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ABSTRACT

A manufacturing system which procures raw materials from suppliers

in a lot and process them to convert to finished products is

considered. An ordering policy has been proposed for raw materials

in orderto meet the reQuirements of a production facility. This

must deliver the finished products demanded by the outside

consumers at a fixed interval. Firstly, a general cost model is

developed considering both raw materials and finished products.

This model has been used to develop a simple procedure in order to

determine an optimal ordering policy for procurement of raw

materials,' and the manufacturing batch size to minimize the total
cost for meeting the customer demand in time. The results of the

proposed method were compared with the solution of a search

algorithm. It indicates that the proposed method produces very good

solution with a little computational effort. Numerical examples and

sensitivity analysis are also presented. The proposed method can be.

applied in a real world situation where a batch production

environment exists with a periodic del,very policy.
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INTRODUCTION

1.1 GENERAL INTRODUCTION

Inventory is one of the known traditional problems in industrial,

retailer and wholesalers system. Inventory being simply stock

keeping isolates one part of the system from the next to permits

each to work independently, absorbs the shock'of forecast errors

and permit the effective utilization of resources when demand

undulations are experienced. The objective of inventory mana~ement

is to have the appropriate amount of raw materials, packaging

materials, supplies, and finished goods at the right time at the

right place. The inventory quantity (ordering / production) is

normally determined based on mInimum system cost incurrcd. The

general inventory models are purchase model and production model

for single or multiple items. In purchase model, economic order

2



quantity for raw materials, packaging materials, office supplies

etc. are determined. By production model the economic production

quantity for a manufacturing system is determined. Both purchase

and production models are analyzed and discussed in the literature

considering shortage'" bacK order, price discount, price break

inflation etc. [Silver and ,Peterson(1985l, Chikan(l990),

Ahuja(1993}j. It is a commonpractice to determine the economic lot

sizes for manufacturing a product and purchasing raw materials

separately. In reality, inventory of raw materials, inprocess

goods, packaging materials, finished products, supplies etc. are

integral part of the total production / retailing/ distribution

system. These inventories are dependent on each other. Therefore.

they should be treated integratedly. This aspect would be discussed

later.

1.2 PROBLEM STATEMENT

Traditionally economic lot sizes for manufacturing a product and

purchasing raw material are determined separately. However, when

the raw materials are used in production, their ordering quantities

are dependent on the batch quantity of the product. Therefore, it

is not desirable to isolate the problem of economic purchase of raw

materials from economic batch quantity. As a result. it is required

to determine the optimum production lot size of a product and the

ordering quantities of associated raw materials together. These

could be done treating the production and purchasing as components

J



of a single system, minimizing the total cost of the system.

Consider product-raw material inventory system of

organization. Normally since the amount of raw material used for a

product is known. the amount of raw material to be used in a lot is

also known. The raw materials are consumed at a given rate only

duri'ng the production uptime of batch, and not throughout the whole

cycle time, as is commonly assumed. The ordering pol icy of a raw

material can either be based on its economic ordering quantity

(EOQ) or on the requirement of the raw material in a lot of

economic production quantity (EPQ). The latter reflects- the

dependence relationship between raw material requirement and

production quantity. The relationship between products and there

raw material has been the basic consideration in the model as

developed in the present work. Moreover the problem is considered

from the poi-nt of view of the benefit to the manufacturing firm.

The proposed systemic view supports the fact that the opt imum

purchasing-production policy should be determined by cunsidering

the system as a whole and not by treating its components

individually [Sarker et at(199J)1. The finished product supply

policy could be ,continuous or periodic as practiced. The fixed

quantity periodic supply policy has been considered In this

"esea"ch. However, the supply of raw mate"ial will be lot by lot.

The p"oblem considered in this thesis is summa"ized as follows:

4



a finite production-rate environment uses raw materials

taking from outside suppliers

only the product lot sizing and their associated raw

i material supply quantities are under consideration

supply policy of product is to deliver equal quantity at

fixed intervals

prod?-ct cannot be delivered until the whole lot is finished

and qual ity certification is ready.

The above situation exists in many induslrull Un] ts undcr certain

assumptions / conditions. The objective is to determine the optimum

batch size of the product and the ordering -quantities of raw

materials minimizing the overall system cost.

1.3 OBJECTIVE OF THE THESIS

Considering the problem discussed in section 1.2, the objectives of

the thesi's are set as follows:

ij Formulate a problem for a batch size of a production

system operating under a fixed-quantity, periodic

deli~ery policy, under different conditions, as an



unconstrained nonlinear optimization problem

ii) Determine optimal batch size trliditionlll

iii)

iv)

optimization lipproach

Judge the quality 01 solution comparing the r"sull

of the proposed method with the solution of a search

algorithm

Analyze the results and demonstrate the applicllbllity of

the developed models.

1. 4 ORGANI ZATION OF Til" "l'HES IS

The general aspects of the problem lind the objectives of the thesis

are described in Chapter-l A literature survey illustrating the

various raw material delivery policies (Lot for Lot, Multiple Lot

for a Lot) and f,nished product delivery ['01 ices

(continuous,periodicl has been discussed 'n chllpter-2. Chapler-J

provides the, development of different mathematical models lind

solution approach of the models. The data, experimentation.

results, discussion and :;en:;itivily analysis are presented in

chapter-4. Chapter-S contains conclusion and recommendation for

future work. The necessary appendices and references have been

given at the end of the thesis.



CHAPTER - 2

LITERATURE REVIEW

2.1 INTRODUCTION
,

2.2 INDEPENDENT LOT SIZING
2.3 DEPENDENT LOT SIZING
1.4 THE PRESENT PROBLEM



Chapter-2

LITERATURE REVIEW

2.1 INTRODUCTION:

The demand for finished products from a manufacturing ~y~tem could

be continuous at constant rate or fixed quantity at fixed interval

points in time. The research as observed in the literature On both

continuous and periodic delivery policy are discussed in this

chapter.

The materials presented

Independent Lot Sizing and

discussed below:

2.2 INDEPENDENT LOT SIZING

in this Chapter can be divided into

Dependent Lot Sizinl". l'he~~ are briefly

lot sizin~ policy for both the raw mflleri"l and

The well known

[Tersine(1985j] for

cos t equations 10' sizing formulflc

the product are given below:

2.2.1 Raw Material



Total cost of pu.chasing .aw material 1 111 terms of of<l~rin'l

quantity is

D,A,~
Q,

••.•••••...... (1)

yearly o.dering cost + inventory holding co~t

Differentiating TCi with respect to OJ and then e"luating to zero,

it becomes,

Economic o.dering quantity, Q', .........(2)

AS mentioned earlier, the raw material usage is not con:;;tant

through out the cycle time. Therefore. the above quantity may not

be the actual economic ordering quantity for the raw material in

the case considered in this re~earch.

2.2.2 Product

Total cost of the system in terms of product ion quant i ty is

+ H Qp., • . • . • . . . . . . • • . . . . . . ( J ,



" yearly set up cost + inventory holding cost.

Differentiating Tel with respect to Qp and then equatinj( to zero.

it becomes,

Economic production quantity, Q.,

Though the ordering quantity of raw material and production batch

size are determined independently. the usage uf raw material ;~

dependent on production rate in reality. Therefore. the total cost

of the system cannot be just the simple sum of equation III and

( 3 ) .

2.3 DHPF.NDENT LOT SIZING

Different models for dependent lot sizing [Sarker et 111(1993 &

1995), Sarker and ParijaI1994), Zahir and Sarkerl199l1] can be

classified as follows:

i) Product-Raw material system

According to the supply of raw mnterial it Can b" classified liS

follows:

a) Lot for a lot

b) Multiple lot for a lot



According to the delivery polley of the product

classified as follows:

a) Continuous supply

b) Periodic supply

whole lot in single installm~nt

in multiple installment

ii) Producer-wholesalers system

it Can he

These models are described briefly in the following subsections.

2.3.J Continuous Supply system

Sarker et al (I995 & 1993) developed a model operating under

continuous supply of raw material at a constant rate for both lot

for lot and multiple lots for a lot. These are briefly discussed

since the solution approach is simi lar to the case considered lTl

the present work.

2.3.la Lot for lot supply of raw ma-.Ll;.rial:

Here the ordering quantity of raw material is assumed to be equal

to the raw material required for one batch of the productioll

system. This is case-I as shown in figure-I. The raw material ~hich



is replenished at the beginning of a production cycle will be fully

consumed at the end of this production run.

As shown in figure-l:

,, length of production cycle (time)
production time in a production cycle

In Fig-l, raw material inventory In a cycle time T

" Area (abc} "

therefore average raw material inventory in a cycl~ "

finished product inventory in a cycle" -Area (efhl " Area (efgl +

(gfh}

The finished product inventory in a period lO-t) is the modified

form of raw material of the same period. The total invenlory of raw

material in a cycle is calculated from the total stock Isay tllea

abc in period O-t) multiplying by its unit price. Parlor these

physical units of raw material stock appears in fini,;hed product

stock (area efg} during the production uptime. sin~e tile system

under consideration inVOlves the production of finished products

USIng the raw materials to be purchased. ln a production system,



,..
Q •

,
•
\, \

,,

,..
,Q

\

, , '\I! (o-l)TH nT

lIn figure-lao D=D,, Q=Qp' PooP, and in t igure-Ih & c: Q=Qi aTe

assumed)



one single working capital rUns for both raw material and finished

good. In this case, to avoid double counting of some costs for the

same unit at both stages, the finished product inventory in period

O-t (or area efg) will be calculated only on the .'C.Il..l,!-e__a!hto;gLlJ-"Lt.

Therefore the total inventory holdi'ng cost In a year for t ini"hc-o

product is

where, Hi "

Tbe term 11- firiD,/Pp) can be avoided. However, the user must revise

tbe balding cost in the light of iniel'lrated system appruach.

Consider i " 1 initially. that is for one raw material only.

Total cost of the system = TC " set up cost + inventory holding

cost of - finished product + ordering cost for

inventory holding cost for raw material

raw material +

TC = D,• A,-.
Q,

( 5 )

Considering tbe dependent relationship lordering quantity of raw

material for one lot of a product I and the various assumptions. it

can be written tbat Qj " rjQ, and DI " rlDp' Then differentiating TC



with respect to Q, and equating to zero, it is foulld that

Joint economic lot size, 0; ft

2D" (Ap

H [1 - ~ +
, Po

I"

,
For multipie raw materials (i > 1), the joint ec-onomic lot Slze

becomes:

H Il -, D',
p'
p

171

When i " 1', the equations (n and (6) become the sarno.

Here, we assume the ordering quantity of raw material to be II,

times the quantity required for one lot of a product. where ", is

integer. i s continuous. becumes complIcated ."
formulating the average inventory In a cycle. The raw material

inventory is shown in figure-l. In this case, tbe raw material

inventory in a cycle of niT periods 1S



1.Q t
2 '

nj - 1)

D,

Average raw material inventory per cycle

Consider now i " I.

Total coat of the ayatem " TC " set up eost + inventory holding

cost of finished product + ordering cost for raw material +

inventory holding cost for raw material

1"



DJ> (A + AJn,)
Q, '

+ H. OJ> (KKj,,

where, KK ~ CO • flrl nl ".d
Dp) (l r~I~Dp) DCO ~ (l - • f,;:~(y- 1)
P, P, ,

The function TC is an unconstrained nonlinear optimization problem

with a continuous variable Q, and an integer variable nl, In order

to find optimal production quantity Qpl, it is nece""ary to

differentiate relation (8) with respect to variable Q" However.

the function TC is no.ndjfferentiable since it is a function of

integer variable nj, As such a closed-form soiution for Q/ cannot

be obtained, However, it can be shown that TC is a piecewisc convex

function of Qp' A simple procedure is developed here to obtain an

opt imal or near opt imaJ so lut ion, A scarch a 1gori thm J ike Hocike and

Jeeves' Algorithm (Hooke and Jeeves, t>161) has also been applied to

solve the problem and compare the results.

When the optimum integer value of n
j
is known the function TC

becomes a convex function for A. given nj' Now differentiating TC

(with known nj) with respect to Qp and lhen equating to zero, it is

found that



Joint economic lot size. Q; ~ ~ 2Dp[Ap + A,/Il,l
Hp(KK)

[91

If nl " 1, Q/ of case-II is same as Q/ of cilse-i. substituting Qp!

of equation (9) as Qp in equation (8), the tOlal co",t becomes as:

Hp(KK)

2Dp(Ap+A,/n,)
+ !!e. (KK), 2Dp(Ap+A,/nl)

H]J(KK)

TC can be minimized by minimizin.'\ Tel

For the time being, nl is'considered as!! continuous variable. Then

differenti'ating Tc2 (which is independent of Q~) with respect to nl

and equating to zero we get the optimum value of continuous nl 's

found as follows:

(10 I

The value of n/ should be integer.
,

If the calculflle<l nl is not

integer las equation-IOI. the neighboring integer value", must hc

taken corresponding to which the tOlal cost is minimum. If "1 is

not an integer, the inventory and cost calculation for raw material



are not correct. However, the above approach i" a.heuristic to find

an approximate value of nl, This heuristic approach produces good

solutions as compared to search method.

For multiple raw materiats, the equations for batch size and number

of batches are given in Sarker et al(1995).

2.3.2 Periodic supply system

Sarker and Parijal1994) developed a model operatinl': under periodic

delivery system of product for lot for lot supply system of raw

materials. A graphical representation of their inventory system i~

shown in fig-l.l. A demand for x units of finished good~ al thc end

of every L time units forces inventory build-ul' In a saw-looth

fashion during the production up lime TI. The on bnnd invenlory at

time t, 0f(.t), depletes Sharply at a regular interval after the

production period TI until the end of cycle time. The later onc

form a stair case pattern, The algorithm for SOlVlng this problem

is given below:

Algorithm: finding batch size

Step O. initialize and store PP' Up' A" ~, Up' H,' f and x.

Step 1. Compute A and B by applYlng the fol lowing equations:

Dp(A:/+Ap)

(1-D.,!2P ••l HpJ" + (D,/lPI't) Hix'



Q --------,Qp

-] I

i I
I

~ m m
Time, t

Fig. 22 1m'eotory!ystem for peliodic delivery
system



Step 2. Compute kl and Qpl using the following equation

k' , [ 1/2 11 • ( 1-(4A - 11/(B _11)1/1)] o.
[1/2 11 - (l-(4A 1)/(B -1))112)1

Q • , Ik - 0,, X[A + Bk'(k' - 1 I ] 1/l,
Step 3. Find QUg

TC

Step 4. Stop.

Once Q, is determined, the

.• bmatenal.Qj' may be a tained

opt imal order qll!lTll i ty lor raw

immediately using the conversion

factor, f '" Q l/Q I, .

2.3.3 Producer Wholesalers ~ystem

Zahir and Sarker (1991) developed a model fur ctctelminlng th~

optimum production lot size of a slogle manufacturer suppJyin~ II

network of regional wholesalers. They treat producer and the



wholesalers/retailers as one syst<Jm and therefore their goal is to

maximIze the profit of the whol<Jsalers and at the Same time

minimize the cost of production. They consider demands for each

region as function of the retail sale prices which vary from region

to region. Therefore, the total demand for the wlnufacturer i~ the

sum of the all regional demands. This system is so much similar to

the raw material-product system.

2.4 THE PRESENT PROBLEM:

In this thesis, the problem considered is similar to Sarkar and

Farija(J994J, but the nature of periodic supply is differenl. Tn

this CaSe product cannot be supplied until the whole lot is

produced b<Jcause of qua'lity check/control. So there IS no saw tooth

pattern during the production up-time. Instead there IS a stair

pattern during production down time of the cycle. The sulution

approach is some what similar to Sarker et ai (1995).
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Chapter-3

MATHEMATICAL FORMULATION

3.1 INTRODUCTION:

Ageneral cost model is developel! consid'ning both the suppllel (of

raw matcrial) and the buyer (of finished product.~1 to)o(cther. This

model is used as described in chapter-l to determine an optJmnl

ordering policy for procurement of raw materials. and the

manufacturing batch size to minimize the total cost for meetiIll!;

equal shipments of the finished products. at fixed int~rl'ais. to'

the buyers. The cost models arc developed for lhc production system

under consideration and their corresponding optimal balch size~ arc

determined.

To simplify the model, as mentioned earlier', the followin)o( three

options(relationship) have been considered:

i) orderin.l; quantity of raw mllterial is equill to the raw matcrial

for one lot of a productli.e. OJ " riQI1

where,



Q~" production lot size

Qj " ordering quantity of raw malerial j

rl" amount of raw material 1 required in producing one unit

of product

ii)ordering quantity of raw material is equal 10 lhe raw material

required for mUltiple lots of the product I i.e. (), " n,rlop
where,

ni " number of production lots (integer) forming One lot of

raw material i

iii) multiple order of a raw material for one lot of a product to

be manufactured.

Two different dependent relationships in developing models for the

problem considered in the present work are provided. These are (i)

lot for lot and (ii) multiple lot for a lot.

To determine the model. the iollowing Ilssumptlons have been made:

i. the production rate is finite and constant

ii. the production capacity is greater than demand

iii. no shortage are permltted

IV. the time horizon is infinite

v. fixed quantity of product are delivered after fixed inlervais



3.2 PROBLEM FORMULATION:

The formulation of the problems are presented in the following sub-

sections.

3.2.1 Lot for Lot supply of product

We consider the ordering quantity of raw material to be equal to

the raw material required for a batch of the production system is

considered. The raw material which is replenished at the beginning

of a production cycle wi 11 be fully consumed at the end of this

production. run. As mentioned earlier.Two different delivery

policies (a) delivery of whole production lot at a time lind (b)

delivery of a production lot in multiple installments are

considered ..

3.2.la. DELIVERY OF WHOLE PRODUCTION_LOT AT A TIMJ;: "-LO I_FOILLQT

Slll''pLY SY.ST_EMOF PROllU5;:.L_

[II this type of delivery system. the whole production lot IS

supplied in one shipment or distributed to one cu~tomer or among



relationship-i) marle earliel

different wholesalers / customers at a time. This is shown 111

figure-J.t

As in fijl;ure-J.!

length of production cycle (time)

Raw material inventory in a cyclc time T" Area (ah!)

'" II2QjT

Therefore average raw-material lnventory in a cycle

" (1/2 OjTllT

" 1/2 Qi

Finish product inveotory in a cycle'" flrea lefh)

Therefore average finish product inventory in a cycle

11/2 O,T)/T

1./ 2 Qp

Let it is considered, i", 1 initially, that is for One raw materia!

only. In this case the total cost of the system is:

Total cost" setup cost of the finished product + inventory holdini(
cost of finished prOduct + orrlerll1g cost fur raw
material + inventory holding cost for raw maierlal

II OP+HnQp+ll D1+Q,.H, ..••..... (5]."p0r r2 0-'].0
1

2 •

Considering the assumption (dependent

it can be written as,



T 2T 3T
fjg..l1h FiDiWd..pnld.uttimmlotylJjbirn

••

" .. - '.. .



So, TC =

Differentiating TC with respect to Qp and then equflting to zero, it

gives

d(TCi =_ Dp (A .•." ) +1. (H +I U ) ~o
dQ n' p"'1. :2 l} 1''':1. ",

Therefore the economic lot size, Q 0=, 2D,,(-\.+A,}
H",+I1H1

.'.' (7 ,

Now for 1>1, that is for multiple raw materials, the ordering cost

of raw materials =

Inventory holding cost of raw material

Thus the total cost of the system

r QjH
LJI21



Differentiating TC with respect to Q, and then equating to zoro, it

gives

2D.••{A,,+E
j
Aj)

H.••+1:.1 :clHj
••••.....•.•••..••• (91

Where i :::I, the equation (9) and (7) become the same.

J.2.1b Deliverv of a productio;>]\ lot i.n multi!!.le insJallmen1.~_Q.l

for supply' sys~~m of Qrpduct

In this type of delivery system, products are delivered to a buyer

whose demand is constant. The producls are delivered at fixed

interval points of time. This is shown in fi~ure-J.2.

From figure-J.2,

tl ::: production time 'n a cycle

Raw material inventory in a cycle time T " Area (abc) " Qjtl/2

From figure-J.2, "od Q 10 :::, , mL=T

Therefore, average raw material invenlory in 11cycle .: Q,t 112T), ,

Finished product inventory in 11cycle::: Area (efg + ijK)
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Area (ijk) " x{m-l)L + x(m-2)L + ..•.•••... , + x.2L + x.L

Thus the finished product inventory in a cycle"

and the average finished product inventory in a cycle

10.t +x(m-l) I1IL
21'~ 2

T

Therefore total cost of the system,

TO

The equation-lO is not differentiable SInce ,n is integer. For"

given m, TC is a convex function of Qp (piecewise convexl.

Differentiating TCwith respect to Qp and then equating to zero, it

can be find out the value

aut Qp " rnx

m " Q Ix,



Since x i~ a preassigned value, the value of m calculated from

m"Q,/x may not be a integer value. In such case, the neighborinl<

integer value of m which incurs minimum cost will be taken as the

best m. Alternatively, m can be found out directly. The equation

(lO) can be written in terms of m as follows-

TC " D 1IlXD D X..=2.(A +" l +_ [(.=£ +1)H +..J!.T, u 1 --HIIIX p"":1. 2 P p P .'"":l. 2'• •
P 1)

Relaxing m integer to continuous and then differentiating TC with

respect to m and then equating zero, it gives

............. 1121Therefore,
2Dp(Ap+A,)

D D
XZ [ (.=£ +1) H

p
+I,H,.=£]

Pp Pp

Here m also be a real number. But here a integer value of mean bc

searched, neighboring its real value for which total <'ost IS

minimum.

Q', " [mllx



Now for multiple raw materials (i>l)

"., Q'•

(IJ )

3.2.2 Multiple Lots for a Lot supply sy~tem of raw material

It is assumed that the ordering quantity of TRWmaterial i to be 0i

times the quantity required for one lot of a product where n. is, ".
integer. If nj is continuous, it would be difficult to formulate

the average inventory in a cycle. This case is discu~sed, for buth

delivery policies presented in the previous section, below

3.2,2a Deiivery of whole pro<!uction t'll at a time

The delivery of the production lot is considered at a time and the

ordering quantity of raw material i to be nj times the quantity

required for one lot of a product, Thi~ is shown in fjgure-3.3.

The raw material inventory, as shown in figure-3.3, in a cycle of

Average raw material inventory per cycle



T , 2T 3T iT Time,t-
fig.3.ib finished prod1lCtin1lllllloJ'ySj.1&n ,
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Let,i:ol

Total cost of the system,

TC :0 set up cost + inventory holding cost of finished product

+ ordering cost of raw material + inventory holding cost

for raw material

.•••••...•••••• (141

The function TC is an unconstrained nonlinear optimiz"tion problem

with a continuous variable

find optimal production

0, and integer

•quantity 0p'

variable nl. In order to

necessary. to

dlfferenti"te relation (14) with respect .0 G, . However,

function TC is nondifferentiable since it is" function of integer

variable nj• As 'such a closed form solution lor 0, cannot he

obtained. However, it can be shown that TC is a piecewise convex

function of 0p' This IS shown in figure-3.4./llgorithms may he

applied to solve this problem by using a discrete optimizatioIl

technique. An algorithm hilS recently been prpposed by MOlnzarleh and

Aggarwal (1990) to obtain a global minimum fOT such a function.

Although it may not be efficient. a simple procedure is

developed here to obtain a optima] or near optimal solution. II



Man*turiDgqmmtity, Qi

Pig.. 3.5: Total cost fnnr:tioD.for ftEd i.D18nIll daliwry syBtem



search algorithm of Hooke and Jeeves' (Hook and Jeeves, 19b1) has

also been applied to solve the problem and compared the result.

The function TC is a Convex functIon for a gIven nl.

differentiating TC (with known nl) with respect

equating to Zero it becomes

Joint economic lot size ,

to Q, and

Q '=• ................ . ( I 5 I

If nl" 1, Qpl of equation (15) becomes same as equal ion (7).

substituting Q' of equation (151 as G" in equation ([4), il "'IVe~
the total cost' as, '

TC Hp+FJ,z,H,

2D" (AI' + A" )n,

I
, I

,- I,~
2D (A"+A,\. , ~

HI'+n,z,H,



TC can be minimized by minimizing Tel

For the time being, Jet consider that nl is a continuous variable.

Then differentIating Tel(
to nl and equating zero,

which is Independent of VI I with respect
it gives

d(TC>-l

dn,

"''''>

.................. (16 )

The value of should be integer. 'h, calculated
,", nol

integer las equation-161 We take the neighborIng integer values

corresponding to Which total cost is minimum.

For multiple raw material the equntion for balch sin, nnd nllm!>er or

batches are as follows:

Joint economic lot size,
,

Q,
LA.2D (A •. -2: I

P P J. n,,
Hn •.r r',I.H,,. L.J, ,_ , ,

. . . . . I 17)



and number of lot size

. . . ..,...... . . . . . 11 8 )

If 1 " 1, the equations (171 and (181 become s;n"lar to cquflt!on

(15) and (16) respectively.

The delivery of the production lot IS considered ;n multiple

installments to a buyer whose demand is constant alld the ordering

quantity of raw material i to be nl times Ihe-qulIntity required for

one lot of a product. This is shown in figure-3.5.

1n this case the raw material inventory in a cycle of nLT period"

Average raw material inventory per cycle

[l:n Q t .•n,(nj-l) Q T]
2.11," 2 i.

n,T
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Let us consider now i ~ I
Total cost of the system,

D1DXD1DTC~..J'.A+ [_ Q (.:...£ +1) --lH +-'-A, +- r lQ (.....1'+.n,-1) H
Q p :2 p P :2 p nQ , 'pp p , 1 P

Where, kk '"
D D

( ..J'. +1) Hp+C1H, ( ..J'. +n,-1) ~cc+n,.I,H,Pp Pp

now,

TC "

Q "mx,
D'(A,A"'!'EE(kkl_XH (1-)mx P n • 2 2 I ~,

Differentiating TC with respect to m and equating to zero.
We have,

d(TC):_ Dp (A +A,)+X(kk)"C
dm m"x p n, :2

Therefore, m' "
:2D {A +Ao.}

P p n
1

x2 (kk)
........... ( 20 )

Substituting m' in equation (19) the total cost can he written as:

,



TC Dp{A"'~)

X '"

•

I
x> (ll) +2E (kk) I

A , ~
2Dp i<\.'" -.!c.)

n,

o 2

Differentiating TC with re6pect to fli and "'luflling to zero, it

gives,

II 2 ~ A,. (<.."'Cl
~ ApI~H~

Therefore. . • • • • • • • . . . . . . . . . . . . . . ( 2 I )

Both m and fll should be integers.

3 . 3 NUMEJU CAL EXAMPLES:

Numerical examples for all the four CaSes a,r" I'f(Jvitl •.d in this

section to show the applicability of the models.

Example-I: Consider an example of Jot for lot of raw materi,,1 1'0'"



II lot of product. The requir~u data are as follows:

Pp'" 4XIO' units, Pp'" 5XlO' units, Ap" $ 50.00 per setup, Ai" $]()OO

per order, Hp" $ 1.2() per unit per year, x" 1000 units ",= .\0 I.Ot!

per unit per year.

Solution:

Let ri " 1.00

From equation- 7,

the economical 1"' size Q I =, 103449 units

From equation- 6,

Total cost TC " $235864.35.

Example-2: Consider an example of lot for lot of raw material fDr

multiple .lot of product. The required data are as fDllows:

setup, Aj= $3000

units Hj" $ 1.08

Pp" 5XlO'.unlts, Ap" $ 50.00 per

1.20 per unit per year, x " 1000

units,

per order, Hp" $

per unit per. year.

D - 4X10'I -

Solution:

Let rj " 1.00

From equation- 12

number of full shipment during the CYcle time = 10.628

the economical lot size Q.* " 106280 units,



from equation- 11

Total cost TC " $269988.20

To find the integer value of m. we try for m " 10 & 11

Q'

I
iValue of m TO Remarks I--

" 100000 I 2672(JO Opt lmum
I

11 110000 I 27122<) T ,

-
So number of full shipment during the .cycle tim~ m "10, and Jot

size" 100000 units.

Example-3: Consider an example or multiple lot or raw materlai for

a lot of product. The required datil are 11" follows:. ,

pc runit1.08 pelper year,1.20 per unItper order, H ~ $,
year,x " 1000 units.

Solution:

Let r', " 1.00
•

From equation-16 •

number of lot size nj " 8.16

From equation-IS,

the economical lot size Q: " 18257.41 units

From equation-14.

Total cost TC " $182905.79

"68



To find the integer value of n,' we try for n[ " 8 I> 9

Value "' ", " TC Remarks i
, 18588 182909.81 Optimum

, 16758 182997.27 i
So number of lots nj " 8 and lot size "185118 units.

Example-4: Consider an example of multiple l(lt of raw m,.,terial for

a multiple lot of product. The required datil Ilre a~ follows:

D," 4X10' units, P," 5XlO' units, Ap" $ 50.00 pcr setup, Ai" $3000

per order, H," $ 1.20 per unit per year, Hi" $ 1.08 per unit per

year,x" 1000 units',

Solution:

Let ri " 1.00

From equation-20,

number of full shipment during the cycle time m " I.J7

From equation-21,

number of lot size nj " 10.958

From equation-20,

the economical loL SIZC nl " 1.3114

From equation-19,

Total cost TC " $182914.3

To find the integer value of III & oJ' we try felT m " 1 & 2 anr!

llj"lO&11



Value of m Value of "j TC Remark"

, " 197720

-
2 " 191440 Optimum

I, " 192211 I
2 " 196785.5

So number of full shipment during the cycle time m = 2,numbcr of

lots ni = 10 and lot size" 20000 units.

3.4 DISCUSSION:

To avoId t.he complexity in formulation, the vallable~ no and narc

assumed to be integers for all cases in section 3.2. 1l0weveT, thi~

is relaxed in the solution approllch which is done with the help of

traditional optimization method. As II result. it IS nat expected

that the solution will be optimal. This method "an be ~on~idered [IS

a "imple heuristic to solve the I>tll.ted prohlem w,th little

computational effo-rt and lin ac(;eptable level 01 solut lon. 1'0 cl1e<:k

the quality of solution of the proJ'o~l'-d method. II ,",carch "Ii/oritl,,"

would be used as given in the next Chapter.
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Chapter-4

OOUPUTATIONAL EXPERIENCES

In the previous chapter, several mathematical model~ for hulch

sizes of fInished product and ordering quanlities of raw mate] ial"

under different conditions have been lormulated, The input dntll of

these models are annual demand of fLn,i"heo rroduc((Up),set-up cost

of fini"hed productl"'Pl, inventory holding cost of fini"hed

product(H,I, ordering cost of raw material(Ai), lnventory holding

cost of finished productltlil. In this chapter, the computational

analysis has been carried out with various input datil.

Also presented In this chapter presents input data. result~ and

discussion, a brief discussion on ljual i ty of ~olUl ;011 01 the

proposed method. and analysis of the results.

4.1 SEARCHALGORITHM

To compare the result of the proposed method, th" total cost

function (which IS a nonlinear function with one or multiple

variables) is "olved using a Search Aillorithm. The well know"nHooke

50



and Jeeves' method (Haake anll. Jeeves, 1961 IS applied in tl1is

case, This is a very efficient and ingenious prucedure. The search

consists of a sequence of exploration steps about II hase point

which if successful are fullowed by pattern movcs. The fluw chart

for Hooke and Jeeves' method is given in the appendix-A. This

method is coded in FORTRAN-77un a IBM compatible PC ;;OJ1l6 wilh a

PROFORcampi ICT.

4.2 INPUT DATA:

A number of data group have beef) designed tu study the effect of

various input parameters on inventory system rcsponse. The tot<ll

cost is considered as the system response. Though the data Wele

somewhat similar to SaTker et al(1995) and Sarker flnd Parija(19941.

the arbitr&ry demand, setup cost, ordering cost <HId holding cost

data are randomly generated for different test prohlems. The ",ample

data sel are given below.

..
0 ~ i H1 " ",unitsJyear $/8 tup I $/uni t/year $/order $/un It/.v(,ar

2XIO' , 3X1Oi. 50 : I . 2 30(1) I I . 0 II
4X1O'. 5X1O

Table 4.1. D<lta set for MIIIual demand

In table-4.1, setup cost. order in .••.cost and huld;n~ cnst arfe kepl

fixed while the demand data afe varied. In tahle-4.2. demand,

"



ordering cost and holding cost are kept fixed while the setup co,;t

data are v'aried. In table-4.3, fixing demand. setup cost, ornoring

cost, and holding cost of raw materia!. the holdiIl)!; cost of product

data are varied.

" S/s~tuP ! ", Ai ",ullitslyear I S/unit/year S/order $/unit/year
4Xl06 50. 500. I I .2 3000 1. 08

I 1000, 3000 I

Table 4.2. Data set for setup cost of finished pToduct

I " " ", Ai Hj

Iuni tslyear S/setup S/uni tlyoar S/order S/unJt/year
4X10' 50 1. 08, l. 2. I 3000 1. 08

I ,, ,
Table 4.3. Data set for inventory holding cost 01 finished product

,
A, ", ! Ai 1 " I

uIlitsJyear S/setup S/unit/ycar ~ $/on!cr I $/uni l'/year
4XIO' 50 I . 2 11000, I I . 011i 2000,

,WOO. .1500

Table 4.4. Data set for ordeIin)!; cost of rn", mflterlal

, ,
" $/s~tuP

I
$/uni~/y"ar

I , ",unlts;year I $/orde r $/un 1~/yo~_
4X106 " L2 3000 1. I)~. J • 1.

I ,. ,.
Table 4.5. Data set for inventory !lolding cost of raw material
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[n table-4.4. fixing demand, selup cosl and holdllll'\ cost the

ordering cost of raw material data are varicu. ln table-4.5.

fixing demand, setup co"t, ordering cost, and holding co"t of

product, the holding cost of raw nlaterilll data arc valIer!.

4.3 RESULTS:

The different models developed in lhe previous Chapter are usee! to

solve the different test problems presented in section-4.2. l'he

result:> are shown in the following sub-seclions. l.or convenience 01

analysis, the different models are defined "s follows:

Case-l;

Case-2:

Case-3:

Case-4:

Lot for Lot-Delivery of Product in Single lnstallmenls

Lot for Lot-Delivery of Product In Multiple Installments

-Multiple Lot for a Lot-Delivery of product in Single

Installment

Multiple Lot for a Lot- Delivery of Prorluel in Multiple

Installments

4.4.1 CASE-l (Lot fo'r Lot):

The tolal costs of the inventory system and ordering quanlitie"

using both proposed method (equiltion-b & 7 of CllnptC'r-.11 and searcli

algorithm with a data set given In tahle-4.1 are shown III l"l>lc-



4.6.

0, I Q (Proposed TC(proposcd QiSearch Tel Scarch II
method) method) alg. ) a Ig. I --

2XIO' 73150 166n1.2~ 73132 1(;07l'l1.29

3XI06 89589 20421'>4.5.3 89772 204264.95-
4X10' 103449 235864.35 103385 235866.40

5X10' 115659 I 263704.40 115539 26.1704.50

Table 4.6: Variation of total cost for variatIon of annual
demand of the product

The total costs of the inventory system and ordering quantities

using both proposed method (equation-6 &. 7 Qf Chapter-JI and search

algorithm with a data set given in tahle-4.2 lire shown in taiJlt'-

4.7.

A, Q 1Proposed TC(propo&ed QISeaIch i TC(Search 'I
method) method) alg. I I alg.)

50 103449 235864.35 103385 235866.40

100 104293 237789.82 104293 237789.il2

200 105962 241596.50 106129 241595.00

200 107605 245340.57 107515 247340.17

Table 4.7: Variation of total cost for variation of ordering
cos t of produc t.

The total costs of the inventory system and ordering quantities

using both proposed method (equation-6 &. 7 of ChlIpter-3) and

search algorithm with a data set given in tabJe-4.4 lire shown in

table-4.8



'; Q (Proposed TC(proposed Q( Search TC(Search
method) method) alg.) alg. )

1000 60698 138390.74 60699 138390.74

2000 84811 193370.11 84805 193370.11

3000 103449 235864.35 103444 235864.37
3500 111607 254464.14 111569 2544b4.14

Table 4.8; Variation of total cost for variation of ordcrin~
cost of raw materia!.

The total costs of the inventory system and ordering quantities

using both proposed method (equation-6 & 7 of Chapter-J) and search
algorithm with a data set given in table-4.J are shown in table-

4.9.

", Q (Proposed TC(propo:;ed Q(Search n::( Search
method) method ) alg. } alg. )

0.5 124270 196346.64 124269 196346.62

1.0 108309 225282.04 108318 225211.04

1.2 103449 235864.35 103444 23586.37

2.0 89006 274138.70 88986 274138.70

Table 4:9: Variation of total cost for variation of inventory
carrying cost of the finished product.

The total costs of the Inventory system and ordering quantities

using both proposed method (equation-6 & 7 of Chapter-J) and search

algorithm with a data set given in table-4.5 are shown in table-

4 . 10.

"



~ Q (Proposed TC(proposed Q( Search TC(Search
method) method) alg. ) alg. )

0.5 119804 203666.40 119799 203666. J8

1. 08 103449 235864.35 103444 235864.37
1.2 100830 241991.74 100820 241991.72

1.5 95063 256671.01 95061 256671.01

Table 4-,10: Variation of total cost for variation of inventory
carrying cost of raw materials.

4.4.2 CASE-2 (Lot for lot):

The total costs of the inventory system, ordering quantities and

the lot number 'm' using the proposed method (equation-ii, 12 & 13

of Chapter-J) with a data set given in table-4.1 are shown in

table-4.11. The search algorj thm produces simi lar resul ts.

0 • Q TIC

2XI06 , 80000 154730
3XIO' 9 90000 211226

4X10' 10 100000 267200

5XlOli 10 100000 320500

Table 4.11: Variation of total co,,1 for variation of annual
demand of the product.

The total costs of the inventory system. ordering quantities /lnd

lot number 'm' using the proposed method (equation-II, 12 & 13 of

Chapter-3) with a data set given in table-4.2 are shown in table-

4.12.



, m Q '";0 10 100000 2b7200

500 10 100000 2R9112.20

1000 10 100000 309988.20
3000 D 130000 n5175.4

Table 4.12: Variation of total cost jar variation of ordering
cost of produd.

The total costs of the inventory system, ordering quantities and

lot number 'm' using the proposed method lequation-l1. 12 & 13 01

Chapter-J) with a data set given in table-4.4 IHe shown in tllhle-

4.13.

A m Q "
1000 , 60000 154720

2000 7 70000 216982.90
3000 10 100000 267200

3500 10 100000 287200

Table 4.13: Variation of total cost for variation of ordering
cost of Taw material.

The total costs of the inventory system, ordering <juantities and

lot number 'm' using the proposed method (equation-II. J 2 & I.l of

Chapter-J) with II data set given if] tllble-4,J are "hown in tablc-

4. 14.

57



--">- • Q "
1. 08 10 100000 257000

U 10 100000 267200
2 , 70(100 320525

2 , 60000 7h253

Table 4.14: Variation of total CDst jar var,alion of invcnlory
carrying cost of the ilnishcd product ..

Tho total costs of the inventory system, ordcrinl'; qll,,,,tilie" and

lot number 'm' using the proposed method (e,quatiQn-ll, 12 & 13 of

Chapter-J) with a dllta sct given in table-4.5 are 51\01\'11in l"lJlc-

4. 15 .

H • Q " J
1. 08 10 100000 267200 .=1U 10 100000 272000

2 8 80000 296900
2 , 70000 J2 7885

Table 4.15: Variation of total cost for \"lriation of inventury
carrying cost of raw materials.

4.4.3 CASE-3 (Multiple lot for a lot):

The total costs of the If)Ventory system and ordering quantities

using both proposed method lequation-14 & 15 of Chllpter-3) and

search a11'0rithm with a dala set gIven in tab1e-4.2 nrc shown 10

table-4.16.



", " Q " " Q 'Ie ISearch
(Prop. 1proposed (Search a Ig. )

method) method) alg.l

50 8 18588 182909.81 8 18626 182910.\8

'"0 0 25000 192000. 00 0 25074 192000.85

'"0 , 37105 204821.86 , 37226 204822.95

000 , I 70711 2375117.88 , 70600 237.';88.1;'

J 000 , 77152 270111.10 , 77127 ~.!'1l...!.:...!..2.. I,
3000 1 145095 I 330817.20 I 1 I 14508:> 1301117.211

Table 4.16: Variation of total cost tor variation of
ordering cost of product.

The total costs of the inventory system and ortler,,,,,, quantiti<'"

using both proposed method lequatiun-14 &. 15 of Chaptcr-Ji and

search algorithm with a data set given in tahle-4.4 are shown in

table-4.17.

I I I I I ,
I"A, " Q " " I Q (ScllrchI I (proposed I (Search Ii Ig. )I (Prop.

method ) method) alg.l I1000 5 17407 114R91.26 I 5 1 7 4 8 9 114892.50

I
,

2000 , 17510 153384.67 I , 17490 153841.76

3000 , 18588 182909.iH 8 I 18626 182910.18

3500 , 17931 195809.00 9 17866 195810

Table 4.17: Variation of total cost for vflriation of
ordering cost of raw material.

The total costs of the inventory system and orderiTlg <.Juantj tie~

using both proposeu method lequalion-14 & 15 of Chltpter-3i Hntl

search algorithm with a datil set given in table-4.1 "re shown in

table-4.18.



I
, , ,

0, 0 Q " 0 Q TC (Seardl
(Proposed (proposed (Search alg. ) ,method) method) alg. )

lXl0' 8 13144 129330.78 8 13141 129JJ6.711
3XlO' 8 16095 158404.54 8 16039 158405.91
4xl0' 8 1858<:l 182909.81 8 181>2(, 182'/10.18
5x 10' 8 20782 204499.39 8 20800;14499. 4'JJ

Table 4.18: Variation oj' total cost for variation of annual
demand of the product.

The total costs of the inventory system and ordering quantitie&

using both propo,sed melhod (equatlon-14 &15 of Chaplt'r-J) and

search algorithm with a data set given in table-4.J are shown in

tabJe-4.19.

H, 0 Q TC 0 I Selll eb Q H:
Il'rop. (proposed alg. ) ISearchmethod) method II Ig. )

,

L2 8 18588 182909.81 8 1862b i 1829J(l.!_~
LO , 21149 181031.97 ,

2J~ 1810.12.7'1----,0,' , 29688 175157.08 I , I 29743 175157 . .1911
2.8 " 13639 189303.02 I " I 13630 118930],05 ~-

Table 4.19 : Variation of total cost for variation of
inventory carrying cost of the fillished product.

The total costs of the inventory system and orderlng quantities

using both proposed method (equation-14 & 15 at Chaptcr-J) and

search algorithm with a data set given in tablc-4.5 are shown in

tabJc-4.20.



., " Q IT I " T Q

I
'CC

(Proposed Iproposed (Search (Searchmethod) method) IIlg. ) " Ig. 1
I. 08 8 18588 182909.81 8 1l!626 1112910.18

1.2 8 17743 191624.64 8 ] 7678 191625.93

U , 18089 2111'>46.61 , +~~O45I 211 b4/:. ~:~
0.; " 18257 131453.3 " I J8243 I 1.114."3.45. .

Table 4.20: Variation of tOlal cost for vali"tlon of
inventory carrying cost of raw matcrials.

4.4.4 CASE-4 (MULTIPLE LOT FOR A LOT):

The iotal costs of the Inventory system and ordering quantities

using hath proposed method lequlltion-19 & 20 of CiJaptcr-.l1 and

search algorithm with II data set given in lable-4.! are shown in

table-4.21.

m TC
: (Scllrch I I (Seae!JI alg.J._I~;~ alg.)

I ----'-~_t12442.0.c.2-r I 11-t1"7('580

j

• " l'('
(proposed (P.rops. (proposed

method) methodl method), 2 12+426.7

. . . - . . . . ~,
I 1914~-~ 10

-----
4XlO6 2 '" 191440

SX1D' 2 " IZ-174S1.8 1-;- l-j~r217481.ll.
TallIe 4.21: Variation of total cost for variation of annual

demand of finished proctucl.

The total costs of the inventory system and ordering qunntities

using both proposed method iequatlon-19 & 20 of Chapler-J) find



search algorithm with a data set given in table-4.2 are ~hown In

table-4.22.

•ISearch
alg. )

1000 I

3000 i

~
Iproposed

method),
5

"(Props.
method)

'0
J,
,

I

J

IT
Iproposed
method I

191440

243bOO

280497

308337

I
I
i

5

n .• Te' _.J
(Search (Sean;h I
al~.) alg.),

I 10 I 191440,----T-::: -----,
I .:' --rE 3 6..2..9.- 1
I , 1_2S 0'i..'!..~__
I 2 30tU.15

Table 4.22; Variation of lotal cost for varlation of
order inl< cost for fin ished l'roduc l .

The total costs of the inventory s.vslem and ordt'rin!, quantities

using both proposed method (equation-19 & 20 of Chflpter-.1) and

search algorithm with a data set given in table-4.4 flre shown in

table-4.23.

Ai • (proJX}sed 0 IT • " ITmethod) (Props. (prOJX}sed (Search ISearch (Search
method) methodl alll. ) alg.) allth)

1000 1 , I 118663 I I , 11866.1
I , 11000 I , 8 1591140 I

:--t-18~
159840

I -3000 , 10 191440 I _J..91440I, I350.0 1 " 205187 " 20.) 18 7

Table 4.23; Variation of total cost for variatiDn of
order-ing cost of cost of raw materiflls.

The total costs of the inventory s.vslcm aTld ordering quantities

Using both proposed method lequation-19 & 20 of Chapter-.1) amI



search algorithm with a data set given in tahle-4.3 arc shown in

table-4'.24.

"' m {prop. 0 " " 0 TC (Search

method) (Props. (proposed (Search (Search al~. 1
method) methodI alg: ) alg. ) .

1. 08 , 9 U15746.67 , 9 185746.67 ,
L2 2 " 1914+0 , " 191440

2 , " 187920 , " 187920-
2 , " 192320 , " 192320

Table 4.24: Variation of total cost for variation oj
inventory carryin~ cost of raW malerials

The total costs ot' the inventory system and ordering quantities

using both proposed method (equalion-19 & 20 of Chapter-J) and

search algorithm with a data set given in tahle-4.5 are shown in

table-4.25.

Table 4.25: Varlatlon of total cost for var,atlon of
inventory carrying cost of raw materials

H, m (prop. n (Props. " " n I TC (Search
method1 method) (proposed {Search (Search ! al"l.)

, method) alg. ) "I". )
1. 08 2 " 191440.00 I 2 10 1191440.00

L2 , 9 197866.67 2 9 197866.67

, 2 , 247J14.30 I , , I 247314.30

2 , S 315314.30 I 2 S 1315314.30

~
()J

"f 4.5 QUALITY OF SOLUTION OF THE PROPOSED METHOD

8J
To check the quality of the proposed, method. Hooke and .leeves'



Search Algorithm was applied. The results produced hy Search

algorithm are presented in the previous section. The variations

in the total costs in percentage for different models developed

In Chapter-3. with different data set presented in Section 4.2.

are given below.

Variable Model % of maxm. variation
of TO from Search
Algorithm

D 0.896XlO'), O.896XIO'), Co, foo Lot: Delivery 0.896XIO'Jof product in single

" installment. O.896XIO')

" 0.896XIO')

D 0, 0, Co, fo, Lot: Delivery 0of product '0 multiple7- -installments. 0

0
0 0.864XIO.J, .053 ,10'l, Multiple Co, foo " 0.297LotprdlbJdt.re:ity ~ingle
H Installment. 0
H 0.673 , lO'l
D 0, 0.648 ,10-J, Multiple eo, foo " 0Lqlr.od:u.'dtivar )lIllDlft i pie
H installments. 0
H 0

Table 4.26. ~ of maximum variation of total cost from search
algorithm for different models and different variables.

"



The above table indicates that the proposed method produces very

much similar results to the search algorithm. This method is very

easy to under atand and it takes little computational time as

compared to the search algorithm. Therefore the proposed method
could be useful for practical use.

4.6 SENSITIVITY ANALYSIS

The behavior of total costs with different parameters are

analysed in this section. Figure 4.1 shows the behavior of total

costs with annual demand for all four cases. The totai cost

increases with demand for all cases if other parameters are

fixed. However the rate of change of total cost is the highest

for case-2. It is clear that Case-l is better than Case-2 if the

demand is .greater than 2.5xlO' and Case-3 Is better than Case-4
if the demand is greater than 3.0xl0".

The total cost increases with the increase of setup cost, as

shown in fig.-4.2, if other parameters are fixed. Case-l is

always better than Case-2 within the given range. The rate of

change of total cost decreases for Case-3 & 4 after setup 1000

and Case-4 is better than Case-3 for setup cost grater than 2000.

The total cost increases with the product holding cost if other

parameters are fixed. This is shown in Figure-4.3. Here, Case-l



le+5
le+G 2e+6 3e"6 4e+6 5e+6

"-5
~ IC3
+ I«

U Je+5 + 1<:2•• - 1<1•~•0
" 2e+S-0~
0•• Annul Demand, OJ)

6e+6

Fig. 4.1: AnnulDemandVS Total Cost



400000

300000

~ TC'
~ TCI200000 + TC'
~ TC'

100000
o 1000 2000 3000 "4000

Flg.4.2: Setup cost of product VS TC

400000
/'

~ ~ TC3
300000 ..•.Tel

---TC4
-+ TC2

~ 200000

,00000 1:::::::;::::;:=;:::;::::;::::;::::;:;::::::;::;:::::;::7 H,
1 2 3 4

Fig.4.3:Holdlng cost of product VS TC
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100000
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Flg.4.S: Inventory holding cost of raw material VSTC
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is always better than Case-2 within the given range. However

Case-4 is better than Case-3 for holding cost higher than 2.0.

With the increase of ,ordering cost of raw materia!, the total

cost increases which is shown in fig.4.4. Here Case-l is better

than Case-2 and Case-3 is better than Case-4 within the range

shown in figure. And the difference between Case-l & 2 and Ca~e-3

& 4 increase with the increase of ordering cost.

Figure-4.5 shows total cost increases with the increase of

holding cost of raw material if other parameters are fixed. The

difference of total cost between Case-\ & 2 decreases with the

increase of holding cost of raw material. Case-I is better than

Case-2 and similarly Case-3 is better than Case-4 within the

range considered in this thesis.

,'. ,,'t-
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Chapter - 5

CONCLUSION AND FUTURE WORK

5. 1 CONCLUSION

In this research, a manufacturing system which procures raw

materials from outside suppliers and processes them to convert to

finished products is considered. Traditionally economic lot sizes

for manufacturing a product and purchasing raw material afe

determined separately. However. when the raw materials are used in

production, their ordering quantities are dependent on the batch

quantity of the product. Therefore. it is not desirable to isolate

the problem of economic purchase of raw materials from economic

batch quantity. As a result, it is required to determille the

optimum production lot size of Ii product and Lhe ordering

quantities of associated raw materials together. This IS done

treating the production and purchasing as components of a Single

system, minimizing the total cost of the system.

The ordering policy of a raw material can either be hased on its

economic ordering quantity (EOQ) or on the requirement of the raw

material in a lot of economic production quantity (EPQ). The latter

"



reflects dependent relationship between material

requirement and production quantity. The relationship botween

products and its raw material has been the basic consideration fOT

the model developed. The problem is considered from the point of

view of the benefit to the manufacturing firm. Th(' proposed

systemic view supports the fact that the optlmum purchasing-

production policy should be determined by considerin~ the system as

a whole and not by tr-eating its components individually.

In this thesis. the total co"t equl1tinns are fnrmulated for batch

SlZe of a production system operating under a fixed-quantity.

periodic deliver-y policy as an unconstrained nonlinear optImization

problem for four different cases. Here. It 1S assumed lhat the

finished product can not be delivered until the whole Jot '"

finished and the quality certification is ready. The optimal balch

sizes are determined fnr all the cases with the help of traditional

optimization approach. ,The proposed IS a hlleristic or approximate

method to produce a near optimal solution. This method does not

guarantee an optimal solution because nf

'dependent relationships considered in the formulation

relaxation of inte~er vIIHuble to continuuus variaiJle In

determining the optimum blltch SiZCH

However, the "olutions produced, for a substantial number nf test

•

•



prob)ems, are compared with the results of a search algorithm

(Hooke and Jeeves' alxorithm) to judge the performancc of the

proposed method. The comparison of results are presented in

section-4.4. It indicates that the proposed, methud produces very

much simIlar results to the search all':orithm. This method '''' v"ry

easy to understand and it takes little computational time as

compared to the search algorithm. The proposed method could he

helpful for easy implementation. The sensilivily analysis is also

performed.

The modeI deve loped in this thes i s cou Id be app I jed j n real J i r"

cases, where, a finite production-rate environment uses raw

materials taking from outside suppliers with II supply policy of

delivering equal quantity at fixed intervals.

Case-2 )s more sensative with the variation of Ilnnulll demand

('fig.4.1), setup cost lfig.4.2). holding cost of product (fi~.4.J)

and ordering cost of raw material (4.4) than other ell""5. Fijl.4.~

shows case-4 is more sensative with holding co:;t of raw material

than other ca~e5. The variation of holding cost of product

(fig.4,3) has a little effect on case-J and case-4.

5.2 RECOMMENDATION FOR FUTURt; WORK;

Though the present area of research is not new, only a few research

papers have been observ"d in the I iterllture. As a r~Hult, there nre

l,



many open topics and/or unan"weredable questions for furlher

research. Some of them are described below:

Real worid data Can be used to study and compare tl,e

performance of the proposed mcthous.

Experimentation can be done wilh continuous delivery system of

product at a constant rate. after the completion elf the hatch

product ion.

LJsinJ; large

range. the

compared.

number of data with

performance 01 the

closer Slcp size and wide

pr"posed melh",ls Can he

Experimentation can be done wlth Multiple raw materials tor

single product

Experimentation can be done with Multiple I'roducls with SIngle

raw material {common) Or mUltiple raw material Ic"",mon) or

multiple raw material of different type from the same or

dij-ferent suppliers

Experimentation can be <ion•. with Multiple ,-,u"tom~,-~

Experimentation clln be d"ne with the productio" system with

aginJ; period before delivery of tlle finished product.
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