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Abstract

This student research project deals with the development of a simulator for the
behavior of SyncCharts. SyncCharts are a Statechart variant based on the syn-
chronous language Esterel. The commercial variant of SyncCharts is called Safe
State Machines and used in FEsterel Studio. The simulator is a part of the KIEL
project and controlled by the browser via a very small interface. The results of the
simulation do not only contain enough information to allow developers to simulate
their syncCharts but also to help novices to understand the semantics of SyncCharts
in the first place.



vi



Contents

[l Introduction|

2 SyncCharts|

P.1

Signals and Variables| . . . . ... ... ... ..

2.1.1 Signals . . . . ... ... ... ... ...

3 Simulator]

B

The KIEL Project| . . ... ... ... ... ..

[3.1.1 History Connector| . . .. ... ... ..

3.2.4 Constructiveness . . . . ... ... ...

14

Implementation|

A1

The Package kiel.simulator|. . . . . . . ... ..

[4.1.1 The Class SimulatorException| . . . . . .
“.1.2 The Interface Simulator] . . . ... ...

12

'The Package kiel.conigMngr|. . . . . . . . . ..

[4.2.1  MicroSteps and MacroSteps| . . . . . . .

‘.3

The Package kiel.simulator.syncchart.converter| .

A

The Package kiel.simulator.syncchart.exceptions|

10
10
11
11
11
12
14
14
17
17

19
19
19
20
20
21
21
21
23
24
24
25
25

27
27
27
27
28
29
30
30



Contents

[4.5 'The Package kiel.simulator.syncchart.ntexp| . . ... .. ... .. .. 31
[4.5.1 T'he Intertace STRLIntegerkxpression|. . . . . . . . . ... .. 31

4.5.2 The Class STRILVariableHandled. . . . . .. .. ... ... .. 32

[4.6 'The Package kiel.simulator.syncchart.boolexp| . . . . . . .. ... .. 32
4.6.1 The Class STRLPrel . . . . . . . . .. ... ... ... .... 32

[4.7  'T'he Package kiel.simulator.syncchart.sigexp| . . . . . . ... ... .. 34
[4.7.1 The Class STRLSignal| . . . . ... ... ... ... ... ... 34

[4.7.2 The Class STRLPureSignall . . . . . .. ... ... ... ... 35

[4.7.3 The Class STRLSignallackl ... .. ... ... ... ... .. 35

[4.7.4  The Class STRLSignallruel . . . . . .. ... ... ... ... 35

[4.7.5 The Class STRLIntegerSignal . . . . . . ... ... ... ... 35

[4.7.6  The Class STRLSignalHandler. . . . . . ... ... ... ... 36

[4.8  'T'he Package kiel.simulator.syncchart.action| . . . . . ... . ... .. 36
8.1 The Class STRLActionl. . . . . . .. ... ... ... 36

4.8.2 Delayed Action Handling/ . . . . .. .. ... ... ... ... . 38

[4.9 'The Package kiel.simulator.syncchart.transition| . . . . . . . . .. .. 39
[4.9.1 The Class STRLDelaybkxpression| . . . . ... ... ... ... 41

4.9.2 The Class STRUIransitionl . . . . . . ... .. ... ... ... 41

4.9.3  The Class STRITransitionHandler] . . . . ... ... ... .. 42

[4.10 The Package kiel.simulator.syncchart| . . . . . .. .. ... . ... .. 42
[4.10.1 The Class STRLReactingComponent| . . . . . . . .. ... .. 44

4.10.2 The Class STRLSimulator] . . . . .. .. ... ... 0. 44

4.10.3 The Class STRLStatel . . . . . .. ... ... ... ... ... 46

[4.10.4 The Class STRLSimpleStatel . . . . . . ... ... .. ... .. 46

4.10.5 The Class STRELMacrodStatel . . . . . . ... ... ... .. 46

410.6 The Class STRLSTGI . . . . . . . o oo i e 48

4.10.7 The Class STRISTGHandlerl . . .. 0.0 0o 0000000 L. 49

[4.10.8 The Class STRLSuspend| . . . . . . ... ... ... ... ... 49

4.10.9 The Class STRLReactiveCelll . . . . . .. .. .. ... 49
4.10.10The Class STRUPseudoCelll . . . . .. 0 .00 000000 49
4.10.11The Class STRIStateCelll . . 0 0 0 0000000000000 50

5 Future Workl 55
6__Conclusions| 57
Bibliography 59
Source Code 61
[[1  kiel.conigMngr| . . . . . .. ... .. o 61
[I.  ChangeValue.javal . . . . . . . . .. .. ... ... ...... 61

[[1.2° ConfigMngr.javal. . . . . . . . .. ... ... ... ...... 63

[[1.0 Configuration.javal. .. . .. .. ... ... ... ...... 65

[[1.4  ExecuteTransition.javal . . . . . . .. . ... ... ..... 67




Contents

[1.5 ~MacroStep.javal . . . . . . ... ... 68
[1.6 MicroStep.javal . . . .. . . ... ... 69
[T.7 OnEntry.javal. . . . . . .. . . ... ... ... ... 70
[1.8  OnExit.javal . . . . . . . . . ..o 71
[1.9  OnInside.javal . . . . ... ... ... ... ... ... ... . 72
[[I.I0  SignalAbsent.javal . . . . .. . ... ... ... ... .... 73
[I.IT  SignalPresent.javal. . . . .. . ... ... ... .. ..... 74
[I.12° SignalStatus.javal . . . . .. . ... ... . ... ...... 75
[[1.I5 SignalUnknown.javal. . ... ... ... .. ... ....... 76
[[1.14  SignalValue.javal . . . . . . . . ... ... ... . ...... 7
[[I.I5 StateActivated.javal . . . . . . ... ... ... ... 78
[I.I6  StateDeactivated.javal. . . . . ... ... ... ... .... 79
[T.T7 StateNotSuspended.javal . . . . . . .. ... .. ... .... 80
[[1.I8 StateStatus.javal . . . . . . ... ..o 81
[[1.19 StateStatusAndConfig.javal . . . . . . . . .. .. ... ... 82
[[1.20  StateSuspended.javal . . . . . . .. ... ... 83
[I.2T  StateTramsient.javal . . . . . . . .. ... ... ... .... 84
[1.22 TestTransition.javal . . . . . . . . ... .. .. ... .... 85
[[1.25 TransitionStatus.javal. . . . . . . .. ... .. ... .... 86
[[1.24 VariableValue.javal. . . . . . . . ... ... ... ...... 87
[2 Kielsimulatorl . ... ... ... .. ... 88
[2.1  Simulator.javal . . . .. . . ... ... 88
[2.2 SimulatorChoser.java] . . . . .. ... ... ... ...... 89
[2.3  SimulatorException.javal . . . . ... ... ... ... ... 90
[.3  kiel.simulator.syncchart{. . . . . .. ... ... o000 91
[3.1 ~ STRLComponent.javal. . . . . . .. ... ... .. ....... 91
[3.2  STRLConditionalCell.javal. . . . . . . . . .. ... ..... 92
[3.0  STRLInitialCell.javal . . . . .. ... ... ... ...... 93
[3.4 " STRLMacroState.javal . . . . . . . . .. ... .. ... .... 94
[3.5  STRLPseudoCell.javal . . . . . . ... ... ... ....... 97
[[5.6  STRLReactingComponent.javal . . . . . . . ... ... .... 100
[3.7  STRLReactiveCell.javal. . . . . . . ... .. .. ... .... 102
[2.8 ~ STRLSimpleState.javal . . . . . . ... ... .. ... .... 103
[3.9  STRLSimulator.javal. . . . .. . ... . ... ... ...... 105
[3.10  STRLState.javal . . . . . . . . . . .. ... ... ... 110
.11 STRLStateCell.javal. . . . . . . . . . . ... ... ...... 112
[3 127 STRLSTG.javal. . . . . . o oo et e 118
[3.15  STRLSTGHandler.javal . . . . . . . ... ... ... ...... 121
[3.14  STRLSuspend.javal . . . . . . . . .. .. ... ... ... .. 123
[3.10  SyncChart.javal . . . ... .. ... ... ... 124
[[4  kiel.simulator.syncchart.action| . . . . . . .. ... ... 126
[4.1  STRLAction.javal. . . . . . . . .. ... ... .. ....... 126
[4.2 STRLActioms.javal . . . . . . . . ... ... ... ... .. 127
[4.5  STRLAssignment.javal . . . . . . . . ... ... .. ...... 128




Contents

4.4~ STRLDelayedAction.javal . . . . . . .. . ... ... ..... 129
[[4.5  STRLDelayedActionHandler.javal . .. ... . ... ... .. 131
[16  STRLEMITSIgnal.javal . . . . o v oo e 132
[[4.7  STRLEmitValuedSignal.javal . . . . . . . ... ... ..... 133
[4.8 ~ STRLInitializeSignal.javal . . . . .. .. .. ... ..... 134
[[4.9  STRLInitializeTransition.javal . .. .. ... .. ... .. 135
[[4.10  STRLInitializeVariable.javal. . . . . . . . .. ... .. .. 136
[.b  kiel.simulator.syncchart.boolexp| . . . . . . . . ... .. ... ... .. 137
[0.1 ~ STRLAnd.javal. . . . . . . . . .. ... ... ... ... 137
[0.2 ~ STRLBooleanExpression.javal . . . . . . ... ... ..... 139
[5.3  STRLBrackets.javal . . . . ... ... ... ... ....... 140
[0.4 ~ STRLComparator.javal . . . . . . . ... ... ... ...... 141
[0.5  STRLEqual.javal . . . .. ... ... ... ... ........ 142
[0.6  STRLFalse.javal . . . . . . . . . ... ... ... ....... 143
[.0.7  STRLGreaterOrEqual.javal . . . . .. ... .. ... ..... 144
[5.8  STRLGreaterThan.javal . . .. . ... ... ... ... .... 145
[0.9  STRLLessOrEqual.javal . . . . ... ... ... ........ 146
[5.10 STRLLeSSTRANn.Javal . . . . . o o oo 147
[5.IT STRLNot.javal. . . . . . . . . .. .. . ... ... .. ..... 148
[.0.12  STRLNotEqual.javal . . ... .. ... ... ... ....... 149
[0.13 STRLOr.javal . . . . . .. . .. .. ... ... .. ....... 150
[0.14 STRLTrue.javal . . . . . . . . . . . ... ... ... ...... 152
[.6  kiel.simulator.syncchart.converter| . . . . . . . ... .. ... ... .. 153
[[6.1  ActionConverter.javal . . . . .. ... .. ... .. ..... 153
[0.2  ActionsConverter.javal. . . . . . . . . . . . . ... ..... 154
[[6.0  ANDToMacro.javal. . . . . . . . .. ... ... ... ...... 155
[[6.4  CompConverter.javal. . . . . . .. ... .. .. ........ 156
[6.5 Context.javal. . . . . . .. ... ... ... .. 157
[[6.6  DelayExpressionConverter.javal . . . ... ... . ... .. 161
[.6.7  DynChoiceToCondCell.javal. . . . . . . . . .. ... ..... 162
[[0.8  GuardConverter.javal . . . . . . . . . . . . .. ... ..... 163
[6.9  ImmediateTransConv.javal . . . .. .. ... ... ...... 164
[6.10  InitStateToInitCell.javal. . . . . . . . ... ... ..... 165
[[6. 1T  TIntExpConverter.javal . .. .. .. .. .. ... ....... 166
[6.12  KielToSyncChart.javal . . . . . .. ... ... ... ..... 167
[6.15 NormTermConv.javal . . . ... . .. ... .. .. ....... 168
[[6.14 ORToMacro.javal . . . .. . .. ... ... ... ........ 169
[6.I5 RegionConverter.javal . . .. . ... ... ... ... .... 170
[6.16 SimpleToSimple.javal . . . . . . .. . ... ... .. ..... 173
[6.17  StateToStateCell.javal. . . . . . . . . ... .. ... .... 174
[6.18  StrongAbortConv.javal . . . . . ... ... ... .. ..... 175
[6.19  TransConverter.javal . . . . . . . ... ... ... ...... 176
[6.20 TriggerConverter.javal. . . . . . . . . ... ... ...... 177
[6.21  WeakAbortConv.javal. . . . . . . . ... ... ... ...... 178




Contents

[7  kiel.simulator.syncchart.exceptions| . . . . . ... ... ... ... .. 179
[[7.1  STRLException.javal. . . . . . . . . . ... ... ... .... 179
[7.2 STRLIntegerSignalNotFoundException.javal. . . . . . . .. 180
7.0~ STRLNotSupportedException.javal. . . . . . . . . . ... .. 181
[7.4 ~ STRLSignalNotFoundException.javal . . . .. ... ... .. 182
[7.5 ~STRLUninitializedReadException.javal . . . . . ... . .. 183
[7.6  STRLVariableNotFoundException.javal . . . . . . ... . .. 184
[.8  kiel.simulator.syncchart.antexp|. . . . . . ... ... ... ... 185
[[8.1 ~ STRLIntegerAdd.javal . . . . . . . ... ... ... ...... 185
[[8.2 ~ STRLIntegerBrackets.javal. . . . . . . ... ... ... ... 186
[8.3  STRLIntegerConstant.javal. . . . .. ... ... ... .. .. 187
[8.4  STRLIntegerDiv.javal . . . . . . . ... ... ... ...... 188
[[8.5  STRLIntegerExpression.javal . . . .. .. ... ... .. .. 189
[[8.6 ~ STRLIntegerMinus.javal. . . . . . . . . . ... ... ..... 190
[8.7  STRLIntegerMod.javal . . . . . . . ... ... ... ...... 191
[8.8 ~ STRLIntegerMult.javal . . .. ... ... ... ........ 192
[8.9  STRLIntegerOperator.javal. . . . . . . . . .. ... ..... 193
[8.I0  STRLIntegerSub.javal . . . . . . ... ... ... .. ..... 194
[8.11 STRLIntegerVariable.javal. . . . . . . . . . .. ... .... 195
[8.12 STRLVariableHandler.javal. . . . . . . . . . .. ... .... 197
[.9  kiel.simulator.syncchart.sigexp| . . . . . . .. ... ... L. 198
[9.1 ~ STRLCombineSignal.javal . . . . . . . . . ... ... ..... 198
[9.2 STRLCombineWithAdd.javal . . . . . ... ... ... ..... 200
[9.5  STRLCombineWithMult.javal. . . . . . . . . . .. ... .... 201
[9.4  STRLIntegerSignal.javal . . . . . . . . ... .. ... .... 202
[9.0  STRLPre.javal. . . . . . . . .. ... ... ... ... ... .. 204
[9.6 ~ STRLPureSignal.javal . . . . . . .. ... ... .. ...... 206
[9.7  STRLSignal.javal. . . . . . . . .. ... ... ... ...... 207
[9.8 STRLSignalHandler.javal . . . . . . . . .. ... ... .... 209
[9.9  STRLSignalTick.javal . . . . . . . ... ... ... ...... 211
[[9.10 STRLSignalTrue.javal . . . . . . . . . . . . . .. ... .... 212
[9.11 STRLSingleSignal.javal. . . . . . . . . . .. .. ... .... 213
[.10 kiel.simulator.syncchart.transition| . . . . . . . .. ... ... .. 214
[[10.1  STRLDelayExpression.javal. . . . . . . . . . . . ... .... 214
[10.2° STRLImmediateTrans.javal . . . . . .. .. ... ... .... 217
[[10.5  STRLNormalTermination.javal . . . . . . . . . ... ..... 218
[10.4  STRLStrongAbortion.javal . . . . . .. .. ... ... .... 219
[[10.0  STRLTramsition.javal . . . . . . . . .. . ... ... ..... 220
[[10.6  STRLTransitionHandler.javal . . ... ... ... ...... 223
[10.7 STRLWeakAbortion.javal. . . . . . . . . . . ... ... .... 225




Contents



1 Introduction

The development of reactive and embedded systems, such as an airbag controller, is
a hard task. Many target devices only generate limited feedback. Hence, it is very
difficult to locate bugs, if the device does not work as intended. The introduction of
state based models, such as Harel’s Statecharts [10, 9], greatly improved the process
of developing reactive systems. Very important and valuable is the possibility to
simulate the system even before transferring the program to the target. However,
it stays difficult to keep track of always increasing models. Today the popular tools
use only a static view during the editing and simulation process. It is up to the user
to follow the control flow.

The main goal of the KIEL (Kiel Integrated Environment for Layout) project
[14] is to improve the aspects of model design with automatic layout and dynamic
elements. Using dynamic views during the simulation process makes the behavior
of the models much more comprehensible. This student research project has the
particular task to add a simulator module to the KIEL project that simulates the
behavior of SyncCharts. The commercial variant of SyncCharts is called Safe State
Machines (SSM) and used in Esterel Studio [8]. The KIEL browser [15] controls the
simulator via a straightforward interface and receives a lot of information during
the simulation process. The simulator assumes that every syncChart is proved to be
syntactical correct before the simulation starts. Even though the simulator should
only be applied to constructive syncChart, it needs dynamic constructive checking
anyway. Section gives a short introduction to constructiveness.
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2 SyncCharts

At first glance a syncChart looks like a statechart described by Harel [10, 0]. How-
ever, the resulting behavior of Statecharts and SyncCharts is different.

SyncCharts (synchronous charts) were introduced in 1996 by Charles André |2, 1]
as a graphical notation for the synchronous language Esterel [7, [6]. A syncChart
describes the behavior of a reactive system. Following the synchronous hypothesis
of Esterel the reaction takes place in successive discrete instants. The system reacts
only at these instants and is idle in between. Each instant is divided in the three
phases read input, compute reaction and generate output. It is assumed that the
reaction is computed in zero time, so that the output is generated simultaneous
with the input. Actually the output might have an impact on the computation
itself.

ABSync

)

Detection

\
®_\‘ | % <1>
WaitAandB |
0 0 | Reset
| | arm Inhib
| \
@ | @ Timer
‘ <2>
Ararml Blarm| | ?
| ‘ disarm
‘ ‘
| | 2 T/disarm
/IAB |
\
@)
signal: arm

signal: disarm

Figure 2.1: A typical syncChart

Figure is taken from Computing SyncCharts Reactions|3] and shows a typical
syncChart. If the reader is not familiar with the concept of state based models it



2 SyncCharts

might be better to skip the following description of the behavior until the end of
this chapter. The syncChart ABSync has five input signals (A, B, T, Reset and
Inhib) and only one output signal (AB). Nothing special happens during the first
instant. The states wA, wB and idle become active and no other transition can be
enabled because they are not immediate. If the signal Reset becomes present in the
following instants, the syncChart will be reset to this initial situation ignoring the
status of the other signals. After both A and B were present at least once, the state
WaitAandB will take its normaltermination transition and emit the output signal
AB. The first occurrence of A or B also activates the state Timer that waits with
its simple state cnt from the following instant for occurrences of 7. If T was present
twice the signal disarm is emitted, which resets the syncChart again to its initial
situation. Because of the weakabortion transition the reset via disarm allows the
emission of AB, if the requirements are fulfilled. The suspension with the signal
Inhib will disable the counting of T every instant that Inhib is present.

2.1 Signals and Variables

Signals are one of the most important concepts of SyncCharts. Emitting and re-
ceiving signals is used to model the communication and synchronization between
the system and its environment and also between concurrent threads of the same
system. FEach signal has a scope. Interface signals are visible within the whole
model and can further be separated in input and output signals. Local signals are
only visible within the surrounding macro state. In figure A, B, T, Reset and
Inhib are input signals, AB is the only output signal and arm and disarm are local
signals defined in Detection and A BSync respectively.

2.1.1 Signals

Every signal has a presence status. A signal is either present or absent. During
the computation a third status unknown is used until the real status is revealed.
SyncCharts use the instantaneous broadcast mechanism. If the status of a signal
changes, every component within the scope of this signal is informed immediately.
Every instant leads to a well-defined presence status (i.e. either present or absent)
for each signal. Otherwise the model is not considered to be constructive (see [3.2).

Pure Signals

Pure signals are the basic signals. They only carry their presence status. There is
a predefined pure signal tick that is present every instant.

Valued Signals

Valued signals have both a presence status and an integer value and can further be
separated in single signals and combine signals. A single signal can only be emitted

10



2.2 States

with a valid value and only once during one instant. Several simultaneous emissions
of the same single signal would not lead to a well defined value and are considered
a run-time error. Combine signals use an associative and commutative combination
function to allow multiple emissions within the same instant. The simulator supports
multiplication and addition as combination functions. For example, an additive
combine signal is emitted with the values 4 and 6, the current value of this signal
is 11.

2.1.2 Variables

A syncChart can also contain integer variables. Unlike valued signals a variable
can not be shared between different threads, but the value of a variable can change
arbitrary times during an instant. Variables are mostly used to save intermediate
results. The scope of a variable is the surrounding region (see macro states .
The simulator does not check for concurrent read /write issues. For example, figure
2.2] contains a variable.

2.2 States

At first SyncCharts distinguishes between normal states and pseudo states. As
opposed to normal states the simulation will never rest in a pseudo state.

2.2.1 Normal States

Normal states are either simple states or macro states.

Simple States

Simple states are usually drawn as a circle or an ellipse. A simple state may contain
a label with its name. For example, in figure wA is a simple state.

Macro States

A macro state is drawn as a rounded rectangle with a small header. The header
may contain a label with the macro state’s name. A simple state is not refined,
but a macro state must contain at least one region. A region is a connected set of
states and exact one wnitial state. Several regions within the same macro state are
separated with dashed lines. For example, in figure Detection is a macro state
with two regions.

Final States

A simple state/macro state can be tagged as final. A final simple state/final macro
state is drawn with a double outline. In figure dA and dB are final simple states.

11



2 SyncCharts

Final states do not have outgoing transitions.

2.2.2 Pseudo States

In addition to normal states, there are several types of pseudo states.

Initial States

An initial state is drawn as a small usually gray circle labeled with an 1. An initial
state is used as the entry point for a region. Figure [2.1] contains six initial states.
Initial states do not have incoming transitions.

Conditional States

A conditional state is drawn similar to a initial state but is labeled with a C. Con-
ditional states are used to merge and link different transitions in order to remove
redundancy. The syncChart Gum_ Vending Machine in figure contains a con-
ditional state. It describes a very simple gum vending machine. A gum costs 15
cent and only 5 and 10 cent coins are permitted. Each inserted coin triggers a new
instant with either FIVE or TEN as input. The system resides in the state wait
and the signal FIVE will increase the value of v by 5, the signal TEN will increase
the value of v by 10. If v is now greater or equal to 15 the transition with the
emission of PAID is taken. Otherwise the default transition will be enabled. At
the end of each instant the state wait is active and waits for the next input. The
presence of PAID leads to a weakabortion and a reset of Compute and the emission
of the output signal GUM. There is no a possibility to get the change back.

Gum_Vending_Machine

signal PAID PAID / GUM
Compute
K TEN/v:=v+10

[v>= 15]/ PAID

var v : integer

Figure 2.2: Controller for a simple gum vending machine.
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2.2 States

Suspend Connectors

Emit_a_b

SO

Eab
\
\
\
\
\
\
/a | pre(a) /b

signal: a,b

Figure 2.3: The pre operator is not affected by the suspend connector.

The yellow circle labeled with an S in figure is a suspend connector. The
arrow from the connector points to the state that can be suspended. The arrow
can be labeled with the optional immediate modifier and a signal expression
([2-3.1). If the trigger is satisfied the body of the target state is suspended. Outgoing
transition can still be taken. The syncChart Emit a b in figure does not emit
anything in its first instant. In the second instant the signal a is emitted and after
that a and b are emitted every following instant. If the signal P is present the state
Eab is suspended and its body does not react. If the state is resumed in a following
instant, the trigger pre(a) does not relate to the absolute previous instant, but to
the previous instant, where the state (and the signal a) was not suspended.

History Connectors

Usually a history connector is drawn as a small gray circle labeled with H*. It can
be attached to the outline of a macro state. Incoming transitions pointing at the
history connector instead of the macro state itself, will resume the execution of the
macro state right at time it was exited. If the macro state is reached for the first
time the history connector has no effect. For example, figure contains a history
connector. Macro states with a history connector are treated like suspended states.
If a state with history is reentered and the pre operator is applied to its local signals,
then it refers to the status of the signal in the last instant where the state was active.

13



2 SyncCharts

Figure 2.4: The history connector

2.3 Transitions

Transitions advance the system. An enabled transition might change the current
active state. Transitions are drawn as arrows, pointing from a source state to a
target state. Self loops are allowed. Each state (normal and pseudo) can have
an arbitrary number of outgoing transitions. If there is more than one transition
all transitions must be labeled with a priority number (1 is the highest priority).
If several transitions can be enabled during one instant, the one with the highest
priority is taken. SyncCharts do not allow inter-level transitions.

2.3.1 Transition Labels

The general form of the transition label is
# <countdelay> <signalexpression> [<guard>] / <listofactions>.
Each part is optional. The immediate modifier # and the countdelay are exclusive.

Signal Expressions

A signal expression is a Boolean expression over signal statuses. If a signal expres-
sion is satisfied the corresponding transition can be enabled. The signal expression
A and not Bis satisfied, if A is present and B is absent. An empty signal expression
is always satisfied.

Aside from the Boolean operators and, or and not the signal expression may also
contain the pre operator. The signal expression A and not pre(B) is satisfied, if A
is present and B was not present in the previous instant.

Immediate modifier

Transitions in SyncCharts are not enabled in the same instant the source state was
reached. However, the immediate modifier # is used to change this behavior. If a

14



2.3 Transitions

strongabortion transition is activated immediately in the first instant of a state, this
state is transient. An immediate loop (containing one or more states and transi-
tions) is not allowed. The syncChart Reincarnation in figure uses the immediate
modifier. This example looks very simple, but the behavior is quite surprising. A,
B, €' and D are pure input signals, V' is a multiplicative combine signal. In the first
instant the state SI becomes active and V is emitted with the value 2. If all four
input signals are present in the next instant S8 will become the active state and the
value of V' is 11550. Each transition emits V with a different prime number so the
result can be decomposed to 2*3x5x5%x7x11. The following has happened:

1. A triggers the self loop of S1. V is emitted with 3.

2. The same transition cannot be enabled again, but the second transition is
immediate and triggered by B so that S1 becomes transient. V is emitted
with 5.

3. The weak self loop of InnerMacro can be taken, because the body has com-
pleted its reaction. V' is emitted with 7.

4. The initial state passes control to SI again. V is emitted with 2.

5. The immediate transition between S1 and S2 is taken. SI becomes transient
again and V is emitted with 5.

6. Finally, the only transition that can be enabled is the weakabortion towards
S8,V is emitted with 11.

Reincarnation

InnerMacro
<2>
/1V(2) %@
#D/V(11)
#B/V(5) <1>
‘ <2> )

c/V(7)

<1>

ATV(@3)

signal: V: combine integer with *

Figure 2.5: A syncChart containing a multiplicative combine signal, self loops and
immediate modifier.

Count Delays

A count delay is an integer expression that specifies how many instants the signal
expression must be satisfied before the transition can be enabled. The syncChart
ABSync in figure [2.1] uses a count delay to wait for 2 occurrences of 7.
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2 SyncCharts

Guards

A guard is a Boolean expression that must be true in the moment the transition is
triggered. The simulator supports Boolean expression such as
((X > 0) and (?A + 7B) = 10)

Actions

Each transition can execute a list of actions. The simulator supports basic integer
arithmetic using +, -, *, div, mod and the pre operator for valued signals. See
for a detailed description of actions associated with states.

A, B::
Emits the pure signals A and B.

X =Y+ 7C: :
Assigns the sum of the value of the variable Y and the valued signal C' to the
variable X.

D( 5 )::

Emits the valued signal D with the value 5.

E( pre(?E) * 2 ): :
Emits the valued signal E with the double value of the previous instant.

Buffer

?
=

pre(l) / al(pre(?1)) pre(al) / a2(pre(?al)) pre(a2)/ O(pre(?a2))
\

signal: al : integer, a2 : integer

Figure 2.6: A simple integer buffer using the pre operator

Figure [2.6| shows a syncChart using the pre operator to describe a simple integer
buffer. The buffer has one valued input signal / and one valued output signal O.
The left-most region will emit the valued local signal a1 if the signal I was present
in the previous instant. The previous value of I will become the current value of
al. The other regions behave in the same way but use different signals. So every
emission of I will lead to an emission of O exactly three instants later with the same
value.
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2.4 State Actions

2.3.2 Transition Types

There are three main types of transitions that differ from each other in the way they
are activated.

Strongabortion

Strongabortion transitions have the highest priority and are evaluated before the
evaluation of the source state and its body. However, strongabortion transitions
without an immediate modifier are not evaluated in the first instant of the source
state. Strongabortion transitions are tagged with a small red circle at the source
state. In figure 2.1/ the transition with the label Reset is a strongabortion transition.

Weakabortion

Weakabortion transitions are drawn as normal arrows. They are evaluated after the
evaluation of the source and its body. In figure the transition with the label
disarm is a weakabortion transition.

Normaltermination

Normaltermination transitions have the lowest priority. Normaltermination transi-
tions cannot be labeled with a signalexpression, countdelay, immediate modifier or
guard and can only have macro states as source states. A normaltermination tran-
sition is enabled, if all regions of the source state have reached a final state. If the
source state terminates right after he is reached, the transition is taken immediately
(as long as it is not overridden by another immediate transition). Normaltermina-
tion transitions are drawn with a green triangle at the source state. For example, in
figure the transition with the label /AB is a normaltermination transition that is
enabled if both dA and dB are reached.

Immediate Transitions

Transitions starting from a pseudo state are implicit immediate and cannot have a
countdelay. As every state, pseudo states are allowed to have an arbitrary number
of outgoing transitions. However, there must be a default transition]l] so that the
system can leave the pseudo state in any case.

2.4 State Actions

In addition to actions that are executed when a transition is enabled there are three
types of actions that are optional directly linked to a mormal state. Before these
actions can be explained, some terms need to be defined first.

LA default transition is a transition with the lowest priority and neither trigger nor guard
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2 SyncCharts
e A state is entered (also called activated), if the state is the target of an enabled
transition and if the state does not turn out to be transient.
e A state if active during an instant, if the state

— was entered in the same instant or if the state
— was active at the end of the previous instant and does not enabled a

strongabortion transition during this instant.

e A state is erited (also called deactivated), if the state was active and enables
a transition. If a state without a history connector is exited, his active child
states are exited before the parent state.

The three state actions differ in the way they are executed:

OnEntry Actions :
A state executes its onentry actions, when a state is entered.

Onlnside Actions :
A state executes its oninside actions, when the state is active.

OnExit Actions :
A state executes its onexit actions, when the state is exited.

Due to the weakabortion transitions, a state might become active twice during
one instant and also executes its oninside actions twice. Final states do not have
oninside actions or onexit actions.

18



3 Simulator

The previous chapter describes the elements of SyncCharts as far as they are sup-
ported by the simulator. This chapter gives a raw overview of how these elements
are represented. In addition section contains a short description of the KIEL
project. Section introduces the concept of constructiveness. Section de-
scribes how the computation of a potential (i.e. the set of signals that still can
be emitted) can resume a frozen simulation. Finally, chapter 4| contains detailed
information about the implementation.

3.1 The KIEL Project

KIEL (Kiel Integrated Environment for Layout) is the name for a new statechart
modeling tool. Its main goal is to enrich the development of statecharts with dy-
namic elements. The design of KIEL is very modular. At the moment, KIEL consists
of a layouter [11], an editor [13|, a browser [15] and several fileinterfaces |16} 12] to
import statecharts from other tools.

The core of the KIEL project is a data structure based on UML statecharts. This
structure holds only the syntactical parts of a syncChart. The design is straightfor-
ward. There are nodes and edges that are refined to states, pseudostates, transitions
and many different types of labels. Everything mentioned in the previous chapter
can be represented. Graphical information is recorded in additional classes, but are
not necessary for the simulation.

3.1.1 History Connector

Due to the UML paradigm, it is not possible to realize the history connector exactly.
Since two states can only be connected by a transition and the layouter can not
handle states directly attached to each other, the history connector becomes a child
of the relevant macro state.
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3 Simulator

History 1 History 2 History 3

Macro_2 Macro_3
@ — ® @ 5
(2 )5~(=2) (0 )5~()

(a) SyncCharts (b) KIEL Statecharts (c¢) SyncCharts

Figure 3.1: Differences between SyncCharts and KIEL Statecharts.

Figure [3.1(b)| shows how this looks like in KIEL. The simulator will treat this
history connector as if every incoming transition points at it (see [3.1(c)). It is not
possible to have several incoming transitions that use the history connector and
some that do not. The syncChart can not be realized in KIEL.

3.2 Constructiveness

Before the simulator is explained. The concept of constructiveness needs to be
mentioned. Unlike common programming languages the synchronous approach of
SyncCharts with the instantaneous broadcast of signals implies the possibility to
create syntactically correct syncCharts that must be rejected because of semantic
problems. Two basic requirements are reactivity and determinism.

3.2.1 Reactivity

Non_Reactive

<1>

<2>
/A

Figure 3.2: A non-reactive syncChart
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3.2 Constructiveness

A syncChart is reactive, if it produces output for each input. Figure [3.2] shows
a very simple non-reactive syncChart. It can not be decided whether to take the
upper or lower transition. The upper transition can only be enabled if A is present.
The lower transition has no trigger, but if it is enabled A becomes present and so
the upper transition should rather be enabled because of the higher priority.

3.2.2 Determinism

A syncChart is deterministic, if it produces only one output for each input. Figure
3.3|shows a non-deterministic syncChart. Both the execution of the upper and lower
transition seem to lead to a well-defined signal status with A present or absent
respectively.

Non_Deterministic

Figure 3.3: A non-deterministic syncChart

3.2.3 Logical Correctness

A syncChart that is both reactive and deterministic is logical correct. Common to
all erroneous syncCharts is that they contain some kind of cyclic signal dependency
that can not be resolved. The syncChart Non_Reactive requires to solve A = not A.
The problem in Non_Deterministic is equivalent to A = A, which allows more than
one unique solution. The dependency can also occur between an arbitrary number
of signals and valued signals. The syncChart in figure is again not deterministic
because ((A = B) and (B = A)) does not have a unique solution.

The intention of the syncChart in figure is to increase the value of O every
instant. But the instantaneous broadcast mechanism leads to the not-solvable prob-
lem 70 = 70 + 1. The syncChart would work as intended with the pre operator.
Figure shows a similar problem involving two valued signals.

3.2.4 Constructiveness

Figure 3.7/ shows why SyncCharts demands even more than logical correctness. This
syncChart is logical correct. The absence of both A and B in the second and every
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3 Simulator

Cyclic_Dependency_1

Figure 3.4: Cyclic dependency of A and B

Counting

0(?0+1)

Figure 3.5: Self dependency of a valued signal

Cyclic_Dependency_2

I A(?B)
@51}

IB(?A)
D5 ) w(s1)

Figure 3.6: Cyclic dependency of valued signals
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3.3 The Simulator

Logical_Correct

O—(=)—(=)

AandnotB/B

Figure 3.7: A surprisingly logical correct syncChart

following instant conforms to the logical correctness. But this is not satisfying at all
and that is why the constructive semantics of SyncCharts forbids any kind of self-
justification or speculative computing. The Esterel v5 Language Primer|5)] estab-
lishes several rules for pure Esterel. These rules can be adapted to pure SyncCharts
as follows:

1. All signals are initially set to unknown.

2. Input signals that are emitted are set to present.

3. An unknown signal is set to present, if an emit action is executed.

4. An unknown signal is set to absent, if no emit action can be executed.

5. A transition is enabled, if its trigger is satisfied, and no transition with a higher
priority is enabled.

6. A transition cannot be enabled, if its trigger is not satisfied or if a transition
with a higher priority is enabled

A syncChart is constructive if these rules can be used stepwise, until every signal
has a well-defined status. The syncChart Logical_Correct is not constructive.
Since both A and B are initially unknown and can possibly be emitted (because no
transition is ruled out).

3.3 The Simulator

In |4 B] André uses a multi-threaded algorithm to describe the semantics of Sync-
Charts. A multi-threaded evaluation seems very suitable because of the concurrent
nature of SyncCharts, but the complex behavior of SyncCharts will lead to a large
programming overhead required to synchronize the computation. It is, for example,
not easy to decide if a signal is definitively absent, but it is apparently easy to say
when a signal is present. So there are situations where one thread is waiting for a

23



3 Simulator

signal to be declared absent and thus delays information used by other threads. The
simulation is stuck and an additional thread must be invoked to discover the miss-
ing information. That is why this simulator uses a single task and a backtracking
mechanism that surely is as complex as the multi-threaded approach but easier to
maintain and extend.

The syncChart simulator does not use the KIEL data structure to compute the
reactions. It uses its own internal structure that is better adapted to the qualities
of SyncCharts. One major advantage of using a separate structure and a conversion
routine is that changes during the different development stages and future changes
or extensions of the KIEL statechart structure do not affect the simulator. Only
adjustments to the conversion routine need to be made.

3.3.1 The Structure

The simulator contains classes to represent simple and macro states. A macro state
contains at least one region (also called STG - State Transition Graph). To simplify
the computations the behavior of a state is separated from its transitions. That is
why an additional layer is introduced: the cells. There are state cells and pseudo
cells. A state cell consists of a set of transitions and a state, the cell’s body. A
pseudo cell contains only transitions. Pseudo cells are used to represent initial
states (initial cells) and conditional states (conditional cells) that do not need to be
refined. A STG consists of a set of cells and exactly one initial cell that is used as
the entry point. A STG refers to one cell as its current cell. The topmost class is
the SyncChart that contains exactly one macro state, the top state.

3.3.2 The Results

After the evaluation of an instant, the simulator returns a MacroStep (see
object that is further evaluated by the KIEL browser. Besides the current status
and values of signals and variables, a very important information is the current
Configuration. A Configuration of a syncChart is the set of current active states.
Different from Harel’s idea of a configuration KIEL configurations in general only
contain simple states. If a macro state contains active states, it is also active and the
information would be redundant. A macro state can only be a part of the current
configuration, if it is suspended and so no one of its child states is active.

The main difference is that KIEL allows configurations to contain pseudo states.
Pseudo configurations are necessary to display intermediate results of an instant.
At the end of an instant a correct syncChart reaches a configuration without pseudo
states. Configurations are used as a key to generate and identify the current view
by the layouter and browser of KIEL. If the configuration changes, the current view
might change, too.
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3.3 The Simulator

3.3.3 The Reaction

The reaction is computed by a recursive algorithm. Every component of the sim-
ulator has a react() method. The components use return codes to inform their
parent elements about their current evaluation status. The evaluation of a parent
element depends only on the return code of its child elements. There is no need to
know what happened exactly. The most important return codes are:

DEAD :
A final simple state always returns DEAD. There is nothing a final simple state
can do. A macro state only returns DEAD, if all its STGs return DEAD. If a macro
state returns DEAD the surrounding cell might enable its normaltermination
transition.

DONE :
A cell returns DONE, if it enables a transition. If a cell returns DONE, the
surrounding STG passes the control to the target cell.

PAUSE :
A cell returns PAUSE, if it can not enable a transition. If a cell returns PAUSE,
the surrounding STG returns PAUSE, too. A macro state returns PAUSE if at
least one of its STGs returned PAUSE.

UNKNOWN :
UNKNOWN is returned, if a component can not decide, what to do next.

Since the status of all signals is set to UNKNOWN at the beginning of every instant,
a cell might evaluate a transition with a trigger that can not be evaluated yet. The
cell aborts its evaluation and returns UNKNOWN. If at least one component returns
UNKNOWN the evaluation is not finished and the backtracking mechanism will reach
every component that returned UNKNOWN later again. However, it is possible that
there is still not enough information to resume the evaluation. The easiest example
would be that a trigger waits for the absence of a signal. Since actions can only be
used to set a signals status to present, the simulator needs an additional mechanism
to decide, whether a signal is absent.

3.3.4 The Potential

As seen before, the actual emission of signals is not sufficient for the computation
to reach a stable configuration. The absence of signals is just as important as the
presence and the current value. If the simulation got stuck, it is obviously a very
bad idea to set the status of all not-present signals to absent. This would definitely
resume the evaluation, but what should happen, if one of these signals is emitted
later during the same instant?

The potential at a certain point of the computation is the set of signals that still
can be emitted. Every visible signal that is not part of the current potential and that
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3 Simulator

is still unknown can be set to absent. During the computation of the potential count
delays and guards are ignored. Only the immediate modifier and signal expressions
are regarded. The potential of ...

a list of actions is the set of all signals that are emitted.

simplestate is the potential of its oninside actions.

3}

a macrostate is the union of the potential of its oninside actions and the potential
of its regions.

a STG is the potential of its current cell.

a transition is the union of the potential of its actions and the potential of its target
cell.

3}

pseudo cell is the potential of its transitions.

a state cell is explained below.

The computation of the statecell starts with its strongabortion transitions. The
computation is aborted, if one of the transitions can be enabled. Otherwise the
potential of the onentry actions and the body of the cell are computed. The body is
omitted if the suspend connector evaluates to true. After that the potential of the
weakabortion transitions is computed, and again, if one transitions can be enabled,
the computation can be aborted. The potential of the normaltermination transition
is only computed, if the evaluation of the body discovers a possible path to a final
state in every region. Finally, if at least one transition can be enabled, the potential
of the onexit actions of this cell and all cells of the body that were reached during
its evaluation are computed. The final result is the union of all potentials.

The computation of a potential allows a large set of syncCharts to be simulated
and by the way detects syncCharts that are not constructive. Every syncChart
shown in is rejected during the simulation, because the potential discovers that
the simulation can not be resumed. However, the potential will only identify non-
constructive syncCharts, if a problem occurs at run-time.
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4 |Implementation

The previous chapter contains only a raw overview over the components of the
simulator. This chapter describes the implementation in detail using class diagrams
and many pseudo code examples.

The components of the simulator are located in ten different packages. To avoid
name conflicts between the KIEL data structure and other simulators most of the
classes have the name prefix STRL. The following sections describe the different
packages. All important classes and methods are explained as far as necessary to
understand the evaluation.

4.1 The Package kiel.simulator

This is the basic package for all simulators used in KIEL. The different simula-
tors are located in different subpackages. The syncChart simulator is located in
kiel.simulator.syncchart.

4.1.1 The Class SimulatorException

This is the basic class for all exceptions that occur during the simulation process.
Section [4.4] describes the different exceptions handled by the syncChart simulator.

4.1.2 The Interface Simulator

The interface Simulator must be implemented by all simulators used in KIEL.

setStateChart(StateChart) :
This method sets the KIEL statechart that is going to be simulated.

emit(Event) :
This method must be called for each pure input signal that should be present
during the next instant. Within the KIEL data structure the basic class is
called Event instead of Signal because of the UML basis.

emit(Event,int) :
This is the corresponding method for valued signals.

nextstep() :
After all input signals are set, this method is called to compute the instant.
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The result is a MacroStep object (see[4.2.1]) that now can be evaluated by the
KIEL browser.

reset() :
Resets the simulation, so that the next call of nextstep() starts with the first
instant again.

4.2 The Package kiel.configMngr

The package kiel.configMngr contains all classes to represent the results of the
simulation. This package is not part of the simulator package hierarchy because parts
of it are used by other KIEL modules that have nothing to do with the simulation.

Figure [4.1] shows the different classes that are used to describe what happens
during one instant. MicroStep is an interface for four different classes that describe
the current status of signals, states, transitions and values.

‘ MacroStep ‘

<<interface>>

MicroStep
SignalStatus ‘ ‘ StateStatus ‘ ‘ TransitionStatus ‘ ‘ ChangeValue ‘
SignalPresent ‘ 4 StateDeactivated TestTransition ‘ SignalValue ‘
SignalAbsent ‘ 4 StateTransient ExecuteTransition ‘ VariableValue ‘

4 OnEntry
4 OnExit

% StateStatusAndConfig

SignalUnknown ‘ % Onlnside ‘

StateActivated

StateSuspended

%{ Configuration

L

StateNotSuspended

Figure 4.1: Type hierarchy showing the different microsteps.
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4.2 The Package kiel.confighlngr

4.2.1 MicroSteps and MacroSteps

A syncChart evolves in discrete instants. During each instant, signal statuses, active
states and values might change. The class MacroStep contains nothing but a list
of MicroSteps that describe everything what happens in the instant and might be
interesting to view in the browser. The order of the microsteps within the macrostep
represents the order they occur during the evaluation. Although everything is said
to happen simultaneously this order implies a causality.

The Class SignalStatus

The class SignalStatus contains a reference to a signal that changes its current
status. The subclasses SignalPresent, SignalAbsent and SignalUnknown are used
to specify the status. A SignalAbsent object for example is inserted in the list of
microsteps at the moment the simulator discovers that no emit action for this signal
is reachable anymore in the same instant.

The Class StateStatus

The basic class StateStatus is used for everything that involves states. Each sub-
class has a reference to the corresponding state. OnEntry, OnInside and OnExit
objects are generated, if a state executes its onentry, oninside or onexit actions
respectively. StateTransient is generated if a state becomes transient due to an
immediate strongabortion. StateDeactivated is generated if a state is not transient
and enables an outgoing transition.

StateStatusAndConfig is the basic class for the remaining three subclasses. They
not only contain a reference to a state, but also a new configuration. New configu-
rations are generated if the set of active states changes. So StateActivated is gen-
erated if a state is reached by an incoming transition and not jumped over with an
immediate strongabort. The suspend connector might also influence the set of active
states. This circumstance is included with StateSuspended and StateNotSuspened.
The latter three microsteps might trigger the browser to receive a new view (possibly
containing a new layout) from the layouter.

The Class TransitionStatus

For transitions there are only two events worth mentioning. TestTransition is
generated if the trigger of a transition is tested. Due to the backtracking mechanism
a transition can be tested several times until it is determinable whether the trigger
is satisfied or not. ExecuteTransition is generated if a transition is taken.

The Class ChangeValue

These classes are generated if a signal or variable changes its current value. For single
signals a SignalValue is generated right at the moment the signal is emitted. For
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combine signals the microstep can not be generated until the simulator is sure that
the signal is not emitted any more during this instant. Contrary to signals variables
can change their values several times within one instant, so multiple VariableValue
objects can refer to the same variable and thus replace the value of their predecessor.

4.3 The Package kiel.simulator.syncchart.converter

This package contains 21 classes used to transform a KIEL statechart into the inter-
nal representation. The algorithm is straightforward because of the simple tree-like
structure. Each class transforms a specific component of the original chart and uses
recursive calls of other converter classes to transform the child elements.

It is assumed that the KIEL statechart is correct and contains only components
that are compatible with the syncChart simulator. Anyway exceptions are thrown
if for example a region does not have an initialstate

The only class used by the syncChart simulator is KielToSyncchart. The method
SyncChart convert(StateChart s) takes a kiel StateChart and returns an inter-
nal SyncChart.

4.4 The Package
kiel.simulator.syncchart.exceptions

This package contains different types of exceptions that can occur during the con-
version process or the simulation itself. Actually, it is assumed that the KIEL state-
charts are syntactically and semantically correct. That is why the exception concept
is not very complex. It was very helpful though during the early development stages
of both the simulator and the other KIEL modules.

STRLException :
This is the generic basic exception. It is thrown if for example the simulator
can not derive the status of a signal after the evaluation got stuck. This
happens when the syncChart is not constructive (see 3.2)).

STRLUninitializedReadException :
This exception is thrown, if a valued signal or variable is defined without a
default value and there is a read access before a value is assigned.

STRLSignalNotFoundException :
This exception is thrown, if a signal is used as part of a trigger or an action,
but not defined in the correct scope.

STRLIntegerSignalNotFoundException :
The same as above, but for valued signals.
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STRLVariableNotFoundException :
The same as above, but for variables.

STRLNotSupportedException :
This exception is thrown during the conversion process, if the statechart con-
tains an object that is not part of the SyncCharts syntax.

4.5 The Package kiel.simulator.syncchart.intexp

This package contains classes to construct integer expressions. As seen in figure
all classes implement the STRLIntegerExpression interface. The common interface
allows to construct almost arbitrary expressions.

<<interface>>
STRLIntegerExpression

} STRLIntegerOperator ‘

<‘ STRLIntegerSignal ‘ %

STRLIntegerAdd

% STRLIntegerConstant ‘

STRLIntegerSub

<‘ STRLPre ‘

<‘ STRLMinus

STRLIntegerDiv

STRLIntegerMult ‘

A I I E

% STRLIntegerBrackets ‘

STRLIntegerMod

<‘ STRLIntegerVariable ‘
L{ STRLVariableHandler ‘

Figure 4.2: Type hierarchy of the integer expression package.

4.5.1 The Interface STRLIntegerExpression

The interface STRLIntegerExpression contains only three methods:

getValue() :
The expression is evaluated using the current values of all used signals and
variables and the value is returned.

ready() :

ready () returns true if and only if every used signal or variable is ready. This
is explained in sections and [4.8] If an expression is not ready getValue ()
will return a wrong value or even throw an exception.
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getUsedVariables() :
Returns the set off all variables used within this expression. This is necessary
for the execution of actions (see [4.8)).

Using the usual tree structure, all methods concerned with integer expressions are
evaluated recursively. For example STRLIntegerAdd consists of two other integer
expressions and so the call of ready () returns true if both of the summands return
true. Integer expressions are used in assignments, valued emit actions, valued signal
and variable declarations, guards and counting delays.

4.5.2 The Class STRLVariableHandler

Each region uses a STRLVariableHandler to manage its local variables. The handler
is used to initialize the variables if the region is entered.

4.6 The Package kiel.simulator.syncchart.boolexp

Figure contains the classes of the Boolean expression package. The classes on
the left half, like STRLAnd or STRLPre, are used to construct arbitrary Boolean ex-
pressions with signals used as signal expressions to trigger transitions. The right
half contains the different STRLComparator classes. Each comparator contains two
integer expression that are compared with the corresponding operator if the expres-
sion is evaluated. Boolean expressions used as guards are not allowed to contain any
signal statuses.

Boolean expressions are evaluated with the method evaluate(). This method
might return three different constants: FALSE (ABSENT), TRUE (PRESENT) or UNKNOWN.
UNKNOWN is used if the Boolean expression can not be evaluated at the moment,
because a signal status is UNKNOWN or an integer expression is not ready. Figure [£.4]
shows how STRLAnd, STRLOr and STRLNot are evaluated depending on the evaluation
of their child expressions.

4.6.1 The Class STRLPre

The evaluation of STRLPre is not obvious for arbitrary signal expressions. There
is a problem if pre is applied to a signal that was not active during the previous
instant and thus does not have a valid status in the previous instant. That is why
signals use two helping methods that deal with the initial status.

pre_0Q) :
Returns the previous status of the signal or ABSENT if the signal has no previous
status.

pre_10) :
Returns the previous status of the signal or PRESENT if the signal has no
previous status.
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<<interface>>
STRLBooleanExpression

} STRLComparator ‘

{ STRLTrue ‘ { STRLEqual ‘
{ STRLFalse ‘ { STRLNotEqual ‘
# STRLNot ‘ { STRLLessThan ‘
% STRLANd ‘ % STRLLessOrEqual ‘
# STRLOr ‘ { STRLGreaterThan ‘
# STRLBrackets ‘ % STRLGretaterOrEqual ‘
% STRLPre ‘

{ STRLSignal ‘

Figure 4.3: Type hierarchy of the Boolean expression package.

STRLANd

right true false unknown
left
true true false unknown
STRLNot
false false false false
not
unknown unknown false unknown
true false
STRLOr false true
right
left true false unknown unknown unknown
true true true true
false true false unknown
unknown true unknown unknown

Figure 4.4: Evaluation of and, or and not using true, false and unknown.
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Now the previous operator can be defined by structural induction for arbitrary
signal expression e, el and e2.
pre( e ) =pre_0( e )
pre_0( el and e2 ) = pre_0( el ) and pre_0( e2 )
pre_1( el and e2 ) =pre_1( el ) and pre_1( e2 )
pre_0( el or e2 ) = pre_0( el ) or pre_0( e2 )
pre_1( el or e2 ) =pre_1( el ) or pre_1( e2 )
pre_0O(not e) = not pre_1( e )
pre_1(not e) = not pre_0( e )

The benefit from this definition is that both pre( S ) and pre( not S ) return
ABSENT, if the signal S has no previous status.

4.7 The Package kiel.simulator.syncchart.sigexp

The package sigexp contains all classes concerning signals. Figure contains an
overview of all the signal classes.

‘ STRLSignal }%{ STRLSignalHandler ‘

‘ } STRLIntegerSignal ‘

STRLPureSignal ‘

STRLSingleSignal ‘

STRLSignalTick ‘

STRLCombineSignal ‘
ZD STRLSignalTrue ‘

STRLCombineWithAdd ‘

STRLCombineWithMult ‘

Figure 4.5: Type hierarchy of the different signal types.

4.7.1 The Class STRLSignal

STRLSignal is an abstract class used as basis for all signals. STRLSignal contains
private fields to store the currentStatus and the previousStatus and several
methods to access and change these values. Every change of the current status will
generate a SignalStatus microstep that is appended to the current microstep list.
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4.7.2 The Class STRLPureSignal

STRLPureSignal inherits all its methods from STRLSignal and adds:

initializeStatus() :
Resets both the current and the previous value to UNKNOWN. This method is
called if the scope of this signal is entered.

resetStatus() :
This method is called if the scope of the signal becomes active again. The old
current status is stored in the previous status and the current status is set to
UNKNOWN.

emit() :
Sets the current status to PRESENT.

update(Collection signals) :
This sets the status of the signal to ABSENT if the current status is still UNKNOWN
and the given collection does not contain this signal.

4.7.3 The Class STRLSignalTick

This is the predefined signal tick and this class does nothing but return PRESENT
when evaluated.

4.7.4 The Class STRLSignalTrue

This class also always returns PRESENT when evaluated. This class is used for empty
transition triggers.

4.7.5 The Class STRLIntegerSignal

STRLIntegerSignal is an abstract basic class for all valued signals. In addition to
the status, a valued signal also stores a current and previous value. A STRLInte-
gerSignal is constructed with an optional STRLIntegerExpression that is evaluated
as a default value, when the scope of the signal is reached. STRLIntegerSignal con-
tains a Boolean flag ready that is true if the value of the signal is readable.

The Class STRLSingleSignal

The emitValue(int value) method sets the current value to the given value and
sets the ready flag to true. The method ready() inherited from
STRLIntegerExpression will now return true, and the new value is accessible. If
the signal is emitted twice within one instant an exception is thrown.
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The Class STRLCombineSignal

STRLCombineSignal is an abstract class as basis for STRLCombineWithAdd and

STRLCombineWithMult. The main difference is that combine signals can be emitted
arbitrary times within one instant. The current value is accumulated using the
appropriate combining function. A combine signal sets its ready flag to true only if
the simulator discovers that no emit value action for this signal is reached anymore.

4.7.6 The Class STRLSignalHandler

Each macro state uses a STRLSignalHandler to manage its local signals. The han-
dler can initialize the signals, if the state is newly entered, or reset the signals, if
the state was already active in the previous instant.

4.8 The Package kiel.simulator.syncchart.action

This package contains everything concerning actions. Actions are not only used to
emit pure and valued signals, to assign new values to variables but also to initialize
signals, variables and transitions. Initializing actions are usually executed if the
scope of the object is reached.

‘ STRLActions ‘

‘ STRLAction }%{ STRLDelayedAction }%{STRLDeIayActionHandler

% STRLAssignment ‘

4 STRLEmitSignal ‘

% STRLEmiItValuedSignal ‘

4 STRLInitialize Transition ‘

4 STRLInitializeSignal ‘

% STRLInitializeSignal ‘

Figure 4.6: The type hierarchy of the action package

Figure [4.6] shows the different action classes.

4.8.1 The Class STRLAction

STRLAction is the abstract basic class for all actions. Each action must implement
the following methods:
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execute() :
This executes the action.

ready() :
This returns true, if the action can be executed. Since all actions are involved
with integer expression, the call to ready () is passed the the particular integer
expression.

getVariablesRead() :
Returns a list of all variables that are read to execute this action.

getVariableWritten() :
Returns the variable that is written or NULL if the action is not an
STRLAssignment.

getPotential () :
This returns a set containing the signal that is emitted or an empty set for
other actions. The potential concept is used to derive which signals are
ABSENT, if the simulation freezes.

The Class STRLAssigment

STRLAssignment is used to assign the value of an integer expression to a variable.

The Class STRLEmitSignal

STRLEmitSignal is used to emit a pure signal. Valued signals can not be emitted
without a value.

The Class STRLEmitValuedSignal

STRLEmitValuedSignal is used to emit either a single signal or a combine signal
with the value of an integer expression.

The Class STRLInitializeSignal

If a macro state is reached and its body becomes active, the STRLInitializeSignal
action is used to assign the default value to all local signals.

The Class STRLInitializeVariable

Variables are initialized in the same way as signals.
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The Class STRLInitializeTransition

Transitions need to be initialized, if they have an integer expression used as a count
delay in the trigger part. If a state is reached its strongabortion transitions need
to be initialized at first. The weakabortion transitions are not initialized until the
reaction of the states body has finished.

The Class STRLActions

The class STRLActions merges different actions into one list. States and transitions
have only references to STRLActions objects and not to many STRLAction objects.

4.8.2 Delayed Action Handling

Every time an action is reached the possibility exists that the action can not be
executed yet, because it depends for example on another signal that is not ready.
A single signal is said to be ready, if it was emitted during this instant, or if the
simulator discovers that the signal will not be emitted at all. A combine signal is
only said to be ready, if the simulator discovers that it will not be emitted any more
during this instant. As long as a signal is not ready, its value can not be accessed.
If an action can not be executed immediately it becomes wrapped with a
STRLDelayedAction and is then handled by the STRLDelayedActionhandler. The
execution of an action does not effect the state or transition this action was assigned
to.

DelayExample_1

Y 9
OINe

I A(?B)

AIB(5)

Figure 4.7: Delayed action handling

Figure [4.7] can be used to show how the delayed action handling works. In the
first instant the states S7 and S2 become active. The simulator uses a single thread
so the second instant might start with the left region. The transition can not be
enabled because the status of the signal A is still unknown. The evaluation of the
left region is aborted and the right region is evaluated. The transition is enabled
and the signal A should be emitted with the value of the signal B. Since B is not
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ready, the value can not be accessed. The emission of A becomes delayed but the
transition is taken anyway. For valued signals the emission of the status and value
are separated. So A is now present and the evaluation of the right region is finished
in state S4. Now that A is present the evaluation of the left region is resumed and
the transition is taken. S2 becomes active and B is emitted with the value 5. Now
the evaluation of the syncChart is finished, but there is still one delayed action left.
Since B is ready now A can finally receive the value.

The Class STRLDelayedActionHandler

The STRLDelayedActionHandler handles action and constructs delayed action. Ev-
ery action that can not be executed immediately is inserted in the set of delayed
action. Every time the simulation got stuck the handler tries to execute the delayed
actions again.

The Class STRLDelayedAction

To simplify the decision whether an action can be executed or must be delayed,
every action that is reached is immediately wrapped by a STRLDelayedAction. The
constructor of the delayed action constructs a set of references to other delayed
actions that this action depends on. So a delayed action can only be executed if
its set of depending actions is empty. As seen before, actions depend on other
actions if signals are not ready. However, not ready signals might also delay the
assignments to a variable. Every action reached after this assignment might depend
on that variable. That is what the getUsedVariables(), getVariablesRead() and
getVariablesWritten() methods are for.

So if a delayed action is constructed it depends on every other delayed action that

1. writes a variable that is read in this action.
2. uses a variable that is written by this action.

3. emits a signal with a value that is read in this action.

Figure 4.8/ shows a more complicated example that is easily handled with delayed
actions.

4.9 The Package
kiel.simulator.syncchart.transition

Figure [4.9 shows the classes of the transition package.
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DelayExample_2

variable: x : integer at the end of the

second instant:
e [ A(1), x:=?B+1,C(x+1) e

Onlnside: E(?D+2)
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E / B(?A+1),y:=?C+1,D(y)
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OnEntry: y:=y+1

variable: y : integer

actions are reached in this order

A(l) x=?B+l-€—C(x+1) E(?D+2) B(?A+1) y:=?C+1«— D(y) «— y:=y+1

the arrow points to the actions that have to be executed first

the resulting order looks like (the latter two may be executed in any order):

A1) B(?A+1) x:=?B+1 C(x+1) y:=?C+1 D(y) y:=y+1 E(?D+2)

Figure 4.8: Interdependence of different regions is solved with delayed action han-
dling

‘ STRLDelayExpression ‘ ‘ STRLBooleanExpression ‘ ‘ STRLActions ‘

trigger guard effect

target
‘ STRLReactiveCell }%{ STRLTransition HSTRLTransitionHandler‘

‘STRLNormaITermina’[ion ’»ﬁ STRLStrongAbortion ‘

‘ STRLImmediateTrans F% STRLWeakAbortion ‘

Figure 4.9: Classes of the transition package
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4.9.1 The Class STRLDelayExpression

The class STRLDelayExpression is used to combine the immediate modifier, the
count delay and the signal expression (immediate modifier and count delay are
still exclusive). The STRLDelayExpression counts how often the signal expression
was satisfied and compares this with the actual value of the count delay. A delay
expression is evaluated with a call to evaluate(boolean firstInstant). The
return value is as usual one of the following constants: NOTSATISFIED, SATISFIED or
UNKNOWN. The Boolean flag firstInstant indicates whether this is the first instant
for the source state. At the first instant all delay expression without the immediate
flag will return NOTSATISFIED without any further computations. As usual, the
return value is UNKNOWN if the signal expression can not be evaluated.

4.9.2 The Class STRLTransition

STRLTransition is the abstract basic class for the different transition types. It
contains the following fields and methods:

STRLDelayExpression delayExp :
The trigger of the transition.

STRLBooleanExpression guard :
The Boolean guard is evaluated only after the trigger returned SATISFIED.

STRLActions effect :
The list of actions is executed if both the trigger and the guard are satisfied.

STRLReactiveCell target :
The target is a cell instead of a state. The cell concept is used to separate the
state and its body from its outgoing transitions. This is explained in section

4. 101

boolean entersHistory :
This flag is true, if the target state is entered through a history connector.

evaluate(boolean firstInstant) :
This method is used to evaluate the trigger and guard of the transition. There
are three return constants: ENABLED, NOTENABLED and UNKNOWN.

execute() :
This finally executes the actions of the transition.

The subclasses STRLStrongAbortion, STRLWeakAbortion,

STRLNormalTermination and STRLImmediateTrans are used for the different tran-
sition types.

41



4 Implementation

4.9.3 The Class STRLTransitionHandler

The STRLTransitionHandler is used to handle outgoing transitions of the same
type. A macro state (more precisely its surrounding cell) uses three transition
handlers for its outgoing transitions.

A STRLTransitionHandler provides the following methods:

init () :
This method is used to initialize the count delay of the transitions.

evaluate(boolean firstInstant) :
This evaluates the transitions. Starting with the transition with the highest
priority until a transition is reached that evaluates to SATISFIED or UNKNOWN.
If the result is UNKNOWN the evaluation of this handler/state/region is aborted
and later resumed with the evaluation of the same transition. If the result is
SATISFIED, the evaluation is stopped and the transition can be taken.

execute() :
This is called after the handler has found a satisfied transition.

The evaluate method of the transition handler returns one of three return codes:
e FALSE: No transition can be enabled.
e TRUE: A transition can be enabled.
e UNKNOWN: It is unknown whether a transition can be enabled or not.

If the transition handler executes a transition, it also prepares the target state,
so that the targets reaction can be computed next.

4.10 The Package kiel.simulator.syncchart

The package syncchart contains the main classes that represent the internal sync-
Chart structure and are used to compute the reactions. Figure 4.10| shows a raw
type overview of the classes in this package and figure shows a detailed view of
the interaction and association between the classes of the former packages. The cells
are used to separate the evaluation of the outgoing transitions from the source state
itself. The name originates from the look of the states and transitions compared to
(nerve) cells and dendrites. The idea is that the reaction is computed by cells that
communicate via dendrites with each other.
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4.10 The Package kiel.simulator.syncchart

‘ STRLReactingComponent ‘
‘ STRLDelayedActionHandler ‘
STRLReactiveCell
STRLSimulator
—{ STRLPseudoCell
SyncChart
STRLStateCell
STRLConditionalCell ‘
STRLState }<
STRLInitialCell ‘
STRLSimpleState STRLSuspend
STRLMacroState
STRLSTGHandler
STRLSTG ‘

Figure 4.10: Overview of the most important classes in the package: syncchart.

STRLSuspend ‘ ‘ STRLTransitionHandler }%{ STRLTransition
suspend strongAbort

weakAbort

normTerm
onEntry
onExit

STRLStateCell ‘ }‘ STRLActions
body oninside
STRLState ‘

STRLSimpleState

signals
STRLMacroState }%{ STRLSignalHandler
stgs
STRLSTGHandler
variables
stgs STRLVariableHandler ‘
STRLReactiveCell }%{ STRLSTG
currentCell STRLInitialCell
cells

Figure 4.11: Important associations between classes of different packages
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4.10.1 The Class STRLReactingComponent

STRLReactingComponent is the basic class whose methods must be implemented by
all classes that are involved in the reaction. The most important methods are:

getActiveStates() :
This method works itself recursively through the hierarchy tree and finally
returns the set of active states (the configuration).

prepareForNext () :
Many components use flags that need to be reset before the next evaluation.
A STRLStateCell contains the flag firstInstant that is true, if it is the first
instant for the corresponding state. This flag must be set to false, if the next
instant is evaluated.

deepEnter (boolean throughHistory) :
This method is called recursively, if a macro state is entered, to inform all
contained components. The flag throughHistory tells whether the state was
entered with a history connector or not. If the flag is true, variables, signals
and count delays are not reset.

deepExit () :
If a state is exited, this method is used to execute the onexit actions of its
child states.

react() :
This is the most important method to compute the reaction. The react ()
method can return four different constants: DEAD, DONE, PAUSE or UNKNOWN.

update(Collection signals) :
This method is used to set currently unknown signals to absent, if no emit
action is reachable anymore.

4.10.2 The Class STRLSimulator

The most important method of the STRLSimulator is nextStep(), which is called
by the browser. The following listing shows a simplified version.

MacroStep nextStep (){

int code = UNKNOWN;

while (code =— UNKNOWN) {
this.somethingchanged = false;
code = this.syncChart.react ();
this. handler.execute ();
Collection potential = this.syncChart.getPotential;
potential .addAll(this.handler.getPotential ());
syncChart.update (potential );
if (code =— UNKNOWN && !this.somethingchanged) {
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throw this.createException(potential);

}
}
boolean test = false;
while (!test) {
this.somethingchanged = false;
test = this.handler.execute ();
Collection potential = this.handler.getPotential ();
this.syncChart.update(potential );
if (!this.somethingchanged && !test) {
throw this.createException(potential);

¥
}
this.instant-++;
MacroStep result = this.macroStep;
this.macroStep = new MacroStep(this.instant );
this.syncChart . prepareForNext ();
return result;

}

lines 3 - 13 :
As long as the syncChart returns UNKNOWN the reaction has not finished. To
avoid an infinite loop a flag somethingchanged is set to false at the beginning
of every iteration. This flag is true, if a signal changes its status or value, a
variable changes its value or a state changes its status (active, suspended).

line 6 :
The delayed action handler tries to execute the delayed actions.

line 7 :
The syncChart returns its potential. The potential is the set of signals that

still can be emitted (see [3.3.4]).

line 8 :
The potential of the delayed action handler is added.

line 9 :
All signals that are visible in the current scope are updated. Every signal that
has still an unknown status is set to absent, if not contained in the potential.

line 10 :
If the syncChart returns UNKNOWN, but nothing has changed, nothing would
change in the next iteration. The syncChart is not constructive, an exception
is thrown, the simulation is aborted.

line 14 - 23 :
After the syncChart returns a different code (the reaction has finished), there
can still be some delayed actions. And if these can not be executed completely,
the syncChart is not constructive.
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line 17 :
The execute method of the delayed action handler returns true, if all actions
have been executed.

line 24 - 28
The reaction has finished, all actions have been executed. The MacroStep
object in line 25 was global accessible and contains every microstep that was
generated during the evaluation.

4.10.3 The Class STRLState

STRLState is a basic class that contains various fields and get/set methods common
to both simple states and macro states.

4.10.4 The Class STRLSimpleState

The reaction of a simple state is very easy.

int react () {
if (this.isFinal()) {
return DEAD;
} else {
if (!this.onlnsideExecuted) {
if (!this.getOnlnside ().isEmpty()) {
this.getOnlnside (). execute ();

}
this.onlnsideExecuted = true;
}
return PAUSE;
}
}
line2 -4 :
The syncChart structure does not contain special final states. Each state has
a flag instead that is true, if the state is final. So if the state is a final state,
it returns DEAD. Final states do not have oninside actions.
line5 - 13 :

At first it is checked, if the oninside actions have not been executed yet. This is
necessary because of the iterated call of the react () method. The actions are
executed, if they are not empty, the flag is set to true, and PAUSE is returned.

4.10.5 The Class STRLMacroState

The reaction of a STRLMacroState is still quite easy. A macro state uses a status
value to store its last action. The status value is used to resume the reaction where
it was aborted.
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int react () {
if (!this.onlnsideExecuted) {
if (!this.getOnlnside ().isEmpty()) {
this.getOnInside (). execute ();

}

this.onlnsideExecuted = true;
}
switch (this.position) {
case (INITSIGNALS):
return this.initSignals ();
case (RESETSIGNALSTATE):
return this.resetSignalStatus ();
default:
return this.reacting ();
}

}

int reacting () {
if (this.lastResultOfSTGs = UNKNOWN) {
this.lastResultOfSTGs = this.stgs.react ();

}
return this.lastResultOfSTGs;
}
line2-7:
A macro state executes its oninside actions like a simple state.
line 8 :
The value position is used to select the right method. If the macro state is
entered for the first time or reentered without a history connector the value is
set to INITSIGNALS. If the macro state is still active at the end of an instant,
the value is set to RESETSIGNALSTATUS.
line 10 :
The method initSignals() executes the STRLInitializeSignal actions for
the local signals. After that, the method reacting() is called.
line 12 :
The method resetSignalStatus() prepares the local signals. The different
reset methods store the old current status and values in the previous status
and value and set the new current status to UNKNOWN. After that, the method
reacting() is called.
line 18 - 23 :

The method reacting passes the call to the different regions of the macro
state. The class for a region is called STRLSTG (stg - state transition graph).
The STRLSTGHandler handles the reaction of the stgs. The macro state stores
the last return value. If the value is not UNKNOWN, the regions either returned
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DEAD or PAUSE and have nothing left to to. The macro state returns the code
of its regions.

4.10.6 The Class STRLSTG

The class STRLSTG represents a region. An stg contains a set of reactive cells, one
STRLInitialCell and one reference to the currentCell. If the region is entered or
reentered without a history connector, the currentCell points to the initial cell.
Like the macro state, the stg needs a position value to resume the reaction at the
right point.
int react () {
if (this.lastResult = UNKNOWN) {
if (this.position = INITIALIZING) {
return this.initializing ();

1 else {
return this.executing ();

}
} else {

return this.lastResult;
}

}

int executing () {
if (this.lastResult = UNKNOWN) ({
do {
this.lastResult = this.currentCell.react ();
if (this.lastResult = DONE) {
this.currentCell = this.currentCell.nextCell ();

} while (this.lastResult =— STRLReactingComponent .DONE);
}

return this.lastResult;

line 2 :
The stg stores the last value of its reaction to avoid redundant computations.

line 3 :
position is either INITIALIZING or REACTING. If the region is entered or
reentered without a history connector, position is set to INITIALIZING.

line 4 :
The method initializing() is used to execute the STRLInitializeVariable
actions for the local variables. After that the method executing() is called.

line 13 - 23 :
The stg reacts as long as the current cell returns DONE. Actually the current
cell is allowed to change arbitrary times (except for infinite immediate loops).
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If a cell returns DONE, it has enabled and already executed a transition. The
method nextCell() returns the target of that transition. If the cell returns
UNKNOWN, the react() method will be called again later. If the cell returns
DEAD or PAUSE, the value is returned.

4.10.7 The Class STRLSTGHandler

The STRLSTGHandler is used to handle the regions/stgs for a macro state. The call
of react () is simply passed to all stgs.
int react() {
int maximum = DEAD;
Iterator iter = this.stgs.iterator ();
while (iter.hasNext()) {
STRLSTG next = (STRLSTG) iter.next ();
int temp = next.react ();
if (temp > maximum) {
maximum = temp;

}
}

return maximum;

Every stg is allowed to react once, and the maximum of the return codes is re-
turned. It is essential that DEAD < DONE < PAUSE < UNKNOWN. So if all stgs return
DEAD the surrounding macro state will also return dead and thus activate its normal-
termination transition. If no stg returns UNKNOWN but at least one return PAUSE the
macro state will return PAUSE, too. If at least one stg return UNKNOWN, this method
is called again later.

4.10.8 The Class STRLSuspend

The STRLSuspend is used by the STRLStateCell to decide whether the body of the
cell should be suspended or not. STRLSuspend contains a signal expression and an
immediate flag. The evaluate(boolean firstInstant) works like the evaluation
of transition triggers.

4.10.9 The Class STRLReactiveCell

STRLReactiveCell is the small basic class for all cells, so that the stg does not need
to distinguish between normal states and pseudo states.

4.10.10 The Class STRLPseudoCell

STRLPseudoCell is a basic class for STRLIntialCell and STRLConditionalCell. A
pseudocell only contains a transition handler with at least one immediate transition.
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1 int react () {
2 int code = this.handler.evaluate ();
3 if (code = FALSE) {
4 throw new STRLException("...");
5 } else if (code =— UNKNOWN) {
6 return UNKNOWN;
7 } else {
8 this.setNextCell (this.handler.nextCell ());
9 this. handler.execute ();
10 return DONE;
11 }
12 1
line 4 :
If the handler returns FALSE the pseudo state can not be left in this instant.
The default transition is missing.
line 7 - 10 :
If a transition can be enabled, a reference to the target cell is stored for the sur-
rounding stg. The actions of the transition are executed and DONE is returned.
The surrounding stg will continue with the target cell.
There is no difference between the behavior of a conditional cell and an initial
cell.
4.10.11 The Class STRLStateCell
STRLStateCell is the largest class (700 lines, including javadoc). Most of the re-
action of a syncChart takes place in state cells. The react method contains a large
switch-statement.
1 int react() {
2 switch (this.position) {
3 case RESETSA:
4 return this.resetSA ();
5 case CHECKSA:
6 return this.checkSA ();
7 case CHECKENTRY:
8 return this.checkEntry ();
9 case CHECKSUSP:
10 return this.checkSusp ();
11 case EXECUTEBODY:
12 return this.executeBody ();
13 case STRLStateCell .CHECKWA:
14 return this.checkWA ();
15 case STRLStateCell .CHECKNT:
16 return this.checkNT ();
17 case STRLStateCell . EXIT:
18 return this.exit ();
19 }
20 }

20



N OO WD

00 O Uik Wi

© 00 O Ui Wi

4.10 The Package kiel.simulator.syncchart

There are eight different position codes, but the reaction can only be aborted and
later resumed at CHECKSA, CHECKSUSP, EXECUTEBODY and CHECKWA. Only the signal
testing can freeze the reaction.

A state cell always starts its reaction with RESETSA.

int resetSA () {
if (this.isFirstInstant) {
this.strongAbort.init ();
}

this. position = CHECKSA;
return this.checkSA ();

}

The strongabortion transitions are only reset, if it is the first instant of this state
cell. Finally the method checkSA() is called.

int checkSA (){
int check = this.strongAbort.evaluate (this.isFirstInstant );
if (check = UNKNOWN) {
return UNKNOWN;
} else if (check FALSE) {
this. position = CHECKENTRY;
return this.checkEntry ();

} else {
if (this.isFirstInstant) {
this.isTransient = true;
}

this.exitHandler = this.strongAbort;
this. position = EXIT;
return this.exit ();

At first the transition handler for the strongabortion transitions is evaluated. If
the handler return UNKNOWN the state cell also returns UNKNOWN. If react () is called
again later, the evaluation will continue with the strongabortion transitions. If no
transitions is enabled, the method checkEntry () is called. If a transition is enabled,
the state cell might become flagged transient, if this is the first instant of this cell.
The strongabortion handler is assigned to the exitHandler, so that it can be used
in the exit () method. The exit handler is used, so that the exit () method does
not need to know, what type of transition was enabled.

int checkEntry () {
if (this.isFirstInstant) {
if (!this.onEntry.isEmpty()) {
this.onEntry.execute ();

}
}
this. position = CHECKSUSP;
return this.checkSusp ();
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The onentry actions are only executed, if it is the first instant of this cell. After

that, the state cell checks the suspend connector.

ch

eckSusp () {
int check = this.suspend.evaluate(this.isFirstInstant );
if (check = TRUE) {

this.bodyCode = PAUSE;

this.isSuspended = true;

return this.resetWA ();
} else if (check = FALSE) {

if (this.isSuspended) {

this.isSuspended = false;
}

this. position = EXECUTEBODY;
return this.executeBody ();

} else {
return UNKNOWN;

¥

If the suspend connector evaluates to true, the evaluation of the body of the

cell is overridden by manually setting the bodyCode to PAUSE. The next method is

re
re

setWA (), which resets and then checks the weakabortion transitions equivalent to
setSA() and checkSA(). If the suspend connector returns false (every state cell

has a default connector that always returns false), the body is finally executed with
executeBody (). If the flag isSuspended is true, it is now set to false. If the flag
was true, the body was suspended during the last instant.

in

t executeBody () {
this.bodyCode = this.body.react ();
if (this.bodyCode — UNKNOWN) {
return this.bodyCode;
} else {
return this.resetWA ();
}

This method finally closes the circle of recursive calls of react(). The body of

a state cell is a either a macro state or a simple state. Unless the body returns
UNKNOWN, the evaluation continues with the weakabortion transitions.

The handling of the weakabortion transitions is exactly like the handling of the

strongabortion transitions. If no weakabortion transition can be enabled, the nor-
maltermination transition is checked.

in
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t checkNT () {
if (this.bodyCode — DEAD) ({

int check = this.normTerm.evaluate (false);

if (check = STRLTransitionHandler . TRUE) {
this.exitHandler = this.normTerm;
this. position = EXIT;
return this.exit ();

} else if (check = FALSE) {
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if (this.body.isFinal()) {
return DEAD;

} else {
return PAUSE;

} else {
return UNKNOWN;

}
1 else {

return PAUSE;
}

}

The normaltermination transition is only evaluated, if the body returned DEAD.
The evaluation looks similar to the evaluation of other transitions, but a state can
only have one normaltermination transition, and this transition has no trigger or
guard. So the handler will always evaluate to TRUE of FALSE, depending on the
presence of such transition. If no transition is available, it is checked, whether the
body is a final state. A final macro state those regions have terminated, propagates
the return code DEAD to its own surrounding region. Otherwise the method will
return PAUSE and the evaluation of the cell is finished.

There is still some work to to, if a transition was enabled.
int exit () {

if (!this.isTransient) {
this.deepExit ();
}

this.setNextCell (this.exitHandler.nextCell ());
this.exitHandler.execute ();
return DONE;

The method deepExit () is only called, if the state cell is not transient (transient
cells do not execute their onentry actions, either). The exit handler contains the
right transition handler. The next cell is set and the transition is executed. DONE is
returned, so that the surrounding stg can continue with the target.
void deepExit () {

if (!this.body.hasDeepHistory()) {
this.body.deepExit ();
}

if (lonExit.isEmpty()) {
this.onExit.execute ()
}

)

}

The deepExit () method is used to recursively execute the onexit actions of all
active child states. These actions are only executed, if the body state does not
contain a history connector.
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5

Future Work

The following list shows possible valuable extensions:

10.

. Additional primitive types, such as float, double and long.

. Upgrading the exception handling.

Reintegration of parsers for the different kind of labels into the conversion
routine in order to avoid conflicts with other modules.

The next operator to emit a signal in the next instant.

Run modules to introduce reusability of components and reduce redundancy.

. An interface to a host language to access external defined functions and types.

Detect concurrent variable read /write issues.

Teztual macro states to support inline Esterel code (perhaps by using the
diploma thesis of Lars Kiihl [12] to convert Esterel code into SyncCharts).

Refinement of the potential computation. Every refinement will increase the
set of syncCharts that can be simulated.

Modifications to the simulator to perform a static constructiveness analysis.
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6 Conclusions

SyncCharts have a rather simple syntax, but the resulting behavior can be arbitrary
complex. Compared to Harel’s Statecharts the determinism of SyncCharts is very
appealing, despite of the necessity to deal with constructiveness. Experience in
synchronous programming with Esterel is a good prerequisite in order to work with
SyncCharts.

The different components of SyncCharts are mapped to the design of the sync-
Chart simulator. The semantics of SyncCharts is described and implemented in a
comprehensible operational way. The results of the simulation are very detailed and
the separate KIEL browser can choose how detailed the results are finally displayed
to the user.
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