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Abstract

Manufacturing enterprises, manufacturing services and customer constitute the service-oriented
manufacturing dynamic network (SMN). The quality of SMN mainly depends on the service module
provider. Under the condition of information asymmetry in the market, service module provider
pursuits for self-interest maximization, may take quality speculation. Based on the reputation in-
centive theory, this paper establishes an optimal SMN node quality behavior dynamic model of the
contract which combines with dominant incentive mechanism and reputation incentive mechan-
ism, discusses the factors which influence the service module provider’s effort level, the condi-
tions of realizing effective reputation incentive and the ways to improve reputation incentive ef-
fect.
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1. Introduction

Under the condition of information asymmetry in the market, the reputation, as a signal which reflects the in-
formation of enterprises, is delivered among different traders, and traders make choices depend on corporate
reputation before making a deal. Establishing a good corporate reputation can not only make the enterprise get
more development opportunities also can bring long-term economic value. W. Liu [1] studied the r & d out-
sourcing dynamic incentive mechanism based on the theory of the reputation, and established a dynamic incen-
tive mechanism model of corporate r & d outsourcing; Y.Q. Tan [2] studied the effect of reputation in the out-
sourcing service provider reputation incentive mechanism, raised that reputation incentive can improve service
provider’s effort in the early stage and constraint moral hazard from service provider; H.M. Guo [3] studied the
dynamic incentive contract of supply chain which considered the cost of reputation, found out the relationship
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between reputation compensation and the type of manufacturers, cost, achieved the effect of weakening “ratchet
effect”; B.H. Peng [4] built the trust game model between the module integrator and suppliers, pointed out that
the reputation had became an effective incentive of cooperative members.

The service-oriented manufacturing network which is formed in the process of manufacturing and services
integration development, is a kind of ability and demand cooperation network. The value module node of man-
ufacturing enterprises base on service demand and service ability, service enterprises of relevant departments or
personnel and customer is the composition of the SMN, and mainly contains service integration module node,
service production and productive service module module node. Each node through the exchange of each others
products or services to gain economic interests to promote the development of itself. The quality problem of the
trade in tangible goods, and intangible items, such as service products, service attitude, goods delivery time. The
above issues are collectively referred to as network node quality problems. H. P. Liang [5] presented the ar-
rangement way of quality control in manufacturing network; J. X. You [6] studied the quality control of supply
chain strategy problem under the condition of moral hazard; L. Q. Feng [7] marched the modular classification
for SMN, established the model, respectively to measure the adaptability quality coordination and cooperation,
the quality contract modular coordination level of quality.

This paper analyzes the role of the relationship between individual nodes from the perspective of the reputa-
tion contract, try to research the influence of reputation on the service module provider engaged in its own node
quality behavior.

2. Basic Assumptions and Symbols Introductions

This paper considers only a simple SMN structure. For the convenience of modeling and analysis, the service
production and the productive service module node are collectively referred to as service module provider, and
the service integration module node is called service module integrator.

Hypothesis 1: Service module provider as the agent, service module integrator as the principal. Service mod-
ule integrator cannot directly observe the management ability and the effort level what service module provider
engaged in its node quality behaviors, can only observe some other variables.

Hypothesis 2: Principal-agent contract only has two phases, service module provider each phase of the output
function:

T,=¢+0+&,(r=12) Q)

7, is the output of service module provider in the first phase ; € is service module providers management
ability and its size is not related to the time; e, is the effort level that service module provider engaged in his
own node quality behaviors in the t phase, &, represents exogenous random factors, such as the uncertainty
of technology or market.

Hypothesis 3: Effort level e, is the service module providers private information, output is the known in-
formation, 6 ~N(0,6°), & ~N(0,&£%); Assuming that the random variables &,,&, are independent of
each other, so cov(&,;,&,)=0, 6 and &,,&, isnotrelevant.

Hypothesis 4: Service module integrator is risk neutral, Service module provider is risk averse, p is absolute
risk aversion, y is reputation discount rate, p >0,y >0 (risk averse p > 0; risk neutral, p=0; risk appe-
tite, p<0).

Hypothesis 5: Service module provider’s effort cost function is C(e,) :%bet2 (t=12), C(e)>0,C(g)>0,
C(e,) isstrictly increasing function, b is the effort cost coefficient, b>0.

Hypothesis 6: The principal-agent linear contractis S, = ¢, + Sz, (t =1,2), ¢, is service module providers
fixed income what has nothing to do with the output of the current period =,, g, is the revenue share that
service module provider Shares, called incentive coefficient, 0< g, <1.

Hypothesis 7: The market is rational expectations. In the first phase equilibrium, e, is the actual level of ef-
fort that service module provider engaged in its own node quality behavior in the first phase. When service
module integrator observed 7z, , he knows 6+ &, =z, —e,, but can’t separate ¢ and &, in other words, he
is not clear that except e, = is the results of the enterprise operation ability @ or the result of exogenous
uncertainty &, . Service module integrator need on the basis of 7z, toinfer 6.
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According to the above hypotheses, it is concluded that the following formulas:

Make

r is the ratio of the variances of the 6 and =, 1>7>0 [8].

var(z,) = o + £ (@)
E@/m)=Q1-7)E@)+7(m,—&)=7(7,—¢) (3)
E(z,/m)=e,+7(m,—¢€) (@)

var(z, | ) = - 7°)(0” + &%) (5)

Zy =E(m)~E(S,) +[E(7,) -~ E(S,)] 7 =&, — E(S,) +[E(7,) - E(S,)] ¥ (6)
Z; = E(5)~C(e) +[E(S,) - C(e)]y 5 pvar(s, +5.7) @)

In the Formula (2), E(@/ ) expresses the expectations that service module integrator to service module
providers management ability @, under the condition of determining the output 7, in phase 1; in the Formula
(4), E(z,/m) expresses the expectations that service module integrator to service module providers output in
phase 2 under the condition of determining output =, in phase 1; in the Formula (6), Z,, expresses the ser-
vice module integrators certainty equivalent income; in the Formula (7), Z, expresses the service module pro-
viders certainty equivalent income.

3. The Establishment of the Model and Analysis

3.1. The Static Contract Model of SMN’s Node Quality Behavior without
Considering Reputation Incentive Mechanism

The static optimal contract model is set up as follows:

T%[(l— Be—al 8
(IR)a+ﬁe—%be2 —%pﬂz(az +E > p 9
(1) méax{a + fe —%be2 —%pﬂz(az + &%)} (10)

Get the models first-order conditions:

1

P e £ o

el 1 (12)
b b pb’(0? 1)

The results suggest that the optimal effort level that service module provider engaged in his own node quality
behaviors depends on the effort cost coefficient b and contract incentive coefficient S.
3.2. The Dynamic Contract Model of SMN’s Node Quality Behavior

Considering Reputation Incentive Mechanism

Considering the influence of reputation in phase 1, the theoretical dynamic contract model is set up as follows:

max {e, ~E(S,) +[e, ~ E(S)]7},S, = + i, (t=1,2) (13a)
1 2 1 2 1 -

E(S,) _Ebel {E(Sz) —Ebe2 }7—Epvar(81 +S,) 2 1 (23b)

Zs, =m+n(Zs, +Zy,) (13c)
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The Equation (13b) refers that at the beginning of phase 1, service module providers certainty equivalent in-
come by contract can’t less than the external opportunity cost expectations g ; but at the beginning of phase 2,
the retained income level is affected by his output in phase 1. Good output will improve service module provid-
ers bargaining power, and further improve his external choices in the market. In the Formula (13c), m is con-
stant, n is service module providers bargaining power, Zs ,Z, —represent respectively service providers and
service module integrators certainty equivalent income in phase 2.

1 1
Zg, = a,+ BE(n, | ;) —Ebez2 —Epvar(s2 I ) (14)
Zy, =E[(7,-S,) I 7] = A= B,)E(m, | m) — o (15)

Make E(S,) —%bel2 +{E(Sz) —%bezz}y—%pvar(s1 +S,7) = , substituting E(S,)+E(S,)y , plug in
(13a), the service module integrator maximization goal turns into:

1 1 1 —
max {e, ——be’ +| e, —=be,” |y —=pvar(S, +S,y) -
a‘,ﬁt,e[{el 2 € l:z 2 2:|7 2/’ (S.+S,7) /ﬁ}

E only affects the size of the fixed income ¢, doesn’t affect the contract incentive coefficient g, and the
effort level e, what service module provider engaged in his own node quality behaviors. So the service module
integrator maximization goal problem further turns into:

1, ., 1, ., 1
max {e, —=be" +| e, —=be —=pvar(S,+S 16
a‘,ﬁt,et{el 2 € |:2 2 2j|7 2P (S, 27)} (16)

By Equation (16), it can be seen that the maximization of the service module integrator in the target equals the
principal-agent both sides the certainty equivalent income sum of the two phases. The determination of the op-
timal contract also needs to satisfy the service module provider’s incentive compatibility constraint in two stag-
es:

(cD) max{E ) —%bef ; [E(Sz) —%bef}/ —%pvar(sl £5,7)) (17)

(1C2) max[E(Sz) —%bez2 —%pvar(sz)} (18)

Because we assume the linear contract only two phases, the output of the phase 2 will not affect service mod-
ule provider’s reward of the late, so under the condition of having been given contracts of the phase 2, service
module provider will choose e, to maximize his current certainty equivalent income. By Equation (18), get the
optimal first-order conditions: e, = f3,/b, .

At the beginning of the second phase, service module integrator bases on the information of phase 1 to set the
current contract which must satisfy the participation constraint of service module provider to maximize his cer-
tainty equivalent income in phase 2. Similar to the type (16), Service module integrator also refers to the max-
imization about the principal-agent both the certainty equivalent income sum of the two phases:

(TC) max [ez —%be; —% pvar(s, / nl)} .

€./

Summarize the above discussion, the optimal model of the dynamic contract design is established as follows:

mezjtx{el—%bel2 +[e2 —%bezz};f—%pvar(s1 +S,7)} (19a)
Zs, =m+n(Zs, +Zy,) (19b)
me?X{E (S,) —%bel2 +{E(Sz)—%bezz}y—%pvar(sl +S,7)} (19c)
max[ez “Lhe — L pvar(s, /ﬂl)} (19d)
&5 2 2
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By Equations (1), (2), (5), get:
var(s, | m) = (- 72) B2 (07 + &%) (20)
E(S, +S,7) =y +ya, + BE(m) + yBE(n, | my) (21)

Further: var(S, +7S,) = B2 (c” + &) + (L-12)y* B2 (02 + E2) + 2B, Bt (0” + £2) .
Put Equations (19 c), (20) (21) into type (19d):

ez_&: 2 12 2 g2 (22)
b b+pb"(L-7%) o +&9)

1
1+ pb(l-72) (0% + £2)
Equation (22) shows that the optimal effort level that service module provider engaged in his own node qual-
ity behaviors only depends on the effort cost coefficient b and contract incentive coefficient f,, because it is

the last phase of the contract, so is not bound by reputation mechanism. Equation (23) shows that service mod-
ule providers management ability, the more uncertainty, the greater the incentive coefficient of the second

B (23)

phase.
Put Equations (14), (15) into type (19b), get:
a, =m+(n—p,)e, +(n-B,)E(0 ) —%(n ~1)be,” —%(n ~Dpp,tL-7*)o® +&7) (24)
S,=a,+ Bom, =W+ (n—-B,)E0 m,) + By, (25)

Among them, W =m+ (n—4,)e, —%(n ~1)be,’ —%(n ~D)pBlA-1*) (" +&2).
By (25) and (17),

— ﬂl+}/‘rén_ﬂ2) (26)

Put Equations (22), (25), (20) into (19a), we could get the optimal first-order conditions /, , and further get
the optimal first-order condition e, :

&

1

B :m[l—nyr+wﬂz(l—,0(0 +¢ )] (27)
o - 1+ pyr(c® + E2)(n-2,) (28)
b+ pb®(c? +&2)

4. The Analysis and Conclusion of Two Models

1 1
2= )0 + 20 b pb (o + )
sidering reputation mechanism, the effort level that service module provider engaged in his own node quality
behavior in Phase 2 is better than the level without considering reputation mechanism. The quality of SMN is
mainly depends on the effort level that service module provider engaged in his own node quality behavior, so we
get proposition 1.

Proposition 1: After the introduction of reputation mechanism, the quality level of SMN in the phase 2 is im-
proved.
By (28) e, =1+pﬂ(622+ 522)(n—22,82) , get % _pr(e’ +2§2)2(n—22ﬂ2) . When n>2p,, %>O, show-
b+ pb“(c”+£&°) oy b+ pb“(c”+&°)
ing the optimal effort level that service module provider engaged in his own node quality behavior and the repu-
tation incentive coefficient are positive relationship, we get proposition 2.
Proposition 2: when n> 2/, , the better reputation of service module provider, the higher optimal effort level

, showing that after con-

By contrasting Equations (22) and (10), ;
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that service module provider engaged in his node quality behavior, and the better quality of SMN.

1+ pyr(o® +£%)(n-25,) ,when n>28,, o, _ pr(o® +&°)(n-2p,)
b+ pb®(c? +&2) or b+ pb®(c® + &%)

By e = >0, so we get proposition
3.

Proposition 3: Before the event, the more uncertain that service module integrator to service module providers
management ability (7 ), the greater reputation incentive effect. So it can effectively improve the effort level that
service module provider engaged in his own node quality behavior, reduce the motivation that service module
provider take the quality speculation. The quality of SMN can have a good control effect.

2 2
Comparing Formula (28) and (10), if n>2pg,, L+ prelo :9:)(”;2[}2) > 21 >——5 SO we get
b+ pb®(c” +&°) b+ pb*(c° + &)
proposition 4.

Proposition 4: the effort level that service module provider engaged in his own node quality behavior in Phase
1 is better than the level without considering reputation mechanism, in other words, the quality level of SMN in
the phase 1 is improved.

Analyzing formulas (25), we can see that reputation influences s, by influencing the fixed income «,.
Formula (n—ﬂz)E(H/ﬂ'l) shows that the income of service module provider in the second stage, on the one
hand, is influenced by its current output, on the other hand also by service module integrator's expectation to its
management ability 6. So we get proposition 5.

Proposition 5: when n> 24, , reputation mechanism produces a positive effect which prompts service mod-
ule provider to improve payment of the phase 1 in order to improve the production of phase 2.

Synthesize the above discussions, If reputation mechanism can well control the quality of SMN, it is thus
clear that n> 24, isa necessary condition.

5. Conclusion

In order to control the quality of SMN, improve the effort level that service module provider engaged in his own
node quality behavior, this paper establishes an optimal dynamic linear contract model which combined explicit
incentive mechanism and reputation incentive mechanism. The model under certain conditions can achieve the
effective reputation incentive and enhance the reputation incentive effect. When meet the conditions, consider-
ing the reputation mechanism of the SMN node quality behavior model of the dynamic contract design com-
pares to without considering quality reputation incentive mechanism of the SMN node behavior static model of
the contract, effectively improves the effort level that service module provider engaged in his own node quality
behavior, improves contract incentive strength, the quality of SMN and realizes the Pareto improvement.
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