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Summary

Enterprises turn to their software applications to support their business pro-
cesses. Over time, it is common for a company to end up with a wide range of
applications, which are usually developed in-house by its information technol-
ogy department or purchased from third-party specialized software companies.
The result is a heterogeneous software ecosystem with applications developed in
different technologies and frequently using different data models, which brings
challenges when two or more applications have to collaborate to support a
business process. Integration platforms are specialized software tools that help
design, implement, run, and monitor integration solutions that orchestrate a set
of applications. The run-time system is the component of integration platforms
responsible for running integration solutions, which makes its performance a
critically important issue. In this paper, we report our experience in evaluating
and comparing four well-known open-source integration platforms in the con-
text of a research project where performance was a central requirement to choose
an integration platform. The evaluation was conducted using a decision-making
methodology to build a ranking of candidate platforms by means of subjective
and objective criteria. The subjective evaluation takes into account expert prefer-
ences and compares integration platforms using the analytic hierarchy process,
which has been used in many applications related with decision-making. The
objective evaluation is build on top of properties distributed on three dimen-
sions, namely, message processing, hotspot detection, and fairness execution,
which compose the research methodology we used. The evaluated platforms
were ranked to identify the one with the best performance.
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1 | INTRODUCTION

Enterprises aim at improving their business processes by increasing the support of software applications. The soft-
ware ecosystem' of a company is built over time and includes applications developed in-house as well as purchased
from third-party software development enterprises. Recently, these software ecosystems have also included applications
provided as services by different providers in the cloud.? The result is a heterogeneous software ecosystem, in which
applications are expected to work together and collaborate by exchanging data and sharing functionalities to support a
business process. However, not all applications are designed and endowed with features to collaborate.

Integration platforms are specialized software tools that help design, implement, run, and monitor integration solutions
that orchestrate a set of applications so as to keep their data synchronized or to develop new functionalities on top of
the current ones; ideally, such solutions should not have any impact on the applications.? In the last decade, open-source
integration platforms*® have emerged, inspired by the pipes-and-filters architectural style® and the conceptual integration
patterns documented by Hohpe and Woolf.’* In an integration solution, the filters are implemented by means of tasks
each of which supports an integration pattern, and the pipes are implemented as communication channels through which
data flow, wrapped in messages. The integration patterns document a set of best practices to implement tasks that help
solve recurrent application integration problems. Among the elements that make up an integration platform, the run-time
system is the one responsible for running integration solutions, which makes its performance crucial.!'"** From now on,
we assume that one run-time system is better than another if it consumes less computational resources and is able to
process more messages per unit of time. Integration platform as a service represents a solution especially for small and
medium enterprises that need to integrate their business processes because such services decrease their concern with the
maintenance costs and operations of the integration platforms on-premises.**

Three dimensions should be considered when making a decision on the most appropriate integration platform to be
used: message processing, hotspot detection, and fairness execution. In message processing, the concern is with improv-
ing the efficiency of the run-time system to process a message; in hotspot detection, the focus is on the detection of tasks
that may represent a bottleneck within the integration solution; and fairness execution deals with the minimization of the
average time messages take to be processed by a fair assignment of computational resources to tasks. In our review of the
literature, we have identified few proposals that evaluate and compare integration platforms. A majority of these proposals
focus their evaluation and comparison on market aspects like company maturity, customer relationships, and innova-
tion and on technology aspects like the availability of connectors, security, monitoring, and governance of integration
processes.

In this paper, we report on our experience in evaluating and comparing four well-known open-source integration plat-
forms that represent the state of the art in the development of message-based integration solutions, namely, Mule,* Camel,*
WS02,° and Guarana.”® These platforms follow the pipes-and-filters architectural style and support several integration
patterns documented by Hohpe and Woolf.!° The evaluation of the integration platforms is based on objective and subjec-
tive criteria. The objective evaluation is build on top of properties related to message processing, hotspot detection, and
fairness execution that integrate the research methodology we used. The subjective evaluation takes into account expert
preferences. The subjective evaluation of the integration platforms is based on the analytic hierarchy process (AHP),"
which has been used in many applications related with decision-making.'* The AHP has a strong mathematical and psy-
chological background to organize and analyze complex decisions and help perform human judgements and choice.!” The
experience proved that it is possible to evaluate platforms based on objective criteria through the inference of property
values and on subjective criteria through the knowledge and experience of using such platforms. At the end of the evalua-
tion, among the compared integration platforms, Camel demonstrates to be the best regarding performance, because it is
the most endowed with appropriated values for properties, which support the objective criteria, and the one that received
the best rating in the subjective judgement.

This paper is the result of several years of experience on the development of integration projects in real-world software
ecosystems, in which performance is a key feature. Although we have ranked these four integration platforms, the same
research methodology can be applied to evaluate and compare any other integration platforms. Please refer to a recent
paper (see Freire et al'®) in which we provide a survey with a complete list of integration platforms. The rest of this
paper is organized as follows. Section 2 discusses the related work regarding the evaluation and comparison of integration
platforms; Section 3 provides background information on multiple-criteria decision-making (MCDM) and on the AHP
method, in which the research methodology used in this paper is reasoned; Section 4 introduces the research methodology
that we use to evaluate and compare the integration platforms; Section 5 reports our experience in the evaluation and
ranking of integration platforms; and Section 6 presents our conclusions.
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2 | RELATED WORK

In this section, we discuss related works that report experiences or approach subjects, which intersect research on the
performance analysis, comparison, or ranking of integration platforms. Corchuelo et al*® analyzed five integration plat-
forms, namely, Camel, Mule, ServiceMix, Spring Integration, and BizTalk, approaching properties regarding platform
independence, usability, ease of programming, and maintainability. They divided the properties in three groups: scope
of the tool, modeling capabilities, and technical features. Scope of the tool deals with properties that the authors con-
sider essential. Modeling capabilities deal with important but not essential properties; according to the authors, the
absence of such properties makes integration modeling more complex and less intuitive. Technical features address prop-
erties that affect the ease of programming, performance, or management of integration solutions. Their work differs
from ours, mainly because it does not focus on performance, does not provide a ranking for the integration platforms,
and does not provide a decision-making method to compare them. Tan et al* applied the environment-based design
methodology to deal with the design of integration solutions. In their methodology, a design problem is implied in a
product system and is composed of three parts: the environment of the product project, the requirements on product
structure, and the requirements on the performance of the product project. Their methodology aims to generate and
refine the design specifications and design solution. It is composed of steps that are realized progressively and simulta-
neously: environment analysis, conflict identification, and solution generation. Environment analysis identifies the key
environment components and the relationships among them. Conflict identification identifies conflicts within the envi-
ronment component relationships. Solution generation resolves environment conflicts proposing a design solution. This
methodology is a recursive process, which is repeated until the conflicts are eliminated. Whereas their work addresses
the design of integration solutions, our work addresses the performance of execution of integration solutions. More and
Bartere* reported on their experiences using Amazon SQS and Boomi integration platforms, along with the pros and
cons of each of them, noticing features that impact productivity, scalability, elasticity, reduced cycle time, and baked
in quality of information technology teams. The authors suggest using Boomi, in cases in which lowering the costs of
projects is targeted and when the software engineers are not seasoned. Whereas their work analyzed and compared
two integration platforms without presenting a research methodology, our work analyzed and compared four integra-
tion platforms, describing the steps that were followed to realize this comparison so that it is possible to repeat or
apply the same process to other platforms. Schlauderer and Overhage® presented a framework for the assessment of
software service providers, which contains 39 requirements in order to evaluate and compare characteristics of cloud
service providers for enterprises. Such requirements were grouped into four criteria: service contract trustworthiness,
technology, information technology security, and service management. Among the requirements of the technology, the
criterion is interoperability, which deals with a seamless integration of services from different cloud providers; however,
the authors do not provide many details on this criterion. Regarding academia, the authors presented their proposed
framework as a starting point to formulate more deep approaches to the cloud procurement process and to improve
existing approaches that support the assessment and selection of software services to enterprises that need to be bet-
ter explored in order to unleash the full potential of this new trend. Whereas their work addresses the evaluation of
integration in more general terms and leaves the application of their framework to future work, we evaluate a group of
platforms focusing on performance attributes. Ebert and Weber? proposed a taxonomy for the analysis and evaluation
of integration platforms and applied it to four of them, namely, Boomi, Informatica, Mule, and SAP. They described two
groups of criteria: functional and nonfunctional. The functional criteria studied were processed execution, number of
operators, connectivity, administration, and development. The nonfunctional criteria studied were price, service contract,
trustworthiness, technology, safety, and service management. Their work distinguishes from ours since they provided a
generic approach and did not provide a ranking for the integration platforms using a formal decision-making method to
evaluate them.

Market trend and advisory enterprises such as Gartner* and Ovum?® frequently publish reports in which they review
and compare integration platforms. Their reports focus on properties related with market aspects, such as provider com-
pany maturity, customer relationship, and innovation and with technology aspects such as the availability of connectors,
security, monitoring, and governance of integration processes. Although these reports provide an interesting view of the
integration platforms, they do not focus on properties that have an impact on the performance of the run-time system
and even do not indicate a decision-making method that allows to compare and choose an integration platform focusing
on performance and, thus, achieve a ranking for them.

It is noticed that existing proposals do not address properties to help software engineers compare integration platforms
in terms of performance; they also do not provide a decision-making method to guide enterprises in this important activity.
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Unfortunately, choosing an adequate integration platform is not a trivial task, and this decision may lead to a cost overrun
if an integration platform that has performance problems is chosen.

3 | BACKGROUND

In this section, we provide information on two key subjects to help in the understanding of the methodology used to
evaluate the integration platforms, namely, MCDM and AHP. First, we define MCDM and describes the main methods
for decision-making. Then, we present AHP, which is the foundation behind the research methodology we have used.

3.1 | Multiple-criteria decision-making

The making of decisions has been characterized by rigorous scientific approaches in the literature, and they increase
continuously. There are many decision methods that use numerical techniques to help decision makers choose among
a discrete set of alternative decisions, on the basis of their impact on certain criteria.?® Any of the decision-making tech-
niques involving a numerical analysis of alternatives has the following three steps: (1) assign the relevant criteria and
alternatives, (2) assign numerical measures to the relative importance of the criteria and to the impacts of the alternatives
on these criteria, and (3) compute the numerical values to determine a ranking of each alternative.

MCDM is one of the most well-known branches of decision-making and can be divided into multiple-objective
decision-making and multiple-attribute decision-making.?” The former approaches decision problems in which the deci-
sion space is continuous. The latter addresses problems with discrete decision spaces. Some of the methods widely used
are the weighted sum model (WSM),? the weighted product model (WPM),” AHP,"> and some variants of them.

In the WSM method, if there are m alternatives and n criteria, then the best alternative is the one that satisfies
Equation (1), ie,

n

A:;\/SM—score = ml.axzaij W), ®
Jj=1
fori = 1,2,3, ... ,m and where A* is the WSM score of the best alternative, n is the number of decision criteria,

‘WSM-—score
ay is the actual value of the i alternative in terms of the j criterion, and wj is the weight of importance of the j criterion.

WSM can be used in single-dimensional cases, in which it uses the same units, but presents difficulty when applied
to multidimensional MCDM problems, in which it uses different units, because of the violation of the additive utility
assumption.

In the WPM method, each alternative is compared with the others by multiplying a number of ratios, one for each
criterion. Each ratio is raised to a power, equivalent to the relative weight of the corresponding criterion. In general, it
uses Equation (2) to compare two alternatives Ax and Ay, as follows:

n w
*(3)-1E) @
L =1 arj
fori = 1,2,3, ...,m and where n is the number of criteria, a;j is the actual value of the i alternative in terms of the
J criterion, and wj is the weight of importance of the j criterion. If R(’%) is greater than or equal to 1, then it indi-
cates that alternative Ax is better than alternative A;. WPM eliminates gny units of measure; thus, it can be used in
single-dimensional and multidimensional MCDM.

3.2 | Analytic hierarchy process

The AHP method® structures the problem in successive levels, allowing to model complex decisions in a hierarchical
structure in the form of an inverted tree. At the highest level of the structure is the main purpose of the decision; below are
the decision criteria and subcriteria, when there are; and at the last level are the alternatives. AHP applies the technique
of pairwise comparisons for obtaining numerical evaluations of qualitative aspects from experts and decision makers.
The experts and decision makers, which judge the alternatives, must first establish priorities for their main criteria, by
evaluating them in pairs considering their relative importance, thus generating a pairwise comparison matrix. Judgements
are made based on a scale proposed by Saaty,"> in which values vary from a minimum value of 0 to a maximum value
of 9 (cf Figure 1). The judgements are represented by the numbers on the scale and used to make the comparisons. This
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not partially fully

FIGURE 1 Saaty competence scale

scale is widely used in decision-making methods and is based on psychological observations to realize judgements.** A
consensus must be achieved, but if there are differences in opinion, the final value assigned must be the average of the
values assigned in the individual judgement.

The number of judgements needed for a given matrix of order n is n(n — 1)/2 because it is reciprocal and the diagonal
elements are equal to unity. The results of pairwise comparison for every alternative are organized into a positive reciprocal
nXxnmatrix P = (a;), shown in Equation (3).

1 an ay Q1n
P=]|ayn ap 1 ... Qip (3)
an Ay ... Qp ... 1

In the P matrix, a; represents the relative value of alternative A4; regarding criterion Cj, in which the sum Y. | a;; is equal
to 1. The best alternative in AHP is found in a similar way than in WSM, the difference being is that AHP uses relative
values instead of actual ones; thus, it can be used in single-dimensional or multidimensional decision-making problems,
as shown in Equation (4).
n
A ip—score = miaxZaij -wy, fori=1,2,3, ...,m 4)
j=1

4 | RESEARCH METHODOLOGY

This section presents the research methodology for decision-making that was applied to compare and rank enterprise
application integration (EAI) platforms focusing on the performance of their run-time systems. This methodology is
composed of the following steps: components selection, properties evaluation, rank construction, and results analysis
(cf Figure 2). Components selection chooses some stakeholders and tools for the evaluation, properties evaluation finds
values for performance attributes, rank construction deals with the production of the ranking for the integration plat-
forms, and results analysis examines and discusses the results. This methodology structures the problem in successive
levels that allow modeling complex decisions in a hierarchical structure in the form of an inverted tree. The highest
level is the goal of choosing the integration platform with the best performance, at the second level are the criteria for
decision-making, and in the lowest level are the integration platforms that represent the possible alternatives. The steps
of the research methodology and their activities are detailed below.

4.1 | Components selection

This step aims to select key components for the evaluation and ranking of the integration platforms; these components are
people and tools. People are stakeholders who analyze the platforms or make the pairwise comparison of them. Tools are
platforms that will be evaluated or analysis tools that will be used to evaluate them. There may be inputs for this step, ie,
enterprise requirements such as previous lists of people and tools to be filtered, budget limit, etc. The outputs are people,
tools, and attributes. It is not within the scope of this paper to present a methodology for selecting tools and people, but it
isrecommended that this selection is made carefully and by people who know and represent the interests of the enterprise
to ensure the success of evaluation. This step is divided into the following activities: expert selection, platform selection,
analysis tool selection, and decision-maker selection. Some of these activities can be dispensed in case the enterprise has
already selected tools or people.
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FIGURE 2 Overview of the research methodology we used

4.1.1 | Expert selection

This activity determines the experts that will choose and study integration platforms and analysis tools. Then, these
experts will define the performance attributes that will be analyzed in the run-time system of the platforms. It is rec-
ommended that the selected experts be software engineers or professionals experienced in EAI or familiar with some
integration platform, as this makes the process faster and more consistent.

4.1.2 | Platform selection

This activity determines the integration platforms that will be compared. This choice can be made according to the inter-
ests of the enterprise and must be realized by experts. There are no restrictions on the choice of the platforms, but it is
recommended that their source codes are available and accessible, or there is some project with documentation reporting
about platforms' usage, from which it is possible to infer information regarding the performance of their run-time systems.

4.1.3 | Analysis tool selection

This activity involves choosing the analysis tools that will serve to abstract the mathematical foundation behind the AHP
method. The tools must provide a friendly graphical interface for experts and decision makers, and the selection must be
realized by an expert.

4.1.4 | Decision-maker selection

This activity determines the decision makers that will judge the integration platforms. Hereafter, they will define levels
of relevance for dimensions and points for platforms. It is not necessary that these people are professionals in EAI, but it
is recommended that they are more aligned with the interests of the enterprise.

4.2 | Properties evaluation

This step aims to produce the data that support the evaluation of the integration platforms, and every activity of this step
must be realized by experts. This step is divided into the following activities: attribute definition, platform study, and value
assignment.
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4.2.1 | Attribute definition

This activity determines properties of platforms that can impact their performance grouping them in dimensions.
Attribute definition also determines qualitative candidate values for the properties and their order of preference such that
the first value in the order is the one that provides the best performance to the run-time system and the last value is the
one that provides the worst. Furthermore, each qualitative value must have a corresponding quantitative value, such that
the first value in the order of preference corresponds to the quantitative value equal to 10'°, the following corresponds to
10°, and so on, until the last value in the order of preference that corresponds to the lower potency of zero.

4.2.2 | Platform study

This activity consists of a deep study of the selected platforms with a focus on the performance of their run-time systems.
It is necessary to gather information from books, reports, and official websites of providers, but when it comes to the
performance of run-time systems, access to the source code is very important.

4.2.3 | Value assignment

This activity determines the qualitative values for the properties of each evaluated platform. These values must be justified
by extracted information from the study of the source documentation obtained in the previous activity or by means of the
experiments with the use of the platforms. The corresponding quantitative values are based on the previous activity.

The properties evaluation step produces three tables: (1) summary of the values for comparison properties, (2) cor-
respondence of qualitative and quantitative values, and (3) quantitative values of correspondence of each integration
platform. The first registers qualitative values of the properties. Columns represent the integration platforms, lines
represent the properties grouped by dimension, and cells represent the qualitative values. The second registers the cor-
respondence between qualitative and quantitative values. There is one column for qualitative values and another for
quantitative values; lines represent the properties grouped by dimension, and cells represent the values. The third reg-
isters the corresponding quantitative values. Columns in the table represent the integration platform alternatives, lines
represent the properties into the respective dimensions, and cells represent the qualitative values; there is a subtotal of
the sum of the cells for each dimension and a total of the overall sum for each integration platform.

4.3 | Ranking construction

This step aims to produce the results that lead to the ranking of the integration platforms and involves determining the
level of relevance for each dimension, rating the capacity of the integration platforms in relation to the properties, merging
the criteria to calculate the scores for the integration platforms, and realizing the pairwise comparison of the integration
platforms. This step is divided into the following activities: dimension prioritization, platform judgement, score compu-
tation, and pairwise comparison. We use the TransparentChoice software to support the computation of the ranking in
our methodology. This is a decision-making software that permits to build a list of alternatives, to identify dimensions
that will be used for evaluation, to judge for each dimension, to analyze the sensitivity of results, and to generate reports.

4.3.1 | Dimension prioritization

This activity consists of determining the level of relevance for each dimension. This prioritization is made by means of
the collection of opinions of experts and represented by the assignment of a weight (w) as a measure of consistency and
quality about the chosen integration platform, based on Table 1. When properties of a dimension are fundamental to
achieving a good performance, they must be highly observed when choosing the integration platform, then the relevance
for this dimension is set to essential, and it assumes a weight equal to 3. If the dimension improves the performance, but
it is not essential, then the level of relevance for this dimension is set to important, and it assumes a weight equal to 2.
If the dimension adds positive features but its absence does not significantly impact the performance, then the level of
relevance for this dimension is set to desirable, and it assumes a weight equal to 1.

4.3.2 | Platform judgement

This activity consists of quantifying the capacity of the integration platforms regarding the properties of the dimensions,
and it is made by means of a subjective and objective evaluation. The subjective evaluation follows a scale proposed by
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TABLE 1 Levels of relevance for dimension

Weight (o) Relevance Description
3 Essential The dimension is essential to meet the goal.
2 Important The dimension is important to meet the goal.
1 Desirable The dimension contributes to the goal as an additional element.

Saaty,"® according to Figure 1. The objective evaluation converts the qualitative values of the properties into quantitative
values defined in the previous step. The calculation is made by merging subjective and objective criteria. The subjec-
tive criteria consist of the judgements done by experts about the competence of each integration platform in meeting a
dimension, given by Equation (5), ie,

subjective_criteria; = qualitative_value; , (5)

where i represents each integration platform and k represents each dimension. The objective criteria consist of the
numeric conversion of the qualitative values of the properties into quantitative values, given by Equation (6), ie,
m
objective_criteria; = unantitative_valueik i, (6)
j=1
where j represents each quantitative value and m is the number of properties of dimension. The points achieved in
the degree of competence of an integration platform (a;, ) are the sum of the objective and subjective criteria given by
Equation (7), ie,
a;, = objective_criteria; + subjective_criteria;, . (7

4.3.3 | Score computation

This activity calculates the scores for integration platforms based on the results of the previous activities. The partial score
of an integration platform is calculated using Equation (8), as follows:

partial_score; = a;_- wy, (8)

where i represents each integration platform, k represents each dimension, and k assumes values from 1 to n, where n is
the number of dimensions. The total score of an integration platform is calculated using Equation (9), as follows:

platform[i]_score = Zaik - k. 9
k=1

4.3.4 | Pairwise comparison

This activity is used to evaluate how much better an integration platform is to another, regarding each dimension. This
evaluation uses a scale of 1 to 9, where a value equal to 1 is given when integration platforms are equivalent or equal,
ie, both integration platforms have the same competence to meet the evaluated dimension. A value equal to 2 means
that an integration platform is two times more competent than the other, a value equal to 3 means that an integration
platform is three times more competent than the other, and successively up to value 9, when an integration platform is
nine times better than the other. The results of pairwise comparison for every integration platform are organized into a
positive reciprocal n x n matrix (cf Equation (3)).

Pairwise comparisons are well supported by the TransparentChoice software, which checks the consistency of the com-
parisons and points out potential errors in its graphical editor. Besides, this software can forecast values of comparisons
based on those already made to show approximate results of the evaluation process, even before making all comparisons.

At the end of the ranking construction step, the following tables are produced: (1) summary of relevance of dimensions,
(2) degrees of competences of the integration platforms, and (3) summary of pairwise comparisons. The first registers
the weight given to each dimension. In this table, columns represent the level of relevance, namely, essential, important,
and desirable; lines represent the dimensions; and cells represent the weight in the dimension. The second registers the
values of the points obtained by means of subjective evaluation. In this table, columns represent the integration platform
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alternatives, lines represent the dimensions, and cells represent the qualitative values in the dimension. The third registers
the values in pairwise comparison. In this table, columns and lines represent the integration platform alternatives, with
lines grouped by dimensions, and cells represent the values corresponding to how much one integration platform is better
than the other.

4.4 | Results analysis

This step discusses the results produced in previous steps and is divided into the following activities: data visualization
and data interpretation.

4.4.1 | Data visualization

This activity focuses on the presentation of results by means of tables and graphics. The ranking of the integration plat-
forms can be shown in a bar chart, in which a bar represents the evaluation of an integration platform for each dimension
and also in general, namely, partial score and total score, respectively. The width of the entire bar represents the total
score of an integration platform and is composed of the partial scores in each dimension. Another way of representing
the ranking of the integration platforms is through the perspective of the fulfillment of the properties in each one of the
dimensions, by means of a radar graphic; the closer a vertex of a representation of a platform is of the vertices of a dimen-
sion, the more is the run-time system of this platform endowed with the ideal values of the properties of this dimension.
This kind of graphic allows visualizing whether a platform is uniformly strong across all dimensions or fails in some of
them. Therefore, with such information, the enterprise is able to decide according to its interest.

4.4.2 | Data interpretation

In this activity, these scores are interpreted and discussed, determining the achievement of the platform in each dimension
and overall. The consistency of the judgements should be checked regarding the following statements.

« The platforms that reach the best quantitative values in a given dimension will also occupy the best ranking position
in such dimension.

« The best overall position in the ranking of the integration platforms must be occupied by the platform that best meets
the dimension of a greater weight.

« The best ranking of the integration platforms must be consistent with the pairwise comparison; hence, if Platform 1 is
better than Platform 2 and Platform 2 is better than Platform 3, then Platform 1 is better than Platform 3.

Usually, the analysis tools do every consistency checking incorporated in the AHP method. However, in this activity,
the actuation of the experts and decision makers is fundamental, because they will be able to validate the requirements
of the enterprise.

There is no restriction on which platforms and tools to analyze. There is also no limit on dimensions or properties.
It is important to point out that once the properties, values, and order of preference are defined, as proposed in the
attribute definition activity, they can be reused for the decision-making of any set of platforms, reducing the steps of the
methodology and making the process faster.

5 | INTEGRATION PLATFORM EVALUATION

In this section, we report our experience in evaluating the performance of four open-source integration platforms, follow-
ing the previously presented research methodology. The goal is to evaluate and rank the selected integration platforms to
find the best in terms of the performance of their run-time system in the execution of integration solutions. We structure
the problem in successive levels in the form of an inverted tree, in which at the highest level is the goal of the best per-
formance, at the second level are the dimensions, and at the lowest level are the integration platforms (cf Figure 3). The
steps of the research methodology and their activities are detailed below.
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FIGURE 3 Hierarchical structure of the decision

5.1 | Components selection

In this step, the integration platforms and the analysis tool were selected. We analyzed and evaluated the platforms based
on our experience of several years on the development of integration projects in real-world software ecosystems. For this
reason, the expert selection and the decision-maker selection activities were completely dispensed.

5.1.1 | Platform selection

In this activity, we selected the platforms Mule,” Camel,* WSO2,® and Guarand,”® which represent the state of the art
of integration platforms that provide support to the integration patterns'® and follow the pipes-and-filters architectural
style.® This selection was made in collaboration with enterprises on the development of real-world projects, in which
these were the technologies widely used.

5.1.2 | Analysis tool selection

In this activity, we chose as the analysis tool the TransparentChoice* software, which supports the prioritization and
judgements of dimensions, as well as performs the tests of consistency for the evaluation. It also supports pairwise com-
parisons, checking their consistency, pointing out potential errors, and predicting values of comparisons based on those
already made.

5.2 | Properties evaluation

In this step, we explored the available documentation of the four platforms in order to analyze the performance properties
of their run-time systems, resulting in a comparison framework composed of three dimensions, nine properties, and a set
of candidate values for them, which will be detailed in the following.

5.2.1 | Attribute definition

In this activity, we defined the properties as evaluation criteria, and they are organized in three dimensions: message pro-
cessing, hotspot detection, and fairness execution. The message processing dimension concerns the efficiency of message
processing within an integration solution. The hotspot detection dimension concerns the discovery of hotspot within an
integration solution, in which message processing becomes upper to acceptable time. The fairness execution dimension
concerns the balanced distribution of computational resources to message processing within an integration solution. In
this paper, we refer to threads as computational resources to execute tasks of an integration solution in message pro-
cessing, with a thread being the basic unit of processing, ie, the smallest sequence of programmed instructions that can
be managed by the run-time system. Table 2 presents dimensions, properties, and their corresponding qualitative and
quantitative values.

Message processing. This dimension addresses the efficiency of the run-time system to process a message, which is
related to the average number of messages processed per unit of time. Message processing is comprised of the following

*https://www.transparentchoice.com/ahp-software
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TABLE 2 Performance attributes of the run-time system of integration platforms

Dimension Property Value
Qualitative Quantitative
Thread pool creation global 1
local 10
Message processing Message store in-memory 1
hybrid 10
Thread pool configuration static 1
dynamic 10
Detection stage design time 1
run-time 10
Hotspot detection Abstraction level per group 1
per task 10
Pattern identification no 1
ves 10
Execution policy no 1
yes 10
Fairness execution  Scheduling policy fifo 1
priority 10
mapping 100
Throttling controller no 1
yes 10

properties that relate to the capacity of reducing the real time demanded by the integration solutions in order to completely
process a message.

« Thread pool creation. This property indicates how the run-time system makes available the thread pools to execute
the integration solutions, allowing to create one or more thread pools.* This property may take the following values, in
ascendant order of preference: global or local. The global value indicates that a single thread pool executes every
task of an integration solution. The local value indicates that the run-time system allows configuring local thread
pools to execute a task or a group of tasks of an integration solution.

« Message storage. This property indicates how the run-time system deals with the storing of messages during the
execution of an integration solution. Storing messages in-memory is faster® but can be more expensive. Messages
that contain a big amount of data impact the amount of memory required for their processing inside the integra-
tion solutions. In such cases, rather than storing messages only in-memory, the run-time system can store them on
disk. This property may take the following values, in ascendant order of preference: in-memory or hybrid. The
in-memory value indicates that the run-time system stores messages only in-memory. The hybrid value indicates
that the run-time system adopts different strategies for storing messages and is not limited to storing only in-memory.

« Thread pool configuration. This property indicates how the run-time system tunes the size of the thread pool to deal
with different workloads of messages. The run-time system allows to configure and manage thread pools to the inte-
gration solution. This property may take the following values, in ascendant order of preference: static or dynamic.
The static value indicates that the thread pool is configured with a fixed number of threads, which was defined at
design time by the software engineer. The dynamic value indicates that during run-time, the run-time system tunes
dynamically the number of threads of the pool, increasing or decreasing, according to the demand of the workload,
within a range of values established at design time.*

Hotspot detection. This dimension addresses the detection of hotspots within the integration solutions by the
run-time system. A hotspot is a piece of an integration solution where there is a bottleneck; therefore, messages are not
being processed in an acceptable time. They are characterized by the overload of work to tasks and indicate that there is
a lack of threads for that point of the integration solutions, which increase the actual time required to process a message.
Hotspot detection can help the run-time system allocate threads more efficiently to tasks in the integration solutions. The
following properties can contribute to the detection of hotspots.

« Detection stage. This indicates the stage in which it is possible to determine the existence of hotspots in the inte-
gration solutions.* This property may take the following values, in ascendant order of preference: design time or
run-time. If the detection stage takes the value design time, it means that software engineers must use their
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domain knowledge and modeling experience to forecast hotspots during design time; run-time means that the
run-time system is endowed with intelligence to detect hotspots during the execution of the integration solutions.

« Abstraction level. This property indicates the level of decomposition in which the integration solutions can be broken
down to detect hotspots. Hotspot detection can be done by dividing the integration solution into pieces, which are
groups of tasks chained or only a task. This property may take the following values, in ascendant order of preference:
per group or per task.The per group value means that the piece of the integration solution analyzed equates
to a group of the task. The per task value means that the piece of the integration solution analyzed equates to a
single task, which allows a finer-grained control.**

« Pattern identification. This property indicates if the run-time system can detect patterns * that can lead to hotspots.
Such patterns may determine (1) known behaviors that occur during execution, increasing the average waiting time
of the tasks that are ready to be executed, and (2) a particular combination of tasks identified in the design of the
integration solutions. This property may take the following values, in ascendant order of preference: no or yes. The
yes value indicates that the run-time system can detect patterns that can cause hotspots in the execution of pieces of
an integration solution; in case it does not have this ability, the value is no.

Fairness execution. This dimension addresses the assignment of threads to tasks, in a balanced way, in order to min-
imize the average time that a message takes to be processed in an integration solution. The following properties provide
means that contribute to have a fair execution of tasks.

« Execution policy. This property indicates if the run-time system has the ability to adopt intervention policies to exe-
cute groups of tasks of an integration solution. Such intervention policies may (1) start or stop the execution of a group
of tasks chained, (2) dictate the order in which the execution of a group of tasks should be started, and (3) create
additional groups of tasks chained and insert them within the integration solution.’ This property may take the follow-
ing values, in ascendant order of preference: no or yes. The yes value indicates that the run-time system can adopt
intervention policies for the execution of groups of tasks chained in an integration solution; in case it does not have
this ability, the value is no.

« Scheduling policy. This property indicates the policy followed by the run-time system to schedule the execution of
tasks of an integration solution by computational resources. Tasks usually wait in a queue until there are available
threads to execute them. In cloud environments, scheduling of an integration solution becomes challenging, because its
performance must result in reduced scheduling overhead, minimized cost, and maximized resource utilization while
still meeting the specified deadline.*® This property may take the following values, in ascendant order of preference:
fifo,priority,ormapping. The £ifo value means that the run-time system follows the first-in—first-out policy, in
which the oldest (first-in) task into queue is executed first; the priority value means that the run-time system allows
tasks to have priority associated, so that a task with high priority is executed first; and the mapping value means that
the run-time system follows a mapping based on a mathematical model or optimization method that allows finding an
optimal scheduling policy to task execution by previously evaluating the integration solution.

« Throttling controller. This property indicates if the run-time system allows controlling the rate of incoming messages
in an integration solution so that when this rate exceeds a previously determined limit, the run-time system can adopt
suitable policies to preserve the execution of the integration solution. Such intervention policies may be (1) refusing
new messages or (2) buffering at input the incoming messages or persisting them in a repository. This property may take
the following values, in ascendant order of preference: no or yes. The yes value indicates that the run-time system
can control the rate of incoming messages, that is, it has a throttling controller'’; in case it does not have a throttling
controller, the value is no.

5.2.2 | Platform study

In this activity, we studied the platforms based on publicly available documentation of their source code and website and
on books and articles, taking into account our technical experience on using them in real-world projects.
Message processing

« Thread pool creation. We identified that Mule, WSO2, and Guarani have a global thread pool to execute all tasks
in the integration solution. However, Camel allows for the creation of local thread pools, which can be dedicated to
executing a task or a group of tasks in an integration solution.
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« Message store. We realized that the run-time systems are advanced in storing messages in the communication chan-
nels of an integration solution. Mule and Camel can store data in-memory and can adopt strategies to deal with other
storage types, such asin a file or a database. In contrast, WSO2 and Guarand are able to store messages only in-memory.
The storage types adopted by the platform can influence its message processing. Usually, disk storage can increase the
total time of message execution, so that it should be used only in scenarios in which this type of storage is really needed,
such as to deal with big data,” that is, larger data in size or volume.

« Thread pool configuration. Only Mule has strategies to dynamically tune the size of the thread pool according to
the demand of the execution of an integration solution. This ability allows run-time systems to deal with message
processing peaks more efficiently by means of assigning threads to tasks with high demand, as well as releasing threads,
when the workload is lower.

Hotspot detection

« Detection stage. The success of hotspot detection in the design phase depends on the expertise of the software engi-
neer. In the case of the detection stage, every run-time system evaluated provides information that can indicate the
presence of a hotspot in the execution of an integration solution, but only Camel is able to detect them at run-time.

« Abstraction level. Every run-time system, except Camel, is able to detect hotspots at the task level. In all of the
run-time systems, it is possible to specify tasks to be observed.

« Pattern identification. None of them can reveal bottleneck cues. Thus, the identification of such patterns depends
on the quality of the information provided by the monitoring mechanisms and of the experience of the software engi-
neer. Most of the integration platforms use some monitoring mechanism, which provides information to help detect
bottlenecks. However, they do not have any automated way to do this, leaving such detection to the software engineer.

Fairness execution

« Execution policy. Mule and Camel can control parts of the integration solution at run-time, starting or interrupting
paths as the execution policy.

« Scheduling policy. Mule, Camel, and Guarana use first-in-first-out, and WSO2 allows tasks to have an associated
priority to influence their scheduling, so that it is possible to set a high priority to tasks that need to be executed first
or more often.

« Throttling controller. Only Mule and Camel allow tasks to actively call a thread at regular intervals of time, which
can help ensure a fairer execution when the rate of incoming messages is high.

5.2.3 | Value assignment

In this activity, we assigned the values for each property obtained from the study of the platforms. The values found for
every property in each of the three dimensions are presented in Table 3. The quantitative values for each property are
presented in Table 4. These values are based on Table 2, in which the lowest value in ascendant order of preference receives
the lowest quantitative value, and the highest value in ascendant order of preference receives the highest quantitative
value. The quantitative values for each dimension are summed up in Table 4. In the message processing dimension, Mule
and Camel achieved 21 points, and WSO2 and Guarand achieved 3. In the hotspot detection dimension, Mule, Camel,

TABLE 3 Summary of the values for comparison properties

Integration Platforms

Dimension Property Mule Camel wS02 Guarana
Thread pool creation global local global global
Message processing Message store hybrid hybrid in-memory in-memory
Thread pool configuration dynamic static static static
Detection stage design time run-time design time design time
Hotspot detection Abstraction level per task per group per task per task
Pattern identification no no no no
Execution policy yes yes no no
Fairness execution  Scheduling policy fifo fifo priority fifo

Throttling controller yes yes no no
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TABLE 4 Quantitative values of competence for each integration platform

Integration Platforms

Dimension Property Mule Camel wSso2 Guarana
Thread pool creation 1 10 1 1
Message processing Message store 10 10 1 1
Thread pool configuration 10 1 1 1
Total 21 21 3 3
Detection stage 1 10 1 1
Hotspot detection Abstraction level 10 1 10 10
Pattern identification 1 1 1 1
Total 12 12 12 12
Execution policy 10 10 1 1
Fairness execution  Scheduling policy 1 1 10 1
Throttling controller 10 10 1 1
Total 21 21 12 3

WSO02, and Guarana achieved 12 points. In the fairness execution dimension, Mule and Camel achieved 21 points, WSO2
achieved 12, and Guarana achieved 3.

5.3 | Ranking construction

In this step, we build the ranking for the integration platforms, following the activities proposed in the research methodol-
ogy. Dimensions were prioritized, the platform competencies were found by means of the objective and subjective criteria,
the score of each evaluated integration platform was calculated, and integration platforms were pairwise compared.

5.3.1 | Dimension prioritization

In this activity, we assigned the level of relevance to each dimension, based on Table 1. The level of relevance is the
component of greater weight in the score of an integration platform. Message processing was judged as an essential dimen-
sion; thus, good values to their properties are necessary to achieve a good performance in the execution of an integration
solution. Hotspot detection was judged as a desirable dimension; therefore, this dimension adds elements to increase the
performance, but they are not essential. Fairness execution was judged as an important dimension; thus, the values of
their properties have a medium level of relevance. The prioritization of the dimension resulted in the values shown in
Table 5.

5.3.2 | Platform judgement

In this activity, we quantified the competence of each integration platform to achieve a good performance in the execution
of an integration solution, and for this, subjective and objective evaluations were done. The subjective evaluation of the
competence of the integration platforms was made with the help of the scale introduced in Figure 1 and took into account
the degree and the manner in which the integration platforms meet the performance requirements represented by the
properties of the dimension. We made the judgement based on the study of integration platforms, in which it was possible
to identify how each is endowed to meet the properties. Then, we assigned a value from 0 to 9 and filled Table 6 with the
results.

In the following, we detail the computation of the individual pointing (a;, ) to each integration platform, where i assumes
values from 1 to 4, corresponding to Mule, Camel, WSO2, or Guarand, and k assumes values from 1 to 3, corresponding
to the dimensions of message processing, hotspot detection, and fairness execution, respectively.

TABLE 5 Summary of relevance of dimensions

Dimension Essential Important Desirable
Message processing 3 - -
Hotspot detection - - 1

Fairness execution - 2 -
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TABLE 6 Degrees of competence of the integration platform

Integration Platforms

Dimension Mule Camel wSo02 Guarand
Message processing 4 8 1 1
Hotspot detection 3 3 3 3
Fairness execution 6 6 2 1

First, subjective criteria were determined, based on Table 6, which provides the resulting values of our judgement of
the competence of each integration platform to meet a dimension.

Equation (10) presents a matrix whose elements correspond to the qualitative resulting values. In this matrix, i is the
index of the lines and represents the integration platform, and k is the index of the columns and represents the dimension.

subjective_criteria; = 51; (10)
1

Second, objective criteria were determined, based on Table 4, in which we provided the summation of the quantitative
values of the properties. Equation (11) presents a matrix whose elements correspond to the resulting quantitative values.
In this matrix, i is the index of the lines and represents the integration platform, and k is the index of the columns and
represents the dimension.

21 12 21
objective_criteria; = 231 g ﬁ (1)
3 12 3

Third, the points achieved in the degree of competence of an integration platform are equal to the sum of objective
and subjective criteria, according to Equation (12). The points achieved in the degree of competence are represented by
Equation (12), whose elements correspond to the achieved points in the dimension. In these matrices, i is the index of the
lines and represents the integration platform, and k is the index of the columns and represents the dimension.

subjective_criteriaik objective_criteriaik
— —N—
4 3 6 21 12 21
8 36 21 12 21
W= 1132 3012 12 12)
131 3 12 3
25 15 27
29 15 27
% =4 15 14 13)
4 15 4

The degree of competence of a platform indicates how many points an integration platform achieved in each dimension,
independent of the level of relevance of the dimension. It is important to observe that the maximum quantitative value
is greater than the maximum value of the scale of competence, which ensures that an integration platform with a high
summation of the quantitative values is better ranked, even though the value assigned to the integration platform by
means of our subjective judgement is not quite high. Thus, objective criteria will prevail over subjective criteria.

5.3.3 | Score computation

In this activity, we calculated the score for the integration platforms. This calculation was made by the merging of
subjective and objective criteria regarding the competence of the integration platforms, as well as the weight of each
dimension. At the end of this activity, each integration platform achieved a partial score (partial_score; ) and a total score
(platformf[i]_score), in which i assumes values from 1 to 4, corresponding to Mule, Camel, WSO2, or Guaran4, respec-
tively, and k assumes values from 1 to 3, corresponding to the dimensions of message processing, hotspot detection, and
fairness execution, respectively.
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In the following, the score computation is detailed step by step. First, the partial score of the integration platforms is
equal to the multiplication of the points achieved in the degree of competence of the platform in meeting a dimension
(a;,) by the weight of the respective dimension (wy), according to Equation (14).

"
f—/ﬁ @
1527 T

25 3
partial_score; = 249 1527 X ll] (14)
4

15 14

15 4 2
[ 75 15 54|
partial_scorel-k = 515; %g gg (15)

12 15 8

The partial score is represented by Equation (15), with elements that correspond to the achieved score in the dimension.
In these matrices, i is the index of the lines and represents the integration platform, and k is the index of the columns and
represents the dimension. Finally, the total score of the integration platforms is equal to the sum of the partial scores, ie,
the sum of the elements of the lines of matrix (15). Equation (16) presents a matrix whose elements correspond to the score
of the integration platforms. In this matrix, i is the index of the lines and represents the integration platform. Equation (17)
expresses analytically the total score of each integration platform i, by means of the summation of the multiplication of
the points achieved for the degree of competence of the platform in a dimension k by the weight of this dimension k.

144
. 156
platform[i]_score = 55 (16)
35

Mule_Score =25-3+15-1+27-2=75+15+54 =144 = 144

Camel_Score =29-3+15-1+27-2=87+ 15+ 54 =156 = 156

WS0O2_Score = 4-3+15-1+14-2=12+15+28=55=55
Guarand_Score = 4-3+4+15-14+4-2=12+15+8=35=135

an

5.3.4 | Pairwise comparison
In this activity, we compared each pair of integration platforms, judging how many times an integration platform is better
than another, using a scale from 1 to 9, where a value equal to 1 is given when the integration platforms are equivalent or
equal, and other values indicate the number of times an integration platform is better than another. When an integration
platform is compared with itself, the value 1 was assigned.

Integration platforms were compared two-by-two regarding each dimension, taking into account the values in Table 6.
This comparison was supported by the analysis tool, resulting in the values reported in Table 7. In the message processing

TABLE 7 Summary of pairwise comparison

Integration Platforms

Dimension Mule Camel wS02 Guarana
Mule 1x 1/2x 4x 4x
Message processing ~ Camel 2% 1x 8% 8%
wSo02 1/4x  1/8x 1x 1x
Guarana 1/4x  1/8x 1x 1x
Mule 1x 1x 1x 1x
Hotspot detection Camel 1x 1x 1x 1x
wso2 1x 1x 1x 1x
Guaranad 1x 1x 1x 1x
Mule 1x 1x 3% 6%
Fairness execution Camel 1x 1x 3x 6X
wSso0z2 1/3x  1/3x 1x 2%

Guarana 1/6x 1/6X 1/2x 1x
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dimension, Camel was judged as two times better than Mule. Mule was judged as four times better than WSO2 and
Guarand. In this dimension, Camel was judged as eight times better than WSO2 and Guaranid. WSO2 was judged as
equivalent to Guarand. In the hotspot detection dimension, Camel, Mule, WSO2, and Guarand were judged as equivalent.
In the fairness execution dimension, Camel was judged as equivalent to Mule, and Mule was judged as three times better
than WSO2 and six times better than Guarand. In this dimension, Camel was judged as three times better than WSO2 and
six times better than Guarand. In this same dimension, WSO2 was judged as two times better than Guarana.

5.4 | Results analysis

In this step, the results were analyzed, and the ranking of the integration platforms was graphically represented. First, we
present a visualization of the score and then an interpretation of the data.

5.4.1 | Data visualization

In this activity, we built graphics to represent the results. Figure 4 shows the total ranking for these integration platforms
and presents both the total score and the partial score in each of the three dimensions.

The ranking for Mule, Camel, WSO2, and Guarand indicates that Camel has the best performance among the analyzed
integration platforms, reaching a score of 156, followed by Mule, WSO2, and Guaran4, respectively, with scores of 144, 55,
and 35. Figure 5 shows the ranking by means of a radar graphic. At the vertices of the outermost triangle of dotted lines
are the dimensions. The inner triangles represent the fulfillment of the properties by integration platforms. The biggest
triangle represents the fulfillment of the properties by Camel, the second biggest represents the fulfillment by Mule, the
third represents the fulfillment by WSO2, and the smallest black triangle represents the fulfillment by Guarana.

5.4.2 | Data interpretation

In this activity, we analyzed and interpreted the results with the help of the produced graphs. Camel was the integration
platform with the highest score in the message processing dimension, reaching a score of 87. Mule reached a score of 75,
whereas WSO2 and Guarana reached a score of 12. In this dimension, the level of relevance was defined as being equal to

35
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wso2
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Camel 15 ‘ 54
[ 144
Mule 15 ‘ 54
T
0 39 78 117 156
B Message Processing O Hotspot Detection O Fairness Execution

FIGURE 4 Ranking of integration platforms
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Fairness Execution ' Haotspot Detection
B Mule O Camel owsoz2 W Guarana

FIGURE 5 Fulfillment of the properties of the dimensions
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essential; thus, the weight equaled 3. In the hotspot detection dimension, every integration platform had the same score;
Camel, Mule, WSO2, and Guarana reached a score of 15. In this dimension, the level of relevance was defined as being
equal to desirable; thus, the weight equaled 1. In the fairness execution dimension, Camel and Mule reached the highest
score, and Guaranda reached the lowest. Camel and Mule reached a score of 54, WSO2 reached a score of 28, and Guarana
reached a score of 8. In this dimension, the level of relevance was defined as being equal to important; thus, the weight
equaled 2.

In the fairness execution dimension, Mule achieved 27 points in the degree of competence, which is better than its points
in the message processing dimension, which achieved 25 points; however, when the points of the degree of competence
were multiplied by the weight of the respective dimension, Mule's partial score reached a better result in the message
processing dimension than in the fairness execution dimension, because the level of relevance of the former dimension
was considered essential to achieve a good performance in the execution of an integration solution, whereas the latter
dimension was considered important to achieve this goal. In the hotspot detection dimension, WSO2 achieved 15 points
in the degree of competence, which is better than its points in the fairness execution dimension, which achieved 14 points;
however, when the points of the degree of competence were multiplied by the weight of the respective dimension, WSO2's
partial score reached a better result in the fairness execution dimension than in the hotspot detection dimension, because
the level of relevance of the former dimension was considered important to achieve a good performance in the execution
of an integration solution, whereas the latter dimension was considered only desirable to achieve this goal.

Summarizing, Mule achieved more points in the degree of competence in the fairness execution dimension, which
achieved 27 points. Camel was better in the degree of competence in the message processing dimension, which achieved
29 points. WSO2 and Guarand were better in the degree of competence in the hotspot detection dimension, which achieved
15 points. It is important to note that the high partial score in the message processing dimension leveraged the total score
of Mule and Camel, since this dimension has priority over the others. Similarly, the high partial score in the fairness
execution dimension increased the total score of the four integration platforms, since this dimension has priority over the
hotspot detection dimension.

6 | CONCLUSIONS

Companies frequently need to integrate different applications that compose their software ecosystem and, thus, need to
rely on integration platforms that provide appropriate performance. Integration platforms are specialized software tools
that allow information to be kept consistent and synchronized on all applications. The run-time system is part of these
tools and is responsible for running integration solutions; therefore, its performance often influences the decision of
companies in choosing an integration platform. There is a growing number of integration platform offers on the market;
hence, it has become a challenge for software engineers to select one of them when performance is a central requirement.
In this paper, we have presented an evaluation and ranking of four open-source integration platforms, which follow the
pipes-and-filters architectural style and support several integration patterns documented by Hohpe and Woolf.!° First, we
structured our research methodology, which takes into account subjective and objective criteria. Then, we related a set of
properties regarding the performance of the run-time systems of integration platforms and evaluated the four platforms
according to these properties. Finally, we ranked these integration platforms, with Camel achieving the best performance,
followed by Mule, WSO2, and Guaranad, respectively.

6.1 | Scientific contribution

We made the comparison of the integration platforms with the support of a research methodology based on the AHP
method. This methodology allowed us to model a complex decision problem in a hierarchical structure divided into three
levels. At the top of this hierarchy is the goal of the decision, which was finding the integration platform with the best
performance in the execution of integration solutions; below it are the decision criteria that were defined as dimensions
of performance properties; and at the lowest level are the alternatives of choice that were defined as the chosen platforms.
Although we used specific decision criteria, in this research methodology, it is possible to add new criteria and subcriteria,
such as price, ease of use, and learning curve, and adapt it to other goals. The hierarchical structuring of the problem
facilitated the judgement of a dimension regarding its priority in relation to another dimension. We seek a methodology
that considered either objective or subjective aspects. AHP was chosen because an important aspect of it is that it takes into
account human judgments, hence supporting our methodology of considering the preferences of experts in the evaluation
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of the integration platforms. The AHP has been a widely used application related to decision-making'®'” because of its
strong mathematical and psychological background that allows to tackle complex decisions by breaking them into small
and affordable decisions. According to Ishizaka and Labib,*® psychologically, for achieving a consensus, it is easier and
more accurate to express an opinion about two alternatives than about all the alternatives at the same time. We used
pairwise comparisons to focus on a small and well-defined action of comparing two platforms in a given dimension.
We compared each pair of platforms by judging how many times one is more competent than the other to meet each
dimension and registered the values of this judgement. The level of relevance of a dimension was the factor of highest
influence on the ranking of an integration platform, being able to either leverage or worsen the ranking. It is important to
observe that the inclusion of objective criteria, which is not part of the original AHP method, ensures that an integration
platform that has better objective values for properties is better ranked, even though the subjective judgement is not quite
high. Thus, objective criteria prevail over subjective criteria. This means that if the same set of platforms is judged for
different experts, considering the same objective values for the properties of these platforms, the ranking is not changed.
The contribution of the subjective criteria in the raking computation is in the insertion of a measure of how much the
platforms are endowed of the quality attributes represented by the performance properties. As quality attributes, this
measure cannot assume only discrete values; hence, we use the Saaty scale that allows experts to assign values of intensity
ranging from 0 to 9. Briefly, objective criteria define ranking, whereas subjective criteria define how much a platform is
better than the others.

6.2 | Practical contribution

In our evaluation of the integration platforms, we took into account three dimensions of performance properties, rep-
resenting the rating criteria of the platform: message processing, hotspot detection, and fairness execution. Each one
contained a set of properties that can impact the performance of the integration platforms. Message processing focuses
on efficient message processing within an integration solution, hotspot detection focuses on the detection of bottlenecks
in an integration solution, and fairness execution focuses on the fair execution of tasks within an integration solution. In
this evaluation, we gave priority to the message processing dimension compared to the fairness execution dimension, and
we gave priority to the fairness execution dimension compared to the hotspot detection dimension. We assigned values to
properties, and then, we achieved an overall ranking of the performance of the platforms, in which it is possible to observe
the results in each one of the dimensions individually and the integration platform that achieved the best total score in
relation to performance in the execution of integration solutions. Regarding the partial score, Camel was the integration
platform with the highest score in the message processing dimension, every integration platform had the same score in
the hotspot detection dimension, and both Camel and Mule reached the highest score in the fairness execution dimen-
sion. The ranking of integration platforms can help enterprises in the complex task of choosing an integration platform
that has a better performance in the execution of an integration solution and, consequently, providing an improvement
to their business processes. The properties and their values were found based, in our experience, on the development of
integration projects in real-world software ecosystems, in which performance is a key feature. We have been using and
developing them for more than 10 years, working on real-world integration problems focusing on the performance of the
platforms. We believe that this set of properties is a good starting point to evaluate integration platforms, but can also be
extended to make the decision process more accurate. The practical contribution that this paper provided motivates us to
continue our research, extending this evaluation to a larger number of platforms.
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