J. Service Science & Management, 2010, 3, 241-249
doi:10.4236/jssm.2010.32029 Published Online June 2010 (http://www.SciRP.org/journal/jssm)

3% Scientific
9,
*4* Research

Principal-Agent Theory Based Risk Allocation
Model for Virtual Enterprise

Min Huang‘, Guike Chen"’, Wai-Ki Chingz, Tak Kuen Siu®

'College of Information Science and Engineering, Northeastern University, Key Laboratory of Integrated Automation of Process Industry
(Northeastern University), Ministry of Education, Shenyang, China; “Department of Mathematics, The University of Hong Kong,
Hong Kong, China; *Department of Actuarial Studies, Faculty of Business and Economics, Macquarie University, Sydney, Australia.
Email: mhuang@mail.neu.edu.cn, guikechen@sina.com.cn

Received February 3" 2010; revised March 19",2010; accepted April 29" 2010.

ABSTRACT

In this paper, we consider a risk analysis model for Virtual Enterprise (VE) by exploring the state of the art of the prin-
cipal-agent theory. In particular, we deal with the problem of allocating the cost of risk between two parties in a VE,
namely, the owner and the partner(s). We first consider the case of a single partner of VE with symmetric information
or asymmetric information and then the case of multiple partners. We also build a model for the optimal contract of the
risk allocation based on the principal-agent theory and analyze it through specific example. At last we consider the case

of multiple principal with potentially many partners based on common agency.
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1. Introduction

Virtual Enterprise (VE) is a dynamic alliance composed
of independent individual enterprises which locate in
different area. It’s designed to adapt to rapidly changing
market opportunities, so as to achieve the sharing of
skills, core competencies and resources [1,2]. Based on
this concept, on one hand, member enterprises in a VE,
which are geographically distributed, keep their inde-
pendence and autonomy. On the other hand, they provide
their own core competencies in different areas such as
marketing, engineering and manufacturing to the VE.
When new market requirements arise and individual en-
terprises do not have all necessary skills and competen-
cies to undertake these requirements independently, by
combining specific expertise of other enterprises, it is
possible to create a VE which is capable of responding to
the new requirements. In a certain sense, the essence of
VE has its basis in an early and fundamental concept of
economics, namely, the division of labor, which has its
origin in the classics, namely, the wealth of nations, by
Adam Smith first published in 1776.

In spite of substantial advantages of VE, there are lots
of risks associated with it, these risks include investment
risk [3], operation risk [4], moral hazard [5,6] and market
risk, and so on. These incomplete nesses arises from
member enterprises not having sufficient background
information about the other member enterprises or about
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market environment in which the VE has to operate. The
investigation of the structure, operations and economic
implications of a VE has received much interest among
researchers in the field. Much attention has been paid on
some aspects of VE, such as partner selection [7,8], op-
eration management [9], information exchanges [10] and
their scales. However, an important issue, the risk man-
agement of VE, has not been well-explored and ad-
dressed until recently. Since virtual enterprises (VEs) are
profit driven, it is one of the key issues to the successful
running of VEs whether they could construct reasonable
and efficient risk allocation mechanism in the operation
process to prevent some members from gaining profit by
harming others. The establishment of a VE can not re-
duce or eliminate the risk due to the uncertainty of mar-
ket opportunities and production capacities. The risk of
the whole enterprise is re-distributed among different
members in the VE. There are some ways to mitigate the
risk in the cooperation process, such as partner selection
[11,12], cooperation contract design [12], and coordina-
tion mechanism design [13]. After reviewing the related
literature, we found out that researchers have carried out
certain publications on VE’s risk.

Based on the research of risk in supply chain [14], it
produces partnerships [6] and joint ventures [15]. We
consider a risk allocation model for VE by exploring the
state of the art of the principal-agent theory. In particular,
we deal with the problem of allocating the cost of risk
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between two parties in a VE, namely, the owner and the
partners. Our analysis invokes some basic and important
concepts for the risk analysis, including utility function,
risk-aversion level, principal-agent theory [16] and com-
mon agency [17,18]. Here we first deal with the case of a
single partner of VE with symmetric information or
asymmetric information. Then, the model is extended to
deal with the case of multiple partners. We also build a
model for the optimal contract of the risk allocation
based on the principal-agent theory. At last we extend the
principal-agent framework with risk-neutral principals to
situations in which several principals simultaneously and
independently attempt to influence a common agent. The
remainder of this paper is organized as follows. In Sec-
tion 2, we give a brief discussion on some basic concepts
of risk analysis and related assumptions. In Section 3, we
present our risk allocation models. In Section 4, a spe-
cific example is given to demonstrate our models in sec-
tion 3. In Section 5, we discuss the incentive mechanism
on the basis of common agency [18,19] when the rela-
tionships between the principals is competition. Finally
concluding remarks are given in Section 6.

2. Basic Concepts and Assumptions

In this section, we provide a brief discussion on some
basic concepts of risk analysis, namely, the utility func-
tion, the risk aversion and the principal-agent theory, in
the context of VE which involving an owner and n
risk-averse member enterprises (partners). These con-
cepts also play fundamental and important role in finan-
cial economics and corporate finance. Then summarize
the major notations to be used in this paper and give the
assumptions.

First of all, utility can be considered as goods or ser-
vices that meet the needs of consumer’s ability or desire.
The utility function is defined as a mapping function
which maps goods or services to consumer preferences.
Let x denote the receipts or earnings of a member enter-
prise. Then, the utility function is given by u(x), which

is interpreted as goods or services that meet the member
enterprise’s preference. It is a representation of the mem-
ber attitude towards risk.

The degree of risk aversion is an important characteri-
zation of a utility function. To measure the degree of risk
aversion, Arrow (1970) and Pratt (1964) introduce the
celebrated Arrow-Pratt ratio of risk aversion level given
as follows.

pl@) =212
1 (@)

Principal-agent theory tries to model the following
types of questions. One participant (principal) wants to
participate in another person (agent) in accordance with
the interests of his choice of action, but the principal can
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not observe directly the agent’s actions. What can only
be observed are some other variables? These variables
are decided by the agent’s action and other random fac-
tors. The principal’s problem is how to incentives the
agents in accordance with the information observed to
encourage their agents to choose the most favorable ac-
tions. The principal-agent model is built to analyze the
optimal contract with asymmetric information. To solve
the problem conveniently, we consider the optimal con-
tract with symmetric information. The central issue of
principal-agent relationship is the alternating between
insurance and incentive.

To facilitate our discussion, we define the following
notations and impose the following assumptions:

a , partner’s manpower contributing to the project (the
productive effort of the partner);

0= 10;, the random variables that not be con-

i=1
trolled by the alliance, where ¢,0,...,0, are independ-
ent risk factors;

o’ , the variance of 6;

2(0),G(0), the probability density function and the
distribution function of &, respectively;

7(a,0), the monetary income (outputs) of the alli-
ance;

f(rm,a), the probability density function of 7 ;

s(x), the incentive contract (a way to repay partner);

v(x),u(x), the owner’s and partner’s utility function
respectively;

u , the reservations utility (the greatest utility that part-
ners do not accept the contract);

Pp , the owner’s risk aversion level;

P, the partner’s risk aversion level;

C(a), cost function of the effort a.

In this paper, we consider an owner and several mem-
ber enterprises (partners) in a VE. Each partner chooses a
level of productive effort a >0 and a level of risk aver-
sion p . Both productive effort ¢ and risk aversion
level p are individually costly to partners and we as-
sume that the two actions are stochastically independent

and the cost of actions can be expressed in monetary
units.

3. The Risk Allocation Models

In this section, we present the risk allocation model un-
der the assumptions in section 2 based on principal-agent
theory which involving an owner and one or n risk-
averse partners. We first deal with the case of a single
partner of VE with symmetric information and asymmet-
ric information (hidden action) respectively. Then, the
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model is extended to deal with the case of multiple part-
ners.

3.1 The Optimal Contract of Risk Allocation
with Symmetric Information to a Single
Partner

In this subsection, we consider the case that the owner
can observe the partner’s action (the productive effort)
involving an owner and a risk-averse partner in a VE. As
the partner’s action can be observed, the owner can force
the partner to choose the ideal productive effort, so the
incentive is surplus.

The risk allocation model is given as follows: Give a
a , the output is a simple random variable; the owner’s
objective is to maximize the utility of its own profit by
allocating the total revenue from the VE project includ-
ing choosing s(7):

rE%{E(V(;r—s(n)))=jv(7r—s(7r))f(;z,a)d7z} (1)

s.t.(]R)Iu(s(ﬂ))f(ﬂ,a)dﬂ—C(a)
= E(u(s(;r)))—C(a) >u

Equation (2) is the partner’s individual rationality con-
straint (IR). We then construct the Lagrange function as
below:

L(S(ﬂ')) = Iv(ﬁ - S(ﬂ'))f(ﬂ',a)dﬂ' +
/1( [u(s(2))f (z.a)dz - C(a) —E)

The partial derivative of the function with respect to
s(7) 1is given by

- (7[—5* (7[))+ﬁu' (S* (7[)) =0 4)
Therefore, we have
v (ﬂ' —s' (7[))
u (s* (7[))
The Lagrange multiplier is a strictly positive constant
in (5) (because (2) strictly satisfied).The corresponding
optimal condition shows that the ratio of marginal utility
of income of the owner and partner is a constant, no rela-

tion with the output and uncertain variables 6.
The optimal condition of (5) implicitly defined the op-

@

3

A= ®)

timal contracts” (), from implicit function theorem, the

partial derivative with respectto 7 is:

\ ds" . ds”
Vv |l-—— |[+Au —=0
{ dﬂ'] dr (©)

Combining the above equations, we get
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ds” P
= (7
dr P.tP,
where p, =—v—, and p, =_L
v u
ds” P
Let S __ P _p(x )
dr p,+pp ( )
Then we have s"(7)=a +Iﬁ(t)dt 9)
0

In particular, if p, and p, are constants (no rela-

tion among their level of income), then the optimal con-
tract is linear, i.e.

s (m)=a+pr (10)

We define ARC to be the risk cost of the alliance
project. Now, the improved risk programming model is
given as follows:

. 1
mﬂln{ARC = EpAGZﬂZ}
Such that

Ju(s(;z))f(ﬂ,a)dﬂ— C(a)

= E(u(s(ﬂ)))— C(a)zu
B= argmax{E(V(”—S(”)))}

3.2 The Optimal Contract of Risk Allocation
with Asymmetric Information to a Single
Partner

ARC <R

In this subsection, we consider the case that the owner
can’t observe the partner’s action (the productive effort)
involving an owner and a risk-averse partner in a VE. As
the partner’s action is hidden, the owner has to incentive
the partner to choose the ideal productive effort, i.e., the
partner chooses action a to maximize the utility of its
own profit, where the owner cannot observe the value of
a . We seek for maximizing the partner’s expected util-

ity:
m?x{ju(s(ﬂ))f(ﬂ',a)dﬂ'—C(a)} (11)

Equation (12) is the incentive compatibility constraints
(IC).The partial derivative with respect to a is:

ju(s(ﬁ))fa (m,a)dr—C (a)=0 (12)

i.e., IC constraint can be replaced by the first-order ap-
proach of (13). We then consider maximizing the utility
of the owner’s profit:

max{E(v(zz —s(m))) = J.V(ﬂ'—s(ﬂ))f(ﬂ,a)dﬂ} (13)

s(7)
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Such that

(14)

Iu(s(ﬁ))f(ﬁ,a)dﬂ—C(a_)

and [u(s(7))f, (m.a)dz =C'(a) (15)
Now, we construct the Lagrange function:
L(s(m)) = [v(z—s(m))f (z,a)dx
+/1(_[u(s(7r))f(7z,a)d7r—C(a)—L_t) (16)
+u([u(s(2))f, (z.a)dz-C (a))

where A and u are the Lagrange multipliers of par-
ticipation constraint and the incentive constraint, respec-
tively. The optimal condition is given as follows:
V(a=s(z)_  fil(ra)
= A (17)
u (s (7[)) S(z,a)
By comparing with (5), it shows that, if the owner
cannot observe a, the Pareto efficiency risk allocation is
impossible. As x>0 (Holmstrom proved in 1979), in

order to motivate the partner to work hard, it has to bare
more risks.

3.3 The Optimal Contract of Risk Allocation
with Symmetric Information to Multiple
Partners

In this subsection, we discuss the case of symmetric in-
formation with multiple partners that the owner can ob-
serve the partner’s action (the productive effort) involv-
ing an owner and » risk-averse partners in a VE. We
first define the following notations and assumptions.
i,partner i (i=1,2,..,n);
a; €[0,+00), the productive effort of partner 7 ;
C:(a;). the cost function of partner i; strictly in-
creasing convex differentiable function, and C,-(O) =0;
a=(a,a,,..,
tive efforts;
x(a), the common output decided by a, strictly in-

an), the vector of all partners’ produc-

creasing concave differentiable function and x(0) =0
7(a,8) , monetary income (outputs);
f(7a,a,,..
72
p, > the partner i’s risk aversion level;

an), the probability density function of

s, (7[) , the revenue sharing factor of the partner.

As the owner can observe the partners’ actions, the
owner doesn’t need to incentive the partners, its objective
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is to maximize the utility of its own profit by allocating
the total revenue from the VE project including choosing

s;(7) (i=1,2,...,n). Similar to subsection 1, the model

is presented as below:

E[v[z=3s,
o RC R eS|

(18)
:J.V(H—ZSZ.(ﬂ)jf(ﬂ,al,az,...,an)dﬂ
Such that
Iui(sl.(ir))f(n,al,az,. )dﬂ' C( ) E (19)

(i=12,..,n)

Again, we construct the Lagrangian function as fol-
lows:

L(sy(7),5,(7),05, (7))

j_/(;r,a,,ap...,an)dﬁ

an)dﬂ—C, (a,.)—u_[)
(20)

n) are the Lagrange multipliers and are

gh(e
+Z/1¢ (Iu

7r a,,a,,...,

A (i=12,.,
strictly positive constants in (21). We then consider the
first-order condition as follow:

8L

o ( ZS (7 )jwl,u} (s, (7)) =06 =1,2,....n)

2 = =Y (=121

' u'i (Sl(ﬂ')) - u'l.
- [1—dij+,1iu;'di =0(i=12,..,n)
d dr

T
2y
Combining the above equations, we have
ai_ P (i=12,..,n) 22)
dz p, +pp
Such that

pr=-2 and p, =
A%

L i=1,2,00)  (23)
u
We assume that
ds’
Sl P p(n),(i=1,20n)  (24)
dr Pa t Pp

Then s/ (7)=q, +]£ﬂ, (1)t (i=1,2,...n) (25)

JSSM



Principal-Agent Theory Based Risk Allocation Model for Virtual Enterprise 245

We note if p, and p, (i=12,..,n) are constants

(no relation with their levels of income), the optimal
contract is linear, i.e.

si(7)=a+Bx (26)

Now, the improved risk programming model is given
as follows:

1 n
i ARC ==c*Y p fS* 27
mfﬂ‘fﬂﬂ”{ 27 ;,0,@ } @7
Such that

Jui (s;(7))f (m.ay.ay,...a,)dr - C,(a;) 2 u, 28)

(i=12,..,n)
Iui(s[(ﬂ))j‘;i (ﬂ,al,az,...,an)dﬂ=C;(a,.) 29)

(i=12,..,n)
ARC, <R, (i=12,..,n) (30)
iARCi <R (€18

i=1

(ﬂ,,ﬂz,--.,ﬂn)=argmax{E(v[ﬂ—gs,.(n)D} (32)

3.4 The Optimal Contract of Risk Allocation
with Asymmetric Information to Multiple
Partners

We then discuss the case of risk allocation with asym-
metric information involving an owner and # risk-averse
partners in a VE. As the partners’ action can’t be ob-
served, the owner has to incentive to prevent the partners
from free riding. So the incentive constraints are neces-
sary. The owner’s objective is to maximize the utility of
its own profit by allocating the total revenue from the VE

project including choosing s;(7) and incentive the

partners (i =1,2,...,n). The model is given as follows:

Elv 7=,
sl(ﬂ),si?lfl)f,,sn(ﬂ){ (V(ﬂ- ;Sl (ﬂ-)jj}

:Iv(ﬂ—zn:si(ﬂ)jf(ﬂ,al,az,...,an)dn (33)
Such that
J.u,. (S,- (ﬂ))f(ﬂ,al,az,...,an)dﬂ—Cl. (a,) Zu_i
i=12,..,n)

Jui (s:(2))f,, (w41 ay,..0a,)d7 = C)(a,)
(i=1,2....n)

(34)

(35)

We then construct the Lagrangian function:
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L(s, (7).

).5, (7)seess, (7))
= IV(”‘ZZ::SI (”)jf(”,al,az,...,an)d;;
+§%(I u, (s, (7))f (7.a,03...00, ) d7
~C,(a)-u,)
St ([u 5 (D, (7 )7
()

where 4, and y, (i=1,2,...,n)are the Lagrangian mul-

(36)

tipliers of participation constraints and the incentive con-
straints respectively. The optimal conditions are given as

below:
fa, (ﬂ,a,,az,...,an)

v (ﬁ_js,. (77))
e = A (37)
ui(si(ﬂ)) f(ﬂ,al,az,...,an)
Compared with (21), it shows that, if the owner cannot

observe a, the Pareto efficiency risk allocation is impos-
sible. The partners have to bare more risks.

4. A Specific Example

In this section, in order to have a better understanding of
our models in section 3, we process example analyses to
make further investigation. To simplify the analysis, we
employ Linear sharing rules, Exponential utility, and
normally distributed random variables in this paper, i.e.,
adopt agency model developed by Holmstrom and Mil-
grom [20] which has been proved to be much more trac-
table in addressing multi-action and multi-period models.
This assumption does not affect the core issue, and the
total output of the VE is assumed to be a linear function
of the partners’ productive efforts, which is extended
from the simple model Holmstrom and Milgrom (1987)
proposed. The total output of the VE is:

7=Ya+6,and @ subjects to normal distribution
5
N(0,0%).
Therefore E(7)=Ya, . Var(r)=o"
Then s,(7)=q, +,;:7r , (=1,2,...,n)
And s(m)=3 5 (7) =Y e+ 7Y h
5 e~

The owner’s expected utility is given by

o{o(r-Eote))|- Feeo{1-520)
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It is assumed that the marginal cost is increasing in the
level of effort and the cost function takes the quadratic
form [21], to simplify the analysis, we assume that the
cost function is continuously differentiable and strictly
convex and take the form:

1

C.(a[)=%bial.z

And b, is the coefficient (marginal cost). Partner i’s
actual revenue is

w,=s,(7)-C/(a)=¢, +ﬁi(2”:ai +9j—%bl.ai2
i=1

As the owner and every partner have constant absolute
risk aversion, which implies its utility function is of the
negative exponential form. Then, we make the usual
transformation of expected utility into mean-variance
terms as follows [22]:

1
E(wi)_gpiﬂizaz
, . | (38)
2 2 2
=a.+B Y a—-——ppc-——ba
1 ﬂl; 1 2pl 1 2 11
And %piﬁfaz is partneri ’s risk cost. If a=

(al,az,...,an) can be observed, the owner can decide

(o, f3,,a;) . The model is given as follows:

max){E(v) -3a +ﬂ[1—§jﬂi]}

(.54

Such that
a,; +ﬂi [Zai +9j_%piﬂi20-2 _%biaiz 25:’
i=1
(i=1,2,...n)

51. is the reservation utility. The maximization problem
can be formulated as:

max {f =a —%Uzip,ﬂf _%Zn:biafz - Zn:a}
il i1 il

(Bi-a;)

The optimality conditions are

1:—piﬂi02 =0, izl—bl.ai =0
op, da, (39)
(i=1,2,..,n)
ie, o =L B =0 and o = (40)
s i b > i i i zb

The Pareto efficiency risk allocation requires the part-
ners to bear no risk (8 =0).1f a=(a,,a,,..,a,) can-
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not be observed, the owner can decide (e, 3,).The part-
ners choose the action a to maximize their expected util-
ity:

max Iui (sl. (ﬂ))f(;r,al,az,...,an)dﬂ—Cl. (a;)

ay,ay,...,a,

The partial derivative with respect to 77 is

J.ui (s,. (ﬂ))fa’ (7.a,.a,,....a,)dr =C,(a;)
(i=12,.,n)

Since B, =ba,, ai:b_ (i=1,2,...,n) the problem

can be transformed into the following form

max{f:—iai+a(l—zn:ﬂi]}

(@.5;)

Such that

o, +p, Zai +0 _lp[ﬂizaz _lb[aiz 25/
i1 2 2
(i=12,..,n)

a =2 (i=1,2,...n)

The problem can then be further transformed to the
following problem:

_nﬁ_lQn z_lnﬁ_iz_n_
ml -0 Lo S -1 230

2 ]
of 1 > B .

—=——p o —-—+=0 (i=12,...,n
op n PP 0 )

1 1

Here we note that

B = >0, (i=1,2,..,n)

1+ pbo’
This also means that the partners must bear certain risk.
While we can see S, is a deceasing functionin p,, b

and o . In other words, the risks the partners bear are

negatively correlated to their risk aversion levels and the
output variances. Now partner i’s risk costs is given by

5. Multi-principal Models

In this section, we extend the principal-agent framework
with risk-neutral principals to situations in which several
principals simultaneously and independently attempt to
influence a common agent that is considering the case of
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multi principal agency relationships of the members in
VE which involving n risk-neutral principals and a
risk-aversion agent. We analyze the moral hazard and
give optimal contract. To facilitate our discussion, we
define the following notations and impose the following
assumptions.

N ={1,2,...,n}, the set of principals;

a, , the productive effort of the agent to the principal i ;

M , the upper bound productive effort of the agent to
the principals;

@, the uncertain variance the agent can’t control, and
it subjects to normal distribution N(0,5°) ;

7, =r,(a,,0), the monetary income (outputs) of the
effort a, ;

s, = s,(m,), the incentive contract (a way to repay the
agent with respect to q, );

C(a,) , the cost function of efforts a, ;

v,(x) =v(rx, —s,(7;)) , the principal i ’s utility function

u(x) =Y u,(s;(r;)—C(a,)), the agent’s utility function
i=1
respectively;

o, , the actual profit from principal i;

@, > 0, the opportunities income (reservation income)
of that the principal i guarantees;

In the multi-principal model, we assume that the total
productive effort of the agent has a limited M , which
means the resources are limited and guarantees the
boundedness of the solution. Because there are multiple
principals, the model becomes more complex. As the
relationship between the principals may affect the results
of the model, we consider the competition relationships
(non-cooperative). The model is given as follows: Every
principal give a s,(7;) non-cooperatively, the agent’s
objective is to maximize the utility of its own total profit
by allocating the total revenue from the VE project in-
cluding choosing every a,, (i=1,2,...,n):

T(%( {E(V(ﬁi -5 (771))}

st.(IRu; = E(u,(s;(r,)))—C(a;) = @,
(i=12,..,n)

(IC)maxu = Zui
i=1

n

ZaiﬁM

i=1

In order to have a better understanding of the multi-
principal models in this section, we process example
analyses to make further investigation. To simplify the

Copyright © 2010 SciRes.

analysis, we employ Linear sharing rules, Exponential
utility, i.e., adopt agency model developed by Holmstrom
and Milgrom [20] which has been proved to be much
more tractable in addressing multi-action and multi-pe-
riod models, and consider the case of two principals. This
assumption does not affect the core issue. We add the
following assumptions:

k, > 0, the agent to principal i’s effort level to the im-

pact factor of the marginal output;

7, =m(a;,0)=ka,+6, the output of the agent to
principal i;

a; , the fixed remuneration of member enterprise i ;

B, 20, the revenue sharing factor of member enter-
prise i;

p , the agent’s risk aversion level;

C(a,) = %baf , the cost of a, ;
s,(r) = a; + B.xr , linear sharing rules;
1, >
w =a,+pr——=ba; .
2
For principal 1,

max{vl = E(V1 (7, _Sl(”l))) =-a,+(1 _ﬂ1)k1a1}

a,f
st.(IRyu, = o, + Bka, —%bal2 —%pﬁfo‘z > m,
(C)maxu =u, +u,
a+a, <M
For principal 2,
ma}}x{vz = E(v,(7, —5,(7,))) = —at, +(1- B,)kya, }
a2.P2

1 1
st.(IRu, = a, + B,k,a, —Ebotz2 —Epﬂzzaz >,

(IC)maxu =u, +u,
a+a, <M

To solve the above models, we construct the Lagran-
gian function as follows:

L=u+u,+Aa,+a,—M)

=a,+fka, _%balz _%pﬂlzo_z

+a, + pk,a, _%bazz _%pﬂzzaz

+AMa, +a,—M)

A is the Lagrange multiplier. We then consider the
first-order condition as follow:
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aL—ﬂlk —ba,+1=0
0Oa,
aL—ﬁzk —ba,+1=0
Oa,
a—L:a,+az—M:0
o4

So the optimal productive effort is
al* =£+ ,Blkl _ﬂzkz
2 2b
a; =ﬂ+ Bk, = Bk
2 2b

Substituting « , a, into the principal 1’s object
function, the optimal problem is:

1 1
max {vl =ka, ——bal2 —Epﬁlzo'2 —wl}

A

M ﬂlk ,32 1, M ﬁlk ﬂz
k(z ) - 5 (2 =2y
—%pﬂfoj—wl

The first-order condition on the S, :

Then the optimal solution is
5= 2k} —k,bM + k ke, 3,
] k’ +4bpo’

1 1
o = Bka _Ebaf _EPAQO'Q —

Similarly, we can solve the optimal solution to the
principal 2:
21 —k,bM + kk, 3,
kK +4bpoc’

a, = B,k,a, ——ba

B =
1

: —Epﬁzz o

and f,, we can analy-

From the above a, a;, B

sis their mutual relationships and conclude that. The de-
cision-making influences each other, when the other
conditions had been given; the efforts of the agent de-
pend on the strength of incentives of all principals. And
the intensity of incentives weakens each other. These
hypothesizes are also supported by many realistic cases.

6. Conclusions

Virtual enterprise is the main form of cooperation be-
tween enterprises today. Researching on the risk alloca-

Copyright © 2010 SciRes.

tion in VE has both theoretical and practical importance.
On the basis of the introduction of the concepts of risk
analysis, this paper mainly describes the risk allocation
of VE based on the principal-agent theory and draws the
following conclusions: if the owner cannot observe the
partners’ efforts level, the Pareto efficiency risk alloca-
tion is impossible to achieve. In other words, the partners
must bear certain risks, and the risks the partners bearing
are negatively correlated to his risk aversion level and the
output variance. For the perfection of the problem, we
consider the case of multiple principal based on common
agency in Section 5. To simplify the analysis and explore
the implications of the risk allocation mechanism, we
have made some restrictions to the example in section 4,
such as linear/quadratic forms, independence, normal
distribution, etc. In the future research, we will relax
these restrictions to investigate the allocation mechanism
under much more general environment, and consider the
incentive mechanism when the relationship between the
principals is cooperative.

7. Acknowledgements

The authors wish to thank the support of the National
Natural Science Foundation of China under Grant No.
70671020, No. 70721001, No. 70931001 and No. 60673159,
Specialized Research Fund for the Doctoral Program of
Higher Education under Grant No. 20070145017, the
Fundamental Research Funds for the Central Universities
under Grant No. N090504006 and No. N090504003,
Science and Technology Research Fund of Bureau of
Education of Liaoning Province, and the RGC Grant
7017/07P, HKU CRCG Grants, Hung Hing Ying Physi-
cal Sciences Research Fund and HKU Strategic Research
Theme Fund on Computational Sciences.

REFERENCES

[1] M. T. Martinez, P. Fouletier, K. H. Park and J. Favrel,
“Virtual Enterprise-Organization, Evolution and Control,”
International Journal of Production Economics, Vol. 74,
No. 3, 2001, pp. 225-238.

[2] A. Mowshowitz, “Virtual Organization,” Communication
of the ACM, Vol. 40, No. 9, 1997, pp. 30-37.

[3] M. Ojala and J. Hallikas, “Investment Decision-Making
in Supplier Networks: Management of Risk,” Interna-
tional Journal of Production Economics, Vol. 104, No. 1,
2006, pp. 201-213.

[4] Q. L. Gao and G. P. Cheng, “Virtual Enterprise’s Ope-
ration Risk,” Value Engineering, Vol. 104, No. 9, 2006,
pp. 104-105.

[5] M. Thomas and E. Norman, “Moral Hazards on the Road
to the “Virtual’ Corporation,” Business Ethics Quarterly,
Vol. 8, No. 2, 1998, pp. 273-292.

[6] M. Gaynor and P. Gertle, “Moral Hazard and Risk
Spreading in Partnerships,” Journal of Economics, Vol.
26, No. 4, 1995, pp. 591-613.

JSSM



(7]

(8]

[10]

[11]

[12]

[13]

(14]

Principal-Agent Theory Based Risk Allocation Model for Virtual Enterprise

F. Ye and Y. N. Li, “Group Multi-Attribute Decision
Model to Partner Selection in the Formation of Virtual
Enterprise under Incomplete Information,” Expert Systems
with Applications, Vol. 36, No. 5, 2009, pp. 9350-9357.

A. H. Yannis and C. G. Andreas, “A Goal Programming
Model for Partner Selection Decisions in International

Joint Ventures,” Journal of Operations Management, Vol.

138, No. 3, 2002, pp. 649-662.

H. M. Gou, B. H. Huang, W. H. Liu and X. Li, “A
Framework for Virtual Enterprise Operation Manage-
ment,” Computers in Industry, Vol. 50, No. 3, 2003, pp.
333-352.

A. F. Cutting-Decelle, R. I. M. Young and B. P. Das,
“Information Exchanges in a Cross Disciplinary Supply
Chain: Formal Strategy and Application,” INCOM’06
Conference, Saint-Etienne, 2006.

W. Ip, M. Huang, K. Yung and D. Wang, “Genetic
Algorithm Solution for a Risk-Based Partner Selection
Problem in a Virtual Enterprise,” Computers and Opera
tions Research, Vol. 30, No. 2, 2003, pp. 213-231.

H. Lars, “Managing Cooperative Research and Deve-
lopment: Partner Selection and Contract Design,” R & D
Management, Vol. 23, No. 4, 2007, pp. 273-285.

L. M. Camarinha-Matos and C. Lima, “Cooperation
Coordination in Virtual Enterprises,” Journal of Intelli-
gent Manufacturing, Vol. 12, No. 2, 2001, pp. 133-150.

R. Narasimhan and T. P. Srinivas, “Perspectives on Risk

Copyright © 2010 SciRes.

[15]

[16]

[17]

(20]

(21]

(22]

249

Management in Supply Chains,” Journal of Operations
Management, Vol. 27, No. 21, 2009, pp. 114-118.

L. H. Sung, H. P. Yeng, M. R. Yan and J. R. Lee,
“On-Line Multi-Criterion Risk Assessment Model for
Construction Joint Ventures in China,” Automation in
Construction, Vol. 16, No. 5, 2007, pp. 607-619.

B. Holmstrom, “Moral Hazard and Observability,” Bell
journal of Economics, Vol. 10, No. 1, 1979, pp. 74-91.

G. Esther, “Multi Principal Agency Relationships as
Implied by Product Market Competition,” Journal of
Economic & Management Strategy, Vol. 6, No. 1, 2004,
pp. 235-256.

B. D. Bernheim and M. D. Whinston, “Common Agency,”
Econometrica, Vol. 54, No. 4, 1986, pp. 923-942.

A. Attar, E. Campioni, G. Piaser and U. Rajan, “On
Multiple-Principal Multiple-Agent Models of Moral Ha-
zard,” Games and Economic Behavior, Vol. 68, No. 1,
2010, pp. 376-380.

L. M. Camarinha-Matos and C. Lima, “Aggregation and
Linearity in the Provision of Intertemporal Incentives,”
Econometrica, Vol. 55, No. 5, 1987, pp. 303-328.

G. Feltham and J. Xie, “Performance Measure Congruity
and Diversity in Multi-Task Principal-Agent Relations,”
The Accounting Review, Vol. 69, No. 3, 1994, pp. 429-453.

R. A. Lambert, “Contracting Theory and Accounting,”
Journal of Accounting and Economics, Vol. 32, No. 1-3,
2001, pp. 3-87.

JSSM




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.66667
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.66667
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 807.874]
>> setpagedevice


