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Abstract. Model-based requirements engineering (MBRE) is an approach that empowers 

requirements engineers with adequate models to perform requirements engineering (RE) 

activities. This approach is increasingly becoming an essential part of system engineering 

projects as it reduces development time, enhances analysis capability and increases the 

potential for reuse. Use case diagram, activity diagram, business process management and 

notation diagram (BPMN) and swimlane diagram are among the diagram used in representing 

the requirements. However, the swimlane diagram has received little attention in the literature 

and lack of empirical support, particularly in the requirements engineering field. In this study, a 

multi-criteria comparative work is performed where three other diagrams are identified and 

examined against the swimlane diagram. Walkthrough sessions are conducted using enterprise 

application documents with real users to validate the model-based requirements exemplified 

using the swimlane diagram. These activities are carried out to highlight the efficacy of the 
swimlane diagram in representing requirements in the RE field. The results confirmed that the 

swimlane diagram outperforms NL in overall completion time for the requirement validation 

process. Furthermore, it gives users a better understanding as they did not need to read textual 

requirements which are typically ambiguous, confusing, and lengthy.  

1. Introduction 

Requirements Engineering (RE) is defined as a set of processes involved in developing system 

requirements; starting from requirements elicitation, requirements analysis, requirements negotiation 
and requirements validation [1]. RE is the crucial stage in the software development life cycle (SDLC) 

and should be rigorously performed to build quality and reliable software [2,3]. Typically, the 

requirements are elicited from various sources and embodied in natural language (NL) and recorded as 
textual requirements [4]. However, NL has several limitations as it can be interpreted differently by 

the stakeholder and making requirements engineering activities difficult, fault-prone and challenging 

tasks [2]. Although many fault-based infection techniques such as Walkthrough, Consistency 

Checking and Linguistics Analysis have been taken to improve the quality of requirements 
specification written in NL, there is still colossal effort spent on fixing the requirements problems 

which should be fixed early in SDLC stage  [2,5–7]. Hence, a practical way to help improve the NL 

requirements is by using a model-based approach [8]. 
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Model-based requirements engineering (MBRE) is the model-based approach that empowers 
requirements engineer with adequate models to perform RE activities. This approach is increasingly 

becoming essential of the systems engineering because it can reduce development time, enhance 

analysis capability, increase the potential for reuse and facilitate communication with users [9–11]. 
MBRE helps requirements engineers to address and communicate the requirements with the 

stakeholders [11]. There are a few diagrams associated with the MBRE such as Business Process 

Model and Notation  (BPMN) [12], swimlane diagram, and Systems Modelling Language (SysML) 
diagrams including use case, sequence, activity and state-machine diagrams [13]. 

Use case diagram is designed to model system context (i.e., functions) but not the business process 

[13]. It provides a high-level description of system functionality. On the other hand, the sequence 

diagram emphasises logical timing of interactions (messages) between system elements or functions 
which normally interpreted using use-case diagram [13,14]. State-machine expresses the state 

transitions and actions of the system or part of the system in response to events [13,15] and useful to 

study the impact of modularity on process model understandability [16].  Consequently, activity 
diagram [12,13,17,18] and BPMN [12,17,19–21] are designed for business process modelling. Both 

diagrams characterise system functionalities and illustrate the relationships between business 

processes in a workflow process manner.  

Swimlane diagram or cross-functional flowchart is conceived for business process modelling 
[11,22]. The diagram has been utilised mainly in requirements engineering of software development 

activities, including in several other domains such as transportation, enterprise application, and safety-

critical system, and academic library [23–26].  It is a type of chart which shows the series of process 
steps connected by the arrows to depict their order and applies “swim lane” to provide extra 

dimensions with means of assigning each process step to a particular category. [26] proposed the use 

of swimlane diagrams as a diagram to depict the Academic Library process flow. Although [27–32] 
mentioned the swimlane diagram, the studies referred to swimlane elements that embody the 

participants of business processes in pools and lanes in BPMN and activity diagram. It is beneficial to 

depict complex processes that require multiple attributes or several people (e.g., intra and inter-

department process connectivity) in a simple flowchart, especially for enterprise applications [25]. 
While software development is refined these days, this chart deems useful to assist in determining 

their unique needs for mobile application development and practical for model-based testing, 

accordingly [24,31]. There was an attempt to conducted an empirical evaluation to examine the 
efficacy of the swimlane diagram; however, the study relies only on a quantitative approach that may 

be biased [11].  

The main objective of this study is to investigate the efficiency of swimlane diagrams by initially 
conducting a comparative study of three diagrams against the swimlane. The comparison was 

accomplished by analysing the diagrams using several essential criteria. Next, a further investigation 

of time factor (i.e., the completion time for the validation process) was carried out applying the data of 

several sub-systems of Enterprise Resource Planning System. Finally, the study presents and discusses 
the findings following the outlined research design. 

2. Methodology 

2.1. Research Design 
In order to highlight the efficacy of the swimlane diagram in representing requirements, two activities 

were conducted, as shown in Figure 1. Firstly, a comparative study of diagrams that consists of 

various activities started from the selection of diagrams, comparative study of the identified diagrams 

and result and analysis of the study. Next, the walkthrough which was conducted with the involvement 
of users and it consists of a sequence of activities which includes setting up of the objective of the 

walkthrough, identification of users, preparation of data and session plan. Result and analysis were 

discussed after the completion of walkthrough sessions. 
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Figure 1. Research activities. 

2.2. Comparative study of the identified diagrams  

In this study, the swimlane and three other diagrams were selected for comparison. The selection was 
conducted based on the  factors of 1) the aspects of the SysML model, 2) the usage of the model. The 

first factor is on the aspects of the SysML model, which defined the system. There are two aspects of 

SysML, which are the structural and behavioural aspects [13]. The structural aspect of the model 
explains what the system looks like and what it does, symbolises by the block definition diagram, 

package diagram, internal block diagram, parametric diagram and requirements diagram [13]. 

The behavioural aspect of the model defines how the system behaves, its conditions and 

interactions between and within the system elements. This aspect is commonly demonstrated in use 
case, activity, sequence and state-machine diagrams [13]. Comparatively, by taking these diagrams 

and swimlane diagram into consideration, it has been found that swimlane diagram realises a 

behavioural aspect of a model as it has similarity with the activity diagram. Therefore, the SysML 
behavioural diagrams were selected to be compared with the swimlane diagram. BPMN was also 

selected as it has similarity with the activity diagram. Next, the study brings the usage of each diagram 

into deliberation. Swimlane diagram, activity diagram and BPMN are designed for business process 
modelling and able to describe the system functionality. Use case diagram is not intended for business 

process modelling but able to describe system functionality. Meanwhile, the sequence diagram and 

state-machine diagram are also not designed for business process modelling nor system functionality. 

From these five behavioural diagrams, only three were selected to compare against the swimlane 
diagram, including activity, BPMN and use case diagrams. The selection was made due to their ability 

to describe the system functionality. However, sequence and state-machine diagrams were excluded in 

consequence of their inability to describe system functionality. 
Table 1 and Table 2 show the comparison of four diagrams based on specific criteria such as their 

primary goal, purpose, level of abstraction, categories of elements and notation. It can be recognised 

that BPMN, swimlane, activity diagrams show similarities in many criteria such as their goal and 

purposes, categories of elements, workflow pattern and resource pattern. Swimlane diagram, activity 
diagram and BPMN are designed for business process modelling, and they have more than four 

categories of elements that can describe the activity in a workflow process. These three diagrams can 

also describe the distribution of work to the resources and the management of work by using lane and 
pools. 

Even though the use case diagram falls within the same category of the model-based, it is not 

designed for business process modelling. It models system context or the highest level of abstraction. 
Furthermore, it has a limitation in describing activity in a workflow process. It also did not apply any 

resource pattern in which there is no lane and pools pattern in the use case diagram. 
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Figure 2. Summary of similarities and differences among related diagrams. 

Figure 2 summarises the similarities and differences of the identified diagrams. It can be seen that 

there are many research [12,17,31,32,18–21,27–30] has been conducted to BMPN and activity 

diagram. However, there is less research [11,26] has been conducted to the swimlane diagram even 

though it has similarities in many aspects with the other diagrams. Besides, only [11] provides an 
empirical evaluation of swimlane diagram. Therefore, it is an opportunity to utilise the swimlane 

diagram as one of the diagrams to represent not the only business process but also functional 

requirements. 

2.3. Validating the model-based requirements thru walkthrough 

A walkthrough is one of the reliable types of review or manual validation techniques used to validate 

requirements [33]. Walkthrough aims to identify quality flaws within requirement and to gain an 
understanding of the requirements between stakeholders [33]. 

In this study, the walkthrough was conducted to validate the requirements collected for an 

integrated system-to-be that consists of five sub-systems of an Enterprise Resource Planning system. 

The sub-systems are Loan Management System, Premise Management System, Training Management 
System, Project Monitoring and Budget Monitoring. 

Prior to the sessions, objectives, user involvement and the Functional Design Document (FDD) 

have been clearly defined and identified. The users were informed about the types of data and 
verification activities they should perform. They were classified according to the departments and sub-

systems assigned to them during the requirements elicitation stage. The FDDs contains requirements 

to be validated, which are denoted using swimlane diagrams, as shown in Figure 3. 

For each walkthrough, the requirements were discussed with the guidance of the requirements’ 
author and minute-taker recorded identified flaws during the session. Consequently, other team 

members involved in the session assisted in amending the swimlane diagrams based on comments 

received from the users. 
Besides identifying the flaws within requirements, this walkthrough also examined the efficacy of 

the swimlane diagram in representing the requirements. The efficacy was observed based on their 

understanding of the requirements and time taken to complete the validation process. The estimated 
time to complete the validation process was set up by an experienced project management team 

adopting their experience if NL requirements were in use. 
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Table 1. Comparison among swimlane diagram, activity diagram, BPMN and use case diagram. 

Diagrams  

Criteria Swimlane Diagram Activity Diagram 

Business Process 

Management Notation 

 
Use Case Diagram 

Primary goal  can be used for business 

process modelling 

 shows a list of processes 

linked by the arrows to 

indicate their sequence 

 applies swim lane that 

provides an extra dimension   
that assigns each process to a 

specific category  

 shows complex processes that 

require multiple attributes or 

people in a simple flowchart 

 can be used for business 

process modelling 

 elements can  be  used  for 

various purposes 

 straightforward and easy to 

read the diagram 

 show flow  of  control and 
data flow 

 makes   ease   of   business 

process modelling 

 reduces the gap between 

technical and business users. 

 understandable by all 

stakeholders 

 realises a behavioural aspect 

of a model, with an 

emphasis on functionality 

rather than the control and 

logical timing of the 

system. 

 represents the highest level 

of abstraction in the SysML 

Purpose / Usage Use to model: 

 business processes 

 relationships between the 

business processes and the 

functional units responsible for 

the processes. 

Use to model: 

 business processes 

 flow within the   use     case 

 business     rules     logic 

 functional      processes 

 User Interface (UI) screen 

flows 

Use   to   model   business 

process only 

Use to model system context 

Level of abstraction No No Three levels of abstraction 

 a Private business process 

 a Public business process 

 a Global business process 

No 

Categories of 

elements 

Four categories of elements 

 swimlanes 

 connector 

 Shapes (Basic flowchart shapes) 

 Phases 

 

 

 

 

 

 

 

 
 

 

 

 

Five categories of element 

 Actions 

 Sub-activities 

 Data objects 

 Control nodes 

 Partition 

Four categories of elements 

 flow objects 

 connecting objects 

 swimlanes 

 artefacts 

Four categories of elements 

 use cases 

 actor 

 relationships 

 system boundary  
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Table 2. Comparison among swimlane diagram, activity diagram, BPMN and use case diagram. 

                           Diagrams  

      Criteria 
Swimlane Diagram Activity Diagram 

Business Process 
Management Notation Use Case 

Item Notation Yes Yes Yes No 

Control flow 

patterns - 

describe the flow 

of control in the 

systems 

Basic control flow pattern: Sequence 

(An activity in a workflow process is 

enabled after the completion of 

another activity in the same process) 

Yes Yes Yes No 

 

 Advanced patterns: State-based 

patterns  

(Each activity in the set is executed, 

the order is decided at run time, and 

no two activities are executed at the 

same time) 

No Yes  No No 

Data patterns - 

describe patterns 

that are related to 

data and data 

objects 

Data visibility patterns - Case data 

(Data elements are supported which 

are specific to a process instance or 

case of a workflow. All components 

of the workflow can access them 
during the execution of the case) 

No Yes No Yes 

Data visibility patterns - Workflow 

data  
(Data elements are supported and are 

within the control of the workflow 

system) 

Yes No Yes No 

External data interaction  

(If data should be stored in a 

database which is an external 

process and not part of the workflow 

- it can be modelled) 

No Yes No Yes 

Resource patterns - describe the distribution of work to 
the resources and the management of the work. 

lanes and pools lanes and pools lanes and pools No 
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Figure 3. An example of the swimlane diagram used in the walkthrough. 

 
Table 3 lists sessions conducted, which leads to the following findings: 

 Overall requirements validation completion time was reduced by 15.2% as opposed to the 

planned time if NL requirements are in place because users have a better understanding of the 

business or system processes as they did not need to read lengthy textual requirements. 

 Users were able to validate the business or system processes efficiently when they are 

modelled using the swimlane diagram due to step by steps processes accompanied with 

appropriate sequence numbers. 

 Any amendments of the requirements can be performed instantly and re-present to the users 

with less lead time. 
 

Table 3. Result for the requirements validation process. 

S
y

stem
s 

N
u

m
b

er o
f 

D
o

cu
m

en
ts 

N
u

m
b

er o
f 

S
w

im
lan

e 

d
iag

ram
s 

N
u

m
b

er o
f 

P
articip

an
ts 

S
essio

n
s 

E
stim

ated
 

tim
e 

A
ctu

al 

co
m

p
letio

n
 

tim
e 

T
im

e 

d
ifferen

ce 

(in hours or minutes) 

a 10 37 24 Session 1  3 hours 4 hours -1 hour 

   Session 2 3 hours 1 hour 2 hours 

b  3 7 7 Session 1 5 hours 3.5 hours 1.5 hours 

c 9 26 10 Session 1 5 hours 5 hours 0 hour 

d 1 14 22 Session 1  1 hour  1 hour 35 minutes 

Session 2 1 hour 45 minutes 15 minutes 

Session 3 1 hour 40 minutes 20 minutes 

e 1 10 22 Session 1  1 hour  1 hour 0 hour 

Session 2 1 hour 45 minutes 15 minutes 

Session 3 1 hour 1 hour 0 hour 

Total Hours  22 hours 18 hours 40 minutes 3 hours 20 minutes 

Total Hours (%)  100% 84.8% 15.2% 
a Loan Management System [34] 
b Premise Management System [35] 
c Training Management System [36] 
d Project Monitoring [37] 
e Budget Monitoring [38] 
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3. Conclusion 
Research in the model-based approach for RE has been scattered in several domains and aspects in the 

literature. The swimlane, a kind of diagram that supports the approach, has many advantages in 

drawing business process. Having said that, the sparsity of research in this area makes the swimlane 
diagram a bit left out despite its ability to model business processes effectively and efficiently. 

Although there is a general perception which organisation and business process can be adequately 

validated by virtue of its nature, however, insufficient evidence is found in the literature focusing on 
RE. 

This study aims to highlight the efficacy of the swimlane diagram by first conducting a 

comparative study of three diagrams against the swimlane. The comparison was performed by 

analysing the diagrams using several essential criteria such as primary goal, purpose, level of 
abstraction, categories of elements and notation. Then, a further investigation of time factor was 

carried out using the walkthrough technique by applying the data of several sub-systems of Enterprise 

Resource Planning related to Loan, Premise, and Training Management, as well as Project and Budget 
Monitoring.  

The results confirmed that the swimlane diagram outperforms NL in overall completion time for 

the requirement validation process. The swimlane diagram also helps users to have a better 

understanding of requirements and ease users in validating the requirements as they do not need to 
read lengthy textual requirements. These findings suggest that in general, swimlane diagram able to 

help requirements engineers to amend the requirements according to the user comments, and it can be 

done instantly during the session.  The scope of this study was limited in terms of generalising the 
findings towards other types of software systems, although it has significant potential to represent the 

business process and functional requirements for such purpose. A natural progression of this work is to 

explore the approach for extracting software features from model-based requirements that delineated 
using the swimlane diagram. 
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