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ABSTRACT Increasing interest in the field of Cloud Manufacturing (CMfg) has been witnessed over the
last few years. This study aims to identify current and state-of-the-art techniques and to synthesize quality
attributes, objectives, and evaluation methodologies for service composition and optimal selection (SCOS)
in the field of CMfg. We used a systematic literature review (SLR) methodology for a thorough analysis
of 46 shortlisted primary studies, from a total of 5872 accumulated studies from ten electronic databases.
NVivo analysis software was used for data coding and qualitative analysis. A review scope was primarily
devised based on research goals, and to uncover potential search strings; a pilot study was formulated.
Secondarily, research identification, key data extraction, and deductive coding-based data analysis were
performed. Multi-variant distribution approaches were adopted for data categorization. We found that the
research in this domain has increased due to the rapid manufacturing urge. Although a few studies were
based on industrial evaluations; however, scientific and empirically validated methodologies are still needed
in this domain. This study lays an overview of SCOS in the field of CMfg and enlightens the identified future
research areas.

INDEX TERMS Service composition, service selection, service composition and optimal selection, cloud

manufacturing, cloud computing.

I. INTRODUCTION

In the modern world, consumer-centric manufactur-
ing has taken over the product-oriented manufacturing
archetypes [1]. As an example, cloud manufacturing (CMfg)
is one of such new networked manufacturing paradigm based
on a service-oriented model [2], [3], that enables users to
accomplish any personalized manufacturing tasks by choos-
ing required manufacturing resources, configuring these as
needed, and utilizing on-demand [4], [5]. It enables a multi-
tude of collaborations between different enterprises providing
manufacturing resources regardless of their structures and
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distances [6], by leveraging the latest technologies such as
the Internet of Things (IoT) [7], [8], cloud computing [9],
[10], integrating multiple clouds in multi-centric manage-
ment [11], utilizing the service-oriented approaches [12] as
well as other techniques [13].

The CMfg evolves, adapting the latest scientific advance-
ment to cope with the variations in market demands enrich-
ing enterprises to respond accordingly [14]. However, CMfg
is prone to various challenges such as service discovery,
matching, and scheduling [15], classification of the resources,
encapsulation, optimal selection, and composition, as well as
adopting new architecture to support various technologies,
and entirely different business models [6]. CMfg services
are invoked based on user requirements distributed into a
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single service or multi-service requirement task that requires
multi-variant services based on the sub-task distribution [16].
Quality of service (QoS) and logistics are amongst a few
of the CMfg restrictions while dealing with optimal selec-
tion and service composition in a multi-service requirement
task [17]. This identification of the optimal composition of
services from the available resource pool for a particular
manufacturing task is an Np-Hard problem [18]. Apart from
identifying potential service combinations to tackle complex
manufacturing tasks, service composition and optimal selec-
tion also play a vital role in the flexibility of cloud manage-
ment service workflow and, therefore, has received signifi-
cant importance from the research community [19]. However,
limited research contributions are related to systematic study.
This research proposes an in-depth systematic review to high-
light effective mechanisms and various challenges governing
these. A few of the aspects covered as a contribution of this
article are as follows:

1) CMfg mechanisms for service composition and optimal
selection have been comprehensively analyzed.

2) Popular publisher networks have been leveraged to
identify the state-of-the-art research papers, high
impact journals, and famous authors.

3) Existing case studies have been evaluated to elaborate
on the methods applied to the datasets and the simula-
tion tools used for the studies.

4) Studies have been evaluated qualitatively based on
the credibility of research, appropriate documentation,
adequacy of details, and accuracy of evaluation.

5) A thorough conclusion of the selected studies has been
provided along with the identification of research chal-
lenges and potential future research aspects.

The rest of this article is organized as follows: Section II
presents service composition and optimal selection in CMfg.
Section III presents the related work survey. Section IV cov-
ers a broad aspect, including research methodology, search
strategy, data extraction, and article classification strategy.
Research results, along with discussions, are brought in
Section VI. Open issues and future roadmaps are specified
in Section VI. Section VII details the validation threats, and
its mitigation strategies, and limitations of the study. Finally,
Section VIII outlines the conclusion of this research.

Il. SERVICE COMPOSITION AND OPTIMAL SELECTION
PROBLEM IN CLOUD MANUFACTURING

In CMfg, the optimal utilization of enterprise resources as per
the user requirements is a challenging task. In the literature,
SCOS has proven as a primary technique to tackle the issues
covering a broad spectrum of service compositions [20]. The
SCOS process is governed by task de-composition, service
discovery, and service composition [6]. The user require-
ments submitted through CMfg are primarily evaluated in
order to be distributed into small sub-tasks [19] as shown in
Figure 1 where the task (7>) has been distributed into 75 ;
and 75 ». The second stage finds functional matching services
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FIGURE 1. SCOS process.

for each sub-task [21]. In the final stage, optimal services
are identified by applying a preference-based task-oriented
composite service approach [22] as elaborated in Figure 1.

Primarily the flow and functional match decompose the
required tasks into various sub-tasks and abstracted service
compositions. A logical resource service order is achieved
by assembling the required resource service composition to
tackle the requested manufacturing task. The resource ser-
vice composition correlations affect the QoS, and therefore,
service composition should acknowledge these correlations.
Due to the enormous resource service scalability in CMfg,
the correlation alteration is considered in the fabrication
stage where concrete source services are leveraged to map
non-concrete composite service in order to select the optimal
composition. The execution stage achieves the required out-
come by invoking the concrete resource services bound by
leveraging optimal composition. The QoS indexes in CMfg
are used to evaluate functional and non-functional properties.
The literature work related to QoS parameters usually relies
on ten indexes, consisting of cost, trust, reliability, response
time, availability, execution time, energy, scalability, main-
tainability, and reputation. However, the total fitness function
comprises satisfaction [7], throughput [23], success rate [24],
service coverage [25], and various other service performance
indexes. In order to generate optimal composite CMfg ser-
vices based on the QoS of each concrete service combined,
relevant factors are aggregated from all selected services
[26]. The sequential workflow primarily consists of four
patterns; subtasks accomplished in sequential turns, whereas
simultaneous subtasks are performed in a circular pattern,
a particular assessment of subtasks is evaluated in selective
and cyclically accomplishment of subtasks is performed in
the parallel structure of composite service accomplishment
path [7].

Ill. RELATED WORK

It is evident in the literature that the service composition
and optimal selection research has an impact on various
backgrounds that include cloud computing, cloud manufac-
turing, and IoT. However, due to rapid variations in the
field, a thorough investigation in CMfg is required. This
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section elaborates on the existing review articles regarding
service composition and the optimal selection problem in
CMfg. In [27], a systematic literature review (SLR) regarding
the state-of-the-art service composition approaches in cloud
manufacturing has been presented. The articles have been
distributed based on the objective function, highlighting var-
ious aspects. It also includes research challenges and future
aspects. However, it does not contain a quality assessment of
the selected studies. An SLR in the perspective of computa-
tional intelligence for a QoS-aware cloud service composi-
tion is presented in [28]. The study distributed the selected
articles into heuristic, non-heuristic, and meta-heuristic, and
presented challenges as well as future directions. A thor-
ough literature review, including extensive CMfg details as
well as various method classification based on the algorithm
optimization and other factors, has been presented in [6].
However, it does not elaborate on the article selection method
and is also a non-systematic survey. A comprehensive review
of CMfg issues has been highlighted in [29], evaluating char-
acteristics of service composition and aggregation, and exam-
ined novelty of existing research and future aspects focused
on few methods without detailed evaluation of each of these.

In order to summarize the reviewed studies in the field
of CMfg SCOS leveraged in this study, Table 1 elaborates
key parameters including citations, QoS parameters, cov-
ered years, references used, publishers, along with covered
aspects. Seven of the ten studies have used the SLR method-
ology to evaluate the service composition and selection
approaches, whereas other studies are the surveys related to
SCOS. These studies have presented a thorough foundation
of the field; however, these have some element of weakness
as follows.

« Classification of reviewed techniques has not been con-
sidered in some studies.

o Most of the articles have failed to review the latest
techniques put forward in the last three years.

o Investigated techniques lack a few of the essential
parameters in most of the studies.

o Cloud manufacturing is not a core focus of most of the
studies.

« Effective methods have not been identified by most of
the studies.

« Discussion of open issues and potential future direction
have been ignored in some studies.

o Most of the studies have failed to perform an extensive
literature review, leveraging various publisher networks
and digital libraries; to evaluate the top journals, authors,
datasets, simulations, algorithms, case studies, and other
essential factors.

« Qualitative analysis has not been evaluated by most of
the studies

IV. RESEARCH METHODOLOGY
In recent years systematic literature review (SLR) has
gained popularity in the field of computer science [41].
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FIGURE 2. Systematic literature review steps.

An SLR study assesses and interprets scientific evidence in
a well-defined approach in order to solve a specific topic by
answering research questions in an unbiased manner, due to
the detailed analysis based on a scientific methodology that
ensures transparency and is replicable [42]. In this article,
we provide SLR for the SCOS in CMfg to accomplish a thor-
ough and in-depth inception of current research, as elaborated
in Figure 2. Three phases govern this study; phase 1 is the
planning phase, where review scope is developed, based on
the research goals, and the pilot study conducted to uncover
potential search strings. Phase 2 covers a broad spectrum
of activities, including research identification, selection of
papers, extraction of key data, deductive coding-based data
analysis, and synthesis. Finally, the last step is the documenta-
tion of the findings. The research questions formalized in the
following sections cover various aspects of SCOS in CMfg.

A. OBJECTIVES AND RESEARCH QUESTIONS

To systematically define the study objectives, we adapted the
Goal-Question-Metric (GQM) approach [43]. This research’s
consolidated objective is defined as: “Analyzing the service
composition and optimal selection approaches from the view-
point of a researcher for characterization concerning research
intensity and characteristics, algorithms, evaluation method-
ologies, and service quality attributes, in the context of cloud
manufacturing.”” Research questions (RQ) based on research
objectives, along with their rationales, are as follows:

o RQI1: The research pertaining to service composition
and optimal selection in the context of CMfg is based
on what characteristics and intensity? Identification and
structure of selected primary studies based on the type of
research and contribution along with the study quality.

« RQ2: What QoS attributes, along with other factors,
have been typically investigated in the context of CMfg?
Identifying, evaluating, and synthesizing approaches,
datasets, algorithms, and simulation tools, objectives,
and case studies considering various quality attributes
for SCOS in CMfg.

« RQ3: Which recent studies have evaluated the SCOS
problem in CMfg? Identifying the recency of a research
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TABLE 1. Summary of existing surveys in the field of CMfg.

. S g7 S -2 % "

E - a 2 S % s . E ’ ;“E = ;1‘5“) E 5 E Covered_Years
Topic

2[(3179] Spsrilllle;er v v v v v 82 Service compozsg:(?n_aigrlfaches in CMfg
2[(3189] Elss,lg\ﬁer v v v v v 2 165 QoS-aware 012(?1?(19 s_erz\?ili composition
2([)61]8 Sspl;irl\;gr v X v v X 20 1 Service optimal selection _and composition in CMfg
2[3{)2% Elss]ed\ﬁer v X v v v ool 9 Service compi(s)iltiz(n_l ig;l)ZOaches in IoT
2[0219g F?ll;g/?zr X X v X X 6 36 Service matching an_d selection in CMfg
2[03112% El?ed\ﬁer v v v v X | 122 2 QoS aware service compositiozr()) 1all’ld_ si(l)el;ion in the Cloud environment
2[03122% \E’Iﬁsy v v v v v 17 154 Formal verification appf(())z}coh(;s 2i(r)ll\Z/eb service composition
2[3137] I?EI;EIE v X v v v 61 176 Computation intelligence—baszé)(? SQ;JS2—(21£~5are web service composition
2[3147] El?ed\ﬁer f X v v X 66 89 Service composition mezc(;llazni_srflglii the cloud environment
2[03156] Eslggx?e}:]r v X X v X %6 8 RESTful servi;e composition
2[(?165] S:(Y:Vlf;[y v f X v f 76 239 Tools and techniquig(}?);wzg)liervice composition
2[(31741 Elssg?er v X X v/ X205 | 130 Cloud compft(i)l?;) ;erzv?ig composition
2[(31841 lslzggzr X X X v x| 123 2 State-of-the-art cloud service _selection and future directions
2[(37,192] SIlllirgeEy X X X v X 65 47 Bio-inspired algorithms fo_r web service composition
2[(‘;{)2] Sllgg%y X X X v X 70 40 Automated service composition_methods and related techniques

area and evaluating top quality publishers, journals, and
papers in the field of SCOS in CMfg.

RQI aims the service composition and optimal selection
in the field of CMfg to identify characteristics and research
intensity insights. Table 7, contains information regarding the
analysis we conducted on the bases of bibliographic data,
the type of the research conducted, and the contributions put
forward. RQ2 focuses on an extended analysis of QoS param-
eters to identify, synthesize, and evaluate the approaches,
datasets, algorithms, and simulation tools, objectives, and
case studies. Finally, RQ3 summarizes the existing research
put forward for the service composition and optimal selection
problem in the field of CMfg.

Therefore, this research is conducted to investigate the
methodology used in CMfg and the current research trends
based on high-quality papers from top journals. This research
also highlights the strategies and features as well as char-
acteristics devised in current research. Based on the aims
mentioned above, we have drawn research questions that
unravel the adapted strategies, investigation techniques, and
evaluation criteria for researchers’ outcome.

B. SEARCH STRATEGY

In order to answer the research questions in an SLR, it is
essential to identify the relevant studies [44]. In the litera-
ture, various approaches have been put forward to develop
and evaluate the search strategy [45]. To achieve gradual
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improvement in the search string, we adapted an iterative
approach for this study. To appropriately retrieve relevant
studies with minimal noise and to find the optimal search
strategy, several pilot study iterations were conducted (in May
and June 2020) on various bibliographic databases. Initially,
the pilot study included the following search string: (“‘cloud
manufacturing” OR CMfg) AND (‘“‘service composition”
OR “service selection”). To include related topics and collect
multifaceted data, these two main elements were rephrased
based on various combinations of synonyms, along with the
use of logical operators (“And” and “OR”).

As elaborated in Table 2, ten data sources were employed
to conduct extensive research in the field of SCOS in CMfg.
These data sources are either directly offered by the top
publishers or highly acceptable in the field of computer
science. The selected data sources include Google Scholar,
Web of Science, Scopus, IEEE Xplore, ACM Digital Library,
Microsoft Academic, DBLP, Semantic Scholar, Taylor &
Francis, and MDPI. Using the search string on multiple fields,
including title, abstract, body, and other sections of the paper
to expand the spectrum in a thoroughly conceivable range, led
to a set of 5872 results, as shown in Table 3.

C. SCREENING OF RELEVANT PAPERS

In order to minimize the threat of missing relevant studies,
the screening process comprises the criterion for inclusion
and exclusion of studies, well-defined selection process, and
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TABLE 2. Search strings used on different databases and the results acquired.

Data source

Search string

Details

Google Scholar

Scopus
IEEE Xplore
ACM DL

allintitle: “cloud manufacturing” AND (”service composition” OR “service selection”)

TITLE ("cloud manufacturing” AND (“service selection” OR “’service composition”))

(LRL)

("Document Title”:”’cloud manufacturing” AND (”service composition” OR ’service selection”))
[[Publication Title: cloud manufacturing] AND [[Publication Title: service composition] OR
[Publication Title: service selection]]

Atrticles (34) Patent (4)
Citations (7)

Articles (62) Conference (12)
Book Chapters (1)

Articles (5) Conference (8)

Conference (2)

Web Of Science

"o

Semantic Scholar
Taylor & Francis

Title:"cloud manufacturing" "service composition

TITLE: ("cloud manufacturing” AND ("service composition" OR "service selection"))

MDPI (Title)"cloud manufacturing"(Title)"service selection”

Microsofi . . . . .
icrosoft "cloud manufacturing" AND ("service composition" OR "service selection")

Academic

DBLP "cloud manufacturing” "service composition"|"service selection”

"o

service selection”
AND [[Publication Title: "service composition"] OR [Publication Title: "service selection"]]

Articles (43) Early Access (2)
Proceeding Papers (1)
Atrticles (2)

Atrticles (69) Conference (2)
Patent (6) Book Chapters (1)
Atrticles (6) Conference (10)
Atrticles (8) Reviews (2)
Articles (12)

TABLE 3. Results returned by the search.

Filter: | Filter

Database URL None Title
Google Scholar scholar.google.com 1780 34
Web of Science webofknowledge.com 897 43
Scopus scopus.com 155 75
IEEE Xplore ieeexplore.ieee.org 1537 168
ACM Digital Library | dl.acm.org 29 2
Microsoft Academic academic.microsoft.com 83 52
DBLP dblp.uni-trier.de 43 16
Semantic Scholar semanticscholar.org 1180 11
Taylor & Francis tandfonline.com 155 12
MDPI mdpi.com 13 2
Total 5872 415

inclusion of additional studies by leveraging the snowball
sampling process. Each of these stages is expressed in the
following sections.

1) SELECTION CRITERIA

In this literature review, selected studies were included if it
presented the scientific contribution to the body of service
composition and optimal selection in the field of cloud man-
ufacturing. The search results, including both theoretical and
empirical studies, are based on the following criteria:

« Studies that addressed the SCOS in CMfg at any level
of abstraction, including algorithms, dataset, simulation,
quality attributes, and other factors.

« Studies that identified various approaches, including sin-
gle and multi-objective, for SCOS in CMfg.

Furthermore, for the exclusion, the criteria adopted are as

follows:

« Studies addressed the SCOS problem but not in context
to the CMfg.

o Studies addressed various aspects in CMfg other than
SCOS.

« Duplicate articles, non-peer-reviewed papers, prefaces,
keynotes, speeches, introduction to special issues,
call for papers, books, and other content types were
excluded.

o Studies put forward in conferences were excluded in
order to limit quality primary studies.

223992

TABLE 4. Publisher details.

Publisher # | Publisher Name | Publisher # | Publisher Name
Pub 1 Elsevier Pub 4 MDPI

Pub 2 Hindawi Pub 5 Springer

Pub 3 IEEE Pub 6 Taylor & Francis

Non-English
« studies that were disseminated in other languages.

2) SELECTION PROCESS FOR THE PRIMARY STUDIES
Selected primary studies have been screened and designated
on the bases of the process elaborated in Figure 3. The results
extracted from various databases were added to a reference
management system (Paperpile) to organize and cite studies
in this paper appropriately. Primarily all the retrieved studies
(5872) were superficially evaluated. These results contained
many irrelevant papers that were not explicitly related to
the SCOS problem in CMfg. Therefore, the second itera-
tion restricted the search to title only. The selected online
databases were restricted to retrieving papers containing the
keywords in the title, and therefore, 415 primary studies were
extracted at this stage.

The second iteration excluded the non-English studies and
removed all the duplicates. The exclusion procedure then
removed all the citations, patents, conference papers, book
chapters, notes, and early access papers. Moreover, all the
surveys and reviews in the remaining results were excluded.
Finally, the results from top publishers (as shown in Table 4),
including Elsevier, IEEE, Springer, Taylor & Francis, and
MDPI, were included in this study. In contrast, other studies
were excluded resulting in a set of 42 articles fulfilling the
scope of research and the adopted criteria of inclusion.

3) SELECTION OF ADDITIONAL STUDIES BY SNOWBALL
SAMPLING

This study used a backward and forward snowball sampling
process to complement the selection process [46]. The ref-
erences and citations of the primary studies were analyzed
to include more relevant studies in this research. The title
and, if required, the full text of the shortlisted studies was
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Google Scholar DBLP Google Scholar DBLP
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No-»Yes-»Nu
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& Duplicate Result?

0

Yes

:

ublished in the
MDPI?

FIGURE 3. An overview of the article selection process.

examined in order to include any relevant study that we
missed in our data accumulation process. Finally, at the end
of this stage, the final primary study pool included four
additional studies, totaling 46 articles.

D. DATA EXTRACTION

1) STUDY QUALITY ASSESSMENT

In the literature, various researchers have proposed guidelines
for the quality assessment in an SLR [43], [47]. However,
it is debatable due to the lack of a universally accepted
definition of the study quality [48]. Therefore, a checklist
for quality assessment is most practical. In this research,
we have adopted the guidelines presented in [43] for the
quality assessment of the primary studies based on the ques-
tion and scores shown in Table 5, Table 6, respectively.
We evaluated the QA1 based on the proposed algorithm, case
study, and analysis. QA2 relies on the detailed methodology,
whereas QA3 considered comparing the proposed approach
with existing approaches. Finally, QA4 is based on a thorough
evaluation of the proposed approach. The score assigned to
the studies is shown in Table 7, 8.

2) DATA SYNTHESIS

In order to address RQI1, we adopted a descriptive statis-
tics approach. Furthermore, we evaluated the publication
year, source, research, contribution type, and the quality of
the selected primary study to answer RQ2 and RQ3, based
on the frequency of quantitative descriptions. To identify
recurring patterns, various code categories were mapped to
different labels related to concepts and findings extracted
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TABLE 5. Quality assessment questions.

QA

Questions Details

QAl Credibility: Are the findings put forward by the
study credible?

QA2 Documented: How adequate is documentation of
the research process?

QA3 Detailed: How defendable, technical, and com-
prehensive is the design?

QA4 Evaluated: How adequately the evaluations have
been conducted?

TABLE 6. Quality assessment scores.

QA Scores | Details

Y=1 The information is concrete and reliable

P=0.5 Information is incomplete or partially available
N=0 Information is not available, or it is unidentified

using thematic synthesis in NVivo research analysis tool,
which enabled us to create different codes to link sentences
of references found to achieve a detailed analysis. In order
to investigate a specific SCOS approach (such as heuristic-
based, single, and multi-objectives), and to identify, classify,
and summarize quality attributes, algorithms, and evaluation
methods, we used deductive coding in NVivo. Using the
inductive synthesis approach, we evaluated and refined the
initial code categories to achieve a higher level of reliable
categories.

NVivo supports qualitative data analysis based on numer-
ous embedded features; due to its reliability, it is considered
a well-established software package. Numerous studies in
the field of computer science have reported positive expe-
rience while conducting analysis in a systematic literature
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TABLE 7. Additional matrices and quality score.

— [a = 2
o < | < | < | < S
Ref. Research Contribution ||| O 1%}
[49] Com FMTAS, Tc P Y | Y| Y |35
[50] Com Al, Tc P Y N Y | 25
[51] Val Al P Y | Y| Y |35
[52] Com FMTAS, Al, Cs, Tc P Y Y N 2.5
[53] Val FMTAS, Al P Y| Y | N|25
[54] Com FMTAS, Al P Y| Y| Y| 35
[22] Com Al, Cs P Y| Y| Y||35
[20] Val Al P Y| N|N| 15
[55] Com FMTAS, Al N|[Y|Y|Y 3
[25] Val FMTAS, Cs, Tc P Y| N|N| 15
[56] Val Al, Tc N|Y|[N|Y 2
[21] Com FMTAS, Al, Tc P Y| Y| Y| 35
[19] Com Al, Cs P Y | N|Y |25
[57] Com Al, Cs P Y | N|N 1.5
[58] Val FMTAS, Al Cs P Y | N|Y |25
[59] Com FMTAS, Al P Y| Y| N|25
[60] Com FMTAS, Al, Cs P Y| Y| Y| 35
[61] Com FMTAS, Al, Cs N|Y|N|N 1
[62] Val FMTAS, Cs P Y | N|Y |25
[16] Val FMTAS, Al P N|Y | Y]|25
[7] Val Al P Y| Y| Y||35
[63] Val Mo, Al, An N|Y|Y|N 2
[17] Com FMTAS, An P Y| Y | N|25
[64] Val An, Cs P Y| Y | N|25
[23] Com Mo, Al, Cs, Tc P Y| Y| Y||35
[65] Com Al, An P Y| N|N| 15
[4] Com FMTAS, Al, Cs, Tc | P Y| Y| Y]|35
[66] Com Al, An P Y| Y| Y||35
[67] Val Mo, Al, An, Cs Y| Y| Y |N 3
[68] Com Mo, Al, Cs P Y Y Y 3.5
[69] Val Mo, Al, An P Y | Y| Y |35
[70] Com Al, Tc P Y | N|N 1.5
[71] Val Mo, Al N|Y|[N|Y 2
[72] Val FMTAS, Cs P Y| Y | N|25
[14] Com Mo, Al, Cs, An P Y Y N 2.5
[73] Com Al N|Y|Y|Y 3
[74] Val FMTAS P Y| Y | N|25
[75] Com Al Cs N|Y|Y|Y 3
[76] Val FMTAS P Y| Y| N|25
[77] Com Mo, Al, An N|[Y|Y|Y 3
[78] Com Mo P Y | N|Y |25
[79] Com Al, Cs N|Y|[N|Y 2
[80] Val FMTAS, Cs P Y | N | N 1.5
[81] Val Mo, Al, Cs P Y | N|N 1.5
[82] Val FMTAS, An P Y| Y | N|25
[83] Com Mo, Al N Y Y Y 3

Com = Comparative study, Val = Validation research

Mo = Model, Al = Algorithm, Cs = Case study

An = Analysis, Tc = Test case

FMTAS = Framework/Method/Technique/Approach/Scheme.

review [41], [84]. NVivo arranges the data in documents
and codes, supporting static categories of data called sets.
In our study, the selected primary studies were the doc-
uments, whereas codes contained the data of our interest
extracted from the primary studies to categorize these based
on algorithms, methodology, case study, and various other
factors. The selection of NVivo enabled us to import docu-
ments (primary studies selected), search, retrieve, code, and
review coded textual data to enhance the accuracy of the
categorization of articles in coded segments. The principles
of coding and numerous other methods resemble the struc-
turing of coded categories in N'Vivo, as it is a “method free”
software [41], [85]. A considerable amount of time and effort
is required to perform qualitative data analysis on a large

223994

TABLE 8. Quality score average distributed by publication year.

Number of Mean Standard
Year X . .
studies quality score | deviation
2013 2 3.00 0.71
2014 2 3.00 0.71
2015 1 2.50 -
2016 4 2.88 0.95
2017 10 2.30 0.82
2018 11 2.86 0.71
2019 10 2.60 0.57
2020 6 2.17 0.61

Multi-Objective

(43%)

FIGURE 4. Classification of selected primary articles on the basis of the
objective function.

amount of data; therefore, employing NVivo helped in mak-
ing systematic quality data analysis electronically. It has been
noticed by previous research [86], that researchers can save
time required to manually code, resulting in the increase of
analysis process speed by using NVivo. Furthermore, lever-
aging electronic search over manual, human error could be
reduced and yield more reliable results.

E. ARTICLE CLASSIFICATION

The authors have evaluated the selected primary studies in
great detail and have adapted multi-variant classification.
The classification of studies primarily has been carried out
on the bases of study approach that consists of two cate-
gories (validation or comparative). Furthermore, the stud-
ies have been classified on the basis of contribution type
that includes model (Mo), and framework, method, tech-
nique, approach, and scheme (FMTAS). Moreover, the papers
with an algorithm, case study, test case, and analysis have
been used to classify the studies further, as elaborated in
Table 7. In the second phase, the selected primary studies
have been classified based on the objective function used
in service composition and selection mechanisms. There-
fore the 46 selected studies have been categorized into
single-objective and multi-objective techniques. It is evident
from Figure 4 that 26 out of 46 selected studies are related
to single-objective techniques that correspond to approxi-
mately 57%, whereas the remaining set is 43%, consisting
of 20 primary studies related to multi-objective techniques.
The comprehensive investigation of these is presented in the
next section.
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FIGURE 5. Classification of selected primary articles on the basis of the
contribution type.

[ ]Single-objective
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Publication Count
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2013 2014 2015 2016 2017 2018 2019 2020
Publication Year

FIGURE 6. The annual distribution of single and multi-objective articles.

V. FINDINGS AND DISCUSSIONS

A. RESEARCH AND CONTRIBUTION TYPE

The initial classification of primary studies is based on
research type and contribution type. The primary studies
consist of 57% comparative research, whereas 43% is related
to the validation. Furthermore, Figure 5 further expands
the classification based on contributions put forward by the
selected primary studies. Most of the studies (33%) pro-
posed or extended an algorithm, whereas 19% focused on
the FMTAS. Furthermore, 19% of the studies presented case
studies to evaluate the proposed technique in a particular
scenario. The ratio of models to solve SCOS in CMfg and
the articles that adapted analysis is 10% each, and 9% test
cases were used to elaborate on the efficiency of the proposed
scheme.

B. SERVICE COMPOSITION AND SELECTION TECHNIQUES
Based on the objective function, the 46 selected articles can
be distributed into single and multi-objective. Figure 6 elabo-
rates on the annual distribution of single and multi-objective
papers. It is evident that since 2017, the average number
of articles regarding single and multi-objective techniques
published annually is ten, whereas in 2020, so far, six articles
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FIGURE 7. An overview of QoS indexes for SCOS in CMfg.

have been published. Furthermore, Table 9 distributes both
the techniques with publisher, journal, quality, open access
as well as impact factor and the reference of each of the
studies along with the publication year. The QoS parame-
ters for both the techniques have been generalized into the
cost (c), quality (g), reliability (r), time (f), trust (¢.), and
usability (u), as elaborated in Figure 7. Table 10 shows the
increase and decrease in each QoS index, along with the
methodology used in a particular study. The QoS indicators
are represented by high (1) and low ({) along with color
to indicate the benefit (green) and drawback (red) of each
approach. From the total 46 selected primary studies, 26
are based on the single-objective technique; it is evident
that 15 studies included time as a QoS parameter; from these,
40% have achieved efficient results. The quality aspects
have been considered by 14 studies, where 64% achieved
higher quality results. Likewise, trust has been evaluated
in 8 articles, achieving a 75% positive trust level. The usabil-
ity has been evaluated in 18 manuscripts with equal pos-
itive and negative results. Similarly, 19 studies considered
reliability as the QoS parameter and achieved 74% positive
results. Finally, amongst all these attributes, the most con-
sidered is the cost attribute, which achieved a 95% positive
result. On the contrary, a multi-objective technique has been
adopted in 20 studies. It was found that the highest selected
parameter that was considered in 20 studies is time, having
75% positive results. Only three articles considered qual-
ity, with 100% positive results. Trust gained 55% positive
results from 11 studies. Whereas usability has only 33%
positive results in 18 articles, and 56% reliability increase was
accumulated from 16 manuscripts. Finally, the reduced cost
secured 100% by achieving positive results in 19 studies.

C. ADDITIONAL DETAILS EXTRACTED FROM THE PRIMARY
STUDIES

Table 11 elaborates the additional details extracted from
the primary study and have been summarized in Figure 8.
It is evident from Figure 8(A) that heuristic-based
approaches have been adopted more (76%) than non-heuristic
approaches (24%). Furthermore, 98% of the methodology is
comprehensively explained, whereas the approach used in
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TABLE 9. Distribution of articles based on objective function.

Pub. Journal OA | Quality | Impact Factor | Year | Ref.
Elsevier Appl. Soft. Comput. X Ql 5.472 2017 [57]
J. Manuf. Syst. >k Ql 4.9 2017 [25]
Complexity v Q1 2.4 2019 [72]
Hindawi Math. Probl. Eng. V%! 1179 e gg
IEEE Access v Ql 4.6 2018 7]
IEEE IEEE Trans. Syst. Man. Cybern. X Ql 8.9 2018 [16]
o Robot. Comput.-Integr. Manuf. >k Q2 4.392 2020 [80]
5 J. Intell. Manuf. * Ql 43 2017 | [61]
.2 Neural. Comput. Appl. >k Q2 4.7 2018 [67]
2 | spr Peer Peer Netw. Appl 2 2.9 2018 | [66]
%)D pringer eer Peer Netw. Appl. > Q 2017 [19], [21]. [56]. [58]
& Int. J. Adv. Manuf. Technol. x| 3 o {g;‘} -
Enterp. Inf. Syst. v Q2 3.1 2014 [51]
2013 [49]
Int. J. Comput. Integr. Manuf. v Ql 3 2017 [62]
Taylor & Francis 2019 [70]
2015 [53]
Int. J. Prod. Res. v Ql 4 2019 [71]
2020 [78], [81]
Appl. Soft. Comput. X Ql 5472 2020 [79]
. Comput. Ind. Eng. >k Ql 4.135 2016 [55]
Elsevier Inf. Sci. « | al 5.910 2018 | [4]
J. Comput. Sci. * Q4 2.644 2018 [65]
IEEE IEEE Trans. Industr. Inform. X Q1 9.112 2013 [50]
2 MDPI Sustainability v Q2 2.576 2019 [74], [76]
g Cent. Eur. J. Oper. Res. >k Q3 1.260 2014 [52]
= J. Ambient Intell. Humaniz. Comput. >k Q2 4.594 2019 [14]
.g Springer Appl. Intell. > Q2 3.325 2017 [60]
2 Int. J. Adv. Manuf. Technol. « | Q@ 2.633 e ﬁg} Eg [54]
Int. J. Comput. Integr. Manuf. v Ql 2.86 2018 [68]
2017 [59]
Taylor & Frances | 1) 'y prod, Res. v Q1 4577 igig {23}
2020 [83]

X = Not Open Access, *= Partially Open Access, ¢/ = Full Open Access

2% is not so evident, as shown in Figure 8(B). On the other
hand, the explicit function in 11% is not evident, as shown
in Figure 8(C), whereas 89% of studies have elaborated
explicit function. Similarly, Figure 8(D) shows that the fitness
function consisting of minimization (20%) and maximiza-
tion (46%); however, the fitness function type of 35% is
not evident. Amongst the selected studies, 87% have QoS
constraints, whereas 13% do not, as shown in Figure 8(E).
The comparison of methodology with existing approaches
has been elaborated in 57%, as shown in Figure 8(F), leaving
43% methods not compared. Furthermore, as elaborated in
Figure 8(G), 46% of the studies include case studies, and
54% do not include. Lastly, Figure 8(H) shows that 11% of
the studies include penalty function, as compared to 89% that
does not.

The following section entails the details of the extracted
information:

1) QoS PARAMETERS

The studies selected for this SLR consists of various fit-
ness criteria QoS parameters. Figure 9 shows that cost
and execution time are the most selected parameters used
in 21% of studies. Reliability secures second having a
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14% share, whereas availability was evaluated in 19 stud-
ies. Moreover, scalability, reputation, and energy consump-
tion were adapted in 15, 13, and 12 articles, respectively.
All other parameters have been used in less than ten
articles.

2) ALGORITHMS

Most of the studies employed evolutionary algorithms,
specifically genetic algorithms, followed by artificial bee
colony. However, many algorithms have been used by only
one study, as shown in Table 11. The abbreviations of algo-
rithms are elaborated in Table 12.

3) DATASET
The experimentation carried out in the selected primary stud-
ies was based on data, from which 65% was random, 13%
was synthetically generated, 2% data was collected, and real,
whereas 17% of articles have not used dataset as elaborated
in Figure 10.

4) CASE STUDY
The selected primary studies presented case studies to
evaluate the proposed approaches in real-world case studies
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TABLE 10. Single and Multi-objective method details and results.

Ref. Method details t | Q| tr
[49] | Hybrid operator matrix coding based on genetic algorithm 1
[51] | Novel chaos control optimal algorithm (CCOA) to search an optimal solution in lesser time L
(53] Service QoS evaluation and geo-perspective co-relationship were considered for the SCOS in CMfg using PSRN
artificial bee colony algorithm
(67] Inclusive model based on the description of the quality correlation between services for optimal service
selection using effective genetic algorithm
[62] Creates a clustering network for non-concrete services based on the network-based service clustering 4
approach
21] Matrix-coded evolutional populations collaborating genetic algorithm based on synergistic elementary 4
service group to solve SCOS in CMfg
[25] | Web system based practical method T
[56] | Hybrid ABC algorithm to solve CMfg service composition problem 1
[19] Novel context-aware method taking service domain features into account using artificial bee colony (ABC) !
and differential evolution (DE) algorithm
[58] | Teaching-learning optimization algorithm considering service correlations for SCOS in CMfg 1
[57] Parallel self-adaptive multi-population differential ABC approach based on the integration of enhanced
differential evolutionary algorithm into the ABC algorithm
(61] Hybrid imperialist competitive algorithm (HICA) and a local search algorithm based on mixed-integer 4
programming (MIP) considers transportation into account
[64] | Fuzzy soft set-based autonomy-oriented improved decision-making with volatility investigation |
[16] Generates meritorious solutions considering various constraints, for service composition based on PSRN
enhanced Gale-Shapley (GS) algorithm
(7] Genetic algorithm-based empirical knowledge (EK-GA) approach to resolve scalability problem in IoT .
based service composition in CMfg
[66] | Self-adaptive bat algorithm for SCOS in CMfg
2 [71] | Graph-based algorithm to obtain QoS properties for multiple composition patterns of a task
g (73] Hybrid GWO algorithm, to identify optimized service composition with available resources for the .
%’ required task
5 [70] An EOA approach for selecting the best service combination from the diversified and distributed 1
g manufacturing resource collection
%) [14] Artificial neural network model to search and cluster ontology-based web language outsourcing services
using modified SFLA for outsourcing optimization-based combinational resources
[77] | Energy-aware model for SCOS problem, achieving QoS with high-quality and low-energy consumption [W&§
[72] To solve SCOS, a scheme MBSPHE is proposed based on IHDETBO algorithm to achieve significant 1
results
[80] Service composition optimized solution is proposed based on gray relational analysis method (GM) for o4
multi-service selection for multitasking requirements
[78] | Blockchain-based service composition model to solve service composition problem 1T
81] Supplier network logistic planning and manufacturing service composition is focused on reducing the !
operational and logistic costs
[82] | Suitable service composition based on novel composite model leveraging two-way selection T
[50] | Intelligent parallel adaptive chaos optimization and reflix migration connection to solve SCOC in CMfg [y
[52] | New group leader algorithm to solve SCOC in CMfg T
[54] | Solved service selection and scheduling issue using fuzzy decission-making theory and a modified ACO. |8
[55] E-dominance multi-objective evaluationary algorithm for QoS-aware service composition allowing !
costumers to make flixible decissions
[20] | Large-scale hybrid algorithm based on case libaray design initialization. 7
[22] | Integrated service selection method using fuzzy theory and PSO alorithm 1
(59] Sustainable manufacturing multi-critera consisting of energy consumption and quality of service critria 1
using multi-objective hybrid ABC algorithm
[60] Levy flight and global search capability of ABC exploited to achieve better solutions using a hybrid 4
Pareto-based ABC algorithm
[17] Basic models to optimize service selection and scheduling for complex structure tasks, consisting of loop, 1
selective, parallel and sequential structure using mixed-integer programming
[63] Meta-heuristic GA algorithm to optimize service composition, taking single-product supply network into !
account
[65] | Solved SCOC in CMfg adopting multi-objective water droplet algorithm 1
(23] Solution to large-scale service problem by Manufacturers to Users (M2U) model with a new information 1
1S4 entropy immune genetic algorithm
g 68] Urgent task-aware model to solve dynamic requirements using two-stage biogeography-based optimization 4
= algorithm
2 Multi-objective SCOC in CMfg ABC framework with a strategy of external records guided evolution
= incorporating multiple size adjustable subpopulation
= [76] Order of priority satisfaction based two-phase method (TP-OPS) to solve service selection and scheduling !
problem
(74] Solved linguistic preferenced service selection and scheduling multi-objective problem using two-phase !
model with desired satisfaction degree
[14] | Web outsourcing service based on ANN and OWL-S using SFLA algorithm 1
[69] | To solve SCOC problem, MOIBMFP model using PSO has been proposed 1
[83] | CASC model based on composability and quality correlation 1
[79] | Multi-objective SCOC problem solved using EMOGWO algorithm 1

VOLUME 8, 2020

— <+

— »I» — eelﬁ\ -« »%A.ﬁ\ — o o >R

D =tk =R N S T = i = = <—<—<—.<—<—<—<—<—<—<— <—<—.<— PR =t = P P <—I<——>

leleﬁ\ N " »Ie.» D

223997



IEEE Access

K. Alinani et al.: SCOS in CMfg: State-of-the-Art and Research Challenges

TABLE 11. Additional matrices from the selected primary studies.

£ 5 g| g8
- Q Y N
; S — s EB | SEZ| 588 | 288 | wz| 2 Q RS
[49] | GA Matlab Rnd v C C N-C v v X v
[50] | ACO N/A Rnd X C C Min v v X v
[51] | CCOA N/A N/A X C C Min v X X X
[52] PGL N/A N/A v C C Min v v v X
[53] | ABC Java Rnd v C C Max v X X X
[54] | ACO N/A Rnd v C C Min v v X X
[22] | PSO Eclipse N/A v C C Max v v v X
[20] | N/A N/A N/A X C C N-C v X v X
[55] EA Matlab SG v C C Max v v X X
[25] | N/A N/A N/A X C N-C N-C v X v X
[56] | Hybrid ABC Matlab Rnd v C C Max v X X X
[21] | GA Matlab Rnd v C C N-C v v X v
[19] | ABC Matlab Rnd v C C N-C v v v X
[57] | ABC Matlab Rnd v C C N-C v v v X
[58] | Hybrid TLBO Matlab Rnd v C C N-C v X X X
[59] | ABC Matlab Rnd v C C N-C v v v X
[60] ABC Matlab Rnd v C C Min v v X X
[61]1 | GA Matlab Rnd v C C Max v v v X
[62] | CNBA N/A Rnd X C N-C N-C v X X X
[16] | Fuzzy Set N/A N/A v C C Max v X X v
[7] Empirical Knowledge GA C# Collect v C C Max v X X X
[63] | GA N/A Rnd v C C Max X X X X
[17] | Branch-And-Cut Gams Rnd X C C Max v v X X
[64] | GSA N/A Rnd X C N-C N-C v v X X
[23] | Immune-GA Matlab Rnd v C C Max X X v X
[65] IWD N/A Rnd v C C Min v v v X
[4] ABC N/A N/A v N-C C Max v v X X
[66] | Bat Algorithm N/A Rnd v C C Min v X v X
[67] | Hybrid ICA Matlab Rnd v C C Min v v v X
[68] | BBO Ci# Real v C C Max v v v X
[69] Hybrid PSO (PSO_SA) Matlab Rnd v C N-C N-C v X X X
[70] | SSO Ensemble Python Rnd v C C N-C v v v X
[71] | Graph-based N/A SG v C C Max v X v X
[72] GA N/A Rnd X C C Max v X v X
[14] | THDETBO Matlab Rnd v C C Max v v v X
[73] | Improved SFLA Visual Studio | Rnd v C C Max v v X X
[74] | Hybrid GWO Matlab SG v C C Max X X X X
[75]1 | GA Matlab Rnd v C C Max v v v X
[76] | Improved GA based on entropy | Matlab Rnd v C C Max X X X X
[77] | Improved GWO Matlab Rnd v C C Max X v X v
[78] | GA Matlab SG v C N-C N-C v v v X
[79] | Enhanced multi-objective GWO | Matlab Rnd X C C N-C v X v X
[80] | N/A N/A N/A X C N-C N-C v X v X
[81] | GA Matlab SG v C C N-C v X v X
[82] | Improved TLBO Eclipse SG X C C Max v X X X
[83] | HypE-C Visual Studio | Rnd v C C Min v v X X

N/A = Not applicable, Rnd = Random generated dataset, SG = Synthetically generated

via simulation or numerical proof. The authors thoroughly
evaluated each study, and the extracts of case-studies have
been shown in Table 13.

5) SIMULATION TOOLS

Various simulation tools have been used in the selected pri-
mary studies to prove the efficiency of the proposed solution.
Matlab has been the favorite choice of researchers and has
been used by 38% of studies. Visual Studio, Java, Eclipse,
and C# share the second place, whereas Python and Gams
have been used in one study as elaborated in Figure 11, and
details are given in Table 11.

223998

D. OVERVIEW AND IMPLICATIONS OF RESEARCH
FINDINGS

RQ1: The information extracted from primary studies was
analyzed, and details consisting of the type of research,
contribution, quality were evaluated in order to address this
question. The findings of this study indicate that research
in service composition and optimal selection in the field of
CMfg has received increasing attention since 2013, so it is
essential to identify the studies with promising solutions to
relay a foundation for future research. The results show that
the diversified journals from top publishers have dissemi-
nated various studies within this domain. The publication

VOLUME 8, 2020



K. Alinani et al.: SCOS in CMfg: State-of-the-Art and Research Challenges

IEEE Access

Not Comprehensible Method
Non Heuristic 1(2%)

11 (24%) I

A B

Not Comprehensible Explicit Function
5(11%
! Maximum
21 (46%)

No QoS Constraints ¢ b

6 (13%)
Not Compared
20 (43%)

No Penalty Function
41 (89%)

G H

No Case Study
25 (54%)

FIGURE 8. Distribution of selected primary studies.
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FIGURE 9. Distribution of QoS parameters.

share by Springer is 46%, followed by Taylor & Frances
(20%) and Elsevier (17%), whereas a smaller share is of
IEEE (11%) and MDPI (6%). Furthermore, more than 75% of
studies are contributed by China, and 12% is the contribution
of Iran, whereas the share of other countries is lower than
10%. The rapid development of new techniques and method-
ology based on the growth in the size and complexity of
service composition and optimal selection problems to tackle
the exponential growth of manufacturing and production on
the cloud will come hand in hand with further challenges.
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Visual Studio
2 (5%)

Based on the results accumulated in this study, we assume
that the increasing demand for scalability, better interoper-
ability, and to achieve a higher number of QoS parameters
consideration will lead towards devising enhanced techniques
in the future. As a result, service composition and optimal
selection will face further challenges in terms of achieving
optimal service selection from an extensive pool of cloud
manufacturing service providers based on a broad spectrum
of client requirements, which will undoubtedly lead to a new
horizon of exciting opportunities for future studies.

RQ2: To answer this question, we used a deductive cod-
ing approach to extract algorithms, case studies, methodolo-
gies, QoS parameters, fitness functions, and various other
aspects related to the SCOS problem in CMfg. We found that
the selected primary studies consist of various QoS fitness
indexes, including availability, reliability, cost, execution
time, computational complexity, scalability, energy consump-
tion, reputation, trust, maintainability, and quality along with
other criteria. To appropriately attain the performance of each
QoS, we generalized these into six groups consisting of cost,
quality, reliability, time, trust, and usability, as elaborated
in Figure 7. The distribution of single and multi-objective
was used to categorize the studies based on the objective
function. We found that most of the works considered the

223999



IEEE Access

K. Alinani et al.: SCOS in CMfg: State-of-the-Art and Research Challenges

TABLE 12. Algorithm details.

EA Evolutionary Algorithm

IWD Intelligent Water Droplet

ABC Artificial Bee Colony

GA Genetic Algorithm

GSA Gale-Shapley Algorithm

ACO Adaptive Chaos Optimization
ICA Imperialist Competitive Algorithm
SFLA Shuffled Frog Leaping Algorithm
PLG Pareto Group Leader

CCOA Chaos Control Optimal Algorithm

CNBA Clustering Network-based Algorithm

BBO Biogeography-based optimization

TLBO Teaching Learning Based Optimization
SSO Social Spider Optimization

IHDETBO Improved Hybrid Differential Evolution and

Teaching Based Optimization
GWO Grey Wolf Optimizer
Hypervolume Estimation Algorithm for Multi-objective
HypE-C Obtimization i . .
ptimization involving Correlation
PSO Particle Swarm Optimization

essential QoS comprised of cost, time, reliability, and avail-
ability, whereas a limited number of studies considered other
parameters. Likewise, from the 46 selected primary stud-
ies, a higher number of the papers were based on a single
objective; however, twenty studies focused on multi-objective
function. The maximum number of objective functions were
capped to three parameters. Section V-A defined six QoS
indexes consisting of cost, quality, reliability, time, trust,
and usability. These primary indexes are further distributed
into 24 sub-indexes to enhance the understanding of the QoS
parameters used in existing studies. Though the systematic
approach adopted and research prospective achieved in this
research vary from preceding studies, individual relationships
were observed between current SLR and prior studies in the
scope of research questions and study categorization, such
as in [27], authors provided QoS parameters used by the
existing studies. They characterized the studies into single
and multi-objectives. As the primary focus of the study relied
on objective-function broadly, the authors were unable to
establish an in-depth analysis of various QoS parameters.

RQ3: We collected and examined primary selected studies
focused on the SCOS problem in CMfg in order to address
this question. Our investigation found a handful of studies
that have considered extended objective function comprising
multiple QoS constraints. We believe more SCOS approaches
should exist other than what we reported in this study; fur-
thermore, existing literature fails to evaluate the co-existence
of various QoS parameters along with primary constraints.
Moreover, the QoS parameters are considered individually,
and the evaluation of their collective impact on SCOS has not
been thoroughly evaluated.

Implications: This SLR provides a systematic synthesis
and classification of service composition and optimal selec-
tion issue in CMfg. We have selected the primary studies
from top-quality journals and examined the contributions in
great detail in order to elaborate on various observations in
this SLR. This research would serve academia as a support
to continue SCOS research in CMfg. Furthermore, the type
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of research, achieved contributions, and empirical evalua-
tions will aid to fill research gaps, providing state-of-the-art
methodologies to the researchers, in order to support novel
research in the field of CMfg, specifically to address the issue
of service composition and optimal selection.

V1. OPEN ISSUES AND FUTURE RECOMMENDATIONS

The service composition and optimal selection in CMfg are
still in the early research phase. Therefore, many opportuni-
ties are open to the researchers to investigate and improve
SCOS methods, models, algorithms, adopting QoS factors,
multi-objective approaches, fitness functions, and a wide
variety of other aspects. The findings indicate that this
domain is getting more attention due to the growing demand
for manufacturing resources. The challenges and gaps identi-
fied in this study could be useful for future studies carried
out in this domain, are summarized as follows: (1) Ser-
vice provider interests: In order to help service providers
to identify the positive or negative impact of their contri-
butions, studies should consider the service provider inter-
ests. (2) Algorithm efficiency: The algorithms and models
devised considering the continuous tasks, its constraints,
and inventory would enhance accuracy and efficiency.
(3) Resource efficiency: It is essential to evaluate the effi-
ciency of resources and appropriate task de-composition.
(4) Dataset: It is essential to devise a standard dataset based
on anonymized real data collected in order to achieve accurate
results of the efficiency of the methodology and algorithms
proposed. (5) QoS Semantics: It could be utilized to achieve
the efficient composition of services based on intelligent
algorithms in a big data environment with QoS represen-
tation of service providers. (6) Fitness function: Research
on QoS-aware web service composition based on efficient
multi-objective service composition algorithm and fitness
function regardless of composition schema is needed. (7)
Extending existing approaches: Multi-task service compo-
sition and scheduling techniques proposed in the literature
could be extended to tackle a wide variety of resource allo-
cation and scheduling issues. (8) Large-scale SCOS Prob-
lems: Parallel computation can be used to tackle large-scale
SCOS problems, employing evolutionary algorithms that
have achieved noticeable results in the existing literature. (9)
Multi-objective approaches: Existing multi-objective tech-
niques have maximum consideration of three objectives; it is
essential to extend the scope by including more objectives in
future results. Moreover, service impact should be evaluated
by considering multiple objectives collectively. (10) Dynam-
icity and maintainability: Taking into account the dynam-
ics of various factors of quality, correlation, resources, and
services is essential to complement the dynamic nature of
real-world problems in the field of SCOS in CMfg. Further-
more, the service composition approach should consider the
custom requirements dynamicity, as well as a maintenance
factor of the service provider that might lead to interrup-
tions or unavailability of services, should be considered to
device appropriate service composition and optimal selection
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TABLE 13. Details of the case studies in the literature.

Ref. Case study

[52] | Magnetic bearing assembly

[20] | Manufacturing of magnetic bearing
[22] | Molding industry

[61] Customized automobile parts

[68] | Variable candidate, arrival times and weight combinations

[70] | Parameters setup with random seed for repeatable results
[75] | MC type wheeled cleaning robot manufacturing

[72] | Molding industry cloud manufacturing prototype

[62] | Alloy materials processing to customize car doors and painting

[25] | High-performance mechanical seals provider in challenging work conditions

[57] | Large-scale verification of proposed algorithm with artificial bee colony and cuckoo search strategies to identify the correlation impact
[58] | Performance of proposed case study based on searching ability and composite service dynamic trust QoS

[60] | Composite CMfg service optimal selection (CCSOS) on large-scale (Customized motorcycle production)

[67] | Service-oriented collaborative manufacturing system support 10 SMEs for the motorcycle production industry

[64] | Numerical case study based on original data from CMfg service scheduling simulation experiment

[23] | Simulated data set to evaluate algorithms for service composition and optimal selection problems of various scales

[4] Cloud environment for the customized car design and production

[71] | Numerical example considering available services, and service performance similarity

[14] | Consists of the raw material life cycle based on representative components from two hundred thousand bill of materials (BOM) data
[78] | Numerical case study for large scale problem on CMfg logistic service sharing requirements

[81] | Demand-driven system simulation to satisfy users’ needs considering the real-world service provider capacity restrictions
[80] | Mold manufacturing service composition containing the entire life cycle from mold design to testing and packing.

solutions based on selective, parallel and loop structures of
the sub-tasks.

VIl. LIMITATIONS (THREATS TO VALIDITY AND
MITIGATION STRATEGIES)

In this study, the authors have tried their best to conduct the
systematic literature review as meticulously as conceivable,
and therefore, have adopted various strategies in order to min-
imize the potential validity threat effects while interpreting
the research finding with careful considerations. However,
it is possible that some threats to the validity may still exist.
In this section, we elaborate on the strategies adopted in order
to minimize the effects of several potential validity threats
that were carefully considered while interpreting the findings
of this research.

A. RESEARCH SCOPE

1) IDENTIFICATION AND SELECTION OF PRIMARY STUDY
The identification and selection of primary studies, along
with data extraction, is one of the critical threats to the validity
of results. It is essential to include a broad spectrum of rele-
vant studies within the scope as possible [44]. However, this
is a challenging task. In order to identify maximum possible
relevant studies, authors employed a systematic search strat-
egy with an iterative approach leveraging ten bibliographic
data sources (see Section IV-B), in order to reduce the risk
of ignoring relevant studies and to mitigate this threat by
following the widely evaluated and accepted guidelines and
search strategies used in academic publications. In order
to accumulate an appropriate number of relevant studies,
a search strategy was devised based on the pilot study that
included multiple iterations of experimental search. As estab-
lished in Section IV-D1, authors have tried the best to evaluate
the studies with minimal chances of subjective evaluation,
misinterpretation, and bias.

VOLUME 8, 2020

2) IDENTIFICATION AND SYNTHESIS OF ALL RELEVANT
STUDIES

An SLR aims to include all relevant research in a field of
interest; however, it is evident from the literature that iden-
tification and synthesis of all possibly relevant studies are
somewhat unlikely [45], [87], but it is likely to attain a good
sample of relevant research articles [87]. In this research,
our objective was to device a research strategy that could
include as many relevant studies as possible for the primary
study while keeping the selection process with minimal noise.
In order to map studies conducted in this domain based on
relevant literature reviews and research questions, we con-
structed a search string that included all top-quality journal
publications from 2013 to 30/06/2020. Although authors have
taken additional steps such as backward and forward snow-
ball sampling (see Section IV-C3) to include more relevant
studies but still the possibility of missing relevant studies
cannot be ruled out.

B. RESULTS VALIDITY

1) PUBLICATION BIAS

To avoid the bias problem having trivial effects of threats
that arise from considering positive results as a publication
opportunity while neglecting negative results in comparison
of methods and techniques [47], [88]. Therefore, the authors
have not included any comparisons for the approaches,
methodologies, algorithms, simulations tools, and case
studies.

2) VALIDITY OF RESEARCH RESULTS

One of the potential threats to the validity of research, based
on the primary study data extraction and interpretation, is the
researchers’ bias. The chance to device precise query to
identify relevant information from the text is relatively less;
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therefore, to mitigate this threat, and avoid the laborious task
of manual qualitative data analysis for the primary studies as
well as to achieve higher data extraction accuracy in a fraction
of time, we leveraged NVivo for the analysis as elaborated in
Section IV-D2.

3) RELIABILITY OF RESEARCH RESULTS

To ensure the replicability of research results [89], which is
required to assure reliability, we thoroughly documented the
protocol adopted in this review that includes precisely imple-
mented steps, bibliographic data sources, and search strings,
as mentioned in Section IV in great detail. Even though
authors have adapted various ways to mitigate the effects of
this threat, however, there is a possibility that several relevant
research articles may have been overlooked due to numerous
causes, such as the selection of inappropriate keywords that
might lead to a different sample of results for the systematic
literature review in this research.

VIil. CONCLUSION

This research presents a systematic literature review by
thoroughly investigating current and state-of-the-art studies.
Authors have selected multiple search sources to include a
variety of research that might not have been possible by a
single source. Moreover, the research is restricted to prefer
top publishers, including Elsevier, Hindawi, IEEE, MDPI,
Springer, and Taylor & Francis. The cumulative search in the
first phase resulted in 5872 results. After applying various
filtration and snowball sampling process, 46 articles were
selected as the primary study for a comprehensive investiga-
tion. The evaluation of results concluded that the maximum
number of papers published was in 2018 (11), whereas in
2015, only one paper was published. However, based on
the trends of 2017, 2018, and 2019 it seems the publication
count increase in this field is stable. Springer has the highest
publication share (46%), and MDPI has only a 6% share. The
International Journal of Advanced Manufacturing and Tech-
nology is the well-reputed journal with most publications
(13), whereas various journals were identified, consisting of
only one publication. The articles are distributed primarily
on the basis of research type, consisting of validation (20)
and comparative study (26) articles. A thorough review was
conducted on each study to achieve a meticulous and sys-
tematic inspection resulting in the identification of various
aspects presented. It was found that 35 studies proposed
algorithms, whereas 20 studies have established case studies,
ten studies have performed analysis, the model is proposed
in 11 studies, and 20 studies are based on FMTAS. Further-
more, a total of 46 selected primary studies have been catego-
rized on the basis of the objective function. It was identified
that 20 studies are related to multi-objective, whereas most
studies are related to a single objective. Considering the QoS
parameters of single objective studies, 15 studies included
time, whereas 14 studies evaluated the quality parameter.
Eight manuscripts evaluated trust, and 18 include usability,
whereas 19 studies have considered reliability, and 20 studies

224002

evaluated cost. As far as the multi-objective case studies are
concerned, 20 studies considered time, three studies consid-
ered quality, trust was evaluated by 11 studies, usability by 18,
reliability was evaluated by 16, and 19 studies considered the
cost. However, 95% of studies in both categorizes achieved
positive results for the cost parameter. Each of the studies was
assigned scores on the bases of quality assessment parameters
that contributed towards annual mean and standard deviation,
resulting in an average score is approximately 2.66 out of
4. Heuristic-based approaches have been adopted by 76% of
the studies. The methodology was comprehensively elabo-
rated in 98% of the studies. The explicit function has been
explained in 89% of studies. Similarly, the fitness function is
distributed in maximization (46%) and minimization (20%),
whereas remaining studies have failed to describe the fitness
function comprehensibly. The comparison of the proposed
approach with existing studies has been put forward by 57%
of studies. Whereas 54% of the studies have not included
case studies, and 89% does not include the penalty function.
Furthermore, the maximization and minimization of fitness
function and comparison of the proposed approach with exist-
ing approaches along with case studies, and penalty function
details have been elaborated. Due to the non-existence of
the standard research dataset, 83% of the studies that used
dataset for experimentation, most of the data was randomly
generated, whereas only 2% was collected and real. Out
of 46 primary selected studies, 22 studies have elaborated
case studies. Matlab is the simulation tool of choice by the
majority of the researchers, whereas Python, Java, and Gams
are least used.

In this study, the authors have comprehensively reviewed
the state-of-the-art studies and elaborated the benefits and
drawbacks of the methodologies adopted by the studies,
and have also explored the QoS parameters, fitness func-
tion, algorithms, dataset, simulation tools, and various other
co-relations between numerous studies to lay a foundation
and a roadmap for future research in this field. Authors
believe that the results achieved in this study would enrich
upcoming researchers to embark on new paradigms in this
field of research meritoriously.
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