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Abstract 

 

"Microservices" is an architectural and organizational style in software design and development in 

which there is a composition mechanism for independent microservices to call, communicate, and 

message each other within an application. The microservices composition approach makes design 

easier to scale, faster to develop, and can accelerate the introduction of new features into 

applications. To satisfy business requirements, selecting the proper composition style is important 

for software development; otherwise, application development may fail.  

The objective of this research is to investigate the hybrid method for composing microservices and 

compare it with other composition approaches (choreography and orchestration), using quality 

metrics from the software engineering and business process modeling literature. More precisely, 

we make use of coupling, cohesion, and scalability metrics to analyze BPMN models representing 

e-commerce scenarios modeled as microservice compositions. 

This thesis follows the five steps: research problem identification and objectives, requirement 

analysis and system design, model design and development, model testing and deployment, and 

evaluate our BPMN models representing microservice compositions. We develop multiple BPMN 

workflows as artifacts to analyze choreography, orchestration, and hybrid styles for the 

microservices composition of e-commerce scenarios. We propose several hybrid models by 

integrating orchestrations and choreographies in the same workflow.  

We created a series of small, mid-sized, and end-to-end workflows of e-commerce scenarios. At 

the tool level, we use the Camunda Modeler, Camunda Platform 8 (as the automation process 

engine), and Amazon Web Services (AWS) to design, develop, and deploy our models.  

Finally, we use our calculations of the coupling, cohesion, and scalability measures to reveal an 

understanding of modeling microservices choreography, orchestration, and hybrid approaches, and 

we discuss when to use a specific approach for microservices composition. We have found from 

the evaluation that our proposed models are less tightly coupled compared to those modeled using 

orchestration and choreography. However, we also discovered that the orchestration style offers 

better scalability and a lower ratio of coupling and cohesion compared to choreography and hybrid 

approaches. 
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Chapter 1.  Introduction 

 

Microservices represent a new trend and a novel variant of service-oriented architecture (SOA) 

that emphasizes the design and development of scalable software that is also highly maintainable. 

Microservices constitute an architectural approach that structures applications as a collection of 

small, autonomous services, designed around a certain business logic (Asri et al., 2022; Davide 

Taibi, Lenarduzzi, & Pahl, 2018). It represents a software design style in which complex 

applications are composed of small, independent collections of services that communicate among 

each other. Microservices are autonomous services each of which performs independently where 

services are developed, deployed, tested, upgraded, and scaled around a business capability  (Lewis 

& Fowler, 2014; Nadeem & Malik, 2022; Volynsky et al., 2022). Thus, Microservice Architecture 

(MSA) is an architectural paradigm that ties together many highly cohesive but loosely coupled 

services (Dragoni et al., 2017; Müller, 2019; Rademacher et al., 2018).  

MSA performs independently and communicates via messaging and Representational State 

Transfer Application Programming Interface (REST API), whereas SOAs are more flexible in 

terms of utilizing various messaging protocols, such as Simple Object Access Protocol (SOAP), 

and Advanced Messaging Queuing Protocol (AMQP) for communication. MSA can be built using 

a wide range of technologies and languages, based upon a few basic principles: bounded context, 

size, and small services being autonomous of each other (Hasselbring & Steinacker, 2017). 

Microservices in such an architecture are especially well-suited for building, testing, deploying, 

operating, and monitoring software (Savchenko et al., 2018). The key principles of MSA include 

structural automation, business capability, decentralized control, and design for failure (Butzin, 

Golatowski, & Timmermann, 2016; Lewis & Fowler, 2014; Pahl & Jamshidi, 2016). Some 

architectural styles have been proposed and used to design microservice-based applications, which 

have been developed, tested, deployed, and operated by small teams (Richardson, 2020). 

Since microservices composition is a style that combines lightly coupled services together to 

deliver a solution for business requirements, each service performs its corresponding task for 

ensuring the proper functioning of the entire application. As such, it becomes crucially important 

to define a communication mechanism between and among the microservices for the 

application(s). Any medium to large-sized organization usually will have thousands of distributed 
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microservices across its business applications landscape (A. H. Filho et al., 2021;  Taibi et al., 

2018). To offer valuable services to users, while minimizing coupling and reducing complexity 

among the microservices, effective control becomes an important factor for such distributed 

microservices. They must be composed in a way that satisfies the business requirements (Ortiz, 

Torres, & Valderas, 2020).   

The main goal of this thesis is to investigate a hybrid composition style for microservices by 

adapting the good aspects of choreography and orchestration and assessing our resulting model’s 

using coupling, cohesion, and scalability metrics. We use e-commerce applications as our research 

domain; hence our models represent common e-commerce scenarios. 

1.1 What is Service-Oriented Architecture? 

Service-oriented architecture (SOA) is an architectural style in software engineering; it defines a 

way for software architectures to leverage components, called services, to create applications and 

SOAP, AMQP, and other protocols as communication protocols (“What Is Service-Oriented 

Architecture?” n.d.). It offers several benefits over monolithic applications, such as faster time to 

market, maintenance efficiency, and better adaptability. 

1.2 Why Microservice Architecture (MSA)? 

Microservice architecture creates interesting opportunities for software development. MSA 

enforces explicit requirements on service granularity for exactly one business capability in an 

application (de Castro & Rigo, 2023; Rademacher et al., 2018). The main advantages of 

microservices are their scalability in collaborative distributed scenarios, as well as the enhanced 

possibilities for service development, testing, and operation (Alpers et al., 2015; Nebel et al., 2021; 

Sorgalla et al., 2018; Rademacher et al., 2019). Microservices-based application scaling is easier 

than for a monolithic application (Davide et al., 2017). The core concepts are that the microservices 

are loosely coupled with other services and have high reusability. The reusability of an application 

defines the utilization of identical microservices to provide solutions to different tasks across the 

system. The loosely coupled features allow microservices to solve the complexity of any 

application by using its reusability (Artamonov & Sukhodolov, 2018). Service-oriented 

architecture promotes sharing concepts as much as possible. Microservice architecture, in contrast, 

is designed based on the principle of minimizing the sharing of components as much as possible 

(Mark, 2016). 
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1.3 Microservices Composition 

Microservices composition is a technique that defines how multiple microservices in an 

application collaborate with each other in order to accomplish a business goal (Ali et al., 2022). In 

general, microservices use mainly two different composition approaches: orchestration 

(centralized) and choreography (decentralized) control techniques. In communicating between 

services, orchestration is synchronous, whereas choreography is asynchronous by nature (Asri et 

al., 2022; Bigheti et al., 2019; Valderas et al., 2020). Also, in an orchestration-based approach, all 

communication is performed within the system where the orchestrator (i.e., central controller) is 

responsible for it. All requests and responses are managed by the orchestrator using a 

request/response message mechanism for communication. Alternatively, choreography distributes 

its control mechanism, primarily as a listen/react for communication. 

1.4 Why the e-Commerce Domain? 

There is significant growth in the popularity of microservices in software development, and many 

tech giants as well as e-commerce companies have adopted microservice architectures to build 

applications for their business, e.g., Uber, Amazon, eBay, Apple, otto.de, Airbnb, Netflix, PayPal, 

LinkedIn, Twitter and many others (Hasselbring & Steinacker, 2017; Taibi et al., 2018; Karwatka 

et al., 2018; Kappagantula, 2019).  

The first reason to select an e-commerce domain for this research is to help us investigate the 

appropriate model of microservice architecture for delivering critical new features in e-commerce 

applications and a wide range of business functionalities. E-commerce is one of the software 

industries that can benefit extensively from microservice architectures since e-commerce 

applications are built on multiple services that address user needs. In this digital era, consumer 

demands are dynamic (i.e., anywhere, anytime, and on any service). Microservices are 

transforming e-commerce application development by allowing hundreds of teams to seamlessly 

work in parallel; new features or versions of services can be released within hours rather than 

months (Goetsch, 2017). The second reason is that we have identified examples in the literature 

related to the e-commerce application domain, which leads us to believe it would be helpful to 

compare our own scenarios with other scenarios identified in the literature.  

Moreover, the literature discusses the breakdown of monolithic e-commerce applications into 

scalable microservices-based applications, demonstrating how both registered and anonymous 
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users browse through many product categories and product detail pages, and how microservices 

serve those different requests (Christudas, 2019; Hasselbring & Steinacker, 2017; Koyya & 

Muthukumar, 2022). In addition, re-architecting the monolithic, integration techniques (i.e., 

continuous integration and continuous delivery), deployment of microservices, and data 

management, as well as the pros and cons of microservices for e-commerce are presented by 

Karwatka et al. (2018). The literature describes how to use microservices and modeling for placing 

an order in an online shop (Valderas et al., 2020; Ortiz et al., 2020). Distributed transactions in a 

microservice architecture and saga pattern of e-commerce applications are defined (Rudrabhatla, 

2018). A business-to-business (B2B) e-commerce microservice-based architecture consisting of a 

business layer, service, data access layer, and data management layer is described (Wu, Ding, & 

Hou, 2019). 

E-commerce applications have increased in recent years as a way for organizations to promote 

their business and increase profits. By implementing microservices, they can overcome the 

problem of service scalability and reusability when building e-commerce applications (Asri et al., 

2022; Asrowardi, Putra, & Subyantoro, 2020; de Castro & Rigo, 2023; Shuo et al., 2023). 

Finally, selecting e-commerce applications as a domain in this research provides us with a complex 

e-commerce application structure, with the need to modify components frequently while sustaining 

usability. By using e-commerce applications, we are able to implement and study scenarios, 

starting from simple to end-to-end, and look at them from the points of view of both the enterprise 

and the consumer. 

1.5 Problem Statement  

Although MSA is being increasingly used for software development, it is still challenging for 

organizations to execute the appropriate approach to meet requirements for microservices 

composition. With regards to current knowledge and implementation gaps, we have found that 

most of the literature focuses on developing an architecture based on microservices via either a 

choreography or an orchestration-based composition approach. However, some studies propose 

their own language for service composition in MSA in facing these challenges.  

We have found several papers discussing open-source modeling tools for microservices 

orchestration, but they do not compare composition styles from a design point of view (Cao, 2020; 
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Koschel & Schulze, 2022; Rademacher et al., 2018; Hamidehkhan & Wurster, 2019; Rademacher 

et al., 2020; Rücker, 2019; Shuo et al., 2023; Valderas et al., 2020).  

Concerning empirical research in the microservice composition domain, there are only a few 

relevant contributions to hybrid composition. Just as surprising, we have found only a few studies 

that focus on microservices coupling and cohesion, and these studies do not look at how 

communication between microservices affects how they work together or how well they can 

handle growth. Furthermore, no one has evaluated these concepts in either theoretical or industrial-

level adaptation (Valderas et al., 2020). To the best of our knowledge, we identify the following 

research gaps from the literature:   

Table 1: Research Gap 

Related 

research 

Research gap Description of the gap from the related works 

 

Hybrid 

composition 

Previous works are 

generally selective in 

choosing choreography or 

orchestration for 

microservices 

architecture composition.  

Less attention has been 

given to hybrid 

composition in prior 

research. From previous 

studies, it is unclear in 

which context and when 

to use the hybrid approach 

for microservices 

composition.  

The EUCalipTool is a mobile application targeted to end-

users without programming skills and allows them to easily 

compose services. By using EUCalipTool, however, it is 

difficult to do industrial-level hybrid microservice 

composition due to a lack of scalability features that 

requires composing thousands of services for a large 

organization. EUCalipTool acts as an orchestrator between 

BPMN models and users (Valderas et al., 2020).  

A hybrid pattern used for communication between 

microservices and SOA is considered by Taibi et al. for 

migration purposes (Taibi et al., 2018); the hybrid pattern 

brings together the service registry and API gateway, and 

it swaps out the API gateway with the message bus as 

introduced by Kazanaviˇcius & Maˇzeika (2023); however, 

we did not find any indication on whether or not this 

presents a hybrid composition approach for microservice 

architecture. One simple way to use a hybrid approach, 

combine choreography and orchestration and presented as 

basic diagrams without justification described by Singhal 

et al. (2019a).  
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Although the above-mentioned studies touch on the 

technical aspects of the hybrid method of MSA-based 

systems and their adaptation in the industry, the unique 

features of the hybrid composition approach remain largely 

unexplored.  

1.6 Research Objectives  

This research has the following objectives: 

1. achieve a good understanding of choreography, orchestration, and hybrid 

compositions of microservices and the differences between them, 

2. build a comprehensive understanding of the hybrid composition of microservices 

taking advantage of the benefits of both the choreography and orchestration 

approaches and how and when to use the hybrid composition in applications; and 

3. design and implement hybrid models for microservices and analyze them based on 

metrics. 

1.7 Research Questions 

We aim to address the research gap we have identified in the previous section. The foremost goal 

of our research is to design a hybrid method for composing microservices, taking advantage of the 

orchestration and choreography approaches; and to analyze resulting models. The research aims 

to focus on the following questions: 

 RQ1: What are the advantages and disadvantages of microservices orchestration, 

choreography, and hybrid composition? 

 RQ2: In what situation should we use the hybrid techniques for microservices 

composition? 

 RQ3: How does hybrid composition compare to choreography and orchestration in 

terms of coupling, cohesion, scaling, and complexity for e-commerce systems? 

1.8 Research Contributions 

The study aims to enhance the understanding of e-commerce systems development practices by 

examining the most effective microservice composition style (orchestration, choreography, and 

hybrid) for developing e-commerce applications. To achieve this, we create BPMN models that 
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implement different e-commerce scenarios using choreography, orchestration, and hybrid 

approaches. We then evaluate and compare these models using coupling, cohesion, and scalability 

metrics. 

This study provides researchers and practitioners with guidelines and strategies for creating hybrid 

models to integrate microservices, helping them choose the right composition tools. We have made 

our models, artifacts, and codes accessible online for researchers and practitioners to use. These 

resources can be reused and applied to recreate the models as needed. 

Furthermore, this thesis makes an academic contribution by addressing the limited research on 

assessing and comparing the microservice composition hybrid style. It introduces a novel approach 

of hybrid composition by combining choreography and orchestration, utilizing multiple 

orchestrators within each model. The models and analysis presented in this study can be valuable 

to a wide range of professionals, including enterprise users, business analysts, and software 

designers. The outcomes of our research will benefit both academic researchers seeking knowledge 

on microservice composition and practitioners involved in software development across many 

industries. 

1.9 Organization of Thesis  

This thesis is structured as follows: the second chapter presents the Research Design and 

Methodology which we used in this research. The third chapter focuses on a review of 

microservices composition styles in the literature and their benefits and limitations. In the fourth 

chapter, we present three categories of designed models of microservices for e-commerce 

scenarios using BPMN. The fifth chapter focuses on the quality metrics identified in the areas of 

software engineering and business process modeling. In this chapter, we also analyze and compare 

the developed BPMN models using various metrics, including coupling, cohesion, and scalability. 

Finally, the sixth chapter presents our conclusions and outlines areas for future work. 
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Chapter 2. Research Design and Methodology 

 

This Chapter discusses the process of planning and conducting the research, including the steps 

and methods, as well as the overall research plan. 

2.1 Research Methodology 

We follow five steps in our research. These steps are described in in Figure 1. 

 

Figure 1. The five steps of our research 

1. Research Problem Identification and Objectives:  

First, we identify the research problem and research questions, comparing advantages 

(scalability, coupling, and cohesion) of microservices composition: hybrid vs. 

choreography and orchestration in the development of e-Commerce applications, based on 

recent publications. Our research objectives are focused on designing, evaluating, and 

comparing composition styles of microservices, using BPMN models in the e-Commerce 

domain. The lack of attention to the hybrid approach and its benefits is the main motivation 

for these research questions. 

2. Requirement Analysis and System Design: 

We analyse our main requirements based on the research objectives and focusing on system 

design selecting composition tools for our models considering composition styles of 
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microservices. To understand the requirements more clearly, we initially figured out the 

main ideas for microservices composition. These include different ways of designing 

systems and their characteristics, how microservices work together (using orchestration, 

choreography, and hybrid methods). Then, we performed a thorough review of the existing 

literature, known as a Systematic Literature Review (SLR). Insights will guide developers 

in deciding on model design tools, and where and when to apply which composition 

approach to satisfy their business requirements. 

3. Model Design and Development: 

Next, we design and develop e-Commerce applications based on the business logic of e-

commerce scenarios, combining both the choreography and orchestration approaches into 

a single workflow to propose a hybrid composition style for the microservices. To this end, 

we follow these steps: a) Study multiple e-Commerce websites; b) Identify, document, and 

classify e-Commerce scenarios into three categories (small-sized, mid-sized, and end-to-

end); c) Use BPMN 2.0 to model choreography and orchestration for each scenario from 

the 3 categories. We use choreography and orchestration techniques to create models for 

small scenarios, the hybrid style requires a more complicated scenario to design BPMN 

models. 

4. Model Testing and Deployment: 

In this fourth step, we will use the Camunda BPMN Modeler, Kubernetes, Camunda 

automation process engine and Amazon Web Services (AWS) to design workflows, deploy 

them on the cloud, and test whether they are working properly or not. When the number of 

microservices increases, the direct communication between microservices reduces 

scalability. The process engine can address this challenge by keeping composition logic 

and their implementation separate for these microservices (Hamidehkhan & Wurster, 

2019). In our demonstration (development and deployment) process, we follow the BPMN 

modelling guidelines in Camunda Platform 8 to design our models within the 

choreographies, orchestrations, and hybrid microservices, representing the communication 

mechanisms among the microservices and the characteristics of each composition 

approach. 

5. Model Evaluation: 
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Next, we evaluate our hybrid composition using quality metrics (scalability, coupling, and 

cohesion) found in the literature from the software engineering and workflow domains. 

First, we import designed models into the AWS cloud for deployment and then complete 

workflow instances. Second, we use quality metrics (details on the coupling, cohesion, and 

scalability metrics, please refer to Chapter 5) to assess and compare our models and thereby 

draw insights.  

We went back to step 3 of the model design and development process, where we added new 

similarity measures and integrated the new models into the proposed e-Commerce scenario, after 

assessing the initial models. 

2.2 Research Design and Methods 

This section presents our approach to addressing the research questions identified previously.  

The research design offers an overall plan for the research and the research methodology provides 

the systematic processes we follow. Outcomes of this type research are always an important 

artifact, whether it is a model, method, product, tool or process (Venable et al., 2017). We use a 

five phase research methodology for this research since we are seeking to produce models.  

We use the inductive search approach to search related articles for microservice composition 

styles, and then we test models using choreography, orchestration, and hybrid approaches for 

artifact development which is a deductive method. 

The first research question (RQ1) is exploratory inductive research. In inductive inquiry, we start 

with data collection to build a theory. To answer our research questions (RQ1) and achieve 

objectives, we conduct a literature review to generate ideas and extract a quick understanding. For 

example, we compared the selected studies based on composition type, advantages, and limitations 

of microservice composition types, and modeling tools.  

The second research question (RQ2) is exploratory inductive research. Here, we explain in what 

situations developers should use the hybrid techniques and when to avoid them (P Valderas et al., 

2020). To answer this question, we garner support from the literature and produce models. 
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Table 2: Addressed Research Questions, Methods use, and Output 

Research 

questions 

Methods used to answer Output 

RQ1 Literature Review Theory building, concepts, models, modeling tools, 

pros and cons of choreography, orchestration, and 

hybrid; design the initial models 

RQ2 Literature Review Modify the models and concepts, provide guidelines 

RQ3 Model Design and 

Development, Model 

Testing and Deployment, 

Evaluation 

Existing models testing, creating new models, 

proposing hybrid models, validating models with 

quality metrics 

The third research question (RQ3) is descriptive deductive research, and we want to answer this 

question by testing models (deductive) and designing models from the literature by applying the 

research methods. We identify concepts (combining choreography and orchestration) for 

composing a hybrid approach within a single workflow (Singhal et al., 2019a). We model and then 

validate those models with the help of quality metrics from the literature (Vanderfeesten  et al., 

2007). This is the cause-and-effect type part of our research. 
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Chapter 3. A Literature Review on Microservices Composition 

 

This chapter provides a literature review of microservices composition styles. It aims to identify, 

summarize, and compare current composition approaches. The literature review contributes to this 

thesis by providing an overview of previously published, relevant, peer-reviewed papers on our 

research topic. 

3. Literature Review 

3.1 Search Strategy 

As a search strategy, our exploratory search is based on the research questions of our thesis. There 

are three key concepts: microservices, architecture, and composition.  

First, the keywords of each concept are extracted based on these three concepts. In the next step, 

we add the synonyms for each keyword by applying related background information and 

brainstorming. These synonyms (micro-service, micro service; orchestration, choreography, 

hybrid; architecting, model, design) of the three key concepts are used to form a preliminary 

Boolean logic search query that is entered into specific databases. A total of four bibliographic 

databases are used. 

For consistency, the search query is applied to the title, keywords, and abstracts of papers in all 

databases in this literature review. The preliminary automatic search query is entered into different 

databases: Web of Science, Scopus, ACM Digital Library and IEEE Xplore. A pearl growing 

strategy is executed to enrich the search query after a few main papers are found (Francesco et al., 

2019). 

In order to avoid missing a number of relevant papers during the search, snowballing is used. 

Backward snowballing focuses on all the references of each considered study, whereas for the 

forward snowballing, Google Scholar is used to obtain those papers citing the current one.  

The main 3 core concepts are microservices, architecture, and composition, which we use to 

generate synonyms. Each query line contains synonyms for each key concept. 

We have found that wildcards have limitations in the IEEE Xplore Digital Library database search: 

the maximum number of wildcards is limited to five. Therefore, we use alternate search strings for 

these keywords “workflow OR workflows OR design OR designs”, and the rest of the keywords 

remain the same for this specific database search. 
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3.1.1 Source Databases 

The concept of microservices architecture is technical and organized around business capabilities. 

Therefore, we use IEEE Xplore and ACM Digital Library in the field of engineering and computer science-

related publications. The Scopus and Web of Science databases, in general, cover all the areas of 

publications, including business, management, and health science.  

3.1.2 Search Query  

The finalized search query is the following: 

                                  (microservice* OR micro-service* OR “micro service”) 

AND 

(choreography OR orchestration OR hybrid) 

AND 

(composition* OR architect* OR design* OR model*) 

3.1.3 Exclusion and Inclusion Criteria 

Exclusion: in our search we did not consider non-peer-reviewed articles. We also excluded papers 

that were not written in the English language; papers about definition-based microservices but 

which do not focus on composition or architectural solutions, and papers that were published in 

2013 or before, since the concept of microservice architectures first appeared in the year 2014. 

Inclusion: important papers on microservices architectural styles were identified using backward 

snowballing of seminal papers. 

3.1.4 Final Selection of Peer-reviewed Articles 

By applying the search query to all the above databases and screening papers, using Covidence 

online tools, we found total of 594 unique results (after removing duplicate articles shown in 

Figure 2). Based on the search query, with inclusion and exclusion criteria applied to the title and 

abstract, and screening out any irrelevant results, 65 important papers were selected. The next step 

was full-text screening and quality assessment, by which 26 papers were selected for consideration 

in the literature review. 
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Figure 2. Papers selection process PRISMA guidelines (Moher et al., 2009) 
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Figure 3. The Chronological Overview of the Selected Papers 

Figure 3 shows our selection of 26 peer reviewed papers published up to the mid of April 2023. 

We selected 5 articles from the year 2018 and a total of 6 articles from year 2022, while we 

identified 2 paper from the year 2021. 

3. 2 Microservices Composition Approaches 

Microservice composition is a process that is used to connect numerous microservices in an 

application or scenario, to collaborate in a business application, and achieve the business 

requirements of the system. As previously mentioned, microservices mainly use two different 

composition approaches: orchestration and choreography (Asri et al., 2022; Aydin & Çebi, 2022; 

Baškarada et al., 2018; Valderas et al., 2020). In communicating between services, orchestration 

has a single hard point dependency, whereas choreography has no central dependency point by 

nature (Bigheti et al., 2019; Valderas et al., 2020). Also, in an orchestration-based approach, the 

orchestrator is responsible for all communication within the system. All requests and responses 

are managed by the orchestrator (i.e., central controller).  

In a microservice choreography, each microservice uses an asynchronous approach, performing 

its actions independently and not requiring any instructions. In a microservice orchestration, the 

orchestrator, which is a central microservice controller, handles all elements and interactions. Both 

choreography and orchestration composition mechanisms have boundaries, but these constraints 

can be overcome by using a combined single application based on the business requirements a 
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solution called the hybrid approach (Valderas et al., 2020). Indeed, we have found some studies 

that use the hybrid approach, a combination of choreography and orchestration (Kazanaviˇcius & 

Maˇzeika, 2023; Megargel et al., 2021; Valderas et al., 2020). Although a hybrid method may 

prove better for microservices composition, it is hard to design and implement (Singhal et al., 

2019a) as developers need to design both choreography and orchestration composition approaches 

in the same work flow to satisfy the business requirements. 

3.3 Data Collection for RQ1 and RQ2 

Our data extraction consisted of finding information from the relevant papers and writing a 

summary for each paper. To accomplish this, we use manual extraction methods. The extraction 

procedure has two steps. In the first step, we short-list studies, publication types, research styles, 

and research designs. Table 3 shows the publications selected from which data was extracted for 

this literature review.  

Table 3: List of Publications Selected for Microservices Composition 

Paper 

ID 

Authors Paper Title Publication 

Type 

Research 

Style 

Research 

Design 

Year 

P1 Shuo, Z., 

et al. 

Research on the application of 

service choreography in the 

intelligent customer service 

system 

Conference 

Paper 

Exploratory Mixed 

 

2023 

P2 L. de 

Castro, 

et al. 

Relating Edge Computing and 

Microservices by means of 

Architecture Approaches and 

Features, Orchestration, 

Choreography, and 

Offloading: A Systematic 

Literature Review. 

Journal 

Article 

Exploratory Inductive 2023 

P3 Kazanav

iˇcius & 

Maˇzeik

a 

Evaluation of microservice 

communication while 

decomposing monoliths 

Journal 

Article 

Descriptive 

 

Deductive 

 

2023 

P4 Zhang, 

X., et al. 

An API Framework for 

Flexible and Lightweight 

Microservice Composition 

Conference 

Paper 

Descriptive Mixed 2023 
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P5 Represa, 

J. G., et 

al. 

Investigation of Microservice-

Based Workflow Management 

Solutions for Industrial 

Automation. 

Journal 

Article 

Exploratory Deductive 2023 

P6 Koyya, 

K. M., et 

al. 

A Survey of Saga Frameworks 

for Distributed Transactions in 

Event-driven Microservices. 

Conference 

Paper 

Exploratory Inductive 2022 

 

P7 Asri, S. 

A., et al. 

Implementation of 

Asynchronous Microservices 

Architecture on Smart Village 

Application 

Journal 

Article 

Descriptive Mixed 2022 

P8 Aydin, 

S., et al. 

Comparison of Choreography 

vs Orchestration Based Saga 

in Microservices. 

Conference 

Paper 

Exploratory Deductive 2022 

P9 Volynsk

y, E., et 

al. 

Architect: A Framework for 

the Migration to Microservices 

Conference 

Paper 

Exploratory Inductive 2022 

P10 Nadeem, 

A., et al. 

A Case for Microservices 

Orchestration Using 

Workflow Engines. 

Conference 

Paper 

Descriptive 

 

Deductive 

 

2022 

P11 Koschel, 

A., et al. 

Towards the Implementation 

of Workflows in a 

Microservices Architecture for 

Insurance Companies-The 

Coexistence of Orchestration 

and Choreography. 

Conference 

Paper 

Exploratory Inductive 2022 

P12 Nebel, 

A., et al. 

MicroIP: A general-purpose 

microservice-based integration 

platform 

Conference 

Paper 

Descriptive 

 

Mixed 2021 

P13 Megargel

, A. et al. 

Microservices Orchestration 

vs. Choreography: A Decision 

Framework. 

Conference 

Paper 

Exploratory Inductive 2021 

P14 Dai, F., 

et al. 

A Choreography Analysis 

Approach for Microservice 

Composition in Cyber-

Physical-Social Systems. 

Journal 

Article 

Descriptive Deductive 2020 
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P15 Cao, J. Design on Deployment of 

Microservices on Container-

based Cloud Platform. 

Conference 

Paper 

Explanatory Inductive 2020 

P16 Valderas, 

P. et al. 

A microservice composition 

approach based on the 

choreography of BPMN 

fragments. 

Journal 

Article 

Explanatory Mixed 2020 

P17 Valderas, 

P. et al. 

Supporting a Hybrid 

Composition of Microservices. 

The EUCalipTool Platform 

Journal 

Article 

Explanatory Mixed 2020 

P18 Pontaroll

i, R. P., 

et al. 

Microservice Orchestration for 

Process Control in Industry 

4.0. 

Conference 

Paper 

Explanatory Deductive 2020 

P19 Singhal, 

N. et al. 

Selection Mechanism of 

Micro-Services Orchestration 

Vs. Choreography 

Journal 

Article 

Exploratory Deductive 2019 

P20 Müller, 

M. 

Consistency and Autonomy in 

the Microservice Architecture 

Journal 

Article 

Exploratory Inductive 2019 

P21 Singhal 

et al. 

Efficient hybrid research for 

QoS-aware microservice 

composition 

Journal 

Article 

Exploratory Mixed 2019 

P22 Rudrabh

atla, C. 

K. 

Comparison of Event 

Choreography and 

Orchestration Techniques in 

Microservice Architecture 

Journal 

Article 

Descriptive Deductive 2018 

P23 Baškarad

, S., et al. 

Architecting Microservices: 

Practical Opportunities and 

Challenges. 

Journal 

Article 

Exploratory N/A 2018 

P24 Monteir, 

D. et al. 

Beethoven: An Event-Driven 

Lightweight Platform for 

Microservice Orchestration 

Conference 

Paper 

Descriptive Mixed 2018 

P25 Scattone 

et al. 

A Microservices Architecture 

for Distributed Complex Event 

Processing in Smart Cities 

Workshop Exploratory Deductive 2018 

P26 Bogner, 

J. et al. 

Analyzing the relevance of 

SOA for microservice-based 

systems 

Workshop Exploratory Inductive 2018 
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In the second step, data was collected mainly for the first research question (RQ1), and a summary 

of the primary document proposal is presented. The data extracted identified composition types in 

microservice architectures which directly contribute to the evidence for the research question. In 

this procedure, we identified approaches, key features, advantages, and critiques and manually 

applied them from the selected papers, based on our research question (RQ1), to fill Table 4.  

Table 4: Microservices Composition Styles Advantages and Limitations 

RQ1. What are the advantages and disadvantages of microservices orchestration, choreography, and hybrid 

composition? 

Paper 

ID 

Composition 

approach 

Key Features and Advantages  Criticisms/ Limitations Tools, 

Models, 

Languages 

P1 Choreography 

Orchestration 

Choreography - service 

choreography technology allows for 

flexible adaptation to various 

situations and requirements. The 

service choreography engine can 

also be seen as a type of workflow 

engine. 

Orchestration - the condition 

expression is the lifeline of service 

orchestration. 

Choreography - The service 

choreography process needs to 

define the relevant service 

information for each process 

node. 

Orchestration - visual 

orchestration platform uses a 

modeler for customizing and 

relies on logical connections 

between nodes. 

Zeebe,  

Conductor, 

Broker, 

Narcos,  

BPMN 

Models,  

Docker,  

Kubernetes,  

Camunda 

P2 Choreography 

Orchestration 

Choreography - in the 

choreographic mode, there is no 

central orchestrator. Instead, the 

coordination of microservices is 

distributed among all the individual 

microservices themselves. 

Orchestration - this mode involves 

having an orchestrator that acts as a 

conductor for the microservices. 

Orchestrator can collaborate more 

effectively with the API Gateway 

during the service composition 

process.  

Choreography - the 

microservices function as a 

distributed architecture and 

communicate with each other 

through a message bus, it 

carries a higher complexity. 

Orchestration - When dealing 

with different infrastructures 

and environments, an 

orchestration approach can 

become too complex to manage 

effectively. 

Hybrid - in a hybrid 

composition, both orchestration 

Container,  

Virtual 

Machines,  

BPMN 

Models 
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Hybrid microservice composition 

could be supported and invoked by 

switching the microservice 

architecture topology. 

and choreography work 

together and hard to manage. 

P3 Choreography 

Orchestration 

Hybrid 

Choreography operates without a 

centralized element, allowing 

services to collaborate directly with 

each other. 

Orchestration - Service 

orchestration functions as a 

centralized business process, 

coordinating activities across 

various services and merging their 

results. 

The hybrid pattern merges the 

service registry and API gateway, 

and it substitutes the API gateway 

with the message bus. 

In the hybrid approach, there is 

a strong coupling between 

services and the message bus. 

Instead of direct 

communication between 

microservices, they interact 

through the message bus, which 

serves as a mediator for their 

communication. 

BPMN 

Models,  

C Sharp,  

.Net Core,  

Visual Studio 

2022 IDE 

P4 Choreography 

Orchestration 

Choreography - in the service 

choreography pattern can operate 

with less resource utilization, 

service orchestration allows for 

service reuse in multiple contexts. 

Orchestration - Service 

orchestration relies on a central 

controller to manage the execution 

of APIs in orchestrated services. 

Choreography is not a flexible 

microservice composition 

pattern and requires 

modification of microservices. 

Choreography does not support 

service reuse in multiple 

contexts. 

Orchestration may not be as 

efficient in terms of execution 

performance due to data relay 

overhead. 

BPMN 

Models,  

Data 

Reception 

Algorithms 

P5 Choreography 

Orchestration 

Choreography - control is passed to 

the next system executing each step.  

Orchestration - the steps of a 

workflow are controlled by a central 

system (orchestration). 

Choreography - to ensure 

interoperability of the modeling 

languages at the program code 

level, it is essential to 

implement the corresponding 

libraries.  

BPMN 

Models, 

Petri Net, 

Web Services 

Description 

Language 

(WSDL) 
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P6 Choreography 

Orchestration 

Choreography is more suitable 

when there are fewer participating 

microservices. For other situations, 

orchestration is the preferred 

approach. 

Choreography is not as 

effective when there are more 

participating microservices. 

BPMN 

Models 

P7 Choreography 

Orchestration 

In microservice choreography, each 

microservice operates autonomously 

without needing specific 

instructions.  

Microservice orchestrations are 

more like centralized services, as 

they call one service and wait for a 

response before calling the next one.  

In the orchestration approach, 

there is an issue of 

interdependence between 

services. 

 

 

BPMN 

Models 

P8  Choreography 

Orchestration 

Choreography event-based 

architecture is suitable for simple 

procedures with less participants 

and no coordinating require. 

Orchestration - useful for complex 

work processes, including numerous 

members or new added. 

Because of decentralized 

nature, choreography might be 

more complicated to 

comprehend than orchestration. 

Numerous services can pick up 

a message simultaneously. 

BPMN 

Models 

P9 Choreography 

Orchestration 

Orchestration - having all the logic 

in one place in orchestration makes 

the process easier to modify and 

trace. 

In choreography, there is a risk 

of introducing cyclic 

dependencies that might occur 

in event choreography. 

UML 

Designs 

BPMN 

Models 

P10 Choreography 

Orchestration 

Debugging is easier and faster in 

Orchestration. Choreography offer 

better independency of services.  

Orchestration has hard 

dependency point. For larger 

system add/remove services is 

complex in choreography. 

BPMN 

Models 

P11 Choreography 

Orchestration 

Choreography - is often combined 

with other patterns, for example, 

event-driven architecture and there 

exists no orchestrator. 

Orchestration - for workflow 

implementation involves 

coordinating the various process 

steps. These steps may include 

business services, technical 

Excessive choreography can 

lead to chaos, while an 

abundance of orchestration can 

result in a monolithic system. 

BPMN 

Models 

RaMicsV 
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services, or even user tasks. The 

coordination is managed by a 

coordination unit or orchestrator. 

P12  Choreography offers the advantage 

of being decentralized and requiring 

less operational effort since there is 

no need for an orchestrator. 

Orchestration is better for complex 

event, main reason for this is that in 

complex scenarios, maintainability 

is considerably improved when 

coordination is managed from a 

centralized place. 

Choreography is suitable for 

simple scenarios. 

Orchestration is better suited 

for complex interactions. 

UML 

Designs 

P13 Choreography 

Orchestration 

Hybrid 

Choreography leads to solutions 

with less coupling and less 

chattiness.  

Orchestration leads to solutions with 

better process flow visibility. 

Require downtime during 

deployment in order to avoid 

interruption (orchestration); 

‘hybrid’ collaboration pattern 

choreography with a process 

engine. 

UML 

Designs 

P14 Choreography Choreography-driven microservice 

composition approach is considered 

to provide a better way to integrate 

these Cyber-Physical-Social System 

(CPSS). 

the complexity of choreography 

analysis grows rapidly with the 

number of Cyber-Physical-

Social System (CPSS) services 

participating 

UML 

Designs 

P15 Choreography 

Orchestration 

The process of organizing multiple 

containers in this way is referred to 

as container choreography. 

In large-scale application systems, 

one-click deployment can be 

achieved by using suitable 

orchestration tools. 

NA Docker 

 

P16 Choreography 

Orchestration 

Choreography (decentralized) is 

more appropriate for microservices. 

Orchestration can be a drawback to 

achieve the decoupling 

The complexity of 

choreographic compositions 

has forced many companies to 

propose Orchestration. 

BPMN 

Models 

P17 Choreography 

Orchestration 

Choreography - obtain a Orchestration - centralized by 

nature, reducing the degree of 

EUCalipTool 

Platform,  
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Hybrid 

 

major level of independence, 

flexible and decoupling by nature;  

Orchestration - global vision and 

management offered. 

Hybrid – takes advantages and 

combines choreography and 

orchestration styles. 

decoupling, the adoption of this 

solution difficult 

 

 

BPMN 

Models 

P18 Choreography 

Orchestration 

Orchestration - there is a central 

control and coordinates the call of 

other services in request/response 

way. Choreography - the call of 

service execution is predetermined. 

Orchestration required central 

control whereas choreography 

offers predetermined services  

BPMN 

Models,  

UML 

Designs 

P19 Orchestration 

Choreography 

Orchestration follows a 

request/response messages, provides 

an effective way for coordinate. 

Choreography - supports faster 

processing as services can be 

executed in a parallel fashion. 

Easier to add and update services, 

control is distributed several. 

Orchestration- Coupling of the 

services together creating 

dependencies. Single point 

control and if it goes down, all 

processing stops. Choreography 

- async programming is often a 

significant mind shift for 

developers. 

BPEL,  

BPMN 

Models 

P20 Choreography 

Orchestration 

Choreography is expected to be 

faster than orchestration since the 

logic and work are distributed 

among the services, making them 

more autonomous from each other. 

Orchestration offers the advantage 

of centralizing all the logic in one 

place, making implementation, 

testing, debugging, and changes 

easier. It also facilitates the 

detection of service failures and 

enables specific recovery actions to 

be initiated. 

Choreography- the distribution 

of logic in choreography makes 

failure detection and recovery 

more complex. It is difficult in 

Choreography to determine the 

point in time when all services 

have received and successfully 

updated their data. 

Orchestration - a single 

orchestrator can become a 

bottleneck for the system. 

Implementing and adjusting the 

orchestrator to accommodate 

changes is an additional task. 

N/A 

P21 Choreography 

Orchestration 

Hybrid 

Choreography - decentralized 

approach for service composition 

Orchestration- security is a 

concern in this centralized 

approach. 

Java eclipse, 

Eclipse IDE 
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Orchestration - single centralized 

coordinated, good for small 

application scenario, maintenance is 

also easy it is good for localization, 

flexibility.  

Hybrid - better performances and 

an optimal solution 

Choreography- highly 

specialized service component, 

it is not within the single 

control. 

Hybrid - hard to design, 

implement,  and maintenance. 

P22 Choreography 

Orchestration 

 

Event choreography is much faster 

in performance. Orchestration is 

useful when the transaction 

scenarios are complex 

Choreography becomes very 

complex to code and handle if 

there are multiple events; 

Orchestration is slow. 

Apache 

Active MQ, 

BPMN 

Models 

P23 Choreography 

Orchestration 

Choreography distributes the 

coordination responsibilities to 

individual microservices. 

Orchestration offers central 

control for microservices.  

BPMN 

Models 

P24 Orchestration Event processor can send or receive 

events and commands to or from 

another event processor using the 

event channel.  

event processor component is 

responsible for processing a 

specific type of event and 

notifying  

 

Beethoven 

P25 Choreography 

Orchestration 

Choreography offers low coupling 

and greater horizontal scalability, 

increasing its resilience; 

Orchestration - a failure in the core 

part can lead to the systems 

breakdown 

N/A N/A 

P26 Choreography 

Orchestration 

Choreography - potentially higher 

degree of technological 

heterogeneity. 

Orchestration - low degree of 

standardization, centralization 

of control and management 

N/A  

3.4 Synthesis 

We use the extracted data of Section 3.3 for analysis to discuss and answer the first research 

question (RQ1: What are the advantages and disadvantages of microservices orchestration, 

choreography, and hybrid composition?). To answer this question, we collect data from columns 

2, 3, and 4 of Table 4. From column 2 the composition types are identified; column 3 identifies 

advantages of composition styles in each paper, and column 4 lists critiquing points about 

microservices composition techniques. The key features and advantages, as well as the 
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disadvantages of these composition techniques, are compared with composition tools, models, and 

designs we have found in select studies.  

 

Figure 4. Mind Map for Microservices Compositions 

Figure 4 shows the mind map for extracted data and relevant sub concepts from the literature. To 

answer the second research question (RQ2: In what situation should we use the hybrid techniques 

for microservices composition?), we use Table 4, the collected data. Also compared are the how 

and why these approaches can be valuable for microservices-based software development. Finally, 

the data previously collected from the primary papers are summarized.    

3.5 Data Results 

In this section we present the results from our research process, broken down as per the research 

questions, and conclude with a discussion about our key findings.  

3.5.1 Advantages and Limitation of Microservices Orchestration, Choreography, and 

Hybrid (RQ1): 

Choreography Approach:  

A choreography-based composition for microservices supports faster processing than 

orchestration, as services can be executed in parallel instead of sequentially. Choreography-driven 

microservice composition is better than orchestration for integrating and analyzing the Cyber-

Physical-Social System (CPSS) (Dai et al., 2020; Represa et al., 2023; Stutz et al., 2020). Such a 

choreography approach composes services in a more loosely coupled and manner flexible than 

orchestration (Shuo et al., 2023). Choreography-based style control is distributed, and it is easily 

adaptable for microservices. Moreover, with a choreography style, it is easy to introduce additional 

services since listen to the next event and respond accordingly. Its foremost advantage is that it is 

not tightly coupled, and microservices remain flexible to call each other (Scattone & Braghetto, 

2018; Sorgalla et al., 2018). To achieve better decoupling, it is suggested to utilize choreography 

for microservices (Ortiz et al., 2020). 
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By contrast, adding or removing services is complex in choreography if the number of CPSS 

devices increases for a large system (Aydin & Çebi, 2022; Dai et al., 2020; Nadeem & Malik, 

2022). One of the challenges with choreography, therefore, is that there is no central service to 

identify the tasks to ensure that all the services performed their task successfully. Choreography, 

in a decentralized control,  is liable for defining protocols, how services should connect with each 

other, and exchanging messages between them (Cerny, Donahoo, & Trnka, 2018; de Castro & 

Rigo, 2023; Kazanaviˇcius & Maˇzeika, 2023; Represa et al., 2023; Zhang et al., 2023). 

Orchestration Approach:  

In an orchestration-based composition, debugging is generally easier and faster compared to 

choreography (Nadeem & Malik, 2022). An orchestration approach is suitable for complex system 

design scenarios (Rudrabhatla, 2018). The main benefit of orchestration is that it provides an 

effective way to coordinate the flow of an application; as such, this builds microservices-based 

applications which are more convenient, i.e., easier to coordinate with each other. Microservices 

orchestration style performs based on central control and calls other microservices by using a 

request/response mechanism that confirms acknowledgement of service received/delivered 

(Monteiro et al., 2018; Pontarolli et al., 2020; Represa et al., 2023; Zhang et al., 2023). 

On the other hand, orchestration performs communication in a request/response-centric way and, 

by its very nature, adds considerable latency, in addition to its dependency on the multiple services. 

Orchestration has a hard dependency point that is a controller and acts as a collaborator (Bogner 

et al., 2018). The decoupling features of microservices are harder to achieve in orchestration 

compared to choreography and require downtime during deployment (Megargel et al., 2021; 

Scattone & Braghetto, 2018; Valderas et al., 2020). Yet, some studies emphasize that orchestration, 

for developers, is more feasibly doable in implementation within their systems because it is less 

complex than choreography to develop and manage systems that use microservice architecture 

(Rudrabhatla, 2018).   

Hybrid Approach:  

A hybrid approach exhibits better performance and generates optimal solutions compared to 

choreography and orchestration approaches (Kazanaviˇcius & Maˇzeika, 2023; Singhal et al., 

2019a; Valderas et al., 2020).   
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3.5.2 Hybrid Techniques for Microservices Composition (RQ2): 

One way to use a hybrid communication mechanism is to compose the entire system such that 

cooperation is based on an event-choreography. Thus, in a hybrid approach, the orchestrator 

connects to other services and then integrates with the rest of the applications using a 

choreography. In this way, the hybrid style offers benefits from the choreography approach and 

keeps the deployment process easy by using controllers for specific microservices in a composition 

(de Castro & Rigo, 2023; Valderas et al., 2020).   

To achieve a better performance, the hybrid approach combines the choreography and 

orchestration methods to deal with different services in microservice composition (de Castro & 

Rigo, 2023; Koyya & Muthukumar, 2022; Singhal et al., 2019a; Valderas et al., 2020). We can 

use a hybrid modeling approach for microservices when scenarios are very complex but need to 

incorporate and manage the low coupling principle of microservices to achieve a control and 

collaboration confirmation within the microservice architecture. One should consider a hybrid 

mechanism for composition when better visibility or adding or removing services without 

downtime in a process are desired, and/or there are security concerns within a complex scenario. 

The strengths of choreography and orchestration can be combined to create a hybrid approach for 

microservices composition. In addition, we need to decide depending on the complexity of the 

scenario when to use choreography and when to use orchestration in the same workflow to achieve 

a hybrid approach’s best performance. 

3.6 Discussion  

From the results, it can be observed that microservices architectural designs and composition 

approaches research is still under development. We discuss which composition approach is better 

and why that is, based on selected studies which present both their respective advantages and 

disadvantages in the data results section. The benefits and limitations of choreography and 

orchestration styles of microservices are subject to debate. We cannot simply say that one 

microservices composition approach is better than the other without knowing in detail why and for 

what purpose microservices architectures are implemented. It mainly depends on the purpose of 

the application one is building with microservices, how many applications or systems one wants 

to develop, and how frequently one needs to summon microservices.   
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Most previous studies are generally selective in choosing either choreography or orchestration 

composition styles for microservices. It is apparent that less attention has been given to the recently 

proposed hybrid style in prior research. From published studies, it is not clear why and when to 

use the hybrid approach. Here, we identify this research gap and the need for additional research 

to understand the complexity of microservices composition.  

Results of RQ1 see Table 4, identify three composition types for the microservices architecture; 

approaches, benefits, critiques, and the tools they use for the composition, are also presented. From 

the literature, it is evident that handling multiple actions without a central orchestration is difficult. 

In general, a choreography-based microservice composition style is suggested when fewer 

microservices are required for application development and fewer request/actions need to take 

place, that is, when the system is not complex to handle (Singhal et al., 2019b). However, the 

orchestration composition approach is recommended when application complexity is higher and it 

is better to have a central orchestrator, coordinator event, or microservice providing a single point 

control to better maintain the services. 

We identified many studies that use BPMN tools for microservice composition, as well as UML-

based tools such as Zeebe, Visual Studio 2022 IDE, Camunda, EUCalipTool Platform, Eclipse 

IDE, Beethoven, Broker, and Narcos. To answer RQ2 see Table 4, we have limited information 

from the literature. Most papers used in this study are identified as exploratory research styles and 

deductive research designs. Moreover, we identified four explanatory journal and conference 

papers, two of them being seminal papers. This information is helpful for future researchers and 

software developers in finding proper solutions for designing microservices-based software. 

3.7 Summary 

The literature identifies 3 main composition styles: choreography, orchestration, and hybrid. The 

hybrid composition architecture is only a recent proposal, and we have found only four papers 

relevant to this approach. The choreography-based microservice approach is recommended when 

the microservices required to build a system are few or for a small application, that is, having to 

execute fewer actions; whereas the orchestration-based composition method is recommended for 

better control in composition, when more services are best accomplished via a coordinator (since 

a central microservices orchestrator performs management of those services easily). The 

choreography-based microservice composition approach performs better than orchestration when 
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the scenarios are simple and fewer services are needed to coordinate. For composition, the 

orchestration-based composition style is recommended for better control of services for 

composition. However, a hybrid approach is suggested when there are both a need to manage 

higher complex scenarios and to maintain loosely coupled principles for microservices. These 

findings are beneficial for researchers who need an easy identification of any related research in 

microservices composition.  
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CHAPTER 4. BPMN Models of Microservices 

 

This chapter explains how to create microservices using BPMN and how to deploy and monitor 

them automatically in the cloud. We start by showing how to design BPMN models using 

Camunda Modeler. The conceptual model illustrates the microservices architecture using BPMN 

activities, gateways, and messages. We use examples from the e-commerce domain to demonstrate 

how to design workflows using different approaches such as choreography, orchestration, and 

hybrid composition. These workflows show the steps involved in browsing an e-commerce website 

and placing an order, up to the delivery of the order to the customer. 

4.1 Creation of BPMN Models Using Camunda Modeler 

This section focuses on the design of BPMN models, which are the main components of our 

research. The BPMN modeling procedures and tools allow us to design and execute our models 

with proper logic based on e-commerce scenarios. We create our microservices using the Camunda 

Modeler desktop application. This tool is used for designing BPMN workflows and deploying 

them to the cloud. We use the open-source version of the Camunda Modeler, which has all the 

features of the Zeebe Modeler. To simplify the deployment process, we use "user task" instead of 

"service task". The Camunda Modeler allows us to produce executable XML codes for each 

BPMN model, and it provides options for designing, connecting, automating, and monitoring 

business processes. We can deploy our workflows to the cloud-native BPMN workflow engine 

using the endpoint configuration (REST Endpoint) of the Camunda Platform, which ensures high 

speed, scalability, and resilience in modeling and deployment process (“The Camunda Platform 7 

Manual,” n.d.). 

4.1.2 Why have we opted for the Camunda Platform? 

During our literature review, requirement analysis, and system design phase, we explored various 

tools, including Zeebe, EuCalipTool, Camunda, EdrawMax, Eclipse Modeling Tools, Microsoft 

Visio, AjiL, and Visual Paradigm. Unfortunately, most of these tools could not generate XML 

codes, lacked support for cloud deployment, and were not scalable, as seen in EuCalipTool, 

Microsoft Visio, and AjiL. As a result, we narrowed our choices down to Zeebe and Camunda. 

However, due to the merger between Zeebe and Camunda in late 2020, the older version of Zeebe 

is no longer accessible. Considering our preference for open-source solutions, we have ultimately 
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decided to use the Camunda tools. The main advantage of Camunda Tools is a dedicated graphics 

editor that is user-friendly even for non-developers (“The Camunda Platform 7 Manual,” n.d.). 

4.2 BPMN Elements in Camunda Modeler 

We followed certain guidelines called Camunda BPMN coverage components to select specific 

elements for our study (“BPMN coverage,” n.d.). When making BPMN models to define our 

microservices, we only used the elements supported by the Camunda Platform, which include start 

event, user tasks, XOR gateways, text annotation, group, data flow objects, message events, and 

end event. Our objective is to build models centered around tasks rather than events. This decision 

prompted us to make the workflows elements and activities simpler, avoiding intricate deployment 

challenges. To maintain this approach, we intentionally steered clear of incorporating message 

events and timers. It is important to note that the Camunda Platform does not impose any of these 

restrictions. 

In BPMN modeling, a user task is used to represent work that needs to be done by a human. It has 

a task ID number and a general name. When a process instance reaches a user task, a new job 

similar to a service task is created, and the process instance stops until the job is finished (“BPMN 

coverage,” n.d.).  

An exclusive gateway, also known as XOR gateway, is a tool used in BPMN structures to make 

decisions based on data received during the process. It functions like a decision box with 

conditions. If there are multiple outgoing sequence flows or message flows for an XOR gateway, 

all but one must have a condition expression to specify which flow will be taken and what decision 

will be made (yes or no). If none of the conditions are met, the gateway follows the default flow, 

otherwise it follows the conditional flow (“Exclusive gateway,” n.d.). Furthermore, in case the 

gateway lacks a default flow, it results in the creation of an incident in business process modeling. 

An XOR gateway has the capability to merge various incoming sequence flows and enhance the 

clarity of BPMN workflows (“Exclusive gateway,” n.d.).  

4.3 e-Commerce Scenarios for BPMN Models 

E-Commerce applications are delivering critical new features and a wide range of business services 

to their customers and, considering these functionalities, we have categorized our model scenarios 

into three types: small, mid, and end-to-end complex scenarios. Each workflow consists of 

multiple e-commerce services to address the users' needs. Likewise, each workflow explains a 
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specific business logic for e-commerce applications such as user authentication, payment process, 

shipment, or delivery-related services. 

These scenarios also assist researchers and developers in determining which services they need to 

develop an e-commerce system from scratch using microservices. In our previous work, we 

designed and evaluated the complexity of small, mid, and end-to-end scenarios (Ali et al., 2022). 

Throughout this research project, we tried out different tools like Camunda, Zeebe, EuCalipTool, 

AjiL, and Visual Paradigm for microservices composition. At first, we focused on designing 

choreography and orchestration. We were able to understand how complex it can be to create 

models for microservice choreography and orchestration. The results of our work were published 

in a paper while working on this thesis (Ali et al., 2022). Moreover, we will use these categories 

to create complex scenarios for e-commerce applications and evaluate the coupling, cohesion, and 

scalability of our end-to-end big-sized scenarios. We follow five steps to choose our e-commerce 

scenarios: 

a) Define our workflows scenarios  

b) Start our design processes based on the steps usually required by e-commerce sites, from 

the browsing of a site to the delivery of customers’ desired products, to accepting customer 

comments 

c) We begin with small-sized models, which typically include one module with multiple 

services. 

d) We then merge small workflows to create mid-sized business processes. 

e) Finally, we combine small and mid-sized workflows to create complex end-to-end big e-

commerce scenarios.  

4.4 Designing Choreography-based BPMN Models  

In choreography-based modeling, each service performs a specific task in the BPMN workflow 

and calls the next service to continue the process. We do not rely on a central control, such as an 

orchestrator, in each e-commerce scenario module. In choreography-based BPMN modeling, 

services function independently without relying on one another. We create each workflow in small, 

mid, and end-to-end complex scenarios. To facilitate this choreography-based business process 

modeling, we use Camunda BPMN 2.0 Modeler and Camunda Cockpit to monitor incidents, run 

instances, and define jobs (“The Camunda Platform 7 Manual,” n.d.). 
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4.5 Designing Orchestration-based BPMN Models 

To create orchestration-based workflows, we use an orchestrator in each microservice to act as a 

communication controller. The orchestrator uses a call-and-response messaging style to 

communicate with the next service, waiting for a response before processing the next request. For 

example, in Figure 6, we use Checkout Orchestrator for the checkout process microservices 

BPMN-based model. In an end-to-end e-commerce scenario, we will add multiple orchestrators to 

make our models more readable and easier to understand. Although we have used a single 

orchestrator in our previous study, it makes the model more complex to understand and difficult 

to manage (Ali et al., 2022). 

4.6 Designing Hybrid BPMN Models  

When software projects adopt MSA, there are several concerns that developers face, including 

designing, developing, and deploying microservices that meet business requirements. This can be 

a challenging decision-making process, as developers need to consider logical architecture and 

modeling methods (Santos, Rodrigues, Ferreira, & Machado, 2019). In this chapter, we propose a 

new approach for microservices composition that can help developers make informed decisions 

when dealing with complex scenarios. Our approach combines choreography and orchestration 

styles into a single workflow, creating a hybrid approach that is suitable for mid-sized and end-to-

end scenarios. When designing a hybrid BPMN-based model of microservices, at least one 

choreography-based model and one orchestration-based model are required. Figure 16 shows an 

example of a hybrid model with one orchestration (Checkout Process) and one choreography (User 

Authentication). Our aim in designing hybrid-based BPMN models for microservices is to achieve 

better control over communication and services and reduce dependence on other services. 

4.7 Small-sized BPMN models 

In this research, we have created small BPMN models for single microservices such as shipment, 

checkout process, user authentication, and payment process. We have designed these workflows 

using either choreography-based or orchestration-based BPMN models. 
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4.7.1 Checkout Process 

This service enhances the user's online shopping experience by providing a feature that allows 

them to add items to their cart when they start browsing. If the user wants to make a purchase, they 

can click on the cart and proceed to checkout. Figure 5 shows the choreography model for the 

checkout process, which includes one start event and three user tasks.  

 
 

 

 

Figure 5.  Choreography Model for Checkout Process 

 

The checkout process that we designed in Figure 6 is based on orchestration-based composition. 

We added an extra user task called the "checkout orchestrator," which acts as a controller in this 

model. Moreover, we included an XOR gateway to differentiate between users who have 

"browsed" the website and those who are "new to the site." The condition type expression used is 

"added".   

 

Figure 6. Orchestration Model for Checkout Process 
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4.7.2 User Authentication 

In the checkout process that we designed in Figure 6 users need to log in to access their accounts. 

To do this, they enter their userID, email, or phone number to verify their identity. If they have 

already registered, they are redirected to a login page where they enter their login credentials. If 

they are new to the website, they can either continue as a guest user or sign up to create an account. 

A choreography-based model for user authentication was designed in Figure 7 using Camunda 

Modeler. This model consists of three user tasks and four XOR gateways, which determine the 

workflow of user authentication. The XOR gateways have two possible paths: one if the condition 

is true (yes) and the other if it is false (no). The process flow follows the path based on the condition 

at each XOR gateway. This model simplifies and streamlines the user authentication process.  

 

Figure 7. Choreography Model for User Authentication 

Figure 8 shows how we use an orchestration-based approach for user authentication in an e-

commerce system. There is one exclusive gateway and four user tasks, and the authentication 

orchestrator acts as the controller for the workflow, facilitating communication between the tasks. 
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Figure 8 is an updated version of the one defined in Figure 7, representing the BPMN model of 

the authentication orchestrator.  

In this model, an XOR gateway determines whether the user is already registered on the site, 

wishes to sign up, or wants to proceed as a guest. The authentication orchestrator receives these 

decisions and coordinates the subsequent services in the workflow. 

 

Figure 8. Orchestration Model for User Authentication 

4.7.3 Shipment 

This model has two shipping methods: shipping to an address or picking up at the store. Figure 9 

shows the choreography-based composition for a shipment workflow. When a customer chooses 

to pick up their order at a store, the system shows them the nearest locations. If they choose to 

have the order shipped, there are two shipping cost options. Free shipping is available for orders 

above a certain amount. This requires adding two expression condition types in our BPMN model: 

“${orderValue >= 100}” connected to “ship for free”, and “${orderValue < 100}” connected to 

the user task, “shipping fees”.  In this scenario we use six sub-processes and three XOR gateways 

in the shipment process design. 
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Figure 9. Choreography Model for Shipment Process 

Figure 10 presents the shipment workflow as an orchestration. The delivery orchestrator is the 

controller of this process. This model is similar to the one shown in Figure 9, with seven tasks and 

one exclusive gateway. We defined True/False values and variables for the XOR gateway. The 

delivery orchestrator communicates between the tasks using request/response messages. 
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Figure 10. Orchestration Model for Shipment 

4.7.4 Payment Process 

The payment service lets customers pay for their purchases online using their bank details, such as 

debit or credit card, e-transfer, cheque, or digital wallet. We created a BPMN model using 

Camunda Modeler, shown in Figure 11, to manage the payment process. The model uses two user 

tasks and an XOR gateway to verify payment success. If payment is successful, the process moves 

on to the next service, "Payment Received." However, if the payment fails, the process ends. 
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Figure 11. Choreography Model for Payment Process 

4.7.5 Order Process 

Once payment is made, the e-commerce website prepares the order for either pickup or delivery 

through a courier service. The process is shown in Figure 12 using a BPMN model that follows 

the orchestration approach. The order orchestrator manages communication during the process. 

The workflow includes six user tasks, an XOR gateway, and an end event. The decision box allows 

users to track their orders and provide feedback about the business. 

 

Figure 12. Orchestration Model for Order Process 
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4.8 Mid-sized BPMN Models 

In this section, we expand on the models we designed in Section 4.7 by creating new ones that 

involve multiple services in each workflow. To do so, we are using Camunda Modeler to design, 

deploy, and carry out these models in the cloud. For instance, in Figure 13, we merge the checkout 

process with the user authentication service to create a new model based on choreography. 

Additionally, Figure 14 shows an orchestration-based workflow for these services, while Figure 

15 presents a mid-sized BPMN model for shipment and payment services in the e-commerce 

industry. 

 

 

Figure 13. Choreography Model for Checkout-User Authentication Process 
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Figure 14. Orchestration Model for Checkout-User Authentication Process 

In Figure 14, there are two orchestrators: the first one is the "Checkout Orchestrator," and the 

second one is the "Authentication Orchestrator." Both orchestrators are responsible for controlling 

and facilitating the messages in the Checkout-user authentication process. The Checkout 

Orchestrator manages and sends messages related to the checkout process, while the 

Authentication Orchestrator handles messages related to user authentication. Together, they ensure 

smooth communication and coordination in the overall Checkout-user authentication process. 
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Figure 15. Choreography Model for Shipment and Payment Process 
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Figure 16. Hybrid Model with one Orchestration and one Choreography 

In Figure 16, we present a mid-sized BPMN-based hybrid model with one orchestration (Checkout 

Process) and one choreography (User Authentication) for our research domain. 

4.9 End-To-End BPMN Models 

In this section, we used the models we created in sections 4.7 and 4.8 to make a new set of complex 

end-to-end models. We added multiple services to each workflow. We used the Camunda Modeler 

to design, deploy, and run the workflows. We created one choreography, one orchestration, and 

three hybrid styles for e-commerce scenarios. Figure 17 shows the choreography-based process; 

Figure 18 shows the orchestration-based process; and Figures 19, 20, and 21 show the models 

designed through our proposed hybrid approach for microservices composition.
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Figure 17. Choreography Model for end-to-end e-Commerce Scenarios 
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Figure 18. Orchestration Model for end-to-end e-Commerce Scenarios 
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Figure 19. Hybrid (A) Model with one Orchestration and three Choreographies 

In Figure 19, we present the Hybrid (A) model with one orchestration (Checkout Process) and three choreographies, combined (User 

Authentication, Payment, Shipment) for end-to-end e-commerce scenarios. 
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Figure 20. Hybrid (B) Model with two Orchestrations and two Choreographies 

A hybrid model with two orchestrations (Checkout Process, Order Process) and two choreographies, combined (User Authentication, 

Shipment and Payment Process) for end-to-end e-commerce scenarios shows in Figure 20. 
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Figure 21. Hybrid (C) Model with three Orchestrations and one Choreography  

In Figure 21, we define the Hybrid (C) model with three orchestrations (Checkout Process, User Authentication, Order Process) and 

one choreography, combined (Shipment and Payment Process) for end-to-end e-commerce scenarios. 
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4.9.1 Strategy for Developing Hybrid Composition 

To create hybrid models and determine the optimal approach for microservices composition, we 

should adhere to the following guidelines: 

1. Begin by identifying the business logic and requirements that need to be addressed in the 

design. Determine the necessary number of services and their respective functionalities. 

This will enable the breakdown of the entire scenario into smaller components. It is 

essential to apply microservices principles such as loose coupling, high cohesion, 

scalability, single responsibility, and resilience. 

2. Design small components that involve fewer activities or tasks using the choreography 

approach. This approach provides loosely coupled services for composition. 

3. Define the starting and ending points for each small scenario model. 

4. For services with more activities or tasks, employ the orchestration style in the 

microservices design. This approach ensures a higher level of cohesion in the composition 

mechanism. 

5. To create mid-sized scenarios for hybrid composition, we can combine the start and end 

events of small-sized scenarios within the workflow. 

6. In mid-sized scenarios, prioritize maintainability, coordination between services, and 

improved communication resilience. We can consider employing orchestration for these 

aspects. 

7. Building a hybrid model involves combining two or more small components using 

choreography or orchestration-based approaches. We need to remember that the end event 

of one small or mid-sized model serves as the next sub-process's start event. 

8. When integrating multiple small and mid-sized models, we need to keep in mind that to 

achieve better output and service delivery acknowledgment, it is advisable to minimize the 

use of choreography in the hybrid model. 

9. In complex scenarios involving numerous services and hundreds of tasks, opt for more 

orchestrations in the hybrid model for optimal practices. This approach provides enhanced 

control, fault tolerance, and a higher level of cohesion in the business logic of each 

microservice. 
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4.10 Deployment of BPMN Models 

Camunda Modeler uses visual representations of BPMN to make it easy for both technical and 

non-technical team members to collaborate, design, and deploy models using the same interface. 

The Desktop Modeler lets you deploy BPMN models and start process instances directly in 

Camunda Platform 8 (“Deploy your first diagram,” n.d.). According to the Camunda 

documentation, there are three deployment options available: Helm/Kubernetes, Docker, and 

manual deployment on a virtual or local machine with Java Virtual Machine (JVM) support. For 

this research, we chose the Helm/Kubernetes option to deploy our models to an independent host 

using Amazon Elastic Kubernetes Service (Amazon EKS), which is a managed container service 

for running and scaling Kubernetes applications in the cloud (“Camunda Platform 8 on 

Kubernetes,” n.d.).  To set up the Camunda Platform on our managed host, we followed the steps 

outlined in the Camunda Platform 8 Helm deployment guide (“Camunda Platform 8 Helm 

deployment,” n.d.).  

To begin, we designed our BPMN workflows using the Camunda Modeler. Then, we used the 

Camunda cloud-native workflow engine powered by Zeebe to deploy our proposed BPMN models. 

Camunda Cockpit tool allowed us to view BPMN processes in real-time and identify technical 

incidents or stop workflows if necessary. This tool provides various features such as checking 

running process instances, open incidents, human tasks, deployment time, activities, creation date, 

adding variables, and more. Additionally, if developers want to deploy their models in their local 

machine, Linux/Windows/MacOS, JVM, and Elasticsearch are required. They also need to 

configure web applications to use an available port. The web applications like Operate and Tasklist 

listen to port 8080 of the local machine (“Manual installation on local machine,” n.d.). 

In our study, we used the server IP address 54.203.144.XX to access our cloud host and used port 

8181 to deploy our workflows. We prioritized managed host deployment over localhost 

deployment so that our team members could access and deploy their models. To prevent 

unauthorized access, editing, or deletion, we added team member IP addresses to the white list 

under the security group inbound rules of Amazon Elastic Compute Cloud (Amazon EC2). We 

manually uploaded our entire models and tested them for any incidents during deployment. 

Typically, deployment failures in the cloud are caused by problems with the model’s design, but 
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if the deployment and process instances start successfully, it means the model is functioning 

properly.  

4.11 Discussion  

In our work, we thoroughly tested our e-commerce models, ensuring they cover the entire process 

from placing an order to order delivery. Instead of creating overly complex models with thousands 

of services, we began with smaller individual components and gradually built a larger system for 

end-to-end e-commerce scenarios. We deployed the model and manually checked the state, 

incidents, running instances, and token flow for each task. We looked at the status, any issues, 

tasks that were currently running, and how the tokens were moving around. All our models are 

based on "user tasks," and we do not use service tasks, call activities, send tasks, business rule 

tasks, or any other tasks. We rely solely on XOR gateways for designing these models. Camunda 

automation engine requires scripts and more technical integration to check the process automation, 

view the executed workflows' heatmap, understand how processes are functioning, and optimize 

the flows.  

In the model design and deployment phase, we noticed something interesting for choreography 

modeling, we needed fewer condition expressions and fewer activities including the message flows 

compared to orchestration and hybrid styles for microservices composition. It was simple to add 

more tasks in choreography models due to less interaction between activities. Because of this, 

choreography models generated fewer lines of code in XML which is directly related to the 

measurement of how big a model is. 

However, we had some trouble keeping track of technical incidents that happened with tasks in 

the choreography approach. On the other hand, orchestration and hybrid approaches needed more 

condition expression and more activities and message flows. We figured out incidents easily that 

happened with tasks in orchestration and hybrid approaches because of central orchestrators in the 

communication mechanism. 

We deployed these models to verify the effectiveness of our designs and repeat this process to 

make the models error free. If the models are deployed successfully and generated tokens from the 

start point to end point, it means they are error-free. However, if there are any errors in the model, 

Camunda automation engine prevented us from deploying the microservices models. 
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CHAPTER 5.  Quality Metrics in Software Engineering and Evaluation of 

Microservices BPMN Models  

 

This chapter describes the concepts of quality metrics for both business process models and 

software designs. First, we show what quality metrics are available in the software design domain. 

Second, we present the similarities between quality metrics in software design and business 

process modeling. We describe the transformation and adaptation of quality metrics, from the 

software design domain to the business process modeling domain.  

In this chapter, we evaluate a hybrid composition of microservices using quality metrics. We use 

three quality metrics to assess our BPMN models, which we designed in Chapter 4. These models 

include choreography, orchestration, and three end-to-end hybrid models, which we compare in 

terms of models structural coupling, cohesion, and scalability. 

5.1 Introduction 

A wide variety of quality metrics have been developed in the area of software engineering to design 

properly structured programs. Many researchers have identified similarities between business 

process modeling and software programming, recognizing quality metrics (Vanderfeesten et al., 

2007; Khlif et al., 2009; Cardoso, Vanderfeesten, & Reijers, 2010;  Yaqin et al., 2017). A well-

structured software program’s logic is easy to understand, its modules’ identification in its design 

is easy, and its maintainability is easy. In many studies, practitioners and researchers agree that 

microservices, by nature, must be loosely coupled and highly cohesive (Müller, 2019; Panichella 

et al., 2021). By adopting quality metrics, we can measure the coupling and cohesiveness of 

microservices composition in BPMN models. 

The majority of studies to evaluate business process models’ quality adapt software metrics, and 

one possible reason is that business processes and software programs/products are quite similar 

(Panichella et al., 2021; Yaqin et al., 2017). Since workflow models and business process models 

have much in common with software designs/programs, it is recognized that quality measures for 

software engineering also have the potential to improve business process modeling.  
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5.2 Quality Metrics in Software Programs and Business Process Modeling 

From the literature, we have identified coupling, cohesion, scalability, complexity, size, and 

modularity as the most common quality metrics for evaluating software products. They are 

described below. 

Coupling: Coupling describes how strongly modules are related or interconnected with each other 

(Vanderfeesten et al., 2007).  

Cohesion: Cohesion describes the relationship between elements within a module of any 

software/design product (Vanderfeesten, Cardoso, et al., 2007). It defines how much different 

operations within one activity are related to each other.  

Scalability: the scalability of a system is the ability to handle its growth on the number of jobs or 

its potential to handle that workload. In the same way, business process modeling scalability can 

be defined as the ability of a business process model to handle the growth in the number of 

processes and activities, or the potential of the business process models to be enlarged (Yaqin et 

al., 2017).   

Complexity: Design Complexity in software describes the number and size of the control 

constructs. When the number of control constructs grows, the size and the number of modules 

grows and the design complexity increases (Vanderfeesten et al., 2007; Cardoso et al., 2010).  

Size: Size describes simply how big a software is, according to certain measures which determine 

the overall dimension of the software product (Vanderfeesten et al., 2007; Cardoso et al., 2010). 

In business process modeling, size is a measurement of how big a model is. The size of a business 

process model can be measured by simple measures, such as the number of lines of code in 

software programs (Jorge Cardoso et al., 2010). 

Modularity: Modularity describes how the software is decomposed into smaller pieces with 

standard interfaces; it measures the extent to which a service provides independent functionality 

without relying on another service (Choi & Kim, 2008). For a business process, modularity 

measures the degree to which a model’s design is split up into several modules. 

Among these six principles, many studies evaluating the quality of software focus particularly on 

coupling, cohesion, scalability, and complexity. 
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5.3 Adaptation of Metrics in Software Programs and Business Process Modeling  

Coupling in business process models expresses how tightly the activities in a process are connected 

and how much they share one or more information elements. Software products and business 

processes have a similar compositional structure (Oberhauser & Stigler, 2017; Yaqin et al., 2017). 

Every software program consists of several modules or functions, which are sets of actions. These 

actions take a certain set of inputs and produce an output. Similarly, every business process model 

has activities that are composed of elementary operations (events, activities, gateways, message 

flow). Each operation uses more information to create new information (Yaqin et al., 2017). We 

have found several studies describing the similarities between software products and business 

process models and notation (BPMN). The similarities of the software programming modules, 

methods, variables, and business processes are based on the activity, operation, and compositional 

structure used in both areas. Table 5 shows the similarities between software programming and 

business process modeling (Vanderfeesten et al., 2007). 

Table 5: Similarities in Software Designs and Business Process Modeling (Vanderfeesten et 

al., 2007) 

Software Programming Business Process Modeling 

Module/Class Activity 

Method/Function Operation 

Variable/Constant Data element 

Moreover, based on the similarities between object-oriented software and BPMN concepts, Khlif 

et al (2009) propose the matching shown in Table 6. 

Table 6: Matching between Object Oriented Software and BPMN (Khlif et al., 2009) 

Object Oriented Software BPMN Notation 

Class/package Process, sub-process 

Method Task 

Variable/Constant Data object 

Comment line Annotation 

Interface of a class Interface of a process/sub process: the set of tasks in a 

process which send or receive a flow messages. 
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Local data in a class. Process task data objects: data objects related to process tasks 

by associations. 

Data used by a class Data object used by process tasks: data objects  associated 

with message flows going into tasks in the process 

Method invocation Reception of a sequence flow or a message flow by a task. 

5.4 Why coupling, cohesion, and scalability for evaluating models? 

In our study, we created our models using BPMN. These models were then deployed to the AWS 

cloud using Camunda microservice-oriented tools. Evaluating cohesion, coupling, and scalability 

during the design of microservices is crucial because these factors profoundly influence the 

quality, maintainability, and overall success of the microservices architecture. Low coupling 

ensures that each microservice can function independently. High cohesion ensures that each 

microservice has a well-defined purpose, making it easier to understand its role and functionality.  

Scalable microservices can be adjusted in response to changing demand, ensuring efficient use of 

computing resources. Scalable microservices support the growth of the system over time, 

accommodating increased user numbers and ensuring the system remains robust and these 

principles are well known practice for microservice architectures (Asri et al., 2022; Asrowardi et 

al., 2020; de Castro & Rigo, 2023; Shuo et al., 2023). During our study, we identified that cloud 

native proposed microservices metrics share similarities, such as service complexity, service 

coupling, and service cohesion (Panichella et al., 2021). Because of this similarity, we decided to 

use these metrics to assess microservices composition. We believe that these metrics are well-

suited to achieve our thesis objectives and helpful in conducting a quality metrics-based analysis. 

5.5 Coupling Metrics Adaptation 

In general, how modules are interconnected is measured by the coupling metric within business 

process modeling. For a process that consists of a set of activities (S), the process coupling cp is 

defined as follows (Vanderfeesten et al, 2007):  

𝑐𝑝 = {

|{(𝑇1, 𝑇2) ∈ 𝑆 × 𝑆 ∣ 𝑇̅1 ≠ 𝑇̅2 ∧ (𝑇̂1 ∩ 𝑇̂2) ≠ ∅}|

|𝑆̅| ⋅ (|𝑆̅| − 1)
,      for |𝑆| > 1

0,      for |𝑆| ≤ 1

           (1) 

Where: 
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𝑇1 and 𝑇2 stand for incoming and outgoing flows for each activity (task) (consider the average of 

incoming & outgoing flows) and S stands for the set of activities in the process.  

𝑇̅1𝑎𝑛𝑑 𝑇̅2 are the sets of resources used by activities 𝑇1 and 𝑇2 respectively. 

𝑇̂1 𝑎𝑛𝑑 𝑇̂2 are the sets of inputs/outputs produced by activities  𝑇1 and 𝑇2 respectively. 

|𝑆̅| is the number of elements of set 𝑆. 

The degree of coupling depends on how complicated the connections are and also on the type of 

connections between activities (AND, OR, XOR). 

5.5.1 What are Imported and Exported Coupling in a Process? 

In the software programming domain there are two types of coupling (Khlif et al., 2009):  

IC - Imported Coupling which counts all interactions for each class C used by another 

class. 

EC - Exported Coupling which counts all interactions in which C is used. 

In business process modeling, we apply these two coupling metrics in the following 

way: 

ICP - Imported Coupling of a Process counts the number of sequences or message 

flows sent by either the tasks of the (sub-) process or by itself for each (sub-) process. 

ECP - Exported Coupling of a Process counts the number of sequences or message 

flows received by either the tasks of the (sub-) process or by itself for each (sub-) 

process. 

5.5.2 Coupling Metrics Measurement for BPMN Models 

In this part, we explain how we used the coupling metrics (which we talked about in the previous 

chapter) to measure the level of coupling in our designed BPMN models for microservices 

composition. We used five different workflows: Choreography (D), Orchestration (E), Hybrid (A), 

Hybrid (B), and Hybrid (C) shown in Figures 17 to 21 as our examples to apply these metrics for 

e-commerce scenarios that involve the entire process. We created workflows of different sizes, 

including small-sized, mid-sized, and end-to-end workflows, (see Chapter 4). However, for this 

research, we are focusing on complex scenarios to measure the level of coupling. We have 

measured the complexity of small and mid-sized workflows in our previous work (Ali et al., 2022). 
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The Response for a Class (RFC) metric is part of a group of measures used for measuring software 

at the class level. It specifically focuses on examining coupling in terms of control flow. In the 

business domain, this metric is referred to as Response for a Process (RFP). Locality of data (LD) 

is a coupling metric that establishes a connection between the data used within an activity (process 

or sub-process) and the overall data utilized by that activity. 

We have identified four coupling metrics in which adaptation is possible in business process 

modeling: IC- Imported Coupling, EC- Exported Coupling, RFC- Response for Class Coupling, 

and LD- Locality of Data-based coupling (Khlif et al., 2009).  

Our models are centered from storefront and customer perspectives. We did not include 

administrative viewpoints, so we did not use a database for that purpose. However, some of these 

ways do not work for our e-commerce scenarios because they need extra elements like BPMN and 

databases which are not used in our models.  

5.5.3 Measurement of Imported and Exported Coupling in a Process 

To measure imported coupling in a BPMN process, we focused on activities or elements that 

depend on inputs from external sources. One way to measure this is by calculating the number of 

data or message flows coming into the process: 

 ICP = number of incoming data/message flows 

To measure exported coupling in a BPMN process, we assessed the activities or elements that send 

data or messages to external entities. This we measured by counting the number of outgoing data 

or message flows: 

ECP = number of outgoing data/message flows 

We used the ICP and ECP to evaluate all our end-to-end workflows, including hybrid models, 

choreography, and orchestration. The summary of our findings is presented in Table 7. 

Table 7: Comparison of ICP and ECP Metrics Results for Composition Models 

SL No Business Process Name ICP ECP 

1 Hybrid (A) 26 21 

2 Hybrid (B) 30 22 

3 Hybrid (C) 34 23 

4 Choreography (D) 23 20 

5 Orchestration (E) 38 23 
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Looking at the results in Table 7, we can see that the choreography approach has the lowest ICP 

and ECP values. On the other hand, the orchestration approach has the highest ICP and ECP values. 

Among the hybrid styles, the hybrid (C) model stands out with the highest ICP and ECP values, 

in this model, we used three smaller orchestration sub-processes. From what we have learned, it is 

clear that when we include more orchestration in our workflows, the ICP and ECP values tend to 

become bigger. 

5.5.4 Calculating Process Coupling 

In a business process, the coupling metric is determined by the number of activities that are related 

to each other. To measure this, we calculate the average coupling by adding up the number of 

connections for all activities and dividing the result by the total number of activities 

(Vanderfeesten et al., 2007). When calculating the process coupling for our designed models, we 

counted all pairs of activities twice. To obtain the results for each BPMN model, we divide the 

average coupling by the maximum number of couplings, which is the number of activities minus 

one (Vanderfeesten et al., 2007). We have applied the above-mentioned metrics to our end-to-end 

designed workflows and we summarized the results in Table 8 for hybrid models, choreography, 

and orchestration. 

Table 8: Process Model and Process Coupling (𝒄𝒑) 

Process Model Average Coupling Process Coupling 

Hybrid (A) 
23.5 0.056 

Hybrid (B) 26 0.056 

Hybrid (C) 28.5 0.056 

Choreography (D) 21.5 0.057 

Orchestration (E) 30.5 0.06 

A lower value of 𝑐𝑝 indicates looser coupling. Looking at the results in Table 8, we can see that 

our proposed hybrid models are less tightly coupled. All the hybrid models have similar process 

coupling values. On the other hand, the orchestration approach has a higher value, indicating that 

it is more tightly connected in comparison. Meanwhile, the choreography approach has a better 

process coupling value when compared to orchestration. 
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5.6 Cohesion Metrics Adaptation 

In business process modeling, the cohesion of an activity is the product of both information 

cohesion and relation cohesion (Khlif et al., 2009). The overall cohesion of a BPMN model can 

then be determined by the average activity cohesion. We can determine the overall cohesion of the 

workflow process by calculating the average activity cohesion. For a business process which 

consists of a set of activities (S) on the operations structure and c(t) is the activity cohesion, the 

process cohesion ch can be defined as follows (Vanderfeesten et al., 2007):  

𝑐ℎ =
∑  𝑡∈𝑆̃ 𝑐(𝑡)

|𝑆̅|
           (2) 

Where: 

𝑐ℎ represents the process cohesion, which is a measure of how closely related or interconnected 

the activities within the process. 

∑  𝑡∈𝑆̃ 𝑐(𝑡) is the summation of cohesion values 𝑐(𝑡) for each activity 𝑡 in the set 𝑆̃ which typically 

represents a subset of activities within the process. 

𝑐(𝑡) is the cohesion of activity 𝑡, indicating how well the elements within the activity are focused 

and related. A higher cohesion value implies a stronger internal relationship. 

|𝑆̅| is the number of elements of the set 𝑆̅, which represents the total set of activities in the process. 

5.6.1 Cohesion Metrics Measurement for BPMN Models 

As discussed in section 5.6, we applied the cohesion metric to our sample models, including Hybrid 

(A), Hybrid (B), Hybrid (C), Choreography (D), and Orchestration (E). The cohesion metric 

measures the total incoming flows in a business process, which is then divided by the outgoing 

flows of the business process multiplied by the outgoing flows of the business process minus one 

(Vanderfeesten et al., 2007).  

As we can see from Figure 17, in the Hybrid (A) workflow, there are 26 incoming flows and 21 

outgoing flows. Process Cohesion (𝑐ℎ) increase if the cohesion level of a workflow increases. 

Higher 𝑐ℎ values signify greater internal consistency and a tightly cohesive structure. Table 9 

provides insights into the cohesion of different methods. The orchestration method stands out with 

the highest process cohesion value, indicating that this model has a strong internal connection or 

highly cohesive. Among the models we proposed, the two hybrid models show similar levels of 
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process cohesion. One of the hybrid models follows closely with the second highest process 

cohesion value. 

Table 9: Process models and Process Cohesion (𝒄𝒉) 

SL No Process Model Process Cohesion 

1 Hybrid (A) 0.06 

2 Hybrid (B) 0.06 

3 Hybrid (C) 0.07 

4 Choreography (D) 0.06 

5 Orchestration (E) 0.08 

5.7 Coupling/Cohesion Ratio 

The process coupling/cohesion ratio, 𝜌 can be defined as follows: 

𝜌 =
𝑐𝑝

𝑐ℎ
                      (3) 

𝜌 represents the process coupling and cohesion ratio, which provides an integrated assessment of 

both coupling and cohesion aspects within the process.  

𝑐𝑝 stands for process coupling, a metric that quantifies the degree of interdependence or interaction 

among activities within the process.  

𝑐ℎ represents process cohesion, a measure of how well-related and internally focused the elements 

within activities are.  

We applied coupling and cohesion metrics to all our designed end-to-end/complex workflows, and 

we presented the results in Table 8 and Table 9 for hybrid, choreography, and orchestration 

models. These metrics help us identify the most preferable business process modeling design by 

considering its execution maintainability and quality. If a model has a minimal coupling/cohesion 

ratio, it is the most favorable model. The coupling/cohesion ratio can help us choose the best option 

from design models based on the specified metrics (Vanderfeesten et al., 2007). Table 10 presents 

five workflows coupling and cohesion ratios. 

Table 10: Process models and Coupling Vs Cohesion Ratio 

SL No. Process Model Coupling Vs. Cohesion Ratio 

1 Hybrid (A) 0.93 

2 Hybrid (B) 0.93 

3 Hybrid (C) 0.80 

4 Choreography (D) 0.95 

5 Orchestration (E) 0.75 
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In the case of our sample workflows, the coupling/cohesion ratios for the five designs are 0.75, 

0.80, 0.93, 0.93, and 0.95. Based on these ratios, if we are considering a hybrid model for an end-

to-end e-commerce scenario, then the Hybrid (C) model is the most suitable. This model includes 

three orchestrations (Checkout Process, User Authentication, and Order Process) and two 

choreographies (Shipment and Payment Process) combined. 

5.8 The Control Flow Complexity (CFC) 

The control flow complexity (CFC) refers to the various decision points, or gateways, within a 

process flow. Counting all types of gateways is necessary to determine the CFC, which increases 

with the number of gateway types. CFC metrics help analyze the complexity of a business process 

model. In simpler terms, CFC is a measure of how complicated a process is based on the number 

and types of decision points within it (J Cardoso et al., 2006;  Yaqin et al., 2017): 

X stands for the number of Processes and A is an Activity. We can express the CFC measurement 

equation as below, and this is formulated as number (4) for our research. 

CFC(X)= 

∑ 𝐶𝐹𝐶𝑋𝑂𝑅  (𝐴)𝐴∈𝑃,𝐴 𝑖𝑠 𝑎 𝑋𝑂𝑅−𝑠𝑝𝑙𝑖𝑡 +  ∑ 𝐶𝐹𝐶𝑂𝑅 (𝐴) +𝐴∈𝑃,𝐴 𝑖𝑠 𝑎 𝑂𝑅−𝑠𝑝𝑙𝑖𝑡

 ∑ 𝐶𝐹𝐶𝐴𝑁𝐷 (𝐴)𝐴∈𝑃,𝐴 𝑖𝑠 𝑎 𝐴𝑁𝐷−𝑠𝑝𝑙𝑖𝑡                                                                        (4) 

 𝐶𝐹𝐶𝑋𝑂𝑅−𝑠𝑝𝑙𝑖𝑡(A)= fan − out(A). The control-flow complexity of XOR- splits is determined 

by the number of outgoing branches that emerge after each XOR split. 

 𝐶𝐹𝐶𝑂𝑅−𝑠𝑝𝑙𝑖𝑡(A)= fan−out(A)−1. The control-flow complexity of OR-splits is determined 

by the number of outgoing branches that emerge after each OR split. 

 𝐶𝐹𝐶𝐴𝑁𝐷−𝑠𝑝𝑙𝑖𝑡(A)=1. The control-flow complexity of AND-splits is determined by the 

number of induced states that are introduced with the split. 

5.9 Scalability Metrics in Business Process Modeling 

Scalability in a business process can be defined as the ability of the process to accommodate 

growth or handle the growing number of business processes (Yaqin et al., 2017).  

Process similarity is the identification of similarities in business process models. The similarity 

value determines whether a business process is a subset of other business processes or not. In order 

to assess the scalability of a business process, we need structural and behavioral similarities as 
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scalability parameters (Yaqin et al., 2017). With the Jaccard coefficient method, we can calculate 

workflow similarities. 

The structural similarity is defined as the similarity of two graph structures; the graph structure 

consists of all elements in the model/graph. In our research, we use the Jaccard coefficient method 

to measure structural and behavioral similarities of workflows. 

Jaccard coefficient is formulated as follows: 

J(A,B) = 
|𝐴 ∩ 𝐵|

|𝐴 ∪ 𝐵|
                         (5) 

The Jaccard coefficient is a way to find out how similar two business process models are. We can 

calculate it using the following formula: 

J(A, B) = (Number of elements that are in both business process model A and business process 

model B)/(Number of elements in either business process model A or business process model B, 

or both). 

In other words, the Jaccard coefficient = (Number of common elements)/(Total number of unique 

elements in both models) 

In equation 5, we need to use activities, sequence flows, gateways, start events, and end events, 

which are represented by process model A and process model B. These elements are essential for 

calculating the Jaccard coefficient, denoted as J(A, B). 

Behavioral similarity refers to the least number of total sequence flows common to each workflow. 

The behavioral similarity value is derived from the relationships between the existing business 

process activities of workflows. Two scalability parameters for assessing business process models 

are structural and behavioral similarities. A business process as a subset of other business processes 

or not is identified based on the value of the similarity determined (Yaqin et al., 2017). 

Sim(A, B) = average (simS(A, B),SimB(A, B))                    (6) 

In equation 6, simS stands for simulated value of structural similarities and simB stands for 

simulated value of behavioural similarities. 

Business process scale refers to comparing one business process to another by multiplying the 

number of elements it has with the complexity of its flow control (CFC). This helps us measure 

the size and complexity of a business process compared to others (Yaqin et al., 2017).  
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Scale(A) = E (A) * CFC(A)                                                 (7) 

Here, E(A) is the number of elements for process model A and CFC(A) the control flow complexity 

of process model A. 

5.9.1 Scale Value Comparison 

To obtain scalability, we need to compare the scale value of one model to the scale values of other 

business process models. According to Yaqin et al., we can compare one scale value with the 

formula number (8) (Yaqin et al., 2017). 

scale(A,B) = 
𝑠𝑐𝑎𝑙𝑒 (𝐴)

𝑠𝑐𝑎𝑙𝑒 (𝐵)
                             (8) 

Here, Scale(A) is the scale value of process model A and Scale(B) the scale value for process model 

B. 

5.9.2 Scalability Measurement for BPMN Models 

In this section, we explain how we used the scalability metrics discussed in section 5.9 to evaluate 

the scalability of our designed models. To assess the scalability of the models, we need to measure 

the similarities between workflows based on their structural and behavioral aspects.  

We applied this metric to the workflows shown in Figures 17, 18, 19, 20, and 21, and the results 

are presented in Table 11. To calculate the structural behavior, we counted the total number of 

elements in a process, which includes tasks, sequence flows, decision boxes, and start and end 

events. These elements primarily define the structural behavior of the process. 

The Transition Adjacency Relations (TAR) is the sequence flow between the elements presented 

in the process model. To calculate the TAR, we count all the messages or steps in each sample 

model. The sequence flows primarily define the behavior of the process. 

To measure the complexity of the control flow, we look at the number of decision boxes or 

gateways in the figures mentioned above. We apply the CFC formula as described in Section 5.3.4 

of Chapter 5. Table 11 is a useful tool to compare the structural and behavioral similarities when 

designing each sample model. It summarizes the necessary characteristics of the five models: 
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Table 11: Elements, Transition Adjacency Relations, and Control Flow Complexity 

SL 

No. 

Process Model No. of Elements 

 

Transition 

Adjacency 

Relations (TAR)  

Control Flow 

Complexity  

1 Hybrid (A) 34 41 10 

2 Hybrid (B) 35 46 10 

3 Hybrid (C) 34 46 8 

4 Choreography (D) 32 37 9 

5 Orchestration (E) 33 47 6 

5.9.3 Calculating the Structural Aspect 

In Section 5.9, we use the Jaccard Coefficient formula to measure the structural similarity aspect 

of the models. This involves dividing the number of elements in the Hybrid (A) model of the 

workflow sample by the number of elements in the Hybrid (B) model (Yaqin et al., 2017). We 

applied all the mentioned metrics to all of our end-to-end e-commerce scenarios and summarized 

the results in Table 12 for hybrid models, choreography, and orchestration. 

Table 12: Results of the Structural Similarity Calculation with Jaccard Coefficient  

Structural 

similarity 

Process Model A B C D E 

Hybrid (A) 1 0.97 1 1.06 1.03 

Hybrid (B) 0.97 1 1.03 1.09 1.06 

Hybrid (C) 1 1.03 1 1.06 1.03 

  Choreography (D) 1.06 1.09 1.06 1 0.97 

  Orchestration (E) 1.03 1.06 1.03 0.97 1 

5.9.4 Calculating the Behavioral Aspect 

As explained in section 5.9, Behavior Similarity refers to the least number of Transition Adjacency 

Relations (TAR) or sequence flows used in a workflow. Based on the workflow in Figures 17 to 

21, the behavioral similarity was calculated by the Transition Adjacency Relations (TAR) Jaccard 

Coefficient formula of equation number (5). Table 13 provides a summary of the results for hybrid, 

choreography, and orchestration models. To calculate the behavioral similarity, we divided the 

number of TAR in the Hybrid (A) model of the workflow sample by the number of TAR in the 

Hybrid (B) model (Yaqin et al., 2017). We applied these metrics to all our end-to-end workflows. 
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Table 13: Results of the Behavioral Similarity Calculation with Jaccard Coefficient 

Behavioral 

Similarity  

Process Model A B C D E 

Hybrid (A) 1 0.89 0.89 1.11 0.87 

Hybrid (B) 0.89 1 1 1.24 0.98 

Hybrid (C) 0.89 1 1 1.24 0.98 

Choreography (D) 1.11 1.24 1.24 1 0.79 

Orchestration (E) 0.87 0.98 0.98 0.79 1 

5.9.5 Simulated Average Value of Similarity  

Table 14 shows the average values of structural and behavioral similarities obtained from our end-

to-end workflow designs. We used formula number (6) from section 5.9 to calculate these averages 

based on the workflows presented in Figures 17 to 21. The similarity value is determined by 

whether a business process is a subset of other business processes or not (Yaqin et al., 2017). The 

following table presents the average structural and behavioral similarities of the 5 models given in 

our study. The value is always ‘1’ within the same model. 

Table 14: Results of the average value of Structural and Behavioral similarity 

Average 

of 

Structural 

& 

Behavioral 

Similarity 

Process Model A B C D E 

Hybrid (A) 1 0.93 0.95 1.09 0.95 

Hybrid (B) 0.93 1 1.02 1.17 1.02 

Hybrid (C) 0.95 1.02 1 1.15 1.01 

Choreography (D) 1.09 1.17 1.15 1 0.88 

Orchestration (E) 0.95 1.02 1.01 0.88 1 

5.9.6 Determine the Control Flow Complexity and the Scale Value 

In section 5.8, we use the Control Flow Complexity (CFC) metric to measure the complexity of 

our workflows. This metric is calculated by adding up all the split builders using a formula 

discussed in that section. We apply the CFC metric to the sample workflows for hybrid models, 

choreography, and orchestration shown in Figures 17 to 21. Since our designed models have only 

the XOR gateway, the CFC for each workflow equals the total number of 𝐶𝐹𝐶𝑋𝑂𝑅 for formula 

number (4).  

Table 15 summarizes the Control Flow Complexity based on the XOR gateway used in our 

workflows. The table shows that the orchestration model has a CFC of 6, indicating a lower level 

of complexity compared to choreography and hybrid models. However, when considering the 

hybrid models, Hybrid (C) in Figure 19 has the lowest complexity among all three hybrid models. 
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Table 15: Control Flow Complexity and the Scale Value 

Calculation of Scalability 

Step 1 - Determine the 

Scale Value of Each 

Model 

Process Model 

No. of 

Elements CFC 

Scale 

Value 

Hybrid (A) 34 10 340 

Hybrid (B) 35 10 350 

Hybrid (C) 34 8 272 

Choreography (D) 32 9 288 

Orchestration (E) 33 6 198 

To measure the Scale Value, we use the formula in section 5.9, equation number (7) Scale Value 

(scale(A)) was obtained by multiplying the number of business process model elements by the 

Control Flow Complexity (CFC) value. As evident from Table 15, Hybrid (B) workflow has the 

highest scale value of 350 among the three hybrid models, and Orchestration (E) shows the lowest 

scale value of 198. 

5.9.7 Business Process Models Scale Value Comparison  

As discussed in section 5.9.1, we apply the scale value comparison formula, equation number (8) 

to sample models in Figures 17 to 21, our designed business process models, and we summarized 

the results in Table 16, below, which includes the scale values of the hybrids, choreography, and 

orchestration workflows.  

Table 16: Business Process Models Scale Value Comparison 

Calculation of 

Scalability 

Step 2 - Comparing 

Scale Value Between 

Models 

Process Model A B C D E 

Hybrid (A) 1 0.97 1.25 1.18 1.72 

Hybrid (B) 0.97 1 1.29 1.22 1.77 

Hybrid (C) 1.25 1.29 1 0.94 1.37 

Choreography (D) 1.18 1.22 0.94 1 1.45 

Orchestration (E) 1.72 1.77 1.37 1.45 1 

5.9.8 Comparison of the Scalability Metric Results 

We have applied all the scalability metrics to our sample end-to-end workflows, and the results 

are summarized in Table 17 for hybrid, choreography, and orchestration models.  

Scalability value (A, B) was obtained by comparing the scale value of process models A and B 

obtained in section 5.9.7, Table 16, multiplied by the value of similarity obtained in section 5.9.5 

and Table 14.  
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If the scalability value for a specific model is zero, it means that the workflow being assessed is 

the same and cannot be scaled any further. If the value is one or more, it means the two workflows 

as completely different and can be grown based on requirements. Table 17 summarizes the 

scalability factor for the five given models, with the same model always having a value of '0'. To 

better explain this table, we can compare it with the process model names - Hybrid (A), Hybrid 

(B), Hybrid (C), Choreography (D), and Orchestration (E). Our goal is to assess how well each 

model can handle additional growth by adding tasks or activities to meet the business requirements 

for delivering expected services related to e-commerce. 

Table 17: Business Process Models Scalability Comparison 

Calculation of 

Scalability 

Step 3 - Scalability 

Value 

Process Model A B C D E 

Hybrid (A) 0 0.9 1.19 1.29 1.63 

Hybrid (B) 0.9 0 1.32 1.43 1.81 

Hybrid (C) 1.19 1.32 0 1.08 1.38 

Choreography (D) 1.29 1.43 1.08 0 1.28 

Orchestration (E) 1.63 1.81 1.38 1.28 0 

5.10 Discussion 

We have analyzed the structural coupling, cohesion, and scalability of our proposed microservices 

models. We made three different sizes for the choreography, orchestration, and hybrid models. 

However, for the small size, we could not create a hybrid composition, and for the mid-sized 

scenarios, we could only combine one choreography with one orchestration approach for the 

hybrid model. Our goal was to evaluate end-to-end scenarios for e-Commerce. We did not find 

enough reasons to assess the coupling, cohesion, and scalability of small and mid-sized scenarios. 

Nevertheless, they are still valuable in helping us design the end-to-end model and compare them 

with five different types of workflows. 

We found the smallest ratio of coupling cohesion for the orchestration style, which is the most 

favorable model among those we designed, according to the findings in Table 10. If we are only 

focusing on coupling metrics, our suggested hybrid models are loosely coupled, as shown in Table 

8. However, if someone values cohesion more and wants to prioritize highly cohesive models 

based on their business needs, then they might prefer the orchestration style, as indicated in Table 

9. Our assessment clearly shows that the orchestration approach is highly cohesive. We also 
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observed that the Hybrid (C) model has the second highest process cohesion value and is slightly 

different from the orchestration model, as seen in the same table. 

We have assessed scalability from a static viewpoint, focusing on the structure of the models. 

According to Table 17, if someone wants to combine orchestration and choreography in one 

model, the Hybrid (B) model is a good choice for an e-commerce scenario considering scalability. 

Among the hybrid models, the Hybrid (B) workflow is the second best for handling more growth 

in the table. Based on the results, the orchestration model is the most scalable among all the models 

listed in the table. However, we found that the choreography model is the least capable of handling 

growth in this study. 
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CHAPTER 6.  Conclusions and Future Work 

 

6.1 Discussion 

Our research focuses on developing a way to compose microservices and identifying when hybrid 

methods for modeling microservices should be used. To support our findings, we have used three 

quality metrics from the literature to evaluate our BPMN-based designed workflows. Furthermore, 

we have compared the results of our proposed models' coupling, cohesion, and scalability metrics 

with two other composition techniques, namely choreography and orchestration. Our goal is to 

provide insights into the potential advantages of using hybrid approaches for microservices 

composition.  

The findings of the first research question (RQ1), as in Table 4, section 3.3, present advantages 

and disadvantages of orchestration, choreography, and hybrid composition.  

In choreography-based composition, it is easier to make changes to microservices and BPMN 

because control is shared among different services that are not tightly connected. This means it is 

easy to add or remove services as long as the system is straightforward. If a scenario is more 

complicated and requires coordinating multiple services, adding or removing tasks, debugging is 

simpler and faster when using the orchestration approach for microservices composition. However, 

there is a risk of downtime during development because of the strict dependency point in 

orchestration. 

The results of RQ2, as in Table 4, section 3.3, indicate that smaller applications with fewer 

services are better suited for choreography-based composition when only a few services are 

needed. Developers and designers should consider various factors, including business 

requirements, number of services, and functionalities of each service, when choosing composition 

methods. 

For medium-sized applications with more services, orchestration is more suitable as it offers better 

maintainability and coordination between services. In microservices composition, having better 

visibility is important for adding or removing services without disrupting communication.  

In complex scenarios where thousands of tasks, critical new features and services need to be 

delivered and a wide range of functionalities is required, such as in an e-commerce system, it is 



70 
 

essential to confirm communication between services. In this case, a hybrid composition style 

should be considered. 

In order to answer our RQ3, we have designed four hybrid models in Chapter 4 of this study 

using multiple orchestrators and combined choreography and orchestration-based approaches in a 

single workflow. We have developed various ways to combine choreography and orchestration in 

microservice architectures, all within a single flow. To accomplish this, we divided the process 

into smaller components then employed multiple choreography-based sub-processes and 

orchestrations within each workflow. Those workflows represent the way to compose hybrid 

approaches for microservices. We have compared hybrid composition to choreography and 

orchestration in terms of coupling, cohesion, scaling, and complexity for e-commerce end-to-end 

scenario.  

We tested the models we designed to make sure they work for the entire e-commerce process from 

the storefront view. Instead of creating complicated models with lots of services, we started by 

creating small components and then gradually put them together to make a bigger system for the 

end-to-end e-commerce process. Our goal was to include all the necessary business logic for active 

e-commerce operations. 

Even though we found several papers in the literature suggesting that choreography results in less 

tightly coupled microservices, our evaluation findings in Table 8 shows that our designed hybrid 

models are less tightly coupled when compared to both orchestration and choreography 

approaches. The findings of Table 9 show that the orchestration style is highly cohesive for 

microservice composition compared to choreography and hybrid models.  

In Table 10, results show that the orchestration model has the lowest coupling/cohesion ratio, and 

the Hybrid (C) workflow has the second-lowest coupling vs. cohesion ratio. The Hybrid (C) model 

uses three orchestrations (Checkout Process, User Authentication, and Order Process) and two 

choreographies (Shipment and Payment Process). However, if we want better control over 

microservices composition, we should consider using the Hybrid (C) workflow. 

Another conclusion derived from the results is that the Hybrid (A) and Hybrid (B) workflows have 

a similar coupling/cohesion ratio. The Choreography (D) workflow has the highest coupling vs. 

cohesion ratio for end-to-end e-commerce scenarios. The results of our evaluation support minimal 

coupling and cohesion, as per the preferable workflow proposed by Vanderfeesten et al., (2007). 
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Based on the analysis results in Table 17, we can see that among hybrid models, Hybrid (B) 

workflow has the second highest scalability value. According to this result, the Orchestration (E) 

end-to-end scenario has better scalability than all the other composition models in the table.  

The analysis shows that using more orchestration sub-processes in the workflow improves the 

coupling, cohesion, and scalability of the hybrid model, which combines orchestration and 

choreography styles. 

In conclusion, based on our metrics-based analysis and considering our modeling approaches for 

microservice composition, we can say that the hybrid style is not just a concept but can be 

implemented in real-time business operations. The hybrid composition design is possible for 

microservices with multiple orchestrators and a more readable visual model. However, our study 

found orchestration has better coupling and cohesion ratio, and scalability features compared with 

choreography, and is only slightly different from the hybrid model. We have found that our 

proposed hybrid models are loosely coupled in comparison to our designed choreography, 

orchestration, and hybrid models, based on the analysis of coupling metrics. If e-commerce 

companies or other enterprises wish to reduce dependencies between services, they can use the 

hybrid technique for composition instead of orchestration.  

6.2 Conclusion 

For our three research questions formulated for this study, we were able to identify microservices 

composition approaches and BPMN-based modeling to answer them. Choreography, 

orchestration, and hybrid are the 3 main composition styles discovered in the literature. We have 

answered our “RQ1. What are the advantages and disadvantages of microservices 

orchestration, choreography, and hybrid composition?”  and “RQ2: In what situation should 

we use the hybrid techniques for microservices composition?”. We have discussed and 

explored the differences between these composition approaches, and analysis in the literature has 

indicated why one is better than the other and in what circumstances enterprises or designers 

should select choreography, orchestration, or hybrid styles.  

The third research question was “RQ3: How does hybrid composition compare to 

choreography and orchestration in terms of coupling, cohesion, scaling, and complexity for 

e-commerce systems?”. This we answered by designing multiple hybrid workflows and analyzing 
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them based on three metrics. We suggested a way to compose microservices using a hybrid 

approach with BPMN and a workflow engine. Instead of using a single orchestrator, we used 

multiple orchestrators in an e-commerce system. We also discussed how coupling, cohesion, and 

scalability can affect the design and visibility of the composition styles.  

We explored an interesting result: using a combination of orchestration and choreography makes 

it possible to achieve loosely coupled features for microservices composition (our designed hybrid 

method). The more orchestrations we combine with choreography, the higher cohesion and better 

scalability they offer in microservices composition. These results can be useful for researchers, 

engineers, developers, and organizations who need guidance on how to compose microservices. 

We analyzed metrics to get insight into modeling and understand the structure of choreography, 

orchestration, and hybrid approaches from a design perspective. This research is helpful to a 

designer in deciding when to apply a hybrid model and why they should apply this style in 

microservices composition. 

6.3 Research Contributions 

With our work, we intend to make a contribution to the hybrid-based composition approach 

research area of microservices. We conducted a literature review on microservices composition to 

compare benefits and offer critiques about choreography and orchestration. Furthermore, our 

literature review in Chapter 3 identified conditions for adopting a hybrid approach. This study 

provides insights into the BPMN-based composition of microservices in choreography, 

orchestration, and hybrid models in the e-commerce domain.  

One contribution of our research is providing a comprehensive understanding of how to use 

multiple orchestrators and choreographies to design a hybrid model. These insights can be applied 

more broadly beyond the e-commerce domain, as researchers and practitioners can use them as 

general concepts for adopting hybrid styles in similar scenarios. Our models and analysis can be 

helpful to a wide range of professionals, including enterprise users, managers, business analysts, 

software architects, and developers.  

We have provided our models, artifacts, and codes online for researchers and practitioners who 

are interested. They can use them for reusing or regenerating purposes, while also following the 

principles of open data and repository available in the appendices section. Our research outcomes 
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will benefit both academic knowledge and software development activities in various industries. 

They provide more comprehensive evidence for practitioners to choose the appropriate modeling 

tools and techniques, including when and where to use choreography, orchestration, or a hybrid 

approach to develop software and increase productivity.  

6.4 Limitations and Future Work 

In our study, we have used Camunda Platform 8, Camunda Modeler, for modeling microservices. 

Moreover, we have used “user tasks” for the tasks and only the XOR gateways to design 

microservices. We did not use other tasks such as service tasks, script task and other types of 

gateways for our proposed models. We omitted those due to code adaptation complexity in BPMN 

modeling, which we consider a limitation of our research.  

Our design models are deployable for the specific version of the Camunda Platform 8. The 

generated models and XML codes are not deployable to the older version of this tool. which we 

consider another limitation of our research. 

In Chapter 5, we used three metrics - coupling, cohesion, and scalability to determine the best-fit 

composition approach in e-commerce scenarios. We have identified more metrics in the literature, 

e.g., modularity and reusability, but we do not analyze our models based on these two metrics. Our 

designed models are based on the e-commerce domain and for other applications such as in the 

health care system or an enterprise resource planning applications; for those scenarios are 

completely different, and analysis results may differ for models based on the number of tasks, 

types of gateway, and incoming/outgoing flows. Our models are designed from the customer’s end 

or storefront point of view, and future work can be done from the point of view of administration 

panels for e-commerce.  

We did not test or use our designed models with varying workloads to truly analyze their 

scalability. This limitation is significant in our study, and future research could focus on time-

based performance and workload analysis with full automation. 

The five models we designed cover e-commerce end-to-end scenarios, and they do not involve a 

large number of microservices. This presents a potential challenge to fully validate our study. To 

address this, a separate study could be conducted using a large number of microservices to 

determine whether the results differ. 
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Considering the above limitations, more investigation can be done to analyze the reusability and 

modularity of microservices composition using other BPMN modeling tools. Furthermore, using 

service task, send task, receive task, business rule task, script task, and call activity, as tasks for 

modeling microservices composition, represent a potential improvement of scope in future work. 
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Appendices 
 

Appendix A. Simulated flow of Choreography end-to-end e-Commerce scenarios on Camunda 

Cockpit 

The end-to-end e-Commerce scenarios flow token was generated and started from the “Browse 

Site” activity and ended after the “Write a review” task. 

 

 

Appendix B. Simulated flow of Orchestration end-to-end e-Commerce scenarios on Camunda 

Cockpit 

The orchestration-based end-to-end e-Commerce scenarios flow token generated and started from 

the “Checkout Orchestrator” process and ended after the “Write a review” activity. 
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Appendix C. Simulated flow of Hybrid (A) (One-Orchestration-Three-Choreographies) end-to-end 

e-Commerce scenarios on Camunda Cockpit 

In this hybrid end-to-end e-Commerce workflow, we used one orchestration and three 

choreographies sub-process where the flow token generated from the “Checkout Orchestrator” 

task and ended after the “Write a review” activity. 
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Appendix D. Simulated flow of Hybrid (B) (Two-Orchestrations-Two-Choreographies) end-to-end e-

Commerce scenarios on Camunda Cockpit 

In this hybrid end-to-end e-Commerce workflow, we used two orchestrations and two 

choreographies sub-process where the flow token in the deployment phase generated from the 

“Checkout Orchestrator” task and ended in orchestration sub-process after the “Write a review” 

task. 
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Appendix E. Simulated flow of Hybrid (C) (Three-Orchestrations-One-Choreography) end-to-end e-

Commerce scenarios on Camunda Cockpit 

In this hybrid end-to-end e-Commerce workflow, we used three orchestrations and one 

choreography sub-process after two orchestrations sub-process where the flow token in 

deployment phase generated and started from the “Checkout Orchestrator” task and ended in 

orchestration sub-process after the “Write a review” task. 
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Appendix F. XML code for Hybrid (A) (One-Orchestration-Three-Choreographies) end-to-end e-

Commerce scenarios on Camunda Cockpit 

The repository for this work is available at: https://github.com/rhasa044/microservices-

composition-hybrid-style. It contains artifacts and code generated in the microservices 

composition hybrid style study. Researchers interested in replicating or building upon this research 

can access the repository, ensuring transparency and reproducibility of findings. 

Hybrid (A) Toggle XML 
<?xml version="1.0" encoding="UTF-8"?> 

<bpmn:definitions xmlns:bpmn="http://www.omg.org/spec/BPMN/20100524/MODEL" 

xmlns:bpmndi="http://www.omg.org/spec/BPMN/20100524/DI" 

xmlns:dc="http://www.omg.org/spec/DD/20100524/DC" xmlns:xsi="http://www.w3.org/2001/XMLSchema-

instance" xmlns:di="http://www.omg.org/spec/DD/20100524/DI" id="Definitions_1w39o4q" 

targetNamespace="http://bpmn.io/schema/bpmn" exporter="Camunda Modeler" exporterVersion="5.13.0"> 

  <bpmn:process id="Hybrid-one-orchestration-3choreographies" isExecutable="true"> 

    <bpmn:startEvent id="StartEvent_1"> 

      <bpmn:outgoing>SequenceFlow_1u05py2</bpmn:outgoing> 

    </bpmn:startEvent> 
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    <bpmn:exclusiveGateway id="ExclusiveGateway_12207ye" name="Already a user?"> 

      <bpmn:incoming>SequenceFlow_1nj1l69</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_0wba7ds</bpmn:outgoing> 

      <bpmn:outgoing>SequenceFlow_1cv6x8z</bpmn:outgoing> 

    </bpmn:exclusiveGateway> 

    <bpmn:sequenceFlow id="SequenceFlow_0wba7ds" name="yes" sourceRef="ExclusiveGateway_12207ye" 

targetRef="Task_0dcjzef"> 

      <bpmn:conditionExpression xsi:type="bpmn:tFormalExpression">${isUser== 

true}</bpmn:conditionExpression> 

    </bpmn:sequenceFlow> 

    <bpmn:exclusiveGateway id="ExclusiveGateway_1wnf1j3" name="want to sign up"> 

      <bpmn:incoming>SequenceFlow_1cv6x8z</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_1u6tvcu</bpmn:outgoing> 

      <bpmn:outgoing>SequenceFlow_0mcl6gf</bpmn:outgoing> 

    </bpmn:exclusiveGateway> 

    <bpmn:sequenceFlow id="SequenceFlow_1cv6x8z" name="no" sourceRef="ExclusiveGateway_12207ye" 

targetRef="ExclusiveGateway_1wnf1j3"> 

      <bpmn:conditionExpression xsi:type="bpmn:tFormalExpression">${isUser== 

false}</bpmn:conditionExpression> 

    </bpmn:sequenceFlow> 

    <bpmn:sequenceFlow id="SequenceFlow_1u6tvcu" name="yes" sourceRef="ExclusiveGateway_1wnf1j3" 

targetRef="Task_009ozkj"> 

      <bpmn:conditionExpression xsi:type="bpmn:tFormalExpression">${signup== 

true}</bpmn:conditionExpression> 

    </bpmn:sequenceFlow> 

    <bpmn:sequenceFlow id="SequenceFlow_0mcl6gf" name="no" sourceRef="ExclusiveGateway_1wnf1j3" 

targetRef="Task_0tlg9au"> 

      <bpmn:conditionExpression xsi:type="bpmn:tFormalExpression">${signup== 

false}</bpmn:conditionExpression> 

    </bpmn:sequenceFlow> 

    <bpmn:exclusiveGateway id="ExclusiveGateway_01sk276"> 

      <bpmn:incoming>SequenceFlow_11s4zb3</bpmn:incoming> 

      <bpmn:incoming>SequenceFlow_0r22vdd</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_02d3c5k</bpmn:outgoing> 

    </bpmn:exclusiveGateway> 

    <bpmn:sequenceFlow id="SequenceFlow_11s4zb3" sourceRef="Task_009ozkj" 

targetRef="ExclusiveGateway_01sk276" /> 

    <bpmn:sequenceFlow id="SequenceFlow_0r22vdd" sourceRef="Task_0tlg9au" 

targetRef="ExclusiveGateway_01sk276" /> 

    <bpmn:exclusiveGateway id="ExclusiveGateway_0w45w04" name="Have a Promo Code?"> 

      <bpmn:incoming>SequenceFlow_00dm4px</bpmn:incoming> 

      <bpmn:incoming>SequenceFlow_02d3c5k</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_13bm0fm</bpmn:outgoing> 

      <bpmn:outgoing>SequenceFlow_0t2wvrg</bpmn:outgoing> 

    </bpmn:exclusiveGateway> 

    <bpmn:sequenceFlow id="SequenceFlow_00dm4px" sourceRef="Task_0dcjzef" 

targetRef="ExclusiveGateway_0w45w04" /> 

    <bpmn:sequenceFlow id="SequenceFlow_02d3c5k" sourceRef="ExclusiveGateway_01sk276" 

targetRef="ExclusiveGateway_0w45w04" /> 

    <bpmn:sequenceFlow id="SequenceFlow_13bm0fm" name="yes" sourceRef="ExclusiveGateway_0w45w04" 

targetRef="Task_06mbo2b"> 

      <bpmn:conditionExpression xsi:type="bpmn:tFormalExpression">${havePromoCode == 

true}</bpmn:conditionExpression> 

    </bpmn:sequenceFlow> 

    <bpmn:sequenceFlow id="SequenceFlow_0t2wvrg" name="no" sourceRef="ExclusiveGateway_0w45w04" 

targetRef="Task_1qjbvnf"> 
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      <bpmn:conditionExpression xsi:type="bpmn:tFormalExpression">${havePromoCode == 

false}</bpmn:conditionExpression> 

    </bpmn:sequenceFlow> 

    <bpmn:sequenceFlow id="SequenceFlow_01woab4" sourceRef="Task_06mbo2b" targetRef="Task_1qjbvnf" 

/> 

    <bpmn:exclusiveGateway id="ExclusiveGateway_1ji0df2" name="ship to address?"> 

      <bpmn:incoming>SequenceFlow_1rqoomg</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_11ejla7</bpmn:outgoing> 

      <bpmn:outgoing>SequenceFlow_16uenhz</bpmn:outgoing> 

    </bpmn:exclusiveGateway> 

    <bpmn:sequenceFlow id="SequenceFlow_1rqoomg" sourceRef="Task_1qjbvnf" 

targetRef="ExclusiveGateway_1ji0df2" /> 

    <bpmn:sequenceFlow id="SequenceFlow_11ejla7" name="yes" sourceRef="ExclusiveGateway_1ji0df2" 

targetRef="Task_1ky7hfx"> 

      <bpmn:conditionExpression xsi:type="bpmn:tFormalExpression">${shipToAddress== 

true}</bpmn:conditionExpression> 

    </bpmn:sequenceFlow> 

    <bpmn:exclusiveGateway id="ExclusiveGateway_1blk8rt" name="order values?"> 

      <bpmn:incoming>SequenceFlow_1tjh507</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_0yuz5o0</bpmn:outgoing> 

      <bpmn:outgoing>SequenceFlow_1eag7yq</bpmn:outgoing> 

    </bpmn:exclusiveGateway> 

    <bpmn:sequenceFlow id="SequenceFlow_1tjh507" sourceRef="Task_1ky7hfx" 

targetRef="ExclusiveGateway_1blk8rt" /> 

    <bpmn:sequenceFlow id="SequenceFlow_0yuz5o0" sourceRef="ExclusiveGateway_1blk8rt" 

targetRef="Task_07ki0pb"> 

      <bpmn:conditionExpression xsi:type="bpmn:tFormalExpression">${orderValue &lt; 

100}</bpmn:conditionExpression> 

    </bpmn:sequenceFlow> 

    <bpmn:sequenceFlow id="SequenceFlow_1eag7yq" sourceRef="ExclusiveGateway_1blk8rt" 

targetRef="Task_1xj8x4l"> 

      <bpmn:conditionExpression xsi:type="bpmn:tFormalExpression">${orderValue &gt;= 

100}</bpmn:conditionExpression> 

    </bpmn:sequenceFlow> 

    <bpmn:exclusiveGateway id="ExclusiveGateway_10d4tn7"> 

      <bpmn:incoming>SequenceFlow_1k5xysm</bpmn:incoming> 

      <bpmn:incoming>SequenceFlow_07nvgk7</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_1olp77n</bpmn:outgoing> 

    </bpmn:exclusiveGateway> 

    <bpmn:sequenceFlow id="SequenceFlow_1k5xysm" sourceRef="Task_07ki0pb" 

targetRef="ExclusiveGateway_10d4tn7" /> 

    <bpmn:sequenceFlow id="SequenceFlow_07nvgk7" sourceRef="Task_1xj8x4l" 

targetRef="ExclusiveGateway_10d4tn7" /> 

    <bpmn:sequenceFlow id="SequenceFlow_1olp77n" sourceRef="ExclusiveGateway_10d4tn7" 

targetRef="Task_1ub5u9c" /> 

    <bpmn:sequenceFlow id="SequenceFlow_16uenhz" name="no" sourceRef="ExclusiveGateway_1ji0df2" 

targetRef="Task_08mptt4"> 

      <bpmn:conditionExpression xsi:type="bpmn:tFormalExpression">${shipToAddress== 

false}</bpmn:conditionExpression> 

    </bpmn:sequenceFlow> 

    <bpmn:sequenceFlow id="SequenceFlow_14gbbiz" sourceRef="Task_08mptt4" targetRef="Task_085t7lv" /> 

    <bpmn:sequenceFlow id="SequenceFlow_0eg7ulc" sourceRef="Task_085t7lv" targetRef="Task_1ub5u9c" /> 

    <bpmn:exclusiveGateway id="ExclusiveGateway_1scfuq2" name="payment successful?"> 

      <bpmn:incoming>SequenceFlow_1b9pd6i</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_0x07e52</bpmn:outgoing> 

      <bpmn:outgoing>SequenceFlow_1insc67</bpmn:outgoing> 
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    </bpmn:exclusiveGateway> 

    <bpmn:sequenceFlow id="SequenceFlow_1b9pd6i" sourceRef="Task_1ub5u9c" 

targetRef="ExclusiveGateway_1scfuq2" /> 

    <bpmn:sequenceFlow id="SequenceFlow_0x07e52" name="yes" sourceRef="ExclusiveGateway_1scfuq2" 

targetRef="Task_0iscgei"> 

      <bpmn:conditionExpression xsi:type="bpmn:tFormalExpression">${paymentSuccessful== 

true}</bpmn:conditionExpression> 

    </bpmn:sequenceFlow> 

    <bpmn:endEvent id="EndEvent_02xnrs6"> 

      <bpmn:incoming>SequenceFlow_1insc67</bpmn:incoming> 

    </bpmn:endEvent> 

    <bpmn:sequenceFlow id="SequenceFlow_1insc67" name="no" sourceRef="ExclusiveGateway_1scfuq2" 

targetRef="EndEvent_02xnrs6"> 

      <bpmn:conditionExpression xsi:type="bpmn:tFormalExpression">${paymentSuccessful== 

false}</bpmn:conditionExpression> 

    </bpmn:sequenceFlow> 

    <bpmn:exclusiveGateway id="ExclusiveGateway_0vq37ec"> 

      <bpmn:incoming>SequenceFlow_11v1trp</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_0toxbj8</bpmn:outgoing> 

      <bpmn:outgoing>SequenceFlow_0so8lpt</bpmn:outgoing> 

    </bpmn:exclusiveGateway> 

    <bpmn:endEvent id="EndEvent_0p3yr1b"> 

      <bpmn:incoming>SequenceFlow_08sc29q</bpmn:incoming> 

    </bpmn:endEvent> 

    <bpmn:sequenceFlow id="SequenceFlow_08sc29q" sourceRef="Task_18tj109" 

targetRef="EndEvent_0p3yr1b" /> 

    <bpmn:sequenceFlow id="SequenceFlow_1u05py2" sourceRef="StartEvent_1" targetRef="Task_1n39hpz" /> 

    <bpmn:sequenceFlow id="SequenceFlow_11v1trp" sourceRef="Task_0iscgei" 

targetRef="ExclusiveGateway_0vq37ec" /> 

    <bpmn:sequenceFlow id="SequenceFlow_0toxbj8" sourceRef="ExclusiveGateway_0vq37ec" 

targetRef="Task_0h9nja0"> 

      <bpmn:conditionExpression xsi:type="bpmn:tFormalExpression">${shipToAddress== 

true}</bpmn:conditionExpression> 

    </bpmn:sequenceFlow> 

    <bpmn:sequenceFlow id="SequenceFlow_0so8lpt" sourceRef="ExclusiveGateway_0vq37ec" 

targetRef="Task_09kpo8l"> 

      <bpmn:conditionExpression xsi:type="bpmn:tFormalExpression">${shipToAddress== 

false}</bpmn:conditionExpression> 

    </bpmn:sequenceFlow> 

    <bpmn:sequenceFlow id="SequenceFlow_1vks2be" sourceRef="Task_09kpo8l" targetRef="Task_1dzlnt5" /> 

    <bpmn:sequenceFlow id="SequenceFlow_0gljw3v" sourceRef="Task_0h9nja0" targetRef="Task_037zc08" /> 

    <bpmn:sequenceFlow id="SequenceFlow_0ljigac" sourceRef="Task_037zc08" targetRef="Task_18tj109" /> 

    <bpmn:sequenceFlow id="SequenceFlow_1jem9ox" sourceRef="Task_1dzlnt5" targetRef="Task_18tj109" /> 

    <bpmn:sequenceFlow id="SequenceFlow_1011qdu" sourceRef="Task_1n39hpz" 

targetRef="ExclusiveGateway_0ro5yum" /> 

    <bpmn:exclusiveGateway id="ExclusiveGateway_0ro5yum" name="check status?"> 

      <bpmn:incoming>SequenceFlow_1011qdu</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_16d1x3e</bpmn:outgoing> 

      <bpmn:outgoing>SequenceFlow_1r0ubpp</bpmn:outgoing> 

      <bpmn:outgoing>SequenceFlow_1nj1l69</bpmn:outgoing> 

      <bpmn:outgoing>SequenceFlow_112ikiw</bpmn:outgoing> 

    </bpmn:exclusiveGateway> 

    <bpmn:sequenceFlow id="SequenceFlow_16d1x3e" sourceRef="ExclusiveGateway_0ro5yum" 

targetRef="Task_15o7fct"> 

      <bpmn:conditionExpression xsi:type="bpmn:tFormalExpression">${status == 

"new"}</bpmn:conditionExpression> 
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    </bpmn:sequenceFlow> 

    <bpmn:sequenceFlow id="SequenceFlow_0dlosaf" sourceRef="Task_03jcel6" targetRef="Task_1n39hpz" /> 

    <bpmn:sequenceFlow id="SequenceFlow_1r0ubpp" sourceRef="ExclusiveGateway_0ro5yum" 

targetRef="Task_03jcel6"> 

      <bpmn:conditionExpression xsi:type="bpmn:tFormalExpression">${status == 

"browsed"}</bpmn:conditionExpression> 

    </bpmn:sequenceFlow> 

    <bpmn:sequenceFlow id="SequenceFlow_1wqj52d" sourceRef="Task_04vusa4" targetRef="Task_1n39hpz" 

/> 

    <bpmn:sequenceFlow id="SequenceFlow_15kdgkc" sourceRef="Task_15o7fct" targetRef="Task_1n39hpz" /> 

    <bpmn:sequenceFlow id="SequenceFlow_1nj1l69" sourceRef="ExclusiveGateway_0ro5yum" 

targetRef="ExclusiveGateway_12207ye"> 

      <bpmn:conditionExpression xsi:type="bpmn:tFormalExpression">${status == 

"checkedout"}</bpmn:conditionExpression> 

    </bpmn:sequenceFlow> 

    <bpmn:sequenceFlow id="SequenceFlow_112ikiw" sourceRef="ExclusiveGateway_0ro5yum" 

targetRef="Task_04vusa4"> 

      <bpmn:conditionExpression xsi:type="bpmn:tFormalExpression">${status == 

"added"}</bpmn:conditionExpression> 

    </bpmn:sequenceFlow> 

    <bpmn:userTask id="Task_04vusa4" name="Proceed to checkout"> 

      <bpmn:incoming>SequenceFlow_112ikiw</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_1wqj52d</bpmn:outgoing> 

    </bpmn:userTask> 

    <bpmn:userTask id="Task_15o7fct" name="Browse Site"> 

      <bpmn:incoming>SequenceFlow_16d1x3e</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_15kdgkc</bpmn:outgoing> 

    </bpmn:userTask> 

    <bpmn:userTask id="Task_1n39hpz" name="Checkout Orchestrator"> 

      <bpmn:incoming>SequenceFlow_1u05py2</bpmn:incoming> 

      <bpmn:incoming>SequenceFlow_0dlosaf</bpmn:incoming> 

      <bpmn:incoming>SequenceFlow_1wqj52d</bpmn:incoming> 

      <bpmn:incoming>SequenceFlow_15kdgkc</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_1011qdu</bpmn:outgoing> 

    </bpmn:userTask> 

    <bpmn:userTask id="Task_0dcjzef" name="log in"> 

      <bpmn:incoming>SequenceFlow_0wba7ds</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_00dm4px</bpmn:outgoing> 

    </bpmn:userTask> 

    <bpmn:userTask id="Task_03jcel6" name="Add To Cart"> 

      <bpmn:incoming>SequenceFlow_1r0ubpp</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_0dlosaf</bpmn:outgoing> 

    </bpmn:userTask> 

    <bpmn:userTask id="Task_009ozkj" name="Sign up"> 

      <bpmn:incoming>SequenceFlow_1u6tvcu</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_11s4zb3</bpmn:outgoing> 

    </bpmn:userTask> 

    <bpmn:userTask id="Task_0tlg9au" name="Proceed as a guest"> 

      <bpmn:incoming>SequenceFlow_0mcl6gf</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_0r22vdd</bpmn:outgoing> 

    </bpmn:userTask> 

    <bpmn:userTask id="Task_06mbo2b" name="Add Promo Code"> 

      <bpmn:incoming>SequenceFlow_13bm0fm</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_01woab4</bpmn:outgoing> 

    </bpmn:userTask> 

    <bpmn:userTask id="Task_1qjbvnf" name="Select Delivery Method"> 
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      <bpmn:incoming>SequenceFlow_0t2wvrg</bpmn:incoming> 

      <bpmn:incoming>SequenceFlow_01woab4</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_1rqoomg</bpmn:outgoing> 

    </bpmn:userTask> 

    <bpmn:userTask id="Task_085t7lv" name="select the nearest store"> 

      <bpmn:incoming>SequenceFlow_14gbbiz</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_0eg7ulc</bpmn:outgoing> 

    </bpmn:userTask> 

    <bpmn:userTask id="Task_08mptt4" name="pick up at store"> 

      <bpmn:incoming>SequenceFlow_16uenhz</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_14gbbiz</bpmn:outgoing> 

    </bpmn:userTask> 

    <bpmn:userTask id="Task_1ky7hfx" name="ship to my address"> 

      <bpmn:incoming>SequenceFlow_11ejla7</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_1tjh507</bpmn:outgoing> 

    </bpmn:userTask> 

    <bpmn:userTask id="Task_1ub5u9c" name="Initiate Payment"> 

      <bpmn:incoming>SequenceFlow_1olp77n</bpmn:incoming> 

      <bpmn:incoming>SequenceFlow_0eg7ulc</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_1b9pd6i</bpmn:outgoing> 

    </bpmn:userTask> 

    <bpmn:userTask id="Task_1xj8x4l" name="ship for free"> 

      <bpmn:incoming>SequenceFlow_1eag7yq</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_07nvgk7</bpmn:outgoing> 

    </bpmn:userTask> 

    <bpmn:userTask id="Task_07ki0pb" name="shipping fees"> 

      <bpmn:incoming>SequenceFlow_0yuz5o0</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_1k5xysm</bpmn:outgoing> 

    </bpmn:userTask> 

    <bpmn:userTask id="Task_09kpo8l" name="Order ready for pickup"> 

      <bpmn:incoming>SequenceFlow_0so8lpt</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_1vks2be</bpmn:outgoing> 

    </bpmn:userTask> 

    <bpmn:userTask id="Task_0iscgei" name="Payment Recieved"> 

      <bpmn:incoming>SequenceFlow_0x07e52</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_11v1trp</bpmn:outgoing> 

    </bpmn:userTask> 

    <bpmn:userTask id="Task_0h9nja0" name="Track my order"> 

      <bpmn:incoming>SequenceFlow_0toxbj8</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_0gljw3v</bpmn:outgoing> 

    </bpmn:userTask> 

    <bpmn:userTask id="Task_1dzlnt5" name="order picked up"> 

      <bpmn:incoming>SequenceFlow_1vks2be</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_1jem9ox</bpmn:outgoing> 

    </bpmn:userTask> 

    <bpmn:userTask id="Task_18tj109" name="Write a review"> 

      <bpmn:incoming>SequenceFlow_0ljigac</bpmn:incoming> 

      <bpmn:incoming>SequenceFlow_1jem9ox</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_08sc29q</bpmn:outgoing> 

    </bpmn:userTask> 

    <bpmn:userTask id="Task_037zc08" name="deliver order"> 

      <bpmn:incoming>SequenceFlow_0gljw3v</bpmn:incoming> 

      <bpmn:outgoing>SequenceFlow_0ljigac</bpmn:outgoing> 

    </bpmn:userTask> 

    <bpmn:group id="Group_1bfu1nn" categoryValueRef="CategoryValue_0cw5eur" /> 

    <bpmn:textAnnotation id="TextAnnotation_1ujpp1t"> 
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      <bpmn:text>Orchestration</bpmn:text> 

    </bpmn:textAnnotation> 

    <bpmn:association id="Association_16ygme5" sourceRef="Group_1bfu1nn" 

targetRef="TextAnnotation_1ujpp1t" /> 

    <bpmn:group id="Group_1v4zn2e" categoryValueRef="CategoryValue_0yqsp81" /> 

    <bpmn:textAnnotation id="TextAnnotation_1tla79q"> 

      <bpmn:text>Choreography</bpmn:text> 

    </bpmn:textAnnotation> 

    <bpmn:association id="Association_1356ifj" sourceRef="Group_1v4zn2e" 

targetRef="TextAnnotation_1tla79q" /> 

    <bpmn:group id="Group_11llgzu" categoryValueRef="CategoryValue_0hw1mha" /> 

    <bpmn:textAnnotation id="TextAnnotation_06dntmg"> 

      <bpmn:text>Choreography</bpmn:text> 

    </bpmn:textAnnotation> 

    <bpmn:association id="Association_0xxc6se" sourceRef="Group_11llgzu" 

targetRef="TextAnnotation_06dntmg" /> 

    <bpmn:group id="Group_153xl6j" categoryValueRef="CategoryValue_1flj3c3" /> 

    <bpmn:textAnnotation id="TextAnnotation_0dnryjb"> 

      <bpmn:text>Choreography</bpmn:text> 

    </bpmn:textAnnotation> 

    <bpmn:association id="Association_0mpzs4g" sourceRef="Group_153xl6j" 

targetRef="TextAnnotation_0dnryjb" /> 

  </bpmn:process> 

  <bpmn:message id="Message_0x8q0rf" name="payment recieved" /> 

  <bpmn:category id="Category_0z4a0z4"> 

    <bpmn:categoryValue id="CategoryValue_0cw5eur" /> 

  </bpmn:category> 

  <bpmn:category id="Category_1c6l92q"> 

    <bpmn:categoryValue id="CategoryValue_0yqsp81" /> 

  </bpmn:category> 

  <bpmn:category id="Category_1acgf2t"> 

    <bpmn:categoryValue id="CategoryValue_0hw1mha" /> 

  </bpmn:category> 

  <bpmn:category id="Category_1wynd3v"> 

    <bpmn:categoryValue id="CategoryValue_1flj3c3" /> 

  </bpmn:category> 

  <bpmndi:BPMNDiagram id="BPMNDiagram_1"> 

    <bpmndi:BPMNPlane id="BPMNPlane_1" bpmnElement="Hybrid-one-orchestration-3choreographies"> 

      <bpmndi:BPMNShape id="TextAnnotation_1tla79q_di" bpmnElement="TextAnnotation_1tla79q"> 

        <dc:Bounds x="1070" y="100" width="100" height="30" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="TextAnnotation_1ujpp1t_di" bpmnElement="TextAnnotation_1ujpp1t"> 

        <dc:Bounds x="630" y="80" width="100" height="30" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="TextAnnotation_0dnryjb_di" bpmnElement="TextAnnotation_0dnryjb"> 

        <dc:Bounds x="1290" y="850" width="100" height="30" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="TextAnnotation_06dntmg_di" bpmnElement="TextAnnotation_06dntmg"> 

        <dc:Bounds x="1800" y="120" width="100" height="30" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="ExclusiveGateway_0ro5yum_di" bpmnElement="ExclusiveGateway_0ro5yum" 

isMarkerVisible="true"> 

        <dc:Bounds x="479" y="451" width="50" height="50" /> 

        <bpmndi:BPMNLabel> 

          <dc:Bounds x="420" y="501" width="68" height="14" /> 

        </bpmndi:BPMNLabel> 
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      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="Activity_1yureh0_di" bpmnElement="Task_04vusa4"> 

        <dc:Bounds x="454" y="171" width="100" height="80" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="Activity_1rwivry_di" bpmnElement="Task_15o7fct"> 

        <dc:Bounds x="454" y="301" width="100" height="80" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="Activity_0hoswjp_di" bpmnElement="Task_1n39hpz"> 

        <dc:Bounds x="244" y="436" width="100" height="80" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="Activity_0kq87w7_di" bpmnElement="Task_03jcel6"> 

        <dc:Bounds x="454" y="560" width="100" height="80" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="_BPMNShape_StartEvent_2" bpmnElement="StartEvent_1"> 

        <dc:Bounds x="152" y="458" width="36" height="36" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="ExclusiveGateway_12207ye_di" bpmnElement="ExclusiveGateway_12207ye" 

isMarkerVisible="true"> 

        <dc:Bounds x="723" y="235" width="50" height="50" /> 

        <bpmndi:BPMNLabel> 

          <dc:Bounds x="651" y="227" width="77" height="14" /> 

        </bpmndi:BPMNLabel> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="Activity_18wbvb0_di" bpmnElement="Task_0dcjzef"> 

        <dc:Bounds x="828" y="220" width="100" height="80" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="Activity_02ny4ov_di" bpmnElement="Task_0tlg9au"> 

        <dc:Bounds x="828" y="380" width="100" height="80" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="ExclusiveGateway_1wnf1j3_di" bpmnElement="ExclusiveGateway_1wnf1j3" 

isMarkerVisible="true"> 

        <dc:Bounds x="723" y="395" width="50" height="50" /> 

        <bpmndi:BPMNLabel> 

          <dc:Bounds x="661" y="393" width="74" height="14" /> 

        </bpmndi:BPMNLabel> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="Activity_1n8o6hc_di" bpmnElement="Task_009ozkj"> 

        <dc:Bounds x="698" y="500" width="100" height="80" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="ExclusiveGateway_01sk276_di" bpmnElement="ExclusiveGateway_01sk276" 

isMarkerVisible="true"> 

        <dc:Bounds x="853" y="605" width="50" height="50" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="ExclusiveGateway_0w45w04_di" bpmnElement="ExclusiveGateway_0w45w04" 

isMarkerVisible="true"> 

        <dc:Bounds x="1003" y="605" width="50" height="50" /> 

        <bpmndi:BPMNLabel> 

          <dc:Bounds x="932" y="606" width="71" height="27" /> 

        </bpmndi:BPMNLabel> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="Activity_1rpbdmb_di" bpmnElement="Task_1qjbvnf"> 

        <dc:Bounds x="1160" y="580" width="100" height="80" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="Activity_06jw73y_di" bpmnElement="Task_1ky7hfx"> 

        <dc:Bounds x="1400" y="500" width="100" height="80" /> 

      </bpmndi:BPMNShape> 
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      <bpmndi:BPMNShape id="Activity_0v463ho_di" bpmnElement="Task_1ub5u9c"> 

        <dc:Bounds x="1664" y="620" width="100" height="80" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="Activity_1qhemt9_di" bpmnElement="Task_085t7lv"> 

        <dc:Bounds x="1490" y="720" width="100" height="80" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="ExclusiveGateway_1ji0df2_di" bpmnElement="ExclusiveGateway_1ji0df2" 

isMarkerVisible="true"> 

        <dc:Bounds x="1285" y="695" width="50" height="50" /> 

        <bpmndi:BPMNLabel> 

          <dc:Bounds x="1269.5" y="755" width="81" height="14" /> 

        </bpmndi:BPMNLabel> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="Activity_1oux83m_di" bpmnElement="Task_08mptt4"> 

        <dc:Bounds x="1400" y="600" width="100" height="80" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="ExclusiveGateway_1scfuq2_di" bpmnElement="ExclusiveGateway_1scfuq2" 

isMarkerVisible="true"> 

        <dc:Bounds x="1825" y="635" width="50" height="50" /> 

        <bpmndi:BPMNLabel> 

          <dc:Bounds x="1781" y="616.5" width="58" height="27" /> 

        </bpmndi:BPMNLabel> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="Activity_05x6i88_di" bpmnElement="Task_06mbo2b"> 

        <dc:Bounds x="1100" y="250" width="100" height="80" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="Activity_0duhxqy_di" bpmnElement="Task_07ki0pb"> 

        <dc:Bounds x="1500" y="220" width="100" height="80" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="Activity_18ro7kj_di" bpmnElement="Task_1xj8x4l"> 

        <dc:Bounds x="1500" y="350" width="100" height="80" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="ExclusiveGateway_10d4tn7_di" bpmnElement="ExclusiveGateway_10d4tn7" 

isMarkerVisible="true"> 

        <dc:Bounds x="1689" y="365" width="50" height="50" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="ExclusiveGateway_1blk8rt_di" bpmnElement="ExclusiveGateway_1blk8rt" 

isMarkerVisible="true"> 

        <dc:Bounds x="1415" y="365" width="50" height="50" /> 

        <bpmndi:BPMNLabel> 

          <dc:Bounds x="1362" y="343" width="67" height="14" /> 

        </bpmndi:BPMNLabel> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="EndEvent_02xnrs6_di" bpmnElement="EndEvent_02xnrs6"> 

        <dc:Bounds x="1832" y="502" width="36" height="36" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="Activity_1kz11gi_di" bpmnElement="Task_0iscgei"> 

        <dc:Bounds x="1800" y="720" width="100" height="80" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="Activity_0g24ygr_di" bpmnElement="Task_037zc08"> 

        <dc:Bounds x="1520" y="850" width="100" height="80" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="Activity_0gs6qat_di" bpmnElement="Task_18tj109"> 

        <dc:Bounds x="1460" y="1010" width="100" height="80" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="Activity_1bb6p7t_di" bpmnElement="Task_0h9nja0"> 
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        <dc:Bounds x="1710" y="840" width="100" height="80" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="Activity_0wdvnjm_di" bpmnElement="Task_1dzlnt5"> 

        <dc:Bounds x="1590" y="1010" width="100" height="80" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="Activity_0b6gvza_di" bpmnElement="Task_09kpo8l"> 

        <dc:Bounds x="1710" y="1010" width="100" height="80" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="ExclusiveGateway_0vq37ec_di" bpmnElement="ExclusiveGateway_0vq37ec" 

isMarkerVisible="true"> 

        <dc:Bounds x="1845" y="855" width="50" height="50" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="EndEvent_0p3yr1b_di" bpmnElement="EndEvent_0p3yr1b"> 

        <dc:Bounds x="1292" y="1032" width="36" height="36" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNEdge id="Association_1356ifj_di" bpmnElement="Association_1356ifj"> 

        <di:waypoint x="1060" y="188" /> 

        <di:waypoint x="1108" y="130" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="Association_16ygme5_di" bpmnElement="Association_16ygme5"> 

        <di:waypoint x="610" y="189" /> 

        <di:waypoint x="669" y="110" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="Association_0mpzs4g_di" bpmnElement="Association_0mpzs4g"> 

        <di:waypoint x="1445" y="919" /> 

        <di:waypoint x="1369" y="880" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="Association_0xxc6se_di" bpmnElement="Association_0xxc6se"> 

        <di:waypoint x="1821" y="180" /> 

        <di:waypoint x="1840" y="150" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_1011qdu_di" bpmnElement="SequenceFlow_1011qdu"> 

        <di:waypoint x="344" y="476" /> 

        <di:waypoint x="479" y="476" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_16d1x3e_di" bpmnElement="SequenceFlow_16d1x3e"> 

        <di:waypoint x="504" y="451" /> 

        <di:waypoint x="504" y="381" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_1r0ubpp_di" bpmnElement="SequenceFlow_1r0ubpp"> 

        <di:waypoint x="504" y="501" /> 

        <di:waypoint x="504" y="560" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_1nj1l69_di" bpmnElement="SequenceFlow_1nj1l69"> 

        <di:waypoint x="529" y="476" /> 

        <di:waypoint x="660" y="476" /> 

        <di:waypoint x="660" y="260" /> 

        <di:waypoint x="723" y="260" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_112ikiw_di" bpmnElement="SequenceFlow_112ikiw"> 

        <di:waypoint x="523" y="470" /> 

        <di:waypoint x="580" y="450" /> 

        <di:waypoint x="580" y="211" /> 

        <di:waypoint x="554" y="211" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_1wqj52d_di" bpmnElement="SequenceFlow_1wqj52d"> 
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        <di:waypoint x="454" y="211" /> 

        <di:waypoint x="274" y="211" /> 

        <di:waypoint x="274" y="436" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_15kdgkc_di" bpmnElement="SequenceFlow_15kdgkc"> 

        <di:waypoint x="454" y="341" /> 

        <di:waypoint x="314" y="341" /> 

        <di:waypoint x="314" y="436" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_1u05py2_di" bpmnElement="SequenceFlow_1u05py2"> 

        <di:waypoint x="188" y="476" /> 

        <di:waypoint x="244" y="476" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_0dlosaf_di" bpmnElement="SequenceFlow_0dlosaf"> 

        <di:waypoint x="454" y="600" /> 

        <di:waypoint x="294" y="600" /> 

        <di:waypoint x="294" y="516" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_0wba7ds_di" bpmnElement="SequenceFlow_0wba7ds"> 

        <di:waypoint x="773" y="260" /> 

        <di:waypoint x="828" y="260" /> 

        <bpmndi:BPMNLabel> 

          <dc:Bounds x="786" y="247" width="17" height="14" /> 

        </bpmndi:BPMNLabel> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_1cv6x8z_di" bpmnElement="SequenceFlow_1cv6x8z"> 

        <di:waypoint x="748" y="285" /> 

        <di:waypoint x="748" y="395" /> 

        <bpmndi:BPMNLabel> 

          <dc:Bounds x="757" y="314" width="13" height="14" /> 

        </bpmndi:BPMNLabel> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_00dm4px_di" bpmnElement="SequenceFlow_00dm4px"> 

        <di:waypoint x="928" y="260" /> 

        <di:waypoint x="1028" y="260" /> 

        <di:waypoint x="1028" y="605" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_0mcl6gf_di" bpmnElement="SequenceFlow_0mcl6gf"> 

        <di:waypoint x="773" y="420" /> 

        <di:waypoint x="828" y="420" /> 

        <bpmndi:BPMNLabel> 

          <dc:Bounds x="818" y="400" width="13" height="14" /> 

        </bpmndi:BPMNLabel> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_0r22vdd_di" bpmnElement="SequenceFlow_0r22vdd"> 

        <di:waypoint x="878" y="460" /> 

        <di:waypoint x="878" y="605" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_1u6tvcu_di" bpmnElement="SequenceFlow_1u6tvcu"> 

        <di:waypoint x="748" y="445" /> 

        <di:waypoint x="748" y="500" /> 

        <bpmndi:BPMNLabel> 

          <dc:Bounds x="723" y="458" width="17" height="14" /> 

        </bpmndi:BPMNLabel> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_11s4zb3_di" bpmnElement="SequenceFlow_11s4zb3"> 
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        <di:waypoint x="748" y="580" /> 

        <di:waypoint x="748" y="630" /> 

        <di:waypoint x="853" y="630" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_02d3c5k_di" bpmnElement="SequenceFlow_02d3c5k"> 

        <di:waypoint x="903" y="630" /> 

        <di:waypoint x="1003" y="630" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_13bm0fm_di" bpmnElement="SequenceFlow_13bm0fm"> 

        <di:waypoint x="1038" y="615" /> 

        <di:waypoint x="1140" y="570" /> 

        <di:waypoint x="1140" y="330" /> 

        <bpmndi:BPMNLabel> 

          <dc:Bounds x="1104" y="513" width="17" height="14" /> 

        </bpmndi:BPMNLabel> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_0t2wvrg_di" bpmnElement="SequenceFlow_0t2wvrg"> 

        <di:waypoint x="1053" y="630" /> 

        <di:waypoint x="1160" y="630" /> 

        <bpmndi:BPMNLabel> 

          <dc:Bounds x="1113" y="613" width="13" height="14" /> 

        </bpmndi:BPMNLabel> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_01woab4_di" bpmnElement="SequenceFlow_01woab4"> 

        <di:waypoint x="1190" y="330" /> 

        <di:waypoint x="1190" y="580" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_1rqoomg_di" bpmnElement="SequenceFlow_1rqoomg"> 

        <di:waypoint x="1210" y="660" /> 

        <di:waypoint x="1210" y="720" /> 

        <di:waypoint x="1285" y="720" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_11ejla7_di" bpmnElement="SequenceFlow_11ejla7"> 

        <di:waypoint x="1310" y="695" /> 

        <di:waypoint x="1310" y="540" /> 

        <di:waypoint x="1400" y="540" /> 

        <bpmndi:BPMNLabel> 

          <dc:Bounds x="1290" y="607" width="17" height="14" /> 

        </bpmndi:BPMNLabel> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_1tjh507_di" bpmnElement="SequenceFlow_1tjh507"> 

        <di:waypoint x="1440" y="500" /> 

        <di:waypoint x="1440" y="415" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_1olp77n_di" bpmnElement="SequenceFlow_1olp77n"> 

        <di:waypoint x="1714" y="415" /> 

        <di:waypoint x="1714" y="620" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_0eg7ulc_di" bpmnElement="SequenceFlow_0eg7ulc"> 

        <di:waypoint x="1590" y="760" /> 

        <di:waypoint x="1714" y="760" /> 

        <di:waypoint x="1714" y="700" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_1b9pd6i_di" bpmnElement="SequenceFlow_1b9pd6i"> 

        <di:waypoint x="1764" y="660" /> 

        <di:waypoint x="1825" y="660" /> 
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      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_14gbbiz_di" bpmnElement="SequenceFlow_14gbbiz"> 

        <di:waypoint x="1500" y="650" /> 

        <di:waypoint x="1540" y="650" /> 

        <di:waypoint x="1540" y="720" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_0x07e52_di" bpmnElement="SequenceFlow_0x07e52"> 

        <di:waypoint x="1850" y="685" /> 

        <di:waypoint x="1850" y="720" /> 

        <bpmndi:BPMNLabel> 

          <dc:Bounds x="1861" y="692" width="17" height="14" /> 

        </bpmndi:BPMNLabel> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_11v1trp_di" bpmnElement="SequenceFlow_11v1trp"> 

        <di:waypoint x="1870" y="800" /> 

        <di:waypoint x="1870" y="855" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_16uenhz_di" bpmnElement="SequenceFlow_16uenhz"> 

        <di:waypoint x="1335" y="720" /> 

        <di:waypoint x="1450" y="720" /> 

        <di:waypoint x="1450" y="680" /> 

        <bpmndi:BPMNLabel> 

          <dc:Bounds x="1413" y="733" width="13" height="14" /> 

        </bpmndi:BPMNLabel> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_1insc67_di" bpmnElement="SequenceFlow_1insc67"> 

        <di:waypoint x="1850" y="635" /> 

        <di:waypoint x="1850" y="538" /> 

        <bpmndi:BPMNLabel> 

          <dc:Bounds x="1863" y="583" width="13" height="14" /> 

        </bpmndi:BPMNLabel> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_0toxbj8_di" bpmnElement="SequenceFlow_0toxbj8"> 

        <di:waypoint x="1845" y="880" /> 

        <di:waypoint x="1810" y="880" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_0so8lpt_di" bpmnElement="SequenceFlow_0so8lpt"> 

        <di:waypoint x="1870" y="905" /> 

        <di:waypoint x="1870" y="1050" /> 

        <di:waypoint x="1810" y="1050" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_0gljw3v_di" bpmnElement="SequenceFlow_0gljw3v"> 

        <di:waypoint x="1710" y="890" /> 

        <di:waypoint x="1620" y="890" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_0ljigac_di" bpmnElement="SequenceFlow_0ljigac"> 

        <di:waypoint x="1520" y="890" /> 

        <di:waypoint x="1510" y="890" /> 

        <di:waypoint x="1510" y="1010" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_1jem9ox_di" bpmnElement="SequenceFlow_1jem9ox"> 

        <di:waypoint x="1590" y="1050" /> 

        <di:waypoint x="1560" y="1050" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_08sc29q_di" bpmnElement="SequenceFlow_08sc29q"> 

        <di:waypoint x="1460" y="1050" /> 
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        <di:waypoint x="1328" y="1050" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_1vks2be_di" bpmnElement="SequenceFlow_1vks2be"> 

        <di:waypoint x="1710" y="1050" /> 

        <di:waypoint x="1690" y="1050" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_0yuz5o0_di" bpmnElement="SequenceFlow_0yuz5o0"> 

        <di:waypoint x="1440" y="365" /> 

        <di:waypoint x="1440" y="260" /> 

        <di:waypoint x="1500" y="260" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_1k5xysm_di" bpmnElement="SequenceFlow_1k5xysm"> 

        <di:waypoint x="1600" y="260" /> 

        <di:waypoint x="1714" y="260" /> 

        <di:waypoint x="1714" y="365" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_1eag7yq_di" bpmnElement="SequenceFlow_1eag7yq"> 

        <di:waypoint x="1465" y="390" /> 

        <di:waypoint x="1500" y="390" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNEdge id="SequenceFlow_07nvgk7_di" bpmnElement="SequenceFlow_07nvgk7"> 

        <di:waypoint x="1600" y="390" /> 

        <di:waypoint x="1689" y="390" /> 

      </bpmndi:BPMNEdge> 

      <bpmndi:BPMNShape id="Group_1bfu1nn_di" bpmnElement="Group_1bfu1nn"> 

        <dc:Bounds x="220" y="160" width="390" height="553" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="Group_1v4zn2e_di" bpmnElement="Group_1v4zn2e"> 

        <dc:Bounds x="640" y="160" width="420" height="553" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="Group_11llgzu_di" bpmnElement="Group_11llgzu"> 

        <dc:Bounds x="1080" y="180" width="830" height="636" /> 

      </bpmndi:BPMNShape> 

      <bpmndi:BPMNShape id="Group_153xl6j_di" bpmnElement="Group_153xl6j"> 

        <dc:Bounds x="1445" y="827" width="465" height="303" /> 

      </bpmndi:BPMNShape> 

    </bpmndi:BPMNPlane> 

  </bpmndi:BPMNDiagram> 

</bpmn:definitions> 
 


