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Abstract—Web services distributed in the internet can be integrated into a composite service for meeting the enterprise needs. QoS 

driven web service composition is the current research area in web services. There are many research papers published for quality 

enabled web service composition. However, only a few researchers focus on the multi-quality criteria for web service composition. 

Extraction of the quality optimized composition path from the web service composition graph generated during the validation phase 

of the web service composition is a research problem. In this paper, we propose a multi-criteria QoS decision making model for the 

optimal execution path selection from the web service composition graph. Extended Simple Additive Method (ESAW) has been 

proposed for calculating the changing qualities during dynamic composition. Our method can be applicable for local as well as global 

optimization of web service composition. By applying this new decision making model the success ratio of dynamic composition of 

web services are calculated and compared with the existing Simple Additive Method (SAW) for static composition. Results prove that 

success ratio of composition requests are considerably increased by the proposed method. 

 

Keywords— MCDM for Web Service Composition; ESAW for WSC; Optimal Web Service Composition Path, Static Vs Dynamic 

WSC, Validating WSC path. 

I. INTRODUCTION 

Web services are the pieces of software components that 

are distributed over the Internet using some standard protocols. 

In order to realize complex business functions and adapt 

flexible business changes web service composition is the 

methodology mostly used by the enterprises. In service 

composition, QoS oriented composition is an important 

research issue. Many research works [1, 2, 3 and 4] have been 

done in finding the optimal solution in web service 

composition.  

A. Various Steps in Web Service Composition 

Different phases involved in web service composition and 

different approaches and related tools have been studied in 

[15]. Referring this, we define the service composition 

problem with the following steps. In a web service 

composition life cycle there are 7 steps available. They are, 

Step 1 : User Specification Phase: User specifies his request 

with the inputs, desired output, and constraints outlined in the 

high-level abstract description. 

Step 2 : Abstraction Phase : Decomposing the high-level 

abstract specification into an abstract (composite) workflow 

composed of subtasks that eventually correspond to web 

services, with the subtasks connected through some process 

logic. 

Step 3 : Planning phase: Provide an automatic way to 

compose an abstract composite workflow by taking the 

abstract specification. 

 

 

 

Step 4 : Discovery (or) Selection phase: Discover the 

required services for all task specifications in the workflow 

(refer fig.2) and select a set of suitable services to each task 

level with the condition that the selected services possess all 

functional and non-functional requirements. 

Step 5 : Validation phase: Services may have the same or 

similar non-functional quality parameters such as cost, 

response time, reliability, availability, .. etc., from different 

service providers. Therefore, it is possible that more than one 

composite service is generated to fulfill the user‟s requirement. 

In that case, finding best composition path can be done by any 

one of the following two ways. 

 a. Building a Service composition graph with 

different task levels and finding the best composition path 

after evaluating all possible composition paths. 

 b. Evaluate all suitable services with different 

qualities, available for each task level and select a best fit for 

each task level by using ranking algorithms and create the 

concrete composite flow. 

Step 6 : Execution (or) Realization phase : This phase 

focuses on the service technical implementation details. It 

involves the invocation of all participating services, possibly 

hosted in different service provider domains. The execution of 

a composite service must be consistent with the specified 

process model and for this, a coordination mechanism is 

required. 

Step 7 : Monitoring Phase : Monitoring the execution of the 

composite service can be thought of as an extension to the 
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validation phase, and deals with dynamic (run-time) 

composition requirements. It ensures that the services in the 

workflow satisfy the user's quality requirements and 

constraints. 

B. Scope of Our Work 

The main scope of our work is to extract the best 

composition path from the web service composition graph 

generated in the validation phase. The extracted path must 

satisfy all the quality conditions demanded by the user. For 

this, we propose the multi-dimensional QoS decision making 

model for the optimal execution path selection from the web 

service composition graph.  

According to [14], Multi-Criteria Decision Making 

(MCDM) is the study of methods and procedures by which 

multiple conflicting criteria can be formally incorporated into 

the planning process. The outcomes of possible alternatives 

are collected in a table with a set of columns and rows. The 

table rows represent possible alternatives and columns 

represent the criteria. A value found at the intersection of row 

and column in the table represents a criterion value. A key 

component in the development of multi-attribute model for 

selecting the best alternative is the method of obtaining the 

attribute weights. These models are used to evaluate, rank and 

selecting the best alternative from multiple alternatives. 

Example for the MCDM problem can be formulated as 

follows: 

 

Fig. 1  General Decision Matrix for MCDM problem 

In this decision matrix A1,A2,A3,…Am are the m no. of 

alternatives available and  Q1,Q2,Q3,…,Qk are the k quality 

attributes in decision making that are used for measuring 

utility of each alternative. Value vij is the special value of 

attribute jth for alternative ith or the efficiency of the 

alternative ith against the attribute jth.  

Here, we formulate the quality driven web service 

composition as a MCDM problem. A1,A2,A3,…Am are the m 

no. of a single or composite service alternatives. 

Q1,Q2,Q3,…,Qk are the k quality parameters of any single 

service that has been discussed in section 4. Value vij is the 

quality value of quality parameter jth for alternative ith. 

In static composition the quality attributes are constant and 

for calculating the best quality value for the composition path 

the SAW method can be used [5]. But in the dynamic 

composition environment the web service of a particular 

provider can be removed at any time and a new one can be 

found. In that case, the data used will be unstable and 

changeable. This is an important issue in the MCDM models. 

A change occurs in the weight of one quality will affect the 

overall quality of the best composition path. 

In this paper, we use a new method for multi-attribute 

decision making so that by changing the weights of attributes, 

we can determine the changes in the results of the composition. 

The reminder of paper is organized as follow: in section 2, 

related works are presented. The formal definitions are 

specified in section 3. In section 4, multi-dimensional QoS 

model has been dealt with. Section 5, reviews the SAW 

technique and formulas for a static composition environment. 

Section 6 is the most important part of the paper and proposes 

a new method of MCDM models for the dynamic composition 

of web services. Section 7, presents a numerical example and 

examines the accuracy of proposed model. Finally, section 8, 

concludes the paper. 

II. RELATED WORK 

Authors in [6] presents a lightweight extended layered 

graph based model to take the place of the complex process 

model. By using this model, the problem of web service 

composition can be reduced into a routing problem in a 

directed graph. In [7], author has suggested a sensitivity 

analysis for additive Multi-Attribute Decision Making 

(MADM) models. They assumed a set of weights for 

attributes and obtained a new set of weights for them, so that 

the efficiency of alternatives has been equal or the order of 

them has changed. In [8], the authors have defined 

Composition Service problem as a graph, transforms service 

selection to discovering the shortest path in the graph, and 

puts forward a multi-path composition service selection 

algorithm. The algorithm plans multi-path according to user‟s 

requirement, provides the computation method of 

Composition Service‟s QoS, then select the best one to user 

based on the method. Hutton and Bruce in [9], have evaluated 

the formulae for selecting the best multi-attribute alternative 

based on rank-ordered weights. In paper [11], service 

composition problem is considered as single-objective multi-

constraints optimization problem. A brief discussion of 

approaches to solve the optimization problem has been given. 

H.Jin [16] used a five dimensional QoS model and proposed a 

performance/price oriented mathematical model for optimized 

composition of grid services with the service virtualization 

technology within China Grid Supporting platform as the 

basis. Some related work on QoS has been done in the area of 

workflow. J.Cardoso[17] considered four QoS criteria: time, 

cost, reliability and fidelity. A stochastic workflow reduction 

algorithm to compute multidimensional QoS of workflows has 

also been proposed, and later extended to Web service 

processes. Focus is mainly on the analysis, prediction, and 

monitoring of workflow QoS, while the service selection 

problem is absent from the research. Farhan Hassan Khan et al 

[18] presented a method for automated and dynamic web 

service composition by combination of interface based and 

functionality based approaches. The proposed framework also 

intended to solve the issues related to unavailability of 

updated information and inaccessibility of web services from 

repository/databases due to any fault/failure. The former 
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problem is addressed by adding aging factor in 

repository/WSDB (Web Services Database) and 

inaccessibility is solved by replication of WSDB. 

III. RELATED DEFINITIONS 

We specify the process model of a composite service as a 

directed and connected graph. In this section, some definitions 

on the graph are given. 

A. Definition 1: (Web Service Composition Graph) 

A Web Service graph G, can be defined as G = (N , E) 

where N = n1,n2 ,..,nk is a set of nodes. Each element in N 

corresponds to a task. E is the connection between nodes. 

Each element vij in E corresponds to the connection between 

the task i and j , and E is the number of the links. 

B. Definition 2: (Abstract Service)  

An abstract service is a functionality description without 

implementation. An abstract service is corresponding to a 

workflow task. 

C. Definition 3: (Service Instance)  

A service instance is a concrete service published by 

service providers the function implementation specified by the 

abstract service. Each service instances has its own quality 

attribute values. 

D. Definition 4: (Candidate Relationship)  

The function of several service instances s S1 ,..., Sn makes 

the composite service T, and T contains the candidate 

relationship. 

E. Definition 5: (Composition Path)  

A composition path in a service graph or composition 

schema is a sequence of tasks [n1,n2,n3...nj], such that ni is 

the initial state, nj is the final state and for every state ni 

(1<i<j), satisfying the following, 

Condition 1 : ni is a direct successor of one of the 

states in [n1,n2...ni-1]. 

Condition 2 : ni is not a direct successor of any of the 

states in [ti+1,....tn]. 

Condition 3 : There is no wij in task ni, such that wij 

is having a direct successor in the same task level ni. 

F. Definition 6: (Execution Route)  

In the service graph, execution route is a passageway 

between start node and end node, and only include one 

composition path for every condition structure. If there are k 

execution path with a probability Pi(i=1,2,..,k) in a graph then 

1

1
k

i

i

P
=

=ä  

G. Major Types of Compositions  

1)  Static Composition 

Static or Proactive composition means offline or pre-

compiled composition. Services that compose in a proactive 

manner are usually stable and used at a very high rate over the 

Internet. 

2)  Dynamic Composition 

Dynamic or Reactive Composition means creating a 

compound service on the fly. It requires a composition engine 

to take the responsibility of collaborating with the different 

sub-services to provide the composite service to the client. In 

a static composition, when we allow change of services during 

run-time then it becomes dynamic composition. Hence, the 

data of decision making is always getting changed in dynamic 

composition. 

IV. MULTI-DIMENSIONAL QOS MODEL AND ATTRIBUTE 

STANDARDIZATION 

QoS is a series of non-functional attributes. In this paper we 

use four quality attributes: cost, response time, reliability and 

availability but not limited. For further definition and 

calculation of QoS attribute, paper [10] can be referred. In a 

web service composition graph, a composition path can have 

any one or all of the kinds of flow. 

¶ Sequential or Linear 

¶ Conditional  

¶ Parallel 

¶ Loop 

A. QoS Attribute Standardization and Utility Function: 

Different QoS values have different value ranges. So it is 

unfair to calculate these values directly. So QoS attribute 

standardization is needed. And in order to evaluate quality of 

the overall QoS of service, utility function is required. In 

section 4, we review the SAW technique for the composition 

graph with fixed quality weights for the service nodes. 

V. APPROACHES FOR OPTIMIZING WEB SERVICE 

COMPOSITIONS 

There are two common approaches available for the QoS-

based service composition: local optimization and global 

optimization. 

A. Local optimization 
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Fig.2 Locally Optimized Web Service Composition 

Fig.2 shows, the way of selecting a suitable service for each 

abstract service (can also be called as group or task) level in 

the composite flow. In each group there are 'm' no. of 

candidate services with four qualities. In local optimization 

the best service is found out by calculating the corresponding 

utility value for each level and by applying the respective 

calculated weights. The shaded service in each group is the 

selected one among that group. Finally, for each group the 

right service is identified and the composite flow or 

composition path is executed as shown on Fig. 3 
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Fig.3 Locally Found out Optimized Composition Path 

Fig.3 shows the locally optimized composition path 

selected after applying the MCDM technique. In this example 

the sequential flow composition pattern has been used. 

B. Global Optimization 

The global optimization approach is used to find the best 

composition path with the global quality satisfaction. This 

approach aims at solving the problem on the composite 

service level. The aggregated QoS values of all possible 

service combinations are computed, and the service 

combination that maximizes the aggregated utility value, 

while satisfying global constraints is selected. 
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Fig.4 Composition Graph for Global Optimization 

According to definition 1, Fig. 4 represents a web service 

composition graph.  Here, we assume the web services as 

nodes and the quality values as their edge weights. Given „n‟ 

no. of nodes, their corresponding edge weights with possible 

connections, we have to find the shortest path between the 

source and target. For this, the edges for every service node 

and their corresponding weights are determined. An edge 

entering a service (for ex. Edge „g‟ is entering the service 

node w23) will have the defined qualities of the service 

provided by its service provider. All quality values for all 

service nodes with edges have been given in table I. 

TABLE I 

 QUALITY VALUES OF OPTIONAL WEB SERVICES 

Edge Q1 Q2 Q3 Q4 Service 

a 21 36 56 86 w11 

b, e, f 18 33   60 75 w22 

c 26 40 30 69 w12 

d 32 30 61 70 w21 

g 26 35 65 82 w23 

h, j, l 40 23 55 70 w31 

i, k, m 27 39 68 80 w32 

n, r 39 28 53 67 w41 

To reach the w41 from source (S), there are multiple paths.  

There are 12 possible paths. Let them be S1 to S12. Some of 

them are, 

S1-->w11--->w21-->w31-->w41 

S2-->w11--->w22-->w31-->w41 

S3-->w11--->w23-->w31-->w41 

………………………………………. 

………………………………………. 

S10-->w12--->w21-->w31-->w41 

S11-->w12--->w22-->w31-->w41 

S12-->w12--->w23-->w31-->w41 

Among these possible paths, finding the global best path 

satisfying the user constraint is our problem. For this, we have 

to find the aggregated QoS values for every composition paths. 

Hence, we can calculate the aggregated QoS values similar to 

the one as follows, 

TABLE III 

 QUALITY VALUES OF POSSIBLE COMPOSITION PATHS 

Path Q1 Q2 Q3 Q4 

S1 132 117 225 293 
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S2 118 120 224 298 

S3 126 122 229 305 

….. …. …. …. …. 

…... …. …. …. …. 

S10 137 121 199 276 

S11 123 124 198 281 

S12 131 126 203 288 

Finding the best path among the aggregated composition 

paths is again a MCDM problem. By calculating the utility 

values for the aggregated values and their corresponding 

weights we can determine the global best composition path. 

Our method proposed in this paper for web service 

composition can support both local optimization and global 

optimization. For local optimization the method is applied for 

every task group and the list of suitable services are finalized. 

If we have to consider end-to-end QoS constraints, then the 

aggregated values for each quality with possible composition 

paths are calculated and the aggregated QoS values are 

evaluated and then the best composition path can be 

calculated. Either local or global optimization of quality based 

web service composition is possible and this is applicable for 

both static as well as dynamic composition. In static 

composition all services are predefined with defined qualities. 

But generally in dynamic, as a service can be replaced during 

runtime, the earlier calculated utility values by which the 

composition path selected, becomes invalid. So the local as 

well as global optimization may lead to a major deviation 

from the goal during dynamic composition.  

By applying our method, the dynamic composition 

requirements can also be met. When a particular service is 

replaced with another service with another quality, then the 

utility values are revised and the corresponding weights also 

get changed. So locally or globally optimized best 

composition path selection for dynamic composition becomes 

possible by using our method. 

VI. GENERAL SIMPLE ADDITIVE WEIGHTING (SAW) MODEL 

APPLIED FOR AUTOMATIC STATIC WEB SERVICE 

COMPOSITION 

In static composition techniques, all service data are 

deterministic and the final composition path is obtained by 

solving with general utility function. SAW Technique is one 

of the most used MCDM techniques for static composition. It 

is simple and is also the basis of most MADM techniques. 

This one is used to calculate the aggregate quality weight for 

the service composition paths, especially for automatic 

composition environment. The final score of each alternative 

composition path is calculated using the following formula 

and they are ranked. 

1

.

k

j

i j ijS w N
=

=ä
;      i = 1,2,…. m   (1) 

where Nij is the normalized quality values.  The normalized 

quality values can be obtained by using the following 

formulae, 

For quality attributes like Reliability and Availability the 

following formula is used. 

 
Max

j

ij
ij

v
N

v
=

  ; 1

Max
ij

j i m
Maxvv
< ¢

=
 j=1,2,…,k

      (2) 

For quality attributes like cost and Response time the 

following formula is used. 
Min

j
ij

ij

v
N v=

; 1

Min
ij

j i m
Minvv
< ¢

=
  j=1,2,…,k

      (3) 

We consider three alternative composition paths and four 

quality attributes in our proposed method wherein quality 

attributes Q1, Q4 are Cost and Response time respectively and 

quality attributes Q2 , Q3 are Reliability and Availability 

respectively. The quality attributes matrix is given in Fig.5. 

 

Fig.5 Quality Attribute Matrix 

Now we have to calculate the weights of attributes by using 

any one of the  methods proposed in [12]. The weights of 

attributes calculated for the given qualities are, wt = 

{ 0.3,0.2,0.1,0.4} Now we normalize the attributes by using 

equations (2) and (3), we get the result as shown in Fig.6. 

 

Fig.6 Normalized Attribute Values 

The final score can be calculated using the formula (1) and 

since m=4 and k=4 we get, 

S1 = 0.714, S2 = 0.622, S3 = 0.803, S4 = 0.762 

Therefore, the static composition paths can be in the order,

 A3 > A4 > A1 > A2 

The optimal composition path is A3. But this method is 

better for service composition with automatic static 

(deterministic) environment. When a service has to be 

replaced then its quality parameters will get changed. Hence 

the optimal path has to be planned from the scratch which is a 

time consuming process. In order to overcome this problem, 

we adopt another method [13] for the sensitivity analysis that 

calculates the changing in the final score of alternatives when 

a change occurs in the weight of one attribute. In this paper, 

we apply that method for dynamic composition of web 

services. 

VII. EXTENDED SAW (ESAW) METHOD PROPOSED FOR 

AUTOMATIC DYNAMIC WEB SERVICE COMPOSITION 

Here, when one service is not responding or becomes 

obsolete then it has to be replaced by another service from 
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another provider. In that case, the existing composite quality 

value will get affected. In this paper, we propose a new 

method which is extended from the existing SAW to calculate 

the change in the final quality values of composition path 

alternatives. When a change occurs in one or more quality 

parameters then by applying ESAW the new quality weights 

are dynamically calculated and applied. Hence, the 

composition performed by using the ESAW method is called 

as dynamic composition. 

A. Assumption 1 

 Assume that the weights of the quality parameters is 

Wt = {w1,w2,…wn} and if the weights are normalized then 

the total value summed up will be equal to 1 as follows, 

 1

1
n

i

i

w
=

=ä
          (4) 

So, if there is a change in the weight of one attribute then 

all other attributes will be transformed in such a way that, 

Wrt = {w‟1,w‟2,…w‟n}. 

In [13], it is proved that in the MADM model, if the weight 

of attribute Pth, changes asËp , then the weight of other 

attributes change asËi ; i=1,2,…,k . 

.

1

p i
i

p

w

w
=
D

D
- ;  i=1,2,..k; i<>p;    (5) 

and if the weight of attribute Pth changes from wp to w‟p 

as: w‟p = wp + Ëp  then the weight of other attributes would 

change as, 

1 1 '
' . .

1 1

p p p
j j j

p p

w w
w w w

w w

- -D -
= =

- - ; j = 1,2,3…k; j <> p;

       (6) 

The differences between new and old weights can be 

calculated by using the formula, 

 

      
 if j=p;   

     (7) 

    

if j p̧; j=1,2,….k; 

Now, If we define X as the 

difference between the old and new score of ith alternative 

then by using (7) we can calculate the same for each 

alternative as, 

1
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k
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j

X P P w w r
=

= - = -ä
 

1

.
. .

1

k
p j

p ip ij

pj
j p

w
r r

w=
¸

D
=D +

-
ä

;       i=1,2,….m;   (8) 

Now we assume that a web service in the composition is 

changed. If a web service is dynamically changed in the 

composition then the quality values from the respective 

provider will also get changed. Assume that a service or set of 

services changed in the composition such that the third 

attribute value is changed from 0.3 to 0.5 Then by using 

formula (6), if the new score of the alternatives can be 

calculated [13] as, 

1

1

1 '
' .

1
j j

w
w w

w

-
=
- ;     j = 1,3,4     (9) 

' 0.71j jw wÝ =  
Hence, by applying (9) the weights of attributes calculated 

before dynamic composition for the given qualities will get 

changed  as follows, wt = {0.5,0.142,0.074,0.284) 

Now, the effect of change of service in the composition 

path can be calculated by substituting the values for wj with 

w‟j in formula (1) we get, 

1

.'
k

j

i j ijS w N
=

=ä
, i = 1,2,…. M 

Since m=4 and k=4, we get the result as, 

S1 = 0. 62, S2 = 0. 73, S3 = 0. 776, S4 = 0.78 

Therefore, the dynamic composition paths ranking will be 

in the order, A4 > A3 > A2 > A1 

The optimal dynamic composition path is A4. 

VIII. EXPERIMENTS AND RESULTS 

A. Evaluation Setup 

For our experiments we use an Intel Core 2 duo CPU with 

2GB RAM.  Simulation software NS2.3.4 is used to show the 

results of the implementation of this work. Run-time 

environment VMware-3.1.3 (Virtual Machine ware) is used to 

access under Ubuntu Linux 10.04.1 from windows. We 

randomly generated composition requests for a composition 

path with 5 task levels and report the average time of several 

runs. 

B. Results 

TABLE IIIII 
 QUALITY VALUES OF OPTIONAL WEB SERVICES 

S. 

No 

Number of 

total 

Composition 

Requests 

Success Ratio 

of Composition 

with Existing 

SAW (Static) 

Success Ratio of 

Composition 

with Proposed 

ESAW 

(Dynamic) 

1 100 0.77 0.91 

2 200 0.71 0.88 

3 300 0.66 0.87 

4 400 0.59 0.85 

5 500 0.53 0.83 

6 600 0.49 0.76 

7 700 0.45 0.72 

8 800 0.41 0.67 

9 900 0.36 0.59 

Table III shows the experimental results. The success ratio 

of both type of compositions for the two different methods are 

calculated and shown. The composition requests are made 

with the interval of 100, starting from 100 requests to 900 

requests. For each set of request, result is calculated multiple 

times and the average result is reported. 

'
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Fig.7 Success ratio of (Static) Composition of Services with SAW 

The above graph shows that the success ratio of the 

composition requests with SAW method. The X-axis shows 

that the number of composition requests from the user. The Y-

axis shows that failure ratio of composing of web services. 

From the graph it shows that for first 100 requests nearly 77% 

requests get success. Likewise when the number of requests 

gets increased the success ratio is getting decreased. For 900 

requests only 36% requests getting success. When the output 

timeline requirement is not for any one candidate service then 

the entire composite set gets failed since there is no way for 

alternate replacements. 

 

Fig.8 Failure ratio of (Dynamic) composition of services with ESAW 

The above graph shows that failure ratio of the composition 

requests with proposed ESAW method. In this, composition 

for the first 100 requests only less than 91% of requests 

getting success. But as the no. of requests increase to 900, 

59% of requests become success. So the success rate of 

composition with ESAW is much better than the composition 

with SAW.  

Hence from the above results it is observed that the failure 

rate of web service composition is drastically decreased when 

the proposed ESAW method is used. Though failure rate is 

considerably reduced, we could not achieve 100% success 

ratio. This is due to the unexpected packet delays and the 

network problems. 

IX. PERFORMANCE ANALYSIS 

 

Fig.9 Comparison of success ratio of SAW against ESAW method 

In Fig.9 we have plotted the values of both SAW and 

ESAW methods. From this graph, we can see that success 

ratio of composition requests by ESAW method is far better 

than SAW method. But as the no. of requests increases, there 

is a fall in the success ratio with both the methods. This is due 

to the unexpected network problems. This shows when a 

composition with complicated composition path is executed 

the scalability is limited. This is because the probability of 

network failure increases as the no. of complicated 

composition requests increases. 

We take four alternatives with four quality attributes cost, 

response time, availability and reliability and applied the new 

ESAW method. The example demonstrates that the ranking of 

the composition paths are sensitive to the change of web 

services. When we allow changing some services in the 

composition path, the order of ranking of composition paths 

cannot be calculated by SAW method because it can use only 

static quality values. Hence, by applying the new Extended 

SAW method, we have proved that the composition paths are 

sensitive to the change of its services during runtime and we 

have calculated the changing new attribute values in the 

dynamic environment. So SAW method supports only static 

web service composition whereas ESAW supports dynamic 

composition of web services. Also, the new proposed method 

is applicable for both local and global optimization of the 

composition paths of web services. We have evaluated the 

success ratio of compositions for both the methods and have 

reported the results. From the results it is proved that success 

ratio of composition requests are considerably increased by 

the proposed method. 
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