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ABSTRACT 

 
Context: Developments in cloud computing have made it attractive for consumers to migrate their 
applications to the cloud environment. However, in the crowded cloud market, application customers and 
providers face the problem of how to assess and choose appropriate service providers for migrating their 
applications to the cloud. 
Objective: The main goal of this systematic review to identify and classify the current cloud migration 
optimization approaches. The ancillary goal is to present a comparative evaluation of the existing 
optimization approaches to application migration in cloud computing, in order to clarify the gaps in the 
existing approaches and identify promising directions in future research. 
Method: We performed a systematic review of the software engineering literature between 2010 and 2014 
to accomplish the objectives of the study.  
Results: The use of the search string in databases resulted in the identification of 1548 studies. After 
applying the inclusion and exclusion criteria, the number of studies was reduced to 25 studies which were 
identified as the primary studies. Five different approaches to exploiting the optimization of application 
migration to the cloud were identified, namely, architecture-based optimization, model-based optimization, 
tool-based optimization, single objective optimization, and multi-objective optimization.  
Conclusion: The study findings reveal an increased interested in optimization approaches to migrating 
applications to the cloud in recent years. However, cloud migration optimization approaches, including the 
architecture-based, model-based, tool-based, single objective and multi-objective optimization approaches, 
are still in the early stages of research and require more research investigation. In addition, we found that 
the multi-objective optimization approach provides the best solutions to multi-optimization problems and 
supports decision-making, and thus requires a high level of research attention. Related topics regarding 
service-level agreement violation, elasticity, and full automation of cloud migration optimization also 
require future research attention. 

Keywords: Application Migration, Optimization, Search-Based Software Engineering, Systematic 

Literature Review 
 
1. INTRODUCTION  

 
Cloud computing is a new computing technology 

paradigm, and the rapid progress of the technology 
has made cloud computing a significant research 
topic in IT and scientific research [1], [2], [3]. 
Cloud computing offers shared services, 
information, storage resources and computing to 
users across the internet on request. It provides 

many features to consumers, including low 
operational costs and high reliability of the 
applications. As a result, cloud computing is being 
widely used in e-business, education, and scientific 
research, among other areas. Cloud services can be 
classified into three fundamental classes: software 
as a service (SaaS) which offers access to 
applications and systems to consumers [4]; platform 
as a service (PaaS) which provides a computing 
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platform to application developers to enable them to 
design, develop, deploy and test activities [3], [4]; 
and infrastructures as a service (IaaS) which offers 
shared resources and storage to consumers [4]. 

 Cloud application migration can be defined as 
moving an application from a local platform to a 
service provider cloud environment. Migrating an 
application to the cloud environment requires many 
processes including: migration assessment, 
architecture and planning, proof of concepts 
(validated approach), migration (data, application 
and process), optimization and testing. Cloud 
migration optimization activities are conducted 
during or after the test migration process in order to 
enhance performance and resource efficiency as 
well as to reduce the cost of the cloud application 
migration. 

1.1 Problem and motivation 

Cloud computing is attracting increasing interest 
from both industry and academia and there is 
massive demand for leveraging the existing systems 
of cloud computing technologies. However, there 
are still challenges to migrating system software 
and applications and deploying them in the cloud 
[5], [6]. Cloud computing can be easily utilized to 
develop system software in a constitutive project. 
Extensive re-engineering activities are required to 
run system software and applications on cloud 
computing during migration, compared to 
rebuilding software systems and applications from 
scratch [7].  

 The major benefit of cloud application migration 
is that it allows an application provider (SaaS 
provider) to reuse the intrinsic components of a 
system that are compatible with cloud environments 
instead of building software applications from 
scratch. However, there are a number of diverse 
primary obstacles that impede the migration of 
applications. Current approaches do not support 
automatic migration for the cloud environment and 
are very limited to particular cloud environments 
[7]. Moreover, there are many combinations of 
options involved in migrating an application and 
deploying it in the cloud. These options vary 
broadly in their performance and characteristics 
such as mixing various resources (CPU, storage, 
memory and network options), and multiple 
approaches to enable the scalability of dynamic 
resources [8].  

Migrating an application to the cloud 
environment involves many factors; in this study, 
we focus on non-functional properties such as cost 
and quality of service (QoS) in terms of response 

time service-level agreement (SLA) violations. The 
cost and QoS need to be optimized during migration 
in order to allocate the amount of resources 
required; this is known as an NP-hard problem and 
may conflict with cost and QoS objectives [9], [10]. 

1.2 Research approach and objectives  

This paper presents a systematic literature review 
(or “systematic review”) as a means of making a 
comparative evaluation of the current cloud 
migration optimization (CMO) approaches. The 
study provides a comprehensive overview and 
categorization of the state-of-the-art CMO 
approaches. Based on the results, new approaches 
to CMO may be identified by combining the 
various types of migration decisions that are made 
throughout the optimization process. Meeting the 
study’s objectives can thus be beneficial to 
practitioners and researchers in the development 
and delivery of solid approaches to CMO practices. 
In general, the systematic review aims to achieve 
the following objectives: 

• Provide a classification of existing CMO 
approaches in a hierarchical structure.  

• Provide an overview of state-of-the-art CMO 
and conduct a comparative analysis of the 
approaches to optimization of application 
migration in cloud computing.  

• Clarify the gaps in current CMO approaches 
and identify promising directions in future 
research. 

1.3 Related works  

Many approaches to support the migration of 
applications to the cloud have been proposed in the 
literature. Khajeh-Hossini [11] proposes two tools 
to support decision-making: the first tool models 
the cost estimation of IaaS clouds and enables 
customers to compare the cost of multiple cloud 
deployments options and scenarios; the second tool 
can be used to describe the benefits and risks of 
IaaS in a spreadsheet. Andrikopoulos et al. [12] 
identifies the challenges in migrating applications to 
the cloud and proposed solutions that focus on the 
layers of migrating multiple parts of an application 
to the cloud environment. In another study, 
Andrikopoulos et al. [13] describe the vision and 
challenges of decision support for migrating 
applications to the cloud. They describe how to 
select the cloud IaaS provider that offers the best 
application performance with the least cost.  

Other studies, utilizing systematic reviews and 
mapping, describe the challenges in the cloud 
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computing domain ([14], [15], [16], [17]). For 
example, Li et al. [14] present commercial cloud 
evaluation. Carvalho et al. [15] identify the gaps, 
issues and challenges in producing obtainable 
evidence on the development and use of cloud 
computing, while [16] presents the metrics 
regarding the publication of security threats in 
cloud computing, and [17] describes accounting 
models for cloud computing, focusing on price 
schemes. A systematic review by [18] describes the 
extant research on cloud migration and identifies 
the research challenges in legacy-to-cloud 
migration such as the need for a framework to 
support cloud migration and the lack of tools to 
support automated migration. However, none of 
these studies investigated optimization approaches 
to application migration to the cloud in detail. 

Recently, a systematic review discussed the 
difficulty of service selection of cloud service 
composition has been proposed [19]. The study 
reported different types of QoS parameters with 
cost and response time highly addressed by 
researchers. Besides, the study identified future 
challenges and issues such as lack of standard of 
QoS datasets, lack of mathematical models to 
calculate QoS of cloud composite services and lack 
of approaches for optimizing composite services as 
well. Similarly, a systematic mapping study 
reported the importance of QoS of cloud services 
due to growing use of cloud computing services has 
been proposed [20]. The study classified QoS 
approaches into various themes of the research 
focus area, and contribution and research types with 
IaaS largest focus area followed by by SaaS. In 
addition, the study identified open challenges gaps 
that require future research investigation, such as 
metrics, tools and evaluation research required for 
useful and trustworthy of cloud services with QoS. 

The present study is an extension of our proposed 
study [21]. The present study is more 
comprehensive because it uses the systematic 
review methodology in order to provide evidence 
on the current CMO approaches, identify the gaps, 
and suggest future investigations into CMO 
approaches [22], [23]. In particular, we evaluate the 
current CMO approaches in order to integrate and 
develop generalizations of CMO approaches in 
cloud environments. This evaluation is done by 
using quality assessment criteria to include high 
quality and relevant studies. 

1.4 Organization  

This paper is structured in six sections. Section 2 
discusses the systematic review research method 

and presents the research questions. Section 3 
presents the results of the review. Section 4 
discusses the results in order to answer the 
proposed research questions. Section 5 discusses 
the limitations of the study. Finally, the conclusion 
of this study is presented in Section 6. 

 
2. RESEARCH METHOD  

 
The systematic review was developed as a 

verifiable method to evaluate existing research by 
addressing a specific research question or area of 
concern [24]. It can also be used to identify gaps in 
the extant research. The present study follows the 
systematic review guidelines proposed by 
Kitchenham [22]. 

2.1 Research questions   

On the basis of the objectives described in the 
introduction in Section 1.2, the following research 
questions were formulated: 

• RQ1. How can the current research on cloud 
application migration optimization approaches 
be classified? 

• RQ2. What are the state-of-the-art cloud 
application migration optimization approaches, 
and how can they be evaluated with respect to 
this classification? 

• RQ3. What lessons learned from the evaluation 
of research can be used to guide further 
research investigations? 

2.2 Data sources  

To conduct this systematic review we used 
scholarly research databases that are commonly 
used as primary sources for software engineering 
publications [25], [26]. These databases include 
IEEE Xplore, ACM, Springer, ScienceDirect and 
Scopus, as shown in Table 1. Other databases such 
as Google Scholar and CiteSeer are powerful search 
engines which duplicate many of the same search 
results as the previous databases.  

 
Table 1: Databases used in the systematic review 

Name URL 

IEEE Xplore http://ieeexplore.ieee.org 
ACM http://portal.acm.org 
Springer http://www.springerlink.com 
ScienceDirect http://www.sciencedirect.com 
Scopus http://www.scopus.com 
Google Scholar http://scholar.google.com. 
CiteSeer http://citeseerx.ist.psu.edu 
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2.3 Search strategy  

The search strategy was to conduct a search of 
publications from 1 January 2010 to August 2014. 
It was decided to search from 2010 because the 
experimental work in cloud migration with case 
studies started during that year [18], [27]. Based on 
the research questions proposed in the present study 
and the search strings used in the systematic review 
of cloud migration research by [18], we derived and 
adopted a number of keywords and synonyms for 
the search. The search strings were combined by the 
AND and OR Boolean operators. The Boolean 
operator OR was used to join alternative keywords 
and synonyms, while the AND operator was used to 
link together the keywords and synonyms. After 
many trial tests, we concatenated suitable Boolean 
expressions to produce a generic search string as 
follows:  

[((Migration OR Deployment OR Adaptation OR 
Transformation OR Evolution OR Reengineering OR Adoption 
OR Modernization OR Integration OR Switching OR Moving) 
AND (Optimization) AND (Application OR System OR 
Software) AND ( Cloud application OR Cloud System OR 
Cloud Environment OR Cloud Infrastructure OR Cloud 
Platform))] 

The ScienceDirect and Scopus databases 
accepted the full search string through the use of the 
Advanced Search option whereas IEEE Xplore, 
ACM and Springer did not accept the full search 
string due to the length (e.g. IEEE Xplore allowed a 
maximum of 15 search terms). Instead, we used a 
simple search string based on the following 
keywords: migration, deployment, optimization, 
application, system, software, and cloud computing. 
All the databases returned a large number of 
publication results. Consequently, we used the 
databases’ Refine search option to limit and refine 
the results without missing any relevant studies. For 
instance, we performed the full search string in the 
Scopus database with the Refine options (Limit 
&Exclude) to reduce the results to 701 documents. 
The following string was used: 

[((migration OR deployment OR adaptation OR transformati
on OR evolution OR reengineering OR adoption OR moderniza
tion OR integration OR switching OR moving) AND (optimizat
ion) AND (application OR system OR software) AND ("Cloud 
application" OR "Cloud System" OR "Cloud 
Environment" OR "Cloud Infrastructure" OR "Cloud 
Platform")) AND (LIMIT-
TO(SUBJAREA, "COMP")) AND (LIMIT-
TO(LANGUAGE,"English")) AND (EXCLUDE(DOCTYPE, "e
d") OR EXCLUDE(DOCTYPE, "ip")) AND (EXCLUDE(EXA
CTKEYWORD, "Resource 
allocation")) AND (EXCLUDE(SRCTYPE, "k") OR EXCLUD
E(SRCTYPE, "b"))] 701 document results 

 

2.4 Selection of studies 

In order to select the primary studies and to 
ensure that the results were related to the research 
area under study, inclusion and exclusion criteria 
were applied to the publication results by reading 
the titles, keywords and abstract of the papers. The 
titles, keywords and abstracts were sometimes not 
comprehensive, making it difficult to determine the 
scope or focus of the publication. In those cases, we 
read the whole paper to make sure that we could 
properly apply the inclusion and exclusion criteria. 

The inclusion criteria were: 

- The paper is published in a scientific peer-
reviewed forum. 

- The paper presents a solution, experience, 
validation or evaluation of cloud application 
migration optimization in relation to the 
PaaS or IaaS classes of cloud service. 

The exclusion criteria were: 

- The paper focuses on network and hardware 
optimization of clouds including the power, 
energy, server consolidation, or resources 
and utilization. 

- The paper discusses application migration 
optimization among multiple cloud service 
providers or between themselves.  

- The paper is not peer-reviewed (e.g. is in the 
form of an abstract, keynotes, or editorials). 

- The paper is in the form of a technical 
report, thesis or book. 

- The paper is not written in the English 
language. 

In this study, the selection of primary studies was 
performed in five phases by two researchers 
working together to examine all the retrieved 
publications. The five phases of the selection are 
shown in Figure 1 and are described as follow: 

Phase 0 – Application of search strings to 

databases 

We applied the search strings (Section 2.3) to the 
databases and retrieved 1548 papers in total. The 
number of publications retrieved from each 
database is presented in Table 2. The results were 
included in the next phase. 

Phase 1 – Selection based on title 

In this phase, we first read and evaluated each 
paper’s title against the exclusion and inclusion  



Journal of Theoretical and Applied Information Technology 
 30

th
 September 2015. Vol.79. No.3 

© 2005 - 2015 JATIT & LLS. All rights reserved.  

 

ISSN: 1992-8645                                                       www.jatit.org                                                          E-ISSN: 1817-3195      

 
399 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Five phases in study selection process 

 

criteria to check whether or not the paper was 
related to our study. If the paper was related to our 
study, it was directly included in the next phase. It 
was sometimes difficult to determine from the title 
whether or not the paper was relevant to our study, 
or there were disagreements between the 
researchers concerning the scope of the selected 
paper. In these cases, the paper was included in the 
next phase. A total of 263 papers were included in 
the next phase and the remaining papers (1285) 
were discarded. 

Phase 2 – Selection based on keywords and 

abstract  

We read the keywords and abstracts of the papers 
that were brought forward from the previous phase 
in order to ensure these papers were related to our 
study. We ignored 157 papers based on their 
keywords and abstracts. Duplicate papers (18) were 
identified and removed by using Endnote software. 
The remaining 88 papers, including any papers on 
which the reviewers disagreed, were included in the 
next phase.  

Phase 3 – Selection based on full text 

In this phase, we read the full text of the 88 
papers selected in Phase 2 in order to ensure that 
these papers were related to our study. The 
researchers discussed and resolved any 
disagreements (regarding 7 papers) in order to 
achieve consensus at the final meeting. Based on 
the inclusion/exclusion criteria and because the 
results provided no information relevant to our 
research questions, 50 papers were discarded. The 
remaining 31 papers were included in the next and 
final phase.  

Phase 4 – Quality assessment  

We applied quality assessment to 31 papers in 
order to evaluate the quality of these papers and 
exclude the papers with lower quality. As a result, 
six papers were excluded and 25 papers were 
selected as the final cluster of primary studies. The 
quality assessment process is discussed in more 
detail in the next section.  

 
Table 2: Publications retrieved by databases 

Name Number of papers 

ACM 432 
IEEE Xplore 223 
Scopus 701 
ScienceDirect 100 
Springer 182 
Total 1548 

 

2.5 Quality assessment 

Quality assessment provides more evidence for 
the inclusion or exclusion of publications from the 
final cluster of primary studies. In addition, it meets 
the following objectives [24]: 

• To provide an explanation of study findings 
based on an investigation of differences in 
quality. 

• To facilitate a comparative analysis of 
individual studies based on weighting or/and 
scoring when findings are being synthesized. 

• To provide evidence for the interpretation of 
results and to recommend directions for future 
research. 

Application 
of search 
strings to 
databases 

Selection 
based on 

title 

Selection 
based on 

keywords and 
abstract 

Quality 
assessment 

1548 
Papers 

263 
Papers 

88 
Papers 

25 
Papers 

Phase 0 Phase 1 Phase 2 Phase 4 

Selection 
based on 
full text 

52 
Papers 

Phase 3 



Journal of Theoretical and Applied Information Technology 
 30

th
 September 2015. Vol.79. No.3 

© 2005 - 2015 JATIT & LLS. All rights reserved.  

 

ISSN: 1992-8645                                                       www.jatit.org                                                          E-ISSN: 1817-3195      

 
400 

 

Based on the quality assessment objectives, we 
developed 10 quality assessment questions as a 
checklist for the selection of the studies based on 
the quality. The results of the quality assessment 
also served as the results of a comparative analysis 
of the selected primary studies. The questions were 
divided into five general quality assessment (GQA) 
questions that were adopted from the specific 
assessment factors proposed by [18] and five 
derived specific quality assessment (SQA) 
questions, as follows:  

1- General quality assessment questions  

GQA1 Does the study clearly address application 
migration optimization across the cloud? 

QQA2 Are the details of the relevant work 
clearly discussing migration optimization support? 

GQA3 Does the study’s evaluation clearly 
explain cloud application migration optimization 
support? 

GQA4 Are the findings of the study clearly 
validated in a significant evaluation case? 

GQA5 Are future works and limitations for 
cloud migration optimization clearly reported? 

2- Specific quality assessment questions 

SQA1 Does the study clearly address cost factors 
to reduce the cost of application migration to the 
cloud? 

SQA2 Does the study focus on performance to 
minimize the customer’s response time during the 
migration of an application to the cloud? 

SQA3 Does the study address the minimization 
of customers’ SLA violations of cloud application 
migration? 

SQA4 Does the research clearly support the 
elasticity of cloud application migration? 

SQA5 Does the study clearly support the 
automatic migration of applications to the cloud? 
(Full =1; semi =0.5; manual = 0) 

In this study, each criterion was used to assess 
one of the quality aspects of a paper and to set a 
quality score for the identifying aspect of the paper. 
The quality scores were 1 for excellent (YES), 0.5 
for partial, or 0 for poor (NO). We adopted the 
quality assessment criteria approach of Pooyan et 
al. [18] to rank and evaluate the selected studies. 
The GQA offered a maximum score of one out of 
four (25% weight). The SQA provided a maximum 
score of three out of four (75% weight). The 
weightings reflected the importance of the specific 

quality assessment rather than the general quality 
assessment in the present study. The maximum 
score was GQA + SQA = 4, with a score between 3 
and 4 representing a quality paper, a score greater 
than or equal to 1.5 and less than 3 representing a 
paper of acceptable quality, and a score of less than 
1.5 representing a study to be excluded on the basis 
of quality. The following formula was used to 
calculate the quality score: 

 

 

2.6 Data extraction and synthesis 

The abstracts of the search results were exported 
from the databases (Table 1) with related basic 
information (author, paper title, publication type, 
etc.) to the Endnote software. The benefits of using 
the Endnote software are that it registers all the 
basic information related to the selected studies, it 
is easy to maintain and manage this information in 
Endnote, and it helps to locate duplicated studies. 
We collected and registered the detailed 
information of each study in an MS Excel 
spreadsheet including the basic information and 
related detailed information such as the research 
type, research method, and approach. Table 3 
presents the data items that were used in every 
study, including the descriptions and research 
questions related to our systematic review, that 
were needed to analyze all the data extraction items.  

The relevant research questions are listed in the 
third column in Table 3 that present data items and 
descriptions of each study extraction. The first 
research question (RQ1) indicates the classification 
of cloud application migration based on 
optimization objectives and dimensionality of the 
optimization objective. The second research 
question (RQ2) discusses state-of-the-art cloud 
application migration optimization approaches 
based on the classification proposed in RQ1, and 
the analysis and evaluation of primary studies based 
on the quality assessment criteria (discussed in 
Section 2.5). The results of the comparative 
evaluation of the studies are reported in relation to 
RQ2. The challenges and limitations of the primary 
studies are discussed as future research directions 
and lessons learned on the third research question 
(RQ3) based on the results of RQ2. The extraction 
activity was performed by the first reviewer and 
audited by the second reviewer. The findings of the 
synthesized data are described in the next section.  
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Table 3: Data extraction description 

 

3. REVIEW RESULTS 

 
Among the selected primary studies, the majority 

of publications during the period 2010 to 2014 were 
conference papers (32%) followed by journal 
articles (28%). The remaining studies were divided 
between workshops (16%), symposia (12%) and 
book sections (12%). Figure 2 shows the 
distribution of publication types. The publication 
trend increased from 2010 to 2013 and then 
decreased in 2014. This may be because the search 
was performed in August 2014 and many 2014 
publications may not have been indexed at that time 
(Figure 3). 

Based on the search string, the inclusion and 
exclusion criteria, and the quality assessment 
criteria, 25 papers were identified as primary 
studies. The details of each selected study, 
including the author, year, general and specific 
quality assessment scores and total score are shown 
in APPENDIX 1. The total score for each study was 
based on our proposed quality assessment criteria 
but a particular paper may receive a different total 
score if other researchers use different criteria.  
 

 
Figure 2: Distribution Of Publication Types 

 
Figure 3: Distribution trend of publications 

 
4. DISCUSSION 
 

This section addresses the research questions 
proposed in Section 2.1. 

4.1 Research Question 1  

RQ1 asks “How can the current research on 
cloud application migration optimization 
approaches be classified?” Classifying application 
migration optimization approaches depends on the 
optimization goal the particular approach is 
targeting. For example, some optimization 
approaches aim to minimize the response time and 
reduce the cost for customers when they want to 
migrate their applications to the cloud environment. 
In addition, the dimensionality of optimization goal 
can be used to solve a single problem (one quality 
attribute), called single objective optimization 
(SOO), or to solve multiple problems (multiple 
quality attributes) called multi-objective 
optimization (MOO) [28]. As a result, this study 
classifies the CMO approaches into two main 
approaches, namely, non-evolutionary cloud 
migration optimization (NCMO) approaches and 
evolutionary cloud migration optimization (ECMO) 
approaches. 

Data item Description Study research 

questions 

Title Title name RQ2 
Authors  Study author’s name RQ2 
Sn Study identification (e.g. study Sn) RQ2 
Year  The study year publication   RQ2 
Publication type Such as a journal paper, conference paper, etc  RQ2 
Research questions  The study research question(s)  RQ1, RQ2, RQ3 
GQA General quality assessment of study  RQ2 
SQA Specific quality assessment of study  RQ2 
Total  Study total score RQ2 
Comparative analysis  Study evaluation using quality assessment criteria  RQ2 
Research type  Study type (e.g. evaluation, validation or experiment)  RQ2,RQ3 
Evaluation method Study evaluation method (e.g. case study, simulation, prototype, 

or an example)  
RQ2,RQ3 

Findings  The study’s main conclusion  RQ1, RQ2, RQ3 
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Figure 4: Classification of cloud migration optimization approaches 

 

Non-evolutionary (or classical) optimization 
approaches are used to achieve a single optimal 
solution in one simulation run. In solving multi-
objective optimization problems, the simulations 
need to be repeated many times in order to find 
various optimal solutions every run time. However, 
this type of solution is not useful for users and it is 
not satisfactory to make decisions by achieving an 
optimal solution with frequent to single criteria 
[29]. For these reasons, we classify NCMO 
approaches based on the literature that proposes 
solutions such as architecture, model and tool 
approaches rather than single and multi-objective 
optimization categorization.  

On the other hand, ECMO approaches based on 
evolutionary algorithms offer the best choice of 
multi-objectives optimization by finding optimal 
solutions (Pareto optimal) to various objectives. 
That is because they deal with solutions involving 
the population of their search spaces that provide 
Pareto-optimal solutions in only a single run. 
Moreover, evolutionary algorithm approaches 
provide simultaneous optimal solutions among 
multiple conflicting objectives [29]. Therefore, our 
categorization of ECMO approaches depends on 
single and multiple objective optimization rather 
than the previous classification of the classical 
optimization approaches such as the architecture-
based and model-based approaches. These 
classifications of optimization approaches can be 
used as basis to compare different types of 
optimization approaches of migration applications. 
Moreover, new analysis and evaluation approaches 
can be advanced by means of findings optimization 
approaches in the area of cloud computing. All this 
can encourage researchers and practitioners in 

development and delivery of solid approaches to 
cloud migration optimization practices that are 
shown in Figure 4.  

4.2 Research Question 2 

RQ2 asks “What are the state-of-the-art cloud 
application migration optimization approaches, and 
how can they be evaluated with respect this 
classification? The quality assessment criteria (as 
discussed in Section 2.5) is divided into general and 
specific quality assessment criteria. The general and 
specific criteria were used as evidence to support 
the inclusion or exclusion of studies from the final 
cluster of primary studies. In addition, the specific 
criteria involved comparative analysis criteria to 
synthesize and analyze the results. According to 
[12], [30], [31], [13], the most important 
comparative criteria to evaluate application 
migration to cloud environments and support 
decision-making are cost, QoS in terms of 
performance (response time) and SLA violations, 
and degree of migration automation. The 
implications of using these criteria in our study are 
described as follows:  

1- Cost  

The new trend among organizations to use cloud 
resources instead of data centres can save costs 
related to economies of scale, because the costs of 
power, hardware and administrative support in the 
cloud are about five times better. Moreover, if an 
organization’s business grows, the cloud offers 
elasticity of costs rather than having to purchase 
expensive additional resources when a system 
requires more capacity [31]. The most important 
criterion for consumers and service providers in 
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making decisions on cloud application migration 
and support is the cost. In particular, Brebner and 
Liu [32] reported on running application costs with 
multiple workloads in different Amazon, Microsoft 
and Google offerings when choosing suitable cloud 
service providers for application migration. 

2- QoS 

An SLA is a contract agreed between consumers 
and service providers as the first stage to enable the 
migration of cloud applications or systems to cloud 
environments. The SLA specifies the cost and QoS 
parameters. As a result, QoS is an important 
criterion and a critical issue in migrating 
applications to the cloud. The most important QoS 
criteria to be met by service providers are 
performance (response time, throughput and 
latency), SLA violations, availability and reliability 
[30]. In this study, we focus on performance of the 
application migration regarding response times and 
SLA violations, because they are most significant 
criteria for both consumers and service providers. 
They are defined as follows:  

• Response time – The consumer will get the 
right services that they need at specific times. 

• SLA violation – Violations indicate the number 
of method calls with a response time that 
exceeds a given time.  

3- Elasticity 

Elasticity is the ability for a customer to quickly 
request and receive as many resources as needed 
[30]. Elasticity is also defined as the degree of 
scalability that offers the means for optimizing the 
usage of resources in situations of “wriggle” or/and 
unknown application workloads [12]. Elasticity can 
be classified into two groups: 

• Horizontal scalability rely on the application 
components offered by service provider and the 
ability to add more virtual machine instances 
for the application components when needed. 

• Vertical scalability depends on service 
providers offering an approach to scaling 
resources to applications.  

4- Degree of migration automation 

Application migration automation is challenged 
by the growing number of systems. Automated 
approaches to service migration and deployment 
and configuration prevent human errors and make 
the process easier. The degree of automation is 
categorized into three classes as follows [18]: 

• Manual automation, that is, an approach that 
should be performed by a human being 

• Semi-automated automation, that is, a solution 
that is partially automated by software tools 

• Fully automated migration (whether it is a 
model transformation or decision support). 

The results of the evaluation of the primary 
studies based on classification presented in Section 
4.1 as well as the comparative analysis criteria 
specified as SQA criteria are discussed in the 
following sub-sections.  

4.2.1 Non-evolutionary cloud migration 

optimization approaches 

Most NCMO approaches or classical 
optimization approaches address cost as a 
significant factor for businesses related to 
consumers and service providers with regard to 
cloud services.  

1- Architecture-based approach  

An architecture-based approach needs to be 
adaptive during transformation runtime migration in 
order to support the move of applications or 
software systems to cloud environments. However, 
very limited architecture-based approaches have 
been proposed in the literature relevant to cloud 
migration optimization. Zhang et al. [S20] propose 
a framework that can be used to prepare an 
application, the design of a runtime system, 
workflow and deployment, and optimizations. The 
proposed solution improves the flexibility of 
deployment based on user-level virtualization by 
isolating the virtual machine from the application 
software. The findings of the experiments indicated 
that the solution is efficient in terms of performance 
and storage. Liu et al. [1] propose an architecture-
based approach to optimization service deployment 
to reduce costs, improve the efficiency of 
deployment and guarantee the consumers’ QoS 
requirements. In particular, they propose three 
algorithms to standardize and optimize the 
requirements of service deployment. They 
evaluated the proposed approaches using a 
simulation experiment which demonstrated the 
approaches to be effective and efficient. 
Meanwhile, Frey and Hasselbring [33] present 
architecture for detecting and checking a violation 
of software systems by considering migration 
support. The proposed approach helps to actively 
highlight and detect important system parts at an 
early stage. Chen et al. [34], on the other hand, 
present an architecture-based approach to 
optimizing QoS in respect of dynamic data-driven 
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application systems. However, the proposed 
approach lacks validation and evaluation through 
experiments. The studies on the architecture-based 
approach are summarised in APPENDIX 2, 
including the problem addressed, quality 
assessment scores, and evaluation or validation 
methods.     

2- Model-based approach  

Most model-based approaches focus on the first 
step of migration assessment and focus on cost and 
performance in terms of the response time of cloud 
migration optimization with respect to application 
resources management and cost analysis. Ghanbari 
et al. [S10] suggest a two-model approach relevant 
to the QoS level of application resources and maps 
of service-level consumption of resources to profit 
metrics. The focus of their proposed approach is to 
solve optimization problems of resources allocation 
in a private cloud with regard to minimized costs 
through maximized sharing of resources. The 
results of the proposed approach show that the 
optimization is accurate and profit is increased by 
reducing costs. Similarly, a two-model approach is 
presented for Enterprise Resource Planning (ERP-
SAP) with regard to service-level agreements [S2]. 
The first model is a queue network for application 
performance. The second model is a cost analysis 
for the fixed costs of hardware and the costs of 
dynamic operations. The approach presented shows 
efficient use by service providers for planning 
decisions with respect to SLA. 

Wang et al. [S21] present an optimization model 
approach to reduce the cost of migration service 
composition. The proposed approach validation 
shows effectiveness and efficiency. Similarly, 
Ardagna et al. [S25] present a model of mixed-
integer linear programming to reduce the cost and 
improve the performance of cloud applications 
during deployment. The proposed model lacks an 
evaluation in real cloud environments. In addition, 
Rack et al. [S17] propose a model to validate cost 
and performance (response time) to allow 
customers to choose migration options (resources 
and service providers) regarding their applications 
in the cloud. Perez-Palacin et al. [S14] present a 
model based on queuing network theory to predict 
and reduce the cost and response time of cloud 
deployment based on application logs. Gao et al. 
[S16] present two scheduling task models: the first 
model operates under deadline constraints to reduce 
the total cost, while the second model is based on 
resource constraints to minimize the completion 
time of application deployment. The experimental 
findings indicate that the proposed models can 

improve efficiency with lower cost at the same 
time. Alternatively, Frey et al. [S4] present a 
model-based approach (CloudMIG) targeting the 
semi-automatic migration of software systems with 
regard to the resource efficiency and scalability of 
IaaS and PaaS-based applications. The experiments 
on the proposed approach provide an initial 
categorization of cloud optimization but the study 
does not offer any improvements in cloud migration 
optimization. APPENDIX 3 summarises the model-
based approach studies.  

3- Tool-based approach 

The tool-based approach is very important for 
validating cloud migration in general. In particular, 
it helps consumers, application providers and 
service providers to make decisions before 
applications are deployed in the cloud. However, it 
lacks tools that support migration to the cloud and 
its challenges require more research [18]. Very 
limited tool-based approaches are found in the 
literature. Ferrer et al. [S7] present a toolkit 
(OPTIMIS) to optimize the life-cycle of the service 
of cloud infrastructure that includes service 
construction, deployment and operation with regard 
to some aspects of trust, efficiency, risk and cost. 
The proposed tools enable developers to improve 
services with non-functional requirements with 
regard to consumption, trust and cost. In addition, 
the tool enhances decision-making to select 
appropriate service providers and infrastructure 
providers.  

Fittkau et al. [S9] discuss enhancements of the 
CloudSim [35] tool to support cloud migration from 
the cloud users’ point of view. The produced 
enhancements are applicable and accurate 
compared to the deployment of the Amazon Elastic 
Compute Cloud (EC2) with respect to costs and 
performance. Fittkau et al. [S11] subsequently 
present a tool-based approach known as 
“CDOSIM” for simulating cost and performance in 
terms of the response time of cloud deployment 
options to support software system migration. The 
results of the proposed approach are accurate 
prediction of performance (response time) and cost 
compared with Amazon EC2 and Eucalyptus. 
Franceschelli et al. [S15] present a tool for 
evaluating cost and performance analysis before an 
application is deployed to the cloud. The proposed 
tool achieves accurate estimates of performance. 
Franceschelli et al.’s future plan is to develop an 
optimization engine for exploring costs to satisfy 
cloud customers with QoS constraints as well as 
provide ways to choose an appropriate service 
provider.  
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The challenges facing decision-makers who need 
to assess the feasibility of cloud adoption are 
discussed by Khajeh-Hsseini et al. [S13]. They 
propose a toolkit to allow organizations to examine 
their system deployment costs. The proposed tool 
supports modeling cost validation using a case 
study of an organization that required the migration 
of systems to the cloud. The case study proves that 
deploying systems in the cloud can minimize cost 
and that the cloud’s elasticity can reduce the cost as 
well. Similarly, CloudGenius [S6] is proposed as a 
tool-based approach that supports decision-making 
of the web application migration to the cloud. In 
particular, the CloudGenius approach solves the 
problem of web applications to cloud virtualization 
services to select suitable software images and 
services of infrastructure to enable QoS and achieve 
application targets [S6]. Roy et al. [S18] propose a 
software tool to reduce the SLA violations of 
response time and the availability of cloud 
applications during migration. The experimental 
results show that the proposed tool reduces SLA 
violations by 60% and reduces the virtual machine 
(VM) downtime by 10%. APPENDIX 4 presents a 
summary of the tool-based approach studies. 

4.2.2 Evolutionary Cloud Migration 

Optimization Approaches  

Search-based software engineering (SBSE) has 
become commonplace and well known in software 
engineering. The goal of SBSE is to build 
automation solutions to software engineering 
problems based on optimization algorithm 
approaches [36]. SBSE offers great opportunities to 
evaluate research and solve optimization problems, 
such as optimizing QoS objectives for cloud 
migration systems [37]. Furthermore, most SBSE 
approaches use evolutionary algorithms to solve 
optimization problems in cloud migration because 
they are easily parallelized and highly scalable [38], 
[39].  

1- Single objective optimization approach 

The SOO approach refers to one quality attribute. 
There are very limited SOO approaches to be found 
in the literature related to ECMO approaches in the 
cloud. Csorba et al. [S1] propose a colony 
optimization approach to the deployment of VM 
images onto physical machines. The proposed 
approach improves the scalability of the systems. 
Ashraf and Porres [S24] present the ant colony 
optimization approach for migrating the plan of 
web applications and minimize the use of VM 
provisioning web applications. The experimental 
results of the proposed approach improve the 

involvement of the total number of VM hours. 
However, they do not evaluate the proposed 
approach in real cloud environments. Only two 
studies among the final cluster of primary studies 
discuss the SOO approach (see APPENDIX 5). 

2- Multi-objective optimization approach  

The MOO approach refers to two or more quality 
attributes obtained simultaneously. These quality 
attributes provide a set of solutions that are a trade-
off of the Pareto optimality. However, few research 
projects have been completed on MOO approaches 
and they are still in the initial stage of SBSE.  

Frey et al. [S19] propose an approach in respect 
of the genetic algorithm (CDO Xplorer) of 
deployment optimization options. The proposed 
approach aims to enhance multi-optimization in 
terms of cost, response time and SLA violation to 
support software system migration to the cloud. The 
results of the approach demonstrate it is a better 
solution by up to 60% compared with experiments 
in the Microsoft Windows Azure and Amazon EC2 
cloud environments. Likewise, Wada et al. [S3] 
present a genetic algorithm (E3–R) approach that 
searches Pareto-optimal sets for solutions of 
deployment configurations in order to satisfy 
conflicts in SLA and QoS objectives. The approach 
demonstrates efficient satisfaction of SLAs in a 
short time and achieves quality deployment service 
configurations. 

Yusoh and Tang [S12] present two approaches. 
The first approach is a cooperative coevolution 
genetic algorithm for the initial placement of SaaS 
problems. The second approach is a repair-based 
group genetic algorithm for the resource 
optimization of SaaS problems. Their experiment 
showed that evolutionary algorithms provide better 
efficiency and scalability. Elkateb et al. [S23] 
propose a decision-making support approach to 
resolve the multi-objective optimization problem by 
reconfiguring the objectives and adjusting resources 
provisioning to reduce deployment costs. The 
findings of their proposed approach provide near-
optimal time solutions with acceptable dynamic 
reconfiguration. APPENDIX 5 summarises the four 
studies on MOO approaches in the literature.  

In summary, all the approaches in the studies are 
in the form of validation research with different 
methodologies used such as case studies, 
simulations, prototypes and examples. 
Consequently, there is a lack of empirical 
evaluation of the proposed approaches in real cloud 
environments. The results of the evaluations of the 
proposed approaches based on the comparative 
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criteria of cost, QoS in terms of performance 
(response time) and SLA violation, and elasticity 
revealed that the mean quality the MOO approach 
are more significant compared to the other 
approaches (see Table 4). As result, the MOO 
approach of ECMO is highly suitable to solve and 
achieve the multiple objective criteria of cost, QoS 
and elasticity compared to the SOO and NCMO 
approaches. Moreover, the MOO approach provides 
a better solution for multi-objective optimization 
and supports decision-making and satisfaction to 
achieve the user optimization objectives in a single 
run [40] compared to the SOO and NCMO 
approaches for the following reasons [10]: 

• The SOO approach cannot optimize trade-offs 
through simultaneous conflicts in cost, QoS 
and elasticity objectives. 

• The NCMO approach cannot achieve cost and 
QoS objectives at once within trade-offs. 

• The NCMO approach does not make it easy to 
define a problem in the linear programming 
form. 

• The NCMO approach cannot be scalable and 
parallelized. 

 
Table 4: Average quality score for approaches 

Approach 

 

 

No. of 

studies 

 

Total quality 

scores 

 

Mean 

quality 

score 

Architecture-
based 4 7 1.75 

Model-based 8 15.6 1.95 

Tool-based 7 12.8 1.828571 

SOO 2 3.9 1.95 

MOO 4 10 2.5 

 

4.3 Research Question 3  

RQ3 asks “What lessons learned from the current 
evaluation of research results can be used to guide 
further research investigations?” The overall 
evidence of the results of the comparative analysis 
(RQ2) are presented in a bubble plot with three 
different facets in Figure 5. The approach facet is 
connected to the evaluation method and SQA 
criteria facets that we considered most significant 
contribution of study (quality score =1). The 
number of bubble plots on the evaluation method is 
not equal to the number of primary studies (25) 
because some studies have more than one method 
of evaluation; for example, S10 used two evaluation 

methods, namely, case study and simulation. The 
number of bubble plots on the SQA criteria is not 
equal to the number of bubble plots on the 
evaluation method and not equal to the number of 
primary studies (25) because some studies achieve 
more than one quality assessment objective. For 
instance, S3 achieves three quality assessment 
objectives (cost, performance and SLA violation).  

Figure 5 shows that most of the model-based and 
tool-based approaches propose cost and 
performance to support the optimization of an 
application migration to the cloud. Most of the 
proposed approaches use the case study evaluation 
method, followed by simulation, in contrast to a 
very few approaches that use prototypes and 
examples. Furthermore, all the proposed approaches 
are validation studies, and therefore lack empirical 
evaluation of the proposed approaches to support 
optimization of an application migration in real 
cloud environments.  

Moreover, they do not share their experience 
reports due to the closed and secretive nature of the 
cloud industry [37]. For example, there is a lack of 
cooperative work on applications or experimental 
design as well as data sharing and control 
management [41]. We retrieved technical reports 
and industry white papers, but these publications do 
not share significant findings and were therefore 
excluded from this study. As a result, there are 
many implications for the future research 
investigations required in this field. We identify six 
important research directions, namely, the need for 
architecture-based approaches, the need for model-
based and tool-based approaches, the need for SOO 
and MOO approaches, the need for SLA violation 
prevention, the need for elasticity, and the need for 
automation of deployment, each of which is 
described as follows: 

1) The need for architecture-based approaches 

Architecture-based approach optimization needs 
to be adopted during transformation to migrate an 
application to the cloud because the architecture of 
an application in its own local server or data center 
is different from the architecture of the cloud 
application due to various layers of clouds [12]. 
However, the QoS criterion for the architecture-
based approach in the cloud remains challenging 
due to various application migration requirements 
between the traditional hosting and centralized 
cloud infrastructure. In addition, there is a need for 
execution architecture to deploy cloud workflows 
[42].  
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Figure 5: CMO Approaches To SQA Criteria And Evaluation 

 

There are still very few architecture-based 
approaches proposed in the literature ([S5], [S8], 
[S20], [S22]) to support architecture optimization to 
migrate applications to cloud environments; 
therefore, there is a critical need for architecture-
based approaches to optimizing the migration of an 
application to the cloud. 

2) The need for model-based and tool-based 
approaches  

As discussed above, the model-based and tool-
based approaches improve and support the 
optimization of application migration to the cloud. 
However, there is still a need for approaches to 
modeling costs and performance, and tools to 
support decision-making due to the heterogeneity 
and number of cloud services among increasingly 
diverse cloud providers. The cost and performance 
are also significant criteria to cloud customers when 
choosing an appropriate service provider that offers 
services at a reasonable price with QoS satisfaction, 
while service providers are seeking to increase their 
revenue. In particular, the cost is significant for 
businesses looking to make decisions about data 
management. This decision-making is challenging 
and requires a cost-benefit analysis of migrating an 
application to the cloud environment [31]. In 

addition, there is still a lack of tools to support 
application migrations to the cloud infrastructure, 
and that requires more research investigation.  

3) The need for SOO and MOO approaches  

SBSE is a computational search and optimization 
approach that is used to solve optimization 
problems in software engineering. The evolutionary 
algorithms that most SBSE approaches use are at an 
early stage, and this remains a promising research 
area and challenge for software engineering 
researchers. Further research is needed in software 
engineering in general. In particular, more research 
is required on the re-engineering of systems to 
make them suitable for cloud migration and on how 
to minimize costs by considering optimization 
resource usage [39]. However, very few ECMO 
approaches have been proposed; SOO approaches 
have been proposed in two studies (S1 and S4), 
while MOO approaches have been proposed in four 
studies ([S3], [S12], [S19] and [S23]). In particular, 
there is a need for SOO approaches to target single 
objective optimization, while there is a critical need 
for a framework of MOO approaches to provide the 
best solution to achieve the multi-objective 
optimization of cost, performance, SLA violation 
and elasticity and to support decision-making in 
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comparison to the NCMO and SOO approaches. 
Therefore, SOO and MOO approaches require more 
research effort and this opens a new direction for 
both researchers and practitioners.   

4) The need for SLA violation prevention  

Most cloud service providers offer services based 
on general availability with SLAs may not consider 
an SLA violation if a server goes down. Typically, 
the service provider allows for a certain amount of 
failure before a problem qualifies as an outage. For 
example, in the Amazon EC2, it is considered a true 
outage only if all the user’s instances within two 
availability zones (AZs) are down. That means that 
if a single AZ is down, or if the user is running in 
only a single AZ, the user is not covered by the 
SLA. However, a few CMO approaches support 
SLA violation criteria ([S3], [S5], [S8], [S18] and 
[S19]). There is a critical need for SLA violation 
prevention in order to avoid the need for service 
providers to pay penalties to consumers [43]. 

5) The need for elasticity  

Very few CMO approaches in the literature ([S1], 
[S7] and [S23]) discuss the elasticity criterion. 
However, elasticity is an important s factor in cloud 
migration related  to business and engineering and 
poses challenges to cloud consumers because 
elasticity reduces costs by optimizing resource 
usage [39]. Therefore, elasticity requires more 
research investigation.  

6) The need for automation of deployment 

As discussed above automatic approaches are 
important to prevent human errors when migrating 
applications to the cloud. However, migration 
solutions are limited and are dedicated to particular 
cloud service providers. There is a lack of support 
of automatic migration of systematic  architecture 
of applications [7]. Furthermore, only two of the 
studies in the final cluster of primary studies 
support the full automation of CMO. It is clear that 
there is a lack of full automation tools to support 
system migrations to the cloud [18]. 

 
5. LIMITATIONS AND THREATS TO 

VALIDITY  

 

The results of a systematic review study may be 
influenced by various factors, such as bias in the 
study selection, inaccuracy in the process of data 
extraction, and misclassification of papers. These 
factors pose threats to the validity of the review 
results. Bias in study selection depends on the 
inclusion and exclusion criteria that are defined to 

guide the selection of papers. Different researchers 
tend to have different understandings of such 
criteria; thus, the results of study selections 
performed by different researchers are expected to 
be different. For this reason, the present study used 
many experimental tests to identify appropriate 
keywords in the search strategy process. Synonyms 
were applied to define the equivalent substitutions 
to be included in the keyword list.  

In data extraction, inaccuracy arises because the 
information retrieved from a paper may be 
extracted in diverse ways by several reviewers. 
Thus, there is a risk of authors inserting bias 
through the data extraction process. In regard to 
mitigating this risk, the data extraction in the 
present study basically depended on the information 
located in each publication, and ignored the other 
possibilities proposed in the publications. The 
inaccuracy of the data extraction may affect the 
classification results of the selected papers 
negatively, which is known as the misclassification 
problem. In order to mitigate this threat in the 
present study, the classification of every paper by 
the first author was validated by the second author. 
Another threat to this systematic review was the 
exclusion of the grey literature, such as non-
reviewed publications and technical reports, from 
the study. This may have excluded valuable 
research. On the other hand, this makes the 
systematic review more easily repeatable from a 
search perspective. 

 

6. CONCLUSION 
 

In this study, we have discussed the findings of a 
systematic review of the comparative evaluation of 
CMO approaches in 25 studies. Based on the 
dimensionality optimization goal, we classified 
CMO approaches into NCMP and ECMP 
approaches. NCMO approaches were classified into 
architecture-based, model-based and tool-based 
approaches, while ECMO approaches were 
categorized into SOO and MOO approaches. This 
classification can support practitioners and 
researchers to develop solid CMO approaches. 
Based on the classification, we compared and 
evaluated the CMO approaches using the important 
criteria of cost, QoS in terms of performance 
(response time) and SLA violation, and elasticity.  

The findings of the comparative evaluation 
indicated that MOO approaches provide 
significantly better solutions to optimization 
problems and support the decision-making of 
application migration to the cloud environment in 
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comparison to the model-based, architecture-based, 
tool-based and SOO approaches. In addition, the 
findings show that more critical research attention 
and challenges are required as follows:  

• The challenges in the architecture-based 
approach such as the lack of a systematic 
architectural approach at runtime and support 
adoption during the migration of an 
application.  

• The challenges in the model-based and tool-
based approaches such as the need for 
approaches to modeling cost and performance. 
There is also a need for tools to evaluate and 
support application migration to the cloud 
environment.  

• The challenges in the SOO and MOO 
approaches including the need for SOO 
approaches to solve single optimization 
problems. There is critical need for a 
framework of MOO approaches to solve multi-
optimization problems and support decision-
making. 

• The challenges in preventing SLA violations in 
order to avoid service providers having to pay 
penalties to consumers and to minimize SLA 
violations for improved consumer satisfaction. 

• The challenges in elasticity, which requires 
more research investigation because elasticity 
reduces costs by optimizing resource usage. 

• The challenges in the automation of 
deployment, including the lack of full 
automation tools to optimize application 
migration to the cloud. 

In summary, we believe that our systematic 
review findings will help in advancing the cloud 
migration optimization research and open important 
future research directions. These findings are timely 
due to increasing interest from both researchers and 
practitioners in optimizing the migration of 
applications to the cloud in recent years. 
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APPENDIX 1: List of primary studies  

 

 
 

APPENDIX 2: Architecture-based pproaches

Study Problem addressed Quality 

assessment 

scores 

Limitations/constraints of approach (Validation or 

valuation) and 

method 

S5 To detect and check software 
system violations when migrating 
to the cloud 

1.5 Lacks analysis of limitations that 
might disturb a migration to the 
cloud. 
Requires more modeling of cloud 
profiles to offer a public repository 
and to enhance detection capabilities. 

Validation 
(Prototype) 

S8 To reduce costs and improve 
efficiency of deployment with 
guarantee of consumers’ QoS 
requirements 

2.1 Lacks evaluation of the proposed 
approach in real cloud environments.  
Lacks consideration of a multi-
dimension QoS design of service 
deployment software system to 
provide better QoS satisfaction.  

Validation 
(Simulation) 

S20  To prepare an application, design 
of runtime system, workflow and 
deployment, and optimizations 

1.9 Lacks scalability to expand complex 
user-level file system of storage 
servers during service deployment.  

Validation 
(Prototype) 

S22 To optimize QoS of dynamic 
data-driven application systems 

1.5 Fails to address complicated 
composite services of dynamic data-
driven application in real cloud 
settings.  

Validation (Case 
study) 
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APPENDIX 3: Model-based approach studies 

Study Problem addressed Quality 

assessment 

scores 

Limitations/constraints of approach (Validation 

or valuation) 

and method 

S2  To reduce cost and improve 
performance (response time) when 
deploying ERP to the cloud 

1.9 Lacks evaluation in real cloud environment.  Validation 
(Simulation)  

S4 To semi-automatically migrate 
software systems to the cloud with 
regard to resource efficiency and 
scalability  

2.1 The study discusses limitations of cloud 
migration approaches of application 
software. Applicability: Migration solutions 
are limited and dedicated to particular cloud 
service providers. Level of automation: 
Lack of support of automatic migration of 
map target architecture and map model of 
applications. Resource efficiency: The use 
of multiple applications and software 
systems does not leverage elasticity of 
clouds and is not an efficient design of 
resources. Scalability: There are challenges 
to scalability of cloud environments and 
lack of support of automation to evaluate 
application scalability at design time.  

Validation 
(Case study)  

S10 An approach relevant to the QoS 
level of application resources and 
maps of service-level consumption 
of resource to profit metrics 

2.5 Lacks distribution of optimization 
approaches of application interactions to 
determine resource needs and how 
resources can be allocated. 
Lacks deep investigation of performance 
model with regard to multi-tier applications 
such as web, application, and database 
servers.  

Validation  
(Case study +  
Simulation) 

S14 To apply the queuing network theory 
model to predict and reduce cost and 
response time of application logs for 
deployment to cloud environments  

2 Lacks experiments of the proposed model 
against real cloud application benchmarks. 

Validation  
(Case study) 

S16 To apply scheduling task models: 
Deadline constraints model is used 
to reduce the total cost and resource 
constraints model is used to 
minimize the completion time of 
application deployment. 

1.7 Lacks implementation of proposed 
approach in real cloud environments. 

Validation  
(Case study) 

S17 To validate cost and performance 
(response time) to allow customers 
to choose deployment options 
(resources and service providers) 

1.8 Lacks evaluation of the proposed model in 
the real cloud environment and required 
advisor system analyzing application code 
to compute cost and performance of 
deployment options. 

Validation 
(Example) 

S21 To reduce the cost of migration 
service composition 

1.7 Fails to address performance and user 
preferences. 

Validation  
(Simulation) 

S25 To present a model of mixed-integer 
linear programming to reduce the 
cost and improve performance of 
cloud applications during 
deployment 

1.9 The proposed model lacks evaluation in real 
cloud environments.  
 

Validation  
(Case study) 

 



Journal of Theoretical and Applied Information Technology 
 30

th
 September 2015. Vol.79. No.3 

© 2005 - 2015 JATIT & LLS. All rights reserved.  

 

ISSN: 1992-8645                                                       www.jatit.org                                                          E-ISSN: 1817-3195      

 
414 

 

 
APPENDIX 4: Tool-based approach studies 

Study Problem addressed Quality 

assessment 

scores 

Limitations/constraints of approach (Validation or 

valuation) and 

method 

S6 To provide decision-making to 
support web application 
migrating to clouds  

1.8 The proposed approach lacks support 
for different application types with 
multiple components. 

Validation 
(Prototype) 

S7 To optimize service 
construction, deployment and 
operation with regard to the 
aspects of trust, efficiency, risk 
and cost in regard to cloud 
infrastructure 

1.9 Multiple provisioning models are 
needed to support multi-cloud 
provisioning, cloud bursting and 
federation of clouds. 

Validation 
(Case study) 

S9 To enhance the CloudSim tool to 
support cloud migration from 
the cloud user perspective 
regarding costs and performance 

1.8 Lacks support for automatic cloud 
deployment option optimization 
 

Validation 
(Case study) 

S11 To simulate cost and 
performance in terms of 
response time to support cloud 
deployment options 

1.9 Lacks automatic cloud deployment 
option optimization to efficiently 
support parallel simulation run. 

Validation 
(Case study) 

S13 To examine customers’ system 
deployment costs 

1.7 Lacks approaches to investigate the 
impact of cloud adoption based on use 
of the case study of an organization.  

Validation 
(Case study) 

S15 To evaluate cost and 
performance analysis before 
application is deployed to the 
cloud 

1.8 Needs to develop optimization engine 
to provide costs and QoS to cloud 
customers with options to choose the 
appropriate service provider.  

Validation 
(Case study) 

S18 To reduce SLA violations of 
response time and availability of 
cloud applications during 
migration 

1.9 Lacks evaluation of SLA violation of 
response time and availability of 
application migration in real cloud 
environments.  

Validation 
(Case study + 
Simulation) 

 

 
APPENDIX 5: SOO and MOO approach studies 

Study Approach Problem addressed Quality 

assessment 

scores 

Limitations/constraints of 

approach 

(Validation 

or valuation) 

and method 

S1 SOO To deploy VM images onto 
physical machines 

2.1 Lacks validation of the 
proposed solution with 
multiple examples.  

Validation 
(Simulation) 

S24 To minimize use of VMs 
during migration plan of web 
applications 

1.8 Lacks evaluation of the 
proposed approach in real 
cloud environments.   

Validation 
(Simulation) 

S3 MOO To achieve optimal QoS 
objectives such as cost and 
performance (response time) 
during configuration 
deployment to the cloud  

2.7 Lacks empirical evaluation 
of the proposed approach to 
improve performance 
quality estimation method.  

Validation 
(Simulation) 

S12  To improve application 
performance based on 
execution time and reduce the 
use of resources.  

1.9 Lacks implementation of the 
proposed approach in real 
cloud environments.  

Validation 
(Prototype) 

S19  To improve multi-objective 
optimization of cost, response 
time and SLA violation 
among application 
configurations and migrations 
to the cloud 

3.5 Lacks empirical evaluation 
of the proposed approach in 
real cloud environments. 

Validation 
(Simulation + 
Case study) 

S23  To reduce the cost of 
deployment by dynamic 
reconfiguration of resources 

1.9 Lacks evaluation of the 
proposed approach in real 
cloud environments. 

Validation 
(Case study) 

 


