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Abstract 
 
In recent years, the Web service composition technology has developed rapidly, as a result, 

the energy consumption problem is also increasingly prominent. Faced with this situation, the 

paper firstly gives out the power model of single service; then derives the model of service 

composition according to its characteristics, and gives out the corresponding QoS constraints 

at the same time. After finishing the model, the paper talks about the allocation of feasible 

path, which is one of the problem in model calculation. The author introduces a graph-plan 

based searching algorithm, and uses the concept of hierarchical search to solve the problem. 

At last, the experimental results show that compared with traditional methods, the approach 

in this paper can not only satisfy the user requests with QoS restricted, but also reduce the 

energy consumption of service composition effectively. 

Keywords: service composition, energy-aware, QoS constraints, multi-path, composite 

graph-plan 

1. Introduction 

In the recent years, with the popularization of e-commerce, the network based Web service 

technology has gained rapid development and application, and also the service-oriented 

computation has become to be an important approach to build the network applications. 

However, the services released on Internet currently are mostly of single structure and simple 

function, which make them unable to satisfy the complicated requirements from users. 

Therefore, the service composition technology arises at the historic moment. The new 

technology aims at satisfying users` requirements, it tries to achieve the final goal through the 

composition of different kinds of services.  

On the other hand, with the fast development of economy, the performance of computer 

system and network is increasing, which as a result aggravates the energy consumption of 

computers, and the situation is becoming worse. In order to solve the problem, the concept of 

green computing has emerged. This new technology takes low energy consumption of system 

as the purpose, it provides foundation support platform for the developing information service 

by building energy efficient computing and running environment. In today`s complex 

                                                      
 Corresponding Author: sxx19890220@hotmail.com 



International Journal of u- and e- Service, Science and Technology 

Vol. 7, No. 6 (2014) 

 

 

370  Copyright ⓒ 2014 SERSC 

computing environment, the green computing is can use the resource more properly, and can 

meet the users` various computing requirements in a low energy consumption way. 

As the service composition technology has developed rapidly, the most direct result is that 

the energy consumption produced by services is growing accordingly. This has not only 

burdened the electricity situation of system, but also influenced the whole performance of 

service composition. In order to make better use of service composition technology, and at the 

same time, to increase the utilization rate of resource, the content of green computing needs to 

be further expanded in the light of the characteristics of service composition. However, the 

energy consumption research of service composition is very scarce at present, there are still a 

lot of problems to be solved [1]. On the basis of previous studies, this paper has made some 

improvements of the service composition, that is, to propose a new Web service composition 

method, which takes the non-functional attributes QoS as constraint and the energy 

consumption optimization as purpose. In the current service computing environment, the 

proposed method can not only reduce the energy consumption of the server, but also improve 

the efficiency of service composition, thus making it to be better used by us. 

Aiming at the shortcomings of current study, the author has made a further discussion of 

service composition in the perspective of energy awareness, the main contents of the paper are 

as follows: (1)To search for power model under the framework of service composition, to 

build the model through the relationship between energy consumption and service parameter; 

(2)To study the energy-aware service composition method, to generate some feasible paths 

which can satisfy the QoS constraints based on the power model that already got; (3)To build 

the relevant simulation and test platform, through which to verify the proposed method. 

The paper can be divided into 6 parts, section 2 introduces the research status at home and 

abroad; Section 3talkl about the model of energy-aware service composition; Section 4 gives 

the specific algorithm which can solve the searching problem of feasible path in the solution 

method for model; Section 5 is the experiment of the paper, and Section 6 gives the 

conclusion and prospect. 

 

2. Related Work 

Firstly, the section will introduce Web service composition. In the aspect of classification, 

on the basis of different division ways, some experts divide it into two models, called business 

process driven and real-time task solution, others divide it into two methods, i.e. static and 

dynamic. In the aspect of modeling, the workflow has been introduced, and it has been used to 

represent and verify the service composition process [2]; a Petri-Network algebraic [3] has 

been introduced to model Web service control flow. In the aspect of optimization, there are 

two different methods of Web service optimization, which are local optimization and global 

optimization [4]. Recently, researchers combines the two methods together [5], taking 

advantage of both strengths, so that to obtain the best effect of service composition 

optimization. 

As to speak of the energy consumption optimization, the earlier research is mainly engaged 

in the aspect of hardware. In the non-compute intense activities, the user can reduce the 

energy consumption by lowering the clock frequency [6]; the researchers also put forward a 

heterogeneous multi-core architecture of single instruction [7], which can be a mechanism of 

lowering the energy consumption of processors. In the aspect of system and software, 

literature [8] tells us the energy-aware design in hard real-time system; when users attempt to 

minimize the energy consumption in network optimization, they can try the method of 

studying the routing problem [9]; literature [10] talks about the measurement problem of 

single Web service energy consumption. In the aspect of modelling and management, the 
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DVS(Dynamic Voltage Supply) method has been proposed [11], which is used to lower the 

usage frequency of servers through the mechanism of adjusting voltage dynamically; an 

adaptive framework based on service application is also put forward [12], which can reduce 

energy consumption from the perspective of workload observation.  

As to the energy consumption of service composition, literature [13] gives a summary of 

reconfigurable service composition and classification under energy-aware mobile computing 

environment, the paper takes the mechanism of integrating different energy-saving methods to 

achieve the goal of reducing energy consumption.  

 

3. Service Composition Power Model 

This section will select multiple time period as the research sample, every time period is 

called sample interval, denoted by t . Suppose during the sample interval [ , ( 1) ]i t i t   , the 

request arrival rate of server
i

  is fixed, where i  means discrete time index. In order to 

guarantee the non-functional attributes constraint of composite service, here introduces the 

QoS index, i.e. Quality of Service. There are a lot of QoS index, we will choose three of them, 

which are defined as follows:  

(1) Throughput: in a certain time the measurement of service load, denoted by 
( )T

Q ; 

(2) Response Time: including the time of handling user request by services and the waiting 

time of relevant requests, denoted by 
( )R

Q ; 

(3) Reliability: refers to the rate of successfully executing user requests by services, i.e. 

success rate, denoted by 
( )E

Q . 

In view of the energy consumption in service models, the paper will make the following 

two specifications: (1) environmental/idle energy consumption will be neglected; (2)the 

energy consumption of network communication will be neglected. The paper will only 

consider about the energy consumption generated from the sever has received requests. 

 

3.1. Power Model of Single Service 

Assuming that the service system has been in a steady state during the interval i . Set the 

instantaneous power consumption of a single service as 
i

p , according to literature [14], 

i
p can be described as: 

                                         ( ) ( 1)
i i

p v v


                                                                (1) 

 、  are constants, here we call them the power parameters, 
i

v  means service rate. 

Particularly, the values of  、  are related to specific service equipment and environment, 

and they will not be discussed here temporarily. According to the relationship between service 

load
i

C  and request arrival rate during the time interval i , the following formula was 

established: 

                                                           
i i t

C                                                                  (2) 

t refers to the duration of time interval i . According to the relationship between service 

load and service rate, the formula can be as follows: 

                                                              
,

i

i

f i

C
v

T
                                                                    (3) 
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Where 
,f i

T  refers to effective service time. Combine type (2) with (3.10), we can get the 

formula:  

                                                       

, ,

i i

i

f i f i

C t
v

T T

 
                                                              (4) 

According to type (1) and (4), the new expression of instantaneous power consumption 
i

p  

can be derived as: 

                                  

, ,

( ) ( ) ( ) , ( 1)
i i

i

f i f i

C t
p v

T T

 
  


                                              (5) 

We can see that, there exist certain relationship between instantaneous power consumption 

i
p  and effective service time 

,f i
T . In a given period of time, the longer the effective service 

time, the higher the service efficiency, and the smaller the instantaneous power consumption; 

while on the contrary, the greater.  

According to the relationship between instantaneous power consumption and the total 

energy consumption, we can obtain the total energy consumption calculation formula of 

single service in an interval 
1 2

[ , ]t t  as follows: 

                                 
1 2 2 1 2 1

,

( , ) ( ) ( ) ( )
i

i i

f i

t
E t t p t t t t

T





                                      

(6) 

Therefore we have got the energy consumption model of single service. 

We can see from the above model that apart from self-parameter, the energy consumption 

of service composition has been influenced mainly by service load and effective service time. 

Improve the effective service time is one of the methods to reduce energy consumption; while 

when the service load is fixed, if we want to lower the total energy consumption, the service 

load must be distributed, that is the multi-path service composition method this paper has 

adopted, the specific modelling process will be discussed next. 

 

3.2. Energy-aware Service Composition Modeling 

Suppose that a request is accomplished by k (1 m k  ) candidate service sets, and every 

one of them includes l (1 n l  ) candidate services which have similar function, we call 

them the service scale, denoted by ( , )k l . In consideration of convenient calculation, the 

concept of sample interval will be ignored in the following modelling process(i.e. leave out 

the discrete time index i ). In a continuous time period, there comes a list of request flow in 

turn which has a speed of  . Suppose 
j

p  to be one of a service composition feasible paths 

which can satisfy users` QoS constraints, ( )p  represents the set of feasible paths, here 

assuming that at least exist one feasible path. Set ( )p d  , d  represents the total number 

of found feasible paths, apparently we can get: 0 j d  . 

According to the optimization goal of the paper, here given the total service composition 

energy consumption 
k

1 1

m in

l

m n

m n

P

 

   as the objective function. Every feasible path in set 

( )p  has a distributed flow, and the sum of all paths` flow can`t exceeds the total request 

flow. Similarly, the effective service time of every feasible path can be no more than total 
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effective service time. From above, the power model of service composition can be drawn as 

follows: 

                    

k

1 1

( )

,

( )

1

m in

, 0 , 0

, 1 ; 1

1, 0 ,1; 1 ; ( )

j

j

l

m n

m n

j j

p p

m n j m j f i i

p p

l

m n j m n j j

n

P

s u b je c t to r r j d

z t T R m k n l

z z m k p p



 













    




     





      


 







                   (7) 

 

j
r  represents the request rate distributed in the feasible path 

j
p , and represents the 

effective service time of the m th candidate service set in feasible path 
j

p . 
m n j

z  represents a 

marking variable, where 0
m n j

z   means 
j

p  did not go through the service node Smn, and on 

the contrary, 1
m n j

z   means 
j

p  did go through the service node Smn. The third constraint 

ensures that for any feasible path 
j

p ,it only and must go through one of the service node in 

any candidate service set.  

After obtaining the power model, next will give the condition formula of user global QoS 

constraint: 

                                         

1

( )

1

( )

1

( )

1

m in ( , .. . , )

( , . . . , )

( , . . . , )

( , . . . , )

m

T

T m

R

R m

E

E m

X X

s u b je c t to F X X Q

F X X Q

F X X Q












                                              (8) 

1
( , ..., )

m
X X  represents the total energy consumption function of service composition, 

1
( , ..., )

T m
F X X 、

1
( , ..., )

R m
F X X  and 

1
( , ..., )

E m
F X X  represent the QoS aggregate function 

of throughput, response time and reliability in a service composition respectively [12], which 

are used to accomplish the calculation of aggregate QoS in a composite service. According to 

the relationship between server`s response time 
i

R  and QoS attribute response time 
( )R

Q , the 

following condition was established: 

                                                            
( )R

i
R Q                                                                       (9) 

Combining type (9) with the former content, when the relationship between 
i

R  and the 

service parameter of energy consumption 
,f i

T (i.e. effective service time) is already known, it 

is easier to obtain the relationship between 
,f i

T  and 
( )R

Q  indirectly, thus guaranteeing the 

users` global QoS constraint of web service composition. 

 

3.3. Further Discussion 

In model (7), 
m n j

z (marking variable) and 
j

r (request rate of single feasible path)are the 

variables which need to be solved. Therefore, the calculation of the model will be divided into 
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two steps, that is the searching of service composition feasible path and the distribution of 

request rate. Specially, the calculation of the former one is much more complicated, it will be 

discussed in next section; as to the latter, it can be thought as a nonlinear optimization 

problem, where the objection function is energy consumption and the independent variable is 

request rate. The chaos theory can be applied to solve the problem, and then use Matlab to 

finish the programming calculation. 

 

4. The Search of Service Composition Path 

This section will introduce a graph-plan based service composition method to solve the 

searching problem of feasible path model calculation, which is also called the composite 

graph-plan method. The algorithm has the ability to limit some operations of problem domain, 

and can guarantee that at least find one solution of the problem in a linear time complexity. 

From the perspective of structure, it is a directed acyclic hierarchical graph which includes 

two kinds of nodes, i.e. service node and parameter node, the two parts appear alternately. 

 

4.1. Main Process 

As shown in Figure 1(flow chart), the algorithm can be divided into three steps generally.  

服务集(W)，本体库(OT)，用户请求(req)

步骤1：

正向分层

有效服务列表(actSvs)，参数源表(parSrcMap)

步骤2：

最优组合QoS计算

最优组合QoS映射表(bstQoSMap)

步骤3：

逆向解构造(前Z个)

可行路径选取

满足QoS约束的可行路径集合(Φ(p) )

 

Figure 1. Algorithm Flowchart 
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The first step of algorithm is hierarchical searching stage, for each service in the to-be 

investigated service set, the algorithm will decide whether to add it to the graph-plan through 

filtering. The second step mainly uses the rounds-update calculation method to obtain the 

composite QoS optimal value of service continuously. The third step firstly makes the 

solution structure by reverse searching, and by means of QoS threshold value to limit the 

searching space, then makes the selection of feasible path according to the QoS constraints. 

Taking the problem of searching space expansion into consideration, here introducing the 

algorithm parameter Z, when the number of found feasible path is more than Z, then the 

algorithm will only record Z paths according to certain filtering rules. At last, the found 

feasible path set with satisfaction of QoS constraints is the solution we need. Due to space 

limitations, here only gives the implementation process of the third step of algorithm, as the 

following algorithm 4.1. 

 
Algorithm 4.1 FeasiblePathSelecting 

Input：bstQoSMap, parSrcMap, Z 

Output：Φ(p) 

//search for QoS optimal solution 

1. [bstQoSComp, PreSvsMap] = SearchBstQoS(bstQoSMap, parSrcMap, Z); 

//determine whether the number of solution is more than Z 

2. if(∣bstQoSComp∣≥ Z)    solutions = bstQoSComp; 

3. else{ 

4.  delts = CalDelts(bstQoSMap, parSrcMap, bstQoSComp, PreSvsMap); 

5.  solutions = SearchBstZ(bstQoSMap, parSrcMap, delts, Z); 

6. } 

//search for feasible path with satisfaction of QoS constraints 

7. while(solutions != ∅){ 

8.  AcFlag = false； 

//make comparisons of each feasible path in the set solution 

9. for(s∈solutions){ 

10.  cmpaQoS(s.QoS, rstrQoS, AcFlag); 

11.  if(AcFlag) put(Φ(p) , s); 

12.  else  solutions = solutions – {s}; 

13. } 

14. } 

 

15. return Φ(p); 

 

4.2. Analysis of Performance 

The key stop of this algorithm is the part of selecting feasible path, so here will talk about 

the time complexity of third step only. In this stage, the most time consuming part is the 

algorithm SearchBstZ. Set the average source group number of each service as c, and the total 

number of service as n, we can get the time complexity of searching all solutions is ( )
n

O c , it 

is an exponential order. However, the algorithm of this paper uses threshold value and 

algorithm parameter to limit the searching space, which greatly improves the total 

performance. 

 

5. Simulation experiment 

5.1. Experimental Environment and Parameter 

In order to verify the energy-saving efficiency of the proposed energy-aware service 

composition method, this section will give the simulation experiment. The experimental 
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environment is Lenovo Intel(R) Core(TM) i5-2400 CPU、4G RAM、32bit Windows 7 OS. 

Besides, the experiment also select a QoS based global optimization method (denoted by GO, 

Global Optimization) [15] as a comparison. At last, the specific parameter configuration of 

the experiment is shown in Table 1 below. 

Table 1. Parameter Configuration of Experiment 

parameter names parameter values 

service scale ( , )k l  k [20,40], l [200,600] 

algorithm parameter Z Z [10, 30] 

user`s global QoS constraint (
( )R

Q ) randomly generated in[0 .5 , ]k k  

request arrival rate(  , reqs/s) 20~100 

 

Before the experiment, firstly we`ll give out two performance index as the specific 

evaluation criterion, which are defined as follows:  

Definition 5-1 (service composition time, SCT): the total calculation time algorithm needs 

to generate a service composition scheme of user`s request, including the generation of 

service composition and the distribution of request rate, denoted by SCT. It is mainly 

influenced by service scale and algorithm parameter.  

Definition 5-2 (energy consumption ratio): the ratio of total energy consumption produced 

by the method of the paper`s and the compared one. It is influenced mainly by QoS constraint 

and request arrival rate. When the value of EPC is less than 1, it means the paper`s method is 

more energy efficient than the compared method. 

 

5.2. Experimental Results and analysis 

5.2.1. Service composition time SCT： 

Experiment 1 Relationship between SCT and service scale ( , )k l  

This group of experiments mainly observe the change of SCT while selecting different 

service scale ( , )k l , the results are shown in Figure 2 below. We can see from the diagram 

that when the value of algorithm parameter Z is fixed, with the increase of candidate service 

number l, SCT is also increasing fast; particularly, when the value of candidate service set k is 

relatively larger, the increase of SCT is more evident. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Relationship between Service Composition Time and Service Scale 
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Experiment 2 Influence of algorithm parameter Z to SCT 

The experimental results of this group are shown in Figure 3 below. It is observed that the 

algorithm parameter Z has a linear positive correlation with SCT generally. Thus we can see 

that, when Z has a larger value, the performance of algorithm will be improved certainly; 

however at the same time, the value of SCT is also increasing. Therefore, when in the 

practical application, the value of Z should be set reasonably according to the demands; we 

need to guarantee the control of computation overhead while satisfying the user`s request.  

 

Figure 3. Relationship between Algorithm Parameter and Service Composition 
Time 

5.2.2. Energy Consumption Ratio EPC: 

Experiment 3 Relationship between EPC and request arrival rate   

This group of experiments mainly observe the influence of request arrival rate to EPC, the 

results are shown in Figure 4 below, where we can see the value of EPC generally varies in 

the range of 0.3~0.8. The results show that, compared with traditional composition methods, 

the energy-saving effect of this paper is much more obvious. This is all resulting from the 

multi-path service composition method applied in the article, which achieves the goal of 

distributing service load effectively, and thus avoiding the situation of producing too much 

energy consumption because of service overload.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Relationship between Request Arrival Rate and Energy Consumption 
Ratio 
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Experiment 4 Influence of QoS constraint to EPC 

The experimental results of this group are shown in Figure 5 below, and the chosen QoS 

constraint is response time 
( )R

Q . The diagram shows that EPC has an obvious negative 

correlation with response time 
( )R

Q . With the increase of
( )R

Q , the value of EPC is 

decreasing gradually, while we all know that the lager of the 
( )R

Q , the lower of the QoS 

constraint. This shows that the energy-saving effect of the method is more obvious when the 

QoS constraints are relatively lower, otherwise it will be restrained. So when in practical 

application, we need to hold the user`s QoS demands in a certain range through ways like 

negotiation, avoid causing large energy consumption by excessive pursuit of QoS 

optimization. 

 

 

Figure 5. Relationship between User`s Global QoS Constraint and Energy 
Consumption Ratio 

6. Conclusion and Prospect 

This paper mainly studied the problem of energy-aware service composition, we have 

adopted the multi-path service composition method to reduce the energy consumption of 

service effectively. At the beginning of modelling, we excluded the influence of environment 

and network communication to the energy consumption. However in practical application, 

they can’t be overlooked usually. So our next work should make a deep research of this 

problem. 
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