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Abstract — Enterprises Alliance based on cloud computing is a kind of coalition of companies in which the main cooperation 
content is cloud storage service. This paper builds a principal-agent model, to analyse in detail partner selection problem for 
traditional enterprises alliance, and modify several parameters in this model according to the features of cloud computing. The 
result shows that, when choosing partners for traditional enterprises alliance, the owner should choose supervisor who has higher 
production capacity and bigger cost advantage. For enterprises alliance based on cloud computing, the owner should choose a 
supervisor who is willing to pay higher cost to purchase high performance servers and equipment. Moreover, in enterprises 
alliance based on cloud computing, due to information symmetry, the owner can make supervisor’s effort level to reach Pareto 
efficiency by design a linear incentive contract. Therefore, cloud computing can greatly promote cooperation efficiency between 
enterprises. 
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I. INTRODUCTION 

Cloud computing is a kind of pattern to get an on-
demand access to reconfigurable computing resources 
(network, server, storage, application and service) through 
internet. Moreover, cloud computing is an effective 
computing paradigm on account of the rapid supply and 
release of computing resource. Therefore, service providers 
can easily manage their computing resources.[1] 

Population of cloud computing and big data derives from 
the importance of IT support in modern enterprise 
management.[2] This inevitably leads to the change of 
cooperation between enterprises. Compared with traditional 
pattern, cloud computing has many advantages, such as 
distributed architecture, self-service, flexible service, 
shareable resource, measurable dosage, standard interface, 
automatic management, quick response, excellent robustness 
and so on.[3]   

Although cloud computing has so many advantages, 
cooperation between enterprises based on cloud computing 
still challenges a lot. Basis, rules, profits distribution mode of 
enterprises alliance has been changed greatly by cloud 
computing.  How does this change happened? Does it lead to 
the change of enterprise alliance? What kinds of factors will 
be taken consideration in when enterprises are finding 
partners? It is significant to analyze these problems to 
strengthen cooperation between enterprises based on cloud 
computing. 

In Holmstrom & Milgrom (1987)’s research of selection 
of dynamic coalition partners, they discussed optimal 
contracts between enterprises under the situations of agent’s 
effort level can be observed and cannot be observed 
respectively.[4] 

GUO Tao &WANG Jingjing (2011) discussed how 
different enterprises choose the best incentive contracts 
under different conditions, through comparison between two 
kinds of principal-agent incentive contracts (sharing profits, 
sharing profits as well as monitoring).[5] Ralf Muller & J. 
Rodney Turner (2005) studied different contract types’ 
impact on the communication between principal and 
agent.[6] Shi Zhenhuai (2010) analyzed the choice of 
dynamic alliance partner from the perspective of the 
principal - agent model, with a view of making certain 
referential significance for the internationalization strategy of 
Chinese enterprises to conduct the selection of dynamic 
alliance members.[7] Luo Nengsheng & Wang Zhongbo 
(2012) used principal-agent model to discuss the rational 
distribution of mineral resources, thus effectively solve the 
property right distribution problem in capitalized 
management of mineral resource.[8] Xu Jiuping & Chen 
Shujian (2004) built a principal-agent model between 
venture capitals and venture enterprises from the view of 
information asymmetry. The result showed that contract 
design, phases investment, effective supervise, flexible stock 
proportion setting, report mechanism and such incentive 
mechanism can positively stimulate venture enterprises.[9] 
Jian Jie, Chen Hua& Geng Bowei(2014) studied how 
government can regulate and motivate the third-party 
network trading platform, and promote it to actively and 
responsibly supervise the transaction behaviors, reduce the 
occurrence of illegal trading network, and improve the 
efficiency of network transactions supervision.[10] Wang 
Jian & Zhuang Xintian (2007) combined behavioral finance 
theory with principal agent theory to build a new principal-
agent model based on irrational behavior, and adjust optimal 
incentive contract through comparison with traditional 
principal-agent model.[11]   
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Although there are a lot of research on traditional 
enterprises alliance by now, research on enterprises alliance 
based on cloud computing is not ripe yet. This paper builds a 
principal-agent model, to deeply analyse partner choosing 
problem for traditional enterprises alliance. After that, we 
modify several parameters in this model according to the 
features of cloud computing, in order to raise some valuable 
suggestions for enterprises alliance based on cloud 
computing. 

II. PRINCIPAL-AGENT MODEL OF TRADITIONAL 

ENTERPRISES ALLIANCE  

We raise several assumptions as below in order to draw a 
better conclusion.  

We assume that there are two participators in this model. 
The owner is risk neutral, and the supervisor is risk 
circumvented. The owner, as a rational investor, is usually 
with a neutral attitude to risk, and the supervisor, as a high-
knowledge, high-tech employee, bears the responsibility of 
the construction quality for life, so it is realistic that 
assuming the supervisor is risk circumvented. The coefficient 
of risk aversion for supervisor is , ; 

, meaning the level of the supervisor’s effort, is a set of 
one-dimensional continuous random variable; 

, means the state of nature, and has no relationship with 

, ; 
, meaning the outcome, is the result of the supervisor’s 

work, and its poverty belongs to the owner. Q is the output of 
supervisor. It is related with whether the project is good or 
bad, supervisor’s effort level and the state of nature. That is, 
Q= . A means supervisor’s productivity level 
coefficient which is proportional to service quality and 
speed. B is a constant which means fixed output (it is 
connected with the project itself). t, means unit income of 
this project for owner. In conclusion, owner’s income 
function is,  . 

Supervisor’s cost function is , ， 0, 
which means the marginal cost of the supervisor’s efforts is 
increasing at an incremental pace. This corresponds to 
ordinary rule that in traditional enterprises, along with the 
output, enterprises should pay for more management and 
storage costs. 

Due to the information asymmetry in traditional 
enterprises alliance, owner can only observe the outcome of 
supervisor, but cannot observe supervisor’s behaviour 
directly. Therefore, in traditional enterprises alliance, there is 
usually a monitor mechanism to help owner monitor the 
process of supervisor’s work. , means the monitoring result 
on the supervisor’s work. Assuming that , in 
which  means monitoring dynamic, , and the 
exogenous variable  is independent with monitoring 

dynamic . Assuming  means the level of monitoring 
capacity, namely how much the monitoring results can 
reflect the supervisor’s efforts, and the smaller  is, the 

higher the level of monitoring capacity is, and the greater the 
monitoring dynamic is. 

Suppose the owner’s activation function is 
 , in which  is a constant,  means 

the incentive coefficient for the outcome ,  means the 
incentive coefficient for the monitoring result 

. , ; 
Let the owner’s supervision cost function is c( ), in 

which , , meaning that with the 
increase of the level of monitoring capacity, the owner’s 
monitoring costs is increasing in an incremental speed.  

The owner’s question is how to encourage the supervisor 
to choose his action which meets the owner’s maximal 
interest by designing an optimal incentive contract  
which contains sharing the result and monitoring. 

The owner’s actual income is, 

                                                                                            (1) 
Because the owner is risk neutral, his expected utility 

equals to his expected income, so that his certainty 
equivalent income is, 

     (2) 
The supervisor’s actual income is, 

             (3) 
Because the supervisor is risk circumvented, so that his 

certainty equivalent income is, 

 
(4) 

Construct the following principal-agent mode: 
(5)       

 
Let the IR constrain is equation and we can get that: 

 
(6) 

The first order condition of maximizing IC constraint’s is 
that, =0, so that, 

       (7) 
Substituting formulas (6), (7) into the objective function, 

we get that: 

       (8) 
Simplification is that: 
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                                                                                          (9)        

 (10) 

 (11) 

   (12) 
    

      (13) 

   (14) 

                              (15) 

Put  into , we can obtain that: 

   (16) 
Put  into IC constrain, we can obtain that:  

                                                                                        (17) 
Put  into , we can obtain that: 

  (18) 
Marginal cost of supervisor is: 

 (19) 
Marginal income of owner is: 

 (20) 
Because the supervisor is risk circumvented, namely 

, so that , . The marginal cost of 
supervisor is not equal to the marginal income of owner. 
Supervisor’s effort level cannot reach Pareto efficiency, that 
is, . 

III. PRINCIPAL-AGENT MODEL OF ENTERPRISES 

ALLIANCE BASED ON CLOUD COMPUTING  

According to the features of cloud computing, we adjust 
two assumptions based on the above assumptions. 

In enterprises alliance based on cloud computing, the cost 
function of supervisor will change a lot. Firstly, to a large 
extent, cloud computing relies on a lot of software and 
hardware facilities. In traditional enterprises, cost of 
production is mainly dominated by unit cost, however, there 
will be a huge fixed cost  in the productive process of 
cloud computing. Secondly, owner only needs to rent but not 
buy the real server or storage from supervisor, that is, owner 
only buy service from supervisor. Therefore, supervisor can 
reduce its management cost of its product. On the other hand, 
due to high utilization rate and scale-economy of cloud 

computing industry, the marginal cost of the supervisor’s 
efforts is increasing at a decreasing pace, that is, 
c = . 

Cloud computing is a kind of virtual computing resource 
that can be maintained and managed automatically. The 
mode of production is independent, opened and transparent. 
Therefore, owner can know progress of its projects at any 
time and do not need to monitor supervisor like traditional 
enterprises alliance does. In this way, owner does not need to 
spend monitor cost when incentivizing supervisor. The 
incentive contract has converted to: 

. , is total 
income of supervisor. , is the fixed income which is 
unrelated to output. , is the share proportion of output for 
supervisor. 

The owner’s question is still how to encourage the 
supervisor to choose his action which meets the owner’s 
maximal interest by designing an optimal incentive contract 

 which contains sharing the result. 
The owner’s actual income is, 

    (21) 
Because the owner is risk neutral, his expected utility 

equals to his expected income, so that his certainty 
equivalent income is, 

                 (22) 
The supervisor’s actual income is, 

      
      (23) 

Because the supervisor is risk circumvented, so that his 
certainty equivalent income is, 

 (24) 
Construct the following principal-agent mode: 

        
 (25)            

 
 

 
Let the IR constrain is equation and we can get that: 

 
  (26) 

In enterprises alliance based on cloud computing, owner 
can monitor the effort level of supervisor at any time, so the 
information is symmetrical. Supervisor cannot choose its 
effort level to reach its utility maximization, therefore, IC 
constraint is invalid. Put  into the objective function, we 
can get: 
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    (27) 

Take the derivate of , we can get 

, . 
Put them into the objective function, we can get: 

    
      (28) 

Marginal cost of supervisor is:  
( )    

     (29) 
Marginal income of owner is: 

   
      (30) 

This shows that marginal cost of supervisor is equal to 
marginal income of owner. Supervisor’s effort level can 
reach Pareto efficiency. 

The optimal contract is:  

   
      (31) 

The expected income of owner is:  

 
   (32) 

IV. COMPARISON BETWEEN TWO KINDS OF PRINCIPAL-
AGENT MODELS  

In the principal-agent model of traditional enterprises 
alliance, incentive coefficient of incentive contract ,  is 
determined by: unit income , ability level coefficient of 
supervisor , risk aversion coefficient , effort cost 
coefficient of supervisor , stochastic volatility of production 

, stochastic volatility of monitor . Similarly, effort level 
of supervisor  is also determined by the above parameters. 
From the above deduced formulas, we can get that all 
features of supervisor and the monitor level of owner will 
determine the optimal incentive effect of owner as well as 
the optimal effort level of supervisor together. Therefore, 
owner should take all features of candidates and their risk 
preference into consideration when choosing supervisor, and 
design a rational incentive contract in order to reach profit 
maximization. 

However, in the principal-agent model of enterprises 
alliance based on cloud computing, due to information 
symmetry, supervisor doesn’t need to take any risk but 
owner should take all risk, namely, .Owner’s payment 
for supervisor equals to the lowest current income plus fixed 
cost and sum of unit cost of cloud computing services. Effort 
level of supervisor  is determined by: unit income t, ability 
level coefficient of supervisor , effort cost coefficient of 
supervisor . From the above derived formulas, we can get 
that parts of features of supervisor (ability level & effort 
cost) will determine the optimal incentive effect of owner as 
well as the optimal effort level of supervisor together. But 
other features like risk preference has no effect on owner 

when choosing supervisor. Owner can design a linear 
incentive contract to make supervisor reach optimal effort 
level with Pareto efficiency. 

Next, we do a contrastive analysis of supervisor’s effort 
level  in traditional enterprises alliance and enterprises 
alliance based on cloud computing respectively. From the 
above derived formulas, we can find that in these two kinds 
of enterprises alliance, the common coefficients to determine 
supervisor’s effort level  are: unit income t, ability level 
coefficient of supervisor A and effort cost coefficient of 
supervisor b. , is the optimal effort level of supervisor in 
traditional enterprises alliance while , is the optimal effort 
level of supervisor in enterprises alliance based on cloud 
computing. 

  (33) 

  (34) 

  (35) 

    (36) 

    (37) 

    (38) 
From the above formulas, we can get the following 

result. In principal-agent model of traditional enterprises 
alliance, unit income t, ability level coefficient A has direct 
proportional relationship with effort level  of supervisor 
while effort cost b has inversely-proportional relationship 
with effort level  of supervisor. On the contrary, in 
principal-agent model of enterprises alliance based on cloud 
computing, unit income t, ability level coefficient A has 
inversely-proportional relationship with effort level  of 
supervisor while effort cost b has direct proportional 
relationship with effort level  of supervisor. 

In traditional enterprises alliance, information asymmetry 
and cooperation project diversification can lead to different 
forms of cooperation. The quality of the project itself can 
determine supervisor’s effort, that is, if the unit income of 
the project is higher, supervisor will be more willing to pay 
more effort to complete missions. Moreover, for supervisor 
whose ability level is greater, it will pay more effort to 
complete missions. However, if supervisor’s effort will cause 
more cost, which will lead to less income, supervisor will 
reduce its effort level.      

Conversely, in enterprises alliance based on cloud 
computing, information is nearly perfectly symmetrical. 
Meanwhile, cooperation projects tend to be homogeneous. 
At the present stage, cooperation projects are almost that 
owners (cloud service demander) rent some servers or 
hardware equipment from supervisors (cloud service 
provider), and supervisors’ ability level tend to be similar 
(cloud service providers’ ability level relies most on the 
hardware equipment they have). In other words, the quality 
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of all projects provided by owners and the ability level of all 
supervisors are essentially no different, and they will not 
have an apparent influence on supervisor’s effort level. Even 
that sometimes, the greater projects provided by owners, the 
lower effort level supervisors have (In cloud computing 
industry, a greater project means more complicated data 
requirement and worse stability of servers). In addition, as 
the above mentioned, the ability level of all supervisors are 
essentially no different, but they can provide various services 
in different qualities, and this kind of difference mostly 
depends on cloud server and related hardware equipment 
they have. The better stability and the faster operating speed 
the cloud servers have, the more unit cost supervisors should 
pay. Besides, due to the scale of economy in cloud 
computing, as production output increases, the whole cost 
that supervisors should pay will increase in a slower speed. 
So the effort level of supervisors will be higher with bigger 
unit cost. 

IV. CONCLUSION  

This paper builds principal-agent models of traditional 
enterprises alliance and enterprises alliance based on cloud 
computing respectively. After comparing optimal incentive 
contracts in these two kinds of models, we can get the 
following results. 

In traditional enterprises alliance, due to information 
asymmetry, owner cannot make supervisor’s effort level to 
reach Pareto efficiency. It can choose suitable supervisor by 
design an optimal incentive contract according to the 
production capacity, risk aversion degree, effort cost of 
supervisor and market condition, to maximize their profit. 

In enterprises alliance based on cloud computing, due to 
information symmetry, owner can make supervisor’s effort 
level to reach Pareto efficiency by design a linear incentive 
contract. Therefore, cloud computing can greatly promote 
cooperation efficiency between enterprises. If the range of 
cooperation can expand reasonably, the whole benefit of 
society will improve effectively.  

When choosing partners, for traditional enterprises 
alliance, owner should choose supervisor who has higher 
production capacity and bigger cost advantage; for 
enterprises alliance based on cloud computing, owner should 
choose supervisor who is willing to pay higher cost to 
purchase high performance servers and equipment. 
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