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Abstract

In this Paper a mathematical model of the economic order quantity with two storage
facilities for single item has been considered under the conditions that when the fixed
delay in payments are permissible by the supplier. In practice, however, supplier allows
some fixed delay in settling the account after receiving goods, and no interest charges are
payable on the out-standing as long as the account is settled within the specified delay
period. The inventory system under consideration does not have sufficient space to
accomodate the on-hand'invcntory. In such situation W units are stored at Own Warehouse
(OW), and excess inventory is required to be kept in Rented Warehouse (RW). The
holding co;sts at RW are higher as compared to OW. In this paper an attempt is made to
analyse: a) when the sysicm has both the warehouses facilities to accomodate the order
quantity; b) when the OW has largc capacity to store the on-hand inventory; c) when one
does not wish to take RW services and stores maximum of OW capacity; and d) when
simpic EOQ model of single storage systems. The system suggest that when to hire RW
services for more profitability among the given four alternatives. An expression for

optimal order quantity is derived for all the above cases with an example to illustrate the

ne::>dology.



DETERMINISTIC LOT-SIZE INVENTORY MODEL WHEN DELAY IN
PAYMENTS ARE PERMISSIBLE FOR A SYSTEM WITH TWO STORAGE
FACILITIES

INTRODUCTION

in the classical EOQ models with or without shortages, it is
implicitly assumed that the payment ofban order is made as
soon ag the goods are received by the system. In practice,
however, supplier allows some fixed delay in settling the
accounts; and no interest charges are payable on the
outstanding amount as long as the account is settled with- in
the specified delay period. The supplier will obviously charge
higher interest if the account is not settled by the end of
the permissible delay period. This brings some economic
advantages to buyer as he would try to earn some interest from
the revenue received during the period of permissible delay.
Goyal [2] has studied an EOQ model under this situation. Shah,
Patel and Shah [11] have studied the same model by allowing
shortages. Mandal and Phaujdar [4] studied the above mentioned

authors model by including interest earned from the sales

revenue on the stock remaining beyond the settlement period.

When the inventory system under consideration does not have
sufficient storage capacity to accomodate the on-hand
inventory in their Own Warehouse (OW), excess inventory is
‘required to be kept in Rented Warehouse (RW). Such type of
system has been studied by Hartley (3 ] Sarma [7,8,9],
Murdeshwar and Sathe [5], Déve [1] , and Shah and Shah [10].

They all have considered deterministic models.

In this paper modifications of the above discussed models



[2,4,11) are considered, where the system is buying quantity Q
= DT in bulk order, which is larger than the capacity W of OW.
Consequently, W units are stored at OW and the excess (DT-W)
units are stored at Rw. The capacity of RW is assumed to be
sufficiently large. Initially, demands are satisfied from RW

in order to bring down the over all holding cost. The holding

costs at RW are higher as compared to OW.

This paper also examine the effect of permissible delay in
payment for a system with two storage facilities for single

item and expression for optimal order quantity are obtained.

ASSUMPTIONS AND NOTATIONS

L ]

Following assumptions are made to develop the mathematical

model: |

i) The demand rate is deterministic.

ii) Shortages are not allowed. Lead time is zero.

iii) During the time period, when the account is not settled,
generated sales revenue is deposited in an interest
vbearing account. At the end of this period the account is
‘settled and interest charges are payable on the items in
;stock.

iv) The time horizon is infinite.

v) Storage capacity of OW is W, and that of RW is infinite.
If the order quantity exceeds W, then excess units are

kept in RW.



NCTATIONS
Following notations are used in the construction of

mathematical model:

D = Demand rate per time unit.
F = Unit stock holding cost at RW excluding interest charges.
H = Unit stock holding cost at OW excluding interest charges.

I. = Interest charges per rupee per year.

I, = Interest that can be earned on the sales revenue of units
sold during the permissible delay period (I, < I,).

= Ordering cost per order )

= Permissible delay period in settling the accounts.

Cycle time.

= Capacity to store number of units in own warehouse.

O &€ 1 1 p
Il

= Purchase cost per unit.
CONSTRUCTION OF COST FUNCTION

The cost function is constructed by taking into account set up
cost, holding cost and interest earned and paid. Two cases may

arise here, viz. i) T" < T and ii) T' > T.

—p (T*-T) po—
DT h T

-~ ]
v
> 4
9 * =

DT y
x - Y
(3] g o
o . :
&l . 0

. 1

When T < T When T¥>T
Figure 1: Time weighted inventory level

It can easily be seen from figure 1 that per time unit cost

4



consists of the following variable costs.
i) Cost of placing an order per time unit is A/T
ii) Total-holding cost at RW pér time unit is
F (DT - W)2/2DT
iii) Total holding cost at OW per time unit is
HW (1 - W/2DT)
iv) 1Interest payable per time unit is

L 2

DCI (T - T")?/2T, if T * < T, and is zero if T* > T.

v) Interest earned per time unit is

L 4

DCI,T'?/2T, if T "< T.

L

and DCI (T " - T/2) ifT">T.

Note that the interest earned should be subtracted from other
variable costs in order to get the net total variable costs
per time unit.

In order to obtain the total cost equation, both cases are

discussed below:

CASE - I : DETERMINATION OF ORDER QUANTITY WHEN T' < T

v

In this case the total variable cost per time unit is given by

2,(T) = A/T + F(DT - W)2/2DT + HW - HW %/2DT
+ DCI_(T - T*)%?/2T - DCI _T"%/2T
= (1/2DT) [2AD + (F - H)W? + DCT **(I, - I,)]

+ (DT/2)(F + CI.) - [(F - HYW + DCI,T °]

For minimum total cost per unit time, the optimum value of

T = T, will be solution of the d2(T)/dT = 0, which gives

Ty = [{(2AD + (F — H)W 2 + D 2 CT*? (I, - I,)}/(D *(F + CI.)))]?



Then, the optimum order quantity is

Qlo(Tlo) = DTlo
= [{2AD + (F - H)W? + D*CT" (I, - I,)}/(F + CI,)] 2

and minimum total cost Z,(T,,) per time unit is

Z,(T,,) = [(F + CI,){2AD + (F — H)W? + D®CT “%(I, - I, )}]?

- {(F - HHYW+ DCIT"]1 ... (4)

As a result of permissible delay in settlement of
replenishment account, the order quantity obtained (3) 1is
generally higher than the order quantity of classic EOQ model.
Tﬁe extent of such a change in the order quantity depends

entirely on the parameters of the problem situation.

When F = H, optimum value of T is

T = [{2AD + D2CT "*(I, - I.))}/{D %(H + CI ) }] 2

and

2,(Ty,) = [(H + CI_ ){2AD + D? CT'% (I, - I,)}] ¥?* - DCI,T *
........ (7)

Equations obtained in (5), (6) and (7) are same as those given

by Goyal [2].

\

Further, when I_ = I, =0, F=Hand T' = 0 , then

T,, = [2A/DH] !/2 e taieaeean (8)
Qlo(T]_o) = DT[Q = [ZAD/H] v e, (9)
and

2,(Ty) = [2ADH]Y2 ... e (10)



Equation (8), (9) and (10) are same as those of classical EOQ

model of Naddor {6].

Suppose that we do not wish to use RW at all, then we order W
upits per replenishment i.e. we take DT’, = W, where T’, = W/D
is cycle time. In this case the total cost per time unit due

to OW is

2(T’,) = (1/2W)(2AD + D 2 CT **(I. - I,) + (W/2)(H + CI.)

- DCI.T * i (11)

If the cost in (4) is less than (l11), it is better to hire RW

services.
CASE II: DETERMINATION OF ORDER QUANTITY WEEN ™ >T

In this case interest charges are not paid for the items kept

in stock. The total cost per time unit is then given by

Z,(T) = (1/2DT) [2AD + (F - H)W?] +(DT/2) (F + CI,)

- [(F = HYW + DCI,T" ] fiiiinennnn (12)
For optimum value of T = T,,, dZ(T)/d4dT = 0, gives

T = [{2AD + (F - HYW 2 }/(D ?(F + CI_, ))]1Y?

then optimum order quantity

and minimum cost 2,,(T,,) per unit is

2,0(Te ) = [(F + CI,)){2AD + (F — HYW 2 }] Y2 - [(F - H)W

+ DCILT "1 e (15)

In equations (13), (14) and (15), if we take F H, then



T, = [2A/D(H + CI)Y2 LLoo.... (16)
Q0 (T2 ) = [2AD/(H + CI, )]}? ceeaanas e (1)

and minimum cost

Z,0(Ty0) = [2AD(H + CI, ]2 = DCI,T *°  ..eeeu... (18)

The results obtained in equation (16), (17) and (18) are

similar to those obtained by Goyal {2), when T" > T.

when F = H, I, = 0 and T° = 0, then _ results are similar to
those of single storadé EOQ model, obtained in (8), (9), and

(10) .

If we do not wish to use RW then taking DT’, = W, then the
total cost from equation (12) is

Z(T’,,) = AD/W + (H + CI ,)W/2 - DCI.T" = ...... (19)

In case cost given by (19) is less than that of (15), then RW

should not be hired.

Examplé 1 : Let us take an inventory system that has F = Rs.
2,
H=Rs.1l, C = Rs.15, A = Rs.200(50)450, I, = 0.25,

I, = 0.10, W = 900 units and D = 10000 units per annum.

Table 1 shows values of T,,, DT,,, 2(T,,) for two storage
facilities, when F = H in case of single storage model, EOQ of
single storage model and when inventory DT,, = W, with increase
in ordering cost. For a system with two storage facilities, we
find that Q,, = DT,, and 2(T,,) increases as A increases.
However, comparing with other systems it follows that total

optimum cost for the system with two storage facilities is



obviously high as compared to EOQ system with single storage
facilities or as compared to the model developed by Goyal{3].
Moreover, it can be observed that the total optimum cost for
the system with two storage facilities is l1less than that where
RW is not used. This suggests that whenever necessary it is

economical to hire RW.

Similar observations can also be made when T' > T. But
comparing the two cases we find that the total minimum cost

when T > T is very low as compared to the case when T' < T.

When T' > T it is important to note that the total cost for the
system with two storage facilities is'smaller than that of EOQ

with single storage model.

In Table 2 represents the impact of change in interest rate on
time cycle length, ordering quantity and total minimum cost,
while keeping all other parameter values unchanged. Reduction
in interest charges (cost. per annum), increases the time cycle
length; order quantity with lower total minimum cost.
Similarly, when T" > T wiﬁh increase in earned interest rate
value, the .length of time cycle, ordering quantity, and
ordering total minimum costs will decrease in comparision to
Table 1, when T' > T. But, overall hiring the services of RW is

more economic when OW is having limited capacity.

. VIRRAM SARASHA! LipRamy
MDIAN INSTITU E - MANAGEMENT
VASIRAPUR, AHMEDABAD~300u88
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Table 3 represents the impact of increase in demand on time,
ordering quantity and total minimum cost, by keeping values of
other parameter unchanged. It is indicated that as demand
increases, the length of time cycle reduces and order.quantity
increases with increase in total minimum cost wvalues. Similar

observations are made when T' = 0.1667 year > T.

Results of Table 4 are similar to those of Table 3, except
change in parameter of ordering cost, which increases the
length of time cycle as well as ordering quantity andtotal

minimum cost values.

A perusal of Table 5 suggests that when holding cost of RW and
OW increases with unchanged other parameter values. If holding
cost of RW increases and OW remains unchanged, then the length
of time cycle, ordet quantity and total minimum costs remain_
constant in all the systems. While increasing in holding cost
of RW and OW, also further decreases’time cycle length and
ordering quantity with agﬁin incurring more total minimum

cost.

CONCLUSION

The objective of this paper was to examine the conditions
under which the delay in payments are permissible, and its
effects on optimal lot-—sizing of two storage facilities models
for realistic inventory system. However, the numerical example
results shows that there is a considerable change in EQQ with

permissible delay period and two storage facilities.
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