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Abstract

In this paper, an extended solution procedure for inventory system for single item
with uncertain demand is examined. In this model shortage is permitted. A new
expression for the inventory total cost and the quantity is derived for the system. We
use convex property to develop a smple and direct search method for the inventory
system with uncertain demand. Numerical example is presented to illustrate our
proposed moddl.
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1.0 Introduction

The amount of inventory needed should depend oisdfety stock as to protect against the demandriaicgy, and to
achieve a high service level for satisfying custrshdemand Lee [1]. Osagiede and Oriakhi [2] caergid a new approach
to inventory replenishment with twistling demandiahortages. In their model, they presented twesasd modeled the
mathematical expectation for the inventory totadtcior the system incorporating shortages. A sotutivas provided to a
level where methods of calculus in solving the ¢igna will be

applied but they left off there as a result of thethematical complexity involved in the solutiompedure. For detailed
review see elsewhere [2 - 5]

In this paper, an extension of Osagiede and Origghs proposed. We provide a simplified mathewaltprocedure for
the inventory problem. Further, a direct searchhmgtis developed to the optimal inventory leveligie t with the convex
properties for the inventory system with uncer@démand which we believe to be necessary for thdat&n of our results.
Numerical example is presented to illustrate ouw peoposed model. We organized this paper as fatldw the next
section, the adopted notation and assumptionsesepted. Next we present the mathematical modelhich we shall
illustrate the case presented by Osagiede and I@rig¥q diagrammatically. This is followed by theain result by way of
proving the proposition stated to show that thaltobst obtained is convex. The validation of thisposition shall be
verified in our next paper to give an expressionthe optimal quantity. Following this, numericabkults by our proposed
model are presented. The last section presentti@usion and direction for further studies.

2.0 Notations And Assumptions
The notation and assumptions used here are adfsptaddsagiede and Oriakhi [2].

Let f(x) be the probability that the total demandXsluring a time intervall ; k1 be the storage cost per unit per unit
time, plus interest on capital they represent w#@e be the shortage cost per unit tingg. is the inventory level at time
X the ordered quantity for each ordering cycle.the shortage cost per unit per unit tirM?';(q) be total inventory cost;

T is the length of each ordering cyclqz the optimal value of the inventory leve|l at timet and T, is the time when
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there is no shortagel, be the time when there is shortage dhlde the number of replenishments. The assumptias is

follows; demand is discontinuous, but in practise, can assume that its rate is constant. The dehaning a certain time
interval T is uncertain and the materials of inventory doloeé value during the interval The storage cost, ordering cost,
shortage cost remain constant over time. Shortagbe inventory are allowed.

3.0  Model Formulation
In this inventory situation, two cases shall basidered.

Case t If the total demand is less than the inventogy, (q 2 X).

Inventory level

q
X
E/ LL— $ X—q
T, T, ]
Tim
T
Fig. 1. A diagrammatic representation of the total demanig less than the inventory
d,(az x).
Case ll:  If demand is greater than inventogy, (q < X)
Inventory level
q
X

T1 : TZ

Time

T
Fig. 2. A diagrammatic representation of the total demand vm,e(q < X)

We give some preliminary results of Osagiede aridkBr [2]
In case 1:Average inventory corresponding to situation inecé (see fig. 1) is given by:

—1 - = —E
A —2[q+(q x) =q ; )

In case II: Average inventory corresponding to situationase Il (see fig 2)is given by
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g = tqm =10 @
27T 2 «x
From case I, the Average shortage is given by:
1 T, _1(x-q)
= —(X-—- £ = — 3
ty= - (x=a)2 =2 3)

The mathematical expectation for the total inveynmrst will be'

w(q) :klg (q—gj f(x) + k, i f(x) + k, il (x-q)’ () 4)

X=q+1 2 X x:q+12 X

This work is extended as follows:

3.0 The Main Result:

To further describe the structure of the optimaligyofor convexity, we need the following propositi. The

proposition is an extension of the work of Osagiadé Oriakhi [2].

Our Proposition:
The minimum inventory total coM\/(q) as defined by equation (4) occurs for a valu@q*ofsuch that:

G(q* —1) <A <G(q*), where
K,

A = and
k1"'k2
G(q*) = f(xs q*) + (q* +1) i @ andq* is the optimal inventory level.
x=q +1
Proof: q
Given that
(X SEL - 1 (x-q)f
wio) = 3 [a-3] 109+ 3 29169 +1 3 2SI e(
then
g+l o 1 12 12
wig+d) = (ar1-2) 1+ £ 2O g wi 3 2009 g
x=0 2 X=q+2 2 X X= q+2

But we can write

SUCERIL ():kli[qg ()mif(x) quf(qu) ™

% (q+1)f(a+1) ®

00

@5 %Mfw S (R +1]M

x=q+2 X x=q+1

-toflar1-a - a+1-q) +1] 97
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and so,

(3 2ot oy, 3 bl gy

X x=0g+1

Y )+ gk s W

x=q+1 x=g+1 X

9
(%) ()

> ¥
x=zq+l X

I\)||—‘

Substituting equations (7), (8) and (9) into equraté), we obtain

wio) = 35 (ar1-2) 100 - k3 19 - 0 V(g
+kZ (q+1) f(x) - kZ qf() Z@

+k—;(q+1)f(q+)+k 5 (oardf q+1)2 () + k310
TS "
qkzxzzqﬂT ?X:ZqﬂT
—[klg(q+1——jf(x) RN (x)}
- e f A
SONC RIS —(qk1+qk2)xgl%) s ij—)
But
63 100 = 310 -k (Y
= kz_kzzq:f(x) (10)
Thus 0
= d 1\ & f 1\ & f
W(q) ZW(q+1) +k, ‘kz;f(x) - klxzz(;f(x)_ kl(q+§j x;ﬂ@ B kz(quij;ﬂ%

This can be re-written as

W(q) :W(q+1) * kz_(k1+k2)zq:f(x) - (k1+k2)(q+%) i; M
Hence W(q+l) = W(Q)+(kl+k2)f(x5q +(k1+k2)(q+%j i f_) —k,

= W(q)+(k1+k2){f(xsq) +(q+1j :Z M} -k, (11)
If we set

G(Q)=f(xsq)+(q+1j Z@ (12)

2) S X
Then (11) becomes.
W(g+1) =w(a)+ (k +k,) Gla) -k, (13)
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In a similar manner;

W(a-1) =w(g) - (k, +k,) Gla-1) +k, (14)

4.0 Numerical Illustrations
In this section, we present numerical resultsltsitate the proposed model developed in this paper
e Solution by the Proposed Model:

In our proposed model, we shall determine the apnmq* and compare results with the solution values obthi
in Osagiede and Oriakhi [2].

Here, we shall calculaté-)(q) for different values ofg without going through the rigorous of calculativerious
values of(]as obtained in Osagiede and Oriakhi [2] solution

Table I: Various Values for the Proposed Model. *Indicd##isimum Cost.

RO ) (qgji@ f(x<q) Gla)= f(x=aq)
X Xx=g+1 X 2 x=q+1 X [ ) S M

x%l

0 0 0.1 00 0.445 0.2225 0.1 0.3225

1 1 0.2 0.2 0.245 0.3675 0.3 0.6675

2 2 0.2 0.1 0.145 0.3625 0.5 0.8625

3* 3 0.3 0.1 0.145 0.1575 0.8 0.9575

4 4 0.3 0.025 0.020 0.0900 0.9 0.9900

5 5 0.1 0.020 0.000 0.0000 1 1

>5 >5 0.1 0.000 0.000 0.0000 1 1

We shall out of curiosity briefly give the procedwf obtaining our various values in the columnvelhabove.
The entries in Table | were obtained as follows mvige=0

x=0, f(x)=00, .,

X
szX)=ifo) = 0[2+0M+00+0D25+ 0020+ 0[D00 = 0.445
c0=Q+1 x=1
1\ f(x) 1
=Y X =] 0+ = |(0ma45) = 0222
(q+2j; . (0+2j(o 5 = 002225
f(x<q)= f(x<0)= f(x=0)=01

j zf—x) = 001+ 002225 = 003225

x=3, f(x)=0L3, fl) _ 013 ol
X 3
s -5 10 - 510 o5+ 020 = 0105
x=q+1 X x=3+1 X x=4 X
N fx) (5.1

a+3 23+1 . -(3+2j (0m45) = 01575
f(x<q)= f(x<3) =011 + 0[2 + 0[2 + O[3 = 0I8

=f(0) + @) + f(2) + £(3).
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1) & fix
olg) = f(xsq)+ (a+2] 3 1%
2) 50 X
= 0[8 + 0[1575 = 0[9575.
Continuing in this manner, we obtain other valuethe table I.
Notice that in Table I, foq = 3, we have

[G(2) = 08629 <(,1 = 2—2 = 0[9524j < [6(3) = ores7q.

From this illustration, we can absolutely say tlia, optimum inventory leveq] is therefore

3 units. This follows that the corresponding castl he inventory levet] as obtained by Osagiede and Oriakhi [2] is N
0.29million.

5.0 Conclusion

An extended solution procedure for inventory sysfensingle item with uncertain demand has beenréxed. In this
model shortages are permitted. We indeed deriveglnaexpression with a proposition stated and afgmithe proposition
for the inventory total cost. Further, we use tbevex property established to develop a simplediratt search method for
the inventory system with uncertain demand. Workugently going on using the computer programtemitin MATLAB
for solving more problems. Secondly, we shall giveroposition to also show the convex nature ofptuperties of the
quantity function for the system.
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