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AF3 Simple Traffic Lights Example 

1. Goal of this document 

 

This document is a tutorial that provides you with an example to build up your own AF3 model.  

The tutorial describes the content of the model and how to use the model to create a traffic lights 

system. In equal, we will show you: 

1.) The definition of requirements for a system 

2.) The specification of an architecture 

3.) The linking/allocation of the requirements to the components and their verification 

4.) Verification of the whole model using simulation 

 

The tutorial does not explain HOW to model the example step by step. For information on how to 

model with AF3, please refer to the help and the welcome screen. You can find help in the tool or 

on http://af3.fortiss.org/. 
 

Figure 1: The AF3 Welcome screen 
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1.1. The Simple Traffic lights Example 
In this example we model the controller of a simple pedestrian crossing with a pedestrian light and a 

traffic light.  

 

Figure 2: The Simple Traffic Lights Example 

2. Building the model 

2.1. Requirements Analysis 

 The Requirements Analysis node contains artifacts which are necessary to determine and structure 

the requirements of the system. The information you elicited during the requirements engineering 

phase of your project will be stored in this section. There are three different types of artifacts: 

Glossary entries will form the vocabulary of the problem domain of our project. 

Requirements document the needs that our model must be able to fulfill. 

Requirement sources give information about the original source of the respective requirements. 

2.1.1. Specifying the problem domain 

We are modeling the controller of a simple pedestrian crossing with a pedestrian light and a traffic 

light.  

We need to specify: What exactly is a pedestrian in our model? What is traffic in terms of our Traffic 

lights system? We need a clear definition of every object and person that is part of our system, so 

that is why we capture the vocabulary of our problem domain in Glossary Entries. Create a new 

Glossary with a glossary entry and open the entry view. 

Usually, the name of the artifact and the definition of it suffice for the entry, but you need to be as 

precise as possible with these values. Abbreviations, Synonyms, images and smaller comments to the 

artifact will give a better specification of the object itself, but are not always necessary. They can be 

added if necessary. 

Sample: At first create a new glossary – named 'Glossary' - with a glossary entry to define the main 

user of our system - the pedestrian. Now fill in the necessary information about the new artifact: 

1.  The Name of the artifact is 'Pedestrian'. 

2. The Definition of a pedestrian is: 'A person who travels on foot.' 

3. A synonym for a pedestrian would be 'Walker'. 

Abbreviations or additional pictures and comments are not needed. Fill the mentioned information in 

your glossary entry and save the file. The result is shown in Figure 3. 
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Figure 3: Sample of a glossary entry for the actor 'Pedestrian' 

Task: Find all necessary entries for the Simple Traffic Lights model and fill their entries appropriately. 

2.1.2. Specifying requirements 

The same way you define the vocabulary of the problem domain in the model, you need to define 

the functional / non-functional requirements of your system including use cases to define the 

behavior of your system. 

Sample: Create a requirement package. We will define a requirement of the traffic light controller 

which constraints the waiting time for pedestrians to a maximum of 2 minutes. Fill in the following 

general information in the requirement: 

1. Assign ID Requirement 1' to the requirement.  

2. An appropriate Title would be 'Pedestrian light timing constraint'. 

 

3. 'Pedestrians should not wait longer than two minutes before the pedestrian light switches to 

green.' shall be the Description of our requirement. 

4. Insert as a Rationale: 'Pedestrians need to move and vehicles must halt'. 

You can see the result in Figure 4. 
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Figure 4: Sample of the 'Pedestrian light timing constraint' 

Task: Now that we have defined a requirement on timing constraint for pedestrians, a similar 

requirement should be specified for the vehicles / traffic. Furthermore, add a Use Case for activating 

the pedestrian light. Finally, set the priority of all requirements to 'High – Must-be'. 

2.1.3. A thorough look  at use cases 

Use cases describe the interaction of the system with its environment. In the previous section, you 

have already created a use case and filled in the necessary general information. We can build on this 

example and make a failure scenario, as scenarios are useful to describe these interactions. 

Scenarios consist of several Scenario steps. A possible failure of the system would be when the 

Controller switches traffic lights to red, but also switches pedestrian lights to stop afterwards. Our 

scenario should look like Figure 5. 

 

Figure 5: Sample of Scenario specification 
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Task: Add a scenario to the use case for activating the pedestrian light. Consider that this scenario is 

a success scenario and will need branches to the failure scenario in case that it fails in one scenario 

step. 

Task 2: Another useful tool is the creation of message sequence charts to display communication 

between actors in the system. Specify the success scenario as a MSC. You can use the AF3 help for 

more help on this topic. 

2.2. Data modeling 

After defining the requirements of our system as well as glossaries and requirement sources, we will 

have to define the system architecture in order to map these requirements. 

In AutoFOCUS 3, the system architecture is defined as a set of communicating components that send 

and receive information via their interfaces. Each component interface is defined by a set of input 

and output ports respectively. The sender and receiver relation is defined by channels that connect a 

sending port with a receiving port. 

Before we start defining our components, we need to define some data structures first. 

2.2.1. The Data Dictionary 

For the traffic lights system, we define traffic light signals for both the pedestrian light and the traffic 

light. 

Sample: Define a general Signal data structure, which is an enumeration with a present signal as one 

of its members: 

 

Figure 6: The Signal data structure in the data dictionary 

We will use this Signal in the next section to specify the input and output ports. But before that, we 

have to define a few more data structures. 

Task: Add enumeration structures for the colors of the pedestrian light (Stop and Walk) and of the 

traffic light (Red, RedYellow, Yellow and Green) as well as an enumerator for the Indicator signal (Off 

and On) to simulate the request signal from pedestrians who want to pass the street. Additionally, 

add three functions tGreen, tRed and tYellow which take no input parameter and only return an 

integer value - a constant variable - that represents the time in seconds that the respective 

trafficLight remains active. Look up the AF3 help for a more thorough article about the Data 

Dictionary and for function declaration.  

2.3. The System Architecture 

Now it is time to build up our system architecture. Here is a list of all components and its 

subcomponents we are going to need: 

• A Merge component that merges button signals and forward them to the Controller. 

• The Controller component which processes the internal state of the traffic lights. Therefor, it 

needs: 
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• A component which describes the Behavior of the controller as a state automaton. 

• The Panel component which consist of the following: 

• A Hardware Abstraction Layer that sets the default values for the system if they haven't 

been set yet. 

• A Display component which simulates the traffic behavior of the system. 

2.3.1. Defining the first component 

We need a root element which implements our traffic lights controller: the Component architecture 

root. For our project, one big component will suffice the task. A preferable name would be TL-

Architecture or TrafficLightsSystem. 

Sample: The most important component in our system will be a controller that checks for incoming 

request signals and process them into certain output signals.  

The request will come from our Merge component and will be received by an input port (we call it 

ctrInRequest). 

Consider that we need to change the data type of the data we are going to exchange between the 

ports 

As for the Behavior component, it is desired that it has strongly causal behavior, as we expect a 

delayed reaction from it. 

 

Figure 7: The 'Behavior' component for our controller 

Task: As the controller is outputting data as well, you need to implement output nodes for the 

Controller. Add three Output nodes: one for the traffic light, one for the pedestrian light and one for 

the indicator signal.  After that, reopen the Controller structure view and you will notice 3 input 

nodes to the top-left. Link them with the appropriate output ports that you defined before. Make 

sure that you use proper names and data types for the ports. 

 

 

2.3.2. Describing component behavior 

AF3 offers several ways to describe behavior of components: Code Specification, State a Mode 

automatons as well as tabular specifications. As AF3 already offers extensive help with these topics, 

we will only give a short survey about how to create a state automaton. 
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Sample: Create a State Automaton diagram with the name 'Root state'. The behavior of our 

controller refers to our 'Activate pedestrian light' requirement and thus is dependent on the state of 

its traffic lights. 

 

Figure 8: Draft for the state automaton of the Behavior component 

We then add a transition from the initial state to the green state – we suppose that the system 

always starts with green traffic lights. 

Don't forget to define a time variable which is accessible in all states of our system via the Data state 

view. This variable is fundamental for the definition our guards. 

Let's take a look into Guards and Actions. The system can only be started if it is not active (time is set 

at -1). If this guard fulfilled, we output signals that the traffic lights are switching to green state, 

pedestrian lights are on Stop mode and indicator signal is not set. Figure 9 shows the properties of 

the transition which was created in Figure 8. 

 

Figure 9: Definition of Guard and Actions 

Furthermore, we need to add boundaries to the time variable to avoid undesired effects on our 

system (see AF3 help). 

Task: To complete the state machine of the controller, we need to define the remaining transitions. 

Here are some rules for the system: 

1. Since the system should also be able to initiate with a present signal, add a similar transition like 

the one shown in the sample. 

2.  Every state needs a countdown transition to make sure that the timing constraints defined by our 

own requirements will be fulfilled.  

3. If the system switches back from red to green traffic light, reset the time variable so that the traffic 

can go on until another request is incoming. 

 

2.3.3. Connecting use case and component architecture 

As we described a certain behavior of our system in a use case previously, with the completion of the 

state machine, we are now able to implement this behavior by connecting said requirement with our 

architecture. We will fill in the necessary information in its Detail section now: 

1. Assign the scope of the Use case, which is our recently crafted Behavior component. 
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2. The main actor is our pedestrian. 

3. As a trigger, the pedestrian needs to activate the traffic lights controller by a request. This request 

signal will be sent to our only input port of the Behavior component. 

Figure 10: Sample of detail section of a use case 

Task: Fill in the other detail sections. Use AF3 help for support here as well. 

2.3.4. Merging  button signals 

Now we need to define a Merge component which merges our first button input with the button 

input from the panel component. 

 

Figure 11: Black box viewpoint of the Merge component 

The only purpose of this component is to output a present signal to the controller whenever one or 

both of the buttons have been pressed.  

Task: Create the state automaton of the Merge component. 

3. Simulating the Traffic Light Architecture 
Now it's time to simulate our architecture and see how it works out. We will create a new 

component called Panel for this topic: 

 

Figure 12: Black box viewpoint of the Panel component 
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This component will be the one where we can see the results for. As you noticed, it has four input 

nodes which actually is the output from our Controller component. The signals for our traffic & 

pedestrian light as well as two indicator signals are forwarded to this component.  The panel actually 

consists of two smaller subcomponents: the HAL and the Display with an operator panel. 

3.1 Initialize the system 

The HAL or hardware abstraction layer is a component which we can use to initialize the system with 

default values for the traffic lights. So its main purpose is to receive data of the controller component 

and forward them to the display component. Several data state variables are defined in here (traffic 

light, pedestrian light and indicator signals). 

 

Figure 13: Data state variables of the HAL 

To summarize, this component: 

• Outputs the initial values (as depicted in Figure 13) if the system has started, but there hasn't 

been made any valid input yet. 

• Reassigns the values of the data state variables if the input is different from the current 

value. 

 

 

Figure 15: Black box viewpoint of the HAL component 

 

Task: Create the state automaton for the HAL component.  

3.2 Operator panel specification 

Now we are going for the actual simulation of the system. For this, we are going to prepare an 

operator panel specification on our display component. It will receive input signals of our previously 

defined HAL component. For a more thorough to operator panel specification, you can use AF3 help. 
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Figure 15: Black box viewpoint of the Display component 

 

Sample: As the name is implying, this will display the result of our traffic light system. Let us build up 

the model for our pedestrian lights in the operator panel. Given that we have two different states for 

our pedestrian lights (on and off), we should use two color displays: 

 

 

 

Figure 16: Color display of the pedestrian lights 

We need to define the reactions of these displays depending on the input signals arriving at every 

time step. So when a Stop signal is entering the component, we expect the pedestrian lights to show 

red light, while the other one is inactive. 

 

Figure 17: Specification of the reaction for the red light color display 

 

Task: The same needs to be done for the Traffic lights and both indicator signals. Finally, add a Push 

button for further incoming requests from pedestrians (on select, it should send a signal back to the 

actual system).  
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3.3 Starting the simulation 

Start the simulation via the architecture root component now. Open the Root Architecture 

simulation view and the display simulation of the Panel component to see if your results work out: 

1. On default the traffic lights in the display screen should be on green, while the Pedestrian lights 

are red for now. Indicator signals shouldn't be set yet. 

2. Press ButtonB to start the simulation. 

After a short delay, indicator signals should glow for an instant and the traffic light should switch 

from green to yellow to red. 

When traffic lights are red, Pedestrian lights should be on Go mode. After a few seconds passed, 

traffic lights are switching to RedYellow to Green. 

When traffic lights are green again, Pedestrian lights should be on Stop mode. The system will return 

to its initial state. 

 

Figure 18: Simulating the traffic lights system 

Congratulations, you successfully modeled a simple traffic light system! You can now work on 

improving it or dedicate to other projects now. 
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Changelog 

Version Date Comment Author 

1.0 01/12/2014 Initial Version  Pham, Son Lam; Teufl, Sabine 

    

    

    

    

    

    

 


