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Abstract

In this paper, an economic order quantity (EOQ) model is developed for
ameliorating items in which the demand rate is constant and the holding cost is a
linear function of time. Itemsthat incur a gradual increase in quality, quantity or both
while in inventory are referred to as ameliorating items. Fruits, grains, and other
foodstuff provide good examples. When these items are in the production centre, they
undergo amelioration and our objective is to develop a modd that determines the
optimal replenishment cycle time, such that the total variable cost is minimized. Unlike
many EOQ models where the holding cost is considered a constant, in this paper, we
consider the holding cost to be a linear function of time. Numerical examples are given
to illustrate the devel oped model.
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1.0 Introduction

The assumption that inventory items always prest#@ie physical characteristics is not always toeeause some items
are subject to risks of breakage, damage, spoiagmoration, obsolescence, etc,. The decay teaepts items from being
used for their original purpose is termed as detation. Extensive literature has evolved over ldst three decades on
controlling the inventory of deteriorating itemsall started with Ghare and Schrader [1] who tigwed a simple economic
order quantity model with a constant rate of decaster, researchers focused their attention oferdifit types of models
involving decaying inventories. Extensive literatwn deteriorating items could be seen in the phpetoyal and Girj2]
and also the one by Raafat [3] both of whom preskatthorough survey on the subject.

It is observed however, that some items when ientory undergo tremendous increase in quantityuality or both.
Generally, fast growing animals like fishes, poultcattle, etc, provide good examples. Some frigtahants in Nigeria
invest huge amount of money in buying large plamiat of orange, banana, pineapple, etc and kedpfaums for months
waiting for the arrival of times of festivities wihehe demand for these items increase exponentisighin this period, it is
certain that these items (in the farm) undergoease in quantity and quality. The items that exlsbich properties are
referred to as ameliorating items.

The existing literature on inventory seems to ignor give little attention to the ameliorative natof inventory. It was
until the year 1997 that Hwaifdj, for the first time studied two inventory modehat is, the economic order quantity model
(EOQ) and partial selling quantity model (PSQ) imneection with ameliorating items under the assionpthat the
ameliorating time follows the Weibull distributiorAgain, in 1999, Hwandg5] developed inventory models for both
ameliorating and deteriorating items separatelyeutide LIFO and FIFO issuing policies. Later in ylear 2005, Moon et al
[6-7], developed an EOQ model for ameliorating/detating items under inflation and time discougtiiThe model studied
inventory models with zero-ending inventory fordikorder intervals over a finite planning horizdiowsing shortages in all
but in the last cycle and developed another modtbl shortages in all cycles taking into account ¢fffects of inflation and
time value of money. In 2005 Mondal e{&] developed a partial selling inventory model for famating items under profit
maximization. In the year 2011 Singh ef%Alused genetic algorithm to develop an optimaleaishment
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policy for ameliorating items with shortages unitdiation and time value of money. Optimum replémignt policy for all
the components of a supply chain was determineddngidering all costs of the system simultaneoaslgy assuming
demand rate to be a function of time. Shortages vedlowed and the back-ordering function was carsid to be a
decreasing function of waiting time. Attempt tow@okhe harvest and sale decision problem of frgglt@tural items by
incorporating both the amelioration of field iterusd deterioration of stored items into inventorydelowvas made by Chen
[10]. Chen developed profit models of the farmethwipeness and price dependent demand over a fitéinning horizon
for two situations viz: when the fresh agricultut@ms are harvested at maturing point and whey #ne harvested at
critical ripeness point. A model for both ameligmgtand deteriorating items under the influencénfiation and time value
of money was developed by Mishra e{Hl]. The model was used to test for maximizatiériotal average cost when an
extra inventory is added into or removed out of dhethe on-hand inventory. An EOQ model for aprelfiing items with
constant demand was studied by Gwanda and[$2hin the year 2011. The model determined annopth order quantity
for ameliorating items in which the demand rate, dimelioration rate and the holding costs are eotst

Mishra and Singli13] observed that even though holding costs armast inventory models considered as being a
constant function of time, in reality the costswavith time. Mishra and Singh then developed a rmeit@stic inventory
model in which both the demand and the holdingscast linearly dependent on time, and backloggitg is a variable and
dependent on the length of the next replenishn&mirtages are also allowed.

A deterministic inventory model was developed by Ral] where the deterioration rate is time dependent aheimate
is a function of selling price and holding costiise dependent.

In our present research, we focus our attentiorameliorating inventory where both the rate of aorelion and
demand are constants while the holding cost istigelependent on time.

Assumptions and notation:

The proposed ameliorating inventory model is dgwetbunder the following assumptions and notation:
The inventory system involves only one single i@md one stocking point.

Replenishments are instantaneous with a constadttime.

Shortages are not allowed.

Amelioration occurs when the items are effectivalgtock.

The cycle length is T.

The initial stock level is,l

The inventory carrying cost per unit per unit tire& linear function of time (@) = /]1 + /]Zt

The unit cost of the item is a known constant Cd dime replenishment cost is also a known constanpet
replenishment.

The demand rate per unit time, R, is a constant.

The total demand in a cycle is R

The rate of amelioration, As a constant.

The ameliorated amount when considered in termslok (say, weight) in a cycle is/A

The Mathematical Model:

0

I(t)

Fig.1: Inventory movement in a constantly amelioratinggimory
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During the time interval (G ¢ = T) amelioration occurs at constant rate of A arnmmthe demand rate occurs also at a
constant rate of R per unit time the differentigiation that describes the state of inventory I&tEls given by

di(t)
- Al (t 1
p ()= (1)
The solution of the above equation is
I(t) = + ke™ )

where k is an arbitrary constant. Applying the hdany condition, at t = Ol(t) = I,, and substituting in equation (2) we
obtain

R
l,=—+Kk
from which k is obtained as
R
k = |0 - z

Substituting the value of k in equation (2) yields

I (t) :%+(Io —%}e’“

=1t =— (1 ")+ 1,eM (3)
Also whent= T, I(t) = 0. Then equation (3) becomes
0 :%(1—e”)+ | e

—AT

Thatis, |, =- ReA (1— eAT)
= %(1— e‘AT) 4)

Substituting equation (4) into equation (3) gives
10 =Rf-er)s [f\(l_ )}

_E_ ReAt N ReAt _ ReA(t—T)

A A A A
R -
=—(1-ef (5)
Rfu-en)
The total demand within the interval @ t = T) = demand raté time period.
That is, Rr=TR (6)
whereRyis the total demand in a cycle T. The amelioratedunt A, is given by
An=Rr- 1o
R _
:TR—[Z(l—e AT)} (7)

The linearly time dependent holding cosi(t; in a cycle is calculated as follows:

=) (A + A0 (©)dt
= (4 +1 t)[ [L-ere ”)}dt

S S L "
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A RU dt — j A“‘T’dtj ;R ( LTtdt - LT teA“'T)dt)

_AR 1 e AR(T2 T 1 e’
=\ T-—-+ +2 - -4 = =

Al A A Al2 A AN A

212 _ AT

AR (1 g _g)y JoR[ AT -2AT +2-2e

A A 2A

= AR(AT + e —1)+ 2R (p212 — 24T +2-267)

A2 A
_ 223 [2A0, (AT + €7 1) + 1,(A*T2 - 2AT - 26" +2)] ®)

The total variable cost in a cyclEyC = Inventory ordering cost + holding cost — cosaofeliorated amount.
That is,

TVC=C, +C, —CA,

=C, +2—|:3[2A)I1(AT + AT Z1) 4 1, (ATT? = 2AT - 267 +2)]

- C[TR—E @a- e‘AT)j )
A
The total variable cost per unit time is then gitgn
TVC(T) = % + %[ZA/UAT + AT —1)+ ), (APT? = 2AT - 267" +2)]

C

—?(TR——i(l— e‘AT))
(10)

Equation (10) is then differentiated with respecTtto obtain

d _d(c,), d
d—T[TVC(T)]—d—T{—j+

& dT(2A3T [2AN (AT + €57 —1) + A, (AT? - 2AT - 2¢° AT+2)]j

d‘?'r( (R-R - e‘”))j
G R oy T 2Ry TR e 2]
_CR _CR T(-Ae " -e™
ATZ Al T? )
_-G,, R AT,

. CR .
T? °T? {(/‘2 - AL)(AT + D™ + AL -4, + 2 }- AT? [(AT the™ _1]

d
For optimal cycle period T which minimizes the totariable cost per unit timeﬁ[TVC(T)] =

2

provided dC_II_Z [TVC(T)] > 0. That is:
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— 22
0= TC2° +%{uz ~ ALY(AT +1)e™ + A, - A, + 2 T2 )'2} + Acfz [(AT + 267 -1
which gives

2712
0=-AC, + R{()lz — AL)(AT +1)e™ + Al - A, +%"2} + pCR(AT +1e* -1 ()
The analytical solution of equation (11) is not ajw easy to obtain but a suitable numerical mesuott as Newton Raphsdfethod co

employed to obtain a solution for T.
The economic order quantity, EOQ, is given by tdi&hand in a cycle period minus ameliorated amuithin the cycle.

That is,EOQ = Ry - A,
=TR- [TR—E @- e‘AT)}
A

R -
=—@-e")
A (12)

which is the same as o, as expected.

Numerical Examples:
Table 1 gives the solutions of ten different nuwerexamples with different  parameters, usinga¢gigns (11) and (12). In

2
all the ten cases, the valude_lj['l'\/C(T)] > 0, and so the solutions are for minimum values.

Table 1: Parameter values and the optimal cycle Igth for the inventory model for ameliorating itemswith constant
demand and linear time dependent holding cost

S/No. Co A 2, |R A C T EOQ
1. 15000 | 10000 | 30 3000 0.41] 200 0.0301 (11 days) | 544dnits

2. 4000 2000 50 3000 0.33 | 200 0.0356 (13 days) 5 80its

3. 4000 1500 40 3000 0.33 | 200 0.0411(15 days) 18069

4. 4500 1000 10 2500 0.41 | 230 0.0630 (23 days) R0#s

5, 3000 500 20 1000 0.35 | 250 0.1205 (44 days) 5586u

6. 2000 50 2 3000 0.2 100 0.2137 (77 days) 21085 un
7. 2000 50 2 3000 0.3 100 0.2603 (95 days) 19249 un
8. 1000 40 0 200 0.2 130 0.2712 (99 days) 19478 uni
9. 4000 50 2 3000 0.3 100 0.3725 (136 days) 18942 u
10. 2000 50 0 3000 0.4 100 0.3836 (140 days) 18988

Discussion of the Results
From the numerical examples we observe that a nupflfactors affect the EOQ. For instance, it isaclthat the higher the

rate of amelioration, the lower the EOQ. This meifuas for items with higher rate of amelioratiolme tstockiest is advised to
purchase less than in the case of items with I@amglioration rate. This is clear since there i®aqga of deterioration after
amelioration. Also from the examples we noticet t@ EOQ diminishes with the rise in holding cd3f. course as the
holding cost becomes exceedingly large, it willlbere economical to reduce the number of items tetbeked in order to
optimize profit. The example also conforms to comraapectation that the higher the ordering costhilgher the EOQ.

The model developed in this paper is a generatinadf Gwanda and Sani [12]/lt2 =0 and /11 = iC. The results obtained
in examples 8 and 10 above correspond to the seBulGwanda and Sani [12] where the holding cost s@nsidered

constant.

Conclusion
We have presented a mathematical model on invemtoaymeliorating items in which the demand ratedastant and the

holding cost is linearly dependent on time. The ela@tktermines the optimum quantity to order whidgeping the relevant
inventory costs minimum. Numerical examples aregito illustrate the developed model and some aisabarried out on

the results obtained from the examples.
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