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Abstract

The Kiel Integrated Environment for Layout (KIEL) application is a tool to create
and simulate state diagrams that are dialects of Harel’s Statecharts. Special features
of KIFEL are its set of automatic layouters and the simulation environment which
uses the concept of dynamic charts. This work extends KI/EL by the ability to im-
port, export, and simulate Stateflow charts. The data structure used by KIEL to
store state diagrams is described in detail followed by an introduction to Stateflow
and its API. A comparison of the KIFL data structure to the Stateflow API objects
results in an appropriate mapping between them. This mapping is needed to im-
port and export Stateflow charts using the API. The simulation of Stateflow charts
within KIFL is realized with the help of Stateflow, which performs all necessary
calculations.

Keywords  Statechart, import, export, state diagram, simulation, Stateflow, Matlab,
KIEL






Contents

(L. Introduction|

(1.1. The KIEL Project|

[1.2. The task within the scope ot the KIEL Project|. . . . . . .. ... ..

1.3, Overviewl. . . . .

[2.2.2. Stateflow Objects| . . . . . . . . . . .. ... ... ...

[2.3. Matlab/Stateflow-APIl . . . . . ... ... oo oo oL

31

[2.4. Comparison of K/EL Data Structure classes with Stateflow APl Objects| 33

[3._Stateflow Extensions of KIEL]

[3.1. Requirements| . .

[3.2. How to simulate a Stateflow Chart| . . . . . . .. .. ... ... ...

[3.3. The input trace Feature| . . . . . . .. ... ... ... ... ...

[3.4. Import and Export ot Stateflow Charts| . . . . . . . . ... ... ...

[3.5. Stateflow Mode of the kditor] . . . . . ... ... ...

[3.6. Implementation|

[3.6.1. Surroundings| . . . . .. ...

[3.6.3.  Finding Stateflow Objects using the API| . . . . . .. ... ..

[3.6.4. Setting the Simulation Parameters using the API} . . . . . ..

[3.6.5.  Manipulating the Stmulink Model using the API}. . . . . . ..

[3.6.6. Import ot Statefiow Charts|. . . . . . . . ... ... ... ...

[3.6.7.  Export of Stateflow Charts|. . . . . . . ... ... ... ....

[3.6.8. lTrace of input datal . . . . . .. ... ... ...

[3.6.9. Simulation of Stateflow Charts| . . . . . . ... ... ... ..

[3.6.10. Adaption of the Editor{ . . . . . . . ... ... ... ...

4. Concluding Remarks|

(5. Bibliography|

35
35
36
36
37
37
37
37
39
42
43
43
44
47
48
48
51

55
95
95

61



Contents

A. Settings 63
[B. Java Codel 65
(B.1. Description| . . . . . .. ... 65
[B.1.1. Package kiel.fileInterface.matlab| . . . . . ... ... .. 65
[B.1.2. Package kiel.fileInterface.M . . .. ... ... .. .... 65
[B.1.3. Package kiel.fileInterface.ESI| . . . . . . . ... ... .. 65
[B.1.4. Package kiel.util|. . . . . . .. ... ... ... ... .... 66
[B.1.5. Package kiel.simulator.matlabl. . . . ... ... ... ... 66
(B.2. kiel.fileInterface.matlabl . . . . . ... ... ... ... ..... 67
B.2.1. MatlabStateflowFileFilterl . . . . . . ... ... ... ... 67
B.2.2. MatlabStateflowl. . . . . . . .. .. ... ... ........ 68
(B.3. kiel.fileInterface M . .. .. ... .. .. ... ... ....... 71
B.3.1. MFileFilter| . . . . . . . . . . . .. ... ... ... ... 71
B.3.2. MFileFormat| . . . . . . . . .. ... ... ... ... 72
B.4, kiel.filelnterface . ESI| . . . . . . ... ... ... ... ...... 76
B.4.1. ESTFileFilterl . . . . . . . . . . ... 76
B.4.2. ESTFileFormat| . . . . . . . . . . .. .. ... ... ... .. 7
B, kiel.utill. . . . . . .o 80
[B.5.1. MatlabStateflowGrabberl . . .. .. .. ... .. .. ..... 80
[B.5.2. MatlabStateflowGrabberException| . . . . . . . . .. . . .. 96
B.0.3. MatlabStateflowCreatorl . . . . .. ... ... ... ..... 97
[B.5.4. MatlabStateflowCreatorException| . . . . . . . .. .. ... 109
[B.5.5. MatlabProcessInfol . ... ... ... ... .. ... ..... 110
[B.5.6. MatlabStateflowProperties| . . . . . . . .. .. ... .... 112
[B.6. kiel.simulator.matlabl. . . . . ... .. ... .. ... .. ..... 113
B.6.1. StateflowSimulatox|. . . . . .. .. ... .. ... ...... 113
[B.6.2. SimulatorException|. . . . . . . .. .. ... ... ... 123
B.7. kiel.editor.controller|. . . . . . . ... ... oo 124
[B.7.1. EditorModeAddJunction|. . . . . . . . . . .. .. .. ... .. 124
IB.7.2. ActionEditStateChartEventsForStateflow . ... ... .. 125
B.7.3. ActionFditStateChartVariablesForStateflow . . . . ... 127
B.7.4. ActionFditStateEventsForStateflow . . . . . ... .. ... 131
B.7.5. ActionEditStateVariablesForStateflow. . . . . .. . . .. 133
[B.7.6. ActionEditStateEntryActionsForStateflow . . . . . . . .. 136
IB.7.7. ActionEditStateDoActionsForStateflowl. . . . .. ... .. 137
IB.7.8. ActionEditStateExitActionsForStateflow . ... ... .. 138
B.7.9. ActionFditStateBindActionsForStateflow . . .. ... .. 139
[B.8. kiel.editor.graph|. . . . . . .. ... 140
[B.8.1. JunctionRenderer| . . . . . . . . .. . . ... ... ... 140



List of Tables

[2.1. Notation of Stateflow Objects| . . . . . . . . . .. .. ... ... ... 30
[2.2. Comparison of K/FL data structure classes with Statelow API objects| 34




List of Tables

10



List of Figures

[2.1. 'The K/FL data structure class diagram| . . . . . . . . ... ... ... 23
[2.2. PseudoState and its subclasses . . . . . ... ..o 24
2.3. State and its subclasses|. . . . . . ... oo oL 25
2.4, Transition and its subclasses . . . . . . . .. ... ..o 26
[2.5. A Stateflow window showing a diagram| . . . . . . . . . ... ... .. 27
2.6. Stateflow object hierarchy (Source: Stateflow User’s Guide [7]) . . . . 31
2.7. Stateflow API object hierarchy (Source: Stateflow API reference [6]) . 32
B [he simulation toolbar of the KTEL browserd . . . . . . ... .. ... 36
B3.2. The trace toolbar of the KJEL browser] . . . . .. ... ... ... .. 36
[3.3. The FEsterel Studio dependent part of the editor’s toolbar| . . . . . . . 37
[3.4. The Stateflow dependent part of the editor’s toolbar| . . . . . . . .. 37
[3.5. The editor’s dialog for editing chart events . . . . . . . ... ... .. 38
[3.6. The editor’s dialog for editing state variables|. . . . . . . ... .. .. 38
[3.7. Components of the K/FL application| . . . . . .. .. ... ... ... 40
[3.8.  Algorithm in pseudocode for import of Statefiow charts . . . . . . .. 46
[3.9. Algorithm in pseudocode for export of Stateflow charts| . . . . . . .. 49
[3.10. The interface MicroStep and the classes that implement it| . . . . . . 52
M1, The bintreed Chartl . . . . . . . .. ... oo 56
4.2, The bintreed Chartl . . . . . . . .. ... ... o 56
[4.3. The trathc light chart|. . . . . ... ... ... ... ... ... o7

11



List of Figures

12



Listing of the abbreviations

API
DFA
GUI
KIEL
UML

Application Programming Interface
Deterministic Finite Automaton
Graphical User Interface

Kiel Integrated Environment for Layout
Unified Modelling Language

13



List of Figures

14



1. Introduction

The majority of computers in use are embedded into electronic devices that they
control. They are called embedded systems. The development of software for these
embedded systems is often not realized using typical programming languages like C'
or Java. Instead of this, their behavior is described using a more abstract way:
a system model. The system model is used to generate program code. This way,
the model does not only serve as a specification language, but also as a graphical
programming language. Several modeling tools exist on the market that implement
a dialect of the so called Statecharts.

1.1. The KIEL Project

The Kiel Integrated Environment for Layout program [1I] is a modeling tool for
Statecharts and has been developed at the chair of Embedded and Real-Time Sys-
tems. Its main goal is to provide automatic layout capabilities. Several layouters
are integrated into this modeling tool. With their help the developer can focus on
the structure of the chart and leave the layout in the hands of the computer.

The tool provides a new approach of showing simulation results. States that are
not active are collapsed during the simulation to hide the details of the chart that
are not important in the current simulation step. At each simulation step a new
view of the chart is shown with the currently active states expanded and the non-
active states collapsed. This dynamic view helps to overlook the chart during the
simulation.

1.2. The task within the scope of the KIEL Project

The given task for this diploma thesis is to expand the KI/EL application by the abil-
ity to load and to simulate charts that have been created with Matlab/Simulink/S-
tateflow. Due to the fact that Matlab/Simulink/Stateflow has got an API the solu-
tion can be reduced to the communication with Matlab/Simulink/Stateflow, which
performs all the real work for KIFEL. The requirements are described in detail in

Section [3.11
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1. Introduction

1.3. Overview

The following chapter (Chapter [2)) provides the theoratical background. It deals
with deterministic finite automata, state diagrams in general, the internal data
structure that is used by KIEL to store the chart in memory (Section , and
the Stateflow [7] modeling tool by The Mathworks [13] (Section 2.2.2)). The next
chapter (Chapter [3) provides detailed information on the new features that have
been added to the KIEL application as well as the implementation of these features

(Section [3.6)).
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2. Theoretical Basis

This chapter provides the theoratical background behind the system models this
document is about. It describes the internal data structure of the KIFEL application
and introduces the modeling tool Stateflow along with its API.

The models used in software engineering to model the behavior of a system are
based on finite state machines. A state diagram is a graphical representation of a
finite state machine. There are many forms of state diagrams that differ slightly
in outlook and semantics. One of the most popular form of state diagram is the
so-called Statechart, which has been developed in 1987 by David Harel [2]. A variant
of Statecharts has become a part of UML [§].

2.1. Automata

An automaton is a mathematical model for a finite state machine. Formally, a
deterministic finite automaton (DFA) is a 5-tuple (@, %, d, So, F'), where

e () denotes a finite set of states.

e Y denotes a finite set of symbols, called the alphabet.
e 0 denotes the transition function 6 : Q x ¥ — Q.

e Sy € ( denotes the start state.

e F C () denotes a set of final states.

Let 6 : Q x ¥* — @ be the extended transition function which takes a string of
symbols as an argument and returns the state in which the automaton will stay
after processing the input. The language L accepted by the deterministic finite
automaton is

L ={w € ¥*|6(Sy,w) € F}

2.2. State Diagram

State diagrams are used to represent graphically finite state machines. State tran-
sition tables are another possible representation. A directed graph is a classic form
of a state diagram. Each edge in the graph represents a transition between two
states and each vertex represents a state. Extensions to this state diagram type,

17



2. Theoretical Basis

and therefore to the state machine itself, do exist. They extend the diagram /the
machine by the concept of hierarchy, parallelism, events, actions and others.

A state diagram consists of three basic types of elements: states, pseudostates,
and transitions.

State: A state represents a mode of operation. An invariant condition holds as long
as the machine resides in a particular state. If the machine is in a particular
state, this state is called active, otherwise it is called inactive. If a state
contains states, it is called a composite state, otherwise it is called a simple
state. A state consists of one ore more so-called regions. The states in a region
are mutually exclusive while the regions themselfs are executed in parallel.

Pseudostate: A pseudostate is a kind of state the machine never resides in. Such
a state is neither active nor inactive. The following types of pseudostates gen-
erally exist: initial, deepHistory, shallowHistory, join, fork, junction, choice,
and terminate.

e An initial pseudostate is the source for a transition to the default state
of a composite state. There cannot be more than one initial state in a
region.

e A shallowHistory pseudostate stores the activity history within a com-
posite state. If the associated composite state is reentered, then the pre-
viously active state within this composite state will be activated again.
The shallowHistory object only stores the activity history of the level of
containment it is placed in.

e A deepHistory pseudostate basically works like a shallowHistory object
but it also stores the activity history of all states which are children of
the states in the level of containment this object is placed in.

e A join pseudostate takes two or more concurrent transitions (transitions
that originate from concurrent states) as its input and one transition as
its output.

e A fork pseudostate takes one transition as its input and two or more
transitions as its output. It splits a transition into several ones. The
execution of the outgoing transitions runs concurrently.

e A choice pseudostate, which is used with transitions, provides a decision
point in the flow of control. In the UML, it realizes a dynamic conditional
branch. The transition actions of the transitions that connect to a choice
object are executed directly while the transition segment is taken and
before the entire transition is taken. This way the transition actions
effect the path which is taken.

e A junction pseudostate, like a choice object, provides a decision point in
the flow of control. In the UML, it realizes a static conditional branch.

18



2.2. State Diagram

e A SynchState is used in conjunction with forks and joins to ensure that
one region leaves a particular state or states before another region can
enter a particular state or states.

o If a terminate pseudostate is entered, then the state machine terminates.

Transition: A transition connects states and pseudo states. Transitions specify
which states will become active in the next execution step of the machine. A
compound transition is an acyclical chain of transitions joined by pseudostates
(except for initial states). If a compound transition is taken, the source state
becomes inactive and the destination state becomes active. A transition that
connects two states is a special case of a compound transition. Associated
with a transition is a trigger, a guard, and an effect.

In Safe State Machines, the special transition types strong abortion, weak abor-
tion, and normal termination exist.

e A strong abortion transition, if it is taken, aborts any other ongoing
activity. It aborts a state process without letting it perform its reaction
in the current instance.

e A weak abortion transition lets the aborted state execute its current reac-
tion for the last time, then prevents it from reacting to future instances.

e If all states contained in a composite state have reached a final state
then this composite state can be leaved through a normal termination
transition without the presence of any events.

2.2.1. The KIEL Data Structure

This section describes the internal data structure of the KIEL application. The data
structure is used to represent a chart in memory.

The data structure is designed to support all variants of state diagrams that are
similar to those defined in the UML standard. It has been developed using the
principles of object oriented programming. The graphical information of a chart
is strictly separated from its structure. This is the key to the ability of providing
several layouts of the same chart. The following text describes all classes the data
structure consists of. The semantics of the elements are described in Section 2.2l

Some classes do just exist to satisfy the needs of Fsterel Studio [I] charts. On
the other hand, some modifications had to be made to support Stateflow [7] charts.
Figure [2.1] shows a class diagram which gives an overview of the data structure.
Figures 2.2 2.3 and [2.4] provide further details not shown in Figure[2.1] A complete
documentation of all fields and methods of these classes can be found in the JavaDoc
documentation of the KIEL project [12].

StateChart: An instance of this class holds the complete chart. It stores informa-
tion about the type of chart, the input and output events as well as the input

19



2. Theoretical Basis

and output variables. The field rootNode contains the state that contains all
other states of the chart.

State: An instance of this class represents a state. It is the base class for all kinds
of states and usually not used directly. It stores the actions and variables
which are associated with a state. Its direct subclasses are: SimpleState,
CompositeState, and FinalState.

SimpleState: This class does not add any functionality to its base class. It just
exists to have a type for a simple state, so that the base class does not need
to be used directly.

FinalState: An instance of this class represents the so called final state. If the
execution of the diagram reaches this state, then the chart will terminate.

CompositeState: This class is the base class for all states that can contain other
states. Direct subclasses are ANDState, ORState, and Region.

ANDState: An instance of this class represents a state which can contain other
states that run concurrently. The states contained in such a state are of type
Region.

ORState: An instance of this class represents a state that can contain other states
that do not run concurrently. Only one state included in an ORState can be
active at an instance of time.

Region: An instance of this class represents a state that is contained in an AND-
State and runs concurrently with the other states that are at the same level
of hierarchy.

PseudoState: This class is the base class for all pseudo states. Direct subclasses
are: Choice, DeepHistory, DynamicChoice, ForkConnector, History, Ini-
tialState, Join, Junction, Suspend, and SynchState.

Choice: An instance of this class represents a choice object. In the UML, it realizes
a dynamic conditional branch, in Esterel Studio, it realizes a static conditional
branch.

DynamicChoice: An instance of this class represents a dynamic choice object. It
realizes a dynamic conditional branch.

History: An instance of this class represents a (shallow) history object.
DeepHistory: An instance of this class represents a deep history object.

InitialState: An instance of this class represents an initial state object. Such an
object only appears together with an initial arc. The initial arc points to the
state within an ORState which is set to be active when the ORState is entered.

20



2.2. State Diagram

Join: An instance of this class represents a join object.
Junction: An instance of this class represents a junction object.

SuspendState: An instance of this class represents a suspend state. It is always
the destination of a suspension transition. If such a state is active, then the
chart is suspended.

SynchState: An instance of this class represents a SynchState object. Such an
object is a pseudo state.

ForkConnector: An instance of this class represents a fork connector object.

Transition: This class is the base class for all types of transitions. It contains
a Label and a Priority. Direct subclasses are: ConditionalTransition,
InitialArc, NormalTermination, StrongAbortion, Suspension, and Weak-
Abortion.

ConditionalTransition: An instance of this class represents a transition that is
associated with a condition that has to be satisfied to take this transition.
This class does not add any functionality to its base class. It just exists to
have a type for conditional transitions.

InitalArc: An instance of this class represents an initial arc object. Such an object is
a special kind of transition. Its source is always an initial state. Its destination
is the state that will be activated when its parent, an ORState, is entered.

NormalTermination: An instance of this class represents a special kind of transi-
tion that is called Normal-Termination.

StrongAbortion: An instance of this class represents a special kind of transition
that is called Strong-Abortion.

WeakAbortion: An instance of this class represents a Weak-Abortion transition.

Suspension: An instance of this class represents a supsension transition. The des-
tination of such a transition is always a suspend state. If the events associated
with a suspension transition are present, then the transition will be taken and
the chart will be suspended.

Edge: An instance of this class represents an edge. An edge always links two nodes.
It stores a source and a destination. Direct subclass is: Transition.

Node: An instance of this class represents a node. It stores its parent, all in-
coming and outgoing edges/transitions and its name. Direct subclasses are:
PseudoState, and State.

21



2. Theoretical Basis

GraphicalObject: All objects that have a graphical representation are derived from
this class. This class is not used directly. It contains an unique identifier.
Direct subclasses are: DelimiterLine, Edge, Node, Priority, and Transi-
tionLabel.

DelimiterLine: An instance of this class represents a line between two regions. It
does not contain any graphical information like the position of the line.

Priority: Every transition has a priority that is represented by this class. It contains
a value that is the value of the priority.

TransitionLabel: This is the base class for all kinds of transition labels. Direct
subclasses are: CompoundLabel, StringlLabel.

CompoundLabel: An instance of this class represents a label that is composed of
a condition, an effect, and a trigger.

StringLabel: An instance of this class represents a transition label as a string. The
string has to be parsed to split it into a condition, an effect, and a trigger.
The CompoundLabel is the parsed form of the Stringlabel.

Variable: This class is the base class for all kinds of variables. Currently, variables
of type integer (32-bit, 16-bit, 8-bit), double, float, boolean and string are
supported. Direct subclasses are: StringVariable, IntegerVariable, Inte-
gerl6Variable, UInt32Variable, UIntl6Variable, UInt8Variable, Inte-
ger8Variable DoubleVariable, FloatVariable, and BooleanVariable.

Constant: This class is the base class for all kinds of constants. Currently, con-
stants of type integer (32-bit, 16-bit, 8-bit), unsigned integer (32-bit, 16-bit,
8-bit), double, float, boolean, and string are supported. Direct subclasses
are: StringConstant, IntegerConstant, Integerl6Constant, Integer8-
Constant, UInt32Constant, UInt16Constant, UInt8Constant DoubleCon-
stant, FloatConstant, BooleanFalse, and BooleanTrue.

2.2.2. Stateflow Objects

Stateflow is a modeling tool by The Mathworks [13]. It borrows concepts from
Statecharts which have been first introduced by David Harel [2]. Therefore, you can
treat Stateflow as a Statechart variant. Figure [2.5] shows the Stateflow application
window. The following text describes Stateflow charts in detail.

Stateflow diagrams are embedded into a Simulink environment which serves as
a source of input and a sink of output to the diagram. The output of a diagram
controls a physical plant modeled in Simulink. A Stateflow diagram represents an
object with discrete modes denoted as states. It reacts to events by switching from
one state to another. The behavior of the object modeled by the diagram depends
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Figure 2.1.: The KIFL data structure class diagram
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Figure 2.2.: PseudoState and its subclasses
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2.2. State Diagram
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Figure 2.3.: State and its subclasses
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Figure 2.4.: Transition and its subclasses

on the current state the diagram is in and on how the diagram switches from one
state to another.
A Stateflow diagram consists of:

e A set of graphical objects
e A set of non-graphical objects
e Defined relationships between those objects

Figure [2.6] shows all Stateflow objects and their hierarchy. Table shows the

notation of the graphical objects.

States

A state describes a particular mode of the system. It can be either active or inactive.
The switch between active and inactive takes place due to events and conditions.
In other words, the execution of the diagram is driven by the occurrence of events,
which make states become active or inactive. At any instance of time, there is a set
of active states. Every state has a parent, that means it is contained by another
state. This is the concept of hierarchy. The diagram itself is called the Stateflow
diagram root and it contains all other states. The activity history of a state can
be recorded in a history junction, which makes it possible to make future activity
depend on past activity. States have labels that can specify actions, which are
executed in sequence according to the type of any particular action. The supported
types of actions are entry, during, exit, on event_name, and bind.

The entry actions of a state are executed when the state becomes active. Its
exit actions are executed when the state becomes inactive. Its during actions are
executed when the state is active, an event occurs, and no transition out of that
state can be taken. Data and events associated with a bind keyword can only be
changed by actions of the state and its children they belong to. Other states can
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Figure 2.5.: A Stateflow window showing a diagram

only read the bounded data. The on event_name actions are executed when the
state they belong to is active and the event event_name occurs.

To support parallelism Stateflow distinguishes between the two decomposition
types “parallel and” and “exclusive or”. A state of decomposition type “exclusive
or” contains exclusive (OR) states. Only one of the OR states can be active at an
instance of time. On the other hand, a state of decomposition type “parallel and”
contains parallel (AND) states. All of the AND states at the same level in the
hierarchy are either active or not active at the same time. AND states are drawn as
dashed rectangles, and they are independent of each other.

States can be classified as superstates, substates, or just as states. A state is a
superstate if it contains other states, which are called substates. A state that is
neither a superstate nor a substate is just a state.

The label of a state has to be of the following format:
name/
entry:entry action
during:during action
exit:exit action
on event_name:on event_name action
bind:events, data

27



2. Theoretical Basis

The label always begins with the name of the state followed by an optional “/”
character. The lines that follow the name are keyword prefixes that identify partic-
ular types of actions. The supported types of actions have already been presented
above. Each keyword prefix is followed by an action statement. Multiple actions
for each action type have to be separated either by a carriage return, a semicolon,
or a comma. There can be multiple on event_name lines thus specifying multiple
on event_name actions for different events. Each keyword is optional, and the key-
words do not have to appear in a particular order. The action statements are a part
of the Stateflow action language.

Transitions

A transition usually links one object to another. It has a source, a destination, and
a label. The transition label defines the circumstances under which the associated
transition is taken. To take a transition means to leave the state that is the source
of the transition and to enter the state that is the destination. The occurrence of an
event together with the satisfaction of a particular condition causes a transition to
be taken. Transitions are drawn as curved lines with an arrowhead at the destination
side.

Default transitions specify which OR state within a superstate of decomposition
type “exclusive or” has to be entered when the superstate is entered.

The label of a transition has to be in the following format:
event [condition]{condition_action}/transition_action The event named
in the label causes the transition to be taken if the event is present and the given
condition is true. If no event is named in the label, then the transition will react to
any event. It is possible to specify multiple events in the label by using the logical
OR operator. The condition in the label is a boolean expression. If the condition
evaluates to true and the named event in the label is present, then the associated
transition will be valid to be taken. The condition action, which follows the condi-
tion and is enclosed in curly braces, is executed as soon as the condition is evaluated
to true and right before the destination of the transition has been determined to be
valid. In case no condition is specified, the condition action will be executed anyway.
The transition action is executed right before the destination state has been entered.

Events

Events are non-graphical objects, which drive the execution of a diagram. If an

event occurs, then the status of every state in the diagram will be evaluated. This

can result in a transition to be taken or an action to be executed. Events can be

created at any level in the hierarchy of the diagram. They are visible to the state

they belong to and to its children only. An event is present for one calculation step

only. After all new active states have been determined, all events are absent again.
An event can be:

e Local to the Stateflow diagram
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2.2. State Diagram

An input to the Stateflow diagram from its Simulink model

An output to its Simulink model from the Stateflow diagram

Exported to a code destination that is external to the diagram and the Simulink
model

Imported from a code source which is external to the diagram and the Simulink
model

The last two points are not relevant for this work.

Data

Data objects are variables that hold numerical values. They are non-graphical ob-
jects.
A data object can be:

e Local to the Stateflow diagram

e An input to the Stateflow diagram from its Simulink model
e An output to its Simulink model from the Stateflow diagram
e Non-persistent temporary data

e Defined in the Matlab workspace

e A constant

e Exported to a code destination that is external to the diagram and the Simulink
model

e Imported from a code source that is external to the diagram and the Simulink
model

The last two points are not relevant for this work.

Connective Junctions

Connective junctions are graphical objects, which are used together with transitions
to provide a control flow construct. They are displayed as small circles. A connec-
tive junction divides a complete transition into transition segments. Each connective
junction is a decision point between alternate transition paths. Connective junctions
can be used to construct flow diagrams. That are diagrams which consist of transi-
tions and connective junctions only. It is important to notice that an event cannot
trigger a transition from a connective junction to a destination state.
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2. Theoretical Basis

] Object Name \ Graphical Notation

?

State

Transition

Default Transition

Junction Q
History @

Table 2.1.: Notation of Stateflow Objects

History Junctions

A history junction records the most recently active state of a superstate. If a super-
state containing a history junction is entered, then the state that had been active as
the superstate became inactive before will become active again. In case the super-
state is entered for the first time, the active state will be determined by the default
transition. Please note that the history junction only applies to the level of the
hierarchy in which it appears.

Actions

Actions appear in transition and state labels. Their execution is part of the diagram
execution. Transition actions are executed when the associated transition is taken.
Actions in states are executed according to their type as described in Section [2.2.2]
An action can be a function call, the broadcast of an event, the assignment of
a value to a variable, and so on. The operators that are available in the action
language are similar to the operators known from high level programming languages
like C. Among these are Multiplication, Division, Addition, Substraction, bitwise
operators, logical operators, Assignment, pointer and address operators. There are
also temporal logic operators, which is something usually not found in programming
languages. For example, the operator after takes an event and an expression n that
evaluates to a positive integer value. The operator evaluates to true if the given
event has occurred n times.
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2.3. Matlab/Stateflow-API

state/
box/
function

Figure 2.6.: Stateflow object hierarchy (Source: Stateflow User’s Guide [7])

2.3. Matlab/Stateflow-API

Matlab/Simulink/Stateflow provides a set of commands that let the user load, save,
create, and manipulate state diagrams, define settings, start a simulation, retrieve
simulation results. Nearly everything that can be done using the GUI can also
be done using Matlab’s commands. The user can enter these commands at the
Matlab prompt. It is possible to write these commands into a file, so that they
form a script. Scripts automate the work like the editing of a diagram. They can
be invoked within the command line like the build-in commands. Although The
Mathworks calls this set of commands an API, it is not designed to be used within a
programming language. However, as long as it is possible to attach Matlab’s input
and output streams to a process that wants to interact with Matlab, this process
can generate Matlab “scripts” on-the-fly. A study of the possibility of a simulation
using the API was done by Jan Téubrich [10].

Each object in Stateflow, including the graphical and non-graphical objects de-
scribed in [2.2.2] has a corresponding object in the API. Figure shows all API
objects and their hierarchy. An API object bundles a set of specific functions and
properties. The change of a property of an API object also changes the property
of the corresponding Stateflow object. The API objects, which correspond to the
objects described in Section [2.2.2] have the same hierarchy as their counterparts.
There are some objects that do not fit into the hierarchy model like the Editor
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2. Theoretical Basis

and the Clipboard object. The Editor object exists to provide access to purely
graphical aspects of a chart like the size of the chart in pixel. The Clipboard object
provides copy and paste functionality. The Machine object in figure [2.6] corresponds
to the model object in the API. This object represents the Simulink model, which
includes the Stateflow diagram. The Root object contains all Stateflow API objects.
It exists to have a means to distinguish Stateflow API objects from API objects of
other tools like Stmulink. The Chart object represents the Stateflow diagram. There
can be multiple diagrams within a model.

/h\ Root
Edior Clipleceard
" Model
Dataf Target
Chart

State/
Function/
Box

..1 \“II

\\\_//

Figure 2.7.: Stateflow API object hierarchy (Source: Stateflow API reference [6])

API objects are accessed through variables that contain references to these objects.
Such variables are called handles. API object properties correspond to the values
one can set using the diagram editor. API object methods provide a means to create,
delete, change, and find the object they belong to. All objects have some properties
and methods in common. For example, the Id and the Description property are
common properties. On the other hand, there are properties and methods that are
specific to the type of object, like the Source or DecompositionType properties.
A complete list of all methods and properties can be found in the Stateflow API
reference [6].

By convention, all property names start with a capital letter, while all method
names start with a letter in lowercase. In names that consist of concatenated words,
each word starts with a capital letter.
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To access a property or method of an object, the so-called dot notation is used.
One writes down the name of the variable that contains the handle to the object
followed by a dot character and then the name of the property or method one wants
to access. It is allowed to write down nested dot expressions. If a function call needs
to return more than one object, it returns an array of objects. To access a specific
item in an array, one has to append the index of the item needed enclosed in round
braces. Example:

labell = sAl.innerTransitionsOf (1).LabelString

Special constructor methods exist to create new objects. They return handles
to the newly created objects. The constructor methods used in this work are:
Stateflow.Data, Stateflow.Event, Stateflow.Junction, Stateflow.State. The
created objects have a destructor method called delete.

2.4. Comparison of KIEL Data Structure classes
with Stateflow APl Objects

To represent a Stateflow chart in the KIEL application, it is necessary to associate
each Stateflow API object with an object in the KIEL data structure. The Table
associates the classes of the KIEL data structure with the objects of the Stateflow
API. Not all objects of the KIEL data structure do exist in the API and the other
way around. As long as no support for graphical functions and truth tables is needed,
no new classes need to be created in the K/EL data structure (except for the support
of variables of type double and float). Action and Event do not exist as objects in
the Stateflow API. They are included as strings in transition labels. The transition
labels need to be parsed to create the objects Action and Event. Because Stateflow
uses dashed rectangles to represent parallel states instead of delimiter lines, these
delimiter lines (represented by DelimiterLine) have to be generated during the
import of Stateflow charts.
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2. Theoretical Basis

KIEL data structure

Stateflow API

StateChart
ORState

ANDState

SimpleState

FinalState

Final*

InitialState

PseudoState

Junction (not dynamical)

History (shallow)

DeepHistory, Choice,
DynamicChoice, ForkConnector,
Join, Suspend, SynchState
Transition

TransitionLabel /StringLabel
CompoundLabel

Conditional Transition
NormalTermination,
StrongAbortion, WeakAbortion
Suspension

Region

Signal

Variable

StringVariable

Event

Actions/Action

non-existent

non-existent

non-existent

Stateflow.Chart
Stateflow.State.Decomposition=
"EXCLUSIVE OR’
Stateflow.State. Type="OR’
Stateflow.State.Decomposition=
'"PARALLEL AND’
Stateflow.State. Type="AND’
non-existent, use an ORState
non-existent
non-existent
non-existent
non-existent
Stateflow.Junction.type=
"CONNECTIVE JUNCTION?
Stateflow.Junction.type=
"HISTORY _JUNCTION’
Stateflow.Junction.labelString="H"

non-existent

Stateflow. Transition
Stateflow.Transition.LabelString
non-existent
Stateflow.Transition

non-existent
non-existent
non-existent
Data
non-existent
Stateflow.Events

non-existent as Obj.; in transition label only

Machine, Box, Note, Target
GraphicalFunction
TruthTable

GraphicalObject
Node, Edge
DelimiterLine
Priority

non-existent

non-existent

non-existent; has to be generated
exists only implicitly

Table 2.2.: Comparison of KIEL data structure classes with Stateflow API objects
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3. Stateflow Extensions of KIEL

The previous chapter includes the background information needed to understand
what this diploma thesis is about. The following sections introduce the new features
that have been added to the KIFL application. The features are described from the
user’s point of view. Details of the implementation are given after it.

3.1. Requirements

The KIEL program is supposed to be able to import charts that have been created
with Stateflow [7] and are stored in model files that have the file name extension
“mdl”. Charts that make use of one or more of the following features do not have
to be supported: interlevel transitions, graphical functions, truth tables, C'-function
calls. Even no support is required for model files that include Simulink blocks or
more than one Stateflow chart. The layout of the imported chart should be as close
as possible to that of the original chart. For charts that include subcharts, it is not
required to preserve the original layout during import, because the KIEL program
does not support the concept of subcharts. Furthermore, the program has to be able
to simulate Stateflow charts. Macro step simulation has to be supported, micro step
simulation is not necessary. Simulation results have to be shown in the browser in
the same way it is already done for Esterel Studio [I] charts. The table shown in
the Browser has to be extended by tabs for input variables, output variables, and
input events.

Events are a concept of Stateflow, while signals are a concept of Simulink. Signals
trigger events. Simulating charts with Stateflow, the user specifies the values of the
input signals for each instance of time. The change in value of a signal triggers the
corresponding event either in case a falling edge or a rising edge occurs, or in both
cases according to the type of the trigger. In KIEL the possibility of specifying
events instead of signals has to be added to provide two different kind of views of
the simulation input. KIEL has to support the file formats used by Stateflow and
Esterel Studio to store the simulation input data. All simulation input data entered
by the user has to be stored and the possibility to save this data in a format that
Stateflow or FEsterel Studio can read has to be provided. This is the input trace
feature and it is described in detail in Section 3.3

The editor included in the KIFEL application is designed for the creation of Fsterel
Studio charts. It provides a special mode to support the creation of Stateflow charts,
but this mode is not fully implemented. The editor is supposed to support the
creation of Stateflow charts that make use of all features not excluded above.
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:ﬁ_’ MacroStep 'f._\ MicroStep %‘ Reset

Figure 3.1.: The simulation toolbar of the KIEL browser

trace step: Q0 rewind | stop | step backward step forward | play | fast-forward

Figure 3.2.: The trace toolbar of the KIEL browser

The following sections describe the features that have been added to KIEL fol-
lowed by details of their implementation.

3.2. How to simulate a Stateflow Chart

Charts are simulated inside the browser. All variables, signals, and events can be
set in the table in the lower half of the browser window. The user can choose to
specify either signals or events, but not both at the same time. The difference
between signals and events is described in Section [(3.I] A click onto MacroStep
(Figure computes the next step according to the current state of the chart and
the input data from the table. As a result of a simulation step, all active states are
marked, and the table shows the current values of all variables and which events are
currently present. If the user selects one of the automatic layouters, then states that
are not active are collapsed (interior is not shown) and the layout changes to hide
non-interesting parts of the chart. The simulation of micro steps is not available for
Stateflow charts. Figure shows the simulation toolbar of the browser.

3.3. The input trace Feature

The input made by the user at each simulation step is recorded for the purpose of
playback at a later date. The recorded input is called the input trace. The buttons
rewind, stop, step backward, step forward, play and fast-forward (Figure
have been added to the browser to allow control over the recorded input data. The
text field on the left side of the rewind button shows the current trace step number
and the total number of trace steps that have been recorded. Every time the user
clicks onto MacroStep (Figure the input data (the set of signals that are present
and the values of variables) of the current step is added to the trace. The user can
replay the simulation steps he has made by rewinding the trace and clicking onto
step forward to replay one simulation step or onto play to replay the simulation
from the current step up to the last step. If the user clicks onto MacroStep while
the current trace step is not the last one, then all steps that follow the current one
are deleted and the next step is replaced by the new one. The input trace can be
saved in the ESI file format as well as in the Matlab M file format.
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3.4. Import and Export of Stateflow Charts
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Figure 3.3.: The Esterel Studio dependent part of the editor’s toolbar
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Figure 3.4.: The Stateflow dependent part of the editor’s toolbar

3.4. Import and Export of Stateflow Charts

The user can load a Stateflow chart by clicking onto “File”, and then clicking onto
“Open..”. In the following dialog the user has to choose a file with the extension
“md]”. The user can specify “Matlab/Stateflow” in the file filter box to see “mdl”
files only. To save a Stateflow chart the user has to click onto “Save” or “Save as..”

in the “File” menu. For details on the implementation read Sections[3.6.6| and [3.6.7]

3.5. Stateflow Mode of the Editor

The editor supports the creation of FEsterel Studio charts as well as of Stateflow
charts. In dependence of the type of the chart currently edited, the editor shows one
of two different toolbars (Figure and . The tools used to create a deep history,
a suspend state, a final state, and a dynamic choice are not present in Stateflow
mode. There is a tool for the creation of a junction instead. The context menus are
also different. For example, there is only one type of transition in Stateflow,so so
you cannot convert a transition to a weak, a strong, or a normal one. The dialogs
that allow the editing of variables and of events have been re-designed (Figure
and . Most of the data types available in Stateflow are supported, and it is
possible to set the trigger type of events as well as the scope of variables and of
events.

3.6. Implementation

This section focuses on the implementation details of the added features described
before. The overall structure of the KIEL application is presented. Details on the
specific usage of the Stateflow API within KIEL are covered, and the algorithms
used to import and export charts are described.

3.6.1. Surroundings

The KIEL program is written in Jawva, Version 1.4.2. An advantage of this language
is its independence of any particular operating system. Care has been taken not to
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Figure 3.5.: The editor’s dialog for editing chart events
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Figure 3.6.: The editor’s dialog for editing state variables
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include any operating system specific program code. KIFEL is regularly tested on
SuSE Linux 9.2 and Microsoft Windows XP.

Structure of KIEL

The KIEL program consists of several independent components, which have been
developed in the scope of student projects and diploma thesises. These components
communicate through well defined interfaces, which make them easily interchange-
able. They all share the KIFL data structure, which is described in Section [2.2.1
Figure shows the components as well as their comunication paths. The following
components do currently exist:

Browser: It allows control of the simulator and shows the simulation results [15].
Editor: It enables the user to create new charts and to modify existing ones [4].

Layouter: The layouter 3] provides several layout algorithms for automatic layout
from within the browser and the editor.

Simulator: It performs the necessary calculations for the simulation of the charts.
Currently, a simulator for Esterel Studio charts is implemented [9].

File Interface: Several import and export filters exist as plug-ins to load and save
charts and simulation input data [I4]. Currently, it is possible to load and
save Stateflow charts and Esterel Studio charts. ESI and Matlab M files can
be read and saved.

KielFrame: This is the main component that provides the program’s main window.
The main window displays either the browser or the editor. It is possible to
switch between both at any time. KielFrame also exists to separate all com-
ponents of the program to keep them independent from each other. Therefore,
it encapsulates the interfaces to the simulator, the layouter, and to the file
interface. Neither the browser nor the editor calls any function of the other
components directly; they call functions of the KielFrame instead, which then
calls the appropriate functions of the modules.

3.6.2. Communication with Matlab

Usually, the user enters Matlab commands at Matlab’s command line or he writes
them into a script file. To use the API from within KIEL, one could write a rou-
tine that generates a Matlab script, and then let Matlab execute this script. Mat-
lab would write its response into a file that the KIFL program can read. This
way of communicating with Matlab produces unnecessary disk accesses. Java pro-
vides a way to directly communicate with other applications using input and output
streams. These streams can be obtained by the methods getInputStream() and
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3.6. Implementation

getOutputStream() of the class Process. An instance of the Process class is ob-
tained during the creation of the Matlab process with one of the Runtime.exec
methods.

Example of communication with Matlab: Let states be a handle to states in one
level of hierarchy of a chart that has to be imported. The following messages are
exchanged between KIEL and Matlab to retrieve information about a state.

4
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3. Stateflow Extensions of KIEL

states (1) . Name
ans =
off

>>

The following 3 sections describe how to use the API to find objects in the State-
flow chart, and how to manipulate them as well as how to set the simulation pa-
rameters with the API. They provide the details of the communication with Matlab.
For an introduction to the APT have a look at Section [2.3]

3.6.3. Finding Stateflow Objects using the API

The find method provides a way to find objects in the diagram. Practically, this
method searches for all objects that are contained in the object the find method
belongs to. It is possible to restrict the search depth. Therefore, it is not necessary
to traverse the diagram object by object to find what you are searching for. The
find method needs to know the type of object it has to find and, optionally, one or
more property names and their values.

Example: Let m denote a variable containing a handle to a model object. Then the
following command will return every State object with the name “on” in the model
m:

onState = m.find(’-isa’,’Stateflow.State’,
’_and’,’Name’,’0n’)

If find finds more than one object, then it will return an array of objects. It is
important to note that the zeroth level of containment is always included in the
answer of find. To limit the search depth, one uses the -depth specifier.

Example: Let sA denote a variable containing a handle to a state object. Then
the following command will return every object that sA contains up to a level of
containment of 2:

objArray = sA.find(’-depth’,2)

Using find one can find child objects only. To find the parent object, one has to
use the up method.

Getting and setting the Properties of Objects

One can get the property of an object just by writing down the object handle variable

(3]

followed by a “.” and the property, or by using the get method. Example:

d
d

obj.Description
obj.get(’Description’)
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3.6. Implementation

One can set the property of an object by using the assignment operator or the set
method. Example:

obj.Description = ’Thisyisyagdescriptionyfor,the object.”’
obj.set(’Description’,’Thisyisa descriptiongof the object’)

3.6.4. Setting the Simulation Parameters using the API

The simulation parameters can be set using the API. The object Simulink.ConfigSet
contains all settings for the simulation and for code generation. The settings ap-
pear in the Model Explorer as the item Configuration (Active). One can get the
actual configuration with the function getActiveConfigSet. Let acs denote the
variable to which we want to save the handle to the current configuration object,
and let model denote the variable containing a handle to the current model. Then
the following command will store a handle to the actual configuration object into
the variable acs:

acs = getActiveConfigSet (model)

The function set_param provides the possibility to change the values of parameters
of the configuration object. To choose the discrete solver that is of type fixed-step,
one has to enter the following two commands:

acs.set_param(’SolverType’,’Fixed-step’)
acs.set_param(’Solver’,’FixedStepDiscrete’)

Finally, we will need a way to change the simulation stop time and the sample time:

acs.set_param(’StopTime’,’57)
acs.set_param(’FixedStep’,’1.0°)

In the example above, we choose a stop time of 5 seconds and a sample time of 1
second.

3.6.5. Manipulating the Simulink Model using the API

It is possible to modify the Simulink model with the help of the API. Commands
exist to add, delete, and link Simulink blocks. To add a block to the model, one
uses the add_block(’src’,’dst’) command. add_block copies the block with the
full path name ’src’ to a new block with the full path name >dst’. The Simulink
library provides an extensive set of blocks. One usually builds a model using these
predefined blocks.

The parameters of the new block are identical to those of the original. The
set_param(’obj’, ’parameterl’, valuel, ’parameter2’, value2, ...) func-
tion can be used to change the parameters of the block specified by ’obj’. Pairs
of parameters and values are given to set_param to set the parameters to the new
values. To position a block, one changes the position parameter to a vector with
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3. Stateflow Extensions of KIEL

coordinates according to the following scheme: [left top right bottom]. The
origin of the coordinate system is the upper left corner.

One can link two blocks together using the add_line(’sys’,’oport’, ’iport’)
command. It adds a line from the output port of one block to the input port of
the other block. ’iport’ and ’oport’ which consist of a block name and a block
port identifier in the form block/’port’. Usually, ports are numbered from top to
bottom or from left to right.

3.6.6. Import of Stateflow Charts

It is assumed that the user who wants to work with Stateflow charts has a Mat-
lab/Simulink/Stateflow license. Since the KIEL application is not meant to replace
Matlab/Simulink/Stateflow, the solution of the import problem may require it. One
possible solution is to write a parser for Simulink model files. Every time the format
of these model files changes, the parser has to be adapted. It has shown that the
model file format is not documented. It has a great similarity to the API objects,
but there are differences. Another possible solution is to let Matlab load the model
file itself, and then use its API to get information about the chart object by ob-
ject. This information is used to create an equivalent chart using the KIEL data
structure. The API is well documented and unlikely to undergo dramatic changes
in the future. This solution is therefore easier to accomplish. The second solution
has been implemented and is described in detail in the following part. The class
MatlabStateflowGrabber includes all the program code that is necessary to import a
chart from Matlab.

The KIEL application starts Matlab when a Stateflow model file (file name exten-
sion “mdl”) has to be loaded. It then writes Matlab commands to the input stream
associated with the Matlab process and receives Matlab’s response through the cor-
responding output stream. Matlab’s responses contain all the information that is
needed to construct an equivalent chart using the KI/EL data structure.

Import Strategy

The algorithm is shown in pseudocode in Figure [3.8] Starting at the root, the
chart is traversed downwards level by level of containment. This allows the reuse
of variables in the Matlab workspace and avoids a recursive approach. For each
object in the chart an equivalent object is created using the classes of the KIEL
data structure. Since interlevel transitions are not supported by KIEL, it is possible
to complete the constrution of one level of containment before the next level is
entered. States have to be constructed before transitions are constructed, otherwise
the algorithm might try to link a transition to a state which has not been created yet.
The transitions in Stateflow refer to their source and destination states. While the
transitions are generated in KIFEL, it is necessary to associate the states in Stateflow
with the states created in KIEL. The association is realized with a HashMap of the
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java.util package. The states have ids in Stateflow that are used as keys for the
HashMap.

Delimiter lines are used in KIEL to separate regions from each other. They do not
appear in Stateflow charts because regions are drawn as dashed rectangles instead.
Therefore, it is necessary to generate them during the process of import. To calculate
the coordinates for the delimiter lines, the regions are sorted from left to right and
from up to down, so that the upper left region is the first one and the lower right
region is the last one. Between two adjacent regions a vertical delimiter line is set
if they lie side by side, a horizontal line is set if they lie one upon another.

The positions of graphical objects are absolute in Stateflow according to the coor-
dinate system of its editor. In contrast to Stateflow, the positions are relative to the
positions of their parent objects in KIEL. During import, all position coordinates
are converted from absolute to relative coordinates.

Stateflow supports the concept of subcharts. A subchart is a state that contains a
complete chart. This concept is used to hide complexity. The contents of a subchart
is never shown together with its parent. The KIEL application does not support
this concept. Therefore, the original layout cannot be imported for charts which
contain subcharts. One of the automatic layouters is invoked if a chart that has to
be imported contains one or more subcharts.

Actions are represented as objects in the KIFL data structure. In contrast to this,
there is no API object to represent actions. Actions are just stored as string labels
in states and transitions. It is necessary to extract the actions from the state and
transition labels. For each action that appears in a label within the chart we import,
an object is created. However, the contents of the action is not parsed because the
simulation is done by Stateflow, so we do not need to know what the action consists
of, but we need to know which actions exist and of which type they are to be able to
represent them correctly in the KIEL application. The contents of an action element
is stored as an unparsed string in KIFL.

The spatial coordinates of transition destination end points are not available
through the API. Instead, transition destination end points are specified as o’clock
positions in the range of 0 to 12. The spatial coordinates are calculated from the
o’clock value and the spatial coordinates of the center of the destination object.
The spacial coordinates of transition source end points are available through the
API. They are just transformed into coordinates that are relative to the upper left
corner of the parent state. In addition to the source end and destination end point
each transition in Stateflow has a midpoint. These 3 points are used to construct a
path which consists of a MovetoPath and a QuadraticCurvetoPath path element.
The MovetoPath path element contains the transition source end point as its tar-
get point. The QuadraticCurvetoPath path element contains the transition source
end point and the transition midpoint as its supporting points and the transition
destination end point as its target point. A path contains the graphical information
which determines the layout of a transition.
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procedure grabChart
set chart to ‘‘empty’’
call getAndCreateGlobalEvents with chart and rootState
call getAndCreateGlobalVariables with chart and rootState
call grabOnelLevel with rootState and chart returning children
set parentStates to children

repeat
set nextLevelParentStates to ‘‘empty’’

for each element in parentStates
set parent to element
call grabOnelevel with parent and chart returning children
append children to nextlLevelParentStates

end for

set parentStates to nextLevelParentStates
until nextLevelParentStates contains more than zero elements
return chart
end procedure

procedure grabOnelevel (parent, chart)
set children to children of parent

for each element in children
call getAndCreateStates with element and chart
call getAndCreateVariables with element and chart
call getAndCreateEvents with element and chart
call getAndCreateJunctions with element and chart
call grabAndCreateTransitions with element and chart
end for
call createDelimiterLines with children and chart
return children
end procedure

Figure 3.8.: Algorithm in pseudocode for import of Stateflow charts

46



3.6. Implementation

3.6.7. Export of Stateflow Charts

To export a chart it is possible to write a mdl file directly, which is difficult due to
the lack of a good and complete documentation of the file format. Therefore, the
same API based approach as for the import feature has been chosen for the export
feature. In a first step, a new chart that is equivalent to the current chart in the KIFL
application is generated in Stateflow with the use of the API. In a second step, Matlab
is told to save the new chart to a file. In case the user switches from the KIEL editor
to the browser, the second step is omitted. The class MatlabStateflowCreator
implements the Stateflow chart export feature.

Export strategy

The algorithm is shown in pseudocode in Figure 3.9 The chart is created level by
level of containment in a non-recursive manner. For each level, states and junctions
are created before any transitions are created to avoid the situation where a tran-
sition is going to be linked with a state or a junction that has not been created so
far.

To confer unique names to variables in the Matlab workspace, the return value
of the java.lang.object.hashCode() function is used at the end of every variable
name. Variable names of variables that contain handles to states consist of the
state’s name followed by an underscore and the corresponding hash code of the
object that contains the state. Variable names of variables that contain handles to
transitions consist of the prefix trans_ and the hash code of the object that contains
the transitions. Variable names of variables that contain handles to junctions or
history entities are constructed in the same way except the prefix is junc_ or hist_
respectively.

The labels of states are constructed out of the name of the state and out of the
actions that are associated with the state. Each type of action has a prefix as
described in Section 2.2.2]

Delimiter lines are omitted because they do not exist in Stateflow. Regions are
called parallel states or AND states in Stateflow and are drawn as dashed rectangles.
The positions of graphical objects are relative to their parent in KIEL, but absolute
in Stateflow, so they have to be converted during the export.

The source end points and destination end points of transitions cannot be set
directly as spatial coordinates, but they have to be specified as o’clock positions.
An o’clock position is in the range of 0 to 12. These points are stored as coordinates
in KIFEL, so the appropriate o’clock value is calculated from the point coordinates
and the center point coordinates of the source or destination object respectively.
Source end points of default transitions form an exception because an o’clock value
makes no sense here. The x and y coordinates are set directly for source end points
of default transitions. The spatial coordinates of the transition midpoint are taken
from the path element that specifies a point between the source and the destination
end point. If the path consists of n elements with n > 3, then the target point
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of the n/2-th path element is taken as midpoint. If the path consists of 2 path
elements only and the second path element is of type QuadtraticCurvetoPath,
then the second supporting point of this path element is taken as midpoint. If the
path consists of 2 path elements and the second element is of type lineto, then the
midpoint is calculated from the source point and end point coordinates.

3.6.8. Trace of input data

The package kiel.simulationTrace contains the classes TraceData and TraceStep,
which implement the trace feature. An instance of the class TraceData holds the
input trace data. For each trace step it contains an instance of the class TraceStep.
A TraceStep contains a list of objects of type Signal for signals which are present,
of type SignalValue for valued signals which are present, of type VariableValue
for variables. It is necessary to load the chart before the trace file is loaded because
the objects of type Signal, IntegerSignal, and Variable, which are contained in
the loaded chart, are needed to construct the TraceStep objects. If the trace file
is loaded first, then the trace steps will not contain any objects which makes the
loaded trace useless.

3.6.9. Simulation of Stateflow Charts

The class StateflowSimulator in the package kiel.simulator.matlab contains
the implementation of the simulator for Stateflow charts. It implements the interface
Simulator. The Stateflow simulator does not perform the calculations itself. It just
collects the input data from the tables of the browser and sets the variables in the
Matlab workspace accordingly. Next, it sends the simulation command to Matlab,
collects the simulation results and creates objects of type MicroStep according to
these results. These MicroStep objects are put into a MacroStep object, which is
the final result of a simulation step. The order of the micro steps does not represent
the order of the computations made by Stateflow. The list of micro steps is not
complete, but it contains all micro steps that are needed to display the result of a
simulation step. Micro steps that are needed are those that determine the active
states as well as the values of output signals and output variables. Micro steps that
determine which transitions have been checked for validity are not needed. This
information cannot be retrieved by Stateflow and is therefore unavailable. That is
why the micro step simulation mode cannot be implemented for Stateflow charts as
long as Stateflow is used to perform the simulation.

MicroStep is an interface that is implemented by the following classes: Change-
Value, SignalStatus, StateStatus, and TransitionStatus. Figure [3.10] shows
the corresponding class diagram. Objects of type TransitionStatus are not used by
the simulator because the kind of information represented by them is not available.
Objects of type ChangeValue contain new values for variables and for valued signals.
They are used to report changes of values of variables and of valued signals. Direct
subclasses are: SignalValue and VariableValue. The class SignalStatus has the
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procedure createChart
call createGlobalEvents
call createGlobalVariables
call createlnelevel with rootState returning children
set parentStates to children

repeat
set nextLevelParentStates to ‘‘empty’’

for each element in parentStates
call createOnelevel with element returning children
append children to nextLevelParentStates

end for

set parentStates to nextLevelParentStates
until nextlLevelParentStates contains no more than zero elements
end procedure

procedure createOnelLevel (parent)
set children to children of parent

for each element in children
call createStates with element
call createJuncions with element
call createTransitions with element
call createlocalEvents with element
call createlocalVariables with element
end for

return children
end procedure

Figure 3.9.: Algorithm in pseudocode for export of Stateflow charts
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following direct subclasses: SignalAbsent, SignalPresent, and SignalUnknown.
SignalAbsent represents the absence of the signal it contains, SignalPresent rep-
resents the presence of the signal it contains. The status of a signal contained in a
SignalUnknown object is unknown. An object of type StateActivated in the list
of micro steps means the state it contains is entered. It contains a list of all states
that are currently active. An object of type StateDeactivated means the state it
contains is leaved. The other types of micro steps that exist are not used in the
Stateflow simulator.

Before a chart can be simulated, the simulink environment has to be prepared to
allow input from and output to the Matlab workspace. The browser calls the method
setStateChart (StateChart) after a chart has been loaded or the user has switched
from the editor to the browser. This method deletes all simulink blocks except for
the chart block, adds a Form Workspace block for each input variable and one for all
input signals that is connected to the trigger port of the chart. For each state, the
HasOuputData option is set to true. This results in an output signal for each state
whose value is 1 for every active state and 0 for every non-active state. All output
signals are connected to a Mux block whose output is connected to a To Workspace
block named simout. For each output variable, the option SaveToWorkspace is
set to true. Their output ports remain unconnected. Section [3.6.5 explains how
to manipulate the Simulink environment using the API. The solver type is set to
Fixed-step, the solver to FixedStepDiscrete. The sample time is set to 1 second.
Section [3.6.4] explains how to set the simulation parameters using the API.

If the user clicks onto the MacroStep button in the simulation toolbar of the
browser and the browser is in the signal simulation mode, then the browser calls
the method emit(Event, int) for each input signal of the chart. The integer
parameter is the value of the signal. If the browser is in the event simulation
mode while the user clicks onto MacroStep, then it calls the method emit (Event)
instead. The browser calls the method setVariable(Variable, String) for each
input variable. The second parameter is the string representation of the value of the
variable. After that, it calls the method nextStep () which performs one simulation
step and returns a MacroStep object that includes all simulation results. All states
that are included in the list of active states in the last StateActivated object are
marked as being active by the browser. For each VariableValue object, the browser
changes the value of the corresponding variable to the new value contained in that
object.

The method nextStep() constructs a matrix which contains the values of the
input signals for each simulation step. Let m denote the total number of simulation
steps and n the total number of input ports. Then the matrix has m rows and
(n + 1) columns. Column 1 row j contains the number j of the step, the entry in
column ¢ (1 < ¢ < n), row j, contains the value at step j of the input signal whose
port number is 7. There is a row for each simulation step. The matrix is stored in a
variable defined in the workspace. The name of the variable is equal to the name of
the From Workspace block that is connected to the trigger port of the chart. Due
to this name equality Simulink attaches the contents of the variable to this From
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Workspace block. For each input variable a variable with equal name plus the postfix
“VarMat” is defined in the workspace. The corresponding From Workspace blocks
also have these names. Due to this name equality Simulink attaches the contents
of these variables to the coresponding From Workspace blocks. Such a variable in
the workspace contains a matrix with as many rows as there are simulation steps
to simulate and 2 columns. The first column contains the step numbers and the
second column contains the values of the variable at the coresponding step. After
all these variables that include the input data for the simulation are defined, the
method nextStep sets the parameter StopTime to the current step number (Each
step number equals to 1 second.) and invokes the function sim, which belongs to the
API. Simulink simulates the chart and stores the simulation results in variables that
are defined in the workspace. For each output variable, Simulink creates a variable
in the workspace whose name is equal to the name of the variable in the chart. The
values of these variables are those determined at the end of the simulation. The
variable simout contains the values of all output signals at each step as a matrix.
This includes the output signals that report whether a particular state is active
at a particular simulation step. The simulator examines the last two rows of this
matrix. (The last row corresponds to the last simulation step and therefore contains
the final simulation results.) It creates a StateActivated object for each state
that is active in the last step and has been inactive in the previous step, and it
creates a StateDeactive object for each step that is inactive in the last step and
has been inactive in the previous step. Every active state that does not contain
any states is added to the list of currently active states. This list is used to create
a Configuration object. For each output signal that does not belong to a state,
the simulator creates a SignalPresent object if the signal value switches between
1 and 0 (event is present) and a SignalAbsent object if the signal switches between
1 and 0 (event is not present). The simulator creates a VariableValue object for
every output variable and local variable whose value has changed. All created micro
steps are put into a MacroStep object which is returned as result by the method
nextStep.

3.6.10. Adaption of the Editor

The type of the chart is stored in the field modelSource of the class StateChart. The
editor calls the method getModelSource () to check whether the current chart is de-
signed for Esterel Studio or for Stateflow. The toolbar is constructed by the method
updateToolBarAndMenuBar () of the class Editor in dependence of the type of the
current chart. The items the toolbar consists of are instances of the classes found
in the package kiel.editor.controller. The class EditorModeAddJunction has
been added to the package to support the creation of junctions. The graphical repre-
sentation of a junction is determined by the class JunctionRenderer, which has been
added to the package kiel.editor.graph. The mouse cursor that is shown while a
junction is placed on the canvas is created using the image JunctionAndCursor.gif,
which resides in the package kiel.editor.resources. The method getMenultems-
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ForSelected() of the class MyJGraph determines the menu items that appear in the
context menu. In Stateflow mode, the items to change the type of a transition and
the item that converts a state into a final state are omitted.

The reaction of the editor to user input is implemented by the classes in the pack-
age kiel.editor.controller. To implement new dialogs for editing variables and
events without changing the dialogs that already exist for Esterel Studio charts, the
following new controller classes have been added: ActionEditStateChartEvents-
ForStateflow, ActionEditStateChartVariablesForStateflow, ActionEditState-
EventsForStateflow, ActionEditStateVariablesForStateflow. As dialog win-
dow a javax.swing.JDialog is used. Variables and events are displayed in a table.
This table is an instance of javax.swing.JTable. The classes that handle the user
input of transition labels and actions in states cannot be used for Stateflow charts
because they parse the entered strings with the help of the compound label parser
that has been developed to support Esterel Studio charts. The following classes have
been added to support unparsed user input of lables and actions: ActionEditState-
EntryActionsForStateflow, ActionEditStateDoActionsForStateflow, ActionEdit-
StateExitActionsForStateflow, and ActionEditStateBindActionsForStateflow.
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4. Concluding Remarks

This chapter summerizes the results of this work and mentions possible future en-
hancements. It includes the results of a performance test.

4.1. Results

The task was to add the ability to load, save, create, edit, and simulate Stateflow
charts to the KIEL application. This required changes in the file interface, the
browser, and the editor. These features were implemented with the help of the
Stateflow application, which runs concurrently to KIEL and performs the core of the
task. The communication between KIEL and Matlab/Simulink/Stateflow has been
implemented using input and output streams. The commands that are exchanged
are those defined by the Simulink and Stateflow API. The toolbar and the menu
items of the editor as well as the dialogs for editing variables and events have been
adapted to support Stateflow charts.

All goals mentioned in Section 3.1 have been achieved. The new KIFEL application
is well suited for the creation and the simulation of Stateflow charts. However, it
lacks support for Simulink and for code generation. Therefore, it cannot serve as a
replacement for Matlab/Simulink/Stateflow, but it is a good extension for it.

The execution of and the communication with Matlab consumes calculation time.
The performance of KIEL with respect to loading, saving, and simulating Stateflow
charts has been tested with charts of different complexity. The first loading or saving
of a Stateflow chart requires the start of Matlab. If Matlab has already been started
by KIEL, then the process of loading or saving a chart consumes less time. The first
simulation step requires the compilation of the chart by Stateflow, which consumes
additional time. All further simulation steps consume less time. Table[4.1|shows the
results of time measurements for loading and simulation of four charts with different
complexity, which are shown in Figure to Figure [4.3] The measurements have
been made on an AMD Athlon XP 3000+ processor with 1 GB RAM.

4.2. Future Prospects

The simulator of KIEL deletes all blocks in the Simulink diagram except for the
chart block and constructs its own Simulink diagram. Therefore, it is not possible
to simulate an existing chart within the Simulink diagram it has been developed
for. A future version of the simulator might preserve the existing Simulink diagram.
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Chart States | Transitions | loading Time | min Simulation Step Time | max Simulation Step Time
bintree3 21 35 934 ms 221 ms 798 ms

bintreeb 93 155 1764 ms 341 ms 2162 ms

bintree7 381 635 3993 ms 889 ms 11176 ms
traffic-light 15 25 2236 ms 249 ms 645 ms

Table 4.1.: Performace test results

o8



4.2. Future Prospects

This approach does not provide the same level of control over the input to the
chart because some input data is usually provided by other Simulink blocks. It
is necessary to tap the input signals (lines) to be able to display the input data
at each simulation step. To tap these signals, the simulator needs to analyse the
Stmulink diagram to determine which blocks provide input to the chart as well as the
coordinates of these blocks. To get the output data, one can either tap the output
signals in the same way as the input signals or one can use the “save to workspace”
feature of Simulink. See Section “Exporting Output Data to the Matlab workspace”
and “Logging Signals” in the Simulink documentation [5] for further details.

The Stateflow diagram elements Truth Table, Graphical Function, Box, embedded
Matlab Function, and Note are currently not supported. Therefore, charts that make
use of these elements can neither be imported into nor be created with KIEL. To
add support for these diagram elements, it is necessary to add appropriate classes to
the KIEL data structure and to extend the browser, the editor, and the simulator.
A graphical representation for these diagram elements has to be implemented in the
browser and the editor.

Interlevel transitions are currently not supported. The import and export algo-
rithms for Stateflow charts used here cannot handle such transitions. The layouter
module cannot handle such transitions either because the layout algorithms used
there have been designed for graphs which do not support the concept of hierarchy.
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A. Settings

This chapter describes the available settings for the Stateflow simulator and for the
file interface plug-in for “.mdl” files.
MatlabProcessIinfo.matlabExecutableFileName
This parameter specifies the file name of the Matlab executable file. It may
also specify the complete path to the executable file.
matlabPrompt
This parameter specifies the matlab prompt. The standard setting is “» 7, but
this may differ from version to version, especially for student versions.
matlabErrorindicator
It specifies the string that Matlab outputs in error messages. Error messages
are recognized by this string. The standard setting is “777”.
MatlabStateflowGrabber.chartScale

This factor is used to scale the chart during import. A factor greater than 1
may help to solve the problem of labels that do not fit into their states because
of the font size. The standard setting is 1.

MatlabProcessInfo.nodisplay
This parameter specifies whether Matlab, which is started by KIEL, will dis-

play any windows. Possible values are “true” and “false”. The standard setting
is “true”.
StateflowSimulator.inputVariableNamePostfix

This parameter specifies the string that is attached to “From Workspace”
blocks for input variables. The standard setting is “VarMat”.
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B. Java Code

This chapter introduces all implemented classes. It includes the complete program
code of all extensions that have been made to the KIEL application.

B.1. Description

B.1.1. Package kiel.fileInterface.matlab
This package includes the plug-in for “mdl” files.

MatlabStateflowFileFilter: This class is used in the file dialog to filter files ac-
cording to their file name extension. Only files with the file name extension
“.mdl” are returned by this filter.

MatlabStateflow: This class contains the code that is used by the file interface to
load and save “.mdl” files. It starts Matlab and uses the classes MatlabState-
flowGrabber and MatlabStateflowCreator to do the real work of import
and export.

B.1.2. Package kiel.fileInterface.M

This package includes the plug-in for “m” files. This plug-in supports only files that
include simulation input data. It is used for the input trace feature.

MFileFilter: This class is used in the file dialog to filter files according to their file
name extension. Only files with the file name extension “.m” are returned by
this filter.

MFileFormat: This class contains the code that is used by the file interface to load
and save “.m” files. It creates a vector variable for each input signal and
each input variable with the corresponding values for each simulation step. It
cannot handle all features of this file format. It can be used in conjunction
with the input trace feature only.

B.1.3. Package kiel.fileInterface.ESI

This package includes the plug-in for “.esi” files. This file format is used in FEsterel
Studio for the input trace feature.
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ESIFileFilter: This class is used in the file dialog to filter files according to their
file name extension. Only files with the file name extension “.esi” are returned
by this filter.

ESIFileFormat: This class contains the code that is used by the file interface to
load and save “.esi” files.

B.1.4. Package kiel.util

This package contains utility classes, which can be used by any other class of the
KIEL application. Some of these classes are of special interest for this work.

MatlabStateflowGrabber: It uses the Stateflow API to collect all needed informa-
tion about a chart in Stateflow and constructs an equivalent chart using the
KIEL data structure.

MatlabStateflowCreator: It uses the Stateflow API to construct a chart in State-
flow that is equivalent to the chart currently loaded in KIFL.

MatlabProcessInfo: This class holds a reference to the Matlab process and its
input and output stream. It is responsible for the start and termination of
Matlab.

MatlabStateflowProperties: It isused to load and to store settings of components

that are related to Stateflow.

B.1.5. Package kiel.simulator.matlab

This class contains the simulator for Stateflow charts.

StateflowSimulator: This class implements the simulator for Stateflow charts.
The simulator uses Matlab/Simulink/Stateflow to do the simulation.

SimulatorException: This exception is thrown by the stateflow simulator in case
an error occurs with the input or output streams or Matlab reports an error.
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