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Abstract

With the popularization of technology such as service-oriented computing(SOC), and
cloud computing, the services provided by suppliers can be invoked through standard
Web services and provided to users. In recent years, owing to the exponential increase
in the number of service providers, there are more and more services on the internet
with the same function but different Qualifies of Service (QoS). Meanwhile, the
increasingly complex user’s needs for functionality and QoS can no longer be met by a
single service. Therefore, how to integrate a large number of services into a
comprehensive web service to satisfy users' QoS has attracted the attention of many
scholars. In this paper, we introduce the web service composition model and the
definition of relative QoS attributes and summarize the QoS-based web composite
service selection methods according to the type of method. Finally, the shortcomings of
each type of algorithm are shown.
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1. Introduction

In recent years, as web service technology has been widely used in various fields, such as the Internet
of Things (1oT), smart cities(SC), and safe-protection, web services have become an important way
to solve complex functionalities. For the rapid increase in the number of web service providers, the
web services’” QoS in the network is also uneven, that is, there are millions of web services with the
same function and different QoS. Additionally, users' requirements for web services are characterized
by complexity. In the past, it was increasingly difficult for the web provided by a single service
provider to meet the comprehensive user’s demands. Therefore, service composite technology can
better solve this problem.

In order to satisfy user needs and ensure high QoS at the same time, it is the current research hotspot
that how fast develops web service composite algorithms within some of QoS constraints [1][2]. In
this article, in order to facilitate understanding and reading, We summarized previous solutions
related to QoS-based web service composition according to method categories and pointed out the
shortcomings of these solutions.

The remaining chapters of this article are organized as follows. Section 2 introduces the composition
model of web service. Section 3 shows the QoS model of web services. Section 4 summarizes web
service composition optimization algorithms in recent according to their method categories. Section
5 gives some conclusions in this paper.

2. The model of web service composition

Currently, there are many web services with the same function and different QoS on the internet. It
is very necessary to integrate these services into a comprehensive web composite service within user’s
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demands based on the service-oriented computing (SOC) technology. Essentially, web service
composition is an NP-hard problem, that is, a large-scale combinatorial optimization problem [3].
Generally, during web service composition, there are two of service as following:

1) The abstract service As;: This service represents the service functionality, and this service contains
multiple concrete services with the same functionality and different QoS.

2) The concrete service Cs; : This service is provided by a web service provider, which can be directly
invoked by the Internet.

Since a single web service cannot meet the comprehensive needs of users, web composite services
successfully solve this problem. Generally, web composite services have multiple functions provided
by the different service providers at the same time, that is, the web composite service is composed of
multiple abstract services. In the process of web service composition, for each As;, an optimal Cs;
is selected as the component of the final web service composition [4], as shown in Figure 1.
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Figure 1. The model of web service composition

3. The related attribute definitions about web QoS

QoS is an index, which measures the degree of satisfaction of a service, proposed by the International
Telephone and Telegraph Consultative Committee (CCITT) [5]. In the process of web service
composition, the QoS attributes that are often considered are shown in table 1.

Table 1. The Common QoS attributes for web service

The QoS attributes The definition
Cost (C) The price that should be paid for using the service is provided by the supplier.
Response time (RT) The time interval between service request and service response.
Reliability (RE) The probability of the service being executed correctly within a certain time interval
Availability(AV) The probability that the service is available in a certain time interval
Reputation(Re) The average value of users' evaluation for the service.

Web service attributes can be divided into benefit-attributes, such as availability and reputation, and
cost-attributes, such as cost and response time, according to their own characteristics. As the value of
cost-attributes increases, QoS will decrease. At the same time, as the value of benefit-attributes
increases, QoS will increase. Therefore, in order to promote QoS, in the process of web service
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composition, the benefit-attribute will be maximized, and the cost-attribute attribute will be
minimized [6-7].

The QoS attribute of the web composite service is consistent with that of the web service. However,
the QoS of web composite services is affected by its own structure [8]. The common structures are
sequential, parallel, conditional, and circular [8-9] as shown in figure 2. Under different structures,
the aggregation function of QoS attributes is shown in table 2.

4’@
® & <) &

(b) parallel

-3

(c) conditional (d) circular

Figure 2. The common structure of web composite service

(a) sequential

Table 2. The calculation methods for different structures

Composition structure ~ Cost (C) Response time (RT) Reliability (RE) Availability (AV) Reputation(Re)
Sequential iQi(P) iQi(RT) f[Qi(RE) f[Qi(AV) iQi(Re)/n
el >0(P)  mx(Q(RN.QRT)  [[Q(RE)  [IQ(AV) Y Q(Re)n

Conditiondl  >RQ(P)  YRQ(RT)  YRQ(RE)  YRQ(AV) D RQ(Re)

Circular kQ(P) k“Q(RT) (Q(RE)) Q(AV)) Q(Re)

4. QoS-based web service composition optimization algorithm

In the process of web service composition, there are multiple abstract services, and each abstract
service is composed of multiple concrete services, which have the same function and different QoS.
Therefore, the essence of QoS-based web service composition is to select a web service with optimal
QoS for each abstract service to form the final composite service meeting the complex needs of users.
Based on the method type, this section will summarize the previous QoS-based web service
composition optimization algorithm.

4.1 The exhaustive method

The exhaustive method, also known as the enumeration method, is the simplest search algorithm [10].
It's essence is that all possible web service composite solutions are listed in sequence according to
the needs of users. Then, according to a certain evaluation standard, evaluate all the candidate web
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composite services, and use the scheme closest to the evaluation standard as the final web composite
service [3].

The exhaustive method has a series of advantages as follows:

1) It is convenient to operate and understand.

2) It can list all possible solutions, and there is no problem of missing partial solutions.

However, this method also has some weakness, that is, as the scale of web services and the scale of
composition increases, the time complexity of the algorithm increases exponentially, resulting in low

efficiency and low scalability. Therefore, for large-scale web service composite problems, the
exhaustive method is only applicable to small-scale web service composite problems.

4.2 The genetic algorithm

Genetic algorithms (GA) is a biological self-heuristic algorithm. It is an adaptive global optimization
method based on the genetic and evolutionary phenomena of organisms in nature [11]. GA transforms
the combinatorial optimization problem into an optimization problem based on a fitness function.
Comparing with other methods, it is more suitable to solve NP-hard problems.

The advantages of GA are as follows:

1) The genetic algorithm does not use other auxiliary knowledge, and only selects the final solution
through fitness function, which is simple to operate.

2) Use the random mechanism to search for the best solution, and search for all possible solutions
more comprehensively.

However, GA also has some disadvantages as follows.

1) As the scale of the problem increases, the efficiency will be greatly reduced.
2) The time-consuming of the algorithm searching is relatively high.

3) Premature maturity and early proficiency are prone to occur.

4) The algorithm is very sensitive to the setting of evolutionary operating parameters, such as
crossover rate and mutation rate, and relevant parameters need to be set reasonably.

In [12], the author transformed the problem of web service composition optimization into a multi-
attribute decision-making problem. First, the compromise ratio method (CRM) is used to delete
candidate services with lower QoS, for reducing the search domain. Then, GA is used to find the
global optimal solution that ultimately meets the demand Web composite service. In [13], the author
selects the web composite service that meets the user's preference based on the distance from the
solution group to the positive and negative ideal points, and then uses the adaptive genetic algorithm
to find the optimal web composite service. In [14], the author used chaos theory to generate an initial
solution population and then combine GA and chaotic small disturbance method (CSDM) to search
for the final best web composite service. In [15], the author adopted a multi-scale crossover genetic
algorithm and an information-sharing factor to select a solution that meets the needs within QoS
constraints. In [16], the author transformed the service selection problem in a polymorphic
environment into a single-objective optimization problem with uncertain QoS constraints and then
used GA with a community partition method to find the final candidate service.

4.3 Ant colony algorithm

Ant Colony Algorithm (ACA) is a stochastic optimization algorithm proposed by Italian scholar
M.Dorigo et al., and ACA is invented based on the behavior phenomenon of ant colonies in the
process of finding food [17]. It can solve complex Optimization problem.

ACA has the following advantages:

1) Using a positive feedback mechanism, the algorithm search process continues to converge until
the optimal solution position is approached.

2) Using a probabilistic search mechanism, it is easy to find the global optimal solution.
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3) The search process adopts a distributed method, that is, a parallel search solution.
However, there are also the following disadvantages [18]:

1) In the search process, ACA is easily affected by the optimal solution found in the early stage, and
it is easy to fall into the local optimal solution.

2) As the scale of the problem increases, the search time for CAC is longer.
3) During the search process, population diversity is difficult to guarantee.

In [19], the author proposed a QoS-aware web service optimization method. This method uses the ant
colony algorithm and introduces the concept of chaotic disturbance to avoid local optimal solutions.
In [20], the author proposed an improved ant colony algorithm (IACA), which contains an initial
pheromone distribution strategy and a local optimization strategy to search for web composite
services within QoS constraints. In [21], the author transformed the web service composite problem
into a multi-objective optimization problem and proposed a multi-objective dynamic web service
selection algorithm based on QoS global optimization. The algorithm optimizes multiple objective
functions in parallel to determine the final web composite service.

4.4 Particle swarm algorithm

A particle swarm algorithm (PSA) is a global stochastic optimization algorithm based on a swarm
heuristic. This method finds the global optimal solution by constantly adjusting the positions of the
current solution and the temporary optimal solution [22]. PSA has the characteristics of simple
operation, convergence speed, and wide application range. But there are also some disadvantages,
such as premature convergence, low optimization accuracy, and easy to fall into local optimal
solutions.

In [23], the author transformed the dynamic web service selection problem into a single-objective
optimization problem and proposed a QoS global optimal service selection algorithm based on PSA.
Through using this algorithm, a composite service that satisfies the global QoS constraints is
discovered. In [24], the author proposed an improved PSA, which finds web composite services from
the optimal local solution generated in each iteration. In [25], the author proposed a new web service
recommendation strategy based on the discrete binary particle swarm algorithm.

4.5 Hybrid algorithm

Since each optimization algorithm has shortcomings and advantages, in order to solve more complex
web service composition problems, combining different algorithms is a good idea. In [26], the author
put forward a hybrid algorithm with a particle swarm algorithm and genetic algorithm to find the
global best web composite service. In [27], in order to overcome the difficulty of traditional
optimization algorithms in high-latitude spaces, the author combines the gravitational search
algorithm with the PSA and proposes a hybrid algorithm to find the global optimal solution. In [28],
for solving the problem of the low diversity of traditional PSA and easy to fall into local optimum,
the author will combine PSA and firework algorithm to propose a firework particle swarm algorithm
to find the global optimal composition plan.

4.6 Other algorithms

In the past, many scholars have used other optimization algorithms to solve the web composite service
selection problem. For example, in [29], the author transformed the QoS-aware service composition
problem into a multi-objective optimization problem, using rough set theory and fuzzy hierarchy
analysis to automatically calculate the corresponding QoS weight. Then, the cuckoo multi-objective
optimization algorithm is used to find the global optimal solution. In [30], the author proposed a web
service composition schedule based on a multi-objective gray wolf optimization algorithm. In [31],
in order to overcome the shortcomings of traditional single-objective service selection algorithms that
tend to fall into local optimality, the author adopted the artificial fish group algorithm selects the
global optimal web composite service within a limited number of iterations. In [32], for improving
the diversity and QoS of combined services, and improved multi-objective bee colony algorithm was
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proposed to solve the composite problem of web services. The algorithm uses direction learning
factors, elite guidance strategies, and combination mutation strategies to increase the diversity of
service portfolios while ensuring the QoS of web composite services.

5. Conclusion

The QoS-based web composite service problem is a classic Np-hard problem. Moreover, the QoS of
web composite services affects user experience. In this paper, we detailed the web service
composition model and related parameters commonly used to evaluate web QoS. Finally, according
to the method type, we summarize and illustrate the previous QoS-based web service composition
algorithms.
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