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Abstract

This paper presents an Economic Order Quantity (Ep@odel for delayed
deteriorating items having inventory level dependestemand rate and shortages.
Demand at any instant depends linearly on the onAdainventory level at that instant.
In the initial phase, inventory depletes down tocartain level of the inventory due to
market demand only. In the second phase, the ineentlevel gets depleted due to the
effect of both market demand and deterioration kattll dependent on stock until the
inventory level falls to zero. In the final phasd the cycle, shortages are allowed and
the unsatisfied demand is partially backlogged atate which is a fixed fraction of
demand rate during the shortage period. We estdbliee theoretical results for the
optimal replenishment policy of the inventory systen order to minimize the total
average system cost per unit time. Furthermore, present some numerical examples
to illustrate the application of the model develapband use the examples to study the
effect of various changes in some possible combiona of model parameters on the
decision variables of the system.

Keywords: Stock-dependent demand, delayed deterioratiotiapbacklogging rate.

1.0 Introduction

The amount of inventory to be maintained will natlyr depend upon the consumption or usage of threnoadity
involved, and in many cases, the amount of invgritais a motivational effect on how customers pwsetithe commodity. It
is a common belief that large piles of goods digpthin a shelf can attract large number of custsrtebuy more.

Whitin [1] observed, without empirical evidence tth@n increase in inventories may bring about éased sales of
some items.” Wolfe [2] presented empirical evident¢his relationship, noting that the sales ofestyierchandise, such as
women’s dresses or sport clothes, are proportitmahe amount of inventory displayed. Lewehal. [3] and Silver and
Peterson [4] also observed that sales at the tetal tend to be proportional to inventory disgdyand that a large pile of
goods displayed in a supermarket will lead custemierbuy more. This fact attracted a number ofaeters to derive
Economic Order Quantity (EOQ) models concentratedtock-dependent demand rate patterns. Gupta eatd3} were the
first to incorporate these observations into ineeptmodels, developing an inventory model with ktdependent
consumption rate, which is a function of the idiséock level. Baker and Urban [6] investigatediaventory model in
which the demand rate in polynomial functional fagra function of the instantaneous stock levelnd¥d and Phaudjar [7]
assumed that the demand rate depends linearlyeoonthand inventory at any instant time. Datta Bal[8] have discussed
the model of inventory- level- dependent demand mtwhich the demand rate depends upon inveneugl ldown to a
certain stock level and then it becomes constarthiorest of the cycle, until the inventory leisekero. Later on, Alfares [9]
considered the inventory policy for an item witlstack-level-dependent demand rate and a storagedépendent holding
cost.

In most inventory models a general assumptionas pinoducts have indefinitely long lives. Howeviermany cases,
items deteriorate over time. Often the rate of ietation is low and there is little need to comsidhe deterioration in the
determination of inventory model. Neverthelessrat@e many products in the real world that argemtilbo a significant rate
of deterioration. Some examples of commodities thieteriorate over the time include blood, fishaméuits, vegetables,
gasoline, radioactive chemicals, potatoes, yanugymts that have expiry date and so on.
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The inventory problem of deteriorating items wastfstudied by Whitifl] who studied fashion items deteriorating at
the end of the storage period. Then Ghare and &ehj0] concluded in their study that the consumption etedorating
items was closely relative to a negative exponémtiaction of time. Mandal and Phaujdfrl] presented an Economic
Production Quantity (EPQ) model concerning a siritggen with a variable rate of deterioration and ttemand rate is
dependent on instantaneous inventory level. BasayghSani [12] proposech&EPQ model for delayed deteriorating items
with stock-dependent demand rate and linear timgengent holding costPadmanabhan and Vr§t3] developed an
inventory model for initial stock dependent constiomprate and exponential decay. Datta andP4lextendedviandal and
Phaujdar’s[11] work for deteriorating items with the assuroptithat the demand rate is a linear function ofdhehand
inventory by allowing shortages, which are completemcklogged for both finite and infinite time lwons. Palkt al. [15]
developed a deterministic inventory model by assgntihat the demand rate is stock-dependent anitetins deteriorate at
constant rate. Later on, many researchers have adog of significant work on inventory models withventory-level-
dependent demand, such as considering, non-lirédin cost [16], perishable items [17,18,19], plkable items and non —
linear holding cost [20]. Teng al. [21] extendedatta and Pal'$14] EOQ model to allow not only deterioratingrits but
also non-zero ending inventory. Sana and ChaudB@ii analyzed a kind of EOQ model with current-&taependent
demand where a supplier gives a retailer both ditcperiod and a price discount on the purchasmerichandise. Charej
al. [19] investigated inventory models with stock-grite-dependent demand rate for deteriorating itbased on limited
shelf space.

In the literature of inventory systems, inventorgduls for deteriorating items mostly assume th&griation starts as
soon as the retailer receives the commodities. Wewyén real life, many goods would have a spamaintaining quality or
the original condition for some period. That isidgrthat period there is no deterioration occurriagd that phenomenon is
termed as “delayed deterioration” in Musa and $28jj or “non - instantaneous deterioration” in \&fwal. [24].

Wu et al. [24] developed an inventory model for non-inséaeious deteriorating items with stock-dependentatheim
and time-proportional partial backlogging ratenXiial. [25] suggested an inventory model with inventeyel-dependent
demand rate, non-instantaneous deterioration,gbdoticklogging and decrease in demand. UthayakamarGeetha [26]
developed a finite planning horizon inventory modet non-instantaneous deteriorating items withclkstalependent
consumption rate. Here, shortages are allowed antiblly backlogged. Mahata and Goswami [27] pregab&ussy EOQ
Models for deteriorating items with stock dependdemand and non-linear holding costs. Of recenkidtuet al. [28]
reviews the trends in deteriorating inventory stsdincluding deteriorating items for inventory ledependent demand
inventory policies.

In practice, when shortages occur, some customerailing to wait for backorder and others are atipnt to wait and
therefore would turn to buy from other competitdfsr inventory models with stock dependent consionptate, many
inventory researchers assumed that shortages apletely backlogged such as [29], [30], [31], an&ingthers. On the
other hand, authors such as Park [32]), Hollier Btak [33], Wee [34], Urban [35] and Uthayakumar aBdetha [26]
considered constant partial backlogging rates dutiire shortage period in their inventory modelsdrRanabhan and Vrat
[17] considered an EOQ model for perishable itenith wtock-dependent selling rate for sales enviremim Under
instantaneous replenishment with zero lead tiney gresent three models: without backlogging, \wahmplete backlogging
and partial backlogging for which they assumed thatamount of demand backlogged may depend oartioeint of orders
already backlogged. Chang and Dye [36] were ambedfitst to introduce partial backlogging rate inoBomic Order
Quantity models. They assumed that, the lengtthefwaiting time for the next replenishment becommzsn factor for
determining the backlogging rate. That is to shg,longer the waiting time is, the smaller the bagging rate would be.

Many researchers considered time-proportional glabécklogging rate in their inventory models. Argehthem are
Abad [37], Papachristos and Skouri [29, 38], Chand Dye [42], Wang [39], Chemi al. [40], Min and Zhou [41], Dyet
al. [42], Houet al. [43], etc. Abad [44, 37] discussed a pricing éutesizing problem for a product with a variable of
deterioration, allowing shortages and partial bagging. Hou [31] afterwards extended the modeladranabhan and Vrat
[17] by incorporating the effects of deteriorati@te, inflation and time value of money to devedwpinventory model with
stock-dependent consumption rate and with compbeteklogging for non-sales environment. Dye and Q@Qgy#5]
developed an inventory model in which the propartid customers, who would like to accept backloggis the reciprocal
of a linear function of the waiting time. Watial. [24] discussed the problem of determining theroptireplenishment policy
for non-instantaneous deteriorating items with lstdependent demand. In the model, shortages awedt the backlogging
rate is variable and dependent on the waiting fon¢he next replenishment.

In this paper, we present an EOQ model for delagtdriorating items with inventory level dependéemand rate and
partial backlogging rate. We assume a fixed fracibdemand rate to be the backlogging rate dutfiegshortage period as
in Wee [34]. In the initial stage, inventory depleddown to a certain level of the inventory duenarket demand only. In the
second stage the inventory level gets depletedaltize effect of both market demand and deteriomatiut still dependent
on stock until the inventory level falls to zera.the final phase of the cycle, shortages are aliband the unsatisfied
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demand is partially backlogged at a rate which fixed fraction of demand rate during the shortpgeiod. Several items
such as cassava, yams, potatoes, some fruits ayedabdes, and others exhibit this property. Weldista the theoretical

results for the optimal replenishment policy of theentory system in order to minimize the totabeage system cost per
unit time. Furthermore, we present some numerixahples to illustrate the application of the modieveloped and use the
examples to study the effects of various changssiime model parameters on the decision variabldseafystem.

2. Notation and Modeling Assumptions
The inventory system is developed on the basibefdllowing notation and model assumptions:

2.1 Notation:
Q The Order Quantity which enters into inventoryiatett = 0

Sd The inventory level up to which market demand raitgtock-dependent and depletion is based onlyeomacid
T The length of replenishment cycle time

t, The length of time in which the product has no detation and after this period of time, a constémtction
8 (0< @ <1), of the on-hand inventory deteriorates

t, The length of time after which the shortage timgibg
[,(t) The level of positive inventory at time(0 < t < t,) in which the product has no deterioration
[,(t) The level of positive inventory at time(t; < t < t) in which the product has deterioration
B(t) The level of backorder at time(t1 <t < T) inwhich the product has shortage

CO The ordering cost per order for each cycle

H The unit inventory holding cost per unit time @ rit, Naira/unit/unit time

y7A The unit deterioration cost per unit time of iteMaira/unit/unit time

y7A The unit shortage cost for backlogged items pertime of item, Naira/unit/unit time

H, The unit opportunity cost due to lost sales pet timie of item, Naira/unit/unit time

2.2 Assumptions:

() The unit cost of item and the traditional atidg cost are known and constant

(i) The inventory system involves only one itendame stocking point in each cycle

(iii) The time horizon of the inventory system idfinite. Only a typical planning schedule of lengshconsidered, all
remaining cycles are identical

(iv) The demand rate D (t) at time t is assumeUet(D[I (t)] = a + BI(t), whereq is a positive constang,is
the stock dependent demand rate paraméter,5 <1, and | (t) is the inventory level at timie

(v) The deterioration of the on-hand inventdr(/t) begins after a timé, from the instant of arrival in inventory.

(vi) Shortages are allowed and partially backlogg#t adopt the concept used in Wee (1995), wherautisatisfied
demand is backlogged, and the fraction of shortagekordered i§(0< 0< 1) . The extreme cased =0 and 0 =1
represent the scenarios of no shortage allowed¢amglete backlogging, respectively.

3.0 Mathematical Model and Analysis
Using the above assumptions, a typical cycle fer thariation of inventory level with time where tbhortages are
allowed is shown in figure 1.
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Figure 1: The graphicalresgentation for the inventory system.

The inventory level dependent demand rﬁlgl (t)] of the product at any instant of time t is a éinéunction of| (t) and
is given byD[I (t)] = a + I (t). Maximum inventory M units of item arrive at theventory system at the beginning

of each cycle. During the time inter\[él, td], the on-hand inventory level gradually falls frdvto the level Sd at time
t =t,, due to demand only. The inventory level is drogpto zero due to demand and deterioration dutiegitme interval

[td,tl]. Then during the time interva{ltl,T] shortages set in and unsatisfied demand is backtb@y a raté of the
demand rate. The whole process is then repeated.
The inventory level at any time t in the inter\[é], td] can be represented by the following differentguation:

% = — (a+B1,(1), 0<t<t,, (1)

with the initial conditionl,(0) = M.

Solution of equation (1) is obtained as follows:

d,(t
% + ,Bll(t) = — @ is a linear differential equation ihl(t) whose integrating factor i€ At
so that
a
Il(t)eﬁt = —ZeP' +K where, kis a constant.
B

a
With the boundary conditioh_(O) =M, we havek = M + E
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and
1,(t) = Me ! —%(1—e‘ﬂ‘) @)

During the time interva[td , tl] the product depletes owing to the effect of hotrket demand and deterioration. Given

that @ is a constant fraction of the on-hand inventost tets deteriorated per unit time, the differérgguation governing
the instantaneous state b{(t) over the time period il[ltd , tl] is given by

di,(t
%Jrelz(t) = - (a+B1,0), t,<t<t, o
with boundary conditionl ,(t,) =0.

Solution of equation (3) is obtained as follows:

di,(t )t
% + (,8+ 0) Iz(t) =-—q is also a linear differential equation ih, (t) whose integrating factor ie('8+ ) ,
which gives
|2('[)e(ﬁ+9)t S— elfrot 4 k, where, kis a constant of integration.
B+6
With the boundary conditioh, (tl) =0, we havek, = IBi ge(ﬂ+9) " and we have
o)(t, -t
|2(t): a (e(ﬁ+ )(t'l )_1) (4)
B+

During the shortage intervfath, T] , the demand at time t is partially backlogged diked fraction 5(O< 0< 1) of the
demand rate. Thus, the backorder level is govebyetie differential equation:

dIZEt) = -9(a+ B B(0)), since there is no stock after t
and so
% = -qg0, t,<t<T ®)

Solution of equation (5) is obtained as follows:
B(t) =-adt +k, , wherek, is a constant.

With the boundary conditio(t,) =0, we havek, = adt,
O B(t) =-ad(t-t) (6)

Since | (t) must be continuous dt=1,, then from equations (2) and (4), we get
B B+

or

_ ﬁi&(e(we)(tl_td) _1je/3td +%(eﬁtd -1) 7)(

Substituting equation (7) into equation (2), weaidt
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1, (t) = { a (e('gw)(tl_t") —1)e/3td +%(eﬁtu —1)}‘/3t —%(1—e'ﬁt)

B+
_ {ﬁ(e(ﬁw)(tpg) _1)eﬂ(td—t) +%(eﬁ(td—t) —e‘/”t)} —%(1—e‘ﬂt)
- M (el _1je—ﬂ<t—td | +%(e—ﬂ(t—td | _e_mﬂ S ”) o

Substitutingt =T in equation (6), we obtain the maximum amount ohded backlogged per cycle which is given by

N=-B(T)
= ad(T -t,) 9

Combining equations (7) and (9), we obtain the ogimntity,Q , as

Q=M +N
=7 (e(ﬂw)(tl_t") —1je/3td +g(eﬁtd —1) +ad(T -t)) (10)
B+ B
31 Total inventory during the complete cycletime T

This is given by
C,= [ n(t)du+ [11,(t) o
- [ [ﬁ(e(ma)(&—n,) _ 1je-ﬂ(t-td | +%(e—ﬂ(t_td ) e-mj S m)j o

T j:(e(ﬁ *ole ) —1j it

S a (B ut) _ﬂ_md_ _ | ae™ __(Bro)u-t)) _ ae’
{ﬁ(w@)(l ° ) B {ﬂ(me)(l © j ,82}
-4 (t - J‘ el
L+Ol\*Y p+6 d B+6

2 PR 2 (e RO 2T e
| e )]

|

a
B(B+0) B*

a 1 e(,B+¢9)(t1—td)
_,8+9 (tl+,8+6J - td+—,8+9

Journal of the Nigerian Association of Mathematic&hysics Volume 25, No. 2 (November, 2013), 2998 3

300



An EOQ model for delayed deteriorating items... Baraya and Sani Jof NAMP

a (1—e(ﬂ+9)(t1_t"))(1 —eﬁtd)+ %(eﬁ[" - Bty - ])

~B(B+9)
a (A+6)(u-t) )
+ e -(p+0)(t,-t,)-1 (11)
el (B+6)(t,-1,)
32 Total amount of items which deteriorate during the cycle time

This is given by

Ceer = |,(ty) — demand during the time intervit, t]

_ a’e(e(ﬁ+6’)(tl—td) —1)—U:adt . IB+9E( (B+6)(t - )_1) dtj

a ( oA+ o)u-t) _1j alt-t,) _(ﬁc:[;)z( olBolu-t) _ (B+06)(t,-t,) - 1j

a {,[;’+¢9 f““ltd)—lj—(me)z(tl—td)—ﬁ(e(ﬁ*g’(tl't")—(ﬁ+9)(t1—td)—1)}

=

[0e5+6’ -(B+6)- (,3+5')2(tl_td)+ﬂ(ﬁ+e)(tl_td)+ﬁ}

{ew“ - (aro) (1) (5+0)-5)]

LB+6
a
L+
a
Lp+6
a

E eIt _ g_g(p+0)(, - t”

_ (ﬁ‘ii)z[e(“““ (a0 -t)- 1 "

(B

33 Total amount of shortage (backordered) items due to backlog during the cycle time
This is given as:

C, = [ (-B®)t

1

3,
—_—
=Y
—~

—

|
—
(o
=~

1
Q
(e ¥
—
_|
NI
| £
= =
N—
|
7 N\
L+
N
|
—
N—
—

—(T-1)° (13)

34 Total amount of demand items unsatisfied during the cycle time.
This is given by

qmzﬂa@—ﬂdt
=a(1-90)(T -t) (14)

35 Total relevant inventory cost per unit time
This is obtained as:
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Ve (t T) orderlng cost + inventory holding cost per cycline deterioration cost per cycle
v + shortage cost per cycle due to backlog + oppiytenst per cycle due to lbsale

{C + UCh + ULC g+ UL+ U Cion}

I
—|||—\

—|||—\

C +?1/chh +?1ﬂ2Cdet+?]-ﬂ£:S +?1'u‘p|05t
m a __(B+E)y-t) Ay a . — -
0+ {,8(,6’+9)(1 e j(l e? ) + F(eﬁt Bty ])

’ (/3+a e)—z(e(/3+0)(tl_td) ~ (B+0)(t~t) - 1)}

L, ad (Bro)u-t) _ (5., oL
L[ )4 o)

|

G b gl o) e -

L ()] (prou-t) _ o vy
it (B+0)t-1)- 1

+% {%J(T ~-t,) 2} +%{a(1— J)(T -t,)} (15)

4.0 Solution Procedure

Based on the non-linear objective function (15),CT{t; T) is a function of tand T. The necessary conditions for the total
system cost per unit time in equation (15) to beimized are

0
%(TVC(T, t))=0 anda—T(TVC(T, t))=0 (16)

1

—||O

The differential equationaaT(TVC(T, tl)) = 0 is equivalent to
1

%(TVC(T,H)) = —%(1—eﬂtd )e(ﬁ-'—e)(tl_td) + aly (e(ﬁ+€)(t1—td) _1)

(B+6)T
7] +6)(t -t ,a0
+(ﬁaf_zg)T(e(ﬂ ) d)_l)_#Ta (T-1)-£ (1 5) =0 @

Multiplying both sides of equation (17) 5[/,8(,3 + 9) simplifying and rearranging the terms, yields,
_aﬂl(lg+6)(1_eﬁtd)e(ﬁ+6)(tl td +aﬂlﬁ( ﬂ+6 t1 )_1)

+ap (e ) 1) - uadp(B +6)(T -t,) - wap(B+6)(1-5) = o (18)
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Grouping the terms in (18), we have
{a',B(,ul + Q) - ap, (B + 6) (L- e )} eVt o dB( B+ O)T + padB(B + ),
- aﬁ{(,ul + 18) + u,(B+6)(1- 5)}

which can be written as

w e

0

(£+6) (- )+a)2T+a)3t1+a)4 =0 (19)

where

« = Cf,B(,Ul + H,UZ) B a:ul(lg + ‘9)(1_eﬂtd)' W = —,L130’5,8(,8+ 49),
W= uadB(f+6), w,= - ap{(u+ub) +u(B+06)(1-0)}

Similarly, %(TVC(T, t1)) =0 is equivalent to

i ——&—ﬂ L - (’8+9)(t1_td) - a) 4+ i 4 — —_
aT(TVC(T,tl))— Tz{ﬂ( )(1 e j(l eﬁt) ﬁz(em B, ])}

T? L£+6
_ ol GL)[ (B+Ot) _ (ay o\ r )
e (B+o)t-1,)- 1
.é{fﬁz ﬁ Hi{a-o)t} =0 20)

Multiplying both sides of equation (20) b* (,8 + 9)2 [?, we have,
_Co(,B"'H)Z 132 -1 {0’,8(,3‘*‘9)( e(ﬁ+9)(t1—td) _1j(eﬂtd _1) + a(lg+9)2 (eﬂtd - ﬁtd - ])}

- ap* (vl — (g o)1)~

)2 0’5(

+1,B*(B+6 -t) + w,B*(B+6) a(l-d)t, = 0 (21)

Simplifying and rearranging the terms in (21), ve g
{aup(p+6)(1-e™) - ap?(u + ;)| e )
2 ad )2 0’5

2

BB+ O) T - BB+ 6
+{ap?(5+6)( + 1) +/J4ﬂ2(ﬁ+9)20(1-5)}t1

—yl{aﬁ(ﬁ+¢9)(1 —e™) + a(B+6) (e - By - 1)} ~ap*(m+au){ (B+6)t, - 1
—Cy(B+6) B> = 0 122
which also reduces to
Y, el ) ey T2 4 v 2+ YL+ Y = 0 (23)
where

- 2
Y, = auB(B+0)(1-e”) - aB? (i +6u,).
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Y, = wBH (B8 T Y, = —up(pr6)

0',32(’3+0)(,ul+6/12) +,U4[32(,3+6)2a(1_5),
‘”1{”f8(f”+5’)(1 —e®) +a(B+o)(e™ - 4y - 1)}
- ap?(u+aul{ (B+6) - § -Cy(B+6) F

Solving the two non-linear equations (19) and @8)ultaneously will give the optimum valugs$ of t and T* of T provided
these values*t and T* satisfy the conditions

< =
1 I

0*TVC(T.t,) 0 2a)
oT ?
and
det H,(T.t)> 0], (25)

Where,det[Hm(T ,tl)], is the determinant of the Hessian matrix given by
0 °TVC(T,t,) 0 °TVC(T,t,)

H(T) = oT 2 aTat,
" larve(T,) 9 ATve(T, )
otoT ot?

It is not however easy to get the solution of eiguest (19) and (23) by an analytic method. Henhere is need for an
approximation solution method. From (19), we have

1 o)Ly
T= - fas et a) (26)
Substituting this value into (23), we get an ecquratn a single variablg 8s,
2
Yl e(ﬂ+€)(t1‘td) +( Y'2)2 (a{ e(ﬂ+€)(tl_td) + w3t1+ &)4) + Ysti + Y4t -+ Y5 =0 27)
W,

We can now use equation (27) to solve fprusing Newton-Raphson method and then substitetesdtution obtained for

(27) into (26) to compute T. These solutions T* &ridvill now jointly make the optimal solution of (J@&nd (23) provided
equations (24) and (25) are satisfied. By usingapgmal values of;t and T* in (15) and (10), optimal minimum system

cost per unit timeTVC (tl* T *) and optimal order quantity Q* respectively areaitid.

5.0  Numerical examples
Four tables (Table 1, Table 2, Table 3 and Tablef4xamples are presented to illustrate the mdéekloped and the
effects of changes of some model parameters ordebesion variables. From Table 1, an inventory eysin the first

example has the following values of parametgrs: 180, £ =0.7, 8= 0.z, 0 =0.2, G, - N 80 per ordert4 =NO0.5
per unit, L, =N 2 per unit, ; =N 2.5 per unit, 4, =N 1.2 per unit,t; = 0.1 time units. By using Newton-Raphson
method, the optimal length of time with positivesémtory {* is obtained using expression (27) &% =0.724 units, the

optimum cycle length of time T* is determined usiexpression (26) a3 * =1.028 units and corresponding minimum

total system cost per unit time is determined ugirgression (15) as TVC* =1%3.04 while the optimal order quantity per
cycle is determined using expression (10) as Q24.22 units. For other values of the parameterefiected in the table,
the optimal length of time with positive inventdsy, the optimum cycle length of time T*, the corresling minimum total
system cost per unit time TVC*, the optimal ordeantity per cycle Q* are similarly determined. Tresults are tabulated in
Table 1. Also, Table 2, Table 3 and Table 4 ardlaity drawn up, with changes as indicated in tleading of the table.
Note that in all examples given, the sufficient ditions expressed by equations (24) and (25) arsfisd implying that {*
and T* so determined are indeed the minimum vailuéise considered region.
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Table 1: Effect of changing the constant demarel gaton the decision variables

S/No o B 5 9 /Jl /12 /'13 /14 (0 td T-_I_ * T* Q* TVC*

1 180 | 0.7] 0.2 021 08 2 2% 1p 80 0.1 0.724 1.02324.12 | 153.04
2 185 | 0.7] 0.2 021 08 2 2% 1p 80 0.1 0.718 1.01%27.01 | 154.67
3 190 | 0.7] 0.2 022 08 2 2% 1p 80 O 0.711 1.00229.86 | 156.28

Table 2: Effect of changing the stock-dependentatehrate/3 on the decision variables

S/No o B 5 9 /Jl /12 /13 /,14 Co td tl * T* Q* TVC*

1 150 | 0.3] 0.7] 015 05 2 2p 12 120 0.08 1.083 011.% 251.73 | 182.94
2 150 | 04| 0.7] 015 05 2 2p 12 120 0.06 1.047 72.4 255.40 | 184.65
3 150 | 0.5] 0.7] 015 05 2 2p 12 120 0.p6 1.013 44l.4 258.96 | 186.30

Table 3: Effect of changing the deterioration r&en the decision variables

sNoTa B [0 |6 [pulm|mwluw|S [t [vr [Tr @ TVC*

1 160 | 0.8 09| 0.15 0.7 2 25 12 8( 0.08 0.680 (1]0203.67 | 150.34
2 160 | 0.8 09| 0.200 0.7 2 25 12 8( 0.08 0.p43 31/0196.16 | 153.26
3 160 | 0.8] 09| 0.25 0.7 2 26 12 84 0.08 0.p09 M|9989.69 | 155.81

Table 4: Effect of changing the backlogging raten the decision variables

SNofa 1B 10 |6 ||t | M| M]S|ty x| T TVE

1 170 | 0.8 0.5 0.1 0 1% 2 17 8d 0.08 0.913 0/9882.92| 152.06
2 180 | 0.8 0.55| 0.1 058 1% 2 17 8( 0.08 0.909 1)0247.89| 151.02
3 180 | 0.8 0.6 0.1 0 1% 2 17 83 0.08 0.902 1,0B861.49| 149.57

6.0 Results and Discussion

A careful study of the computational results aswshan Tables 1 - 4, and within the range of valoégthe chosen
parameters, reveals the following observations:
1) From Table 1, a higher value af results in higher values of Q* and TVC*, but lowalues of t* and T*. This
implies that increase in the demand rate will resulthe increase of the optimal order quantity pgcle Q* and the
minimum total system cost per unit time TVC*, bugcdease in the length of time with positive inveptt* and the
optimum cycle length of time T*. This is expectédce if demand rate is higher, stock will take leés® to finish and sot
and T* decrease. Increasing the total demand ald in turn, increase the order quantity and terall system cost per
unit time.
(2 From Table 2, a higher value ¢f results in higher values of Q* and TVC*, but lowelues of t* and T*. This

implies that increase in the stock-dependent dematedwill result in the increase of the optimader quantity per cycle and
the minimum total system cost per unit time, budrdase in the length of time with positive invegtand the optimum cycle
length of time. This is expected since if stock etegent demand rate is higher, stock will finishliearand so T* will
decrease. On the other hand, increasing the stieglendent demand parame8rwill effectively increase the total demand
which, in turn, will increase the overall systensicper unit time.

) From Table 3, higher values & result in higher values of TVC*, but lower valusfst,*, T* and Q*. In this case,
it implies that increase in deterioration rate walsult in increase of the minimum total systemt quer unit time, but
decrease in the optimal length of time with positimventory, optimum cycle length of time and ogirarder quantity per
cycle. The total variable cost per unit time, hoaeyncreases in this case, which is also expesitezk when deterioration
cost increases, the total variable cost per umi¢ tivill also increase. With deterioration rate f@ghowever, stock will finish
earlier resulting in lower T*.

4) From Table 4, higher values @¥result in higher values T* and Q*, but lower valwég,* and TVC*. In this case,
it implies that increase in backlogging rate wékult in increase of the optimum cycle length ofeiand the optimal order
guantity per cycle and , but decrease in the vabiehe optimal length of time with positive inveny and the optimal
minimum total system cost per unit time. The to@liable cost per unit time in this case is celyagxpected to decrease
due to zero stocking cost. It is also expecteditf@easing the backlogging rat® increases the order quantity Q.
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7.0 Conclusion and Suggestions

In this article, an economic order quantity (EOQddml is presented for delayed deteriorating itenith wtock-
dependent demand, allowing shortages and fixedibgging rate. The impact of stock dependent demmate] constant rate
of deterioration and partial backlogging parametarsorder quantity, maximum inventory level andatatystem cost per
unit time are reported. We present some numericaheles to illustrate the application of the modeVeloped and use the
examples to study the effect of various change®ime possible combinations of model parameterb@nécision variables
of the system. We find from the above results thateffects of stock dependent demand rate, dedtioa and backlogging
rate on the optimal replenishment policy are sigaift, and hence should not be ignored in devetppimentory models.
The proposed model can be used in inventory coofrakertain delayed deteriorating items such asl filems, electronic
components, fashionable commodities, vegetablags fryams, potatoes, and so on. The model we peagented in this
study provides a basis for several possible exdessiFor future research, the model can be enritlyethcorporating
inflation, time value of money, variable holdingstcand so on.
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