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Abstract A new paradigm to develop embedded software is waking up the interest of companies. Its 

name is Scenario Based Programming and it claims to be a good approach to develop em-

bedded software. Live Sequence Charts (LSC), a visual language supporting the paradigm, 

enables the developers to specify a system by implementing scenarios in an intuitive way. A 

code generator allows transforming the charts into executable Java/AspectJ code.  

Océ is a company that is continuously looking for new approaches that could improve its 

software development process and Scenario Based Programming could help for such goal. 

This project is intended to analyze whether it is possible, or not, to implement a proof of 

concept which includes representative functionalities of common products developed at the 

company.  

This report explains the model/design of a proof of concept and it includes the results 

achieved, lessons learned, conclusions, and recommendations for the future.  
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Foreword 
At a Sioux Hot-or-Not session back in April 2013, I first came across the concept of 

Life Sequence Charts. In this session, David Harel, co-inventor of LSCs and behav-

ioral programming, gave a catching presentation on the use of this new paradigm. 

Since then, I’ve been wondering whether this paradigm would be applicable to the 

Océ engine control software. 

 

Unfortunately, I didn’t have time to further pursue this idea myself. So when the next 

call for final projects arrived from the OOTI office, I wrote an assignment. It was 

nice to see that multiple candidates were interested in the project and in the end we 

chose Favio to execute it. 

 

At first there was some misunderstanding in terminology. The project description 

was about behavioral programming while in fact we were more interested in execut-

ing LSCs. Favio sorted out the difference and was flexible enough to deal with this 

change of scope. 

 

Then it kept quiet for some time. Favio was setting up his development and execution 

environment, and LSCs themselves had to wait. Luckily this didn’t take long and 

when ready Favio started on the HCS demonstrator. This progressed well and the 

functionality of the demonstrator grew rapidly. 

 

The final result gives good insight in the applicability of LSCs for developing engine 

control software. Instead of first creating MSCs and then manually converting them 

to state diagrams, using LSCs the latter step can be skipped. This should save a lot of 

time, provided that the merger of the various LSCs is done correctly. 

 

One thing that could not be verified is the timeliness of the resulting code. When 

controlling a print engine, most actions need to be executed in time. Since the current 

tooling only supports Java and AspectJ code generation, it was not useful to deploy 

the software on the actual hardware and verify its timeliness. 

 

Unfortunately, the immaturity of the tooling and the lack of real-time responsiveness 

make it currently impossible to actually use the paradigm in mainstream develop-

ment. Nevertheless, we’ll keep tracking development progress and perhaps in the 

future we can apply the paradigm after all. 

 

During our collaboration, I experienced Favio as a very friendly person. He worked 

hard and very independently. Feedback was quickly picked up and leads to other 

sources of information were quickly followed. We are satisfied with the result and 

would like to thank Favio for the work done. 

 

Patrick Vestjens 

August, 2015 
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was carried out by the author as the final part of the Professional Doctorate in 

Engineering (PDEng) degree program in Software Technology provided by Eind-

hoven University of Technology. 

 

This report serves as proof of the successful completion of the project and docu-
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Executive Summary 
 
Océ develops professional and innovative high-tech printers and software. They 

offer a range of products, services and supplies for wide format printing, produc-

tion printing, and office document printing. Through its own Research & Devel-

opment (R&D) department, Océ develops core technologies and the majority of 

its own product concepts. Key process indicators of an Océ project are iteration 

time and iteration efficiency. The challenge for every project is to speed up itera-

tions, while maintaining the quality. In this context, Océ is interested in trying a 

new paradigm which could improve the software development process by provid-

ing a new abstraction layer to the designers/developers. 

  

Scenario Based Programming[1], a new paradigm to develop reactive software, 

proposes to define/design the system behavior by implementing scenarios, for 

example, in a formal high level language called Live Sequence Charts (LSC)[2]. 

This project provides an initial experiment to determine whether it is feasible, or 

not, to use the Scenario Based Programming for embedded software develop-

ment.  In order to get enough insight to support such outcome, a case study rele-

vant for the company is implemented using the new paradigm. 

  

As a result of this project, the Océ development environment was extended to 

support LSCs, a case study was implemented using LSCs, and experiments to 

validate the implementation were executed. The case study consists of replicating 

part of the functionalities of the High Capacity Stacker (HCS). Due to the fact 

that the time assigned for this project was not enough for a full implementation, 

only a representative subset of the original functionalities was implemented. 

 

Based on the gained experience during the case study implementation and discus-

sions with colleagues, it can be concluded that LSCs provided all the necessary 

features to implement the proof of concept. Its main advantages, proved during 

the implementation phase, include:  
 

 Naturality to create and read the scenarios.  

 Clear communication within a multidisciplinary team.  

 Executable system in early stages. This helps to detect errors earlier. 

 Short learning curve for LSCs. 

 Scenario visualization and code generation. 

  

Although it was possible to successfully implement a proof of concept, there are 

still some impediments that disallow LSCs to be used in a professional software 

development environment:  
 

 Currently, the tooling supports only Java and AspectJ code generation and it 

has some bugs. This makes the development process unstable. 

 Although it is possible to express limited time constraints, real-time is not 

fully supported yet [3].  

 Since the paradigm and the tools are new, the community around them is not 

big. Although the people working on this topic are reachable, the support 

available is not enough to help a company when real problems arise. 

 The only training material is some examples and manuals. The company 

may need to define its own training material to support the developers. 

  

Due to the aforementioned impediments, it is currently not recommended to in-

corporate LSCs in Océ development process. However, it is suggested to com-

plete the implementation of the HCS, preferably by a person who has also an ex-

pertise in the current "state diagrams [4]" implementation, once a new version of 

the tooling has been released (by the end of 2015). Completing the proof of con-

cept by an expert in the current implementation will provide to Océ an expert in 

both technologies who is able to make a detailed comparison of both approaches.  
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1.Introduction 
 

Abstract – This section provides a general introduction to the project context and 

shows an overview of its structure. Also it shows what the motivation for this project 

is and who are the most interested in it. The problem is presented and the goals are 

set in order to introduce the reader to what this project is about. 

 

1.1 Context 
Nowadays, a common approach to develop embedded software consists of defining 

the structure of the system in structure diagrams (e.g. class diagrams) and its behav-

ior in state charts[4]. Existing tools allow developers to perform the above mentioned 

tasks and to generate deployable code out of them. In this way, they have a visual 

paradigm to express the structure and behavior of the system and they are able to 

generate partially the final system code.  

 
Although the previously mentioned approach works fine for many companies, many 

attempts to make it even better have been carried out. One of them, called Scenario 

Based Programming[1], claims to be a good alternative to improve the embedded 

software development by allowing the developers to express the behavior of a system 

in a more natural way. As stated in the book “Come, let’s play[1]”, it has always 

been a lot more natural to describe and discuss the reactive behavior of a system by 

the scenarios it enables rather than by the state based reactivity of each of its compo-

nents. Scenario Based Programming, supported at least by a visual formal language 

and a code generator, has triggered the curiosity of some companies which are look-

ing for a higher level approach to improve their development process. Model Based 

Systems Engineering (MBSE), high level programming, and code generation are 

becoming more attractive for companies since they allow, among other things, non-

expert developers to write software and reduce the amount of errors introduced by 

the programmers. 

 

In this context, the main goal of this project is to perform a feasibility analysis to 

determine whether it is possible to use an alternative paradigm for developing em-

bedded high-tech systems using the Océ development environment. Although the 

main goal of this project is not to determine if the new approach is better than the 

current one, advantages and disadvantages about the new approach are presented. 

 

1.2 Outline 
This report is structured as follow: 
 

 Section 1 (Introduction): This section provides a general introduction to the 

project context and shows an overview of its structure. Also it shows what 

the motivation for this project is and who are the most interested in it. The 

problem is presented and the goals are set in order to introduce the reader to 

what this project is about. 

 Section 2 (Domain Analysis): This section presents the definitions required 

to understand how the proof of concept mentioned in the previous section 

was implemented. It also includes a description of Scenario Based Pro-

gramming and the language LSC[2] from a conceptual point of view. 

 Section 3 (Development Environment): In order to implement a proof of 

concept using LSCs, the Océ development environment needed to be adjust-

ed. This section provides a general description of such environment as well 

as some problems that had to be faced. 

 Section 4 (Proof of Concept Requirements): In order to support the feasibil-

ity study, a proof of concept is needed. This section provides all the infor-

mation required to understand the requirements of such proof of concept. 
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 Section 5 (Design of LSCs for the HCS): In this section is presented how 

LSCs are used in order to satisfy the requirements specified in the previous 

section. Also, an overview of the general architecture and the results of the 

implementation are exposed. 

 Section 6 (Project Plan): This section describes the project management 

process that was followed during this project in order to ensure delivery of 

valuable results on time. 

 Section 7 (Conclusion): This section provides the results of this project. It 

provides a general conclusion, lessons learned, and what has been achieved. 

Also, recommendations and future work are included. 

 

1.3 Project description  
In order to be competitive in the market, companies are constantly looking for alter-

natives to make their development faster and more accurate. In this way, they can 

release good quality products faster and generate bigger profits. Although many top-

ics could be taken into consideration to improve a development process, the ones 

addressed in this project are: 

 

 Model Based System Engineering (MBSE)[5]: Allowing developers to create 

models which define the system requirements and design.  

 Code generation: Allowing the developers to generate code from a high level 

programming language or models. This also helps to reduce the amount of er-

rors introduced by the programmers. 

 Multidisciplinary communication: Allowing engineers with different speciali-

zations to exchange information in a precise, understandable, and non-

ambiguous way. 

 

Scenario Based Programming (for more details on this subject refer the section [2.1]) 

proposes an innovative way to approach a problem where the process that leads to the 

solution tries to optimize the abovementioned topics (MBSE, code generation, and 

multidisciplinary communication). As mentioned before, it is supported by a formal 

visual language which allows developers to define the system unambiguously by 

creating models and to generate the system code. Since those models represent possi-

ble scenarios of the system, they are constructed in an intuitive way and are easy to 

follow for engineers without much software background. Although the available tool-

ing is still under further development, the bases of the paradigm are well defined. 

This project provides an initial experiment to determine whether it is feasible, or not, 

to use the Scenario Based Programming for embedded software development using 

the current tooling. It consists mainly of two deliverables: a report and a proof of 

concept. Following, there is a short description of them. 

 

Report 

For this project the documentation is vital since it represents the basis of the project 

outcome. It does not only include the information about the proof of concept, but also 

includes limitations, advantages, and disadvantages of Scenario Based Programming 

from a conceptual point of view. Also, taking advantage of the gained experience, 

lessons learned and suggestions about how to use the new approach for embedded 

software development are included.  

 

Proof of concept 

In order to support the conclusions of the project and to provide grounded recom-

mendations, it is useful to implement a proof of concept. By going through this pro-

cess, it is possible to get sufficient insights to analyze, for example, how easy it 

would be to apply the new paradigm in real software development and what are its 

main advantages and disadvantages.  
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It is important to note that the produced software should be clear enough to allow 

other developers to understand, extend, and use it as a model to start another system 

development. 

 

1.4 Quality aspects 
In accordance to the criteria for assessing a technological design [6], three quality 

aspects were selected in order to evaluate the project. Such quality attributes help to 

define the project goal as well as to steer the project in the correct direction when it is 

required. 

 

 Realizability — This project provides a proof of concept showing whether it 

is feasible to realize a design for an embedded software application using 

Scenario Based Programming. This includes the integration of the necessary 

tools in the Océ development environment, the creation of models, and the 

verification of the solution. After performing such tasks, grounded bases can 

be established to support the output of the project.  

 
 Functionality — It is important to be able to implement all the functionali-

ties specified in the requirements definition (see Section 4). This is because, 

in case that one of them cannot be implemented, the paradigm would not be 

suitable for the proposed case study and, maybe, for similar products. 

  

 Impact — In case that a company implements Scenario Based Programming, 

this project would have a high impact on it. This means that the designers 

would need to learn the new paradigm. Since this project could be the kick 

off for such learning by providing an initial development environment and 

an example of how to use Scenario Based Programming for the Océ specific 

domain, a clear and well documented design must be created. 

 
 

1.5 Stakeholders analysis 
Although the main stakeholder for this project is Océ R&D, the LSCs community, 

the embedded software designers, and TU/e, have also an interest in it. Figure 1 

shows the stakeholders and how they are related with the project.  

Since there is no record of trying to use LSCs to implement a system in the “Print-

ing” domain, the LSCs community is interested in the result of the project. They want 

to know if the paradigm has provided all the required features for the implementation 

of the proof of concept and they also want to have some feedback about the para-

digm/tooling from a more conceptual point of view. For example, it is important for 

them to know how easy it was to learn the paradigm, how the problem was ap-

proached, and how the solution was built up.  

Embedded software designers are interested in knowing how the paradigm suits for 

embedded software development and what are its strong and weak points. For em-

bedded software engineers working in the domain of the proof of concept, this pro-

ject could allow them to see new opportunities to improve their development process. 

Finally, TU/e is related to this project on a meta-level. Since this project was carried 

out as the final assignment to complete one of its programs (Professional Doctorate 

in Engineering) in Software Technology, TU/e is mainly interested in the quality of 

the work. Its main concern is to check how the work is being done and ensure pro-

gress. It is not interested in technical details but in how the project is managed. 

Since Océ is the main stakeholder, the following section describes its relation with 

the project. 
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Océ R&D 

This project analyzes the possibility of using Scenario Based Programming to specify 

the behavior of embedded software. Océ is mainly interested in analyzing whether 

this new technique is suitable and, if so, what are the advantages and disadvantages 

of using it. In order to achieve this, Océ expects from this project to re-implement 

existing embedded software using the aforementioned approach. Since the company 

knows their products, it is their responsibility to point out a component, representa-

tive enough, whose software has to be re-implemented. In this context, “representa-

tive enough” means that, if it is possible to re-implement the software using Scenario 

Based Programming, it would also be possible to re-implement other software com-

ponents using the same approach without major problems.  
 

 

Results && 

Conclusions 

LSCs 

Community 

Project doc-

umentation 

OCÉ 

Proof of 

concept 

 

Project stee-

ring 

ESW 

Engineers 

 

TU/e 

Figure 1: Stakeholders main interests 
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2.Domain Analysis 
 

Abstract – This section presents the definitions required to understand how the proof 

of concept mentioned in the previous section was implemented. It also includes a 

description of Scenario Based Programming and the language LSC from a conceptual 

point of view.  

 

2.1 Scenario Based Programming 
In the book titled “Come, Let’s Play”[1], written by David Harel, one of the creators 

of the Scenario Based Programming, there is an interesting paragraph describing 

what is more natural for people when they think about reactive systems:  

 

When people think about reactive systems, their thoughts fall 

very naturally into the realm of scenarios of behavior. You do 

not find too many people saying things like “Well, the controller 

of my ATM can be in waiting-foruser-input mode or in connect-

ing-to-bank-computer mode or in delivering money mode; in the 

first case, here are the possible inputs and the ATM’s reactions, . 

. .; in the second case, here is what happens, . . ., etc.”. Rather, 

you find them saying things like “If I insert my card, and then 

press this button and type in my PIN, then the following shows 

up on the display, and by pressing this other button my account 

balance will show”. In other words, it has always been a lot more 

natural to describe and discuss the reactive behavior of a system 

by the scenarios it enables rather than by the state based reactivi-

ty of each of its components…. 

 

It is important to note that this quote shows one of the most important benefits of 

scenario based programming: the naturality to express the behavior of reactive sys-

tems using scenarios. 

 

Nowadays, it is common that the behavior of an application is expressed using state 

charts in which all the possible states of an object –and their transitions– are speci-

fied. In this way, it is possible to describe how an object will react to all the possible 

events that the system, or another object, could trigger. Then, the complete system 

behavior is described by the state of each object and the transitions between them. 

This approach is called intra-object behavior and is a sort of ‘all pieces of stories for 

one object’. The right side of Figure 2 represents this approach and shows how the 

behavior (the arrows) is encapsulated inside each object (the boxes). 

 

An alternative to the previous approach is called inter-object behavior. In this case, 

the behavior is not described inside each object but in scenarios; each one describing 

a sort of ‘one story for all relevant objects’. This means that one scenario involves all 

the objects that are relevant to express the system reaction under a certain set of in-

puts. The left side of Figure 2 shows how the behavior breaks the boundary of the 

objects and is expressed using many of them. In some way, a scenario can be seen as 

a use case description where the interaction between the systems, subsystems, and 

users is shown.  

 

Scenario based programming is aligned with the second approach and allows users to 

express behavior in a more natural way. Although there are many libraries, Integrated 

Development Environments (IDEs), and tools that enable Scenario Based Program-

ming, only two of them, named BPC [7][8] and LSC[1][2][9], were analyzed in detail 

and only one was selected to implement the proof of concept (for other alternatives, 

refer to [10]). The reason for choosing them is based on the fact that BPC is the only 
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approach that supports C++ (which is important for the company) and LSC is the 

only available visual language that enables scenario based programming. Since after 

analyzing BPC it turned out that it didn’t add any value to the current development 

process (see Appendix 8.1 for more details), LSC was selected for this project. The 

decision was based on the fact that LSCs allow creating the scenarios graphically and 

generating code out of them; two properties that are valuable for Océ since they 

could represent a new abstraction in the software development process. 

  

 

Figure 2: InterObject behavior (left) vs. IntraObject behavior (right)  

 

2.2 Live Sequence Charts (LSCs) 
LSC is a formal visual language used to specify the behavior of an application. It was 

created by David Harel[11][12], the creator of the graphical language State 

charts[13], in order to solve some shortcomings[14] of the Message Sequence Chart 

(MSC)[13], such as that the relationship between the MSC requirements and the exe-

cutable was not clear. Using LSCs, the developers can express the requirements in 

models which, due to the fact that they are executable, make the relationship between 

the requirements and the system execution direct; meaning that the execution is de-

rived from the models. For more details about the shortcomings of MSCs and how 

they are solved by LSCs, please refer to the book “Come, Let’s Play” [1]. LSC is an 

extension to the standard MSC and the name comes from the ability to specify 

liveness, i.e., things that must occur. A specification in the LSC language consists of 

charts which express the desired and/or undesired behavior of the system. The sce-

narios in the charts are executed concurrently and interwoven, yielding integrated 

system behavior.  

 

Nowadays, there are two implementations of the LSC Language: The Play-Engine 

variant and the PlayGo UML-based variant. The former was the first attempt for de-

fining the language and the latter is the subsequent UML compliant version. The se-

mantics are almost the same except for a few differences. A more detailed description 

about the differences can be found in the LSC Language Reference Manual[2]. Since 

the Play-Engine variant is obsolete and it is difficult to find support for it, this project 

was executed using the PlayGo variant. It is important to note that the tools support-

ing the Play-Engine variant could be more mature (regarding features support), but, 

for this project, due to the lack of background in the domain, getting support was 

more important than the maturity level. In addition, it is worthy to mention that the 

maturity level was not an impediment to implement the proof of concept. Following, 

more information about this language is presented. 

 

Object Object 

Behavior 

Behavior 
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About the language 
As was mentioned before, Live Sequence Charts are an extension to Message Se-

quence Charts and, therefore, they look similar. In Figure 3, an example of an LSC is 

shown. Objects are represented by vertical lines, called lifelines. A lifeline can repre-

sent a concrete object or can denote a set of objects that participate in the scenario. A 

special kind of lifeline represents the user. Messages in LSCs are represented by hor-

izontal arrows between the participating lifelines. Messages can be tagged as to 

whether they must occur or may occur (hot vs. cold) and whether they are to be exe-

cuted at that point of the scenario or only waited for (execute vs. monitor). Hot mes-

sages are denoted by red arrows, cold messages by blue arrows, monitor messages by 

dashed arrows, execute messages by continued arrows. Conditional guards, shown as 

elongated hexagons, specify statements that must be true when reached in order to 

continue. In addition LSCs may contain assignments and structural constructs (e.g., 

loops). 

 

 

 

Figure 3: LSC, memory game example 

 
The LSC presented in Figure 3 corresponds to the behavior of a memory game, 

which consists of a square grid of duplicated cards. Although it may be enough to 

read the chart from top to bottom to understand the logic of the game, a description is 

provided in order to the reader to follow the chart. The logic of the game is as follow: 

 

1. The game starts with all the cards facing down. 

2. The user picks one card. 

3. The user picks another card. 

4. If the cards are the same, they stay facing up.  The user starts again from step 2. 

5. If the cards are not the same, they flip down. The user starts again from step 2. 

6. The user wins when all the cards are facing up (not included in the chart). 

 

Note that it is possible to generate code from the chart presented in Figure 3. Such 

code represents the behavior of the memory game and it is executable. The develop-
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er must complete only the methods with the code that needs to be executed (e.g. the 

code inside the flipdown() method to flip down a card). For more detailed infor-

mation about the language, refer to the book “Come, Let’s Play” [1]. 

 

Play In 
Play In is a technique that allows the user to create LSCs by playing with the Graph-

ical User Interface (GUI) of the system. Basically, the user is able to inject events to 

the GUI and specify how the system reaction should be. While doing that, which in 

other words means describing scenarios, a tool is automatically generating the corre-

sponding LSC. Although the current tooling allows to “Play In” in systems without a 

GUI, for this GUI-less project, the LSCs are created manually. For more information 

about Play In, refer to section 3 in the book “Come, Let’s Play” [1]. 

 

Play Out 
Play Out is a technique that allows the user to execute all the scenarios specified by 

LSCs in parallel. In this way, the user is able to execute a preliminary version of the 

system and see how it will react. Basically, all the LSCs are run until some input 

from the user is required. Then, when some change in the environment is detected, 

for example when the user clicks a button, the scenarios associated to that action are 

executed. For more information about Play Out, refer to section 3 in the book “Come, 

Let’s Play” [1]. 

 

Real-time support 
Since LSCs have a built-in clock, which can be adjusted to different resolutions, it is 

possible to express time constrains within the specification.  For example, Figure 4 

shows the specification of a scenario to withdraw money from an ATM. It includes 

an assignment of the current time to parameter T and a condition to make sure that 

the password validation process did not take more than 50 milliseconds.  For more 

information about real time support, refer the chapter 16 of the book “Come, Let’s 

Play” [1]. 

It is important to note that tools are being developed in order to fully support real-

time. However, these tools are limited to discrete time and to a restricted form of 

time constrains (expressed as a time variable + delay expression, as in the example) 

[15]. 

 

Figure 4: Real-time constraint example 
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Synthesis vs. Scenarios to Aspects (S2A) compiler 
Once the scenarios have been created, it is necessary to generate an executable be-

havior from them. Currently, there are two approaches for such goal supported by the 

PlayGo tool: compile the scenarios into an aspect oriented language[16] and synthe-

size the scenarios into state charts[17]. For the first case, a compiler called S2A [18] 

[19] translates LSCs into AspectJ code. It provides full code generation by exploiting 

the inherent similarity between the scenario-based approach and the aspect-oriented 

approach (in both, part of the system’s behavior is specified in a way that explicitly 

crosses the boundaries between objects). For the second case, many approaches were 

implemented in order to synthesize the LSCs into state charts [15][20][17], but the 

one implemented in the PlayGo tool is called “Assume-Guarantee Scenarios Synthe-

sis”[20]. It is important to note that one of the main advantages of using synthesis is 

that it could be possible to check whether the system is deadlock free or not (for more 

details refer to the Section 5.2 of [20]). Different types of synthesis have been 

demonstrated in many papers and some examples have been implemented in order to 

show their correctness. Nowadays, PlayGo allows the user to choose which technique 

to use in order to generate an executable system. 

 

Strong and weak points 
The following table presents the strengths and weaknesses of LSCs. 

 

Table 1: LSCs strong points vs. weak points 

 

2.3 Conclusions  
As stated in Section 2.1, two possible implementations of Scenario Based Program-

ming (LSC and BPC) were analyzed and LSCs with the PlayGo variant seems to be 

Strong Points Weak Points 

It is natural to create and read the sce-

narios. This improves the communica-

tion within a multidisciplinary team. 

The tooling is still under development. 

Although work is being done in the 

Weizmann Institute[21], the tools still 

have bugs and is not very stable. In 

order to get the latest version, it is nec-

essary to contact the development team. 

It is possible to visualize the scenarios 

and generate code out of them. 

By the time of this project, it is not pos-

sible to generate C++ code. 

The Play Out technique allows execut-

ing all the scenarios together to get an 

early idea about how the system will 

react. 

Since it is still a new paradigm, not 

much documentation and examples are 

available. 

It is easy to learn the language con-

structors. They are not many and the 

semantic is well defined. 

Currently, it is only used for some 

groups in the academy. However, some 

industries, like the Israel Aerospace 

Industries, consider using LSCs and 

PlayGo for innovative projects. 

Although it is not used in this project, 

it allows the user to generate LSCs by 

interacting with the GUI. 

 

It is possible to debug the behavior 

visually. 
 

It allows recording traces that later can 

be read by other tools in order to ana-

lyze the application flow. 

 

http://www.eclipse.org/aspectj/
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the best option to implement the proof of concept. The decision was made taking into 

account the needs of the company and the fact that, nowadays, BPC does not add any 

value to the current development process.  

 

Although both, BPC and LSCs, enable scenario based programming, the way in 

which the applications are developed is really different. On one hand, for BPC, the 

developer needs to write the scenarios in plain C++ code using some interfaces pro-

vided by an engine. On the other hand, for LSCs, the developer has to draw the sce-

narios and then generate the code from them. The company interests are more aligned 

with the last approach and it considers that the development process of BPC doesn’t 

provide any improvement to the current development process. Also, since it is easier 

to show and learn a paradigm from visualization, LSCs has a big advantage over 

BPC nowadays for this project. 

 

It is important to note that most of the scenario-based tools are still under develop-

ment and they have bugs. The main contributors for the tools supporting the LSCs 

are the Weizmann Institute of Science, where David Harel (who has received an hon-

orary degree, and is distinguished professor, at TU/e) works, and the Ben Gurion 

University. They add new features and solve bugs regularly which make it difficult to 

use the tools for real commercial software development. In fact, a new release of the 

tooling is expected by the end of 2015. Such release, besides incorporating more fea-

tures, will also allow the developers to include state charts in the specification. Com-

pared with other tools, like Rational Rose (also used for modeling and code genera-

tion for other approaches), all scenario-based tools are far behind regarding features, 

documentation, usage, stability, and support.  

 

Finally, it is worthy to remark that scenario-based programming is a paradigm that 

could be widely used in the future. One of the main advantages of Scenarios Based 

Programming, over other techniques like the state chart, is that the behavior specifi-

cation is much more intuitive. Therefore, the transitions between the requirements 

capture, the system behavior specification, and the system design, are smoother than 

in other approaches. 
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3.Development environment 
 

Abstract – In order to implement a proof of concept using LSCs, the development 

environment needed to be adjusted. This section provides a general description of 

such environment as well as some problems that had to be faced. 

  

3.1 Océ Tools 
As it will be detailed later, due to some compatibilities issues, the proof of concept 

cannot be deployed on real hardware. However, it is possible to make the software 

interact with a simulator that, together with a visualization tool, allows the user to see 

how the sheets are moving through the paper path as if it was in the real hardware.  In 

the following sections, more information about the simulator and the visualization 

tool is presented. 

 

3.1.1.  Software in the Loop (SIL) 

Océ has developed a Software-in-the-loop (SIL) simulation environment which al-

lows testing the Embedded Software (ESW) on an ordinary workstation before the 

real mechanical parts are available. By integrating the ESW in the simulation, SIL 

creates a virtual workstation which emulates the behavior of the target system.  

Briefly, the SIL framework consists of a clock, a scheduler, and a database. The da-

tabase keeps the variables used to exchange information between the different ESW 

components and the models that are being emulated. The clock and the scheduler are 

responsible for calling the right components at the right time. 

 

3.1.2.  Argus 

In order to visualize the system that we are simulating, a tool for visualization is re-

quired. In Figure 5 can be seen what the simulator looks like. The picture shows a 

paper path together with the pinches and sensors that are responsible for moving the 

sheets. Argus, using some configuration files, establishes a connection with SIL and 

is able to read and update variables stored in the SIL database. For this project, those 

variables are, among others, the speed of the motors, the status of the sensors, and the 

position and speed of the sheets. Based on that information, Argus is able to react and 

show graphically how the machine is working. 

 

 

Figure 5 Argus application 
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3.2 Tools adaptation challenge 
In order for SIL to work, it requires a Dynamic-Link Library (DLL) containing the 

Embedded Software (ESW) which controls the mechanical parts. Such DLL, using 

interfaces provided by SIL, can read and update variables inside the simulator. There-

fore, in order to implement embedded control software using LSCs that interacts with 

SIL, the LSCs should be compiled into a DLL. Although this is not a problem when 

native code can be generated, for this particular project it is. Due to the fact that the 

available tooling for LSCs is only able to generate Java and AspectJ code, a DLL 

containing the LSCs cannot be created. Although there are some tools that claim to 

be able to compile Java code into a DLL, by including the Java Virtual Machine in 

the library, usually they are not complete and they do not work for every case. For 

that reason, some communication between Java and SIL was required and two ap-

proaches were analyzed. 

 

3.2.1.  Modifying SIL 

One possible solution for the incompatibility problem between Java and SIL was to 

modify and recompile SIL. Such modification consists of allowing SIL to interact 

with an external process through some Inter-Process Communication (IPC) mecha-

nism. Due to the fact that adding/enabling such functionality to SIL requires much 

time and is not part of the main goals of this project, this approach was discarded. 

Figure 6 shows how the architecture would look in such case. 

 

 

 

Figure 6: Architecture without a communication DLL 

 

3.2.2.  Create a communication DLL 

Another approach to avoid the incompatibility problem mentioned in the previous 

section consists of implementing an intermediate DLL which runs inside SIL and 

whose main goal is to establish a socket communication with a Java process running 

the LSCs. Then, by exchanging JavaScript Object Notation (JSON) messages with 

the new DLL, the Java process is able to control the mechanical parts defined in the 

model inside SIL. Figure 7 shows this approach. 
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Figure 7: Architecture with a communication DLL 

 

3.2.3.  Decisions made 

As it was stated before, in order to implement the communication between Java and 

SIL, two approaches were analyzed: extend SIL with some IPC mechanism and cre-

ate a new DLL using Sockets. Since the main focus of this project is not to imple-

ment a communication layer, the decision of creating a new DLL is based on the im-

plementation time. Due to the lack of experience using IPC and SIL, and the fact that 

the system performance is not important for this project, Sockets was the best option. 

It was fast to be implemented and it fulfilled all the requirements: 

 

 Read variables from SIL 

 Write Variables in SIL 

 Update the clock in Java with the clock in SIL. 

 

Through the Socket, messages with a JSON format are sent in order to exchange the 

information. 

  

3.3 LSC in Eclipse (PlayGo) 
The tool used to create and run the LSCs is called PlayGo[22]. It is an IDE, imple-

mented as a set of Eclipse[23] plugins and packaged as an Eclipse product, which 

contains all the required features to design, extend, run, and debug the LSCs.  

 

In order to start working with LSC, it is required to create an LSC project. The struc-

ture is similar to a regular Java project, with the only difference that new packages 

will be generated automatically. Among others, those packages include: classes gen-

erated from the LSCs specification, aspectJ code to run the scenarios, and types de-

fined in the specification. Modifying the generated classes, the behavior of the sys-

tem can be extended by adding Java code. For example, in order to establish a com-

munication between the LSCs and the simulator, Java code was added. Basically, it 

establishes a socket connection with SIL through which it receives and parses the 

messages coming from SIL. Using such messages, it injects the corresponding events 

to the LSCs and, once the LSCs have reacted, the generated response is sent to SIL 

through the same socket. For more information about the tool, refer to [22][24]. 

 



 

14 
 

 

4.Proof of Concept Requirements 
 

Abstract – In order to support the feasibility study, a proof of concept is needed. This 

section provides all the information required to understand the requirements of such 

proof of concept. 

 

4.1 About the High Capacity Stacker (HCS) finisher  
The main goal of the Proof of Concept (POC) is to replicate part of the behavior of 

the HCS finisher. A finisher is a hardware component that can be attached to printers. 

Basically, it has one input gate where the sheets are received and output gates where, 

after performing some tasks, the sheets are delivered. Figure 8 shows a possible con-

figuration of a printer consisting of one engine and two finishers. On the right side of 

the picture is located the engine, responsible for printing the sheets and sending them 

to the finishers. In the middle, marked with a rectangle, is located the HCS finisher. 

And finally, on the left side, another finisher is placed in order to deliver sheets in 

different trays. 

 

 

Figure 8: Printer configuration 

 
The main goal of the HSC finisher is to create a stack of sheets that are received from 

a single input gate. A possible work flow is as follow: 

 

1- The engine produces a new printed sheet 

2- The engine sends the sheet to the HCS 

3- The finisher receives the sheet 

4- The finisher routes the sheet to the place where the stack is created 

5- Steps one to four are repeated until the user wants to eject the stack or the 

engine has no more sheets to print 

 

It is important to note that the finisher is not only useful for creating stacks of sheets. 

It can also route the sheets to a top tray or to another output gate which could be, at 

the same time, the input for another inline connected finisher. 

 

Internally, the HCS has a paper path that connects the input gate with the different 

output gates. Along the paper path, sensors and pinches are located in order to 

transport the sheets. Deflectors are also located in the paper path in order to route the 

sheets to the different destinations. 
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Figure 9: internal view of the HCS 

 
Figure 9 shows, with colorful lines, the paper path of the HCS. Also, the pinches in 

charge of transporting the sheets can be seen. 

 

4.2 System requirements 
The requirement elicitation is always led by the key drivers of the stakeholders which 

guide the design of the system architecture. The main key driver of this proof of con-

cept is to use Scenario Based Programming to develop embedded software.  Follow-

ing, there is a list containing the most important key drivers for the company to im-

plement the POC:  

 

 Usability: It is important to know to what extend LSCs can be used to 

implement the requirements.  

 Simplicity: Since one of the main advantages of LSCs is the naturality to 

create the scenarios, the resulting models should be simple and under-

standable. 

 Extensibility: Due to the fact that not all functionalities are implemented, 

it should be possible to add them without major changes. 

 Deployability: Since the software cannot be deployed in real hardware, 

the software should be deployable in a simulator. 

 

It is important to note that, for this project, all key drivers related with the system 

performance[20] (such as Efficiency, Responsiveness, Effectiveness, etc.) were not 

considered as important. Since it is only a proof of concept and the company is more 

interested in the paradigm than in the implementation, such drivers were excluded 

from every analysis done. 

In order to have a common understanding with the stakeholders regarding the im-

portance of each requirements, the MoSCoW[25] prioritization technique was uti-

lized. 

 

https://en.wiktionary.org/wiki/deployability
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4.2.1.  Functional requirements 

The functional requirements of the proof of concept cover all the functionalities that 

the stakeholders expect from the software outcome of this project. Due to the fact 

that the time assigned to this project was not enough for a full implementation, a rep-

resentative subset of the current functionalities of the HCS software was selected and 

implemented. The following table presents the functionalities that are relevant for 

this proof of concept. 

 
 

Table 2: HCS functional requirements 

 
 The most important functionalities excluded from the current implementation are: 

 

 CTS: Flip the sheets in order to produce a stack (or an output) with the 

sheets facing the opposite side of the one they were facing when they en-

tered the finisher. 

 

 SZ Registration: Since the sheets are not perfectly aligned in the paper path, 

the produced stack will not be completely smooth. In order to avoid this 

problem, the SZ registration is in charge of aligning sheets (using some sen-

sors and pinches) in order to be sure that when the sheet is deposited on the 

stack it is correctly aligned. 

 

 Eject table: The user can eject the stack of sheets by pressing a button.  

 

4.2.2.  Non-functional requirements 

Table 3 shows the non-functional requirements for the proof of concept. Each non-

functional requirement has a short description and is motivated by one or more key 

drivers. 

 

Req. 
ID 

Description Priori-
ty 

FR01 It must be possible to route the sheets to any of the available 

outputs. 

HIGH 

FR02 Timing models must be used in order to calculate when the 

sheets should be at each point in the paper path and to set the 

speed of the motors to move the sheets. 

HIGH 

FR03 Errors must be detected. Using the timing models and the 

sensors, it must be checked that the sheet arrives to a sensor 

on time. Paper jams must be detected in this way. 

HIGH 

FR04 Errors must be handled. When a paper jam occurs, if possible, 

incoming sheets should be re-routed to another available out-

put before reaching the traffic jam. This helps when the paper 

path must be cleaned up by the operator. 

HIGH 

FR05 A communication layer must be implemented to interact with 

SIL.  

HIGH 

FR06 It must be possible to “clean” the status of the finisher after 

the operator removes the sheets responsible for the traffic jam. 

In this way, the finisher can be used to continue an already 

started work instead of restarting the finisher and print every-

thing again. 

LOW 



 

17 
 

Table 3: HCS Non-functional requirements 

 

Req. ID Description 

NFR01 Although the system performance is not important for the project, it 

must be possible to use the proof of concept in a simulator with a 

smooth visualization.  

Motivation: Usability  

NFR02 The design/implementation should be clear and easy to understand. 

Motivation: Simplicity 

NFR03 The LSCs implementing the HCS controlling software should be 

extensible. This means that it should be possible to add behavior by 

adding new scenarios.  

Motivation: Extensibility 

NFR04 The system must interact with a simulator. Therefore, it will not be 

deployed in real hardware. This is because the current tooling that 

enables scenario based programming using LSCs are able to gener-

ate only Java code. 

Motivation: Deployability 

NFR05 Argus must be the software to visualize the new implemented be-

havior. 

Motivation: Deployability 

https://en.wiktionary.org/wiki/deployability
https://en.wiktionary.org/wiki/deployability


 

18 
 

 

5.Design of LSCs For HCS 
 

Abstract – In this section is presented how LSCs are used in order to satisfy the re-

quirements specified in the previous section. Also, an overview of the general archi-

tecture and the results of the implementation are exposed. 

 

5.1 General architecture 
As mentioned in previous sections, SIL is a framework that allows exchanging varia-

ble values between processes. In general, and particularly for this project, those pro-

cesses are the ones representing the model that needs to be simulated (where the sen-

sors and actuators are specified) and the controlling Embedded Software (ESW) that 

handles such model. The goal of this POC is to implement the controlling software 

using LSCs that behaves similar to the existing HCS software. Figure 10 shows the 

general architecture of the POC.  

 

 

Figure 10: General Architecture 

 

Following there is a description of the main components:  

 

 ESW.dll: This component represents the communication DLL mentioned in 

Section 3.2.2.   On one hand, this DLL interacts through a socket communi-

cation with the Java process running the LSCs. On the other hand, using an 

interface called “sildll,” it is able to read/write the variables located in the 

database of SIL. Also, through this interface, SIL notifies every clock tick to 

the DLL in order to check if any action must be executed. 

 

 Simulator.dll: This component was already available at Océ and it contains 

the hardware specification of the HCS. 

 
 Argus: This is the tool in charge of showing the paper path and how the 

sheets are moving through it. It was already available at Océ. It establishes a 

communication with SIL and, by reading the variables (e.g. sheet position, 

motor speed, etc.), it can visualize the behavior of the finisher. 

 
 LSCs: This component is in charge of running the controlling software. 

Here the LSCs are executed and, through a socket communication, the mes-

sages are sent to the ESW.DLL in order to execute a specific task in SIL 

(e.g. set the speed of motor X to 1300mm/s). This is the main component of 

this project and in the coming sections more information about it is present-

ed. 
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5.2 Design 
As with any other approach, there are many ways of solving the same problem, each 

one with its advantages and disadvantages. For this project, two designs were creat-

ed: a Sheet based design and a Segment based design. The former was a first attempt 

and, although it had some advantages, it was discarded because it didn’t add much 

value to the communication within the team and it was more based on code construc-

tions than on scenarios. Despite the fact that it was discarded, it is interesting to see 

how timing models can be handled abstractly (see Appendix 8.3). The latter was 

elected and refined in this project. Following there is a description about it.  

 
When creating a design with LSCs, it is necessary to specify the classes whose ob-

jects will interact in the scenarios. Figure 11 shows the classes required to specify the 

behavior of the HCS. The classes Motor, Sensor, Deflector, and Sheet, represent the 

actual objects in the finisher. The class Definitions consists of some information re-

quired to manipulate the objects (motor identifications, speed ranges, etc.). The class 

Helper defines some useful functions to handle the timing models and sheets. The 

Segment classes represent the different parts in which the design was divided. Basi-

cally, all the segments connected represent the paper path. Finally, the 

SegmentHandler class is responsible for coordinating the different segments. 

 

 

Figure 11: Classes for the HCS 

 
Once the classes have been defined, the actual objects that interact in the scenarios 

must be specified. Figure 12 shows all the objects required to implement the control-

ling software of the HCS. 

 

 

Figure 12: Objects required by the HCS 
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It is important to note that all the objects ending in “MO” represent motors, the ones 

ending in “SE” represent sensors, and the ones terminating in “DEF” represent de-

flectors. Also, it can be seen that there are more than one object for the different 

segments. For a detailed explanation of why more than one object was required for 

the segments, please refer to Appendix 8.2. 

 

In order to modularize the design, as was mentioned before, the paper path was di-

vided in four segments. Each segment is responsible for transporting the incoming 

sheet to the next segment or to the output gate depending on the case. Figure 13 

shows how the paper path was split.  

 

 

Figure 13: Paper path divided in segments 

 

Following, there is an explanation of how the segments work. Since all the segments 

follow the same logic, only segment 3 will be explained. It consists of three sensors, 

one motor, five pinches, and two deflectors. As all the other segments, there are three 

main scenarios: one to handle the segment, one to set the deflectors, and one to de-

cide what to do after the sheet leaves the segment. In order to understand how it 

works, Figure 14 shows a description of the segment with its component. It is im-

portant to note that all the pinches in the 3rd segment are handled by only one motor 

called STATRAMO. 

 

To Next Finisher 

Segment 1 

Segment 2 

Segment 3 

Segment 4 

To Top Tray 

To Main Tray 
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Figure 14: Components of the Segment 3 

  

Segment 3 handler 

Figure 15 shows the LSC describing the scenario for handling segment 3. Basically, 

the scenario is waiting for the signal that a new sheet will come and the signal that 

the sensor STATRASE has detected something. When those signals have been trig-

gered, the scenario is triggered as well. First, using the timing model, the speed that 

the sheet should have at the pinch STATRAPI1 is calculated. Then, the speed of the 

motor connected to that pinch is set with the corresponding value. Finally, if the des-

tination of the sheet is the next finisher, it notifies to the SegmentHandler that the 

segment 4 should start since a new sheet will go there soon. 

 

 

Figure 15: Segment 3 handler 

STATRAPI1 

STATRAINSE 
 

STAFLIPDEF 

STATRAPI2 

STATOPDEF 
 

STATOPSE 

STATOPPI 

STAFLIPPI1 

STAFLIPPI2 
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Deflectors handler 

Segment 3 contains two deflectors and, depending on the destination of the sheet, 

they must be enabled or disabled. This scenario is waiting for the signal to handle a 

sheet and, once this signal is received, the destination of the sheet is analyzed and the 

deflectors are set. If the sheet has as destination the main tray, the STAFLIPDEF is 

enabled and the other deflector is not modified (since the sheet will not reach it). If 

the sheet has as destination the top tray or the next finisher, the scenario is a bit more 

complex. When this scenario is triggered, it may be the case that another sheet is go-

ing through the STATOPDEF deflector and it is not correct to change the state of the 

deflector immediately. Instead of that, it is necessary to wait until the sheet is close to 

the deflector and then change its status. Inside the else case of the first Alternative 

block, the scenario waits for a certain amount of time and then, depending on the 

destination of the sheet, the STATOPDEF is enabled or disabled. For both cases, the 

STAFLIPDEF is disabled since the sheet shouldn’t go to the main tray. 

 

 
 

Figure 16: Segment 3 deflectors’ handler 

 

Segment disposal 

Once the sheet has left the segment, it is necessary to know if the motor(s) should be 

stopped. This scenario is in charge of determining if the motor should stop and, if so, 

when it should do it. Basically, the motor STATRAMO should be stopped when 

there are no sheets in the previous segments and after ensuring that all the sheets 

have left the pinches handled by the motor. Figure 17 shows the scenario describing 

the previously mentioned behavior. Briefly, this scenario is waiting until the 

STATRAINSE stops detecting something. When that happens, the scenario is trig-

gered. Using the helper, it is possible to know how many sheets were injected, and 
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then, comparing that value with the amount of sheets that went through the 

STARTAINSE, it can be determined if other sheets will come soon. If that is the 

case, the motor is not stopped. However, if no new sheets are coming soon, the motor 

is stopped. Since the sensor is far from the last pinch handled by the motor, it is not 

correct to stop it immediately. Instead of that, it should be waited for a certain 

amount of time before sending the signal to stop the motor. The constructors inside 

the alternative block are responsible for that. They calculate the time that is required 

for the sheet to leave the farthest pinch and then they wait for that time before stop-

ping the motor. 

 

 

Figure 17: Segment 3 dispose 

 

Detecting errors 

In order to detect a problem in the paper path, the time when a sheet arrives to a sen-

sor is crucial. For this project, two types of error are issued: too late and too early at 

sensor.  

 

Checking that the sheet doesn’t arrive too early is easy. Figure 18 shows how the 

scenario for such detection looks. Basically, when a sheet reaches a sensor, the sce-

nario is triggered. If the error checking is enabled for that sensor, using the timing 

model, the sheet calculates if it has arrived on time at the sensor. If the sheet is not on 

time, an error is issued. 

 

Checking that the sheet is not too late at a sensor is a bit more complex. The main 

reason for that is that the sheet may never arrive at the sensor, which makes it more 

difficult to trigger a scenario. In order to solve this problem, when a new sheet is 
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scheduled, a timer for each sensor in the sheet path is started from Java code. The 

time for the timer is calculated based on the time that the sheet should take to reach 

each sensor minus a constant (in order to give some error margin). Once the timer is 

expired, a scenario is triggered to check if a new detection occurs by the associated 

sensor. Figure 19 describes such a scenario. Basically, when the method 

“waitForDetection” is called on a sensor (note that this method is called when a timer 

expires), it counts how many sheets have gone through the sensor, it waits for a cer-

tain amount of time, and then it counts again. If the counting values are the same, it 

means that no new sheet went through the sensor for a period of time and a “too late 

at sensor” error is issued. If the new count is equal to the initial count plus one, it 

means that a new sheet went through the sensor and no error is issued.  

 

 

Figure 18: Too early at sensor detection 
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Figure 19: Too late at sensor detection 

 

Handling errors 

Once an error has occurred, it is necessary to take some actions in order to produce 

the least possible waste. Depending where the error occurred, different actions are 

taken but the goal is always the same: to route the sheets in context to another output 

gate. Figure 20 shows how the error is handled when it occurs at the STAOUTLOSE. 

In this case, the main goal is to redirect all the sheets that had as destination the next 

finisher to the top tray. In order to achieve that, the scenario stops the motors that are 

not required anymore and it disables the STATOPDEF deflector (to redirect all the 

sheets to the top tray). Note that it could be the case that when the error occurs, an-

other sheet is exactly going through the deflector and, if that is the case, it is neces-

sary to wait until the sheet leaves it (otherwise another error could be introduced). 

Also, the error checking of some sensors is disabled because no new sheets will ar-

rive at them or some unplanned sheet will do it (redirected sheets will hit sensors 

which were not expecting them). In the ideal case, disabling the checking for the sen-

sors is not required. However, due to the fact that the timing model should change 

when a sheet is rerouted and this proof of concept uses static timing models (loaded 

from a file, not calculated in runtime), is not possible to know the new time when the 

sheet will hit the sensors and an error will occur if the checking is enabled on them. 

Finally, the STATOPDEF is locked so no one can change its status. Once the paper 

jam is fixed, the deflector is unlocked in order to continue with normal operation. 
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Figure 20: Handling error at STAOUTLOSE 

 

5.3 Design Decisions 
During the project execution, technical decisions were made. Table 4 presents the 

most important ones. 

 

Decision Description 

LSCs over BPC 

Although BPC enables Scenario Based Pro-

gramming using C++ (the main language used 

by Océ), it is not possible to create the scenarios 

visually and generate code out of them. In con-

trast, LSCs allow doing the previously men-

tioned tasks but it doesn’t allow generating C++ 

code. Since the company is more interested in 

the paradigm using a visual language and a code 

generator, LSCs was selected to implement this 

project. If the paradigm is suitable, it is always 

possible to implement a C++ code generator. 

Sockets over IPC 

Due to the lack of experience using IPC and the 

fact that the system performance was not an 

issue for this project, Sockets were selected to 

communicate the LSCs with SIL.  

PlayGo over PlayEngine 

Although the PlayEngine variant could have a 

few more features than the PlayGO variant, the 

PlayEngine variant does not have support. The 

PlayGo variant includes all the necessaries func-

tionalities to implement the proof of concept 

and it is easier to find support.  
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Segment Design over Sheet 

Design 

Although the Sheet Design worked well, the 

scenarios were long and they were more based 

on code constructors. In the Segment Design, 

the scenarios are shorter and the reactivity of the 

system is more explicit than in the first men-

tioned approach. 

Code based timeouts imple-

mentation over LSCs imple-

mentation 

Although it is possible to implement tim-

ers/timeouts using LSCs, they add complexity to 

the specification and the scenarios don’t repre-

sent reactivity of the system (in the sense that 

they usually consist of only one, or two, life 

lines). On the other hand, implementing them in 

Java code is simple and demonstrates that the 

integration between Java and LSCs is possible 

and easy to achieve. 

Synchronize the LSCs clock 

with the SIL clock over using 

the same resolution. 

Although it could have been possible to adjust 

the resolution of the Clock provided by LSCs to 

the same resolution as the SIL clock, the solu-

tion would have not been correct for some cas-

es. For example, if during an execution the user 

changes the resolution in SIL, the java process 

will become unsynchronized. In order to avoid 

this kind of problems, by updating the Java 

clock in every SIL tick, we are sure that the time 

handled in Java and SIL is the same. 

Table 4: Design decisions 

 

5.4 Results 
As result of the implementation of a subset of the functionalities of the HCS using 

LSCs, a system has been created in which sheets can be routed from the input gate to 

any of the possible destinations.  

 

As mentioned before, two designs were implemented. The first one is more flexible 

when handling timing models but it is not as understandable as the second one. The 

main reason is because in the Segment based implementation, the scenarios are 

shorter and clearer than in the Sheet based approach. This leads to easy communica-

tion when it is required to explain how the behavior of the HCS is.  

 

For that reason, the final system was implemented using the Segment Based pro-

gramming approach. It uses timing models and sheet information in order to success-

fully route the sheets, detect and handle errors, and reset the status of the printer after 

a paper jam occurs. In order to validate and verify the system, a GUI was developed 

which, together with Argus, allows injecting events to the simulator and running ex-

periments. By injecting sheets and errors, it is possible to visualize in Argus how the 

system reacts in different situations. People familiar in the domain agreed on the fact 

that the implemented system meets the requirements specified in Section 4.2. 

 

Although the final system design looks simple, it takes time to get used to Scenario 

Based Programming and make a clear design. The main advantage of the current im-

plementation is the simplicity of the scenarios. It is easy to understand how the sys-

tem works just by taking a look to the specification. 

 

Although Java code had to be added by hand, 80% of it is related to the communica-

tion with SIL. This means that not much code was written besides the one generated 

from the LSCs. It is important to note that it is really simple to extend the functionali-

ty of the LSCs by writing Java code. In this way, if some feature is not provided na-

tively by LSCs, it could be added directly in code. 
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6.Project Management 
 

Abstract – This section describes the project management process that was followed 

during this project in order to ensure delivery of valuable results on time.  

 

6.1 Process 
The project duration was limited to nine months. In order to keep control of the pro-

gress and ensure delivering valuable results on time, a project management process 

was applied. 

 

Throughout the project, Project Steering Group Meetings (PSGM) were held, when it 

was possible, once per month. The goal of these meetings was to update the attendees 

with the current status of the project, what is planned as a next step, to discuss any 

open issues, and to obtain feedback from mentors/supervisors. Due to tight schedules, 

some months it was not possible to carry out the PSGM so, instead of that, individual 

meetings were held and the outcomes were shared.  

 

From an organizational point of view, the following roles can be identified in the 

project: 

 

 Table 5: Project roles 

 
The project was executed following an agile methodology[26]. Besides the PSGM, 

extra meetings were held with the client in order to update them with the status of the 

project in shorter period of times and to steer on time if it was necessary. During the 

implementation phase, a weekly meeting was carried out and a report with the status 

of the project was sent to all the stakeholders. Demos were used as the main artifact 

to check the client satisfaction and demonstrate the progress of the project. 

 

Role Responsibility 

Project Advisor 

(TU/e)   

Supports trainee with relevant knowledge.  

 

Checks whether the educational requirements and project 

goals have been met.  

Project Mentor 

and Supervisor 

(Océ) 

Provides sufficient domain knowledge and skills to support 

the trainee in his/her final project.  

 

Participates in meetings and discussions during the design 

and development process.  

Project supervisor 

(TU/e) 

Monitors and controls the quality and progress of the project 

and the results.  

 

Assesses the quality of the project’s technical report with 

respect to the technical and academic contents.  

Trainee Assures satisfying progress of the project and keeps supervi-

sors informed on the status of the project.  

 

Organizes PSG meetings (i.e. sends invitations, prepares the 

agenda and keeps minutes).  
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6.2 Planning 
At the beginning of the project, a plan was created which essentially consisted of two 

main phases: research and implementation. Although the planned tasks inside each 

phase changed during the project execution, as it is normal in agile methodologies, 

the time assigned for those phases didn’t change. During the first phase, research 

tasks were performed in different areas of Scenario Based Programming. Time boxes 

were assigned to each task in order to work the right amount of time on them and not 

to run out of time in the next phase. During the implementation phase, tasks were 

created in order to set up the environment, to define the functionalities of the POC, 

and to implement the system. Figure 21 shows the final Gantt chart representing the 

project plan for this project. The orange lines show the milestones and, bellow them, 

the main tasks are listed. 

 

 

Figure 21: Project plan 

 

6.3 Risk Management 
During the project execution, many risks were analyzed. In the first phase of the pro-

ject, more uncertainties were identified due to the lack of knowledge about the do-

main. Table 6 shows the risks detected and the mitigation strategy.  
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Table 6: Project risks and mitigation strategies 

Risk description  Mitigation strategy 

Lack of knowledge about the 

domain. 

There are books explaining the theory and some 

groups working with it. Read the books and 

contact the groups in order to clarify doubts. 

Lack of knowledge about the 

HCS. 

Inside the company there are people familiar 

with the finisher. Ask them for documentation 

and organize meetings to check the understand-

ing.  

Supervisors’/colleagues’ una-

vailability. 

Plan meetings in advance. If it is not possible to 

gather all of them in one meeting, have individ-

ual meetings and share the outcome. 

 

Be ahead in time and plan the work for at least 

two weeks in advance. This helps to know what 

will be required and to decide if a meeting will 

be necessary. By making an appointment in 

advance, the unavailability risk is decreased. 

Océ development environ-

ment adaptation. 

There are people who have worked with this 

environment for years. Organize meetings with 

them and ask how they would approach the 

problem. 

Not all the requirements im-

plemented due to lack of time. 

Implement first the most representative func-

tionalities. If some functionality is not included 

at the end, at least it will have less impact. 
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7.Conclusions 
 

Abstract – This section provides the results of this project. It provides a general con-

clusion, lessons learned, and what has been achieved. Also, recommendations and 

future work are included. 

 

7.1 General Conclusion 
As it was mentioned in previous sections, the main goal of this project was to per-

form a feasibility analysis to determine whether it is possible to use Scenario Based 

Programming for developing embedded high-tech systems using the Océ develop-

ment environment. After extending the Océ development environment, designing and 

implementing a proof of concept using LSCs, and running experiments to validate 

the implementation, it is possible to say that Scenario Based Programming is suitable 

for embedded software development.  

 

It is important to note that, from a conceptual and practical point of view, Scenario 

Based Programming has many strong points (please refer to Section [2.2]) that make 

it an interesting alternative for the embedded software development. Based on the 

experience gained through the design and implementation of the proof of concept, it 

can be stated that the naturality to create the scenarios, and therefore the specification 

of the system, makes the transition from the requirements to the implementation very 

smooth. In addition, founded on the feedback obtained after some presentations and 

discussions, LSCs can indeed improve the communication within a multidisciplinary 

team. Since it is a high level visual language, it is easy to understand for people who 

are not familiar with it.  

 

Although Scenario Based Programming using LSCs has been proven to work, there 

are still some impediments that disallow it to be used in a professional software de-

velopment environment: 

 

 Tooling completion/stability: Currently, the tooling supports only Java and 

AspectJ code generation and it has some bugs which makes the development pro-

cess unstable. 

 Although it is possible to express time constraints, real-time is not fully supported 

yet [3].  Work is being done in the tooling in order to allow synthesizing LSC 

modeled real-time systems. 

 Support: Since the paradigm and the tools are new, the community around them is 

limited. Although it is possible to contact the people who are working on this top-

ic, the support available is not enough to help a company when real problems 

arise.  

 Transition: Since LSC is a new language to support a new paradigm, not many 

developers are familiar with it. In order for a company to make a transition, time 

and training are required. Since not much training material is available, except for 

some examples and manuals, the required training for the developers to under-

stand the paradigm/tools needs to be defined. 

 

It is worthy to mention that Scenario Based Programming is a paradigm that in the 

future could be successfully used for commercial software development. Except for 

the tooling, nowadays the paradigm is well defined and provides more than all neces-

sary features to develop the functionalities required by the proof of concept.  

 
Finally, the following table contains a comparison regarding certain aspects between 

the current development process followed by Océ and the one proposed by LSCs. 
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Table 7: State chart approach Vs. LSC approach 

            Approach 

Aspect 
State charts LSCs 

Process 

In order to specify the behav-

ior of a system using state 

charts, first, structural dia-

grams need to be created. This 

means that the behavior speci-

fication cannot be done from 

scratch but only when the pro-

ject is in a more advanced 

phase. 

Since LSCs represent scenarios, 

and such scenarios are usually 

the use case descriptions, once 

the use cases have been defined, 

the specification of the behavior 

can be done. The structure of 

the system will be created to-

gether with the behavior speci-

fication. 

System 

requirements 

specification 

Usually, if the requirements 

are not specified in a formal 

language, there is no link be-

tween the requirements and 

the system execution. So, dif-

ferent kinds of tests must be 

performed in order to check 

that the system execution is 

aligned with the requirements. 

Since the specification of the 

behavior is executable, the sys-

tem will behave as the specifica-

tion commands. Since LSCs 

allow expressing the system 

requirements in a formal lan-

guage, the link between the sys-

tem execution and the system 

requirements is direct. 

Behavior 

 understanda-

bility 

In order to understand the sys-

tem behavior, it is necessary 

to understand all the state dia-

grams and how those dia-

grams interact each other. This 

means that it is necessary to 

know how all the components 

in different states could react 

to different events.  

Due to the fact that the behavior 

is specified in scenarios, in or-

der to understand the behavior, 

it is necessary to follow them. In 

this case, the system behavior is 

determined by a collection of 

scenarios (possible executions 

of the system). 

Scalability 

and  

extensibility 

It has been proven that the 

state charts approach can scale 

to big extensible systems. Océ 

has used it in big projects to 

implement their software. 

There are no references about 

scalability and extensibility. 

Since the paradigm is new, not 

many examples have been im-

plemented. Grounded in the 

gained experience during the 

project, it seems that an LSC 

specification is easy to extend 

by adding new scenarios. How-

ever, no strong insights were 

obtained regarding scalability. 

Learning 

curve 

Since state charts are usually 

taught during the course of 

study, the learning curve of 

the language is short. Howev-

er, learning how to use them 

within a tool can take a long 

time. 

Although usually LSC is not 

taught in the academy, the lan-

guage is not big and the integra-

tion with the tools is easy to 

learn (for this project, it took 

one month). However, learning 

how to use the language con-

structors in order to create cor-

rect scenarios can take longer 

and can only be achieved by 

experience. 

Tooling 

The tooling supporting this 

approach is stable. It has doc-

umentation, support, and a 

wide range of features that 

allow the developers to work 

with a well-defined and stable 

process. 

The tooling supporting this ap-

proach is still under develop-

ment. It is used only in the 

academy and has some bugs. 

This makes it difficult to have a 

stable development process 

nowadays. 
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7.2 Lessons Learned 
After implementing the system, some insights were collected. Following, there is a 

list of issues to be taken into account when working with LSCs: 

 

 LSC learning curve: It could be said that the language is not big and it 

is easy to learn. There are not many constructors and the semantics is 

well explained. It shouldn’t take more than 1 month to know all the 

constructors and how to use them. However, learning when to use each 

constructor to create real scenarios, instead of just code constructors, is 

much harder and can only be achieved by experience.    

 

 Easy communication: After some discussions with colleagues and 

presentations, it can be concluded that LSCs are easy to understand for 

people who have never worked with them before. If they have a bit of 

experience with MSC, the understanding process is even faster. This in-

deed helps the communication within a team. 

 

 Handling the length of the LSCs: It is preferable to have many short 

scenarios over a few large ones. There are two main reasons for that. 

The first one is that it has always been easier to understand short than 

long stories (scenarios). The second one is that large scenarios could be 

exited due to the re-execution of one of the previously executed mes-

sages. Although this could be done on purpose to implement a specific 

scenario, sometimes it is done unintentionally. Finding this kind of er-

rors could take much time and by creating short scenarios that risk is 

less probable to occur. 

 

 Handling Timeouts: LSC has a build-in clock. If time constraints need 

to be implemented, the built-in clock is a good option instead of imple-

menting another clock. It works well and is easily synchronizable with 

an external clock. 

 

 Extending the LSCs with Java: When classes are added to the model, a 

Java class is created as well. Here, it is simple to add any code that is 

relevant to be executed when the method is called. It is important to be 

rational when deciding what information is included in the charts and 

what information is included in the Java code. It is quite easy to create 

charts that don’t represent scenarios but code constructions. It is always 

a good idea to check that all scenarios represent some reactivity of the 

system.  

 
 Handling concurrent scenario execution: Sometimes it is required to ex-

ecute the same scenario for a second time before finishing the first one. 

In Appendix 8.2 there is an explanation about how to deal with this sit-

uation. 

 

7.3 Achievements 
There are two main achievements in this project: the extension of the Océ develop-

ment environment to support LSCs and the model/implementation of the proof of 

concept. Also, it is important to mention that a GUI was created in order to run ex-

periments and check the correct behavior of the system. 

 

Regarding the extension of the Océ development environment, in order to be able to 

integrate the LSCs, some libraries, interfaces, and tools, were reused. As it was ex-

posed in Section 5.1, a new DLL was created in order to establish a socket communi-
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cation between SIL and an external process. For such DLL, the EDS libraries (con-

taining useful functionalities to handle the motors) and the SIL interface were reused. 

Note that for this project, the aforementioned external process is the one running the 

LSCs. Thanks to tools like Argus, it was possible to visualize the system behavior 

and validate that it worked as expected. The development environment was isolated 

in order to allow using LSCs without any configuration issue.  

 

With respect to the design and implementation of the proof of concept, a representa-

tive subset of the HCS functionalities was successfully implemented. The current 

system is able to:  
 

 Route sheets from the input gate to different output gates. 

 Detect errors (too late at sensor or too early at sensor). 

 Handle errors by re-routing the incoming sheets to the most convenient out-

put. 

 Reset to a “clear” state after a paper jam is removed by the operator. 

 
In order to confirm the correct behavior of the system, a GUI that allows injecting 

events to the simulator was developed. Through this GUI, and using Argus, the fol-

lowing experiments were executed: 
 

 Inject a certain amount of sheets to the HCS with a fixed destination. 

 Inject a certain amount of sheets to the HCS with a random destination. 

 Manipulate (enabling or disabling) the sensors in the emulator in order to 

see that errors are indeed issued. 

 Check that when an error is issued, the correct actions are executed. This 

means, that the sheets are redirected to the correct output. 

 

Finally, it is important to mention that the current implementation could be extended 

with new functionalities in order to obtain a complete implementation of the HCS.  

 

7.4 Future work 
Due to the fact that the time assigned for this project was not enough for a full im-

plementation, only a representative subset of the functionalities of the HCS was 

planned and implemented. It could be interesting to complete such implementation in 

order to have metrics like: 

 

 Scalability: The current implementation consists of 6 .lscs files, 25 scenari-

os, 11 classes, and 38 objects. After reading books and consulting experts, it 

could be said that the implemented software is still a “small” system. Alt-

hough systems with 150 scenarios have been proven to work, it could be a 

good idea to check the scalability for this specific domain. 

 Extensibility: It could be interesting to generate some metrics about how 

easy it is to extend an existing design. For this project, everything was start-

ed from scratch. 

 Learning curve: Since in order to complete the implementation, engineers 

will need to understand the current implementation, it could be a good op-

portunity to compare their learning curve with the one presented in the pre-

vious section. 

 

Since the main goal of this project was to determine whether it was possible to im-

plement Océ embedded software using Scenario Based Programming, not much ef-

fort was spent in understanding in detail the current development process. Because of 

that, making a detailed comparison between the two approaches was not possible. 

Although a first analysis was done (see Section 7.1), it should be completed in the 

future in order to provide detailed information about in which areas one approach is 

better than the other one.  This would be the first reference to start considering a mi-

gration. 
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7.5 Recommendations 
Nowadays, the tooling that supports LSCs is not completely stable. For that reason, it 

is currently not recommended to incorporate LSCs in the Océ development process. 

However, work is being done on the tooling and in the future they could become 

qualified for commercial software development. For this reason, it is recommended 

to complete the implementation of the HCS, preferably by a person who has also an 

expertise in the current "state charts" implementation, once a new version of the tool-

ing has been released. Completing the implementation by an expert in the current 

implementation will provide to Océ an expert in both technologies who is able to 

make a detailed comparison of both approaches.  
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Abbreviations 
 
HCS High Capacity Stacker 

SIL Software In the Loop  

LSC Live Sequence Charts 

MSC Message Sequence Charts 

GUI Graphical User Interface 

ESW  Embedded Software 

POC            Proof Of Concept 

MBSE            Model Based Systems Engineer 

IPC            Inter-Process Communication 

PSGM            Project Steering Group Meetings 

S2A           Scenarios to Aspect  
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8.Appendix 
 

8.1 Behavioral Programming C (BPC) 
BPC is a scenario coding technique for constructing reactive systems incrementally 

from their expected behavior. A Behavioral Application consists of independent 

components, called b-threads, which represent the scenarios and generate a flow of 

events via a publish/subscribe protocol. All the b-threads are manipulated by an en-

gine which is in charge of synchronizing them and deciding how the application 

moves on.  

 

The execution mechanism 
As mentioned before, BPC implements the scenarios in threads and an existing en-

gine is in charge of establishing the communication between them. Following, there 

is a description of how this mechanism works: 

 
1. Each b-thread runs in parallel to the other b-threads. They define synchroni-

zation points in which the b-threads are allowed to exchange information. 

2. When a b-thread reaches a synchronization point, it waits until all the other 

b-threads reach a synchronization point. 

3. In a synchronization point, every b-thread specifies three sets of events: 

a. Requested events: events that the thread needs to trigger in order to 

continue its execution. The engine will consider these events to be 

triggered in the future. 

b. Waited-for events: events that the thread is observing. If they are 

triggered, the thread can continue its execution. In this case, the 

engine doesn’t take into account these events for triggering but on-

ly for notifying. 

c. Blocked events: events that must not be triggered by the engine. 

These events will not be selected by the engine for triggering. 

4. When all the threads are at their synchronization points, the engine chooses 

and triggers one event that was requested by at least one b-thread and was 

not blocked by any b-thread.  

5. The b-threads that requested, or are waiting for, the selected event are noti-

fied and they continue their execution. The other b-threads stay in their syn-

chronization point until all b-threads are synchronized again. 

 

 

Figure 22: BPC execution mechanism 
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Extensions 
When the first version of the engine was implemented, it was not powerful enough to 

implement some real applications. Because of that, many extensions were added to 

the original engine: 

 

 Support for time constraints: It allows adding timeouts in the synchroniza-

tion points. Therefore, if the engine doesn’t choose a relevant event for the 

thread, it can continue its execution when a timeout occurs. 

  Customizable event selection: It could be the case that more than one event 

are requested and not blocked. In those cases, the original engine would 

choose one randomly. This extension allows the programmer to write the 

function in charge of the event selection, enabling the user to define, for ex-

ample, priorities between events.  

 Dynamic thread creation: It allows the creation and initialization of b-

threads on the fly. This means that one b-thread can create other b-threads 

on demand. 

 Parameterized input: It allows adding information to the events in order to 

receive more details instead of a single enumeration. 

 Different time-scales: It allows the user to work with different b-threads at 

different speeds. For example, if one thread needs to sleep for some seconds, 

in the normal engine, the whole system would also sleep for some seconds 

(since the thread will not reach the synchronization point). In order to avoid 

that behavior, this extension allows the user to declare a b-thread as Non-

Blocking. In this way, the engine can continue its execution even though the 

b-thread is not in a synchronization point. 

 

Strong and weak points 
This implementation of Scenario Based Programming is being developed by the time 

in which this project is being executed. Following, some weakness and strengths of 

BPC are presented based on its current status and its relation with the project. 

 

 

Strong Points Weak Points 

BPC is completely programmed in 

C++ and the interfaces are clear. The 

only requirements to start using this 

approach are: C++ knowledge and 

available interfaces understanding. 

No visual tooling or code generator 

available. The only way to write a be-

havioral application using BPC is by 

writing C++ code. 

There is available a model checker 

that helps to check properties, find 

deadlocks, and discover new scenar-

ios. 

Thread overload. Since each scenario is 

a new POSIX thread, if the application 

requires many scenarios, many threads 

will run in parallel. Depending on the 

OS and hardware, this could be a prob-

lem. 

The engine is stable and works fine. 

However there are many versions 

with different features. If features 

defined in different versions are re-

quired, the development team has to 

be contacted in order to merge those  

versions. 

Debugging difficulties. The only tool 

available to debug an application is 

GDB. If many scenarios are running, 

this task becomes tedious and hard to 

track. 

Allows creating behavioral applica-

tion and extending them by adding 

new scenarios. 

Since the engine implementation uses 

Unix libraries, BPC is only available 

for Linux. This is not a problem for this 

project but it could be a limitation for 
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other projects. 

 Not much documentation available. 

Table 8: BPC strong points vs. weak points 
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8.2 Dealing with concurrent LSCs 
While working with LSCs, it may be the case that it is required to execute the same 

scenario in parallel for the same object instances. This may happen, for example, 

when more than one sheet is in the same segment of the paper path. In such case, it 

could happen that one scenario executes some actions but, before finishing, the same 

scenario must be executed again. 

  

In order to solve the problem, more than one instance of a class and Dynamic binding 

can be used. This means that it is possible to have many objects with the same goal 

and handle them depending on whether they are free or not. For example, in the HCS 

implementation, there is more than one object of the class Segment4. When the ob-

jects are created, java code was added in the constructor in order to register them in 

the segment handler. In this way, when the SegmentsHandler needs to start a scenario 

in a specific Segment, it checks which one is free before using it. It is important to 

note that having more objects per class doesn’t mean that also more scenarios need to 

be generated. Actually, the scenarios don’t change except for the fact that the object 

representing the class in the scenario must be declared “Dynamic”. Figure 23 shows 

that the Segment4 is declared as Dynamic but no other scenarios were created. For a 

detailed description about dynamic binding, refer to the LSCs Reference Manual[2]. 

 
 

 

Figure 23: Segment4 with dynamic 
binding 
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8.3 Handling timers from LSCs 
In the first attempt to implement the HCS software, a sheet based design was created. 

The idea behind it was that each sheet was responsible for handling the motors when 

they were close to them. For such goal, using the timing model, every sheet would 

start a timer in order to react and execute an action (for example, set the speed of the 

motor in charge of handling the next pinch). Figure 24 shows the LSC in charge of 

handling the time. Basically, the scenario waits for the event “TimeForNewAction” 

and once it is received, it gets and executes the required action. When a sheet is 

scheduled, this event is triggered in order to start the loop. After that, if no more ac-

tions need to be executed, it disposes the sheet object in order to allow other incom-

ing sheets to reuse it. If more actions needed to be executed, it calculates the time for 

the next action and sets a timer in order to react on time. 

 

 

Figure 24: Time handler for Sheet based approach 

 
In order to keep the previous LSCs clean, the scenario in charge of executing an ac-

tion was implemented in a separated LSC. Since the scenario is long, Figure 25 

shows only one part of the LSC responsible for starting the motors. Basically, it waits 

for the event “executeAction (action)” and depending on the pinch associated to the 

action received as a parameter, it starts the associated motor. Note that the scenario 

described in Figure 24 is the one that triggers the “executeAction(action) event”. 
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Figure 25: Execute action for sheet based design 

 

Although this approach was not finalized, it is interesting to see how timing can be 

handled inside the LSCs. 

 

This particular case is simple since only one type of action is executed (to start a mo-

tor). This is because only that information was included in the timing models. If other 

actions need to be executed, for example enabling/disabling deflectors or performing 

x/s/z registration, they should be included in the timing models as well and different 

scenarios to handle the different actions should be implemented. Also, an extension 

to the scenario shown in Figure 24 should be done, either in the chart or in Java code, 

in order to trigger the correct scenarios depending on the type of action that must be 

executed. Since the actions are generic, we don’t know beforehand over what device 

the action should be applied (like the one in the example where the motor name is 

passed as a parameter to the scenario) and it is probable that the resulting scenarios 

will consist of a case involving all the objects that might be required for the action to 

be executed. 
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