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TUM-INFO-07-I0309-0/1.-FI
Alle Rechte vorbehalten
Nachdruck auch auszugsweise verboten

c
�

2003

Druck: Institut f ür Informatik der
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10.5.3 Object Model

This package contain a class diagram which show the relationship between
LinkeTsg and its surroundings Objects.



Chapter 11

Telelogic Tau

Karin Beer, Christian Truebswetter, Alexander Woitala

11.1 General Aspects

Telelogic Tau is a case tool that enables you to model embedded systems
using the new UML 2.0 standard. It is available on MS Windows2000 and
MS WindowsXP platforms. Thus most errors of the tool have been elimi-
nated during the last months. We tested and evaluated the tool by building
a model of a control unit for door locking and seat adjustment that is inte-
grated in the front door of a car (in the following section called "TSG", an
abbreviation of the German word "Türsteuergerät").

Functionalities: The product lets you develop real-time applications. The
modeling is done in UML 2.0, a modeling standard expected to be
released by the OMG in 2003. The tool has some built-in verification
mechanisms. Some checking is done during the editing more com-
plex checking by a checking tool. Furthermore Tau contains a simu-
lation and model verification tool, called "model verifier", and a code
generator for C and C++ source code.

Development phases: During requirements analysis you describe the de-
sired system with use cases, use case diagrams and sequence dia-
grams.

For the system design Telelogic suggests breaking down the system
in components and identifying the main classes. The interaction be-
tween the users and the system can be described using sequence di-
agrams, which helps you in identifying the main components of the
system. Those components, called "parts" and their connections ("ports",
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202 CHAPTER 11. TELELOGIC TAU

"interfaces", and "connection lines") are modeled in architecture dia-
grams, a new concept of UML2.

The implementation is mainly done by creating state machines for the
classes. Functions that cannot be modeled with state machines can be
implemented as C/C++ source code that is added as notes in the state
machine diagrams.

The best method for simulating and testing the model is the so-called
"model verifier".

Documentation: We got a workshop manual and some pdf.files were de-
livered on the CD which contains some documentation out of the on-
line help and some other tutorials e.g. case studies and a preliminary
UML2 tutorial.

The workshop manual is quite good, but of course not sufficient as
a reference manual. The on-line help provides lots of information,
but it is often not possible to find the information you want to have.
Sometimes we discovered that the naming in the on-line help is not
consistent with the case tool itself. To a lot of topics no help is avail-
able at all. Often we didn’t find an explanation of debugging and
error messages.

The UML2 standard is not released yet, so literature on that is not
available. The UML2 standard differs considerably from the UML1.x
standard. For this reason it was difficult to have an explanation of the
new concepts.

Therefor the main reference were the example programs provided by
Telelogic.

Usability: The user interface is very comfortable to work with. It provides
a typical MSWindow application environment with three windows
integrated in the main window (see Figure 11.1). The window on the
left is the tree view similar to the MS Explorer where you can visu-
alize the model’s structure. On the right side you have a graphical
representation of the node, that is selected in the tree window. At the
bottom there is a debug window, that indicates information, warn-
ings, and errors.

11.2 Modeling the System

11.2.1 Available Description Techniques

Supported notations: All basic UML 2.0 notation concepts are supported
by the tool. Use cases, use case diagrams, class diagrams, sequence
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Modelling
Elements Diagrams

Status
Messages

Figure 11.1: User Interface

diagrams, architecture diagrams, state chart diagrams, and state ma-
chines are available. There are also Text Diagrams. In order to group
classes you can define packages. The packages build up a hierarchical
organization of the system.

In use case diagrams (see Figure 11.2) you specify different kinds of

:

UseCase
 

Figure 11.2: Use Case Diagram

actors for the users of the future system, symbolized by stickmen. You
can also use generalization and inheritance leading to a certain hierar-
chy of roles. The use cases themselves are represented by ovals. Their
description is hidden in its property window, where you can provide
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textual information about pre- and postconditions, the course of ac-
tion and exceptions. The use cases can be linked with each other us-
ing the «include» or «extend» dependency, they can be grouped by a
system boundary called "subject" and linked with actors by a perfor-
mance line, because the actor performs a certain action.

mot[1]TS[1]SE[1]env[1]

SITZ_HOR (true)

sitztimer /* 0.1000 */

sitzzurueck

sitztimer

SMOT_HOR2 ()

Sitzzuruecktimer /* 0.4000 */

SPOS_HOR (6)

bereit

Sequence Diagram

Figure 11.3: Sequence Diagram

>From the use case description you can derive a sequence diagrams
(see Figure 11.3). These diagrams describe the interaction of the user
with the system. Sequence diagrams can also be used later during
system design for describing the interaction of the components with
each other. Therefore you place some components on the diagram
and along their lifelines messages or function calls can be drawn from
a component to another. Timers can be used for visualizing time con-
straints. There are functions for referencing and decomposing avail-
able in order to reuse other diagrams or to make them more readable.

The next notation to mention is the class diagram (see Figure 11.4).
Here it is possible to specify all classes of the system, their attributes

Class Diagram

Klasse1
 

 

Klasse2
 

 

 

 

 

  

Figure 11.4: Class Diagram

and their methods. Furthermore signals and interfaces, consisting of
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a group of signals, can be defined. The classes can be linked with as-
sociation, generalization and aggregation lines. The classes can also
be given ports and one can specify which signals and interfaces these
ports support (see Figure 11.5). Furthermore the direction of the sig-

Benutzermanagement
 

 
 

 

bminternport

BattTB, ISitzposition

tuerentriegeln, startfunkschluessel, startMGMT

externerPort

IMGMT, IFunkschluessel

B_LOW_SITZ

IMGMT
<<interface>>

 

signal MGMT_SET ()
signal MGMT_1 ()
signal MGMT_2 ()
signal MGMT_3 ()
signal MGMT_4 ()

B_LOW_SITZ
<<s ignal>>

BattTB
<<signal>>

Integer

Figure 11.5: Definition of Signals and Interfaces

nals and interfaces of the port can be defined as incoming (called "re-
quired" in Tau) or outgoing (named "realized").

A new type of diagram in UML2.0 is the architecture diagram. It con-
sists of parts, which are instances of classes and that are linked with
each other via their ports (see Figure 11.6). Ports can be defined ei-
ther in class diagrams or in architecture diagrams. The ports of a part
can be made visible, if they have been defined before. The channel
between two ports is specified by a name, the signals and interfaces
exchanged by the ports and their direction.

The last type of graphical notation to talk about is the state chart
diagram (see Figure 11.7). The different states of a class can be de-
fined as well as the transitions between them. A variety of symbols
is available for performing transitions. For example, a trigger for a
transition can be defined by an incoming signal symbol directly after
a state. The transition can only be performed, if a signal that trig-
gers the transition is received. Sending a signal is described by an
outgoing signal symbol, branching is realized by question decision
symbols, and tasks are described in form of C code in task symbols.

Native C source code can be added in text diagrams or as notes in
state chart diagrams.

Modeling aspects: As all notations have been explained, we will discuss
which aspects can be modeled using them.
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Architecture Diagram

BM:Benutzermanagement
 

bminternport

SE:Sitzeinstellung
 sitzinternport

TS:Tuerschliesser
 

tsinternport

benutzermanagement

ISitzposition

startfunkschluessel, startMGMT

benutzermanagement

tuercheck

Tuerstatus, BattTS

tuercheck

funkschluessel

BattTB

tuerentriegeln

funkschluessel

Figure 11.6: Architecture Diagram

State
begin

startMGMT (Soll_HOR, Soll_W, Soll_V, Soll_H, Soll_S)

lauf = 2;
MGMT = true;
getestet = 0;

batt

>100 else

B_LOW_SITZ

begin

set (MGMTTimer1, now +0.01);
set (MGMTTimer2, now +0.01);

begin

Soll_HOR

== -1else

begin

Incoming Signal

Question

Decision

Task

Outgoing Signal

 
private Integer lauf = 2;
private Boolean MGMT = false;
private Integer getestet = 0;

Defintions

Figure 11.7: Components of a State Chart Diagram

First of all the behavior of the system and the interaction with the user
are specified by use cases, use case diagrams and sequence diagrams.
Next the basic structure needs to be defined with class diagrams and
the object model with architecture diagrams. Class diagrams define
all the elements needed for the system and mainly contain general-
ization, aggregation and associations between classes whereas the in-
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teractions are modeled between instances of classes, the parts, in the
architecture diagram.

Interfaces and signals should be defined in separate packages in order
to increase modularity. For complex systems also the different parts
of the system can be split up into packages.

Interaction between the single components of the system is described
by sequence diagrams. But no code is generated out of sequence dia-
grams. Instead architecture diagrams and state chart diagrams define
the interaction. As mentioned before, architecture diagrams specify
the structure of the system, hence also the communication structure
that is required for the interaction. How a single component interacts
with its environment, i.e. how its behavior is like is specified in state
chart diagrams. Keep in mind however, that state chart diagrams
always belong to a class description not to a single part. During sim-
ulation sequence diagrams can automatically be generated from the
model verifier and they can be compared with the sequence diagrams
that have been created manually.

Type of notation: The idea of UML2.0 is to represent the system in terms
of graphical views. Graphical modeling can be used throughout all
diagrams in Tau. Two exceptions exist: use case and state charts.
The former uses diagrams for representing relationships between use
cases and text for their content. The graphical modeling of state charts
is extended by source code annotations for the input/output with the
environment, for the control of local variables and the working with
timers.

Hierarchy: Tau supports various kinds of organizing the model in an hi-
erarchical manner. The whole project is represented as a tree struc-
ture in the left window. This tree contains all information about the
project. At the top of the hierarchy there are the packages used in
the model. One package contains the main class, where all the dia-
grams describing the main class are in. It also contains other classes
used by the main class and global variables. The classes contain dia-
grams themselves, thus continuing to branch recursively. In the tree
view under each class node there are element nodes. For example,
parts are attributes of a class used by the class in its architecture dia-
grams. The diagrams themselves contain all information, represented
by their graphical nodes.

The only thing that was confusing is that you define classes within
a node of a class that contains objects (parts) of that classes. But of
course you could also define a package for all kinds of classes needed
more often and in different stages of the hierarchy (e.g. helper classes)
and avoid this problem.
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Furthermore, hierarchical description techniques like aggregation and
composition are supported. One thing to mention is that in our pre-
liminary version of the tool state chart diagrams can not be nested
within each other, thus enabling hierarchically organized state charts,
what might be useful in complex action flows.

11.2.2 Applied Description Techniques

Applied notations: For our system we used class diagrams, architecture
diagrams, and state chart diagrams. Which type of diagram was used
for which aspects is described in the following section.

Modeled aspects: As we got a specification of our system we left out the
use case and interaction analysis and started directly with modeling
the basic elements of the system with class diagrams and the structure
of the system with architecture diagrams.

The interfaces were created in a class diagram using the predefined
interface stereotype. The interfaces contain signal stereotypes and are
grouped in an interface package. So all the interfaces are separated
from the rest of the code and someone who wants to use the software
only needs to look at the interface without searching it in the rather
complex and large rest of the system.

For the simulation of the system we created an environment that sim-
ulates the signals that are sent from the three connectors to the "Tuers-
teuergeraet". This environment simulates the interaction of the "Tuer-
steuergeraet" and the car. For example, if the "Sitzeinstellung" sends
the signal to move the seat, our environment receives this signal and
sends the information that the seat has been moved in the demanded
way to the "Tuersteuergeraet". For the interaction with the TSG you
only have to send events to the simulation that are triggered by the
user like "Button XY pressed".

The behavior of the single classes and the interaction of their instances
make up the biggest part of the system as it contains all the logic that
is needed to fulfill the specified behavior of the system. The system it-
self consist of three classes: "Benutzermanagement", "Sitzeinstellung"
and "Tuersteuerung". The interaction between the different parts is
modelled in architecture diagrams. We have different architecture di-
agrams for the communication betwenn the parts of the system and
for the communication between each part of the system and its envi-
ronment. The behaviour of the classes is described in state chart di-
agrams. Most of the classes have more than one state chart diagram.
Each state chart diagram describes the behaviour of its class when it
is in a certain state and receives a special signal. For example, if the



11.2. MODELING THE SYSTEM 209

"Benutzermanagement" receives the signal that the "MGMT1-Button"
has been pressed, it tests the batterie and if there is enough voltage it
sends a signal to the "Sitzeinstellung" to handle the move of the seat
otherwise it sends the warning "B_LOW_SITZ".

Notations suitable: The modeling with architecture diagrams caused some
trouble, because this notation is new in UML2 and therefore neither
official nor commercial documentation or literature was available in
winter 2002/2003. For example it is not obvious why you have to
define transition lines (connectors) between two ports of different ob-
jects, if on the other hand event based modeling normally does not
require that. And in fact, when testing our model, we discovered that
a part A which is not connected to a part B but has the same interface
as a part C which has a channel to B, could receive a signal that is
supposed to be sent from B to C.

At the beginning, we also faced difficulties using the state chart dia-
grams. This type of notation combines constructs of UML1 and SDL,
two modeling languages of rather different domains and it is not al-
ways evident which concept was taken from which language.

Besides from that the tool fully enables modeling all aspects of the
case study within the whole software process. And even more, the
tool contains an integrated verification, simulation and testing sys-
tem.

Clearness: As mentioned in the item "Hierarchy" of the last section, the
tool provides some very useful constructs for organizing and struc-
turing the model in an hierarchical way. By drawing the diagrams
and adding new graphical nodes or variables, the regarding elements
are created automatically in the appropriate position of the tree model.
You need to be careful to break down the system into components of
adequate size, in order not to get too many elements per component,
but this is a problem of software engineering that software tools can
not solve, at least not at the moment.

Unused notations: There were two kinds of notations that we did not use:
use cases and their respective diagrams, and sequence diagrams. Both
were not used because they are suitable mainly in the analysis phase
of software engineering that was not necessary because of the require-
ments specification we have already been given. But we used the
possibility of the model verifier to automatically create sequence di-
agrams out of the model and we compared those diagrams with the
specification we had. Another point is that we modeled all state chart
as transition oriented (states and actions are modeled as nodes) and
not as state oriented (only states are nodes). Those two types are iden-
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tical, regarding the source code produced, but the former one is more
readable.

Missing notations: In general there was no notation we really missed. Two
things that could be improved in the future regard to use case descrip-
tion on the one hand and modeling with superstates on the other
hand. The use case is only described textually. We could imagine
using a predefined form with references to actors and other use cases
and linking to the other kind of diagrams. For extensive requirements
analysis Telelogic offers a separately available tool, called DOORS
which can be fully integrated into Tau.

Another useful thing might be superstates, hence enabling hierarchi-
cally organized state charts. As far as we know it is planned to inte-
grate superstates into Tau, but it must be mentioned that superstates
also lead to some problems.

11.2.3 Complexity of Description

In this section we will provide an estimation of the size of the built model.
Only the part of the specification used for executing the model in the model
verifier and code generation are considered. This is the information repre-
sented by the class, architecture and state chart diagrams, whereas use case
and sequence diagrams do not affect code generation.

In order to measure the complexity of the built model, we counted or
estimated the number of elements (nodes) of the diagrams and connections
(edges) between these elements. Also the number of words within one
diagram will be estimated.

Diagrams: We used three kinds of diagrams in our model of the TSG. We
have 7 class diagrams, 6 architecture diagrams, 44 state chart dia-
grams. As these different kind of diagrams have a rather different
structure, we will also provide figures for them separately in the fol-
lowing items.

Nodes: We interpreted a node as a graphical element within the diagrams
that is not an edge or an annotation.

In the whole model we have 7 class diagrams. We defined 8 classes,
those contain 11 ports, where each class does not have more than 2
ports. Furthermore, we defined in these 7 class diagrams 10 inter-
faces containing 41 signals that were predefined by the case study.
Additionally we needed 7 signals that are not part of any of the 10
interfaces. The maximum number of signals in an interface was 10.
We decided not to graphically represent all 48 signals as nodes, but
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we chose the 10 interfaces and the 7 internal signals. So altogether we
have 36 nodes and 5.1 nodes/view.

The 5 architecture diagrams contain 8 different parts and 11 different
ports as every class has exactly one instance. Some parts are used in
more than one diagram so altogether there are 17 parts visible. A port
is only made visible in an architecture diagram, if it is needed, lead-
ing to 20 representations of ports. Summing up there are 37 nodes,
leading to 7.4 nodes per view.

The last code relevant diagram type, the state chart diagrams, defines
the behavior of the 8 classes. Altogether there are 27 different states,
one class having 11 states, one 9, one 2, and the rest each having
1 state, which makes an average of 3.4 states/class. Due to their
complexity the state machines of single classes were split up to 44
state charts diagrams. In order to improve readability even more,
we avoided drawings graphs with cycles, instead we repeated a state
several times within one graph. This is also the recommended model-
ing technique of Telelogic. The diagrams contain 258 graphical repre-
sentation of states, 142 signal symbols, 125 task symbols, 123 decision
symbols and 263 guard symbols. Per view, the numbers are (5.8, 3.2,
2.8, 2.8, 6.0), altogether we counted 911 nodes and 20.7 nodes per
view in state chart diagrams.

Edges: Now we want to make some statistics about the edges that link
the before mentioned nodes. In the class diagrams there are no edges,
because we did not use inheritance or aggregation. The ports are di-
rectly attached to the class and hence have no connection line and the
matching of signals and interfaces to the ports is done by textual data
entry. In architecture diagrams there are 14 connector lines between the
ports (2.8 per view). For the state chart diagrams we have 44 diagrams
in tree form and 911 nodes altogether. A few cycles in the diagrams
and a few diagrams with more than one graph keep the balance. As
a tree has (n-1) edges for n nodes, we have (911-44)=867 edges.

Visible annotations: In the average about 300 characters and in the maxi-
mum 803 characters are used for the visible annotations per view in
our model. In the maximum 846 characters are used in our model.

Invisible annotations: Invisible annotations are using about 40 characters
in the average per view and 127 characters in the maximum.

The following table sums up all the figures of this subsection:
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Diagram Type Diag Nodes Nod/Diag Edges Ed/Diag
Class Diagram 7 36 5.1 0 0
Architecture Diagram 5 37 7.4 14 2.8
State Chart Diagram 44 911 20.7 867 19.7
All Diagrams 56 984 17.5 881 15.7

11.2.4 Modeling Interaction

Supported communication model

• Synchronization concerning event-scheduling
Different types of synchronization mechanisms are available. We
will discuss I/O synchronous, clock synchronous, unsynchro-
nized and event driven mechanisms.

– I/O synchronous
I/O synchronization of parts is supported using the follow-
ing two symbols in state charts (see Figure 11.8). The transi-

Eingehendes Signal

Ausgehendes Signal

Figure 11.8: An incoming and an outgoing signal

tion only works if there is an incoming signal and then sends
immediately the second signal. But this is like triggering an
event, when a signal comes in. As far as we know higher
synchronization concepts like semaphores or monitors are
not available. However we were successful by implement-
ing a semaphore.

– clock synchronous
There is a system-wide clock available, with which to syn-
chronize signals. You have the possibility do define timers
(see item below).

– unsynchronized/event driven
Signals are stored in a queue and processed in the order they
are stored in the queue. If you don’t implement any syn-
chronization mechanisms by yourself, event scheduling is
unsynchronized and therefore also the event driven actions
are.
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• Shared variables vs. messages
Using signals you have the possibility to graphically model in-
teraction. We modeled the whole internal communication well
as the communication with the environment by sending and re-
ceiving signals. As you can integrate C/C++ code into all classes
and also the methods, that are represented by state machines,
you theoretically have the possibility to define shared variables.
But we did not use that, because modeling the communication
with messages is also recommended by the tool and much more
comfortable.

• Buffering
Every signal sent is buffered in a queue. If there is no receiver
for the first signal at the moment, the signal is deleted. There is
also the option of moving undelivered signals to the end of the
event queue. If there is more than one possible receiver, one of
them gets the signal in a non-deterministic way.

Communication model suitable

The notations are suitable for modeling the case study. But some fea-
tures could be added in order to find more elegant solutions:

• Only one receiver can get the signal. We missed possibility to de-
fine that all interested receivers get a signal. For example a dis-
tributor that sends a signal over more than one channel would
be an option, that could be added to Tau. So we decided to de-
fine several different signals, representing the same information,
for each receiver.

• All states of the object that can receive a certain signal have to be
specified. As we were instructed not to use superstates, we tried
to keep the number of different states small by using variables.

• As we have not modeled with other case tools yet we cannot
compare this signal based communication model with other com-
munication models.

Timing constraints Timers can be defined in order to keep time constraints.
Therefore you set the timer to the system clock plus a certain number
of seconds, for example "timer = now + 3 ". When the timer ex-
pires a signal, containing the name of the timer is sent. We used the
timers for the environment to send signal periodically and we used
them for the centralized door locking. After sending the signal to lock
or unlock all doors we had to wait some seconds if the "Tuersteuerg-
eraet" of the other side sends an error warning. So we set the timer
and if the timer expires we suppose that there was no error at the
other doors.
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Realtime support The real time support is guaranteed by the timers, where
you can exactly specify the time, when something should happen. We
didn’t use this feature because it wasn’t necessary.

11.3 Development Process

11.3.1 Applied Process

Our general principle was to start with a very limited functional prototype,
which we enhanced and restructured until we got the fully implemented
system.

We began modeling with one class called "TSG" which handles the move-
ment of two axes of the seat. We checked this part until there were no more
errors visible in the autocheck which we will describe in the next section.
Using this as a core for our future system, we added all the other function-
ality step by step. This lead to a more and more complex model, so that
after some time, we restructured the model into three classes.

In order to be able to test our system in a better way, we build an en-
vironment around the system. The environment simulates the signals that
are sent from the three connectors to the "Tuersteuergeraet". During simu-
lation with the model verifier you only have to enter signals, which the car
driver triggers. The results of these simulations allow us to discover some
bugs which led to improvements of the system.

11.3.2 Applied Process Support

Development operations: All graphical views, i.e. the tree window and all
diagrams provide full graphical modeling and modifying as known
from modern MS Windows OSs and applications. The tree (see Figure
11.9) view permits similar modifications that the MS Explorer pro-
vides, like drag and drop. The diagrams can be edited using tool
bars, drag and drop, copy and paste, similar to MS Powerpoint or
Visio. To visualize elements of the model tree graphically, you can
simply drag and drop them to a appropriate diagram. If the element
is not suitable for the diagram, e.g. if you want to drag a state into a
class diagram, you cannot drop it.

Reverse engineering: With Telelogic Tau you can generate some UML ele-
ments out of C/C++ header files of the source code, if the code fulfills
some conditions. Telelogic defined a fixed set of transformation rules
from UML 2.0 to C/C++. Therefore C/C++ code needs to be compli-
ant with these rules. In particular header files generated by Telelogic
Tau 2.0 can be imported and converted into a UML model.
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Figure 11.9: Usability of the tree view

Furthermore, sequence diagrams can be generated out of the simula-
tion of the model verifier.

User support: There is some support in establishing and maintaining the
software process. When starting a new project, a wizard enables you
to create an appropriate workspace with some packages already in-
tegrated. Once a new project is created there is no automatic guide.
But nevertheless Telelogic lays a strong emphasize on sticking to their
design guidelines described in their on-line help. In general you are
not restricted to start modeling with low level objects and state charts
diagrams. Of course there are some process dependencies due to the
fact, that some components of later processes require elements of the
former ones, e.g. parts, which are instances, only can be created when
classes are defined. Furthermore one could never test a state chart di-
agram using signals, that are not defined and when no architecture
diagram shows how the signal flow is like.

Consistency ensurance mechanisms:

• Syntactic consistency: Some very useful functions are provided
in order to maintain consistency between the model tree and the
views. E.g. if you change a name in the tree, all diagrams are
changed consistently. On the other hand, if you change a graph-
ical element in a view, either a new element is created in the tree,
or the element in the tree is modified, depending on the modi-
fied element. But sometimes these helpful functions also cause
some trouble. One problem we often had was that it is possi-
ble to define elements with the same name and type within the
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same class, but different reference. As elements are sometimes
created automatically when using them in a diagram, there were
elements with the same name but different references. Then we
had serious consistency problems. When deleting one of the re-
dundant elements, the correct references have to be made but
now to the remaining element.
While the user edits the project, Telelogic Tau permanently veri-
fies the users actions and marks errors. The tool checks the input
concerning syntactic correctness. Found errors are highlighted,

� � � � � � � � � � �

Figure 11.10: Syntax Error

as can be seen in Figure 11.10. If you try to create an object of
an undefined class, Tau recognizes that and underlines the not
existing class reference as seen in Figure 11.11.

Part:Klasse
 

Figure 11.11: "Class not defined" Error

In order to detect all syntax and rudimentary semantic errors
you can press the autocheck button. Also a partial check is pos-
sible. Then only the parts lying under the actual node shown in
the tree view are examined. Tau lists the errors and warnings in
a message window that can be seen in Figure 11.12.
While building up a diagram, only UML 2.0 compliant elements
can be added. For example, in a state chart diagram you can
connect next to a state just an incoming signal, but no different
element. When an element is selected, elements which cannot
be added are grayed out. If you try to connect components, that
do not fit, the connection is refused or marked red.

• Semantic consistency:
Besides the automatic syntax ensurance mechanism a manually
evokeable "check button" is provided. With the button’s "check
function" you can find more warnings and errors. By double-
clicking on the error message, you jump directly into the view
where the erroneous class, state, or variable is defined or used.
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Figure 11.12: Autocheck

Not only the before mentioned syntactic errors are displayed but
also some elementary semantic information, warnings and er-
rors. For example, all signals that are sent from a part should be
defined as incoming or outgoing signals of a port and the chan-
nel where the signal is sent should be defined as a connection
between two parts in an architecture diagram.
Before running the simulation there is another extended syntax
and semantic check, caused by the build button.

Component library: , bus)? Is a predefined component There are two li-
braries available. These are two packages that can be found at the bot-
tom of the tree view. The first one, "profile", contains some controller
components and the classes for the graphical components of the tool
like classes, states, all kinds of diagrams. The other library, "prede-
fined packages", contains basic types like boolean variables, strings,
arrays.

Development history: The full history of modeling is stored until the first
step of the current session. You can always go back as far as you want.
However, the undo stack can be deleted manually. If you go back and
do some changes, you cannot go forward any more. It is not possible
to set recovery states, where you can jump back automatically.

11.3.3 Applied Quality Management

In order to validate the model with respect to the specification we started
the model verifier, which lets you simulate the model. You can monitor
variables in a message window. Furthermore a sequence diagram of the
whole model is generated, showing the interaction and the values that are
sent. We compared these data with the specification we got and changed
the model when necessary.
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Host Simulation Support: The host simulation is done by the "model ver-
ifier" which serves as a verifier and simulator at the same time.

Target Simulation Support: The tool itself did not provide simulation on
a target platform. Nevertheless, the whole model is saved as an XML
file format and not in a proprietary format. So third party plug-ins
for a simulation on different target platforms could be available in
the future.

Adequacy: The model verifier generates sequence diagrams during simu-
lation. These can be compared with the diagrams build during the
requirements analysis process and checked for inconsistencies. The
automatically generated sequence diagram contains all objects, mes-
sages and timers and becomes rather huge as the system increases.
But one can manually hide unused objects and hence make the de-
scription more readable.

Debugging Features: Next to the syntactic and rudimentary semantic check-
ing discussed in the last section under "Consistency ensurance mech-
anisms" there are other debugging features which are applied in the
testing phase.

During the simulation with the model verifier you can inject signals,
that initiate TSG actions. You can run the simulation, stop and con-
tinue it at any time or proceed step by step. It is also possible to define
breakpoints and let the simulation run until this point. This can also
be monitored in a state chart diagram. All variables sent within a
signal can be examined directly in the sequence diagram (see upper
right window in Figure 11.13). The variables checked during the tran-

Figure 11.13: Model Verifier



11.3. DEVELOPMENT PROCESS 219

sitions are displayed in a separate window (see lower right window).
The different ways of running the simulation where very usefull be-
cause we could start the simulation with different signals and let it
run and we only had to do the simulation step by step if there where
an error. For example, one time the door wasn’t unlocked after the
simulation although it had to be. By doing the same simultion step by
step we ramarked that the battery was to low, because it was initial-
ized empty and the signal with the new value has not been received.
So we found that the signal had been sent but a different part had re-
ceived it. After renaming the signal that the other part should receive
the simulation ran through correctly.

To sum up all debugging is done at model level.

Testing: The model verifier is not only suitable for debugging but also for
testing. Either you can enter signals sent to the model manually or
you can store a sequence of signals and let it run as a test case.

Certification The code is not certificated, but it complies with Telelogic’s
own XML specification.

Requirements tracing Requirements tracing is not supported by Tau itself.
As the requirements engineering tool DOORS is also produced by
Telelogic, it is fully integrateable into Tau.

11.3.4 Applied Target Platform

Target code generation: Telelogic Tau generates C or C++ source code. This
code is always compilable, as long as the model verifier can be started.

Supported targets: C as well as C++ both are target independent languages.
Therefore you can create code for specific targets with the appropriate
compilers.

Code size: We used the compiler delivered with MS Visual Studio 6.0 to
generate code for i386 architectures. Without optimization and in-
cluding the whole environment we got a 90kB executable file. By
optimizing code size we obtained 81kB.

Readability of code: The C source code produced by Tau had a size of
981kB. There are a lot of comments describing every node of the dia-
grams of the model. Some long references and the fact that we have
nearly 1000 nodes makes the code very long. But nevertheless it is
well structured. The code can be understood, but modifying is quite
difficult because of the flabbergasting number of code fragments.
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11.3.5 Incremental Development

Reuse: Throughout the whole development process we incremented the
functionality of our system starting with one axis and one button.
All the system behavior is described by state charts. To add more
functionality we added new state charts to the model and modified or
extended the existing ones. We often used copy and paste functions
in order to reuse parts of formerly defined state charts, for example
when increasing the number of axes from two to five.

Restricted changes: The state chart diagrams are rather independent from
each other, also due to the fact that the classes communicate only via
signals. Most changes have a limited range therefore. On the other
hand this independence led e.g. to changing the state chart diagram
of each of the five axes separately.

Modular design: As we developed incrementally we integrated a modu-
lar structure later in the process. But Tau also has all characteristics
enabling modular developing. For example, Tau offers packages.

Restructuring: We extensively tested the restructuring capabilities of Tau
when breaking down the system from one into three basic classes.
It is no problem dragging around whole state chart diagrams and
distributing them among the new classes. All nodes and local vari-
ables are transferred or copied automatically to the class. If classes are
structured into different packages, you have to include the packages
in order to use their content in other packages.

11.4 Conclusion

The tool was in a testing phase, when this seminar started and has been
released meanwhile. We used a preliminary version of the tool. Because
of some bugs in this preliminary version, it was not always possible to use
the most elegant solutions, some components couldn’t be used (or we were
not capable to use it).

We want to evaluate Tau on the basis of three major aspects: documen-
tation, usability, and modeling.

Due to the fact that UML2.0 is not released yet, we had some trouble in
finding appropriate information on modeling techniques that were not part
of UML1.x. Furthermore none of us had experience with SDL, which con-
siderably influences the UML2.0 specification. So at least at the beginning a
lot of notations remained unclear to us. Also the documentation of the tool
itself does not sufficiently explain the graphical descriptions Tau provides.
For most problems the on-line help gives easy and quick information, also
using examples.
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Certainly one of Tau’s biggest benefits is that it is very very comfort-
able to use. The graphical user interface allows to define large parts of the
models by merely click and drop, avoiding entering code manually as far
as possible. Already defined elements can be dragged and dropped into
new diagrams or moved consistently to other nodes of the model view. If
you rename a node in the tree view, all diagrams are updated.

Positive to mention is that Tau, in contrast to most other tools on the
market can be applied for the whole software development process. It gen-
erates runnable software applications only out of the modeled diagrams
and without writing one line of code.

To conclude, Tau is one of the most powerful and advanced modeling
tools on the market. With UML2.0 they decided to use a promising nota-
tion, that will most likely become the standard modeling language in the
next years.

11.5 Model of the Controller

In this last section we will give a short introduction to the model of the
the controller we built for the case study. First, the basic components we
defined will be explained. Then we show how the architecture of the model
is built up by these components. Finally, an example will illustrate how the
components’ state charts send and receive signals.

11.5.1 Packages and Classes

The whole model consists of three packages.
In the main package there is one top level main class having three classes

which describe the essential part of the system. The main class contains all
class and architecture diagrams of the core system. Each class contains its
own state chart diagrams that describe its behavior. The class diagram CD
TSG (see Figure 11.14) contains the three core classes "Benutzermangage-
ment" which manages the interaction with the user, "Tuerschliesser", which
contains information about and routines for opening and closing the door,
and "Sitzeinstellung", which has mechanisms for coordinating the move-
ments of the seat with semaphores.

The signals and interfaces are defined in a separate package. We or-
ganized them in five class diagrams, three class diagrams for the inter-
faces and signals used in the three classes "Benutzermangagement", "Tuer-
schliesser", and "Sitzeinstellung", one diagram for the signals, received by
the the sensors and one for the signals needed for the internal communi-
cation. All signal were already specified by the case study, except for the
internal communication which can be seen in figure 11.15).
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Figure 11.14: Class Diagram TSG

The third package contains the environment, that was created in order
to test the core system. It contains five classes and simulates sensors, mo-
tors, the driver layer, and the right door controller (see figure 11.16).
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Figure 11.15: Class Diagram for Internal Signals

11.5.2 Architecture

The structure of the model is described by architecture diagrams, which de-
fine which parts (instances of classes) work together. We created five archi-
tecture diagrams, one for the internal communication of our core system,
one for the user interface and three for specifying communication channels
between the environment and each of the parts of the core system.

The architecture diagram for the user interface shows, which signals are
sent from the user to each of the three core parts (see figure 11.17).

In the architecture diagram for the internal communication the part
"BM:Benutzermangagement" handles the remote controll of the key and the
user management buttons. It stores the users’ seat positions and generates
and sends signals for the "TS:Tuerschliesser" and the "SE:Sitzeinstellung"
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Figure 11.16: Class Diagram for Environment

(see Figure 11.18). The "Tuerschliesser" class manages the centralized door
locking. If any of the axes of the seat has to be changed, the "Sitzeinstel-
lung" cares for the right movements. It acts in three different situations: if
the remote controll button of the key is used, if one of the user management
buttons is pressed, and if the user adjusts the axes manually.

If the remote controll button is pressed, all axes are moved simultane-
ously because the driver is outside his car. In the second case however, a
certain order of moving the axes must be kept, firstly the movements that
give the driver more space, then the others. Moreover only two axes are
moved at the same time. Also when the driver adjusts the seat position
by pressing the equivalent button, he can only move two axes maximum
simultaneously.
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Figure 11.17: Architecture Diagram for the user interface
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Figure 11.18: Internal Communication

11.5.3 Design of the behavior

All the functionality is in the main class and its three containing core classes.
The behavior of these classes is completely specified by the 44 state chart
diagrams. As an simple example a state chart diagram of the "Benutzer-
management" class will show, what happens, when the driver saves his
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seat position (see figure 11.19). He presses the set button what creates the
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set (MGMTSETtimer, now + 0.1);
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Figure 11.19: Example for a state chart diagram

signal MGMT_SET signal that is received by the class in the "begin" state.
A timer makes sure that the system goes back to the begin state, if it button
is released (see rightmost branch of the diagram). However if at the same
time one of the four position buttons "MGMT_x" is pressed, the stored val-
ues of the seat position are updated by the actual values. After that the
class returns to the "begin" state.



Chapter 12

Trice Tool by Protos Software
GmbH

Clemens Lanthaler, Petr Ossipov, Tania Fichtner

12.1 General Aspects

The protos product range includes software development tools, software
components and consulting and training services, with the emphasis on
the areas of embedded systems and machine control software.

Functionalities. Trice supports modeling, simulation, testing, automated
documentation, validation and verification, as well as execution on
both development and target platforms.

Development phases. Trice is not only present during the development
phases, it is present for the whole project running time. Because
of the automatic code generation and integration of the application
and graphical model, the separation between the stages for analy-
sis/design, implementation, testing and maintenance/service is re-
moved. The graphical model can be directly run with the in-between
step of code generation.

At the start of a project, Trice can be used to carry out the analysis of
the system and to list requirements. During the modeling and graph-
ical programming of operations it is possible to generate the running
application, test it, and monitor it. The findings from each respec-
tive test flow directly into the development process. This eliminates
concept breaks between project activities and efficiently supports the
development process. As soon as it seems useful, a first prototype can
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be transferred over to the target system and tested. Testing and mon-
itoring is possible during the development, but also during service
and maintenance in the running application.

Documentation. The Trice documentation is very good for an initial intro-
duction on how the tool works.

It contains an user guide, reference manual and some tutorials, as
well as other information such as a description of the modelling lan-
guage, the "protos Virtual Machine", etc. The tutorials are very use-
ful in order to get a first acquaintance of the modelling technique in
general. The user guide is practical because it provides with general
information about various aspects of usage, ranging from theoretical
background to practical issues. However it does not cover every as-
pect into its maximal detail, so that some issues had to be clarified
with the tool developers. For more information about the graphical
user interface the reference manual is of great help, because it con-
tains a detailed description of all editors, dialogs and browsers of
Trice (basic appearance, elements of the workspace, output bar, tool
bars, data classes, protocol classes, actor classes, ...).
The information contained there is also reachable as online help.

Usability. We were very satisfied with the usability and the user interface
of the tool. It is well structured and self explaining as almost all
features for a specific function/component can be accessed by right
clicking the mouse. It is very easy to get familiar with the basic fea-
tures the tool offers such as creating a new project, modelling it, gen-
erating code and debugging. These basic features are well introduced
in the tutorials. Further knowledge of features and a deeper under-
standing of the whole functionality of Trice is gained through using
the tool. The basic appearance of the integrated development envi-
ronment (IDE) is clearly structured. Only one project can be open at
a time. Nevertheless many different views of this project can be open
at the same time. This is useful for example when modeling the be-
havior of a component (actor), because it is possible to have a view
of the state machine, of the components structure and the commu-
nicating ports and interfaces of that component. Additionally to the
views there are several anchored bars visible (workspace bar, output
bar, system tool bar, behaviour tool bar). Through these bars you can
easily access the tools functions. For example the workspace bar con-
tains a classes register card that shows the projects actor, protocol and
data classes. For each of these classes and its elements it is possible to
directly access the context menu.
The appearance of the bars can be configured independently.
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12.2 Modeling the System

12.2.1 Available Description Techniques

Supported notations. As Trice offers an architecture-centric approach, it
adopted a subset of the ROOM (Real-time object-oriented modeling)
modeling language. The ROOM method is suited for embedded and
real-time applications, in general to all event-driven applications. A
ROOM model has two principal aspects: structure and behaviour.
The structure, which defines the system’s architecture has its own
graphical notation. The behavior of these components is represented
with finite state machines.
Additionally to the ROOM notation Trice offers UML deployment
and sequence diagrams.

Modeling aspects. With the graphical editor it is possible to represent the
structure of the model. As stated above, the structure defines the
system’s architecture. It shows its components and sub components.
The graphical editor for the structure implements the modeling tech-
niques as depicted in ROOM: all active objects are modelled using ac-
tors. Ports are the actor’s interfaces to its environment. Each port de-
fines a specific way in which an actor interacts with other actors. Pro-
tocols provide a well-defined communication between ports. Thus
actors are decoupled from each other: dependencies become explicit
and easy to read.
The actor’s behavior is modelled as a hierarchical finite state machine.
A state machine consists of a set of states it can assume and transitions
between those states. Transitions are triggered by signals (or mes-
sages) coming from the actor’s internal and external ports or from its
service access points.

Type of notation. As Trice uses ROOM notation, main elements of it are
actors and protocols, and each actor’s behavior is modeled as finite
state machine. As well, data classes and sequence diagrams are present.
All representation types of the notations are graphical. The tool has
various graphical editors, each for a specific function: actor behav-
ior editor, actor structure editor, hierarchical structure browser, con-
figuration editor, deployment view, diagram tracing view, message
sequence chart view. Also see pictures in chapter 5.

Hierarchy. Hierarchical structuring is supported by Trice in the structure
and the behaviour modelling notations. The hierarchical structure of
the system means that actors can be formed by adding other actors
together, which considerably improves clarity and enables the break-
down of complex components into components which are easier to
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understand. As state machines can be very complex, ROOM intro-
duced a way to reduce this complexity significantly by means of hier-
archy and abstraction. Each state of a hierarchical state machine can
contain a whole state machine and so on recursively.

12.2.2 Applied Description Techniques

Applied notations. For modeling the case study we mainly used the struc-
ture and behaviour editor and followed the recommended modeling
approach. So for the structure we captured the static aspects of the
model in the structure editor; and with the state machines in the be-
havior editor we represented the dynamics and the behavior of the
model. For testing and debugging of the model we used tracing, mes-
sage injection and message sequence chart features of the tool.

Modeled aspects. The model represents a very high abstraction level and
is therefore plattform independent. We concentrated on modeling
the different functionalities of the left Türsteuergerät (TSG): Sitzs-
teuerung, Türverriegelung and Benutzermanagement. We implemented
each of these functionalities as different actors to define the structure
of our model. In addition to these actors we also needed to add actors
for other components the left TSG communicates with (e.g. Battery,
Doors, Motors, Blinker, etc.). Then we defined the behaviour of each
of these actors, their interfaces and communication protocols to de-
fine the overall behaviour of the case study. We also had to model
simulations to simulate the behavior of some actors such as the door,
the reaction of an object after turning on a motor, in order to test the
behavior of the left TSG.

Notations suitable. The approach we selected for modelling the case study
exactly represents the approach of the Trice tool to develop models.
So the notations perfectly suited our needs during the project.

Clearness. The hierarchical structure in Trice permits to layer different func-
tionalities as needed. All active objects in the system were modelled
in the form of actors; for example, an actor can represent the soft-
ware part of a closing action, a motor of a door, or also portray a
complete functionality (Sitzsteuerung) forming one part of the whole
case description. Also, it is easy to create new actors, but we preferred
to reuse similar components as much as possible (e.g. left and right
door).
The same applies for state machines, which can implement very com-
plex behaviour. Trice supports the hierarchy and abstraction concept
introduced by ROOM. Each state of a hierarchical state machine can
contain a whole state machine and so on recursively.
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Unused notations. We did not use the concept of Primitive Classes in our
model. Primitive classes are an extension to the ROOM language in-
troduced by Protos Software GmbH. Primitives are passive compo-
nents, intended to encapsulate low level and frequently used func-
tionality. The model just can send simple commands to the primitive.
These commands are defined as (incoming) messages in a protocol
which is exported by the primitive class.
The reason for not using primitive classes was that we never felt the
need for using them. Other features we did not use were inheritance
and transaction guards.

Missing notations. The only feature which is not formally provided by
the tool is the integrated requirements elicitation support. However,
there is an interface to DOORS.

12.2.3 Complexity of Description

Views. We have about 100 different views in our system, including 1 struc-
ture view per actor instance, 1 data view per actor, and 1 (or more, in
case of hierarchical state machines) behavior views per actor.

Nodes. In each view we have approximately between 1 and 20 different
nodes (actors/instances, states).

Edges. We have between 0 and approximately 50 edges per view.

Visible annotations. Most annotations are visible in Trice, or could be se-
lected visible by user (for example action and trigger codes).

Invisible annotations. Only a few annotations in Trice are not visible, about
10% from all in our case.

12.2.4 Modeling Interaction

Supported communication model Trice is fully event-driven, using a p̈orts
and connectionsm̈odel. Data transfer methods are irrelevant for Trice
modeling, and can be implemented in different ways, depending on
target platform (for example: CAN, C variables, pointers, ethernet).

Communication model suitable The notation and modeling techniques are
well suited for our case study.

Timing constraints Timing constraints are irrelevant for Trice-based mod-
eling, due to a high abstraction level.

Sufficient realtime support Real-time support was fully sufficient for case
study.
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12.3 Development Process

12.3.1 Applied Process

Give a short summary of the development as performed in the CASE study.
For example, describe how you did start out in the development process
(defining system boundries, describing initial use cases), how you came up
with a model of the system (refining use cases by sequence diagrams, defin-
ing data structures), which further steps you applied (simulation, checks,
test, etc.)

For the development of the model we chose a very high level of ab-
straction to be hardware independent. Given the structure and function-
ality of the Trice Tool, we were able to graphically model the system from
the beginning. We started the development process by first defining the
components involved in the description of the case study. For each compo-
nent we defined its function, responsibility and the role within the model.
Then we defined the interfaces for each component. These interfaces rep-
resent the defined component’s role internally and externally. In the next
step we modelled the structure of the system. We grouped different com-
ponents according to their functionality and ordered them hierarchically
where possible or reasonable.
Afterwards, we modeled the behavior of each actor according to its func-
tionality and responsibility, trying to keep a clear hierarchical structure. At
each step we were running the simulation to assure the correctness of each
component, refining the model when necessary. All bugs and problems
found during the simulation, on basis of message sequence charts, tracing,
etc., were fixed as early as possible.

12.3.2 Applied Process Support

Simple development operations. The Trice tool supports effective devel-
opment operations with its graphical editors and basic features like
online-help, unlimited undo/redo, drag and drop, copy-paste. Spe-
cial features of classes (actors, protocols, data) include drag and drop,
cut and paste and an easy access to the editing possibilities.

The drag and drop, cut and paste are very similar and the main idea is
that actors may be copied onto a file or into another trice application.
When copied into a file, a file named like the dropped class will be
created with the extension .tdc, .tpc or .tac depending on the type of
the dropped class.

Cut, copy, paste and merge features also exist within the behaviour
editor. When applied, states are copied with all their substates and
subtransitions. Carefull by dragging and dropping, as further changes
and adjustments have to be made manually.
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Another useful feature is the possibility to create a documentation for
each actor. When creating documentation of the main actor (system),
the documentation describing the whole project structure and behav-
ior will be created into a previously defined html file.

Complex development operations. Trice supports deployment on hetero-
geneous hardware components. Scheduling of tasks in the generated
applications can be configured for each active object on each target
in the distributed application separately. However, we used only one
target in our example project.

Reverse engineering. There is no support for reverse or roundtrip engi-
neering.

User support. Trice offers interactive formal methods, which can e.g. give
advice during the modeling of hierarchical state machines. We didn’t
use this feature in our test project.

Consistency ensurance mechanisms. • syntactic consistency: e.g. type
correctness, unambiguousness of identifiers, executability.
Trice offers the syntactic consistency checks during typing of the
action, entry/exit code, and choice point conditions using differ-
ent colors.

• semantic consistency: e.g. compliance between the sequence di-
agrams and the state machines.
State machines must be consistent with the generated sequence
charts from the debugging mechanism. Semantic consistency is
only given after compiling the model. If changes are made in one
of the State machines after generating the sequence chart, you
must regenerate the charts because the old ones aren’t longer ac-
cessible then.
Little checks are also provided when modeling a state machine.

Component library. The Primitives described above are one means of us-
ing predefined components with Trice. External users can provide
their own components (which may have program code in multiple
languages and their own graphical user interface for tracing). An-
other means for predefined component libraries is the actor drag&drop
feature also described above.

Development history. Trice has an automatic backup functionality which
generates a complete copy of the project-file and saves it in the backup
directory specified by its path in the preferences dialog. The filename
is the projectname plus the current three digit number of backup.
In addition to the automatic backup functionality, Trice also offers
an automatic saving functionality, which saves the project-file in the
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current project. It is possible to define the frequency of saving and
backup (every minutes or after certain actions such as saving, code
generation, etc.).

12.3.3 Applied Quality Management

Host Simulation Support. Trice manages a set of user-extensible config-
urations. Each configuration interprets the model with respect to
scheduling, deployment and parameter initialization. Thus, a con-
figuration for target PC or workstation can be added, which allows
the execution of the model on the development host. This feature
was extensively used during development of our test project.

Target Simulation Support. Trice allows the possibility of using its graph-
ical model to monitor and control a running application, e.g. remotely
via an internet connection. This enables consistent software devel-
opment through all project stages (analysis, design, implementation,
testing, service). The automatically generated application as well as
the runtime system (called "protos virtual machine") offer the possi-
bility to monitor states and events during runtime. Operator inter-
vention is also possible during the running process. This means, for
example, that remote servicing and intensive cooperation is possible.

Debugging Features. For debugging our model we used message injec-
tion, runtime display and manipulation of variables, message sequence
charts (MSC) recording, visualisation of state machine execution (trac-
ing).
Debugging is completely on modeling level. However, it is possible
to use an existing debugger on the target platform at the same time
as using Trice modeling tools.

Testing. Testing can be accomplished by using the ROOM method itself.
There are also static analysis techniques available (interactive formal
methods). No automated tests are provided.
As well, Trice is delivered with a simple testing interface for simula-
tion, showing the inputs and outputs.

Certification Generated code is not certified, but the process has been started
with TÜV.

Requirements tracing There is no integrated support for requirements trac-
ing, however there is an interface to DOORS integrated into Trice. We
heard of this feature at the end of our modelling, so that we could not
use it.
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12.3.4 Applied Target Platform

Target code generation. Trice supports the target code generation for mul-
tiple target platforms.

Supported targets. Trice runs on Windows NT and Windows 2000. The
code generator of Trice generates ANSI-C and ANSI-C++ source code,
which can be integrated in software projects easily. However, Trice
supports some special targets and tools directly, which makes the
usage of Trice for these targets and with these tools even more sim-
ple. Depending on the chosen target, additional support is given for
certain third-party tools (Microsoft Visual Studio, Keil Vision2 IDE,
Watcom Compiler, GNU C++ Compiler, Unix make), which cooper-
ate with Trice seamlessly.The properties of the target determine the
target language for the code generator. E.g., on small embedded sys-
tems efficient C-code must be generated in order to take into account
the limited resources of these systems. Therefore, Trice distinguishes
between targets with C generation and those with C++ generation.
For the following operating systems and platforms the runtime sys-
tem "protos Virtual Machine" and ProjectTemplates are available for a
quick start but we have only used the Windows 2000/NT plattform
for our development process.

• Windows 2000/NT: This is also the development platform where
Trice itself is running. The generated code can be executed on
the development host directly. This is used primarily in early
phases of development. Later on, this target platform is well-
suited for event-driven, non-real-time software (e.g., protocol
stacks).

• QNX. We haven’t used this plattform.
• Windows 2000/NT with LPRT-Win. We haven’t used this plat-

tform.
• Linux and RTLinux, but we haven’t used this system.

In preparation: VxWorks, RTTarget/RTKernel, OS X.Support with
ANSI-C generation for the following targets the runtime system
"protos Virtual Machine" (as modular source code) and Project-
Templates are available for a quick start.

• Infineon C166-family. Trice supports the C166-family of 16-bit
microcontrollers by efficient C code generation. Furthermore,
special features of these controllers are supported, e.g. the CAN-
controller of C167-CR. We have used this plattform with the help
of Protos to generate the plattform dependend C code. In our
view we are satisfied with the easy steps to change the target
system.
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• 8051-family. From the graphical models of Trice it is also possi-
ble to generate efficient C code for 8-bit microcontrollers.

The minimal requirements for application of Trice-generated C
code on a microcontroller-target is a periodical function call, which
triggers the Trice-scheduler (e.g., a 1kHz timer interrupt can be
used). Hence, Trice-models may be integrated in every existing
project.

Code size. Code generated in ANSI C for the Infineon C167 CR Microcon-
troller: Source code approx. 13 000 lines of code. RAM aprox. 10
kByte without optimizing. ROM aprox. 30 kByte without optimiz-
ing. These numbers still include the simulation and extra modelled
components.

Readability of code. Code is highly readable and well-commented. All
identifiers in the generated code directly correspond to the element
names in the model (e.g., class names and actor names, variable names,
state names, event names, protocol names).

12.3.5 Incremental Development

Reuse. It was possible to reuse 90During our modeling phase the specifi-
cation has changed and some error were not present anymore. But
we cannot say that the specification is now error free. But it was not
the goal to provide a bugfree specification. We know that in the real
world the software architect changes the specification and not the de-
velopers.

Restricted changes. The most changes were in the part of the seat adjust-
ment. We decided to change the specification to a logic consistent
way. During the modeling phase we had not enough time to send
the changed specification to the software architect. All other parts
were nearly bugfree expect some small changes we made. But the
main point is that the hole concept of the architectur was good and
therefore we were able to change small things.

Modular design. The tool itself has hirarchically structure and that was
the point where we get the idea of structuring our model as we did.
So the tool helped us in that way to find the right structure. Most
things are provided by the fact that the tool uses the ROOM language
for describing the model and therefore it was logic to use a layer ar-
chitecture. During the work we changed many functionalities of the
layers and that was one of the big points in the tool. Trice supports
this way of developing or modeling a system. So it can be used for
rapid prototyping as well as real development.
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Restructuring. The application architecture could be adapted by using the
component drag&drop feature, which adjusts the communication and
interactions between the actors and their sub-components properly.
There is the possability to include a new layer in the application very
easily by using the described mechanism of the tool. The restructor-
ing things are also possible for the state machines using drag&drop.

12.4 Conclusion

The Trice Tool has a powerfull IDE and is very stable. Its modelling ap-
proach/ technique permitted us to represent our model on a high abstrac-
tion level. So our model is platform independent and we did not need any
specific knowledge for the final implementation platform. Therefore the
Trice Team offers further assistance. The usability of the tool is very intu-
itive and there is no need for a deeper understanding of the method to start
modelling. We followed the principle of "learning by doing" and it resulted
very good for us. We were also very satisfied with the code generation, as
the resulting code is small in size and well documented.

Although we were very satisfied with the tool, there are some aspects that
did not fully convince us or were missing. For example hotkeys are only
partly implemented. When modelling a state machine there are no short-
cuts for inserting states, transitions, etc. so that everything has to be done
with the mouse and it gets very time consuming. Another aspect is that
for more complex models it is necessary to have a big monitor to keep an
overview of the model. That is because for each actor and its behaviour
you want to navigate through, a new view is opened in a different win-
dow. Although on the other side this is useful to be able to see both the
structure and behaviour of an actor or the system. A problem was also that
the documentation does not cover every aspect into its fullest detail, so that
some issues had to be clarified with the tool developers.
Very helpful would have been, if the tool supported the requirements elic-
itation. We did not test the interface to DOORS, so that this might have
eased up some of the work.

Strengths:

• Powerfull IDE

• good codegeneration

• well documented generated code

• small code size
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• good documentation

• good stability

Weakness:

• hotkeys only partly implemented

• with complicated models you need at least a 19" monitor (state ma-
chines)

• not all functions documented

12.5 Model of the Controller

The TSG we modelled consists of one main actor that fulfils three main
functionalities: Tuerverriegelung (TV), Benutzermanagement (BMGT), and
Sitzsteuerung (SS). In order to get our system running properly we had to
model the entire environment for testing and simulation purposes. Figure
12.1 shows the structure of our model with its actor sub-components. The
main functionalities have been marked.

Figure 12.1: TSG System Structure
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Each actor was modelled in the same way, starting with modelling the
structure of the actor (or group of actors) in the structure editor and contin-
uing with the definition of the behaviour in the hierarchical state machine
editor.

The structure view editor defines the interfaces of the actor with its envi-
ronment, the ports and other actor components contained in it, if applicable
as not all the actors do have subactors.

Figure 12.2: Structure of actor class a_Tuere

The behaviour, the Service Access Points (SAP), additional code of an
actor, are defined in the hierarchical state machines editor. Figure 12.3 is an
example for the behaviour view of the left door actor. This state machine
has three states: Tuere_offen (door_open), Tuere_geschlossen (door_closed)
and Aktion (action). Depending from the input messages, the door is open,
closed or it is changing from open to closed and vice versa. The state Aktion
(Action) has a sub-state machine, where the action of opening or closing
are performed. This actor has no additional code and no SAP. An example
where we use SAPs is when there is a timer needed in the logic of the im-
plementation.

In order to get a better understanding of the modelling technique of the
Trice Tool, following we describe one of the main functionalities in detail.

Tuerriegelung TV (Tuer-Riegelung-Links):
The TV is a main functionality of our model and its responsibility is to con-
trol locking and unlocking of both doors. The TV takes over the responsi-
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Figure 12.3: Behaviour of actor class a_Tuere
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bility for both motors in order to have a synchronous opening of the doors.
It cannot communicate directly with other doors as this communication is
made over the CAN Bus in this case study. If the right door is opened, then
the right TSG sends a message over the CAN Bus so that the left TV can
start the (un-)locking of the doors. The functionality of the right TSG is not
explicitly shown, as this was out of the scope of this task.

The structure of Tuerriegelung can be seen in Figure 12.4. It contains no
other actors, and communicates with the right TSG, the left door, the mo-
tors for (un-)locking the doors, both radio-keys, the battery, and the car.

Figure 12.4: Structure of actor class a_TuerRiegelung

The behaviour of the TuerRiegelung has been modelled with a total of
eight hierarchically ordered state machines: TOP Level (1) state machine
contains the WillEntriegeln (2) and WillVerriegeln (3) state machines. The
WillEntriegeln state machine (2) contains the CheckVorraussetzungen (4)
and Entriegeln (5) state machines. The same happens with the WillVer-
riegeln (3) state machine which contains the CheckVorraussetzungen (6)
and Verriegeln (7) state machines and additionally a Wait (8) state machine
within the CheckVorraussetzungen (6) state machine.
Two main functions have to be implemented: lock and unlock the doors.
Both of the actions have different and complex conditions they have to ful-
fil in order to be done. So to have a clear structure in the model we made
use of the hierarchy and divided the behaviour into two, the locking and
the unlocking part.
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Depending on the input messages the TV receives one of the two actions
will be started: WillEntriegeln (2)(Desire to Unlock) or WillVerriegeln (3)
(Desire to Lock). Some of the input messages set predefined extended state
variables to a value. For example if the message "key_abschliessen" is re-
ceived, the state variable key_abschliessen (Boolean) is set to true. This
makes it easier to check whether the conditions are fulfilled.

The WillVerriegeln and WillEntriegeln state machines have similar be-

Figure 12.5: Illustration of State machine TOP

haviour. Both contain three states CheckVorraussetzungen, Verriegeln (or
Entriegeln) and Fehler (Error). The first two are sub-state machines, and
the last is just a state for error handling. We did not specify any further
action, but it can easily be done by simply adding a sub state machine.

The aim of the state inf Figure 12.6 is to check all the conditions needed
(Checkvorraussetzungen) to start the (un-)locking action respectively. If all
conditions are correct, the (un-)locking process starts in the next state. If
not, the state Error is entered.

In the next state CheckVorraussetzungen we implemented how all the
conditions are checked and depending on the result, actions are taken on a
hierarchy higher: (un-)lock or error states.

Basically this is how Trice works, and the model looks like. The other
main functions of our TSG were modelled similarly. Their responsibilities
are described below.

The functionalities of the modules are the following:
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Figure 12.6: Sub State Machine TOP/WillVerriegeln
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Figure 12.7: Sub state machine TOP/WillVerriegeln/CheckVorraussetzungen
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• Benuztermanagement: BMGT is an actor responsible for user profile
saving and loading. It communicates with both, radio keys and with
SS. It does not contain any sub-components (actors).

• Sitzsteuerung: Actor SS manages the movement of all 5 chair axis,
for the manual and the automatic (BMGT) modes. It communicates
with BMGT, speed sensor, battery, and left door. It contains multiple
actor instances inside:
Axis
Five instances of seat axis model the different seat positions that can
be set by the user. These instances contain the chair position change
switch, motor, and simulation of seat position changes.
textitCounter
This actor controls the position changes of all seat axis, assuring that
position changes happen in the proper order.

• Environment: Environment consists of doors, their motors, speed
sensor, battery, starter, two radio keys, and right TSG.

The functionalities of the modules are the following:
Benutzermanagement is the user management module which func-
tionality is saving and restoring chair positions. When restore process
is initialised by the user, appropriate position is loaded and then sent
to the SS. Saving process gets the actual position from the SS, and
saves it internally.

Sitzsteuerung is a module responsible for all chair position changes,
in both manual and automatic modes. Manual mode is handled only
by this module, and automated mode is initiated on request from
BMGT module. As well, it provides actual positions of all sit axis
on request.
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