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Abstract

The constant demand rate may not always be suitdbleinventory items such as
milk, meat, vegetable, highly volatile liquid etwhere the age of the inventory item has
a negative impact on demand which is consequernthiloss of consumer confidence on
the quality of such products and physical loss due spoilage, depletion and
deterioration. In this paper, we developed an int@ry ordering policy model for
delayed deteriorating items with unconstrained ri¢a's capital where payment is
effected on receipt of the replenishment inventofjfhe model is constructed on the
assumptions of linear trend in demand and shortagééumerical examples on the
application of the model are provided.
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1.0 Introduction

In general, deterioration of inventory can be defiras damage, spoilage, decay, obsolescence, atiapopilferage
and so on which lead to the decrease in usefuloesslue of the original inventory item. The dea®ar depletion of
inventory due to deterioration is always a functafrthe on hand inventory. The deterioration ratétéms such as steel,
glassware, toys etc. is very much negligible antdwarthy of consideration when computing the ecoiolot size. The
deterioration is remarkably high in other inventargms such as blood in blood banks, fish, frufisirol, radioactive
chemical, drugs and grains.

The constant demand rate may not always be suifablmany inventory items. These include milk, meeggetable,
highly volatile liquid etc. where the age of thé@seentory items has a negative impact on demandiwisiconsequent due to
the loss of consumer confidence on the quality wéhsproducts and physical loss due to spoilageletep and
deterioration.

The development of inventory replenishment polioydel with a linear trend in demand was pioneeredbgaldson
[1]. Henery [2] developed a model that considesaasing linear demand pattern. Ritchie [3] devetbp simple optimal
solution for an EOQ model with linear increasingndad. Cox et al. [4] developed a model on the d@tetion of order
guantities with a linear trend in demand. Goyal ¢bhstructed a model on the determination of ecanaeplenishment
intervals for linear trend in demand. Chung andi T8constructed an algorithm to determine the E@®@deteriorating
items with shortages and a linear trend in demand.

Yang et al. [7] developed a model on the exacttemiwf inventory replenishment policy for a lingaend in demand.
Musa and Sani [8] developed an EOQ model of delalgtdriorating inventory with linear time dependkalding cost.

In this paper, we developed an inventidering policy model for delayed deterioratingritewith unconstrained
retailer’s capital where payment is effected oreigicof the replenishment inventory. The modelugtlon the assumption
that items in stock have a delayed deterioratioammg that they do not start deteriorating immesljathey are stocked
until after some time. The demand rate before aetdion sets in is a linear function of time, wlas when deterioration
sets in, the demand rate is constant and it isnasduto remain so up to when the inventory is cotepftedepleted. The
model allows for shortages where orders placedhduhie stock out period are satisfied first wheslemishment is received.

2.0 Assumptions and Notation
The following assumptions and notation are emplagyatie development of the model.
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Assumptions

(i) Unconstrained retailer’s capital  (ii) Shayéss are allowed
(iii) Instantaneous replenishment (iv) Ling@nd in demand

Musa and Adam J of NAMP

(v) lead time is zero
Notation

/]1(t) The demand rate (unit per unit time) during teequ before deterioration sets in where
A) =y +pt
The constant demand rate (unit per unit tiaf®r the start of deterioration

The inventory cycle length
The unit cost of the item

The time the deterioration begins

The length of time with the positive stocktioé inventory

The period during which deterioration occurs

The ordering cost per order
The inventory carrying charge

"> A 0" >

The rate of deterioration

D(T,) The number of items that deteriorate during thetjmy, T,]
H.  The inventory holding cost per cycle

|,  The initial inventory

I (t) The inventory level at any tinfebefore deterioration begins
4 The inventory level at the time deterioratimeygins

| 4(t) The inventory level at any tinteafter deterioration sets in
T,  The total demand betwedpand T,

C[d(T,)] The cost of deteriorated items
q The order quantity

g, The quantity sold at timd,

(1)

0 T TL,=T,-T, T, b

T
Figure 1: Delayed deteriorating inventory situatiith shortages
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3.0 The Mathematical Model

The inventory level in the intervm,Tl], before deterioration begins where depletion ccanly due to demand is
described by the following differential equation:

di (t di (t
S aw =S (s 40 =0 o
Separating the variables in equation (1) and sglyields:
t2
Ja®=-[(s+yot = 10=-pt-2-+a, @

Where @, is an arbitrary constant. At=0,1 (t) =1,, we get from equation (2), = @, which is substituted in equation
(2) to get

t2
I(t)=—yl—y22 +1, @3)
Also att="T, , 1 (t) =l , we get from equation (3)
2
|d:_ 1T1_V2T1 +|0:—(V1+VLT1JT1+|O (4)
2 2
Solving for | , from equation (4) gives:
Io:|d+(yl+y22leTl (5)

We substitute equation (4) into (3) to get,

_ yot? WA
I(t)—(ylwzj (yl Zjn

yt? AN

=lg—nt- +ylh+

- y
=l + -y + (10 -1 2 (6)
Depletion of inventory in the intervel}, T,] after deterioration sets in will be as a resulttfed combined effect of

demand and deterioration which is represented éyliffierential equation:

dly(t)
t)+ A, =
S8+ 4, =0, )

adt
From equation (7) we get the integrating factd(, | d) = e'r =e? we multiply equation (7) through by the factor
and integrate to get:

jg(l et = —Azjeﬁdt , simplifying, gives:

()= - 2+Ce 8)
where C2|s an arbitrary constant. We apply the conditioh =atT,, Id(t) = |, which yields from equation (8)
A - A
Id:—g%cze‘ng :>C2:(Id+g2jeng (9)
SubstitutingC2 into equation (8) to get
A § -
o= 5 (7 -] +1,e5 (10)
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Now at =T,, I,(t) = 0, equation (10) becomes

0= %(e(Tl_Tz)g _1) + |de(T1‘T2)5 = Id = _;2 (1_ e(Tz‘T1)€) 11

Substituting equation (11) into (10) gives:
A - A ~ - A -
| (t =72 e(T1 t)6 -1 72 1_e(T2 )6 e(T1 e — 712 e(Tz t)6 -1 12
a (D) ) ( ) P ( ) 5 ( ) (12)

Substituting |, from equation (11) into (6) to get

| (t) = (T1_t)y1+(T12 _t2)y_22_%2(1_e(T2—Tl)6) (13)
The product of the demand rate at the beginnirdptdrioration and the time period when the itenedetates gives the total
demand for the inventoryl; betweenT, and T, . Hence, T, = A,T,
and the number of items that deteriorate duriegnkerval [Tl,Tz] is given by:
d(T,) =1, - AT, (14)
Substituting | ; from equation (11jnto equation (14) yields

y ) A )
d(T,) = —52 L-e™ WY - AT, = —52 @-e™ W +(T,-T,)0) (15)

4.0 The total Variable (Inventory) Cost:

This is made up of the sum of the inventory cagyoost, ordering cost, backorder cost and the adwstto deterioration of
materials. The costs are as given below.

(a) The inventory ordering cost per order is gigsr

(b) The inventory holding cost is computed as follo

= ichl (t)dt +ich| (t)dt

ICI(T —t)yldt+|0j%dt |cj Z2 (1-¢(™" T1>“’)o|t+j L2799 1)t

—icyT? - iCyT?  ICyI° iCyT° iCAT, | iCATE™™’ iCAT, iCA, , iCAST,
o 2 2 6 9 9 9 6 0
iCA,e™ ™
+—292
_iCyI? | iCy,Ty | ICATE™ ™ iCAT, iCh, , iCAE™™’
2 3 7] 7] 6 6
2 3y, wL o ent 1A AN 2]
(c) Cost due to deterioration of materials is giasn
cd) =¢{ -2 e 4 1, -1)9)| an
(d) The backorder cost per cycleg is given as:
T-T, _ 2
CB = Cb '[/]tht = w (18)
0
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The total variable cost per unit is given as:
1
TIC(T)= ? (Inventory ordering cost + Inventory holding co§est of deteriorated items

+ Backorder cost per cycle)

%(A+Hc +Cd(T,) +Cy)

TIcm) =2+ (E NIE AT, Ay AT Azeﬁmj ICpl,
T L2 3, nh 6 Vi yihe ) or

ALT-T,)? C(_A -
+Cb 2(;_ 2) +?(_gz(1_eﬁ2 T1)6+(|-2_-|-1)g)) (19)

We differentiate equation (19) with respectlicand equate to zero to obtain the value of the
cycle length, T which gives the minimum total variable or inventonst as follows:

dTIC(T) _ —A_iCyT? iCyT° [ ICAT,  iCA, iCATE™™’ iCAe™™’

dT T? 21 312 gr: 6T’ or? 6°T?
(T2~T)é — — —(T -
4Gl _CAE™™ | CA(T, -T) | CAIT ~T,)T ~(T -T,)) o0
ar ar T 2T

Multiplying equation (20) through b'l,'/2 and grouping yields:
2 ; ; (T,-T)60
A TE TVl AT, A A iCyT, _ 1+i+i iCA,Te™ " FCAT,-T)
2 3y, wh oyI iyl ) @ or, iT, (7] vz i
2 2
+ Cb/]Z(Z-I:l_Z_TZ ) - O
Equation (21) can be used to deternfiaebest cycle lengtl’ which minimizes the total inventory
cost. The corresponding Economic Ordearity (EOQ) computed from the following:

EOQ = AT, + A,T, +d(T,) +b, whereb = g — g, is the maximum backorder level allowed

(21)

A }
= (Y + YT, +A,(T,-T) —?2(1—e”2 W4 (T, -T)O) +A,(T-T,)

Ay (1
=+ YT +§2(6‘Tz PP -1) + A,(T -T,) (22)

5.0 Numerical Examples
The solutions of five different numerical exampitepresenting the application of the model are gimefable 1.

Table 1: EOQ and Optimal Cycle length of Delayed DXeriorating Inventory Model with Linear Demand and Shortages

SIN|A | C A A, I 6 i |V T T, T TIC(T) EOQ lo b
(Units)| (Units) (Units)

130 90| 700 | 500 | 0.1304 | 100] 120 | 0.0160.038: | 0.0411 951.91 24 13 |11

2 29[ 80| 820 | 400 | 0.120.5 | 120] 140 | 0.0148.019. | 0.0219 1419.13 [15 11 | 04

31 35] 70| 265 | 150 | 0.140.25| 40 | 45 | 0.01940.041° | 0.0438 854.83 |09 05 | 04

4 [40] 75] 159 | 145 | 0.110.30] 24 | 27 | 0.021®.060. | 0.0630 717.12 [0 06 | 03

5 45| 80| 200 | 170 | 0.160.33] 25 | 36 | 0.014%.074( | 0.0767 778.78 [14 11 | 03

Table 1 above gives the different cycle lendtland the Economic Order Quantity (EOQ) for differpatameter values. The
EOQ in this case is made up of the initial inveptdr, and the maximum backorder level permitted whicligays filled first

when a new replenishment is received. The cyclgtlein all the five examples corresponds to thestle# the overall
inventory cost.
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6.0 Conclusion

In this paper, we present the development of a fmiethe determination of inventory ordering padis of delayed
deteriorating items with the assumption of linéaret dependent demand and shortages. The demarne bleterioration sets
in is linear and when deterioration sets in, @ssumed to be a constant up to the end of the.chioblemodel determines the
period within which to order for inventory itemsdaalso the amount to be ordered. Five differentenizal examples on the
application of the model are also given.
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