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1. Introduction

s the complexity of supply chain grows contin-

uously, it is insufficient for big manufacturers to

satisfies their demand completely by their own.
For example, Ford outsources 65% of its own compo-
nents, General Motors outsources over 55% and Crysler
over 80%!". In general, big manufacturer have plenty of
upstream suppliers. Coordination with suppliers is the ma-
jor challenge constantly faced by big firms.

Information sharing refers to the sharing of private
information between supply chain enterprises to achieve
upstream and downstream cooperation and enhance the
overall effectiveness of the supply chain. Many branches
in the logistics field can collaborate effectively by shar-
ing information. Information sharing between suppliers
and manufacturers allows both parties to make optimal
production and replenishment strategies, reduce supply
chain uncertainty, reduce overall costs, and improve cus-
tomer service. The information shared between companies
can be divided into the following categories: inventory
information, sales information, and demand forecast in-
formation, order status information, production planning
information, etc. Among them, inventory information and
production planning information is two-way shared by
upstream and downstream enterprises, sales information
and demand forecast information are generated by manu-
facturers and shared with upstream suppliers. In contrast,
order status information is held by suppliers in real-time
and shared with manufacturers. Also, the information
available for sharing includes product quality information,
new delivery information, etc.

As information technology continues to evolve, in-
formation sharing has also become faster and more effi-
cient”. However, information asymmetries persist, and
the risks they pose remain insurmountable. Each enter-
prise within the supply chain has its ideas about operation-
al mechanisms, so the objectives often conflict with those
of the supply chain as a whole. Low visibility of informa-
tion between companies will lead to a waste of resources
and underneath the overall efficiency of the supply chain.
The management of uncertainty risks and coordination
mechanisms have become essential breakthroughs in the
optimization of supply chain systems. They are reducing
uncertainty through information sharing to promote closer
strategic coordination and cooperation to jointly address
the challenges to supply chains posed by information
asymmetry and the risk of uncertainty.

The main purpose of manufacturers outsourcing some
components to upstream suppliers is to minimize the costs
associated with maintaining product lines, since many of
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these components are too costly while in low demand'*”.

Outsourcing production can increase production integra-
tion and reduce overall cost. In reality, however, some-
times outsourcing does not reduce costs, but rather could
lead to cost increase'®. This is because outsourcing creates
a decentralized supply chain, where suppliers and manu-
facturers are financially independent. Therefore, they both
seek their best interests. On this basis, both parties tend
not to share private information before come into a coop-
eration plan, as any sharing of private information may
result in losing some of its bargaining power'”, which is
not conducive to maximizing its benefits.

In this paper, manufacturers with greater bargaining
power are faced with a number of factors to consider
when developing a coordination strategy for outsourcing
production. First, manufacturers tend to obtain accurate
private supplier information, i.e., information on cost
structure, product quality, etc., in order to keep the price
paid as low as possible in order to obtain a greater profit.
At the same time, manufacturers should also consider
whether suppliers will report false information, which
may result in additional cost. Outsourced, decentralized
supply chain reduces transparency, and asymmetries in
cost information ultimately reduce manufacturer profit-
ability. It is therefore particularly important to establish
contractual design mechanisms in such supply chain that
facilitate collaboration between the parties and reduce the
impact of information asymmetries.

The conflict of interest between suppliers and manufac-
turer belongs to the ex ante asymmetric information game,
which satisfies the reverse choice model in Principal-agent
Theory. The manufacturer is the client and has greater
bargaining power, so that manufacturer only needs to offer
contracts from its own point of view, without further ne-
gotiation with the supplier; Suppliers are agents and have
information about production costs, production quality,
etc, which is unknown to the manufacturer. Manufacturer
provides a list of contracts on quantities to be purchased
and price to be paid, based on a subjective judgment of the
supplier’s cost structure, and the supplier decides whether
accept this contract or not to begin production coopera-
tion. This paper applies the theory of mechanism design
to provide manufacturers with contract design solutions.
This paper will focus on how a downstream manufactur-
er, facing with uncertain cost information, can overcome
conflicts of interest between the parties and design ideal
contract models.

2. Modeling Framework

We consider a two-echelon supply chain system with n
suppliers (she) and 1 manufacturer (he). Manufacturer
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procures component from suppliers in order to assemble
final products. Each final product requires one component
from each supplier. Suppliers are irreplaceable from each
other. Manufacturer pays after receiving goods.

Supply chain faces uncertain market demand D, and
the final product can be sold at fixed price . We assume
supplier 7 incurs a unit production cost ¢;, i=1,...n, which is
private information for the supplier only. The manufactur-
er only has a subjective assessment about each supplier’s
cost.

Manufacturer believes cost from each suppli-
er falls into ¢,” (high type) or ¢, (low type), with
a joint probability of Plc=c/.Vi=l..nt =H,L)
and ¢ ¢ | the probability density function is
pl=Pc,=c)k=H,LNVi=1,...np" +p/ =1 We assume
the sum of components’ cost no greater than final product

n
price,i.c., ZC,.H <rin order to guarantee manufacturer’s

i=1
profitability.

According to the principle of mechanism design, man-
ufacturer maximizes his profit by providing optimal menu
of contracts to each supplier'”. Based on revelation princi-
ple, contracts offered by manufacturer should be incentive
compatible. For each supplier has two types of cost, man-
ufacturer offers two separate contracts, (O, X;),(0], X)
. If supplier i with ¢ =c/(t,=H,L) chooses contract
(O, X)), where k=L,H, then she agrees to produce and
deliver O units of his component to the manufacturer
in return for a total payment of X; Supplier i’s profit is

X! —c'Of . After manufacturer realizes actual demand, he

assembles components into final product and satisfy the
market as far as he can”’.
Manufacturer’s problem can be formulated into the fol-

lowing model:

max
x/oMh.xt.oh

i=l,..,n izl

()

(1.C.High)xH —cHof > xL —cHQli=1,..n
e (I.C.Low X} —ctoF > x1T kol i=1,..,n

(ILRHigh X" —cf ol >0,i=1,..,n

(IRLow)XF —ctQF >0,i=1,..,n

While each supplier has two potential contracts, man-
ufacturer has 2" possible revenue outcome. For instance,
when there’s two supplier (n=2), manufacturer’s profit
function IT can be written as follows:
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n
M=Ep! z P(¢; =l Vi=1,..,m[rmin(Q",..., Qﬁ;’,D)—ZX,-'f]}
i=1

H H . H AH H _H
M= E{P(c=c ,cp = )rmin(Qy", 0y ,D)—x;" —x;' ]
H L . H AL H L
+P(cr =¢i" ey = )rmin(Q)", 0y, D) — X" —x;]
L H L AH L H
+P(c; = ¢ ey =) )rmin(Qr , 05", D) —x" —x3' ]

+P(cy = cf yey = ) rmin(Qf , 0%, D) — xf — x51}

2)

There are 4n constraints for this model. Incentive Com-
patibility constraints (/.C.High),(I.C.Low) ensure each sup-
plier choose optimal contract based on their true cost type.
Individual Rationality Constraints (/.R.High),(I.R.Low)
ensures supplier can have non-negative profit, which pre-
vents interruption of cooperation.

3. Contract design under different informa-
tion transparency

3.1 Benchmark: symmetric cost information

Under symmetric information, the cost type would be
revealed to manufacturer and supplier herself simultane-
ously. Therefore, manufacturer could know supplier i’s
cost #, precisely, and provides her with contract (@', X;"),
supplier can either accept this contract or reject it. Hence,
the incentive compatibility constraints no longer exist. For
given realization of supplier’s costs, i,e., & =¢;»Vi=1,...n
, the manufacturer’s problem writes as follows:

maxi(Q, X1) = rEmin(QY,...,Ql , D) - ZX{f (3)

i=1

st(LR)X[ —ciQl >0,Vi=1,...,n

Manufacturer’s revenue function 7 decreases while
f . . .
X" increase, therefore manufacturer obtains maximum

LAt .
revenue when X;' =¢;/0;. The function can be reformulat-
ed as

n

maxi’(Qit" ,Xit' )= rEmin(Qlt‘ R 3)) =

n >

1AL
'Oy

i=1

It can be observed that manufacturer profit is restricted
by minimum procurement quantity from suppliers. Thus
the manufacturer would procure the exact same quantity
of each components from suppliers, i.e. Q' =..=Qy =0.
We derive the function and it is straightforward to show
the following result:

Lemma 1 For any given ¢ =¢/»i =1...n the manufac-
turer’s optimal contract is
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Z" .

Vi=l.,nOf = F (&=L X =i Of
Suppliers always get zero profit under symmetric infor-

mation, and the manufacturer captures entire profit. The

expected optimal profit function is

=" Ple =l Vi=1..n&Q), X])

4oL 4

3.2 Asymmetric cost information

In this section, we continue to design the list of contracts
under asymmetric cost information. According to standard
analysis for mechanism design problems, we can show

that constraints (/.R.High) and (I.C.Low) must be binding
at optimality, i.e.,

=cloff (3)
XzL = QiH (CIH _CiL) + CiLQiL (6)
Furthermore, it follows that (/.C.Low), >CL

and (/.R.High) that constraint (/.R.Low) is redundant.
Substituting X and X} above into (1.C.High) , it fol-
lows directly that (1.C.High) is automatically satisfied if
0" <0} Vi=1...n The manufacturer’s problem given
by (1) reduces to the following problem

e, M= Z[P(c =cli Vi=1,...n)Emin(Q",...Q",D)]

o979 i=l,..,n
i=l,...,n
R t=H,L

_Z(Cl _pl G )Qz z ,IILCILQIL
i=l i=1
()
subject to
ol <oti=1,..n

We denote 0=(0/".01)....(0).00)) as the optimal

solution to problem (7).
3.2.1 1-Supplier Situation

We first solve a simple case of n=1, which means there

exists only one supplier. The partial derivative of o' and

L . .
O from the manufacturer’s profit function can be written
as follows
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oIl —

@w{frF(Q{’)—(cl - plel)
oIl
oo rF(OF) - ptet

Manufacturer’s revenue would decrease while or-

der quantities increase, because F is a non-increasing
function. Under the low-cost type, the manufacturer’s

L
optimal procurement quantity is QF :F’l(%). When

the cost type is high, the optimal procurement quantity is

pl Cl ) if
H
P1 A

QIF(

;. Is satisfied. Or
—pa<pr

else, o =0

3.2.2 N-Suppliers Situation

We expand the scale of supplier from 1 to n. First, we de-
fine high cost type procurement quantity for each supplier
ias:

-1
o |F (%) =il <pflr
4 = pir

0,otherwise

Recall that 4/ is supplier i’s optimal production quanti-
ty if supplier i is a sole supplier in the system and the cost
type is high. Without loss of generality, we number the
suppliers such that

0 0 0
q1 qu S-'-Sqn (8)

We can now present an theorem as follows

Theorem 1 The optimal solution to problem (7) satis-
fies

o' <o <.<0/<of =0y =..=0y
L _ AL

We define € =9;,% =1,

Theorem 1 provides with an important feature for prob-
lem solving, for it reduces variable amount from 2z to
n+1.

For notation convenience, for 1<i< j<n+1, we define

Z(Cd — phebyifi <n
o ¢ o )

n

Zpdcd +ch Jff =n+1

d=1 d=i
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def | P(cy = cp V1<b<i—1)=P(cy =cj, V1< < j)iff <n
o P(cy =ck,V1<b<i-1)iff =n+1

(10)

We are able to decompose the problem (7) into a sum-

mation of n+1 functions with a single variable as follows:

Lemma 2 Problem (7) is equivalent to the following
problem:

n+l1

M. .[oH
osgﬂs'gﬁ..ggna]; u(o) (11)
I def .
whereQ;,; = 0" and
dof 4
M;;i(Q) = 1B, _[ F(x)dx —a; ;0 (12)
0

Further study on M:i(Q) enables us to establish the
following result:

Lemma 3 Vi, ;,1<i< j<n+1, we define functions

def Qi
M, (0) = r/)’i,_,jF(x)dx—a,-,_,-Q (13)
0

J
M; ;(Q)= ZM 4.4(0). M; ;(O) reaches its maximum at
d=i

sz where if 1< j<j, then

al’j
rB;

0,otherwise

Fi(

* )aifai,j<r18i,j
0, =

3.2.3 Algorithm Design

We design an specific algorithm to solve this problem.
It can be proved that o <0 <..<0 <0l =0" isa
sufficient condition for optimal solution, i.e., the manu-
facturer would ask all the suppliers to produce different
amount of components when their cost type is high, which
are strictly lower than their low costs quantity. When suf-
ficient condition is violated, some neighboring suppliers
would produce same amount of product. Thus, the optimal
solution to problem (7) can be generally caracterized as a
m-group solution, m<n.

For each solution group, we denote the head pointer and
tail pointer for each group as /i4;;Vi=1,...m  Therefore,
h=LlI<u;l=u; =1+Lu, =n+1_Suppliers in the same
group has identical high cost procurement quantity, that is
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* H
Qli,u/. = Qk :VI,‘ <k< u;

We initially put each 0 into a separate group, SO we
have m=n+1 groups. If O ., <O; .., is satisfied for all
i=1,..,m—1, then we reach a unique solution. The algo-
rithm is formalized below:

Algorithm 1 Finding the optimal solution to problem (7)

STEP 1: Initialization. Denote m=n+11 =iu; =i,

STEP 2: Compute optimal procurement quantity
91, for each group

STEP 3: Traversal and Numerical correction.
IFQ; . < Ot - Vi=1loom=LTHENO{' =0 . OTHER-
WISE:

. let lc be the smallest index 7/ which satisties
Oy 2 91y s We merge group k and group k+1.

o U Uy

ol liuy<upy, j=k+1...m-1

e m<m—1

This algorithm significantly reduces the complexity
to o(n) from which the original problem is o(2"). That
means the manufacturer’s problem can be solved under
linear time complexity.

The main reason for the reduction of problem complex-
ity is that theorem 1 guarantees suppliers is well arranged
based on their optimal /-supplier procurement quantity.
We combine algorithm above with supplier’s profit func-
tion, and the simplified function can be written as follows:

n =0,vi=1,...,n IF=0" (" —ch),vi=1,...n

Under cost information asymmetry, high cost suppliers
i(i =1,...n)(c; =¢{") always generate zero profit, whereas
low cost suppliers could have positive gains. Meanwhile,
low cost suppliers’ final profits depend on their high cost
order quantity and difference between two cost types.

4. Parameter Analysis

In this section, we study the impact of market demand
and final product price on manufacturer’s profit function,
which leads to the value of cost information assessment.

We define manufacturer’s information value as ¥ =TT —TI1
. Because manufacturer acquires full profit under symmet-

ric information, T1<IT. Profit function for each supplier i
. Ll . .
is Vi=-TII; =—p;TI;" | I1; is supplier’s ex ante profit. Sup-

n
ply chain’s information value is denoted as Vp =V + ZV,-.
i=1

4.1 Market Demand

We first analyze how market demand distribution affect
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the optimal contract. We assume the demand follows a
normal distribution, i.e., D~ N(u,0). The probability of

demand being negative is negligible, thus x>>o>0. We
derive the following results regarding the change of aver-

age demand, .

Proposition 1 If D ~(u,0), then

* 11 and [T are increasing in 4.

* V, Vyand I, Vi=1,...n are increasing in x.

It can be interpreted as follows. First, demand expan-
sion would increase supplier’s order quantity. Vi=1,...,n,

H L_ L . .
0" and 9 =0Q" constantly increase when # increases.
Under asymmetric information, if average market demand

increases, manufacturer would definitely urge suppliers to
produce more components. Suppliers’ profit would also
increase because 11 =p{ 11} = pf O/ (' —c}).vi=1,..n.
Higher average demand generates more information rent
for suppliers.

Second, manufacturer’s profit would also increase.
Manufacturers can earn greater profits in the face of high-
er market demand in both the symmetric and asymmetric
information scenarios. With symmetric information, the
manufacturer captures all benefits in the supply chain, so
its profits must increase as the market demand increases.
Under asymmetric information, more sales volume also
leads to higher returns. Still, manufacturers need to pay
more information rent for suppliers, so the yields to man-
ufacturers under asymmetric information rise less with
average demand than under symmetric information.

Third, information value for whole supply chain would
increase. Suppliers acquire higher information rent while
information value increases even faster for manufacturer.
Thus, the total information value increases.

4.2 Final Product Price

Assume manufacturer sales the product at price 7, which
is increased from r, when other factors remain the same.

H_ LL
=16 T DG
= F ( 1 Hl 1 )
pir
each supplier increases their order quantity when final

According to high cost order quantity ql

. 0_ A0

price increases, 9k <gi.k=L...n Therefore, we have
SH AL AL H .

Op1 =0 20" ={0,11 . We can have the following result:

>r
nQf,...Q%, 1» > n@Qf,...Q% 1n=n

We can prove that > IL.Similarly, 0> T 1t can be in-
terpreted as follows: First, When the selling price of the fi-
nal product increases, manufacturers will expect suppliers
to make more parts because at that point the expected loss
from out-of-stocks increases, and the unit storage costs
from inventory backlogs remain unchanged.
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At higher unit product prices, both in the case of infor-
mation symmetry and in the case of information asymme-
try, the manufacturer’s marginal returns increase, and thus
the returns under the manufacturer’s optimal contract.

At the same time, when the selling price of a product
raises, the manufacturer’s earnings are raised more under
symmetric information than under asymmetric informa-
tion, because the manufacturer always gets the full benefit
of the supply chain.

5. Conclusion

In order to reduce costs and increase revenues, many
companies in the industrial sector will try to transform
themselves into manufacturers who are only responsible
for final assembly and outsource the production of com-
ponents to upstream suppliers. The transformation of such
business functions has gradually become a trend in the
transformation of MNCs. However, upstream suppliers
are often reluctant to work very deeply with suppliers due
to their financial and target independence from the manu-
facturer, so manufacturers often incur additional costs in
contracting to ensure that contracts run smoothly. This ad-
ditional expenditure is the main objective of the study in
this paper. In this paper’s hypothesis, suppliers have full
knowledge of their cost structure as private information,
while downstream manufacturers only have subjective
judgments about their cost structure and do not know ac-
curate information.

The idea behind this paper’s solution to information
asymmetry is to design a contracting approach for manu-
facturers, in which manufacturers gain maximum benefit
by giving suppliers a menu of contracts to choose from
to understand the types of costs to suppliers. The contract
menu presented in this article contains two parameters,
the quantity purchased and the price paid by designing
efficient algorithms to solve the contract menu for each
vendor in an ideal state. By applying the contract menu
design approach in this article, companies can effectively
reduce unnecessary costs in supply chain collaboration
and increase their revenue.

By analyzing the model parameters, this paper has fur-
ther explored the specific impact that contract design solu-
tions can have on the overall effectiveness of the supply
chain under cost information asymmetry. For example,
when market demand increases or when the selling price
of a final product increases, information about a supplier’s
cost structure becomes more valuable to the manufactur-
er, and therefore the manufacturer is more motivated to
obtain specific information about the supplier’s cost struc-
ture.

This paper examines the deficiencies in contract de-
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sign mechanisms for manufacturers facing upstream in-
formation asymmetry. Information types will be further
expanded in future studies. First, assumptions made in
this paper about the types of supplier costs are based on
discrete distributions, and future research can further
make assumptions about different distributions to match
the realities of the firm more closely. Second, this paper
assumes that suppliers can fully meet manufacturers’ or-
dering needs without considering the potential for supply
disruptions in the event of unknown supply chain risks.
The next study will further introduce supply disruption
risk as a consideration in order to investigate the supply
chain robustness approach. Finally, this paper focuses
on the cost structure of production as a manufacturer
contract design strategy under private information, and
the mechanisms by which other different types of infor-
mation influence manufacturer contract design can be
further studied in the future.
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