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Computational Intelligence Based QoS-Aware
Web Service Composition: A Systematic
Literature Review

Chandrashekar Jatoth, G.R. Gangadharan, Senior Member, IEEE, and Rajkumar Buyya, Fellow, IEEE

Abstract—Web service composition concerns the building of new value added services by integrating the sets of existing web
services. Due to the seamless proliferation of web services, it becomes difficult to find a suitable web service that satisfies the
requirements of users during web service composition. This paper systematically reviews existing research on QoS-aware web service
composition using computational intelligence techniques (published between 2005 and 2015). This paper develops a classification of
research approaches on computational intelligence based QoS-aware web service composition and describes future research
directions in this area. In particular, the results of this study confirms that new meta-heuristic algorithms have not yet been applied for

solving QoS-aware web services composition.

Index Terms—Web service composition, systematic literature review, quality of service (QoS), research objectives, computational

intelligence methods

1 INTRODUCTION

EB service composition is a process by which existing
web services can be integrated together to create
value added composite web services. A single web service
may not necessarily fulfill the requirements of users. Hence,
several web services are combined to create composite web
services. However, there are three challenges in web service
composition: (i) Specification of requirements for composite
services, (ii) Selection of candidate web services, that are
provided by different service providers that vary in quality
of service (QoS) parameters, and (iii) Execution of compos-
ite web services [1], [2]. Addressing these challenges is seen
as a multi-objective optimization problem [3].
Computational intelligence (CI) addresses adaptive mech-
anisms to facilitate intelligent behavior in complex and real
world problems. Computational intelligence techniques are
used for solving complex problems such as NP-hard for
which there are no effective algorithms [4], [5], [6], [7], [8].
QoS-aware web service composition can be seen as a NP-
hard problem and resolved by several techniques including
statistical modeling, operational research, and computational
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intelligence techniques [9], [10], [11], [12]. This paper focuses
research works on solving QoS-aware web service composi-
tion using computational intelligence techniques that are
nature inspired computational methodologies.

A systematic literature review (SLR) identifies, classifies,
and synthesizes a comparative overview of state-of-the-
research and transfers knowledge in the research commu-
nity [13], [14]. Till date, to the best of our knowledge, there
is no systematic literature review on QoS-aware web service
composition using computational intelligence techniques,
making it difficult to evaluate the research gaps and the lat-
est research trends in computational intelligence based
QoS-aware web service composition. We conduct a SLR on
computational intelligence based QoS-aware web service
composition to identify, taxonomically classify, and system-
atically compare existing research methods and techniques.
Our main aim is to answer the following research questions
using the guidelines of SLR [13], [14]:

1.  What are the main research motivations behind CI
based QoS-aware web service composition?

2. What are the QoS parameters generally used in CI
based QoS-aware web service composition?

3. What are the existing methods and techniques
that support CI based QoS-aware web service
composition?

4. What are the existing research issues and future areas
in CI based QoS-aware web service composition?

This paper presents a systematic literature review on state-

of-the art approaches and techniques for CI based QoS-aware
web service composition and describes future research direc-
tions in this area. The major contributions of this SLR includes
identifying the different objectives of CI based QoS-aware
web service composition and classifying the different existing
computational intelligence approaches.

1939-1374 © 2015 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.
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Fig. 1. Overview of research methodology (Based on [14], [16]).

This SLR gives a systematic description for researchers in
software engineering, cloud computing, and service ori-
ented computing, and helps to gain on research implica-
tions, solutions, and future directions. Further, this SLR
presents available methods, techniques, and their con-
straints for the understanding purpose of the practitioners
in this domain.

The rest of the paper is organized as follows. Research
methodology for CI based QoS-aware web service composi-
tion is illustrated in Section 2. The classification of current
approaches for web service composition is described in Sec-
tion 3. The results of SLR on CI based QoS-aware web ser-
vice composition are discussed and analyzed in Section 4.
Research implications and future directions including
threats to validity are presented in Section 5 followed by
concluding remarks in Section 6 .

2 RESEARCH METHODOLOGY

Research methodology is a process of taxonomical and
metaphysical analysis of the methods which are applied to
a field of study’. A systematic literature review is a research
methodology which includes critical assessment, evaluation
and interpretation of all available research studies, topics or
phenomenon of interest that address a particular research
problem [14] in contrast to a non-structured review process.
SLR reduces bias and follows a precise and strictly sequen-
tial methodological steps to research literature. SLR relies
on well-defined studies, and extraction of results [15] as
shown in Fig 1. We followed a three step review process
which includes planning, conducting, and documenting
[14], [16].

2.1 Planning Review

Planning starts with identifying the needs for a systematic
literature review and ends with developing and validating
the review protocol.

2.1.1 Identifying the Needs

The need for a SLR is to identify, classify, and compare exist-
ing researches in CI based QoS-aware web service composi-
tion through a characterization framework. This process

1. http:/ /en.wikipedia.org/wiki/Methodology

TABLE 1
Research Questions and Their Motivations

Research Questions

Motivations

RQ1-What are the main research
motivations for Computational Intel-
ligence based QoS-aware web service
composition?

RQ2-What are the QoS parameters
generally used in CI based QoS-
aware web service composition?

RQ3-What are the existing methods
and techniques that support CI based
QoS-aware web service composition?

RQ4-What are the existing research
issues and what are the future areas
in CI based QoS-aware web service

To get insight on CI based QoS-aware
web service composition satisfying
functional requirements and non-
functional requirements.

To identify the QoS parameters that
are used in CI based QoS-aware web
service composition.

To identify, compare, and classify the
existing methods and techniques that
are used in CI based QoS-aware web
service composition.

To understand the research gap that

needs to be addressed and to find the
future directions in this field.

composition?

aims to demonstrate that a similar systematic literature
review has not been already reported. We searched Compen-
dex, ACM, Science direct, Springer link, IEEE Xplore, Google
Scholar digital libraries with the following search string.

(Computational Intelligence)
AND
(Web service composition OR QoS-aware web service
OR Web service OR QoS-aware web service composition
OR Web service composition environment)
AND
(Systematic Literature Review OR Systematic Review
OR SLR OR Systematic Mapping OR Research Review
OR Research synthesis)

2.1.2 Specifying the Research Questions

We define the research questions and their motivations (See
Table 1). We define the scope and goals of our systematic lit-
erature review through population, intervention, compari-
son, outcomes and context (PICOC) criteria [15] as shown in
Table 2.

2.1.3 Developing and Validating the Review Protocol

Based on the objectives, we define the review scope to expli-
cate the search strings for literature extraction. Here, we
developed a protocol for the systematic literature review
following the guidelines of [13], [16], [17]. We have con-
sulted with two external experts for feedback, who had
experience in conducting SLRs in the domain of web serv-
ices and computational intelligence, in order to evaluate the
proposed protocol. We refined our review protocol based
on the feedbacks by the external experts. Further, we per-
formed a pilot study (approximately 20 percent) of system-
atic literature review of our studies. The main objective of
conducting the pilot study was to reduce the bias between
researchers. We also improve the review scope, search strat-
egies, and refined the inclusion/exclusion criteria.

2.2 Conducting Review

Conducting phase consists of selecting the studies, extract-
ing the results and synthesizing information.
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TABLE 2
Scope and Goals of the SLR Criteria (PICOC)
Criteria RQ1 RQ2 RQ3 RQ4
Population Motivation QoS parameters Methods & Research Challenges
Techniques & Future dimensions
Intervention Characterization, Internal/External validation, Extracting data and synthesis.
Comparison A comparison study by mapping the primary studies in the field of web
service composition.
Outcome Classification and comparison of CI based QoS-aware web service composition,
Hypotheses for future research and directions.
Context A systematic investigation to consolidate the peer reviewed research in CI based
QoS-aware web service composition.
2.2.1 Selecting Studies Abstract: (web service composition OR QoS-aware web

We determined the search terms as guided by [13] following
our research questions and motivations as described in Sec-
tion 2.1 We extracted 438 peer reviewed research papers
that were published between 2005 and 2015 (till May 2015)
via the following query:

(Web service composition OR QoS-aware web service
OR web service OR QoS-aware web service composition
OR web service composition environment)

AND

(Heuristic search OR Meta-heuristic search OR Genetic
programming OR A* search algorithm OR Ant colony
optimization algorithm OR Particle swarm optimization
OR Artificial Ant colony optimization algorithm OR Bee
colony optimization OR OA* search algorithm OR
Cuckoo search OR Tabu search OR Hill-climbing OR
Constraint satisfaction OR Pruning algorithm OR Simu-
lated annealing OR ABC algorithm OR Harmony search
OR Immune algorithm OR Min-Max algorithm OR Win-
Win Strategy OR firefly algorithm OR Grey wolf optimi-
zation OR Bat algorithm OR bacterial colony optimization
OR Gravitational search algorithm OR Glowworm optimi-
zation OR Ant lion algorithm )

The year 2005 was chosen as no earlier research was
found related to the specified research questions.

Initial selection. The extracted 438 articles cover the
research topic of CI based QoS-aware web service composi-
tion across the search databases (as shown in Table 3). We
explore the title and abstract of prospective primary studies
and apply inclusion/exclusion criteria (shown in Table 4).

Final selection. We focused specifically on meta-heuristics
among the research articles in initial selection and selected
85 studies using the following query.

(Title: (web service composition OR QoS-aware web
service OR web service OR QoS-aware web service com-
position OR web service composition environment) OR

TABLE 3
Number of Retrieved Studies
S.No Search Databases Results
1 ACM Digital Library 92
2 Science Direct 60
3 Springer Link 74
4 IEEE Xplore Digital Library 116
5 Google Scholar 96
Total 438

service OR web service OR QoS-aware web service com-
position OR web service composition environment))

OR

(key words: web service composition OR keywords:
QoS-aware web service OR keywords: QoS-aware web

TABLE 4

Criteria for Inclusion and Exclusion

Criteria

Prenominal

Inclusion

Exclusion

I.Research articles that
are in the form of peer
reviewed papers (CI
based QoS-aware web
service composition).
II.Research articles that
explicitly propose
methods, solutions,
experiences, evalua-
tions to facilitate CI
based QoS-aware web
service composition.

I.Books, Book Chapters,
and Thesis.

II.Non-peer-reviewed
research articles, white
papers, or non-English
scripts.

III.Editorials, Abstracts
or Short papers (less
than 4 pages).

IV.Research articles that
do not explicitly pro-
pose methods, techni-
ques, and tools to
facilitate CI Based QoS-
aware web service com-
position.

Scientific papers generate
quality through a peer
review and contain sig-
nificant content.

We aim to study solu-
tions for CI based QoS-
aware web service com-
position.

These studies are gener-
ally published in journals
and conferences. We
included the relevant
papers of the correspond-
ing authors of books/
book chapters from their
conference/ journal
articles.

There are lots of white
papers and other kind of
technical reports for CI
based QoS-aware web
service composition.
However, we decided to
exclude them because
they are situational.
These studies do not
present any reasonable
significant solutions and
information.

These studies do not
directly describe decision
making solutions and
methods for CI based
QoS-aware web service
composition.
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Fig. 2. Classification of research approaches.

service composition OR keywords: web service composi-
tion environment)
AND

(Title: (Meta-heuristic search OR Genetic program-
ming OR Ant colony optimization algorithm OR Particle
swarm optimization OR Artificial Ant colony optimiza-
tion algorithm OR Bee colony optimization OR Simu-
lated annealing OR ABC algorithm OR Cuckoo search
OR NSGA-II OR Harmony search OR Immune algorithm
OR firefly algorithm OR Grey wolf optimization OR Bat
algorithm OR bacterial colony optimization OR Gravita-
tional search algorithm OR Glowworm optimization OR
Ant lion algorithm))

OR

(key words: Meta-heuristic search OR key words:
Genetic programming OR key words: Ant colony optimi-
zation algorithm OR key words: Particle swarm optimi-
zation OR key words: Artificial Ant colony optimization
algorithm OR Bee colony optimization key words: ABC
algorithm OR key words: GRASP and Path-relinking
algorithm OR key words: NSGA-II OR key words: Tabu
search OR key words: Simulated annealing OR key
words: Cuckoo search OR key words: Harmony search
OR key words: Immune algorithm OR key words: firefly
algorithm OR key words: Grey wolf optimization OR
key words: Bat algorithm OR key words: bacterial colony
optimization OR key words: Gravitational search algo-
rithm OR key words: Glowworm optimization OR
key words: Ant lion algorithm OR key words: Fruit fly
algorithm )

Non-Heuristic

Hill-climbing
BestFirst Search

A* Search Algorithm

Heuristic p, OA* Search

Local Beam Search

Constraint Satisfaction

Pruning algorithm

Genetic algorithm
QoS-aware et

web service
composition

Ant Colony optimization

Bee colony optimization

ABC Algorthm

PSO algorithm
| —

Tabu Search algorithm

Cuckoo Search

Simulated Annealing

Grey W olf Optimizer

Glowworm Swarm Optimization

The list of 85 research articles with the algorithms and
QoS parameters used by these articles is presented in
Table 13.

2.2.2 Data Extraction and Synthesis

We extracted data from the list of five search databases
(mentioned in Table 3) and designed a structural format
based on characterization aspects using the guidelines pro-
vided by [13]. We compare and analyze the approaches for
QoS-aware web service composition in Section 3. Further,
we analyze merits and demerits of the existing research and
future directions.

3 CLASSIFICATION AND APPROACHES IN
Qo0S-AwARE WEB SERVICE COMPOSITION

This section proposes a classification of current approaches
in CI based QoS-aware web service composition that
includes non-heuristic (exact), heuristic, and meta-heuristic
methods, their algorithms and metrics. The classification of
research approaches is shown in Fig. 2.

3.1 Non-Heuristic (Exact) Algorithms

Non-heuristic (Exact) algorithms solve optimization prob-
lems optimally. Every optimization problem can be solved
using exhaustive search but as the size of the instances
grows it takes forbiddingly large amount of time to find the
optimal solution. Exact algorithms are significantly faster
than exhaustive search [18]. Generally, the problem of web
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TABLE 5
Some Non-Heuristic (Exact) Algorithms for QoS-Aware Web Service Composition
Approach Optimization QoS Specification Multi objective optimization Algorithm
mode Constraints
Ardagna et al. [12] global Supported Supported Mixed integer programming
Marco et al. [31] global Not supported Not Supported Backward breadth first
Liangzhao et al. [19] global Supported Supported Linear integer programming
Changlin et al. [25] global Supported Supported Divide-and-Conquer
Tao et al. [21] global Supported Supported MMKP & MCOP
Tai et al. [32] local Supported Supported MCOP Algorithm
Cardellini et al. [33] global Supported Supported Linear programming
Mohabey et al. [34] global Supported Supported Integer Programming
Yang et al. [35] local Not Supported Supported MCOP Algorithm
Huang et al. [23] local Not Supported Not Supported Mod. Dynamic Programming
Gao et al. [24] local Not Supported Supported Mod. Dynamic programming
Yu et al. [20] global Supported Not Supported MMMKP
Zeng et al. [22] local Supported Supported Linear integer programming
Alrifai et al.[26] global Supported Supported Mixed integer programming
Jaeger et al. [27] global Supported Supported Knapsack problem & Constraint project
scheduling problem (RCPSP)
Jaeger et al. [28] global Supported Supported Knapsack problem & Multi-Mode RCPSP
Gabrel et al. [29] global Supported Supported dependency graph and 0-1 linear programming
Min et al. [37] global Supported Supported BB4EPS
Yang et al. [38] global Supported Supported Greedy Quick-hull

service composition is considered as a single objective
problem with local/global QoS maximization or a multi-
objective problem with global QoS maximization. Zeng
et al. [19] used local and global optimization algorithms for
QoS aware web service composition. The local optimization
algorithm selects the optimal service for each given tasks in
the composite web service application. The global optimiza-
tion algorithm selects the optimal execution plan for all pos-
sible paths based on integer programming. Yu et al. [20]
proposed methods to maximize the prenominal function
and to satisfy the global constraints, designed as a multidi-
mensional, multi objective, multi choice knapsack problem.

Yu et al. [21] presented a method considering the mul-
tiple QoS constraints and used different work-flows for
different business processes. Zeng et al. [22] proposed a
method of quality driven composition, evaluating QoS of
web services and selecting web services by using local
optimization and global constraints. Huang et al. [23]
adopted filtering algorithms to reduce the search space to
compute optimal QoS. Gao et al. [24] proposed two differ-
ent types of service selection approaches including local
optimal selection and global optimal selection. Wang
et al. [25] discussed an efficient divide-and-conquer algo-
rithm for QoS service selection based on a high-level con-
ceptual model for web service composition. Alrifai et al.
[26] adopted a hybrid methodology by applying mixed
integer programming (MIP) to seek out the best decompo-
sition of QoS constraints into native constraints and to the
simplest web service that satisfy all these constraints. Jae-
ger et al. [27] discussed a novel model for service selec-
tion and evaluation of quality of service for QoS aware
web service composition. Jaeger et al. [28] proposed a
method based on computational and resource-values for
finding optimal solution for web service selection. Gabrel
et al. [29] presented a method to find optimal solution for
transactional web service composition using dependency
graph and 0-1 linear programming. Liu et al. [30] pro-
posed methods based on mathematical programming and

convex-hull method for finding the optimal solution and
applied multiple criteria decision making (MCDM) to
merge the multiple dimensional resources for global and
local constraints in web service composition.

Some authors discussed an end-to-end QoS maximiza-
tion to maximize the end-to-end availability and to choose
local maximization for each task for each implementation
[12] for selecting an optimal execution plan. Many other
researchers proposed several exact algorithms to reduce the
time complexity for global and local constraints related to
web service composition [31], [32], [33], [34], [35], [36], [37].
The classification of current approaches in exact algorithms
and their metrics are shown in Table 5.

3.2 Heuristic Algorithms

Heuristic algorithms are algorithms which are generally cre-
ated by “experience” for specific optimization problems and
they intend to find a good solution to the problem by ”trail-
and-error” in a acceptable amount of time. The solutions
may not be the best or optimal solution but they might be
better than an educated guess [39]. Heuristic algorithms
take the full advantage of the particularities of the problem.
Since exact algorithms take forbiddingly large amount of
time to obtain the optimal solution, heuristic algorithms are
preferred which obtain near-optimal solutions in acceptable
amount of time. Berbnar et al. [40] proposed H1 RELAX IP,
H2 SWAP, and H3 ANNEAL methods for finding an opti-
mal solution and improving the efficiency in QoS-aware
web service composition. Klein et al. [41] proposed a
method using hill-climbing algorithm and compared with
linear integer programming to reduce the time complexity
to find the near-optimal solution. Qi et al. [42] presented a
local optimization and enumeration method to find the local
candidates and then combine them to find the optimal solu-
tion. Diana et al. [43] proposed a novel heuristic search
model for service selection and evaluation of quality-of-ser-
vice for service composition. Jun et al. [44] discussed an effi-
cient and reliable approach for selection of trustworthy
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TABLE 6
Some Heuristic Search Algorithms for QoS-Aware Service
Composition (Supporting Multiple QoS Constraints and
Multi-Objective Optimization)

Approach Optimization Algorithm
mode
Berbner et al. [57] global MIP heuristic
Simone et al. [53] global Memetic Algorithm
Lianyong et al. [42] local Local optimization and
enumeration method
Ying et al. [52] global Win-Win strategy algorithm
Yuan-Sheng et al. [50]  global Heuristic algorithm
Adrian et al. [41] global Hill climbing
Jun et al. [44] global Global Heuristic algorithm
Liu et al. [30] global Heuristic algorithm
Luo et al. [45] global Heuristic algorithm
Jing et al. [51] global Heuristic algorithm
Diana et al. [43] global Heuristic search
Pedro et al. [46] global Heuristic algorithm
Moustafa et al. [47] global Reinforcement Learning
Liang et al. [48] global Improved Reinforcement Learning
Feng et al. [49] global Relaxable service selection algo-
rithm
Chan et al. [55] global BF* algorithm
Rodriguez et al. [56] global A* algorithm

services in a QoS-aware web service composition to obtain
the near-optimal solution.

Luo et al. [45] proposed a heuristic HCE algorithm for
QoS aware web service composition which satisfy the end-
to end QoS constraints. Pedro et al. [46] presented a heuris-
tic algorithm QoS-aware web service composition within
the minimal search space and realistic deadline. Moustafa
et al. [47] and Liang et al. [48] discussed reinforcement
learning algorithm to solve multi-objective quality of service
problem and find a set of Pareto optimal solutions which
satisfy the multiple QoS factors and user requirements.
Feng et al. [49] presented a relaxable QoS-aware service
selection algorithm to find the optimal solution by using
complex local and global constraints which satisfy the user
requirements.

Many other researches proposed several heuristic algo-
rithms for web service composition to reduce the time com-
plexity for global and local constraints [50], [51], [52], [53],
[54], [55], [56]. The classification of current approaches in
heuristic algorithms and their metrics are shown in Table 6.

3.3 Meta-Heuristic Algorithms

A meta-heuristic algorithm is a higher-level heuristic algo-
rithm which is problem independent and applicable to a
broad range of problems. Recently “meta-heuristics” refers
to all modern higher-level algorithms [39]. Some of the well
known meta-heuristics are particle swarm optimization
(PSO), simulated annealing (SA), evolutionary algorithms
(EA) including genetic algorithms (GA), tabu search (TS), ant
colony optimization (ACO), bee algorithms (BA), firefly algo-
rithms (FA), and harmony search (HS). There are two impor-
tant components in modern meta-heuristics: intensification
and diversification [58]. A balance between intensification
and diversification is important for an effective and efficient
meta-heuristic algorithm. A meta-heuristic algorithm
searches the entire solution space a diverse set of solutions
are to be generated and search needs to be intensified around
the neighborhood of the optimal or near-optimal solutions.

The first genetic algorithm for web service composition
was proposed by Canfora et al. [9]. Several researchers pro-
posed web service composition using genetic algorithm
methods with global constraints [9], [59], [60], [61], [62],
[63], [64], [65], [66], [67].

Yu et al. [68] proposed a tree based genetic algorithm to
solve QoS aware web service composition. Liu et al. [69]
adopted an improved genetic algorithm using ant colony
optimization to select the initial population antibodies for
better efficiency and convergence speed. Ma et al. [70] pre-
sented a convergent population diversity handling genetic
algorithm for web service selection.

Xiangbing et al. [71] proposed a web service modeling
ontology (WSMO) based web service composition method
to solve QoS aware service composition and applied a
genetic algorithm which minimizes the search time to find
the near-optimal solution. Some researchers adopted tabu
search for finding optimal QoS-aware web service composi-
tion [72], [73]. In [74], [75], [76], authors proposed harmony
search algorithms to find near-optimal solution by using
local and global constraints which satisfy the user
requirements.

Another efficient meta heuristic technique for web ser-
vice composition is particle swarm optimization. Many
researchers [77], [78], [79], [80], [81], [82] adopted particle
swarm optimization algorithms for QoS-aware web service
composition.

In many scientific and engineering problems, we require
to find more than one optimal solutions. Original PSO tech-
nique focuses on finding one solution. The evolutionary
algorithms which find multiple solutions are generally
referred to niching or specification algorithms [83].
NichePSO algorithm is a technique which locates and refines
multiple solutions to multi-modal problems. Liao et al. [84]
developed a niching particle swarm optimization support-
ing multiple global constraints and load balancing for web
service composition. Liu et al. [85] presented a hybrid quan-
tum particle swarm optimization algorithm to solve combi-
natorial optimization problem for web service composition.
Xiangwei et al. [86] proposed discrete particle swarm opti-
mization algorithms and color petri nets (CPN) for solving
web service composition. Zhao et al. [87] adopted an
improved discrete immune optimization method based on
PSO for QoS-aware web service composition. some research-
ers used Immune algorithms for QoS-aware web service
composition [88], [89], [90], [91] to find the near-optimal
solution as multi-objective problems.

Another efficient meta-heuristic technique for QoS-aware
web service composition is Ant colony optimization. Vari-
ous researchers adopted ant colony optimization algorithm
for web service composition [92], [93], [94], [95]. While solv-
ing web service composition using ant colony optimization,
the problem is modeled as a weighted directed acyclic
graph with the starting point denoting the nest of ants, tar-
get point denoting food sources, and the QoS constraints
denoting weights of the edges.

Li and Yan-Xiang [96] selected a web service model with
QoS global optimization and converted it into multi-objective
optimization problem. Further, they used a multi-objective
chaos ant colony optimization (MOCACO) algorithm to
select the services, optimize QoS, and satisfy the user
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TABLE 7
Some Meta-Heuristic Search Algorithms for QoS-Aware Service
Composition (Supporting Global Optimization, Multiple QoS
Constraints, and Multi-Objective Optimization)

Approach

Algorithm

de campos et al. [101]

Xianzhi et al. [102]
Yang et al. [68]
Anqui et al. [103]

Parejo et al. [104]

Canfora et al. [3], [9], [105],
Lifeng et al. [106], Wada et al.
[107], Gao et al. [108],

Tang et al. [62], Susen et al.
[63], Junli et al. [65], Li et al.
[67], Hongbing et al. [109],
Liang et al. [110], Xiangbing
etal. [71]

Gao etal. [89], Jiuyun et al.
[88], Zhao et al. [87], Pop et al.
[91], [111]

Rosenberg et al. [112]
Zongkai et al. [92]

Shanshan et al. [113], Pop
et al. [94], Ya-mei et al. [95]
Wang et al. [93]

Li et al. [96]
Sondos et al. [72]

Jiuxin et al. [114], Li et al. [78],
LongJun et al. [77], Ludwig

et al. [80]

Susen et al. [61]

Chunming et al. [64]

Huan et al. [69]

Yue et al. [70]

Jose et al. [73]

Liu et al. [79]
Jianxin et al. [84]
YangLiu et al. [85]
Xiangwei et al. [86]

Chifu et al. [98]
Zhou et al. [99]

Jafarpour et al. [74], [76],
Mohammed et al. [75]
Kousalya et al. [100]

Fan et al. [115]

Rezaie et al. [116]
Wenbin et al. [81]

Multi-objective evolutionary
optimization algorithm
Improved artificial bee colony
Adaptive genetic algorithm
Genetic algorithm, Greedy
Search

GRASP and Path-relinking

Genetic algorithm

Immune Algorithm

Simulated Annealing

Genetic algorithm, Ant colony
optimization

Ant colony optimization

Chaos ant colony optimiza-
tion

Multi-objective chaos ant col-
ony optimization

Hybrid Genetic algorithm,
Tabu search

Particle swarm optimization

Improved genetic algorithm
Tree coded genetic algorithm
Improved Genetic Algorithm
Diversity Genetic algorithm
Tabu search, Hybrid genetic
algorithm

Hybrid genetic algorithm,
PSO

Niching particle swarm opti-
mization

Hybrid particle swarm opti-
mization

Discrete Particle swarm opti-
mization

Bee colony optimization
Chaotic Artificial bee colony
optimization

Harmony search

Bee algorithm
Co-evolution Algorithm
Multi-objective PSO
Improved PSO

requirements. Mao et al. [97] presented different meta-heu-
ristic algorithms (particle swarm optimization, estimation of
distribution algorithm, genetic algorithm) for efficient perfor-
mance in web service composition. Pop et al. [94] proposed a
hybrid method (ant colony optimization, and graph model)

N
@®

16
14 -
£ 12
2
< 10 4
a
5 8
Z 6
4 4
2
0

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Years

Fig. 3. No of papers in each year (up to May 2015).

with improved accuracy and efficiency for web service
composition.

Some researchers adopted bee colony optimization
(BCO) for web service composition [98], [99], [100] to find
near-optimal solutions as multi-objective problems. The
classification of current approaches for QoS-aware web ser-
vice composition using meta-heuristic algorithms and their
metrics are presented in Table 7.

4 ANALYSIS OF SLR RESULTS

This section analyses the results of this study addressing the
research questions RQ1, RQ2, and RQ3 (shown in Table 1).

4.1 Overview of Primary Studies

During the analysis of state-of-the-art literature in QoS-
aware web service composition, we consider the following
research questions:

1. What is the status of research on CI based web ser-
vice composition?

2. What are the fora in which the researchers published
their results related to CI based QoS-aware web ser-
vice composition?

3. What are the active research communities for CI
based QoS-aware web service composition?

The number of research papers on CI based QoS-aware
web service composition and their year of publication are
shown in Fig. 3. From Fig. 3, we observe that the first set of
papers on meta-heuristic based web service composition
was published in 2005. Further, we observed that the number
of papers significantly increased in 2010. Also, we observe
that a consisting increase is seen in the last three years.

Most of the papers in CI Based QoS-aware web service
composition are published in ICWS, ICSOC, WWW, CEC,
SSC, IST, ICCP, APCC, and other major conferences (as
shown in Table 8). Among 85 studied papers, 24 papers
were published in major journals including Expert Systems
with Applications, Applied Soft Computing, Future Generation
Computer Systems, SOCA, International Journal of Computa-
tional Intelligence Systems, and Evolutionary Intelligence. A list
of distribution of studies per publication channel is shown
in Table 8.

After the selection of papers and synthesis, we looked at
affiliation of authors. We considered a research group in a
particular University /Institute to be an active research
group which had at least two included studies. The list of
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TABLE 8
List of Distribution of Studies (Papers) Per Publication Channel
Publication Channel Abbreviations Count
Expert systems with Applications ESWA 3
Applied Soft Computing APPL SOFT COMPUT 2
Service Oriented Computing and Applications SOCA 2
International Journal of Computational Intelligence Systems IJCIS 2
Evolutionary Intelligence EI 1
Future Generation Computer Systems FGCS 1
Knowledge and Information Systems KIS 1
Journal of System Software JOSS 1
Journal of Theoretical & Applied Inf. Tech. JATIT 1
Chinese Journal of Computers CJocC 1
Computer Networks JCN 1
Journal of Networks JNW 2
Transactions on Large-Scale Data & Knowledge Centered Syst. TLDKS 1
Tsinghua Science & Technology Tsinghua Sci Technol 1
Information Technology Journal IT] 1
Mathematical Problems in Engineering MPE 1
International Journal of Advanced Manufacturing Technology JAMT 1
Wuhan University Journal of Natural science WUJNS 1
IEEE Congress on Evolu. Computation CEC 4
Inter. Conf. on Ser. Oriented Comp. ICSOC 2
IEEE Inter. Conf. on Ser. Comp. SCC 2
Inter. Conf. on Web Services ICWS 5
Inter. Conf. on World Wide Web WWWwW 1
Inter. Conf. on Eng. and Business Eng. ICEBE 1
Inter. Conf. on Web Inf. Sys. and Mining ICWiSM 1
Inter. Joint Conf. on Al [JCAI 1
Inter. Conf. on Advanced Inf. Networking and Applications ICAINA 1
IEEE Inter. Conf. on Global Telecommunication IEEE GLOBECOM 1
IEEE Inter. Conf. on Inf. Integration and web based appl. and services IIWAS 1
IEEE Inter. Conf. on Intelligent computer communication and processing ICCP 3
Asia-Pacific conf. on Communications APCC 1
Pacific-Asia conf. on web mining and web based appl. WMWA 1
IEEE Asia-Pacific conf. on service computing APSCC 1
Inter. Conf. on Dependable, Automatic, and secure computing DASC 1
Inter. Conf. on Computational Inte. for Modeling, Control and Automation CIMCA 1
Annual Conf. on genetic and evolu. comp. GECCO 1
Annual Inter. Computers, Software & Appli. Conf. COMPSAC 2
IEEE Inter. Conf. on Algorithms and Architecture for Parallel Processing ICA3PP 2
Inter. Sym. on Symbolic and Numeric Algorithms for Scientific Computing SYNASC 1
Inter. Conf. on Computers, Networks, Systems, and Industrial Eng. CNSI 1
Inter. Conf. on Interaction Sciences:Information Technology, culture & Human ICIS 1
Inter. Conf. on Informatics, Cybernetics, and Computer Engineering ICCE 1
Inter. Sym. on Parallel and Distributed Processing with Appli. ISPA 1
Inter. Conf. on Mobile Web Inf. Sys. MobiWIS 1
Inter. Conf. on Swarm Intelligence ICSI 1
Inter. Conf. on Advanced Communication Technology ICACT 1
IEEE Inter. Sym. on Web Systems Evolution ISWSE 1
Inter. Workshop on Resource Discovery RED 1
Actas de los Talleres de las Jornadas de Ingeniera del Software y Bases de Datos SISTEDES 1
Inter. Conf. on Wireless Communi.,Networking and Mobile Comp. WiCOM 1
Brazilian Sym. on Neural Networks SBRN 1
Inter. Sym. on Telecommunications IST 3
Inter. Forum on information technology and applications IFITA 1
Inter. Conf. on Database and Expert Systems Applications DESA 1
Inter. Conf. on Advanced Language Processing and Web Inf. Tech. ALPIT 1
Inter. Conf. on e Sciences ICeS 1
IEEE Congress on services SERVICES 1
Inter. Sym. on ISKO-Maghreb: Concepts and Tools for knowledge Management ISKO-Maghreb 1
Inter. Sym. on Computational Intelligence and Design ISCID 1
Inter. Conf. on Industrial Control and Electronics Eng. ICICEE 1
Inter. Conf. on Simulated Evolution and Learning (SEAL 2014) SEAL 2
Inter. Conf. on Knowledge Science, Engineering and Management KSEM 1
Inter. Conf. on Networked Digital Technologies NDT 1
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TABLE 9
Active Communities and Their Research Focus

Studies Research Focus
Queensland University of Technology [62] [106] [117] Web service composition, Genetic algorithm
Wuhan University [118] [96] [78] QoS-aware web service composition, Chao PSO, ACO
Vienna University of Technology [112] [119] Web service composition

Beijing University of Posts and Telecommunications
Victoria University of Wellington

University of Seville

University of Sannio

Technical University of Cluj-Napoca

[73]1[104]
[9]1 [105] [3]

[69] [93] [129]
[741 [76] [72] [116] [130]

Zhejiang Normal University
University of Isfahan

[120] [121] [84] [871[90] [70] [81]
[68] [122] [123] [103] [124] [125] [126] QoS-aware web service composition, Genetic algorithm, PSO

[94] [127] [91] [98] [128] [111]

QoS-aware web service composition, MOCACO, PSO

QoS-aware web service composition, Genetic algorithm, GRASP
QoS-aware web service composition, Genetic algorithm

Web service composition, Immune inspired, PSO,

Cuckoo search algorithms

Web service composition, genetic algorithm, PSO

QoS-aware web service composition, Harmony search, GA

the active research communities and their research focus are
shown in Table 9. A significant number of research papers
on QoS-aware web service composition were published by
researchers from Wuhan University, Vienna University of
Technology, Beijing University of Post and Telecommunica-
tions, University of Seville, Victoria University of Welling-
ton, University of Sannio, Queensland University of
Technology, Technical University of Cluj-Napoca, Univer-
sity of Isfahan, and Zhejiang Normal University.

4.2 Research Objectives, Approaches, and QoS
Parameters

Based on our literature survey, we identified three major
approaches in QoS-aware web service composition (see
Fig. 4). It can be observed that 20 percent of studies focus on
exact, 30 percent of studies focus on heuristic, and 50 per-
cent of studies focus on meta-heuristic approaches. Exact
algorithm approach has the following limitations: low user
satisfaction, assessment of QoS parameters, and high time
complexity. Most of the researchers used heuristic methods
to solve QoS-aware web service composition problems with
global constraints. However, these algorithms support
limited workflow and do not give optimal solution. Meta-
heuristic methods support large workflow sizes with global
constraints and have less computation time. Thus, meta-
heuristics methods appear as a premier solution for QoS-
aware web service composition.

Considering RQ3, the proposed approaches are classified
into three categories as mentioned in Section 3. These cate-
gories and their statistics are shown in Figs. 5 and 6. From

Approach Categories

B Meta Heuristics
H Heuristics

Non Heuristics

Fig. 4. Importance of approaches.

Fig. 5, it is clear that the highest percentage of research is
done in genetic algorithms.

Considering RQ2, most researchers focus on the following
QoS parameters: Availability (A), Reliability (Re), Response
time (Rt), Cost (C), Reputation (R), Throughput (Th), Secu-
rity (S). Table 10 lists QoS Parameters commonly used in the
algorithms of various computational intelligence based web
service composition. Based on the said parameters, we calcu-
late the importance percentage of each parameter as the
ration of the number of occurrence of each parameter to the
sum of the number of occurrences of all parameters [17].
The list of occurrence of QoS parameters and their percent-
age are shown in Fig. 7 and 8. Tables 11, 12, and 13 illustrate
the selected studies and their QoS parameters for exact, heu-
ristics, and Meta-heuristics respectively.

4% 1%

2% 19 EGA
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Fig. 5. Importance of each approach and their percentage.
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Fig. 6. No of papers in each approach categories.
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TABLE 10
List of QoS Parameters and Their Description [131] Commonly Used in the Algorithms of Various Computational
Intelligence Based Web Service Composition

Parameter Name

Description

Availability (A)
Reliability (Re)
Response time (Rt)
receives the response.
Cost (C) / Price (P)
Reputation (R)
Throughput (Th)
Security (S)

The probability that a service is available during the request.
The probability that a request is correctly responded within the maximum expected time.
The time interval between the moments when a user requests the service and when the user

The price that a service requester has to pay for invoking the service.

The average ranking given to the service by end users according to their own experiences.
The number of web service requests served at a given time period.

The quality aspect of a web service providing confidentiality and non-repudiation

by authenticating the parties involved and encrypting messages.

5 RESEARCH IMPLICATIONS AND FUTURE
DIRECTIONS

In this section, we address the research question RQ4 and
discuss the benefits and drawbacks of this SLR.

5.1 Research Challenges and Future Directions
After analyzing the data collected through this SLR for CI
based QoS-aware web service composition, we observe that
the following research challenges are not addressed by the
research communities.

5.1.1 Meta-Heuristics

In existing literature, researchers did comparisons among
exacts, heuristics, and meta-heuristics algorithms [9], [11],
[85]. From these comparisons, we observe that meta-
heuristic algorithms obtain near-optimal execution plan
in a reasonable amount of time. Section 3.3 presents a list
of related research using meta-heuristics. However,
appropriate web service composition methods using Arti-
ficial Bee Colony (based on intelligent behavior of honey
bee swarm [132], [133]), Grey Wolf Optimizer (inspired
by grey wolves [134]), Firefly Algorithm (based on flash-
ing characteristics of fireflies [135]), Bat Algorithm (based
on echo location capabilities of bats [136]), Bacterial col-
ony optimization (inspired by behaviors of E. coli bacteria
[137]), Gravitational search algorithm (based on law of
gravity and notion of mass interaction [138]), Glowworm
swarm optimization (inspired by behaviors of glow-
worms [139]), and Ant lion optimizer (inspired by imitat-
ing the hunting mechanism of ant-lions [140]) are still

Security I

Throughput
Reputation

Cost

Response Time

Reliability

Availability

=)
=

20 30 40 50 60 70 80 90

missing. These meta-heuristic algorithms could find near-
optimal solutions for QoS-aware web service composition
in a more effective and efficient way.

5.1.2 Inter Service Dependencies and Conflicts

Inter service dependencies and conflicts are one of the
most promising challenges in QoS-aware web service com-
position. In the literature survey, we observe that exact
algorithm methods do not incorporate inter service depen-
dencies and conflicts between web service compositions. In
few web service composition scenarios, service implemen-
tations for each task could be selected independently from
the other tasks. However, there are several business, tech-
nological or partnership related constraints in web service
composition scenarios. During modeling of a service com-
position, the selection of a service is highly dependent on
constraints like time and place. This problem was first
identified by Ai and Tang in 2008 [117] and solved by
[106] using genetic algorithm. Unfortunately, inter service
dependencies and conflicts still remain unexplored by
other meta-heuristic algorithms.

5.1.3 QoS-Aware Cloud Service Composition

QoS-aware approaches are emerging as a challenging
research topic in cloud service composition [17], [141], [142],
[143]. In SaaS model, the challenges include monitoring and
managing QoS requirements and resource allocation opti-
mization [144], [145], [146], [147]. Further, there are no tools
and metrics to develop and deploy SaaS applications based
on QoS requirements [148], [149].

Throughput, _Security
Reputation 3% / 1%

Fig. 7. Repetition of QoS parameters in literature.

Fig. 8. Percentage of QoS parameters in literature.
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TABLE 11

List of Studies and Their QoS Parameters (Exact Algorithms)

Authors Name

Algorithm used

QoS Parameters Considered

Zeng et al. [19]
Yu et al. [20]
Tao et al. [21]
Zeng et al. [22]

Huang et al. [23]

Gao et al. [24]
Changlin et al. [25]
Alrifai et al. [26]
Yuan-sheng et al. [45]

Ardagna et al. [12]
Marco et al. [31]
Tai et al. [32]
Cardellini et al[33]
Mohabey et al. [34]

Gabrel et al. [29]
Jaeger et al. [27]

Jaeger et al. [28]
Min et al. [37]
Yang et al. [38]
Yang et al. [35]

Linear integer programming
MMMKP

MMKP & MCOP

Linear integer programming

Mod.Dynamic Programming
Dynamic Programming
Divide-and-Conquer

Linear integer programming
Heuristic-enhanced cross entropy

Mixed integer programming
Backward breadth first
MCOP Algorithm

Linear programming
Integer Programming

Dependency Graph and 0-1 Linear Programming

Knapsack problem & Constraint
project scheduling problem (RCPSP)

Knapsack problem & Multi-Mode RCPSP

BB4EPS
Greedy Quick-hull
MCOP Algorithm

Cost (C), Response time (Rt) , Reputation (R), Availability (A)
Response time (Rt) , Cost (C) , Availability (A), Reliability (Re)
Response time (Rt) , Cost (C), Reliability (Re), Availability (A)
Cost (C) , Response time (Rt), Reputation (R),

Reliability (Re) , Availability (A)

Response time (Rt), Throughput (Th)

Response time (Rt), Throughput (Th)

Cost (C), Response time (Rt), Reliability (Re), Availability (A)
Availability (A), Response time (Rt) , Reputation (R), Cost (C)
Cost (C), Response time (Rt), Reputation (R) , Availability (A),
Security (S), Throughput (Th)

Response time (Rt), Throughput (Th), Availability (A), Price (P)
Response time (Rt), Availability (A), Reputation (R), Price (P)
Response time (Rt), Cost (C), Availability

Response time (Rt), Cost (C), Availability (A)

Response time (Rt), Reputation (R),

Availability (A), Response time (Rt)

Availability (A), Cost (C), Response time (Rt)

Response time (Rt), Cost (C), Reputation (R), Availability (A)

Response time (Rt), Cost (C), Reputation (R), Availability (A)

Reputation (R), Availability (A), Response time (Rt), Reliability (Re)

Cost (C), Availability (A), Reliability (Re), Reputation (R), Response time (Rt)
Cost (C), Reputation (R)

In IaaS model, the challenges include resource manage-
ment and scalability [150] and performance monitoring [151].
Though several approaches have been proposed for laaS
resource management, determining the minimum cost for
cloud service composition remains a challenge [152]. Manag-
ing service level agreements (SLA) and mapping of SLAs with
QoS requirements remains a challenges in IaaS [150], [153].

Meta-heuristic methods for cloud service composition
are addressed in [141], [154], [155]. However, cloud service
composition using several other Meta-heuristic approaches

are still missing.

5.2 Benefits for Researchers and Practitioners
This SLR provides classification, approaches, and compari-
sons of QoS aware web service composition. The classi-
fication and comparisons of this SLR study contains the
85 most relevant papers and provides a reasonable amount
of information. By using this SLR, researchers and practi-
tioners get relevant studies and related information that
support CI based QoS web service composition quickly.
For example, if the researchers use the following query:
Title: (QoS-aware web service composition) OR Abstract:
(web service composition) AND Title: (meta-heuristics),

TABLE 12

List of Studies and Their QoS Parameters (Heuristic)

Authors Name

Algorithm used

QoS Parameters Considered

Liu et al. [30]
Klein et al. [41]
Qi et al. [42]

Yuan-Sheng et al.[50]
Jing et al. [51]

Ying et al. [52]
Simone et al. [53]
Berbner et al. [57]
Jun et al. [44]

Diana et al. [43]
Pedro et al. [46]
Moustafa et al. [47]
Liang et al. [48]

Lin et al. [49]

Chan et al. [55]
Rodriguez et al. [56]
Luo et al. [45]

Heuristic algorithm

Hill climbing

Local optimization and
enumeration method

Heuristic algorithm

Distributed Heuristic algorithm
Win-Win strategy algorithm
Memetic Algorithm

MIP heuristic

Global heuristic algorithm
Heuristic search

Heuristic algorithm
Reinforcement Learning

Improved Reinforcement Learning
Relaxable service selection algorithm
BF* algorithm

A*algorithm

Heuristic algorithm

Cost (C), Response time (Rt), Reputation (R), Availability (A)
Response time (Rt), Cost (C), Availability (A), Reliability (Re)

Response time (Rt), Reputation (R), Availability (A), Cost (C)
Reputation (R), Availability (A), Cost (C), Security (S)

Cost (C), Availability (A), Reliability (Re)

Response time (Rt), Reliability (Re), Availability (A)
Response time (Rt), Reliability (Re), Availability (A), Cost (C)
Cost (C), Response time (Rt), Reliability (Re), Availability (A)
Cost (C), Reliability (Re), Availability (A), Response time (Rt)
Availability (A), Cost (C), Response time (Rt), Reliability (Re)
Availability (A), Cost (C), Response time (Rt), Reputation (R)
Availability (A), Cost (C), Response time (Rt)

Availability (A), Cost (C), Response time (Rt)

Availability (A), Cost (C), Response time (Rt), Reliability (Re)
Availability (A), Cost (C), Response time (Rt)

Auvailability (A), Cost (C), Response time (Rt), Reliability (Re)
Availability (A), Cost (C), Response time (Rt), Throughput (Th), Security (S)
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TABLE 13
List of Selected Studies and Their QoS Parameters (Meta-Heuristic)

S.No Authors Name Algorithm used QoS Parameters Considered

1. Parejo et al. [104] GRASP and Path Relinking Cost (C), Response time (Rt), Reliability (Re), Availability (A), Security
(©)

2. Yu et al.[68] Adaptive genetic algorithm Response time (Rt), Cost (C), Reliability (Re), Availability (A)

3. Amiri et al. [156] Genetic algorithm Cost (C), Response time (Rt), Availability (A), Reputation (R)

4. Tang et al. [62] Hybrid Genetic algorithm Response time (Rt), Cost (C), Reputation (R), Reliability (Re), Availabil-
ity (A)

5. Zhao et al. [87] Discrete immune optimization, PSO Cost (C), Response time (Rt), Availability (A), Reliability (Re)

6. Liu et al. [69] Improved GA Response time (Rt), Cost (C), Reliability (Re), Availability (A)

7. Amiri et al.[82] PSO Cost (C), Response time (Rt), Availability (A), Reputation (R)

8. Canfora et al.[9] Genetic algorithm Cost (C), Response time (Rt), Availability (A), Reliability (Re)

9. Chen et al. [157] MMGA Cost (C), Response time (Rt), Availability (A)

10. Chengying et al.[97] GA, PSO Response time (Rt), Cost (C), Reliability (Re), Availability (A)

11. Xiangbing et al. [71] Genetic algorithm Price (P), Response time (Rt), Availability (A), Reliability (Re)

12. Yunwu et al. [93] Chaos ACO Cost (C), Response time (Rt)

13. Ludwig et al.[80] PSO Reliability (Re), Availability (A), Reputation (R), Response time (Rt),
Price (P)

14. Anqui et al. [103] GA, Greedy Approach Response time (Rt)

15. Rodriguez-mier et al. [158] ~ Genetic algorithm Response time (Rt)

16. Roseberg et al. [112] GA,SA,TA Cost (C), Availability (A), Throughput (Th), Response time (Rt)

17. de Campos et al. [101] MESOA Cost (C), Reliability (Re), Availability (A), Reputation (R)

18. Chifu et al. [98] Bee colony optimization algorithm Auvailability (A), Reliability (Re), Response time (Rt), Cost (C)

19. Chifu et al. [128] PSO, Graph Response time (Rt), Availability (A), Reliability (Re), Throughput (Th),
Cost (C).

20. Xiangwei et al. [86] Discrete PSO Not mentioned

21. Xia et al. [159] PSO Availability (A), Reliability (Re), Response time (Rt), Cost (C)

22. Berbner et al. [40] GA Cost (C), Reliability (Re), Availability (A), Response time (Rt)

23. Quanwang et al. [160] Ant colony optimization Cost (C), Response time (Rt), Reliability (Re) , Availability (A)

24. Jian et al. [79] GA,PSO Cost (C), Reliability (Re), Availability (A), Response time (Rt)

25. Jianxin et al. [120] Multi-objective PSO Cost (C), Reliability (Re), Availability (A), Response time (Rt)

26. Tian et al. [161] Genetic algorithm Throughput (Th), Availability (A), Response time (Rt)

27. Xinfeng et al. [162] Hybrid GA Response time (Rt), Availability (A), Cost (C)

28. Lifeng et al. [106] Penalty GA Response time (Rt), Cost (C), Reputation (R), Reliability (Re),
Availability (A)

29. Lifeng et al. [117] GA and Hill climbing Response time (Rt), Cost (C), Reputation (R), Reliability (Re), Availabil-
ity (A)

30. Chunming et al. [64] TGA Cost (C), Response time (Rt), Reliability (Re), Availability (A)

31. Yujie et al. [163] NSGA-II Cost (C), Response time (Rt), Availability (A), Reputation (R), Through-
put (Th)

32. Yang et al. [85] HQPSO Cost (C), Response time (Rt), Availability (A)

33. Wang et al. [78] Choa PSO Cost (C), Response time (Rt), Availability (A), Reliability (Re)

34. Wang et al. [96] MOCACO Cost (C), Response Time, Reliability (Re)

35. Jianxin et al. [121] ASPSO Cost (C), Response time (Rt), Availability (A), Reliability (Re)

36. Jafarpour et al. [74] Harmony search Cost (C), Response time (Rt), Availability (A), Reliability (Re)

37. Pop et al. [94] Ant-Inspired Availability (A), Reliability (Re), Response time (Rt), Cost (C)

38. Wang et al. [118] MOCACO Response time (Rt), Availability (A), Reputation (R), Price (P)

39. Kousalya et al. [100] Multi-objective Bees Algo Availability (A), Reliability (Re), Response time (Rt), Cost (C)

40. Junli et al. [65] Multi-Objective Genetic Algo Cost (C), Response time (Rt), Reliability (Re)

41. Pop etal. [91] Immune-inspired algorithm Not mentioned

42. Sondos et al. [72] Hybrid GA, Tabu search Availability (A), Reliability (Re), Response time (Rt), Cost (C)

43. Parejo et al. [73] Hybrid GA, Tabu search Availability (A), Reliability (Re), Response time (Rt), Cost (C)

44. Jafarpour et al. [76] Harmony search Availability (A), Reliability (Re), Response time (Rt), Cost (C)

45. Jiuyun et al. [164] Immune Algo,GA Availability (A), Reliability (Re), Response time (Rt), Cost (C)

46. Xinchao et al. [90] Negative selection immune algo Cost (C), Availability (A), Response time (Rt), Reliability (Re)

47. Shanshan et al. [113] Improved ACO Availability (A), Reliability (Re), Response time (Rt), Cost (C),
Throughput (Th)

48. Zhang et al. [165] ACO Availability (A), Reliability (Re), Response time (Rt), Cost (C)

49. Jiuxin et al. [114] PSO Response time (Rt), Reliability (Re), Availability (A), Cost (C)

50. Wada et al. [107] MOGA Response time (Rt), Cost (C), Availability (A), Reliability (Re)

51. Su et al. [63] GA Availability (A), Reliability (Re), Response time (Rt)

52. Yue et al. [70] Convergence GA Availability (A), Reliability (Re), Response time (Rt), Cost (C)

53. Xia et al. [99] Chaotic ABC Availability (A), Reliability (Re), Response time (Rt), Cost (C)

54. Zhang et al. [166] PSO Cost (C), Availability (A), Reliability (Re), Response time (Rt)

55. Jun atel. [167] Improved ABC Response time (Rt), Cost (C), Availability (A), Reliability (Re)

56. Pop et al. [127] Cuckoo-inspired search Availability (A), Reliability (Re), Response time (Rt), Cost (C)

57. Yang et al. [124] Genetic algorithm Availability (A), Reliability (Re), Response time (Rt), Cost (C)
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TABLE 13
(Continued)
S.No Authors Name Algorithm used QoS Parameters Considered
58. Silva et al. [123] Graph based PSO Availability (A), Reliability (Re), Response time (Rt), Cost (C)

59. Serial et al. [168]
60. Jian et al. [169]
61. Silva et al. [126]
62. Yang et al. [125]
63. Hao et al. [170]

Quantum Inspired Cuckoo Search
culture minimax ant system (C-MMAS)
Genetic algorithm

Hybrid GP and Tabu search

Hybrid Multi-objective Discrete Particle
Swarm Optimization Algorithm

64. Jiang et al. [129] Variable length chromosome genetic

algorithm

65. Ying et al. [171] Distributed Partial Selection Algorithm
(DPSA)

66. Sharifara et al. [172] NSGA-II

67. Yiwen et al. [173]

68. Qian et al. [174]

69. Mu et al. [54]

70. Surianarayanan et al. [175]
71. Denghui et al. [176]

Global optimization selection algorithm
Adaptive ACO

72. Jiuyun et al. [88]

73. Gao et al. [89]

74. Jianxin et al. [84]

75. Pop etal. [111]

76. Lietal. [67]

77. Canfora et al. [3]

78. Fan et al. [115]

79. Liang et al. [110]

80. Rezaie et al. [116]

81. Hongbing et al. [109]
82. Wenbin et al. [81]

83. Mardukhi et al. [130]
84. Mohammed et al. [75]
85. Yang et al. [122]

Immune Algorithm
Immune Algorithm
Niching particle swarm optimization
Immune Algorithm
Genetic algorithm
Genetic algorithm
PSO,SA Algorithm
Genetic algorithm
Multi-objective PSO
Genetic algorithm
Improved PSO
Genetic algorithm
Harmony search
Genetic algorithm

Improved Fruit Fly Optimization Algorithm
Multi-population Genetic Algorithm (MGA)
GOS: a global optimal selection algorithm

Availability (A), Reliability (Re), Response time (Rt), Cost (C)
Auvailability (A), Reliability (Re), Response time (Rt), Cost (C)
Availability (A), Reliability (Re), Response time (Rt), Cost (C)
Availability (A), Reliability (Re), Response time (Rt), Cost (C)
Throughput (Th), Latency (L), Cost (C)

Throughput (Th), Availability (A), Reliability (Re), Response
time (Rt), Cost (C)
Throughput (Th), Response time (Rt)

Availability (A), Reliability (Re), Response time (Rt), Cost (C)
Availability (A), Response time (Rt), Cost (C), Reputation (R)
Availability (A), Response time (Rt), Cost (C)

Availability (A), Response time (Rt), Cost (C), Reputation (R)
Availability (A), Response time (Rt), Cost (C), Reliability (Re)
Cost (C), Response time (Rt), Reliability (Re), Availability (A),
Reputation (R)

Response time (Rt), Cost (C), Availability (A), Reliability (Re)
Cost (C), Response time (Rt), Reliability (Re), Availability (A)
Availability (A), Reliability (Re), Response time (Rt), Cost (C)
Availability (A), Reliability (Re), Response time (Rt), Cost (C)
Availability (A), Reliability (Re), Response time (Rt), Cost (C)
Availability (A), Reliability (Re), Response time (Rt), Cost (C)
Availability (A), Reliability (Re), Response time (Rt), Cost (C)
Availability (A), Reliability (Re), Response time (Rt), Cost (C)
Availability (A), Reliability (Re), Response time (Rt), Cost (C)
Availability (A), Reliability (Re), Response time (Rt), Cost (C)
Availability (A), Reliability (Re), Response time (Rt), Cost (C)
Availability (A), Reliability (Re), Response time (Rt), Cost (C)
Availability (A), Reliability (Re), Response time (Rt), Cost (C)
Availability (A), Reliability (Re), Response time (Rt), Cost (C)

then they will get a variety of relevant studies based on QoS-
aware web service composition using meta-heuristics. By
using this SLR, we can reduce time and complexity for search-
ing studies and solutions.

5.3 Threats to Validity
The main threats to the validity of this SLR are as follows.

Threats to completeness. The most important factor in
design phase of SLR is the construction and evaluation of
the search string. The search string enables researchers to
focus on examining a small cluster of related findings
instead of spending a lot of time to refine unrelated studies
[14]. The search was enhanced by using a combination of a
general search string and a final selection (secondary)
string. In our search strategy, we used five search databases
from which we have extracted relevant studies using the
constructed search string. The obtained studies were filtered
using the inclusion and exclusion criteria defined earlier in
Section 2.2.1. The search string was constructed to include
maximum number of relevant articles, but some article
might have been missed due to linguistic barriers and limi-
tation of defined inclusion and exclusion criteria.

Threats to method of identifying primary studies. In our
search strategy, the key idea is to retrieve the most relevant
and available literature without any bias. Our scope of the
study is to determine CI based QoS-aware web service

composition that may relate to different heuristic, meta-heu-
ristic and exact algorithms. To avoid bias, we searched com-
mon terms and combined them in our search string for
identifying the most relevant studies. Due to different per-
spectives and understanding of inclusion and exclusion cri-
teria by each researcher, we obtained different findings
from each researcher. To minimize the bias and increase the
reliability, in this work, two researchers worked together. In
case of disagreement among the researchers, other research-
ers were called for help to achieve consensus of the selection
of studies.

Threats to data extraction. In this SLR, we extracted the
data relevant for computational intelligence based QoS-
aware web service composition. By using general query, we
got 438 relevant studies. By secondary search, we found 85
most relevant studies to answer our research questions.

6 CONCLUDING REMARKS

The objective of this study is to systematically review the lit-
erature and develop a classification on CI based QoS-aware
web service composition. During this study, we got a com-
plete insight into QoS-aware web service composition and
reflections on future research challenges on QoS-aware
web service composition by synthesizing the collected data.
In this paper, we applied the search query on five databases
and extracted 438 studies that were published between 2005
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and 2015. From these studies, we analyzed 85 papers that
focused on meta-heuristic algorithms for QoS-aware web
service composition. This SLR has provided a complete
description of computational intelligence based QoS-aware
web service composition with the analysis of different algo-
rithms, mechanisms, and techniques. During the SLR we
observed that the most commonly used approach for solv-
ing QoS-aware web service composition was meta-heuristic
(50 percent). 30 percent of studies focussed on heuristic
approaches and 20 percent of studies focussed on non-
heuristic (exact) approaches. This is justified by the fact that
QoS-aware web service composition is NP-hard and it
needs to be solved in an acceptable amount of time. With
respect to RQ2, we observed that the most widely consid-
ered QoS attributes were response time (25 percent), cost
(24 percent), availability (23 percent), and reliability (20 per-
cent). With respect to RQ3, we find that the most widely
used meta-heuristic techniques were genetic algorithm (38
percent), PSO (22 percent) and ACO (10 percent). The
increased power of meta-analysis can be a disadvantage of
this SLR since it is possible to detect small biases and true
effects. Since it takes a lot of effort and time to conduct a
SLR, this SLR aims to save time and effort of other research-
ers by giving a thorough review of state-of-the-art techniques
for CI based QoS-aware web service composition. We
observed that new meta-heuristic algorithms have not yet
been used for solving QoS-aware web service composition.
We also observed that there is a lack of tools supporting for
CI based QoS-aware web service composition. We believe
that researchers of data mining and service oriented comput-
ing need to collaborate together for exploring and progress-
ing this field further, developing a joint research agenda.
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