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Abstract. The Systems of Systems area has received more attention due to the 

growing demand from society and organizations for more integrated and complex 

services. As a result, the challenge for engineers to model business processes in 

increasingly complex systems has also grown. The main contribution of this paper 

is to provide a wide overview about the business process modeling approaches in 

the context of systems of systems. Through a systematic mapping of the literature, 

33 studies were selected to answer four research questions. The analysis of the 

extracted data showed that the approaches to business process modeling has not 

evolve in the necessary way. This result shows that the area needs to receive more 

attention from researchers. 

1. Introduction 

Systems of Systems (SoS) are increasingly present within software engineering. SoS are 

alliances of independent systems (known as constituents) that work together to achieve 

complex behaviors. Several challenges arise in the development of such complex systems 

that address a set of unique characteristics when compared to other systems, i.e., the 

managerial and operational independence of constituents that leads to an often highly 

dynamic architecture. One of the challenges presented by SoS is its modeling, particularly 

for the business processes that rely on the interoperability of the constituents. SoS planning 

and architectural design stages can face difficulties. Once the architecture can be highly 

dynamic, the business process should be flexible and inter-organizational, which leads to 

problems with the precision of the current languages to precisely capture such aspects. Hence, 

we claim that current approaches and notations (e.g., UML, SySML and BPMN) do not 

provide a suitable support for complete modeling and adaptations as required [Neto et al. 

2017]. This creates a gap in SoS modeling, which becomes a considerable obstacle if a 

Model-based Software Engineering (MBSE) approach is being used because it may not be 

possible to accurately represent the interactions and activities in that context. 

 To address this problem, this study used the guidelines prescribed by Kitchenham and 

Charters (2017) to conduct a Systematic Mapping and provide an overview of the use of 

languages and notations for business process modeling in SoS. From a set of 1400 retrieved 

studies, 33 were included and analyzed. Results reveal that the approaches to business 

process modeling has not evolve in the necessary way to fully serve the context of SoS. 

 The remainder of the paper is structured as follows. In the next section, the 

background is presented. Then, in Section 3, the methodology established for the conduction 

of the systematic mapping is introduced. In Section 4, the results from the analyses of 
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collected data are presented and the research questions are answered and discussed. In 

Section 5, we present the main conclusions and limitations of this study. 

2. Background 

SoS are large-scale integrated systems that are heterogeneous and independently operable on 

their own but are networked together for a common goal [Jamshidi 2008]. 

 Maier (1996) characterizes SoS using the following well-defined dimensions: (i) 

operational and managerial independence of the constituent systems, which can be 

independently managed and deliver functionalities even when not working with other 

systems; (ii) evolutionary development, once SoS may evolve over time to respond to 

changing characteristics in its environment, in its mission, or in the constituent systems; (iii) 

geographical distribution, because the systems collaborating in an SoS are distributed over a 

large geographic extent; they can only exchange information among themselves; (iv) 

emergent behaviors, which result from the collaboration of the constituent systems and 

cannot be achieved by any of the individual systems. The SoS architecture is then potentially 

dynamic, i.e., the architectural conformance changes over time due to autonomous 

constituents joining and leaving the SoS at runtime [Oquendo 2016]. 

Business Process Modeling (BPM) is the activity of representing processes of an enterprise. 

In software engineering, this modeling is often applied during the planning stage in mapping 

business requirements and workflows.  

 Several modeling languages can be used to facilitate the work of engineers in this 

task, such as Unified Modelling Language (UML), System Modeling Language (SysML), 

Business Process Model and Notation (BPMN) and others. These languages with their 

graphic notations facilitate communication and understanding of the processes, reducing 

possible ambiguities that would cause future side effects. 

 SoS, as traditional systems, also need to model their business processes, so the 

concepts and applications of BPM are also present. However, the unique characteristics of 

SoS make BPM more challenging. One of these issues, for example, is how to model 

collaborative processes between organizations when constituents can join or leave SoS at run 

time? [Neto et al. 2017]. The study reported herein then aims to spot that subject. 

3. Methodology 

This study conducted a literature search by performing a secondary research called the 

Systematic Mapping Study. This type of study is designed to provide a wide overview of a 

research area to establish if research evidence exists on a topic and provide an indication of 

the quantity of the evidence [Kitchenham and Charters 2007]. Petersen, Vakkalanka, and 

Kuzniarz (2015) defines the Systematic Mapping Study as a defined method to build a 

classification scheme and structure a software engineering field of interest. 

 A Systematic Mapping Study has the same rigor of a Systematic Literature Review 

(SLR) and needs to follow the same steps: (i) planning, (ii) conducting, (iii) reporting. The 

planning stage will support the researchers to define, among other things, the scope of the 

study, the research questions and strategy, as well as the inclusion and exclusion criteria and 

the data extraction form. In the conduction stage, the defined plan will be executed, and the 

studies will be searched, evaluated, selected and the relevant information are extracted so 

that the research questions can be answered. Finally, in the reporting stage, the results of the 
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review will be disseminated. Academics usually assume that dissemination is about reporting 

results in academic journals and / or conferences. 

3.1 Protocol 

The protocol summary of this systematic mapping study is shown in Table 1. Details of the 

protocol are available in https://encurtador.com.br/hwyP4. 

Table 1 – Protocol Summary. 

Research Questions 

RQ1: What notations have been used to specify and manage business 
processes in the context of Systems of Systems?  
Rationale: Understanding what notations are being used to specify and 
manage business processes provides a way to gain a broader view of 
BPM activity in SoS, given the importance of notations for the activity. 
 
RQ2: Which difficulties related to business processes have been faced in 
Systems of Systems?  
Rationale: This RQ brings information about the existing problems 
related to business processes in systems of systems. This information 
can guide the search for new solutions and improvements in the area. 
 
RQ3: How has Business Process Model and Notation been applied in the 
context of Systems of Systems?  
Rationale: Due to the importance of BPMN in the business process, it is 
important to detail its use and its limitations when applied in SoS. 
 
RQ4: Are the notations used to model business process in Systems of 
Systems expressive enough for representing all Systems of Systems 
characteristics? 
Rationale: This RQ collects information about the coverage of the 
notations currently used to model business processes, considering that 
the characteristics of SoS tend to be more complex, and that information 
can answer if there is a need for new symbols or notations to support 
SoS. 

Search String 

("systems of systems" OR "SoS" OR "system of system" OR "systems of 
system" OR "system of systems" OR "systems-of-systems" OR "system-
of-system" OR "systems-of-system" OR "system-of-systems" OR 
"systems of information systems" OR "SoIS" OR "systems of information 
system" OR "systems-of-information systems" OR "systems-of-
information system") AND ("business process modeling" OR "BPM" OR 
"business process modelling" OR "business process model" OR "BPMN") 

Search Strategy 
Scopus; IEEExplore; ACM Digital Library; Google Scholar; Engineering 
Village; SpringerLink 

Inclusion Criteria 

IC1: The study addresses the use of Business Processes in Systems of 
Systems 
IC2: The study addresses the use of Business Processes in Systems-of-
Information 

Exclusion Criteria 

EC1: The study does not address the use of Business Process in 
Systems of Systems 
EC2: The study does not address the use of Business Process in 
Systems-of-Information Systems 
EC3: The study is written in a language other than English 
EC4: The full text of the study is not available 
EC5: The study is directly related to another primary study of the same 
author 
EC6: The study was not peer-reviewed 
EC7: The study is gray literature 
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Quality Assessment 

QQ1: Do the authors present an overview of related work and 
background regarding the area of the study?  
QQ2: Does the study provide a clear justification about the methods used 
in the study?  
QQ3: Is there a clear statement of contributions and has sufficient data 
been presented to support them?  
QQ4: Do the authors explicitly discuss the credibility and limitations of 
their findings? 

 

4. Results  

Table 2 shows the results of the search, and the application of the inclusion and exclusion 

criteria. The list of all selected studies and their respective identifiers can be found in 

https://encurtador.com.br/hwyP4. 

Table 2 – Databases with total, excluded and included studies. 
Database Total Duplicated Excluded Included 

Scopus 471 2 440 29 

IEEExplore 19 18 1 0 

ACM Digital Library 186 25 160 1 

Google Scholar 100 32 65 3 

Engineering Village 44 39 5 0 

SpringerLink 580 84 496 0 

Total 1400 200 1167 33 

 Figure 1 shows the 33 selected studies distribution over years. We can see an increase 

in interest between BPM and SoS as of 2016, but it still seems to be too small and fluctuating 

to be able to face all the challenges that these complex systems address. 

 

 

Fig 1. Publications per year. 

RQ1: What notations have been used to specify and manage business processes in the 

context of Systems of Systems?  

Figure 2 shows the models/languages/notations that were used or presented as an option in 

the studies. We can see that BPMN has a wide adoption in the SoS area, but not necessarily 

to model only business processes. Most studies that used BPMN, did it to model parts of the 
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architecture, but without addressing all the characteristics of SoS. Only 6% of the studies 

(Lahboube, Roudies, and Souissi 2016; Wu et al. 2012) explicitly mention the modeling of 

business processes in SoS. This may indicate the lack of a notation that supports the full 

representation of business processes in SoS. 

 

Fig 2. Models/languages/notations presented in the selected studies. 

RQ2: Which difficulties related to business processes have been faced in Systems of 

Systems?  

The biggest problem reported by the studies refers to the lack of expressiveness of the 

elements present in the notations [Arnautovic, Svetinovic and Diabat 2012; Neto et al. 2016; 

Tikito and Souissi 2017; Neto et al. 2018], mainly to represent the interactions between the 

systems and thus be able to represent the emerging behaviors. 

 The analysis of the studies also demonstrated the lack of notations and tools that could 

execute the defined models without the need to transform a non-executable language as UML 

and BPMN to an executable one such as BPEL or DEVS (S22, S26, S9). 

 This transformation step to allow the execution of the models could be avoided, if 

there were alternatives to directly execute the models created with BPMN. However, none 

of the studies demonstrated that this type of direct execution is possible. In Candela et al. 

(2017) (S19) this problem does not happen because the language presented for modeling is 

also an executable language. 

RQ3: How has Business Process Model and Notation been applied in the context of 

Systems of Systems? 

BPMN was present in 58% of the studies (S28, S11, S12, S1, S4, S14, S17, S18, S15, S21, 

S22, S23, S9, S3, S10, S6, S25, S26, S27), showing great adoption in the context of SoS. 

This is largely due to its popularity that already exists in normal software engineering 

contexts. 
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Fig 3. BPMN usage in software life cycle phases. 

 The analysis of the studies showed that despite the real purpose of BPMN being the 

modeling of business processes, it is more applied in the design stage, than in the planning 

and analysis stage. One of the reasons for this result may be the BPMN's inability to cover 

all the characteristics of SoS modeling, a problem that was found by this systematic mapping. 

Another reason is that BPMN is a trivial and easy to understand notation, which is why it 

was used to model parts of the system architecture that did not require a formalism, such as, 

for example, to model the understanding of some aspect or solution (S28).  

RQ4: Are the notations used to model business processes in Systems of Systems 

expressive enough for representing all Systems of Systems characteristics?  

The synthesis of the extracted data shows us that the notations used to model business 

processes in SoS are not yet sufficiently mature and adequate to meet the special needs of 

this context. Some studies (S1, S29, S20) indicated that modifications are necessary to 

achieve greater representativeness, either by modifying existing notations or creating new 

ones. 

 Another strong indication that supports this observation is the low number of studies 

that directly address the theme or that cites the need to adapt the characteristics of SoS. The 

challenges of modeling business processes still seem to be too abstract to be portrayed 

directly in studies in the area. 

 When BPMN was the language chosen to model some aspects of SoS, considerations 

were cited about how it could better serve the context of SoS, such as providing easier ways 

to represent the interactions between SoS component systems (S17); more dynamic 

characteristics that make it possible to represent the emerging behaviors of SoS (S15); better 

ways to model processes with complex data dependencies (S26). 

4.1 Quality Assessment 

The selected studies were evaluated on each of the quality questions. For each question, 3 

notes were possible according to the following scale: (i) the study fully meets a given quality 

criterion (1.0 point); (ii) the study meets the quality criterion to some extent (0.5 point); and 

(iii) the study does not meet a quality criterion (0 point). Table 3 shows the result of the 

assessment. 
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 The quality assessment showed that 75% of the selected studies had an assessment 

above 2.5, which is a good indication of the quality of the studies since the highest value on 

the scale is 4. 

Table 3 – Quality assessment of selected studies. 
# Quality Score # Quality Score 

S23 4.0 S8 3.0 

S22 4.0 S16 2.5 

S29 4.0 S25 2.5 

S20 4.0 S11 2.5 

S26 4.0 S27 2.5 

S30 4.0 S32 2.5 

S31 3.5 S6 2.5 

S9 3.0 S5 2.5 

S15 3.0 S4 2.0 

S10 3.0 S17 2.0 

S14 3.0 S2 2.0 

S19 3.0 S21 2.0 

S18 3.0 S13 2.0 

S24 3.0 S28 2.0 

S33 3.0 S1 1.0 

S3 3.0 S12 0.5 

S7 3.0   

4.2 Threats to Validity 

There are some threats to validity in the findings presented in this study. As the research area 

that this study addresses is new, it was not possible to define any control group to calibrate 

the search string. Due to these facts, important studies may have been left out of the selection. 

To minimize this possibility, six databases were included, and the search string was created 

with many combinations of synonyms.  

 More threats to validity are present in the data extraction process to answer the 

research questions, it was necessary to subjectively interpret the information provided by the 

studies, since many studies do not clearly expose details about the investigated questions. To 

mitigate this possible problem, the data extraction was reviewed by an expert. 

5. Final Remarks 

This study presented a systematic mapping study on Business Process Modeling in the 

context of Systems of Systems, with special emphasis on the notations used in modeling. As 

we have seen, there is still a lot of work to be done in the area. 

 The contributions of this study include the realization of the need for more studies 

that address the challenges of BPM in SoS, so that the area can be better analyzed by more 

researched, more problems and challenges can be recognized and solutions and 

improvements can be developed. 

 As a future work, we point out the need to define a notation for the modeling of 

business processes that can represent all the characteristics of SoS, including the interactions 

between the constituent systems and the emerging behaviors that arise from their interactions. 
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and Didier, A. and Mota, A. 

2013 

S9 
Model-Driven Systems Engineering for Netcentric System of Systems 
with DEVS Unified Process 

Mittal, Saurabh and Martín, José Luis Risco 2013 

S10 Processing chains in system of systems 
Ploom, T. and Last, I. and Glaser, A. and Scheit, 
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