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Abstract 
 

Capturing a requirement is a great challenge in the initial stages of the software development, be 
it a system requirement or a customer requirement to the software engineers. Understanding the 
requirement and predicting or differentiating what may happen and what must happen is difficult 
especially in the complex real time systems. Live sequence charts are extensions of the message 
sequence charts which can specify the live ness of the requirements. And the play engine tool is 
used to specify, validate, and analyze the scenarios of the requirements. This thesis is to evaluate 
live sequence charts using the play engine tool and to see if the built-in model checkers can detect 
inconsistencies in the LSC’s.  
 
Keywords: Live Sequence Charts, Message Sequence Charts, Sequence Diagrams, Play In/Out,       
 Play Engine Tool. 
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1. INTRODUCTION 
 
1.1. Background:  

 
The requirements capturing and analysis has always been the initial criteria and main problem 
during the software design and development for the software engineers. It’s been very common to 
use natural language for capturing the requirements in the industries because of its ease of use. 
The graphical languages were used to represent the requirements, its behavior and the scenarios 
graphically or visually, for example UML. UML Sequence diagrams are used in the real time 
software development to capture the requirements which specifies the scenarios of the system 
behavior and also the interactions between the objects graphically. Message sequence charts are 
also a graphical language for representing the scenarios and also the behavior of the system 
especially in the telecommunication domain. But these two are only useful in specifying the one 
aspect of the behavior and not much helpful in specifying the liveness of the requirement. 
Liveness can be defined as something good will happen [34] or something must happen. For this 
reason live sequence charts were developed which can specify the liveness of the requirement. 
Live sequence charts are capable of specifying the scenarios what may happen and what must 
happen. This thesis is to evaluate the live sequence charts using the play engine tool running on 
the windows machine and also to study the built in model checkers for formal verification. The 
thesis starts with the various types of graphical representation of requirements in Software 
Engineering, followed by the Research Methodology, next a bit more explanation of Live 
Sequence Charts, Evaluation, Result, Conclusions and Lessons Learned from the thesis. 
 
1.2. Description of the Project:   
 
The goal of the thesis is to evaluate the LSC graphical design language which extends UML 
sequence diagrams with real time and temporal logic constraints developed by David Harel 
(Statecharts). The project will evaluate LSCs using the PlayEngine tool (running on the Windows 
98/2000/XP) by means of design and test case studies. The built in model checker (for formal 
verification) should also be studied. 
 
My role in this project is to see if and how the play engine tool finds the inconsistencies in the 
LSC using smart play out options with the model checkers. 
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2. GRAPHICAL REPRESENTATION OF REQUIREMENTS 

 
 
2.1. Sequence Diagrams and State Charts:  
 
According to [1] UML sequence diagrams are of eight types for specifying both the structure and 
behavior of system. Among them, sequence diagrams are one of the diagrams used in the analysis 
and design phase to represent the interactions between the different objects and also the relation 
between them. They are specifically used to describe the scenarios of the system behavior 
describing the interactions between the objects in a logically visual manner for a given 
requirements in the design phase [2]. “A simple UML sequence diagram can describe exactly one 
scenario [2]”. They are also used to show the series of events that occur in the system [3]. A 
system can be represented by a set of state charts which alternately describe the behavior of 
classes which is common to all instances of that class [4]. The difference between a sequence 
diagram and a state chart is that sequence diagrams are used to describe the interactions between 
the objects and the state charts are used to describe the behavior of classes in the system. State 
charts allow the users to build models hierarchically with good descriptions of large systems [11]. 
“The UML variant of a state machine is called a state chart diagram [5]”. Below are the two 
figures of state chart diagram and also the sequence diagram. It’s just to show the basic difference 
in their resemblance.  
 

 
Figure1. An example figure of state chart diagram [5] 
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Figure2. An example figure of sequence diagram [5] 

 
 

2.2. Message Sequence Charts 
 
Message sequence chart is a visual language that describes the scenarios of system operations and 
its behavior; they are mainly used in the telecommunication domain and are particularly useful in 
the early stages of system development [6]. Scenarios show how the system components, users, 
and the environment interact to perform a task in a specific condition or the situation [6] [7]. A 
collection of MSCs is used to capture the scenarios that a designer is willing the system to 
perform or not. Sequence diagrams are one of the versions of MSCs adopted in the UML [8]. 
MSCs are used to show the exchange of messages between the different system components and 
their environment [9]. MSCs and state chart languages are integrated into the UML [11]. A 
typical example of an MSC is given below from [10].  
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Figure3. An example of MSC [10] 

 
For more information regarding the sequence diagrams and message sequence charts I 
recommend the readers to go to the respective references cited in the sentences. 
 
2.3. Live Sequence Charts  
 
Message Sequence charts and Sequence charts describe only one possible behavior of a 
requirement in the system and they doesn’t allow to capture many different kinds of behavioral 
requirements of a system and this is due to the fact that MSCs and SCs do not have the property 
of distinguishing between the possible and mandatory behavior of a system [12] [13]. For this 
purpose and to remain in representing the requirements in the scenario based format a new 
language called Live Sequence Charts was introduced in 1999 which was the extension of MSCs 
[12][13] to specify the “liveness” of charts. 
 
Live Sequence Charts has the property and possibility of specifying the scenarios that may 
(existential) happen and that must (liveness) (universal) happen in the system. They also have the 
possibility of specifying the different types of messages i.e. the messages that may be received 
which in other words termed as cold message and the messages that must be received which in 
other words termed as hot message [12] [13]. They also have the possibility to specify the 
forbidden behavior of the system which is in again termed as “anti-scenarios”.  
 
There are two types of LSCs. One is Universal and the other is Existential. Universal charts are 
the charts with the solid border lines associated with a pre-chart and the Existential charts are the 
charts with the dashed border lines with no pre-chart in it. Pre-charts in the universal charts are 
used to specify the action scenarios. A simple example of LSC is given below just to get the 
glimpse of LSC from [12]  
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Figure4. An Example of LSC [12] 

 
The above figure depicts the representation of a cellular phone in an LSC (universal chart) with 
the name OpenCover and the cover and speaker are the objects in it. The blue arrow marks 
indicates the messages, the blue hexagon is called the pre-chart, and the vertical lines indicates 
the lifelines which are either hot or cold. The solid vertical lines are termed as hot and the dotted 
vertical lines are termed as cold. And of course there is a user in the chart the one marked in red.  
 
The meaning of the chart is whenever the user opens the cover the speaker must turn to silent. 
 
For more information regarding LSCs the readers are recommended to read the book written by 
David Harel and Rami Marelly [14]. 
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3. RESEARCH METHODOLOGY 
 
 
3.1. Research 
 
According to the dictionary meaning [18] research means “a scientific investigation or inquiry” or 
“to study something thoroughly so as to present in a detailed and accurate manner”. It’s an 
activity which aims to make an original contribution to the body of knowledge [19]. It’s about 
exploring the innovative ideas and convincing the peers, or people with sufficient knowledge in 
relevance to the domain of the idea. It may be in terms of finding something new, or trying to 
explore on the already known concept, or collecting the data and analyzing a problem, all with 
convincing evidence. It’s about differentiating between the existing and non existing concepts, 
assuming the result, comparing them and trying to obtain a better result.  
 
A researcher is he who senses or doubts if there is any relation between two concepts and tries to 
find out by means of a methodology. 
 
3.2. Methodology 
 
It’s the method or the procedure undertaken in obtaining the results for the innovative ideas. In 
the meanwhile one always has a kind of guess for his/her research idea which is called 
hypothesis. The methodology may depend on the hypothesis and can be varied for obtaining the 
result.  
 
3.3. Software Engineering Research  
 
3.3.1. Software Engineering 
 
Software Engineering is such a discipline where it can be closely related with computer science 
and engineering because of its relevance not only in the courses but also in its application. It is a 
technical management and applied computer science discipline [21] with a lot of analysis to be 
performed during the software development in the organization. “Software Engineering is 
concerned with building programming products and programming system products [22]”.  
 
Dines Bjoner [16] says “Software Engineering is practice of programs and programming” and he 
also gives an interesting contribution by saying “the same person is at times a programmer, at 
times a software engineer”.  
 
Software is termed as collection of programs and Engineering is concerned with the application 
of concepts like mathematics, physics etc. A software engineer is he who knows when, where, 
and how to apply these concepts during developing the software. A software engineer is he who 
knows which methodology, which process, which programming language, which tool will 
increase the productivity and quality of the software. According to Brooks [23] “an engineer 
learns in order to build”. 
 
3.3.2. Empirical Software Engineering 
 
According to Harrison and Basili [24] empirical software engineering is “a study of software 
related artifacts for the purpose of characterization, understanding, evaluation, prediction, control, 
management, or improvement through qualitative or quantitative analysis”. 
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According to [25] empirical software engineering is “a series of actions to obtain knowledge and 
better understanding about some aspects of software development given a set of problem 
statements in the form of issues, questions or hypotheses”. It takes problem statements in the 
software development as input and gives the solutions i.e. outputs for the problems.   
 
It can also be defined as analysis done based on the observation of actual practice for the purpose 
of obtaining the result [28]. For this, collection or gathering the data is done and the analysis is 
performed to obtain the result. 
 
According to Votta and Porter [26] empirical studies is classified on two different approaches. 
One is in vivo (naturalistic) settings and the other is in vitro (laboratory) settings. In Vivo settings 
deal with qualitative observations at software developers in the real life projects of software 
development, and the In Vitro settings deal with the controlled experiments, develop hypothesis 
about human behavior or techniques related to the tasks and test it to obtain the result.  
 
3.4. Methodology used in the Current Project 
 
This project is an evaluation project which comes under the empirical software engineering. The 
methodology used in this thesis is entirely based on the application of the play engine tool used 
for designing and evaluating (formal verification) LSCs by means of the built-in model checkers. 
In this thesis, the built-in GUI’s were used for experimenting and learning the application of the 
tool. Then the model checkers were downloaded, installed and plugged into the play engine tool. 
The model checkers were used during the smart play out for determining the inconsistencies in 
the LSCs by selecting and specifying the path of the model checkers. 
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4. LIVE SEQUENCE CHARTS 
 

4.1. Introduction 
 
As already mentioned in the section 2.3 live sequence charts are the extension of the message 
sequence charts and are used to specify the liveness of the requirement. Sequence charts have 
some weakness that it cannot capture many kinds of behavioral requirements of a system. This is 
due to the fact that they cannot distinguish between the possible and mandatory behavior of the 
requirement. That is why the new concept called “Live Sequence Charts” have emerged which 
can distinguish the possible and mandatory behavior i.e. what may happen and what must happen. 
Live sequence charts are used to represent the system requirements/behavior in an inter-object 
style i.e. inter object behavior describes the interaction between objects per scenario [29]. And 
intra object behavior describes the way a single object behaves under all circumstances which is 
mostly used by state charts. 
 
4.2. Play in 
 
Play in mechanism is the process of capturing the requirements by means of playing the scenarios 
on a graphical user interface of the system to be developed or using an object model diagram. In 
this, the user plays with the GUI by clicking the buttons, rotating the knobs and sending messages 
to hidden objects in an intuitive drag and drop manner [30]. 
 
The main idea of this play in process is to “raise the level of abstraction in requirements 
engineering and to work with a look alike version of the system under development” [31]. When 
the user tries to operate or plays in the GUI, the play engine constructs the LSCs automatically, it 
takes the instructions from the user and then queries the application GUI, interacts with it and 
then develops the appropriate LSCs to that of the information entered by the user.  
 
4.3. Play out 
 
It is part and parcel of the software/system development that we do something in the development 
and then try to verify it or test it to see if everything meets the requirements or specifications. 
Similarly, after playing in the specification the next thing to do is to verify that it does what it 
really has to. To test or verify the LSCs the mechanism called “play out” is used. In this play out 
process the system interaction between the user and the environment is tested by means of user 
actions. The play engine interacts with the GUI application and gives the system state for that 
particular moment in the play out process.   
 
The play engine tool has two modes for executing the LSCs in the play out process. One is step 
mode and the other is super step mode. In the step mode the play engine asks the user to confirm 
before each event is carried out and in the super step mode the play engine carries out as many 
events as possible until it requires some action to be input. 
 
4.4. Smart play out 
 
Smart play out can be said as the extension of the play out mechanism. The only difference is that 
the smart play out uses the formal analysis methods for executing the behavioral requirements of 
the system. Play out is an iterative process [14] and there may be some inconsistencies left in the 
behavior of the requirements which play out couldn’t detect. Smart play out attempts to remove 
these inconsistencies during execution. The smart play out process uses a powerful program 
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verification technique called model checking in eliminating the inconsistencies from the systems 
behavior.  
 
Smart play out is normally used to find if the correct super step (a superset is defined as a method 
executing all the consecutive events that doesn’t require user input to the system) is being 
executed or not. This is done by the model checker in the play engine tool. 
 
4.5. Model Checking 
 
Model checking is the emerging discipline for verifying requirements of the software system. The 
functional idea behind model checking is that the model checking tool accepts the requirements 
and specification that the final system is expected to satisfy. If the given model satisfies the 
specification, then the tool gives an output saying that the system model satisfies the given 
specifications. Otherwise it generates a counter example which gives the details about why the 
model doesn’t satisfy the specification. One can look into the errors in the model and correct 
them with the help of counter example and then try again. In this way we can increase the 
confidence that a particular model satisfies the system properties and also in the correctness of the 
model. 
 
In this project the model checkers are in built in the play engine tool and are available to invoke 
during the smart play out. The available model checkers in the play engine tool are SMV, TLV, 
and NuSMV.  
 
4.6. Play engine tool  
 
Play engine tool was developed by David Harell and Rami Marelly at the Weizmann Institute of 
Science, in Rehovot, Israel. It’s used to specify, validate, analyze, and execute scenario based 
behavioral requirements for reactive systems i.e. Play-In and Play-Out. It’s been enhanced with a 
Smart Play-Out module that has model checking techniques which can detect the inconsistencies 
in the behavior of the requirements and also in testing them. 
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5. EVALUATION 
 
For those of you who has never seen the play engine tool, can have a look at the figure below. 
 

 
Figure5. Play Engine Tool 

 
The operating system used for evaluating LSC’s was Windows XP professional. And the version 
of the play engine tool was 4.1.  
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Fig6. Calculator 
 

The built in GUI Calculator is being opened as can be seen from the above figure. It has some 
defined functionalities to switch on/off the light in the calculator.  
 
The LSCs are built so that it should be able to play in and play out. The below figure shows how 
the LSCs are built. 
 

 
Fig7. Developing an LSC 

 
After the calculator GUI is opened, the use case is selected and then from there the LSC are to be 
built on by right clicking the use case name i.e. in this case UseCase25 in the specification field. 
Here in the mode universal is chosen. In the above figure Universal stands for the Universal 
Charts and Existential stands for Existential charts.  
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In this thesis I used the system and the tool to operate it freely so as to see if the tool is good 
enough to use and also to see if the built-in model checkers can detect any inconsistencies in the 
LSCs. 
 
The universal charts drive the model in the action/reaction nature and the existential charts are 
used to test the system or its interactions between the different objects. The reason I chose 
Universal in the mode was that I was trying to play with the tool and as such I was not testing any 
specific requirements or any other specifications. The GUI used was an inbuilt GUI in the play 
engine tool and not the one built by my own.  
I 
5.1. Play in:  
 
Play in is performed by pressing the button with the small circle in the tool bar. When we play in 
the calculator the different messages are displayed in the LSC diagrams. For example when the 
user tries to turn on the light in the calculator and clicks the switch to on in the play in mode then 
the LSC will contain a message in it.  

 
Fig8. An LSC with a message in it 

 
In order to turn on/off the light, when the user right clicks the light, an option will be displayed 
for the user to select if the user wants to turn on/off the light. If the user selects on then the 
message turn on will be displayed in the LSC diagram. The figure below shows how it looks. The 
meaning of this LSC is that when the user clicks the switch on then the light should turn on.  
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Fig9. LSC displaying the message turn on for light 

 
To turn on the display of the calculator, it’s the same procedure as the above as the user turned on 
the light. Similarly the user can right click on the display, select an appropriate option and then 
can turn on the display. A message appears in the LSC that the display is on. The figure below 
shows how its looks. 
 

Fig10. LSC displaying the message turn on for the display 
 
Similarly to change the background color of the display to green again the user can right click the 
display select the background option and again select the color and click ok. The color will be 
changed to green and a message appears in the LSC change background green. 
 

  17



 
 

Fig11. LSC displaying the message change background (Green) for display 
 

 
5.2. Play Out: 
 
The play out is done by the user using the play engine tool. The play out button is clicked and the 
result obtained is as follows. 
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Fig12. The Play Out of LSC 

 
The cut line indicates the current progress of every instance in the chart. The event “click on the 
switch” is occurred as its above the cut and the rest of the events turn(on), turn state(on), change 
background(green) are not occurred as they are below the cut line. The cut line obtained was blue 
cut line which indicates the instances may happen. 
 
5.3. Chart Violation: 
 

 
 
When the switch was clicked again for on/off, the chart is been violated. The above figure 
represents the violation of the chart. The marked circles show the violation of the chart. They are 
marked in red, which indicates that the message must happen.  
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The violated chart obtained was red; it means it was the violation of the hot message. 
 
5.4. Smart Play Out:  
 
Smart play out option is selected in the play engine tool by going into the tools and then to 
options and selecting the model checker, specifying its path and then trying to detect the 
inconsistencies. The figures below show the procedure on how it’s been performed. 
 

 
 
As you can see from the figure the model checker CMU-PC is been selected. In this case the 
SMV (Symbolic Model Verifier) model checker is selected which is the product of Carnegie 
Mellon University. 
 
The path is specified so that the model checker is plugged into the play engine and to play its role 
when asked to detect the inconsistencies by the tool using the smart play out options. 
 
The users can then go to tools and use the tool to detect the inconsistencies. For this he/she can go 
to the tools option and to analysis option as shown below and select detect inconsistencies. 
 
An inconsistency in an LSC is when there is no correct super-step exists in that LSC or in a 
couple of LSCs. Smart Play Out is used to detect these inconsistencies with the help of model 
checkers in it. The model checkers check if there is any correct super-step in the LSC or if the 
given super step is satisfied for the execution of the LSC. 
 
The ultimate goal of the thesis and this part of the thesis is to see if the model checkers can detect 
the inconsistencies in the LSC. The procedures adopted to see if the model checkers work are as 
shown below. 
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5.5. Result:  
 
It looks like the model checkers are not compatible with the play engine tool or the operating 
system is not being supportive (windows in this case) enough for the play engine to detect the 
inconsistencies. The result obtained was a “run-time error”.  

 
 
This run-time error was only one error obtained. Apart from that there were other runtime errors 
as well like run-time error 91 when I tried to learn the tool with many other available options in 
the tool. I experimented with incomplete path of the model checker where it’s been stored to 
invoke for the play engine tool, and sometimes the result was that the data was not loaded into the 
play engine or the model checker was not plugged into the play engine properly. When the run 
time error occurs and when I clicked on it the play engine window crashes. The operating system 
used was windows XP professional and model checker was smv-nt2.5. The other model checkers 
TLV, NuSMV were the extensions of the SMV [32] [33]. I was facing some problems with the 
availability of the windows versions of these model checkers. However the other model checkers 
are simply the extensions of the SMV, so the results shouldn’t vary much from what obtained 
using the SMV model checker. 
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6.0. Conclusions:  
 
In view of obtaining the result i.e. to see if the model checkers can detect the inconsistencies in 
the LSCs, the user doesn’t require the complete knowledge of the LSC’s, its sufficient enough to 
have a minimal knowledge of the LSCs, as the formal verification in this case is done by the play 
engine tool itself. The users only have to know the application of the tool so that he/she can use it 
efficiently to detect the inconsistencies in the LSCs. When the model checker SMV was used in 
the play engine tool to detect the inconsistencies there was a runtime error and couldn’t detect if 
there are any inconsistencies in the LSCs. The other built in model checkers were also the 
extension of SMV and couldn’t find the windows version to download and plug them into the 
play engine for this evaluation project.  
 
The use of the tool is very simple when tried to operate on the built in GUI. But the runtime 
errors are to be corrected for successful implementation of the tool. To detect the inconsistencies 
in the LSCs the proper functioning of the tool is necessary and during the development of the tool 
the availability of the model checkers for the proposed version of the operating system is to be 
considered. The tool used for this thesis was version 4.1 and the other versions were not used and 
considered for evaluating the LSC using the play engine tool for this thesis. 
 
However, the GUI used in this thesis was an in built GUI (Calculator) and the results when a new 
GUI built based on the requirements of the system/customer are still to be evaluated by the play 
engine tool. The model checkers could be made available with in the tool itself with no necessity 
of downloading and plugging them into the play engine tool for the user to make the tool perform 
more efficiently. It might be difficult for the users to identify the correct version of the model 
checkers suitable for the play engine tool or there might be an installation problem during the 
plugging of model checkers into the play engine or it might be difficult to obtain the license for 
the model checkers to download or install. For these reason it would be much better to include the 
model checkers in the tool itself so as to perform the smart play out or model checking of the 
requirements with a better performance. 
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7.0. Lessons learned from this thesis:  
 
The main idea of mine behind doing this thesis was to see how the requirements were captured 
using the semi-formal languages UML, and also to see how the concurrency in the requirements 
is dealt which is not possible by the formal specifications for example by Z. The concepts of 
sequence diagrams, message sequence charts and the topic of the thesis Live Sequence Charts 
were interesting to be studied. The concepts of formal verification, model checking was really 
interesting to be known. The evaluation of live sequence charts using the play engine tool gives a 
bit of practical experience as well in using the live sequence charts.    
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