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ABSTRACT

A manpufacturing system which procures raw materials from suppliers
in B 1ot 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 ma 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 palicy far procurement of raw
materjals,- and the manufacturing batch size to minimize the total
cost for meeting the customer demand in time. The resulis of the
proposed method were compared with the solution of B search
aigorithm. It indicates that the proposed method produces very good
solution with a Tittle computational effart. Numerical examples and
sensitivity analysis are also presented. fhe proposed method can be -
applied in a real warld situation where a batch production

environment exists with a periodic delivery palicy,



List of Figures

111

Page Ho.

Figure-la: Finiaﬁed prnduét Inventory system 13
Figure-ib: Raw material Inventory (Lot for Lot} 13
Figure-1c: Raw material Inventory {Multiple 1ot for a Lot) 13
Figure-2.2: Inventory system for periodic delivery system 20
Figure-3.1: Inventory system for Lot for Lot - delivery of

whole production lot at a time 28
Figure-2.2: Inventory system for Lot for Lot — delivery of

whole production Tot in multiple 1ot n
Figure-3.3: Inventory sytem of finished product =
Figure-3.2: Inventory system for Multiple Lot for a Lot

Ide1ivery of whole production 1ot at a time 36
Figure—3.4: Total cost function for fixed interval

delivery system 35
Figure-3.,5: Inventory syvstem for Multiple Lot for a Lot

delivery of whole production lot at

Tot
Figure—=4.1: Annu§1 demand VS Total Cost
Figure-4.2: Setup Cost of Product ¥S Total Cost
Figure-4.3: Holding Cost of Product ¥S Total Cost
Figure—4.4: Ordering Cost of Haw material ¥S8 Total Cost
Figure-4.5: Holding Cost of Raw material vS Total Cost

itnh multiple

42

6B

g7

&7

&8

68



Table

Table

Table

Table

Teble

Table

Table

Table

Tabtle

List of Tables

Data set for annual demand

Data set for setup cost of finished
product

OData set for inventory holding cost

of finished product

Data set for ordering cost of

raw material

Data s5e&t for inventory holding cost

of raw material

Yariation of total cost for wvarration of
annual demand (Lot for Lot — Delivery of
whole production JTof at a time)
Variation of total cast teor variation of
setup cost of product (Lot for Lot -
Delivery of whole production lot at a time)
Yariation of total cost for variation of
ordaring cost of raw material (Lot for
Lot - Delivery of whola production Jot at
a time)

variation of fotal cost for variation of
holding cost of product (Lot for Lot -

Delivery of whole production lot at a time}

iv

Page HNo.

51

52

52

2

52

54

54

53

55



Table

Table

Table

Table

Table

Table

Tabte

N0

L1

.12:

.13:

14

.15

A6

List of Tables (cont.)

Page No.
Yariation of total cost for wvariation of
holding cost of raw mater1al (Lot for Lot -
Pelivery of whole production lot at a time)} 56

Variation of total cost for variation of annual
demand {Lot for Lot - Delivery of production lot
in multiple lot) ' 56
vVariation of total cost for variaticn of setup
ordaering cost of product (Lot for Lot — Delivery
af production 1ot in multiple JTot) 57
Yariation of total cost for wvariation of ordering
;ost of raw material (Lot for Lot - Delivery of
production lot in multiple lot) 57
Yariation of total cost for variation of holding
cost of product (Lot for Lot - Oelivery of
production 1ot ip multiple 1ot 58
Variation of total cost for wvariation of hoiding
cost of raw material (Lot for Lot — Deltivery of
production lot in multiplse l1o0t) 58
Variation of total cost for variaztion of setup
cost of product [(Multiple Lot for a‘Lot -

Delivery of whole producticon lot at a time) ; B9



Takle

Table

Table

Tabla

Table

Table.

17

.18:

.15:

.20;

21

22

List of Tables (cont.)

Vi

Page No.

Variation of total cost for variation of
ordering cost of raw material (Multiple Lot

for a Lot - Delivery of whole production lot
at a time)

variation of total cost for variation of
annual demand (Muitiple Lot for a Lot -
Delivery of whole producticon lot at & time)
Yariation of totel cost for wvariation of
holding cost of product (Multiple Lot for a

Lot - Delivery of whole productiﬁn lot At a
time)

variation of totael cost for variation of
holding cost of raw material [(Multiple Lot for
g Lot -~ Delivery of whole production 1ot at a
time) |

Variation of total cost for variation of annual
demand {Multiple Lot for s Lot - Delivery of
production lot in multiple lot)

variation of total cost for varistion of setup
cost of product (Multiple Lot for a Lot -

Daelivery of production laot in mulitiple ot}

59

60

61

61

52



Wi

List of Tables (cont.)

Pagea No.

Table 4,23: Variation of total cost for variation of

ordering cost of raw material (Multiple Lot

faor ma Lot - Delivery of production lot in

muitiple lot) 62
Table 4.24: Variation of total cost for variation of

halding cost af product (Multiple Lot for a

Lot - Delivery of production lot in multiple

jot} 63
Table 4.25: variation of total cost for variation of

holding cost of raw material (Multiple Lot for

a Lot - Delivery of preoduction 1ot in multiple

lat ] 63
Takle 4.26: % of maximum variation from total cost from

search algorithm for different models and

different variables 64



vidi

- NOMENCULTURE

demand rate of a product p, units per year
praduction rate, units per year (here, PFDH]
production Tot size

annual inventory holding cost,.$funitfyear
aefup cost for a product p ($/setup)

iotal cost of production per year
amouné!quantity of raw material i reguired in producing
one unit of a product

1/¢;

demand of raw material i for the product p in a year, D

i
= rD,

cordering quantity of raw material 1

ordering cost of a raw material i

amnnual inventory holding cost for raw material i

price cf raw material i

total cest in purchasing raw material 1 in a year
cptimum production Tot size

optimum cordering gquantity of raw material i

Shipment quantity to customer at 2 regular interval

{units/shipment }

time between successive shipmeaents.



Dp;’x
Cycie time measured in vear = Q,/D,
number of full shipments during the cycle time = [T/L]

total cost of the system



1.1

1.3
1.4

1.5

CHAPTER - 1

INTRODUCTION

GENERAL INTRODUCTION
PROBLEM STATEMENT
OBJECTIVE OF THE THESIS
APPLICATION
ORGANIZATION OF THE

THESIS



Chapter-1

INTRODUCTION

1.1 GENERAL IKTRODUCTION

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 permils
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 managzement
is to have the apprepriate 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 s¥stem cost incurred. The
general inventory models are purchase model and production madel

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



quantity for raw materials, packaging materials, office supplies
etc. are determined., By production model the economic production
quantity for & manufacturing system is determined. Both purchase
and production models are anaiyzed and discussed in the literature
considering shortage & b;cﬁ order, price discount, price break
infilation etc. [Silver and  Peterson{1935}, Chikan{1390),
Ahuja(1993}}. It 18 a common practice to determine the economic lot
gizes for manufecturing a product and purchasing raw materials
separately. In reality, inventory of raw materials, inprocess
goods, packaging materials, finished products, supplies ete. 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 dizacussed

later.
1.2 PROBLEM STATEMENT

Traditionally economic lot sizes for manufacturing a preoduct and
purchasing raw materjal are determined separately. However, when
the raw materials are used in produciion, 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 & result; it is required
to determine the cptimum production lot size of a product and the
ordering guantities of asscciated raw materialé together. These

could be done treating the production and purchasing as components



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

Consider the product-raw mseterial inventory system of an
organization. Normally since the amount of raw material used for a
product 13 known., the amount of raw material to be used in a lot is
aiso known., The raw materials are consumed at a given rtate only
during the production uptime of batch, and not throughout the whole
cycle time, as is commonly assumed. The ordering poliicy of a raw
material can either be based on its economic ordering quantity
(E0OQ) or on the requirement of the raw material in a lot of
economic production quantity (EPQ}. The latter refllects 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 medel as
developed in the present work. Moreover the proﬂlem 15 considered
from the point of view of the benefit to the manufacturing firm.
The proposed systemic view supporils 1lhe fact that the optimum
purchasing-production policy should be determined by considering
the system as a whcie and npot by i{reating 115 componenls
individually [Sarker et at{1993)). The finished product supply
ﬁclicy could be continuouns or periodic as practiced. The fixed
quantity periodic supply policy has been considered i1n this

research. However, the supply of raw materzal will be lot by lot.

The problem considered in this thesis is summarized as follows:



- a8 Tinite production-rate environment uses raw malerials

taking from outside suppliers

a
=

"~ only the product lot sizing and their associated raw

3 material supply guantities are under consideration

- supply policy of product is to deliver egual quantity at

fixed intervals

— product cannot be delivered until the whole lot is tinished

and quality certification is ready.

The above situation exists in many industrial units under certain
assumptions / conditions. The objective is to determine the aptimum
batch size of the product and the ordering -gquantities 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 thesis are z2ef as follows:

i) Formulate a probiem for & balch size of a production
system operating under a Tixed-quantity, periadic

delivery peolicy, under different conditions, as an
»n



unconstrained nonlinear optimization problem

ii) Determine the optimel batch size by traditional

optimization epproach

iii) Judge the guality ot solution comparing Lhe resull
of the proposed method with the soclution of a search

algorithm

iv) Anaiyze the results and demonstrate the applicabitity ol

the develaoped models.

1.4 ORGANIZATION OF THE THESIS

The general aspects of the problem and the objectives of the Lhesis
are described in Chapter—-1 A literature survey illustrating the
various raw material delivery policies (Lot for Lot, Multiple Lot
for a Lot and finished product delivery polices
{continuous,perioadic)] has been discussed in chapter-2. {Chapler-3
provides the development of different mathematical models and
solution approach of the models. The data, eXxperimentation.
results, discussion and sensitivily analysis are presented in
chapter-4. Chapter-5 contains conelusion and recommendation fTor
future work. The necessary appendices and reterences have heen

given at the end of the thesiz.
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Chapter-2

LITERATUORE REVIEW

2.1 INTRODUCTION:

The demand for finished producis from a manufacturing system could
be continuous at conztant rate or fixed guantity at fixed interval
points in time. The research as observed in the literaeture on both
continucus &nd periodic delivery policy are discussed in this

chapter.

The maeterisals presented in this chapter can be divided into
Independent Lot Sizing and Dependent Lot Sizing. These are brielly

discussed below:

2.2 INDEPENDENT LOT SIZING

The well kKnown cost equations and lot sizing formulac
iTersine(1985)] for lot sizing policy for both Lthe raw material and

the product are given below:

2.2.1 Raw Material



Total cost of purchasing raw material 1 in terms of ordering

quantity is .
Dy 2y
TC. = Ap— + H,— .. 0 iiaaa.. {1
[ Q.i 2
TC, = yearly ordering cost + inventory holding cost

Differentiating TC, with respect fo Q, and then equating to zero,

it becomes,

. . . f Eﬂiﬂi i
Economie ordering guantity, Q, = J—— ... L2}

As mentioned earlier, the raw material usapge is nol constant
through out the cycle time. Therefore, the above quaniity may not
be the actual economic ordering guantity for the raw material in

Lhe case considered in this research.

2.2.2 Product

Total cost of the system in terms of preduction guantity 1is

e



= yearly set up cost + 1oventory holding cost,

Differentiating TC, with respect to QF and then equating to zcro,

I

it becomes,

. 2A D
Economic production quantity, @, =  |—&E

H,

Though the ordering quantity of raw material and production batch
stze are determined independently. the usage uf‘raw material is
dependent on production rate in reality. Therefore, the total cost
of the system cannct be just the simple sum of eguation (1) and

(3}.
2.3 DEPENDENT LOT SIZING

pDifferent models for dependent lot sizing [Sarker et al(1993 &
1995}, Sarker and Parijati994), Zahir and Sarker(1921}] can be

ciassified as follows:
1} Product-Raw material system

According to the supply of raw matcrial it can be c¢lassified as
follows:
a) Lot for a ot

b) Multiple lot for a lot

10



According to the delivery policy of the product it can be
clagssified as follows:
8} Continuous supply
b} Periadic supply
- whalé lot in single installment

- in multiple insteallment
ii) Producer-wholesalers system

These models are described briefly in the following subsections.

2.3.]1 Continuous Supply system

Barker et al {1995 & 1993} developed a model operating under
continuous supply of raw material at a constant rate for both lot
for lot apd multiple lots for a lot. These are briefly discussed
since the solution approach is similar to the case considered in

the present woark.

2.3.1a Lot for lot supply of raw material:

Here the ordering quantity of raw material is assumed to be gqual
to the raw material required [or one batch of the productiaon

system. This is case-]1 as shown in figure-1. The raw material which

il



is repienished at the beginning of & production cycle w]I] he fully
censumed at the end of this production run.
As shown in figure-1:

T
t

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

n

In Fig-1. raw material inventory 1n a cycle time T

= Area (abc} = -%E&t

' . . . D
therefore average raw material inventory in a cyole = -—i%;E-—
I
Finished product inventory in e cycle = -Area (efh) = Area [elg} +
D D
fgfh) = EE{1~—1}t +£E{1H_EJ{T-t}
.2 B, 2 P,

The finished product inventory in a period {{-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 (say area
abec in pericd 0-t) multiplying by its unit price. FParl of ihese
physical units of raw material stock appears in linished product

stock itarea efg) during the production uptime. sinve the system
under consideration involves the production of linished products

using the raw materials to be purchased. In a production avstem,

12
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one single working capital runs for both raw materiai and finished
gzood. In this case, to avoid dﬂublé counting of some costs for the
same unit at both stages, the finished product invcntnryfin neriaod
O0-t {or area efg) will be calculated only on the value added part.
Therefore the Lotal inventory holding cost 1in a vear for tinished

praduct i=s

O, D _“firf‘!:ll_‘r
Hp?(l FHSL T} where, H, fiH,

P n

The term (1~ fﬁqupr} can be avoided. However, the user must revige

the holding cost in the light of integrated syslem approach.

Consider i = 1 initiailly, that i3 for one raw material only.
Totrl cost of the system = TC = =set vp cost + inventory holding
cost of -finished product + ordering cost for raw material +

Iinventory holding cost for raw meterial

. D D £.1.D D 0.0
TC = Apﬁl!: Hp—zEtl—T,i}(l——lﬁflr +A1—§1;--f-H1—§-ﬁj {5)

Considering the dependent relationship Iorder}ng quantity of raw
meterianl for one lot of a product) and the various assuomptiaons. it

can be writften that Q1= rﬂ% and D|= r)D;. Then differentiating TU

4

14



with respect to Qp and equating to zero, it is found that

2D,(A, + A))

Joint economic lot size, Qg = {6}
D £, r D3
H[1 - —£ + = F]
P, 2

For multiple raw materials (i > 1), the joint economic lot size

hecomes:
znp[Ap+EA1} ,
* I
—J LI I ] + % o+ L {?}
> Al -2 2%y
i 'p_p F;; 1L31)
When 1 = 1, the eguaticns (7} and {6) become Lhe same.

2.3.1b Multiple lot for a |lot supply of raw material:

Here, we assume the ordering quantity of raw material 1 to he n,
times the quantity required for one lot of a product. where n is
an integer. 1Ff n, is continuous., it becomes complicated in
formulating the &aversge inventory in o cycle. The raw material

inventory is shown in figure-it. In this case, the raw material

inventory in & cycle of n{T periocds is

15
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=%Dit + {n_i - l:loiT + -%Eit + {ﬂ_f_ - E}QjT + %Qit + {ﬂi - J}Q_iT t

Average Taw material inventory per cycle

'111'19;{_}__ p, -1

= = i
2 P, D, ) /n
Lo, Op
= _x +n -—
2 {Pp T
Consider now i = 1.

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

cost of finished product + ordering cost for raw material +

invenltory helding cost for raw material

. D, 0, D £,1,D I, ,
TC = Apﬁ’ii-}fp—"fl--ﬁii {1- ;“} Al— H—lE 3 +-r:'1 1, .- &)

Fid

l&



Op
where, KK = CC + fﬁ1“1 and
. D f,r,p D
CC = {1 - ZB)(1 - 22y 4 F£r (2P - 1)
E; Pb Pﬁ

The function TC is an unconstrained nonlinear cptimization problem
with a continuous variable (% and an integer variable n. In order
to find optimael production guantity Qpn it is necessary to
differentiate relation {8) with respect to variable QF. Howcver,
the function TC is nandifferentiable since it is a function of
integer variable n,. As such a closed-form solution for Q; cannot
be obtained. However, it can be shown that TC is a piecewise convex
function of QP. A simple procedure is developed here to oblain an
aptimal or near optimal soluticn. A search algorithm like Hooke and

Jeeves’ Alporithm (Hooke and Jeeves. 1961} has also been applied Lo

solve the problem and compare the results.

When the optimum integer valuc of n, iz known the funciion T
becomes & convex function for a given n;. Now differenliating TC

{with known ni} with respect to QP and Lhen egquating Lo zero, it is

found that

17



2D, (A, + A, /m)

Joint economic lot size, = l £, (9]
H (KK)

If 1'J|1=1+ Q*

» of case-I1]1 i3 same as G; of case-T. BSubstiluling D;

of equation {%) as QP in eguation {(8), the Lolal caosit lLecomes as:

H (KR oI 2D (A +A /n)
4 - F A I L
TC=D, (A +A,/n,) \I 3D, A A, /) + F KD \I H, (K0

= 20, (A + A/n ) H 1RR)

TC can be minimized by minimizing ‘TC1

TC! = 2D (A, + A/D)H KD = 2D H(A, + A/n) [{CD + £rn)

For the time being, n, is-considered as a continuous variable. Then

1

differentiating TC® {(which is independent of Qp] with respect ton

]

and eqpatiﬁg to zero we get the optimum value of continuous n, is

found as follows:

o J,ﬂ_fhifgl__ (10

Iy
AL, T,

The wvalue of nﬁ should be integer. 1f the calculated nf 13 nol
integer f(as equation-10). the neighboring integer values must be
taken corresponding to which the total cost is minimum. IT n, is

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

13



are not correct. However, the above approach is a _heuristic to find
an approximate value of ny. This heuristic approach produces good

solutions as compared to search method,

For multiple rew materials, the eguations for batch size and number

of batches are given in Sarker et al(1945}.
2.3.2 Periodic supply system

Sarker and Parijali1994) developed a model operating under periodic
delivery system of product for lot for lol supply system of raw
materials. A graphical representation ufltheir inventory sy¥stem is
shown in fipg-2.2. A demand for x units of fintshed goods al the end
af every L time uqits Torces inventory build-up in a saw-looth
Tashion during the production up Lime T,. The en bhand invenlory at
time t, QHJI, depletes sharply at a regular interval after the
production pericd Ty until the end of cycle rime. The later onec
form a stair caée pattern. The algorithm for solving this problem

iz given bhelow:

Algorithm: finding batch size
Step 0. Initialize and store PF Iﬁ* A, ﬁp,lﬁ. m. f and x.
Step t. Compute A and B by applying the following equations:

a- D, (A +4,)
(L-Dp/2P,) Hx*+ (D, /2P, 1) H,x*

19
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# 1
= P =
2(1-D,/2P ) R+ {D /P.OVH, 2+{H,/FR,-1}DJF,

B

S5tep 2. Compute k' and Q; using the following equation

K = [1/2 (1 + (i=(4a ~ 1) /(B -1 or

{172 {1 ~ {1-(44 - 13/(p -1 1)l

' (1

Q = (k - 1}x = x[A + Bk'(K - 1}]

Step Ia'. Find Q!'E = QPII_DF‘;EPP} _ {k‘ _ 1]:’{ + I{*{k*__ ]szfzupt and

D, . D, , Op .
Q:*} (A +AL) +?z (37 Ha Onell,

TC = (

Step 4. Stop.

Once Q is determined, the optimal order quantity for raw
. ' . . . . .
mater1a1.(]i » may be obtained immediately using the conversion

factor, f = QF*IQI‘

2.3.3 Producer Wholesalers system

Zahir and Sarker (1991) developed a model for determining the
optimum preduction lot size of a single manufacturer supplying a

network of regiona! wholesalers. They tresal producer and the
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wholesalers/retailers as one svstem and therefore their goal is to
meximize the profit of the wholesalers 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 regiaon
to region. Therefore., the total demand for the manufacturer is the
sum of the all regional demands., This system is so much gimilar 1o

the raw material-product system.

2.4 THE PRESENT PROBLEM:

In this thesis, the probiem considered is similar to Sarker and
Farija{l1994), but the nature of periodic supply is differeni. 1n
this case product cannot be supplied until the whoate lot is
produced because of guality check/control. So there is no saw toolh
pattern during the production up-time. Instead there is a glair
pattern during production down time of the c¥cle. The suvlutian

approach is some what similar to Sarker et al {Lags},
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Chapter-3

MATHEMATICAL FORMULATION

J.1 INTRODUCTION:

A gpeneral cost model is developed considerineg both the supplie1 (ot
raw material} and the buver {of finished producls) tmgetper. This
model is used as described in chapter—-t to determine an optimal
ordering policy for procurement of raw materials. and the
manufacturing batch size to minimize the Lotal cost for meeting
equal shipments of the finished products. at fixed intervals, to-
the buyersl The cost modeis arc develioped {for the production system
under consideration and their corresponding optimal balch sizes are

determined.

To simplify the model., as mentioned earlier, the [ollowing three

optionsirelationship} have been considered:

i) ordering quantity of raw material is equal to the raw material

for one ot of a producti{i.e, R, = rﬂ%i

where,



production lot size

e
I

ordering quantity of raw malterial i

£
I

amount of raw material i required in proeducing one unit

-
In

of product

iilordering quantity of raw material is equal to the raw material

required for multiple lots of the productii.e. Q = “:HQP
where,
n: = number of production lots {(integer}! forming one lot of

[

Taw material i

iii) multiple order of a raw material for one lot of a producl Lo

be manufactured.

Two different dependent relationships in developing models for the
Froblem considered in the present work aie provided. These are (i)

lot for lot and (ii) multiple ioiL for & lot.
To determine the model., the following assumptions have been made:

i. the production rate is finite and constant
ii. the production capacity is ugreater than demand
iii. no shortage are permitted

iv., the time horizon is infinjte

V. fixed quantity of product are delivered alter fixed inlervals
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3.2 PROBLEM FORMULATION:

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

sections,

3.2.1 Lot for Lot supply of praduct

We consider the ordering guantity of taw material to be equal top
the raw material required for a batch of the production svstem is
considered. The raw material which is replenished at the beginning
of a production cycle will be fully consumed al thé end of this
production- run. As mentioned earlier.Two different delivery
policies (a) delivery of whoie production lot at a time and {b}
delivery of a production lot in multipie installments are

considered,

3.2.1a. DELIVERY OF WHOLE PRODUCTION LOT AT_A TIME, LOT FOR LOT

SUPPLY SYSTEM OF PRODUCT

In this type of delivery system. the whale production lot is

supplied in one shipment or distributed to one customer or among

26



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

figure-3.1

As in figure-3.1
T = length of production cvcle f(time)
Raw material inveﬁtory in a cycle time T = aArea {ah{)
= 172 Q]' T

Therefore average raw material inventory in a cycle

(1/2 QTH/T

1/2 @

Finish product inventory in a c¥cle = area f(efh)
= ]fE'%T

Therefore average finish product inventory in a cycle

[1/2 'D_F,TIIT

ir

1/2 Qp

Let it iz considered, i = i initially, that is for one raw material

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

Total cost = setup cost of the finished prndudt + inventory holding
cost of finished product + ordering cost for raw
material + inventory holding cost lfor raw malerial

= Ap..g_p+ A1 & ......... (5]
P

Considering the assumption {dependent relationship-i} made earlies
it can be written as,

QI = r]QF and DI = rIDp
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o, TC

F)
s
v
b
ES

D
. ?i {qu-AL} +%2 {Hp*-IlHl} .............. {6)

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

Eives
dirc) __ I 1 _
B, gy ety UHprndh) =0
0 2= 2D, (A +A,)
P H+r H,
- A
Therefore the economic lot size, CE'{J-EEEEfEi—ll e {7}
o, b

Now for i»1, that is for muitiple raw materials, the ordering cost

. D D
of raw materials = I:iziﬁi=zfjjiﬂj
2

Inventory holding cost of raw materisl = zjjjﬁﬁg = %?I:IEHE

Thus the total cost of the svstem

D
Tc:i {AP+EJ_ Al +_%’ {HP+EJ TeHDd e [8)
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Differentiating TC with respect to QF and Lhen equating to zero, it

Eives
2D, (A, +Y" Ap
il R (9
HP+E_1_ IiHJT
Where i = 1, the equation {(2) and (7} become the same .

3.2.1b Delivery of a production lot in multiple installments, Lot

for supply system of product

In this type of delivery system. products are delivered to a buver
whose demand is constant. The producls are delivered at fixed
interval points of time. This is shown in figure-3.2.

From figure-3.2,

t, = production time in a cycle

Rew material ioventory in a cycle time T = ATea {abc) = Qit /2
From Tigure-3.2, t, = DP;‘PF and IDF;"DP =mL =T

Therefore, average raw material invenlory in & cycle = DﬁafnzT}

1 @, , D
= 5 () ( 2 (2)
2 TR e o,

= __&If Q

2P,

Finished product inventory in & c¥cle = Area {efp + ijk) -
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Area [1jk) = x{m-1)L + x(m-2JL + . .....v... + x.2L + x.L
{m-1)m
X———L
2
. . T .1 {m-1)
Thus the finished preduct inventory in a cycle = -Eﬂgt,+x———*—mnm

and the average finished product inventory in & cycle

1 x{m1)

T

It
(X1
JD
M|
e

Therefore total cost of the system,

D 1_,D x D QD
TC = —E A +[= —E+1) -1 +-2A +r =P F
o, [ZQ"[PP ) 2] o+ E';Al I PpH
Dp . Oy, D D
= -g_:{AP+A1}+EE{[?I§+1}HP+F::1H1]-iz"ﬂl ......... [10)

The equation-10 is not differentiable since m is integer., For a

gZiven m, TC is a convex function of QF (piecewise convex).

Differentiating TC with respect tnl% and then equating to zero, it
can be find out the value of D;.

But QP = mx

=» m = QPJ"I
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Since x is a preassigned value, the walne of m calculated from
m=0H& may nat be &4 integer wvalue. ln such case, the neighboring
integer vaiue of m which incurs minimum cost will be taken as the
best m. Alternatively. m can be found out directly. The eguation

{10} can be written in terms of m as {ollows-

TC

_.a(,q oA, ) +_{{_E+1,H+ rlH]_]——H ............. {11)
P

Relaxing m integer to continuous and then differentiating TC with

respect to m and then eguating zere, it gives

d{Tc) ._ Dp XreLe Dy -
dn xRt 3 LGt Byl =

_. P 2D, (A, *A,)

D D
X G Hyor )

. 2D_(A_+A
Therefore, m'= pBptA) (12)

D D
xE[{—E+1]'H +1. H. —£]
P, P

Here m alsc be a real number. But here & integer value of m can be
searched, neighboring its 1eal wvalue for which total cost 1is
minimum.

50, Q; = Em*}x

14



How for multiple raw materials (i>1}

) 2D,(A,+Y. &)

D D
x| [T_,f*rl} HP+‘§£EI r.H,]

3
N
—
()

mmmmmmmmmmmmm

and Q; = [nﬂ]x

3.2;2 Multiple Lots for a Lot supply system of raw material

It is assumed that the ordering quantity of raw material i to he n;

times the guantity required for one lot of a product where nlis an

integer, 1If n is continuvous, it would be difficult to lormulate
the average inventory in a cycle. This cese is discussed. for both
- the

delivery policies presented in the previous section, below

The delivery of the production lot is considered at a time and the
ordering guantity of raw material i to be n; times the gquantity
required for one lot of a product. This is shown in figure-21.2.

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

T perinds is = %nio_i.nzi"

Average raw material inventory per cycle

s
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1

ot

= %Diriﬂp
Let, i = 1
Total cost of the system,
TC = set up cost + inventory holding cost of finished product

+ ordering cost of raw material + invenlory holding cost

for raw materinl

C Dy o & b1
= APFi+Hp_EE+A1]E+ED‘r‘D’H’

_ ﬂ A:‘Q
= Fﬂ{-‘qp+?]+_;{ﬁp+nlr1}fl} I O T

P

The function TC is an unconstrained nonlinear optimization problem

with a continuous variable(% and integer varialble n. In order to

H

p it is necessary. to

find optimal proeduction oguantity Q
differentiate relation (14) with respect to QF However, tha
function TC is nondifferentiable since it is a function of integer
variable n. As such a closed form solution tor Q, cannol be
obtained. However, it can be shown that TC is & piecewise convex
function of (%. This is shown in figure-3.4.Algorithms may be
applied to salve this problem by using m discrete optimization
technique. An algorithm has recently been proposed by Moinzadeh and
Aggarwal (1990} to obtain a globai minimum for such a fTunction.

Although it may not be efficient. a simple procedure is

developed here to obtain a optimal or near optimal solution. A

av



Totalcox, TC

Manufacturing quantity, Qi

Fig. 3.5: Total cost function for fixed interval dalivery system
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search algorithm of Hooke and Jeeves' (Hook and Jeeves, 1961) has

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

The fuanction TC 1is a Convex J[lunction for a given n,.  Now
differentiating TC (with known nl} wilh respect to QF and the

equating to Zero it becomes

darc_ b, ( A, 1
——=—F t—=)+={H +n 1, H) =0
dg, 02 % n- 2°7F
ZIE{AP+fE]
B
=% D 2= ke
=
Hp+n:lrlH1
Joint economic lot size ,
A
ap (A +2)
,
=~ e (15)

h&+;ﬁ:&ﬁl

If n, = 1, Q* of equation {i5) becomes same as equation (7},

p

Substituting QF of equation (15) as OP in equation {4}, it gives
the total cost' as,

| A
1
| znp{Ap+E1

A | H+nrH
TC = Dp{Apﬂ-?i]l gt +—é. | F T E (A +n,r H}
1 EDF{AP+—A31 Y Hprm
n
1
= .Jé-np (A +An)) (H +n,1.H)) +\I %npmfﬂﬁ} (H +n,x H,)
1
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Ay
2D, (A, +—_} (N +m, 1, H )
TC can be minimized by minimizing T

2_ |
Now TC'= 2£5{5P+?E}{£@+n1;gﬂ}

ATH
= 2D (A H +n A 1 H + £+a 1 H,)

For the time being, let consider that n is a continuous variable.

Then differentiating C! { which is 1ndependent of U | with reapect
to n, and equating zero., it gives

diTe?) AH
—= =30 (A T K - £y =0
. dn, ppT1 M nl
=== l:‘:__LA:H
Apr].HI
X
n*= A {i6)
Y AT H,

The value of nf should be integer. If the calculated nf 15 nol
integer (as equation-16! we take the necighboring intcger values
corresponding to which tqta] cost is minimum.

For multiple raw material the equatian for batch stre amd nomber of

batches are as follows:

A
2D, (A, 25
Joint economic lot size, Q; = r L, {17}
Hn+E,¢ I, X H,
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and number of lot si1ze

If 1 = 1, the equations {17)] and (18} become similar to equation

{15) and {16) respectively,

3.2.2b Delivery of 8 Production Lol in Multiple Installments

The delivery of the production lot is considered in multiple
installments to & buyer whose demand is conslant and the ordering

guantity of raw material i to be n, times the quantity requiyed for

1

one lot of a product. This i1s zshown in Tigure-3.5.

In this case the raw material inventory in a cvcle of n T periods

18

-%—ﬂi t,+0,T{n,-1) +%QI 0, T R -2+ ... +_;-’l:r,1rI t;pﬂmé O;t,

1
> n0 tpt

J]_i {ﬂi_l}
2

@1

Average raw material inventory per cycle

ng(n,-1j
——t

[%niﬂj £+ Eiﬂ

1T

t. I]i"l
= — —
o] T 2

ey
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- Fod
= r, PE+ 3 r,o, ]
1 'Dp
= =r —=+51,-1
7 T405¢ P, }
Let us consider now i = |

Total cosl of the system,

D, p x oy b
|..,-'—--— — +1) - H A —£ =1rH
0, F ot Ek{ ) ] o, x1£}{.Pp+ﬂl }

= P{A +th~h_i{kk}___y

DP
DP DD
Where, kk = {F+1}Hp+:1H1(—l;+n1‘1}“CC+ﬂar1H1
P o
Now, QF = mx
D A x
TC = £ R g R 18
mx{Ap+HLJ+ = (Kk) > b {19)

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

d(TC"J > (A, +.il,}+_ {ik) =C

dﬂ? m N
20,04, + }
= |'|'_|_2 -
x‘i'.kki
2D, {A +ﬁ
Therefore, m = o A {20}
x2{kk)

Substituting m' in equation {19} the total cost can be written as:
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|
J EDE{AF+%}
4

x3 (k&)

Dp {AP"'i:' x { Xk} + X { k)

TC P Xy
X 2D { +_i) 2 =
y 20 A, n,

T

1
2 \linpfA,f«i} (ki) -2,

Ty

‘IEDP (A;%) [(CC)+nmyz, 8] ~T Ky

Differentiating TC with respect to n and eyualing to zero, it

Eives,
20 [A _r. H, - Ay {C ]
d(Te,). __ LT A o
dn, A
20, {8+ =) [{CC) +n, 1 H, ]
1
!

s g ao (0O
Y AILH
ps1t:

Therefore. m'= -fiiEEl ...................... {21}
Ao, H,

Both m and nishould be integers.

3.3 NUMEK1CAIL EXAMFLES:

Numerical examples for all the four cases are provided in this

section to show the applicability of the wmodels,

Example~1: Consider an example of lot for lot of raw material for
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a lot of product. The required datm are as follows:

D, = 4%10% units, P, 5x10% units, A= $ 50.00 per setup, A= $3000

per ordeor, HF= $ 1.20 per unit per year, X = 1000 units =53 1.08

per unit per year.

Solution:

Let T, = 1.00

From equation- 7,

t

the economical lot size QI = 103449 vnits

From equation- &,

Total cost TC = $235B64. 35.

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

multiple -lot of product. The reguired data are as Tullows:

D, = 410" units, P,= sX10% units, A= § 50,00 per setup, A;= $3000

per order, HP= $ 1.20 per unit per year, x = {000 units Hy= $ 1.08

Per unit per. vyear,

Soclution:
Let I'j: = l+ﬂD
From equation- 12 ,

number of fuli shipment during the cvcle time = 10.628

the economical lot size Qﬁ = 106280 units
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From eguation- 11
Total cost TC = 42859982, 20

To find the integer value of m, we try for m = 10 & i1

Value of m Q' , TC Remarks
10 100400 2e72u0 Opl1mom
11 110000 271224 !

50 number of full shipment during the cycle time m =10, and lot

size = 100000 units.

Example-3: Consider an example of multiple lot of raw material for

@ lot of product. The required data are as foliows:

§ i

D, = 4X10° units, P= 3XI0 units. A= 5% 50.00 per setup, A= 52000

P P P

per order, Hp= £ 1.20 per unit per wear, sz ¥ [.08 per unit per
year.,x = 1000 units.

Solution:

Let r; = 1.00

From equation-1a8 ,

number of lot size n, = 8.16

From equetion-15,

the economical lot size Q; = 18257.41 unitis
From egquation-14,

Total cost TC = 3182903%5.79
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To find the integer value of n. we try for n =28&9
Value of n Q* TC Femarks I
i
H 13588 182909.81 Optimum
9 16738 1820097, 27 [
50 number of lots n, = 8 and jot size =18588% units.

1

Example-4: Coasider an example of multiple lot aof raw material for
a multiple lot of product. The reguired data are as Tollows:
f

D, = 4X10° units, Py= 5X10° units, A= § 50.00 per sctup, A= $3000

per order, Hp= $ 1.20 per unit per year, Hi= 3 1.02 per unit per

vear,x = 1000 units.

Solution;:
Let r; = 1.00
From equation-20,
number of full shipment during the cyc]e'time m = 1.37
From egquation-21.
number of Ilot size n, = 10,958
From eguation-20,
the economical lol size m = 1.3714
From equation-19,
Total cost TC = $182914.?

Toe fTind the integer value of m & N, we try for m = 1L & 2 and

, = 10 & 11
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Value of m 1value of n; TC F Hemarks ]
1 i0 19477240
2 in i91440 Optimum
1 11 192211 E
2 11 | 1967485, 5
850 number of full shipment during the cycle time m = 2. numberc of
lots n; = 10 and lot gize = 20000 units,

1.4 DISCUSSION:

To avoid the complexity in formulaticn, the varlables m and n arc
assumed to be integers for all cases in section 1.2, owever, this
is relaxed in the solution approach which is done wilh the help of
traeditional optimization method. As a result. i{ is nat expected
that the solution will be cptimal. This method can be considered as
# simple heuristic 1o solve the stated rroblem with Jlittle
computational ef{ort and an acceptable lovel ol solution. o vheck
the gquality of solution of the nroposed method. a scarch abigorithm

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

COMPUTATIONAL EXPERIENCES

In the previous chapter, several mathematical models for baich
sizes of finished product and ordering quanlitics of raw matelials
under different conditions have Leen ftormulated. The input data af
these models are mnnual demand of finished prﬂducl{L$}.scl—up cost
af finished prnduct{ﬁp}, inventory holding cost of finished
productprJ, ordering cost of raw material{hi}‘ inventory holding
cost of finished productiH.). 1In this chapter, lhe computational

analysis has been carried out with various input data.

Also presented in this chapter presents inpul data., results and
discussion, a brief discussion on uyuality of solution aof the

proposed method, and analysis of the results.

4.1 SEARCH ALGORITHM

Te compare the result of the proposed method, the total cost
function (which is n nonlinear function wilh one ar multiple
variables) is solved vsing a Search Algorithm. The weli known Hooke
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and Jeeves’' method {Hooke and Jeeves, 1961} is applied in this
case. This is & very efficient and ingenious procedure. The search
consists of a sequence of exploration steps about a lLase point
which if successful are followed by pattern moves. The flow chart
for Hooke and Jeevezs’ method is given in the appendix-A. This
method is coded in FORTRAN-77 on a IBM compalible PO 30386 wilh a

PROFOR compiler.

4.2 1INPUT DATA:

A number of data group have been designed Lo study the effecti of
various input parameters on inventory system rcsponse. The total
co3t is considered as the system response. Though the data weie
somewhat similar to Sarker et al{1995) and Sarker and Parija{159%941).
the arbitrary demand, setup cost, ordering cost and holding cost
data are randomly generated for different test problems. The sample

data zet are given below.

D, A | H, l A, B, i
units/year $,r"SeFtup ! $/unit/vear Eforder | $/unit/vear
|
2x10%, 3X10, . 50 | (.2 3000 1.08
4x10°, 5x10 | |

Table 4.1. Data set for annual demand

In table-4.1, setup cost., ordering cosi and holding cost arre kepl

fixed while the demand data are wvaried. In tahle-4.2. cdemand,
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ordering cost and holding cost are kept fixed whiie the setup cost

data are varied.

cost, and holding cost of raw materiai.

data are varied.

In table-4.13,

fixing demand.

setup cost,

ardering

the holding cost of product

D;l HF r’hi Il
units/year $/setup S/unit/year $/order $fun1lfxear
ax10b 50, 500. {2 3000 1.08
| 1000, 3000 |
Table 4.2. Date set for setup cost of finished product
DF‘ AF‘ i " | H. I li
units/vear $/setup §/unit/vear | $f01d91 s/unit /vear
]
axiob 50 1. 08~ fan 1.08
L 2 1 1 I;
Table 4.3. Data set for inventory helding cosi ot finished product
DF AP Hp ﬁi Hj
units/vear $/setup S/unit/year Frorder P S/uni L/ vear
: i
4x10" a0 1.2 1000, 1.08
2000,
3000, 3500 [

Table 4.4. Data set for cordering cost of raw material

e

I
Dp Ap I I n
units/year S/=setup | $Aunit/year f $fordor Sfun1tfyeﬂj
4x10° 50 11.2 |auuu 108, 1.2,
f | 2. 3
1
Table 4.5. Data set for inventory hoiding cost of raw materjal
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In table-4.4. fixing demand, seltup cesl and holding cost the
ordering cost of Taw material data are wvaried. In table-4.35.
fixing demand, setup cost, ordering cost, and holding cost of

product, the holding cost of raw material data arc varied,

4.3 RESULTS:

The different models developed in the previous Chapter are use:d to
solve the different test problems presented in section-4.2. The
resulls are shown in the following sub-secilions. For convenicnce af

analysis, the different models are definecd as follows:

Case-1; Lot for Lot-Delivery of Product in Single Installmenls

Case—2: Lot fDTILDt—DEliFETY of Product in Muitiple Instaliments

Case-3: Multiple Lot for a Lot-Delivery of product in Single
Installment

Cage-d;: Muitiple Lot for a Lot- Delivery ot Product in Multiple

Installments

4.4,.1 CASE-1 (Lot for Lot): .

The toia]l costs of the inventory sysiem and ordering guantitics
using both proposed method {(eguation-& & 7 of Chapter-3) and search

algorithm with a data set given 1n table-4.1 are shown in Lahle-
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I% 3 {Proposed TC! proposed Q1 Search TCl Search i

method ) method) alg.} alg. | .

2x10° 73150 166781, 29 73132 166781, 29 l
310" 89589 20426453 89772 | _204264.95

4x10° 103449 235864.35 {03385 235866.40 |
sx10° 115659 263704 .40 115539 261704.50

Table 4.6: Variation of taotal cost for variation of annual
demand of the product

The totm!l costs of the inventory system and ordering quantities

using both proposed method (eguation-6 & 7 of Chapier—-3) and search

algorithm with a daeta set given in table-4.2 are shown in table—

4.7,
ﬁp O {Proposed TC (proposed Qi Search TC{ Search
method) method) alg.) alg.)
20 103449 23586435 103385 2AI5866.40
140 104293 237789, 82 104293 237789 .32
200 103962 241396, 50 1061249 241595 _010)
3440 1676035 245340,57 1673515 24734017

Table 4.7: Variation of total cost for variation of ordering

cost of product.
The total costs of the inventory system and ordering quantities
nsing both proposed method {equation-6 & 7 of Chapter-3} and
search algorithm with a data set given in table-4.4 are shown in

table-4.8
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A; Q {Proposed TC{proposed Q{Search TC{Search
method) method } alg. ) elg.}
1000 60698 138390,74 60699 138390.74
2000 84811 193370.11 84805 193370.11
3000 103449 2315864.35 103444 2358664, 37
35040 111607 254464 .14 111569 254464.14

Table 4.8%:

Yariation eof total cost for variation of ordering

cost of raw material.
The total costs of the inventory system and ordering quantities
using both proposed method (equation-6 & 7 of Chapter-3) and search

in table-4.3 are shown in table-

glgorithm with a data set given

4.4,
HP  {Proposed TC( proposed Q(Search TC( Search
method) method ) alg.} alg.)
0.5 124270 196346.64 124269 196346.62
1.0 1083G9 225282.04 108318 22524804
1.2 103445 235864.35 103444 23586.137
2.0 853006 274138. 70 HEQHG 274138.70

The total costs of the

using both proposed method (equation-6 & 7 of Chapter-3) and search

Table 4.9: ¥ariation of totpal cost for variation of inventory

carrying cost of the finished product.

algorithm with a dats set given

4.10.

in table-4.5 are shown

55

inventory system and ordering gquantities

in table-



H Q) (Propased TC{ proposed Qi 3earch TC{Search
method) method) alg.) alg.)
0.5 119804 203666 .40 119799 203666, 38
1.08 103449 235864.35 103444 235864.37
i.2 100830 241891.74 100820 241991 .72
1.5 95063 236671.01 95061 256671.01

Table 4.10C: Yariation of total cost for variation of inventory
carrying cost of raw materials,.

4.4.2 CASBE-2 (Lot for lot):

The total costs of the inventory system, ordering quantities and

the lot number 'm' using the proposed method {(equation-11, 12 & 13

of Chapter-3) with a data set given in table-4.1 are shown in

table-4.11. The search algorithm produces similar results.

D, m Q TC
2x10® . - 2 80000 154730
3x10° - g 90000 211226
4x10t 10 100000 267200
5x10° 10 100000 320500

Tatle 4.11: variation of total cost for variationm of annpual

demand of the oroduct.

The total costs of the inventory system, orderiung gyuantitics and

7 1

lot number 'm 12 & 13 aof

nsing the proposed method {equation-11,
Chapter-3) with a data set given in table-4.2 are shown in table-

4.12,

a6



A n Q TC
50 10 100000 267200
500 10 100000 289112, 20
1000 30 100060 309988, 20
[ 31000 13 130000 375175, 4

Table 4,12: Variation of total cost for variation of ardering
cost of product.

The total costs of the inventory system, ordering guantities and
iot number *m’ using the proposed method :eqﬁatiﬂn-ll. 12 & 13 oi

Chapter-3) with a data set given in table-4.4 are shown in table-

4.13.

A m Q TC
1000 6 SLH A 154720
2000 7 - 70000 216982, 91
3000 _ 10 100000 267200
3500 10 1aaoco 287200

Table 4.13: Variation of total cosl for variation of ardering
cost of raw material.

The total costs of the inventory syztem, ordering gquantities and
lot number 'm' using the proposed method teguation-11., 12 & 13 of
Chapter-3} with a data set given in table-4.,3 are shown in Lahle-

d.14,
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H, m Q TC

1.08 10 100000 257000
1.2 10 100000 267200
2 7 70000 320525
3 6 60000 76253

Table 4.14: Variation of total cost for variation of

carrying cost of the {i1nished product..

The total costs of the

lot number 'm’ using the proposed methed leguation-11, 12 & 13 of

Chapter-3) with a data sct given

inventory svsiem,

ordering quantilies and

in table-4.5 are shown

4.13
Hl m 0 I
1.08 10 100600 267200
1.2 10 190000 - 272000
2 8 HOO0OO 296900
3 7 70000 327885

invenitory

Table 4.15: Variation of total cost for variation af inventury
carry¥ing cost of raw materials.

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

The total costs of the i1nventory system and otdering guantities
using both proposed method {(equation-14 & 15 of Chapter-3) and
search algorithm with a dala set given in table-4.2 are shown in

teble-4.16,

WY



ﬁp n Q TC i} Q TC i ¥earcch
{Prop. { proposed {Search alg.)
method) methodt ) alg.}
50 g 18588 182909, 281 | g 1BG20 182910G.18
100 & 23000 152000 .00 G 25074 192000.85
200 4 37105 2004821 .86 4 ATLi6 204R822.95
&0 0 2 0711 237587 .88 2 TOa00 23THB8. 16
1000 2 77152 270111.140 2 T2 270111.140
3000 1 145095 | 330817.20 1 b 145088 F30HIT 2N

Table 4.16: Yariation of total cost tor varistion of
ordering cost of proaduct.

The total costs of the inventory system and ardering guantities
using both proposed method tequation-14 & 15 of Chapter-3) and

search algorithm with a data set given in tabie-34.4 are shown in

table-4.17.
i I
ﬁ] n 0 TC n 9] TC {Scﬂrch__T
{Frop. { proposed {Search alg.) !
method} method) alg. )

1000 5 17407 114891 .26 5 17480 114492, 50
20400 7 17510 153384 .67 | 7 17490 153841 .78
Jooo B 18538 152009, 581 8 13626 122910.18
3500 g 17931 193809.00 4 17866 195810

Table 4.17: Variation of total cost for variatiaon of
ordering cost of raw material.
The total costs of the inventory system and ordering quantities
using both proposed method {equalion-14 & 15 of Chapter-3} and
search algorithm with a data set given in table-4.1 are shown in

table-4,18.



[ | i
Db n 0 TG n 0 TC ({Search

{ Proposed { proposed {Search alg.} E

method ) method) alg.

2xi¢t 8 13144 | 129336.78 8 13141 | 129336.7R
3xiob 8 16095 | 158404 .54 g 16039 | 158405.90)
4x10b & 185848 | 182009.81 o 18626 | 1R2910. 13
5x10% 8 20782 | 20449939 8 20804 | 204499 .44

Table 4.18: Variation of totat cost for variation of annual
demand of the product.

The total costs of the inventory svstem and ordering gquantities
using both proposed melhod (equation-id4 &5 of Chaepler-21 and

search algorithm with a data set given in table-4.3 are shown 1n

table-4.,19.
I
HFI n 4] 1c n | 8eaich 0 T
t¥rop. { proposed alg,} { Search
method ) method alg.)

1.2 8 13588 183509 ,58] g2 18626 132914, 14
1.0 7 21149 181031,47 7 21213 181032, 749
0.5 3 20638 175157.08 5 249743 1?515?.32_
2.0 11 13639 139303, 02 11 13630 1839303.05

Table 4.1% : Variation of total cosl for variation of
inventory carrying cost of the finished product.

The tota] costs of the inventory avstem and ordering quantities
using both proposed method (egquation-14 & 15 of Chapter-23) and
search algorithm with a data set Eiven in table-4.5 are shown in

table-4.20.
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Table 4.,20:
inventory carcyving cost of raw materials.

Yariation of talal

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

-~
HI n Q TC n 0 TC
(Proposed { proposed {Search {Search
method) method ) alg.) alg.}

1.08 8 185388 182909 81 8 13626 I¥2010.13
1.2 B 17743 191624.64 a 17678 191625,93 )
1.5 7 1B808G Z11l6d46.81% 7 18045 211646, 98
J.35 12 13257 131453.3 12 13243 131453.45

caost for variation of

The lotal costs of the inventory system and ordering yuantities

using both proposed method {eguation-19 & 20 of Chapter—-3) and

search algorithm with a data set ziven in Lable-4.1 are shown in

table-4.21.

|=
”p | m n 1 m n T
| proposed {Frops. { proposed I {Search | (Sea. | { Seach |
method) method meLhod ) alg.l | alg.} [ alg.) 1
T
2x 10t 1 5 124426.7 1 9 124426, 7
3x10° 1 11 157058, 2 1 (1| 157658.2 !
ax 10 2 10 191440 2 10 191440
sx10f y: 11 217481.8 7 It 217481, 8

Table 4,21:

Variation of total
demand ol finished

cost {or variation
product,

of annual

The total costs of the inventory system and ordering quantijties

using both proposed method lequation-19% & 20 of Chapler-31 and
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search algorithm with s data set given in table-4.2 are shown 1n

table-4.,22.
T
% m n TC m n T
{ proposed {Props. { proposed {8earch (Search | (Search
nethod } method) et hod ) alg. alg.} aluz.} i
i
a0 2 i Loldqr0 2 10} 191440
I
500 5 3 24 3u00 5 3 243600 |
|
1000 7 2 280497 7 2 | 280497
3000 11 2 JOR3I37 11 2 I0s3INs

Table 4.22: Variation of (otal cost Tor variation of
ordering cost for finished productl.

The total costs of the inventory svsiem and ordering guantitics
using both proposed method fequation-19 & 20 of Chapter-3} and

search algorithm with a2 data set given in table-4.4 are shown in

table-4.,23,
Ai m {proposed n T n J n TC
me thod } {Props, { proposed {Search {Search {Search
method) method ) alg. ) alg. ) algh)

1000 1 7 F1¥a63 1 7 118663

2000 2 8 159840 2 _ﬁ 1559340

3q0a 2 10 191440 pr 10 191440

A500 1 12 203187 i 12 205187

Table 4.23: Variation of total cost for variation of
ordering cost of cost of rew materials.

The total costs of the inventory svstem and ordering guantities

using both proposed method tequation~19 & 20 of Chapter-3} and

2



E

h algorithm with a data set given in table-4.3 are shown 1In

Sears
table-4.24,
[H [ m {prop. n TC m n TC (8earch
method] (Props. { proposed {Bearch | [Search alg.]
method) method) alg.) alg.}
1.08 2 9 145746, 67 .2 9 185746.67
1.2 2 10 191440 2 10 191440 |
2 1 15 187920 1 15 187920 |
3 1 1& 192320 1 16 1az2320

Table 4.,24: Yariation of tolal cost tor variation ot
inventory carrving cost of raw malerials

The total costs of the invenlory svstem and ordering quantities

using

both proposed method {equation-19 & 20 of Chapter=3) and

search algarithm with a data set given in table-4.5 are shown in

table-4.25.

H, m (prop. | n [Props. TC m n T (Search
method) method) | proposed {search | {Search alg. )
: “method } alg.] alg.)
1.08 2 10 191440,00 2 10 19144000
1.2 2 9 197866.67 2 9 197866.67
2 2 7 247314, 30 2 T 247314.30
3 2 ; 5 3115314.30 2 5 315314, 30

33437

Table 4.25: Variation of total cost for variration of
inventory carrying cost of raw materials

4.5 QUALLTY OF SOLUTION OF THE PROPOSED METHOD

To check the gquality of the proposed method. Hooke and Jeeves'
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Search Algorithm was applied. The results produced by Search

algorithm are presented jn the previous section. The variatians
in the total costs in percentage for different models developed
En Chapter-3, with different data set presented in Section 4.2.

are given below,

Variable Mode | %X of maxm. variation
of TC from Search
Algorithm

D, 0,896X107
A, 0.896%10"

+ of product in single

H, installment, 0.896X10"
H, 0.896X107
D, 0
A {0

A, Lot for Lot: Delivery |,

+ of product in muitiple

H, ‘installmenta. 0
H. 0

D, 0.864%107)
A 053 X 107
] Multiple Lot for a

A; o .297

} Lotprddddiveiy ningle
H, installment, 4

H, 0.671 X 107
D, 0

A 0.648 X 107
A Multipie Lot for a 0

i Legrodedtb virymwolitiple

H, instailments, 0
H, 0

Table 4.26. % of maximum variation of total cost from search
algorithm for different models and different variables.
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Tﬁe above table indicates that the proposed method produces very
much similar results to the search Glgorithm. This method is very
easy to underatand and it takes little computational time as
compared to the search algorithm. Therefore the proposed method

couid be useful for practical use.

4.6 SENSITIVITY ANALYSIS

The behavior of total costs with different parametcers are
analyzed in this section. Figure 4.1 shows the behavier of total
costs with annusl demand for all four cases. The total 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-1 is better than Case-2 if the
demand is greater than 2.5x10g and Case-3 is better than Case-4

if the demand is greater than a.0x10°.

The total cost increases with the increase of setup cost, as
shown in fig.-4.2, if other parameters are fixed. Case-1 is
always better than Case-2 within the given range. The rate of
chenge of total cost decresses 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 cest if other

parameters are fixed. This is shown in Figure-4.3, Here, Case-1
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is always better than Case-2 within the given ramge. However

Case-4 is better than Case-31 for helding cost higher than 2.0.

With the increase of .ordering cost of raw material, the total
cast increases which is shown in fig.4.4. Here Case-1 is better
than Case-2 and Cese-3 13 better than Ceze-4 within the range
shown in figure. And the difference between Case-1 & 2 and Case-3

& 4 increase with the increase of cordering cost.

Figure-4.5 zhows totael cosf increases ﬁith the increase of
holding cost of raw material if other parameters are fixed. The
difference of total cost between Case-1 & 2 decreases with the
increase of heolding cost of raw material. Case-1 is better than
Case—-2 and similerly Case-3} is better than Case-4 within the

range considered in this thesis.
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3.1 CONCLUSION

3.2 RECOMMENDATION FUTURE WORK -
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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 Lo
finished products is considered. Traditionally economic lat sires
for manufacturing a product and purchasing raw maeterial are
determined separately. However, when the raw materials are used in
production, their ordering guantities are dependent oﬁ the batch
quantity of the product. Therefore, it is not degirable to isolate
the problem of econcmic purchase of raw materials from economic
bateh quantity. As a result, it is reguired to determine Lhe
optimum production lot size of a product and Lhe ordering
quaniities of associated raw materials together. This is done
treeting the production ﬁnd purchasing as components of a sipgic

system., minimizing the total cost of the system.

The ordering policy of a raw material can either be based on iis
economic ordering gquantity (EOQ)] or on the requirement of the raw
material in & lot of econamic production quantity (EPQ)Y. The latter
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reflects the dependent relationship between raw materiai
requirement and praducéiun quantity. The relationship between
products and its raw material has been the basic consideration for
the model developed. The problem is considered from the point of
view of the benefit tg the manufacturing f{irm. The proposed
3¥stemic view asupports the fact that the optimum purchasing-
production policy should be detérmined by considering the svstem as

8 whole and net by treating its components individually.

In this thesis, the total cost eguations are formulated for bateh
size of & production system cperating under a fixed-gquantity,
periodic delivery policy as an unconstrained nonlinest optimization
problem for four different cases. Here. it is assumed (hat the
finished product can not be delivered untijl the whole lot is
finished and the quality certification is ready. The optimal balch
sizes are determined for all the cases with the heip ot traditional
optimization approach. The proposed 1s a hueristic or approximatc
method to produce a near optimal solutien. This melhod does not

Euarantee an optimal solution because af

- ‘dependent relationships considered in the formuiatian
- relaxation of integer vartaible to continuuus variable 1n

determining the optimum batch sjizes

However., the sclutions produced, for a substantial number of test
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prob}ems, are compared with the results of a scarch algorithm
{Hooke and Jeeves' algn;ithm} ta judege the performance of the
proposed method. The comparison of results are presented in
sectipon-4.4, It indicates that the proposed metheod produces very
mu;h similar resuits to the search algorithm. This method is very
easy to understand and it takes little computational time as
compared to Lhe search algorithm. The proposed mecthod could he
helpful for easy implementation. The sensilivily analysis is also

performed.

The model developed in this thesis could be appiied in real lifle

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

materials taking from ouvtside suppliers with a supply policy u}
delivering equal guantity at fixed intervals,

Case-2 is more sensative with the wvariation of annual demand
{(fig.4.1), setup cost (fig.4.2}. holding cost aof product {fig.4.3)
and ordering cost of raw material (4.4} than other cases. Fig.4.5%
shows case-4 is more sensative with holding cost of taw material
than other cases. The wvariation of holding cest of product

(fig.4.3) has a little effect on case-3 and case-4,

3.2 RECOMMENDATION FOR FUTURE WORK:

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

papers have been observed in the literature. As a result, there are
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many open topics and/or unansweredable questions for further

research. Some of them are described below:

- Real world data can be used to study and compare the

performance of the proposed methods.

- Experimentation can be done wilh cantinuous delivery svstem ol
product at a constant rate, after the completion ul the batch

production.

- Using large number of daia with closer slep size and wide
range. the performance of the nproposed methods can  be

compared.

- Experimentation can be done with Multiple raw materials for

single product

- Experimentation can be done with Meltiple Producis with singie
raw material {common) or multiple raw material fecommon]  or
multiple raw material of different type 1Trom the same or

different suppliers
- ExXperimentation can be done with Multiple customers

- Experimentation can be dore wilh the production system with

aging period before delivery of the finished product.
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