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Abstract 

Background:  Cloud computing is a unique paradigm that is aggregating resources available from cloud service 
providers for use by customers on demand and pay per use basis. There is a Cloud federation that integrates the four 
primary Cloud models and the Cloud aggregator that integrates multiple computing services. A systematic mapping 
study provides an overview of work done in a particular field of interest and identifies gaps for further research.

Objectives:  The objective of this paper was to conduct a study of deployment and designs models for Cloud using 
a systematic mapping process. The methodology involves examining core aspect of the field of study using the 
research, contribution and topic facets.

Results:  The results obtained indicated that there were more publications on solution proposals, which constituted 
41.98% of papers relating to design and deployment models on the Cloud. Out of this, 5.34% was on security, 1.5% on 
privacy, 6.11% on configuration, 7.63% on implementation, 11.45% on service deployment, and 9.92% of the solution 
proposal was on design. The results obtained will be useful for further studies by the academia and industry in this 
broad topic that was examined.
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Introduction
Cloud computing delivers services in a virtualized man-
ner to users through the Internet. There are four pri-
mary Cloud models, which are the private, public, 
community and hybrid Cloud. There is also the feder-
ated Cloud, which integrates the four Cloud models into 
a scalable cloud platform for several purposes and sup-
ports the Cloud aggregator. Resource provisioning in 
federated clouds is the process of finding optimal place-
ment schemes for virtual machines and reconfiguring 
them according to changes in the environment [1]. The 
various cloud service providers (CSPs) use massive data 
centers with thousands of servers, allowing data to be 
replicated in data centers [2]. An alternative is suggested 
in [3] with many micro data centers, each interconnected 
by medium to high bandwidth link which is suitable for 
use by private and public clouds. Cloud aggregation and 
cloud brokerage are vital in the design and deployment 

of Cloud models. The goal of Cloud service brokerage is 
to make the service more specific to a company, to inte-
grate and aggregate services with a view to adding value 
to original Cloud services being offered [4].

Infrastructure-as-a-Service (IaaS) Cloud deployment 
models are defined as public, private, hybrid, broker and 
federation [5]. Public deployment is used by any Cloud 
consumer over the internet, while private deployment 
models involves one organization [5]. Broker deploy-
ment involves the management of different transactions 
between multiple public Cloud and any Cloud consumer 
over the internet.

From the foregoing, there are several publications and 
work that has been carried out in the area of designs 
and deployment models for Cloud computing. It there-
fore becomes essential to have an indication of what has 
been done by researchers [6]. This overview can be sum-
marized using a systematic mapping process, which pro-
vides a platform for categorizing publications based on a 
unique scheme and structure [7].
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Main text
Methods
The systematic mapping process
The systematic mapping process for this study was car-
ried out using the guidelines found in [8, 9]. This process, 
which is a repeatable one, was utilized for extracting and 
interpreting available materials that are based on the 
research objective [10]. All the stages required for con-
ducting a systematic mapping study was applied in creat-
ing the systematic map of design and deployment models 
for Cloud in terms of private, public, hybrid, federated 
and aggregated clouds.

Definition of research questions
A systematic map provides an insight into the quality of 
work that has been done in a specific knowledge domain, 
which is essential in identifying areas where papers 
have been published. In this paper, the following are the 
defined research questions.

RQN1: What are the discussed research areas on 
design and deployment models for Cloud in terms of 
private, public, hybrid, federated and aggregated Clous, 
and what number of papers are covered in these areas?
RQN2: What sort of papers are issued in the research 
area and what are their constituted evaluation and 
novelty?

Conduct of search for primary studies
Four major electronic digital libraries (ACM, IEEE 
Xplore, Science direct and Springer) were utilized in the 
search for primary studies due to the high impact factor 
of their conference and journal papers. For this study on 
design and deployment models for Cloud, the keyword 
utilized in the search string was taken from every aspects 
of the topic of this study, which ensured the inclusion of 
studies relevant to the research area. The search string is 
as follows:

(TITLE (design AND deployment)) AND TITLE-ABS-
KEY (models) AND (TITLE (Cloud) AND (TITLE-ABS-
KEY (private OR public OR hybrid OR federated OR 
aggregated)).

The inclusion and exclusion criteria
The inclusion and exclusion criteria were utilized in 
excluding irrelevant papers that did not contribute to 
answering the research questions as regards this study on 
design and deployment models for Cloud. Publications 
that do not relate to the research questions or abstract, 
papers on editorials, panel discussions, presentation 
slides, prefaces, summaries and tutorials were excluded 
during this process.

Keywording of abstracts
Keywords from different papers on design and deploy-
ment models on Cloud were combined to provide a sat-
isfactory understanding of the types and contributions 
made on each paper. The systematic process has the fol-
lowing stages [8]:

•	 Abstract
•	 Keywording
•	 Classification scheme

•	Articles
•	Sorting articles into scheme
•	Updating scheme

•	 Systematic map

This process was used to determine the categories or 
facets utilized in this study. Of the three facets utilized 
in this study, the topics facet focused on the important 
topics relating to the field of study obtained during the 
classification scheme, the contribution facet provided 
information on the type of contribution employed in 
publications related to this study, and the research facet 
dwelled on the kind of research conducted.

Research facet with categories and descriptions
The classification approaches in [10] were adopted in this 
study and these approaches is categorized based on the 
following description as shown below:

•	 Solution proposal: These papers solve a problem by 
providing a unique solution. The benefits and the 
disadvantages of applying the solution are also high-
lighted.

•	 Validation research: The procedure used is unique but 
not yet implemented either in terms of a laboratory 
experiment or an application as proof of concept.

•	 Evaluation research: The procedure has been imple-
mented and the resultant outcomes are outlined 
based on pros and con.

•	 Experience papers: These papers relies on the knowl-
edge of the researchers. It provides an overview of 
how something was done.

•	 Opinion papers: The study represents the perspective 
of the researcher.

•	 Philosophical papers: These papers provide a new 
way of identifying and solving a particular problem.

The classification approaches were deemed acceptable 
for use in this study and the primary studies in this work 
were classified based on the categories and description 
above in determining the research facet.
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Data extraction and mapping of studies
For this study, the process of extracting data was done on 
a Microsoft Excel table, which contained a combination 
of the frequencies of publications in each category of the 
classification scheme. The frequencies were combined 
into tables containing either the topics and contribution 
facets or topics and research facets. Using the generated 
data on the excel table, bubble plots were created and 
centered on projecting the frequencies of the publica-
tions, which aided in identifying the research areas that 
were emphasized more in this study.

The systematic map was created using a two x–y scatter 
plot with bubbles at the intersection of the combined cat-
egories and the size of the bubbles corresponding to the 
number of papers in each category. The map was created 
with two quadrants whereby each quadrant offers a visual 
map on the combined categories, thus making it easy to 
examine the quadrants simultaneously.

Result
Contribution category
Figure  1 shows the systematic map of designs and 
deployment models for Cloud with focus on private, 
public, hybrid, federated and aggregated Cloud, while 
on Table  1 is the primary studies listed for examining 

the topics against the contribution facets. The result 
showed that out of 122 papers included in this cate-
gory, 37.7% focused on tools in relation to the field of 
the study. Also, metrics had 1.64%, models had 32.79%, 
methods had 16.39% and processes had 11.48%.

Research type category
Shown on Table  2 is primary studies listed for exam-
ining the topics against the research facets. The result 
showed that out of 131 papers included in this category, 
41.98% of the articles were centered on solution pro-
posal in relation to the field of the study. Also, evalu-
ation research was 18.32%, validation research was 
26.72%, philosophical was 3.05%, experience was 5.34% 
and opinion papers constituted 4.58%.

Topic and contribution facet
The following topics were extracted during the classifi-
cation scheme in the area of designs and deployment for 
Cloud:

a.	 Design.
b.	 Service deployment.
c.	 Implementation.

Fig. 1  Systematic map of designs and deployment models for cloud
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d.	 Configurations.
e.	 Privacy.
f.	 Security.

From Fig.  1, the left quadrant shows the relationship 
between the topics and the contribution facet. Discus-
sion on tool as it relates to the focus of study contributed 
37.7% overall, but 5.74% were on security, 0.82% were on 
privacy, 4.92% were on service deployment and 11.48% 
were on designs. Other aspects relating to the study as 
regards the contribution facets is shown on Fig. 1.

Topic and research facet
From Fig.  1, the right quadrant combines the topic and 
research facets. Solution proposals constituted 41.98% of 
the papers in relation to design and deployment models 
on the Cloud. Out of this, 5.34% was on security, 1.5% 
on privacy, 6.11% on configuration, 7.63% on implemen-
tation, 11.45% on service deployment, and 9.92% of the 

solution proposal was on design. Other aspects relating to 
the study as regards the research facets is shown on Fig. 1.

Discussion
Systematic map on policy languages and programming
The systematic map for this study comprises of two quad-
rants, which depicts a two x–y scatter chart with bubbles 
at the intersection of the topic and contribution facet, 
and the topic and research facet.

From the left quadrant of Fig.  1, it can be observed 
that there were more publications on design and ser-
vice deployment in terms of tools at 11.48% and 10.86% 
respectively. There were more publications on service 
deployment in terms of methods at 6.56% and more 
publication on privacy in terms of processes at 4.92%. 
Similarly, on the right quadrant there were more pub-
lications on evaluation research in terms of security 
which was 9.16%. There were more publications on 
validation research in terms of designs at 6.87%, more 

Table 1  Topic and contribution primary studies

Topic Contribution facet

Metric Tool Model Method Process

Design 11, 5, 7, 35, 37, 59, 62, 81, 90, 98, 117, 
118, 122, 130

2, 3, 15, 21, 22, 23, 29, 31, 41, 42, 51, 
70, 71,

54, 63 74

Service development 1, 4, 6, 56, 57, 131 13, 14, 16, 17, 44, 45, 119, 120, 121 20, 30, 34, 72, 79, 82, 94, 97 36, 61

Implementation 9, 26, 27, 33, 38, 53, 65, 83, 87, 95, 
125, 128

46, 48, 52, 75, 102, 108,

Configurations 8 10, 24, 55, 64, 80, 89 8, 67, 126 68, 76, 77, 92, 103 109

Privacy 66 114 58, 60, 116 111, 123 19, 43, 100, 
101, 124, 
127

Security 12, 18, 69, 73, 99, 105, 113 25, 28, 47, 49, 107, 110, 112 50, 84, 96 32, 86, 93

Percentage 1.64% 37.70% 32.79% 16.39% 11.48%

Table 2  Topic and research primary studies

Topic Research facet

Evaluation Validation Solution Philosophical Experience Opinion

Design 5, 21, 22, 41, 42, 51 11, 15, 23, 29, 37, 59, 70, 
71, 98

2, 3, 31, 35, 62, 63, 74, 81, 
90, 117, 118, 122, 130

7, 54

Service deployment 36, 72, 79, 82, 85 39 1, 4, 6, 17, 20, 30, 40, 44, 
45, 56, 57, 61, 97, 104, 
131

14, 16, 129, 91, 94, 120, 121, 13, 34, 119

Implementation 27, 53 33, 65, 108, 125 9, 26, 48, 52, 75, 83, 87, 95, 
102, 128

46 38

Configurations 55, 64, 76, 10, 67, 126 8, 24, 68, 77, 89, 92, 109, 
103,

80

Privacy 66, 78, 106, 111, 114, 123, 43, 60, 100, 101, 124, 127 58, 116 19, 115

Security 25, 28, 32, 47, 50, 69, 73, 
84, 86, 93, 107, 110

49, 112, 12, 18, 88, 96, 99, 105, 113

Percentage 25.95% 19.08% 41.98% 3.05% 5.34% 4.58%
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articles on service deployment in terms of solution pro-
posal at 11.45%. Also, there were more publications on 
service deployment in terms of philosophical, experi-
ence and opinion research with 2.29%, 3.05% and 2.29% 
respectively.

On the other hand, to the best of our knowledge, there 
were no publications based on this study on metrics as 
it relates to design, service deployment, implementa-
tion and security. There were also no articles on imple-
mentation in terms of methods. There were no papers on 
philosophical and experience research on the topics of 
security, privacy and configuration. Furthermore, articles 
on metric, model, method and tool in terms of privacy 
were the least at 0.82%, 0.82%, 2.46% and 1.64% respec-
tively. It can also be identified that publications on evalu-
ation, philosophical and experience research on the topic 
of implementation were the least at 1.53%, 0.76% and 
0.76% respectively. In addition, the map also identified 
that the papers on tools, models and solutions research 
were emphasized more in terms of this area of study. The 
systematic map showed areas that lack papers coverage 
especially as it relates to metric, and the aspects of philo-
sophical, experience, and opinion research. It is therefore 
recommended that new researchers could investigate the 
areas of design, service deployment and security in terms 
of metrics which could further provide more insights 
into this field. In addition, the aspects of philosophical, 
experience, and opinion research as it relates to security 
in cloud needs special focus. The papers to be written 
should be published in notable outlets to enable a wider 
reach to other researchers. In addition, new researchers 
could extend the electronic databases to be utilized for 
their studies beyond those used in this paper

Limitations
A total of 131 papers were utilized for this study, out of an 
initial search comprising 1392 papers (Additional file 1).

Additional file

Additional file 1: Appendix S1. Cloud designs and deployment models 
– Primary studies. Data contains various aspects of cloud designs and 
deployment models used in the analysis.

Abbreviations
IaaS: Infrastructure-as-a-Service; CSP: cloud service provider; ACM: Associa‑
tion For Computing Machinery; IEEE: Institute of Electrical and Electronics 
Engineers.

Acknowledgements
We acknowledge the support provided by Covenant University through the 
Centre for Research, Innovation,

Authors’ contributions
IOA and VS searched for primary studies, extracted papers related to the 
study and wrote the manuscript. RGW and VG created the table and the 
systematic map. All authors read and approved the final manuscript.

Funding
This work was funded by Covenant University through the Centre for 
Research, Innovation, and Discovery (CUCRID). CUCRID enabled access to 
the Centre for Learning Resources to facilitate the design of study and col‑
lection, analysis and interpretation of the classification scheme. CUCRID was 
also instrumental to the successful writing of the manuscript.

Availability of data and materials
The datasets used during the current study are available from the corre‑
sponding author on reasonable request.

Ethics approval and consent to participate
Not applicable.

Consent to publish
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 12 January 2019   Accepted: 12 July 2019

References
	1.	 Subramanian T, Savarimuthu N. A study in optimized resource pro‑

visioning in federated Cloud. National Institute of Technology, India, 
arXiv. 1503.03579v1 [Cs.Dc]. Accessed 12 Mar 2015.

	2.	 Odun-Ayo I, Goddy-Worlu R, Geteloma V, Grant E. A systematic map‑
ping study of cloud, fog, and edge/mobile devices management, 
hierarchy models and business models. Adv Sci Technol Eng Syst J. 
2019;4(2):91–101.

	3.	 Zhang Q, Cheng L, Boutaba R. Cloud computing: state-of-the-art and 
research challenges. J Intern Serv Appl. 2010;1:7–18.

	4.	 Ibara JA, Orue-Echevarria L, Escalante M, Benjuria G, Echeveria G. Feder‑
ated cloud service broker FCSB: an advanced Cloud service Interme‑
diator for public administration. In: 7th international conference on 
Cloud computing and services sciences (CLOSER); 2017. p. 356–63.

	5.	 Toivonen J, Hatonen S. EASY-CLOUD-Extended architecture and service 
infrastructure for Cloud aware software. d510 report on Cloud comput‑
ing, University of Helsinki; 2017.

	6.	 Odun-Ayo I, Ajayi O, Goddy-Worlu R, Yahaya J. A systematic mapping 
study of cloud resources management and scalability in broker‑
ing, scheduling, capacity planning and elasticity. Asian J Sci Res. 
2019;12(2):151–66.

	7.	 Petersen K, Feldt R, Mujtaba S, Mattsson M. Systematic mapping 
studies in software engineering. In: EASE’08 proceedings of the 12th 
international conference on evaluation and assessment in software 
engineering, Italy; June 26–27; 2008.

	8.	 Kitchenham B, Charters S. Guidelines for performing systematic litera‑
ture review in software engineering. version vol. 2; 2007, pp. 2007-01.

	9.	 Muhammed C, Muhammed AB. A systematic Mapping study of soft‑
ware architectures for Cloud based systems. Software System section, 
IT University of Copenhagen; 2014.

	10.	 Wieringa R, Maiden NA, Mead NR, Rolland C. Requirement engineering 
paper classification and evaluation criteria. A proposal and a discussion. 
Require Eng. 2006;11(1):102–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1186/s13104-019-4474-y

	Cloud designs and deployment models: a systematic mapping study
	Abstract 
	Background: 
	Objectives: 
	Results: 

	Introduction
	Main text
	Methods
	The systematic mapping process
	Definition of research questions
	Conduct of search for primary studies
	The inclusion and exclusion criteria
	Keywording of abstracts
	Research facet with categories and descriptions
	Data extraction and mapping of studies

	Result
	Contribution category
	Research type category
	Topic and contribution facet
	Topic and research facet

	Discussion
	Systematic map on policy languages and programming


	Limitations
	Acknowledgements
	References




