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Abstract

In this paper, we have considered an economic order quantity model for deteriorat-
ing items with two-level trade credit policy in which a delay in payment is offered by a
supplier to a retailer and also an another delay in payment is offered by the retailer to
his/her all customers. Here, it is proposed that the demand function is dependent on
the length of the customer’s credit period and also the duration of offering the credit
period. In this article, it is considered that the retailer’s ordering cost per order depends
on the number of replenishment cycles. The objective of this model is to establish a
deterministic EOQ model of deteriorating items for the retailer to decide the position
of customers credit period and the number of replenishment cycles in finite time hori-
zon such that the retailer gets the maximum profit. Also, the model is explained with
the help of some numerical examples.

Keywords: Inventory, Deterioration, Two-level credit financing, Credit period
dependent demand, Inflation

Background

In traditional business system, it is seen that customers must pay as soon as they receive
the purchase quantity. But, recently, seller may offer a delay period to pay their dues
which is known as credit period. Actually, this credit period is the time frame between
when a customer purchases a product and when the customer’s payment is made. The
credit policy helps to build up a long term relationship of a company with his customers
and it also increases the customers demand. Now-a-days, the trade credit financing in
the business becomes a trend due to its various advantages. The effect of credit period in
traditional EOQ system first was studied by Goyal (1985). Chung (1998) simplified the
search of the optimal solution for the problem explored by Goyal (1985). After that so
many researchers also worked on constant or variable demand with credit period such
as Banerjee (1986), Ha and Kim (1997), Ouyang et al. (2004), Das et al. (2007). Huang
(2003) developed an EOQ model in which a supplier offers a retailer the permissible
delay period M and the retailer also provides the trade credit period N (N < M) to his/
her customers. Some EOQ model have been developed for items under permissible
delay in payment depending on ordering quantity. Shinn and Hwang (2003) extended
the work of Shinn (1997) in optimal pricing and ordering policies for retailers under
order-size dependent delay in payment. Teng et al. (2011) extended an EOQ model for
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stock-dependent demand to supplier’s trade credit with a progressive payment scheme.
Lou and Wang (2013) developed the classical EOQ model considering credit-linked
demand and default risks. Later, Das et al. (2014) discussed a transportation problem
in an integrated production-inventory model with a discrete credit period. More recent
articles on trade credit financing are developed by Chen and Kang (2010), Chung and
Cardenas-Barron (2013), Yang et al. (2014), Chern et al. (2013), Das et al. (2013), Carde-
nas-Barron et al. (2014), Wu and Chan (2014), Chung et al. (2014), Dye and Yang (2015),
Benkherouf and Gilding (2015), Shah and Cardenas-Barron (2015) etc. Recently, Das
et al. (2015) developed an integrated model with fuzzy credit period and deterioration.

Practically, it is seen that the longer credit period attracts more customers. So, fo
increase the length of credit period increases the customers’ demand. From the literature
survey on credit periods, it is studied that almost all research works have considered one
manufacturer/supplier to offer the credit period to only one retailer. And there are also
very few papers (Dye and Ouyang 2011) in which the retailer offers the credit period to
end customer (consumer). In their paper, only one end customer has been considered.
But, it is impractical to consider only one customer by which all items are consumed
together. It is happened that there are many end customers by which items are procured
from the retailer at different times during the business period and it is also observed that
sometimes the retailer announces a credit period during some period to fascinate more
end customers. But, till now no one has considered demand as a function of customer’s
credit and duration of offering the credit period. In this paper, this phenomena has been
incorporated.

In real life situation, the deterioration of items is a natural phenomena which is nor-
mally caused by vaporization, damage, spoilage, dryness, poor preservation technology
etc, take place frequently in inventory system and cause great losses to inventory man-
agers. During the past few decades, a lot of model with deterioration have published.
Ghare and Schrader (1963) were the first proponents to establish a model for an expo-
nentially decaying inventory. Aggarwal and Jaggi (1995) and Hwang and Shinn (1997)
extended the model of Goyal considering the deterministic inventory model constant
deterioration rate. Jamal et al. (1997) further generalized the model to allow the short-
ages. Taso and Sheen (2007) developed a finite time horizon model for deteriorating
items to determine the most suitable retail price price and appropriate replenishment
cycle time with fluctuating demand. Subsequently, several researchers develop inventory
model concerning deterioration such as Wu et al. (2014), Sarkar et al. (2015) and Wu
et al. (2016) etc.

Many research papers are developed without considering inflation rate as most deci-
sion makers think that the inflation have no significant effect on inventory policy. But,
from financial point of view, an inventory represents a capital investment and must com-
pete with other assets for a firm’s limited capital fund. Therefore, it is important to inves-
tigate how inflation and time value of money affect on various inventory policies. Trippi
and Lewin (1974) discussed a cash discount flow approach to obtain the present value of
average inventory costs in an infinite time horizon. Dohi et al. (1992) developed a inven-
tory model with and without backlogging allowed for an infinite time horizon consider-
ing time value of money. Bose et al. (1995) discussed an inventory model with time value
of money and inflation for deteriorating items. There are so many papers with inflation
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and time value of money under different field such as Moon and Yun (1993), Hariga
(1994), Chung and Lin (2001), Dye and Ouyang (2011) etc. Liao et al. (2000) developed a
model for deteriorating items considering inflation when a delay payment is permissible.
Recently, Gilding (2014) developed a inventory model in a finite time horizon consider-
ing inflation.

From the literature review, regarding the inventory models in fixed time horizon, it is
seen that the ordering cost is always fixed for all cycles. But, realistically it is not correct.
Basically, when a retailer orders the materials to the supplier, then there exists two types
of cost such as fixed cost and variable cost. The fixed cost consists of the cost related
to facilities, telephone and maintenance of computer system to process the purchase
orders. The variable cost is the cost related to the shipments of the purchase quantities.
Obviously this type of cost depends on number of replenishment cycles to be processed
as when the number of replenishment cycle is increased the ordering amount decreases
per cycle or vice-versa.

From the observations in the existing literature in which the ordering cost is fixed per
cycle, it is seen that whenever the number of replenishment cycles is more, the ordering
cost be very high than the ordering cost in one cycle though in each case total quantity
delivered is same in finite time horizon. Practically, in real business world, this concept
is not completely error free. Again, whenever number of replenishment cycles is more
then the shipment cost is reduced inversely since the quantity delivered is less per cycle.
That is, if a1 be the shipment cost for total quantity Q to be delivered in one time in the
business period then for # replenishment, the shipment cost per cycle will be a; /n, since
in this case the total quantity Q is delivered in # cycle of amount Q/x per cycle. So, the
shipment cost per cycle varies inversely with n. Again, if the total quantity Q is delivered
in more than one cycle, clearly due to the processing the delivery supplier must claim
an extra charge which is known as processing cost. Notedly, this type of cost will be
increased whenever number of replenishment cycles also increases. That is, the order-
ing cost can not be constant for a fixed time horizon. But, till now, no one has considered
variable ordering cost depending on replenishment cycle in a fixed time horizon.

In this paper, an EOQ model for deteriorating items with inflation in a finite time hori-
zon has been developed with two level credit financing. One credit is offered by supplier
to retailer and another credit is offered by retailer to his/her all customers. Here, we have
considered demand as a function of length of the customer’s credit as well as its duration
of offering and time in exponential form and ordering cost as replenishment cycle num-
ber dependent function. Also, we have assumed that all customers take the advantages
of same credit period upto a limited period. We then characterize the customer’s opti-
mal credit period and cycle number.

Notations and assumptions
To formulate this model we have used the following notations and assumptions.

Notations
(i) I(¢): the inventory level at time ¢.
(ii) D(t): the demand function at time .
(iii)  H: total planning horizon (in year).
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(xvi)

(xvii)

A: retailer’s ordering cost per order.

p: retailer’s purchase cost per unit item.

s: retailer’s selling price per unit item .

r: rate of inflation.

0: rate of deterioration.

h: retailer’s holding cost per unit per unit time.

I,: rate of interest earned.

I rate of interest charged for delay payment after offered credit period.

M: the retailer’s trade credit period offered by the supplier in years.

N: the customers credit period offered by the retailer in years, where N < M
(a decision variable).

n: the number of replenishment cycles during the planning horizon (a decision
variable).

[Zi—1,ti]: the ith replenishment cycle,i = 1,2,3,...,n

Q;: the order quantity in the ith replenishment period.

TPj: total profit of the retailer, j = 1,2, 3.

Assumptions

(i)

(i)
(ii)
(iv)

v)

(vi)

(vii)

The inventory system involves only one item over a finite planning horizon H.
The replenishment occurs instantaneously at an infinite rate.
Shortages are not allowed.
The items deteriorate at a constant rate of deterioration 6, where 0 < 6 < 1.
There is no repair or replacement of deteriorated units during the planning hori-
ZOn.
Here, two credit periods have been considered in each cycle. One (M) of them is
offered by a supplier to the retailer and another one (N) is offered by the retailer
to each customer in such a way that each customer must pay within the period of
the credit period (M) offered by the supplier to the retailer. It is also assumed that
the customer’s credit period is less than or equal to the retailer’s credit period
ie, N <M.
It is considered that the retailer pay his/her dues at the end of each cycle. So,
if the length of the replenishment cycle is greater than the length of the credit
period the retailer has to an interest at a rate I . If the length of replenishment
cycle is less than the length of the credit period then no interest is charged.
In this model, a retailer intends to offer a credit period (N) (decision variable) to
each customer in certain duration to increase his/her demand (D(t)). Here, the
duration of credit period is proposed in such a way that the last end customer who
takes the facility of credit period pay his/her dues at the time of credit period (M)
offered by the supplier . Therefore, all end customers having this facility, come dur-
ing the period (0, M — N) in each cycle. As M — N is large, so number of cus-
tomers takes this privilege. That is, the demand depends on both N and M — N.
For these reasons, the demand function D(¢) has been considered as a exponential
function of time in respect of N (M — N) which is defined as follows:

D) = {Doezlg(M:N”;_ . when #_1 <t <t +(M—N)

DoeP?NM=N)(ti-t+M=N).  \when t; 1+ (M —N) <t <t

Page 4 of 14
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where Dg > 0 is a scaling parameter and by, by (b1 > by) are positive, which are
known as effective parameters for credit periods.

(viii)  All replenishment cycles have same size.
(ix)  In this paper, it is assumed that the ordering cost (A) per cycle has been pro-
posed in the following way:

a
A:ao—f—;—f—ag(n—l)

where, a, (>0) be the fixed cost per cycle, a, (>0) be the shipment cost for the
total quantity delivered in one time and 4, (>0) be the process cost per cycle.
Also, here it is clear that for n cycles the total ordering cost considering fixed
ordering cost per cycle must be greater than the variable ordering cost per cycle
depending on the processing cost. That is, considering fixed ordering cost per
cycle total ordering cost (TFOC) will be greater than the total ordering cost
(TVOC) considering variability in the ordering cost provided that

a
n(a0+a1)>n[ao+71+ag(n—1)
a
or, aj>ay+— +ayn-—1)
n
or, (n—l)(ﬂ)>0
n

or, — >ay
n

From this following lemma can be drawn:

Lemma 1 For n cycles, TFOC must be greater thanTVOC provided that“} > a.

Mathematical model formulation

In this model, the retailer first receives Q; amount items from supplier and then fulfils
the demands of his/her customers from his stock during the time period [#;—1, t;] and this
process continues up-to end of the fixed time horizon H. Here, the supplier offers credit
period to the retailer and the retailer also offers credit periods to each customer during
the time period [£;—1,ti—1 + M — N] according to assumption (v). After that no credit
will be given to the customers. So, in this problem three possibilities may arise due to
different positions of M and N with the interval such as: Case 1: N <M <t —t;_y,
Case2: N <t; —ti_1 <M and Case 3: t; — t;_1 < N < M. The retailer’s inventory level
for the different three cases are shown in Fig. 1.

1(t) I(t) I(t)

t t t

tLer 4N ta+ Mt ti-1 ti+ N t o+ M tioy t ty+ Nttt M

Case LN <M<ty —t, Case N <ty —t, <M Case3:t;y —t; <N =M

Fig. 1 Retailer's inventory level

Page 5 of 14
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Model formulation of the retailer
In each cycle,deterioration and demand both effect on the inventory. Hence the differen-
tial equation of the inventory level I(¢) in the ith cycle for the retailer is given by

dl(t) [ —0I(t) — DoelNM-Nt, when t;_1 <t <t_1+@M—N)
dt | =0I@) — Dye?NM-N)tiextM=N). when ¢, 1+ (M —N) <t <#

with the boundary conditions
I(ti-1) =Qp It) =0; i=12,...,n (1)

Solving the differential Eq. (1) we get,

Qe im0 _ %{e(hN(M—NHH)z — o BINM-N)+0)i_ V. when £y <t <tig+(M—N)
I(t) =
%esz(M—N)(ri,l+M—N>{ea(ri—z) —1}; when i1+ (M —N)<t<t
where
Qi = Do |:e(b1N(M—N)+9)(M—N) 1] I NM =Nty
biIN(M —N) + 0

Do {ee(ti—(ti,1+M—N)) _ 1} eP2NM=N)(ti—1+M—N)+6(M~N)

"

Holding cost  The present value of the holding cost (H;), i =1,2,3,...,n, in the ith
cycle is given by

ti_1+M—N ti
/ e "t I()dt + / e " I(t)dt

H =h
ti—1 ti-1+M—-N

s
| Q€ l{e—(rﬂé)ti,l 73—(r+9)(t,‘71+M—N)}
r+6

_ Do {e(b1N<M—N>—r)<n_1+M—N> _ e BINM-N) 1t }
(GINM —N) +6)(LiN(M —N) — 1)
Doe(blN(M—N)+9)ti—1

~ (LUIN(M —N) +60)(r + 6)

{e—(r+é))(t,,1+M—N) o0 }]

n hgo eP2N(M=N)(ti_1+M—N) {1 {e*r[i — efr(ti-ﬁM*N)}
r

Ot;
_f { o0t _ e—<r+e)<t,-71+M—N>} 2)
r+0

Purchase cost 'The present value of the purchase cost during the ith replenishment

period, denoted by P;,i = 1,2,3,...,n,is

P; = pe " (ti—1)

_ pDo { o (BIN(V=N)+6)(M-N) _ 1} o LIN-N)—r)t;_
biN(M — N) + 6
n P(lg)o [ e@(tif(ti—1+M7N))} DN (ti 1 +M=N)+6(M—N)—rt; 3)
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Sales revenue The present value of the sales revenue in the ith replenishment period,
denoted by S;,i = 1,2,3,...,n,is given by

ti1+M—-N ti
S;i=s / e " D(t)dt + / e " D(t)dt
t

i1 ti1+M—-N
— sDo [e(b1N<M—N>—r><ti71+M—N> _ o LINM=N)=)ti
byN(M —N) —r

_ Do 2NM=N)(t-1+M—N) {e_”" _ e—r(t,',1+M—N)} @
r

Casel When N <M <t; —t;_; In this case, it is assumed that length of the replen-

ishment period is greater than the retailer’s credit period, i.e., here, N < M < H /n. Also

in this case, it is considered that retailer will pay his dues at the end of the replenishment

cycle and therefore he has to pay an interest at a rate I, to the supplier.

Interest earned The present value of the interest earned in the ith replenishment
period, denoted by IE;;,i = 1,2,3,...,n, is given by

ti_1+M—-N ti
IEq = Is / e "' D)t — (¢ + N)ldt + / e " D(t)[t; — tldt
ti—1 ti1+M—-N

_ _LesDo(ti = N) [e<b1N<M—N)—r>(tH+M—N> _ e(hN(M—N)—r)n-fl]
bIN(M —N) —r
I.sDg
 BINM—N) —r
1
T BINM—N) —r

sleDot,; PNM=N) 1 +M=N) [ =rti _ e—r(t,;l-kM—N)]
r

[{(ti—l + M — N)eEINM-N) =Nt +M=N) _ 4. e(hN(M—N)—r)t,fl}

{ewlN(MfN)fr)(nfﬁMfN) _ ¢ eINM=N)=r)tiy }}

4 SeDo NNy +-N) [{tie’”f b+ M — N)efr(t,;waN)}
r

+ % { oMt _ =Tt +M=N) }} 5)

Interest charged  The present value of interest charge in the ith replenishment period,
denoted by IC;1,i = 1,2,3,.. ., 1, is given by

ti
IC;, = pl, [ / e_”l(t)dt]
t,

i—1+M

ti
= pl, [/ e—rt%ebN(MfN)(tHJerN) {1 _ ee(t,»—t)} dt}
ti1+M
_ PLDo b NNty +M-N) l{e—m — i)
0 r
0 y

el
_ —(r+0)t _ 7<r+9)<ti71+M>}
e e

r+6 { } ©)

Page 7 of 14
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Total profit  So, in this case, retailer’s total profit TP1(n, N) can be expressed as

TPI(n,N) = sales revenue — purchase cost — holding cost — interest charge
+ interest earned — ordering cost
ie,

n
TPI(n,N) =Y  (Si = P; — H; — ICiy + IEq — e "1 A)
i=1

_ sDg B hDg [e(blN(M—N)—r)(M—N) _ 1}
bIN(M —-N)—r  (biNM —N) —r)(r +0)
~ pDo hDo[1 — e~ O] [e<b1N<M—N>+9><M—N> _ 1}
bIN(M—N)+6  (r+80)(bi1NM —N) +0)
hDq 1 " 1 [eG(H/nfMJrN) _ 1} cGINM=N)+6)(M—N)
r+6 \bINM—N)+6 ' 6

1 — e(BINM—N)—r)H

[e—(rw)(M—N) _ 1”
1 — eBIN(M—N)—r)H /n

+ KS’Q + LDGO) {e(sz(M—N)—r)(M—N) _ eng(M—N)z—rH/n}
r T

_ pDo {eQ(H/nfMJrN)fl}e(sz(MfN)JrH)(M*N) + hDo {esz(MfN)LrH/n
0 O(r+0)
1 — eb2N@WM-N)—r)H

1 — e2N(M—N)—r)H/n

— eb2NWM *N)*rfﬁ)(MfN)+9H/n}}

sl Do —N)— —
blN(Me_ . [(H/n — M)eINM=N)=NM=N) _ (F[ 1 — N
N 1 [e(blN(M—N)—r)(M—N) B 1] 1 — eINM—N)—r)H
(bt)NM —N) —r) 1 — e@1N(M=N)—r)H/n

sl eD()

{(H/n — M + N)e2NM-N)=@M-N) 1 [esz(MfN)ZfrH/n
r

1— e(ng(M—N)—r)H

_ e(M(M—N)—r)(M—N)H
1 — e(2N(M—N)—r)H/n

_ pf Do
0

[ 1 [esz(M—N)2—(r+9)M+9H/n_ ¢

- th(M—N)Z—rH/n]
r+6

byN(M—N)—r)H
+} [esz(MfN)zfrH/n 1 — eLNM=N)=r)

r

— €

sz(MfN)Zer]
1 — e&:NM-N)—nH/n

1— e—rH
-4 1—eTH/n (7)

Case2 WhenN <t;—t; 1 <M

In this case, it is assumed that the length of the replenishment period is less than the
retailer’s credit period. So no interest is charged from the retailer i.e. ICj3 = 0. Also the
retailer earns interest from the customers during the period [¢;—1 + N, ti—1 + M].

Lemma2 M—-N<H/n<M.

Proof Since the retailer offers credit period N to each customer in such a way that all
customers must pay their dues within the retailer’s credit period, so in this case, the fol-
lowing must be hold for ith cycle.
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i1 +M—-N<t
ie, M—N<t—t_1
ie, M—N<t—t_1 <M
ie, M—N<H/n<M
Thus the present value of interest earned,denoted by IEj,

Interest earned
i=1,2,3,...,n is given by

ti

e " D) (i + M — t)dt}

ti1+M—-N
IEjp = Ls / e "D [(ti-1 + M) — (£ + N))dt +/
ti1 ti_1+M—-N
_ sleDo (N — M)ebINM=N)=r)tiy
bIN(M —N) —r
sleDo {e(th(M*N)*r)(ti—1+M*N) _ e(blN(M—N)—rmfl]

+
(bIN(M — N) —r)?
sleDo {( H /n — M)ePNM-N) G +M=N)—rt; Ne(szM—N)—r)(rH+M—N)}

r

sleDo 2N M=N)(ti1+M—N)

2

+
[e—rti _ e—r(t5,1+M—N)} (8)

r

Total profit ~ So, in this case, the retailer’s total profit TP2(n, N) can be expressed as

TP2(n,N) = sales revenue — purchase cost — holding cost — interest charge

+ interest earned — ordering cost

ie.,

n
TP2(n,N) =y (Si = P; — Hi + IEp — ¢ "1 4)
i=1
_ sDo 3 hDqg {e(blN(M—N)—V)(M—N) _ 1]

LINM—N)—r (biNM —N) —r)(r +0)

- Do N hDg[1 — e~ (r+OM-N)] {e(blN(M—N)MJ)(M—N) . 1]

bINMM—N)+6  (r+60)(bitN(M — N) +0)

hDy 1 1 [eQ(H/n—M+N) _ 1} o BINM—N)+6)(M—N)
r+6

bIN(M —N)+6 6
1 — eBINM-N)—r)H

[e—(r+9)(M—N> _ 1”
1— e(blN(MfN)fr)H/n

+ [(“‘ﬂ i @) {esz(M—N)—r)(M—N) _ esz(M—N)z—rH/n}

r re
hDyg { PINM=N?—rH/n

6(r +6)
1 — G2NM=N)=r)H

_ s N(M=N)—r—=0)(M—=N)+6H /n H €
1 — e@NM—N)—nH/n

_ PQDO { eQ(H/nfMJrN)—l} eLNM-N)+6)(M-N) |

sI. Do N — M) + 1 [e(blN(M—N)—r)(M—N) _ 1]
bN(M —N) —r bIN(M —N) —r

1_e(b1N(M7N)7r)H sI,Dy a2 ] L B
x 1 — eG1N(M-N)-r)H/n ; [{(H/n_M)ehZN(M v YH/n+Ne(b1N(M Mt N)}

1 — eBNM-N)—r)H 1_eH
)

+l{eh2N(M—N)2—rH/n . e(sz(M—N)—r)(M—N)} _
1— e(sz(MfN)fr)H/n 1 —erH/n
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Case3 Whent;—t; 1 <N<M

In this case, it is assumed that the length of the replenishment period is less than the
retailer’s credit period. So no interest is charged from retailer i.e. IC;3 = 0 and earns
interest from the customer during the period [¢;—1 + N, ti—1 + M].

Lemma3 M- N <H/n<N.

Proof Since all customers must pay their dues within the retailer’s credit period, so the
following must be hold for ith cycle.

ti1+M—-N <t
ie, M—N<t—ti_1<N
ie, M—N<H/n<N

In this case, the expression of the total profit TP3(n, N) is the same as the expression of
the total profit in Case 2 considering only IC;3 = 0.

Numerical illustrations
To illustrate the above model, the following numerical examples have been considered.

Problem-1 (Variable ordering cost) A company supplies one kind of items to a retailer
at cost of $35 per unit item and offers a credit period 50/365 to the retailer in such a way
that he will enjoy the relaxation on interest charge during this period. In this business
policy it has been settled that the retailer pays his dues at the end of each cycle. If the
credit period be less than the cycle length then due to late payment the retailer must pay
an interest to the supplier at a rate of 8 %. The retailer’s holding cost is $3 per unit item
and the items deteriorate at a rate of 1 %. The retailer sales each unit of items at cost of
$50 to customers. The retailer also offers same credit N to each customer upto a certain
time in such a way that all customers must pay their dues within the retailer’s credit
period, after that no credit will be given and the retailer earns interest at a rate of 6 %.
The ordering cost of the retailer has been considered according to assumption (ix). Here,
the retailer’s objective is to maximize the total profit. Find the optimal number replen-
ishment cycle period and optimal credit period N offered by the retailer.

Solution In this problem, ag = 200, a; = 1000; ay = 30, by = 10, by =5 Dy = 1000,
h=3r=0.16=0.01H=1,p=35s=50,M=50/365,1, = 0.08, I, = 0.06.

Since the model corresponding to this problem is non-linear, it cannot be optimized
analytically. So to get the optimal solution, the standard LINGO software has been used
of such type of model utilizing the above parameters. Before getting the optimal solu-
tion, the concavity of the objective function has been shown by Fig. 2. The obtained
results have been shown in the Table 1.

Problem-2 (Fixed ordering cost) The same problem in Problem-1 when retailer con-
sider ordering cost as a fixed value, $ 1200 which is same as the ordering cost when
replenishment cycle number is 1 for the variable ordering cost.

Solution  The obtained results for three cases have been shown in Table 1.
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Fig. 2 Concavity of TP1

Table 1 The results of Problem-1 and Problem-2

Variable ordering cost Fixed ordering cost

Case 1 Case 2 Case 3 Case 1 Case 2 Case 3
N 0.0558 0.0494 0.1250 0.0559 0.0494 0.1250
n 3 8 8 2 8 8
Profit (TP)) 11896.19 10132.84 9997.08 10739.05 503848 4902.73

Problem-3 (For constant demand) The same problem in Problem-1 when constant

demand is considered i.e., when b; = 0 = b, for both the cases considering fixed order-

ing cost and variable ordering cost.

Solution The obtained results have been shown in Table 2.

From results obtained in Tables 1, 2, 3, 4, 5 and from Fig. 3 following managerial insights

have been drawn:

()

From Table 1, it is observed that when variable ordering cost is considered then
Case 1 is most profitable other than Case 2 and Case 3. In this case, optimal
profit and the optimal values of the variables are TP1 = 11896.19, N = 0.0558
and # = 3. Again, when fixed ordering cost is considered from Table 1, it is seen
that Case 1 is also profitable other than the two cases . So, investigating Table 1, it
is concluded that model with variable ordering cost is profitable than the model
with fixed ordering cost.

Considering constant demand i.e., when b1 = 0 = b; from Table 2, it is seen that
for the both cases Case 1 is most profitable with profit TP1 = 11783.21, n = 3 for

Table 2 The results of Problem-3

Variable ordering cost Fixed ordering cost

N n Profit (TPj) N n Profit (TPj)
Case 1 0.1369 3 11783.21 0 2 1065533
Case 2 0.125 8 9946.09 0.125 8 4851.74
Case 3 0.1369 8 998049 0.1369 8 4886.15

Page 11 of 14
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Table 3 Variation of results for different r for Case 1

r N n TP1 Q
0.1 0.0558 3 11,896.19 1013.02
0.3 0.0539 4 9875.38 1014.45
0.5 0.0518 5 829197 1015.64
0.7 0.0509 5 7004.20 1015.59
0.9 0.0489 6 5949.16 1016
Table 4 Variation of profit for different M for Case 1
M N n TP1 Q
35/365 0.0405 3 11,758.85 1006.68
40/365 0.0456 3 11,802.25 1008.47
45/365 0.0507 3 11,847.91 1010.55
50/365 0.0558 3 11,896.19 1013.02
55/365 0.0608 3 11,947 44 1015.14
60/365 0.0658 3 12,002.02 1019.14
Table 5 Results for different values of a; for Case 1
as N n TP1 Q
30 0.0558 3 11,896.19 1013.02
50 0.0558 3 11,780.19 1013.02
100 0.0559 2 11,519.54 1011.01
150 0.0559 2 11,421.98 1011.01
200 0.0559 2 11,324.41 1011.01
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Fig. 3 0 versus profit for Case 1

variable ordering cost and TP1 = 10655.33, n = 2 for fixed ordering cost. But,

offering credit period by the retailer is large (N = 0.1369) for the case consider-

ing variable ordering cost whereas for the case considering fixed ordering cost it

is zero. That is the case considering fixed ordering cost for constant demand is

profitable when no credit will be given by the retailer.

Page 12 of 14
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(c) From Table 3, it is investigated that with the increase of inflation rate the opti-
mal profit decreases with customer’s credit period, but number of replenishment
cycles increases.

(d)  Figure 3 shows the change of profit with respect to 8. From this, it is observed
that the optimal total profit decreases with the increase of 8 which is normal.

(e) From Table 4, it is seen that when the credit period (M) offered by the supplier to
the retailer increases, then the optimum profit of the model also increases along
with increasing the customer’s credit period (N) though the number of replen-
ishment cycle is almost same. Thus, the retailer may offer more credit to his/her
customer to get more profit.

(f) In Table 5, it is observed that on increasing processing cost ap profit TP1
decreases but offering credit period N remains same and the number of replen-
ishment cycles also decreases. But, it is more profitable than the case when fixed

ordering cost is considered according to Lemma 1.

Conclusion

Here, we have proposed an EOQ model for deteriorating items considering two level
credits where all customers are allowed to take the advantage of credit period from the
retailer upto a limited period. The demand function is linked with customer’s credit
period and the duration of publicity of such credit period in exponential nature. Here,
retailer’s ordering cost per order has been considered as function of replenishment cycle
number. Some examples have been provided to illustrate the model. Also, managerial
insights have been carried out. The proposed model can be further extended in several
ways like different demand structures, quantity discount, deterioration with lifetime,
warranty cost and others.
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