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ABSTRACT Complex Event Processing (CEP) is a powerful technology for analyzing and correlating large amounts of data
coming from different application domains to automatically detect situations of interest (event patterns) in real time. However,
extensive knowledge on CEP is required to be able to implement CEP applications. To alleviate this situation, in recent years,
several works have proposed the use of Model-Driven Engineering (MDE) to facilitate the development of such CEP applications
for domain experts. In this paper, we propose a systematic literature review of existing approaches, frameworks, systems and
languages that integrate MDE with CEP, along with the application domains and maturity levels with which these proposals
have been successfully adopted. Based on our findings, future research challenges in the CEP field are also discussed.
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1. Introduction
Complex Event Processing (CEP) (Luckham 2012) is a cuttingedge technology that allows event streams to be correlated and
processed continuously to identify situations of interest in real
time according to a set of rules (event patterns) previously defined.
However, CEP technology requires a lot of knowledge to
be able to create applications that make use of this technology (Boubeta-Puig et al. 2014; Burgueño, Boubeta-Puig, &
Vallecillo 2018). For this reason, in recent years several authors
have proposed solutions, such as (Boubeta-Puig et al. 2015a;
Corral-Plaza et al. 2021), that integrate CEP with Model-Driven
Engineering (MDE) paradigm to facilitate the development of
CEP applications for non-expert users of this technology.
MDE (Brambilla et al. 2017) is an increasingly used field of
software engineering that allows to raise the level of abstraction by using models that focus only on the features of interest
thus alleviating complexity (de Lara & Guerra 2021). These
models can be aimed at code generation or proof of correctness
testing of a solution, among other things. The application of
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MDE increases the automation of software development and allows problems to be detected early in the software development
cycle (Burgueño, Vallecillo, & Gogolla 2018).
The aim of this paper is to conduct a Systematic Literature
Review (SLR) of existing approaches, frameworks, systems and
languages that integrate MDE with CEP, along with the application domains and maturity levels with which these proposals
have been successfully adopted. Specifically, a SLR is used to
structure a research area, collect information and make a synthesis of the analyzed data. To do this, it is necessary to evaluate
existing proposals and identify how they should be updated in
order to mark a way forward (Petersen et al. 2015).
To achieve this, five research questions have been formulated
that seek to analyze the main advantages of the integration
of both technologies, the main characteristics of model-based
solutions for CEP, the application areas in which these solutions
have been adopted, limitations or difficulties of the MDE and
CEP integration and, finally, future research challenges in the
field of CEP.
The remainder of the paper is structured as follows. Section 2 introduces the technologies used in this work. Section 3
describes the methodology used for the SLR. Section 4 presents
the results after the selection of the contributions, and Section 5
discusses the research questions proposed. Finally, Section 6
draws conclusions of our work.

An AITO publication

2. Background
This section describes the MDE and CEP technologies.
2.1. Model-Driven Engineering

MDE promotes the development of models, in the broad sense
of the word, at different levels of abstraction. Models that are
at higher levels are transformed into lower level models; this
is an iterative process until finally transforming the models to
code (Burgueño et al. 2019). One of the main advantages of
this paradigm is that it allows the development of software in an
efficient way due to its level of abstraction, where the amount
of programming is reduced considerably (Rožanc & Mernik
2021).
The main purpose of MDE is to increase productivity by
reusing standardized models, thus maximizing compatibility
between systems. MDE enables simplification in the software
design process by using models with design patterns for a specific domain. It also improves communication by standardizing
best practices and terminologies used in the application domain (France & Rumpe 2007).
In this context, a Domain-Specific Language (DSL) (Kosar
et al. 2016) is a kind of programming language that is focused
on a particular domain. A DSL is not general-purpose, so it
will have greater usability only among users who are experts
in a particular domain and usually not programmers. DSLs are
developed by language experts together with a domain expert.
Once the DSL is implemented, it will facilitate the development
of solutions and reduce the possibility of errors (Castañeda et al.
2022).
Thus, models can be expressed through DSLs (Frank 2013),
whose definition consists of three distinct parts: (i) the abstract
syntax, which is composed of both a metamodel (a model that
describes the language concepts and the relationships between
them) and the validation rules that determine whether a model
is well formed; (ii) the concrete syntax or notation of the DSL
(the set of graphical symbols needed to draw the diagrams);
and (iii) the transformations between models and from model
to code to conduct the software automation. It should be noted
that the same model, i.e. an instance of a metamodel, may have
different graphical notations. A DSL provides the following
benefits (Fowler & Parsons 2011):
– It improves the development productivity: the problem to
be addressed for a specific domain is represented in a more
abstract form, which facilitates the specification of what
the system has to do; in addition to avoiding the appearance
of errors and duplication of code, since it is automatically
generated from models.
– It improves the communication with domain experts: as the
language is clear, concise and close to the users, it fosters
communication between users and software system, who
actively participate in modeling what they need to define.
– It facilitates adaptation to changes: the use of models independent of their implementation makes it possible to
transform them into executable code in the specific environment that needs to be used at any given time.
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– It specifies what, not how: this type of language helps the
user to specify what the system should do, but not how it
should be done.
Particularly, Model-Driven Development (MDD) is a software development methodology that allows users to build complex applications through simple abstractions (models) of already built components. In addition, it reduces human process
intervention through automation since the code can be automatically generated from these models.
Therefore, MDE can be considered as a superset of MDD
since MDE goes beyond development activities, including also
other software engineering processes such as system evolution
or model-driven reverse engineering, always based on the use
of models (Mens & Van Gorp 2006).
2.2. Complex Event Processing

CEP is one of the most powerful technologies in distributed
real-time environments as it provides a fast and efficient way to
correlate and infer conclusions about events occurring in real
time (Barquero et al. 2018). This technology can be applied in
a multitude of areas such as logistics, monitoring critical infrastructure and financial applications (Hinze et al. 2009), business
processes (Soffer et al. 2019), e-health (Caballero et al. 2021),
air quality monitoring (Boudriki Semlali et al. 2021; Ortiz,
Boubeta-Puig, et al. 2022), cybersecurity (Roldán et al. 2020;
Roldán-Gómez et al. 2021), Internet of things (Ortiz, Castillo,
et al. 2022), autonomous unmanned aerial vehicles (BoubetaPuig et al. 2018), self-adaptive systems (Parra-Ullauri et al.
2022; Romero-Garcés et al. 2022), and intelligent transportation
systems (Brazález et al. 2022).
One of the most important features is the ability to express
event patterns by defining rules. These rules can be implemented
using different Event Processing Languages (EPLs) such as
Esper EPL (EsperTech 2022) and SiddhiQL (WSO2 2022).
In the field of CEP, simple events are indivisible events that
occur at a specific moment in time. When several simple events
are correlated, a complex event can be produced, providing
meaningful and valuable information (Luckham 2012; Event
Processing Technical Society 2011). Specifically, these complex
events are automatically generated by a CEP engine when a
series of conditions defined in an event pattern are satisfied. A
CEP engine is a software component that allows programmers
to implement event patterns through the use of EPLs (Burgueño,
Boubeta-Puig, & Vallecillo 2018). Once an event pattern is
detected, the CEP engine is able to take actions in real time.
The operation of CEP technology consists of three stages
(see Figure 1):
1. Event capture: it receives the simple events to be analyzed
and correlated in real time.
2. Analysis: it detects situations of interest when the conditions previously defined in an event patterns are satisfied.
3. Response: the actions to be taken in response to the situations detected, notifying them to the interested parties.

Event
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CEP engine
Complex events

Email

Simple events

Event pattern 1

Event pattern 2

Dashboard

Event pattern definition

Figure 1 CEP stages.

The use of CEP technology brings many advantages, including fast and automatic response, reduction of human workload,
improvement of decision quality and prevention of information
overload (Chandy & Schulte 2010). The time required for the
decision making process is considerably reduced compared to
traditional event analysis techniques as these situations of interest can be detected and reported in real time (García-López et
al. 2018).

3. Methods
This section presents the methodology of Kitchenham et
al. (Kitchenham et al. 2009), which was used for the SLR conducted in this work. It follows the guidelines of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) (Moher et al. 2009). In order to perform the SLR,
we defined a review protocol with the following steps (Xiao &
Watson 2017): (i) research questions; (ii) search strategies; (iii)
inclusion and exclusion criteria; (iv) screening procedures; (v)
data extraction; (vi) methodological quality assessment; and
(vii) synthesis and reporting.
3.1. Research questions
The purpose of the SLR presented in this paper is to review
and analyze the state of the art of existing proposals combining
MDE and CEP technologies. To this end, it was broken down
into the following Research Questions (RQ):

– RQ1: Which are the main advantages/benefits of integrating MDE and CEP?
– RQ2: Which are the main characteristics/functionalities of
the existing model-driven solutions for CEP?
– RQ3: Which are the application domains in which these
solutions have been successfully adopted?
– RQ4: Which are the limitations or difficulties of the MDE
and CEP integration?
– RQ5: Which are the future research challenges in the CEP
field?
3.2. Search strategies

To carry out the resource search, we considered the four most
well-known databases in computer science: IEEE Xplore, ACM
Digital Library, Scopus and Web of Science. IEEE Xplore is

a scientific database that allows us to access journal articles,
conference proceedings, technical standards and other resources
related to the scope of this paper. ACM Digital Library is
one of the most complete collections containing articles and
bibliographic records on computing, informatics and related
areas. Finally, Scopus and Web of Science are two of the main
existing multidisciplinary databases because they index quality
research; in addition, they have a large coverage of scientific
journals and conference proceedings.
We determined three Search Queries (SQ) that allowed us to
include all articles that have relevance in their titles, abstracts
or keywords according to the aim of this paper:
– SQ1: ( “domain-specific language” OR “domain-specific
modeling language” OR “DSL” OR “DSML”) AND
(“complex event processing” OR “CEP”)
– SQ2: ( “model-driven development” OR “MDD”) AND
(“complex event processing” OR “CEP”)
– SQ3: ( “model-driven engineering” OR “MDE”) AND
(“complex event processing” OR “CEP”)
3.3. Inclusion and exclusion criteria
As inclusion criteria, we decided to include all contributions
that integrate CEP technology through the use of models, either
because they use MDE technology or because they include DSL.
Excluded articles are those that (i) have no authors; (ii) have no
abstract; (iii) contributions are not related to the integration of
CEP with MDE or DSL; (iv) contributions that do not adequately
integrate CEP technology with MDE or DSL; (v) contributions
that are not relevant to the objective of this SLR.
3.4. Screening procedures
The articles in this SLR were included according to the following steps:

– First step: duplicate contributions, references without authors or without abstracts were removed.
– Second step: all the titles and abstracts of the contributions
were evaluated and those that did not comply with the
inclusion and exclusion criteria were removed.
– Third step: the full texts of the remaining contributions
were evaluated according to the inclusion and exclusion
criteria, removing those that did not meet them.
Throughout this process, all articles were reviewed by two
authors and any disagreements between them were discussed
and resolved by consensus. Finally, as a result of this screening
procedure, a list of contributions was obtained which were
included in this SLR.
3.5. Data extraction

With respect to the extraction of data of interest for this SLR, we
analyzed the following information for each of the contributions:
(i) demographic data of the study (authors, year and source of
publication); (ii) scope of the contribution and its objectives;
(iii) purpose of the contribution with respect to this SLR; (iv)
results of the contribution; (v) limitations of the contribution;
and (vi) technologies used.
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From the demographic data obtained, we elaborated a synthesis
of the characteristics of the selected contributions. Specifically,
this synthesis includes: (i) number of contributions published in
conferences, scientific journals or book chapters; (ii) distribution of contributions according to the year of publication; (iii)
distribution of contributions by geographical area, taking the
affiliation of the first author into account.
The objectives of each of the contributions were summarized. In addition, these contributions were classified according
to their objectives and contributions in 5 different fields: (i)
approaches; (ii) frameworks; (iii) systems; (iv) DSLs; and (v)
other languages.
To evaluate the maturity level of the contributions included,
we distinguished different stages of development in which it can
be found: (i) requirements: the contribution is in an initial requirements analysis phase; (ii) design: the contribution focuses
on an overview of an application architecture or some of its
components; (iii) technical testing: the contribution includes a
tool with no or insufficient evaluation results; (iv) prototype testing: the contribution includes performance evaluations and/or
end-user evaluations with a working version of the tool; (v) pilot
testing: the contribution includes a real-world evaluation in a
specific context or domain; and (vi) mature: the contribution
includes a final application, tested by end-users, ready for deployment in a final production environment. Additionally, there
is a target analysis and end-user experiments.

4. Results

Identification
Screening

3.7. Synthesis and reporting

eliminate 99 more articles that were outside the context analyzed in this paper, i.e. they do not cover both MDE and CEP
technologies in any way. After this second filtering, the results
were reduced to 43 articles. Finally, after analysis of the full text,
11 articles were eliminated because they did not meet the inclusion and exclusion criteria. Therefore, the number of articles
selected for this SLR was 32.

Included

3.6. Methodological quality assessment
All contributions included in this SLR were evaluated a second time (in addition to the inclusion and exclusion criteria)
against a set of six Quality Questions (QQ) (see Table 1) which
were adopted from studies by (Shahin et al. 2014; Yang et al.
2021). Please note that each question was answered according
to whether it does or does not apply.
For each contribution, two authors independently rank the
six proposed quality questions. In case of disagreement, these
were resolved by discussion until a consensus was reached.

Identified articles:
211

Exclusion of duplicates and
without abstract or authors:
69 articles excluded.

Screened articles:
142

Title and abstract screening:
99 articles excluded.

Screened articles:
43

Full text screening:
11 articles excluded.

Articles included in
review: 32

Figure 2 PRISMA flowchart of the SLR.

4.2. Demographics of the contributions
Table 3 shows the included contributions in terms of publication
types. As it can be seen, there is a total of 32 contributions (18
journal articles, 13 conference articles and 1 book chapter).
Figure 3 illustrates the publication years of the included
contributions. Specifically, the contributions selected for this
SLR were published between 2011 and 2021, that is, the last
10 years. Moreover, as the figure shows, the year with the least
number of publications was 2012 with 0 articles and the year
with the most publications was 2018 with 6 articles.
Figure 4 shows the distribution of contributions by geographical area. Spain has the highest number of contributions with
9, followed by Germany with 8. The remaining countries have
similar numbers, ranging from 1 to 3 contributions per country.

This section presents the selection of studies, methodological
quality assessment, demographics, characteristics, case studies
and maturity level of the contributions.
4.1. Selection of the studies

Figure 2 presents the PRISMA flow diagram of the SLR presented in this paper. The search for bibliographic references was
carried out in April 2022 and included all types of contributions
published in the last 10 years (2011 – 2021). A total of 211
articles were retrieved from the different queries executed in the
chosen databases (see Table 2).
First, we eliminated duplicate articles, articles without abstracts, or articles without authors, corresponding to a total of
69 excluded articles. After this first filtering, the results were
reduced to 142 articles. Secondly, after a first reading of the
title and abstract of the remaining 142 articles, we decided to
4
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Figure 3 Distribution of articles by year of publication.

Study quality assessment questions
QQ1

Are the objectives of the study clearly identifed?

QQ2

Is the context of the study clearly stated?

QQ3

Does the research methods support the aims of the study?

QQ4

Has the study an adequate description of the technologies being used?

QQ5

Is there a clear statement of the findings?

QQ6

Are limitations of the study discussed explicitly?

Table 1 Study quality assessment questions.

Scopus

IEEE

ACM

Web of Science

Total

SQ1

20

4

77

11

112

SQ2

12

2

26

6

46

SQ3

7

5

36

5

53

Total

39

11

139

22

211

Type of publication

Contributions
(Amrani et al. 2018)
(Boubeta-Puig et al. 2014)
(Boubeta-Puig et al. 2015a)
(Boubeta-Puig et al. 2015b)
(Boubeta-Puig et al. 2019)

Table 2 Results obtained after querying the databases.

(Boubeta-Puig et al. 2021)
(Calderón et al. 2018)
(Clemente & Lozano-Tello 2018)
Journal article

(Corral-Plaza et al. 2021)
(Dávid et al. 2018)
(Ehmes et al. 2020)
(Garnier et al. 2016)
(Humm & Hutter 2020)
(Leroy et al. 2020)
(Mulo et al. 2013)
(Taher et al. 2013)
(Valero et al. 2022)
(Volanschi et al. 2018)
(Bauer & Wolff 2014)
(Baur et al. 2019)

Country

(Bertolino et al. 2011)
(Bruns et al. 2014)
(Etzion et al. 2016)

Figure 4 Distribution of articles by country.

(Kambona et al. 2015)
Conference article

(Kohler et al. 2018)

4.3. Methodological quality assessment

(Majzik et al. 2019)

Figure 5 shows the results of the evaluation of the methodological quality of the contributions included in this SLR: 31 contributions indicated the aims of the research conducted (QQ1. Are
the objectives of the study clearly identified?), 30 contributions
commented on the context to which the study was applied (QQ2.
Is the context of the study clearly stated?), 22 contributions explicitly included the methods that supported their research (QQ3.
Does the research methods support the aims of the study?), 31
contributions adequately described which technologies were
used to carry out the study (QQ4. Has the study an adequate
description of the technologies being used?), 31 contributions

(Parra-Ullauri et al. 2021)
(Roledene et al. 2016)
(Tragatschnig & Zdun 2013)
(Vidackovic & Weisbecker 2011)
(Weisenburger et al. 2017)
Book chapter

(Dávid & Gönczy 2013)

Table 3 Types of contributions included.
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presented evaluations and results of their studies (QQ5. Is there
a clear statement of the findings?) and, finally, 14 contributions
discussed the limitations of their results (QQ6. Are limitations
of the study discussed explicitly?).
Yes

No

40

30

20

10

0
Q1

Q2

Q3

Q4

Q5

Q6

Figure 5 Methodological quality assessment of the included

contributions.

4.4. Characteristics of the contributions

From the analysis of papers’ aims, we identified the following
types of contributions included in this SLR:
– Approaches for automatic code generation, 13 contributions for: (i) facilitating the design of event patterns
(situations of interest to be detected) and then automatically transforming into EPL code (Boubeta-Puig et al.
2014); (ii) allowing domain experts to easily define both
event patterns and alerts for real-time notification, and then
automatically transforming them into EPL code, which
is executable by a CEP engine, and XML code, which
is executable by an enterprise service bus, hiding all implementation details through the proposed MEdit4CEP
graphical modeling tool (Boubeta-Puig et al. 2015a); (iii)
transforming event pattern models into PCPN models and
then into XML, which is executable by the CPN Tools
framework with the aim of checking the semantic behavior of the patterns, through the developed MEdit4CEPCPN, an extension of MEdit4CEP that integrates CEP and
PCPN (Boubeta-Puig et al. 2019); (iv) allowing domain
experts to graphically define event patterns that interact
with the Ethereum blockchain network without the need
to write code through CEPchain, a graphical modeling
tool that integrates CEP with blockchain (Boubeta-Puig
et al. 2021); (v) facilitating the design of gamification
strategies, their monitoring and code generation in CEPbased systems through MEdit4CEP-Gam, an extension of
the MEdit4CEP graphical modeling tool that integrates
CEP and gamification (Calderón et al. 2018); (vi) analyzing open data sources in near-real time through the
integration of MDD and CEP capable of generating specific code from heterogeneous technologies (Clemente &
Lozano-Tello 2018); (vii) consuming, processing and analyzing heterogeneous data in real time, providing domain
6
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experts with MEdit4CEP-SP, an extension of MEdit4CEP
that integrates Stream Processing (SP) and CEP to infer
and define heterogeneous data domains, and model the
event patterns to be detected in these domains (CorralPlaza et al. 2021); (viii) combining CEP techniques with
live model queries and transformations (Dávid et al. 2018);
(ix) achieving automatic transformations from computation
independent model for mobile fraud detection (Etzion et
al. 2016); (x) testing black-box systems for autonomous
vehicles with guaranteed coverage by combining modelbased techniques (Majzik et al. 2019); (xi) the creation of
adapters of incompatible web service interfaces and transforming them into code through a graphical editor (Taher et
al. 2013); (xii) allowing end users to easily define event patterns and obtain an automatic transformation into BPCPNs,
i.e. PCPN models with black sequencing transitions, and
then transforming them into their corresponding PCPNs,
which are executed in CPN Tools (Valero et al. 2022); and
(xiii) the integration of model-driven development with
CEP and Business Process Modeling Notation (BPMN)
for dynamic executable service compositions in enterprise
environment (Vidackovic & Weisbecker 2011).
– Frameworks, 4 contributions for: (i) monitoring applications in the cloud through the combination of CEP and
MDD (Baur et al. 2019); (ii) providing reusable and customized elements of a context-specific language to aid efficient development of DSLs (Dávid & Gönczy 2013); (iii)
providing programmer constructs dedicated to distributed
event composition and group coordination by the Mingo
framework (Kambona et al. 2015); and (iv) modeling enterprise integration architectures that combine concepts of
event-driven architecture, model-based development and
architectural views (Tragatschnig & Zdun 2013).
– Systems, 5 contributions for: (i) processing text stream
and filtering information through a reference domain
model (Bauer & Wolff 2014); (ii) detecting composite
events by using the publish/subscribe messaging pattern
that is integrated in a monitoring infrastructure called
Glimpse (Bertolino et al. 2011); (iii) describing error conditions during the automatic assembly of robot components
by using learning patterns and training from a labeled data
set so that employers are able to correctly classify optimization problems (Humm & Hutter 2020); (iv) empowering
smart trading strategies based on events by the so-called
Genibux system (Roledene et al. 2016); and (v) automatically adapting to changes in environmental conditions
while guaranteeing a certain level of quality through the
AdaptiveCEP system (Weisenburger et al. 2017).
– DSLs, 7 contributions for: (i) defining and manipulating
IoT devices in domestic environments by using IoTDSL
to deploy IoT infrastructures in a declarative and semantic event-driven way (Amrani et al. 2018); (ii) defining
CEP domains and event patterns through a graphical DSL
known as ModeL4CEP (Boubeta-Puig et al. 2015b); (iii)
defining event patterns through a textual DSL known as
DS-EPL (Bruns et al. 2014); (iv) filtering and identifying
user-specific events by integrating CEP with multi-tree sen-

sor modeling (Garnier et al. 2016); (v) performing runtime
verification by using a temporal property language with
a semantics customized for this verification (Leroy et al.
2020); (vi) creating monitoring components for processbased Service-Oriented Architectures (SOAs) using development techniques (Mulo et al. 2013); and (vii) applying online states of binary sensors to ambient-assisted
living (Volanschi et al. 2018).
– Other languages, 3 contributions for: (i) combining Incremental Graph Pattern Matching (IGPM) and CEP patterns by a tool built on a new specification language called
GrapeL (Ehmes et al. 2020); (ii) integrating CEP with
network computing through a tool to compile CEP operations formulated in P4 code through a rule specification
language known as P4CEP (Kohler et al. 2018); and (iii)
integrating CEP with event graph models to allow SelfAdaptive Systems (SAS) domain experts to describe global
system behavior and represent global explanations in a
human-understandable way (Parra-Ullauri et al. 2021).
4.5. Case studies of the contributions

Table 4 summarizes the case studies in which the different
contributions included in this SLR have been applied. These
case studies can be of two types: real or simulated. We consider
a real case study if it has been applied to a real scenario, or the
data used is real data. However, a simulated case study is one
that has been applied to simulated (not real) scenarios or the
data used is test data. Please note that some contributions have
not been applied to any case studies, so they have been marked
with a “-”.
4.6. Maturity level of the contributions

Table 5 shows the different development phases of the contributions included in this SLR. No contribution is in the requirements phase and only two are in the design phase. The
remaining contributions have been classified into technical testing (5 contributions), prototype testing (12 contributions) and
finally pilot testing (13 contributions). Remarkably, none of
the contributions included in this SLR has been classified as
mature.
Figure 6 shows the number of contributions by maturity level
over the years of publication. The most mature solutions are
not necessarily associated with the most recent years. Figure 3
shows how in recent years the number of articles published has
been increasing, this is why Figure 6 shows an increasing trend
in the maturity of the contributions.

5. Discussion
In this section, we will discuss and answer the research questions formulated in Section 3.1.
– RQ1: Which are the main advantages/benefits of integrating MDE and CEP?
From the contributions included and analyzed in this
SLR, we can affirm that the integration of MDE and CEP
brings several advantages. One of this advantages is that
graphical modeling editors (Boubeta-Puig et al. 2015a,b),
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Figure 6 Number of contributions by maturity level over
years.

tools (Calderón et al. 2018) and solutions (Roledene et
al. 2016) can be provided to users, who are not experts in
certain technologies but in a specific domain, with the aim
of facilitating them the detection of situations of interest in
real time (Corral-Plaza et al. 2021). These real-time situations can be analyzed, processed and a series of actions can
be performed according to the event patterns that have been
previously defined. Other advantages are as follows: models are user-friendly and defined once and then automatically transformed into different required implementation
languages like Esper EPL or SiddhiQL (Boubeta-Puig et
al. 2015a), error-free implementations (Leroy et al. 2020),
productivity improvement in development and easy adaptability to changes (Weisenburger et al. 2017). Additionally,
it also allows integrating with other technologies such as
blockchain (Boubeta-Puig et al. 2021), P4 (Kohler et al.
2018), IGPM (Ehmes et al. 2020) and PCPN (BoubetaPuig et al. 2019). Moreover, most of the contributions can
be used in different domains, i.e. they can be applied to
different real-world scenarios (Taher et al. 2013).
– RQ2: Which are the main characteristics/functionalities
of the existing model-driven solutions for CEP?
The main characteristics/functionalities of the contributions in the scope of the MDE for CEP applications are:
(i) Graphical modeling editors to define CEP domains and
patters (Boubeta-Puig et al. 2014); (ii) Automatic generation of CEP application models (Boubeta-Puig et al.
2015b); (iii) Automatic code generation for CEP applications (Calderón et al. 2018); (iv) Real-time decision
making through models in CEP applications (BoubetaPuig et al. 2015a); (v) Alert detection and notification
through models for CEP applications (Boubeta-Puig et
al. 2019); (vi) Graphical editor that allows the creation
of CEP applications that interact with blockchain networks (Boubeta-Puig et al. 2021); (vii) Graphical editor
that allows the creation of CEP applications in the field of
gamification to implement, control and monitor gamification strategies (Calderón et al. 2018); (viii) Tools addressing the complexity of heterogeneous technologies in the
context of open data sources and CEP through a MDD ap-
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Contribution

Type

(Amrani et al. 2018)

Smart home

Simulated

(Bauer & Wolff 2014)

Processing text stream and filtering information

Real

(Baur et al. 2019)

Multi-cloud infrastructure

Simulated

(Bertolino et al. 2011)

Photo-sharing scenario

Simulated

(Boubeta-Puig et al. 2019)

Air quality

Real

(Boubeta-Puig et al. 2014)

Health-care scenario

Simulated

(Boubeta-Puig et al. 2015a)

Network security

Simulated

(Boubeta-Puig et al. 2015b)

-

-

(Boubeta-Puig et al. 2021)

Vaccine supply chain scenario

Real

(Bruns et al. 2014)

Machine-to-machine communication

Real

(Calderón et al. 2018)

Gamification

Simulated

(Clemente & Lozano-Tello 2018)

Air quality & earthquake data

Simulated

(Corral-Plaza et al. 2021)

Smart water network management

Real

(Dávid & Gönczy 2013)

IT infrastructure monitoring

Simulated

(Dávid et al. 2018)

On-the-fly gesture recognition

Simulated

(Ehmes et al. 2020)

Flight booking scenario

Simulated

(Etzion et al. 2016)

Mobile phone fraud detection

Real

(Garnier et al. 2016)

Rooms lighting scenario

Simulated

(Humm & Hutter 2020)

Assembly of electrical components by a robot

Simulated

(Kambona et al. 2015)

Mobile drawing application

Simulated

(Kohler et al. 2018)

Predicates on simple L3/L4-packets

Simulated

(Leroy et al. 2020)

Executable DSLs (xDSLs)

Simulated

(Majzik et al. 2019)

Autonomous vehicles

Simulated

(Mulo et al. 2013)

-

-

(Parra-Ullauri et al. 2021)

Airborne base stations SAS

Simulated

(Roledene et al. 2016)

Foreign currency exchange market (Forex)

Simulated

(Taher et al. 2013)

Web services with incompatible interfaces

Simulated

(Tragatschnig & Zdun 2013)

Telecom industry

Simulated

(Valero et al. 2022)

Monitoring of pregnant women

Simulated

(Vidackovic & Weisbecker 2011)

Logistics processes for aviation catering goods

Simulated

(Volanschi et al. 2018)

Ambient assisted living

Real

(Weisenburger et al. 2017)

-

-

Table 4 Case studies of the included contributions.
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Maturity level

Contributions

Requirements

None

Design

(Bauer & Wolff 2014)
(Boubeta-Puig et al. 2015b)
(Baur et al. 2019)
(Dávid & Gönczy 2013)

Technical testing

(Humm & Hutter 2020)
(Majzik et al. 2019)
(Tragatschnig & Zdun 2013)
(Amrani et al. 2018)
(Bertolino et al. 2011)
(Clemente & Lozano-Tello 2018)
(Dávid et al. 2018)
(Ehmes et al. 2020)

Prototype testing

(Kambona et al. 2015)
(Kohler et al. 2018)
(Mulo et al. 2013)
(Parra-Ullauri et al. 2021)
(Taher et al. 2013)
(Vidackovic & Weisbecker 2011)
(Volanschi et al. 2018)
(Boubeta-Puig et al. 2014)
(Boubeta-Puig et al. 2015a)
(Boubeta-Puig et al. 2019)
(Boubeta-Puig et al. 2021)
(Bruns et al. 2014)
(Calderón et al. 2018)

Pilot testing

(Corral-Plaza et al. 2021)
(Etzion et al. 2016)
(Garnier et al. 2016)
(Leroy et al. 2020)
(Roledene et al. 2016)
(Valero et al. 2022)
(Weisenburger et al. 2017)

Mature

None

Table 5 Maturity levels of the included contributions.

proach (Clemente & Lozano-Tello 2018); (ix) CEP applications capable of consuming and processing heterogeneous
data in real time (Corral-Plaza et al. 2021); (x) Integration
of IGPM technology into CEP applications through specification languages (Ehmes et al. 2020); (xi) Specification
language to integrate CEP with network computing (Kohler
et al. 2018); (xii) Genibux Strategy Language (GSL) that
allows for the improvement of the trading experience in
the foreign exchange market thanks to a high-level editor
and diagrams based on CEP applications (Roledene et al.
2016); (xiii) Model-driven approach to model enterprise integration architectures (Tragatschnig & Zdun 2013); (xiv)
Graphical editor to transform event patterns into PCPN
models (Valero et al. 2022); and (xv) Model-driven proposal that integrates CEP with BPMN (Vidackovic & Weisbecker 2011).
– RQ3: Which are the application domains in which these
solutions have been successfully adopted?
The domains in which these contributions have been
applied successfully include IoT in domestic environments (Amrani et al. 2018), text stream processing and
information filtering (Bauer & Wolff 2014), monitoring (Mulo et al. 2013), automatic generation of CEP to
PCPN domains (Valero et al. 2022), easy design of event
patterns (Boubeta-Puig et al. 2014), detection of realtime notifications and alerts (Boubeta-Puig et al. 2015a),
blockchain integration (Boubeta-Puig et al. 2021), gamification integration (Calderón et al. 2018), analysis of
open data sources (Clemente & Lozano-Tello 2018), assistance in the efficient development (Dávid & Gönczy
2013), mobile phone fraud detection (Etzion et al. 2016),
multi-tree sensor modeling (Garnier et al. 2016), binary
sensors (Volanschi et al. 2018), automatic assembly of
robot components (Humm & Hutter 2020), programmer
constructions (Kambona et al. 2015), network computing (Kohler et al. 2018), autonomous vehicles (Majzik et al.
2019), human-understandable expressions (Parra-Ullauri
et al. 2021), enterprise integration architectures (Tragatschnig & Zdun 2013), BPM (Vidackovic & Weisbecker
2011), dynamic environments (Weisenburger et al. 2017),
smart cities (Clemente & Lozano-Tello 2018), air quality (Clemente & Lozano-Tello 2018), water quality (CorralPlaza et al. 2021), heterogeneous data (Corral-Plaza et al.
2021), SOAs (Mulo et al. 2013) and trading systems (Roledene et al. 2016).
– RQ4: Which are the limitations or difficulties of the MDE
and CEP integration?
The main limitations or difficulties presented by the authors of the selected papers are as follows: (i) Not being
able to represent all types of patterns, only those related
to Enterprise Application Integration (EAI) patterns (Tragatschnig & Zdun 2013); (ii) Lack of computational power
for labeling when processing text streams as it requires
a large amount of statistical calculations (Bauer & Wolff
2014); (iii) Necessity of knowing EPLs to be able to define
complex event patterns to obtain better results (Clemente
& Lozano-Tello 2018); (iv) There are not enough oper-
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ators to be able to model any event pattern that can be
implemented directly with an EPL (Boubeta-Puig et al.
2015b); (v) Inability to take into account the legal regulations and ethical issues of specific domains where such
solutions are applied (Calderón et al. 2018); (vi) Differences in performance depending on the CEP engine used
for integration (Kambona et al. 2015); and (vii) Latency
problems may occur (Kohler et al. 2018).
– RQ5: Which are the future research challenges in the CEP
field?
Most of the authors agree on the lines and challenges of future work on their contributions in the field of CEP, which
are as follows: (i) Extension of the solutions so that they
can be used in any domain (Vidackovic & Weisbecker
2011); (ii) Extension of the solutions so that these can
be used by anyone regardless of his/her knowledge about
the technologies (Amrani et al. 2018); (iii) Possibility to
run the solutions on lightweight devices, such as a micro controller (Volanschi et al. 2018); (iv) Optimizing
and improving the performance of the solutions so that
they can be scalable (Dávid et al. 2018); (v) Integrating
the developed solutions with other unused and emerging
technologies (Corral-Plaza et al. 2021); (vi) Generating
reliability and user confidence in the solutions (Bertolino
et al. 2011); (vii) Possibility of being able to define more
complex patterns (Boubeta-Puig et al. 2019); and finally
(viii) Improving usability of the proposals (Corral-Plaza et
al. 2021).

details from them. Moreover, these contributions can be applied
to most of the real-world scenarios of interest, but they may
need to evolve to a level of maturity.
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