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ABSTRACT

Credit option is a policy that has been studied by many researchers in the area of supply chain management. This poli-
cy has been applied in practice to improve the profits of supply chain members. Usually, a credit option policy is pro-
posed by the seller, and often under a symmetric information environment where members have complete information
on each others’ operations. In this paper, we investigate two scenarios: firstly, the seller offers a credit option to the
buyer, and secondly, the buyer attempts to stretch the length of the credit period offered by the seller. The proposed
model in both scenarios will be investigated under an asymmetric information structure where some information are
private and are only known to the individual who has knowledge of this information. The interactions between buyer
and seller will be modeled by non-cooperative Stackelberg games where the buyer and seller take turn as leader and
follower. Among some of the numerical results obtained, the seller and buyer’s profits obtained from symmetric in-
formation games are larger than those obtained from an asymmetric information game in both scenarios. Furthermore,

both buyer and seller’s profit in the second scenario are better than in the first scenario.
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1. INTRODUCTION AND LITERATURE
REVIEW

During the last few decades, numerous research
papers have appeared in the area of supply chain management
under various assumptions and from different perspective
of the participants in the chain, and by applying different
methodologies. One of the main objectives of these papers is
to obtain supply chain policies which will improve
coordination between the various channels in the supply
chain, as well as achieving the best outcomes efficiently
and effectively among the channel members. One of the
means of achieving this objective is to implement a trade
credit policy and this has attracted many researchers’
attention since Haley and Higgins (1973) studied the
buyer’s lot-sizing problem under a trade credit contract.

They showed that under the assumption of a constant
demand, the lot size of the buyer is invariant with respect to
the length of the credit period. Subsequently, other studies
have appeared in the literatures which are related to this
problem. Goyal (1985) considered the buyer’s problem
under trade credit agreement based on the assumption that
interest rate for credit balance and credit deficit are different.
Kim et al. (1995) proposed a model from the seller’s
perspective to determine the optimal credit period under the
assumption that the seller’s selling price is fixed. Shinn
(1997) showed that if demand is price sensitive, then the
order quantity of the buyer is not invariant with respect to
the length of the credit period. Related to this, Aggarwal
and Jaggi (1995), Chung (1998), and Jamal et al. (2000)
studied the deteriorating item problem with permissible
delay in payment under the assumption that demand is
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constant. Jaber and Osman (2006) studied a two-level
supply chain model where the players coordinate their
orders in order to minimize local cost. They proposed a
policy in which the seller uses trade credit as an incentive
to increase the order quantity of the buyer, and will charge
interest if the buyer’s payment is overdue. Since the
demand in their paper is assumed constant, the credit
period offered by the seller will not affect the result of the
transaction. We also refer to Thangam and Uthayakumar
(2009), Ouyang et al. (2009), Chen and Kang (2010), and
Zhong and Zhou (2012) for more recent papers which are
related to the work reported in this paper.

All the aforementioned papers studied the credit
period with permissible delay in payment policy purely
from an inventory management viewpoint, totally ignoring
the interaction between players and the consequences of
this interaction. In recent years, the game theory has
emerged as an essential tool in investigating the interaction
between players in a seller-buyer supply chain. Esmaeili ez
al. (2009) introduced several game—theoretic supply chain
models based on symmetric information game, and these
were later extended to an asymmetric information scenario
in Esmaeili and Zeephongsekul (2010). For work related to
trade credit option, we should also mention Abad and
Jaggi (2003) who proposed a joint approach of seller-buyer
channel to determine the unit price and length of credit
period for the seller using a game theoretic approach.
They investigated a leader-follower relationship based on
Stackelberg game where seller is the leader and the buyer
the follower. They also present a Nash bargaining solution
with the Stackelberg game solution as a fixed threat. In

their paper, the rate of the opportunity cost of capital for the
seller is assumed linear to the credit period, and the
buyer will settle the payment immediately after the
credit period. Similarly, in a recent work by Zhou et al.
(2012), the authors studied two-echelon supply chain by
implementing Stackelberg game to design a trade credit
policy for the supplier to achieve optimal annual profit.
However, in both of these papers, the models are based on
the assumption that the information about certain parameters
in the supply chain, such as demand and interest rate, are
common knowledge to both players, i.e., they are symmetric.
However, in reality, these information are private to each
individual player who may not be willing to reveal them to
the other player.

In this paper, we investigate two scenarios regarding
credit period policy by extending the model in Abad and
Jaggi (2003) to the asymmetric information case. In the
first scenario, the seller offers a credit period to the buyer
as an incentive strategy to entice the latter to increase the
order quantity. During the credit period, the seller will
carry the inventory cost for the buyer, while the latter can
enjoy capital gain. The seller’s capital cost rate is assumed
to be linearly related to the length of the credit period as
in Abad and Jaggi (2003). We assume that demand is
sensitive to both selling price and marketing expenditure,
and known to the buyer, while the seller is unaware of
this demand. The seller will determine the optimum
length of credit period based on the uncertainty of the
demand. It is clear that in this scenario, if the buyer does
not settle the payment immediately after the credit period,
the seller will end up losing capital. In the second scenario,

Table 1. Decision variables and parameters

Decision variable

: Price charged by the seller to the buyer ($/unit)

: Marketing expenditure incurred to the buyer ($/unit)
: Lot size determined by the buyer (units)

STROXTT N

: Length of credit period offered by the seller to the buyer (year)
: Selling price charged by the buyer to the consumer ($/unit)

: Multiplier factor for the length of the credit period determined by the buyer, where y> 1.

Parameter

: Scaling constant for demand function, where &£ > 0.
: Price elasticity of the demand function, (a > 1).

: Buyer’s ordering cost ($/order)
: Seller’s setup cost ($/order)

: Seller’s production cost ($/unit)

: Buyer’s capital gain rate during the credit period

NSNS AAARR T

: Marketing expenditure elasticity of the demand function, (0 <f <1, f+1<a).

: storage cost rate per unit per year excluding the financing inventory cost

: Buyer’s capital cost rate after the credit period, we assume that /,= /..
: Capital cost rate for the seller during the credit period due to carrying the financial inventory cost for the buyer, where I

linear in ¢ according to ;= a + bt, (Abad and Jaggi, 2003), where a, b are constants specified by seller.

: Order cycle time, where 7= Q/D.

SR

: Capital rate charged by the seller to the buyer for the extension of credit period (y-1)t, where I, = a + byt.

: Annual demand as a function of P and M; for notational simplicity we let D = D(P, M).
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the buyer seeks to extend the length of the credit period
by offering to share the inventory cost incurred by the
seller. The buyer would like to extend the length of the
credit period by a certain multiplier factor with an offer of
accepting charges from the seller with interest rate linearly
related to the extension period. All relevant information
concerning the interest rate is only known to the seller,
but the buyer determines the multiplier factor based on
her uncertainty concerning this interest rate. We will
investigate the interaction between seller and buyer as a
non-cooperative Stackelberg game, where each player
takes turns as leader and follower. One of the main reasons
for applying Stackelberg game to our supply chain model
is due to an observation prevailing in the market place
where in some situations some players have more power
than others. So the strategies of each player would depend
on their leadership position in the game. Numerical
results show that both seller and buyer’s profits obtained
from symmetric information game are larger than those
obtained from asymmetric information game; moreover,
the profit for both seller and buyer in the second scenario
are better than those obtained in the first scenario. We also
examined the player’s belief on other player’s type using
different probability density functions (PDF). The results
show that players’ decisions are sensitive to their choice
of PDF.

After this introduction, the notation, assumptions and
model formulations, from both the seller’s and buyer’s
perspectives, are provided in Section 2. In Section 3, we
present the Seller-Stackelberg game, where the seller is
the leader and determines the optimum length of the
credit period. In Section 4, we investigate the Buyer-
Stackelberg game, where the buyer is the leader and
determines the optimum multiplier factor of the extended
length of credit period. In Section 5, we provide numerical
examples to compare the different models and discuss the
effects that incomplete information has on the players’
decisions and profits. We also provide a sensitivity analysis
on players’ decisions based on different PDFs assumed by
them. Finally, the paper is concluded in Section 6 with
some suggestions for future work. To improve the readability,
we will refer seller with the masculine /e and the buyer
with the feminine she.

2. NOTATION, ASSUMPTION AND MODEL
FORMULATION

The following notation and assumptions will be used
in our models, which comprise the profit functions from
both the perspectives of the buyer and seller.

2.1 Notation and Assumption

The decision variables and parameters are presented

in Table 1 and proposed models are based on the following

assumptions:

1) Planning horizon is infinite.

2) The annual demand is sensitive to both selling price and
marketing expenditure according to (Lee and Kim,
1993):

D=kP*M”* (1)

3) Shortages are not permitted.

4) The buyer has knowledge of the values of a and S
and therefore is aware of the demand function. Ho
wever, she is unaware of the parameters a and b w
hich are known to the seller. All other parameter
s are common knowledge to both players. This is
therefore a two-person game with asymmetric info
rmation (Rasmusen, 2007).

2.2 Model Formulation

We will formulate a general model for both buyer and
seller based on the second scenario described in Section 1,
the model used in first scenario is a special case of this
general model.

2.2.1 The buyer’s model

In the second scenario, in order to ease financial
pressure such as cash flow problem, the buyer would like
to extend the length of credit period and in return offers to
share the seller’s inventory cost at an interest rate of I..
This extension could also improve the profit of both the
buyer and the seller. The buyer’s problem is to determine
the selling price, marketing expenditure, order quantity
and multiplier factor y such that her net profit will be
maximized. With capital gain (Abad and Jaggi, 2003) in
the credit period, the buyer’s profit is calculated as:

Buyer's profit = Sales revenue — Purchase cost— Marketing
cost— Ordering cost + Capital gain due credit
period — Storage cost excluding financing cost
— Inventory financing cost for the extended
credit period.

There are three cases for the buyer’s model which
are described in Figure 1 below.

The shaded areas refer to the capital gain for the buyer
and [0, 7] is the credit period offered by the seller where
the buyer would like to extend to [0, y7].

In case 1, the buyer will have a capital gain during
the extended credit period of O.SIPVD(yt)Z, and the inven-
tory cost for the same period is 0.5, VD(T—yt)".

In cases 2 and 3, the capital gain during the extended
credit period is O.SIPVDT2 + 1,VDT(yt-T), but there is no
inventory cost for both cases.

In all three cases, the compensation for seller’s in-
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Figure 1. Time span for buyer’s model.

ventory cost put up by the buyer during the extended credit
period is I,VDT(yt—t). We refer the reader to the Appendix
for a proof that using assumptions /. = I, and 7= Q/D, it
can be shown that the buyer’s profit function in all three
cases have the same mathematical expression. Therefore,
the buyer’s annul profit function is:

@

,(P,M, Q, y)=PD—VD-MD—-4,DQ™' —0.51,VQ
+1,VDyt =051,V ~1,VD(yt~1)
=D(P-V(1+(I,~1,)yt~1,0)~M — 4,0™']
~0.5V0(1, +1,)

It can be shown that the buyer’s profit function is
strictly Pseudoconcave in P—c.f. to Esmaeili et al. (2009),
and it is also concave in M, O, and y. The first order con-
dition with respect to y, P, M, and Q, yield the following
equations:

bt—a+1p

rE g 3)
p_ A+ 40+ Zz E(; - 11><a +bity) 1,71} @)
B 4,0 +1t 5(7: Da+bty)-1,71} )
a-p-1
OV + 4,07 ) +Ve((y =D a+bty)—1,)]* "
_ 2k’ (a- p-1)*" (6)

a®v(l, +1,)

For a given V and ¢, the buyer’s optimal decision
variables can be obtained by solving the above equations
simultaneously.

2.2.2 The seller’s model
The seller’s objective is to determine the selling
price and the length of credit period such that his profit

will be maximized. The seller’s profit function can be

expressed as:

Seller's profit = Sales revenue — Production cost — Setup cost —
Capital cost in credit period + Capital gain
during extended credit period.

According to the assumptions, the seller will incur
the capital rate /; for the cost of financially carrying in-
ventory for the buyer during the credit period, and impose
the rate [, for extending the credit period. Hence, the capi-
tal cost during period [0, 7] is L,VDt, and the capital gain
in period [¢, yf] is I.VD(yt—t) and the seller’s profit can be
expressed mathematically as:

.V, t)=VD-C,D—ADQ "' — I VDyt+ [ VD(yt—t) (7)

2
s

Since 5

p <0, the first order condition with
t

respect to ¢, yields:

[* _ a
2by(y=2)
Notice that T1i(V, #) is linear in ¥, so the seller’s sell-

ing price is unbounded. It is reasonable for seller to set
the selling price as:

®)

4Fby(C, + 4,0 )y -2)
4by(y -2)—a*

Vi =FV,= )

where

o Ay(C+ A0 Ny -2)
4by(y —2)—a*

is the price when there is no profit. Note that /> 1 can be
obtained through negotiation with the buyer.

3. CREDIT PERIOD: THE FIRST SCENARIO

In this scenario, the seller offers a credit period to the
buyer with the aim of inducing the buyer to increase her
order quantity. We assume here that the demand is un-
known to the seller, i.e., he has no knowledge of a and
in the demand function. The seller’s problem is to deter-
mine the selling price 7 and the length of credit period ¢
such that his profit will be maximized. Adhering to the
classical approach in games with incomplete information
pioneered in Harsanyi (1967, 1968a, 1968b), we identify
the buyer’s type space as R = {a, f} where a >+ 1 and
0 < <1 and denote a typical member of R by r. We let
the PDF fz(r) denotes the seller’s uncertainty over the
buyer’s type. We will present a Seller-Stackelberg game,
i.e., seller is the leader and buyer the follower, under an
asymmetric information structure. We also give solution
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for the game under a symmetric information structure, i.e.,
when there is no uncertainty regarding the demand.

3.1 Asymmetric Seller-Stackelberg Game

Under this scenario, the buyer’s profit function is ob-
tained by setting y = 1 in Eq. (2), resulting in

I1,(P, M, Q)=PD—-VD—MD—- A4,DQ""

(10)
+1,VDt-0.51,VQ—0.51.V0

and the seller’s profit function is
O,(V,0)=VD-C,D—-ADQ™"' ~1VDt. (11

Which is obtained from (7) by setting y = 1.

The seller’s objective, when he is the leader, is to
seek the optimal 7 and ¢ based on the buyer’s optimal
decision variables which are given by Egs. (4)~(6) when y
= 1. Since the seller is uncertain of the buyer’s type, he
will seek to maximize his expected profit with respect to
the PDF fx(r) over the buyer’s type space. Hence, the
seller’s problem becomes:

MaxE, (11, (V, 1))
- jR VD —-C.D- 4,00 —1.VD0) fo(rydr 12

a(V+4,0™" =1,V

Subject to P = a—f1 (13)
-1
IV BV + 4,07 —1,Vt) (14)
a-pF-1

> S pes 2k @ =B
O (V+4,0 —1,)1) VA1) (15)

Substituting P and M given by (13) and (14), respec-
tively into the objective function (12), reduce the problem
to:

MaxE, (I1,(V, 1))
= | ke pP @ p-1y P W+ 4,07 -1y (16
(V' =C, = 4,07 =1V fr(r)dr

with Eq. (15) as constraint. Using any nonlinear pro-
gramming search tool, it is straightforward to obtain the
optimal solution once fz(r) is given. A numerical example
will be presented in Section 5.

3.2 Symmetric Seller-Stackelberg Game

Under symmetric information, both seller and buyer’s
information regarding to their operations are common

knowledge. Therefore, the element of randomness can be
ignored and we can omit the expectation operator in Eq.
(16), expressing seller’s problem for a symmetric Seller-
Stackelberg game as:

MaxT1,(V, t)=ka B’ (a-p-1)*"

17
V+ 4,07 =1Vt PV -C, - 4,07 —1V1) a7
Subjectto (V + 4,07 -1 V1) 0
_2kA, P (a-p-1)" (18)

a’v(I,+1,)

To solve this problem, we obtain the largest positive
root of Eq. (18), then substituting this into objective func-
tion (17), reducing the problem into a non-constrained
nonlinear optimization problem. We can then solve this
problem numerically using any nonlinear optimization
search tool.

4. CREDIT PERIOD: THE SECOND
SCENARIO

In the second scenario, the buyer seeks to extend her
credit period in order to alleviate her financial pressure
and improve profit. The credit period will be extended by
a factor y, i.e., the length of credit period will be extended
by (y—1)t. In return, the buyer will reimburse the seller
for this extension by allowing the seller to charge her an
interest rate /, on the inventory cost that is incurred. In
this scenario, the buyer becomes the leader since she de-
termines the factor y. We will investigate the Buyer-
Stackelberg game, i.e., when she is leader and seller is the
follower, under a symmetric as well as an asymmetric
information structure. The buyer’s objective is to deter-
mine the y, selling price P, marketing expenditure M, and
order quantity Q, based on the seller’s best strategy which
would maximize his profit.

4.1 Symmetric Buyer-Stackelberg Game

Suppose information is symmetric, the buyer will
maximize her profit based on seller’s best strategy /" and ¢
which is given by Egs. (8) and (9). The buyer’s problem
becomes:

Max Hb(P, M Q 7)
=D[P-V(A+(, ~1)yt—11)-M - 4,0"] (19)
-0.5V0(1, +1,)

4Fby(C.+ 407Ny -2)

Subject to V = 2
4by(y—2)—a

(20)
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{= a
2by(y—2)
y>2

21
(22)

To solve this problem, we substituting Egs. (20) and
(21) into (19), and the problem reduces to an nonlinear
optimization problem with constraint (22). The numerical
solutions for P*, M", O", and y” can be obtained by using a
nonlinear optimization routine.

4.2 Asymmetric Buyer—-Stackelberg Game

Suppose the buyer is unaware of @ and b, which are
the parameters associated with the interest rate 7,, and the
buyer will have to determine her optimal strategy based
on this uncertainty. The seller’s type space is S = {a, b},
where a > 0 and b > 0. We denote a typical member of S
by s. We let the PDF f(s) denotes the buyer’s uncertainty
over the seller’s type. The buyer seeks optimal P, M, Q,
and y based on the seller’s best decision variables, which
are given by Eq. (8) and (9). Since the buyer is not aware
of the seller’s type, she will maximize her expected profit
with respect to PDF fi(s), and the buyer’s problem be-
comes:

Max E (I1,(P, M, O, 7))
= jSD[P— V4L~ 1)yt =10~ M = 4,01 /(s)ds (23
~ [ [0.570(1, + 1)1 f; (s)ds

4Fby(C, + 4,0")(r-2)

subject to 'V = 24
/ 4by(y -2)—a* @
=4 (25)

2by(y-2)
y>2 (26)

Once fy(s) is given, substituting Eqs. (24) and (25)
into the buyer’s objective function (23) will result in a
nonlinear programming problem constrained by Eq. (26).

5. NUMERICAL RESULTS

In this section, we will present several numerical ex-
amples to illustrate the proposed models. In the examples,
we will assume that the following parameters are com-
mon knowledge to both players, i.e., k = 36,000, F = 1.8,
L =0.088, 4,= 38, 4,= 140, C;= 1.5, I,= 0.1, [.=I,=
0.15. In the symmetric game we leta = 1.7, f=0.15, a =
0.08, and b = 0.05. In the Seller-Stackelberg asymmetric

game, in order to facilitate our presentation, we will fol-
low Sethuraman and Tellis (1991) by letting a and f be
related by f = La. We also assume that a is uniformly
distributed with mean @ = 1.7 and standard deviation
o,~ 0.1. In the Buyer-Stackelberg asymmetric game, we
assume that parameters a and b are independent and uni-
formly distributed with mean z=0.08, 5=0.05and cor-
responding standard deviation g,= 0.05, g,= 0.05. Based
on the numerical results, the effect of asymmetric infor-
mation on players’ decisions and profits will be discussed
as well as the results obtained from the two scenarios. In
the following examples, the first two deal with the first
scenario and the last two with the second scenario.

5.1 Numerical Examples

Example 1. This example deals with the Seller-Stackelberg
symmetric game. Solving problem (17) constrained by Eq.
(18), we obtain the seller’s optimal profit as IT', = 862.70
with optimal selling price ¥” = 4.85 and the length of credit
period " = 0.5520. The buyer’s optimal selling price P~ =
14.48, marketing expenditure M~ = 1.27 and order quantity
Q" = 157.77, yielding the buyer an optimal profit IT, =
3285.63 using Eq. (10).

Example 2. In the Seller-Stackelberg asymmetric game,
by incorporating the given PDF fx(7) into Eq. (16) and
solving the resulting problem constrained by Eq. (15), we
obtained the seller’s expected profit as E, (H*S) = 858.63
with optimal selling price V"= 4.89 and length of credit
period # = 0.5516. The corresponding buyer’s optimal
profit is TT",= 3270.13 obtained using Eq. (10); Eqgs. (13)
to (15) give P" = 14.60, M =1.28, and Q" = 156.09.

Example 3. In the Buyer-Stackelberg symmetric game
using the second scenario, the buyer takes the lead by
offering to extend the credit period and the seller acqui-
esce. Solving problem (19) constrained by Egs. (20) to
(22), we obtain the buyer’s optimal profit as IT°, =
4116.23 with optimal selling price P"= 8.86, marketing
expenditure M = 0.78, order quantity Q"= 821.05, and
multiplier factor y = 2.51. Also, from Egs. (8) and (9), we
obtain the seller’s optimal selling price /" = 3.08 and the
length of credit period ¢ = 0.6247, resulting in the seller’s
optimal profit of IT';=1136.94 using Eq. (7).

Example 4. For the Buyer-Stackelberg asymmetric game,
incorporating PDF f((s) into Eq. (23), and solving this prob-
lem under the constraints (24) to (26), we obtain the
buyer’s optimal selling price as P*= 9.29, marketing ex-
penditure M = 0.82, order quantity Q"= 812.76, and multi-
plier factor y = 3.20 giving the buyer’s expected profit
E(IT',) = 4064.69. The corresponding seller’s profit IT",=
1056.67 can be obtained from Eq. (7) using ¥*=3.04 and ¢’
=0.2091 obtained from Egs. (8) and (9), respectively.
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5.2 Discussions

Comparing the results obtained from symmetric and
asymmetric information game in the first scenario, the
seller’s selling price in the first game is less than the sec-
ond game, but with a longer credit period; on the other
hand, the buyer’s order quantity in the symmetric game is
larger than the asymmetric game, but the selling price and
marketing expenditure are less. Thus, both seller and buyer’s
profit in the symmetric game are larger than in the asym-
metric game. The same results prevail in the second sce-
nario, although the multiplier factor y in the asymmetric
game is larger than in the symmetric game. These obser-
vations tend to lend credence to the fact that asymmetric
information will affect both seller and buyer’s decisions,
resulting in a less profitable solution as a consequence.

Figures 2 and 3 below highlight the solutions for
both seller and buyer obtained from symmetric game ver-
sus those obtained from asymmetric game, for both
Seller- and Buyer-Stackelberg game, respectively.

We next compare the results obtained from the two
scenarios. Comparing the Buyer-Stackelberg symmetric
game in the second scenario with the Seller-Stackelberg
asymmetric game in the first scenario indicates that the
buyer’s profit increased by 25.87% and the seller by
32.41%. Comparison with the Seller-Stackelberg sym-
metric game indicates that the buyer’s profit increased by
25.28%, and the seller’s profit by 31.79%. Comparison of
the Buyer-Stackelberg asymmetric game in the second
scenario with the Seller-Stackelberg asymmetric game in
the first scenario indicates an increase in profit of 24.3%
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Figure 2. First scenario of symmetric vs. asymmetric game.
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for the buyer and 23.06% for the seller. Comparison with
the Seller-Stackelberg symmetric game shows an increase
in profit of 23.71% for the buyer and 22.48% for the
seller. Therefore, irrespective of the information status of
the buyer or seller, their profits have improved in the sec-
ond scenario. This points to the benefit of extending the
length of the credit period by the buyer irrespective of the
information status of the players.

Figures 4 and 5, highlight solutions obtained from
the first scenario versus those obtained from the second
scenario for both symmetric game and asymmetric game.

5.3 Sensitivity Analysis Based on Choice of PDF

Under asymmetric information, a player’s belief or
uncertainty on other player’s type may affect their deci-
sions and profit through his choice of PFD. In order to
gain a better understanding of the effect on the outcomes
of the game based on their choice of PDF, we provide the
following sensitivity analysis. The chosen PDFs are the
uniform, exponential, and normal PDFs. In the first sce-
nario, Seller-Stackelberg game, we assume that buyer’s
type o has mean @ =1.7 and standard deviation o, =0.1
for all three distributions; Similarly, in the second sce-
nario, Buyer-Stackelberg game, with respect to seller’s
type a and b, in the chosen distributions, a and b are as-
sumed independent with mean @ =0.08, b =0.05 and cor-
responding standard deviation o, =0.05, o, =0.05. All
other parameters remain unchanged from that given in the
preceding examples. The numerical results for both Seller-
Stackelberg game (first scenario) and Buyer-Stackelberg
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Table 2. Results of first scenario with respect to probability 5 - 7 18— g 30
. . [ X i
density function 1 42 11465 " om0
Uniform Exponential Normal 3 —{ 1:1? : 270 | auni
t 0.5516 0.5513 0.552 ) | B s L T
v 1 1 1 . 11 .: i - B o
\% 4.89 491 4.85 B ey T
0 1435 |1&.: ETIRE &
P 14.6 14.68 14.48 Py ) a N b
M 1.28 1.29 1.27 Figure 6. First scenario regarding to choice of probability
Q 156.09 155.05 157.77 density function. Uni: uniform, Exp: exponen-
I, 858.63 862.62 862.7 tial, Nor: normal.
1, 3270.13 3260.62 3285.58 en p—
31— 8227 RS ¢
Table 3. Results of second scenario with respect to prob- [ :ig 4100 -
ability density function i e 4090 8- G
[ E AR
Uniform Exponential Normal j{ ZE il - agro Ui 8o
| i H i R N
t 0.2092 0.6323 0.523 | RLh | e :
R s0s A a0 ]
Y 3.2 2.51 2.59 S g9 B 806 - 5 4040
\ 3.04 3.08 3.07 PNy . . .
M 0.8 081 0.8 Figure 7. Second scenario regarding to choice of probabil-
' ’ ’ ity density function. Uni: uniform, Exp: expo-
p 9.29 9.22 9.04 nential, Nor: normal.
Q 812.76 822.82 817.75 distribution.
I, 4064.69 4113.22 4112.71 Figures 6 and 7 highlight how both seller and buyer’s
H 1056.67 1066.56 1102.43 decisions and profits differ according to their choice of

game (second scenario) regarding different PDF are
summarized in the following table.

From Table 2, with respect to buyer’s type o, when
seller beliefs that o is normally distributed, the seller’s
selling price ¥ will be smaller and the length of credit
period ¢ will be larger compared with those from the uni-
form or exponential distribution. Also, buyer’s selling
price P and marketing effort M are smaller, but order
quantity Q is larger. Therefore, a larger profit for both
seller and buyer will result if buyer’s type a is normally
distributed rather than uniform or exponentially distrib-
uted.

Table 3 shows that when a buyer believes that a and
b are exponentially distributed, the buyer will order a
larger quantity QO with smaller multiplier factor y, and the
seller will set a larger selling price /" and a longer length
of credit period # when compare with the other two distri-
butions. If a and b are believed to be uniformly distrib-
uted, then buyer’s order quantity O will be smaller, but
the multiplier factor y will be larger, since the length of
credit period ¢ offered by the seller will be shorter when
compare with exponential and normal distributions. The
buyer will gain more when seller’s type follows the expo-
nential distribution, whereas the seller will gain more
when buyer believes that seller’s type follows a normal

PDFs regarding each others’ types.

6. CONCLUSION

In this paper, we presented two scenarios of seller-
buyer supply chain under both asymmetric and symmetric
information structure. The interactions between the play-
ers are modelled as a two-person Stackelberg game. In
the first scenario, the seller offers a credit option to the
buyer and determines the length of credit period based on
the buyer’s best strategies; in the second scenario, based
on the pre-existing credit period offered by the seller, the
buyer imposes a multiplier factor extending the length of
the credit period and compensate for this by offering to
share his inventory cost. The numerical examples showed
that in both scenarios, both seller and buyer’s profits ob-
tained from symmetric game are larger than those ob-
tained from asymmetric information game. Furthermore,
both buyer and seller’s profits in the second scenario are
larger than those obtained from the first scenario. We also
observed that under asymmetric information, solutions for
both seller and buyer are sensitive to player’s belief over
other player’s type.

The current work can be extended to situations
where there are multiple players in the supply chain, for
instance, one seller offering different credit periods to
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multiple buyers with different demand functions. Finally,
the research may be further extended to look at the conse-
quences of the effects different kinds of information
asymmetries have on the decisions each player brings to
bear on the decisions they make.
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APPENDIX

A Generalized Expression for the Buyer’s Model

In this appendix, we will show that the buyer’s profit functions have the same mathematical expression in all the
three cases displayed in Figure 1. For case 1, the buyer’s profit function includes the following terms:

Sales revenue per cycle: PDT;

Purchase cost per cycle: VDT,

Marketing expenditure cost: MDT;

Ordering cost per cycle: 4,;

Storage cost excluding financing cost per cycle: 0:51, VDT*;

Capital gain on [0, yz]: 0:51, VD( Yy

Financing inventory cost on [yt, T]: 0:51, VD(T—yt);

Inventory financing cost for extended creditperiod: I, VD(yt—1)’.

Using the assumption /.= ,,, the sum of capital gain, storage cost and financing inventory cost is equal to
0.51,VD(yt)* —0.51,VDT* —0.51,VD(T - yt)* = I,VDTyt—0.51,VDT* - 0.51 VDT?
Using the assumption 7= /D, the buyer’s annual profit function is:

n,(P,M,Q,y)=PD—-VD—-MD- AbDQ_1 +1.VDyt—-0.51,VO—-0.51.VQ -1 VD(yt—t) 27

For cases 2 and 3, the first five terms and the last term in buyer’s profit function are the same as in case 1, and the fi-
nancing inventory cost is not present. Also, the capital gain on [0, yf] is:

2 2
0.51,VDT* +1,VDT(yt-T)=1,VDTyt-0.51.VDT
So the buyer’s annual profit function is:
I1,(P,M,Q,y)=PD-VD—-MD - AbDQ_1 +1,VDyt=0.51,VQ—-0.51 VQ—-1.VD(yt 1) (28)

Since I.= 1,, it follows that Eqs. (27) and (28) are equal. Therefore, the buyer’s profit functions have the same ex-
pression in all three cases.O
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