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Pricing Policy in an Integrated Two-echelon Supply Chain
under Permissible Delay of Payment
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Abstract—This work examines the effect of pricing strategy
in a supply chain consists of two members namely supplier
and retailer. The supplier provides a credit period to the
retailer. The retailer also provides a trade credit period to the
customer within cycle length. A collaborative approach
between two members is considered. The ultimate objective
is to find maximum profit for the integrated system.
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I. INTRODUCTION

Now- a -days supply chain has absorbed a great deal of
interest among researchers and practitioners. The impact of a
supply chain in our daily life is enormous. In fact supply
chain is characterized by various issues. The pricing issue
associated with the context of the supply chain is very
important. Demand is an essential component not only in the
inventory but also in the supply chain. In many situations,
demand is dependent on selling price. Generally, the relation
between the selling price and the demand rate is inverse. As
the selling price increases demand decreases. What will be
the selling price of a product is a necessary question. Another
issue that is very familiar in the supply chain is the trade
credit issue. To attract retailers, the supplier offers trade
credit while the situation is the same for the retailer when he
offers credit period to customers. This research work
formulates a mathematical model for the supply chain
incorporating pricing strategy and trade credit issues.

Il. LITERATURE SURVEY

Goyal [1] was the first to introduce the concept of trade
credit in mathematical modeling. Then Abad and Jaggi [2]
investigated the effect of co-operative and non-cooperative
approaches between seller and buyer under permissible delay
in payment atmosphere. Then Jaggi et al. [3] developed their
work with credit period dependent demand pattern. Pal et al.
[4] considered competition among retailers with a common
supplier depending on a demand pattern based on price as
well as credit period.

Mandal et al. [5] formulated an unreliable production
system along with two-level credit policies. Bhunia et al. [6]
considered partial backlogging incidents under the
permissible delay of payment scenario. Bhunia and Shaikh
[7] formulated different policies for deteriorating items.
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Effects of inflation were incorporated by Tiwary et al. [8].
In another work, Tiwary et al. [9] included the event of
expiration dates under a partial trade credit environment. A
single-stage model with quality dependent demand rate was
studied by Pal et al. [10]. Giri and Sharma [11] developed
two-level trade credits under a cash discount environment.
Price-sensitive demand patterns under credit financing were
developed by Giri et al. [12]. Effects of learning curves under
two-stream credit financing were discussed by Feng and
Chan [13]. Noteworthy works of Sarkar et al. [14], Xu, and
Fang [15] in this direction have to be mentioned.

I11. BASIC ASSUMPTIONS WITH NOTATIONS

e A ssupply chain consists of supplier and retailer

e  Supplier offers a trade credit period S to the
retailer

e T represents cycle length of the retailer

e The retailer offers a trade-credit period R to the

customer. Offered credit period R is less than T .

He sells the product at time t(0 < t < T) and get

paid at the time t + R. The last payment is

received at time T + R.

The purchase price for supplier is w per unit

The purchase price for Retailer is p per unit

The purchase price for the customer is s per unit

The demand rate for the product is D. It is a

monotonic decreasing function of the selling

price(s). Here D = a — b s where a and b both

are positive.

e [, represents interest rate charged for both of the
member's supplier and retailer

e [ represents interest rate earned by the retailer
from the customer

1V. MODEL FORMULATION

It is to be noted that offered credit period of retailerR. is
less than the cycle length T. Now possible relations between
R and S are eitherR < Sor R > S . Also, we have to keep
in mind the fact that the retailer receives the last payment at
the time T + R. Possible three Cases are given below

Case(@):R<S<T<T+R

Case (h):R<T<T+R<S

Case (C):S<R<T<T+R

First, we formulate a profit function from the retailer's
end. Then we study the same thing from the supplier end.
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From retailer’s point of view
Case(a): R<S<T<T+H+R

=

e
0 R R T+R
Interest

earnedarea

Interest

—»

paid area

Fig 1: Revenue versus time for Case (a)

Retailer obtains interest from customer for the period
[R, S] and paid supplier interest for the period [S, T + R]

Interest earned by the retailer

== s IpD (S—R)?

Interest paid by Retailer to the Supplier

== IcpD (T +R—5)?

Sells revenue enjoyed by retailer

=DT(s—p)

Retailer’s profit in this Case per unit time

L [PTGs=p)+5 s Iz D (S—R)?

STl =ipD(T+R-5)

Case(h): R<T<T+R<S

In this case, the retailer enjoys interest for the period
[R,S] and there is no possibility of paying interest to the
supplier (see Figure 2)

Interest earned by the retailer

sIEDT{%DT2+DT(S—T—R)}
s ;DT (S-R-1)

Sells revenue enjoyed by retailer
=DT(s—p)

@
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Fig 2: Revenue versus time for Case (b)
Retailer’s profit in this Case per unit time

1 T
tr,= 2 [DT G -p)+s ;DT (S—=R=-1)] @
Case (C): S<R<T<T+R
A
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Fig 3: Loan amount versus time for Case (c)

In this case retailer’s interest paid amount to the supplier
is measured by calculating the reduction of the loan amount.
The retailer has to pay interest for the full amount D T for the
time period [S, R]. Then loan amount of the retailer reduces
as he gets revenue from the customer.

Interest paid by the retailer

=p IC[DT(R—5)+§DT2]
=p DT (R-5+1)
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In this Case retailer’s profit per unit time

e, =2 [DT(s=p)-pIcDT (R-5S+1)| @
Now we formulate a profit function for the supplier.

As the supplier gives a credit period S then he has to bear

some interest. His loss of interest for two situations are given
below

%DSZIwahenS<T

DT, w (S—E) when S >T
Revenue obtained by the supplier for selling quantity to the
retaileris= DT (p — w).
If supplier’s profit for Cases (a), Case (b), and Case (c) are
denoted by ms, ,ms, and mg, respectively then they are as
follows

1
1 DT(p—W)—EDSZICW

= (4)
YT 45 IepD(T+R-S)?

s

, =x[DT@-w)-DTIw (s-I)] @

|pT@-wy - Ds?icw
ns = -

T 4y ICDT(R—5+§) ©

V. SOLUTION PROCEDURE

Here both supplier and retailer take decisions jointly. This
approach is known as the collaborative approach. The profit
of the integrated system is determined by both members’
profit functions. If ,, m, and w5 represent profit functions
for Case (a), Case (b), and case (c) respectively, then they are

My =M + Mg, , My = Mg, + Mg, , T3 = Mg, + g,
Using relations (1), (2), (3), (4), (5), and (6) we get an
expression of profit functions

forCase (8 R<S<T<T+R

ﬂlzD(s—w)+% sIgD (S—R)z—%DSZICW )

forCase (b): R<T<T+R<S

T T
m,=D(s=w)+s gD (S—R-1)-D I w (5-1)

®)
ForCase (C):S<R<T<T+R,
n3:D(s—w)—% DS?I.w 9
We aim to maximize profit for the integrated system. It
2.

would be possible if ‘Z;l <O0fori=12,3
From (7) differentiating 7, twice concerning s, we have
2
“Ti=—2b— 2 bl (S—R)?

ds?
=> dzTL'l
ds?

< 0 since b, T, I, all are positive
Similarly from (8), we have

dzﬂ.'z
ds?

= —2b—2b (S—R—g)
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Inthiscase, T+ R < S . ThisimpliesS —R > T. So
S—R> galso.
2

We have dds’? <0
Differentiating relation (9) twice with respect to s , we get
d277.'3 _ dZ7T3
T = 2b. .CIearIY 2 <0 ' '

So profit functions for variable ranges of time are
maximized.

VI. CONCLUSION

Trade credit policy is a very common thing in the business
world. Here two-level trade credit policies are considered.
For the different duration of the credit period, different Cases
come up. Profit functions associated with each case are
formulated. It is maximized analytically.

VIl. FUTURE DIRECTION OF RESEARCH

There are many options regarding the extension of this
model. Partial trade credit policies among the members can
be framed based on this work. Thinking of deteriorating
items would be another way of extending this work. If
shortages are allowed then must be backlogged either
completely or partially. Various types of partial backlogging
ensure a new extension of this work.
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