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ABSTRACT

In this paper, An EOQ model for a linear deteriorating inventory policy for items with power demand pattern
is presented. Holding cost is assumed to be time-dependent. Shortages are allowed and partially backlogged.
The paper aims at minimising the total inventory cost by optimising the scheduling period and optimal
ordering quantity. A numerical example is presented to establish the applicability of the model and sensitivity
analysis carried out based on the example to know the effect of changes in various parameters in the system.
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1. INTRODUCTION

Demand patterns is defined as different ways by which items are withdrawn out of inventory during
the scheduling period to supply the need of the customers. The demand patterns is said to be uniform
if the demand rate is the same during all the inventory period. One of the advantages of demand
pattern is that it allows suiting the demand for more practical situations. Thus, the pattern permits
representing the nature of demand when it is uniformly distributed throughout the cycle and also to
reflect sales in different phrases of the products life cycle in the market. For example, the demand
for inventory increases overtime during the growing period and a decrease in the decline phrase. In
this work, demand is assumed to follows power pattern.

Many papers on inventory policy consider that the demand follows a power pattern.[9] proposed an
order-level inventory policy for deteriorating items with power demand pattern.[12] studied an
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inventory model that has a variable rate of deterioration and the demand follows a power pattern.
Also, [11] investigated a deteriorating inventory model for an item with power demand pattern with
shortages. [13,14] extended Lee’s model to a general class with backlogging rate which is time
proportional. Other interesting works can be found in [10, 17, 16, 15, 7, 19, 18, 6]

In the management of inventory system, deterioration plays a very important role. Items kept for
future use normally lose part of their value steadily with time, which is otherwise refers to as
deterioration. Deterioration is defined as decrease, decline, damage, evaporation in the degree of
excellence of a product over a period of time until the items become unusable. It may be as a result
of the item having extended it’s fixed life span, or because the storage facilities are insufficient or
unsatisfactory and also it may be as a result of careless handling of the items in the
storehouse/warehouse. Examples of such items include medicine, films, milk, meats fruits, vegetable
etc. In analysing inventory system, deterioration must be taken into consideration to avoid shortages
and to keep the system at optimum. The study of inventory that deteriorates over a period actually
started with [20] who proposed a fashion items that deteriorate at the end of the storage period.

2. Assumptions and notation
The inventory mathematical model for this work is developed based on the
following assumptions and notation.
Notation:
« T :Length of the inventory cycle.
* t,:Time at which the inventory depleted to 0.
* Q,(t): Positive inventory level at time t.
* Q,(t): Negative inventory level at time t.
* 0: Deteriorating rate (0 <6 < 1)
 P: Ordering quantity (units)
« M:Maximum inventory level during the cycle
« N: Maximum inventory level during negative inventory period
* d: Average demand per scheduling period per units per time
 y: Backloggingrate. (0 <y <1)
« n :Demand pattern index, (n must be greater than 0)
« A :Ordering cost ($ per order)
« h :Holding cost per unit ($ per /time/unit)
« Z :Purchasing cost per unit ($ per unit).
« K :Cost per shortage unit ($ per unit).
* S :Cost per lost sale unit ($ per unit).
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» HC :Holding cost per/time/unit.

 SC :Shortage cost per/time/unit

» LSC :Lost sale cost per/time/unit.

* TC :Total cost of the inventory policy per/time/unit.

Assumptions: .
1. Demand is power demand pattern.
2. Shortages is permitted and partially backlogged
3. Deterioration rate of item is a linear function of time
4. Holding cost is time- dependent and taken as h(t) = h + ft,
where h > 0,8 >0
Lead time is negligible.
Replenishment is instantaneous.

o o

1
7. Demand D(t) varies with time and taken as D(t) = d%nl,where r is the
nTn
average demand and the power indexisn,0 <n<oand 0 <t <T.
1
——1
The rate of demand at any given time t is D'(t) = dt? -
nTn-

3. Mathematical Formulation

Let g (t) be the stock level at time t which ranges between 0 < t < T.At the onset of the inventory cycle,
the maximum inventory level Q;(0) = M reduces as a result of demand and the process of deterioration
also set in for the items.At the interval t = t;, the inventory system get down to zero level. Thereafter, at
the interval [t,, T], shortages occurs in the system and they are backlogged to the end of the cycle. At the
interval t = T, the system reach a level N.

The inventory level Q;(t) and Q,(t) during the cycle period is describes in the Figure 1. Based on the
above assumptions, the differential equations that represent stock level is given as:
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Negative Inventory (t;< t <T jJ¢—---= I
Fig. 1: Graphical Representation of Inventory Model
i,
20O 4 gro)=25— 0< t<t, (1)
dt 1
nTn—-1
with the boundary conditions Q;(0) = M, Q,(t;) =0 and Q,(t;) =0

ot2
using the integrating factor e/ P4t = ¢z

ot2

- gt2 1 ot?
z= d i zr
QO 4 orQ, (e s = ——1— [tn e ]
nTn
o2 1 ot?
zz d i zt
Ol = ——=[f oo |t
nTn

Since 8 issmall,0 < @ < 1, taking the first three terms of the power series,we have:
2 3

eX=1+x+>+>...........

2! 3!
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ot2 2 252 243
e =142 OO L OO0
2 8 24
o2 1 2 2.4
o d - 0 0
Qi(t)ez =— 11[ftnl(1+%+ ;)]dt
nTn
02 1 Li2 2,4
ot d = 7] 6
Qi(t)e s = ——T—|ntn + o F
T 2(2n+1)  8(4n+1)

Using the boundary condition Q,(0) = M
M = C, therefore:

0¢2 1 12 2, mt4]
g d = nétn no<tn
Q:(t)ez =M ———|ntn
nTnt 2(2n+1) 8(4n+1)
ot? 1 1. -
ot2 — 1 1 =42 2.+4
. de 2 = otn 64tn
t) = Me 2 — n 2
Q:(t) 1 2(2n+1) = 8(4n+1) @)

During the negative inventory, the policy is represented by the equation:
Q2(t) —

22=—yD(t) < t<T ?3)
Qy(t) = ——4— [ tn'dt
nTn
yd (=
t) =— tn)+C
0:(t) = =% (e7)

Using the boundary condition Q,(t;) = 0
1

q
0=—2—tr+C
Tt
1
yd .,
Therefore:

Qx(t) = 1
Tn

. Itf - t%l (4)

Q 1s a continuously decreasing function in the time interval [0, T], therefore the initial net stock level at
this interval is obtained by substituting the boundary condition @, = 0 into the Equation 3, we have

2 0 [ 1 Lz Lia
-1 2
0=Me 7 —% 2|y 20 | 070
2(2n+1)  8(4n+1)
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Tn

2 0t [ 1 Liz Lia
04 gemz |, 6th 02th
Me 2 = — |t + +
1 |1 202n+1)  8(4n+1)

d i et%+2 ta%+4
—_ n 1 1
M= 1 b+ 2(2n+1) 8(4n+1)] ()
The maximum negative inventory per units is given as:
N = —Q,(T)
d 1 1
=2 <Tz- q) ©)
Tn
The order size during the entire period [0, T'] is given as:
P=M+N
1 1
1 1 1 nt? 2,4
P=2l(rn—tr) s |+ a4 h
a1 ! 2(2n+1) = 8(4n+1)
1
d 122 g pzen’"
P= g YTr—yt] + 67 + o+ o @)

The cost of holding inventory occurs at the interval [0, t;] only, Hence the holding cost during
this interval [0, t;] is obtained as follows:

HC = [* h(£)Qy(t)dt
HC = [* (h+ Bt)Qydt

1 1 1

1 = = 1 =42
= l 9t2tn 92t4tn Bntﬁ” etn
tf —tn———++ L+ .

HC = [)* (h+ Bt)

8 2n+1 2(2n+1)
1 1
=42 1 1 1 —+4
622l p2tntt p2tntt p2tntt 62t]
4(2n+1) 8 4(2n+1) 8(4n+1) 8(4n+1)

Upon expansion and some simplifications,we have:

HC = ——
Tn™

1 1 1 1
1 —+1 =43 =+5 =+3
=+1  hnt® hot™ hezth hOn2t?
ht™ _ 1 _ 1 1 1
1 n+1 6 40 (2n+1)(3n+1)
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1 1 1 1

=+3 =45 =+5 =
hot] hoZt} hn6?t} hn6?t}
2(2n+1)  12(2n+1)  8(5n+1)  4(5n+1)(2n+1)
1 1 1 1 1
=45 =45 =42 =42 —+4
___hne%} hoZt} Bty pnt}  pety
8(5n+1)(4n+1) = 8(4n+1) 2 2n+1 8
1 1 1 1 1
=+6 —+4 = =+7 =+6
n BO2t} BO*n2t} pety —  pe*ty  pointy
48 (2n+1)(4n+1)  4(2n+1)  16(2n+1)  8(6n+1)
1 1 1 1
=+6 =+6 =+6 =+6
BO*nt] BO*ntl BO*nt] BOZt}
+ - (8)
8(6n+1)  4(2n+1)(6n+1)  8(4n+1)(6n+1)  16(4n+1)

Purchase cost is obtained thus:

PC=2z(M+ [ yD(®))at

1 1

1 —+2 =+4
zd Py ot 62t y T 1 4
PC = (t” o (ft1 tn dt))

1 " 2(2n+1)  8@4n+1) TR

Tn
1 l+2 l+4- 1
_zd |, , Ot? 62t} % n
PC = 1 [ 1 7 2(2n+1) | 8(4n+1) +y(Tr— ) (9)

Shortages due to stock out is accumulated in the policy during the interval[t,, T].

The policy attains optimum level of shortage at (t = T), hence the overall shortage cost at this

period of time is obtained thus:
SC=K [, —Qut)dt

1 1
SC=K [ —I=(tr —tndt
Tn™

t1
1
1 1.4 =+1
Kd - nTn t?
SC =Tt ——— 21— (10)
Tﬁ—l n+1 n+1

As a result of stock out during (t;, T), Shortage is accumulated, but not all customers are willing to wait
for the next lot size to arrive. Hence this result in some loss of sale which account to the loss in profits.

Lost sale cost is calculated as follows:

LSC =S [ (1 —y)D(t)dt
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_ 1 1
Lsc =340 [Tz _ tz] (11)

Tt

The total cost for the inventory system consist of the following cost components:
TC = Ordering cost + Holding cost + Purchase cost + Shortage cost + Lost sale cost /T

1 1 1 1
1 =+1 =+3 =+5 =+3
TC = & ht#l hnt? hot? n ho2t7 hon?t}
- T%-1 1 n+1 6 40 (2n+1)(3n+1)
1 1 1 1
—+3 —+5 =+5 —+5
hotl ho2t] hn62tl hn62t}
2(2n+1)  12(2n+1) 8(5n+1) 4(5n+1)(2n+1)
1 1 1 1 1
—+5 —+5 —+2 —+2 —+4
__ hne*} heZt? Bty pnty  poty
8(5n+1)(4n+1)  8(4n+1) 2 2n+1 8
1 1 1 1 1
=+6 =44 —+4 =+7 =+6
n BOZt} BOZ*nZtT pety — pe*ty  pointy
48 2n+1)(4n+1) = 4(2n+1) 16(2n+1)  8(6n+1)
1 1 1 1
=+6 =46 =+6 =+6
n BO*nt] BO*ntl __ Bpe*ntp BOZt}
8(6n+1) = 4(2n+1)(6n+1) 8(4n+1)(6n+1)  16(4n+1)
1 1
1 —+2 —=+4 1
zd |, ot o2t 1 =
+=|tf + = L—+ y(Tn — t}
T% 1 7 202n+1)  8(4n+1) v( 1)
1
1 1. 41
Kd o nTn th
+=L|Ttr — — -1
Tn n+1 n+1
Sd(1-y) [+ 11 4
+ —_— Tn — tn + F (12)
Tn

4. Solution Method

We present an approach to determine the inventory policy that minimizes the total inventory cost per unit
time in this section. From (12), we find the first partial derivative of TC (T, t;) with respect to the decision
variables T and t;:

We obtain:
oTC(ty, 1) - OTC(ty,T)
at, an aT

To minimize the total cost TC(t,, T) per unit time, the optimal value of T and t; can be obtained by
solving the Equations:
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OTC(t4,T TC(t,T
MOGD — g gna 4D (13)
aty oT
Provided that equation (12) satisfies the following conditions:
%TC(t4,T %TC(t4,T
(#) >0 and (#) >0 (14)
otf aT?
9%TC(t1,T)\ (0%TC(t1,T 92TC(t1,T)\
otf aT? 0t,0T
1 1 P 2 N
OTC(t1,T) _ d |h(n+1)tn htz hO(Bn+1)t} hO?(5n+1)t}
oty oy 1 6n 40n
1 1 1 1
=42 =+2 —+4 —+4
hontl} h6(3n+1)t} h6?(5n+1)t] h6Zt}
+ — —
2n+1 2n(2n+1) 2n(2n+1) 8
1 1 1 1
—+4 —+4 —+4 =+1
o2l ne2r hO2(Sn+1)th Bn+1)ET —ﬁt% 1
4(2n+1)  8(4n+1) 8n(4n+1) 2n 1
1 1 1 1
=43 =45 =+3 =+3
BO(4n+1)t] BO2(6n+1)t] BO2ntl} BO(An+1)t]
8n 48n (2n+1) 4n(2n+1)
Lie Lis Lis Lis Lis
BO2(7n+1)t} BO2t} B2t} BO2tT BO?(6n+1)t}
16n(2n+1) 8 4(2n+1) 8(4n+1) 16n(4n+1)
1 1 1 1 1
== =41 =+3 =—1 =—1 =
zd |t} n otT n o%tt — ytf | Kyd|Tt}
1 2n 8n n 1 n n
Tn Tn
sd(1-y) t%_l A
_saan ()4 A (16)
Ly Lis Lis Lis
aTC(t1,T) _ —A d 1i1 hnt} hot? hoZt} hn?0t?
ar 12 1 htn™" — 1 + 6 + 40 2n+1)(3n+1
nrtl n+ (2n+1)(3n+1)
1 1 1 1 1
=43 =45 =45 =+5 =45
hot? ho%t} hn6?t} hn6?t} hn6?t}
4n+2 4n+2 4n+8 4(2n+1)(5n+1) 8(4n+1)(5n+1)
1 1 1 1 1 1
=+5 =+2 =42 —+4 =+6 —+4
ho%t} ptl pnt}  pety n BO2t] BOZn2t]
8(4n+1) 2 2n+1 8 48 (2n+1)(4n+1)
Page 20
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1 1 1 1 1

Z+4 =+7 =+6 =+2 =+6
BoLY BO?t} BO>ntl} Bno?t} BO2tT
8n+4 32n+16 48n+8 4(2n+1)(6n+1)  64n+16
1 1 1
=42 1 —~+2 —+4
2 n - n 2+ 1 1
_ B6*n] _ D | oy~ | 0% YT — ytn
8(4n+1)(6n+1) T+t 1 4n+2  8(4n+1)
1 1
1 1 +1 = 1
zdy = Kyd ~  arntt n Kdy(t1-Tn)
LTI ivey L ety by z
n TlTﬁ+1 n n Tﬁ
1 1
Sd(1— Sd(1-y)(Tn—tM)
+ ( . Y) _ . 1 (17)
n nTﬁH
1 1 1 1 1t 1
62TC(t1,T) d tz—lh 1 +1 2 n hn26(;+3)2t? hn92(5+5)2t;‘ ht?l_l
atz T% 1 (n ) (2n+1)(3n+1) 4(2n+1)(5n+1) 1
=+3 141 L3 141
B hn62(=+5)2tT ~ ho(+3)2tT N o2 (+5)2t] ~ ho(+3)t]
8(4n+1)(5n+1) 6 40 (4n+2)

1 1 1 1
=+3 =+3 Z+1 =+3
hO?(+5)tD hO2 (45D ho (+3)t] hO2(+5)t]

(4n+2) 8(4n+1) 6 40
2,1 %"’3 21 2 %"’3 1 2 %"’1 21 2 %"’3
@ C+5)t] h6?(+5)2t] hOG+3)°t) hO(+5)°t]
8(5n+1) (32n+8) (4n+2) (4n+2)
1 1 1 1 1
1 -t =43 =+3 —=+1 =+3
_ GO re%y h62el hnét] h@2t?
(n+1) 4(2n+1)  8(4n+1) (2n+1) 8
1 1
1 1 —+2 1 —+4 1
=11 ﬁ62n2(5+4)2tf Bezn(z+6)2t;1 -
+ht? (=+1)+ + St
1 n (4n+1)(2n+1) 4(6n+1)(2n+1) 1
1 1 1 1
1 2 —+2 2,1 2 —+4 1 2 —+2 2,1 —+5
_ﬁe(z+4) th + Bo (;+6) t _ 39(?“4) t Bo (Z+7)t;l
8 48 (8n+4) (32n+16)

1 l‘|'4— 1 l+4— 1 l+4» 1 l+4,
BO(+6)t] BO*n(+6)t} BO?(+6)t] BO*n(+6)2t]
(64n+16) 8(4n+1)(6n+1) 48 48n+8

1 1 1 1

=42 —+4 —+4 =45
BOG+H)PET BOPG+E)X T BOn(+6)] BOX(+7)t]
8n+4 64n+16 (48n+8) (32n+16)

1 1 1 1 1
= = = —+2 =42

Br+2)2t]  BGADT | BGHAT | BOGHNT ponel
(2n+1) 2 2 8 (2n+1)
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1 1 1 1 1 1
—+4 —+4 =-2 =-2 el o2 1
_ 392’5? ﬁezt;l N 2 t;l n t;l Qtl (Z+2) Otl (Z+2)
4(2n+1) = 8(4n+1) T% n2 n 4an+2 an+2

1 1 1 1 1
-t+2 1 =+2 2 2 2 2
0%t} (+H)?  9%en yth yth Kyd |Tt" Tth

1 1 1 1
32n+8 8n n2 + n I nz n
Tn
1 1 1 1
1 2.nt =1 =2 =-2
GO tf | saa-ytf sd(1-y)th 18
n+1 + n 1 + 1 ( )
n2Tn nTn
1 1 1
=41 =+3 =+5 =+3
9°TC(ty,T) _ 24 n d ht%H _ hnt? hot} n hoZt? hn26t?
aT? T3 nZT%” n+1 6 40 (2n+1)(3n+1)
1 1 1 1 1
=43 =45 =+5 =+5 =45
hotl h62t] hn62t] hng2t] hn62t}
4n+2 4n+2 4n+8 4(2n+1)(5n+1) 8(4n+1)(5n+1)
1 1 1 1 1 1
=+5 =42 —+2 —+4 =+6 —+4
h62t} ptf  pnty  poty N BOZt} BOZ*n%t}
8(4n+1) 2 2n+1 8 48 2n+1)(4n+1)
1 1 1 1 1
—+4 =+7 =+6 =42 =+6
pety — perty  po*ntl pnoZt? BOZt}
8n+4 32n+16 48n+8 4(2n+1)(6n+1)  64n+16
1 1 1
BOZnen ZD Loogntt gzt 1 1
— 1 T 17. 1 1 + ,yTZ _ ytz
8(4n+1)(6n+1) n2rnt? 4n+2 8(4n+1)
1 1
1 =+2 —+4
ZD ~ ot 0%t 1 1 zdy  Zdy
+ T t{l+ 1 1 +)/Tn—]/tn = Tz
nTnt? 4n+2 8(4n+1) n4T nT
1 1
1 1 —+1 = 1
Kyd | g nrTatt  tn + 2Kdy (t"-Tn) 4 Sy
N 1 n+1 n+1 N nT?
n2Tn nTn
1 1
1 1 —+1 =+1,1
Kyd - arntt R Kyd [ —nTn" (+1)? + Tl_1
T I 1 T ol T T I 2 n
nTat? n+1 n+1 T T?(n+1)
1 1 1 1
Sd(1-y)(Tn—t}) | | SdA-y)Tn-t})  sd(1-y)
+ : ++ ; — (19)
=42 =42 n2T2
n2Tn nTn
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1 1

1 1 1 nt2 2 a4
O°TC(ty,T) _  —d_|[nQ@4m)tn hen — h6 (-+3)t] n h6?(5n+1)t"
- 1 1
dTot, nrntt n 6 40n
E Ee 14
hnf(3n+1)t] ho(3n+1)t} h6?(5n+1)t]
2n+1 n(4n+2) n(4n+2)
1 1 1 1
—+4 —+4 —+4 —+4
h62(5n+1)t} ho%t? hoZth h62(5n+1)t]
40n+8 4(2n+1) 8(4n+1) 8n(4n+1)
1 1
—+1 1 —+5
B2n+1)th =+1 = pO?(6n+1)th
=1 —B2n+ DtF 4 ———i—
2n 1 48n
Lyis Lis Lie
62np(4n+1)t} 6B (4n+1)t} 62B(7n+1)t}
(4n+1)(2n+1) n(8n+4) 16n(2n+1)
Lis Lis Lis Lis
62B(6n+1)t} 62ptT 62ptT 62p(6n+1)t}
48n+8 4(2n+1)  8(4n+1) 16n(4n+1)
1 1 1 1 1
=+3 =— =+1 =+3 =+1
BO(4n+1)tT zd |t} ot7 62t} yt]
B 8 B! tot sn
n TLTZ+1 n n n n
i, 1 1, 1,
Kyd [Tt} t Kdyt} Sd(1-y)t}
v e BT (20)
nTn nTn n2Tn

Equation (16) and (17) are highly non linear, the values of t; and T are solve for the optimal values in
order to find minimum total inventory cost per unit time. Maple software 2018 and Excel was utilized to
obtained the values of the decision variables.

5. Numerical Example
Here, we give an example to illustrate the results derived from the linear deteriorating inventory
policy for items with power demand pattern and variable holding coat considering shortages.
Example.
The following parametric values are considered for the inventory policy in their respective units
A =500,d =100, h = 0.4 units, 8 = 15, K = $10 per units,S = $8 per units, Z = $12 per
units, # = 0.8,n =05,y = 0.6

Solving equations 13 and 14, The optimal value of T = 1.670 and t; = 0.593

2
Using these values of t; and T',the second derivatives can be found. Hence a%gl’ﬂ =
1
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2
977.479 > 0 and 2 = 294.161 > 0,
2
% = —254.961.Therefore from equation (15), we have:
1
92TC(t1,T) 02TC(t1,T) 92TC(t1,T) 2 . L .
P Fr e ( 3Tat, ) =222531.210 . T and t; minimizes the total inventory

average cost since they both satisfies the necessary and sufficient condition equation (13) and (14) .

When the values of T and t, are substituted into equation (10),The total cost TC(t;,T) = 1627.689. and
M = 22.600, P = 110.209 N = 87.609

To further establish that the solution are correct, The total cost function is plotted against some values of
t, and T which gives us a strictly convex graph as shown in Figures 2 below:

1635+

16454
16404
16351

16304

1625 p

T Wby ~ S P
.50 055 .60 0.65 070

{n) Total cost and ¢, (b) Total cost. and T
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Fig. 2: Graphical repreosontation of Convexity of total cost por unit time

It is obvious from the Figures 2 that the total cost function is strictly convex function, showing us that the
optimum value of t; and T can be derived with the aid of total cost function of the policy as long as the
inventory total cost per unit time is the minimum.

6. Sensitivity Analysis

The target of every manager is to make best decisions among many options available to them and to review
the decision when optimum benefits is not been achieved. In order for such managers to benefit from this
model, sensitivity analysis is carried out here to show how this model is effected by the changes in the
input parameters.The behaviour of schedule period T, ordering quantity P, and inventory total cost TC
against changes in the parameters d,A,K, S, h,3,Z, 0,y and n of the inventory policy are analysed. By
varying the values from +20% to —20% of the individual parameter. One parameter is considered at a
time while leaving the other parameters unchanged.

Based on the numerical example given above and the results obtained and analysed in Table 1, the
following observations can be derived:

1. Increase in the value of demand rate d leads to decrease in the schedule period T, but there is an
increase in the inventory total cost TC and ordering quantity P.

2. Itis observed that an increase in ordering cost A leads to increase in the schedule period,inventory
total cost and ordering cost.

3. An increase in the shortage cost K results in decrease in schedule period and ordering quantity,but
there is an increase in the inventory total cost.
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4. Increase in the lost sale S leads to decrease in the schedule period,the inventory total cost and
ordering quantity increases.

5. Increase in the value of parameter 8 and holding cost h results to decrease in the schedule period and
ordering quantity, but the inventory total cost increases.

6. Increase in the purchasing cost Z leads to increase in the schedule period and inventory total cost,
however there is decrease in the ordering quantity.

7. Increase in the value of deterioration parameter 6 leads to decrease in schedule period and ordering
quantity, but the inventory total cost is increasing.

8. When the backlogging rate y is increasing, there is an increase in the inventory total cost and
ordering cost which results in decrease in schedule period.

9. Finally, increase in the value of index number n of the power demand pattern results in the increase
in the schedule period and inventory total cost,however there is a decrease in the ordering quantity.

Economic implication of the above results are stated thus:

1. Increase in demand rate d result in increase in the total cost TC, ordering quantityP, lower cycle time
t; and T. Implication of this is that increase in demand rate will lead to decrease in the optimal cycle,but
results in the higher value of optimal total cost per unit time.This is normal because if the demand rate is
higher, the stock will be used up quickly and the cycle time and length will decrease.

2. Increase in the value of the deterioration rate 6 result in lower value of cycle length T, lower ordering
quantity and increase in the value optimal total cost.The implication of this is that increase in the
deterioration rate will lead to decrease in the optimal cycle length.The total cost per unit time will increase
because when deterioration cost increases, there will be increase in the inventory total cost per unit time
which will lead to stocks getting finished earlier as a result of lower cycle length.

3. Increase in the values of holding cost h and 8 lead to increase in the value of total cost and decrease in
the value of ordering quantity with lower cycle time and length.This is advantageous to retailers in that
when the holding cost is kept at minimum, the volume of inventory ordering quantity must be reduce and
the time for the stock to used up must also be reduce in order to minimize the inventory total cost.
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Table 1: Sensitivity Analysis of the Parameters in the Inventory Model

Change in:
P* =+ C* r * # e, ID L+ P G*
120 + 20 1.335 -8.107 0.357 1890848 16.168 121.791 10.509
110 + 10 1.598 -4.328 0.374 17598568 2,121 116.116 5.360
100 o 1.671 o 0.593 1827.689 a 110209 a
d 80 -10 1.755 5.028 0.615 1494114 -8.206 104.038 -5.599
80 -20 1.854 10.967 0.639 1358.892 -16.514 97.559 -11.478
600 +20 1.817 8781 0.6303 1685.002 3.521 119613 2532
550 =10 1.746 4337 0.613 1556953 1.798 115.072 4.412
500 0 1.617 o 0.593 1827.689 1] 11021 a
A 450 -10 1.597 -4.773 0.372 1597.03 -1.884 102.082 -4.653
400 -20 1.507 -0.823 0.349 1564.748 -3.867 00,64 -0.591
12 +20 1.345 -7.532 .50 1674787 2.894 104,155 -5.486
11 + 10 1.603 -4.042 0.601 1650508 1.402 105,927 -24971
10 o 1.671 o 0.393 1627.689 a 110201 a
K 9 -10 1.750 4.745 0.383 1602.867 -1.525 114152 3585
8 =20 1. 845 10.408 0.572 1575709 -3.193 118. 967 7.95
o.6 20 1.658 -0.774 0.617 1683227 3.412 110489 0.253
8.8 10 1.665 -0.358 0605 1653559 1.712 110373 0.045
5.0 o 1.671 o 0.383 1627.689 a 11021 a
5 T2 -10 1.676 -0.305 0.380 1599624 -1.724 109998 -0.192
6.4 =20 1.680 -0.557 0567 1571.368 -3.460 109.74 -0.426
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048 20 1.870 ~014 0591 1828000 0025 110.112 -0.0Eg
0.4 1 1671 ~0.0a7 0552 1827_805 0013 110.1& -0.045
0.4 [ ] 1.871 o 0.593 1527 880 L] 11021 o
h 0.38 -10 1671 ~0.0a7 0554 1527 483 -0.013 113250 D.044
0.32 -20 18571 ~0014 0585 1511 0335 -1.023 110,200 $.001
18 Z0 1562 ~-0.430 0588 155088 [T 103 821 -1.490
1.65 1o 15545 0281 0580 1620 351 0.102 102416 -0.720
15 (1] 1671 (1] 0.593 1527 680 a 110.21 o
B 1.35 -10 1.875 ~-0.392 0520 1825 870 -3 111 110965 DLGES
1z -Z0 1.481 ~0.224 0547 1525 80 -0_E33 111 4583 337
144 Z0 1.578 0420 0538 1734 485 DE33 I0E 4813 -1 445
132 ] 1.875 02481 0 566 1706457 4. 539 100214 -0_T20
1z a 1671 a 0.593 1627680 o 11021 o
= 108 -10 145454 0392 0620 1548107 -4 250 110.9465 0_G6E5
o6 -Z0 1.4855 09245 D647 1487 6235 -Q B34 111.4683 1337
084 Z0 1.863 - 0458 0572 1630.1463 [ 109 284 =0 B840
0.88 in] 1557 ~0.238 0582 16Z8.9461 DLOTE 109734 -0.4352
0.8 o 1.871 (1] 0.593 1627.639 a 11021 o]
a 0.7 -10 1.875 0.258 (o .20 5 ) 15263541 —0.023 110712 D455
[UE.5 =20 1.580 1.8 0616 1624912 -0 171 111.243 0937
T2 Z0 1.535 -&.10 0825 1711.88 5.172 11977 5674
(o .17 10 1.522 ~4 310 0810 1671071 2665 115253 4. 576
b 0.&3 [} 1571 o 0.593 18627.6389 o 110210 o]
54 -10 1.754 4. 272 Q573 1581.481 -2.839 104503 -5 &
0.48 =20 1.851 10812 0550 1532132 -5. 871 QE SED -10.728

7.CONCLUSION

In this model, a linear deteriorating inventory policy for items with variable holding cost and demand
assumed to be inform of power demand pattern is proposed. Shortages are allowed and partially
backlogged which actually captures real life situation, since some retailers will be willing to patiently wait
for arrival of new stock during stock-out, but the longer the waiting time, the possibility of the customers
looking for elsewhere to meet their demand.

The objective of this model is to determine the optimal replenishment procedure that minimizes the
average inventory total cost per unit time. Optimal order quantity and optimal replenishment cycle time
were derived and the solution obtained. The result are further established with the aid of numerical
example and sensitivity analysis carried out and depicted graphically of the decision variables with regards
to changes in the input parameters in the model.

The results obtained indicate that the effect of power demand index parameter n on the average minimum
cost is quiet significant. On thorough examining the effect of the policy input parameters on the decision
variables, it was find out that U™ is sensitive to over-estimation and under estimation of the parameters d
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and Z while G™ is sensitive to the over-estimation and under-estimation of the parameters d, 4, K,n,y.
Also U™ is less sensitive or insensitive to over-estimation and under-estimation of the parameters
A K,nB,S h and 8 while G* is less sensitive or insensitive of the parameters n,Z,3,S,h and 8. The
proposed model can be extended further by adding quantity discount, trade credit, stochastic demand rate,
finite replenishment and so on.
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