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Abstract— One of the challenging issues in the field of web 

services is web service composition. A hybrid model of web 

services is the interaction between a number of web services for a 

specific purpose. For each web service, there are candidate 

services with the same function but different quality parameters. 

So far, many methods have been presented for the optimal web 

service composition, but rarely a method has been presented for 

web services composition with complex probabilistic structures. 

In this article, we first identified two new patterns of nested and 

parallel loops. Then, in order to help the optimal candidate 

selection, a new method was proposed to simplify the web 

services composition. In this method, the web-service composition 

graph is divided into two ways: 1) web-service composition graph 

without a conditional pattern and 2) web-service composition 

graph with the conditional pattern. In graphs with conditional 

patterns, the probability of each path is converted to the number 

of repetitions of that path, and then the NSGAII algorithm is 

used to determine the best path in the graph and find more 

realistic solutions, which on average leads to improvement of 

quality parameters of availability by 17 percent, response time by 

16 percent and cost by 0.07 percent compared to the probabilistic 

simplification method. 
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II.  INTRODUCTION  

In In recent years, web service has developed rapidly as a 
computing model [1,2]. Each web service with a specific 
function needs to communicate with other web services to 
respond to the complex needs of users [3,4]. The number of 
web services that have the same function but the different 
quality has increased, so optimal selection and composition of 
web services is one of the most important and complex topics 
in this field [5].  

In a graph of web services, for each service (which is called 
an abstract service), there are many candidate services with the 
same function but different quality parameters. The most 
important problem is to select a candidate service for each 
abstract service in graphs with probabilistic patterns. To solve 
this problem, the graph was simplified to convert: (1) a node or 
(2) a tree which is consist of separate paths [6]. Graph 
simplification methods are divided into three categories: 1) 
Node-based method that we just have a node after removing 
sequence, parallel, conditional and loop patterns. 2) path-based 
method that extracts all paths between two nodes of the 
beginning and end of the graph. 3) Hybrid method which is a 
combination of the two mentioned methods. In this method, to 
solve the problems of two node-based and path-based methods, 
they can be combined [6]. In the hybrid method, sequence, 
parallel, and loop patterns are removed by the node-based 
method, but conditional patterns remain for 1) to preserve the 
probability of each graph path and 2) to prevent the reduction 
of the accuracy of the algorithm (multiplying the probability of 
a transition in the quality parameters of the nodes are not 
performed). This article uses the third method [3,6]. Since 
graph simplification depends on the quality of the candidate 
services in addition to the patterns that make up the graph, so in 
the following, we will discuss the quality parameters of web 
services and the problem of their optimal selection.  

The quality of web services includes non-functional 
features such as execution cost, execution time, and availability 
of the web service. The quality features of the web service are 
classified into two categories. Some of these features are 
negative and should be minimized, such as response time and 
cost. The second category is features that are positive and 
should be maximized, such as availability [7, 8].  

In the approaches presented in the articles [9, 10, 11], 
although they provide a solution for the optimal selection of 
candidate web services, but: (1) only the sequence pattern in 
the web services composition graph is considered, and as a 
result, they do not support probabilistic structures and (2) they 
use the node-based method. Similarly, in the approach 



 

 

presented in [12], in addition to the sequence pattern, the 
parallel pattern is considered, but it has problem number 2. In 
the approaches presented in [13, 14, 15], they consider all kinds 
of patterns in web service composition graph and also support 
the probabilistic conditional pattern and repeated loops, but 
they do not support probabilistic parallel and loop patterns and 
also have problem number 2. Because our focus is on 
supporting various types of web service composition graph 
structural patterns and its simplification methods, therefore, the 
most complete approach is presented in the article [6], which 
we consider as a basic work. In this approach, complex patterns 
including loops with more than two nodes and various 
conditional patterns are covered, and the probability of each 
path is also calculated. But: (1) In this approach, the pattern of 
nested and parallel loops is not intended. (2) The problem is a 
constraint satisfaction problem and not an optimization 
problem. (3) A non-evolutionary algorithm was used to select 
the optimal candidate services, so it is not scalable in terms of 
time. (4) After simplifying and finding the probability of each 
path, has analyzed each path separately, which is also an 
obstacle to give a definitive answer to the customer. In this 
article, we have discussed these 4 cases. Therefore, the 
innovations of this article are:  

A)    Supporting all types of patterns and probabilistic 
transitions between services, as well as the introduction of two 
new patterns of parallel and nested loops.  

B)     Using an evolutionary algorithm for optimal 
candidate selection to maintain scalability. 

C)     Providing a hybrid method based on repeating the 
path to respond more accurately to the customer. 

III. RELATED WORKS 

This section is divided into several sub-sections based on 
the methods of simplifying the patterns in the web services 
composition graph.  

A. Simplifying the web services composition graph with 
the node-based method  

Yuji Yao et al. (2009) used the NSGAII to find optimal 

solutions in graphs with complex patterns and compared it 

with the GA in terms of the convergence speed and generation 

of optimal solutions [13]. Li et al. (2010) used the NSGAII to 

find optimal solutions in the web service composition by 

considering 10 objective functions and they evaluated their 

algorithm by reporting the number of dominant and non-

dominant solutions [10]. Parvin Sharif-Ara et al. (2014) have 

presented a method that can find the optimal solution at a high 

speed. In this method, first, the problem becomes a single-

objective problem and to increase speed, accuracy, and 

reliability, a combination of GA and fuzzy method is used. 

Then, it has become a multi-objective problem, which is 

solved by the NSGAII [14]. Li Liu et al. (2015), have 

compared NSGAII, MOPSO, a hybrid of NSGAII and 

hierarchical analysis, a hybrid of MOPSO and hierarchical 

analysis with NSGAII and MOPSO which finally used 

hierarchical analysis in their solutions [15]. Sura Gohain et al. 

(2016) have used the hybrid algorithm of ACO and PSO by 

converting the five objective functions of reliability, 

availability, throughput, cost, and response time into one 

objective [9]. Ying Huo et al. (2017) have presented the elitist 

multi-objective bee colony algorithm, which consists of the 

bee colony and NSGAII. This algorithm is better than NSGAII 

and PSO and bee colony in terms of spread, GD, and 

execution time [11]. Chibani Sadouki et al. (2019), have used 

the discrete multi-objective elephant algorithm. They are also 

inspired by the Pareto approach and SPEAII sorting method. 

By comparing this algorithm with the PSO and SPEAII 

algorithms, it was concluded that it is significantly better in 

terms of coverage ratio, spread, and hypervolume [16]. Fadal 

Dahan et al. (2021), Introduced a hybrid algorithm, which 

combines ACO and GA. The GA is used to tune the ACO's 

parameters automatically and the ACO adapts its performance 

based on the parameters tuning. The main contribution of their 

work is to help the ACO algorithm to avoid stagnation 

problem. The Experimental results have been shown that the 

proposed method called GACSCSC requires more CPU time 

compared to other methods, but it is better in terms of cost, 

response time, reliability and availability [17]. Fadal Dahan et 

al. (2021), proposed a new method named Enhanced Flying 

Ant Colony Optimization (EFACO) in three main ways. First, 

avoiding the execution time problem, by restricting the flying 

process to only occur when there are improvements in solution 

quality. Second, applying a neighboring selection method to 

avoid scanning all the neighboring nodes. Both of these 

decrease the solutions quality. At last, they introduced the 

third modification for overcoming the drawback of the first, 

and second developments, which transformed the algorithm 

into a multi-pheromone algorithm. The results demonstrate 

that EFACO outperforms the other methods in terms of 

solutions Quality and execution time [18]. 

B. Simplifying the web services composition graph with 
the path-based method  

Danilo Ardagna et al. (2005) presented a mixed integer 
linear programming algorithm, which was evaluated by 
considering four objective functions and converting them to a 
single objective function. This problem has been solved by 
converting the web service composition graph into different 
execution paths. In this method, there are selected paths that 
provide the most optimal solution [12].  

C. Simplifying the web services composition graph with 
the hybrid method  

Huiyuan ZHENG et al. (2012), proposed a new pattern to 
develop their previous work in 2009. This pattern is called a 
multiple entry multiple exit unstructured loop pattern, and to 
simplify the web-service composition graph, they have used a 
hybrid method, which also calculates the probability for each 
path. Integer programming algorithm has been used for the 
optimal selection of candidates [6]. 



 

 

IV. THE PROPOSED METHOD 

The proposed method in this article is briefly divided into 
two main parts: In the first part, the problem of web-service 
composition is discussed, in addition to identifying two new 
patterns, a method for simplifying the composition graph is 
presented, and the result of which is it will be a more accurate 
and definitive answer to customers. In this method, after 
simplifying the graph by replacing a different candidate, a 
population is generated (composition algorithm). In the second 
part, the NSGAII algorithm is used to find optimal solutions in 
this problem (selection algorithm). The proposed method has 
been implemented using MATLAB 2016 in a system with 
Corei 7 processor and 32 GB RAM and 10 operating system. 

A. Identification of two new patterns  

In this subsection, two new patterns have been identified.  

- Parallel loop pattern: Two nodes v2 and v3 are called 
parallel loops if these two nodes: (a) are parallel to each other 
(according to the definition of parallel pattern [6]) and (b) both 
nodes have an input edge to the shared input node. Case b 
means that there are two input edges ej2 and ej3 as 
ej2=(v2,v1,p21) and ej3=(v3,v1,p31) (Figure 1). 

 

Figure 1: parallel loop 

- Nested loop pattern: The sequence of nodes v1, v2, vm, vm+1, 
…, vn form nested loop if: (a) each set of nodes v1, v2, …, vm 
and the set of nodes vm, vm+1, …, vn form a loop [6] and (b) 
these two loops have at least one shared node. Case B means 
that a node from the first loop (vm) is the input node of the 
second loop. (Figure 2). 

 

Figure 2: nested loop 

B. Composition algorithm to simplify the composition 
graph 

First step: for each web service in the composition graph, a 
random candidate is selected from the QWS dataset.  

Second step: the patterns in the graph are checked in such a 
way that the sequence pattern is checked first, then the loop, 
and finally the parallel pattern, and this work is repeated until 
none of these three patterns are present in the graph. During the 
simplifying of each pattern, the candidate quality values and 
the available possibilities are also updated (according to the 
tables in [6]).  

Third step: If the result of simplifying the patterns is a node, it 
is considered a member of the population, otherwise the tree is 
created from the graph and each path after simplifying the 
sequence pattern (the existing pattern in each path) is 
considered as a member of the population separately.  

Fourth step: The first to third steps are repeated according to 
the number of initial members of the population[3]. 

C. Optimal selection of web services  

After simplifying the graph, in order to the optimal 
selection of web services the selection algorithm is called. To 
use this algorithm, 1) the initial population (set of solutions), 
and 2) the fitness function used to select the best candidate for 
each web service must be defined. Therefore, in the following, 
we first describe the initial population and the fitness function 
defined for the problem, and then the selection algorithm is 
defined.  

-         The initial population  

Each member of the initial population, which is the result 
of simplifying the composition graph by replacing the 
normalized candidate, is defined as a pair of Spop= (Index, 
Quality). Spop.Index is a vector with dimension z, where z is 
equal to the number of abstract services. Each dimension of 
this vector represents the index number of the available 
candidate for that abstract service. First, for each dimension, a 
candidate service is randomly selected from the service store. 
After selecting the candidate, by calling the combination 
algorithm, the graph is simplified, meanwhile, the quality 
values of the graph are also updated and Spop.Quality is set. 
This variable is defined as Spop.Quality= (A, R, C) that A, R, 
and C are respectively the values of availability, response time, 
and cost resulting from graph simplification.  

- Fitness function  

After determining the members of the population, the selection 
algorithm needs a fitness function to determine the best 
members. The fitness function for the NSGAII algorithm is 
defined using Spop.Quality. For both members, i and j of the 
Spop set, member i overcomes member j if Spopj.Quality < 
Spopi.Quality. The crowding distance for member i is given in 
equations (1) and (2). The value range of the parameter k in 
this problem is from 1 to 3.  

[1]      
                                   

                                  
 

[2]     ∑    

 

   

 

In the selection algorithm, after finding the fitness of each 
member, these members of the population (solutions) that 
include binary pairs (Index, Quality) are sorted and the 
additional members are removed.  

- Selection algorithm:  

First step: the composition algorithm is called to find the 
initial members of the population.  

Second step: If the structure of the graph after simplification is 
a node, the NSGAII algorithm is called for it, and if it is a tree, 
this algorithm is called separately for each path as many times 



 

 

as it is repeated. In this algorithm, mutation and crossover are 
used to create a new population, and the defined fitness 
function is used to find the best members.  

Third step: Calculate the average of quality parameters for 
each remaining node or a set of paths obtained from the graph. 

V. TESTS AND EVALUATION OF RESULTS  

 In order to evaluate the proposed method, the web-service 
composition graph (Figure 3) is considered, which consists of 
22 web services. Also, the QWS data set [19] has been used as 
the candidate for each abstract web service and we consider 
three parameters of availability, response time and cost, as well 
as two quality indicators Spread and IGD to compare the 
proposed method with other methods. First, we have a brief 
definition of these indicators, and then we describe the steps of 
simplifying the graph and comparing the results of the 
proposed method with other methods. 

   -         Spread: 

The spread shows the average distance of the solutions 
obtained in the pareto front from each other [3]. The smaller 
the average distance of the solutions from each other, the better 
the data is distributed.  

  -         IGD: 

The IGD measures the average distance between the solutions 
in the optimal pareto front and the pareto front obtained from 
the algorithm [3]. The smaller this distance is, the pareto front 
solutions obtained from the proposed algorithm are closer to 
the optimal solutions. 

The steps of simplifying the web services composition graph 
have been shown in Figure 4. In general, two methods have 
been used to simplify graphs with conditional patterns. 1) 
Probabilistic method: in this method, after extracting the paths, 
each path is first simplified according to the sequence pattern, 
and then by multiplying the probabilities of each path by the 
qualitative values of the remaining nodes in that path, we 
simplify the graph to Let's reach a node. Then the selection 
algorithm is executed for the entire graph. 2) Proposed method: 
In this method, instead of multiplying the probabilities by the 
qualitative values for each extracted path, the algorithm is 
executed for each path as many times as it is repeated. 
Therefore, in the method presented in this article, the 
probabilities of each path have been converted to the number of 
execution times in each path, and the selection algorithm for 
each path has been implemented separately. With this method, 
the number of executions of each path plays a fundamental role 
in determining the optimal solution by the algorithm without 
the need to multiply the probabilities by qualitative values, also 
with this method, the best path from among a set of paths has 
been selected. In Figure 4-5, the average parameters for the 
first path after 30 repetitions, the second path after 4 
repetitions, ... and finally the seventh path after 8 repetitions 
are reported. The results show that the first path is the best path 
to choose. The proposed method was compared with the 
Hybrid-based with probability presented in [6] and the results 
was shown in Table 1. Also, the comparison results of the 
proposed method with the article [15] are shown in Table 2, 
compared with 8 methods. In Table 1, the selection algorithm 

is the same and only the composition algorithm is different, but 
in Table 2, the composition and selection algorithm are both 
different. The results show that the proposed method has 
performed better than all 8 other methods in terms of reliability 
and worse than eighth method in terms of response time. It is 
also better in the spread than the first and second methods and 
in the IGD than the second method.  

Table1: comparison of the proposed method and Hybrid-based with 
probability method 

Methods 
availability 

Response 
time 

Cost 
Composition Selection 

Hybrid-based 
with probability 

NSGAII 0.52 0.38 0.017 

Hybrid-based 
with repetition 

NSGAII 0.69 0.22 0.010 

 

Table2: comparison of the proposed method and 8 other methods 

Methods Objectives Indicators 

Composition 
Selection Reliability 

Response 
time 

IGD Spread 

1th-
mothod 

Node-
based 

NSGAII --- --- 0.015 0.563 

2th-
mothod 

Node-
based 

MOPSO --- --- 0.027 0.610 

3th-
mothod 

Node-
based 

GA with 
AHP 

14.1 1408 --- --- 

4th-
mothod 

Node-
based 

PSO with 
AHP 

14.4 1648 --- --- 

5th-
mothod Node-

based 

NSGAII 
with 
AHP 

28.7 1224 --- --- 

6th-
mothod 

Node-
based 

NSGAII-
AHP 

24.6 1131 --- --- 

7th-
mothod Node-

based 

MOPSO 
with 
AHP 

19.7 1190 --- --- 

8th-
mothod 

Node-
based 

MOPSO-
AHP 

19.3 1036 --- --- 

Proposed method NSGAII 58 1103 0.464 0.016 

 

 



 

 

Figure 3: web service composition 

 

Figure 4-1: removing the sequence pattern 

 

Figure 4-2: removing the loop pattern 

 

 

Figure 4-3: removing the parallel pattern 

 

Figure 4-4: removing the sequence pattern 

 

Figure 4-5: path extraction with proposed algorithm 

 

VI. CONCLUSION 

With the rapid growth of user complex requests, the need to 

compose web services in order to reuse and also create 

powerful flexible services is felt more than ever. Therefore, in 

addition to the need to know all kinds of complex patterns in 

the web services composition, there is a need for methods to 

simplify these compositions and then choose the best 
candidate. In this article, we introduce two new patterns in the 

web-service composition (nested and parallel loops) and then 

propose a method to simplify the composition to increase the 

accuracy of the final quality of the composition. We used the 

evolutionary algorithm which is called NSGAII for Optimal 

candidate selection.  
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