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Optimum  allocation of inventory level for a system of n warehouses which are inter-
connected with each other has been studied. The analysis has been conducted for the deter-
ministic demands only. The case of instantaneous delivery as well as lead time delivery has
been treated. .

Cousiderable analytic work has been done for the control of inventory in the-ease of a
single warehouse 123 but very little work has been done in the case where the management
maintains a series of warehouses. The case of a number of warehouses inter-connected with
each other is discussed in this paper. These types of problems arise in defence and in fact
most of the problems of inventory control are of this kind.

Two cases— one involvinglead time for delivery and the other with instantanecus arri-
vals—have been studied. For instantaneous arrival we assume that there is a chain of %
warehouses from which demands are met. Each warehouse has got its own source of de-
mands which are independent of one another. When the stock at the first warehcuse finishes
then the demands are met from the second warehouse, and when the stock at this ware-
house also finishes then all the demands on the warehouses cne to three are met from the
third warchouse and g0 on. We assume here that the stock at the ¢tk warehouse will finish
only after the stock at all the preceeding (¢ -— 1) warehouses has already finished. We place
an order whenever the stock at the last warehouse bas also finished and the orders arrive
immediately. i i ' o

In the second case we take a lead time of 7' units and as soon as the stock at the first
-warehouse finisbes we place an order and in the mean time the demands are met from the
second warehouge and when the inventory level at this warehouse reaches zero then all the
demands for the - warehouse one to three are met from the third warehouse and so on.
We assume that the stock at (n-1) warebouses finishes during the lead time whereas the
stock at the nth warehouse does not finish during the lead time. As soon as the order arrives
the inventory situation reachis t- the original position.

We assume thst the-demands -from the ith warehouse can be met from (¢ 4 1) th
but not vice versa. )

We detormine the Total Variable Cost (T.V.C.) per unit time and then minimize it
with respect to the inventory at the warehouse to determine the optimum inventory level
at the various warehouse cf the chain.
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FORMULATION OF THE PROBLEM
@; = Initial stock at the i’oh warehouse (1=1,2,
= Demsnd per uait tlme at the ith warchouse (i =1, 2,...... n)

In the second case Where we pla.ce the order When the stock at the 1st warehouse
finishes we have @, = A, 7 where 7 is the ordemrg interval. And A; < @i [rfor all 4% 1

C; = The cost of the product (materials and 10 ebour and other fixed costs) at the sth
warehouse (¢ = 1,2........ n)

I = Interest rate per unit tima. _
C;; = Transportation cost per umt item, from 4th warehouse to the jth Warehouse

N iy
T = The lead time :
4 = Otrdering cost
(T‘Vi ) w=Total variable cost without lead time.
(T.V.C.) ;= Total variable cost with lead time.

We now proceed to find the T.V.C. for keeping the mventory at various Warehouses in
the chain for the case of instantaneous delivery and for the case With lead time.
Without lead time

If we assume that the delivery of orders is instantaneous we find that T.V.C. for )
warehouses is .

o ' . 2
10, ( @ — 2L
| 10, @ 1 ( Ql )9_1 2( P 2)
(IV.C)e =4+ S22 + —52 (26— o) vl 305 F A
10 Q+0:,) 0+ I (a—fLEn)
40y Ao 1 2 1 2 3\1+A2
+ (293, A1+,\2"3) WA e ey
) ﬂE—IQ ”El Q
Z N - N
1 1
P | 12
| z o
+ [On !Qn - n-:l }‘” Q
'L ZAL _J Q2_—‘J~A2
1 ) S
23, —n0 AR



Haswa : Optimum Allocation of inventgry, to0 Warehouses . 177
r %F“%i%%%‘ld +a0)+
! : A1+‘12+A3’ Al* 13 2 V23 see e
=] -~: 5 1::-—'0]: - ”W d: S‘i”
oo |0 7 Q,T |
- -+ ,1, Qn —“ni'j*‘ @
SIS CEN M£¢J
] l 1
b &
1

Here the length of the cycleis X' ); therefore
1 -

(IV.Cw Z-A
. - RIS R

T.V.C. per unit time = -
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With lead time

We place an order when the inventory level at.the first warehouse reaches the level
zero and. 1t arrives after 2 lead time 7. We as:ume that here the stock a.t the last warehouse

does not finish during the lead time, ’
We find that tbe total vanable cost for n Wa1ehouse&rs _'
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(1) can be put in a simplified form easy to differentiate thus;
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“Ffom the systen. of n equations given in (4) we can get- the inventory levels at the
different # warehouses in the chain. The values of @; [i= 1,2, ......(n 1)] can be easily
obtained from the linear relations (4); for the level at the last warehouse @, we have to use

.180 Dxe. Sor. J., Vor. 17, Jory 1067

the quadratic relation given-in-the equation 4(n)." As this relatior is of complicated naturc -

it is possible to give explicit value of @, only for small n but still this can be used for large
n bv a series cf computaticn.

] ‘ VERIFICATION
Wenow proveed to derive Wilson formula frem the general model treated here by
getting :
' Q=Q=0Qsg=. oo, Q1 =0
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Therefore

This is Wilson formula?
With lead Time

Putting (2)

in the éimpiiﬁed form which is eary to differentiate we get

(o

:

n—1 2 .
10, ( z 0 ) IC, —4 Ay—y (
1 IO h |

0
1

2 : ']
) 10, 2 (Qr-Qy)?
e 2 3

n—1

22 XN
.1

- 16,65
24 (A + 2y)

n—2

n—l1

XN IN
1 1

10y Qums [Z 0+ 3 o ]

o 23N 2N
11

10,0, @+ 3@,

e e

z
1

N

............

'Y

10,
2

+

('i+

&

T

@

A

X

Qs -

Q-+ Q. A

10, 9 (3@

Y

LRy
)

1

+ 4 Cp

-

. 3
ALt A

4

S ["Zfom
i

5

At ?‘(015?\1'}‘0237\2)'{‘ coes

MHdtAg

o

Z
i

o+

&

n—1

Z)ti’
1

-

M

o



Hastra: Optimum— Allonation of Inventoty To Wahousnses

O 18]
Diff. w.rit.:Qy, Qg Qgoov v 0 \ -Qn -1 a.nd pu’eimg ead}}j eq_ual to zero We’Bget
the following system cf (n— 1) equa’emns : ,
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Diff. (2) w.r.t. T and putﬁiﬁé equal to zero we get

el e s e
( % + T)[IC‘ EQ» - If” ( -;QL)( Z N )+W5 Cin ki ]:(T.V.C.)z vereen (8)
| The Va,lue of' Qn -1 ,and 7' cap be cbtained from 6(7) and (8) by putting the values of
@&y Qz,. RGPt FRUS YRS @y —, from equatmns (7 ) : '
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