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Supply chain coordination mechanisms
under asymmetric information with retailer cost disruptions
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Abstract: A two-level supply chain model involving one supplier and one retailer with linear demand is
developed, and supply chain coordination mechanisms under asymmetric information ( the retailer’ s cost
structure is asymmetric information) are proposed by employing game theory in two scenarios: coordination
mechanisms under asymmetric information in a regular scenario ( without disruption); and coordination
mechanisms under asymmetric information in an irregular scenario (with retailer cost disruptions). It is optimal
for the supply chain to maintain the original production plan and to guarantee a steadily running system if
variations of retailer costs are sufficiently low and do not exceed an upper bound. This shows that the original
production plan has certain robustness under disruptions. Decisions must be re-made if a retailer’ s cost change
is greater and exceeds an upper bound. Impacts of retailer cost disruptions on the order quantity, the retail price,
the wholesale price and each party’ s as well as the system’ s expected profits are investigated through numerical
analyses.
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Supply chain management ( SCM) is primarily
concerned with efficient integration of suppliers, manu-
facturers, warehouses, retailers, and ultimately custom-
ers, so merchandise is purchased, produced and distrib-
uted at the right quantities, to the right locations, and at
the right time. The challenge for the supply chain is to
create an appropriate coordination mechanism, i. e. , to
structure the costs and rewards of all of its members so
as to align their individual objectives with an aggregate
system-wide objective.

When we have an optimal operational plan that
was obtained by using certain models and solution
schemes, the environment is often disrupted by some
contingencies such as natural disasters, labor strikes,
machine breakdowns, supplier bankruptcies and inclem-
ent environmental conditions. Therefore, we may want
to change the original plan in order to be better adapted
in the disrupted environment. Disruption management
is concerned with how to make optimal reaction deci-
sions when a system faces disruptions, so as to mini-
mize the loss caused by disruptions. Successful applica-
tions of disruption management range from flight oper-
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ment"' and production scheduling'*'.

Supply chain disruption management has recently
received extensive attention from practitioners and re-
searchers. Qi et al. " investigated a one-supplier one-
retailer supply chain that experiences a disruption in
demand during the planning phase. They showed that
changes to the original plan induced by a disruption
may impose considerable deviation costs throughout the
system. Xu et al. ' studied the problem of how to han-
dle demand disruptions in a one-supplier-one-retailer
supply chain, where production cost is a convex func-
tion of production quantity. Tomlin'”" explored strate-
gies for coping with disruptions, including inventory,
dual sourcing, and acceptance. Xiao et al.'® developed
an indirect evolutionary game model with two-vertical-
ly integrated channels and analyzed the effects of the
demand and raw material supply disruptions on retailer
strategies.

In contrast to the previous literature assuming that
information is symmetrical between the supplier and
the retailer, we study optimal decisions of supply chain
disruption management when the retailer has private in-
formation about her own cost structure. In related
works on supply chain coordination mechanisms under
asymmetric information, Yue et al. "' presented a profit
maximization model following a simultaneously-played
Bertrand type game to obtain optimal strategies for a
firm making decisions under information asymmetry.
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Corbett et al. """ developed the supplier’ s optimal con-
tracts and profits for all six scenarios: three increasingly
general contracts, each under full and incomplete infor-
mation about the buyer’ s cost structure. Sucky''" ana-
lyzed the typical case of a buyer-supplier relationship
with a strong buyer, providing a bargaining model with
asymmetric information about the buyer’ s cost struc-
%) studied supply chain contract models
using stochastic and asymmetric-information instead of
the deterministic and symmetric-information frame-
work.

ture. Lau et al.

1 Basic Model: Full Information in a Cen-
tralized Setting

We consider the standard setting with a single
supplier and a single retailer who sells the supplier’ s
product to the final market. The retailer orders from the
supplier according to market demand D. The situation
is described as follows. The market demand function
for representing a downward-sloping price versus de-
mand relationship is given by the linear demand func-
tion D(p) =a — bp, where a >0 and b >0 are known
parameters. The supplier’ s variable costs are s, the re-
tailer’ s internal variable costs are c, the wholesale price
is w, and the retail price selling to the customer is p.
The retailer’ s order quantity is Q, without loss of gen-
erality, we assume that the supplier follows a lot-for-lot
policy, i. e. , the supplier’ s production lot size is equal
to the lot size shipped to the retailer.

We first investigate the centralized situation where
one central decision maker seeks to maximize total sys-
tem profits. Then the supply chain system profit can be
written as I1°(p) =(a —bp) (p —s —c). It is easy to
see that [T°(p) is strictly concave over p, so there must
be a unique optimal point p¢ to maximize the supply
chain system profit. By the first-order condition
aH;p) =0, we have the optimal retail price p© = (a +
bs +bc)/ (2b), and the optimal order quantity Q° = (a
—bs —bc)/ 2. Then the optimal supply chain profit is
II° = (a - bs — bc)*/ (4b). From this formula, we
know that the supply chain profit is decreasing non-lin-
early with the supplier’ s cost s and the retailer’ s
cost c.

2 Supply Chain Coordination Mechanisms
under Asymmetric Information without
Disruptions
The preceding analysis is based on full informa-

tion and a centralized situation. In general, the supplier
does not know the retailer’ s cost c; we assume the sup-

plier holds a prior distribution function F(c¢) with a
continuous density function f(c), and mean value of
ua- F(c) is differentiable, strictly increasing and is de-
fined on [c, c¢], where 0<c<c<<o . Let F(0) =0 and
F(c) =1 - F(c). All parameters except ¢ are common
knowledge.

The supplier initiates to propose contracts but the
retailer may refuse them. This corresponds to a princi-
pal-agent framework with supplier as principal and re-
tailer as agent. The game is as follows: the supplier
makes a take-it-or-leave-it-offer, i. e., in the first
stage, the supplier makes a contract, and then in the
second stage, the retailer can either accept or reject. If
the retailer rejects the contract, then the game is imme-
diately terminated; if the retailer accepts the contract,
she/he will select the optimal quantity and retail price
that maximizes his/her expected profits.

The optimization problem of the supplier is to
maximize his expected profits; that is

S maxE[II}(w)] :mfxfn?(w)f(c)dc (1)

s.t. IC: Q =arg mgxﬂ?(p, 0) 2)

The supplier’ s expected profits in Eq. (1) depend
on the quantity Q ordered by the retailer through the
definitional constraint (2). Eq. (2) is the retailer’ s in-
centive compatibility (IC) constraint, which will ensure
the retailer’ s selection of a lot size that maximizes his/
her expected profits.

The retailer’ s expert profit function can be written
as IT*(p) =(a - bp)(p —w —c). From the first opti-

oI1; (p)

mality condition =0, we obtain the optimal re-

tail price p*(w) =[a + b(w +¢)]/ (2b), and the opti-
mal order quantity is Q*(w) =[a -b(w +¢)]/2.

The supplier’ s optimization problem becomes
maxE[ [T} (w)] =E[ Q" (w) (w —5)]. Solving the first-

JELIT. (w)]
ow

order condition =0, we can derive the fol-

lowing lemma 1.

Lemma 1 The supply chain coordination mech-
anisms under asymmetric information without disrup-
tions are as follows:

The optimal wholesale price is
a_a+b(s—py)

v 2b )
The optimal retailer price is
3a+b(s+

A_ a (s +un) (4)

p 4b
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The optimal order quantity is
A _a- b(s +u,)
Q= 4
The corresponding retailer’ s expected profit is

_la-b(s+py)]’

&)

A
I, 16b (6)
The supplier’ s expected profit is
[a-b(s+uy)]?
A _ A
The supply chain system’ s expected profit is
3[a-b(s+ :
HA _ [a (S /~LA)] (8)

16b

3  Supply Chain Coordination Mechanisms
under Asymmetric Information with Dis-
ruptions

This section considers the optimal emergency
strategy for coordinating the supply chain under asym-
metric information to handle disruptions. We assume
that there are only retailer cost disruptions and other
settings are unchanged. The situation is as follows: af-
ter the supplier’ s production plan is made and before
the selling season arrives, an unforeseeable event takes
place, and it makes the retailer’ s cost disruption;i. e.,
the cost distribution changes from F to G (Its density
function is assumed to be g). The same as with the dis-
tribution function F, we assume the distribution func-
tion of demand G is differentiable and strictly increas-
ing and G(0) =0.Let G(c¢) =1 - G(c) and denote the
mean value as up.

The supplier’ s optimal problem under asymmetric
information with disruption can be written as

So maxELI°(w)] = max[ IP(w)ge)de (9)

s.t. IC: Q =argmgxﬂ?(p,Q) (10)

When an original plan is revised, there will be
some deviation cost associated with the adjustment. By
considering the deviation costs, the supplier’ s profit
function under disruption can be written as
I(w) = 0w =5) =X(Q -0 "-1,(0" -0)"

(11)
where the parameters A, and A, are the marginal extra
costs associated with the adjustment of the production
plan from the original plan, respectively, and (x) * =
max(0, x). More precisely, A, is the unit-extra produc-
tion cost greater than that which has been planned; and
A, is the unit cost of handing the leftover inventory less
than that which has been planned. We assume A, < (w,

—up) " and A, <(up —u,) T, respectively.

The disruptions may make the cost scale greater
or smaller;i.e., G(c)=F(c),for all c=0;0r G(¢) <
F(c), for all ¢=0""".

Under the disruptions, we assume the optimal
emergency production quantity is Q°. Then, we derive
the following theorem 1.

Theorem 1 If the disruptions make the retailer’ s
costs greater, i. e., G(¢) =F(c), for all ¢=0, then Q"
SQA; otherwise, if the cost is smaller, i. e., G(¢) <
F(c), for all ¢=0, then Q°=0Q".

Proof Under the condition that the retailer’ s
cost is greater, i. e., G(c) =F(c), assume Q° > Q*, for
all ¢ =0. The supplier’ s expected profit function is
II°(w) =Q(w —5) —A,(Q - Q"). The supplier’s opti-

mal function is maxE[[I)(w)] = ma}xf IT? (w)g(c)de,

which is maximized at Q° =[a —b(s + A, +u,)]1/ 4.
It can be shown that Q° < 0", which is contradictive
inequality. So when the disruptions make the retailer’ s
cost greater, then Q° <Q". A similar proof can confirm
the other result of this theorem; 1i. e., if the cost is
less, then Q° =Q".

We develop optimal decisions of supply chain un-
der asymmetric information with disruptions in the fol-
lowing two cases, respectively.

Case 1 The cost is less, i. e., G(c¢) <F(c), for
all ¢=0.If this is true, then Q° =Q".

The supplier’ s profit function under case 1 can be
written as ITo(w) =Q(w —s) —A,(Q - Q"), and the
supplier’ s optimal problem can be written as

maxE[IT, (w)] = maxf IT5 (w)g(c)dc . From the

E D
% =0, we have the

first optimality condition
following lemma 2.
Lemma 2 In case 1, the supply chain coordina-
tion mechanisms under asymmetry information with
disruptions are as follows:
The optimal wholesale price is

b _a +b(s+A, —up)

The optimal retail price is
D:3a +b(s+ A, +up) (13)

P 4b
The optimal order quantity is
-b(s+A, +
Q?:a (54 1 MD) (14)
The retailer’ s expected profit is
P - la-b(s+A, +up) ]’
16

(15)
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The supplier’ s expected profit is

" _(a - bs _b/JvD)z _(b/\l)z _b)\l(MA - A —fp)
st 8b 4

(16)
The supply chain expected profit is
_ [a-b(s+ A, +up)][3a-b(3s -, +3up)]
- 16b -

1y
DA, (pa = Ay —pp)
4

Case 2 The retailer’ s cost is greater;i. e. , G(c¢)

=F(c), for all ¢=0.If this is true, then Q" <Q".
The supplier’ s profit function under case 2 can be
written as I15(w) = Q(w —5) —A,(Q" - Q), then the
supplier’ s optimal problem can be written as

(17)

me}XE[H?Z(w)] = maxJ’CHg(w)g(c)dc. From the

first optimality condition, we have the following lemma
3.

Lemma 3 In case 2, the supply chain coordina-
tion mechanisms under asymmetric information with
disruptions are as follows:

The optimal wholesale price is

D _a+b(s—/\2 —p)

The optimal retail price is
3a+b(s—A, +up)
p; = FTA— (19)
The optimal order quantity is
a—-b(s—-A, +up)
0y = F— (20)
The retailer’ s expected profit is
—b(s -, + ’
Hr[;:[a (s 2 MD)] (21)

160
The supplier’ s expected profit is
_ (a-bs- bI-LD)Z - (b/\z)z _ DA, (p — Ay —pa)

D
o 8b 4

(22)
The supply chain expected profit is
[a—-b(s—A, +up)]1[3a —b(3s + A, +3up)]
16b -
DAy (up — Ay —pa)
4
Summarizing the above results, we have

T, =

(23)

Lemma 4 The supply chain coordination mecha-
nisms under asymmetric information with disruptions
are as follows:

The optimal order quantities are

Q? if pp <pa = A,
QD — QA
0y if pup >pp + Ay

iy — Ay Spp Spa + 4,

The corresponding retail prices are
P ifpp <pa - A
LI
P, i pp >pp + A,
The wholesale prices are

iy — Ay SppSpa +4,

wy if pp <pa = A
° 8 iy — Ay Spp Spa + 4,
wh if pp >pa +A,
The retailer’ s expected profits are
I 3 if pp <pa — A
HPz H? if oy — Ay Sppspa +A,
I ifup >, +A,
The supplier’ s expected profits are
1 ?1 if up <pa — A,
=1 i, = A <pp<u, +A,
I if wp >ps +A,
The supply chain system’ s expected profits are
H? if up <pa = A,
II° = I

H? if up >pa +As

iy — Ay Spp Spa + A,

Hence, we can derive the following theorem 2.

Theorem 2 It is optimal for the supply chain to
maintain the original production plan and guarantee the
system running steadily if variations of the retailer’ s
cost is sufficiently small and does not exceed an upper
bound (u, — A, <pup <u, +A,). This shows that the
original production plan has certain robustness under
disruptions; decisions must be adjusted if the retailer’ s
cost change is greater and exceeds an upper bound (w
<pa — Ay OF iy >y +45).

Proof of theorem 2 is omitted.

4 Numerical Analysis

In this section, we give several numerical exam-
ples to analyze the effects of the retailer’ s cost disrup-
tion on the wholesale price, the retail price, the order
quantity, the retailer’ s expected profit, the supplier’ s
expected profit, and the supply chain system’s expec-
ted profit. Let a =200,b =5,5 =10, A, =2, A, =2. The re-
tailer’ s cost prior distribution function F(c¢) is uniform
with mean value u, =10. Disruptions might cause the in-
crease or the decrease of the retailer’ s costs. We assume
that the value of u, varies from 2 to 18 (see Fig.1).
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Fig.1 Supply chain coordination mechanism with respect to w,. (a) up vs. the order quantity; (b) wp vs. the retail price; (c) wp vs. the

wholesale price; (d) up vs. the retailer’ s expected profit; (e) wp vs. the supplier’ s expected profit; (f) wp vs. the system’s expected profit

From Fig. 1 we can find that: The retail price is a
linear increasing function of u, and the order quantity
and the wholesale price are linearly decreasing func-
tions of up, while the retailer’ s expected profit, the
supplier’ s expected profit and the supply chain
system’ s expected profit are found decreasing non-lin-
early with .

The details are as follows:

D If wy <m, — A, retail price with disruption is
less than that without disruption, i. e., p° < p*; order
quantity, wholesale price, retailer’ s expected profit,
supplier’ s expected profit and supply chain system’ s
expected profit with disruption are greater than those
without disruption; i. e., Q° > Q" w® >wh, IT” > IT?,
II° >, 1 > I,

@ If wy — A, <pp <pm, + A,, retail price, order
quantity, wholesale price, retailer’ s expected profit,
supplier’ s expected profit as well as supply chain sys-
tem’ s expected profit do not change; i.e., pD = pA, QD
=0 WP =wA I =11, 1T =112, 11° = 1T,

@ If wp >u, + A,, retail price with disruption is
more than that without disruption, i. e., p” > p*; order
quantity, wholesale price, retailer’ s expected profit,
supplier’ s expected profit and supply chain system’ s
expected profit with disruption are less than those with-
out disruption, i. e., Q° < Q*, w® <w*, IT? < IT*, IT°
<IT, IT° <IT".

5 Conclusion

Supply chain coordination mechanisms under dis-
ruption has become an important management para-

digm. In this paper, we have investigated supply chain
coordination mechanisms under asymmetric information
with retailer cost disruption. Based on the analysis
above, we can draw a conclusion that it is optimal for
the supply chain to keep the original production plan
and to guarantee that the system run steadily if varia-
tion of retailer’ s cost is sufficiently small and does not
exceed an upper bound; otherwise decisions must be
adjusted.

Although our work focuses on a two-echelon sys-
tem with one supplier and one retailer, it will be inter-
esting to extend this supply chain coordination mecha-
nism to multiple heterogeneous retailers or to a multi-
echelon environment. The case of nonlinear demand
functions and other supply chain coordination mecha-
nisms such as quantity discount contracts, buy back
contracts and revenue sharing contracts under asymmet-
ric information with disruptions are important problems
to be studied in the future.
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