numberical values
for the total effective canacities in terms of finished

soods, after allowances for down time, separation of



direct costs into fixed and variable components, such
as heat, licht, 2nd power., Unfortunately, such figures
were not available,; The only data that 1 therefore,
thed access to is the one which appears in the next
clapter of this project under the sub-heading the

company, and the one which is analysed in chapter four,

1.5 Limitations of the Study

Obviously, one of the limitations of this study is
iy inability to collect accurate statistics as indicated
in the preceding subheading, therefore the outcome of
the analysis might not give a 100X picture of the
nosition of the company. Though the company management
chowed open enthusiasm to answer some of the questions = *
wut te them, one realises that this research is a highly
teciknical cne, and one really can't expect straight
“orward answers to such teehnical questions ns those
wosed, since the staff of e ¢ are not well
versed in the field, Linear prézgz;ling is an
overations research technique as noted earlier, and the
terminologies it contains coan only e understood by those
whc have leant it, T[his perhaps is one of the causes

of the limitations encountered.

#1lso because of the methodology used the accuracy
of the final results obtained from the analysis will
derend very much on the de'ree of accuracy and
reliability of the personnel who obtained and recorded

imost of the historical data as well as on the accuracy
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of the information coll:cted during personal interviews
and discussions,

Ive to the present cconomic crunch we are going
ihrough, the fire is not in full prcduetion, and in fact
some of the blankets it used to produce are.ﬁou not
Leing produced, and alsc some of the machines formerly
used are no mere used, Also workers have been
retrenched thus making the facts collected about the
corpany not to be a triue representation of the company.
This will greatly affect the result which the data
anslysis will produce,

Anuyther set back is that most of the fizjures given
hy the respondents #re approximations of th2 actual figures;
fipures. And, because my questions are such of the
“ind that prcovoke a lot of thought, yet were answered
50 guickly, the answers are given are rather rushed
and therefore subj:sct to possible errors,

Yet another limitation is that at.the time of this
research, time was at a premium both to me (to enable
me finish the study within the limited time at my
disposal) and to the company officials wro I interviewed
\because of their osn comnany operations) and so the
study I must admit is not one hundred percent detailed.

Furthermore, the cnoice of variables and constraints
are subjective and subject to challenve in that only
those variables and constraints I consider relevant have

been taken into consideration,



Also another thing waich might be considered as
2 limitation to 100% thorousghness of the project is
tre fact that wher:aver possibtle, simplication to the
preblem was effected in a2 valid menner.

In 3déition to the 1l blankets under consideration
in this project; th: company also is producing materials
for upholstery and other blankets considered to be
less important profit wise. 3ince the overall
produetien pattern, however, is governed by the
1 main blankets, it is faolt appropriate to disregard
the minor items, restricting the study to the production

of the latter exclusively.
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Chapter Two

2.1 sStatement of Obgjoctive:d

One of the furndamental ot jectives of any business
orginisation is profit making, Profit is highly
nosential for any business to survive and grow. Many
business organisations today, are faced with g£he problem
of growth due to the prevailing harsh economic circumstances
the country is going through many more have folded up
and are out of business for lack of préfits, Northern
vextile Manufacturers in particular is facing a hard time
mi'king profits from its operations due to lack of raw
materials and general scarcity of production rescurces.
“or this reason, it is desirable for all business
concerns in general to do every thing possible te
naximise profits in order to remain in business and grow
ith time, particularly N,7T.M,

It is pertinent to note at tkis Jjuncture however,
that this project is not aimed at providing or
suggesting every technique available in the literature
fer profit maximisation but rather, it is aimed at
aoplying the mathematical tool of linear prugramming to
the'produotion line of Northern Textile manufacturers,
with the hope of achieving the maximum possible profit
from a2 more profitable managzement of the available raw

materials and other resources at the disposal of the



the

management of the comprny. Stated in cl:arer terms,

uro objectivas are s follows:

Fve luste ther prosort production practices of
the ecmpzn,

To ident ify the a: jor causes that prevant the
compiny fron aoxinisin profit especially along

the production linre,

To identify the intzracting constraints in the
production of varicus types »f blankets and seat
covers,

To identify the objective function, i.e meximising
profit given, thnec prices of each item produced.

To apply the lincar orogramming technique on the
problem in order to achieve a systematic and

complete solution to the problem,,

Statement of lypothesis:

The hypothesis is that reasons other taan raw

e terial shortage also contribute immensely to the

aroblems of the organisation,

ia

The Rezasons in mind are:

Foor Management o. :vailable rasources especially
through lack of uso of operation researcn techniques.

Making of wrong decision with regard to the
product mix i,e optimun quantities if the various

kinds of blankets that will ensure maximum profits,
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This proji-ct is out to prove or disprove the
wwrethesis through the apulicetion of linear programming,
it is heped that when proved right; the management might

ictt the recommendations that will follow for its own

wwfits and those of its share holders,

o3 The Company

¢ kA gistorz:

The lLorthern Textils Manufacturers Limited situated
1t 1 C. 5 Independence road, "“ompai, Kano, was founded in
12CZ, The initial idea of its creation was first ¢
conceived by a group of labanees (led by Mr. Raccah)

710 were then resident in 4anc. They, together with
some Japanees national went into a partnership and made
e business a reality., ‘h'le the Labanees nrovided the
‘aitial capital, (amount nat disclosed), the Javanees
rovided the technical sunport needed to start the
busziness,

The company was registered 2s a manufacturer of
wlinkets which is what it is producing to date. It
ite rted with 80 looms in 1962 and the total oroduction
then, was 1,60C pleceos of blankets per day. In 1969, the
Jone gement increased the czpzcity of the company to
1l looms, i.e by adding 74 looms to its strenzth,

Soth sets of machines which are of the same make were
rocuced by the Japanses partne s. ©till in 1971 another
~(dcitional 30 looms, were brought, which added up to

tctal of 184 looms by that same year. Each of these



mackines produced o maximan of 25 pieces of blankets per
“ift, and cach machine v0s meEnned or supervised by one
ile Betworn 1971 and 1975 therefore, production of
sprkets hod genz up to betesen 11,000 to 13,000 piece
oi blank ts o day in 3 hifts,
In 14576, the first He woeving machines were scrapped
Leectuse of high cost ol looour and maintaince, They
were also considered too slow in producing blankets for
thie management to meet its profit objective. They were
therefore replaced by 42 modern and French made machines.
“hese 42 machines have the capacity of making 2 pieces of
donkets simultaneously, and each 2 machines can be
surervised only by one man, Moreover, each of the
wcel ines, can produce 10C pieces of blarkets in 2 single
shift of 8 nours i.e (300 nieces in a day). The
dvintage of these machines to management is obvious,
The rost of the old looms, 104 in number, are also
Left unused by the managament of the company due to high
oseretin: cogts and the hich cost of labor, even though
thwy are still in good working condition, To date they
cemein idle in the fz2ctory premises, It should be noted
ot all these changes #sero brought zbout due to the
cioonge of owmersnip of the company. Earlier in 1974 the
original owners had sold the company, 60% to CFa0 and
Lo te Nirserian Businessmen. Ihe directors today,
cemsist of five Nigerian businessmen (with

...0ullah Gashash as Chairman), and four other expatriates
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nestly french citizens,

The conpany started sith an initial work force of

few hundreds men in 1302, and by 1978, the fizure had

risen to 2 maxinun of 1700 men. 1n 1980 due to raw
witerial shortzoes and tre rising cost of labor, the
mt er of workers in the cowpany was reduced to only 800,
‘odey, the company has only 360 workers, a condition
uhich has been prevailent since 1983. This latter
reduction of of workers is as 2 result of the t
retrenchment exercises conducted in the company,

The organisational structure of the company, is such
that there are four functional departments i,e
Prooustion, Marketing, Fin nce and Administration all
or whom have 2 head who, are in turn responsible to the
meneging direstor and his deputy. There is also a
company sec.ctary. The following chart shows the line

of 2uthority,
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As the main line of interest in this thesis is the
srcduction line, the production department has been
further c¢laborated to shows various sections thrcugh whighp

tie production process is carried out,

“e3 2 The Process:

The majur raw materials needed at Northern Textile
l'anufacturers are pure cotton, Nylon, waste yarn. Other
forms of fibres are also used depending on availability,
The lylon and other forms of fibres are imported from
overseas, while cotton is got from Kaduna state, Vaste
yarn is usually available in the factory, but where it
ialls short of the factory requirement, additional waste
vern is bought from other textile manufacturers.

These fibres go throush several prycesses in the
spirning section, to produce the necessary yarn which
is used in the waving section to produce the virious types
of blenket required., The company amkes both low guality
and high quality materials, depending on the raw materials
used, Their products include /“rmy and Polic2 blankets,
¢ruinary bed blankets, @and very many other kinds of
blankets. They also producze all kinds of textile
materials of different designs and makes that can be
used for car seat upholstery or cushion chairs, The
nrocess starts when the raw cotton or other fibres are

brought to the factory at the spinning section.



23 3 Spinning Sectiont

This is the Jepartaent responsible for nroducing
yurn fron cotton und other forms of fibr2s, +#hen the
cotton arriv-s in the factory it is usually brought in a
dirty state, in that iu teansit it must have picked up
N few inpurities which mak: it unsuitable for immediate
use, For this reason, the dirty fibre is first dumped
inte cleaning machines whicn are refered to as bale
braker and scrutcner wher2 it gets separated from the
impurities it contains., These machines break up the bales,
beat and suck out the dirt, and spen out the fibres into
their original fluffy state, 7The cotton fibres emerge
from the scrutcher as a continucus fleecy sheet, Kknown
s the lap, COnly one set of such cleaning machine is
tvajlable in tne factory. This machine has the ability
of tleanineg out more cotton and other fibres than can
be used up at the spinnins section un any given workday,
The above activity takes place at about the same time
that wagte yarn from the factory is being cut into pieces
and bteing made ready .or blending with other fibres, This
is dene with the aid of @ pickering machine w~hich processes
the waste yarn into loose material similar to other raw
fibres, The aim of this process is to avoid loosing
the already waste yarn, when it can actually be converted
into something useful towards producing mure yarn,
Meanwhile the clean cotton so produced from the

chove activity is transfered to the dyeing section where
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it is thorou nly soustccd with woler and then fed into
several contuiners known s taskets, With the aid of

Y rressing machine, the =ked cotton is compressed
tightly into the taskets r1iti) each basket weights
excctly 12% vilaepams, 7ioh tisket, laoded with the
thoroughl - soaked cotton i:: transfered into a dyeing
tachine where the cotton gets dyed into whatever colour
is desired,

Using a hydro extracting machine, the cotton is
seperated from its moisure, by squeesing the latter
firmly, This machine turns out a mass of damv fibre
hut thoroughly rid of any moisure, Because of the
dampness of the fibre, the drying machines are used, to
dry it, These drying machines have also unlimited
caepacity, ac =211 the other machines already mentioned,

Depending on the tyne of blanket to be made,
several fibres might necessarily have to be blended
together to get the right quality of yarn, The
Company has four blending rooms with unlimited
capacity. At the time this research was conducted,
military blankets were veing produced and its raw
m2terial comnoses of a thorough blend of fine cotton,
Delyest nylon, waste yarn aad stopping waste, The
fibre so produced from such blend makes it possible to
et the right quality of yarn needed, It should
llowever be noted that, some other balnkets produced

by the company, do not #z¢ through all the above



proeusses. b iicres ne des forr such blankets just

cone in -~ 21 a0 stat. (irco theoy are imperted) and
“re then ted inta the e ding mashines straight a way,
The czrdin> micainesz "re responsible for

streighlteaing the fit es (ot in either of the two ways
lready discussed sbove) ol removing unwanted short
ones, Fine-qualit, 6 fibre mirture then emerze from the
2achine in the form of a filmy web which is gathered
Into loose ropes knoan 2s slivers. These slivers are
dréwn out by & series of o erations into a finer form
crlled rovinz, in order to make them suitable for
spinnine, The productivity of the carding machine is
reduced by the productivity of the two spinning frames
which the company owns to which the latters product
coes for fucrther processing. To this end, only 350kg
of sliver is produced in & hours by each cardine
machine (there are four in 2l1l1), One of the four
nachines is used mainly for rocessing fibres used for
high uality blankets. The other three are used to
nrocess low guality fibre used in producing trade
vlenkets,

The silver ten go on to the next set of machines
where they are converted inte yarn. There are two of
such machines: One o© is the ring spinning frame which
is primarily used for spinnine fibre meant for high
gquelity blanket, while the other is the box spinning frame

used for spinning fibre meant for low quality blankets,



Lotk machiivs hsve the capueity to sein 1050kg. of
silver in 2l hours =.ch, Ihe I} cardinz machines which
can produce over 3000kp, i silver each per day usually
have to be stopped =t rerular intervals to allow the
spimnine frames to process up all the silver already

sroduced by the cardine machines.

“e3.l4 Weaving Section:

The yarn leaves the spinning section for the
veiving section where it is used to produce many types
of blankets, Before weaving, warping is first done,
in which the yarn is rolled up in large beams., The
warping machine has a total of 90 hours per week,

‘ach high quality blanket requires approximately 7
sinutes uf warping., afterwards, the beam is transfered
toc the ‘loowms where blankets ore woven,

Generally, two types of blznkets are produced in
the factory - trade bliokets and high quality blankets.
The trade blankets include §1lmg, DG, BL, 3tripped, Mill
grey, and twill weave, The hipgh quality blankets
include Cellular, Jacguard, ten~sa and plain, The
hirh quality trede blank=ts in particular are procduced
in two different sizes i,e the size for single bed,
anc kine size. Apart from blankets, the company is also
precducing seat covers, This new diversification is in
its test marketing stage. To weave its products, the

company has 42 looms all of the same size but of
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different mara, 28 of these are ordinary plain or tappet

looms. The slain looms only weave trade blankets,

‘‘his loom has the ability of weaving at most 75 blankets
in 8 hours. 1t con thus [ roducs any number of any

Wing of ¢t 2de blanket sib-ct to a limit of 75 blankets
in 6 hours, 7Tight of Mo fourty two looms are Jjacquard

leoms: Th:se leooms can soove both the trade blankets
ard Jacquard blanxets, The rest of the looms are

dcbbi looms. In their oun c7se, they cen weaive any type
of cloth or blanket, They zre the ones used in making
the seat covers as well, 'the jacquard loom which weaves
both Jacquard weave =nd other high gquality blankets,
does so in 2000 picks/blanvet, i.e it does 12 picks

er centimeter, However, the jacquard loom can also
weave in 2000 picks each ! stripped blanket, € mill
srey, 4 bl, The dobbi loom has the same speed for any
blenket and it has the ability tu weave all kinds of

blankets produced by the company.

2+3.5 Finishing Section:

After weaving most textiles must undergo @ variety
of finishing process before they can be sold, liewly
voven blankets leave the loom in a very unattractive
state, They are generally harsh to touch, dull and
discoloured by inpurities, Recall some of these
inpurities were present in the raw fibres and some
inpurities are picked up during the weaving and spinning

nrocesses, Before any other process takes place, these
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impurities are removed first, This is usually done
by treating the blankets with a4 warm solution of soap
or other chemicals. fter purificatinon the fabric is
5till drab beeguuse the fibros themselves ar: drab,

Yo moke it more attractive, it is coloured by
nrinting and other raising processes {i.e where the
blenkets are not Jjacjuard wouves),

Afterwards the blankets go through raising
vrocesses to give them desirable properties which they
do not n=turally have, lote cotton, which is the main
raw material, is not naturally instrons and so it is
made so by celendering, In this process, the material,
is passed through two heavy rotating rollers, The
instre is only temporary however, because it washes
out &fter some time., 'The m=chines in this section
can only handle 80 pieces of blankets a day and the
company is thinking of purchasing more machines to

it ndle the oxcess rdemand,

2.3.6 The Product and Customers:?

The company produces two main types of blankets,
- the high quality blankets and the trade blankets.
The demand for the high quality blankets is throughout
the year but mininal, However, the trade blankets
are seasonal'y suld but they represent the bulk of the
sales of the company. sales of the trade blanket
depend on the extent of the hamattan, availability

of money with the poor masses and yearly crop yields,
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ihe high curlity Dlun%et: ave mainly bought by the
rich to decorate their '~uss,

The company's main customers for the high quality
ulf nkets izclude, U.T.7; '.ventis, Kingsway,
Gespitals, Tnetitutions, liotels, Armed forces etc,

e customors for the cow ,:V'ﬁ trade blankats are
chiefly €., .C, (qualitexz), 3COA (textiles),

irdividuals, and other couspanies,

Ze3.7 Competitors:

There is one major competitor and this is
Chellarams company (Chelco) in Keduna. It produces
all the products that the Northern Textile
I‘arufacturers produces ilso. 1t was established
several years after NT¥ was established. The other
competitor - ‘unflag company does not really pose a
threat, 1t produces imitation of the high quality

blenkets, which are actually inferior.

243.8 Pricing the Product:

Many factors influence the point at which the
conpany fixes the priceg of its products. 3ome of
these are as below:

1. Cost of production,
2., Market demand for the products,

3. agreement entored into, with its competitors.
4. Federal government nolicies on price setting.

For this reason thercfore, prices of each of the

products chanc¢e as situation demands from time to time.



i, there is no specific nrice that remains static for
long, At the time of this research; the company's

nroducts were setting 2t the following prices:

PR - — - - e

/MO, | Typzrs cf tlevetitiagle 3ed King 3ize

, SUIWCH) 2C . O 110,00

2. sPIE(se) 141745 }435.,00 !
3. { Jrcquard(38) $421:56 #145.00 !
s . C3LIULAR 12,5 425,00

5. PLIAG 10,60 -

- 12,6 112,60 -

£ B.L, 412,00 -

€. SRIPED 12,00 -

|<_ MILL GREY s10.60 -

In addition the compsiny makes floor duster which
it sells at 11,50 each, It is to be noted that the
wrices could further vary on each blanket d2pending on
the type of finishing process it gets, These prices
are fixed in such 2 wny that 25 percent of each price

represents the contribution realised on each blanket.

2.3.9 Sales Forecast:

Stipulutions «n volumes of production must be
based on reliable sales forecasts, However, there is
no evidence that a sales forecast is made in the
cempany, ‘The company scems to rely on receiving orders
from their various custemers and then producing

cccordingly., MNevertheless, after going through their



reccrds of sules for the pist year, one official
rbitrarily cstimated an expected sales of one million
(i) picces of bilanket for the current year, The

1003 figure sitowed 2 so1is of 938,000 pieces, while
che year 19ty wes specifically bed with a sale of only

L0000 pieces, Many reassorns were advanced to justify
the low sale fivure for 19%%4,, The brzak down of the

-

cxrected sales for 1985 is =2 follows:

1ype of Blanket ixpected Demand for 1985

Trade blanket 500,000 pieces,

(High quality
Jecquard 100,000 pieces.

Tanga 150,000 picces.
1zin 150,000 pieces.
Cellular 20,000 pieces.
Iloor Duster 80,000 pieces. ’

Uistribution of the company's products is by direct

selling to the custoamer interested.
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3.7 Whut iinedr Prograaaing is:

As business firms 2nd their urerations continue
to increoase in size and complexities, nes variables,
new problems and new uncertainties have surfaced,
all of which make new demands on today's managers.
Fenagers have therefore turned increasingly to new
tccls and technigues in their bid to cope with the
many critical decisions which must be made,

Linear programming is one of the newer tools
available to management today, In essence it is a
methematic2l method of allocating scarce resources
to achieve a stated objective, and it is of use
whenever both the ob,jective and the environmental
censtraints which limit the degree of achievement
cf the objective can be expressed in tae form of
linear eqguations and/or inequalities. This linear
programming helps management to determine now it can
best use the resources of 2 business to acaieve a
sfecific objective such as meximum profit or minimum
cest, when the resources have alternative uses, The
term "Linear" implies 2 fixed, definable relationship
between the variables in the problem
to be solved. This relationship is directly and

precisely propnartional, For example, linear
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means that 2 10 percent change in the number of
productive hours used in somc operation will cause

2 10 per cent change in output, The term
“programning” simply refers to the orderly process
(nathematical techniyuc) Ly which the best solution
te 2 problem iavolving limited resources is achieved.
In other words, linear programming is an orderly
process for solving 2 particular kind of problem
when the variables in the problem are related in a

pé rticular kind of way,

3,2 Qrigin:

The forarunner ot linesr progeamming theory
wos contained in a 1920 publication by wWassily
.+ Leontief, Leonteif, a professor at Harvard
University, introduced a qusntitative approich
for showing the input-out relationship amonz in
industrial and commerci+l sectors of the American
economic system., The full mpproach to the theory
cf input-output =nalysis, considered one of the
key sources in the development of linear programming
studies, appeared in a bonx that Leontief oublished
in 1941,

Deciding how many products to transport from
ecch of several sourdeé to each of several d
destinations was one of the first business
ajplications of the theory cf linear analysis, In

1941, ¥.L. Hitchcock formulated the so-called



“transportation problem” ind sketched a proceedure
fer its solutions, [his particular business
arplication +f Lloens s -beaanng 1s considered to
¢ the first important contribution to the solution
of transportation type probtlems, Since them, many
other types of industrizal and business problems have
Leen solved through the application uof linear
programming.

The present and mest useful development of linear
programming is credited to Dr. Ceorge B, lantzig,
Dantzig, an American mathematician, developed the
basic mathematical foundations of linear progeamming,
The influence behind Dantzig's work was the search for
a technique capable of solving the immense and complex
military planning problems of the U,5, Airforce,

The introduction by Dantzig of linear programming
as @ managerial tool has resulted in a wide application
of this technique to innumerable business and
industrial problems, As & result, linear programming,
is perhaps, the most widely known and applied of the
nathematical tools suitable for multi-variate problems,

Rasically, when we speak of variability we mean
that the data on ~hich *! . zo0lultion depends is not

lwow rith certainty.
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To be "ble to apply linear programming in solving
a given problem, some basic roguirements are
uecessary.1

First, there must be 2an objective the firm wants
to #chieve, i.2 2refit raxiris:tion or cost
minimisation,

Second, there must be alternate course of action,
one of which will achieve the objective, i.,2 the
firm should be able to allocate its manufacturing
cipacities in various rations t» its differant products.
@.g in a two-product firm, should the ratio be
H5C:507 25:75%, 70:307 somz other ratio?

Third, esourcss must be in limited suoply.

e.& machinc hours, money, =tc,

Fourth, the variables in the problem must be
interrelated. e,a if nrofit por product A, is 5 and
prcefit per product 3 is ¢3, total naira profit must
tnd will reflect ratio of nroduct tables to product.

Fifth, the firm's objirctives and limitations must
be cxpress:d as mathematical equations or inegqualities,
&ncé these must be linear 2quations or inequalities,

IFor example objective may be to maximize profit and the
limitations might be production resources,

Bearing this in mind, once a problem presents
itself as a linear programming problem, its

formulation must contain two basic parts which are



in fact common to 211 lincor programming problems,
The first part is the objective function while the
second part is the constraints set, This second
nart consists of severzl rosource limitations on
which the aroduction process depends. The constraint
set is, the system of zguulities and/or inejualities
vwhich describes the restrictions (conditions or
constraints) under which optimisation is to be
accomplished. Zxample of rest ictions as indicated
earlier include, machine tine; man-hours, materials,
contract specifications, etec,

Both these two parts are written as linear
exyressions, and both are defined in terms of the
veiriables of the problem, In addition, all input
variables mus% be at least equal to zero (i.e non
negetive)., HMore formally the linear programming

S

prcblem car pe tformuliated as follows:”
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Jdeving set ‘1o problem thus, a solution to the
preblem is then 2arrived at, through some mathematical

menipuletion. The biasic nroceedures for solving

arcrerly consteuct d linear programs are five in the
literaturc:

1« the graohci “.pprozch

2. the slpebrz2ic 2aovrouch

the general simplex method

-

the simplex alrorithn for maximisation and
the simnlex 2lporithm for minimisation,

woEow

The graphic @n2lysis is not suited for rproblems
invelving four or moic independent (or decision)

vériables, 2and its valuc for problems contain these
decision varinble is questionable, The simplex method
and simplex alpgorithm are the best methods of solving
teday's linc2r progeamming problems because of the
latter's complex nature,

It is pertinent at this Jjuncture to clz2ar the
confusion which might be caused because of the overlap
in names used, The zener=l simplex method and the
singlex algaorithm are quite different, the
differences lying in the manncr in which they are used
tc solve defin=d linear prorramming problems, The
simplex algrorithm is the most widely 2ppli=d and

peyular technijue.
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3

3 Purpose of uvine:r Yrogramming:

as alr.cdy mention:d, the primary reason for using
lirear provvaming iy to nchieve the best allocation
of some commodity or rogourcess The allecation
nrecess involves assigning resources (esg man-hours,
norey, macnines, ras metorials, e,tsca) to snecific
qctivitieos in such 2 w2y that defined objectives are
optimized, PRccause there is only a limited supply
oi certain productive resources, they must be
juciciously assigned subjact to specified restraining
conditions. For cxample; the production manager must
nljocate the available machine time and labour hours
in each department, 2leong with the raw materials to
the activities of producing the different products
which have been scheduled. He is limited by the
avcilebility of machines znd labor, the amount of
row materials on hand, and the number of units
required to be produced for each type of product.
:nother purpose of linear programming becom2s
gli ring where a shipping dopartment manager must
r1locate the time and capacity of his trucks to
deliver specific orders by = given time. e is
ilirited by the number of trucks and the cpacities
of each, +1lso, he must consider the allewable
delivery time associated with each order, and hemust

deliver the order within that interval,
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In e.ch of the zbove example the objective must

be échieved within the limits of the manager's
resources capabilitics. Management must select the
optimum allocation of rosources (facilities) to
achieve maximum returns, This is the function of

the linear prograsming modcl,

3.5 Other Characteristics of Linear
Programming Problems: 4

Other common characteristics ef problems that

can be analysed with linear programming are as follows:

ts The quantitics of flow of various items into
and out of the productive activities are
proportional to the level of-;ctivity._ (For
example, doubline the activity ievel is
accomnliszhed by doubling 211 of the corresponding

flows fur the unit ictivity level).

2 There is some ~#ay of desecribing the availability
of resources for various combinations, (For
example, in preparing an advertsing budget, the
allecation ‘x to market A reduces the amount of

money available for use in market B),

3. The decision maker his a choice of input
combinations of courses of action, one of which

must achieve the desired objective.

e The preblem must be such that it can be expressed

in defined mathematical relationships, 2all of them
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In addjtion, t" followinz "re often but not
alwzys trie,

Raw mat rizl iz availsble in unlimited
gquéntities 2t a fixed cost per unit, (The firm may
te buying in a perfectly competitive market or from

monopnly with a fixed price policy).

The output »f eacnh sctivity can be sold in
unlimited guantity at a fixed price.

The firm engages in %activitias" to transform
raw materials into products. These activities
recquire the use of "internal resuvurces" such as

mechine time or plant spauce,

3.6 Advantages of binear Frogramming:

Linear progrewming evolved from the inability of
sinultaneous linear cquations to adequately describe
& real problem und=r consideration, Rather than
locete the point or (points) at which a given system
totally consumed 2ll rusources or commodities (money,
mochine = time, man-hours, e.,t.c), the objective become
the maximisation (or minimization) of a defined
function subject to 2 system of competins constraints,
This introduced a multitude of possible solution
points, a2t least one of which was the ouptimum set
of solution pcints since total consumption was not
alweys pussible (or feasibe), the introduction of the

inequality better represented the true situation.
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Ag 2n dministrative tcol, linear programming

has certain distinct advantages, 4Among these are

thie follcwing:

T

Ep

Insieght 2and porsoctive into problem situations,
Linear prozrammin~s forces lowical organisation
and ctudy of informetion in the same way that the
scientific approach to 2 problem requires, This
generally rcsults in a clearer picture of the
true problem, which frequently is as viluable

and revealing as the answer itself, because it
leads more surely to dezling with caus2s rather
than effects; solutions rather than stop-gap

expidients.

Considerztion of all possible solutiuns to

probvlems. Many manazement proble s aze so

complex that difficulty is oncountered in p
planning any feasible solution, let alone an
optimum solution, B3y using linear programming,
the manager makes sure he considers tha best

solution or solutions 1s well as any other that

he might want to consider.

Better and more successful decisions, +#ith

linear programming the executive.....builds
into his planning a true reflection of the
limitations and restrictions under which he must

operate......when (it is) necessary to deviate
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from the best proesranm (he) can evaluata the cost

or penalty involved,

s Petter tools for 2d’ustine t meet changing
conditions: Once a b sic plan is arrived at
through linezr progrzwning, the basic slan can
be re-evaluzted for changine conditions., Plan
can be 1laid for several sets of conditions to
find out how to best prepare for possible future
changes, It conditions, change wnen the plan is
partly carried ocut, chances can be determined so
as to adjust the rem:inder of the plan for best

results.,

Cther advantares include: (1) i proved use of
productive fictors by indicating the best use of
existing favilities; (2) Flexibility in analysirg a
vcriety of multidimension21l problems; and (3) p
nrovision of an information base from which the

illocation of scarce resources can be made,

2.7 wupplications of Linear Programming:6

In addition to its use in industrial and
cdrinistrative applications, linear programmning has
been applied to problems involving agriculture,
aireraft, =snd various military problems. Below are
illustrations of a number of the many successful
cpplications of linear programming to real w~orld

protlems;
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(a) Industrisl spplicutions.

Linear prosrammins has been used to solve a
veriety of industrial prablems. 1n eech of these
applications the peneral objective is to determine a
rler for production and procurement in the time
period unler considecration. 1t is necessary to
setisfy all demand requirements without violating
any of the constraints, 'The objective is to maximize a

defined return or minimise a defined cost.

ixemples of these applications now follow:

i, ’roduction scheduling - alterrate routings.
IN this type of problem the quantities of
product to be manufactured during a period
are fixed; however, there may be several
alternat sequences of production process by
which a product can be manufactured. Each
routing would have a different cost
associated with it, ‘Sich manufacturing
process would have 2 certain capacity, and
the various ﬁroducts would have to compete for
this capacity acvording to particular routing
selected for each product, The problem is to
produce the required quantity of each product
at minimum cost, subject to the constraints
on process capacity. For each product, the

solution would state how much of the



ii.

11,
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reguired guantity of that product was to be

-

produced by each tlternative produétion

routiner,
dstiibution, ihnere could exist ca2rtain
sourc s of sunply "¢,2, #are houses,

factories, mines) :eogrzphically distributed
and certain other loecation (e.g retail
stores, warchouses) wnere a need exists for
the material available at the scurces,
Nepending upon the relative peographical
locatinns, freirgnt rates, and other possible
considerations, tvere is a certain cost
associated with transporting a unit of

of product from 2 given source to a given
destination., Jiven these transportation
costs, the resources @t each source, and

the requirements st each destination, the
problem is to determine the minimum cost
shipping prorran, The solution would state
what guantities are to be shipped from each

source tc euach destination.

Hlending probles., These problems are likely
to occur when a product can be made from a

variety of available raw materials cf

various compositions-and prices, rhe



= I2 »
manutacturing process involves blending
(mirir=) some of tnese materials in varying
quantitics to m.'te a product conforming to
fiven specifications, The supply of raw
matericls nd the syecifications serve as
coenstraints in ovtaining the minimum cost
material blend, he solution vould state
the number of units of each raw material
which are to be blended to make one unit of
product,

iv. Production nlamning, The production
smoothing problem. ‘n industrial concern
may have the problem of scheduling its
production over a number of future time
periods, with the total time span being
considered called the “"planning horizon“

Linear progra ming aids here too,

In each of these applications, the solution

should specify the number of units of each nroduct
to be obtained from each of the production or
Frocurement sources in each of the defined time

periods,

b, Agricultural applications

The agricultural apvlications of linear
rrogramming deal with somewhat different resources,
but the objectives are nevertheless the same - to

meximise returns from the allocatian activity or
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to minimize some del'ined cost, Two typical problems

zre degeribed below:

i, 'the diet (mixture) vroblem. Assume that the
daily reguirements of certain substances such
=g proteins; 12t, cerbohydrates, vitamins,
ete, are ziven, tie contents of these
substances in available products are known,
ang the cost pver unit of each proiuct is
also known, ‘the prcblem is to compound a
ration that will satisfy the daily recquirements
of the necessary substances and minimise
costs,

ii, Best use of arable land, Assume that crops
are to be grown on in plots with arrears of
3

1’
the average yield of the jth crop from

B _resvaed UCTES, respectively, where
2 !

ith lot is ai) units per acre (and) the

return from one unit of jth crop is pj naira,
The problem is to determine the aren in each
plot that should be sown in each crop so

that 2 maximum return is obtained under a
polity in wiich nu less than bj unitesare
planted in the jth crop {J = 1, 2, seeeN)s
This particular problem is one involving

mixed constiraints i,e some of the requirements

should be the most, and some, the least.
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¢e Flipht-‘chediling ipplications.

Linear prorramninT aag been effectivaly applied
to a variety of operaticonal scheduling problems, The
most common cxample of this type of application is
the flight-=scheduling problem. An example is
suppose there are n diiff.rent types of aircraft that
must be scheduled for m routes, and assume that the
monthly load transported by an aircraft of the jth
type on the jth route is 2ij units, «#ith an ass
éssociated monthly operating cost of bJjj naira,
1t is necessary to determine the number (¥ij) of
aircraft of the jith type that must be assigned to the
jth route to provide this line with aij units (i = 1,
s snasensV {J = 15 2, sesesm) of carrying capacity
with 2 minimal total onerating cost when it is
known that N aircraft of the ;th type (i = 1, 2,
vesscally) are availab.s (i, ¢, determine thne optimal
¢ ssipnment of aircraft to .iven routes to provide the
recessary carryine capazity with minimal total

operatine cost),

d, ~administrative applications.

A groat number of administ ative problems have
Iin the past been solved using linear programning
technique. Some of the problems which lend
themselves to being solve by the same technique

include the following:



i'

ii.

iii.
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ersomel assicnment problem. Given & fixed
number of nersons and Jjobs, as wWell &s the
exnected productivity of each person r=lative
to ezeh job, an .ssiznwent of persons to Jjob
anich maximises the average productivity of
the assigned personnel can be done using

linear prorramming.

jalancing of production and inventories.

\ compnay that desire to schedule nroduction
accordins to a relicble sales foracast, with
the interest of the plant supervisor being
meinly te stabilise his labor force while
hoping that inventories will supply the slack,
there i5 need to study the problen with &
view to minimizing inventory costs and
meeting sales forecast through linear

programming.

‘olicy of the firm,  firm may hive access
to certain materials of production whose
supply, for one reason or another, cannot be
increased in the time period in view, These
restriction resources limit the opportunities
oven to the firm. They may be utilized in
various ways or not at 211, and, depending on

what is done with, tne.rssources, €Xpenses,
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and profit of thne firm #4111 vary. The

"he nrcblem frcing nansrement #ill be to
rird the orouctive programme whicid will
make ta2 orofit of the firm 2s grent as
poss 'ble, subject to the limitation thet
this prorranme #ill not require more thnan
the total availible supply of any resource.
The production ~roblem becomes one of
crnoosin~ which nroductive forc s to use ond
the level @t shich to use each of them. The
use of linear Hrogramming 1is useful here
because it stites in advance how many
different processes need to be used in

order to maximize profit,

e, Miscellaueous applications.

Other application of linear nropramming include:
problem of -asoline blending, structural desipgn,
scheduling of 2 military tanker fleet, inimizing
the number of carriers to meet 3 fixed schedule,
the leusst balast shipping resuired to meet 2
specific shippinz prograine, product distribution,
cost cutting in business, fzbrication scheduling,
rrcfit scheduling, eompute tion of maximum flows in
networks, steel production scheduling. 3tocks and

flows, the balancing of zszemwbly iines, ‘«t.cC,



in a2ddition, linear nrogrammin  has been used
to zid management in maximizing nortfolio selections,
¢ 1locatins wdvertisin: budgets among competing media
to maximize aarket nea-tration, and desiosning
containers for maxiiwum sSiorope space to mininize

trensportation costs.
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Chapter rour

DATA A \LYSIS.

In chapter two, we 42re uble to evaluate the
:resent production practices of the compan -, based on
intcrmation muthered from interview with the ofiicials,
srlier on in chapter one, we made the assertion that
the company was incurring serious losses from its
yrerations on the production line. 4We pestulated that
the problems in addition to those advanced by the
menagement could be caused by poor management of
zveilable resources of productio:. In the same
chepter, w#e said that the 2im of the research was to
arply the mathematical t <l of operations research i,e
j.ineer Frogramming to the 2bove stated probler with
the hope of finding 21 feusible solution, Chapter three,
reviewed the related literature on linear programming
in depth, hizhlighting what it is, its requirement,
its characteristics, its advantages and its other
nreas of application,

In this chapter, attempt shall be made to analyse
in detail the data contained in chapter two, and other
Cote collected by means of questionnaire, |\ copy of
the uestionnaire is attached to the appendix of this

nroject, In the finel anilysis, it is hoped that, we
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ghe 11 come up with 2 matrix of ¢ uations, consisting
i operatinz const aint, on the rizht side of the
aque tions and a get of viiues for the- teshnological
ccefficient for tius vuriciles under consideration with
=y ob,ective function at the bottom of the martrix,
the formulation of the problem as will te s2en in the
motrix shall be phrased as follows: within prescribed
mechine limitations and sales restrictions, what
nunber of what types of blankets should be produced on
what machine so as to meet the objective function
from overall mill operations? 1t is my intention to
treat the analysis under the following headings:

1, Objective functions,

2., Raw material constraint,

3. Machine time constraint,

L. Demand consteaints.
5, Mathematical formulation and solution.

he1 Objective Function:

As indicated elsewhere in this brok, the compaay
~rccuces four different kinds of high quality blankets
namely: (1) Jacquard (ss), (2) s°iw(ss), (3) Sflw
4% Cellular in 2 sizesy i.e single bed size and
.irg size, Current cost of production for the single
Led size for each of the product 2re as follows:
Jecquard (ss) +17.25, 5c0i(ss) 414,00, SPDJ(H): 16.00,
Cellular #10,00, Current cost of production for King

size for each of the product is as follows:



- teguard(as) 36.00, S {ss5) 28.00 srpelH) :32.00,
Cellular . 20.00. Thes> re the current costs of
“roduction of each of the high yuality blankets in the

respective sizes montioned above,

Also the company vroduces six different types of
trzde blznkets but these are produced in single hed
sizes in commercial quantity. These are as follows:
.1) BL 2t cost 10,00 {2) DG, =t cost 10,50, (3) MG.
=t cost .-8.50, (I4) TG at cost K¥10.00, (5) 2.3 at
cost ¥8,50 and finally (6) Prints at cost .5.00.

From the questicnnaire, it is gathered that
srices for each of the i1bove listed products are set
for a profit of 25/ of production costs. This means
thet 25 of each of the costs of production represents
wetit to the company for e2ch unit of blanket
'reduced. For example, for Jacquard(ss) king size,
the price is 45,00 i,e 35,0C cost of production plus
..2«CC which is 25. of the cost and which is the
cortribution from the sile of 2 unit of Jacquird(ss)
Ying size., . similar calculation holds trus for the
rest of the blankets, Belwo is 2 table of
contributions for each blanket on 25% of cost of

sroduction.



S/1C. | Types of Lint et | ingle Bed Size | King Uize
e Tveyuard(ss) Wl 31 2.00
- e i g5) £ 3,50 7,00
5PTe () vl .00 8,00
ite Callnisy L 2500 15,00
“r 5. " 2% 00 -

. B, . 262 S
i i MG 5 .?.j} ! -

. { TG 2450 ! -
o I8 PLYG 1.2.13 -
ac, ! Frints ii1,25 | -

‘“he above figures are the contribution coefficient
of the objective function. 'l'he respondents to my
questionnaire a2l1so answer2d that though they hnave
other objectives such as customer satisfaction, their
a.in objective is to maximice operating profits and at
the same Lime to minimize nroduction costs as far as
ossible. Happily, linear programming is the perfect
tool which can be used to reszlize both profit
weximization objective of = firm and its cost
minimization objective simultancously, This will
be proved in due course. ne beluty of linear
sreframming is that its ob ective function can be
iritten such that it aims at cost minimization or

orefit meximization., In the light of the above



str tement tne objective function of ltorthern Textile
Fenufactursrs cen be ocither:
% } 9% of kine size jiequard.(ss) + (s7xad of king
size opTyi(ss)) + Bxad of SPIW(H) king size) + (i 5zaH
of king size cellul:r) + ( L,31xad of jacquard small
size) ¥+ n3.50x2H of small size SPDw (ss) + 1.00xaH
of small size sPDw(H) +( -2.COxaH of cellular small
size) + (2.50xa4 of a1) + (- 2.62 X aH of D1) +(2.13xaH
of MG) + (2.5xa4 of 14) +(:2.13xaH of PLM3) «
(1 1.25zaH of Print) = max profit,

UR
(2) ('36.00xaH of king size Ju(ss) + (:128,00xaH of
kine size 3PDW(ss) + (+32,00xaH of king size 5P (H)

+ (1 20.00xa¥ of king size cellualr) + ('17.25xall of
smell size Ju(ss) + (-1.0oxaid of small size spn«-(ss)
(: 16.00xaH small size S5rin (H)) + (#10xaHd of small
size cellular) + ‘ 10.00xaH of SL) + (#10.50xaH of DG)

+(8.50x%aH of MG) + (:10.C0xaH of 15) +(a8,50xaH

of PLMG) + (+5.00xaH of 'rint = minimum cost.

te gquantit of the various types of blank=t to be
multiplied by the respective contribution/cost
ccefficients is to be determined after a saries of
iterations o! the initiz2l matrix (algorithm) for
the linea) programming problem, They are reffer=d to
¢ s variables, and they assume different valu:s with
et och surcessive iteration until the optimum solution

is reached at the final,
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h.2 Raw Material Construint:

The 1:w miterials used by the company include
wi ste yearn, w«iste l'ibrz, dyestuff, nylon, rayon,
relypopione, cotton, und chemnicals. As stited in
ckepter one, the compnay sttributed to a large extent
riw material short: e 4s one of the bottlenecks they
rre facinr, It alfects the quantity of blankets that
cin be produced, For tis rezson, it is being treated
as & constraint for the comwpaay in the problem
formulation, Though som2 are easily available,
especially those used for producing trade blankets,
otbers nezded for high quality blankets are in short
supply. 3Zven those that sre claimed to be easily
<v&ilable more often than not present a problem to the
company.

For the period under review {a month), averzge
rew material svailauvility is at most 24,762,.84%ys,
This fivure represents raw m2terial available for the
groduction of both high qu:ility and trade blankets,
This fiure =zlso represents to the company the limit
cf the use of raw material and is a constraint for all
kinds of blankets. #4s for che ical total ivailability
for our time frame is -t most 712,500.00 worth, This
£1so represents a peneral constraint for all the
blenkets, Of the 24,762 kilograms, 14857,7k%gs is

cvailable for the production of high guality blankets
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end 94,905,1 kiloz ams is aveilable for teade blonkets
nreduction. lothh firsvres represent constraints on
treir rospective Ly os ¢f blenk-ts, WNow with this

tve ilable raw materi=zi, -t leust about 2000 oieces

of king size jicguard lsnkets, 1500 pieces of smell
size Jacgyuard rlapksts, 5000 pieces of both king size
cne small size spdw(22), 150 pieces of both king

size wnd small size 3P(4) and L4500 pieces of cellular
cén be produced.

As for the trade bLlankets ibout 5000 nizces of
etch is produceable by the company for the »eriod
under review,

Zach type of kins size blanket w=2ights roughly
h,Elbs, or 2,16kg, while the other small sizes weigh
approximztely 1.25Ibs or 56kg. It is also gathered
the t wastauges of some of the raw material is encunter
for many reuasons, DBechuse there is no accurate
record on these wastage, 1 hzve assumed a 10¢ loss

for the month .

li.3 Machine Time Constraint,

The company has 1t its disposal a total of
lj2 looms, comprising of 8 Jjacquard looms, 6 Dobbi
looms and 28 tappet looms, These machines vary
according to the type of fabrics or blankets that they
cen produce., For examnle, only Jjacquard p looms can

wes ve jacquard blankets but in addition the Jacquard
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looms can also weave other types of fabric. The
terret looms are used to weave only trade blankets as
they cannot weave any other type of blanket, while the
Lekbi looms have the advantage of weaving just any kind
of fabric except Jjacquard materials, This is the basic
Jifference, Other differences lie in the fact that
tarpet looms are normally operated while both Jjacquard
and dobbi looms are automatic,

Presently, the company operates in two shifts of
& hours each, for 5 working days in a week. This means
thét in one month the total available gross machine
time is 16 hours x 20 days = 320 hours, Break time
ecch day is 4O minutes. Occasional stoppage due to
bre=kdo#n, NEPA and other reasons have been 2stimated
«t QU minutes a day on the average, Total stoppage
period uf machines per day therefore becomes 13 mnutes,
The net machine time per month therefore becomes
\32C x 60 minutes) - (130 x 20) = 16600 minutes, The
~bove computation is for only one machine. This
imrlies thet for 8 jacquard machines total available
time is 16600 winutes x 8, Available time for the
other types of machines can be arrived at tarough
similar calculations i.e

(a) 28 tappet locms, available time is atmost
(16680 x 28) minutes,

(b) 6 Dobbi looms, available time is atmost
(16680 x 6) minutes.
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w¥ch of the mreninc is cooible of producing two
wundred bl-nkets cach = day cxcept the tappat looms
which are manuzlly operated, They produce 2bout

15 peices of blankets a days For 2 month, both the
Jr cquard looms 2nd the "obbi 1noms are capable of

5 oducing at least 6007 sicces of blankets aach while
the tappet looms produce 2t most L4500 pieces. This
oes to say that each trace blanket takes roughly g96Y
minutes = 150 or €.l minutes to produce while the nhigh
quéelity king size blankets teke about 960 minutes + 200
or 1.8 minutes to produce.

The mechines used in the finishing section (i.e
sewing machine), 21lso have 16680 minutes in 2 month.
- r¢h blanket dependinm on its size and the type of
finishing it ig beine -iven takes roughly 3 to t
tdnutes on the finishing machines, There are 12

sewing machines.

I i Demand Constraint:

Demand for blankcts is fairly uniform throuzhout
the year but skews to greoter heights during the last
twc months of the year., Based on this fact, we 2ssume
thet the total demend for the month under our
ccnsideration is approximately 130,000 pieces for all
the blankets, This goes to say that the company
exrects to sell a total of at least 130,000 peices
during the month and this therefore serves 31s 2

cordition of production. Of this figure it is



estimated that at most 69 or 83700 pieces w#ill be the
vorious kKincds of hisrh gquality blankets while 31.. or
HC3CC pi=c-s "1 be the vor cus kinds of trade blankets.
These latter figures rzourescnt production condition for
the twc m2 or tvpes of Lilankets for the period. Uf

this amount, the high quality blnakets are estimated

to have the following indiviaual demand:

i, Jacquard weaves (all sizes ) = 34583 pieces.
ii. spv(H) h = 18333 4
iii. SPIM(S3) L = 19533 "
iv., Celluzlar weave i = 19500 "

‘"he trade blank~ts are cxpected to have the following

denend bre=lv'owns

i. PLMG blankets = 9000.
ii. Print = 5000,
iif. MG,BL,DS AND TG = 26,300

;.11 these fimures are conditions in that during
oreduction for the <wonth, these figures must not be

oxceeded,

Finally the comp:uny considers the high quality
Llinkets to be the most important and this reason
explains the high expectation for the sales forecast
of the blankets. They are considered most important
becruse they have the hishest profitability hence the

company expects to maximise their own profit by



wreducins rore of che high yuslity blankets than the
tr: de blankets, The man: emant also expects to
dnimize neodustion e24L: from high production of this
.'"-(:t f‘lf b’ '!:"t"

In the raxt subhending, ve shall be able to
verify whetier profit maximizetion or cost
Ainimization can be achnieved through greater production

of the hijgh quality blanksts alone,

1,5 Mathemetical Formulation 2nd Solution:

As indicated earlier on, formulation of the
uroblem within the framework of linear programming
sh: 11 be phrased as follows: within the prescribed
mechine limitations, sales forecast, and raw material
constraint, #nat number of what type of blankets
stould be produced so as to maximise profit from
overall mill operations,

The vrocesses through which 2ach blanket passes
heve alprezdy beon highlighted in chapter two. &nd in
this chapter, we indic:ted which machiens are
responsible for weaving each type of blanket, uach
bii nket or a certain sroup of blankets take different
mount of inputs, zn’ it takes a fixed arount of inputs
to meke each unit of output (blnzkets). For example,
te, make one unit of an output-say Jacguard blanket,
requires certain amount of raw material of a specific

tyre, and it has to go through the Jacquerd loom and



the gquantity ot that type of blanket depends on the
a les forecnst for it. hese input output relationships

vre to be Cobulitzad in the form of matrix ejuation,

e
™

be atlz tc & &l is, 2 ca 1y e of blanket, which

shall kernec “ort: he reforiay to as varisbles will

o

'wyve to be represeanted by letter Xk where K assume the
varjsbles , 1, 2, 3, 4eviesso1l, depending on which type
of btlanket is being reffered to.

5C; Let X, represent king size Jacyuard(SS) blanket,

xz i | N SPUN (S.fi) (4]
X3 " ! L SPDW(H) f
Xu " ' L Cellular I
X B smal size Jacquard(ss)
|
:”‘6 " " " SPDw (33)
X7 ' i SPDx (H) "
Xg " " " Cellular "
x‘y " ¥ 1 BL
] 1 1 DG i1
%10
X " " MG
11
x12 1 i W TG ]
){1 j n " i PLMG ]
X " # i Prints ¢
|

Our cobjective funct ons will therefore be as
below if we represent the com.any names of the various
tyres of blanket with the letter Xk, where k takes value

1, ?j -l-olo-’l‘-’ 45 le‘l‘:lﬂed EtbOVE.‘.
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| I Profit Faximizineg (b cctive function:

Ry o= XS L BY L ogv w b, 31Xg + 3.5K, 4 hX, +

3 L
Y SV 4 2R 7o13Y 23 + 12,41 t
“g 7 - T [ A 5X1? o 3X1
1 .25%, = Muximum profit,
1&;
OR

id Cost Minimizing objective function:

i 36X

) 28x2 + 32x3 + 20xh + 17.25x5 * 1ux6

+ 16X7 + 10)(8 + 10X + 10.5x10 - 805x11 . 1OX12 +

9

5,6% + 5X = Minimum cost,
13 14

The following inegualities are devivable from the

respense got lor my questionnaire,
N Raw Material Constraints:

2, 16(x + X 3 .56 (X _
1 >+ X3 Kh) + 456 ( Sfx6+x7+x8) <

14857, 7.

.56 (Kg + K1

+ A + X r X + X

9905.1kg.
z. Machine time “onstr2ints:

AT Y o+ X X ¥ X £ 46 0]
tﬂp:_&.t loom 6.2.[(((31-\.10* 11"’ 124' 134}(1h) Ll- 7'0'4-
minutes,

¥ - ' | o
Ju Loom u.a(v1+¢?+x3+xh)+3(x5*x6....+x1h) <
133,440 minutes



[obbi loom L.8 ((_} X 4X a3 +X wsaeeek <

100,000 simates

)

Finishing /2 5010 &' . ¢! :
1 7 3 '-lr)+3(x5+x6. ,...‘J(,‘h) L._..

200,160 minutes

K vemand Constraints:

x1 * XS (-_-31t;5‘r"3-

Xy + X £19583
:':3 + X? é'l tjr,333

Xg 419,500

=
+

X .
g + X10 * Xy * X12$26.,300
X13 & 9,000

£000
Ky & 500

L,5.,1 Formulating the Matrix

The task of solvin- the linear programming
roblem is 2ided by the use of 2 simplex tableau one
for each iteration (evziuatory step) of the algorithm
itself., A tableaux for the basic maximisation problem
wust consist of ibout five r:olunns1 i.e

1. coentribution of current solution virizbles

2. solution set

3. Technological coefficients.

. Constraints
5. Variable leaving solution locator.



The bigic tablesu snich is also referred to as
ke initi2l basic scluticn #po=ars below: Note since
vhie problem prosent ites2lf s a meximisation problem,
e objective function thet is used is the profit
rximisaticn ona, It «ill te zZppreciated that such

Fipantic problem will Lo cumbierson ard boring to
colve manually. For this reascn, the computer is
uged snd the solution appears in appendix 2. Based
on this solution we draw an inference which 2appears

in the next chapter.

The interpretation of the figures presented by
the computer in appendix 2 zppears in appendiix 3 where
1 menually presented it in & tabular form for the
henefit of those who might use the information in this
vwook, The table which signifies the final matrix to
the problem formulated on page 66 reads thus:

i. Produce 26531.61 pi~ces of small size high

quality Jacgquard blanket at a profit of
01114351 .2L.,.
ii. Produce 17687.58 pniwces of £lazk trade blankets
at a profit of LeW1.72.
Totel maximum profit arisin; from this overation will
be 1 160692,9
. cded to this, there will be enormous amount of

resources of tim: and market demand left un-utilised,
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Basic Solution.

Contribution} Solution
of current set of Technological Coefficients Constraimts Mari-
solution blan- * pble
variables kets ea-
ing
. chl
on
X9 % X3 X, X5 Xg Xg Xg Xg Xyo Xqq Xgp Xq3 Xqy oca-
or
S, 2,162,162,162,16,56 .56 .56 .56 0 0 ©O0 O O O |14,857.7Ke.
S5 o o 0 6 6 6 o6 O 96 56 .56 ,56 ,56 ,56 |9,905.1 ,,
S5 0O 0 0 C 0 O 0 O 646 6.4 6,4 6,4 6.4 |467,040min
mﬁ r.m r.m _._...m r;m 3 3 3 3 3 3 3 3 3 3 auw-:.ro "
mm r..m r..m r..m 3 3 3 3 3 3 3 3 3 400-0@0 (X
8¢ 5 5 5 5 3 3 3 3 3 3 3 3 3 3 |[200,60,,
m.N 1 0 0 O 1 O 0O O 0 o 0 0 0 0 34,583 pes.
Sg 0 1 0O O O 1 0O 0 0 O 0 0 0 0 19,5813 ,,
mm 0 © 1 0O 0 O 1 O 0 O 0 0 0 0 18: 333 55
S10 o 0 0 1 0o O O 1 0 O 0 0 0 0 19,500 ,,
mj 0 0 0 0] 0 0 0 0 1 1 1 1 0 0 26,300 ,,
Sq2 0O o ¢ 0 0 0 0O O o0 o 0 0 1 0 9,000 ,,
S13 o O 0 O 0 0 O O 0 o 0 0 0 1 5,000 ,,
Xo =9 22 8 «f l,31=3,5=l =2 «2,5=22,62=2,13=2,5=2,13=1,25|Maximum Prfts




This, we might 2ttribut: t. the fict that data

collectad is in comnl te 3nd as T earlier explnined
in chapter I, there wars 1 lot of limiting factors
ché t hinder 2 100» thorouihness in this project.

+t is withing th:se limitations that data ~as collected
L were still able to prove thet the company could
overcome its loss2s problems through the use of

linear programming with the limited data at hand, It

is hereby suggested that had the management agreed to
release some of the information needed (which they
refused to "because it is company secret") findings
Jould have been made thut would indicate even greater
prefits,

Despite the encouraging result got, it is felt
riciculous to suggest tc a compnay of this size to
uroduce only two types of blankets., Therefore making
2 deeper analysis, the initial basic solution is
chenged in such a way as to produce a minimun of 1000
vieces of eacn type of blunket, and the resources for
deoing this, is removed from the right hand constraints,
:his is doen in considerz=tion of the company's

ustomers, 1t will 21lso be advsntageous to the

company since it will give the company product width,
The result cof this further 2nalysis appears in appendix
!. &nd interpreted manually in appendix 5. The result

sliows a profit of about 140,000 i.e a loss of a



little over s100,000. 'hiz loss we fill is Jjustified
to give the company the advantage of having a large
oroduct width ag mentioned above,

this study shoss that the actual problem of the
company, is the poor manazcmant of available resources
rcther than its shortage, since this analysis shows
us that profits could be made. In the final anslysis,
conclusion are drawn, and recommendation arz made in
Jie next chapter, Also, the program used in the

conputer for this analvsis is shown in appendix 6,



Footnote to Ghantsl Foup

1 Brown, K.S. znd levellen, J.B., tuantitative
Ketions for Management Deciglon;
sddision Vegley Publishing
Company; 1978, P. 9.




Chepter Five

CONCLUSION 4.m RSCOMMENDATIONS

In view of th: wides read occurence of linear
programming orcblems, stondard machines codes are
now available for the automatic solution of such
problems and other similar ones on the major high-
speed electronic computers on the market, It is
one of these computers that was used to solve the
problems formulated in the preceeding chapter, and
solution was reached in a matter of minutes for a
rroblem that could have taken weeks or even months
to solve,

Une striking thing that the solution showed is
that, the company can actually make a remarkable
profit under optimal production as compared to the
little profits or even losses which it gets under
current operat.ons, It must be realised however,
that the problem for which this solution is botained
was formulated with data which is surrounded by a few
limitations as indicated in chapter one, and under
¢ few assumptions. 4lso that no account has been
teken of scheduling difficulties, changes in
machine assignment, changeovers to the production of

different styles cf blanket, advantageous location

of production facilities, se.sonal variables,
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deviation of actuzl or_.er from forecasts, and

similar realistic continzencies, The result which
éppears in appendix cne 2nd on which I am basing my
conclusion canmot therefore be implemented in 100%
detail, but it should be uppreciated that it is
sufficiently valid to c natitute 2 valuable ~uide for
broad policy decisions, To this extent 1 must say
the project has met one of its aims,

It may w#ell be noted that, some items which
heve the highest profits when taken by themselves
such are X1' xa and x3’ appear in the optimal solution
orogram in ve cseual oL al ", This circumstance
is due to the fact that the amount to be produced of
eéch item for maximum rev nue may not be maximised
irdividually. Rathezr it is constrained in an
interlocking fashion with all other items so as to
sotisfy simultaneously all sales forecasts, raw
material and machine limitations, while striving for
meximum profit,

In conclusion, 2 number of valuable lessons

were learned from the results of the present study,

T. The establishment of guantitative data for
operational characteristic is an accomplishment
in its own right,

2o The figures emergine from the linear programming

solutions furnished gquantitative measures for



a nichly comelies systen of interacting effects,
3e Critically limited processing steps 1s well as

redund=nt caprcity were clearly brouzht to light.
b, Guiding lines J2re crystallised for increasing

overall profits by rendering future sales efforts

more selective.

pea
-

The linear programming approach proved itself
capable of furnishing guidance for setting up
production target, evaluating merchandising
plans and capital investments, and improving
efficiency in the utilization of resources of

production for actual mill output.

6. Striking evidence was brought home of the great
potential benefits to a manufactuirngg
business especizally Northern Textile Yanufacturers,
from the services of an operations rescarch team
of mathematically trzined and competznt
scientists. Only such people can uncover such
vital information, such as the one this project

has uncovered,

The 1nsights revesled through this project should
cstimulate management's interest to the extent that
cefinite plans should be formulated for continuing
such studies and infact =xtending ther:z crope. !or

this resason I make the following recommendations,
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30 lonz as the objisctive of the company remains

prefit maximis2tion or cost minimization or both, a
nere fre,uent use of toels of operations research
vecomes inevitable for thae copany. It should
tlerefore hire the services of 2 team of comnetent
orerations research experts to do the Job for them,
terticularly since linear programming has proved to b
be «s useful te the company's problem as we have
described above, (i.e judging by the results obtained
in 2ppendix 1), a few more cezses can be tested to see
if the company can benefit from it. In the first
vlece, the com any should try as much as possible to
2veid much of the limitations that this project
feced, This should therefore increase vastly the size
of the problem beyond that obttained in this project,

Tkis can be done in three directions.

Te All productive processes involving possible
machine limitations should be included. The
exception might be that, the machine processes,
such as warping, which top management would never
2llow to hold up production or become a bottleneck

will noct be included. wa.t processes should be

commited in the 1lotter cotegory will be determined

by consultation with management. This expansion

will increase the number of rows in the table and

will therefore naturally increase the complexity of



*he problem,

Many more sales restrictioﬁs which face the
company should be taken into consideration and
should be set up somewhat differently. Maximum
and minimum sales restrictions should be set up
for most of the styles individually based on
availible foregastes, =2nd with 2 much fincr

breakdwon than tne one that was cobtained in this

project, 1In addition, several ""cross restrictions"”

may also be set up, such as a restriction on the
combined total of ‘king size blankets of all
styles. This could be done on the fact that
4ing size blankets sup;ly a limited market, in
which the variable styles are competing with one
ancther. These rostrictions could be set up as
a flat pe.centave ran e 2bove ind below the
corresponding szles forecasts., The p2rcentages
would be determined by 2n examination of the
historical variations of actual sales from
forecasts., This expansion will also further add

to the rows of the table,

As we have s=en above, one and the same type

of blanket may be resresented by more than cne
column of our table, whereever we have a choice
among different m:chines at the same stage of

process, It is planned to include henceforth
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all of the frasivle combinations of machine
selection, This will grwatly expand the number

of columns to Lv doalt with.

These extensions described avove are expected to

nrevide a very realistic »icture of the Nocthern

T Mz . B
lextile Manufaciurers' o arations. The results

stould closely relfect the impavt cof all the factors

included in the linear programming formulation,

Note that so far, the determination of ontimum
nroduction goals within the restrictions im»nosed by
mill e uipment and market conditions have opeen dealt
with exclusively, &n additional advantage of the
lineat programming appro.ch when applied to actual

crerations shall not be described and recommended.
A definite production pz2ttern could be decided

uron for a given period by management based on all
realistic factors, such 2s seasonal fluctuations,
inventory situation, deviation of ordersreceived from
the forecasts e.t.c, This w~orking program will
differ obviously from the one obtained as a yearly
cverage target (just as the situation in this project).
# linear programming problem can now ve set up in
which the total volume for each style of blanket is no
longer allowed to vary in some range but is set equal
to a fixed pre-established number, which will differ,

in general, from the one which has resulted from the
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etrlier veneral opt . mis.tior.,, ~s before different

me chine choices for the same styles will be carried
~8 separate columns in the table with correspondingly
cdifferent prcfit coefficients.

Having prescribed . fived, pre~2stablished
ccmposition of mill output, a new linear programming
solution will now show us the best allocation of
styles to machines combinaticns so as to accomplish
tre specified true mill output at minimum total cost,
fince all data on costs snd machines productivities
héve already been collected for the earlier problem
we formulated in this prcject, the present optimisation
of actual mill op~rations would require only a minor
“nount of additional efforts and machine time, This
is therefore an outstanding example of the possible"
side advantage" of linear programming, and is
highly recommended that the company should try its
hend on it,

During the course of this research, it was
discovered that there are other areas which could be
interesting to investi 'te., One is the determination
of salcs restricticns which will adequately reflect
eech of the seasonal periods. It is realised that
arrual forecasts (and hence implied average for a
month, provides us with only a general picture

because a strong seasonal variations exist, These



fluctuations differ for the various groups of blenkets,
It is likewise virtually certain that with the hiring
of experts in the ficld of cperations research, new
areas will continu: to be explored as they bring
themselves tc attention.

Linear programming in the context of textile
ills in Nigeria in general is headed for a long

2nd eventful course if explored to the fullaest,
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APPENDIX I
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lester of Fhusinsss

en "Study of tne

Pill witk the

T

3.

Wministretion Research luestionnaire

Production activities of 2 Textile

vid of Linsnr Programming".

Sir, 1 understand th>t you produce both high
quality blankets and trade blankets,

Yes/lO

If answer is yes, please list the 1mportant high

quality blnakets you produce.

a.
b.
c.
d.
e,

Please spa2cify how many sizes of each you make

a, Single bed size

b.
C.

Also list the
you make,

double bed size
king bed size

more imoortant trade blankzts
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Please spacify the diiferent sizes in which you

make themn.

what is the
blanket you
in order as

What is the

a, singls

L, double

c. 4ing size,

cost of producing each high quality
listed above, Please write answer
in (2) above.

a,

b.

Cs

a;

e.

cost of oroducing each trade blanket

you listed above? P’lease arran.e answer in order
as in in (4) above.

If your profit is 2 consten' percentage of cost

of production, be specify the answer,

a, 100:#%
b, 754
C. 'BO¥
d. 25%

e. others (P.ease specify).

R R R R R N I OB B A R R A A I B B B BT B B N B B B



1C,

11,

12.

70
vihich of the followiiy is the compnay's
objrctive,

a, To maximize profit

b, ‘"o mnimize cost

. Both 7 cnd (h)

e, Ctiners ("lease specify)

LR L R B R B B O R R O B I I I B I I

LI B B A B I O O B B O B O B B B B B B L B O B B B B D B U BN BN N B B

what are your basic row materials?

-re the raw materials easily available?
Yos/NO
If no, why?
a, lestriction on importation
b, Effect of draught
c. Other reasons (Please specify)

@ B 8 8 A8 & 4 8 8 & ad a N s P s s RN EE e

@ 8 8 % & 8 B 8 8 B8 & BB B s L BRSSP SRR SRR e



13. How much of the raw material listed in (10) ere
availzble for the profuction of trade blankets in
a month” Exprass answer in welght Please,

R L I .. L I B LI 4 ® " v 8 B s e R DE e

ib., How much of the raw mite-~izl listed in (16) are
available for the nproducticn of Aigh quality
blankets in a2 month™ “xpress answer in weight

if DDSSihle:........'.!.'.'--I‘l..'.........
15. Wwhat is the weight of each type of trade blanket?

a.
b,
e
d.
e.

16, what is the weight of euch type of high quality
blankets? Tnclude as the sizes please,

17. How much of the raw material is wasted during

production process or for other regsons?

a, 30m
b. 20
c. 10u
d. 5%

2. Nothing.
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-d
iTal

a1

What typ-s cf machines loom) do you use for
weavingz:

h

C,

it l12ace indicate whzt dit'ferentiates one machine
from another?

LN B LR I B O B O B B A B B B R B R B B R B I BN B R B R R I R A A

TN I O O O O O R I D L B I L I R R R R I )

How many shifts do you operite daily?
a, Cne shift
b. Two snifts
. Threze shifte

d. lour shifts.

Pleas: specify the Juration »f each shift,

Fleage tick the correct reason below why your
machines stop workings zach day.

a, after work
b. During oreaktines

c. Lecassional technicel faults on the
nachine.

‘d i 2. P:A, Teilure
@, When in cperator is not around
f. OthQrSo

Please specify ave s e time lost each day due
to above reasons.
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37,

22« The machin=s crc alsH 1 'ee on saturdays and
sundaysa®

%
ol

. How long does i1t take tr vroduce each type of
high uality blankets?

A.
b.
(o
d.

.

24, How long does it take tu produce each type of
trade blanket?

-

o A O g O

N
\n
-

what other machines do the blunkets go through?

26, What is the time av.ilable on each of the
machines in (25) above?

LU R BT O R B B T T B B D R I B R B B N B R A B BB A O B BN



29.

3C.

a9

o lor.. Jues 2uch blir’ et t-ke on eaca of the
machinzs in (25 =above?
= nm - vI-,,g-.:;-..o_.:-.oa-i--to

what is _he uxmectad atil Jemand for all the

blanke=e fur e acnt’

PR N N B BN R R o ..l.nu'lto--ol-l.nl..d.li.lit

rFlease breakdown the figure in (28) above in to
the aggre:zate demand for:

a, High gquality blankets
b. Trade blankets,
c.

Please go further and breakcown the fijures in
(29) above into the differer t types of blankets.

a. For hizh gquality
;
ii,
iii.
iv.

V.

trade blankets.
; i

ii.

iii,

iv.

vis
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31, Please specify any ochiys constraints that the
compay fac-+ in thzir rroduction process?

3. In want wzvq dc these comstraints in (31)

affece the preuction - ccess?

33. which of the blankets 1'v ccngidered most
important by the company’

a o g o

0

3., Why are they consider-d most important?

a, High profit

b. Low cost

c. hizh demend

d. ‘eadily available raw materials.
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APPENDIX _!l
100 REMark Simplex—raoc2)
110 REMark datia
112 CLSIFAFER Q1 INK 4
120 INPUT "How many products 7"! iH
130 INPUT "How many constraints ?"! pr
140 DIM DCit+rpr.pr)
150 FOR n= O TO it—1
140 FOR m=0 TO pr-1
170 PRINT ! “For product®! n+il3", constraini!m+i!“technological
180 INPUT Dlasm)
190 END FOR m
200 END FOR n
210 FOR n=G TO pr-1
220 PRINT “Resources available for constraint"sn+t;n 7¢
230 INPUT Dlit+pr-n)
240 END FOR n
290 LET DCit+pr.pr)=0
260 FOR n= O TO it-1
270 PRINT "“Profit per product “jn+iz" v
271 INPUT b
220 LEY Div.pr)=-hb
290 ENT FOR n
300 REMark Slack variables
210 FOR n=jit TO jtrpr-1
320 FOR a=0 TO pi
230 LET D{nsm)=0
340 END FOR m
250 END FOR n
3460 FOR n=1 TO pr
370 LET Dlit=1+n.n-1)=1
320 END FOR n
400 REMark Find Fivat
420 LET p=0
430 LET g=D{(G.pr}
440 FOR n=1 TO it+pr—1
450 IF Mn.pr) <=q THEN
420 LET a=D{rn.pr)
470 LET p=n
A0 END IF o
420 ENO FOR n
495 PRINT "p"sp
00 LET r=0
%10 LET s= JE20
$520 FOR n=0 T0O pr-i
F2% IF Dip.n)=0 THEN GO TO $70
8526 1IF Dip>n)<0 THEN
S27 IF DUitrpron) 0 THEN GO TO 530
Sa2 IF DGitvpr.nd >0 THEN &0 TD S70
529 ENO IF
S30 IF Dlit+pren)/Dip,n)<s THEN
S840 LET s=D(it+pr.n)/Dip:n)
250 LET r=n
560 END IF
570 END FOR n
575 OFEN £%.serl
S80 REMark Pivotal row
981 PRINY p: PRINT ¢
S82 PRINT £5, “"p “» ps»: PRINT £5. "r *. p
Y29 LET pivot=sDip.r)
S86 FRINT pivegt
07 PRINT £S5, pivot
90 FUR n=0 TO jt+pr
GO0 LET Dliysr) = Déns vi/paivot
A0 BRI BNy s




