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Search-Based Software Engineering (SBSE) is widely used in different fields of Software En-
gineering, notoriously, in Enterprise Application Integrations (EAIs). EAI encompasses meth-
odologies, techniques and tools that a software engineer can use to create integration solutions.
SBSE is currently an active research topic of increasing interest. The number and diversity of
publications produced yearly are large to the extent that it is hard to identify the active research
groups, their locations, techniques used and research topics that have not received enough
attention. To answer these questions categorically, we have conducted systematic mapping
study of the literature. In this paper, we report our methodology and findings. In our study, we
used systematic search strategies that resulted in the retrieval of 560 articles, of which we first
selected 25. Second, on the basis of the authors’ experience, we included eight additional articles.
Finally, we used a snowballing sample technique to include another 12 articles. The results
demonstrate that during the last two decades (1999-2020) EAI has benefited from the use of
Search-Based Software Engineering techniques.

Keywords: Search-based software engineering; optimization; enterprise application integration;
runtime system; systematic mapping study.

1. Introduction

Enterprise Application Integration (EAI) is still a research topic and as such has
received significant attention from the research community over the last 21 years.
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The main motivation is the growing need for data exchange and reuse of function-
ality between applications in the context of enterprise software. These applications
support business processes and are commonly not designed and developed to col-
laborate. Enterprise software ecosystems [1] are often heterogeneous, including
applications developed on different technologies, with different data formats and
models, that run on different operating systems. These applications run on-premises
or in the cloud, frequently consuming third-party software services provided over the
Internet. EAI aims to provide methodologies, techniques and tools to create inte-
gration solutions [2]. An integration solution deals with a set of applications within
the software ecosystem to facilitate data sharing and functionality reuse, to support
its business processes [3, 4]. In recent years, EAT has been a subject of interest due to
the pressing need to design and implement solutions that integrate web applications,
sensor data, and social media data with traditional applications that support com-
panies’ business processes [5, 6].

The need to find optimal or near-optimal solutions appears frequently is several
areas of engineering, such as civil, electrical, mechanical, chemical, medical, bio-
medical engineering and software engineering [7]. Engineers address the challenge
with the help of optimization techniques. Incidentally, in software engineering,
engineers often deal with problems associated with balancing competitive con-
straints, such as trade-offs and imprecision in the requirements. These issues are in
essence optimization problems that demand optimal or near-optimal solutions that
fit within pre-established limits. In these situations, the engineer can abstract the
problem as a search problem and take advantage of well-known optimization tech-
niques. A search problem is a type of computational problem, where optimal or near-
optimal solutions are looked for in a space of candidate solutions, managed by a
fitness function that identifies better and worse solutions [8].

The term Search-Based Software Engineering (SBSE) was coined by Harman and
Jones [9], and since then, it has been used to refer to the use of optimization techniques
in software engineering. The first records of search-based techniques in software engi-
neering date back to the mid-1990s and were used in software testing. Since then, SBSE
has experienced a continuous increase in research activity, as new results and areas of
application continue to grow rapidly. Additionally, SBSE has been used to solve pro-
blems in different phases of the software development life cycle, from requirements
engineering, design, code development, testing, project planning, maintenance and re-
engineering [8]. The interest in SBSE in EAT has resulted in a large list of publications
that is difficult to quantify and categorized unless a systematic approach is taken. The
aim and main contribution of this paper are to explore the situation in a manner that
the SBSE in EAI community is able to appreciate which topics have been covered and
which ones have been neglected; and what topics are emerging and trendy.

There are two types of methodologies to conduct a literature review: vertical and
horizontal [10]. Vertical reviews aim to conduct an in-depth research on a specific
topic, while horizontal reviews contemplate wider and more comprehensive research.
An example of a horizontal review is the systematic mapping study [11]. Based on
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clear objectives defined by the research questions, this type of study provides an
overview of a research topic through the classification and counting of contributions
regarding the categories of that classification.

In our mapping study, based on the counting and classification of publications,
concerning the pre-established categories, we identified studies that use optimization
techniques to solve problems in EAI, mainly addressing problems of heterogeneous
systems integration, followed by workflow, service composition and quality of web
services. For instance, we have found that amongst the most used techniques are
algorithms based on more than one heuristic technique, and the use of genetic
algorithms in 16% of the studies. Another finding was that most of the studies were
published at conferences between 2007 and 2013. The university that published the
largest number of studies was Dresden University of Applied Sciences in Germany.

2. Related Work

In the scientific literature, there are systematic mappings aimed at structuring and
understanding fields of study and topics in the area of software engineering, such as
requirements, design, metrics, testing, standards, patterns, design, optimization and
EAI Amongst these studies, some discuss the use and application of SBSE to solve
problems in software engineering.

Several studies of systematic mapping in software engineering have been pub-
lished, however, as revealed by our literature review, mapping of SBSE in EAI has
been largely neglected. In this section, we focus our attention to publications on
systematic mapping studies on EAI and systematic mapping studies on SBSE that
we consider related to our work.

Table 1 summarizes the systematic mapping studies found, which focus on
requirements, software design, software metrics, software testing, patterns, project
management, software architecture, software refactoring, optimization, and EAI

A systematic mapping to verify the evolution of research in SBSE in Brazil was
conducted by Assunc¢io et al. [14]. The authors surveyed the main research groups
working on SBSE to reveal: what software engineering problems they mostly address
and the research techniques that they use more frequently to solve their problems.
The authors also analyzed the main publications and collaborations on their research
topics. Their study revealed that Brazilian researchers published research-based
articles in several areas of Software Engineering from 2000 to 2012. In that work, the
authors identified 98 articles published between 2000 and 2012 by 90 different
authors which resulted in more than 700 citations on Google Scholar. The number of
publications and collaboration amongst authors and researchers involved in the area
of SBSE has increased since 2010, to the extent that more than 70% of the studies
were published from that year on. The authors also discussed the community, in-
troducing Brazilian researchers and research groups focused on SBSE, providing an
overview of their research projects. They paid attention to the venues where SBSE
studies are published. Their analysis showed that about 75% of publications
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produced in Brazil were published in conference proceedings, 20.04% in journals,
2.04% were published as posters, 1.02% in book chapters and 1.94% as technical
reports. The authors state that the following evolutionary techniques are preferred:
Multi-objective Evolutionary Algorithms, Genetic Algorithms, and Genetic Pro-
gramming. The Non-dominated Sorting Genetic Algorithm II and Multi-objective
Evolutionary Algorithm-Based techniques are the most used, but Improving the
Strength Pareto technique and the Multi-Objective Cellular genetic algorithm are
also frequently used. In addition to evolutionary techniques, 22% of studies used
other metaheuristics, including Simulated Annealing, GRASP, and Hill Climbing.
Four articles used Ant Colony optimization. Classical techniques are applied by 5%
of the studies: in this category, Greedy and Branch-and-Bound are the most used.
The authors also claim that Brazilian researchers published articles related to the
application of SBSE in several areas of software engineering between 2000 and 2012,
including software testing (54 articles), project management (14 articles), require-
ments (14 articles) and software design (8 articles). According to the conclusions, the
SBSE community in Brazil has been expanding, both geographically and in terms of
number of publications. Furthermore, the creation of a national workshop focused on
SBSE research was essential to this growth.

The study by Harman et al. [8] reports that articles on SBSE appeared in 201
different publishing venues. The authors also point out that the dissemination of
publications indicates that SBSE has been gaining acceptance in leading software
engineering journals and conferences, as well as in the Search-Based optimization
communities. Harman et al. [8] cite as an example the venues where studies on
regression testing and software testing tend to appear. Work on Regression testing
can appear at conferences such as the ACM International Symposium on Software
Testing and Analysis and the IEEE International Conference on Software Testing.
Harman et al. [8] comment on numerous authors who have carried out studies in the
area of SBSE. The authors also argue that a wide range of different search and
optimization techniques have been used in software engineering and that the most
common are Tabu Search, Simulated Annealing, Genetic Algorithms, Genetic Pro-
gramming, and Hill Climbing.

Aleti et al. [12] presented a systematic literature review that explores optimization
approaches applied in software architecture. The authors reviewed 188 articles that
provided an overview of the state-of-the-art in the domain of software architecture
optimization. This work also presented a taxonomy to classify research involving
software architecture optimization. Pitangueira et al. [13] used a systematic litera-
ture review to find which SBSE approaches explored software requirements selection
and prioritization problems. The authors identified traditional techniques in the
area, such as mono-objective modeling, as well as gaps in the execution of experi-
ments. In 2015, Meignan et al. [15] presented a literature review on interactive
optimization methods. According to the authors, the current literature does not yet
include an optimization survey that covers all interactive approaches to solve opti-
mization problems. In this sense, they proposed a classification of interactive
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optimization methods from two perspectives: user and system. Silva et al. [19] pre-
sented a systematic literature review on the use of search metaheuristics for mutation
testing. The aim of the authors is to find evidence of how the Search-Based Software
Testing (SBST) area has explored the field of mutation testing. This work found 263
articles published between 1996 and 2014 that addressed the use of search techniques
based on metaheuristics that involved the optimization of mutation testing. The
authors reported that the use of research-based techniques can improve the field of
mutation testing. In 2015, Pitangueira et al. [16] presented a new systematic liter-
ature review and mapping aiming to identify the state-of-the-art of optimization
applications in software requirements selection problems. The mapping helped to
identify publishing forums and authors in the area. This work also analyzed some
quality criteria that must be considered in the selection and prioritization of
requirements. In their study, Souza et al. [28] address aspects of human competi-
tiveness in SBSE. However, neither of these studies addresses the use and application
of optimization techniques in EAI. This is regrettable since it is well known that
solutions in EAT can benefit from SBSE techniques.

Mariane and Vergilio [18] presented a systematic literature review that investi-
gated research-based approaches to software refactoring over a sixteen-year period.
According to the authors, the most used search technique was based on evolutionary
algorithms, where Fowler’s catalog refactoring were the most applied. Souza
et al. [28] present a systematic mapping study using snowballing to provide an
overview of the current state of human competitiveness in SBSE. The study confirms
the growing interest in discussing human competitiveness in SBSE, especially after
2010. The authors find out that the Symposium on Search-Based Software Engi-
neering was the conference with most articles. There are some similarities between
the number of studies published in conferences (48.3%) and journals (41.4%). Fur-
thermore, the authors affirm that Requirements/Specification and Software/
Product Verification were identified as the most common software engineering areas
addressed by primary sources. They also state the need to increase studies on human
competitiveness of SBSE. In 2019, Ramires et al. [29] presented results from a sys-
tematic literature review of interactive SBSE (iSBSE). This interaction occurs when
the software engineer provides his feedback during the research process. The authors
highlighted that, for some problems, human intervention is still important to indi-
cate information to the algorithm about how a situation should be resolved. In this
work, they formulated research questions about the use of interactivity within the
SBSE. They also investigated the most used search techniques and how interactive
approaches can help in the software development life cycle. From the 669 articles
found, 26 primary studies were selected. The analysis was formulated from a clas-
sification scheme based on the problem formulation, interactive approach, research
technique and empirical structure. These results allowed to discuss many open issues
and future trends involving the SBSE community.

In the systematic mapping performed by Real et al. [30], EAI initiatives that
address semantic aspects and cover the service integration layer are investigated.
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The main focus of the study was to investigate approaches to integrate services and
the use of ontology’s in the EATI context. Considering the results of the study, the
authors identified some gaps related to the research topic, such as the lack of sys-
tematic approaches to guide integration in the service layer; for instance, task
ontology’s are not used to support the integration of services; another problem is the
lack of a general conceptualization of enterprise application services. Real et al. [30]
claim that only a few EAI initiatives followed a systematic approach, in spite of the
fact that it is necessary to provide viable methods to perform semantic EAI. Re-
garding the second gap mentioned, the authors noted that the behavioral aspects of
services have been neglected.

Most studies focused on structural aspects of the service (input and output
parameters) to designate semantics, though the authors affirm that behavioral
aspects must also be considered. They also state that tasks based on ontology’s can
be useful for assigning semantics to services, features, activities and other related
information. According to the authors, none of the analyzed studies had a concep-
tualization of the enterprise application service. To conclude, Real et al. [30] analyzed
how integration initiatives have addressed semantic integration in the service layer
and how semantics has been attributed to services.

Ramirez et al. [32] presented a systematic literature review aiming to provide an
overview of the SBSE field in Spain (2001 and 2019). This study was conducted and
adapted for this community considering the guidelines developed for systematic
reviews in the area of Software Engineering [10]. In this work, research questions
were formulated in order to show the contribution of the Spanish SBSE community
in quantitative data. The results revealed an active SBSE community in Spain, with
145 authors and 19 institutions. From more than 3700 papers retrieved, 232 primary
studies published in conferences and international journals were selected, including
articles published in collaborations with researchers from other international uni-
versities. The most used search techniques were population-based metaheuristics, in
addition to the use of alternative proposals, such as single-solution metaheuristics
and exact techniques. Global search methods were the most used (83.2%), while 6.9%
of articles used local search methods and 15.5% did not clearly describe the search
algorithm. According to the authors, challenges remain for the Spanish SBSE
community to improve the empirical validation of their experiments, as well as to
seek new cooperation with industrial partners.

Cerqueira et al. [33] carried out a systematic mapping study on the use of ontology
in EAT to capture semantics of the integration in the process layer. The results of the
mapping provided an overview of research related to the integration of processes in
semantic EAT initiatives. The authors claim that the semantic EAT initiatives have
been used in ontology’s to assign semantics mainly to data and services. Service-
oriented solutions have been applied to provide communication between applications
associated to process managers (such as workflow engine) that orchestrate services to
support the execution of processes. The authors further claim that models have been
used to support integration at the conceptual level and also to create integration
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solutions based on model transformation. Cerqueira et al. [33] also mention some
research gaps, namely: the lack of systematic approaches to guide integration in the
process layer; the absence of task ontology’s to support process integration; and the
lack of a general concept of business processes.

It is worth mentioning that both Assuncdo et al. [14] and Harman et al. [8] present
results on the application of optimization techniques to solve problems in several
areas of software engineering such as: network protocols, specification of require-
ments, tools and techniques design, tools and techniques for coding, verification,
testing, maintenance, artificial intelligence. Harman et al. [8] also state that 54% of
the publications are on the application of optimization in software testing. Therefore,
to the best of our knowledge, no systematic mapping studies of EAI optimization
techniques have been published. This is regrettable since it is well known that
solutions in EAI can benefit from SBSE techniques. Our study is aimed at covering
the gap. It focuses specifically on the use of techniques of Search-Based Software
Engineering and therefore, complements the articles mentioned above.

3. Research Method

This section details the research method that we have used in our study; it is based
on the protocol proposed by Petersen et al. [11] and Wohlin et al. [34]. It consists of
five activities: definition of research questions, search, analysis and classification,
results and discussion, and threats to validity. Figure 1 shows a diagram with an
overview of the activities performed. The first activity is focused on defining the
research questions that must be answered by the systematic mapping. In the second
activity, the search and selection of articles are performed. This activity is divided

!

| Definition of Research Questions |

!

Search

Search String Database Search in " Adding Known "
.—’I Construction |"| Selection H Databases |—>| Pre-Reading |—>| Full Reading H Articles Snowballing
| = | = | | N
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Fig. 1. Activities of the systematic mapping process.
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into seven steps: building the search string, selecting the research databases,
searching the databases, screening, and pre-reading of articles, full-text reading,
adding known articles, and snowballing [35]. The third activity classifies the results
according to the research questions, defined and discussed in the first activity of the
study. The results extracted from the classification are analyzed in the fourth ac-
tivity. Finally, in the last activity, the threats to validity that may affect the result of
the study are assessed.

3.1. Definition of research questions

In this activity, the research questions are elaborated according to the general pur-
pose of the systematic mapping study. The identification of keywords is a funda-
mental activity in the search for articles. As a methodology to guide the activity of
defining research questions, we used a simplified version of (Population, Interven-
tion, Comparison, Outcome (PICO)) introduced by Kitchenham and Charters [10].
This process consists of identifying keywords, formulating sequences of words in a
search string from the search questions.

Population: Frames the people or companies that the study is expected to cover.
For example, Solidity programmers, software testers with more than five years of
experience and companies with expertise in software development for automotive
applications.

Intervention: Defines the software methodology, procedure or technology under
study. For example, software cost estimates, testing of automotive IoT devices and
development of secure software for mobile phone payment applications.

Comparison: Concerns any comparison with data listed in the intervention
(comparison with some methodology, tool, technology or software process), for ex-
ample, comparison between development frameworks.

Outcome: They are the expected results, for example availability, reduced pro-
duction costs, quality.

3.2. Search

The search activity consists in formulating a search string, defining the research
databases, inserting the string in the search tool of the selected databases, reading the
search result which includes titles and summaries of articles and filtering the results,
adding any articles already known by the researchers and also articles identified by the
snowballing technique. According to Wohlin et al. [34], the search string often works
differently with different databases. Search engines have different functionalities; for
example, some allow searching only in the title of the article, and others allow
searching in both titles and abstracts. Other technical limitations are related to the
construction of the search string, to exacerbate the problem, there are differences in
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how searches are executed internally by the database search engines. Therefore, the
search expression must consider the specifications of each search engine, while main-
taining its objective as much as possible. Below we describe the search activity

e Search string construction: The search string is defined based on keywords that
guide the research topic. The keywords are derived from known articles and also
by the PICO criteria.

o Database selection: This stage defines the databases that are likely to store articles
that fit the purpose of the study and as such are considered relevant. These
databases are usually large national and international repositories of scientific
publications. They are public or private.

e Search: The elaborated search string is inserted by researchers in the search field of
the selected database and the search engine will return a set of articles related to
the searched string.

e Pre-reading: At this stage, the titles and abstracts of articles from the database
search are reviewed manually by the researchers, to include or exclude them,
forming a list, according to the pre-established criteria for the inclusion or exclu-
sion of articles.

o Full reading: After listing the articles in the pre-reading stage, with an appraisal
against the eligibility criteria, the selected articles are evaluated by the researchers
through a full reading, with a second application of inclusion and exclusion criteria.

o Addition of other articles: Other articles known by the researchers and related to
the study are included in the list.

e Snowballing: A sampling technique that consists of manual examination of the list
of references of selected articles. Some of the articles listed in references are directly
related to the search topic and therefore are manually included.

3.3. Analysis and classification

In this activity, an analysis is performed to extract and classify information from the
set of articles collected in the search activity. The purpose here is to extract data
from each article to answer the research questions formulated in the first activity.
The extracted information is classified according to each research question. After
classification, graphs are created with the help of statistic software to analyze the
articles against the research questions. To ensure greater reliability, a quality as-
sessment of the final set of articles is also conducted at this stage. In addition, to get
an overview of how the collected articles relate to the search topic, a percentage of
them is analyzed.

3.4. Results and discussion

In this activity, the graphs created in the previous stage are studied and
discussed with focus on the research questions and the purpose of the study.
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Conclusions regarding each answer to the research questions can be reached. This
stage is essential for the study since, according to the results achieved, the
researchers can comprehensively acknowledge the research topics investigated in the
systematic mapping.

3.5. Threats to validity

According to Wohlin et al. [36], the validity of a study denotes the reliability of the
results, and the extent to which the results are true and not biased by the researchers.
There are different ways to classify aspects and threats to validity in the literature. In
this study, we used the classification described in the book by Wohlin et al. [36]

e Construct Validity: Reflects the extent to which the operational measures studied
truly represent the researcher’s objective and the main topic investigated
according to the research questions. This validation is determined by the
researcher’s ability to capture what is intended to be captured, that is, if the topics
discussed in the interview questions are not equally interpreted by the researcher
and the interviewed individuals, there is a threat to the construct validity.

e Internal Validity: This aspect of validity is a matter of consideration when causal
relationships are examined. When the researcher is investigating whether a factor
affects another investigated factor, there is a risk that the investigated factor
might be affected by a third factor. If the researcher is not aware of the third factor
and/or does not know to what extent it affects the investigated factor, there is a
threat to internal validity.

e External Validity: Concerns the extent to which the results of the study can be
generalized across other situations, the degree to which the conclusions would be of
interest to others outside the investigated case. The external validity represents
the application of the topic in general terms, that is, its scope, or utility and/or
applicability. During the analysis of external validity, the researcher assesses the
extent to which the results are relevant to other cases.

e Reliability: Refers to the extent to which data and analysis are biased towards the
personal view of the researcher responsible for the study. Hypothetically, different
researchers should produce similar results. Threats to reliability include lack of
clarity in the encoding of collected data and in questionnaires and interview
questions.

4. Study Implementation

This section presents the application of the methodology that we use to search for
SBSE techniques in EAI. We use the Parsifal software® to help us classify the results
in the following manner: First, we used Parsifal to update the list of articles returned
by the search string. Second, we refined the list of included and excluded articles with

ahttps://parsif.al.
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the help of Parsifal. Third, we used Parsifal to catalogue the articles according to the
research questions entered by the researcher. Finally, at the end of the process, we
used Parsifal to display the list of articles included in the mapping.

4.1. Research questions

The research questions for this systematic mapping study were initially guided by the
definition of the research purpose:

Provide an overview of SBSE in FAI by answering different research
questions, identifying trends in this scenario from the frequency/quantity
of publications by category within a pre-established goal.

The research questions formulated for this study are as follows:

e RQ1l: In which journals, conference and workshop proceedings are articles
published?

e RQ2: What are the trends of SBSE publications in EAI in recent years?

e RQ3: Which research groups and universities study SBSE in EAI?

o RQ4: Which optimization techniques are used?

e RQ5: What are the types of problems solved?

To apply the PICO strategy, the items related to the study’s research topic were
defined as follows:

Population: Does not apply, because the population will not be affected by our
research.

Intervention: Techniques used by SBSE.

Comparison: No comparisons are made, we focus on understanding the area of
application of SBSE in EAT and its applications.

Outcome: Have an overview of the studies that include Search-based Software
Engineering and its application in enterprise integration platforms.

4.2. Search

The keywords identified to formulate the search string are shown in Fig. 2. They take
into account PICO and the research questions listed in Sec. 4.1. In our systematic
study, we used the following keywords: enterprise application integration, meta-
heuristic, and search-based software engineering. Synonyms were also considered.
The AND operator was used to separate term groups, while the OR operator was used
to capture synonyms.

We evaluated and corrected the results obtained from the search engines (title,
abstract and keywords) to improve the search string. For example, we left out articles
returned by the search engine that matched keywords but were outside of the scope.
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({search-based software engineering}
OR optimization
OR heuristic
OR heuristics
OR meta-heuristics
OR {search-based techniques}
OR {operational research}
OR {decision-making})
AND ({application integration}
OR {integration solution}
OR {integration platform}
OR {system integration}
OR {integration process}
OR {orchestration engine}
OR {integration middleware})

Fig. 2. The search string used.

4.3. Analysis and classification

The main scientific databases selected for this systematic mapping were: ACM,
Elsevier, IEEE and Springer and other databases of little relevance. Figure 3 shows the

Elsevier

IEEE
16.28%

Springer
27.91%

Fig. 3. Indexed databases by Scopus.

percentage of studies found per database. In the initial search, 560 articles were found.
The title and abstract of the 560 articles were read as part of the screening process,
resulting in the exclusion of 446 articles. The remaining 55 articles were evaluated with
a full reading, resulting in 25 articles selected for final analysis. The inclusion criteria
shown in Table 2 were applied to titles and abstracts; exclusion criteria were applied in
the pre-reading stage and later during the full reading of the articles.
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Table 2. Exclusion and inclusion criteria.

Criteria Description

Exclusion  Articles representing conference summaries.
Secondary or tertiary studies.
Duplicate articles.
Articles without full access permission.
Articles not peer-reviewed.
Books.
Gray literature
Inclusion The article addresses SBSE.
Focuses on enterprise application integration.
The article uses optimization techniques in Software Engineering.
The article presents some connection between SBSE and enterprise application integration
platforms.
The article was published between 1999 and 2020.
The article whether they should be indexed in JCR or emerging journal ranking.
The conferences should be categorized with Scopus Score.

After applying inclusion and exclusion criteria to the set of articles, we
included — on the basis of the authors’ criteria — eight additional articles. In the
snowballing, 12 additional articles were included, resulting in a total of 45 articles.
The quality of the 45 articles was assessed using a simple scoring technique for two
assessment questions:

o Is the article related to enterprise application integration?
e Does the article use any optimization techniques?

To select the articles used in the analysis and classification, accurately, we kept
only the articles that received a positive response in the two questions.

4.4. Results of mapping study

Information was extracted from the articles to answer the research questions listed in
Sec. 4.1. Data were extracted from the set of articles listed in the inclusion/exclusion
and snowballing processes.

RQ1: Publishing forums

The primary studies yielded articles published in conferences, journals and work-
shops (see Fig. 4). Most of the publications (55%) appeared in conferences, 33% in
journals and only 11% in workshops. Over the past five years, more articles have been
published in conferences than in journals and workshops.

We found 2 in Information Systems, 2 in Proceedings of the International Con-
ference on Enterprise Information Systems (ICEIS), 2 in CEUR Workshop Pro-
ceedings, 1 in Proceedings of the International Conference on Very Large Data Bases
(VLDB), 1 in Advanced Engineering Informatics, 1 in Proceedings of the ACM
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Fig. 4. Distribution of studies by venue types.

International Conference on Distributed and Event-based Systems (DEBS), 1 in
Systems Engineering with, 1 in Proceedings of the ACM SIGMOD international
conference on Management of data (SIGMOD/PODS), 1 in Computer Systems
Science and Engineering, 1 in Workshop on Algorithms and Systems for MapReduce
and Beyond (ACM SIGMOD), 1 in Computers in Industry, 1 in Wuhan University
Journal of Natural Sciences, 1 in IEEE International Conference on Web Services
(ICWS), 1 in International Conference on Intelligent Computer Communication and
Processing (ICCP), 1 in International Journal of Advanced Computer Science and
Applications, 1 in Proceedings of the Fourteenth East-European Conference on
Advances in Databases and Information Systems (ADBIS), 1 in International
Conference on Software Engineering (ICSE), 1 in Procedia Computer Science, 1 in
Proceedings of the Nineteenth Annual ACM Symposium on Parallel Algorithms and
Architectures (SPAA), 1 in Design Automation for Embedded Systems, Proceedings
of the 2012 IEEE International Conference on Computer Supported Cooperative
Work in Design (CSCWD), 1 in IEEE Congress on Evolutionary Computation
(CEC), 1 in Journal of Computational Information Systems, 1 in INCOSE Inter-
national Symposium, 1 in Proceedings of the ACM Conference on Information and
Knowledge Management (CIKM), 1 in IEEE Ninth International Symposium on
Parallel and Distributed Processing with Applications Workshops, 1 in International
Conference Algorithms and Architectures for Parallel Processing (ICA3PP), 1 in
Software Engineering, 1 in Computing Research Repository, 1 in Actual Problems of
Systems and Software Engineering, Cluster Computing, 1 in Business Information
Systems Workshops, 1 in Enterprise Information Systems, 1 in Journal of Systems
and Software, 1 in Springer International Publishing, 1 in Data and Applications
Security, 1 in International Conference on Logic Programming and Non-monotonic
Reasoning, 1 in International Conference on Business Information Systems. Possibly,
these are the events and journals where research results involving SBSE in EAI can
be published or in which other articles related to this research topic can be found.

RQ2: Frequency of publications by years

The number of publications in each year was taken into account to determine the
annual trend of SBSE in EAI. As shown in Fig. 5, although our search returned an
article published in 1999, the next article retrieved was only published in 2005.
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Fig. 5. Frequency of annual publications.

Therefore, we concluded that the rise of SBSE techniques in EAI began in 2005.
Besides, there was a greater number of publications related to this topic between the
years 2006 and 2010, followed by a decrease in the activities of the scientific com-
munity in the following years. Despite the decrease, there is still interest in the area,
according to the last four years, mainly in 2019.

RQ3: Universities, companies, and authors

The universities/companies that have been conducting research related to SBSE in
EAI were identified, along with authors that had more than one publication, as
shown in Fig. 6. The author with the highest number of publications is Matthias

University of Vienna, Austria_
Unijui, Brazil |
SQL GmbH Dresden, Gennany—
Slovak University of Technology, Slova.kia—

SAP SE, Germany [ RN
Ort Braude College, Israel—
Faculty o Informatics and Information Technologies, Slovakia—

Dresden University o Technology, Germany_
Dresden University of Applied Sciences, Germany_

0 1 2 3 4 5 6 7
Number of publications

Fig. 6. Distribution of publications by university.

Boehm (7 publications), linked to Dresden University of Technology, followed by
Dirk Habich and Wolfgang Lehner (5 publications) and Steffen Preissler (2 pub-
lications) both linked to Dresden University of Technology. The author Uwe Wloka
(5 publications) is linked to Dresden University of Applied Sciences; Jiirgen Bittner
(2 publications) is linked to the company SQL GmbH Dresden; Pavol Mederly
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(2 publications) is linked to the Faculty of Informatics and Information Technolo-
gies; Pavol Navrat is linked to the Slovak University of Technology and Daniel Ritter
(3 publications) is linked to the company SAP SE. The author Stefanie Rinderle-Ma,
who had 2 publications, is linked to the University of Vienna, Meir Tahan (2 pub-
lications) is linked to Ort Braude College and Daniela L. Freire (2 publications) is
linked to the University of Unijui.

RQ4: Technique frequency

Regarding techniques used to solve the problems, as shown in Fig. 7, 48.83% of the
articles use heuristic techniques of which 7 authors used the metaheuristic genetic

Vectorization

Optimization techniques

Algorithms heuristic-based

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Number of publications

Fig. 7. Distribution of techniques used.

algorithm, 3 authors used the ant colony optimization and 2 others used bee swarm
optimization. Another 10 authors addressed different heuristics. From the results, we
found a considerable use of heuristic techniques, mainly the metaheuristic technique
of the genetic algorithm applied in solving enterprise application integration pro-
blems. The use of vectoring and scheduling algorithms is also considered in the
studies. The other techniques applied were specific to each problem.

RQ5: Frequency of problems

The analysis of the extracted data showed that a significant number of articles were
focused on solving problems related to Runtime System performance (10 articles),
see Fig. 8. Three other problems were frequently addressed: selection service com-
position (8 articles), design of integration (5 articles), business process optimization
(4 articles) and integration on cloud computing (4 articles). Next we explain what
each of these problems are as follows:

e Runtime system performance: Assesses the amount of computational
resources consumed by the runtime system that performs the integration process
in the platform, and its output. Solutions in this class of problems explore opti-
mization techniques to improve efficiency of scheduling of computational resour-
ces. The aim is to increase the capacity of an integration process to process more
input data per unit of time.
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Fig. 8. Distribution of addressed problems.

¢ Business process optimization: A business processes is a set of tasks that
collaborate (organized as a workflow) to produce a service or product. Business
process optimization studies the use of optimization techniques in business pro-
cesses. Solutions in this class of problems explore optimization techniques to find
the shortest or cheapest (for example, in terms of time or money) path and to
synchronize the interaction between the tasks to minimize idle times.

¢ Enterprise integration patterns: Is a catalogue of patterns to guide the design
to develop integration application solutions/processors. The standardization of
integration processes opens up possibilities that facilitate optimization. Enterprise
integration patterns allow better planning of system optimization.

e Adaptor architecture: Adaptors are components used for communicating the
integration process with applications. Due to their monolithic architecture and the
need for data independence, adaptors can harm performance. Solutions in this
class of problems explore approaches that improve the flexibility of adaptors.

e Data integration: Involves the combination of data from different sources in a
transparent manner that provides the user with a unified view of the data.
Sometimes processing of data takes place on different systems before reaching the
application but it is done fast enough that becomes transparent to the application
and the user. Solutions in this class of problems explore optimization techniques to
improve data integration efficiency and system response time.

e Service selection composition: Concerns the selection of services to compose
an integration process. It is all about choosing which services (out of several
candidates) to use in the composition. The solutions in this class of problems
explore optimization techniques for an optimal or near-optimal selection of the
composing services which normally offer different properties. For example, they
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offer different prices, service level agreements (say response time, throughput and
availability) and data quality.

¢ Integration on cloud computing: Deals with the deployment and use of cloud
computing resources for enterprise applications. Solutions in this class of problems
explore optimization techniques for cloud application suitability. They are based
on the estimation of resource demand to achieve some desirable properties such as
best response time, service monitoring, and cost minimization.

e Design of integration solutions: Deals with the search of the best logical
management of components during the integration process. Solutions in this class
of problems explore optimization techniques to find the best service composition
and optimize the integration process.

e Access control of composite applications: Involves verifying access rights of
requests issued by applications. The aim is to verify what resources each request is
trying to access and its permissions. Solutions in this class of problems explore
techniques for Optimizing the control access of web service compositions. They are
based on the estimation of the maximum number of authorized subjects.

e Integration process reliability: Refers to the need to monitor failures in inte-
gration process. Especially designed for heterogeneous systems, for counter-
measures that can be taken as soon as failures are detected. Solutions in this class
of problems explore optimization techniques to improve efficiency of the sched-
uling of computational resources aiming to maximize reliability and minimize
makespan.

e Optimization defect prioritization: Defect prioritization is focused on finding
the most potentially dangerous defects in large projects. The proposals in this class
of problems explore optimization techniques to find priority defects. Thus,
the development team focuses only on solving the defects prioritized in the
optimization.

e Decision-making process: Consists in helping to choose the integration plat-
form based on some requirements. The decision-making process is supported by
criteria with objective functions aimed at the optimization of the process.

e Optimizing use of resources: Competition takes when several applications use
resources from the same source. In this situations, delays become an issue unless
careful optimization techniques are deployed. The class of optimization here
concerns the application of techniques for maximizing the use of available
resources without saturating them. The challenge is to deploy the minimum
amount of resources to meet the expected quality of service.

4.5. Threats to validity

In this section, we identify threats that could have jeopardized our results and
explain the countermeasures that we took to minimize them. The latter are based on
the recommendations described by Wohlin et al. [36].
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e To nullify the threat to construct validity, we used an online form that was
revisited as the data were extracted. Accordingly, we carefully constructed the
search string to perform the searches. Initially, only one search string was for-
mulated. We refined it as needed after each application to the search engine. When
needed, we changed operators to suit the search engine of each database.

e From the analysis of internal validity, we found two important aspects that would
influence this threat. The first one is the fact that only one researcher performed
the process of searching and selecting articles. To reduce this threat, we applied
the snowballing technique. The results obtained were also validated by a second
researcher and other articles were added based on the researcher’s experience and
knowledge. The second aspect is the search in multiple databases with a high
probability of duplicate data. This threat was controlled through the use of a
single search engine that indexes studies from multiples databases.

e The external validity was also examined. We ensured that the returned articles
presented sufficient inputs and information for the composition of approaches that
can be used in a systematic review. Additionally, this threat was reduced and
reliability was guaranteed by the choice of the data source.

e The limited experience in systematic mapping studies of the first researcher could
have jeopardized the results. We countermeasured this threat with the experience
of the other researchers who have conducted several systematic mapping studies
before.

5. Discussions

In this paper, we have presented a systematic mapping study to investigate the use of
optimization techniques in the field of Enterprise Application Integration. We be-
lieve that our finding can help to comprehensively appreciate the state-of-the-art in
this topic. Our results provide information about what types of problems EAT is
helping to solve and what the most popular optimization techniques and research
trends are. Our results also show what scholars, researchers and research groups are
working on SBSE in EAI and what countries have published articles. Initially, our
automatic search retrieved 560 articles in total. After applying inclusion and ex-
clusion criteria we selected 45 articles for our analysis which yielded several facts.

We were able to verify that the veracity of the study was approximately 70%, that
is, 25% of the articles included by the authors were left out of the search because the
search did not find them. We also estimated that there is a probability that 5% of the
articles were left out of the study because the search did not find them or because it
was mistakenly discarded by the first filter applied to the 560 articles. This statistic
was calculated based on the amount of already known articles that were left out of
the search. We hope that our methodology and results provide a basis for conducting
other mapping studies and systematic literature reviews. Furthermore, the extracted
data can be reused as a catalogue for future research focused on the investigation of
topics for similar purposes.
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The results of our effort showed that optimization techniques have been explored
by the EAI community over the last 21 years. The systematic mapping reported in
Assuncdo et al. [14] covered the Brazilian SBSE community only. Our study is more
comprehensive and is not restricted to Brazil. Furthermore, it also focused on SBSE
applications for EAI Our results showed that nearly half (48.83%) of the articles on
optimization discuss the use of heuristics and metaheuristics to solve problems. This
result demonstrates the interest in this topic.

Since the rise of SBSE several application areas in software engineering have
benefited from optimization techniques. In EAI, optimization is used to optimize
solutions to problems that concern the integration of heterogeneous applications,
including workflow, service composition and quality of web services. The results have
revealed that the most studied problem was related to runtime system performance
and selection service composition. Furthermore, they show that the most used
technique to solve such problems are heuristic techniques. The results reveal that
industry is also producing research articles. This suggests that SBSE has already
reached a level of maturity that makes it suitable for industrial applications.

We appreciate the effort of the research and industry communities, however, in
our opinion some topics have not received enough attention or have been largely
neglected. In the remaining of this section, we will briefly discuss some topics that, in
our opinion, need attention to progress SBSE in EAI beyond its current state-of-the-
art. To start with, we believe that it is time to progress research beyond performance
and explore heuristics with optimal solutions or close to optimum in order to effi-
ciently use system resources. In fact, this gap is in the research agenda of our research
group. In the near future will focus on the development of a new heuristic based on
the existing ones so that in addition to performance, maximum efficiency is also
achieved in system of integration.

Data confidentiality is another topic that is closely related to EAI and has not
received enough attention. The issue is that EAIs are likely to involve resources (for
example data) from several independent sources; for example from different
departments within a single company, that do not necessarily share information;
likewise, an EAI solution might consume data from independent companies, in-
cluding business competitors. Thus, data consumed by EAIs are not necessarily
public, for example, intellectual properties and personal sensitive data might be
involved, therefore, we feel that data security is central to EAIL It is sensible to expect
that data providers might be reluctant to participate in EAI solutions unless the
confidentiality of their data is guaranteed both in transit and execution time.
Technologies for addressing these issues are currently under exploration under the
name of trusted computing; they should, in our opinion, be also explored by
researchers in SBSE in EAI In this regard, specific technologies are trusted hardware
(for example, Intel SGX platform [37] and ARM TrustZone [38]) and homomorphic
encryption [39]. Trusted hardware can also be used for building Information Flow
Control (IFC) mechanisms to prevent EATs from illegally transferring data received
from their sources to other parties [40].



Int. J. Soft. Eng. Knowl. Eng. 2022.32:163-191. Downloaded from www.worldscientific.com

by UNIV. REGIONAL DO NOROESTE DO ESTADO DO RIO GRANDE DO SUL on 07/12/22. Re-use and distribution is strictly not permitted, except for Open Access articles.

184 A. Mazzonetto et al.

Another emerging technology of which EAI solutions can take advantage of is
smart contracts. In the existing work, in EAI participants provide their resources to
EATI solutions under no commitments or expectations, this is a reasonable assumption
when the EAI solution involves only applications from a single company; however,
there is a large class of EAI solutions that involve several independent companies
under strict commitments (for example, service level agreements). Such commitments
can be implemented as smart contracts (also called executable contracts) deployed on
trusted third parties or blockchains and enforced at runtime [41]. This is a topic that in
our opinion deserves further exploration. In fact, the implementation of smart con-
tracts can benefit from optimization. In practice, business contracts are not converted
fully into smart contracts: only some of their clauses are, others are not coded but left
for manual execution for efficiency reasons or because they cannot be expressed in
computer code. We feel that research in SBSE can help in the implementation of
efficient contracts. Researchers from the SBSE community can help to develop opti-
mization methodologies to determine informatively what clauses of a given contract
are likely to be executed more efficiently with human support [42] than automatically.

6. Conclusions

We have presented a systematic mapping study where we investigate the literature on
the use of optimization techniques in enterprise application integration (SBSE in EAT).
Our study can help gain a global and comprehensive view of research activities con-
ducted between 1999 and 2020 on this topic. Our results identified the problems that
have been subject of research, most used optimization techniques and trendy topics.
Also, it identifies scholars, research groups and countries with active researchers in
these topics. Our study yielded two important observations. First, we discovered that
one of the main optimization techniques used to solve EAI problems in recent years
have been algorithms based on heuristic techniques. Second, the study revealed that in
the field of EAI there are still problems that need research attention such as runtime
system performance and selection service composition. We will take advantage of our
results in our future work and pay attention to runtime system performance problems
and the application of heuristic techniques. We believe that the results of this study
may help a wide range of researchers in the field of Software Engineering interested in
finding optimization problems and techniques applied to EAI. Most importantly, we
hope that our study will help them to highlight research gaps.

Acknowledgments

This work was supported by the Brazilian Coordination for the Improvement of
Higher Education Personnel (CAPES); the National Council for Scientific and
Technological Development (CNPq) under grant 309315/2020-4; and the Research
Support Foundation of Rio Grande do Sul (FAPERGS) under grant 17/2551-
0001206-2.



Int. J. Soft. Eng. Knowl. Eng. 2022.32:163-191. Downloaded from www.worldscientific.com

by UNIV. REGIONAL DO NOROESTE DO ESTADO DO RIO GRANDE DO SUL on 07/12/22. Re-use and distribution is strictly not permitted, except for Open Access articles.

A Systematic Mapping Study of Search-Based Software Engineering for EAI

Appendix A. Articles

185

Table A.1 shows the articles that were included in our mapping study. The articles
that were categorized in Sec. 4 of our systematic mapping study are also listed in

Table A.1. Articles included during the search activity.
Action Articles
Articles included from search [43-54] [55-67]
Articles included through snowballing [68-79]
Articles included ad-hoc by us [80-87]

Table A.2. Articles by indexed database searched.

Database

Articles

ACM
Elsevier
IEEE
Springer
Other

68, 72, 73, 47, 54, 74, 59, 6264, 84, 87]
[43, 44, 56, 82, 61, 76, 66, 36]
[71, 52, 57, 58, 60, 77, 83]
[45, 69, 48, 50, 55, 80, 75, 81, 78, 65, 79, 85, 67]
[70, 46, 49, 53, 51]

Table A.3. Articles by publication venue type.

Venues

Articles

Workshops
Journals

Conferences

[57, 62, 79, 46, 49]
[43, 44, 69, 70, 48, 53, 54, 56, 82, 61, 76, 66, 85, 81]
[78, 84, 86, 87]
68, 71, 45, 72, 73, 47, 50-52, 55]
[74, 80, 75, 58-60, 77, 63-65, 83, 67]

Table A.4. Articles by year of publication.

Years Articles
1999 [68]

2005 [43]

2006 [44, 45, 69-71]
2007 46, 72, 73]
2008 (47, 48]
2009 [50-53, 49]
2010 [54, 55, 74, 80]
2011 [56, 57, 75]
2012 [58, 81]
2013 [59]
2014 [60, 82]
2015 [61, 76]
2016 [77]
2017 62, 63]
2018 64, 78, 65]
2019 [66, 83, 79, 84-86]
2020 87, 67]
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Table A.5. Articles by used techniques.

Techniques Articles

Vectorisation [46, 50, 74, 56, 82]
Model-based techniques [68, 43, 71, 44, 58, 62]
Optimization techniques [72, 52, 51, 75, 60, 76, 61, 63, 64, 78, 84, 79]

Algorithms heuristic-based ~ [69, 70, 45, 73, 48, 49, 47, 53, 80, 54, 55, 57, 81]
[59, 77, 65, 85, 86, 66, 83, 87, 67]

Table A.6. Articles by research problem addressed.

Problems Articles
Runtime system performance (72, 46, 47, 50, 52, 74, 56, 82, 62, 87]
Business process optimization [43, 44, 75, 58]
Enterprise integration patterns (63, 64, 84]
Adapter architectures [49]

Data integration [68, 51, 79]
Selection service composition [69-71, 54, 55, 57, 77, 78]
Integration on cloud computing [59, 76, 61, 83]
Design of integration [48, 80, 81, 60, 67]
Access control of composite applications [45, 53]
Integration process reliability [73]

Defect prioritization [85]
Decision-making process [86]

Resource optimization [65, 66]

this appendix. Table A.2 corresponds to Fig. 3 and lists the articles grouped by
indexed databases. Table A.3 corresponds to Fig. 4 and lists the articles grouped by
venue types of publications. Table A.4 corresponds to Fig. 5 and lists the corre-
sponding articles grouped by year of publications. Table A.5 corresponds to Fig. 7
and lists the articles grouped by techniques used. Table A.6 corresponds to Fig. 8 and
lists the corresponding articles grouped by problems addressed. Table A.7 corre-
sponds to Fig. 6 and lists the corresponding articles grouped by universities.

Table A.7. Articles by universities and companies.

Universities/Companies Articles

Dresden University of Technology, Germany [46, 49, 47, 50, 74, 56, 82]
Dresden University of Applied Sciences, Germany [46, 49, 47, 50, 56]
Faculty of Informatics and Information Technologies, Slovakia [80, 81]

Slovak University of Technology, Slovakia [80, 81]
University of Vienna, Austria (63, 64, 84]

SQL GmbH Dresden, Germany [46, 49]

SAP SE, Germany [63, 64, 84]

Ort Braude College, Israel [48, 58]

Unijui, Brazil [86, 87]
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