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Finite State Machine Concepts
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Stateflow charts can contain sequential decision logic based on state machines. A finite state machine
is a representation of an event-driven (reactive) system. In an event-driven system, the system makes
a transition from one state (mode) to another, if the condition defining the change is true.

For example, you can use a state machine to represent the automatic transmission of a car. The
transmission has these operating states: park, reverse, neutral, drive, and low. As the driver shifts
from one position to another, the system makes a transition from one state to another, for example,
from park to reverse.

Finite State Machine Representations

Traditionally, designers used truth tables to represent relationships among the inputs, outputs, and
states of a finite state machine. The resulting table describes the logic necessary to control the
behavior of the system under study. Another approach to designing event-driven systems is to model
the behavior of the system by describing it in terms of transitions among states. The occurrence of
events under certain conditions determine the state that is active. State-transition charts and bubble
charts are graphical representations based on this approach.

Stateflow Chart Representations

A Stateflow chart can contain sequential and combinatorial logic in the form of state transition
diagrams, flow charts, state transition tables, and truth tables. A state transition diagram is a
graphical representation of a finite state machine. States and transitions form the basic building
blocks of a sequential logic system. Another way to represent sequential logic is a state transition
table, which allows you to enter the state logic in tabular form. You can also represent combinatorial
logic in a chart with flow charts and truth tables.

You can include Stateflow charts as blocks in a Simulink® model. The collection of these blocks in a
Simulink model is the Stateflow machine.

A Stateflow chart enables the representation of hierarchy, parallelism, and history. You can organize
complex systems by defining a parent and offspring object structure. For example, you can organize
states within other higher-level states. A system with parallelism can have two or more orthogonal
states active at the same time. You can also specify the destination state of a transition based on
historical information.

Notation

Notation defines a set of objects and the rules that govern the relationships between those objects.
Stateflow chart notation provides a way to communicate the design information in a Stateflow chart.

Stateflow chart notation consists of these elements:

* A set of graphical objects
* A set of nongraphical text-based objects

* Defined relationships between those objects
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Semantics
Semantics describe how to interpret chart notation. A typical Stateflow chart contains actions

associated with transitions and states. The semantics describe the sequence of these actions during
chart execution.

Bibliography
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. “Model Reactive Systems in Stateflow” on page 4-2
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. “Specify Properties for Stateflow Charts” on page 28-2
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The Stateflow Chart

To get hands-on experience using Stateflow software, you will build a Stateflow chart in incremental
steps that follow the basic workflow described in “Model Reactive Systems in Stateflow” on page 4-
2.

You will build a Stateflow chart that maintains air temperature at 120 degrees in a physical plant. The
Stateflow controller operates two fans. The first fan turns on if the air temperature rises above 120
degrees and the second fan provides additional cooling if the air temperature rises above 150
degrees. When completed, your Stateflow chart should look something like this:

1
-

du: airflow = infFAMNT. QM + in(FANZ. O n;
e - - v,

i
1
I
I
1
1
I
I
L]

SWITCH SWITCH

As you can see from the title bar, the chart is called Air Controller and is part of a Simulink model
called sf_aircontrol. When you build this chart, you will learn how to work with the following
elements of state-transition charts:

Exclusive (OR) states. States that represent mutually exclusive modes of operation. No two
exclusive (OR) states can ever be active or execute at the same time. Exclusive (OR) states are
represented graphically by a solid rectangle:

.

The Air Controller chart contains six exclusive (OR) states:

1-4
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* PowerOn
* PowerOff
* FAN1.0On
* FAN1.Off
* FAN2.0n
* FAN2.0Off

Parallel (AND) states. States that represent independent modes of operation. Two or more
parallel (AND) states at the same hierarchical level can be active concurrently, although they execute
in a serial fashion. Parallel (AND) states are represented graphically by a dashed rectangle with a
number indicating execution order:

)]

The Air Controller chart contains three parallel (AND) states:

P ——
P ——

* FAN1
* FAN2
* SpeedValue

Transitions.  Graphical objects that link one state to another and specify a direction of flow.
Transitions are represented by unidirectional arrows:

The Air Controller chart contains six transitions, from

* PowerOn to PowerQff
* PowerOQff to PowerOn
* FAN1.0nto FAN1.Off
* FAN1.0ff to FAN1.0On
* FAN2.0nto FAN2.O0ff
* FAN2.0ff to FAN2.0n

Default transitions. Graphical objects that specify which exclusive (OR) state is to be active
when there is ambiguity between two or more exclusive (OR) states at the same level in the hierarchy.
Default transitions are represented by arrows with a closed tail:

|

The Air Controller chart contains default transitions:

* At the chart level, the default transition indicates that the state PowerOff is activated (wakes up)
first when the chart is activated.

1-5
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* Inthe FAN1 and FAN2 states, the default transitions specify that the fans be powered off when the
states are activated.

State actions. Actions executed based on the status of a state.
The Air Controller chart contains two types of state actions:

* entry (en) action in the PowerQOff state. Entry actions are executed when the state is entered
(becomes active).

* during (du) action in the SpeedValue state. During actions are executed for a state while it is
active and no valid transition to another state is available.

Other types of state actions

There are other types of state actions besides entry and during, but they involve concepts that go
beyond the scope of this guide. For more information, see “Syntax for States and Transitions”.

Conditions. Boolean expressions that allow a transition to occur when the expression is true.
Conditions appear as labels for the transition, enclosed in square brackets ([ 1).

The Air Controller chart provides conditions on the transitions between FAN1.0n and FAN1.0ff, and
between FAN2.0n and FAN2.0ff, based on the air temperature of the physical plant at each time
step.

Events. Objects that can trigger a variety of activities, including:

* Waking up a Stateflow chart
» Causing transitions to occur from one state to another (optionally in conjunction with a condition)
* Executing actions

The Air Controller chart contains two edge-triggered events:

* CLOCK wakes up the Stateflow chart at each rising or falling edge of a square wave signal.

* SWITCH allows transitions to occur between PowerOff and Power0On at each rising or falling edge
of a pulse signal.
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How the Stateflow Chart Works with the Simulink Model

The Stateflow chart you will build appears as a block named Air Controller that is connected to the
model of a physical plant in the Simulink sf _aircontrol model. Here is the top-level view of the

model:
@ SUITCH B
CLAOCK g
L
Signal Builder EX]
— temg:t a]!lmu airflow
temp g I:l
G0 | ambienit
Scope
Air Cortroller Ambient Phyzical Plart
Temperature

The Simulink model passes the temperature of the plant as an input temp to the Stateflow Air
Controller block. Based on the temperature of the plant, the controller activates zero, one, or two
fans, and passes back to the model an output value airflow that indicates how fast the air is
flowing. The amount of cooling activity depends on the speed of the fans. As air flows faster, cooling
activity increases. The model uses the value of airflow to simulate the effect of cooling when it
computes the air temperature in the plant over time.

The Signal Builder block in the Simulink model sends a square wave signal (CLOCK) to wake up the
Stateflow chart at regular intervals and a pulse signal (SWITCH) to cycle the power on and off for the
control system modeled by the Stateflow chart. You will learn more about these design elements in
“Implementing the Triggers” on page 1-45.

1-7
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A Look at the Physical Plant

Simulink software models the plant using a subsystem called Physical Plant, which contains its own
group of Simulink blocks. The subsystem provides a graphical hierarchy for the blocks that define the
behavior of the Simulink model. The inputs, airflow speed and ambient temperature, model the

effects of the controller activity on plant temperature. Here is a look inside the Physical Plant
subsystem:

1} »H
airflow o
a P \
1
Corstant 005 el
Constant? *,
i 0.1 >
Constanti hﬂmpnrt
Switch
>
- % —l
Froduct 1
T 1)
temp
Irtegrator
(2 >+ ) JQ‘*«
ambient L/
Thermal ks olation
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In this model, the internal temperature of the plant attempts to rise to achieve steady state with the
ambient air temperature, set at a constant 160 degrees (as shown in “How the Stateflow Chart Works
with the Simulink Model” on page 1-7). The rate at which the internal temperature rises depends in
part on the degree of thermal isolation in the plant and the amount of cooling activity.

Thermal isolation measures how much heat flows into a closed structure, based on whether the
structure is constructed of materials with insulation or conduction properties. Here, thermal isolation
is represented by a Gain block, labeled Thermal Isolation. The Gain block provides a constant
multiplier that is used in calculating the temperature in the plant over time.

Cooling activity is modeled using a constant multiplier, derived from the value of airflow, an output
from the Stateflow chart. The chart assigns airflow one of three cooling factors, each a value that
serves as an index into a multiport switch. Using this index, the multiport switch selects a cooling
activity multiplier that is directly proportional to the cooling factor, as follows:

Cooling Factor What It Means Cooling Activity
(Value of Airflow)
0 No fans are running. The value of temp is not |0
lowered.
1 One fan is running. The value of temp is -0.05
lowered by the cooling activity multiplier.
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Cooling Factor What It Means Cooling Activity
(Value of Airflow)
2 Two fans are running. The value of temp is -0.1

lowered by the cooling activity multiplier.

Over time, the subsystem calculates the cooling effect inside the plant, taking into account thermal
isolation and cooling activity. The cooling effect is the time-derivative of the temperature and is the
input to the Integrator block in the Physical Plant subsystem. Let the variable temp change
represent the time derivative of temperature. Note that temp change can be a warming or cooling
effect, depending on whether it is positive or negative, based on this equation:

temp _change = ((ambient — temp) * (thermalisolationmultiplier)) + ((ambient — temp) *
(coolingfactor))

The Integrator block computes its output temp from the input temp change, as follows:

t

temp(t) = E)fte'mp_change(t)dt + 70
t

Note In this model, the initial condition of the Integrator block is 70 degrees.

temp is passed back to the Stateflow Air Controller chart to determine how much cooling is required
to maintain the ideal plant temperature.

1-9
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Running the Model
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To see how the sf_aircontrol model works, you can run a completed, tested version, which
includes the Stateflow chart you will build. Here's how to do it:

1

Start MATLAB® software.

If you need instructions, consult your MATLAB documentation.
Type sf_aircontrol at the command line.

This command starts Simulink software and opens the sf aircontrol model:

&

SWITCH '

CLOCK g

Signal Builder

girflow

i

temp

160

¥

ambient

Scope

Air Controller Ambient Physical Plant
Temperature

Double-click the Air Controller block to open the Stateflow chart.
Double-click the Scope block to display the changes in temperature over time as the model runs.

Tip Position the Air Controller chart and the Scope window so they are both visible on your
desktop.

Start simulation in the Air Controller chart by selecting Run.

As the simulation runs, the chart becomes active (wakes up) in the PowerQff state. Notice in the
Scope that until Power0On becomes active, the temperature rises unchecked. After approximately
350 seconds into the simulation, a rising edge signal switches power on and the fans become
active.

Note Simulation time can be faster than elapsed time.

When the temperature rises above 120 degrees, FAN1 cycles on. When the temperature exceeds
150 degrees, FAN2 cycles on to provide additional cooling. Ultimately, FAN1 succeeds in
maintaining the temperature at 120 degrees until a falling edge signal switches power off again
at 500 seconds. Then, the temperature begins to rise again.

The Scope captures the temperature fluctuations:
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| Scope El@

File Tools View Simulation Help u

CRAECNO N> =N R P

Ready T=600.000

Stopping or pausing simulation
You can stop or pause simulation at any time.

* To stop simulation, select Stop.
* To pause simulation, select Pause.
6 Close the model.

Where to go next. Now you are ready to start building the Air Controller chart. Begin at phase 1
of the workflow: “Implementing the Interface with Simulink” on page 1-12.

1-11
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Implementing the Interface with Simulink

1-12

In phase 1 of this workflow, you define the interface to the Simulink model.

2
Define the states Simﬁlate
for modeling each
/a mode of operation _\ /, the chart (\
Deﬁr:fe the Define Decide how to Debug
interface state actions i
to Simulink and variables trigger the chart the chart
4
Define the
transitions
between states

Build It Yourself or Use the Supplied Model

To implement the interface yourself, work through the exercises in this section. Otherwise, open the
supplied model by entering this command at the MATLAB prompt:

addpath(fullfile(docroot, 'toolbox', 'stateflow', 'gs', 'examples'))
Stagellnterface

Design Considerations for Defining the Interface

The following sections describe the rationale for the input and output of the Stateflow chart.
Inputs Required from Simulink Model

Type of Input. Temperature of the physical plant

Rationale. The purpose of the chart is to control the air temperature in a physical plant. The goal
is to maintain an ideal temperature of 120 degrees by activating one or two cooling fans if necessary.
The chart must check the plant temperature over time to determine the amount of cooling required.

Properties of Input. The properties of the temperature input are as follows:

Property Value

Name temp

Scope Input

Size Inherit from Simulink input signal for compatibility
Data type Inherit from Simulink input signal for compatibility
Port 1

Outputs Required from Stateflow Chart
Type of Output. Speed of airflow, based on how many fans are operating

Rationale. When the Simulink subsystem determines the temperature of the physical plant over
time, it needs to account for the speed of the airflow. Airflow speed is directly related to the amount
of cooling activity generated by the fans. As more fans are activated, cooling activity increases and
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air flows faster. To convey this information, the Stateflow chart outputs a value that indicates whether
0, 1, or 2 fans are running. The Simulink subsystem uses this value as an index into a multiport

switch, which outputs a cooling activity value, as described in “A Look at the Physical Plant” on page
1-8.

Properties of Output. The properties of the airflow output are as follows:

Property Value

Name airflow

Scope Output

Data type 8-bit unsigned integer (uint8)

(The values can be only 0, 1, or 2.)
Port 1

Adding a Stateflow Block to a Simulink Model

To begin building your Stateflow chart, you will add a Stateflow block to a partially built Simulink
model called sf_aircontrol exercise, which contains the Physical Plant subsystem, described in
“A Look at the Physical Plant” on page 1-8.

To add a Stateflow block to an existing Simulink model:

1  Open the Simulink model by typing sf aircontrol exercise at the MATLAB command
prompt.

The model opens on your desktop:

This is an incomplete model
used in the Stateflow Getting Started Guide

SWITCH
as the foundation model for building
a Statefloww chart and connecting it to Simulink.

- = To see the complete model, type sf_aircontrol
GOk Terminstor at the MATLAE command line.

h 4

h 4

Signal Builder
G {siton
Inport teme o]
180 - ambiznt Scope
Ambient =
Temperature Physical Flant
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The model is incomplete because it does not include the Stateflow chart that you will build as you
work through the exercises in this guide. Instead, the model contains several nonfunctional
blocks: the Terminator, Inport, and Annotation blocks.

2 Delete the nonfunctional blocks and their connectors.

Tip Hold down the Shift key to select multiple objects, and then press Delete.

Your model should now look like this:

/""-1 SWITCH -
CLOCK -
Signal Builder
W zirflow
f— |-
180 | smnbient Scope
Ambient -
Temperstue Physical Flant

3 Save the model as StagellInterface:

Create a new local folder for storing your working model.

In the Simulation tab, select Save > Save As.

Navigate to the new folder.

Enter StagelInterface as the file name.

Leave the default type as Simulink Models.

Click Save.

4  On the toolbar of the Simulink model, click the Library Browser icon:

- 00 Q 06 T 9

1]
EE

The Simulink Library Browser opens on your desktop:
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S8 Simulink Library Browser — x
= |E"t-:-'s;:a'-_"|t-:-'~1 V|‘%.g r®rEy v @
Stateflow
Simulink Real-Time LS
Simulink Requirements :El
Simulink Support Package for Android Devices =
Simulink Support Package for Apple i0S Devices
Simulink Support Package for Arduino Hardware Chart Sequence Viewer
Simulink Support Package for LEGO MINDSTORMS EV3 |
Simulink Support Package for Parrot Minidrones ; Eﬂ
Simulink Support Package for Raspberry Pi Hardware ) U4
Simulink Test
Sol Blockset State Transition Table Truth Table
SoC Blockset Support Package for Xilinx Devices
Stateflow
System [dentification Toolbox
Vehicle Dynamics Blockset
Vehicle Network Toolbox
Vision HDOL Toolbox
Recently Used y
>
5 Add the Stateflow Chart block to the Simulink model:
a In the left scroll pane of the Library Browser, select Stateflow.
b  Drag the first block, called Chart, into your model.
The model should now look like this:
SWITCH >
P
—I_ CLOGCK L
Signal Builder
N sirflow
temp o]
180 Jo| ambiznt 3
Ambient -
Temperature Physical Flant
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6 Click the label Chart under the Stateflow block and rename it Air Controller.
7 Change the action language of the chart to C:

a  Double-click the block to open the chart.

b  Right click in an empty area of the chart and select Properties.
From the Action Language box, select C.

d  Select OK.

(o}

Shortcut for adding a Stateflow block to a new Simulink model
At the MATLAB command prompt, enter this command:

sftnew

A new, untitled Simulink model opens on your desktop, automatically configured with a Stateflow
chart. For more information, see sfnew.

P untitled * - Simulink - a X
| Open « ]| Stop Time | 10.0 - s T
oo i u v = d @ b Za =
hsee - = - .
Library _Log Add Signal Step Run Step  Stop Data Logic
>~ (= Print ~  Browser Signals ewer Table @ Fast Restart Back v - Forward Inspector Analyzer
FILE |LiBRARY | FREFARE [ SIMULATE | REVIEW RESULTS | Z
-g uniitled -5
5 ® |unt'|t|ed » hd g
o
= =
FlR-Y 2
s« X
@ | B :
—
O
«
Ready 100% VariableStepAuto

Defining the Inputs and Outputs

Inputs and outputs are data elements in a Stateflow chart that interact with the parent Simulink
model. To define inputs and outputs for your chart, follow these steps:
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1 Double-click the Air Controller block in the Simulink model StagelInterface to open the
Stateflow chart.

The Stateflow Editor opens on your desktop:

bi Stateflow (chart) untitled/Chart * - Simulink
SIMULATION )
T A N e R
N?" @p,“ - Bm _E-I: ) __5'-E|1; =:..1;_-'.':F:|'. 0@ Fast Restart B?.:;p. R:n Fu?fm?rd Sk Insl::)io'c?lu' Ajl;ggger

FILE |LIBF{ARY| PREFARE ‘ SIMULATE REVIEW RESULTS | ax
-g Chart Symbols ¥ ox 5,
: ® & f& ‘unuﬂedb‘&scmrt M |@”E“':_'-}| e |%||@| 7 %
Y TYPE  NAME VALUE  PORT %

El =

O

“a

U

e

é

®

R
Ready 100% VariableStepAuto

2 Add a data element to hold the value of the temperature input from the Simulink model:
a Inthe Modeling tab, under Design Data, select Data Input.

The Data properties dialog box opens on your desktop with the General tab selected:
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Data data lﬂ
General | Description

Mame: data

Scope: [anut T] Port: [1 i
Size: -1 ["] variable size

Complexity: [[}F’Ir T]

Type: Inherit: Same as Simulink -

[ Lock data type setting against changes by the fixed-point tools

Unit (e.g., m, m/s~2, N*m): 51, English, ...
inherit

Limit range

Minimurm: Maximum:

Add to Watch Window

[ OK ” Cancel H Help Apply

The default values in the dialog box depend on the scope — in this case, a data input.
b In the Name field, change the name of the data element to temp.

¢ Leave the following fields at their default values in the General tab because they meet the
design requirements:

Field Default Value What It Means

Scope Input Input from Simulink model. The data
element gets its value from the Simulink
signal on the same input port.

Size -1 The data element inherits its size from
the Simulink signal on the same port.
Complexity Off The data element does not contain any
complex values.
Type Inherit: Same as The data element inherits its data type
Simulink from the Simulink signal on the same
output port.

Note Ports are assigned to inputs and outputs in the order they are created. Because temp
is the first input you created, it is assigned to input port 1.
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d In the General tab, select Add to watch window.

The Stateflow Breakpoints and Watch window lets you examine the value of temp during
breakpoints in simulation. You will try this in “Setting Simulation Parameters and
Breakpoints” on page 1-48.

e Click OK to apply the changes and close the dialog box.
3 Add a data element to hold the value of the airflow output from the Air Controller chart:

a In the Modeling tab, under Design Data, select Data Output.

The Data properties dialog box opens on your desktop, this time with different default
values, associated with the scope Output:

. Data data ﬁ

General | Logging | Description |

MName: data

Scope: [Dutput T] Port: [1 i

[] Data must resolve to Simulink signal object
Size: [C] variable size

Complexity: [DFF *]

Type: double -

[T Lock data type setting against changes by the fixed-point tools

Unit (e.g., m, m/s"2, N*m): S1, English, ...
inherit
Initial value: [Expressinn -

Limit range

Minimurm: Maximum:

Add to Watch Window

[ 0K J[ Cancel H Help Apply

Note Because airflow is the first output you created, it is assigned to output port 1.

b In the Name field of the Data properties dialog box, change the name of the data element to
airflow.

¢ In the Type field, select uint8 (8-bit unsigned integer) from the submenu.
d Look at the Initial value field.
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The initial value is a blank expression, which indicates a default value of zero, based on the
data type. This value is consistent with the model design, which specifies that no fans are
running when the chart wakes up for the first time.

e Make the following changes for other properties in the General tab:

Property

What to Specify

Limit range

Enter 0 for Minimum and 2 for Maximum.

Add to watch
window

Select this to add airflow to the Watch tab of the Stateflow
Breakpoints and Watch window.

f  Click OK to apply the changes and close the dialog box.

4  Go back to the Simulink model by clicking the up-arrow button in the Stateflow Editor toolbar.

Notice that the input temp and output airflow have been added to the Stateflow block:

Group 1
SWITCH -

P
_|_ CLOCK|f——

Signal Builder

)a.'nbienl

=

tamgp

160

Scope

Ambient

Temperatura Physical Plant

Air Contraller

Tip You might need to enlarge the Air Controller block to see the input and output clearly. To

change the size of the block:

a  Select the block and move your pointer over one of the corners until it changes to this shape:

"

b  Hold down the left mouse button and drag the block to the desired size.

5 Save StagelInterface.

Tip There are several ways to add data objects to Stateflow charts. You used the Stateflow Editor,
which lets you add data elements to the Stateflow chart that is open and has focus. However, to add
data objects not just to a chart, but anywhere in the Stateflow design hierarchy, you can use a tool
called the Model Explorer. This tool also lets you view and modify the data objects you have already
added to a chart. For more information, see “Overview of Stateflow Objects” on page 2-2 and “Add
Data Through the Model Explorer” on page 12-3 in the Stateflow User's Guide. You can also add
data objects programmatically using the Stateflow API, as described in “Create Stateflow Objects” in

the Stateflow API Guide.
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Connecting the Stateflow Block to the Simulink Subsystem

Now that you have defined the inputs and outputs for the Stateflow Air Controller block, you need to
connect them to the corresponding signals of the Simulink Physical Plant subsystem. Follow these

steps:

1 Inthe model StagelInterface, connect the output airflow from Air Controller to the
corresponding input in Physical Plant:

Place your pointer over the output port for airflow on the right side of the Air Controller
block.
The pointer changes in shape to crosshairs.

Hold down the left mouse button and move the pointer to the input port for airflow on the
left side of the Physical Plant block.

Release the mouse.

The connection should look something like this:

Group 1

’/\
=

SWITCH =

CLOCK b

Signal Builder

¥

ambient

tamp —b@
airflow Scope

Air Controller Ambisent

Temperature Physical Plant

Tip You can use a shortcut for automatically connecting blocks. Select the source block, and
then hold down the Ctrl key and left-click the destination block.

Connect the output temp from the Physical Plant to the corresponding input in Air Controller by

drawing a branch line from the line that connects temp to the Scope:

o o N T 9

Place your pointer on the line where you want the branch line to start.

While holding down the Ctrl key, press and hold down the left mouse button.

Drag your pointer to the input port for temp on the left side of the Air Controller block.
Release the mouse button and the Ctrl key.

Reposition the connection so that it looks like this:
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Group 1
SWITCHfF——

P
_|_ CLOCK f———

Signal Builder

| ambient

temp

@

Scope

160

Air Controller Ambient
Temperatura Physical Plant

Tip To reposition connections, move your cursor over the end of the line. When the cursor
changes to a circle, select the end of the line with the left mouse button and drag the line to

a new location.
3 Save StagelInterface.

Where to go next. Now you are ready to model the operating modes with states. See
“Implementing the States to Represent Operating Modes” on page 1-23.
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Implementing the States to Represent Operating Modes

In phase 2 of this workflow, you define the states for modeling each mode of operation.

2
Define the states

6
for modeling each Simulate
/’ mode of operation -\ /' the chart

1 3 5 7
Define the Define Decide how to Debug
interface state actions trigger the chart the chart
to Simulink and variables
4
Define the
transitions
between states

Build It Yourself or Use the Supplied Model

To implement the states yourself, work through the exercises in this section. Otherwise, open the
supplied model by entering this command at the MATLAB prompt:

addpath(fullfile(docroot, 'toolbox', 'stateflow', 'gs', 'examples'))
Stage2States

Design Considerations for Defining the States

The following sections describe the rationale for the hierarchy and decomposition of states in the
chart.

When to Use States

Whether or not to use states depends on the control logic you want to implement. You can model two
types of control logic: finite state machines and stateless flow charts. Each type is optimized for
different applications, as follows:

Control Logic Optimized for Modeling

Finite state machines Physical systems that transition between a finite number of operating
modes. In Stateflow charts, you represent each mode as a state.

Stateless flow charts Abstract logic patterns — such as if, if-else, and case statements —
and iterative loops — such as for, while, and do loops. You represent
these logic constructs with connective junctions and transitions in
Stateflow charts. No states are required.

The Air Controller chart is a system that cools a physical plant by transitioning between several
modes of operation and, therefore, can be modeled as a finite state machine. In the following
sections, you will design the states that model each mode of operation.

Determining the States to Define

States model modes of operation in a physical system. To determine the number and type of states
required for your Air Controller chart, you must identify each mode in which the system can operate.
Often, a table or grid is helpful for analyzing each mode and determining dependencies between
modes.
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Analysis of Operating Modes

For Air Controller, the modes of operation are

Operating Mode Description Dependencies
Power Off Turns off all power in the No fan can operate when power is off.
control system
Power On Turns on all power in the Zero, one, or two fans can operate when
control system power is on.
Fan 1 Activates Fan 1 Fan 1 can be active at the same time as Fan
2. When activated, Fan 1 can turn on or off.
Fan 1 On Cycles on Fan 1 Fan 1 On can be active if Fan 1 is active
and power is on.
Fan 1 Off Cycles off Fan 1 Fan 1 Off can be active if Fan 1 is active,
and power is on.
Fan 2 Activates Fan 2 Fan 2 can be active at the same time as Fan
1. When activated, Fan 2 can turn on or off.
Fan 2 On Cycles on Fan 2 Fan 2 On can be active if Fan 2 is active
and power is on.
Fan 2 Off Cycles off Fan 2 Fan 2 Off can be active if Fan 2 is active
and power is on.
Calculate airflow Calculates a constant value of |Calculates the constant value, based on
0, 1, or 2 to indicate how fast |how many fans have cycled on at each time
air is flowing. Outputs this step.
value to the Simulink
subsystem for selecting a
cooling factor.

Number of States to Define

The number of states depends on the number of operating modes to be represented. In “Analysis of
Operating Modes” on page 1-24, you learned that the Air Controller chart has nine operating modes.
Therefore, you need to define nine states to model each mode. Here are the names you will assign to
the states that represent each operating mode in “Implementing the States to Represent Operating

Modes” on page 1-23:

State Name Operating Mode
PowerQff Power Off
PowerOn Power On

FAN1 Fan 1

FAN2 Fan 2
SpeedValue Calculate airflow
FAN1.On Fan 1 On
FAN1.Off Fan 1 Off
FAN2.0On Fan 2 On
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Operating Mode
Fan 2 Off

State Name
FAN2.0Off

Note Notice the use of dot notation to refer to the On and Off states for FAN1 and FAN2. You use
namespace dot notation to give objects unique identifiers when they have the same name in different
parts of the chart hierarchy.

Determining the Hierarchy of States

Stateflow objects can exist in a hierarchy. For example, states can contain other states — referred to
as substates — and, in turn, can be contained by other states — referred to as superstates. You need
to determine the hierarchical structure of states you will define for the Air Controller chart. Often,
dependencies among states imply a hierarchical relationship — such as parent to child — between the
states.

Based on the dependencies described in “Analysis of Operating Modes” on page 1-24, here is an
analysis of state hierarchy for the Air Controller chart:

Implied Hierarchy

FAN1 and FAN2 should be substates of a PowerOn
state.

FAN1 should have two substates, On and Off. In
this hierarchical relationship, On and Off will
inherit from FAN1 the dependency on PowerOn.

Dependent States

FAN1 and FAN2 depend on PowerOn. No fan can
operate unless PowerO0n is active.

FAN1.0n and FAN1.Off depend on Fanl and
PowerOn. FAN1 must be active before it can be
cycled on or off.

FAN2.0n and FAN2.O0ff depend on FAN2 and
PowerOn. FAN2 must be active before it can be
cycled on or off.

FAN2 should have two substates, On and Off. In
this hierarchical relationship, On and Off will
inherit from FAN2 the dependency on PowerOn.

The state that calculates airflow needs to know

The state that calculates airflow should be a

substate of Power0On so it can check the status of
FAN1 and FAN2 at the same level of hierarchy.

how many fans are running at each time step.

Determining the Decomposition of States

The decomposition of a state dictates whether its substates execute exclusively of each other — as
exclusive (OR) states — or can be activated at the same time — as parallel (AND) states. No two
exclusive (OR) states can ever be active at the same time, while any number of parallel (AND) states
can be activated concurrently.

The Air Controller chart requires both types of states. Here is a breakdown of the exclusive (OR) and
parallel (AND) states required for the Stateflow chart:

State Decomposition Rationale
PowerQff, PowerOn |Exclusive (OR) states |The power can never be on and off at the same time.
FAN1, FAN2 Parallel (AND) states |Zero, one, or two fans can operate at the same time,

depending on how much cooling is required.

FAN1.0On, FAN1.Off Fan 1 can never be on and off at the same time.

FAN2.0n, FAN2.0ff

Exclusive (OR) states

Exclusive (OR) states |Fan 2 can never be on and off at the same time.
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State Decomposition Rationale

SpeedValue Parallel (AND) state SpeedValue is an observer state that monitors the

status of Fan 1 and Fan 2, updating its output based
on how many fans are operating at each time step.
SpeedValue must be activated at the same time as
Fan 1 and Fan 2, but execute last so it can capture
the most current status of the fans.

Adding the Power On and Power Off States

When you add states to the Air Controller chart, you will work from the top down in the Stateflow
hierarchy. As you learned in “Determining the Decomposition of States” on page 1-25, the PowerOff
and PowerOn states are exclusive (OR) states that turn power off and on in the control system. These
states are never active at the same time. By default, states are exclusive (OR) states, represented
graphically as rectangles with solid borders.

To add PowerOn and PowerQff to your chart, follow these steps:

1

Open the model StagelInterface — either the one you created in the previous exercise or the
supplied model for stage 1.

To open the supplied model, enter the following command at the MATLAB prompt:

addpath(fullfile(docroot, 'toolbox', 'stateflow', 'gs', 'examples'))
StagelInterface

Save the model as Stage2States in your local work folder.
In Stage2States, double-click the Air Controller block to open the Stateflow chart.
The Stateflow Editor for Air Controller opens on your desktop. Notice the object palette on the

left side of the editor window. This palette displays a set of tools for drawing graphical chart
objects, including states:

Left-click the state tool icon:
O
Move your pointer into the drawing area.

The pointer changes to a rectangle, the graphical representation of a state.
Click in the upper-left corner of the drawing area to place the state.

The new state appears with a blinking text cursor in its upper-left corner.
At the text cursor, type Power0On to name the state.

Tip If you click away from the text cursor before typing the new name, the cursor changes to a
question mark. Click the question mark to restore the text cursor.

Move your pointer to the lower-right corner of the rectangle so it changes to this symbol:

"

Drag the lower-right corner to enlarge the state as shown:
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PowerOn

-

o

10 Click the state tool icon again and draw a smaller state named PowerOff at the bottom of the

drawing area, like this:

PowerOn

P owerOff

11 Save the chart by clicking Save in the Simulation tab, but leave the chart open for the next

exercise.

Adding and Configuring Parallel States

In “Determining the States to Define” on page 1-23, you learned that FAN1, FAN2, and SpeedValue

will be represented by parallel (AND) substates of the PowerOn state. Parallel states appear

graphically as rectangles with dashed borders.

In this set of exercises, you will learn how to:
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» Assign parallel decomposition to Power0n so its substates can be activated concurrently.

Recall that the decomposition of a state determines whether its substates will be exclusive or
parallel.

* Add parallel substates to a state in the chart.
* Set the order of execution for the parallel substates.

Even though parallel states can be activated concurrently, they execute in a sequential order.
Setting Parallel Decomposition
Follow these steps:
1 In the Air Controller chart, right-click inside PowerOn.

A submenu opens, presenting tasks you can perform and properties you can set for the selected
state.

In the submenu, select Decomposition > AND (Parallel).
Save the model Stage2States, but leave the chart open for the next exercise.

Adding the Fan States
Follow these steps:

1 Left-click the state tool icon in the Stateflow Editor and place two states inside the PowerQOn
state.

Tip Instead of using the state tool icon to add multiple states, you can right-click inside an
existing state and drag a copy to a new position in the chart. This shortcut is convenient when
you need to create states of the same size and shape, such as the fan states.

2 Notice the appearance of the states you just added.

The borders of the two states appear as dashed lines, indicating that they are parallel states.
Note also that the substates display numbers in their upper-right corners. These numbers specify
the order of execution. Although multiple parallel (AND) states in the same chart are activated
concurrently, the chart must determine when to execute each one during simulation.

3 Name the new substates FAN1 and FAN2.

You have created hierarchy in the Air Controller chart. PowerOn is now a superstate while FAN1
and FAN2 are substates. Your chart should look something like this:
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4

PowerOn ™
T T —— \
i VAN J

L A

P owerOff

Note Your chart might not show the same execution order for parallel substates FAN1 and FAN2.
The reason is that, by default, Stateflow software orders parallel states based on order of
creation. If you add FAN2 before FAN1 in your chart, FAN2 moves to the top of the order. You will
fine-tune order of activation in a later exercise, “Setting Explicit Ordering of Parallel States” on
page 1-30.

Tip If you want to move a state together with its substates — and any other graphical objects it
contains — double-click the state. It turns gray, indicating that the state is grouped with the
objects inside it and that they can be moved as a unit. To ungroup the objects, double-click the
state again.

Save the model Stage2States, but leave the chart open for the next exercise.

Adding the SpeedValue State

Recall that SpeedValue acts as an observer state, which monitors the status of the FAN1 and FAN2
states. To add the SpeedValue state, follow these steps:

1

Add another substate to PowerOn under FAN1 and FANZ2, either by using the state tool icon or
copying an existing state in the chart.

You might need to resize the substate to prevent overlap with other substates, but remain within
the borders of Power0On.

Name the state SpeedValue.

Like FAN1 and FAN2, SpeedValue appears as a parallel substate because its parent, the
superstate Power0n, has parallel decomposition.
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PowerOn )
AN NFAN2 \
|
i
I
" : L — .
| SpeedValue
|
|
L ' A
P owerOff

3 Save the model Stage2States, but leave the chart open for the next exercise, “Setting Explicit
Ordering of Parallel States” on page 1-30.

Setting Explicit Ordering of Parallel States

Recall that, by default, Stateflow software assigns execution order of parallel states based on order of
creation in the chart. This behavior is called explicit ordering. In this exercise, you will set the
execution order explicitly for each parallel state in your chart.

1 In the Stateflow Editor, in the Modeling tab, select Chart Properties.

2 In the Chart properties dialog box, verify that the check box User-specified state/transition
execution order is selected and click OK.
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Chart: Air Controller

General Documentation

Name:  Air Controller

Machine: (machine) sf aircontrol

State Machine Type: |Classic -

Update method: Inherited ~  Sample Time:

] Enable C-bit operations

[] User-specified state/transition execution order
Export chart level functions

Use strong data typing with Simulink I/O

[] Execute (enter) chart at initialization

[] Initialize outputs every time chart wakes up

[] Enable super step semantics

[] Support variable-size arrays

[] saturate on integer overflow

States When Enabling: ' Inherit
[] Generate preprocessor conditionals

[[] Create output for monitoring:

Child activity

Cancel

Action Language: C 7

-1

Help Apply

Note This option also lets you explicitly specify the order in which transitions execute when
there is a choice of transitions to take from one state to another. This behavior does not apply to
the Air Controller chart because it is deterministic: for each exclusive (OR) state, there is one
and only one transition to a next exclusive (OR) state. You will learn more about transitions in
“Drawing the Transitions Between States” on page 1-35.

Assign order of execution for each parallel state in the Air Controller chart:

a Right-click inside each parallel state to bring up its state properties submenu.

b  From the submenu, select Execution Order and make these assignments:

For State:

Assign:

FAN1

1
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For State: Assign:
FAN2 2
SpeedValue 3

Here is the rationale for this order of execution:

* FAN1 should execute first because it cycles on at a lower temperature than FAN2.

* SpeedValue should execute last so it can observe the most current status of FAN1 and
FAN2.

4 Save the model Stage2States, but leave the chart open for the next exercise, “Adding the On
and Off States for the Fans” on page 1-32.

Adding the On and Off States for the Fans

In this exercise, you will enter the on and off substates for each fan. Because fans cannot cycle on and
off at the same time, these states must be exclusive, not parallel. Even though FAN1 and FAN2 are
parallel states, their decomposition is exclusive (OR) by default. As a result, any substate that you add
to FAN1 or FAN2 will be an exclusive (OR) state.

Follow these steps:

Add two substates inside FAN1 and FAN2.
Resize the substates to fit within the borders of FAN1 and FAN2.
In each fan state, name one substate On and name the other Off.

Your Air Controller chart should now look something like this:

Power0n N
FANT NP o y
i (On On I
| J
i 'Dﬁ Off
i
I
" - e e/
| SpeedValue
|
|
S L >
P owerOff

4 Save the model Stage2States.
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Where to go next. Now you are ready to specify the actions that execute when a state is active.
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Adding the Transitions

1-34

In phase 4 of this workflow, you define the transitions between states.

2

Define the states 5 'E-I .

for modeling each imulate
/’ mode of operation h\ /, the chart

3
1 . 5 7
. Define .
Define the : Decide how to Debug
interface aﬁﬁfﬁggﬁs trigger the chart the chart

to Simulink

4
\. Define the J
transitions

between states

Build It Yourself or Use the Supplied Model

To add the transitions yourself, work through the exercises in this section. Otherwise, open the
supplied model to see how the transitions should appear in the chart. Enter this command at the
MATLAB prompt:

addpath(fullfile(docroot, 'toolbox', 'stateflow', 'gs', 'examples'))
Staged4Transitions

Design Considerations for Defining Transitions Between States
The following sections describe the decisions you make for defining state transitions.
Deciding How and When to Transition Between Operating Modes

Transitions create paths for the logic flow of a system from one state to another. When a transition is
taken from state A to state B, state A becomes inactive and state B becomes active.

Transitions have direction and are represented in a Stateflow chart by lines with arrowheads.
Transitions are unidirectional, not bidirectional. You must add a transition for each direction of flow
between two states.

Exclusive (OR) states require transitions. Recall that no two exclusive states can be active at the
same time. Therefore, you need to add transitions to specify when and where control flows from one
exclusive state to another.

Typically, parallel (AND) states do not require transitions because they execute concurrently.

The Air Controller chart models a system in which power can cycle on and off and, while power is on,
fans can cycle on and off. Six exclusive (OR) states represent these operating modes. To model this
activity, you need to add the following transitions between exclusive (OR) states:

* PowerOff to PowerOn

* PowerOn to PowerOff

* FAN1.0ff to FAN1.0n

* FAN1.0nto FAN1.Off
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* FAN2.0ff to FAN2.0n
* FAN2.0n to FAN2.0ff

Deciding Where to Place Default Transitions

Good design practice requires that you specify default transitions for exclusive (OR) states at each
level of hierarchy. Default transitions indicate which exclusive (OR) state is to be active when there is
ambiguity between two or more exclusive (OR) states at the same level in the Stateflow hierarchy.
There are three such areas of ambiguity in the Air Controller chart:

*  When the chart wakes up, should power be on or off?

*  When FAN1 becomes active, should it be on or off?

* When FAN2 becomes active, should it be on or off?

In each case, the initial state should be off so you will add default transitions to the states PowerOQff,
FAN1.0ff, and FAN2.Off.

Deciding How to Guard the Transitions

Guarding a transition means specifying a condition, action, or event that allows the transition to be
taken from one state to another. Based on the design of the Air Controller chart, here are the
requirements for guarding the transitions from one exclusive operating mode to another:

Transition When Should It Occur? How to Guard It
PowerOff to PowerOn At regular time intervals Specify an edge-triggered event
PowerOn to PowerQff
FAN1.Off to FAN1.0On When the temperature of the Specify a condition based on
physical plant rises above 120 |temperature value
degrees
FAN1.0n to FAN1.Off When the temperature of the
physical plant falls below 120
degrees
FAN2.0ff to FAN2.0n When the temperature rises
above 150 degrees, a threshold
indicating that first fan is not
providing the required amount
of cooling
FAN2.0n to FAN2.0ff When the temperature falls
below 150 degrees

Drawing the Transitions Between States

In “Design Considerations for Defining Transitions Between States” on page 1-34, you learned that
the following transitions occur in the Air Controller chart:

* Power for the control system can cycle on and off.
* Each fan can cycle on and off.

You will model this activity by drawing transitions between the Power0On and PowerQff states and
between the On and Off states for each fan. Follow these steps:
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1 Open the model Stage3Actions — either the one you created in the previous exercises or the
supplied model for stage 3.

To open the supplied model, enter the following command at the MATLAB prompt:

addpath(fullfile(docroot, 'toolbox', 'stateflow', 'gs', 'examples'))
Stage3Actions

Save the model as Stage4Transitions in your local work folder.
In Staged4Transitions, double-click the Air Controller block to open the Stateflow chart.

The chart opens on your desktop.
4 Draw transitions between the PowerQff to PowerOn states:
a Move your pointer over the top edge of Power0ff until the pointer shape changes to
crosshairs.
b Hold down the left mouse button, drag your pointer to the bottom edge of Power0n, and
release the mouse.

You should see a transition pointing from PowerOff to Power0On:

PowerOn ™
AN N FAN2 Y
i ([On On
| J
: (Of Off
i
i
I
Yy _ d{-::' ................. - et
1 Speedyalue
i during: airflow = infFAMN1.0n) + in(FAMZ On);
i
I
A y >

PowerOff
entry: airflow= 0;

¢ Follow the same procedure to draw a transition from PowerQn to PowerOQff.

Your chart should now look like this:
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(PowerOn ™
T N Fae T \
On On I
A
rDﬁ_ Dﬁ'
! Speedvalua
i during: airflow = in(FAMNT1.0n) + in(FAMZ 0n);
I
i
M ' A
PowerOff
entry: airflow = 0;

5 Follow the procedure described in step 3 to draw the following transitions between the 0ff and
On states for each fan:

* Transition from Off to On in FAN1
* Transition from On to Off in FAN1
* Transition from Off to On in FAN2
* Transition from On to Off in FAN2

Your chart should now look like this:
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PowerOn )

.

rl
| SpeedValue
y during: airflow = in(FAN1.0n) + infFANZ On);

----------------------

i
i
i
- ' v

[

entry: airflow = ;

6 Save Staged4Transitions, butleave the chart open for the next exercise.

Adding Default Transitions

In “Deciding Where to Place Default Transitions” on page 1-35, you learned that you need to add
default transitions to Power0ff, FAN1.Off, and FAN2.Off. Follow these steps:

1 In the Stateflow Editor, left-click the default transition icon in the object palette:
“u
2  Move your pointer into the drawing area.

The pointer changes to a diagonal arrow.
3 Place your pointer at the left edge of the PowerOff state.
When the arrow becomes orthogonal to the edge, release the mouse button.

The default transition attaches to the PowerOff state. It appears as a directed line with an arrow
at its head and a closed tail:
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y during: airflow = in(FAN1.0n) + infFANZ On);

|
|
I
i

PowerOff
entry: airflow = ;

Repeat the same procedure to add default transitions at the top edges of FAN1.0ff and

FAN2.0ff.

Your chart should now look like this:

PowerOn

B

| SpeedValue
y during: airflow = in(FAN1.0n) + infFANZ On);

|
|
I
i

PowerOff
entry: airflow = ;

Tip The location of the tail of a default transition determines the state it activates. Therefore,
make sure that your default transition fits completely inside the parent of the state that it
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activates. In the Air Controller chart pictured above, notice that the default transition for
FAN1.Off correctly resides inside the parent state, FAN1. Now consider this chart:

PowerOn N

- v

In this example, the tail of the default transition resides in Power0On, not in FAN1. Therefore, it
will activate FAN1 instead of FAN1.Off.

6 Save Staged4Transitions, but leave the chart open for the next exercise.

Adding Conditions to Guard Transitions

Conditions are expressions enclosed in square brackets that evaluate to true or false. When the
condition is true, the transition is taken to the destination state; when the condition is false, the
transition is not taken and the state of origin remains active.

As you learned in “Deciding How to Guard the Transitions” on page 1-35, the fans cycle on and off
depending on the air temperature. In this exercise, you will add conditions to the transitions in FAN1
and FAN2 that model this behavior.

Follow these steps:

1 Click the transition from FAN1.Off to FAN1.On.

The transition appears highlighted and displays a question mark (?).
Click next to the question mark to display a blinking text cursor.
Type the following expression:

[temp >= 120]

You may need to reposition the condition for readability. Click outside the condition, then left-
click and drag the condition expression to a new location.

4 Repeat these steps to add the following conditions to the other transitions in FAN1 and FAN2:

Transition Condition
FAN1.0On to FAN1.Off [temp < 120]
FAN2.0ff to FAN2.0n [temp >= 150]
FAN2.0n to FAN2.0ff [temp < 150]

Your chart should look like this:
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PowerOn
RANT T N A TS
i (On [temp=120] on [temp=150]
| ] N |
| KDT (o : e
I
i
| [temp>=120T— temp==1
'\_‘_ s J L _J

PowerOff
o entry: airflow = (0

Save Staged4Transitions, but leave the chart open for the next exercise.

Adding Events to Guard Transitions

Events are nongraphical objects that trigger activities during the execution of a Stateflow chart.
Depending on where and how you define events, they can trigger a transition to occur, an action to be
executed, and state status to be evaluated. In this exercise, you will define an event that triggers
transitions.

As you learned in “Deciding How to Guard the Transitions” on page 1-35, the control system should
power on and off at regular intervals. You model this behavior by first defining an event that occurs at
the rising or falling edge of an input signal, and then associating that event with the transitions
between the PowerOn and PowerOff states.

Follow these steps to define an edge-triggered event and associate it with the transitions:

From the Stateflow Editor, in the Modeling tab, under Design Data, click Event Input.

The Event properties dialog box opens on your desktop:
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"l Event event @

Mame: event

Scope: |Input from Simulink *] Fort: Trigger:

Debugger breakpoints: [ Start of Broadcast End of Broadcast

Description:

Document link:

Ok ][ Cancel ” Help Apply

Note that the event is assigned to trigger port 1.
2 Edit the following properties:

Property What to Specify

Name Change the name to SWITCH.

Trigger Select Either from the drop-down menu so the event can be
triggered by either the rising edge or falling edge of a signal.

3 Click OK to record the changes and close the dialog box.
Look back at the model and notice that a trigger port appears at the top of the Stateflow block:
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Group 1
SWITCH b—————

’/\
CLOCK p——————

Signal Builder

P ambient

tamg

airflow Scope

Air Controller Ambiant

0

Temperaiure Physical Plant

When you define one or more input events for a chart, Stateflow software adds a single trigger
port to the block. External Simulink blocks can trigger the input events via a signal or vector of
signals connected to the trigger port.

5 Back in the Stateflow Editor, associate the input event SWITCH with the transitions:

a  Select the transition from PowerOff to PowerOn and click the question mark to get a text
Cursor.

b  Type the name of the event you just defined, SWITCH.
You might need to reposition the event text for readability. If so, click outside the text, left-
click the text, and drag it to the desired location.

¢ Repeat these steps to add the same event, SWITCH, to the transition from PowerOn to
PowerOff.

Your chart should now look something like this:
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PowerOn )

i (On [temp=120] [Dnj [temp=150]
i {\MTHH—_rDﬁ EHKE 1 Off
1
I
| [temp>=120T— temp==1
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. - J A% e/

| SpeedValue ,

i during: airflow = in(FAMN1.0n) + in(FANZ On);

I

i

S ' >
SWITCH lE ITCH
P owerOff

o entry: airflow = (0

Now that you have associated these transitions with the event SWITCH, the control system will
alternately power on and off every time SWITCH occurs — that is, every time the chart detects a
rising or falling signal edge.

Note that the sf aircontrol model has already defined the pulse signal SWITCH in the Signal
Builder block at the top level of the model hierarchy:

SWITCH

¥

=

CLOCK

¥

Signal Builder

In the next phase of the workflow, you will connect your Stateflow chart to the SWITCH signal to
trigger the transitions between power on and power off.

6 Save Staged4Transitions.

Where to go next. Now you are ready to implement an edge-triggered event to wake up the chart
at regular intervals. See “Implementing the Triggers” on page 1-45.
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Implementing the Triggers

In phase 5 of this workflow, you decide how to trigger the chart.
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Build It Yourself or Use the Supplied Model

To implement the triggers yourself, work through the exercises in this section. Otherwise, open the
supplied model to see how the triggers should appear in the chart. Enter this command at the
MATLAB prompt:

addpath(fullfile(docroot, 'toolbox', 'stateflow', 'gs', 'examples'))
Stage5Trigger

Design Considerations for Triggering Stateflow Charts

A Simulink model can wake up a Stateflow chart by

» Sampling the chart at a specified or inherited rate
* Using a signal as a trigger
» Using one Stateflow chart to drive the activity of another

A signal trigger works best for the Air Controller chart because it needs to monitor the temperature
of the physical plant at regular intervals. To meet this requirement, you will use a periodic signal to
trigger the chart. The source is a square wave signal called CLOCK, provided by a Signal Builder
block in the Simulink model, described in “How the Stateflow Chart Works with the Simulink Model”
on page 1-7. To harness the signal, you will set up an edge trigger event that wakes the chart at the
rising or falling edge of CLOCK.

The rationale for using an edge trigger in this case is that it uses the regularity and frequency of the
signal to wake up the chart. When using edge triggers, keep in mind that there can be a delay from
the time the trigger occurs to the time the chart begins executing. This is because an edge trigger
causes the chart to execute at the beginning of the next simulation time step, regardless of when the
edge trigger actually occurred during the previous time step. The Air Controller can tolerate this
delay, as long as the edge occurs frequently enough. (For more information about triggering
Stateflow charts, see “Implement Interfaces to Simulink Models” on page 28-9 in the Stateflow
User's Guide.)

Recall that you already defined one edge-triggered event, SWITCH, to guard the transitions between

PowerQff and PowerOn. You will now define a second edge-triggered event, CLOCK, to wake up the
chart.
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Defining the CLOCK Event

To define the CLOCK event, follow these steps:

1 Open the model Stage4Transitions — either the one you created in the previous exercises or
the supplied model for stage 4.

To open the supplied model, enter the following command at the MATLAB prompt:

addpath(fullfile(docroot, 'toolbox', 'stateflow', 'gs', 'examples'))
Staged4Transitions

Save the model as Stage5Trigger in your local work folder.
In Stage5Trigger, double-click the Air Controller block to open the Stateflow chart.
From the Stateflow Editor, in the Modeling tab, under Design Data, click Event Input.

gua A W N

In the Event properties dialog box, edit the following fields:

Property What to Specify
Name Change the name to CLOCK.

Trigger Select Either from the drop-down menu so that the rising or falling
edge of a signal can trigger the event.

Because the SWITCH event you created in “Adding Events to Guard Transitions” on page 1-41 was
assigned to trigger port 1, the CLOCK event is assigned to trigger port 2. Nevertheless, only one
trigger port appears at the top of the Air Controller block to receive trigger signals. This means
that each signal must be indexed into an array, as described in “Connecting the Edge-Triggered
Events to the Input Signals” on page 1-46.

6 Click OK to record the changes and close the dialog box.
Save Stage5Trigger, but leave it open for the next exercise.

Connecting the Edge-Triggered Events to the Input Signals

You need to connect the edge-triggered events to the Simulink input signals in a way that

* Associates each event with the correct signal
* Indexes each signal into an array that can be received by the Air Controller trigger port

In Stage5Trigger, notice that the two input signals SWITCH and CLOCK feed into a Mux block
where they are joined in an array to a single output. SWITCH is a pulse signal and CLOCK is a square
wave. When you connect the Mux to the trigger port, the index of the signals in the array are
associated with the like-numbered ports. Therefore, the SWITCH signal at the top input port of the
Mux triggers the event SWITCH on trigger port 1. Likewise, the CLOCK signal at the second input port
of the Mux triggers the event CLOCK on trigger port 2.

To connect the Mux to the trigger port, follow these steps:
1 Click the Mux block, hold down the Ctrl key, and click the Air Controller block.

The output signal of the Mux block connects to the input trigger port of the Stateflow block. Your
model should look like this:
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Group 1

/’\
=

SWITCH

CLOCK

Signal Builder

2

Where to go next.
and Breakpoints” on page 1-48.

Save Stage5Trigger.

Ambiant
Temperature

ambient

tamp

Physical Plant

@

Scope

Now you are ready to simulate your chart. See “Setting Simulation Parameters
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Setting Simulation Parameters and Breakpoints

1-48

In phase 6 of this workflow, you simulate the chart to test its behavior. During simulation, you can
animate Stateflow charts to highlight states and transitions as they execute.
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Prepare the Chart Yourself or Use the Supplied Model

To prepare the chart for simulation yourself, work through the exercises in this section. Otherwise,
open the supplied model to see how simulation parameters should appear. Enter this command at the
MATLAB prompt:

addpath(fullfile(docroot, 'toolbox', 'stateflow', 'gs', 'examples'))
Stage6Simulate

Checking That Your Chart Conforms to Best Practices

Before starting a simulation session, you should examine your chart to see if it conforms to
recommended design practices:

* A default transition must exist at every level of the Stateflow hierarchy that contains exclusive
(OR) states (has exclusive [OR] decomposition). (See “Deciding Where to Place Default
Transitions” on page 1-35.)

* Whenever possible, input data objects should inherit properties from the associated Simulink
input signal to ensure consistency, minimize data entry, and simplify maintenance of your model.
Recall that in “Defining the Inputs and Outputs” on page 1-16, you defined the input temp to
inherit its size and type from the Simulink output port temp, which provides the input value to the
Air Controller chart.

* Output data objects should not inherit types and sizes because the values are back propagated
from Simulink blocks and may, therefore, be unpredictable. Recall that in “Defining the Inputs and
Outputs” on page 1-16, you specified the data type as uint8 and the size as scalar (the default).
(See “Avoid Inheriting Output Data Properties from Simulink Blocks” on page 12-3 in the
Stateflow User's Guide.)

Tip You can specify data types and sizes as expressions in which you call functions that return
property values of other variables already defined in Stateflow, MATLAB, or Simulink software. Such
functions include type on page 16-17 and fixdt. For more information, see “Specify Data
Properties by Using MATLAB Expressions” on page 12-16 in the Stateflow User's Guide.
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Setting the Length of the Simulation

To specify the length of the simulation, follow these steps:

1

Open the model Stage5Trigger — either the one you created in the previous exercises or the
supplied model for stage 5.

To open the supplied model, enter the following command at the MATLAB prompt:

addpath(fullfile(docroot, 'toolbox', 'stateflow', 'gs', 'examples'))
Stage5Trigger

Save the model as Stage6Simulate in your local work folder.
Double-click Air Controller to open the chart.

Check the settings for simulation time:

a In the Simulink Editor, in the Modeling tab, click Model Settings.

The following dialog box opens:

24 Configuration Parameters: StagefSimulate/Configuration [Active) E@I&J

% Commonly Used Parameters | = All Parameters

» Optimization
> Diagnostics

» Code Generation

Select: Simulation time

Solver Start time: 0.0 Stop time: 600
Data Import/Export

Solver options

Hardware Implementation Type: |Variable-step '] Solver: ’ode45 (Dormand-Prince) -
Model Referencing
Simulation Target » Additional options

m

4|

‘}.

1 | »

[ 0K H Cancel H Help Apply

b Click Solver in the left Select pane if it is not already selected.
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Under Simulation time on the right, note that the start and stop times have been preset for
you. You can adjust these times later as you become more familiar with the run-time
behavior of the chart.

¢ Keep the preset values for now and click OK to close the dialog box.
5 Leave the chart open for the next exercise.

Configuring Animation for the Chart

When you simulate a Simulink model, Stateflow animates charts to highlight states and transitions as
they execute. Animation provides visual verification that your chart behaves as you expect. Animation
is enabled by default to Fast. Slowing it down gives you more time to view the execution order of
objects. To configure animation for your simulation session, follow these steps:

1  Set the speed of animation to medium. In the Stateflow Editor, in the Debug tab, set the
animation speed to Medium. This slows the animation down.

2 Leave the Air Controller chart open for the next exercise.

Setting Breakpoints to Observe Chart Behavior

In this exercise, you will learn how to set breakpoints to pause simulation during key run-time
activities so you can observe the behavior of your chart in slow motion. You will set the following

breakpoints:

Breakpoint Description

Chart Entry Simulation halts when the Stateflow chart wakes up.
State Entry Simulation halts when a state becomes active.

You will also learn how to examine data values when simulation pauses.
Follow these steps:

1 Right click in the chart, and select Set Breakpoint on Chart Entry.

2  For each state PowerOn and PowerQff, right click in the state, and select Set Breakpoints >
On State Entry.

Simulating the Air Controller Chart

In this exercise, you will simulate the Air Controller chart. During simulation, you will change
breakpoints and observe data values when execution pauses. Follow these steps.

1 In Stage6Simulate, open the Scope block. Position the Scope block and the Air Controller
chart so they are visible on your desktop.

2 Start simulation by clicking Run.
After the simulation target is built, the chart appears with a gray background, indicating that

simulation has begun. Simulation continues until it reaches the first breakpoint, when the Air
Controller chart wakes up.
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Right click a transition in the state FAN1, and select Add to watch > (Input) temp. This adds
the variable temp to the Stateflow Breakpoints and Watch window.

Right click in the state SpeedValue, and select Add to watch > (Output) airflow. This adds
the variable airflow to the Stateflow Breakpoints and Watch window.

Tip You can also view data values from the MATLAB command line at simulation breakpoints.
Here's how to do it:

a  When simulation pauses at a breakpoint, click in the MATLAB command line and press the
Enter key.

The MATLAB Command Window displays a debug>> prompt.
b At the prompt, type the name of the data object.

The MATLAB Command Window displays the value of the data object.

View the values of temp and airflow.

Note that temp is 70 (below the threshold for turning on FAN1) and airflow is O (indicating that
no fans are running).

Resume simulation by clicking the Continue button.

Simulation continues until the next breakpoint, activation of the PowerOff state, which appears
highlighted in the chart (as part of animation).

I”'FF’::ﬂ.ﬂ.rean )

T

| [temp<120] On [temp<150]

______________________________

Off

T

[temp==150]

| 1

T s s s o e

________________________________________

PowerOff
e dentry: airflow = 0;

®
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The default transition activates PowerQff after the chart wakes up.

7 In the Breakpoints tab of the Stateflow Breakpoints and Watch Data window, clear the
breakpoint on Chart Entry. Hover the cursor over the name of the breakpoint, and select the

delete button, o . Continue simulation.

Simulation continues to the next breakpoint, the activation of the Power0n state:

PowerOn N
AN ™ FAN TS ~

=——
e e e e e s s s

Off
[temp>=120]  [lemp==130]
(SpeedValue 3
i during: airflow = in(FAN1.0n) + in(FAN2.0n); !
= :
= i
\-(‘i] L 4 J
SWITCH L SWITCH
PowerOff

o entry: airflow = 0;

Note that temp has risen to over 157 degrees. The Scope displays the temperature pattern:
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. 4| Scope | = | =] |&]

File Tools View Simulation Help u

CRAECNO N> =N R P

Ready T=350.000

8 To speed through the rest of the simulation, clear all breakpoints, and continue simulation.

Notice that FAN1 continues to cycle on and off as temp fluctuates between 119 and 120 degrees
until power cycles off at 500 seconds. After power cycles off, the fans stop running and temp
begins to rise unchecked until simulation reaches stop time at 600 seconds.

The Scope captures this activity:
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| Scope El@

File Tools View Simulation Help u

CRAECNO N> =N R P

Ready T=600.000

Note This display should look the same as the Scope after running the prebuilt model in
“Running the Model” on page 1-10.

9 Save Stage6Simulate, and close all other windows and dialog boxes.
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Debugging Common Modeling Errors

In phase 7 of this workflow, you debug the chart.
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Debugging State Inconsistencies

In this exercise, you will introduce a state inconsistency error in your chart and troubleshoot the
problem. Follow these steps:

1

Open the model Stage6Simulate — either the one you created in the previous exercises or the
supplied model for stage 6.

To open the supplied model, enter the following command at the MATLAB prompt:

addpath(fullfile(docroot, ‘examples'))

Stage6Simulate
Save the model as Stage7Debug in your local work folder.

'toolbox', 'stateflow', 'gs',

Double-click Air Controller to open the chart.
Delete the default transition to FAN2.0ff by selecting it and pressing the Delete key.

Removing the default transition will cause a state inconsistency error. (Recall from “Checking
That Your Chart Conforms to Best Practices” on page 1-48 that there must be a default transition
at every level of the Stateflow hierarchy that has exclusive [OR] decomposition.)

Your chart should look like this:
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5 Save the chart, and start simulation.

An error appears in the Diagnostic Viewer. The error indicates that the state FAN2 has no default
paths to a substate.

Note The state number in your dialog display can differ from the one pictured above.

6 Locate the offending state in the Air Controller chart, by clicking the link to the state name.
FAN2 appears highlighted in the chart:

{PowerOn ™

1
e
T
I -F/III
7 )
i
1
q

I'Speedialue
i during : airflow = in{FANT.On} + in{FAMZ. On);

-
b

PowerOF
oeupe] &Ny Firflow = 0;

7 Add back the default transition to FAN2.0ff.

The default transition provides an unconditional default path to one of the substates of FAN2.
8 Simulate the model again.
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9

This time, simulation proceeds without any errors.
Save Stage7Debug, and leave the chart open for the next exercise.

Debugging Data Range Violations

In this exercise, you will introduce a data range violation in your chart and troubleshoot the problem.
To enable data range violation checking, set Simulation range checking in the Diagnostics: Data
Validity pane of the Configuration Parameters dialog box to error.

Follow these steps:

1

In the Air Controller chart, modify the during action in the SpeedValue state by adding 1 to the
computed value, as follows:

during: airflow = in(FAN1.0n) + in(FAN2.0n) + 1;

Recall that in “Defining the Inputs and Outputs” on page 1-16, you set a limit range of 0 to 2 for
airflow. By adding 1 to the computation, the value of airflow will exceed the upper limit of
this range when two fans are running.

Start simulation.
Simulation pauses because of an out-of-range data error:

As expected, the error occurs in the during action of SpeedValue because the value of
airflow is out of range.

To isolate the problem, double-click the last line in the error message:
Data '#439 (0:0:0)': 'airflow'

The Model Explorer opens on your desktop, allowing you to view the properties of airflow in
the right, read-only pane (read-only because simulation is running).

Note The ID number of the data that appears in the error message can vary from the value
shown.

Check the limit range for airflow:
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. Data airflow ﬁ .

General | Logging | Description |

MName: airflow

Scope: [Dutput *] Port: [1 h

["] Data must resolve to signal object

Size:

Complexity: [Dﬁ’ -

[T Lock data type against Fixed-Point tools

Unit (e.g., m, m/s™2, N*m): 51, English, ...
inherit
Initial value: [Expressicrn -

Limit range

Minimum: 0 Maximum: 2

Add to Watch Window

[ OK ][ Cancel ][ Help Apply

5 Hover your cursor over airflow to view the value.
airflow =3

This value exceeds the upper limit of 2.
Stop simulation.
7 Restore the during action to its previous code, and then restart simulation for the model.

The model should simulate with no errors or warnings.
See Also

Related Examples
. “Set Breakpoints to Debug Charts” on page 33-3
. “Inspect and Modify Data and Messages While Debugging” on page 33-9
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* “Overview of Stateflow Objects” on page 2-2

* “Rules for Naming Stateflow Objects” on page 2-5
+ “States” on page 2-8

* “State Hierarchy” on page 2-14

» “State Decomposition” on page 2-16

+ “Transitions” on page 2-18

» “Self-Loop Transitions” on page 2-24

* “Inner Transitions” on page 2-25

* “Default Transitions” on page 2-28

* “Combine Transitions and Junctions to Create Branching Paths” on page 2-31
* “History Junctions” on page 2-36

* “Reusable Functions in Charts” on page 2-37



2 Stateflow Chart Notation

Overview of Stateflow Objects

2-2

Hierarchy of Stateflow Objects

Stateflow objects are arranged in a hierarchy based on containment. That is, one Stateflow object can
contain other Stateflow objects.

Stateflow Hierarchy

machine

chart

state/
box/
function

data/
event/
message

The highest object in Stateflow hierarchy is the Stateflow machine. The Stateflow machine contains
all of the Stateflow charts in a Simulink model. In addition, the Stateflow machine for a model can
contain its own data.

Stateflow charts can contain states, boxes, functions, data, events, messages, transitions, junctions,

and annotations. States, boxes, and functions can contain other states, boxes, functions, transitions,
junctions, annotations, data, events, and messages. Levels of nesting can continue indefinitely.

Graphical Objects

To manage graphical objects, use the Stateflow Editor. This table lists each type of graphical object
and the palette icon to use for drawing the object.
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Type of Graphical Object

Palette Icon

Reference

State O “Represent Operating Modes by
Using States” on page 4-5
Transition Not applicable. Point and drag |“Transition Between Operating
from the source state to the Modes” on page 4-14
destination state.
Connective junction o “Combine Transitions and
o Junctions to Create Branching
Paths” on page 2-31
Default transition u “Default Transitions” on page 2-
28
Box O “Group Chart Objects by Using
Boxes” on page 8-4
Simulink based state “Simulink Subsystems as
States” on page 6-2
Simulink function » “Reuse Simulink Components in
Stateflow Charts” on page 11-
2
Graphical function “Reuse Logic Patterns by

Defining Graphical Functions”
on page 8-18

MATLAB function

“Reuse MATLAB Code by
Defining MATLAB Functions” on
page 9-2

Truth table function G “Use Truth Tables to Model
Combinatorial Logic” on page
10-2

History junction ® “Record State Activity by Using
History Junctions” on page 8-
2

Annotation “Add Descriptive Comments in a

Chart” on page 8-31

Nongraphical Objects

You can define data, event, and message objects that do not appear graphically in the Stateflow
Editor. To manage nongraphical objects, use the Symbols pane or Model Explorer. For more

information, see:

* “Manage Data, Events, and Messages in the Symbols Pane” on page 34-2

* “Use the Model Explorer with Stateflow Objects” on page 34-10

Data Objects

A Stateflow chart stores and retrieves data that it uses to control its execution. Stateflow data resides
in its own workspace, but you can also access data that resides externally in the Simulink model or
application that embeds the Stateflow machine. You must define any internal or external data that

you use in a Stateflow chart.
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Event Objects

An event is a Stateflow object that can trigger a whole Stateflow chart or individual actions in a chart.
Because Stateflow charts execute by reacting to events, you specify and program events into your
charts to control their execution. You can broadcast events to every object in the scope of the object
sending the event, or you can send an event to a specific object. You can define explicit events that
you specify directly, or you can define implicit events to take place when certain actions are
performed, such as entering a state. For more information, see “Synchronize Model Components by
Broadcasting Events” on page 14-2.

Message Objects

Stateflow message objects are queued objects that can carry data. You can send a message from one
Stateflow chart to another to communicate between charts. You can also send local messages within a
chart. You define the type of message data. You can view the lifeline of a message in the Sequence
Viewer block. For more information, see “Communicate with Stateflow Charts by Sending Messages”
on page 15-2.
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Rules for Naming Stateflow Objects

You can name Stateflow objects with any combination of alphanumeric and underscore characters.
Names cannot begin with a numeric character or contain embedded spaces.

Restriction on Name Length
Name length should comply with the maximum identifier length enforced by Simulink Coder™

software. You can set the Maximum identifier length parameter. The default is 31 characters and
the maximum length you can specify is 256 characters.

Keywords to Avoid When Naming Stateflow Objects

Avoid using reserved keywords to name Stateflow objects. These keywords are part of the action
language syntax.

Usage in Action Language Keywords Syntax References
Syntax
Boolean symbols * true “Boolean Symbols, true and false”
. false on page 16-20
Change detection * hasChanged “Detect Changes in Data Values” on
+ hasChangedFrom page 16-72
* hasChangedTo
Complex data * complex “Supported Operations for Complex
. imag Data” on page 27-4
* real
Data types * boolean “Specify Type of Stateflow Data” on
« double page 12-27
* int64
* int32
* intl6
* int8
* single
* uint64
e uint32
* uintle
* uint8
Data type operations e cast “Type Cast Operations” on page 16-
. type 16
“Specify Type of Stateflow Data” on
page 12-27
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Usage in Action Language Keywords Syntax References
Syntax
Explicit events * send “Broadcast Local Events to
Synchronize Parallel States” on
page 14-23
Implicit events * change “Control Chart Behavior by Using
. chg Implicit Events” on page 14-26
* enter
* en
+ exit
* ex
+ tick
Literal symbols e inf “Supported Symbols in Actions” on
. t page 16-20
MATLAB functions and data + matlab “Access MATLAB Functions and
e ml Workspace Data in C Charts” on
page 16-28
* this “App Design”
Messages * discard “Control Message Activity in
« forward Stateflow Charts” on page 15-9
* isvalid
* length
* receive
* send
State actions * bind “State Action Types” on page 16-
* du 2
* during
* en
* entry
s ex
¢ exit
* on
State activity e in “Check State Activity by Using the

in Operator” on page 13-17
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Usage in Action Language
Syntax

Keywords

Syntax References

String manipulation

e ascii2str
e str2ascii
 str2double

* strcat
* strcmp
* strcpy
* strlen
* substr

* tostring

“Manage Textual Information by
Using Strings” on page 24-2

Temporal logic

+ after

e at

* before

* count

* duration
* elapsed
* et

* every

* msec

* sec

* temporalCount
* usec

“Control Chart Execution by Using
Temporal Logic” on page 16-44

Note Do not use the file names sf.sfx for Stateflow charts or sf. s1x for Simulink models. Using
these file names can shadow Stateflow program files and result in unpredictable behavior.

See Also

More About

. “Specify Properties for Stateflow Charts” on page 28-2

. “Set Data Properties” on page 12-5

. “Identify Data by Using Dot Notation” on page 12-39

2-7



2 Stateflow Chart Notation

States
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A state describes an operating mode of a reactive system. In a Stateflow chart, states are used for
sequential design to create state transition diagrams.

States can be active or inactive. The activity or inactivity of a state can change depending on events
and conditions. The occurrence of an event drives the execution of the state transition diagram by
making states become active or inactive. At any point during execution, active and inactive states
exist.

State Hierarchy

To manage multilevel state complexity, use hierarchy in your Stateflow chart. With hierarchy, you can
represent multiple levels of subcomponents in a system.

State Hierarchy Example

In the following example, three levels of hierarchy appear in the chart. Drawing one state within the
boundaries of another state indicates that the inner state is a substate (or child) of the outer state (or
superstate). The outer state is the parent of the inner state.

r’éar_dnne _\1
f"t_:ar_made 1 1‘"1-: .
Parts_assembled
Car_shipped
Painted
\, V.
o v,

In this example, the chart is the parent of the state Car_done. The state Car_done is the parent
state of the Car _made and Car_shipped states. The state Car_made is also the parent of the
Parts assembled and Painted states. You can also say that the states Parts assembled and
Painted are children of the Car_made state.

To represent the Stateflow hierarchy textually, use a slash character (/) to represent the chart and
use a period (.) to separate each level in the hierarchy of states. The following list is a textual
representation of the hierarchy of objects in the preceding example:

+ /Car _done

+ /Car _done.Car_made

* /Car _done.Car shipped

+ /Car_done.Car _made.Parts _assembled

+ /Car_done.Car _made.Painted



States

Objects That a State Can Contain

States can contain all other Stateflow objects. Stateflow chart notation supports the representation of
graphical object hierarchy in Stateflow charts with containment. A state is a superstate if it contains
other states. A state is a substate if it is contained by another state. A state that is neither a
superstate nor a substate of another state is a state whose parent is the Stateflow chart itself.

States can also contain nongraphical data, event, and message objects. The hierarchy of this
containment appears in the Model Explorer. You define data, event, and message containment by
specifying the parent object.

State Decomposition

Every state (or chart) has a decomposition that dictates what type of substates the state (or chart)
can contain. All substates of a superstate must be of the same type as the superstate decomposition.
State decomposition can be exclusive (OR) or parallel (AND).

Exclusive (OR) State Decomposition

Substates with solid borders indicate exclusive (OR) state decomposition. Use this decomposition to
describe operating modes that are mutually exclusive. When a state has exclusive (OR)
decomposition, only one substate can be active at a time.

In the following example, either state A or state B can be active. If state A is active, either state Al or
state A2 can be active at a given time.

Parallel (AND) State Decomposition

Substates with dashed borders indicate parallel (AND) decomposition. Use this decomposition to
describe concurrent operating modes. When a state has parallel (AND) decomposition, all substates
are active at the same time.

In the following example, when state A is active, A1 and A2 are both active at the same time.
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The activity within parallel states is essentially independent, as demonstrated in the following
example.

In the following example, when state A becomes active, both states B and C become active at the
same time. When state C becomes active, either state C1 or state C2 can be active.

___________________________

m
(:j‘

'
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'
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o

State Labels

The label for a state appears on the top left corner of the state rectangle with the following general
format:

name/

entry:entry actions

during:during actions

exit:exit actions

on event name:on event name actions

on message name:on message_name actions
bind:events

The following example demonstrates the components of a state label.
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!
on

entry: on_count = 0;
during: light_on(); on_count = on_count + 1,
on power_outage: handle_outage();

[

MATLAB Function
=1 light_on

MATLAB Function
light_off

Off
exit: light_off(}; MATLAB Function

handle_outage

Each action in the state label appears in the subtopics that follow. For more information on state
actions, see:

* “Execution of a Stateflow Chart” on page 3-23 — Describes how and when chart execution
occurs.

» “State Action Types” on page 16-2 — Gives more detailed descriptions of each type of state
action, entry, during, exit.

State Name

A state label starts with the name of the state followed by an optional / character. In the preceding
example, the state names are On and Off. Valid state names consist of alphanumeric characters and
can include the underscore (_) character. For more information, see “Rules for Naming Stateflow
Objects” on page 2-5.

Hierarchy provides some flexibility in naming states. The name that you enter on the state label must
be unique when preceded by ancestor states. The name in the Stateflow hierarchy is the text you
enter as the label on the state, preceded by the names of parent states separated by periods. Each
state can have the same name appear in the label, as long as their full names within the hierarchy are
unique. Otherwise, the parser indicates an error.

The following example shows how unique naming of states works.
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Each of these states has a unique name because of its location in the chart. The full names for the
states in FAN1 and FAN2 are:

* PowerOn.FAN1.0On

* PowerOn.FAN1.Off

* PowerOn.FAN2.0n

* PowerOn.FAN2.0Off

State Actions

After the name, you enter optional action statements for the state with a keyword label that identifies
the type of action. You can specify none, some, or all of them. The colon after each keyword is
required. The slash following the state name is optional as long as it is followed by a carriage return.

For each type of action, you can enter more than one action by separating each action with a carriage
return, semicolon, or a comma. You can specify actions for more than one event or message by adding
additional on event name or on message name lines.

If you enter the name and slash followed directly by actions, the actions are interpreted as entry
action(s). This shorthand is useful if you are specifying only entry actions.

Entry Action

Preceded by the prefix entry or en for short. In the preceding example, state On has entry action
on_count=0. This means that the value of on_count is reset to 0 whenever state On becomes active
(entered).



States

During Action

Preceded by the prefix during or du for short. In the preceding label example, state On has two
during actions, light _on() and on_count++. These actions are executed whenever state On is
already active and any event occurs.

Exit Action

Preceded by the prefix exit or ex for short. In the preceding label example, state Of f has the exit
action light off (). If the state Off is active, but becomes inactive (exited), this action is
executed.

On Action

Preceded by the prefix on event name, or on message name. In the preceding label example,
state On has an on power outage action. If state On is active and the event power outage occurs,
the action handle outage() is executed.

Bind Action

Preceded by the prefix bind. Events bound to a state can only be broadcast by that state or its
children.
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State Hierarchy
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To manage multilevel state complexity, use hierarchy in your Stateflow chart. With hierarchy, you can
represent multiple levels of subcomponents in a system.

State Hierarchy Example

In the following example, three levels of hierarchy appear in the chart. Drawing one state within the
boundaries of another state indicates that the inner state is a substate (or child) of the outer state (or
superstate). The outer state is the parent of the inner state.

r/IC‘_.ar_dnne _\1
l’"t_:ar_rnade 1 1‘\-: .
Parts_assembled
Car_shipped
Painted
\ V.
o W,

In this example, the chart is the parent of the state Car_done. The state Car_done is the parent
state of the Car _made and Car_shipped states. The state Car_made is also the parent of the
Parts assembled and Painted states. You can also say that the states Parts assembled and
Painted are children of the Car_made state.

To represent the Stateflow hierarchy textually, use a slash character (/) to represent the chart and
use a period (.) to separate each level in the hierarchy of states. The following list is a textual
representation of the hierarchy of objects in the preceding example:

+ /Car _done

+ /Car_done.Car_made

* /Car _done.Car shipped

* /Car _done.Car _made.Parts assembled

* /Car_done.Car _made.Painted

Objects That a State Can Contain

States can contain all other Stateflow objects. Stateflow chart notation supports the representation of
graphical object hierarchy in Stateflow charts with containment. A state is a superstate if it contains
other states. A state is a substate if it is contained by another state. A state that is neither a
superstate nor a substate of another state is a state whose parent is the Stateflow chart itself.



State Hierarchy

States can also contain nongraphical data, event, and message objects. The hierarchy of this
containment appears in the Model Explorer. You define data, event, and message containment by
specifying the parent object.
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State Decomposition

Every state (or chart) has a decomposition that dictates what type of substates the state (or chart)
can contain. All substates of a superstate must be of the same type as the superstate decomposition.
State decomposition can be exclusive (OR) or parallel (AND).

Exclusive (OR) State Decomposition

Substates with solid borders indicate exclusive (OR) state decomposition. Use this decomposition to
describe operating modes that are mutually exclusive. When a state has exclusive (OR)
decomposition, only one substate can be active at a time.

In the following example, either state A or state B can be active. If state A is active, either state Al or
state A2 can be active at a given time.

1

Parallel (AND) State Decomposition

Substates with dashed borders indicate parallel (AND) decomposition. Use this decomposition to
describe concurrent operating modes. When a state has parallel (AND) decomposition, all substates
are active at the same time.

In the following example, when state A is active, A1 and A2 are both active at the same time.

|
!
i
i
i
]
!
i

'] -

R

.

The activity within parallel states is essentially independent, as demonstrated in the following
example.

In the following example, when state A becomes active, both states B and C become active at the
same time. When state C becomes active, either state C1 or state C2 can be active.
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Transitions
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A transition is a line with an arrowhead that links one graphical object to another. In most cases, a
transition represents the passage of the system from one mode (state) to another. A transition
typically connects a source and a destination object. The source object is where the transition begins
and the destination object is where the transition ends. The following chart shows a transition from a
source state, B, to a destination state, A.

(A T, }
—————

A l
—L

2
A2

N\ —

Junctions divide a transition into transition segments. In this case, a full transition consists of the
segments taken from the origin to the destination state. Each segment is evaluated in the process of
determining the validity of a full transition.

The following example has two segmented transitions: one from state On to state O0ff, and the other
from state On to itself:

A default transition is a special type of transition that has no source object. See “Default Transitions”
on page 2-28 for details.

Transition Hierarchy

Transitions cannot contain other objects the way that states can. However, transitions are contained
by states. The hierarchy for a transition is described in terms of its parent, source, and destination
states. The parent is the lowest level that contains the source and destination of the transition.
Consider the parents for the transitions in the following example:



Transitions

Power_on 1 ™y
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The following table resolves the parentage of each transition in the preceding example. The /

character represents the chart. Each level in the hierarchy of states is separated by the period (.)
character.

Transition Label Transition Parent Transition Source Transition Destination
switch off / /Power on.Low.Heat /Power off

switch high /Power _on /Power_on.Low.Heat /Power_on.High
switch cold /Power_on.Low /Power _on.Low.Heat /Power _on.Low.Cold

Transition Labels

A transition label can consist of an event or message, a condition, a condition action, and a transition
action. Each part of the label is optional. The ? character is the default transition label. Transition

labels have this overall format:
event or messagel[condition]{condition action}/transition action

This example illustrates the parts of a transition label.

l {off_count=0:}

on
duoff_count=1

MATLAB Function
Light_off

E [off_count==0] {off _count = off_count + 1} / Light_offi)}
1]

Off

Event or Message Trigger

Specifies an event or message that causes the transition to occur when the condition is true. Specify
multiple events using the OR logical operator (|). Specifying an event or message is optional. The
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absence of an event or message indicates that the transition takes place on the occurrence of any
event. For more information, see “Synchronize Model Components by Broadcasting Events” on page
14-2 and “Communicate with Stateflow Charts by Sending Messages” on page 15-2.

In the previous example, the broadcast of event E triggers the transition from On to Off if the
condition [off count==0] is true.

Condition

Specifies a Boolean expression that, when true, validates a transition for the specified event or
message trigger. Enclose the condition in square brackets ([ ]). If no condition is specified, an implied
condition evaluates to true. For more information, see “Conditions” on page 16-8.

In the previous example, when the event E occurs, the condition [off count==0] must evaluate as
true for the transition from On to O0ff to be valid.

Condition Action

Executes after the condition for the transition is evaluated as true, but before the transition to the
destination is determined to be valid. Enclose the condition action in curly braces ({}) following the
condition. For more information, see “Condition Action Behavior” on page B-9.

In the previous example, if the event E occurs and the condition [off count==0] is true, then the
condition action {off count = off count + 1} isimmediately executed.

Transition Action

Executes after the transition to the destination is determined to be valid. If the transition consists of
multiple segments, then the transition action is executed when the entire transition path to the final
destination is determined to be valid. Transition actions occur after the exit actions of the source
state and before the entry actions of the destination state. Precede the transition action with a /. For
more information, see “Condition and Transition Action Behavior” on page B-9.

In the preceding example, if the event E occurs and the condition [off count==0] is true, then the
transition action {Light off()} is executed when the transition from On to Off is determined to be
valid. The transition action occurs after On becomes inactive, but before 0f f becomes active.

Transition actions are supported only in Stateflow charts in Simulink models.

Valid Transitions

Usually, a transition is valid when the source state of the transition is active and the transition label is
valid. Default transitions are different because there is no source state. Validity of a default transition
to a substate is evaluated when there is a transition to its superstate, assuming the superstate is
active. This labeling criterion applies to both default transitions and general case transitions. The
following table lists possible combinations of valid transition labels.

Transition Label Is Valid If...

Event only That event occurs

Event and condition That event occurs and the condition is true
Message only That message occurs




Transitions

Transition Label Is Valid If...

Message and condition That message occurs and the condition is true
Condition only Any event occurs and the condition is true
Action only Any event occurs

Not specified Any event occurs

Transition Connections
Transitions to and from Exclusive (OR) States

This example shows simple transitions to and from exclusive (OR) states.

1

The following transition... Is valid when...
BtoA State B is active and the event E1 occurs.
Al to A2 State Al is active and event E2 occurs.

See “Transition Between Exclusive States” on page B-4 for more information on the semantics of
this notation.

Transitions to and from Junctions

The following chart shows transitions to and from connective junctions.

— . T
after(s sec) Slow

\.ﬁ.
7] o . e
—_— 1 before(Z2 sec)
Start u=1 ] Fast

= =

-
1 Good

The chart uses temporal logic to determine when the input u equals 1.
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If the input equals 1...

A transition occurs from...

Before t = 2

Start to Fast

Betweent=2andt=5

Start to Good

Aftert =5

Start to Slow

For more information about temporal logic, see “Control Chart Execution by Using Temporal Logic”
on page 16-44. For more information on the semantics of this notation, see “Transition from a
Common Source to Multiple Destinations” on page B-28.

Transitions to and from Exclusive (OR) Superstates

This example shows transitions to and from an exclusive (OR) superstate and the use of a default

transition.

o

[Power_off )

The chart has two states at the highest level in the hierarchy, Power off and Power on. By default,

f"ﬁu:rwer_on

vy

Power off is active. The event Switch toggles the system between the Power off and Power on
states. Power on has three substates: First, Second, and Third. By default, when Power on
becomes active, First also becomes active. When Shift equals 1, the system transitions from

First to Second, Second to Third, Third to First, for each occurrence of the event Switch, and
then the pattern repeats.

For more information on the semantics of this notation, see “Control Chart Execution by Using
Default Transitions” on page B-14.

Transitions to and from Substates

The following example shows transitions to and from exclusive (OR) substates.
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For details on how this chart works, see “Debounce Signals with Fault Detection” on page 30-14. For
information on the semantics of this notation, see “Transition from a Substate to a Substate with
Events” on page B-7.

See Also

More About

. “Default Transitions” on page 2-28

. “Transition Action Types” on page 16-7

. “Control Chart Execution by Using Condition Actions” on page B-9

. “Synchronize Model Components by Broadcasting Events” on page 14-2

. “Communicate with Stateflow Charts by Sending Messages” on page 15-2
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Self-Loop Transitions

A self-loop transition is a transition that originates from and terminates on the same state. The
following chart contains four self-loop transitions:

' ™
(Eit.a'mnamms 1. s nyBalIG oingTagtop()
MATLABR Function II.derixrat'r-.res 'jfupdateStDpFlagal:};
initBalls p_dot=v: I
v_dot = frictionForce) + interactionF orced; 3\[hasEIaIllmeractinnChanged(}]
i chart outnuts Whall_interaction = getBallnteraction;
finitBalls; p_out= p.p b updateStopFlagsd;
: 7] w:nut =y

pocketed_out = pocketed; 3 H[ia&rrg.rElallNewh.rF'ncketedl:]]
pocketewdallsl;

= updateStopFlags;

‘H [i=anyBallQutOfB ounds)
SfresetBallsPosAndvell),

UpdateStopFlagsd,
\_ A
MATLAE Function MATLAB Function f=interactionForce WMATLAE Function
¥n = isAnyBalOutOfBounds balli = getBallnteraction

MATLAB Function

MATLAE Function
W = isAnyBalMewdy Pocketed

MATLAB Function resetBallsPosAndye
wn = hasBallnteractionChanged

MATLAB Function
v = isAnyBalGoingToStop

MATLABR Function

MATLABR Function pocketMewBals
v = nearHole(pp

MATLAB Function

MATLAB Function updateStopFlags
f=frictionForce

See these sections for more information about the semantics of this notation:

* “Self-Loop Transition” on page B-24
» “For-Loop Construct” on page B-25
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Inner Transitions

An inner transition is a transition that does not exit the source state. Inner transitions are powerful
when defined for superstates with exclusive (OR) decomposition. Use of inner transitions can greatly
simplify a Stateflow chart, as shown by the following examples:

» “Before Using an Inner Transition” on page 2-25
* “After Using an Inner Transition to a Connective Junction” on page 2-25
* “Using an Inner Transition to a History Junction” on page 2-26

Before Using an Inner Transition

This chart is an example of how you can simplify logic using an inner transition.

l

'

=\
vy

"

Any event occurs and awakens the Stateflow chart. The default transition to the connective junction
is valid. The destination of the transition is determined by [c1 > 0] and [c2 > 0].If [c1l > O] is
true, the transition to Al is true. If [c2 > 0] is true, the transition to A2 is valid. If neither [c1 >

0] nor [c2 > 0] is true, the transition to A3 is valid. The transitions among Al, A2, and A3 are
determined by E, [c1 > 0], and [c2 > O].

After Using an Inner Transition to a Connective Junction

This example simplifies the preceding example using an inner transition to a connective junction.
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An event occurs and awakens the chart. The default transition to the connective junction is valid. The
destination of the transitions is determined by [c1 > 0] and [c2 > 0].

You can simplify the chart by using an inner transition in place of the transitions among all the states
in the original example. If state A is already active, the inner transition is used to reevaluate which of
the substates of state A is to be active. When event E occurs, the inner transition is potentially valid.
If [cl > 0] is true, the transition to Al is valid. If [c2 > 0] is true, the transition to A2 is valid. If
neither [c1 > 0] nor [c2 > 0] is true, the transition to A3 is valid. This chart design is simpler
than the previous one.

Note When you use an inner transition to a connective junction, an active substate can exit and
reenter when the transition condition for that substate is valid. For example, if substate Al is active
and [cl > 0] is true, the transition to Al is valid. In this case:

Exit actions for Al execute and complete.

A1l becomes inactive.

Al becomes active.

D W N =

Entry actions for Al execute and complete.

See “Process the First Event with an Inner Transition to a Connective Junction” on page B-20 for
more information on the semantics of this notation.

Using an Inner Transition to a History Junction

This example shows an inner transition to a history junction.
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Power_off

State Power on.High is initially active. When event Reset occurs, the inner transition to the history
junction is valid. Because the inner transition is valid, the currently active state, Power on.High, is
exited. When the inner transition to the history junction is processed, the last active state,

Power on.High, becomes active (is reentered). If Power on.Low was active under the same
circumstances, Power _on.Low would be exited and reentered as a result. The inner transition in this
example is equivalent to drawing an outer self-loop transition on both Power on.Low and

Power on.High.

See “Example of History Junctions” on page 2-36 for another example using a history junction.

See “Inner Transition to a History Junction” on page B-21 for more information on the semantics of
this notation.
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Default Transitions
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A default transition specifies which exclusive (OR) state to enter when there is ambiguity among two
or more neighboring exclusive (OR) states. A default transition has a destination but no source object.
For example, a default transition specifies which substate of a superstate with exclusive (OR)
decomposition the system enters by default, in the absence of any other information, such as a history
junction. A default transition can also specify that a junction should be entered by default.

Drawing Default Transitions

Click the Default transition button in the toolbar, and click a location in the drawing area close to
the state or junction you want to be the destination for the default transition. Drag the mouse to the
destination object to attach the default transition. In some cases, it is useful to label default
transitions.

A common programming mistake is to create multiple exclusive (OR) states without a default
transition. In the absence of the default transition, there is no indication of which state becomes
active by default. Note that this error is flagged when you simulate the model with the State
Inconsistencies option enabled.

Label Default Transitions

You can label default transitions as you would other transitions. For example, you might want to
specify that one state or another should become active depending upon the event that has occurred.
In another situation, you might want to have specific actions take place that are dependent upon the
destination of the transition.

Tip When labeling default transitions, ensure that there is at least one valid default transition.
Otherwise, a chart can transition into an inconsistent state.

Default Transition Examples

The following examples show the use of default transitions in Stateflow charts:

» “Default Transition to a State Example” on page 2-28
* “Default Transition to a Junction Example” on page 2-29
» “Default Transition with a Label Example” on page 2-30

Default Transition to a State Example

This example shows a default transition to a state.
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Without the default transition to state PowerOff, when the Stateflow chart wakes up, none of the
states becomes active. A state inconsistency error is reported at run time.

See “Control Chart Execution by Using Default Transitions” on page B-14 for information on the
semantics of this notation.

Default Transition to a Junction Example

This example shows a default transition to a connective junction.

The default transition to the connective junction defines that upon entering the chart, the destination
depends on the condition of each transition segment.

See “Default Transition to a Junction” on page B-14 for information on the semantics of this
notation.
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Default Transition with a Label Example

This example shows a default transition with a label.

- s
no

= = T3 -

i)

/Falling N
dur L [p==0 &&v=0]

% derivatives N

p_dot =v: b=0;

v_dot=-9.81; o= -0.8.%;

%% outputs J/}

p_out = p;
q_nut =V, J

When the chart wakes up, the data p and v initialize to 10 and 15, respectively.

See “Labeled Default Transitions” on page B-16 for more information on the semantics of this
notation.
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Combine Transitions and Junctions to Create Branching Paths

A connective junction represents a decision point in a transition path. You can combine transitions
and connective junctions to create paths from a common source to multiple destinations or from
multiple sources to a common destination. For more information on the semantics of branching paths,
see “Represent Multiple Paths by Using Connective Junctions” on page B-23.

Add a Connective Junction

When you add a transition to a chart, the Stateflow Editor provides graphical cues that allow you to
add a junction or a state. To place a junction at the end of the transition, click the circular junction
cue.

®
-
RS
Alternatively, to add an isolated junction to a chart:

1 Open the Stateflow Editor.

2
From the object palette, click the Junction icon S, and move the pointer to the chart canvas. A

connective junction appears.
3 To place the connective junction, click a location on the canvas.

Modify Connective Junction Properties

To change the size of one or more connective junctions:

1 Select the connective junctions.
2 Right-click one of the selected junctions and select Junction Size.

3  From the drop-down list, select a junction size.

To change other properties of a connective junction, right-click a connective junction and select
Properties. The Connective Junction dialog box displays these properties:

» Parent — Parent state of the connective junction. To bring the parent to the foreground, click the
hypertext link. This property is read-only.

* Description — Textual description of the junction. You can enter a brief description and
comments.

* Document link — Link to online documentation for the junction. You can enter a web URL
address or a MATLAB command that displays documentation in a suitable online format, such as
an HTML file or text in the MATLAB Command Window. When you click the Document link
hyperlink, Stateflow evaluates the link and displays the documentation.
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Examples of Transition Paths with Connective Junctions

By combining transitions and connective junctions, you can construct common transition patterns
such as:

+ 1if-then-else decision patterns
» for loop patterns
* while loop patterns

To reduce the creation time of these patterns, use the Pattern Wizard. For more information, see
“Create Flow Charts by Using Pattern Wizard” on page 5-5.

If-then-else Pattern with All Conditions Specified

In this example, the state Checked in has a default transition path with three connective junctions.
Each branch of the path is guarded by a condition.
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If the state Front desk is active, the event check 1in triggers the execution of the default
transition in Checked in. The outcome of the default transition depends on the value of room type:

+ If room typeis 1, the substate Executive suite becomes active.

* If room typeis 2, the substate Family suite becomes active.

* If room typeis 3, the substate Single room becomes active.

* Ifnone of these conditions is true, the default transition path is not valid and Front desk

remains active.
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For more information about this chart, see “How Stateflow Objects Interact During Execution” on
page 3-5.

If-then-else Pattern with an Unconditional Transition

In this example, the transition from state Start has three connective junctions. The first two
branches of the path are guarded by a condition. The last branch of the path is unconditional.

—

& . before(2,sec) |Fast
") l‘-';z —_—
oy

Start [u==1] i\F Medium
:-'“'\r___l,:. =

—

J_i after(5 sec) Slow
—

The chart uses temporal logic to determine when the input u equals 1:

* Ifuequals 1 before time { = 2, the state Fast becomes active.
* Ifuequals 1 between ¢ = 2and ¢ = 5, the state Good becomes active.

* Ifuequals 1 aftert = 5, the state SLow becomes active.
For more information about this chart, see “Detect Elapsed Time” on page 16-50.

For Loop Pattern

In this example, a flow chart uses a combination of transitions and connective junctions to construct a
for loop.

As the value of the counter i increases from 1 to 10, the flow chart defines the elements of an array
output. The loop in this flow chart is equivalent to this snippet of MATLAB code:
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for i = 1:10
output(i) = 2*i;
end

While Loop Pattern

In this example, a flow chart combines transitions and connective junctions to construct a while loop
that computes the greatest common divisor of the inputs.

o
A

()
r
1

p = max{ini,in2);

q = min{in1,in2};
}

~
=y

: [c e :I]
P =1

r = fmodi{p,q):
P =q:
q=r;

1

The loop in this flow chart is equivalent to this snippet of C code:

while(q > 0) {
r = fmod(p,q);
p=dq;
q r;

See Also

More About

. “Create Flow Charts by Using Pattern Wizard” on page 5-5

. “Represent Multiple Paths by Using Connective Junctions” on page B-23
. “How Stateflow Objects Interact During Execution” on page 3-5

. “Control Chart Execution by Using Temporal Logic” on page 16-44
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History Junctions

2-36

A history junction represents historical decision points in the Stateflow chart. The decision points are
based on historical data relative to state activity. Placing a history junction in a superstate indicates
that historical state activity information is used to determine the next state to become active. The
history junction applies only to the level of the hierarchy in which it appears.

Example of History Junctions

The following example uses a history junction:

p o

Superstate Power on has a history junction and contains two substates. If state Power off is active
and event switch on occurs, the system can enter Power on.Low or Power on.High. The first
time superstate Power on is entered, substate Power on.Low is entered because it has a default
transition. At some point afterward, if state Power on.High is active and event switch off occurs,
superstate Power on is exited and state Power off becomes active. Then event switch on occurs.
Because Power_on.High was the last active substate, it becomes active again. After the first time
Power on becomes active, the history junction determines whether to enter Power _on.Low or

Power on.High.

See “Default Transition and a History Junction” on page B-15 for more information on the semantics
of this notation.

History Junctions and Inner Transitions

By specifying an inner transition to a history junction, you can specify that, based on a specified event
or condition, the active state is to be exited and then immediately reentered.

See “Using an Inner Transition to a History Junction” on page 2-26 for an example of this notation.

See “Inner Transition to a History Junction” on page B-21 for more information on the semantics of
this notation.
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Reusable Functions in Charts

State actions and transition conditions can be complicated enough that defining them inline on the
state or transition is not feasible. In this case, express the conditions or actions using one of the
following types of Stateflow functions:

Flow chart — Encapsulate flow charts containing if-then-else, switch-case, for, while, or do-while
patterns. For more information, see “Reuse Logic Patterns by Defining Graphical Functions” on
page 8-18.

MATLAB — Write matrix-oriented algorithms; call MATLAB functions for data analysis and
visualization. For more information, see “Reuse MATLAB Code by Defining MATLAB Functions” on
page 9-2.

Simulink — Call Simulink function-call subsystems directly to streamline design and improve

readability. For more information, see “Reuse Simulink Components in Stateflow Charts” on page
11-2.

Truth table — Represent combinational logic for decision-making applications such as fault
detection and mode switching. For more information, see “Use Truth Tables to Model
Combinatorial Logic” on page 10-2.

Use the function format that is most natural for the type of calculation required in the state action or
transition condition.

If the four standard types of Stateflow functions do not work, you can write your own C or C++ code
for integration with your chart. For more information about custom code integration, see “Reuse
Custom Code in Stateflow Charts” on page 31-23.

See Also

More About

“Reuse Logic Patterns by Defining Graphical Functions” on page 8-18
“Reuse MATLAB Code by Defining MATLAB Functions” on page 9-2
“Use Truth Tables to Model Combinatorial Logic” on page 10-2
“Reuse Simulink Components in Stateflow Charts” on page 11-2
“Reuse Custom Code in Stateflow Charts” on page 31-23
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+ “Stateflow Semantics” on page 3-2

» “How Stateflow Objects Interact During Execution” on page 3-5
* “Modeling Guidelines for Stateflow Charts” on page 3-19
* “Types of Chart Execution” on page 3-21

* “Execution of a Stateflow Chart” on page 3-23

* “Enter a Chart or State” on page 3-28

» “Exit a State” on page 3-34

» “Evaluate Transitions” on page 3-37

* “Super Step Semantics” on page 3-45

* “Super Step” on page 3-51

* “Use Events to Execute Charts” on page 3-53

* “Group and Execute Transitions” on page 3-58

« “Execution Order for Parallel States” on page 3-60
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Stateflow Semantics

In Stateflow, semantics describe the execution behavior of your Stateflow chart. Various factors can
affect how your chart executes, including:

» Explicit or implicit ordering of states
* Transition ordering between states

* Events sent by parallel or superstates

As you build your chart, you expect it to behave in a certain way. By knowing how these factors affect
your chart, you can create a chart that behaves with intentional interaction of the graphical and
nongraphical objects. Graphical and nongraphical objects are the building blocks for all Stateflow
charts.

Stateflow Objects

Stateflow objects are the building blocks of Stateflow charts. These objects can be categorized as
either graphical or nongraphical. Graphical objects consist of objects that appear graphically in a
chart. Nongraphical objects appear textually in a chart and often refer to data, events, and messages.
This chart shows a variety of both graphical and nongraphical objects.

Graphical Objects

To build graphical objects, use the object palette in the Stateflow Editor (see “Stateflow Editor
Operations” on page 4-20).

Graphical Objects Types References
Flow charts Decision logic patterns “Flow Charts in Stateflow” on page 5-
Loop logic patterns 2
Functions Graphical functions “Reuse Logic Patterns by Defining
Graphical Functions” on page 8-18
MATLAB functions “Reuse MATLAB Code by Defining

3-2
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Graphical Objects

Types

References

Truth table functions

“Use Truth Tables to Model
Combinatorial Logic” on page 10-2

Simulink functions

“Reuse Simulink Components in
Stateflow Charts” on page 11-2

Junctions Connective junctions “Combine Transitions and Junctions to
Create Branching Paths” on page 2-31
History junctions “History Junctions” on page 2-36
States States with exclusive (OR) “Exclusive (OR) State Decomposition”
decomposition on page 2-9
States with parallel (AND) “Parallel (AND) State Decomposition”
decomposition on page 2-9
Substates and superstates “Create Substates and Superstates” on
page 4-5
Transitions Default transitions “Default Transitions” on page 2-28

Object-to-object transitions

Inner transitions

Self-loop transitions

“Transition Connections” on page 2-21

Nongraphical Objects

You create nongraphical objects textually in your chart. See “Add Stateflow Data” on page 12-2,
“Define Events in a Chart” on page 14-2, and “Define Messages in a Chart” on page 15-2 for
details. Examples of nongraphical objects include:

Nongraphical Object

Description

Reference

Condition

Boolean expression that specifies

expression is true; part of a
transition label

that a transition path is valid if the

“Transition Labels” on page 2-19
and “Conditions” on page 16-8

Condition action

transition label

Action that executes as soon as the
condition evaluates to true; part of a

“Transition Labels” on page 2-19
and “Condition Actions” on page 16-
8

State actions

a state label

Expressions that specify actions to
take when a state is active, such as
initializing or updating data; part of |2

“State Labels” on page 2-10 and
“State Action Types” on page 16-

Function calls

Expression used to activate a
specific function within a chart.

“Reuse MATLAB Code by Defining
MATLAB Functions” on page 9-2
and “Reuse Simulink Components in
Stateflow Charts” on page 11-2

Temporal logic statements

Operators that are used to control
chart actions.

“Control Chart Execution by Using
Temporal Logic” on page 16-44
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See Also

More About

. “Graphical Objects” on page 2-2

. “Nongraphical Objects” on page 2-3

. “Types of Chart Execution” on page 3-21
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How Stateflow Objects Interact During Execution

During execution, Stateflow objects interact with each other to simulate real-world behavior. In the
following model, different Stateflow objects are shown and their interactions are explained.

Overview of the Example Model

The example model shows how common graphical and nongraphical objects in a chart interact during
execution. These objects include:

* Conditions and condition actions

* Exclusive (OR) states

» Flow charts

* Function calls

* History junctions

» Parallel (AND) states

» State actions

* Transitions guarded by input events

For details of the chart semantics, see “Phases of Chart Execution” on page 3-8.

Model of the Check-In Process for a Hotel
This example uses the hotel check-in process to explain Stateflow chart semantics.

The sf semantics hotel checkin model consists of four Manual Switch blocks, one Mux block,
one Multiport Switch block, a Hotel chart, and a Display block.
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Manual Switch

Enable toggling between two settings
during simulation without having to pause
or restart.

During simulation, you can interactively
trigger the chart by sending one of these
input events:

Checking in to a hotel

Calling room service

Triggering a fire alarm

Sending an all-clear signal after a fire
alarm

Mux

Combine multiple input signals into a
vector.

A chart can support multiple input events
only if they connect to the trigger port of a
chart as a vector of inputs.

Multiport Switch

Enable selection among more than two
inputs.

This block provides a value for the chart
input data room_type, where each room
type corresponds to a number (1, 2, or 3).

A Manual Switch block cannot support
more than two inputs, but a Multiport
Switch block can.

Display

Show up-to-date numerical value for input
signal.

During simulation, any change to the chart
output data fee appears in the display.
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The Hotel chart contains graphical objects, such as states and history junctions, and nongraphical

objects, such as conditions and condition actions.
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For a mapping of objects to their locations in the chart, see “Stateflow Objects” on page 3-2.

How the Chart Interacts with Simulink Blocks

Chart Initialization

When simulation starts, the chart wakes up and executes its default transitions because the Execute
(enter) Chart At Initialization option is on (see “Execution of a Chart at Initialization” on page 3-
21). Then the chart goes to sleep.

Note If this option is off, the chart does not wake up until you toggle one of the Manual Switch

blocks. You can verify the setting for this option in the Chart properties dialog box. Right-click inside
the top level of the chart and select Properties from the context menu.
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Chart Interaction with Other Blocks

The chart wakes up again only when an edge-triggered input event occurs: check in,
room_service, fire alarm, or all clear. When you toggle a Manual Switch block for an input
event during simulation, the chart detects a rising or falling edge and wakes up. While the chart is
awake:

* The Multiport Switch block provides a value for the chart input data room_type.
* The Display block shows any change in value for the chart output data fee.

Chart Inactivity

After completing all possible phases of execution, the chart goes back to sleep.

Phases of Chart Execution

The following sections explain chart execution for each shaded region of the Hotel chart.

Enecin

Phase: Chart Initialization

This section describes what happens in the Front desk state just after the chart wakes up.

Enecin
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Stage Hotel Scenario

Chart Behavior

1 Your first stop is at the front desk of the hotel.

At the chart level, the default transition to
Check_1in occurs, making that state active.
Then, the default transition to Front desk
occurs, making that state active.

For reference, see “Enter a Chart or State” on
page 3-28.

2 You leave the front desk after checking in to the

hotel.

The check in event guards the outgoing
transition from Front desk. When the chart
receives an event broadcast for check in, the
transition becomes valid.

For reference, see “How Stateflow Charts
Respond to Events” on page 3-53.

3 Just before you leave the front desk, you pick up
your bags to move to your room.

inactive.

Just before the transition occurs, the exit
action of Front desk sets the move bags
local data to 1. Then, Front desk becomes

For reference, see “Exit a State” on page 3-34.

Modeling Guidelines for Chart Initialization.

initialization.

The following guidelines apply to chart

Modeling Guideline

Why This Guideline Applies

Reference

Use exclusive (OR) decomposition
when no two states at a level of the
hierarchy can be active at the same
time.

This guideline ensures proper chart
execution. For example, Check in
and Waiting area are exclusive
(OR) states, because you cannot be
inside and outside the hotel at the
same time.

“State Decomposition” on page
2-9

“Specify Substate
Decomposition” on page 4-7

Use a default transition to mark the
first state to become active among
exclusive (OR) states.

This guideline prevents state
inconsistency errors during chart
execution.

“Default Transitions” on page 2-
28

“State Inconsistencies” on page
33-35

Use events, instead of conditions, to
guard transitions that depend on
occurrences without inherent
numerical value.

Since you cannot easily quantify the
numerical value of checking into a
hotel, model such an occurrence as
an event.

“Activate a Stateflow Chart by
Sending Input Events” on page
14-7
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Modeling Guideline

Why This Guideline Applies Reference

Use an exit action to execute a
statement once, just before a state
becomes inactive.

transitions exist.

broadcast.

Other types of state actions execute [* “State Action Types” on page 16-
differently and do not apply: 2

* Entry actions execute once, just
after a state becomes active.

* During actions execute at every
time step (except the first time
step after a state becomes
active). Execution continues as
long as the chart remains in that
state and no valid outgoing

* On event name actions execute
only after receiving an event

Phase: Evaluation of Outgoing Transitions from a Single Junction

This section describes what happens after exiting the Front desk state: the evaluation of a group of

outgoing transitions from a single junction.

Hotel Scenario

Chart Behavior

You can move to one of three types of rooms.

After the check 1in event triggers a transition
out of Front desk, three transition paths are
available based on the type of room you select
with the Multiport Switch block. Transition
testing occurs based on the priority you assign
to each path.

For reference, see “Order of Execution for a Set
of Flow Charts” on page 3-58.
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Stage

Hotel Scenario

Chart Behavior

If you choose an executive suite, the base fee is
1500.

If the room_type input data equals 1, the top
transition is valid. If this condition is true, the
condition action executes by setting the fee
output data to 1500.

Note If the top transition is not valid, control
flow backtracks to the central junction so that
testing of the next transition can occur. This
type of backtracking is intentional.

To learn about unintentional backtracking and
how to avoid it, see “Backtrack in Flow Charts”

on page B-30 and “Best Practices for Creating
Flow Charts” on page 5-2.

B If you choose a family suite, the base fee is

1000.

If room_type equals 2, the middle transition is
valid. If this condition is true, the condition
action executes by setting fee to 1000.

4 If you choose a single room, the base fee is 500.

If room_type equals 3, the bottom transition is
valid. If this condition is true, the condition
action executes by setting fee to 500.

What happens if room_type has a value other than 1, 2, or 3?

Because the Multiport Switch block outputs only 1, 2, or 3, room type cannot have any other values.
However, if room type has a value other than 1, 2, or 3, the chart stays in the Front desk state.
This behavior applies because no transition path out of that state is valid.

Modeling Guidelines for Evaluation of Outgoing Transitions.

to transition syntax.

The following guidelines apply

Modeling Guideline

Why This Guideline Applies

Reference

Use conditions, instead of events, to
guard transitions that depend on
occurrences with numerical value.

Because you can quantify a type of
hotel room numerically, express the
choice of room type as a condition.

“Flow Charts in Stateflow” on page
5-2

Use condition actions instead of
transition actions whenever
possible.

Condition actions execute as soon
as the condition evaluates to true.
Transition actions do not execute
until after the transition path is
complete, to a terminating junction
or a state.

Unless an execution delay is
necessary, use condition actions
instead of transition actions.

“Transition Action Types” on page
16-7
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Modeling Guideline

Why This Guideline Applies

Reference

Use explicit ordering to control the
testing order of a group of outgoing
transitions.

You can specify explicit or implicit
ordering of transitions. By default, a
chart uses explicit ordering. If you
switch to implicit ordering, the
transition testing order can change
when graphical objects move.

“Transition Evaluation Order” on
page 3-38

Phase: Execution of State Actions for a Superstate

This section describes what happens after you enter the Checked in state, regardless of which

substate becomes active.

Stage Hotel Scenario Chart Behavior

1 After reaching your desired room, you finish The entry action executes by setting the
moving your bags. move bags local data to 0.

2 If you order room service, your hotel bill If the chart receives an event broadcast for

increases by a constant amount.

room_service, these actions occur:

1 The counter for the service local data
increments by 1.

2 A function call to expenses occurs, which
returns the value of the hotel bill stored by
the fee output data.

For reference, see “How Stateflow Charts
Respond to Events” on page 3-53.

Modeling Guidelines for Execution of State Actions.

actions.

The following guidelines apply to state

Modeling Guideline

Why This Guideline Applies

Reference

Use an entry action to execute a
statement once, right after a state
becomes active.

3-12

Other types of state actions execute
differently and do not apply:

* During actions execute at every
time step until there is a valid
transition out of the state.

“State Action Types” on page 16-
2
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Modeling Guideline

Why This Guideline Applies

Reference

Use an On event name or On
message name action to execute a
statement only after receiving an
event broadcast or a message.

* Exit actions execute once, just
before a state becomes inactive.

Use a superstate to enclose multiple
substates that share the same state
actions.

This guideline enables reuse of
state actions that apply to multiple
substates. You write the state
actions only once, instead of writing
them separately in each substate.

“Create Substates and Superstates”
on page 4-5

Phase: Function Call from a State Action

This part of the chart describes how you can perform function calls while a state is active.

Hotel Scenario

Chart Behavior

1 Based on your room type and the total number
of room service requests, you can track your

hotel bill.

output.

else

else

end
end

y:

expenses is a MATLAB function that takes the
total number of room service requests as an
input and returns the current hotel bill as an

If you double-click the function box, you see this
script in the function editor:

function y = expenses(x)

if (room type == 1)
y = 1500 + (x*50);

if (room type == 2)
y =

1000 + (x*25);

500 + (x*5);

Modeling Guidelines for Function Calls.

The following guidelines apply to function calls.
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Modeling Guideline

Why This Guideline Applies

Reference

Use MATLAB functions for
performing numerical computations
in a chart.

MATLAB functions are better at
handling numerical computations
than graphical functions, truth
tables, or Simulink functions.

Use descriptive names in function
signatures.

Descriptive function names enhance
readability of chart objects.

“Reuse MATLAB Code by Defining
MATLAB Functions” on page 9-2

Phase: Execution of State with Exclusive Substates

This part of the chart shows how a state with exclusive (OR) decomposition executes.

Stage Hotel Scenario Chart Behavior
1 When you reach the executive suite, you enter |When the condition room type == 1 is true,
the bedroom first. the condition action fee = 1500 executes.
Completion of that transition path triggers
i i these state initialization actions:
Note The executive suite has separate bedroom
and dining areas. Therefore, you can be inonly |1  Checked in becomes active and executes
one area of the suite at any time. its entry action.
Executive suite becomes active.
The default transition to Bedroom occurs,
making that state active.
For reference, see “Enter a Chart or State” on
page 3-28.
2 When you order room service, you enter the When the room service event occurs, the
dining area to eat. transition from Bedroom to Dining area
oCCurs.
B When you want the food removed from the When the room service event occurs, the
dining area, you order room service again and |transition from Dining area to Bedroom
then return to the bedroom. occurs.
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Stage Hotel Scenario

Chart Behavior

4 If you leave the executive suite because of a fire
alarm, you return to your previous room after

the all-clear signal.

If a transition out of Executive suite occurs,
the history junction records the last active
substate, Bedroom or Dining_area. For
details on how this transition can occur, see
“Phase: Events Guard Transitions Between
States” on page 3-17.

Modeling Guidelines for Execution of Exclusive (OR) States.

to exclusive (OR) states.

The following guidelines apply

Modeling Guideline

Why This Guideline Applies

Reference

Use exclusive (OR) decomposition
when no two states at that level of
the hierarchy can be active at the

same time.

This guideline ensures proper chart
execution. For example, Bedroom
and Dining area are exclusive
(OR) states, because you cannot be
in both places at the same time.

“State Decomposition” on page
2-9

“Specify Substate
Decomposition” on page 4-7

If reentry to a state with exclusive
(OR) decomposition depends on the
previously active substate, use a
history junction. This type of
junction records the active substate
when the chart exits the state.

If you do not record the previously
active substate, the default
transition occurs and the wrong
substate can become active upon
state reentry.

For example, if you were eating
when a fire alarm sounded, you
would return to the bedroom
instead of the dining room.

“History Junctions” on page 2-36

Phase: Execution of State with Parallel Substates

This part of the chart shows how a state with parallel (AND) decomposition executes.
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Stage

Hotel Scenario

Chart Behavior

When your family reaches the suite, family

parents in the master bedroom and children in
the second bedroom). A default room choice
does not apply.

members can be in both bedrooms (for example,

When the condition room type == 2 is true,
the condition action fee = 1000 executes.
Completion of that transition path triggers
these state initialization actions:

1 Checked in becomes active and executes
its entry action.

Family suite becomes active.

The parallel states wake up in the order
given by the number in the upper right
corner of each state: Master bedroom,
then Second bedroom.

How do | specify the order?
To specify the order:

a  Verify that the chart uses explicit
ordering.

In the Chart properties dialog box,
select the User-specified state/
transition execution order check
box.

b  Right-click in a parallel state and select
a number from the Execution Order
menu.

For reference, see “Enter a Chart or State” on
page 3-28.

You can occupy both rooms at the same time.

Master bedroomand Second bedroom

remain active at the same time.

Modeling Guidelines for Execution of Parallel (AND) States.

to parallel (AND) states.

The following guidelines apply

Modeling Guideline

Why This Guideline Applies

Reference

Use parallel (AND) decomposition
when all states at that level of the
hierarchy can be active at the same
time.

This guideline ensures proper chart
execution. For example,

Master bedroom and

Second bedroom are parallel
states, because you can occupy both
rooms at the same time.

» “State Decomposition” on page
2-9

* “Specify Substate
Decomposition” on page 4-7

Use no history junctions in states
with parallel (AND) decomposition.

This guideline prevents parsing
errors. Since all parallel states at a
level of hierarchy are active at the
same time, history junctions have
no meaning.

* “History Junctions” on page 2-36
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Modeling Guideline

Why This Guideline Applies

Reference

Use explicit ordering to control the
execution order of parallel (AND)
states.

You can specify explicit or implicit
ordering of parallel states. By
default, a chart uses explicit
ordering. If you switch to implicit
ordering, the execution order can

change when parallel states move.

* “Execution Order for Parallel
States” on page 3-60

Phase: Events Guard Transitions Between States

This part of the chart describes how events can guard transitions between exclusive (OR) states.

Stage |Hotel Scenario

Chart Behavior

1 If a fire alarm sounds, you
leave the hotel and move to
a waiting area outside.

a Dining area

b Executive suite
¢ Checked in

d Check in

How does this transition occur?

When the chart receives an event broadcast for fire alarm, a
transition occurs from a substate of Check intoWaiting area.

Suppose that Check in, Checked in, Executive suite, and
Dining area are active when the chart receives fire alarm.

1 States become inactive in ascending order of hierarchy:

2 Waiting area becomes active.
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Stage |Hotel Scenario

Chart Behavior

2 If an all-clear signal occurs,
you can leave the waiting
area and return to your
previous location inside the
hotel.

When the chart receives an event broadcast for all clear, a transition
from Waiting area to the previously active substate of Check in
occurs.

The history junction at each level of hierarchy in Check in enables the
chart to remember which substate was previously active before the
transition to Waiting area occurred.

How does this transition occur?

Suppose that Check in, Checked in, Executive suite, and
Dining area were active when the chart received fire alarm.
1 Waiting area becomes inactive.

2 States become active in descending order of hierarchy:

Check in
Checked in (The default transition does not apply.)
Executive suite

o 06 T 9

Dining area (The default transition does not apply.)

Modeling Guidelines for Guarding Transitions. The following guideline discusses the use of

events versus conditions.

Modeling Guideline

Why This Guideline Applies Reference

Use events, instead of conditions, to
guard transitions that depend on
occurrences without numerical
value.

Because you cannot easily quantify |“Activate a Stateflow Chart by

the numerical value of a fire alarm |Sending Input Events” on page 14-
or an all-clear signal, model such an |7
occurrence as an event.
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Modeling Guidelines for Stateflow Charts

Use these guidelines to efficiently model charts with events, states, and transitions.

Use signals of the same data type for input events
When you use multiple input events to trigger a chart, verify that all input signals use the same data

type. Otherwise, simulation stops and an error message appears. For more information, see “Data
Types Allowed for Input Events” on page 14-9.

Use a default transition to mark the first state to become active

among exclusive (OR) states

This guideline prevents state inconsistency errors during chart execution.

Use condition actions instead of transition actions whenever possible

Condition actions execute as soon as the condition evaluates to true. Transition actions do not
execute until after the transition path is complete, to a terminating junction or a state.

Unless an execution delay is necessary, use condition actions instead of transition actions.
Use explicit ordering to control the testing order of a group of

outgoing transitions

You can specify explicit or implicit ordering of transitions. By default, a chart uses explicit ordering. If
you switch to implicit ordering, the transition testing order can change when graphical objects move.

Verify intended backtracking behavior in flow charts

If your chart contains unintended backtracking behavior, a warning message appears with
instructions on how to avoid that problem. For more information, see “Best Practices for Creating
Flow Charts” on page 5-2.

Use a superstate to enclose substates that share the same state

actions

When you have multiple exclusive (OR) states that perform the same state actions, group these states
in a superstate and define state actions at that level.

This guideline enables reuse of state actions that apply to multiple substates. You write the state
actions only once, instead of writing them separately in each substate.

Note You cannot use boxes for this purpose because boxes do not support state actions.
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Use MATLAB functions for performing numerical computations in a
chart

MATLAB functions are better at handling numerical computations than graphical functions, truth
tables, or Simulink functions.

Use descriptive names in function signatures

Descriptive function names enhance readability of chart objects.

Use history junctions to record state history

If reentry to a state with exclusive (OR) decomposition depends on the previously active substate, use
a history junction. This type of junction records the active substate when the chart exits the state. If
you do not record the previously active substate, the default transition occurs and the wrong substate
can become active upon state reentry.

Do not use history junctions in states with parallel (AND)
decomposition

This guideline prevents parsing errors. Since all parallel states at a level of hierarchy are active at
the same time, history junctions have no meaning.

Use explicit ordering to control the execution order of parallel (AND)
states

You can specify explicit or implicit ordering of parallel states. By default, a chart uses explicit
ordering. If you switch to implicit ordering, the execution order can change when parallel states
move.



Types of Chart Execution

Types of Chart Execution

Life Cycle of a Stateflow Chart

Stateflow charts go through several stages of execution:

Stage Description

Inactive Chart has no active states

Active Chart has active states

Sleeping Chart has active states, but no events to process

When a Simulink model first triggers a Stateflow chart, the chart is inactive and has no active states.
After the chart executes and completely processes its initial trigger event from the Simulink model, it
transfers control back to the model and goes to sleep. At the next Simulink trigger event, the chart
changes from the sleeping to active stage.

See “Use Events to Execute Charts” on page 3-53.

Execution of an Inactive Chart

When a chart is inactive and first triggered by an event from a Simulink model, it first executes its set
of default flow charts (see “Order of Execution for a Set of Flow Charts” on page 3-58). If this action
does not cause an entry into a state and the chart has parallel decomposition, then each parallel state
becomes active (see “Enter a Chart or State” on page 3-28).

If executing the default flow paths does not cause state entry, a state inconsistency error occurs.

Execution of an Active Chart

After a chart has been triggered the first time by the Simulink model, it is an active chart. When the
chart receives another event from the model, it executes again as an active chart. If the chart has no
states, each execution is equivalent to initializing a chart. Otherwise, the active substates execute.
Parallel states execute in the same order that they become active.

Execution of a Chart at Initialization

By default, the first time a chart wakes up, it executes the default transition paths. At this time, the
chart can access inputs, write to outputs, and broadcast events.

If you want your chart to begin executing from a known configuration, you can enable the Execute
(enter) Chart At Initialization chart property. When you turn on this option, the state configuration
of a chart initializes at time 0 instead of the first occurrence of an input event. The default transition
paths of the chart execute during the model initialization phase at time 0, corresponding to the
mdlInitializeConditions() phase for S-functions. For more information, see “Execute (enter) chart at
initialization” on page 28-5.
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Note If an output of this chart connects to a SimEvents® block, do not select this check box. To learn
more about using Stateflow charts and SimEvents blocks together in a model, see the SimEvents
documentation.

Due to the transient nature of the initialization phase, do not perform certain actions in the default
transition paths of the chart — and associated state entry actions — which execute at initialization.
Follow these guidelines:

* Do not access chart input data, because blocks connected to chart input ports might not have
initialized their outputs yet.

* Do not call exported graphical functions from other charts, because those charts might not have
initialized yet.

* Do not broadcast function-call output events, because the triggered subsystems might not have
initialized yet.

You can control the level of diagnostic action for invalid access to chart input data in the Diagnostics
> Stateflow pane of the Configuration Parameters dialog box. For more information, see the
documentation for the “Invalid input data access in chart initialization” diagnostic.

Execute at initialization is ignored in Stateflow charts that do not contain states.

See Also

More About

. “Execution of a Stateflow Chart” on page 3-23
. “Exit a State” on page 3-34

. “Evaluate Transitions” on page 3-37



Execution of a Stateflow Chart

Execution of a Stateflow Chart

When a Stateflow chart wakes up, the chart follows a workflow and executes actions. A Stateflow
chart wakes up:

* At each time step according to the Simulink solver.
*  When the Stateflow chart receives an event.

When a chart wakes up for the first time, the chart is initialized and becomes active. See “Chart
Entry” on page 3-30. Once the chart is active but with no more actions to take, the chart goes to
sleep until it is triggered by a new time step or an event.

Workflow for Stateflow Chart Execution

This flow chart shows the progression of events that Stateflow takes for executing a chart or state. In
this flow chart, the current state refers to the state in which a decision or a process is taking place.
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Chart wakes up.

Y

Does the chart or
state have an active
child?

Chart goes to sleep.

Mark destination
siate for entry. Mark
current state for exit.
Go to Workflow for
Exiting a State.

Go to Workflow for
Evaluating Transitions.
Are there any valid
transitions?

The child state becomes
the current state. Are there any
outgoing transitions?

Perform any during actions.

Mark destination
siate for entry. Mark
current state for exit.
Go to Workflow for
Exiting a State.

Go to Workflow for
Evaluating Transitions.
Are there any valid
transitions?

Are there any inner
transitions?

During Actions

During actions for a state execute when:

* The state is active, a new time step occurs, and no valid transition to another state is available.
* The state is active, an event occurs, and no valid transition to another state is available.
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During actions are preceded by the prefix during or du, and then followed by a required colon (:),
followed by one or more actions. Separate multiple actions with a carriage return, semicolon (;), or a
comma (, ). If you do not specify the state action type explicitly for a statement, the chart treats that
statement as an entry,during action.

A state performs its during actions (if specified) when the chart wakes up. The preceding flow chart
depicts the process of state execution and shows when during actions occur.

If your Stateflow chart does not contain states, each time the chart is executed, Stateflow always
evaluates the default transition path.

Outgoing Transition

Stateflow marks outgoing transitions for evaluation as a part of the execution of a Stateflow chart.
Once an outgoing transition is marked for evaluation, follow the “Workflow for Evaluating
Transitions” on page 3-38. For more information about how Stateflow evaluates outgoing
transitions, see “Evaluate Transitions” on page 3-37.

Inner Transitions
Stateflow marks inner transitions for evaluation as a part of the execution of a Stateflow chart. Once
an inner transition is marked for evaluation, follow the “Workflow for Evaluating Transitions” on page

3-38. For more information about how Stateflow evaluates inner transitions, see “Evaluate
Transitions” on page 3-37.

Chart Execution with a Valid Transition

In this example, the Stateflow chart is initialized and the entry actions are performed for StateA
and StateAl. A new time step occurs and the chart wakes up.

At this time step, x = 5,y = 2,and z = 0.

{x=0;
y=0
| z=0}
(StateA N [x>4] /StateB A
entry: x=x+ 1; —=enirny: x=x-1;
during: y =y + 1; [x<-4] during:y=y-1;
exitz=z+1; = exitz=z-1;

I

{1 3 [l
StateAT V=3 (Statenz ly<0]
NI X=X+ 2; ; y=y+1;
dux=x+1; | x<2] [y<-2]
. J N J

1

By following the “Workflow for Stateflow Chart Execution” on page 3-23, the execution steps for chart
execution are in this order:
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3

The chart has an active substate, StateA.

StateA has an outgoing transition to StateB. By following the “Workflow for Evaluating
Transitions” on page 3-38, the transition is determined to be valid.

StateB is marked for entry and StateA is marked for exit.

To complete the time step, follow the “Workflow for Exiting a State” on page 3-34 for StateA and
the “Workflow for Entering a Chart or State” on page 3-28 for StateB.

Chart Execution Without a Valid Transition

In this example, the Stateflow chart is initialized and the entry actions are performed for StateA
and StateAl. A new time step occurs and the chart wakes up.

At this time step, x = 3,y = 0,and z = 0.

|

| StateA2
en: X=X+ 2; . y=y+1;
dux=x+1; | x<2] [y<-2]
J \. J

StateA1

{x=0;
y=0;
z=0;}
/StateA ™ [x>4] /StateB )
entry: x=x+ 1; = entry: x =x- 1;
during:y =y + 1; [x<-4] during:y=y-1;
exitz=z+1; = exitz=z-1;

I

[y>3] ly<0]
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By following the “Workflow for Stateflow Chart Execution” on page 3-23 until the chart goes to sleep,
the execution steps for chart execution are in this order:

1
2

S AW

The chart has an active substate, StateA.

StateA has an outgoing transition to StateB. By following the “Workflow for Evaluating
Transitions” on page 3-38, the transition is determined to be invalid.

Perform the during actions for StateA. Nowy = 1.
StateA does not have any inner transitions.
The active substate of StateA is StateAl.

StateAl has an outgoing transition to StateA2. By following the “Workflow for Evaluating
Transitions” on page 3-38, the transition is determined to be invalid.

Perform the during actions for StateAl. Now x = 4.
StateAl does not have any active substates.
The chart goes to sleep.

Steps 1 through 9 take place in the second time step.



Execution of a Stateflow Chart

See Also

More About

. “Enter a Chart or State” on page 3-28
. “Exit a State” on page 3-34
. “Evaluate Transitions” on page 3-37
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Enter a Chart or State

Chart and state entry occurs when:

* A chart is activated for the first time. This is called chart initialization.
» Avalid transition into a state exists. See “Evaluate Transitions” on page 3-37.

Workflow for Entering a Chart or State

This flow chart shows the progression of events that Stateflow takes for entry into a chart or a state.
In this flow chart, the current state refers to the state in which a decision or a process is taking place.
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Enter a Chart or State

Chart or state has been
marked for enfry and as the
current chart or state.

|5 the current state
the child of an inactive
parent?

Perform any entry actions for the L
current state.

]

Is thiz the state
that was initially marked
for entry?

Mark parent as active and as the
current state.

Active child of this state
becomes the current state.

Previously active child
becomes the current
state. Perform any
entry actions.

Are there any
history junctions?

Y

|5 there & single
child state without a
default transition?

Are there any

Chart goes 1o sleep. default fransitions?

Go to Workflow for
Evaluating a Transition.

Mark child state as
active and as the
current state.
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Chart Entry

The first time that your Stateflow chart becomes active is called initialization. When initialization of
your chart occurs, the chart is entered and Stateflow executes any default transitions for exclusive
(OR) states. If the states at the top level of your chart are parallel (AND), they become active based
on their order number.

If you want your chart to take any default transitions before time t = 0, in the Chart Properties
dialog box, select the Execute (enter) chart at initialization check box. This option causes the
Stateflow chart to initialize at the same time as Simulink initialization. The default transition paths of
the chart then execute during the model initialization phase.

State Entry

When a state is marked for entry, entry actions for a state execute. Once your chart is active and has
gone through initialization, the top-level state becomes active. A state is marked for entry in one of
these ways:

* An incoming transition crosses state boundaries.

* Anincoming transition ends at the state boundary.

* The state is a parallel state child of an active state.

Entry Actions
Entry actions are preceded by the prefix entry or en for short, followed by a required colon (:), and
then followed by one or more actions. You separate multiple actions by using a carriage return, a

semicolon (;), or a comma (, ). If you do not specify the state action type explicitly for a statement,
the chart treats that statement as an entry,during action.

Enter a Stateflow Chart

In this example, the first time the chart becomes active, chart initialization occurs.

|

StateA1
en: x=x+2;
durx=x+1;

[y=3]

[x<2]

| StateA2

y=y+1;
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{x=0;
y=0
| z=0}
(StateA N [x>4] /StateB A
entry: x=x+ 1; —=enirny: x=x-1;
during: y =y + 1; [x<-4] during:y=y-1;
exitz=z+ 1; = exitz=2z-1;

1

[y<0]

[y<-2]




Enter a Chart or State

By following the “Workflow for Entering a Chart or State” on page 3-28 until the chart goes to sleep,
the steps for chart initialization are in this order:

The default transition actions are executed, and x = 0,y = 0,and z = 0.

StateA is marked for entry.

StateA is not a substate of an inactive parent. Perform the entry actions for StateA. Now x =
1.

StateA is the state that was initially marked for entry.
StateA does not contain any history junctions.
There is a default transition to the substate, StateAl. Go to the Evaluate Transitions flow chart.

N o b

By following the Evaluate Transitions flow chart, mark StateAl for entry. Go to the Exit
Actions flow chart.

8 The current state, StateA, is a superstate of the destination state, StateAl. Return to the Entry
Actions flow chart.

9 StateAl is not a substate of an inactive parent. Perform entry actions for StateAl. Now x =
3.

10 StateAl is the state that was initially marked for entry.
11 StateAl does not contain any history junctions.

12 StateAl does not contain any default transitions.

13 StateAl does not contain any single substates.

14 The chart goes to sleep.

Steps 1 through 14 take place in the initial time step. This completes the chart initialization process.

Entering a State by Using History Junctions

If you want your Stateflow chart to remember and return to a substate that was previously active,
regardless of a default transition, use a history junction. Placing a history junction within a state
overrides the default transition leading to exclusive (OR) substates. After placing a history junction
within a state, upon entry, your Stateflow chart remembers and enters the previously active substate.
The history junction applies only to the level of the hierarchy in which it appears.

In this example, a light can be on or off. These options are indicated by the states Power on and
Power off. The options are controlled by the input events switch on and switch off. When the
light is on, it can be dim or bright. These options are indicated by the states Low and High and are
controlled by the input events switch low and switch high.

Initially, the chart is asleep. The state Power off is active. When the state Power on was last active,
High was the previously active substate. The event switch on occurs and the state Power on is
marked for entry. At this time p = 0.
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Power_off
endu; p=0;

By following the “Workflow for Entering a Chart or State” on page 3-28 until the chart goes to sleep,
the execution steps for entering the state Power on are in this order:

Power on is not the child of an inactive parent.

There are no entry actions for Power _on.

Power on is the state that was initially marked for entry.

There are history junctions in Power_on.

High was the previously active substate. Now p = 2.

High does not contain any history junctions.

High does not contain any default transitions.

High does not contain any single substates.

© 0 N O U1 A W N M

The chart goes to sleep.

This completes the entry actions for Power on and High.

Entering a State by Using Supertransitions

A supertransition is a transition between different levels in a chart. A supertransition can be between
a state in a top-level chart and a state in one of its subcharts, or between states residing in different
subcharts at the same or different levels in a chart. You can create supertransitions that span any
number of levels in your chart.

When a state is entered through a supertransition, before the entry actions for the final destination
are executed, its superstates must be marked active and their entry actions must be executed. In this
example, StateB1 has been marked for entry from StateA2. At this point, x = 5,y = 5,and z =
1.



Enter a Chart or State

{x=0;
y=0;
z=03}
¥
StateA ™\ [x=10] (StateB N
entry: x=x+ 1; ————=lentry: x=x-1;
during: y =y + 1; [x<-10] during:y=y-1;
exitz=z+ 1; = exitz=z-1;
StateAT =2 (Statenz
BN X=X+ 2: . y=y+1; [x=4]
durx=x+1; [x<2] -
> 1
. J

By following the “Workflow for Entering a Chart or State” on page 3-28 until the chart goes to sleep,
the execution steps for entering the state StateB1 are in this order:

StateBl is the substate of an inactive parent (StateB).

StateB is marked as active.

StateB is not the substate of an inactive parent.

Perform the entry actions for StateB. Now x = 4.

StateB is not the state that was initially marked for entry.

Perform the entry actions for StateBl. Now x = 3.

StateBl is the state that was initially marked for entry.

StateB1 has no history junctions.

©W 0 N O U A W N =

StateB1 does not contain any default transitions.
10 StateB1 does not contain any single substates.
11 The chart goes to sleep.

This completes the entry actions for StateB and StateBl1.

See Also

More About

. “Execution of a Stateflow Chart” on page 3-23
. “Exit a State” on page 3-34
. “Evaluate Transitions” on page 3-37
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Exit a State

When there is a valid transition out of a state, that state is marked for exit. A state is marked for exit
in one of these ways:

» The outgoing transition originates at the state boundary.
* The outgoing transition crosses the state boundary.
» The destination state is a parallel state child of an activated state.

Workflow for Exiting a State

This flow chart shows the progression of events in Stateflow for exiting a state. In this flow chart, the
current state refers to the state in which a decision or a process is taking place.

Diestination state has been
marked for enfry. Current state
is the source
of the transition path.

|5 the current state
& superstate of the
destination state?

of the current state
and mark state as
inactive.

Perform exit actions ]

Does this state
have a parent
state?

[F’arent becomes the
l current state.

Go to Workflow for
Entering a Chart
or State.

Exit Actions

Exit actions for a state execute when the state is active and a valid transition from the state exists. A
state performs its exit actions before becoming inactive.

Exit actions are preceded by the prefix exit or ex, followed by a required colon (:), and then
followed by one or more actions. Separate multiple actions with a carriage return, semicolon (;), or a
comma (,).
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Exit a State Example

In this example, the Stateflow chart is initialized and the entry actions are performed for StateA
and StateAl. For this chart, the during actions for this chart have occurred twice. A new time step
occurs, and then the chart wakes up.

By following the “Workflow for Stateflow Chart Execution” on page 3-23 and the “Workflow for
Evaluating Transitions” on page 3-38, StateB has been marked for entry. StateA is the source of
the transition. At this time stepx = 5,y = 2,and z = 0.

{x=0;
y=0
z=0}
/StateA M [x>4]  (StateB A
entry: x=x+ 1; —=enirny: x=x-1;
during: y =y + 1; [x<-4] during:y=y-1;
exitz=z+ 1; = exitz=2z-1;
| 3 |
StateA V=3 (Statenz ly<0]
en: x=x+2; : y=y+1;
dux=x+1; | x<2] [y=<-2]
\. J \. J

By following the flow chart for state exit actions until the chart goes to sleep, the execution steps for
this chart are in this order:

1 StateAis not a superstate of StateB.

2 Perform the exit actions of StateA and mark StateA as inactive. Now z = 1.

3 StateA does not have a parent state.

4 Go to “Entry Actions” on page 3-30.

These steps complete the exit workflow for StateA. However, the chart is not yet asleep.

Perform the “Workflow for Entering a Chart or State” on page 3-28 for StateB to complete the time
step.

Exit a State by Using Supertransitions

A supertransition is a transition between different levels in a chart. A supertransition can be between
a state in a top-level chart and a state in one of its substates, or between states residing in different
substates. You can create supertransitions that span any number of levels in your chart.

When a state is exited through a supertransition, after the exit actions for the source of the transition
are executed, its superstates are marked inactive and exit actions of the superstates are executed. In

this example, StateA2 is marked for exit and StateB1 is marked for entry. At this point, x = 5,y
= 5,andz = 0.
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By following the “Workflow for Entering a Chart or State” on page 3-28 until the chart goes to sleep,
the execution steps for exiting the state StateA2 are in this order:

StateA2 is not a superstate of the destination state (StateB1l).

Perform the exit actions for StateA2 and mark StateA2 as inactive.

StateA2 does have a parent state, StateA.

StateA is not a superstate of the destination state (StateB1).

Perform the exit actions for StateA, and mark StateA as inactive.

StateA does not have a parent state.

o U A W N MR

These actions complete the exit workflow for StateA2 and StateA. However, the chart is not yet
asleep.

Perform the “Workflow for Entering a Chart or State” on page 3-28 for StateB and StateB1 to
complete the time step.

See Also

More About

. “Execution of a Stateflow Chart” on page 3-23
. “Enter a Chart or State” on page 3-28
. “Evaluate Transitions” on page 3-37
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Evaluate Transitions

Stateflow uses transitions in charts to move from one exclusive (OR) state to another exclusive (OR)
state. For the entry and execution workflows of chart execution, Stateflow evaluates transitions to
determine if they are valid. A valid transition is a transition whose condition labels are true and
whose path ends at a state. If a transition is valid, Stateflow exits from the source state and enters
the destination state. To learn about when evaluation occurs during the execution and entry
workflows, see “Execution of a Stateflow Chart” on page 3-23 and “Enter a Chart or State” on page 3-

28.
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Workflow for Evaluating Transitions
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execution order.
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Transition Evaluation Order

When multiple transitions originate from a single source, such as a state or junction, Stateflow uses
evaluation order to determine when to test each transition. Depending on which action language your
chart uses, you can create the order of your transitions explicitly or implicitly. Whether explicitly or
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implicitly ordered, transitions show a number near the source of the transition that designates the
transition order.

Note Use explicit ordering to avoid your transitions from changing order while you are editing a
chart.

Explicit Ordering

When you open a new Stateflow chart, all outgoing transitions from a source are automatically
numbered in the order in which you create them. The order starts with 1 and continues to the next
available number for the source.

To change the execution order of a transition, right-click the transition, place your cursor over
Execution Order, and select the order in which you want your transition to execute. When you
change a transition number, the Stateflow chart automatically renumbers the other outgoing
transitions for the source by preserving their relative order.

Implicit Ordering

For C charts in implicit ordering mode, a Stateflow chart evaluates a group of outgoing transitions
from a single source based on:

* Hierarchy.

A chart evaluates a group of outgoing transitions in an order based on the hierarchical level of the
parent of each transition.

* Label.

A chart evaluates a group of outgoing transitions with equal hierarchical priority based on the
labels, in the following order of precedence:

1 Tabels with events and conditions

2 Labels with events

3 Labels with conditions

4 No label

* Angular surface position of transition source.

A chart evaluates a group of outgoing transitions with equal hierarchical and label priority based
on angular position on the surface of the source object. The transition with the smallest clock
position has the highest priority. For example, a transition with a 2 o'clock source position has a
higher priority than a transition with a 4 o'clock source position. A transition with a 12 o'clock
source position has the lowest priority.

Outgoing Transition Example

In this example, the Stateflow chart is initialized and the entry actions are performed for StateA. A
new time step occurs and the chart wakes up. By following the “Workflow for Stateflow Chart
Execution” on page 3-23, Stateflow finds multiple outgoing transitions from StateA. At this time step
x =1y =1andz = 1.
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Evaluate Outgoing Transitions

By following the “Workflow for Evaluating Transitions” on page 3-38, the steps for evaluating the
transitions of this chart are in this order:

Transition 1 from StateA is marked for evaluation.

Transition 1 from StateA has a condition.

The condition is true.

The destination of transition 1 from StateA is not a state.

The junction does have outgoing transitions.

Transition 1 from the junction is marked for evaluation.

Transition 1 from the junction has a condition.

The condition is false.

© O N OO U A W N R

Transition 2 from the junction is marked for evaluation.

10 Transition 2 from the junction does not have a condition.

11 The destination of transition 2 from the junction is a state (StateD).
12 StateD is marked for entry, and StateA is marked for exit.

To complete the time step, follow the “Workflow for Exiting a State” on page 3-34 for StateA and the
“Workflow for Entering a Chart or State” on page 3-28 for StatekE.

Outgoing Transition Example with Backtracking

When all outgoing transitions from a source are invalid or do not end with a terminating junction, but
there are previously unevaluated transitions, Stateflow returns to the previous state or junction to
evaluate all possible paths.

In this example, the Stateflow chart is initialized and the entry actions are performed for StateA. A
new time step occurs, and the chart wakes up. By following the “Workflow for Stateflow Chart
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Execution” on page 3-23, Stateflow finds multiple outgoing transitions from StateA. At this time step
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Evaluate Outgoing Transitions with Backtracking

By following the “Workflow for Evaluating Transitions” on page 3-38, the steps for evaluating the
transitions of this chart are in this order:

© 0 N O U1 A W N K=
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15

To

Transition 1 from StateA is marked for evaluation.

Transition 1 from StateA has a condition.

The condition is true.

The destination of transition 1 from StateA is not a state.

The junction does have outgoing transitions.

Transition 1 from the junction is marked for evaluation.
Transition 1 from the junction has a condition.

The condition is false.

Transition 2 from the junction is marked for evaluation.
Transition 2 from the junction has a condition.

The condition is false.

Transition 2 from StateA is marked for evaluation.

Transition 2 from StateA does not have a condition.

The destination of transition 2 from StateA is a state (StateE).
StateE is marked for entry, and StateA is marked for exit.

complete the time step, follow the “Workflow for Exiting a State” on page 3-34 for StateA and the

“Workflow for Entering a Chart or State” on page 3-28 for StateE.

3-41



3 Stateflow Semantics

Prevent Backtracking

In this example, a terminating junction prevents backtracking. The Stateflow chart is initialized and
the entry actions are performed for StateA. A new time step occurs and the chart wakes up. By
following the “Workflow for Stateflow Chart Execution” on page 3-23, Stateflow finds multiple
outgoing transitions from StateA. At this timestepx = 1,y = 1,andz = 1.
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By following the “Workflow for Evaluating Transitions” on page 3-38, the steps for evaluating the
transitions of this chart are in this order:

Transition 1 from StateA is marked for evaluation.

Transition 1 from StateA has a condition.

The condition is true.

The destination of transition 1 from StateA is not a state.

The junction does have outgoing transitions.

Transition 1 from the junction is marked for evaluation.

Transition 1 from the junction has a condition.

The condition is false.
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Transition 2 from the junction is marked for evaluation.

=
o

Transition 2 from the junction has a condition.

-
[

The condition is false.

=
N

Transition 3 from the junction is marked for evaluation.

=
w

Transition 3 from the junction does not have a condition.

=
=

The destination is not a state and does not have any outgoing transitions.
15 Return to “Workflow for Stateflow Chart Execution” on page 3-23.

To complete the time step, follow the “Workflow for Stateflow Chart Execution” on page 3-23 for
StateA, starting where you left off.
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Condition and Transition Actions
Condition Actions

In transition label syntax, condition actions follow the transition condition and are enclosed in curly
braces ({}). Condition actions are executed when the condition is evaluated as true but before the
transition path has been determined to be valid.

Transition Actions

In transition label syntax, transition actions are preceded with a forward slash (/) and are enclosed in
curly braces ({}). Transition actions execute only after the transition path is determined to be valid.

In this example, both condition actions and transition actions exist. The Stateflow chart is initialized
and the entry actions are performed for StateA. A new time step occurs and the chart wakes up.
There are multiple outgoing transitions from StateA. At this timestepx = 1,y = 1,andz = 1.

Iy >= 1y =y + 2;) [x > 2] StateC
Y
"‘Lrﬂ r
2
[x>=1){y = 0;}
H{z = 5} A
()
[z > 5]
StateD StateE

Evaluate Outgoing Transitions with Condition and Transition Actions

By following the “Workflow for Evaluating Transitions” on page 3-38, the steps for evaluating the
transitions of this chart are in this order:

Transition 1 from StateA is marked for evaluation.

Transition 1 from StateA has a condition ([y >= 1]).

The condition is true.

There are no condition actions.

The destination of transition 1 from StateA is not a state.

The junction does have outgoing transitions.

Transition 1 from the junction is marked for evaluation.

0 N OO 1 A W N R

Transition 1 from the junction has a condition ([x > 2]).
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The condition is false.

Transition 2 from the junction is marked for evaluation.
Transition 2 from the junction has a condition ([x >= 1]).
The condition is true.

There is a condition action ({y = 0;}). Nowy = 0.

The junction does have outgoing transitions.

The transition from the junction is marked for evaluation.
Transition 1 from the junction has a condition ([z >= 5]).
The condition is false.

Transition 2 from StateA is marked for evaluation.
Transition 2 from StateA does not have a condition.

The destination of transition 2 from StateA is a state (StateD).

StateD is marked for entry, and StateA is marked for exit. Execute the transition action for
this valid path (/{z = 5}). Nowz = 5.

To complete the time step, follow the “Workflow for Exiting a State” on page 3-34 for StateA and the
“Workflow for Entering a Chart or State” on page 3-28 for StateE.

See Also

More About

“Execution of a Stateflow Chart” on page 3-23
“Enter a Chart or State” on page 3-28
“Exit a State” on page 3-34
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Super Step Semantics

By default, Stateflow charts execute once for each input event or time step. If you are modeling a
system that must react quickly to inputs, you can enable super step semantics. Super step semantics
are supported only in Stateflow charts in a Simulink model.

When you enable super step semantics, a Stateflow chart executes multiple times for every active
input event or for every time step when the chart has no input events. The chart takes valid
transitions until either of these conditions occurs:

* No more valid transitions exist, that is, the chart is in a stable active state configuration.

* The number of transitions taken exceeds a user-specified maximum number of iterations.

In a super step, your chart responds faster to inputs but performs more computations in each time
step. Therefore, when generating code for an embedded target, make sure that the chart can finish
the computation in a single time step. To achieve this behavior, fine-tune super step parameters by
setting an upper limit on the number of transitions that the chart takes per time step (see “Maximum
Number of Iterations” on page 3-45).

For simulation targets, specify whether the chart goes to the next time step or generates an error if it
reaches the maximum number of transitions prematurely. However, in generated code for embedded
targets, the chart always goes to the next time step after taking the maximum number of transitions.

Maximum Number of Iterations

In a super step, your chart always takes at least one transition. Therefore, when you set a maximum
number of iterations in each super step, the chart takes that number of transitions plus 1. For
example, if you specify 10 as the maximum number of iterations, your chart takes 11 transitions in
each super step. To set maximum number of iterations in each super step, see “Enable Super Step
Semantics” on page 3-45.

Enable Super Step Semantics

To enable super step semantics:

1 Right-click inside the top level of a chart and select Properties from the context menu.
2 In the Chart properties dialog box, select the Enable super step semantics check box.

Two additional fields appear below that check box.
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Chart: Chart

Name: Chart
Machine: {machine) untitled

Action Language: |MATLAB

State Machine Type: |Classic

Export chart level functions
[] Execute (enter) chart at initialization
[ Initialize outputs every time chart wakes up

Enable super step semantics

General Fixed-point properties Documentation

Update method: Inherited = Sample Time: -1

User-specified state/transition execution order

Maximum iterations in each super step:

1000

Support variable-size arrays
Saturate on integer overflow

[] Generate preprocessor conditionals

Create output for monitoring: | Child activity

Behavior after too many iterations: Proceed

Cancel

Help Apply

Enter a value in the field Maximum iterations in each super step.

The chart always takes one transition during a super step, so the value N that you specify

represents the maximum number of additional transitions (for a total of N+1). Try to choose a
number that allows the chart to reach a stable state within the time step, based on the mode
logic of your chart. For more information, see “Maximum Number of Iterations” on page 3-45

Select an action from the drop-down menu in the field Behavior after too many iterations.

Your selection determines how the chart behaves during simulation if it exceeds the maximum
number of iterations in the super step before reaching a stable state.

Behavior Description

Proceed The chart goes back to sleep with the last active state
configuration, that is, after updating local data at the last valid
transition in the super step.
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Behavior Description

Throw Error Simulation stops and the chart generates an error, indicating that
too many iterations occurred while trying to reach a stable state.

Note Selecting Throw Error can help detect infinite loops in
transition cycles (see “Detection of Infinite Loops in Transition
Cycles” on page 3-50.

Note This option is relevant only for simulation targets. For embedded targets, code generation
goes to the next time step rather than generating an error.

Super Step Example

The following model shows how super step semantics differs from default semantics:

20 % ¥ |:|
Constant Scope
Chart

In this model, a Constant block outputs a constant value of 20 to input u in a Stateflow chart. Because
the value of u is always 20, each transition in the chart is valid:

By default, the chart takes only one transition in each simulation step, incrementing y each time.
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When you enable super step semantics, the chart takes all valid transitions in each time step,
stopping at state C with y = 3.

i, !cu::-p-e — “
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How Super Step Semantics Works with Multiple Input Events

When you enable super step semantics for a chart with multiple active input events, the chart takes
all valid transitions for the first active event before it begins processing the next active event. For

example, consider the following model:

3-48



Super Step Semantics

f w1
|| +
Step Signal
] y
— 1
Stepl '_i'l‘; |:|
0
Cutput
Chart

In this model, the Sum block produces a 2-by-1 vector signal that goes from [0,0] to [1,1] at time t =
1. As a result, when the model wakes up the chart, events E1 and E2 are both active:

If you enable super step semantics, the chart takes all valid transitions for event E1. The chart takes
transitions from state A to B and then from state B to C in a single super step. The scope shows that y
= 3 at the end of the super step:
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In a super step, this chart never transitions to state D because there is no path from state C to state D.

Detection of Infinite Loops in Transition Cycles

If your chart contains transition cycles, taking multiple transitions in a single time step can cause
infinite loops. Consider the following example:

In this example, the transitions between states A and B cycle and produce an infinite loop because the
value of X remains constant at 1. One way to detect infinite loops is to configure your chart to
generate an error if it reaches a maximum number of iterations in a super step. See “Enable Super
Step Semantics” on page 3-45.
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Super Step

This model shows the use of super step semantics on a Stateflow® chart which allows the chart to
repeatedly take all possible transitions from the current state to get to a stable state configuration
before going to the next simulation step. This example shows two exactly identical Stateflow charts
except that one has the super step mode disabled and the other has the super step mode enabled.

Run the simulation and compare the output from the two charts on the scopes. In the output from the
chart 'Without Super Step' the value changes in steps till it reaches its final steady state whereas in
the chart "With Super Step' the value immediately reaches its steady state because of the super step
semantics.
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See Also

More About

. “Super Step Semantics” on page 3-45
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Use Events to Execute Charts

An event is a nongraphical object that can wake up and trigger actions in Stateflow chart. For more
information, see “Synchronize Model Components by Broadcasting Events” on page 14-2.

How Stateflow Charts Respond to Events

Stateflow charts respond to events in a cyclical manner.

An event wakes up an inactive chart.

The chart responds to the event by executing transitions and state actions from the top down
through the chart hierarchy. Starting at the chart level:

a The chart checks for valid transitions between states.

b  The chart executes during and on actions for the active state.

¢ The chart proceeds to the next level down the hierarchy.

3 The chart becomes inactive until it receives the next event.

1. An event
wakes up an
inactive chart.

2.The chart

responds to the
event by executing
transitions or
state actions

3. The chart
becomes inactive
until it receives

the next event.

For more information, see “Execution of a Stateflow Chart” on page 3-23.

Events in Simulink Models

In Simulink models, Stateflow charts receive input events from other blocks in the model.

While processing an event, a state or transition action can generate explicit or implicit events that
trigger additional steps. For example:

» The operator send can broadcast local or output events.

The operators enter and exit can generate implicit local events when the chart execution enters
or exits a state.

The operator change can generate an implicit local event when the chart sets the value of a
variable.
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In each case, the chart interrupts its current activity to process the new event. When the activity
caused by the new event finishes executing, the chart returns to the activity that was taking place
before the interruption.

Note In a Simulink model, the execution of output edge-trigger events is equivalent to toggling the
value of an output data value between 0 and 1. This type of event does not interrupt the current
activity of a chart. Instead, the receiving block processes the event the next time that the model
executes the block. For more information, see “Activate a Simulink Block by Sending Output Events”

on page 14-14.

Early Return Logic

The results of processing a local event can conflict with the action that was taking place before the
event was generated. Depending on the type of action, charts resolve these conflicts by using early

return logic.

Action Type

Early Return Logic

State entry
action

If the state is no longer active after the local event is processed, the chart stops
the process of entering the state. The chart does not perform the remaining
statements in the entry action.

State during
action

If the state is no longer active after the local event is processed, the chart stops
executing the state. The chart does not perform the remaining statements in the
during action.

State exit action

If the state is no longer active after the local event is processed, the chart stops
the process of exiting the state. The chart does not perform the remaining
statements in the exit action nor any transition actions and state entry actions
that result from exiting the state.

Condition action

If the source state of the inner or outer transition path, or the parent state of the
default transition path, is no longer active after the local event is processed, the
chart stops the transition process. The chart does not perform the remaining
actions on the transition path or any state exit and entry actions that result
from taking the transition.

Transition action

If the parent of the transition path is not active, or if the parent has an active
substate, the chart stops the transition process. The chart does not perform the
remaining actions on the transition path or any state entry actions that result
from taking the transition.

For example, in this chart, the input event E and the local event F trigger the transitions between

states.




Use Events to Execute Charts

_T_
A B
E {send(F}}
k1 =
—_— —_—
2 -
[ D

Suppose that state A is active when the chart receives event E. The chart responds to the event with
these steps:

1 The chart determines that the transition from the active state A to state B is valid as a result of
event E.

2 The chart executes the condition action of the valid transition and broadcasts event F.
The chart interrupts the transition from state A to state B and begins to process event F.

The chart determines that the transition from the active state A to state C is valid as a result of
event F.

W

State A executes its exit action.
State A becomes inactive.

State C becomes active.

State C executes its entry action.

00 N & U

After the chart processes event F, state C is the active state of the chart. Because state A is no longer
active, the chart uses early return logic and stops the transition from state A to state B.

Tip Avoid using undirected local event broadcasts. Undirected local event broadcasts can cause
unwanted recursive behavior in your chart. Instead, send local events by using directed broadcasts.
For more information, see “Broadcast Local Events to Synchronize Parallel States” on page 14-23.

You can set the diagnostic level for detecting undirected local event broadcasts. In the Configuration
Parameters dialog box, open the Diagnostics > Stateflow pane and set the Undirected event
broadcasts parameter to none, warning, or error. The default setting is warning.

Events in Standalone Charts

Standalone Stateflow charts receive an input event when you call the step function or an input event
function in MATLAB.

Standalone charts also receive implicit events from MATLAB timer objects associated with the
absolute-time temporal logic operators after, at, and every. These operators define temporal logic
in terms of wall-clock time. If the state associated with the temporal logic operator becomes inactive
before the chart processes the implicit event, the event does not wake up the chart.

Queuing of Events

If a chart is processing another operation when it receives an event, the chart queues the event for
execution when the current step is completed. You can specify the size of the event queue by setting
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the configuration option -eventQueueSize when you create the chart object. For more information,
see “Chart Object Configuration Options” on page 35-4.

For example, in this chart, the input events E and F trigger the transitions between states. Assume
that SendF is a function in the MATLAB path that calls the input event function F.

_T_
A B
E {SendF{}}
k1 =
—_— —_—
2 -
C : D :

Suppose that state A is active when the chart receives event E. The chart responds to the event with
these steps:

1

w

© 0 N O 0 b

11
12
13
14

The chart determines that the transition from the active state A to state B is valid as a result of
event E.

The chart executes the condition action of the valid transition and calls the function SendF.

SendF calls the input event function F. Because the chart is busy processing a condition action, it
queues event F.

The chart completes executing the condition action.
State A executes its exit action.

State A becomes inactive.

State B becomes active.

State B executes its entry action.

The chart begins to process the queued event F.

The chart determines that the transition from the active state B to state D is valid as a result of
event F.

State B executes its exit action.
State B becomes inactive.

State D becomes active.

State D executes its entry action.

After the chart processes event F, state D is the active state of the chart.

See Also
after | at | change | enter | every | exit | send | timer

More About

“Execution of a Stateflow Chart” on page 3-23
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“Synchronize Model Components by Broadcasting Events” on page 14-2
“Control Chart Behavior by Using Implicit Events” on page 14-26
“Control Chart Execution by Using Temporal Logic” on page 16-44
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Transition Flow Chart Types

Before executing transitions for an active state or chart, Stateflow software groups transitions by the
following types:
» Default flow charts are all default transition segments that start with the same parent.

* Inner flow charts are all transition segments that originate on a state and reside entirely within
that state.

* Outer flow charts are all transition segments that originate on the respective state but reside at
least partially outside that state.

Each set of flow charts includes other transition segments connected to a qualifying transition
segment through junctions and transitions. Consider the following example:

]

X
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T
2
l after(20, sec)

A2

\ J

In this example, state A has both an inner and a default transition that connect to a junction with
outgoing transitions to states A.Al and A.A2. If state A is active, its set of inner flow charts includes:

* The inner transition
* The outgoing transitions from the junction to state A.Al and A.A2

In addition, the set of default flow charts for state A includes:

* The default transition to the junction
* The two outgoing transitions from the junction to state A.Al and A.A2

In this case, the two outgoing transition segments from the junction are members of more than one
flow chart type.

Order of Execution for a Set of Flow Charts

Each flow chart group executes in the order of group priority until a valid transition appears. The
default transition group executes first, followed by the outer transitions group and then the inner
transitions group. Each flow chart group executes as follows:

1 Order the group's transition segments for the active state.
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An active state can have several possible outgoing transitions. The chart orders these transitions
before checking them for validity. See “Transition Evaluation Order” on page 3-38.

Select the next transition segment in the set of ordered transitions.

Test the transition segment for validity.

If the segment is invalid, go to step 2.

If the destination of the transition segment is a state, do the following:

a Testing of transition segments stops and a transition path forms by backing up and including
the transition segment from each preceding junction back to the starting transition.

b The states that are the immediate substates of the parent of the transition path exit (see
“Exit a State” on page 3-34).

¢ The transition action from the final transition segment of the full transition path executes.
d The destination state becomes active (see “Enter a Chart or State” on page 3-28).
If the destination is a junction with no outgoing transition segments, do the following:

a Testing stops without any state exits or entries.

If the destination is a junction with outgoing transition segments, repeat step 1 for the set of
outgoing segments.

After testing all outgoing transition segments at a junction, take the following actions:

a Backtrack the incoming transition segment that brought you to the junction.
b Continue at step 2, starting with the next transition segment after the backup segment.

The set of flow charts completes execution when all starting transitions have been tested.
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Ordering for Parallel States

Although multiple parallel (AND) states in the same chart execute concurrently, the Stateflow chart
must determine when to activate each one during simulation. This ordering determines when each
parallel state performs the actions that take it through all stages of execution.

Unlike exclusive (OR) states, parallel states do not typically use transitions. Instead, order of
execution depends on:

* Explicit ordering

Specify explicitly the execution order of parallel states on a state-by-state basis (see “Explicit
Ordering of Parallel States” on page 3-60).
* Implicit ordering

Override explicit ordering by letting a Stateflow chart use internal rules to order parallel states
(see “Implicit Ordering of Parallel States” on page 3-61).

Parallel states are assigned priority numbers based on order of execution. The lower the number, the
higher the priority. The priority number of each state appears in the upper right corner.

Because execution order is a chart property, all parallel states in the chart inherit the property
setting. You cannot mix explicit and implicit ordering in the same Stateflow chart. However, you can
mix charts with different ordering modes in the same Simulink model.

In code that is generated from Stateflow charts that contain parallel states, each state executes based
on its order.

Explicit Ordering of Parallel States
By default, a Stateflow chart orders parallel states explicitly based on execution priorities you set.
How Explicit Ordering Works

When you open a new Stateflow chart — or one that does not yet contain any parallel states — the
chart automatically assigns priority numbers to parallel states in the order you create them.
Numbering starts with the next available number within the parent container.

When you enable explicit ordering in a chart that contains implicitly ordered parallel states, the
implicit priorities are preserved for the existing parallel states. When you add new parallel states,
execution order is assigned in the same way as for new Stateflow charts — in order of creation.

You can reset execution order assignments at any time on a state-by-state basis, as described in “Set
Execution Order for Parallel States Individually” on page 3-61. When you change execution order for
a parallel state, the Stateflow chart automatically renumbers the other parallel states to preserve

their relative execution order. For details, see “Order Maintenance for Parallel States” on page 3-62.

Order Parallel States Explicitly

To use explicit ordering for parallel states, perform these tasks:



Execution Order for Parallel States

1 “Enable Explicit Ordering at the Chart Level” on page 3-61
2 “Set Execution Order for Parallel States Individually” on page 3-61

Enable Explicit Ordering at the Chart Level
To enable explicit ordering for parallel states, follow these steps:

1 Right-click inside the top level of the chart and select Properties from the context menu.

The Chart properties dialog box appears.
Select the User-specified state/transition execution order check box.
Click OK.

WN

If your chart already contains parallel states that have been ordered implicitly, the existing
priorities are preserved until you explicitly change them. When you add new parallel states in
explicit mode, your chart automatically assigns priorities based on order of creation (see “How
Explicit Ordering Works” on page 3-60). However you can now explicitly change execution order
on a state-by-state basis, as described in “Set Execution Order for Parallel States Individually” on
page 3-61.

Set Execution Order for Parallel States Individually
In explicit ordering mode, you can change the execution order of individual parallel states. Right-click

the parallel state of interest and select a new priority from the Execution Order menu.

Implicit Ordering of Parallel States
Rules of Implicit Ordering for Parallel States

In implicit ordering mode, a Stateflow chart orders parallel states implicitly based on location.
Priority goes from top to bottom and then left to right, based on these rules:

* The higher the vertical position of a parallel state in the chart, the higher the execution priority
for that state.

* Among parallel states with the same vertical position, the leftmost state receives highest priority.

The following example shows how these rules apply to top-level parallel states and parallel substates.
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Note Implicit ordering creates a dependency between design layout and execution priority. When
you rearrange parallel states in your chart, you can accidentally change order of execution and affect
simulation results. For more control over your designs, use the default explicit ordering mode to set
execution priorities.

Order Parallel States Implicitly

To use implicit ordering for parallel states, follow these steps:

1 Right-click inside the top level of the chart and select Properties from the context menu.

2 Inthe Chart properties dialog box, clear the User-specified state/transition execution order
check box.

3 Click OK.

Order Maintenance for Parallel States

Whether you use explicit or implicit ordering, a chart tries to reconcile execution priorities when you
remove, renumber, or add parallel states. In these cases, a chart reprioritizes the parallel states to:

* Fill in gaps in the sequence so that ordering is contiguous
* Ensure that no two states have the same priority
* Preserve the intended relative priority of execution

How a Chart Preserves Relative Priorities in Explicit Mode

For explicit ordering, a chart preserves the user-specified priorities. Consider this example of explicit
ordering:

Because of explicit ordering, the priority of each state and substate matches the order of creation in
the chart. The chart reprioritizes the parallel states and substates when you perform these actions:
1 Change the priority of top-level state b to 3.

2 Add a top-level state g.

3 Remove substate e.
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The chart preserves the priority set explicitly for top-level state b, but renumbers all other parallel
states to preserve their prior relative order.

How a Chart Preserves Relative Priorities in Implicit Mode

For implicit ordering, a chart preserves the intended relative priority based on geometry. Consider
this example of implicit ordering:

——————————

If you remove top-level state b and substate e, the chart automatically reprioritizes the remaining
parallel states and substates to preserve implicit geometric order:

Execution Priorities in Restored States

There are situations in which you need to restore a parallel state after you remove it from a Stateflow
chart. In implicit ordering mode, a chart reassigns the execution priority based on where you restore
the state. If you return the state to its original location in the chart, you restore its original priority.

However, in explicit ordering mode, a chart cannot always reinstate the original execution priority to
a restored state. It depends on how you restore the state.
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If you remove a state by...

And restore the state by...

What is the priority?

Deleting, cutting, dragging
outside the boundaries of the
parent state, or dragging so its
boundaries overlap the parent
state

Using the undo command

The original priority is restored.

Dragging outside the
boundaries of the parent state
or so its boundaries overlap the
parent state and releasing the
mouse button

Dragging it back into the parent
state

The original priority is lost. The
Stateflow chart treats the
restored state as the last
created and assigns it the
lowest execution priority.

Dragging outside the
boundaries of the parent state
or so its boundaries overlap the
parent state without releasing
the mouse button

Dragging it back into the parent
state

The original priority is restored.

Dragging so its boundaries
overlap one or more sibling
states

Dragging it to a location with no
overlapping boundaries inside
the same parent state

The original priority is restored.

Cutting

Pasting

The original priority is lost. The
Stateflow chart treats the
restored state as the last
created and assigns it the
lowest execution priority.

Switching Between Explicit and Implicit Ordering

If you switch to implicit mode after explicitly ordering parallel states, the Stateflow chart resets
execution order to follow implicit rules of geometry. However, if you switch from implicit to explicit
mode, the chart does not restore the original explicit execution order.

Execution Order of Parallel States in Boxes and Subcharts

When you group parallel states inside a box, the states retain their relative execution order. In

addition, the Stateflow chart assigns the box its own priority based on the explicit or implicit ordering

rules that apply. This priority determines when the chart activates the parallel states inside the box.

When you convert a state with parallel decomposition into a subchart, its substates retain their
relative execution order based on the prevailing explicit or implicit rules.




Create Stateflow Charts
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* “Represent Operating Modes by Using States” on page 4-5
* “Transition Between Operating Modes” on page 4-14

+ “Stateflow Editor Operations” on page 4-20
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Model Reactive Systems in Stateflow

Identify System Attributes

Before you build a Stateflow chart in a Simulink model, identify your system attributes by answering
these questions:

1 What are your interfaces?

a  What are the event triggers to which your system reacts?
b  What are the inputs to your system?
¢ What are the outputs from your system?

2 Does your system have any operating modes?

a If the answer is yes, what are the operating modes?
b Between which modes can you transition? Are there any operating modes that run in
parallel?

If your system has no operating modes, the system is stateless. If your system has operating
modes, the system is modal.

Select a State Machine Type

After identifying your system attributes, the first step is to create a new chart. For more information,
see stnew. Select one of the following state machine types:

* Classic — The default machine type. Provides the full set of semantics for MATLAB charts and C
charts.

* Mealy — Machine type in which output is a function of inputs and state.

* Moore — Machine type in which output is a function of state.

For more information, see “How Stateflow Objects Interact During Execution” on page 3-5,

“Differences Between MATLAB and C as Action Language Syntax” on page 17-5, and “Overview of
Mealy and Moore Machines” on page 7-2.

Specify State Actions and Transition Conditions

After you create an empty chart, answer the following questions:

1 For each state, what are the actions you want to perform?

2  What are the rules for transitioning between your states? If your chart has no states, what are
the rules for transitioning between branches of your flow logic?

Using your answers to those questions, specify state actions and transition conditions:

1 Draw states to represent your operating modes, if any. See “Represent Operating Modes by
Using States” on page 4-5.

2 Implement the state actions by adding state labels that use the appropriate syntax. See “State
Action Types” on page 16-2.
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3 Draw transitions to represent the direction of flow logic, between states or between branches of
your flow chart. See “Transition Between Operating Modes” on page 4-14.

4 Implement the transition conditions by adding transition labels that use the appropriate syntax.
See “Transition Action Types” on page 16-7.

Define Persistent Data to Store State Variables

After adding state actions and transition conditions to your chart, determine if the chart requires any
local or persistent data to store state variables. If so, follow these steps:

1 Add local data to the appropriate level of the chart hierarchy. See “Add Stateflow Data” on page
12-2.

You can also use the Symbol Wizard to add data to your chart. See “Resolve Symbols Through the
Symbol Wizard” on page 31-37.

2 Specify the type, size, complexity, and other data properties. See “Set Data Properties” on page
12-5.

Simplify State Actions and Transition Conditions with Function Calls

State actions and transition conditions can be complex enough that defining them inline on the state
or transition is not feasible. In this case, express the actions or conditions using one of the following
types of Stateflow functions:

» Flow chart — Encapsulate flow charts containing if-then-else, switch-case, for, while, or do-while
patterns.

* MATLAB — Write matrix-oriented algorithms; call MATLAB functions for data analysis and
visualization.

* Simulink — Call Simulink function-call subsystems directly to streamline design and improve
readability.

» Truth table — Represent combinational logic for decision-making applications such as fault
detection and mode switching.

Use the function format that is most natural for the type of calculation in the state action or transition
condition. For more information on the four types of functions, see:

* “Reuse Logic Patterns by Defining Graphical Functions” on page 8-18
* “Reuse MATLAB Code by Defining MATLAB Functions” on page 9-2

* “Reuse Simulink Components in Stateflow Charts” on page 11-2

* “Use Truth Tables to Model Combinatorial Logic” on page 10-2

If the four types of Stateflow functions do not work, you can write your own C or C++ code for
integration with your chart. For more information about custom code integration, see “Reuse Custom
Code in Stateflow Charts” on page 31-23.

Check That Your System Representation Is Complete

Does your Stateflow chart fully express the logical or event-driven components of your system?
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» If the answer is yes, you are done.

If the answer is no, you can create a separate chart or add hierarchy to your current chart.

* To create a new chart, repeat all the steps in this basic workflow.

» To add hierarchy, repeat the previous three steps on lower levels of the current chart.
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Represent Operating Modes by Using States

A state describes an operating mode of a reactive system. In a Stateflow chart, states are used for
sequential design to create state transition diagrams.

States can be active or inactive. The activity or inactivity of a state can change depending on events
and conditions. The occurrence of an event drives the execution of the state transition diagram by
making states become active or inactive. For more information, see “States” on page 2-8.

Create a State

You create states by drawing them in the editor for a particular chart (block). Follow these steps:

1 Select the State tool:

O

2  Move your pointer into the drawing area.

In the drawing area, the pointer becomes state-shaped (rectangular with oval corners).
3 Click in a particular location to create a state.

The created state appears with a question mark (?) label in its upper left-hand corner.
4  Click the question mark.

A text cursor appears in place of the question mark.
5 Enter a name for the state and click outside of the state when finished.

The label for a state specifies its required name and optional actions. See “Label States” on page 4-
11 for more detail.

Move and Resize States

To move a state, do the following:

1 (Click and drag the state.
2  Release it in a new position.

To resize a state, do the following:
1  Place your pointer over a corner of the state.

When your pointer is over a corner, it appears as a double-ended arrow (PC only; pointer
appearance varies with other platforms).

2 Click and drag the state's corner to resize the state and release the left mouse button.

Create Substates and Superstates
A substate is a state that can be active only when another state, called its parent, is active. States

that have substates are known as superstates. To create a substate, click the State tool and drag a
new state into the state you want to be the superstate. A Stateflow chart creates the substate in the
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specified parent state. You can nest states in this way to any depth. To change the parentage of a
substate, drag it from its current parent in the chart and drop it in its new parent.

Note A parent state must be graphically large enough to accommodate all its substates. You might
need to resize a parent state before dragging a new substate into it. You can bypass the need for a
state of large graphical size by declaring a superstate to be a subchart. See “Encapsulate Modal
Logic by Using Subcharts” on page 8-10 for details.

Group States
When to Group a State

Group a state to move all graphical objects inside a state together. When you group a state, the chart
treats the state and its contents as a single graphical unit. This behavior simplifies editing of a chart.
For example, moving a grouped state moves all substates and functions inside that state.

How to Group a State

You can group a state by right-clicking it and then selecting Group & Subchart > Group in the
context menu. The state appears shaded in gray to indicate that it is now grouped.
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When to Ungroup a State
You must ungroup a state before performing these actions:

* Selecting objects inside the state
* Moving other graphical objects into the state

If you try to move objects such as states and graphical functions into a grouped state, you see an
invalid intersection error message. Also, the objects with an invalid intersection have a red border.

How to Ungroup a State

You can ungroup a state by right-clicking it and then clearing Group & Subchart > Group in the
context menu. The background of the state no longer appears gray.
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Specify Substate Decomposition

You specify whether a superstate contains parallel (AND) states or exclusive (OR) states by setting its
decomposition. A state whose substates are all active when it is active has parallel (AND)
decomposition. A state in which only one substate is active when it is active has exclusive (OR)
decomposition. An empty state's decomposition is exclusive.

To alter a state's decomposition, select the state, right-click to display the state's Decomposition
context menu, and select OR (Exclusive) or AND (Parallel) from the menu.

You can also specify the state decomposition of a chart. In this case, the Stateflow chart treats its top-
level states as substates. The chart creates states with exclusive decomposition. To specify a chart's
decomposition, deselect any selected objects, right-click to display the chart's Decomposition
context menu, and select OR (Exclusive) or AND (Parallel) from the menu.

The appearance of the substates indicates the decomposition of their superstate. Exclusive substates
have solid borders, parallel substates, dashed borders. A parallel substate also contains a number in
its upper right corner. The number indicates the activation order of the substate relative to its sibling
substates.

Specify Activation Order for Parallel States

You can specify activation order by using one of two methods: explicit or implicit ordering.
* By default, when you create a new Stateflow chart, explicit ordering applies. In this case, you
specify the activation order on a state-by-state basis.

* You can also override explicit ordering by letting the chart order parallel states based on location.
This mode is known as implicit ordering.

For more information, see “Explicit Ordering of Parallel States” on page 3-60 and “Implicit Ordering
of Parallel States” on page 3-61.

Note The activation order of a parallel state appears in its upper right corner.
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Change State Properties

Use the State dialog box to view and change the properties for a state. To access the State dialog box:

1 Right-click the state and select Properties.

The State properties dialog box appears. For descriptions of properties, see “Properties You Can
Set in the General Pane” on page 4-8 and “Properties You Can Set in the Logging Pane” on
page 4-9.

2 Modify property settings and then click one of these buttons:

* Apply to save the changes and keep the State dialog box open

* Cancel to return to the previous settings

* OK to save the changes and close the dialog box

* Help to display the documentation in an HTML browser window

Properties You Can Set in the General Pane

The General pane of the State properties dialog box appears as shown.

73] State MyState X
y

General | Logging | Documentation |
MName: MyState
Execution order [1 -
State Output

[C] Create output for monitoring: | Self activity
Function Inline Option [Fmto -
Label:

MyState

[ OK J [ Cancel ] [ Help Apply

You can set these properties in the General pane.
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Property

Description

Name

Stateflow chart name; read-only; click this hypertext link to bring the
state to the foreground.

Execution order

Set the execution order of a parallel (AND) state. This property does
not appear for exclusive (OR) states. See “Execution Order for Parallel
States” on page 3-60.

Create data for
monitoring

Select this option to create state activity data. See “Monitor State
Activity Through Active State Data” on page 13-2.

Function Inline Option

Select one of these options to control the inlining of state functions in
generated code:

¢ Auto

Inlines state functions based on an internal heuristic.
e Inline
Always inlines state functions in the parent function, as long as the

function is not part of a recursion. See “Inline State Functions in
Generated Code” (Simulink Coder)

* Function

Creates separate static functions for each state.

Label

The label for the state, which includes the name of the state and its
associated actions. See “Label States” on page 4-11.

Properties You Can Set in the Logging Pane

The Logging pane of the State properties dialog box appears as shown.

4-9




4 Create Stateflow Charts

4-10

State MyState )
General Lagging Documentation

["] Log self activity [ Test point

Lagging name
Use state name
MyState
Data
Limit data points to last: | 5000

Decimation: 2

OK H Cancel H Help Apply

You can set these properties in the Logging pane.

Property Description

Log self activity Saves the self activity value to the MATLAB workspace during
simulation.

Test point Designates the state as a test point that can be monitored with a

floating scope during model simulation. You can also log test point
values into MATLAB workspace objects. See “Monitor Test Points in
Stateflow Charts” on page 33-41.

Logging name Specifies the name associated with the logged self activity. Simulink
software uses the signal name as its logging name by default. To
specify a custom logging name, select Custom from the list box and
enter the new name in the adjacent edit field.

Limit data points to last |Limits the self activity logged to the most recent samples.

Decimation Limits self activity logged by skipping samples. For example, a
decimation factor of 2 saves every other sample.
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Properties You Can Set in the Documentation Pane

The Documentation pane of the State properties dialog box appears as shown.

State MyState ==

| General | Logging | Documentation

Description:

Document link:

OK ][ Cancel H Help Apply

You can set these properties in the Documentation pane.

Property Description
Description Textual description or comment.
Document link Enter a URL address or a general MATLAB command. Examples are

www.mathworks.com, mailto:email address, and edit /spec/
data/speed. txt.

Label States

The label for a state specifies its required name for the state and the optional actions executed when
the state is entered, exited, or receives an event while it is active.

State labels have the following general format.

name/
entry:entry actions
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during:during actions

exit:exit actions

bind:data and events

on event or _message _name:on event or message name actions

The italicized entries in this format have the following meanings:

Keyword Entry Description
Not applicable |[name A unique reference to the state with optional slash
entry or en entry actions Actions executed when a particular state is entered as the

result of a transition taken to that state

during or du during actions Actions that are executed when a state receives an event
while it is active with no valid transition away from the state

exit or ex exit actions Actions executed when a state is exited as the result of a
transition taken away from the state

bind data or events Binds the specified data or events to this state. Bound data
can be changed only by this state or its children, but can be
read by other states. Bound events can be broadcast only by
this state or its children.

on event or message n|A specified event or message
ame
and
and
Actions executed when a state is active and the specified
on event name event occurs or message is present.
actions

For more information, see “Synchronize Model Components
by Broadcasting Events” on page 14-2 and “Communicate
with Stateflow Charts by Sending Messages” on page 15-

2.

Enter the Name

Initially, a state's label is empty. The Stateflow chart indicates this by displaying a ? in the state's label
position (upper left corner). Begin labeling the state by entering a name for the state with the
following steps:

1 Click the state.

The state turns to its highlight color and a question mark character appears in the upper left-
hand corner of the state.

2 C(Click the ? to edit the label.
An editing cursor appears. You are now free to type a label.
Enter the state's name in the first line of the state's label. Names are case sensitive. To avoid
naming conflicts, do not assign the same name to sibling states. However, you can assign the
same name to states that do not share the same parent.
After labeling the state, click outside it. Otherwise, continue entering actions. To reedit the label,

click the label text near the character position you want to edit.
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Enter Actions

After entering the name of the state in the label, you can enter actions for any of the following action
types:

* Entry Actions — begin on a new line with the keyword entry or en, followed by a colon,
followed by one or more action statements on one or more lines. To separate multiple actions on
the same line, use a comma or a semicolon.

You can begin entry actions on the same line as the state's name. In this case, begin the entry
action with a forward slash (/) instead of the entry keyword.

» Exit Actions — begin on a new line with the keyword exit or ex, followed by a colon, followed
by one or more action statements on one or more lines. To separate multiple actions on the same
line, use a comma or a semicolon.

* During Actions — begin on a new line with the keyword during or du, followed by a colon,
followed by one or more action statements on one or more lines. To separate multiple actions on
the same line, use a comma or a semicolon.

* Bind Actions — begin on a new line with the keyword bind followed by a colon, followed by one
or more data or events on one or more lines. To separate multiple actions on the same line, use a
comma or a semicolon.

* On Actions — begin with the keyword on, followed by a space and the name of an event or
message, followed by a colon, followed by one or more action statements on one or more lines, for
example

on evl: exit();

To separate multiple actions on the same line, use a comma or a semicolon. If you want different
events to trigger different actions, enter multiple on blocks in the state label. Each block specifies
the action for a specific event or message, for example:

on evl: actionl(); on ev2: action2();

The execution of the actions you enter for a state is dependent only on their action type, and not the
order in which you enter actions in the label. If you do not specify the action type explicitly for a
statement, the chart treats that statement as an entry action.

Tip You can also edit the label in the properties dialog box for the state. See “Change State
Properties” on page 4-8.

See Also
States

More About

. “State Action Types” on page 16-2

. “Eliminate Redundant Code by Combining State Actions” on page 16-10
. “Record State Activity by Using History Junctions” on page 8-2

. “Monitor State Activity Through Active State Data” on page 13-2
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A transition is a line with an arrowhead that links one graphical object to another. In most cases, a
transition represents the passage of the system from one mode (state) to another. A transition
typically connects a source and a destination object. The source object is where the transition begins
and the destination object is where the transition ends. For more information, see “Transitions” on
page 2-18.

Create a Transition

Follow these steps to create transitions between states and junctions:
1 Place your pointer on or close to the border of a source state or junction.

The pointer changes to crosshairs.
Click and drag a transition to a destination state or junction.
Release on the border of the destination state or junction.

Attached transitions obey the following rules:

» Transitions do not attach to the corners of states. Corners are used exclusively for resizing.

+ Transitions exit a source and enter a destination at angles perpendicular to the source or
destination surface.

» All transitions have smart behavior.
To delete a transition, click it and press the Delete key.
See the following sections for help with creating self-loop and default transitions:

* “Create Self-Loop Transitions” on page 4-17
* “Create Default Transitions” on page 4-17

Label Transitions

Transition labels contain syntax that accompanies the execution of a transition. The following topics
discuss creating and editing transition labels:

» “Edit Transition Labels” on page 4-14
» “Transition Label Format” on page 4-15

For more information on transition concepts, see “Transition Labels” on page 2-19.

For more information on transition label contents, see “Transition Action Types” on page 16-7.
Edit Transition Labels

Label unlabeled transitions as follows:

1  Select (left-click) the transition.

The transition changes to its highlight color and a question mark (?) appears on the transition.
The ? character is the default empty label for transitions.
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2 Left-click the ? to edit the label.
You can now type a label.

To apply and exit the edit, deselect the object. To reedit the label, simply left-click the label text near
the character position you want to edit.

Transition Label Format

Transition labels have the following general format:

event or message [condition]{condition action}/transition action

Specity, as appropriate, relevant names for event or message, condition, condition action,
and transition action.

Label Field Description

event_or _message The event or message that causes the transition to be evaluated.

condition Defines what, if anything, has to be true for the condition action and
transition to take place.

condition action If the condition is true, the action specified executes and completes.

transition action This action executes after the source state for the transition is exited

but before the destination state is entered. Transition actions are
supported only in Stateflow charts in Simulink models.

Transitions do not need labels. You can specify some, all, or none of the parts of the label. Rules for
writing valid transition labels include:

* Can have any alphanumeric and special character combination, with the exception of embedded
spaces

* Cannot begin with a numeric character

* Can have any length

* Can have carriage returns in most cases

* Must have an ellipsis (...) to continue on the next line

Move Transitions

You can move transition lines with a combination of several individual movements. These movements
are described in the following topics:

» “Bow the Transition Line” on page 4-15
* “Move Transition Attach Points” on page 4-16

* “Move Transition Labels” on page 4-16
In addition, transitions move along with the movements of states and junctions.
Bow the Transition Line

You can move or "bow" transition lines with the following procedure:
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1 Place your pointer on the transition at any point along the transition except the arrow or attach
points.

2 Click and drag your pointer to move the transition point to another location.

Only the transition line moves. The arrow and attachment points do not move.
3 Release the mouse button to specify the transition point location.

The result is a bowed transition line. Repeat the preceding steps to move the transition back into its
original shape or into another shape.

Move Transition Attach Points

You can move the source or end points of a transition to place them in exact locations as follows:

1 Place your pointer over an attach point until it changes to a small circle.
2 Click and drag your pointer to move the attach point to another location.
3 Release the mouse button to specify the new attach point.

The appearance of the transition changes from a solid to a dashed line when you detach and release a
destination attach point. Once you attach the transition to a destination, the dashed line changes to a
solid line.

The appearance of the transition changes to a default transition when you detach and release a
source attach point. Once you attach the transition to a source, the appearance returns to normal.

Move Transition Labels

You can move transition labels to make the Stateflow chart more readable. To move a transition label,
do the following:

1 (Click and drag the label to a new location.

2 Release the left mouse button.

If you mistakenly click and then immediately release the left mouse button on the label, you will be in
edit mode for the label. Press the Esc key to deselect the label and try again. You can also click an
empty location in the chart to deselect the label.

Change Transition Arrowhead Size

The arrowhead size is a property of the destination object. Changing one of the incoming arrowheads
of an object causes all incoming arrowheads to that object to be adjusted to the same size. The
arrowhead size of any selected transitions, and any other transitions ending at the same object, is
adjusted.

To adjust arrowhead size:

1  Select the transitions whose arrowhead size you want to change.
2 Place your pointer over a selected transition and right-click to select Arrowhead Size.
3  Select an arrowhead size from the menu.
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Create Self-Loop Transitions

A self-loop transition is a transition whose source and destination are the same state or junction. To
create a self-loop transition:

1 Create the transition by clicking and dragging from the source state or junction.
2 Press the S key or right-click your mouse to enable a curved transition.
3 Continue dragging the transition tip back to a location on the source state or junction.

For the semantics of self-loops, see “Self-Loop Transitions” on page 2-24.

Create Default Transitions

A default transition is a transition with a destination (a state or a junction), but no apparent source
object.

Click the Default Transition button R in the toolbar and click a location in the drawing area close
to the state or junction you want to be the destination for the default transition. Drag your pointer to
the destination object to attach the default transition.

The size of the endpoint of the default transition is proportional to the arrowhead size. See “Change
Transition Arrowhead Size” on page 4-16.

Default transitions can be labeled just like other transitions. See “Label Default Transitions” on page
2-28 for an example.

Change Transition Properties

Use the Transition properties dialog box to view and change the properties for a transition. To access
the dialog box for a particular transition:

1 Right-click the transition and select Properties.

The Transition properties dialog box appears.
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Source: (state) Stage7Debug/Air Controller.Cn
Destination: (state) Stage7Debug/Air Controller Off
Farent: [(chart) Stage7Debug/Air Controller

Execution order: [1

Label:

[temp = 150]

Description:

Document link:

0K ][ Cancel H Help Apply

The following transition properties appear in the dialog box:

Field Description

Source Source of the transition; read-only; click the hypertext link
to bring the transition source to the foreground.

Destination Destination of the transition; read-only; click the hypertext
link to bring the transition destination to the foreground.

Parent Parent of this state; read-only; click the hypertext link to
bring the parent to the foreground.
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Field Description

Execution order The order in which the chart executes the transition.

Label The transition's label. See “Transition Labels” on page 2-19
for more information on valid label formats.

Description Textual description or comment.

Document link

Enter a Web URL address or a general MATLAB command.
Examples are www.mathworks . com,

mailto:email address, and edit/spec/data/
speed. txt.

2 After making changes, click one of these buttons:
* Apply to save the changes and keep the Transition dialog box open.
* Cancel to return to the previous settings for the dialog box.
* OK to save the changes and close the dialog box.
* Help to display Stateflow online help in an HTML browser window.
See Also
Transitions
More About

“Transition Action Types” on page 16-7

“Default Transitions” on page 2-28
“Inner Transitions” on page 2-25
“Self-Loop Transitions” on page 2-24
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Stateflow Editor

Use the Stateflow Editor to draw, zoom, modify, print, and save a chart shown in the window.
Opening a Stateflow chart displays the chart in the Stateflow Editor.

To open a new Stateflow chart in the Stateflow Editor:

1 At the MATLAB command prompt, enter:

Command Result

sfnew Creates a chart with the default action
language. For more information, see sfnew.

sfnew -matlab Creates an empty chart with MATLAB as the
action language.

sfnew -C Creates an empty C chart.

stateflow Creates an empty chart with the default
action language and displays the Stateflow
block library.

The Simulink Editor opens, with an empty chart.
2 Double-click the chart object.

The Stateflow Editor opens.
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bi Stateflow (chart) untitled/Chart * - Simulink
SIMULATION
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The Stateflow Editor window includes the following sections:

« Title bar

»i Stateflow (chart) untitled/Chart * - Simulink

The full chart name appears here in model name/chart name* format. The * character appears on
the end of the chart name for a newly created chart or for an existing chart that has been edited
but not saved yet.

* Toolstrip

[(Jopen + [ Stop Time | 10.0 —~ T
op = d @ b= B B
E s ~ x ots Loge |
Hew Library L Acd Siep Run Step  Shop 3 ogic
~ = Pint ¥  Browser tput Port U@ Fast Restart Back > - i Inspector Analyzer
|LIBHARY | PREFARE | SIMULATE | REVIEW RESULTS -

Most editor commands are available from the toolstrip. You can identify each tool of the toolbar by
placing your pointer over it until an identifying tool tip appears.

* Object palette
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®
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Displays a set of tools for drawing states, transitions, and other chart objects. To add an object,
you can use the palette to:

* Click the icon for the object and move the cursor to the spot in the drawing area where you
want to place the object.
* Drag the icon for the object into the drawing area.

* Double-click the icon and then click multiple times in the drawing area to make copies of the
object.

Explorer bar
[Pa] untitied » T3 Chart

The breadcrumb shows the systems that you have open in the editor. Click a system in the
breadcrumb to display that system. The e also contains buttons for navigating the chart hierarchy
(see “Navigate Subcharts” on page 8-12).

Model Browser
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1]
£
"

Model Browser -

W sf_car
|Pa| Engine
& shift_logic
[P transmission

Click the double arrows ? in the bottom left corner to open or close a tree-structured view of
the model in the editor.

* Drawing area — This area displays an editable copy of a chart.

* Context menus (shortcut menus) — These menus pop up from the drawing area when you right-
click an object. They display commands that apply only to that object. If you right-click an empty
area of the chart, the context menu applies to the chart object.

* Status information — Near the top of the editor, you can see (and reset) the simulation time and
the simulation mode. The bottom status bar displays the status of the Stateflow processing, tool
tips, the zoom factor, and the solver.

Undo and Redo Editor Operations

You can undo and redo operations that you perform in a chart. When you undo an operation, you
reverse the last edit operation that you performed. After you undo operations in the chart, you can
also redo them one at a time.

* To undo an operation in the chart, press Ctrl + Z.
* To redo an operation in the chart, press Ctrl + Y.

You can undo and redo many operations you complete on Stateflow objects in the Symbols pane or
the Property Inspector.

Exceptions for Undo
You can undo or redo all editor operations, with the following exceptions:
* You cannot undo the operation of turning subcharting off for a state previously subcharted.

To understand subcharting, see “Encapsulate Modal Logic by Using Subcharts” on page 8-10.
* You cannot undo the drawing of a supertransition or the splitting of an existing transition.

Splitting of an existing transition refers to the redirection of the source or destination of a

transition segment that is part of a supertransition. For a description of supertransitions, see

“Draw a Supertransition Into a Subchart” on page 8-14and “Draw a Supertransition Out of a
Subchart” on page 8-15.
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* You cannot undo any changes made to the chart using the Stateflow API.

For a description of the Stateflow API, see “Stateflow Programmatic Interface”.

Note When you perform one of the preceding operations, the undo and redo buttons are disabled
from undoing and redoing any prior operations.

Specify Colors and Fonts in a Chart

You can change the way Stateflow displays an individual element of a chart or specify the global
display options used throughout the entire chart.

Change Size of a Single Element

To change the display size for a single element in the chart, right-click the element, and then select a
new Format option from the context menu. The options available depend on the element that you

select.
Option States Transitions |Junctions |Annotation [Other
S Elements
Font Size Available Available Not Available Available
Available
Arrowhead Size Available Available Available Not Not
Available Available
Junction Size Not Not Available Not Not
Available Available Available Available
Font Style Not Not Not Available Not
Available Available Available Available
Shadow Not Not Not Available Not
Available Available Available Available
Text Alignment Not Not Not Available Not
Available Available Available Available

Change Global Display Options

Through the Colors & Fonts dialog box, you can specify a color scheme for the chart or specify
colors and label fonts for different types of objects in a chart. To open the Colors & Fonts dialog box,
in the Format tab, click Style.
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4| Colors & Fonts for: Chart —

Schemes  Options

Click to change: Chart Color {(background})

Right Click to change:

g ™,
StateLabel
| —( )
TransitionLabel '
M v
Ok Cancel Help Apphy

In the Colors & Fonts dialog box, the drawing area displays examples of the colors and label fonts
specified by the current color scheme for the chart. You can choose a different color scheme from the
Schemes menu. To modify the display options for a single type of chart element, position your
pointer over the sample object.

To change the color of the element, click the sample object and select a new color in the dialog

box.
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W7 state/Frame Color e
1 J 1 1 11 =
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| Pick Screen Color |
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HiEEE . vt [o ] mue[o [5]
| Add to Custom Colors | HTML: [ #000000 |
[ ok | canca |

* To change the font of the element, right-click the sample object and select a new font, style, or
size in the dialog box.
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Faont Font style Size
Arial Unicode MS Normal 12
Arial # | | Normal ] '
Arial Black Bold 7
Arial Marrow Italic 8
Arial Rounded MT Bold Bold Italic 9
| | Arial Unicode MS 10
|| Autumn in November 11
t | Bahnschrift 12
Baskerville Old Face 14
Bauhaus 93 16
Bell Gothic Std Black v 18 v
Effects Sample
Strikeout
Underline
AaBbYyZz
Writing System
Ay -
| oK Cancel
|

To apply the scheme to the chart, click Apply. To apply the scheme and close the dialog box, click
OK.

To make the scheme the default scheme for all charts, select Options > Make this the 'Default’
scheme.

To save changes to the default color scheme, select Options > Save defaults to disk. If the modified
scheme is not the default scheme, choosing Save defaults to disk has no effect.

Content Preview for Stateflow Objects

When a chart is closed, you can preview the content of Stateflow charts in Simulink. You can see an
outline of the contents of a chart. During simulation, you can see chart animation. When a chart is
open, you can preview the content of subcharts and Simulink functions.

For example, the Temporal Logic chart uses content preview. The chart Without Temporal Logic does
not.
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To turn on content preview for Stateflow charts and subcharts, right-click the chart and select
Format > Content Preview. For Simulink functions, right-click the function and select Content
Preview. For details on content preview in Simulink, see “Preview Content of Model Components”.

Note In order to see the content preview, you may need to enlarge the Stateflow chart or object.

Intelligent Tab Completion for Stateflow Charts

Stateflow tab completion provides context-sensitive editing assistance. Tab completion helps you
avoid typographical errors. It also helps you quickly select syntax-appropriate options for keywords,
data, event, messages, and function names, without having to navigate the Model Explorer. In a
Stateflow chart, to complete entries:

1  Type the first few characters of the word that you want.

2 Press Tab to see the list of possible matches.

3  Use the arrow keys to select a word.
4

Press Tab to make the selection.
Additionally, you can:

* Close the list without selecting anything by pressing the Esc key.

* Type additional characters onto your original term to narrow the list of possible matches.

If you press Tab and no words are listed, then the current word is the only possible match.
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Differentiate Elements of Action Language Syntax

You can use color highlighting to differentiate the following syntax elements:

Keyword
Comment
Event
Message
Function
String
Number

Syntax highlighting is a user preference, not a model preference.

Default Syntax Highlighting

The following chart illustrates the default highlighting for language elements.

Heater
9
ff
function flash LED
T T i)
7 function b = cold
after(20, sac) after(40 sec)[cold()] [warmi)]
function b =warm
On

If the parser cannot resolve a syntax element, the chart displays the element in the default text color.

Edit Syntax Highlighting

1

In the Stateflow Editor, in the Format tab, click Style > Syntax Highlighting.

The Syntax Highlight Preferences dialog box appears.

Click the color that you want to change, choose an alternative from the color palette, and click
Apply.
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3 Click OK to close the Syntax Highlight Preferences dialog box.
Enable and Disable Syntax Highlighting
1 In the Stateflow Editor, in the Format tab, click Style > Syntax Highlighting.

The Syntax Highlight Preferences dialog box appears.
2 Select or clear Enable syntax highlighting and click OK.

Select and Deselect Graphical Objects

Once an object is in the drawing area, to make any changes or additions to that object, select it.

» To select an object, click anywhere inside of the object.

* To select multiple adjacent objects, click and drag a selection box so that the box encompasses or
touches the objects that you want to select, and then release the mouse button.

All objects or portions of objects within the box become selected.

* To select multiple separate objects, simultaneously press the Shift key and click an object or box a
group of objects.

This step adds objects to the list of already selected objects unless an object was already selected,
in which case, the object is deselected. This type of multiple object selection is useful for selecting
objects within a state without selecting the state itself.

» To deselect all selected objects, click in the drawing area, but not on an object.

When an object is selected, it appears highlighted in the color set as the selection color (blue by
default; see “Specify Colors and Fonts in a Chart” on page 4-24 for more information).

Cut and Paste Graphical Objects

You can cut objects from the drawing area or cut and then paste them as many times as you like. You
can cut and paste objects from one chart to another. The chart retains a selection list of the most
recently cut objects. The objects are pasted in the drawing area location closest to the current
pointer location.

* To cut an object, right-click the object and select Cut from the context menu.

» To paste the most recently cut selection of objects, right-click in the chart and select Paste from
the context menu.

Copy Graphical Objects

To copy and paste an object in the drawing area, select the objects and right-click and drag them to
the desired location in the drawing area. This operation also updates the chart clipboard.

Note If you copy and paste a state in the chart, these rules apply:

+ If the original state uses the default ? label, then the new state retains that label.

» If the original state does not use the default ? label, then a unique name is generated for the new
state.
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Alternatively, to copy from one chart to another, select Copy and then Paste from the right-click
context menu.

Comment Out Objects

To Comment Out a Stateflow object, right-click the selected object and select Comment Out. For
more information, see “Commenting Stateflow Objects in a Chart” on page 33-56.

Format Chart Objects

To enhance readability of objects in a chart, in the Stateflow Editor you can use commands in the
Format tab. These commands include options for:

* Alignment

+ Distribution

* Resizing

You can align, distribute, or resize these chart objects:

* States
* Functions
* DBoxes
* Junctions

Some of these options appear only after selecting elements within your chart.
Align, Distribute, and Resize Chart Objects
The basic steps to align, distribute, or resize chart objects are similar.

1 If the chart includes parallel states or outgoing transitions from a single source, make sure that
the chart uses explicit ordering.

To set explicit ordering, in the Chart properties dialog box, select User-specified state/
transition execution order.

Note If a chart uses implicit ordering to determine execution order of parallel states or
evaluation order of outgoing transitions, the order can change after you align, distribute, or
resize chart objects. Using explicit ordering prevents this change from occurring. For more
information, see “Execution Order for Parallel States” on page 3-60 and “Transition Evaluation
Order” on page 3-38.

2 Select the chart objects that you want to align, distribute, or resize.

You can select objects in any order, one-by-one or by drawing a box around them.

3 Decide which object to use as the anchor for aligning, distributing, or resizing other chart
objects. This object is the reference object.

To set an object as the reference, right-click the object. Brackets appear around the reference
object. In the following example, the Door and Motion states are selected, and the Door state is
the reference.
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Note If you select objects one-by-one, the last object that you select acts as the reference.

4 Select an option from the Format tab to align, distribute, or resize your chosen objects.

For more information about chart object distribution options, see “Options for Distributing Chart

Objects” on page 4-32

Options for Distributing

Chart Objects

Option

Description

Distribute Horizontally

The center-to-center horizontal distance between any
two objects is the same.

Note The horizontal space for distribution is the
distance between the left edge of the leftmost object
and the right edge of the rightmost object. If the total
width of the objects you select exceeds the horizontal
space available, objects can overlap after distribution.

Distribute Vertically

The center-to-center vertical distance between any two
objects is the same.

Note The vertical space for distribution is the
distance between the top edge of the highest object
and the bottom edge of the lowest object. If the total
height of the objects you select exceeds the vertical
space available, objects can overlap after distribution.
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Option Description
Even Horizontal Gaps The horizontal white space between any two objects is
the same.

Horizontally applies.

Note The space restriction for Distribute

the same.

Even Vertical Gaps The vertical white space between any two objects is

applies.

Note The space restriction for Distribute Vertically

Example of Aligning Chart Objects

Suppose that you open the sf pool model and see a chart with multiple MATLAB functions.

Fgﬂt.a'w”am'cs 1 lisAnyBaliGaingToStop ]
.M.ATLAB Function o darivati es ‘J_'-qupdatestonlagsCl;
initBalls p_dat= v
y_dat = frictionFarced) + interactionFarced; 2\[hasEIaIIIrrteractinnChangedO]
¥ chart utputs Vhal_interaction = getBallinteraction;
- . L :
. finitBallsd; | nout=p +—updateStopFlans,
v_out =v;
pocketed_out = pocketed; 3 \[ia#\melallNewanocketedO]
pocketMewBallsi,
™ updateStapF lags);
4\ [istnyBalloutOBounds)]
|, _fresetBallsPosAndyel);
updateStopFlagsd;
o ~
MATLAB Function MATLAB Function f=interactionForce

MATLAB Function

¥h = isAnyBallOutOfB ounds ball = getBallinteraction

MATLAB Function resetBallsPosAndvel | MATLAB Function MATLAB Function

yn = hasBallnteractionhanged ¥n = isAnyBalMewlyP ocketed
WMATLAB Furction pockethewBalls MATLAB Function MATLAB Function

wn = nearHoledpp) yn=isAmyBallGoingTaStop
MATLAB Function updateStopFlaos MATLAB Function

f=frictionForce

To align the three MATLAB functions on the right:

1 Openthe st pool model. Double-click the Pool block to open the chart.

Tip Expand the Stateflow Editor to see the entire chart.
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Click the function isAnyBallGoingToStop.
Shift-click the function isAnyBallNewlyPocketed.
Shift-click the function getBallInteraction.

This object is the reference (or anchor) for aligning the three functions. Brackets appear around

the function.

MATLAB Function
yn = isAnyBalOutOfBounds

MATLAB Function f= interactionFaorce

r
MATLAB Function
balli = getBallinteraction

L

MATLAB Function resetBallsPosAndy

MATLAB Function
¥n = hasBallinteractionChanged

MATLAB Function pockethewBalls

MATLAB Function
yn = isAnyBalMewlyPocketed

MATLAE Function
yn = nearHole(pp)

MATLAB Function updateStopFlags

MATLAB Function
f =frictionFaorce

5 In the Format tab, click Align Right.

MATLAB Function
yn =isAnyBallGoingToStop

This step aligns the right edges of the three functions based on the right edge of

getBallInteraction.

MATLAE Function
yn = isAnyBalOuwtOfBounds

MATLAB Function f= interactionForce

MATLAB Function
balli = getBallinteraction

MATLAB Function resetBallsPosAndy

MATLAB Function
yn = hasBalllinteractionChanged

MATLAB Function
yn = isAnyBalMewlyPocketed

MATLAE Function pocketMewBalls

MATLAB Function
yn =nearHole(pp)

MATLAB Function updateStopFlags

MATLAB Function
f =frictionForce

MATLAB Function
yn =isAnyBallGoingToStop
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Example of Distributing Chart Objects

Suppose that you open the sf frame sync controller model and see a chart with three states.

[ook_for_sync

Bn: _ MATLAE Function
Earrﬁha— 0 [v, waks] = correlatedu)
[corr, corpibs] = carrelated ),

7
[after{300 tick))
Iframe=0;}

[frame_nut } [corrAbs = a0

[
[afteri2 20, tick)]

"Eet_pag.rlnad N
en:

phasor = get_carrier_phasecor); MATLAB Function
frame[l] = 10 * phasar, y = get_carrier_phase(u)
du:

frameftemporalCountitick)] = 12 * phasor;

p vy

To distribute the three states vertically:

1 Openthe sf frame sync controller model.

Tip Double-click the Frame Sync Controller block to open the chart.
2 Select the three states in any order.

Shift-click to select more than one state.
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-

[corr, corrAbs] = correlate(lQ );

(look_for_sync
en: _ MATLAB Function
gﬁrrﬁ.bs =0; [y, yabs] = comrelate(u)

I\‘- Fi 1 1
] 2 1
[aften(300 tick)]
{frame =03}
— - [corrAbs > 50]
[atter(220 tick)]

"/gret_payluad

en:

phasor = get_carner_phase(cormr);
frame[0] = 1Q * phasor,

du:

frame[temporalCount(tick)] = IQ * phasor;

\.

MATLAB Function
y = get _carner_phase(u)

=

4-36

Note When you select the three states in any order, your reference object might differ from the

one shown. This difference does not affect distribution of vertical white space.

{mm |

In the Format tab, click Even Vertical Gaps ™= .

This step ensures that the vertical white space between any two states is the same.
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Example of Resizing Chart Objects

Suppose that you open the sf clutch enabled subsystems model and see a chart with graphical
functions of different sizes.

lipping function T=getSipTorgue
1T = (Tin - we* e+ ) vl v+ e by ane;

'\-;._\_\_&al'._\t

-

function T=getlockedTargue
s T = (e TineCh™ be- le™ b i he+ e}
"‘fl',-—\l

L

[Slipping detectlogk upi] [detedt=lip)
£l = e e _0 =g ey 0= g}

function break = detectSlip

Qreak = absigetLocked Targue) = Tiimaxs; }

b
L)

L

'
Laocked
du;

Tr=getLockedTorgued;

To resize the graphical functions so that they all match the size of detectSlip:

1 Openthe sf clutch enabled subsystems model.
2 In the Friction Mode chart, select the three graphical functions by drawing a box around them.
3 Set detectSlip as the reference object to use for resizing.

Right-click the function to mark it with brackets.

function T = getSlipTorgue

function T =getLockedTorgue

function break= detectSlip
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In the Format tab, click Match Size Iyl .

This step ensures that the three functions are the same size.

function T =getSlipTorgue

iTin
& =

Py

function T =getLockedTorgue

function break = detectSlip

»_{break = abs

=1 i=1]

()) =Tfmaxs
oy
y

L

5 Adjust the function boxes to correct the format:
a

[m]
In the Format tab, click Align Left & .

function T =get5

lipTorque

function T =getlLockedTorgque

function break = detectSlip

s {break = abs| ()) = Tfmaxs
o)
]

|
In the Format tab, click Even Vertical Gaps ™=
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function T = getSlipTorgue

function T =getl ockedTorgue

function break = detectSlip

Automatic Chart Formatting

With Arrange Automatically, Stateflow arranges your charts to:

Expand states and transitions to fit their label strings.
Resize similar states to be the same size.

Align states if they were slightly misaligned.
Straightens transitions.

Repositions horizontal transition labels to the midpoint.

In the Format tab, click Auto Arrange.

In this example, the chart has:

1

2
3

State actions that are outside of the boundary for state A.
A transition condition that overlaps state B.
A transition that is not horizontal.
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en: X +y+z>

—

= 3 .r
Ld u_: . Vs after(5,sec)

After the layout has been automatically arranged:

1 The state actions are contained within state A.
2 The transition condition does not overlap into state B.
3 The lower transition is horizontal.

A ™ G )
en: [x +y + 2z >15]

){:’]’3(:2’2:3; =

du:

X=X+ 1; after(5,sec)

y=y+1; B

z=z+ 1;

Generate a Model Report

The Print Details report is an extension of the Print Details report in the Simulink model window. It

provides a report of Stateflow and Simulink objects relative to the chart currently in view from which
you select the report.



Stateflow Editor Operations

To generate a model report on chart objects:

Open the chart or subchart for which you want a report.
2 In the Simulation tab, select Print > Print Details.

The Print Details dialog box appears.

4\ Print Details - untitled/ &ir Controller — >

File location/naming cptions

(®) Temporary (ternpdir)
() Other: |H2,

[ Increment filename to prevent overwriting old files

System reporting options

(® Current ohject Current and above () Current and below () Entire model
oS L B LI W
Lu:u:k:un::ler rask dialog o Expan::l u:|'|i|:|ue library links o
Print Cancel Help

3 Enter the destination directory of the report file and select options to specify what objects appear
in the report.

For details on setting the fields in the File locations/naming options section, see “Print Model
Reports”. For details on the report you receive, see “System Report Options” on page 4-41 and
“Report Format” on page 4-42.

4  (Click Print.

The Print Details dialog box appears and tracks the report generation. See “Print Model Reports” for
more details on this window.

The HTML report appears in your default browser.

Tip If you have the Simulink Report Generator™ installed, you can generate a detailed report about a
system. To do so, in the Modeling tab, under Design , select System Design Report. For more
information, see “System Design Description” (Simulink Report Generator).

System Report Options

Reports for the current Stateflow chart vary with your choice of one of the System reporting
options fields:

* Current — Reports on the chart or subchart in the current editor window and its immediate
parent Simulink system.
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4-42

Current and above — This option is grayed out and unavailable for printing chart details.

Current and below — Reports on the chart or subchart in the current editor window and all
contents at lower levels of the hierarchy, along with the immediate Simulink system.

Entire model — Reports on the entire model including all charts and all Simulink systems.
If you select this option, you can modify the report as follows:

* Look under mask dialog - Includes the contents of masked subsystems in the report.
* Expand unique library links - Includes the contents of library blocks that are subsystems in
the report.

The report includes a library subsystem only once even if it occurs in more than one place in
the model.

Report Format

The general top-down format of the Print Details report is as follows:

The report shows the title of the system in the Simulink model containing the chart or subchart in
current view.

A representation of Simulink hierarchy for the containing system and its subsystems follows. Each
subsystem in the hierarchy links to the report of its Stateflow charts.

The report section for the Stateflow charts of each system or subsystem begins with a small report
on the system or subsystem, followed by a report of each contained chart.

Each chart report includes a reproduction of its chart with links for subcharted states that have
reports of their own.

An appendix tabulates the covered Stateflow and Simulink objects in the report.
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Flow Charts in Stateflow

5-2

A Stateflow flow chart is a graphical construct that models logic patterns such as decision trees and
iterative loops. Flow charts represent combinatorial logic in which one result does not depend on
prior results. You build flow charts by combining connective junctions and transitions without using
any states. The junctions provide decision branches between different transition paths. Executing a
flow chart begins at a default transition and ends at a terminating junction (a junction that has no
valid outgoing transitions).

A best practice is to encapsulate flow charts in graphical functions to create modular and reusable
logic that you can call anywhere in a chart. For more information about graphical functions, see
“Reuse Logic Patterns by Defining Graphical Functions” on page 8-18.

An example of a flow chart that models simple If-Else logic:

(’.‘\ [u=>0] .
(/=)

2

{y =03} {y=1}

g ]

A A,

(= )

I

A,

The flow chart models this code:

if u>0
y=1
else
y = 0;
end

Draw a Flow Chart

You can draw and customize flow charts manually by using connective junctions as branch points
between alternate transition paths:

Open a chart.

2 From the editor toolbar, drag one or more connective junctions into the chart with the
Connective Junction tool:

o}

3  Add transition paths between junctions.
Label the transitions.
5 Add a default transition to the junction where the flow chart execution starts.

Best Practices for Creating Flow Charts

Follow these best practices to create efficient, accurate flow charts:



Flow Charts in Stateflow

Use only one default transition

Flows charts have a single entry point.

Provide only one terminating junction

Multiple terminating junctions reduce readability of a flow chart.

Converge all transition paths to the terminating junction

Execution of a flow chart always reaches the termination point.

Provide an unconditional transition from every junction except the terminating junction
If unintended backtracking occurs during simulation, a warning message appears.

You can control the level of diagnostic action for unintended backtracking in the Diagnostics >
Stateflow pane of the Model Configuration Parameters dialog box. For more information, see the

documentation for the “Unexpected backtracking” diagnostic.

Unintended backtracking can occur at a junction under these conditions:

* The junction does not have an unconditional transition path to a state or terminating junction.
* Multiple transition paths lead to that junction.

Use condition actions to process updates, not transition actions

Flow charts test transitions, but do not execute them (and, therefore, never execute transition
actions).

An example that illustrates these best practices:

One default
transiion

Uneonditsanal
transitions [I <0]
at sach .
fgn-termilfnating !
junction

Condition
actions

All transibons
converge at one
terminating junction
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See Also

More About

“Create Flow Charts by Using Pattern Wizard” on page 5-5

“Reuse Logic Patterns by Defining Graphical Functions” on page 8-18
“Convert MATLAB Code into Stateflow Flow Charts” on page 5-18
“How Stateflow Objects Interact During Execution” on page 3-5



Create Flow Charts by Using Pattern Wizard

Create Flow Charts by Using Pattern Wizard

The Pattern Wizard is a utility that generates common flow chart patterns for use in graphical
functions and charts. The Pattern Wizard offers several advantages over manually creating flow
charts. The Pattern Wizard:

* Generates common logic and iterative loop patterns.

* Promotes consistency in geometry and layout across patterns.

* Facilitates storing and reusing patterns from a central location.

» Allows inserting patterns in an existing flow chart.

The Pattern Wizard generates flow charts whose geometry and layout comply with the guidelines
from the MathWorks Advisory Board (MAB). You can customize your flow chart by modifying the
conditions and actions or by inserting additional logic patterns. You can also save your flow chart as a
custom pattern in the Pattern Wizard for later reuse.

For example, suppose that you want to use the Pattern Wizard to create a graphical function for
iterating over the upper triangle of a two-dimensional matrix. The function consists of two nested for
loops in which the row index i is always less than or equal to the column index j. By using the
Pattern Wizard, you can:

1 Create a flow chart for the outer loop that iterates over the row index i. See “Create Reusable
Flow Charts” on page 5-5.

2 Extend the flow chart by inserting an inner loop that iterates over the column index j. See
“Insert Logic Patterns in Existing Flow Charts” on page 5-6.

3 Save the flow chart as a custom pattern in the Pattern Wizard. See “Save Custom Flow Chart
Patterns” on page 5-9.

4 Reuse the custom pattern in a graphical function. See “Reuse Custom Flow Chart Patterns” on
page 5-9.

Create Reusable Flow Charts

To create a flow chart, on the Modeling tab, select a pattern from the Pattern gallery. Pattern
selections include:

+ If, If-Else, If-Elseif, and other nested decision patterns.

* For, While, and DoWhile loop patterns.

» Switch patterns with up to four cases.

» Custom patterns that you saved for later reuse.

* Patterns that you define in a MATLAB .m file.

The Pattern dialog box prompts you for conditions and actions specific to the pattern that you select.

For more information on flow chart patterns, see “MAB-Compliant Patterns from the Pattern Wizard”
on page 5-11.

For example, to create the outer for loop in the upper triangle iterator pattern:

1  On the Modeling tab, select Pattern > For Loop.

2 In the Pattern dialog box, specify the initializer, loop test, and counting expressions for iterating
through the first dimension of the matrix:
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& Stateflow Pattern:.. — O >

Description:
Upper Triangle lterator

Initializer expression (index=0):
=0

Loop test expression (index<MAX):
I < numrow

Counting expression (index=index+1):
i =i+

For loop body {action}:

Cancel

3 Click OK. The Pattern Wizard generates this flow chart.

T“?’n Upper Triangle lterator

[i = numrow]

{action1}

fi=i+1}

To complete the upper triangle iterator pattern, insert a second for loop along the vertical transition
in this flow chart.

Insert Logic Patterns in Existing Flow Charts

Use the Pattern Wizard to add loop or decision logic extensions to an existing flow chart. Select an
eligible vertical transition and choose a pattern from the Pattern gallery. Options include decision,

loop, and switch patterns. The Pattern dialog box prompts you for conditions and actions specific to
the pattern that you select.



Create Flow Charts by Using Pattern Wizard

For example, to add the second loop in the upper triangle iterator pattern:

1

4

In the Stateflow Editor, from the outer for loop pattern, select the vertical transition labeled

{actionl}.

On the Modeling tab, select Pattern > For Loop.

In the Pattern dialog box, specify the initializer, loop test, and counting expressions for iterating
through the second dimension of the matrix. The initializer expression ensures that i never
exceeds j. Also enter an action that retrieves each element in the upper triangle of the matrix.

4 Stateflow Pattern: .. —

Description:

Initializer expression (index=0):
j=i

Loop test expression (index<MAX):
j < numecol

Counting expression (index=index+1):
1=1#+1

For loop body {action}:

yiij) = ufij)
Cancel

a X

Click OK. The Pattern Wizard adds the second loop to the flow chart.
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I";’: Upper Trangle |terator
i
e

= MUMrow]

5 Save the model containing the pattern.

Guidelines for Inserting Logic Patterns

When you create logic extensions:

{action1}
A
L)
{i=i}
4 [i < numcol]
X ;
- L
28,
Y
\,
\'\.
kN Ll = ufij
5,
A
,
*
Y
\,
Y
,
Y
-] Y
A, ™, A
L AN L)
Y
\,
Y
,
Y
,
5,
A
™, -
=i+ 1} =i+
,
Y
-".'1 \\
I}I\I e,
s S

* You can select only one transition to extend at a time. The selected transition must be exactly
vertical and have a destination junction.

* You can extend only flow charts created by the Pattern Wizard.

* The Stateflow chart containing the flow chart can contain only junctions and transitions. The chart
cannot contain other objects, such as states, functions, or truth tables.

* You cannot extend a pattern that has been custom-created or modified.

* You cannot choose a custom pattern as the extension.

If your selection is not eligible for insertion, when you choose a pattern from the Pattern gallery, you
see a message instead of pattern options.

Message

Issue

Select a vertical transition

You have not selected a vertical transition.

Selected transition must be exactly vertical

You selected a transition, but it is not vertical.

Select only one vertical transition

You have selected more than one transition.




Create Flow Charts by Using Pattern Wizard

Message Issue

Editor must contain only transitions and junctions | There are other objects, such as states, functions,
or truth tables, in the chart.

Save Custom Flow Chart Patterns

Use the Pattern Wizard to save flow chart patterns in a central location, and then easily retrieve them
for reuse in graphical functions and charts. Select the flow chart with the pattern that you want to
save and select Pattern > Save As Pattern.

For example, suppose that you want to save the upper triangle iterator pattern for later reuse:

1 Create a folder for storing your custom patterns. See “Guidelines for Creating a Custom Pattern
Folder” on page 5-9.
In the Stateflow Editor, select the upper triangle iterator flow chart.

On the Modeling tab, select Pattern > Save As Pattern.

If you have not designated the custom pattern folder, the Pattern Wizard prompts you to select a
folder. Choose the folder that you created and click Select Folder.

5 At the prompt, name your pattern UpperTriangleIterator and click Save. The Pattern
Wizard saves your pattern as a model file UpperTriangleIterator.slx in the custom pattern
folder.

Note You can use the Pattern Wizard to reuse only flow charts. To reuse states and subcharts, create
an atomic subchart. For more information, see “Create Reusable Subcomponents by Using Atomic
Subcharts” on page 19-2.

Guidelines for Creating a Custom Pattern Folder
The Pattern Wizard uses a single, flat folder for saving and retrieving flow chart patterns.

* Store all flow charts at the top level of the custom pattern folder. Do not create subfolders.
* Make sure that all flow chart files have an .md1 or . s1x extension.

Change Your Custom Pattern Folder

The Pattern Wizard remembers your choice of custom pattern folder for future sessions. To choose a
different folder, rename your existing custom pattern folder and do one of the following:

* Save a new custom pattern to the Pattern Wizard.
* Reuse an existing custom pattern from the Pattern Wizard.

The Pattern Wizard prompts you to choose a new folder.

Reuse Custom Flow Chart Patterns
The Pattern Wizard stores your flow charts as model files in the custom pattern folder. The patterns

that you save in this folder appear in a drop-down list when you select Pattern > Custom. You can
add a custom pattern directly to a chart or to a subcharted graphical function in your chart.
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5-10

For example, to add the upper triangle iterator custom pattern to a graphical function:

1

From the object palette, add a graphical function to your chart as described in “Define a
Graphical Function” on page 8-18.

Enter this function signature:
function y = ut _iterator(u, numrow, numcol)

The function takes three inputs.

Input Description

u 2-D matrix

numrow Number of rows in the matrix
numcol Number of columns in the matrix

Right-click inside the function and select Group & Subchart > Subchart. The function appears
as an opaque box.

function y = ut_iterator{u, numrow, numcol)

Double-click the subcharted function to open it.
Remove the default flow chart from the graphical function.

On the Modeling tab, select Pattern > Custom. A dialog box opens, listing all the patterns that
you have saved in your custom pattern folder.



Create Flow Charts by Using Pattern Wizard

- — X

Select a Custom Pattern:

‘UpperTrianglelterator

7  Select the upper triangle iterator pattern and click OK. The Pattern Wizard adds your custom
pattern to the graphical function.

8 In the graphical function, in place of actionl, substitute an appropriate action. This action
repeats once for every row of the matrix.

MAB-Compliant Patterns from the Pattern Wizard

The Pattern Wizard generates flow charts whose geometry and layout comply with the guidelines
from the MathWorks Advisory Board (MAB).

Decision Patterns

If

Y. [condition]
.}1[4;;}

{action:}

-:I—l’-lf\j

et

P f Y
'-ﬂ_,-"'"_':._}: r
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If-Else
[condition]
{action2;} {action1:}
If-Elseif
®
[condition1]
O =)
5
[conditionZ]
2 1 {action1;}
{action2;}

s

®

o)

If-Elseif-Else

®
condition1
O— : O
5
[conditionZ]
1
2 {action1;}
{action3;} )
{action2;}

s

®

C=
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If-Elseif-Elseif-Else

lV [condition1] ::O
l”' [condition2] {action13}
é‘ - {action2;}
{actiond;} {action3;}
O
Nested If
®

(‘!}[conditionﬂ
1

-
{action1;}

[condition2]

i {action2;}
Ly
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Loop Patterns

For Loop
A
{index=0}
[index<MAX]

Q: 0

2
{action1}

o

{index=index+1:}

®

While Loop

[condition1]
Y 1

{action1}
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DoWhile Loop

{action;}

1
[condition] 2

b

Switch Patterns

Two Cases

[exp == consti]
(9}1—1'-4_\

{action2;}

{action 3;}

Q=
O=
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Three Cases

5}1 [exp == consti]
e

2 {action1;}
O——=0

d)_,‘ [exp == constZ] :

2 {action2;}

O O

d)_,‘ [exp == const3] ,-J
—

2 {action3;}

{actiond;} (5 (H)

o O
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Four Cases

[exp == consti]
R
(LM ()

2 {action1;}
(’lf"\'
O =

v [exp == constZ]

F "

\_,.'_1 -

2 {actionz;}
1
'_)—"‘

bl exp == const3

&= I

o 4 . -

M {action3;}
A A
l,___)—la-l

7 [exp == constd]

O )

5 'Tactiontl:}

{action5:;}
1 i i )

'u_)—""\ ]

See Also

More About

. “Flow Charts in Stateflow” on page 5-2

-

b4

o

p

. “Reuse Logic Patterns by Defining Graphical Functions” on page 8-18
. “Convert MATLAB Code into Stateflow Flow Charts” on page 5-18
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Convert MATLAB Code into Stateflow Flow Charts

To transform your MATLAB code into Stateflow flow charts and graphical functions, use the Pattern
Wizard. Supported patterns for conversion include:

« if, if-else, and other nested decision statements.
+ for and while loops.
* switch statements.

The Pattern Wizard can convert MATLAB functions and scripts.

» MATLAB functions are converted to Stateflow graphical functions.
» MATLAB scripts are converted to Stateflow flow charts.

Converting MATLAB code is supported only in standalone Stateflow charts. For more information, see
“Create Stateflow Charts for Execution as MATLAB Objects” on page 35-2.

Create Flow Charts from MATLAB Scripts

This MATLAB script empirically verifies one instance of the Collatz conjecture. When given the
numeric input u, the script computes the hailstone sequence ny = u, n;, ny, n3, - by iterating this
rule:

» If n;is even, then n;,; = ny/2.
e Ifn;is odd, then n;; = 3n; + 1.

The Collatz conjecture states that every positive integer has a hailstone sequence that eventually
reaches one.

% Hailstone sequence u, c(u), c(c(u)),...
y = [ul;
while y(end) ~=1
y(end+1l) = c(y(end));
end
disp(y);

function n = c(n)
% Compute next number in hailstone sequence.
If n is even, then c(n) = n/2.
If n is odd, then c(n) = 3*n+l.
if rem(n,2) ==
n=n/2;
else
n = 3*n+l;

o® o°

end
end

The script executes a while loop that repeatedly calls the auxiliary function c until it produces an
output value of one. The function ¢ consists of a conditional if-else statement whose output
depends on the parity of the input.

To convert this script into a flow chart and a graphical function:

1 Open a new standalone chart.
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edit hailstone.sfx
2 Onthe State Chart tab, select Pattern > Select File.

3 In the dialog box, choose the MATLAB script and click Open. The Pattern Wizard adds a flow
chart and a graphical function to your Stateflow chart. Double-click the graphical function to see
its contents.

T function n = c{n)
“ Hailstone sequence u, ciu), c{c{u)), ... ]
y = [ul; o
A

% Compute next number in hailstone sequence.
% If n is even, then c{n} = n2.
% If nis odd, then c{n) = 3*'n+1.

i
i
[
L
i

A [y(end) ~= 1] )
L L &
J. {y{end+1) = c{y(end));} P
L
I{i\I
L o R A
J. A [ em(n,2)==0]
L e
I-'ixl 2{n=3*'n+13} I{n =n/2;}
O
I\ -I 1]
{disp{y)} Fant
L

L
L

i
[
L

\
)

1

,

} .

7

\

)]

\

+

Iy

\

\

)]

4
In the Symbols pane, click Resolve Undefined Symbols &
and y as local data.

. The Stateflow Editor resolves u

Save your chart.
6 To execute the chart from the Stateflow Editor, in the Symbols pane, enter a value of u = 9 and

click Run |:> While the flow chart is executing, the Stateflow Editor highlights the active
transitions through chart animation. When the execution stops, the MATLAB Command Window
displays the hailstone sequence, starting with a value of nine:

9 28 14 7 22 11 34 17 52 26 13 40 20 10

7
Click Stop D

You can copy generated flow charts and graphical functions and paste them in other charts, including
Stateflow charts in Simulink models. If your MATLAB code uses functionality that is restricted for
code generation in Simulink, you must modify the flow chart actions before simulating the chart. For
more information, see “Call Extrinsic MATLAB Functions in Stateflow Charts” on page 31-39.

Note Suppose that you use nargin in a MATLAB function that you convert to a graphical function in
a chart. Because nargin counts the chart object as one of the input arguments of the graphical
function, the value of nargin in the graphical function is equal to one plus the value of nargin in the
original MATLAB function. For more information, see “Execute a Standalone Chart” on page 35-2.
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See Also

More About

. “Flow Charts in Stateflow” on page 5-2

. “Create Flow Charts by Using Pattern Wizard” on page 5-5

. “Reuse Logic Patterns by Defining Graphical Functions” on page 8-18

. “Create Stateflow Charts for Execution as MATLAB Objects” on page 35-2
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* “Simulink Subsystems as States” on page 6-2

* “Create and Edit Simulink Based States” on page 6-11

» “Access Block State Data” on page 6-17

* “Map Variables for Simulink Based States” on page 6-23

* “Set Simulink Based State Properties” on page 6-25
“Model a Clutch” on page 6-27
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Simulink Subsystems as States

By using a Simulink subsystem within a Stateflow state, you can model hybrid dynamic systems or
systems that switch between periodic or continuous time dynamics. In your Stateflow chart, you can
use Simulink based states to model a periodic or continuous dynamic system combined with
switching logic that uses transitions. You can access inputs and outputs from your chart within each
Simulink based state. Simulink based states are supported only in Stateflow charts in a Simulink
model.

To initialize Simulink blocks when switching between Simulink based states, use Stateflow textual
notation or Simulink State Reader and State Writer blocks.

To create linked Simulink based states, use libraries to save action subsystems. When you copy an
action subsystem from a library model into a Stateflow chart, it appears as a linked Simulink based
state. When you update the library block, the changes are reflected in all Stateflow charts containing
the block.

Using Simulink based states means that you do not have to use complex textual syntax in Stateflow to
model hybrid systems.

When to Use Simulink Based States

Use Simulink based states when:

* You want to model hybrid dynamic systems that include continuous or periodic dynamics.

* The structure of the system dynamics change substantially between the various modes of
operation, for example, modeling PID controllers.

For systems where you call logic intermittently, use Simulink functions.

When the structure of the Simulink algorithm remains substantially unchanged, but certain gains or
parameters switch between various models, use Simulink logic outside of Stateflow. An example of
this type of algorithm is gain scheduling. See “Model Gain-Scheduled Control Systems in Simulink”
(Simulink Control Design).

Model a Pole Vaulter by Using Simulink Based States

This Stateflow chart models a person moving through the stages of pole vaulting by using Simulink
based states. The first stage is the approach run of the vaulter, which is modeled in the Simulink
based state Run_up. In the second stage, the vaulter plants the pole and takes off, which is modeled
by the Simulink based state Take off. The final stage happens when the vaulter clears the bar and
releases the pole, which is modeled by the Simulink based state Fly.
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xy

vy

PoleVaulter

The Stateflow chart contains this logic:

STOP
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fRun Lp ™

Simulink Function
InitTakeOff

[Run_up.p(1) > -4]
{InitTakeOff();}

fTake off N

Simulink Function
InitFly

\, »

[Take off.theta < pi/2]

{InitFly();}
FFI'y' . N
. v

The states Run_up and Fly are easier to model by using Cartesian coordinates. The state Take off
is easier to model by using polar coordinates. To switch from one coordinate system to another, use
Simulink functions InitTakeOff and InitFly.

Model the Approach of the Pole Vaulter

The Simulink based state Run_up contains this logic:
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Action

Action Port
v l|'.l
~ O

oo b—s L ¢

. X
Acceleration Velocity Position g
vl =[15 0] x0 = [-10 0.1]

The default state in the chart PoleVaulter is Run_up. This state models the pole vaulter traveling
along the ground toward the jump. The pole vaulter starts at -10 on the x-axis and runs toward zero.
As the pole vaulter moves along the ground, the position of the pole vaulter in the xy-plane is
continuously changing, but the state of running remains the same. In this model, the integrator
blocks Position and Velocity are state owner blocks for State Reader blocks in the Simulink
function InitTakeOff. This subsystem outputs the Cartesian coordinates of the pole vaulter.

Convert Cartesian Coordinates to Polar Coordinates

The Simulink function InitTakeOff contains this logic:
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Once the position of the pole vaulter along the x-axis, Run_up.p(1), becomes greater than -4, the
transition from Run_up to Take off occurs. During the transition InitTakeOff is initialized, the
State Reader block connects to its owner block, and the function is executed. This function converts
the Cartesian coordinates from Position and Velocity to polar coordinates, r, theta, rdot, and
theta dot. These coordinates are output as State Writer blocks, which are connected to owner
blocks in the state Take off.

Model the Take Off of the Pole Vaulter

The Simulink based state Take off contains this logic:
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Once the position of the pole vaulter along the x-axis, Run_up.p(1), becomes greater than -4, the
active state becomes Take off. This Simulink subsystem models the pole vaulter during the take off
phase of the jump. The subsystem outputs the Cartesian coordinates of the pole vaulter.

Convert Polar Coordinates to Cartesian Coordinates

The Simulink function InitFly contains this logic:
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Once the angle of the pole vaulter, theta, becomes less than pi/2, the transition from Take off to
Fly occurs. During the transition InitF1ly is initialized, the State Reader block connects to its owner
block, and the function is executed. This function converts the polar coordinates from r, theta, and
theta dot to Cartesian coordinates, xy integ and xydot. These coordinates are output as State
Writer blocks, which are connected to owner blocks in the state Fly.

Model the Free Fall of the Pole Vaulter

The Simulink based state Fly contains this logic:
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Once the angle of the pole vaulter, theta, is less than pi/2, the active state becomes Fly. This state
models the pole vaulter after the jump has cleared and the pole vaulter is falling to the ground. As the
pole vaulter falls, the position of the pole vaulter in the x-y plane is continuously changing, but the
state of falling remains the same. In this model, the integrator blocks xydot and xy integ are state
owner blocks for State Writer blocks in the Simulink function InitFly. This subsystem outputs the
Cartesian coordinates of the pole vaulter.

The results of this simulation are seen in the XY Graph.

4| XY Graph — O ¥
XY Plot
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Limitations

You cannot use Simulink based states with:

* Moore charts

6-9



6 simulink Subsystems as Stateflow States

6-10

» Discrete Event charts

* HDL Coder

* PLC Coder

* Simulink Code Inspector
* Super step transitions

Simulink based states do not support debugging.
See Also

More About

. “Create and Edit Simulink Based States” on page 6-11

. “Reuse Charts in Models with Chart Libraries” on page 28-12
. “Create a Custom Library”



Create and Edit Simulink Based States

Create and Edit Simulink Based States

To model systems that switch between periodic or continuous time dynamics, use Simulink based
states. Simulink based states are supported only in Stateflow charts in a Simulink model. For more
information, see “Simulink Subsystems as States” on page 6-2.

You can create Simulink based state by using the drawing tool. To reuse systems from separate
Simulink models, copy and paste enabled subsystems. To reuse subsystems in multiple Stateflow
charts, copy and paste action subsystems that are saved in a library.

Create a Simulink Based State

To create a Simulink based state, do one of the following:

* Create an empty Simulink based state by using the Simulink based state drawing tool.

* Create a Simulink based state from another model by copying an enabled subsystem or an action
subsystem to your Stateflow chart.

* Create a linked Simulink based state by copying an action subsystem from a library to your
Stateflow chart.
Create an Empty Simulink Based State

1 Add a Stateflow chart block to a Simulink model. To open the Stateflow Editor, double-click the
block.

2
On the object palette, click the Simulink based state drawing tool . Move your cursor onto

your chart.
3 To place the new Simulink based state, click the Stateflow canvas. A shaded state appears.

|

'l

?

4 Enter the state label. In this example, the state models a pole vaulter running along a flat
surface, so the state label is Run_up. Simulink based states are action subsystems, so an Action
Port appears with your new state.

6-11
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fﬁun_up N
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5 Build your Simulink subsystem. This subsystem outputs the Cartesian coordinates of the pole
vaulter. For more information about this model, see “Access Block State Data” on page 6-17.

Action
Action Port
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Create a Simulink Based State from an Enabled Subsystem

To create a Simulink based state in your Stateflow chart, copy enabled subsystems from separate
Simulink models. You can reuse components from Simulink models in a Stateflow chart without
creating a brand new Simulink based state.

1 Openthe sf clutch enabled subsystems model.
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Building a Clutch Lock-Up Model
Using Stateflow(R) and Simulink(R)
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2 From the model, copy the block Slipping to your Stateflow chart.

Eiipping

>

3

The inports and outports of your Simulink subsystem appear as undefined symbols in your

Stateflow chart. To add corresponding input and output data to your Stateflow chart, click the

Resolve undefined symbols button e .
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Create a Linked Simulink Based State

To create a linked Simulink based state in your Stateflow chart, copy an action subsystem from a
library to Stateflow. When the library block is updated, the changes are reflected in all Stateflow
charts containing the block.

Open the library model.
2 Copy and paste the library block Run_up to your Stateflow chart.
L ]

™

fRun_up N

\ v,

3 To display a link in the bottom leftmost corner on a linked subsystem, in the Debug tab, select
Information Overlays > Show All Links.

ﬁun_up N

\& y

4 The outports of this Simulink subsystem, Xy, appears as an undefined symbol in your Stateflow
chart. To add a corresponding output data to your Stateflow chart, click the Resolve undefined

symbols button e .

Create Inports and Outports

When using Simulink based states, inports and outports for your Simulink subsystem connect to input
and output data at the Stateflow chart level. This connection allows the top-level Simulink model to
read data from the subsystem contained within your Simulink based state.

When you create an empty Simulink based state, Stateflow creates inputs and outputs in your
Simulink subsystem that correspond to inputs and outputs that exist in the parent Stateflow chart.
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However, if you add inports and outports to your Simulink based state after it is created, you must
create corresponding input and output data for your Stateflow chart.

To create additional inports or outports for a Simulink based state:

Open your Simulink based state.
Click the Simulink canvas, type inl, and press Enter. An undefined inport is created.
The undefined symbol in1 appears in the Symbols pane of your Stateflow chart. To resolve the

undefined symbol, click the Resolve undefined symbols button %
4 A chart inport named Inl is created.

Create an Additional Outport
In this example, you create an additional outport for the model sf pole vault:

1 To open the model.
2 Open the chart PoleVaulter and double-click Simulink based state Take off.

3  Click the Simulink based state canvas and type outl and press Enter. An undefined outport is
created. Rename the outport theta out and connect it to the signal for theta.

Action
Action Port
refor
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Compute r_dot_dot [

P states r_dot_dot » 1 » 1
dot_ Y 5
r

r_dot
<L= tz
rdot o ; u-1
- <thetd xy
theta_dot
compute theta_dot_dot theta theta_dot
P states theta_dot_daot » 1 » 1 >
- s s theta
&
. theta
theta_dot
theta_out

4 In the Symbols pane of PoleVaulter, an undefined symbol for theta out appears. To resolve

the undefined symbol, click the Resolve undefined symbols button e .
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Symbols g X
)| %) Q=)@ ~) [T

TYPE NAME PORT

b Fun_up

* InitTakeOff
b Take off

L InitFly
[E.{] Xy 1
(st theta_out

5 Stateflow creates an output in the chart called theta out that corresponds to the outport
theta out.

For more information about editing data, see “Add and Modify Data, Events, and Messages” on page
34-3.

See Also

More About

. “Simulink Subsystems as States” on page 6-2

. “Access Block State Data” on page 6-17

. “Map Variables in a Simulink Based State” on page 6-23

. “Reuse Charts in Models with Chart Libraries” on page 28-12
. “Create a Custom Library”
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Access Block State Data

To model systems that switch between periodic or continuous time dynamics, use Simulink based
states. Simulink based states are supported only in Stateflow charts in a Simulink model. For more
information, see “Simulink Subsystems as States” on page 6-2.

You can read and write the state of blocks within your Simulink based states in transition actions of
your Stateflow chart. You can read and write the state of blocks textually on the chart transitions or
by using Simulink State Reader and State Writer blocks.

This Stateflow chart models a person moving through the stages of pole vaulting. The first stage is
the approach run of the vaulter, which is modeled by the Simulink based state Run_up. In the second
stage, the vaulter plants the pole and takes off, which is modeled by the Simulink based state

Take off. The final stage happens when the vaulter clears the bar and releases the pole, which is
modeled by the Simulink based state Fly.

The states Run_up and Fly are easier to model by using Cartesian coordinates. The state Take off
is easer to model by using polar coordinates. The Simulink functions InitTakeOff and InitFly are
used to switch from one coordinate system to another. For more details on this chart, see “Model a
Pole Vaulter by Using Simulink Based States” on page 6-2.
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fRun Lp ™

Simulink Function
InitTakeOff

[Run_up.p(1) > -4]
{InitTakeOff();}

fTake off N

Simulink Function
InitFly

\, »

[Take off.theta < pi/2]

{InitFly();}
FFI'y' . N
. v

Textual Access
This subsystem is contained within the Simulink based state Run_up. For the transition from Run_up

to Take off to occur, the position of the pole vaulter along the x-axis, p(1), must be greater than
-4,

6-18



Access Block State Data

Action

Action Port
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By setting the State Name of the integrator block Positionto 'p', you can textually access the
state of this block from your Stateflow chart. To access the state of the integrator block in the
transition condition, type [Run_up.p(1l)> -4]. When this condition becomes true, the transition is
taken and the active state becomes Take off.

E| Block Parameters: Position

Integrator
Continuous-time integration of the input signal.

Parameters
External reset: none
Initial condition source: |internal

Initial condition:

[(100.4]

[ Limit output

[J wrap state

[ show saturation port
[] show state port
Absolute tolerance:

Iautu

[] Ignore limit and reset when linearizing
EA Enable zero-crossing detection

State Name: (e.g., 'position’)
'

@ [ ][ ona [ e

Apply

6-19



6 simulink Subsystems as Stateflow States

6-20

In the Symbols pane, you can see that the state 'p' appears under the state Run_up.

Symbols g X

Ga)| B/ E € =S - |T

TYPE NAME PORT
4 Run_up
@ p
& v
L InitTakeOff
» Take_off
L InitFly
g3 Xy

Graphical Access

Stateflow uses State Reader and State Writer blocks to connect the subsystems within a Simulink
based state to other Simulink subsystems in your model. State Reader and State Writer blocks display
the name of the state owner block that they are connected to. Conversely, the state owner block

displays a tag @ indicating a link to a State Reader or a State Writer block. If you click the label
above the tag, a list opens with a link for navigating to the State Writer block.

Connect a State Reader Block to an Owner Block

The following subsystem is contained within the Simulink function InitTakeOff. The function uses
State Reader blocks to connect to the state Run_up and reads p and v. The function then converts
the Cartesian values for the position of the pole vaulter and velocity into polar coordinates, r and
theta and rdot and theta dot, respectively. These polar coordinates are then accessed by using
state owner blocks in the state Take off.

When the transition action occurs, the State Reader blocks in InitTakeOff read the state of their
state owner blocks. Once the Simulink function finishes executing, the State Writer blocks write to
the state owner blocks in the Simulink based state Take off.
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To connect a State Reader or a State Writer block to an owner block within a Simulink subsystem:

1 To open the properties, double-click the State Reader.

2 In the State Owner Selector Tree, navigate to the block that you want to be the state owner
block. In this example, by choosing Position, you connect the State Reader block to the
integrator Position in the state Run_up.
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Block Parameters: State Reader -
StateReader a

Read values from states of specified block.

Arguments

State owner block: sf_pole vault/PoleVaulter/Run_up/Position

Highlight Refresh

State Owner Selector Tree
v sf_pole_vault
v [O] PoleVaulter
Fly

hd Run_up

1} Position

1L+ Velocity
Take_off

< >

Cancel Help Apply

3 By connecting the State Reader block to the Position integrator block, this Simulink function
can use the state of the integrator Position to execute.

See Also

More About

. “Simulink Subsystems as States” on page 6-2
. State Reader
. State Writer
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Map Variables for Simulink Based States

To model systems that switch between periodic or continuous time dynamics, use Simulink based
states. Simulink based states are supported only in Stateflow charts in a Simulink model. For more
information, see “Simulink Subsystems as States” on page 6-2.

You can access inports or outports of a subsystem within a Simulink based state by using inputs and
outputs in Stateflow that have the same name as your inports and outports. For Simulink based states
that are created by copying and pasting enabled subsystems and action subsystems from a library,
click the Resolve undefined symbols button to map your Simulink inports and outports to Stateflow
inputs and outputs automatically. See “Create Inports and Outports” on page 6-14.

If you are using a linked Simulink based state where the name of the inport or outport differs from

the Stateflow chart input or output, you must ensure that your variables are mapped correctly. You
can change your mappings from the Property Inspector or in the Mappings dialog box.

Map Variables in a Simulink Based State

To open the mappings dialog box, select the Simulink Based State. In the Simulink State tab, click
Mappings.

Run_up 4

Properties Mappings Info

Description

The following tables list the mappings from the subsystem symbols
(on the left) to the symbols in the main chart (on the right). For

every subsystem symbol, the drop-down provides the list of
available symbols which that subsystem symbaol can map to.

¥ Input Mapping

Subsystem Symbaol Main chart symboal

¥ Qutput Mapping

Subsystem Symbol Main chart symbol

Cancel Help Apply

Under Input Mapping, you can specify which parent chart input maps to an inport in your Simulink
subsystem.
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Under Output Mapping, you can specify which parent chart output maps to an outport in your
Simulink subsystem.

See Also

More About

. “Simulink Subsystems as States” on page 6-2

. “Create and Edit Simulink Based States” on page 6-11

. “Access Block State Data” on page 6-17

. “Resolve Symbols Through the Symbols Pane” on page 31-37
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Set Simulink Based State Properties

To model systems that switch between periodic or continuous time dynamics, use Simulink based
states. Simulink based states are supported only in Stateflow charts in a Simulink model. For more
information, see “Simulink Subsystems as States” on page 6-2.

Set and modify the properties of a Simulink based state in the Property Inspector or in a Simulink

based state properties dialog box.

For a Simulink based state, you can set these properties.

Simulink Based State Properties

Description

Create data for monitoring self activity

Creates a data output port on the Stateflow block
for this self-activity of the state.

Log self activity

Logs the state self-activity. View the activity of the
state in the Simulation Data Inspector.

Logging name

Specify the signal logging name. To create a signal
logging name that is different from the state name,
choose Custom, and add the name.

Limit data points to last

Maximum number of data points to log. Default
value is 5000, which means the chart logs the last
5000 data points generated by the simulation.

Decimation Decimation interval limits the amount of data
logged by skipping samples. Default value is 2,
which means the chart logs every other sample.

Test point Sets the Simulink based state as a Stateflow test

point. See “Monitor Test Points in Stateflow
Charts” on page 33-41.

Function packaging

Specify the code format generated for a Simulink
based state. You can set the format to one of these
options:

* Auto — Simulink Coder software chooses the
optimal format for you based on the type and
number of instances of the subsystem that exist
in the model.

¢ Inline — Simulink Coder software inlines the
subsystem unconditionally.

* Nonreusable function — Simulink Coder
software explicitly generates a separate
function in a separate file.

* Reusable function — Simulink Coder
software generates a function with arguments
that allows reuse of Simulink based state code
when a model includes multiple instances of
the Simulink based state.

See “Function packaging”.
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See Also

More About

. “Rules for Naming Stateflow Objects” on page 2-5

. “Inspect and Modify Data and Messages While Debugging” on page 33-9
. “Specify Size of Stateflow Data” on page 12-33

. “Specify Type of Stateflow Data” on page 12-27
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Model a Clutch

This example shows the modeling of the Simulink® clutch example using Simulink based states
inside a Stateflow® chart. For a detailed explanation of the physical system, see “Building a Clutch
Lock-Up Model”.
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we -
Engine Spead
Timaxs | Timaxs h} Mue o C]
t spaads
Speeds
Wy — »
Timaxk | Timaxk WahicleSpeed
. A
Inputs Clutch

Copyright 2007-2018 The MathWorks, Inc.

Recommended Workflow

This model shows the recommended way of modeling hybrid systems by using Simulink and
Stateflow. This model also covers when to use Simulink or physical modeling tools if the continuous
dynamics are complex coupled with mode changes.

Modeling a hybrid system involves addressing the following concerns:

* Modeling the continuous dynamics
* Modeling the mode logic
+ [Initializing states when switching between modes

Continuous Dynamics

Hybrid systems have multiple modes of operation where each mode is defined by continuous
dynamics. When the continuous dynamics are complex, model them by using Simulink based states.
In this model, the Locked and Slipping states represent the two modes of operation of a clutch.
Simulink blocks within a Simulink based state represent the logic of the state. These blocks include
continuous time blocks, such as integrators. Within each Simulink based state, you can access chart
inputs and outputs by creating inports and outports with the same name. Each Simulink based state
reads from a subset of chart inputs and writes to all the chart outputs.

Mode Logic

Mode logic refers to the conditions under which the model switches from one mode of operation to
another. In this example, the mode logic is described by the transition logic between the two Simulink
based states. The conditions needed to switch from one Simulink based state to another depend on
the internal state of the integrators within in the current active mode. For example, when switching
from Slipping to Locked Stateflow must read the internal state of the integrator in the Slipping
mode.
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EngineSpeead

This is possible using two different mechanisms:

1. Using State Reader and State Writer blocks inside Simulink functions: Stateflow can call
Simulink functions on the transition logic between the two modes. Inside the Simulink function, use
State Reader blocks to refer to the internal state of the integrator. For example, the Simulink function
detectLockup uses the State Reader block EngineSpeed to read the state of the integrator block
sf clutch/Clutch/Slipping/xe.

[0 ]

x f
4
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W X < 4 J ’
(AND) m
ViehicleSpeed
L1} | Torque
Tin Frichion Torgue | Friction Torque
p-| engine spaad
Friction Calc oxey
L2} | Max Friction Torque
Tfmaxs

Required Friction
for Lockup

2. Using qualified dot notation on the transition conditions: If the transition logic is simple and
can be expressed textually, it is possible to use a syntax like Slipping.we == ... to refer to the
state of the integrator sf clutch/Clutch/Slipping/xe. For this syntax to work, the State Name
parameter of the integrator has to be set to "we".

State Handoff

When switching from one mode of operation to another, the integrators in the newly activated
subsystem need to be initialized properly in order to get smooth output. This can be done using either
Simulink State Reader and State Writer blocks in Simulink functions or textually using the qualified
dot notation. For example, on the transition from Slipping to Locked, initialize the state of the
single integrator in Locked by using the state of one of the integrators in Slipping. Initialize the
state by using the syntax:

Locked.w = Slipping.we;
Simulation Results

When the system is simulated, the engine and vehicle velocities are as shown in the following graph.
The plates lock at about 4 seconds and begin slipping again at about 6.25 seconds.
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See Also

More About

“Continuous-Time Modeling in Stateflow” on page 25-2
“Building a Clutch Lock-Up Model”
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* “Overview of Mealy and Moore Machines” on page 7-2
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Overview of Mealy and Moore Machines

7-2

In a finite state machine, state is a combination of local data and chart activity. "Computing state"
means updating local data and making transitions from a currently active state to a new state. In
state machine models, the next state is a function of the current state and its inputs:

X(n+1) = f(X(n),u)
In this equation:
* X(n) represents the state at time step n.

* X(n+1) represents the state at the next time step n+1.
* urepresents inputs.

State persists from one time step to the next time step.

Semantics of Mealy and Moore Machines

Mealy and Moore machines are often considered the basic, industry-standard paradigms for modeling
finite-state machines. You can create charts that implement pure Mealy or Moore semantics as a
subset of Stateflow chart semantics. You can use Mealy and Moore charts in simulation and code
generation with Embedded Coder®, Simulink Coder, and HDL Coder™ software. Mealy and Moore
semantics are supported only in Stateflow charts in Simulink models.

Semantics of Mealy Charts

Mealy machines are finite state machines in which transitions occur on clock edges. The output of a
Mealy chart is a function of inputs and state:

y=gX, u)

At every time step, a Mealy chart wakes up, evaluates its input, and then transitions to a new
configuration of active states, also called its next state. The chart computes its output as it transitions
to the next state.

To ensure that output is a function of input and state, Mealy state machines enforce these semantics:

* Outputs do not depend on the next state.
* The chart computes outputs only in transitions, not in states.
* The chart wakes up periodically based on a system clock.

Mealy machines compute their output on transitions. Therefore, Mealy charts can compute their first
output at the time that the default path for the chart executes. If you enable the chart property
Execute (enter) Chart At Initialization for a Mealy chart, this computation occurs at t = 0 (first
time step). Otherwise, it occurs at t = 1 (next time step). For more information, see “Execute (enter)
chart at initialization” on page 28-5.

Semantics of Moore Charts

Moore machines are finite state machines in which output is modified at clock edges. The output of a
Moore chart is a function only of state:

y=gX)
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At every time step, a Moore chart wakes up, computes its output, and then evaluates its input to
reconfigure itself for the next time step. For example, after evaluating its input, the chart can
transition to a new configuration of active states. The chart computes its output before evaluating its
input and updating its state.

To ensure that output is a function only of the current state, Moore state machines enforce these
semantics:

* Outputs do not depend on inputs.
* Outputs do not depend on previous outputs.
* Outputs do not depend on temporal logic.

Moore machines compute their output in states. Therefore, Moore machines can compute outputs
only after the default path executes. Until then, outputs take the default values.

Create Mealy and Moore Charts

When you create a Stateflow chart, the default type is a hybrid state machine model called a Classic
chart. Classic charts combine the semantics of Mealy and Moore charts with the extended Stateflow
chart semantics.

To create a Mealy chart, at the MATLAB command prompt, enter:

sfnew -mealy

‘\.
Meaal

To create a Moore chart, at the MATLAB command prompt, enter:

sfnew -moore

Moore

Alternatively, after adding a Stateflow chart block to a Simulink model, you can choose the type of
semantics for the chart by setting the State Machine Type chart property. For more information, see
“State Machine Type” on page 28-2.

Advantages of Mealy and Moore Charts

Mealy and Moore charts offer these advantages over Classic Stateflow charts:
* You can verify that the Mealy and Moore charts you create conform to their formal definitions and
semantic rules. Error messages appear at compile time (not at design time).

* Moore charts provide a more efficient implementation than Classic charts for C/C++ and HDL
targets.

*  You can use a Moore chart to model a feedback loop. In Moore charts, inputs do not have direct
feedthrough. You can design a loop with feedback from the output port to the input port without
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introducing an algebraic loop. Mealy and Classic charts have direct feedthrough and produce an
error in the presence of an algebraic loop.

I

See Also
sfnew

More About

“Design Considerations for Mealy Charts” on page 7-5

“Design Considerations for Moore Charts” on page 7-9

“Sequence Recognition by Using Mealy and Moore Charts” on page 7-18
“Model a Vending Machine by Using Mealy Semantics” on page 7-7
“Model a Traffic Light by Using Moore Semantics” on page 7-12
“Convert Charts Between Mealy and Moore Semantics” on page 7-14
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Design Considerations for Mealy Charts

Mealy machines are finite state machines in which transitions occur on clock edges. In Mealy charts,
output is a function of input and state. At every time step, a Mealy chart wakes up, evaluates its
input, and then transitions to a new configuration of active states, also called its next state. The chart
computes its output as it transitions to the next state. Mealy semantics are supported only in
Stateflow charts in Simulink models.

Mealy Semantics

To ensure that output is a function of input and state, Mealy state machines enforce these semantics:

* Outputs do not depend on the next state.
* The chart computes outputs only in transitions, not in states.
» The chart wakes up periodically based on a system clock.

Note A chart provides one time base for input and clock (see “Calculate Output and State by
Using One Time Base” on page 7-6).

Design Rules for Mealy Charts

To conform to the Mealy definition of a state machine, ensure that every time there is a change on the
input port, the chart computes outputs.

Compute Outputs in Condition Actions Only

You can compute outputs only in the condition actions of outer and inner transitions. A common
modeling style for Mealy machines is to test inputs in conditions and compute outputs in the
associated action.

Do Not Use State Actions or Transition Actions

You cannot use state actions or transition actions in Mealy charts. This restriction enforces Mealy
semantics by:

* Preventing the chart from computing output without considering changes on the input port.

» Ensuring that output depends on the current state and not the next state.

Restrict Data Scope

In Mealy charts, these data restrictions apply:

* Restrict Machine-Parented Data. Machine-parented data is data that you define for a Stateflow
machine. The Stateflow machine is the highest level of the Stateflow hierarchy. When you define
data at this level, every chart in the machine can read and modify the data. To ensure that Mealy
charts do not access data that can be modified unpredictably outside the chart, do not use
machine-parented data.

* Do Not Define Data Store Memory. You cannot define data store memory (DSM) in Mealy
charts because objects external to the chart can modify DSM. A Stateflow chart uses data store
memory to share data with a Simulink model. Data store memory acts as global data. In the
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Simulink hierarchy that contains the chart, other blocks and models can modify DSM. Mealy
charts must not access data that can change unpredictably.

Restrict Use of Events
Limit the use of events in Mealy charts:
* Valid Uses:

* Use input events to trigger the chart.
* Use event-based temporal logic to guard transitions.

The change in value of a temporal logic condition behaves like an event that the Mealy chart
schedules internally. At each time step, the number of ticks before the temporal event executes
depends only on the state of the chart. For more information, see “Temporal Logic Operators”
on page 16-44.

Note In Mealy charts, the base event for temporal logic operators must be a predefined event
such as tick (see “Implicit Events Based on Data and States” on page 14-26).

* Invalid Uses:

* You cannot broadcast an event of any type.

* You cannot use local events to guard transitions. Local events violate Mealy semantics because
they are not deterministic and can occur while the chart computes its outputs.

* You cannot use implicit events such as chg(data name), en(state name), or
ex(state name).
Calculate Output and State by Using One Time Base

You can use one time base for clock and input, as determined by the Simulink solver. The Simulink
solver sets the clock rate to be fast enough to capture input changes. As a result, a Mealy chart

commonly computes outputs and changes states in the same time step. For more information, see
“Compare Solvers”.

See Also

More About

. “Overview of Mealy and Moore Machines” on page 7-2

. “Model a Vending Machine by Using Mealy Semantics” on page 7-7

. “Convert Charts Between Mealy and Moore Semantics” on page 7-14
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Model a Vending Machine by Using Mealy Semantics

This example shows how to use Mealy semantics to model a vending machine.

Jcon==1]{soda=1} [coin==2)}{sada=0}
[coin== coin==2){soda=1
b ]
1

got_dima

Logic of the Mealy Vending Machine

In this example, the vending machine requires 15 cents to release a can of soda. The purchaser can
insert a nickel or a dime, one at a time, to purchase the soda. The chart behaves like a Mealy machine
because its output soda depends on both the input coin and current state:

When initial state got_0 is active. No coin has been received or no coins are left.

» Ifanickel is received (coin == 1), output soda remains 0, but state got nickel becomes
active.

» Ifadime is received (coin == 2), output soda remains 0, but state got dime becomes active.

» Ifinput coin is not a dime or a nickel, state got 0 stays active and no soda is released (output
soda = 0).

In active state got_nickel. A nickel was received.

» If another nickel is received (coin == 1), state got dime becomes active, but no can is released
(soda remains at 0).
+ Ifadime is received (coin == 2), a can is released (soda = 1), the coins are banked, and the

active state becomes got_ 0 because no coins are left.

» Ifinput coin is not a dime or a nickel, state got nickel stays active and no can is released
(output soda = 0).

In active state got_dime. A dime was received.

o If a nickel is received (coin == 1), a can is released (soda = 1), the coins are banked, and the
active state becomes got 0 because no coins are left.
» Ifadime is received (coin == 2), a can is released (soda = 1), 15 cents are banked, and the

active state becomes got nickel because a nickel (change) is left.
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» Ifinput coin is not a dime or a nickel, state got dime stays active and no can is released (output
soda = 0).

Design Rules in Mealy Vending Machine
This example of a Mealy vending machine illustrates these Mealy design rules:

* The chart computes outputs in condition actions.

* There are no state actions or transition actions.

* The chart defines chart inputs (coin) and outputs (soda).

* The value of the input coin determines the output: whether or not soda is released.

See Also

More About

. “Overview of Mealy and Moore Machines” on page 7-2

. “Design Considerations for Mealy Charts” on page 7-5

. “Convert Charts Between Mealy and Moore Semantics” on page 7-14
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Design Considerations for Moore Charts

Moore machines are finite state machines in which output is modified at clock edges. In Moore
charts, output is a function of the current state only. At every time step, a Moore chart wakes up,
computes its output, and then evaluates its input to reconfigure itself for the next time step. For
example, after evaluating its input, the chart can transition to a new configuration of active states.
The chart computes its output before evaluating its input and updating its state. Moore semantics are
supported only in Stateflow charts in Simulink models.

Moore Semantics

To ensure that output is a function only of the current state, Moore state machines enforce these
semantics:

* QOutputs do not depend on inputs.

* Outputs do not depend on previous outputs.
* Outputs do not depend on temporal logic.

Design Rules for Moore Charts

To conform to the Moore definition of a state machine, ensure that every time that a Moore chart
wakes up, it computes outputs from the current set of active states without regard to inputs.

Restrictions on State Actions

To ensure that outputs depend solely on the current state, you can compute outputs in state actions,
subject to these restrictions:

* Combine Actions. In Moore charts, you can include only one action per state. The action can
consist of multiple command statements. Stateflow evaluates states in Moore charts from the top
level down. Active states in Moore charts execute the state action before evaluating the
transitions. Therefore, outputs are computed at each time step whether an outer transition is valid
or not.

* Do Not Label State Actions. Do not label state actions in Moore charts with any keywords, such
as entry,during, or exit. By default, Moore charts execute the actions in the active states
before evaluating inputs and updating state.

Restrictions on Transition Actions

Transitions in Moore charts can contain condition and transition actions if these actions do not
introduce a dependency between output values and input values. For example, in this chart, each
transition tests the input u in a condition and modifies the output y in a condition action. Because the
output value depends on the value of the input, this construct violates Moore semantics and triggers
an error.

!
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Do Not Use Inputs to Compute Outputs

In Moore charts, outputs cannot depend on inputs. Using an input to contribute directly or indirectly
to the computation of an output triggers an error.

Restrict Data Scope
In Moore charts, these data restrictions apply:

* Restrict Machine-Parented Data. Machine-parented data is data that you define for a Stateflow
machine. The Stateflow machine is the highest level of the Stateflow hierarchy. When you define
data at this level, every chart in the machine can read and modify the data. To ensure that Moore
charts do not access data that can be modified unpredictably outside the chart, do not use
machine-parented data.

* Do Not Define Data Store Memory. You cannot define data store memory (DSM) in Moore
charts because objects external to the chart can modify DSM objects. A Stateflow chart uses data
store memory to share data with a Simulink model. Data store memory acts as global data. In the
Simulink hierarchy that contains the chart, other blocks and models can modify DSM. Moore
charts must not access data that can change unpredictably.

Do Not Use coder.extrinsic to Call Extrinsic Functions

When calling extrinsic functions with coder.extrinsic, it is not possible to enforce that the
outputs depend only on the current state. Calling an extrinsic function with coder.extrinsicina
Moore chart triggers an error.

Do Not Use Simulink Functions

You cannot use Simulink functions in Moore charts. This restriction prevents violations of Moore
semantics during chart execution.

Do Not Export Functions

You cannot export functions in a Moore chart.
Do Not Disable Inlining

Moore chart semantics require inlining.

Do Not Enable Super Step Semantics

You cannot use super step semantics in a Moore chart.
Do Not Use Messages

You cannot use messages in a Moore chart.
Restrict Use of Events

Limit the use of events in Moore charts:

* Valid Uses:

* Use only one input event to trigger the chart.
* Use event-based temporal logic to guard transitions.
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The change in value of a temporal logic condition behaves like an event that the Moore chart
schedules internally. At each time step, the number of ticks before the temporal event executes
depends only on the state of the chart. For more information, see “Temporal Logic Operators”
on page 16-44.

Note In Moore charts, the base event for temporal logic operators must be a predefined event
such as tick (see “Implicit Events Based on Data and States” on page 14-26).

* Invalid Uses:

* You cannot broadcast an event of any type.

* You cannot use local events to guard transitions. Local events violate Moore semantics because
they are not deterministic and can occur while the chart computes its outputs.

* You cannot use implicit events such as chg(data name), en(state name), or
ex(state name).

Do Not Use Moore Charts for Modeling Continuous-Time Systems

In Moore charts, you cannot set the update method to Continuous. For modeling systems with
continuous time in Stateflow, use Classic or Mealy charts.

See Also

More About

. “Overview of Mealy and Moore Machines” on page 7-2

. “Model a Traffic Light by Using Moore Semantics” on page 7-12

. “Convert Charts Between Mealy and Moore Semantics” on page 7-14
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Model a Traffic Light by Using Moore Semantics

7-12

This example shows how to use Moore semantics to model a traffic light.

®
o StopForTraffic StopToGo
after{20 tick) y1 = RED: [sens]
O
y2 = GREEN,; y2 = YELLOW;
after (3 fick) after(3, tick)

Go
vl = GREEN;

v2 = RED;
after{10 tick}

Logic of the Moore Traffic Light

In this example, the traffic light model contains a Moore chart called Light Controller, which operates
in five traffic states. Each state represents the color of the traffic light in two opposite directions,
North-South and East-West, and the duration of the current color. The name of each state represents
the operation of the light viewed from the North-South direction.

This chart uses temporal logic to regulate state transitions. The after operator implements a
countdown timer, which initializes when the source state is entered. By default, the timer provides a
longer green light in the East-West direction than in the North-South direction because the volume of
traffic is greater on the East-West road. The green light in the East-West direction stays on for at least
20 clock ticks, but it can remain green as long as no traffic arrives in the North-South direction. A
sensor detects whether cars are waiting at the red light in the North-South direction. If so, the light
turns green in the North-South direction to keep traffic moving.

The Light Controller chart behaves like a Moore machine because it updates its outputs based on
current state before transitioning to a new state:

When initial state Stop is active. Traffic light is red for North-South, green for East-West.

* Sets output yl1 = RED (North-South) based on current state.
GREEN (East-West) based on current state.

» After 20 clock ticks, active state becomes StopForTraffic.

* Sets output y2

In active state StopForTraffic. Traffic light has been red for North-South, green for East-West for
at least 20 clock ticks.

* Sets output y1 RED (North-South) based on current state.

GREEN (East-West) based on current state.

* Sets output y2
e Checks sensor.
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» If sensor indicates cars are waiting ([ sens] is true) in the North-South direction, active state
becomes StopToGo.

In active state StopToGo. Traffic light must reverse traffic flow in response to sensor.

* Sets output yl1 = RED (North-South) based on current state.
* Sets output y2 = YELLOW (East-West) based on current state.
» After 3 clock ticks, active state becomes Go.

In active state Go. Traffic light has been red for North-South, yellow for East-West for 3 clock ticks.

» Sets output y1 = GREEN (North-South) based on current state.
* Sets output y2 RED (East-West) based on current state.
» After 10 clock ticks, active state becomes GoToStop.

In active state GoToStop. Traffic light has been green for North-South, red for East-West for 10
clock ticks.

YELLOW (North-South) based on current state.
RED (East-West) based on current state.
» After 3 clock ticks, active state becomes Stop.

* Sets output y1

* Sets output y2

Design Rules in Moore Traffic Light
This example of a Moore traffic light illustrates these Moore design rules:

* The chart computes outputs in state actions.

* The chart tests inputs in conditions on transitions.

* The chart uses temporal logic, but no asynchronous events.

* The chart defines chart inputs (sens) and outputs (y1 and y2).

See Also

More About

. “Overview of Mealy and Moore Machines” on page 7-2

. “Design Considerations for Moore Charts” on page 7-9

. “Convert Charts Between Mealy and Moore Semantics” on page 7-14

. “Model An Intersection Of One-Way Streets” on page 13-23

. “Model a Distributed Traffic Control System by Using Messages” on page 15-20
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Convert Charts Between Mealy and Moore Semantics

7-14

Mealy and Moore machines are often considered the basic, industry-standard paradigms for modeling
finite-state machines. You can create charts that implement pure Mealy or Moore semantics as a
subset of Stateflow chart semantics. Mealy and Moore semantics are supported only in Stateflow
charts in Simulink models. For more information, see “Overview of Mealy and Moore Machines” on

page 7-2.

A best practice is to not change from one Stateflow chart type to another in the middle of
development. You cannot automatically convert the semantics of the original chart to conform to the
design rules of the new chart type. Changing chart type usually requires you to redesign your chart
to achieve the equivalent behavior of the original chart, so that both charts produce the same
sequence of outputs given the same sequence of inputs. Sometimes, however, there is no way to
translate specific behaviors without violating chart definitions.

This table lists a summary of what happens when you change chart types mid-design.

From To Result

Mealy Classic Mealy charts retain their semantics when changed to Classic type.

Classic Mealy If the Classic chart defines its output at every time step and conforms to
Mealy semantic rules, the Mealy chart exhibits behavior equivalent to the
original Classic chart.

Moore Classic State actions in the Moore chart behave as entry and during actions
because they are not labeled. The Classic chart exhibits behavior that is not
equivalent to the original Moore chart. Requires redesign.

Classic Moore Actions that are unlabeled in the Classic chart (entry and during actions by
default) behave as during and exit actions. The Moore chart exhibits
behavior that is not equivalent to the original Classic chart. Requires
redesign.

Mealy Moore Mealy and Moore rules about placement of actions are mutually exclusive.

WlE e Mealy Converting chart types between Mealy and Moore semantics does not produce

equivalent behavior. Requires redesign.

Transform Chart from Mealy to Moore Semantics

This example shows how to use a Mealy chart to model a vending machine, as described in “Model a
Vending Machine by Using Mealy Semantics” on page 7-7.




Convert Charts Between Mealy and Moore Semantics

L
fol_dime

In the Mealy chart, each state represents one of the three possible coin inputs: nickel, dime, or no
coin. Each condition action computes output (whether soda is released) based on input (the coin
received) as the chart transitions to the next state. If you change the chart type to Moore, you get a
compile-time diagnostic message indicating that the chart violates Moore chart semantics. According
to Moore semantics, the chart output soda cannot depend on the value of the input coin.

To convert the chart to valid Moore semantics, redesign your chart by moving the logic that computes
the output out of the transitions and into the states. In the Moore chart, each state must represent
both coins received and the soda release condition (soda = 0 or soda = 1). As a result, the
redesigned chart requires more states.

[coin==1]

[coin==2

2

[coin==2]

Before considering the value of coin, the Moore chart must compute the value of soda according to
the active state. As a result, there is a delay in releasing soda, even if the machine receives enough
money to cover the cost.

Compare Semantics of Vending Machines

This table compares the semantics of the charts before and after the transformation.
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Stop
yv1 = RED;

y2 = GREEN,;

Mealy Vending Machine Moore Vending Machine

Uses three states Uses five states

Computes outputs in condition actions Computes outputs in state actions

Updates output based on input Updates output before evaluating input, requiring
an extra time step to produce the soda

For this vending machine, Mealy is a better modeling paradigm because there is no delay in releasing
the soda once sufficient coins are received. By contrast, the Moore vending machine requires an
extra time step before producing the soda. Therefore, it is possible for the Moore vending machine to
produce a can of soda at the same time step that it accepts a coin toward the next purchase. In this
situation, the delivery of a soda can appear to be in response to this coin, but actually occurs because
the vending machine received the purchase price in previous time steps.

Transform Chart from Moore to Mealy Semantics

This example shows how to use a Moore chart to model a traffic light, as described in “Model a
Traffic Light by Using Moore Semantics” on page 7-12.

StopForTraffic

o StopToGo
after(20,tick) _|v1=RED; [sens] y1=RED;
¥2 = GREEN; y2 = YELLOW;

after(3 tick)

after (3.tick)

GoToStop

y1=YELLOW;

y2 = RED;

7-16

after{ 10, tick)

In the Moore chart, each state represents the colors of the traffic light in two opposite directions and
the duration of the current color. Each state action computes output (the colors of the traffic light)
regardless of input (if there are cars waiting at a sensor). If you change the chart type to Mealy, you
get a compile-time diagnostic message indicating that the chart violates Mealy chart semantics.
According to Mealy semantics, the chart cannot compute its outputs in state actions.

To convert the chart to valid Mealy semantics, redesign your chart by moving the logic that computes
the output out of the states and into the transitions. The redesigned Mealy chart consists of five
states, just like the Moore chart. In most transitions, a temporal logic expression or the Boolean input
sens guards a condition action computing the outputs y1 and y2. The only exceptions are:

* The default transition, which computes the initial outputs without a guarding condition.

* The transition from the Stop state to the StopForTraffic state, which does not compute new
outputs.
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T {y1 = RED;y2 = GREEN}

- StopForTraffic StopToGo
after(20 tick) [sensl{y1 = RED;y2 = YELLOW;}

after{3,tick){y1 = RED;y2 = GREEMN;}

after(3 tick{y1 = GREEN;y2 = RED;}

o

GoToStop Go
=
after(10.tick){y1 = YELLOW.y2 = RED;}

In the same time step, the Mealy chart evaluates the temporal logic expressions and the input signal
sens, and computes the value of the outputs y1 and y2. As a result, in the Mealy chart, the output
changes one time step before the corresponding change occurs in the original Moore chart. In the
Simulink model, you can compensate for the anticipated changes in output by adding a Delay block to
each output signal.

Compare Semantics of Traffic Light Controllers

This table compares the semantics of the charts before and after the transformation.

Moore Traffic Light Controller Mealy Traffic Light Controller

Uses five states Uses five states

Computes outputs in state actions Computes outputs in condition actions

Updates output before evaluating input Updates output based on input, requiring a Delay
block in each output signal

See Also

More About

. “Overview of Mealy and Moore Machines” on page 7-2

. “Design Considerations for Mealy Charts” on page 7-5

. “Design Considerations for Moore Charts” on page 7-9

. “Model a Vending Machine by Using Mealy Semantics” on page 7-7
. “Model a Traffic Light by Using Moore Semantics” on page 7-12
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Sequence Recognition by Using Mealy and Moore Charts

This example shows how to use Mealy and Moore machines for a sequence recognition application in
signal processing. For more information, see “Overview of Mealy and Moore Machines” on page 7-2.

In this model, two Stateflow® charts use a different set of semantics to find the sequence 1,2,1,3 in
the input signal from a Signal Editor block. Each chart contains an input data u and two output data:

* segFound indicates when the chart finds the sequence. A value of false means that the chart is
still searching for the sequence. A value of true means that the chart has found the sequence.

* status records the status of the sequence recognition. This value ranges from 0 to 4 and
indicates the number of symbols detected by the chart.

seqFound

$

seqFound

Signal Editor

status

MealyChart

In the Moore chart, the outputs depend only on the current state of the chart. This chart computes its
output values in the state actions. At each time step, the chart executes the actions for the current
state, evaluates the input u, and makes the transition to a new state.
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s0
status=0;
seqFound=false;

In the Mealy chart, the outputs depend on the current state of the chart and the input. This chart
computes its output values in the condition actions of its transitions. At each time step, the chart
evaluates the input u, makes the transition to a new state, and executes the corresponding condition
actions.

- [u==1]...
{statusz=1....
seqFound=false;}

==1l..
{status=1;}

[u==3]... 1
{status=4;...
seqFound=true;}

N [u==2]...
[u==2]... {status=2:} 5

{status=2;}

=0Ys1
1
[u==1]... [u==1]...

{status=1 / {status=3;} 7
___ ({status=0} /

— {statuED:}

{status=0;.
— seqFound= False}
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When you simulate the model, the seqFound scope shows that the output of the Moore chart lags
one time step behind the output of the Mealy chart. The delay is a result of the Moore semantics, in

which the output is based on the state of the chart at the start of each time step and not on the
current input.

4 = [=] E3

File Tools View Simulation Help o
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Reference

Katz, Bruce F. Digital Design: From Gates to Intelligent Machines, 2006.

See Also
Signal Editor

More About

. “Overview of Mealy and Moore Machines” on page 7-2
. “Design Considerations for Mealy Charts” on page 7-5
. “Design Considerations for Moore Charts” on page 7-9
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Karplus-Strong Algorithm by Using Moore Charts

This example shows a simple implementation of the Karplus-Strong algorithm for string synthesis by
using Stateflow® charts with Moore semantics. For more information, see “Design Considerations for
Moore Charts” on page 7-9.

Principle

The initial burst of white noise is produced by a Uniform Random Number block. It is fed back into a
delay line of the same length. The moving average smooth the signal at each cycle, while the gain less
than 1 maintains the stability of the feedback loop. They both model the string losses over each cycle.

Nondirect Feedthrough

This example illustrates the benefits of Moore Charts in loops. Moore semantics guarantees that
outputs only depend on the current state, but neither on inputs nor the next state. Hence a Moore
Chart has nondirect feedthrough and can safely be used in feedback loops. For more information, see
“Algebraic Loop Concepts”.

On the contrary, Classic or Mealy Charts provide direct feedthrough. These charts do not prevent
algebraic loops, unless an external Delay block breaks cyclic dependencies. Simulation would issue
an error if both charts were Classic or Mealy charts.
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More About

“Overview of Mealy and Moore Machines” on page 7-2
“Design Considerations for Moore Charts” on page 7-9
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Initialize Persistent Variables in MATLAB Functions

A persistent variable is a local variable in a MATLAB function that retains its value in memory
between calls to the function. For code generation, functions must initialize a persistent variable if it
is empty. For more information, see persistent.

When programming MATLAB functions in these situations:

* MATLAB Function blocks with no direct feedthrough
* MATLAB Function blocks in models that contain State Control blocks in Synchronous mode
* MATLAB functions in Stateflow charts that implement Moore machine semantics

The specialized semantics impact how a function initializes its persistent data. Because the
initialization must be independent of the input to the function, follow these guidelines:

* The function initializes its persistent variables only by accessing constants.
* The control flow of the function does not depend on whether the initialization occurs.

For example, this function has a persistent variable n.

function y = fcn(u)
persistent n

if isempty(n)

n=u;
y =1;
return

end

y =n;

n=n-+u;

end

This type of initialization results in an error because the initial value of n depends on the input u and
the return statement interrupts the normal control flow of the function.

To correct the error, initialize the persistent variable by setting it to a constant value and remove the
return statement. For example, this function initializes the persistent variable without producing an
error.

function y = fcn(u)
persistent n

if isempty(n)

n=1;
end
y =n;
n=n-+u;

end

MATLAB Function Block With No Direct Feedthrough

This model contains a MATLAB function block that defines the function fcn, described previously.
The input u is a square wave with values of 1 and -1.
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In the MATLAB function block:

* The initial value of the persistent variable n depends on the input u.
* The return statement interrupts the normal control flow of the function.

Because the Allow direct feedthrough check box is cleared, the initialization results in an error.

If you modify the function so it initializes n independently of the input, then you can simulate an
error-free model.
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State Control Block in Synchronous Mode

This model contains a MATLAB function block that defines the function fcn, described previously.
The input u is a square wave with values of 1 and -1.
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In the MATLAB function block:
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* The initial value of the persistent variable n depends on the input u.
* The return statement interrupts the normal control flow of the function.

Because the model contains a State Control block in Synchronous mode, the initialization results in
an error.

If you modify the function so it initializes n independently of the input, then you can simulate an
error-free model.

4 = =] &3

File Tools View Simulation Help
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Ready Sample bazed  T=10.000

Stateflow Chart Implementing Moore Semantics

This model contains a Stateflow chart that implements Moore machine semantics. The chart contains
a MATLAB function that defines the function fcn, described previously. The input u has values of 1
and -1 that depend on the state of the chart.
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MATLAB Function
y = foniu)

In the MATLAB function:

* The initial value of the persistent variable n depends on the input u.
* The return statement interrupts the normal control flow of the function.

Because the chart implements Moore semantics, the initialization results in an error.

If you modify the function so it initializes n independently of the input, then you can simulate an
error-free model.
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See Also
Chart | MATLAB Function | State Control | persistent

More About

. “Use Nondirect Feedthrough in a MATLAB Function Block”
. “Synchronous Subsystem Behavior with the State Control Block” (HDL Coder)
. “Design Considerations for Moore Charts” on page 7-9
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Record State Activity by Using History Junctions

8-2

A history junction records the activity of substates inside superstates. Use a history junction in a
superstate to indicate that its last active substate becomes active when the superstate becomes
active. For more information, see “History Junctions” on page 2-36.

Create a History Junction

To create a history junction, do the following:

1 In the editor toolbar, click the History Junction icon:

®

2  Move your pointer into the chart.
3 Click to place a history junction inside the state whose last active substate it records.

To create multiple history junctions, do the following:
1 In the editor toolbar, double-click the History Junction icon.

The button is now in multiple-object mode.

Click anywhere in the drawing area to place a history junction.

Move to and click another location to create an additional history junction.
Click the History Junction icon or press the Esc key to cancel the operation.

To move a history junction to a new location, click and drag it to the new position.

Change History Junction Size

To change the size of junctions:

1  Select the history junctions whose size you want to change.
2 Right-click one of the junctions and select Junction Size.
3  Select a size from the list of junction sizes.

Change History Junction Properties

To edit the properties for a junction:
1 Right-click a junction and select Properties.

The History Junction dialog box appears.
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History Junction @
Farent: [state) sf semantics hotel checkin/Hotel/Check in/Checked in/Executive suite
Description

Document link:

OK ] I Cancel I l Help Apply
2 Edit the fields in the properties dialog box.

Field Description

Parent Parent of this history junction; read-only; click the hypertext
link to bring the parent to the foreground.

Description Textual description/comment.

Document Link Enter a URL address or a general MATLAB command.
Examples are www.mathworks . com,
mailto:email address, and edit/spec/data/
speed. txt.

3 When finished editing, click one of the following buttons:

* Apply to save the changes

* Cancel to cancel any changes

* OK to save the changes and close the dialog box

* Help to display the Stateflow online help in an HTML browser window
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Group Chart Objects by Using Boxes

A box is a graphical object that organizes other objects in your chart, such as functions and states.
You can use a box to encapsulate states and functions in a separate namespace. Boxes are supported
only in Stateflow charts in Simulink models.

For example, in this chart, the box Heater groups together related states Off and On.

Heater
8
ff
function flash LED
0 1 i}
function b = cold
after(20, sec) after{40 sec)[cold()] [warmi()]
function b =warm
On

For more information about this example, see “Model Bang-Bang Temperature Control System” on
page 16-60.

Semantics of Stateflow Boxes
Visibility of Graphical Objects in Boxes

Boxes add a level of hierarchy to Stateflow charts. This property affects visibility of functions and
states inside a box to objects that reside outside of the box. If you refer to a box-parented function or
state from a location outside of the box, you must include the box name in the path. See “Group
Functions Using a Box” on page 8-7.

Activation Order of Parallel States
Boxes affect the implicit activation order of parallel states in a chart. If your chart uses implicit
ordering, parallel states within a box wake up before other parallel states that are lower or to the

right in that chart. Within a box, parallel states wake up in top-down, left-right order. See “Group
States Using a Box” on page 8-7.
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Note To specify activation order explicitly on a state-by-state basis, select User-specified state/
transition execution order in the Chart properties dialog box. This option is selected by default
when you create a new chart. For details, see “Explicit Ordering of Parallel States” on page 3-60.

Rules for Using Boxes

When you use a box, these rules apply:

Include the box name in the path when you use dot notation to refer to a box-parented function or
state from a location outside of the box.

You can move or draw graphical objects inside a box, such as functions and states.
You can add data to a box so that all the elements in the box can share the same data.

You can group a box and its contents into a single graphical element. See “Group States” on page
4-6.

You can subchart a box to hide its elements. See “Encapsulate Modal Logic by Using Subcharts”
on page 8-10.
You cannot define action statements for a box, such as entry, during, and exit actions.

You cannot define a transition to or from a box. However, you can define a transition to or from a
state within a box.

Draw and Edit a Box

Create a Box

You create boxes in your chart by using the box tool shown below.
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SIMULATION MODELING
@ | _Find = E] _ D e é&: Stop Time | 10.0 @ =
LSS Symbols M Chart Insert M oo Decomposition + |N0rma| - | Run Stop
Advisor~ {8} Environment = Pane Properfiss ~ State - Model ¥ 0@ Fast Restart
EVALUATE & MANAGE DESIGN DATA | SETUF ‘ COMPONENT | EDIT |CDMF'ILE SIMULATE | a
= Chart o
é ® < & ‘urltitled b T3 chart - g
T =
A 1%
EI =
O
“a
E-d——— Box tool
i}
<A
|
®
-H
«
Ready 100% VariableStepAuto

Click the Box tool.
Move your pointer into the drawing area.
Click in any location to create a box.

The new box appears with a question mark (?) name in its upper left corner.
Click the question mark label.
5 Enter a name for the box and then click outside of the box.

Delete a Box

To delete a box, click to select it and press the Delete key.

8-6



Group Chart Objects by Using Boxes

Examples of Using Boxes

Group Functions Using a Box

This chart shows a box named Status that groups together MATLAB functions.

Status
MATLAB Function MATLAB Function
msgCold msgWWarm
Cold 1 temp = 50]
=l en: . ’
Status.msgCold() ™
; <
\.\ Warm
[temp =< 60] ——{ &M

Status.msgWWarm()

Chart execution takes place as follows:

The state Cold activates first.
Upon entry, the state Cold invokes the function Status.msgCold.

This function displays a status message that the temperature is cold.

Note Because the MATLAB function resides inside a box, the path of the function call must
include the box name Status. If you omit this prefix, an error message appears.

If the value of the input data temp exceeds 80, a transition to the state Warm occurs.
Upon entry, the state Warm invokes the function Status.msgWarm.

This function displays a status message that the temperature is warm.

Note Because the MATLAB function resides inside a box, the path of the function call must
include the box name Status. If you omit this prefix, an error message appears.

If the value of the input data temp drops below 60, a transition to the state Cold occurs.
Steps 2 through 5 repeat until the simulation ends.

Group States Using a Box

This chart shows a box named Status that groups together related states. The chart uses implicit
ordering for parallel states, instead of the default explicit mode. (For details, see “Implicit Ordering of
Parallel States” on page 3-61.)
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The main ideas of this chart are:

:'rr-.nﬁj nitar

Blue
en. msgCold();

[in(Status Temp. Cold)]

£y

[in{Status. Temp. Warmj]

en. msgWarmi);

--------------- -
LY

-

MATLAB Function
msgCold

MATLAB Function
msgiyarm

The state Temp wakes up first, followed by the state Wind Chill. Then, the state Monitor wakes
up.

Note This implicit activation order occurs because Temp and Wind Chill reside in a box. If you
remove the box, the implicit activation order changes, as shown, to: Temp, Monitor,
Wind Chill.

M onitor

[in(Temp.Warmij]
)

Red
en: msgarmf),

Blue
en: msgCold(),

[in(Temp.Cold)]

- w

MATLAB Function
msgWarm

MATLAB Function
msgCaold

Based on the input data temp, transitions between substates occur in the parallel states
Status.Temp and Status.Wind Chill.

When the transition from Status.Temp.Cold to Status.Temp.Warm occurs, the transition
condition in(Status.Temp.Warm) becomes true.
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When the transition from Status.Temp.Warmto Status.Temp.Cold occurs, the transition
condition in(Status.Temp.Cold) becomes true.

Note Because the substates Status.Temp.Cold and Status.Temp.Warm reside inside a box,
the argument of the in operator must include the box name Status. If you omit this prefix, an
error message appears. For information about the in operator, see “Check State Activity by Using
the in Operator” on page 13-17.
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Encapsulate Modal Logic by Using Subcharts
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A subchart is a graphical object that can contain anything that a top-level chart can, including other
subcharts. A subchart, or a subcharted state, is a superstate of the states that it contains. You can
nest subcharts to any level in your chart design.

Using subcharts, you can reduce a complex chart to a set of simpler, hierarchically organized units.
This design makes the chart easier to understand and maintain, without changing the chart behavior.
Subchart boundaries do not apply during simulation and code generation.

The subchart appears as a block with its name in the block center. However, you can define actions
and default transitions for subcharts just as you can for superstates. You can also create transitions to
and from subcharts just as you can create transitions to and from superstates. You can create
transitions between states residing outside a subchart and any state within a subchart. The term
supertransition refers to a transition that crosses subchart boundaries in this way. See “Move
Between Levels of Hierarchy by Using Supertransitions” on page 8-13 for more information.

Subcharts define a containment hierarchy within a top-level chart. A subchart or top-level chart is the
parent of the states it contains at the first level and an ancestor of all the subcharts contained by its
children and their descendants at lower levels.

Some subcharts can become atomic units if they meet certain modeling requirements. For more
information, see “Restrictions for Converting to Atomic Subcharts” on page 19-9.

Create a Subchart

You create a subchart by converting an existing state, box, or graphical function into the subchart.
The object to convert can be one that you create for making a subchart or an existing object whose
contents you want to turn into a subchart.

To convert a new or existing state, box, or graphical function to a subchart:

1 Right-click the object and select Group & Subchart > Subchart.
2 Confirm that the object now appears as a subchart.

To convert the subchart back to its original form, right-click the subchart. In the context menu, select
Group & Subchart > Subchart.

Rules of Subchart Conversion

When you convert a box to a subchart, the subchart retains the attributes of a box. For example, the
position of the resulting subchart determines its activation order in the chart if implicit ordering is
enabled (see “Group Chart Objects by Using Boxes” on page 8-4 for more information).

You cannot undo the operation of converting a subchart back to its original form. When you perform

this operation, the undo and redo buttons are disabled from undoing and redoing any prior
operations.

Convert a State to a Subchart

Suppose that you have the following chart:
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switch_lo switch_hi

1  To convert the On state to a subchart, right-click the state and select Group & Subchart >
Subchart.

2 Confirm that the On state now appears as a subchart.

(On

.~ S

Manipulate Subcharts as Objects

Subcharts also act as individual objects. You can move, copy, cut, paste, relabel, and resize subcharts
as you would states and boxes. You can also draw transitions to and from a subchart and any other
state or subchart at the same or different levels in the chart hierarchy (see “Move Between Levels of
Hierarchy by Using Supertransitions” on page 8-13).

Open a Subchart

Opening a subchart allows you to view and change its contents. To open a subchart, do one of the
following:

* Double-click anywhere in the box that represents the subchart.
* Select the box representing the subchart and press the Enter key.
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Edit a Subchart

After you open a subchart (see “Open a Subchart” on page 8-11), you can perform any editing
operation on its contents that you can perform on a top-level chart. This means that you can create,
copy, paste, cut, relabel, and resize the states, transitions, and subcharts in a subchart. You can also
group states, boxes, and graphical functions inside subcharts.

You can also cut and paste objects between different levels in your chart. For example, to copy objects
from a top-level chart to one of its subcharts, first open the top-level chart and copy the objects. Then
open the subchart and paste the objects into the subchart.

Transitions from outside subcharts to states or junctions inside subcharts are called supertransitions.

You create supertransitions differently than you do ordinary transitions. See “Move Between Levels of
Hierarchy by Using Supertransitions” on page 8-13 for information on creating supertransitions.

Navigate Subcharts

The Stateflow Editor toolbar contains a set of buttons for navigating the subchart hierarchy of a
chart.

Tool Description

If the Stateflow Editor is displaying a subchart, clicking this button replaces the
G subchart with the parent of the subchart in the Stateflow Editor. If the Stateflow
Editor is displaying a top-level chart, clicking this button replaces the chart with the
Simulink model window containing that chart.

Clicking this button shows the chart that you visited before the current chart, so that
<« you can navigate up the hierarchy.

2 Clicking this button shows the chart that you visited after visiting the current chart,
so that you can navigate down the hierarchy.

Note You can also use the Escape key to navigate up to the parent object for a subcharted state,
box, or function.
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Move Between Levels of Hierarchy by Using Supertransitions

A supertransition is a transition between different levels in a chart. A supertransition can be between
a state in a top-level chart and a state in one of its substates, or between states residing in different
substates. You can create supertransitions that span any number of levels in your chart, for example,
from a state at the top level to a state that resides in a subchart several layers deep in the chart.

The point where a supertransition enters or exits a subchart is called a slit. Slits divide a
supertransition into graphical segments. For example, this chart model shows a supertransition
leaving the On subchart.

Heater
ff
function flash LED
1] 4
function b = cold
after(20, sac) after{40 sec)[cold()] [warmi()]
function b =warm
On
The same supertransition appears inside the subchart.
(On B I )
en,du: flash LED() m [
H) |

~

HIGH [warm()] 7 twarmp

. v

Both segments of the supertransition have the same label, [warm() ]. For more information about
this example, see “Model Bang-Bang Temperature Control System” on page 16-60.
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Draw a Supertransition Into a Subchart

Use the following steps to draw a supertransition from an object outside a subchart to an object
inside the subchart.

Note You cannot undo the operation of drawing a supertransition. When you perform this operation,
the undo and redo buttons are disabled from undoing and redoing any prior operations.

1 Position your cursor over the border of the state.

The cursor assumes the crosshairs shape.

Subchart

2 Drag the mouse just inside the border of the subchart.

A supertransition appears, extending from the source state into the subchart with its arrowhead
penetrating a slit in the subchart.

Subchart

If you are not happy with the initial position of the slit, you can continue to drag the slit around
the inside edge of the subchart to the desired location.

3 Double-click the subchart to open it.

The tip of the arrowhead of the supertransition appears highlighted in red, entering the subchart.
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'\\

Subchart h

\ /

4  Position your cursor over the arrowhead.

The cursor becomes an arrow.

5 Drag the cursor to the desired position in the subchart.

//Subr:,hart h
B

\ /

6 Release the cursor.

The supertransition terminates in the desired location.

f’/Subu:hart N
B

A\ W

Draw a Supertransition Out of a Subchart

Use the following steps to draw a supertransition out of a subchart.
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1 Draw an inner transition segment from the source object anywhere just outside the border of the
subchart

A slit appears as shown.

f/gul:ur:,hart
B

A\ S

2 Navigate up to the parent object.

The tip of the arrowhead of the supertransition appears highlighted in red, exiting the subchart.

[

Subchart

3 Position your cursor over the arrowhead.

The cursor becomes an arrow.
4 Drag the cursor to the desired position in the chart.

The parent of the subchart appears.
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L]

Subchart

5 Release the cursor to complete the connection.

[}

Subchart

e
7
-
>

Note If the parent chart is itself a subchart and the terminating object resides at a higher level
in the subchart hierarchy, repeat these steps until you reach the desired parent. In this way, you
can connect objects separated by any number of layers in the subchart hierarchy.

Label Supertransitions

A supertransition is displayed with multiple resulting transition segments for each layer of
containment traversed. For example, if you create a transition between a state outside a subchart and
a state inside a subchart of that subchart, you create a supertransition with three segments, each
displayed at a different containment level.

You can label any one of the transition segments constituting a supertransition using the same
procedure used to label a regular transition (see “Label Transitions” on page 4-14). The resulting
label appears on all the segments that constitute the supertransition. Also, if you change the label on
any one of the segments, the change appears on all segments.
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Reuse Logic Patterns by Defining Graphical Functions
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A graphical function in a Stateflow chart is a graphical element that helps you reuse control-flow
logic and iterative loops. You create graphical functions with flow charts that use connective junctions
and transitions. You can call a graphical function in the actions of states and transitions. With
graphical functions, you can:

* Create modular, reusable logic that you can call anywhere in your chart.
* Track simulation behavior visually during chart animation.

A graphical function can reside anywhere in a chart, state, or subchart. The location of the function
determines the set of states and transitions that can call the function.

» Ifyou want to call the function within one state or subchart and its substates, put your graphical
function in that state or subchart. That function overrides any other functions of the same name in
the parents and ancestors of that state or subchart.

+ Ifyou want to call the function anywhere in a chart, put your graphical function at the chart level.

+ Ifyou want to call the function from any chart in your model, put your graphical function at the
chart level and enable exporting of chart-level functions. For more information, see “Export
Stateflow Functions for Reuse” on page 8-22.

Note A graphical function can access chart and state data above it in the Stateflow hierarchy.

For example, this graphical function has the name f1. It takes three arguments (a, b, and c) and
returns three output values (x, y, and z). The function contains a flow chart that computes three
different products of the arguments.

function [x,y, z] = f1(a, b, )
{x =a'b;
y =b*c

a'c;}

O

z

Define a Graphical Function

1
In the object palette, click the graphical function icon . Move your pointer to the location for
the new graphical function in your chart.

2 Enter the signature label for the function.

The function signature label specifies a name for your function and the formal names for its
arguments and return values. A signature label has this syntax:

[return_vall,return val2,...] = function name(argl,arg2,...)
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You can specify multiple return values and multiple input arguments. Each return value and input
argument can be a scalar, vector, or matrix of values. For functions with only one return value,
omit the brackets in the signature label.

You can use the same variable name for both arguments and return values. For example, a
function with this signature label uses the variables y1 and y2 as both inputs and outputs:

[yl,y2,y3] = f(yl,u,y2)

If you export this function to C code, y1 and y2 are passed by reference (as pointers), and u is
passed by value. Passing inputs by reference reduces the number of times that the generated
code copies intermediate data, resulting in more optimal code.

Note Do not use the name of a chart symbol as a function argument or return value. For
example, if either x or y are chart data, defining a function with the signature y = f(x) results
in a run-time error.

To program the function, construct a flow chart inside the function box, as described in “Flow
Charts in Stateflow” on page 5-2.

Because a graphical function must execute completely when you call it, you cannot use states.
Connective junctions and transitions are the only graphical elements that you can use in a
graphical function.

Note In a graphical function, do not broadcast events that can cause the active state to change.
In a graphical function, the behavior of an event broadcast that causes an exit from the active
state is unpredictable.

In the Model Explorer, expand the chart object and select the graphical function. The arguments
and return values of the function signature appear as data items that belong to your function.
Arguments have the scope Input. Return values have the scope Output.

In the Data properties dialog box for each argument and return value, specify the data
properties, as described in “Set Data Properties” on page 12-5.

Create any additional data items required by your function. For more information, see “Add Data
Through the Model Explorer” on page 12-3.

Your function can access its own data or data belonging to parent states or the chart. The data
items in the function can have one of these scopes:

* Constant — Constant data retains its initial value through all function calls.
* Parameter — Parameter data retains its initial value through all function calls.

* Local — Local data persists across function calls throughout the simulation. Valid only in
charts that use C as the action language.

* Temporary — Temporary data initializes at the start of every function call. Valid only in
charts that use C as the action language.

In charts that use C as the action language, define local data when you want your data values to
persist across function calls throughout the simulation. Define temporary data when you want to
initialize data values at the start of every function call. For example, you can define a counter
with Local scope if you want to track the number of times that you call the function. In contrast,
you can designate a loop counter to have Temporary scope if you do not need the counter value
to persist after the function completes.
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In charts that use MATLAB as the action language, you do not need to define local or temporary
function data. If you use an undefined variable, Stateflow creates a temporary variable that is
available to the rest of the function. To store values that persist across function calls, your
function can access local data at the chart level.

Tip You can initialize local and temporary data in your function from the MATLAB workspace.
For more information, see “Initialize Data from the MATLAB Base Workspace” on page 12-19.

Manage Large Graphical Functions

You can choose to make your graphical function as large as you want. If your function grows too
large, you can hide its contents by right-clicking inside the function box and selecting Group &
Subchart > Subchart from the context menu.

function [x, y, 2] =fl(a, b, c)

To make the graphical function box opaque, right-click the function and clear the Content Preview
property from the context menu.

function [x, y, z] =f1(a, b, c)

To dedicate the entire chart window to programming your function, access the flow chart in your
subcharted graphical function by double-clicking the function box.

Call Graphical Functions in States and Transitions

You can call graphical functions from the actions of any state or transition. You can also call graphical
functions from other functions. If you export a graphical function, you can call it from any chart in the
model.

To call a graphical function, use the function signature and include an actual argument value for each
formal argument in the function signature. If the data types of the actual and formal arguments differ,
the function casts the actual argument to the type of the formal argument.

Specify Properties of Graphical Functions

You can set general properties for your graphical function through its properties dialog box. To open
the function properties dialog box, right-click the graphical function box and select Properties from
the context menu.
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Name

Function name. Click the function name link to bring your function to the foreground in its native
chart.

Function Inline Option
Controls the inlining of your function in generated code:

* Auto — Determines whether to inline your function based on an internal calculation.

* Inline — Inlines your function if you do not export it to other charts and it is not part of a
recursion. (A recursion exists if your function calls itself directly or indirectly through another
function call.)

* Function — Does not inline your function.
Label

Signature label for your function. The function signature label specifies a name for your function and
the formal names for its arguments and return values.

Description
Function description. You can enter brief descriptions of functions in the hierarchy.
Document Link

Link to online documentation for the function. You can enter a web URL address or a MATLAB
command that displays documentation in a suitable online format, such as an HTML file or text in the
MATLAB Command Window. When you click the Document link hyperlink, Stateflow displays the
documentation.

See Also

More About

. “Flow Charts in Stateflow” on page 5-2
. “Create Flow Charts by Using Pattern Wizard” on page 5-5

. “Reusable Functions in Charts” on page 2-37
. “Export Stateflow Functions for Reuse” on page 8-22
. “Reuse Functions by Using Atomic Boxes” on page 8-27
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Export Stateflow Functions for Reuse
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When you export chart-level functions, you extend the scope of your functions to other blocks in the
Simulink model. For an example, see “Share Functions Across Simulink and Stateflow” on page 11-
33. You can export these functions:

* Graphical functions
* MATLAB functions
» Truth tables

How to Export Chart-Level Functions

1 Open the chart where your function resides.

2 In the Property Inspector, open the Advanced section.

3 Select Export Chart Level Functions.

4 If your function resides in a library chart, link that chart to your main model.

When you select Export Chart Level Functions, you can call exported functions by using Simulink
Caller blocks with dot notation, chartName . functionName. To call the exported functions
throughout the model from any Stateflow or Simulink Caller block, select Treat Exported Functions
as Globally Visible. Do not use dot notation to call these functions. You cannot export functions with
the same name.

Simulink functions can also be defined directly in the Simulink canvas. For more information, see
Simulink Function.

Rules for Exporting Chart-Level Functions
Link library charts to your main model to export chart-level functions from libraries

You must perform this step to export functions from library charts. Otherwise, a simulation error
occurs.

Do not export chart-level functions that contain unsupported inputs or outputs

You cannot export a chart-level function when inputs or outputs have any of the following properties:

* Fixed-point data type with word length greater than 32 bits
* Variable size

Do not export Simulink functions

If you try to export Simulink functions, an error appears when you simulate your model. To avoid this
behavior, clear the Export chart level functions check box in the Chart properties dialog box.

Do not export functions across model reference boundaries

You cannot export functions from a referenced model and call the functions from a parent model.
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Export Chart-Level Functions
This example describes how to export functions in library charts to your main model.
1 Create these objects:

* Add a model named main model, with a chart named modChart.

modChart

* Add a library model named 1ib1, with a chart named lib1Chart.

lib1C hart

* Add a library model named 1ib2, with a chart named 1ib2Chart.

lib2C hart

2 (Create these graphical functions in the library charts:

o For liblChart, add this graphical function.

function c=Ilib1_func(a,b)

ancia b);}

* For lib2Chart, add this graphical function.

function c=IlibZ_func(a,b)
{c= mod_func(a, b);}

o

* In the Model Explorer, for each of the function inputs and outputs, a, b, and c, set these
properties:.

e Sizetol
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* Complexityto Off
* Typetodouble
For modChart, add a graphical function and a default transition with a 1ib1l func action.

f = lib1_funcx, v):}

function c=mod_func(a,b)

*;h:}

For each chart, follow these steps:

a In the Model Explorer, for each of the function inputs and outputs, a, b, and ¢, set:

+ Sizetol
* Complexityto Off
* Typetodouble
b  Open the Chart properties dialog box.

¢ Inthe Chart properties dialog box, select Export chart level functions and Treat
exported functions as globally visible.

d Click OK.

Drag liblChart and 1ib2Chart into main_model from 1ib1 and 1ib2, respectively. Your
main model should look something like this:

) I Iy

lie1C hart modChart lib2C hart

Each chart now defines a graphical function that any chart in main _model can call.
Open the Model Explorer.

In the Model Hierarchy pane of the Model Explorer, navigate to main_model.
Add the data x and y to the Stateflow machine:

a Select Add > Data.

b In the Name column, enter x.

In the Initial Value column, enter 0.

Use the default settings for other properties of x.
Select Add > Data.

In the Name column, enter y.

- 0 Q 0
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10
11

12

g In the Initial Value column, enter 1.
h  Use the default settings for other properties of y.

This step ensures that input and output data are defined globally to support exported graphical
functions.

Open the Model Configuration Parameters dialog box.
In the Model Configuration Parameters dialog box, go to the Solver pane.
In the Solver selection section, make these changes:

a For Type, select Fixed-step.
b  For Solver, select Discrete (no continuous states).
In the Solver details section, make these changes:

a For Fixed-step size, enter 1.
b Click OK.

This step ensures that when you simulate your model, a discrete solver is used. For more
information, see “Compare Solvers”.

What Happens During Simulation

When you simulate the model, these actions take place during each time step.

Phase The object... Calls the graphical Which...
function...
1 modChart libl func Reads two input
arguments x and y
2 1ibl func 1ib2 func Passes the two input
arguments
B 1ib2 func mod func Adds x and y and

assigns the sum to x

How to View the Simulation Results

To view the simulation results, add a scope to your model. Follow these steps:

gua A W N R

Open the Simulink Library Browser.

From the Simulink/Sinks Library, select the Scope block and add it to main_model.
Open the Model Explorer.

In the Model Hierarchy pane, navigate to modChart.

Add the output data z to the chart:

a Select Add > Data.

b Inthe Name column, enter z.

¢ Inthe Scope column, select Qutput.

d  Use the default settings for other properties.

For modChart, update the default transition action to read as follows:

{x = libl func(x,y); z = x;}
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7 In the model, connect the outport from modChart to the inport of the Scope block.

On s Ll | O
1:_ l_] 1:_ |_] 1:_ |_]
lip1C hart modChart lib2C hart
T

Scope

8 Double-click the Scope block to open the display.
9  Start simulation.
10 After the simulation ends, right-click in the scope display and select Autoscale.

The results look something like this:

. .| Scope | = | =] |ﬁj

File Tools View Simulation Help o
@- Q0P ® = &Q&-C-F-

12

10

Ready T=10.000
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Reuse Functions by Using Atomic Boxes

An atomic box is a graphical object that helps you encapsulate graphical, truth table, MATLAB, and
Simulink functions in a separate namespace. Atomic boxes are supported only in Stateflow charts in
Simulink models. Atomic boxes allow for:

» Faster simulation after making small changes to a function in a chart with many states or levels of
hierarchy.

* Reuse of the same functions across multiple charts and models.

» Ease of team development for people working on different parts of the same chart.

* Manual inspection of generated code for a specific function in a chart.

An atomic box looks opaque and includes the label Atomic in the upper left corner. If you use a linked
atomic box from a library, the label Link appears in the upper left corner.

Example of an Atomic Box

This example shows how to use a linked atomic box to reuse a graphical function across multiple
charts and models.

The function GetTime is defined in a chart in the library model sf timer utils_1lib. The
graphical function returns the simulation time in C charts where the equivalent MATLAB® function
getSimulationTime is not available.

function tout = GetTime

T{ tout =t; }

.flll'\.
1 ]
L

The model st timer function calls consists of two charts with a similar structure. Each chart
contains a pair of states (A and B) and an atomic box (Time) linked from the library chart. The entry
action in state A calls the function GetTime and stores its value as t0. The condition guarding the
transition from A to B calls the function again and compares its output with the parameter T.

®
)

i

entry: t0 = Time.GetTime(), [Time.GetTime() - t0 ==T]
Link Time
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The top model sf_timer modelref reuses the timer function in multiple referenced blocks.
Because there are no exported functions, you can use more than one instance of the referenced block
in the top model.

sf_timer_function_calls
Ot P
Cut2 ———————————1__________h
Modell
sf_timer_function_calls
Cut1
Cut2 L
Model2

Scope

Benefits of Using Atomic Boxes

Atomic boxes combine the functionality of normal boxes and atomic subcharts. Atomic boxes:

» Improve the organization and clarity of complex charts.

* Support usage as library links.

* Support the generation of reusable code.

» Allow mapping of inputs, outputs, parameters, data store memory, and input events.

Atomic boxes contain only functions. They cannot contain states. Adding a state to an atomic box
results in a compilation-time error.

To call a function that resides in an atomic box from a location outside the atomic box, use dot
notation to specify its full path:

atomic _box name.function name
Using the full path for the function call:

* Makes clear the dependency on the function in the linked atomic box.
* Avoids pollution of the global namespace.
* Does not affect the efficiency of generated code.

Create an Atomic Box

You can create an atomic box by converting an existing box or by linking a chart from a library model.
After creating the atomic box, update the mapping of variables by right-clicking the atomic box and
selecting Subchart Mappings. For more information, see “Map Variables for Atomic Subcharts and
Boxes” on page 19-11.
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Convert a Normal Box to an Atomic Box

To create a container for your functions that allows for faster debugging and code generation
workflows, convert an existing box into an atomic box. In your chart, right-click a normal box and
select Group & Subchart > Atomic Subchart. The label Atomic appears in the upper left corner of
the box.

The conversion process gives the atomic box its own copy of every data object that the box accesses
in the chart. Local data is copied as data store memory. The scope of other data, including input and
output data, does not change.

Note If a box contains any states or messages, you cannot convert it to an atomic box.

Link an Atomic Box from a Library

To create a collection of functions for reuse across multiple charts and models, create a link from a

library model. Copy a chart in a library model and paste it to a chart in another model. If the library
chart contains only functions and no states, it appears as a linked atomic box with the label Link in
the upper left corner.

This modeling method minimizes maintenance of reusable functions. When you modify the atomic box
in the library, your changes propagate to the links in all charts and models.

If the library chart contains any states, then it appears as a linked atomic subchart in the chart. For
more information, see “Create Reusable Subcomponents by Using Atomic Subcharts” on page 19-2.

Convert an Atomic Box to a Normal Box

Converting an atomic box back to a normal box removes all of its variable mappings by merging
subchart-parented data objects with the chart-parented data to which they map.

1 [f the atomic box is a library link, right-click the atomic box and select Library Link > Disable
Link.

2 To convert an atomic box to a subcharted box, right-click the atomic box and clear the Group &
Subchart > Atomic Subchart check box.

3 To convert the subcharted box back to a normal box, right-click the subchart and clear the
Group & Subchart > Subchart check box.

4 If necessary, rearrange graphical objects in your chart.
You cannot convert an atomic box to a normal box if:

* The atomic box maps a parameter to an expression other than a single variable name. For
example, mapping a parameter datal to one of these expressions prevents the conversion of an
atomic box to a normal box:

« 3
* data2(3)
« data2 + 3
* Both of these conditions are true:

* The atomic box contains MATLAB functions or truth table functions that use MATLAB as the
action language.
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* The atomic box does not map each variable to a variable of the same name in the main chart.

When to Use Atomic Boxes
Debug Functions Incrementally

Suppose that you want to test a sequence of changes to a library of functions. The functions are part
of a chart that contains many states or several levels of hierarchy, so recompiling the entire chart can
take a long time. If you define the functions in an atomic box, recompilation occurs for only the box
and not for the entire chart. For more information, see “Reduce the Compilation Time of a Chart” on
page 19-29.

Reuse Functions

Suppose that you have a set of functions for use in multiple charts and models. The functions reside
in the library model to enable easier configuration management. To use the functions in another
model, you can either:

* Configure the library chart to export functions and create a link to the library chart in the model.

* Link the library chart as an atomic box in each chart of the model.

Models that use these functions can appear as referenced blocks in a top model. When the functions
are exported, you can use only one instance of that referenced block for each top model. For more
information, see “Model Reference Requirements and Limitations”.

With atomic boxes, you can avoid this limitation. Because there are no exported functions in the
charts, you can use more than one instance of the referenced block in the top model.

Develop Charts Used by Multiple People

Suppose that multiple people are working on different parts of a chart. If you store each library of
functions in a linked atomic box, different people can work on different libraries without affecting the
other parts of the chart. For more information, see “Divide a Chart into Separate Units” on page 19-
32.

Inspect Generated Code

Suppose that you want to inspect code generated by Simulink Coder or Embedded Coder manually
for a specific function. You can specify that the code for an atomic box appears in a separate file to
avoid searching through unrelated code. For more information, see “Generate Code from Atomic
Subcharts” on page 32-14.

See Also

More About

. “Group Chart Objects by Using Boxes” on page 8-4

. “Create Reusable Subcomponents by Using Atomic Subcharts” on page 19-2
. “Map Variables for Atomic Subcharts and Boxes” on page 19-11
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Add Descriptive Comments in a Chart

You can enter comments or annotations in any location on a Stateflow chart. Annotations can contain

any combination of:

* Text.

* Images.

* Equations using TeX commands.

* Hyperlinks that open a website or perform MATLAB functions. See “Describe Models Using Notes
and Annotations”.

To create an annotation:

1 Double-click in the desired location of the chart. An annotation box opens.
2 In the annotation box, type your comments. To start a new line, press the Enter key.
3  After you finish typing, click outside the annotation box.

Change Annotation Properties

You can change the style of an existing annotation by using the annotation formatting toolbar, the
annotation context menu, or the Annotation properties dialog box.

» To access the annotation formatting toolbar, double-click the annotation text. Buttons on the
formatting toolbox enable you to change font styles, text alignment, colors, and other options. For
more information, see “Describe Models Using Notes and Annotations”.

Arial vliz v A A -;E =
by =
B 7 U AYEJEdE
* To open the annotation context menu, right-click the annotation text and select one of these
options:

* Format — choose font size, style (bold or italics), and whether to display a drop shadow
around the annotation text.

+ Text Alignment — choose between left, center, and right justified text.

* Enable TeX Commands — include TeX formatting commands in the annotation text. See
“Include TeX Formatting Instructions” on page 8-32.

* To open the Annotation properties dialog box, right-click the annotation text and select
Properties. You can specify the layout of the annotation, including:
* Fixed height and width options.
+ Text and background color.
+ Text alignment.

* Margins between the text and the border of the annotation.
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Include TeX Formatting Instructions

In your annotations, you can embed a subset of TeX commands to produce special characters such as
Greek letters and mathematical symbols. For example, suppose that you enter this annotation text:

\it{\omega N = e~{(-2\pii)/N}}

When you select the Enable TeX Commands annotation property, the chart renders this annotation
like this:

(27N
N e

For a list of more information on using TeX commands in annotations, see “Describe Models Using
Notes and Annotations”.

See Also

More About

. “Describe Models Using Notes and Annotations”
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* “Reuse MATLAB Code by Defining MATLAB Functions” on page 9-2

* “Program a MATLAB Function in a Chart” on page 9-6

* “Connect Structures in MATLAB Functions to Simulink Bus Signals” on page 9-12
“Debug a MATLAB Function in a Chart” on page 9-15
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Reuse MATLAB Code by Defining MATLAB Functions

9-2

A MATLAB function in a Stateflow chart is a graphical element that you use to write algorithms that
are easier to implement by calling built-in MATLAB functions. Typical applications include:

* Matrix-oriented calculations
* Data analysis and visualization

This type of function is useful for coding algorithms that are more easily expressed by using MATLAB
instead of the graphical Stateflow constructs. MATLAB functions also provide optimizations for
generating efficient, production-quality C code for embedded applications.

A MATLAB function can reside anywhere in a chart, state, or subchart. The location of the function
determines the set of states and transitions that can call the function.

» Ifyou want to call the function within one state or subchart and its substates, put your MATLAB
function in that state or subchart. That function overrides any other functions of the same name in
the parents and ancestors of that state or subchart.

+ If you want to call the function anywhere in a chart, put your MATLAB function at the chart level.

* Ifyou want to call the function from any chart in your model, put your MATLAB function at the
chart level and enable exporting of chart-level functions. For more information, see “Export
Stateflow Functions for Reuse” on page 8-22.

Note A MATLAB function can access chart and state data above it in the Stateflow hierarchy.

For example, this MATLAB function has the name stdevstats. It takes an argument vals and
returns an output value stdevout.

MATLAB Function
stdevout = stdevstatsiv als)

To compute the standard deviation of the values in vals, the function uses this code.

function stdevout = stdevstats(vals)
s#codegen

% Calculates the standard deviation for vals

len = length(vals);
stdevout = sqrt(sum(((vals-avg(vals,len)).”2))/len);

function mean = avg(array,size)
mean = sum(array)/size;

Define a MATLAB Function in a Chart

1
In the object palette, click the MATLAB function icon ¢ . Move your pointer to the location for

the new MATLAB function in your chart.
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Enter the signature label for the function.

The function signature label specifies a name for your function and the formal names for its
arguments and return values. A signature label has this syntax:

[return _vall,return val2,...] = function name(argl,arg2,...)

You can specify multiple return values and multiple input arguments. Each return value and input
argument can be a scalar, vector, or matrix of values. For functions with only one return value,
omit the brackets in the signature label.

You can use the same variable name for both arguments and return values. For example, a
function with this signature label uses the variables y1 and y2 as both inputs and outputs:

[yl,y2,y3] = f(yl,u,y2)

If you export this function to C code, y1 and y2 are passed by reference (as pointers), and u is
passed by value. Passing inputs by reference reduces the number of times that the generated
code copies intermediate data, resulting in more optimal code.

Note Do not use the name of a chart symbol as a function argument or return value. For
example, if either x or y are chart data, defining a function with the signature y = f(x) results
in a run-time error.

To program the function, open the MATLAB editor by double-clicking the function box.

In the MATLAB editor, enter the MATLAB code implementing your function. For more
information, see “Program a MATLAB Function in a Chart” on page 9-6.

In the Model Explorer, expand the chart object and select the MATLAB function. The arguments
and return values of the function signature appear as data items that belong to your function.
Arguments have the scope Input. Return values have the scope Output.

In the Data properties dialog box for each argument and return value, specify the data
properties, as described in “Set Data Properties” on page 12-5.

Create any additional data items required by your function. For more information, see “Add Data
Through the Model Explorer” on page 12-3.

Your function can access its own data or data belonging to parent states or the chart. The data
items in the function can have one of these scopes:

* Constant — Constant data retains its initial value through all function calls.

* Parameter — Parameter data retains its initial value through all function calls.

In MATLAB functions, you do not need to create local or temporary function data explicitly. If you

use an undefined variable, Stateflow creates a temporary variable that is available to the rest of
the function. To store values that persist across function calls, use the keyword persistent.

Call MATLAB Functions in States and Transitions

You can call MATLAB functions from the actions of any state or transition. You can also call MATLAB
functions from other functions. If you export a MATLAB function, you can call it from any chart in the
model.
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To call a MATLAB function, use the function signature and include an actual argument value for each
formal argument in the function signature. If the data types of the actual and formal arguments differ,
the function casts the actual argument to the type of the formal argument.

Specify Properties of MATLAB Functions

You can set general properties for your MATLAB function through its properties dialog box. To open
the function properties dialog box, right-click the MATLAB function box and select Properties from
the context menu.

Name

Function name. Click the function name link to open your function in the MATLAB editor.
Function Inline Option

Controls the inlining of your function in generated code:

¢ Auto — Determines whether to inline your function based on an internal calculation.

* Inline — Inlines your function if you do not export it to other charts and it is not part of a
recursion. (A recursion exists if your function calls itself directly or indirectly through another
function call.)

* Function — Does not inline your function.
Label

Signature label for your function. The function signature label specifies a name for your function and
the formal names for its arguments and return values.

Saturate on Integer Overflow

Specifies whether integer overflows saturate in the generated code. For more information, see
“Handle Integer Overflow for Chart Data” on page 12-36.

MATLAB Function fimath

Defines the fimath properties for the MATLAB function. The fimath properties specified are
associated with all fi and fimath objects constructed in the MATLAB function. Choose one of these
options:

* Same as MATLAB — The function uses the same fimath properties as the current global
fimath. The edit box appears dimmed and displays the current global fimath in read-only form.
For more information on the global fimath and fimath objects, see the Fixed-Point Designer™
documentation.

* Specify Other — Specify your own fimath object by one of these methods:

* Construct the fimath object inside the edit box.

* Construct the fimath object in the MATLAB or model workspace and enter its variable name
in the edit box.

Description

Function description. You can enter brief descriptions of functions in the hierarchy.
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Document Link

Link to online documentation for the function. You can enter a web URL address or a MATLAB
command that displays documentation in a suitable online format, such as an HTML file or text in the

MATLAB Command Window. When you click the Document link hyperlink, Stateflow displays the
documentation.

See Also

More About

. “Program a MATLAB Function in a Chart” on page 9-6
. “Reusable Functions in Charts” on page 2-37

. “Export Stateflow Functions for Reuse” on page 8-22

. “Reuse Functions by Using Atomic Boxes” on page 8-27

. “Enhance Code Readability for MATLAB Function Blocks” (Embedded Coder)
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Program a MATLAB Function in a Chart
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A MATLAB function in a Stateflow chart is a graphical element that you use to write algorithms that
are easier to implement by calling built-in MATLAB functions. This type of function is useful for
coding algorithms that are more easily expressed by using MATLAB instead of the graphical Stateflow
constructs. For more information, see “Reuse MATLAB Code by Defining MATLAB Functions” on page
9-2.

Inside a MATLAB function, you can call these types of functions:

Local functions defined in the body of the MATLAB function.
Graphical, Simulink, truth table, and other MATLAB functions in the chart.

Built-in MATLAB functions that support code generation. These functions generate C code for
building targets that conform to the memory and data type requirements of embedded
environments.

Extrinsic MATLAB functions that do not support code generation. These functions execute only in
the MATLAB workspace during simulation of the model. For more information, see “Call Extrinsic
MATLAB Functions in Stateflow Charts” on page 31-39.

Simulink Design Verifier™ functions for property proving and test generation. These functions
include:

* sldv.prove

¢ sldv.assume

+ sldv.test

* sldv.condition

This example shows how to create a model with a Stateflow chart that calls two MATLAB functions,
meanstats and stdevstats:

meanstats calculates the mean of the values in vals.
stdevstats calculates a standard deviation for the values in vals.

Build Model

Follow these steps:

1

Create a new model with the following blocks:

PP Q} ’

—
D play
O —

Display

Constant

Chart

Save the model as call stats function stateflow.
In the model, double-click the Chart block.
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4 Drag two MATLAB functions into the empty chart using this icon from the toolbar:

A text field with a flashing cursor appears in the middle of each MATLAB function.
5 Label each function as shown:

MATLAE Function
meanout = meanstatsivals

MATLAB Function
stdevout = stdevstatsivals)

You must label a MATLAB function with its signature. Use the following syntax:
[return_vall, return val2,...] = function name(argl, arg2,...)

You can specify multiple return values and multiple input arguments, as shown in the syntax.
Each return value and input argument can be a scalar, vector, or matrix of values.

Tip For MATLAB functions with only one return value, you can omit the brackets in the signature
label.

6 In the chart, draw a default transition into a terminating junction with this condition action:

{
mean = meanstats(invals);
stdev = stdevstats(invals);

}
The chart should look something like this:

MATLAB Function

{ meanout = meanstatsivals
mean = meanstats(invals);
stdev = stdey stats(invals);

}

MATLAE Function
stdevout = stdevstatsivals)

Tip If the formal arguments of a function signature are scalars, verify that inputs and outputs of
function calls follow the rules of scalar expansion. For more information, see “Assign Values to All
Elements of a Matrix” on page 21-6.
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7 Inthe Modeling tab, under Design Data, select Model Explorer.
8 In the Model Hierarchy pane of the Model Explorer, select the function meanstats.

Model Explorer

= B i
File Edit View Tools Add Help
O 4 BCK ~d - 5 @esE 580
Modz| Hierarchy = Contents of: . -eflow/Chartjmeanstats (only]  Filter Contznts Data vals
4 Simulin< Rcot X i i = Genzral Description
%§ Base Workspan Coumn View: |Stateflow * Show Details 2 object(s) - b =
ase Vior Da'Pf Mame: vals
4 E cal_stats_function_stateflow MName Sccpe  Port Resolva Signal DataType  Size Initial®,
E Model Workspace ik Tt doubie Scope: [IHEUt ']
@ Cenficuradon (Acive)
s c 4 7] Sze: 1
i t Output doubl
E Cede “or call_stats_function_stat=f el mesnou utpu oube
|=%| simulink Design Verifie- results Complexivy: [OH h ]
() Acvice for call_stats_-unction_stats
P kEI Chart - = Type:  double - ]
. meanstats [ Lock datz type setting against changes by the fixed-point tools
# stdevstats
Initial value: |Not Needed
Limi= range
Minimum: Maxim.m:
£dd to Watch Wirdow
1] 1 ¢
] 1 ¢
vt ey
<l m + Contents Search Results

The Contents pane displays the input argument vals and output argument meanout. Both are

scalars of type doub'le by default.

9 Double-click the vals row under the Size column to set the size of vals to 4.
10 In the Model Hierarchy pane of the Model Explorer, select the function stdevstats and repeat

the previous step.

11 [n the Model Hierarchy pane of the Model Explorer, select Chart and add the following data:

Name Scope Size

invals Input 4

mean OQutput Scalar (no change)
stdev Output Scalar (no change)

You should now see the following data in the Model Explorer.
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Model Explorer

File Edit View
e O & &

Modz| Hierarchy

Tools

&

Add

Help

-

=

4 P simuling Reot

> [ chart

E Base Vorkspace
4 E cal_stats_function_stateflow®
% Model Workspace
$ Cenficuration (Acive]
E Cede “or call_stats_function_stat=f | —
@ Simulink Design Verifie- results
({,-l Acvice for call_stats_“unction_staty

4

nr

as &

Filter Cont=nts

3% a

E Contents of: ..unction_staeflew/Chart (only)

Coumn View: |Stateflow v Snow Details 7 object(s) §v

MName Scooe  Port Resolve Signal DataTy,
@ mean Outout 1 | double
@ stzewv Outout 2 | double
‘f'_g { mean = meanstzts(invals); stdev = ...
o CCNNECTIVE
] T ¢
Contents Search Results

Data invals

Genzral Descriptior

Mame:

invals

Stope: [Im:ut s | Port: 1

Sze: 4

double

- L

[ Lock datz type setting against changes by the fixed-point tools

Tipe:

Unit (e.g., m, m/s2, N*n): SL
nherit
Limi= range
Minimum: Maxim.m:

£dd to Watch Wirdow

< m | +

Apply

After you add the data invals, mean, and stdev to the chart, the corresponding input and
output ports appear on the Stateflow block in the model.

[ ]
Display
(I
Diplay

¥

[ ]
Derly
[ ]

Y

Display

Program MATLAB Functions

To program the functions meanstats and stdevstats, follow these steps:

1  Open the chart in the model call stats function_ stateflow.
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In the chart, open the function meanstats.

The function editor appears with the header:

function meanout = meanstats(vals)

This header is taken from the function label in the chart. You can edit the header directly in the
editor, and your changes appear in the chart after you close the editor.

On the line after the function header, enter:

%#codegen

The %#codegen compilation directive helps detect compile-time violations of syntax and
semantics in MATLAB functions supported for code generation.

Enter a line space and this comment:

% Calculates the statistical mean for vals
Add the line:

len = length(vals);

The function length is an example of a built-in MATLAB function that is supported for code
generation. You can call this function directly to return the vector length of its argument vals.
When you build a simulation target, the function length is implemented with generated C code.
Functions supported for code generation appear in “Functions and Objects Supported for C/C++
Code Generation” (MATLAB Coder).

The variable len is an example of implicitly declared local data. It has the same size and type as
the value assigned to it — the value returned by the function length, a scalar double. To learn
more about declaring variables, see “Data Definition Basics” (MATLAB Coder).

The MATLAB function treats implicitly declared local data as temporary data, which exists only
when the function is called and disappears when the function exits. You can declare local data for
a MATLAB function in a chart to be persistent by using the persistent construct.

Enter this line to calculate the value of meanout:

meanout = avg(vals,len);

The function meanstats stores the mean of vals in the Stateflow data meanout. Because these
data are defined for the parent Stateflow chart, you can use them directly in the MATLAB
function.

Two-dimensional arrays with a single row or column of elements are treated as vectors or
matrices in MATLAB functions. For example, in meanstats, the argument vals is a four-element
vector. You can access the fourth element of this vector with the matrix notation vals(4,1) or
the vector notation vals(4).

The MATLAB function uses the functions avg and sum to compute the value of mean. sumis a
function supported for code generation. avg is a local function that you define later. When
resolving function names, MATLAB functions in your chart look for local functions first, followed
by functions supported for code generation.

Note If you call a function that the MATLAB function cannot resolve as a local function or a
function for code generation, you must declare the function to be extrinsic.
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Now enter this statement:

coder.extrinsic('plot');
Enter this line to plot the input values in vals against their vector index.

plot(vals,'-+");

Recall that you declared plot to be an extrinsic function because it is not supported for code
generation. When the MATLAB function encounters an extrinsic function, it sends the call to the
MATLAB workspace for execution during simulation.

Now, define the local function avg, as follows:

function mean = avg(array,size)
mean = sum(array)/size;

The header for avg defines two arguments, array and size, and a single return value, mean.
The local function avg calculates the average of the elements in array by dividing their sum by
the value of argument size.

The complete code for the function meanstats looks like this:

function meanout = meanstats(vals)
%#codegen

% Calculates the statistical mean for vals

len = length(vals);
meanout = avg(vals,len);

coder.extrinsic('plot');
plot(vals,'-+");

function mean = avg(array,size)

mean = sum(array)/size;

Save the model.

Back in the chart, open the function stdevstats and add code to compute the standard
deviation of the values in vals. The complete code should look like this:

function stdevout = stdevstats(vals)
%#codegen

% Calculates the standard deviation for vals

len = length(vals);
stdevout = sqrt(sum(((vals-avg(vals,len)).”2))/1len);

function mean = avg(array,size)
mean = sum(array)/size;

Save the model again.
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Connect Structures in MATLAB Functions to Simulink Bus
Signals

This example shows how to use MATLAB® structures in a Stateflow® chart. MATLAB structures
enable you to bundle data of different sizes and types together into a single variable in a MATLAB
function. You can create a MATLAB structure to:

* Store related data in a local or persistent variable of a MATLAB function

* Read from or write to a local Stateflow structure
* Interface with a Simulink® bus signal at an input or output port

MATLAB functions support nonvirtual buses only. For more information, see “Types of Composite
Signals”.

Define Structures in MATLAB Functions

In this example, a Stateflow chart processes data from one Simulink bus signal and outputs the result
to another Simulink bus signal. Both the input and output bus signals are defined by the
Simulink.Bus object BusObject. These buses have four fields: sb, a, b, and c. The field sb is also
a bus signal defined by the Simulink.Bus object SubBus. It has one field called ele.

inte Supd 1l Bl 1
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SubBus
RO RS o : =
[ ] a double ” |
D'} , [BusObject
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In the chart, the Simulink bus signals interface with the Stateflow structures in and out. The
functions abc2sb and sb2abc extract information from the input structure and store it in the local
Stateflow structures Localbus and subbus. Then, the chart writes to the output structure by
combining the values of these local structures. For more information on Stateflow structures, see
“Access Bus Signals Through Stateflow Structures” on page 29-2.

iy function y = abc2sbiu)
en:

zubbus = abc2sbiin);
localbus = sbZabc{in.sb);
out = localbus; MATLAB Function y = sb2abciu)
out.sb = subbus;
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The MATLAB® function sb2abc takes a Stateflow structure of type SubBus and returns a Stateflow
structure of type BusObject. The function decomposes the value of the field ele from its input into
three components: a vector, a 3-by-2 matrix, and a scalar. The function stores these components in
the local MATLAB struct Y that has the same structure as the Simulink.Bus object BusObject.
Then, the function assigns the value of the MATLAB struct Y to the output structure y.

function y = sb2abc(u)

o°

extract data from input structure

int8(magic(3));

double(u.ele(1:2,1)
uint8(u.ele(:,2:3))
double(u.ele(3,1));

);

O wrX>m
I nn

o°

create local structure

struct('ele',E);
struct('sb',X,'a',A,'b",B,'c"',C);

< X
nu

o°

assign value to output structure

y=Y;
end

Define Input and Output Structures

In a MATLAB function, access a local Stateflow structure or interface with a Simulink bus signal by
defining input and output structures for the function:
1 In the base workspace, create a Simulink.Bus object that defines the structure data type.
In the Symbols pane, select the function input or output.
In the Property Inspector, set the Type property to Bus: <object name>. Replace <object
name> with the name of the Simulink.Bus object that defines the Stateflow structure.
For example, in the function sb2abc:

* The Type property of the input structure u is specified as Bus: SubBus.
* The Type property of the output structure y is specified as Bus: BusObject.

For more information, see “Define Stateflow Structures” on page 29-2.

Define Local and Persistent Structure Variables

To store related data in a single variable inside a MATLAB function, you can create a MATLAB
struct as alocal or persistent variable. For example, the function sb2abc defines two local MATLAB
structures to temporarily store the data extracted from the input structure u before writing to the
output structure y:

» Xis a scalar struct with a single field called ele. This field contains a 3-by-3 matrix of type
int8, which matches the structure of the Simulink.Bus object SubBus.

* Yisascalar struct with four fields: sb is a substructure of type SubBus, a is a two-dimensional
vector of type double, b is a 3-by-2 matrix of type uint8, and c is a scalar of type double. These
fields match the structure of the Simulink.Bus object BusObject.
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For more information, see “Define Scalar Structures for Code Generation”.

See Also
Simulink.Bus | struct

More About

. “Access Bus Signals Through Stateflow Structures” on page 29-2
. “Index and Assign Values to Stateflow Structures” on page 29-7
. “Identify Data by Using Dot Notation” on page 12-39

. “Define Scalar Structures for Code Generation”
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Debug a MATLAB Function in a Chart

Check MATLAB Functions for Syntax Errors

Before you can build a simulation application for a model, you must fix syntax errors. Follow these
steps to check the MATLAB function meanstats for syntax violations:

1

Open the function meanstats inside the chart in the call stats function stateflow
model that you constructed in “Program a MATLAB Function in a Chart” on page 9-6.

The editor automatically checks your function code for errors and recommends corrections.
In the Apps tab, click Simulink Coder. In the C Code tab, click Build.

If there are no errors or warnings, the Builder window appears and reports success. Otherwise, it
lists errors. For example, if you change the name of local function avg to a nonexistent local
function aug in meanstats, errors appear in the Diagnostic Viewer.

The diagnostic message provides details of the type of error and a link to the code where the
error occurred. The diagnostic message also contains a link to a diagnostic report that provides
links to your MATLAB functions and compile-time type information for the variables and
expressions in these functions. If your model fails to build, this information simplifies finding
sources of error messages and aids understanding of type propagation rules. For more
information about this report, see “MATLAB Function Reports”.

In the diagnostic message, click the link after the function name meanstats to display the
offending line of code.
The offending line appears highlighted in the editor.

Correct the error by changing aug back to avg and recompile. No errors are found and the
compile completes successfully.

Run-Time Debugging for MATLAB Functions in Charts

You use simulation to test your MATLAB functions for run-time errors that are not detectable by
Stateflow. When you simulate your model, your MATLAB functions undergo diagnostic tests for

missing or undefined information and possible logical conflicts as described in “Check MATLAB
Functions for Syntax Errors” on page 9-15. If no errors are found, the simulation of your model

begins.

Follow these steps to simulate and debug the meanstats function during run-time conditions:

1

In the function editor, click the dash (-) character in the left margin of this line:

len = length(vals);

A small red ball appears in the margin of this line, indicating that you have set a breakpoint.
Start simulation for the model.

If you get any errors or warnings, make corrections before you try to simulate again. Otherwise,
simulation pauses when execution reaches the breakpoint you set. A small green arrow in the left
margin indicates this pause.

To advance execution to the next line, select Step.
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Notice that this line calls the local function avg. If you select Step here, execution advances past
the execution of the local function avg. To track execution of the lines in the local function avg,
select Step In instead.

To advance execution to the first line of the called local function avg, select Step In.

Once you are in the local function, you can advance through one line at a time with the Step tool.
If the local function calls another local function, use the Step In tool to step into it. To continue
through the remaining lines of the local function and go back to the line after the local function
call, select Step Out.

Select Step to execute the only line in avg.

When avg finishes its execution, you see a green arrow pointing down under its last line.
Select Step to return to the function meanstats.

Execution advances to the line after the call to avg.

To display the value of the variable len, place your pointer over the text len in the function
editor for at least a second.

The value of len appears adjacent to your pointer.

You can display the value for any data in the MATLAB function in this way, no matter where it
appears in the function. For example, you can display the values for the vector vals by placing
your pointer over it as an argument to the function length, or as an argument in the function
header.

You can also report the values for MATLAB function data in the MATLAB Command Window
during simulation. When you reach a breakpoint, the debug>> command prompt appears in the
MATLAB Command Window (you may have to press Enter to see it). At this prompt, you can
inspect data defined for the function by entering the name of the data, as shown in this example:

debug>> len
len =

4
debug>>

As another debugging alternative, you can display the execution result of a function line by
omitting the terminating semicolon. If you do, execution results appear in the MATLAB Command
Window during simulation.

To leave the function until it is called again and the breakpoint is reached, select Continue.
At any point in a function, you can advance through the execution of the remaining lines of the

function with the Continue tool. If you are at the end of the function, selecting Step does the
same thing.

Click the breakpoint to remove it and select Quit Debugging to complete the simulation.

In the model, the computed values of mean and stdev now appear in the Display blocks.
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Display

Y

stdey

Display

Check for Data Range Violations

To control data range checking, set Simulation range checking in the Diagnostics: Data Validity
pane of the Model Configuration Parameters dialog box.

Specify a Range
To specify a range for input and output data, follow these steps:
1 In the Model Explorer, select the MATLAB function input or output of interest.

The Data properties dialog box opens in the Dialog pane of the Model Explorer.

2 In the Data properties dialog box, click the General tab and enter a limit range, as described in
“Limit Range” on page 12-9.
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Use Truth Tables to Model Combinatorial Logic
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Truth tables implement combinatorial logic design in a concise, tabular format. Typical applications
for truth tables include decision making for:

* Fault detection and management
* Mode switching

Truth tables are supported only in Simulink.

You can add a Truth Table block directly to your Simulink model, or you can define a truth table
function in a Stateflow chart, state, or subchart. Truth Table blocks in a Simulink model execute as a
Simulink block, while truth table functions in a Stateflow chart execute only when you call the truth
table function. The location of the function determines the set of states and transitions that can call
the function.

» Ifyou want to call the function from within one state or subchart and its substates, put your truth
table function in that state or subchart. That function overrides any other functions of the same
name in the parents and ancestors of that state or subchart.

» Ifyou want to call the function anywhere in a chart, put your truth table function at the chart
level.

* Ifyou want to call the function from any chart in your model, put your truth table at the chart
level and enable exporting of chart-level functions. For more information, see “Export Stateflow
Functions for Reuse” on page 8-22.

Note A truth table function can access chart and state data above it in the Stateflow hierarchy.

Layout of a Truth Table

This truth table function has the name ttable. It takes three arguments (X, y, and z) and returns
one output value (r).

truthtable
r = ttable(x,y,z)

The function consists of this arrangement of conditions, decisions, and actions.

Condition Decision 1 Decision 2 Decision 3 Decision 4
X == 1 T F F

y ==1 F T F

z =1 F F T

Action r=1 r=2 r=3 r=4

Each of the conditions entered in the Condition column must evaluate to true (nonzero value) or
false (zero value). Outcomes for each condition are specified as T (true), F (false), or - (true or false).
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Each of the decision columns combines an outcome for each condition with a logical AND into a
compound condition, which is referred to as a decision.

You evaluate a truth table one decision at a time, starting with Decision 1. The Decision 4 covers all
possible remaining decisions. If one of the decisions is true, the table perform the associated action,
and then the truth table execution is complete.

For example, if conditions X == 1andy == 1 are false and condition z == 1 is true, then Decision
3 is true and the variable r is set equal to 3. The remaining decisions are not tested and evaluation of
the truth table is finished. If the first three decisions are false, then the default decision is
automatically true and its action (r=4) is executed. This table lists pseudocode corresponding to the
evaluation of this truth table example.

Pseudocode Description

if ((x==1) & I(y ==1) & !(z ==1)) If Decision 1 is true, then set r=1.
r=1;

elseif (!I(x == 1) & (y == 1) & !(z == 1)) |If Decision 2 is true, then set r=2.
r=2;

elseif (!(x ==1) & !(y == 1) & (z == 1)) |If Decision 3 is true, then set r=3.
r=3;

else If all other decisions are false, then default
r=4; decision is true. Set r=4.

endif

Define a Truth Table Function

To define a truth table function:

1
In the object palette, click the truth table function icon [ . Move your pointer to the location for

the new truth table function in your chart.

2 Enter the signature label for the function.

The function signature label specifies a name for your function and the formal names for its
arguments and return values. A signature label has this syntax:

[return_vall,return val2,...] = function name(argl,arg2,...)

You can specify multiple return values and multiple input arguments. Each return value and input
argument can be a scalar, vector, or matrix of values. For functions with only one return value,
omit the brackets in the signature label.

You can use the same variable name for both arguments and return values. For example, a
function with this signature label uses the variables y1 and y2 as both inputs and outputs:

[yl,y2,y3] = f(yl,u,y2)

If you export this function to C code, y1 and y2 are passed by reference (as pointers), and u is
passed by value. Passing inputs by reference reduces the number of times that the generated
code copies intermediate data, resulting in more optimal code.
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Note Do not use the name of a chart symbol as a function argument or return value. For
example, if either x or y are chart data, defining a function with the signature y = f(x) results
in a run-time error.

3 To program the function, open the truth table editor by double-clicking the function box.

In the truth table editor, add conditions, decisions, and actions. For more information, see
“Program a Truth Table” on page 10-7.

5 In the Model Explorer, expand the chart object and select the truth table function. The arguments
and return values of the function signature appear as data items that belong to your function.
Arguments have the scope Input. Return values have the scope Output.

6 In the Data properties dialog box for each argument and return value, specify the data
properties, as described in “Set Data Properties” on page 12-5.

7 Create any additional data items required by your function. For more information, see “Add Data
Through the Model Explorer” on page 12-3.

Your function can access its own data or data belonging to parent states or the chart. The data
items in the function can have one of these scopes:

* Constant — Constant data retains its initial value through all function calls.
* Parameter — Parameter data retains its initial value through all function calls.

* Local — Local data persists from one function call to the next function call. Valid only for
truth tables that use C as the action language.

* Temporary — Temporary data initializes at the start of every function call. Valid only for truth
tables that use C as the action language.

In truth table functions that use C as the action language, define local data when you want your
data values to persist across function calls throughout the simulation. Define temporary data
when you want to initialize data values at the start of every function call. For example, you can
define a counter with Local scope if you want to track the number of times that you call the
function. In contrast, you can designate a loop counter to have Temporary scope if you do not
need the counter value to persist after the function completes.

In truth table functions that use MATLAB as the action language, you do not need to define local
or temporary function data. If you use an undefined variable, Stateflow creates a temporary
variable that is available to the rest of the function. To store values that persist across function
calls, your function can access local data at the chart level.

Tip You can initialize local and temporary data in your function from the MATLAB workspace.
For more information, see “Initialize Data from the MATLAB Base Workspace” on page 12-19.

Call Truth Table Functions in States and Transitions

You can call truth table functions from the actions of any state or transition. You can also call truth
table functions from other functions. If you export a truth table function, you can call it from any
chart in the model. For more information about exporting functions, see “Export Stateflow Functions
for Reuse” on page 8-22.

The syntax for a call to a truth table function is the same as the function signature, with actual
arguments replacing the formal ones specified in a signature. If the data types of an actual and
formal argument differ, a function casts the actual argument to the type of the formal argument.
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To call a truth table function, use the function signature and include an actual argument value for
each formal argument in the function signature. If the data types of the actual and formal arguments
differ, the function casts the actual argument to the type of the formal argument.

Specify Properties of Truth Table Functions

You can set general properties for your truth table function through its properties dialog box. To open
the function properties dialog box, right-click the truth table function box and select Properties from
the context menu.

Name

Function name. Click the function name link to bring your function to the foreground in its native
chart.

Function Inline Option
Controls the inlining of your function in generated code:

* Auto — Determines whether to inline your function based on an internal calculation.

* Inline — Inlines your function if you do not export it to other charts and it is not part of a
recursion. (A recursion exists if your function calls itself directly or indirectly through another
function call.)

* Function — Does not inline your function.
Label

Signature label for your function. The function signature label specifies a name for your function and
the formal names for its arguments and return values.

Underspecification

Controls the level of diagnostics for underspecification in your truth table function. For more
information, see “Correct Overspecified and Underspecified Truth Tables” on page 10-33.

Overspecification

Controls the level of diagnostics for overspecification in your truth table function. For more
information, see “Correct Overspecified and Underspecified Truth Tables” on page 10-33.

Action Language

Controls the action language for your Stateflow truth table function. Choose between MATLAB or C.
For more information, see “Differences Between MATLAB and C as Action Language Syntax” on page
17-5.

Description
Function description. You can enter brief descriptions of functions in the hierarchy.
Document Link

Link to online documentation for the function. You can enter a web URL address or a MATLAB
command that displays documentation in a suitable online format, such as an HTML file or text in the
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MATLAB Command Window. When you click the Document link hyperlink, Stateflow displays the
documentation.

See Also

More About

. “Program a Truth Table” on page 10-7
. “Differences Between MATLAB and C as Action Language Syntax” on page 17-5

. “Reusable Functions in Charts” on page 2-37
. “Export Stateflow Functions for Reuse” on page 8-22
. “Reuse Functions by Using Atomic Boxes” on page 8-27
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Program a Truth Table

Once you've created a new truth table, you can program it to execute according to your
specifications. To program a truth table you add conditions, decisions, and actions. For more
information about creating a truth table, see “Use Truth Tables to Model Combinatorial Logic” on
page 10-2.

Truth tables are supported only in Simulink models. For more information, see “Use Truth Tables to
Model Combinatorial Logic” on page 10-2.

Open a Truth Table for Editing

After you create and label a truth table in a chart or Simulink model, you specify its logical behavior.
These specifications apply to both the truth table block in a Simulink model and the truth table
function in a Stateflow chart. In this example, you specify the behavior of a truth table function.

To open the truth table, double-click the truth table function, ttab'le, that you created in “Use Truth
Tables to Model Combinatorial Logic” on page 10-2.

%@ ex_first_truth_table b %Chart (2 %ttablel

Condition Table

DESCRIPTION CONDITION D1

ACTIONS: SPECIFY A ROW
FROM THE ACTION TAELE

Action Table

DESCRIPTIOMN ACTION

By default, a truth table contains a Condition Table and an Action Table, each with one row. The
Condition Table contains a single decision column, D1, and a single action row.

Select an Action Language

If the truth table is inside a Stateflow chart that uses C as the action language, you can specify the
action language for your Stateflow truth table:

1 Open the Property Inspector. In the Modeling tab, under Design Data, select Property
Inspector.
2 Under the Properties section, select C or MATLAB as the Action Language.
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Truth tables inside a Stateflow chart that uses C as the action language must also use C as the action
language.

Enter Truth Table Conditions

Conditions are the starting point for specifying logical behavior in a truth table. Open your new truth
table, ttable, for editing. You start programming the behavior of ttable by specifying conditions.

You enter conditions in the Condition column of the Condition Table. For each condition that you
enter, you can enter an optional description in the Description column. To enter conditions for the
truth table ttable:

1
2

Click the row on the Condition Table that you want to append.
T
Click the Append Row button El on the side panel twice.
The truth table appends two rows to the bottom of the Condition Table.

Click and drag the bar that separates the Condition Table and the Action Table panes down to
enlarge the Condition Table pane.

In the Condition Table, click the top cell of the Description column.

A flashing text cursor appears in the cell, which appears highlighted.
Enter this text:

x is equal to 1

Condition descriptions are optional, but appear as comments in the generated code for the truth
table.

Click the next cell on the right, in the Condition column..
In the first cell of the Condition column, enter:

XEQ1:

This text is an optional label that you can include with the condition. Each label must begin with
an alphabetic character ([a-z][A-Z]) followed by any number of alphanumeric characters ([a-
z][A-Z][0-9]) or an underscore (_).

Press Enter and this text:

This text is the actual condition. Each condition that you enter must evaluate to zero (false) or
nonzero (true). You can use optional brackets in the condition (for example, [x == 11]).

In truth table conditions, you can use data that passes to the truth table function through its
arguments. The preceding condition tests whether the argument x is equal to 1. You can also use
data defined for parent objects of the truth table, including the chart.

Repeat the preceding steps to enter the other two conditions.
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ex_ﬁrst_truth_tatlle b %Chart 3 %ttable -
Condition Table
DESCRIPTION CONDITIOMN D1
1  xisegualto1 XEQ1:
xN == 1 _
2 Yy is equal to 1 YEQ1:
5.- == 1 _
3 zisequalto1 ZEQ1:
z== i
ACTIONS: SPECIFY A ROW
FROM THE ACTION TABLE

Action Table
DESCRIPTION ACTIOMN

Enter Truth Table Decisions

Each decision column (D1, D2, and so on) binds a group of condition outcomes together with an AND
relationship into a decision. The possible values for condition outcomes in a decision are T (true), F
(false), and - (true or false). In “Enter Truth Table Conditions” on page 10-8, you entered conditions
for the truth table ttable. Continue by entering values in the decision columns:

Click the decision column of the Condition Table that you want to append.

u
Click the Append Column button ﬂ‘ on the side panel three times.
3 Click the top cell in decision column D1.
Press the space bar until a value of T appears.
Pressing the space bar toggles through the possible values of F, T, and -. You can also enter

these characters directly. Pressing 1 sets the value to T, while pressing 0 sets the value to F.
Pressing x sets the value to -.

5 Enter the remaining values for the decision columns:
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ex_ﬁrst_truth_table b %{hart [ 3 %ttable -
Condition Table
DESCRIPTION CONDITIOMN D1 D2 D3 O
1 xiseqgualto 1 XEQ1:
S T F F -
2 y is eqgual to 1 YEOQ1:
y== F T F -
3 zis equal to 1 ZEQ1:
z==1 F F T -
ACTIONS: SPECIFY A ROW
FROM THE ACTION TABLE

Action Table
DESCRIPTION ACTION

During execution of the truth table, decision testing occurs in left-to-right order. The order of testing
for individual condition outcomes within a decision is undefined. Truth tables evaluate the conditions
for each decision in top-down order (first condition 1, then condition 2, and so on). Because this
implementation is subject to change in the future, do not rely on a specific evaluation order.

The Default Decision Column

The last decision column in ttable, D4, is the default decision for this truth table. The default
decision covers any decisions not tested for in preceding decision columns. Create a default decision
by entering - in every cell of the farthest right decision column. This entry represents any outcome for
the condition, T or F. The default decision column must be the last column on the right in the
Condition Table.

Enter Truth Table Actions

During execution of the truth table, decision testing occurs in left-to-right order. When a decision
match occurs, the action in the Action Table that is specified in the Actions row for that decision
column executes. Then the truth table exits.

In “Enter Truth Table Decisions” on page 10-9, you entered decisions in the truth table. The next step
is to enter actions you want to occur for each decision in the Action Table. Later, you assign these
actions to their decisions in the Actions row of the Condition Table.
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Set Up the Action Table

1  Click the row Action Table that you want to append.

2 -
Click the Append Row button El on the side panel three times.

Pa)ex_first_truth_table » G crart » T ttable -
Condition Table

DESCRIPTION COMDITION O D2 D3 4

1 xis equal to 1 XEQ1:
x== T F T -

2 Yy is equal to 1 YEQ1:
¥ == F T F -

3 zis equal to 1 ZEQ1:
=7 F F T -

ACTIONS: SPECIFY A ROW
FROM THE ACTION TAELE

Action Table
DESCRIPTION ACTION
1
2
3

3 Program the actions for the truth table.

Program Actions of a Truth Table

For truth tables that use MATLAB as the action language, you can write MATLAB code to program
your actions. Using this code, you can add control flow logic and call MATLAB functions directly. In

the following procedure, you program an action in the truth table ttable, using the following
features of MATLAB syntax:

* DPersistent variables
« if ... else ... end control flows
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for loop

Follow these steps:

1

Click the top cell in the Description column of the Action Table.

A flashing text cursor appears in the cell, which appears highlighted.
Enter this description:

Maintain a counter and a circular
vector of values of length 6.
Every time this action is called,
output r takes the next value of
the vector.

Action descriptions are optional, but appear as comments in the generated code for the truth
table.

Press the right arrow key to select the next cell on the right, in the Action column.
Enter the following text:

Al:

You begin an action with an optional label followed by a colon (:). Later, you enter these labels in
the Actions row of the Condition Table to specify an action for each decision column. Like
condition labels, action labels must begin with an alphabetic character ([a-z] [A-Z]) followed
by any number of alphanumeric characters ([a-z] [A-Z]1[0-9]) or an underscore ().

Press Enter and enter the following text:

persistent values counter;
cycle = 6;

coder.extrinsic('plot');

if isempty(counter)
% Initialize counter to be zero
counter = 0;

else
% Otherwise, increment counter
counter = counter + 1;

end

if isempty(values)
% Values is a vector of 1 to cycle
values = zeros(1l, cycle);
for i = l:cycle
values(i) = i;
end

% For debugging purposes, call the MATLAB
% function "plot" to show values
plot(values);

end

% Output r takes the next value in values vector
r = values( mod(counter, cycle) + 1);
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In truth table actions, you can use data that passes to the truth table function through its
arguments and return value. The preceding action sets the return value r equal to the next value
of the vector values. You can also specify actions with data defined for a parent object of the
truth table, including the chart. Truth table actions can also broadcast or send events that are
defined for the truth table, or for a parent, such as the chart itself.

Enter the remaining actions in the Action Table, as shown:

["aex_first_truth_table b T3 Crart b T teable -
Condition Table

DESCRIPTION CONDITION D1 D2 D3 D4

1 xis eqgual to 1 KEQ1:
w==1 T F F -

2 yis equalto 1 YEQ1:
y==1 F T F -

3  zis equalto 1 ZEQ1:
z==1 F F T -

ACTIONS: SPECIFY A ROW
FROM THE ACTION TAELE

Action Table
DESCRIPTION ACTIOM
F
1 Maintain a counter and a Al
circular vector of values of persistent values counter;
length 6. Every time this cycle = 6;
2 zetrto1 AZ:
r=1;
3 getrto2 AT
=2;
4 zetrto3 Ad:
=3;

If action Al executes during simulation, a plot of the values vector appears:
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Now you are ready to assign actions to decision.

Assign Truth Table Actions to Decisions

You must assign at least one action from the Action Table to each decision in the Condition Table.
The truth table uses this association to determine what action to execute when a decision tests as
true.

Rules for Assigning Actions to Decisions

The following rules apply when you assign actions to decisions in a truth table:

* You specify actions for decisions by entering a row number or a label in the Actions row cell of a
decision column.

If you use a label specifier, the label must appear with the action in the Action Table.
* You must specify at least one action for each decision.
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Actions for decisions are not optional. Each decision must have at least one action specifier that
points to an action in the Action Table. If you want to specify no action for a decision, specify a
row that contains no action statements.

* You can specify multiple actions for a decision with multiple specifiers separated by a comma,
semicolon, or space.

For example, for the decision column D1, you can specify A1,A2,A3 or 1;2;3 to execute the first
three actions when decision D1 is true.

* You can mix row number and label action specifiers interchangeably in any order.

The following example uses both row and label action specifiers.

|"a) ex_first_truth_table b T3 crart » T3 ttable v
Condition Table
DESCRIPTION CONDITION D D2 D3 D4
1 xis equal to 1 XEQ:
X == T F F -
2 yis equal to 1 YEQ1:
y== F T F -
3  zisequalto 1 ZEQ1:
z== F F T -
ACTIONS: SPECIFY A ROW
FROM THE ACTION TABLE 1 z A3 4

Action Table
DESCRIPTION ACTION
1 getrto1 A1:
r=1;
2 getrto2 A2
=2;
3 zetrto3 A3
=3
4 =zetrto4 Ad:
=4

* You can specify the same action for more than one decision, as shown:
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Pa] ex_first_truth_table » G crart » T3 ttable v
Condition Table
DESCRIPTION CONDITION D1 D2 D3 D4
1  xis equalto 1 KEQ1:
x==1 T F F -
2 y is equal to 1 YEQ1:
y==1 F T F -
3 zis equal to 1 ZEQ1:
z== F F T -
ACTIONS: SPECIFY A ROW
FROM THE ACTION TABLE = 1 L 2
Action Table
DESCRIPTION ACTION
T setrto Al:
=1;
2 setrto2 A2
=2;

* Row number action specifiers in the Actions row of the Condition Table automatically adjust to
changes in the row order of the Action Table.

How to Assign Actions to Decisions

This section describes how to assign actions to decisions in the truth table ttable. In this example,
the Actions row cell for each decision column contains a label specified for each action in the Action
Table. Follow these steps:

1  Click the bottom cell in decision column D1, the first cell of the Actions row of the Condition
Table.

2  Enter the action specifier Al for decision column D1.

When D1 is true, action Al in the Action Table executes.
3  Enter the action specifiers for the remaining decision columns:
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ex_ﬁrst_truth_tatlle » %Chart » %U:able -
Condition Table

DESCRIPTION COMDITION D1 D2 D3 O

1 xisequalto XEQA:
K== T F F -

2 Yy is equal to 1 YEQ1:
y==1 F T F -

3 zis equal to 1 ZEQ1:
z== F F T -

ACTIONS: SPECIFY A ROW

FROM THE ACTION TAELE Al Az A3 A4

Action Table

DESCRIPTION ACTION
T setrto1 Al
=1;
2 setrto2 A2
=2;
3 setrto3 A
=3;
4 setrto4 Ad:
r=4;

Now you are ready to perform the final step in programming a truth table.

Add Initial and Final Actions

In addition to actions for decisions, you can add initial and final actions to the truth table function.
Initial actions specify an action that executes before any decision testing occurs. Final actions specify
an action that executes as the last action before the truth table exits. To specify initial and final
actions for a truth table, use the action labels INIT and FINAL in the Action Table.

Use this procedure to add initial and final actions that display diagnostic messages in the MATLAB
Command Window before and after execution of the truth table ttable:

1 In the truth table, right-click row 1 of the Action Table and select Insert Row.

A blank row appears at the top of the Action Table.
2 In the Modeling tab, select Append Row.
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A blank row appears at the bottom of the Action Table.
3 Click and drag the bottom border of the truth table to show all six rows of the Action Table:

Pa) ex_first_truth_table » G crart » G ttable

Condition Table

DESCRIPTION CONDITION D1 D2 D3 D4

1 xis eqgual to 1 KEQ1:
x==1 T F F -

2 yis equalto 1 YEQ1:
y==1 F T F -

3  zis equalto 1 ZEQ1:
z==1 F F T -

ACTIONS: SPECIFY A ROW

FROM THE ACTION TABLE L Az - Ad4
Action Table
DESCRIPTION ACTION
1
2 zetrto1 Al
r=1;
3 getrto2 AZ:
=2;
4 zetrto3 AT
=3;
5 zetrto4 Ad:
r=4;
G

4  Add the initial action in row 1 as follows:
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Description Action
Initial action: INIT:
Display message coder.extrinsic('disp');

disp('truth table ttable entered');

5 Add the final action in row 6 as follows:

Description Action
Final action: FINAL:
Display message coder.extrinsic('disp');

disp('truth table ttable exited');

Although the initial and final actions for the preceding truth table example appear in the first and last
rows of the Action Table, you can enter these actions in any row. You can also assign initial and final
actions to decisions by using the action specifier INIT or FINAL in the Actions row of the Condition
Table.

Generate Content for Truth Tables
When you have simulated your model, Stateflow generates content for your truth table. To see the

generated content, click the View Generated Content %Ibutton. For truth tables that use C as the
action language, content is generated as a graphical function. For truth tables that use MATLAB as
the action language, content is generated as MATLAB code. For more information, see “View
Generated Content for Stateflow Truth Tables” on page 10-27.

See Also

More About

. “Use Truth Tables to Model Combinatorial Logic” on page 10-2
. “Export Stateflow Functions for Reuse” on page 8-22
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Once you completely specify your truth tables, you begin the process of debugging them. The first
step is to run diagnostics to check truth tables for syntax errors including overspecification and
underspecification, as described in “Correct Overspecified and Underspecified Truth Tables” on page
10-33. Additionally, you can add breakpoints directly into your truth table to debug during
simulation.

Truth tables are supported only in Simulink. For more information, see “Use Truth Tables to Model
Combinatorial Logic” on page 10-2.

Find Syntax Errors by Running Diagnostics

To check for syntax errors:

1 Double-click the truth table.

2
]
In the truth table, click Run Diagnostics AI

For example, if you change the action for decision column D4 to an action that does not exist, you
get an error message in the Diagnostic Viewer.

Truth table diagnostics run automatically when you simulate a model with a new or modified truth
table. If no errors exist, the diagnostic window does not appear and simulation starts immediately.

Debug Logic by Using Breakpoints

You can use breakpoints in a Stateflow truth table to pause simulation and debug your logic. Once a
breakpoint causes the simulation to pause, you can step through the actions and examine the data
values at that specific point in the simulation.

With truth tables, you can set these different breakpoint types:

* Condition tested
* Decision tested
* Decision valid

* Action executed

After simulation stops at a breakpoint, you can continue chart execution on the Stateflow Editor
toolbar, at the MATLAB command prompt, or by selecting a keyboard shortcut.

Toolbar Icon |Option Command Description Keyboard
Shortcut
Continue dbcont Continue the simulation to the |Ctrl+T

—

next breakpoint.

Step Over dbstep Advance to the next step in the [F10
truth table execution.

|G
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Toolbar Icon

Option

Command

Description

Keyboard
Shortcut

k)

Step In

dbstep in

From a state or transition action
that calls a function, advance to
the first executable statement in
the function.

From a statement in a function
containing another function call,
advance to the first executable
statement in the second
function.

Otherwise, advance to the next
step in the truth table
execution. (See Step Over.)

F11

Step Out

dbstep out

From a function call, return to
the statement calling the
function.

Otherwise, continue simulation
to the next breakpoint. (See
Continue.)

Shift+F11

[

Step Forward

Exit debug mode and pause
simulation before next time
step.

(my
o

Stop

dbquit

Exit debug mode and stop
simulation.

Ctrl+Shift+T

Condition Breakpoints

To set a breakpoint when a condition is tested, right-click the condition cell and select Set
Breakpoint (Condition Tested). A red badge appears on the far left of the table next to the number
of the condition. When you run the model, the simulation pauses when the condition is tested.
Stateflow highlights the condition row being tested. Place your cursor over the data in the truth table
to see its current value.
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[Pa|ex_first_truth_table » T3 crart » T3 ttable -
Condition Table

DESCRIPTION CONDITION D1 D2 D3 D

1 @ xis equal to 1 XEQ1:
®== T F F .

2 ¥ is equal to 1 YEQ1:
y== F T F -

3 zis equal to 1 ZEQ1:
z== F F T -

ACTIONS: SPECIFY A ROW

FROM THE ACTION TAELE - Az — Ad
Action Table
DESCRIPTION ACTION
1 Initial action: INIT:
Dizplay message mil.disp{truth table ttable entered");
2 gettto 1 Al
t=1;
3 settto?2 AZ:
t=2;
4 settto3 AG:
t=3;
5 settto4 Ad:
t=4;
6 Final action: FINAL:
Display message ml.disp{"truth table ftable exited");

Decision Breakpoints

To set a breakpoint when a decision is tested, right-click the top of the decision column and select Set
Breakpoint (Decision Tested). A red badge appears on the top of the decision column next to the
number of the decision. When you run the model, the simulation pauses when the decision is tested.
Stateflow highlights the decision column being tested. Place your cursor over the data in the truth
table to see its current value.
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P& ex_first_truth_table » G chart » G ttable v
Condition Table

DESCRIPTION CONDITION o1& D2 D3 O

T xis equal to 1 XEQ:
w==1 T F F -

2 Yy is equal to 1 YEQ1:
y==1 F T = -

3 zis equalto 1 FEQ1:
z==1 F F T -

ACTIONS: SPECIFY A ROW

FROM THE ACTION TAELE o Az - Ad
Action Table
DESCRIPTION ACTION
1 Initial action: INIT:
Dizsplay message mil.disp{"truth table ttable enterad');
2 gettto 1 Al
=1;
3 settto2 AZ:
t=2;
4 zettto3 AZ:
t=3;
3 setttoa Ad:
t=4;
& Final action: FINAL:
Display message mi.disp{"truth table ttable exited");

To set a breakpoint when a decision is valid, right-click the action cell at the bottom of the decision
column and select Set Breakpoint (Decision Valid). A red badge appears on the top of the cell next
to the action number. When you run the model, the simulation pauses when the action is valid.
Stateflow highlights the valid decision. Place your cursor over the data in the truth table to see its
current value.

If there is more than one action to take when a decision is valid, the breakpoint is set for the first
executable. In truth tables that use MATLAB as the action language, you can set a breakpoint on any
line of executable code by setting breakpoints in the generated content. See “Debugging Generated
Truth Table Content” on page 10-26.
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[Pafex_first_truth_table » G crart » T3 ttable -
Condition Table

DESCRIPTION CONDITION D1 D2 D3 D

1 xis egualto 1 KEQ:
n==1 T F F -

2 ¥ is equal to 1 YEQ1:
¥ == F T F -

3 zis equal to 1 ZEQ1:
z== F F T -

ACTIONS: SPECIFY A ROW

FROMTHEACTIONTABLE| AL | A2 A3 A4
Action Table
DESCRIPTION ACTIONM
T nitial action: INIT:
Display message mil.disp("truth table ttable entered");
2 gettto 1 A1:
t=1;
3 settto? AZ:
=2;
4 settto3 AZC
=3;
5 setttod A
t=4;
6  Final action: FINAL:
Display message mi.disp("truth table ttable exited");

Action Breakpoints

To set a breakpoint when an action is executed, right-click the action cell and select Set Breakpoint
(Action Executed). A red badge appears on the far left of the table next to the number of the action.
When you run the model, the simulation pauses when the action is executed. Stateflow highlights the
action row being tested. Place your cursor over the data in the truth table to see its current value.

If there is more than one action within the action cell, the breakpoint is set for the first action. In
truth tables that use MATLAB as the action language, you can set a breakpoint on any line of
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executable code by setting breakpoints in the generated content. See “Debugging Generated Truth
Table Content” on page 10-26.

[*a] ex_first_truth_table » G chart » S ttable v
Condition Table

DESCRIPTION COMDITION D1 D2 D3 L]

1 xisegualto1 XEQA:
X == T F F -

2 ¥ is equal to 1 YEQ1:
y== F T F -

3 zis equal to 1 ZEQ1:
=== F F T -

ACTIONS: SPECIFY A ROW

FROM THE ACTION TAELE - Az = Ad
Action Table
DESCRIPTION ACTIOM
1 Initial action: INIT:
Display message mil.disp(truth table ttable entered');
2 O settto1 Al
t=1;
3 settto? AZ:
t=2;
4 settto3 AG:
t=3;
5 setttod4 Ad:
t=4;
6 Final action: FINAL:
Dizplay message ml.disp{"truth table ttable exited'),

Edit Breakpoints

Click the breakpoint to open the Edit Breakpoint dialog box. From this window you can disable the
breakpoint by clearing the Enable Breakpoint check box.

When you add a condition to a breakpoint, the breakpoint pauses the simulation only when its
associated condition is true.
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Debugging Generated Truth Table Content

You can use breakpoints on the generated content for truth tables that use MATLAB or C as the
action language.

For truth tables that use MATLAB as the action language, content is generated as MATLAB code. To
set a breakpoint in the code, click the breakpoint alley next to the executable line where you want
simulation to pause. See “Debug a MATLAB Program”. When you add an element to your truth table
that changes the generated content, all breakpoints are regenerated.

For truth tables that use C as the action language, content is generated as a graphical function. To set
a breakpoint in the graphical function, right-click the transition where you want to set a breakpoint
and select Set Breakpoint. When you add an element to your truth table that changes the generated
content, all breakpoints are regenerated if you recompile your truth table.

See Also

More About

. “Use Truth Tables to Model Combinatorial Logic” on page 10-2

. “Program a Truth Table” on page 10-7

. “Correct Overspecified and Underspecified Truth Tables” on page 10-33
. “Debugging a MATLAB Function Block”
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View Generated Content for Stateflow Truth Tables

You generate content for a truth table when you simulate your model. Content regenerates whenever
a truth table changes. To view the generated content of a truth table, click the View Generated

FZ
Content button él Stateflow charts that use C as the action language generate content as a

graphical function. Stateflow charts that use MATLAB as the action language generate content as
MATLAB code.

How Stateflow Software Generates Graphical Functions for Truth
Tables

This section describes how Stateflow software translates the logic of a C truth table into a graphical
function.

In the following example, a C truth table has three conditions, four decisions and actions, and initial
and final actions.

10-27



10 Truth Table Functions for Decision-Making Logic

10-28

P |ex_truthtable view generated content b 52 Chart ¥ E3 0z
T [

Condition Table
DESCRIPTION

1 cCondition C1

2 gCondition C2

3 Condition C3

CONDITION D1 D2 D3
C1:
== T F F
C2:
¥ == = T F
C3:
z== _ ) 77

ACTIONS: SPECIFY A ROW

FROM THE ACTION TAELE Al A2 | A3

g

DA

Action Table
DESCRIPTION

1 Initial Action

2 Action 1
3 Action 2
4 Action 3

5 Default Action

€ Final Action

ACTION

INIT:
mil.disp{"beginning truth table”

x=0y=0;z=10;

FIMAL:
mi.disp{"ending truth table");

Stateflow software generates a graphical function for the preceding truth table. The top half of the

flow chart looks like this:
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KYE

l"

g

O
1
 "INIT :Initial Action =/
mil_disp{'beginning truth table");

|1

O
1
* Condition G1 %/
C1 =({x==10}

|1

O
{
* Condition G2 */
CZ2=(y==0)

ms }

O
{
* Condition C3 */
C3=(z==10)
'

The top half of the flow chart executes as follows:

* Performs initial actions

* Evaluates the conditions and stores the results in temporary data variables

The temporary data for storing conditions is based on the labels that you enter for the conditions.
If you do not specify the labels, temporary data variables appear.

The bottom half of the flow chart looks like this:
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1
(== =)
2 [C1] {

M "AA"Action 1%/

x=1;

!
i L =
;; [IC1 && C2] {

A2 Action 2 */
¥ =1;

}

v - X
E; ['C1 && IC2 && C3] - { T
A3 Action 3%/
z=1;
'
i . i
Y =)
f* Default */ 1
™ "DA Default Action */ {
x=0y=0;z=10; ™ "FINAL - Final Action */
} mil Hisp{'ending truth table");

In the bottom half of the flow chart, the stored values for conditions determine which decision is true
and what action to perform. Each decision appears as a fork from a connective junction with one of
two possible paths:

* A transition segment with a decision followed by a segment with the consequent action

The action appears as a condition action that leads to the FINAL action and termination of the
flow chart.

* A transition segment that flows to the next fork for an evaluation of the next decision
This transition segment has no condition or action.

This implementation continues from the first decision through the remaining decisions in left-to-right
column order. When a decision match occurs, the action for that decision executes as a condition
action of its transition segment. After the action executes, the flow chart performs the final action for
the truth table and terminates. Therefore, only one action results from a call to a truth table
graphical function. This behavior also means that no data dependencies are possible between
different decisions.
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How Stateflow Software Generates MATLAB Code for Truth Tables

Stateflow software generates the content of MATLAB truth tables as MATLAB code that represents
each action as a nested function inside the main truth table function.

Nested functions offer these advantages:

* Nested functions are independent of one another. Variables are local to each function and not
subject to naming conflicts.

* Nested functions can access all data from the main truth table function.

The generated content appears in the function editor, which provides tools for simulation and
debugging.

Here is the generated content for the MATLAB truth table described in “Program Actions of a Truth
Table” on page 10-11:

* Main truth table function
function r = ttable(x,y,z)

% Initialize condition vars to logical scalar

XEQ1l = false;
YEQl = false;
ZEQ1l = false;

Condition #1, "XEQ1"
x 1s equal to 1
XEQLl = logical(x == 1);

Condition #2, "YEQ1"
y is equal to 1
YEQLl = logical(y == 1);

% Condition #3, "ZEQl"
% z is equal to 1

ZEQ1 = logical(z == 1);

if (XEQl && ~YEQ1l && ~ZEQl) % D1
Al();

elseif (~XEQ1l && YEQ1l && ~ZEQl) % D2
A2();

elseif (~XEQ1l && ~YEQl && ZEQl) % D3
A3();

else % Default
A4();

end

e Action Al

function Al()

% Action #1, "Al"

Maintain a counter and a circular vector of length 6.
Every time this action is called,

output t takes the next value of the vector.

o® o o°

persistent values counter;
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cycle = 6;

if isempty(counter)
% Initialize counter to be zero
counter = 0;

else
% Otherwise, increment counter
counter = counter + 1;

end

if isempty(values)
% Values is a vector of 1 to cycle
values = zeros(l, cycle);
for i = 1l:cycle
values(i) = i;
end

For debugging purposes, call the MATLAB
function "plot" to show values
plot(values);

end

[
i)
[

i)

% Output r takes the next value in values vector
r = values( mod(counter, cycle) + 1);

o Actions A2, A3, and A4

function A2()
Action #2, "A2"
set r to 2

[
“
[

“

r=2;

o

function A3()
% Action #3, "A3"
% set r to 3

r=3;

o

function A4()
% Action #4, "A4"
% set r to 4

r=4;
See Also

More About

. “Use Truth Tables to Model Combinatorial Logic” on page 10-2
. “Program a Truth Table” on page 10-7
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Correct Overspecified and Underspecified Truth Tables

When programming your truth table, you might program an overspecified or underspecified truth
table. An overspecified truth table contains at least one true or false combination that is specified by
another decision column. When this happens, the action associated with that decision column never
executes. An underspecified truth table occurs when your truth table does not have enough decision
columns to account for all possible true or false combinations.

By default, Stateflow reports an error for overspecified and underspecified truth tables. To adjust the
error settings for truth tables, open your truth table. After opening the truth table, in the Modeling
tab, click Table Properties and change the settings for Underspecification or Overspecification.

Truth tables are supported only in a Simulink model. For more information, see “Use Truth Tables to
Model Combinatorial Logic” on page 10-2.

Example of an Overspecified Truth Table

An overspecified truth table contains at least one decision that never executes because a previous
decision specifies it in the Condition Table. The following example shows the Condition Table of an
overspecified truth table.

@ex_truthtable_mrerspeciﬂed 3 t&E{Ihart 3 %m
Condition Table
DESCRIPTION COMDITION D1 | DZ | D3
Condition C1
x==0 F T
2 Condition C2 c2
y==0 T|-|T
3 Condition C3 c3
z==0 T T T
ACTIONS: SPECIFY A ROW
FROM THE ACTION TABLE A1 A2 A3

The decision in column D3 (-TT) specifies the decisions FTT and TTT. These decisions are duplicates
of decisions D1 (FTT) and D2 (TTT and TFT). Therefore, column D3 is an overspecification.

The following example shows the Condition Table of a truth table that appears to be overspecified,
but is not.
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Ecx_uumtable_nut_cr'.rerspeciﬂed b %{hart b %m
Condition Table

DESCRIPTION CONDITION D1 | D2 | D3 | D4

1 condition C1 C1:
X == F T T -

2 Condition C2 c2:
y == T F T 7T

3 condition C3 C3:
z==0 T|T|F|T

ACTIONS: SPECIFY A ROW

FROM THE ACTION TAELE Al | A2 | A3 | A4

In this case, the decision D4 specifies two decisions (TTT and FTT). FTT also appears in decision D1,
but TTT is not a duplicate. Therefore, this Condition Table is not overspecified.

Example of an Underspecified Truth Table

An underspecified truth table includes undefined behavior because it lacks decisions that cover every
combination of the specified conditions.. The following example shows the Condition Table of an
underspecified truth table.

Ex_uumtable_underspeciﬁed 3 %{hart b %m

Condition Table

DESCRIPTION CONDITION D1 | D2 D3

1 condition C1 c1:
x==0 T|T|F

2 Condition G2 c2:
y == T F T

3 Condition C3 C3:
z== F T T

ACTIONS: SPECIFY A ROW

FROM THE ACTION TAELE Al | AZ | A3

Complete coverage of the conditions in the preceding truth table requires a Condition Table with
every possible decision:
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P& ex_truthtable_completely_specified

» B cnart b Bz

1

2

3

Condition Table

DESCRIPTION
Condition C1 C1:
¥ ==
Condition C2 c2:
'5|' —_—
Condition C3 C3:

7z ==

COMDITION D1 |D2 D3 D4 D5 | D6 D7 D8

ACTIONS: SPECIFY
A ROW FROM THE Al A2 A3 A4 A5 AE AT AB

ACTION TAELE

To avoid underspecification specify an action for all other possible decisions through a default

decision, named DA:

P3| ex_truthtable_default_action » 52 Chart ¥ E3xz
i 1

Condition Table
DESCRIPTION

1 condition C1

2 | Condition G2

3 Condition C3

CONDITION D1 | D2 | D3 | D«
C1:
X== T T F -
c2:
¥== T F T -
C3:
z== F T T -

ACTIONS: SPECIFY A ROW

FROM THE ACTION TAELE A1) AZ | A3 | DA

The last decision column, D4, is the default decision for the truth table. The default decision covers
any remaining decisions not tested in the preceding decision columns. See “The Default Decision
Column” on page 10-10 for an example and more complete description of the default decision column

for a Condition Table.
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See Also

More About

. “Use Truth Tables to Model Combinatorial Logic” on page 10-2
. “Program a Truth Table” on page 10-7
. “Debug Errors in a Truth Table” on page 10-20
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Home Climate Control Using the Truth-Table Block

This example shows how to use the truth table block to control the temperature and humidity using a
climate control system. The truth table block defines two possible boolean variables, Hot and Dry.
Stateflow® sets these states if input variables reach defined temperature and humidity thresholds.
The different state combinations result in different actions. For example, if both Hot and Dry are
true, Stateflow executes the actions Cool0n and HumidOn.

Home climate (temperature and humidity) controller using Truth Table

5 0

temperatureScope HumidityScope

1|—>m

C1  desiredTemp

L L’ + p{ T_thrash
roomTemp 1 heater
{l} heatFlow -+ -
) e e O Lol
externalTemp externalHeatFlow " tempErature TIF cocler
tempAccumulate —p H thrash
1 |—> 40 »
—»lh humidifier
G2 desiredHumidity
_ o ClimateController
L + dh 1
| oemHumiE : L
{l} hurmidFlow - + = Humidifier
| b EH —
cternalHumid axternalHumidityFlow g humidity ah
humid&ccumulate 1M
r Coaler
dh1
1 -
Heatear
Copyright 2005-2018 The MathWorks, Inc.
See Also
Truth Table
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More About
. “Use Truth Tables to Model Combinatorial Logic” on page 10-2
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* “Reuse Simulink Components in Stateflow Charts” on page 11-2

* “Bind a Simulink Function to a State” on page 11-6

* “Improve Chart Design by Using Simulink Functions” on page 11-11

* “Schedule Execution of Multiple Controllers” on page 11-19

* “Schedule Simulink Algorithms by Using Stateflow” on page 11-26

* “Design Switching Controllers by Using Simulink Functions” on page 11-28
* “Share Functions Across Simulink and Stateflow” on page 11-33

* “Why Use a Simulink Function in a Stateflow Chart?” on page 11-35
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Reuse Simulink Components in Stateflow Charts

11-2

A Simulink function is a graphical object that enables you to call a Simulink subsystem in the actions
of states and transitions. Simulink functions are supported only in Stateflow charts in Simulink
models.

Simulink functions can improve the efficiency of your design and increase the readability of your
model. Typical applications include:

* Defining a function that requires Simulink blocks

* Scheduling execution of multiple controllers

A Simulink function can reside anywhere in a chart, state, or subchart. The location of a function
determines the set of states and transitions that can call the function.

» Ifyou want to call the function within one state or subchart and its substates, put your Simulink
function in that state or subchart. That function overrides any other functions of the same name in
the parents and ancestors of that state or subchart.

+ Ifyou want to call the function anywhere in a chart, put your Simulink function at the chart level.

» Ifyou want to call the function from any chart in your model, use a Simulink Function block to
define the function directly in the Simulink canvas. For more information, see “Simulink Functions
Overview”.

Note A Simulink function cannot access chart or state data in the Stateflow hierarchy.

For example, this Simulink function has the name sim_fcn. It takes three arguments (a, b, and c)
and returns two output values (x and y).

Simulink Function
[x, ¥] =sim_fcn(a, b, c)

The function contains a Simulink subsystem that multiplies the first argument times a gain of 25 and
combines the other two arguments into a complex output signal.

Lt
f

0

Zain

;

Jul-_
AT %@
Magnitude-Angle ¥

to Comple:

n@“



Reuse Simulink Components in Stateflow Charts

Define a Simulink Function

1

In the object palette, click the Simulink function icon "5 Move your pointer to the location for
the new Simulink function in your chart.

Enter the signature label for the function.

The function signature label specifies a name for your function and the formal names for its
arguments and return values. A signature label has this syntax:

[return_vall,return val2,...] = function name(argl,arg2,...)

You can specify multiple return values and multiple input arguments. Each return value and input
argument can be a scalar, vector, or matrix of values. For functions with only one return value,
omit the brackets in the signature label.

You must use unique variable names for all arguments and return values.

To program the function, open the Simulink editor by double-clicking the function box. Initially,
the editor contains a function-call Trigger block and Inport and Outport blocks that match the
function signature. You cannot delete the Trigger block.

In the Simulink editor, add blocks and connect them to the Inport and Outport blocks.
Configure the Inport and Outport blocks.

a  Double-click each block to open the Block Parameters dialog box.

b In the Signal Attributes tab, enter the Data type and Port dimensions of the input
parameter or return value.

¢ Click OK.

Note An Inport block in a Simulink function cannot inherit itsData type and Port dimensions.
For more information, see “Explicitly Set the Properties of Inport Blocks” on page 11-4.

Call Simulink Functions in States and Transitions

You can call Simulink functions from the actions of any state or transition. You can also call Simulink
functions from other functions.

To call a Simulink function, use the function signature and include an actual argument value for each
formal argument in the function signature. If the data types of the actual and formal arguments differ,
the function casts the actual argument to the type of the formal argument.

Specify Properties of Simulink Functions

You can set general properties for your Simulink function through its properties dialog box. To open

the function properties dialog box, right-click the Simulink function box and select Properties. For a
description of the function properties, see Subsystem, Atomic Subsystem, CodeReuse Subsystem.
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11-4

Guidelines for Using Simulink Functions
Use Alphanumeric Characters and Underscores in Argument Names

This guideline ensures that the names of Inport and Output blocks are compatible with the identifier
naming rules of Stateflow charts.

Explicitly Set the Properties of Inport Blocks

The Inport blocks in a Simulink function cannot inherit their data types and sizes. Therefore, you
must set the Data type and Port dimensions of each Inport block that is not a scalar of type
double.

The Outport blocks in a Simulink function can inherit sizes and data types based on the connections
inside the subsystem. Therefore, you can specify the Data type and Port dimensions of these blocks
as inherited.

Tip To make it easier to update the properties of Inport blocks, you can specify data types and sizes
as parameters.

Convert Discontiguous Signals to Contiguous Signals

Outport blocks in Simulink functions do not support discontiguous signals. If your function contains a
block that outputs a discontiguous signal, insert a Signal Conversion block between the discontiguous
output and the Outport block. This action ensures that the output signal is contiguous.

Blocks that can output a discontiguous signal include the Bus Creator block and the Mux block. For
the Bus Creator block, the output is discontiguous when the block outputs a virtual bus. If you select
Output as nonvirtual bus, the output signal is contiguous and no conversion is necessary.

Do Not Export Simulink Functions

Exporting a Simulink function results in a run-time error during simulation. To avoid this error, open
the Chart properties dialog box and clear the Export Chart Level Functions check box.

Do Not Use Simulink Functions in Moore Charts

You cannot use Simulink functions in Moore charts. This restriction prevents violations of Moore
semantics during chart execution.

Do Not Call Simulink Functions in Default Transitions That Execute During Chart
Initialization

If you select the chart property Execute (enter) Chart At Initialization, you cannot call Simulink
functions in default transitions that execute the first time that the chart awakens. Otherwise, the
chart generates a run-time error during simulation.

Do Not Call Simulink Functions in State During Actions Or Transition Conditions of
Continuous-time Charts

In continuous-time charts, you cannot call Simulink functions during minor time steps. Instead, call
Simulink functions in actions that occur during major time steps: state entry or exit actions and
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transition actions. Calling Simulink functions in state during actions or transition conditions results
in a run-time error during simulation.

Do Not Generate HDL Code for Simulink Functions

Simulink functions do not support HDL code generation. Generating HDL code for charts that contain
Simulink functions results in a run-time error during simulation.

Pass Arguments by Value

Passing an argument to a Simulink function by reference results in a run-time error during
simulation.

See Also
Bus Creator | Inport | Mux | Outport | Signal Conversion | Simulink Function | Trigger

More About

. “Export Stateflow Functions for Reuse” on page 8-22

. “Simulink Functions Overview”

. “Simulink functions: Simulink Function block, exported Stateflow graphical and MATLAB
functions”

. “Share Functions Across Simulink and Stateflow” on page 11-33
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Bind a Simulink Function to a State

11-6

A Simulink function is a graphical object that you fill with Simulink blocks and call in the actions of
states and transitions. Simulink functions are supported only in Stateflow charts in Simulink models.
For more information, see “Reuse Simulink Components in Stateflow Charts” on page 11-2.

Bind Behavior of a Simulink Function

When a Simulink function resides inside a state, the function binds to that state. Binding results in
the following behavior:

» Function calls can occur only in state actions and on transitions within the state and its substates.
* When the state is entered, the function is enabled.
* When the state is exited, the function is disabled.

For example, the following Stateflow chart shows a Simulink function that binds to a state.

¥

~
(A1 (B1 N
en y1=quaus(ul); . .
du: v = queue(ul); after(20, sec)

)

Simulink Function
out = queue(in}

after(1, sec)
S —————
A2 1.
en: y2 = gueus(u);
du: ¥2 = gqueus(u);
) \ y,

1
after(5, sec) J after(5, sec)

A3
en: ¥3 = queue{u3)
du: ¥3 = queue{u3)

A

Because the function queue resides in state Al, the function binds to that state.

» State Al and its substates A2 and A3 can call queue, but state B1 cannot.
* When state Al is entered, queue is enabled.
* When state Al is exited, queue is disabled.

Control Subsystem Variables When the Simulink Function Is Disabled

If a Simulink function binds to a state, you can hold the subsystem variables at their values from the
previous execution or reset the variables to their initial values. Follow these steps:



Bind a Simulink Function to a State

1 In the Simulink function, double-click the trigger port to open the Block Parameters dialog box.
2 Select an option for States when enabling.

Option Description Reference Section

held Holds the values of the “How the Function Behaves
subsystem variables from the |When Variables Are Held” on
previous execution page 11-9

reset Resets the subsystem “How the Function Behaves
variables to their initial When Variables Are Reset”
values on page 11-10

Example of Binding a Simulink Function to a State

This example shows how a Simulink function behaves when bound to a state.

I{m =13

(A1 AT R
en: y1 =queueful), after(s, sec)
du: y1 = queue(ut), - =
Simulink Function . .
: after(2, sec)
out = queue(in)
e
A ) )

The function queue contains a block diagram that increments a counter by 1 each time the function
executes.

o . L&D

out
Unit Delay

The Block Parameters dialog box for the trigger port appears as follows.
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11-8

Block Parameters: @

Trigger Port

Place this block in a subsystem or at the root level of a model to create a
triggered or function-call system.

If the trigger type is "rising," "falling," or "either," placing this block at the
root level of @ model enables a Signal Attributes tab.

Main | Signal Attributes |

Trigger type: |function-call

States when enabling: [held v]

Propagate sizes of variable-size signals: | During execution v]

[”] Show output port

Output data type: |aufo

Sample time type: [periodic -

Sample time:

1

Enable zero-crossing detection

&}' [ OK ] ’ Cancel ] ’ Help Apply

In the dialog box, setting Sample time type to periodic enables the Sample time field, which
defaults to 1. These settings tell the function to execute for each time step specified in the Sample
time field while the function is enabled.

Note If you use a fixed-step solver, the value in the Sample time field must be an integer multiple of
the fixed-step size. This restriction does not apply to variable-step solvers. (For more information, see
“Compare Solvers”.)
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Simulation Behavior of the Chart

]jm =13

Ll

/A1 ™ B1 )
en: y1 = queus(ut); after(s, sec)
du: y1=queue{ul), 1 &
Simulink Function . .
. after(Z, sec)
out = queue(in)
EFl—
A\ J \ J

When you simulate the chart, the following actions occur.

The default transition to state Al occurs, which includes setting local data ul to 1.
When Al is entered, the function queue is enabled.

Function calls to queue occur until the condition after(5, sec) is true.

The transition from state Al to B1 occurs.

When Al is exited, the function queue is disabled.

After two more seconds pass, the transition from B1 to Al occurs.

N 6O o1 A W N K

Steps 2 through 6 repeat until the simulation ends.
How the Function Behaves When Variables Are Held

If you set States when enabling to held, the output y1 is as follows.

4. Scope for yl | =NEC ﬂ

|Cl

File Tools View Simulatien Help

G- QP ® =-aQ-0-F -

Ready T=10.000
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When state A1 becomes inactive at t = 5, the Simulink function holds the counter value. When Al is
active again at t = 7, the counter has the same value as it did at t = 5. Therefore, the output y1
continues to increment over time.

How the Function Behaves When Variables Are Reset

If you set States when enabling to reset, the output y1 is as follows.

. 4. Scope foryl | =NE |i3_]

File Tools View Simulation Help k]

- aQP® =-aQ-0-F & -

When state A1 becomes inactive at t = 5, the Simulink function does not hold the counter value.
When Al is active again at t = 7, the counter resets to zero. Therefore, the output y1 resets too.

See Also

More About

“Reuse Simulink Components in Stateflow Charts” on page 11-2
. “Why Use a Simulink Function in a Stateflow Chart?” on page 11-35
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Improve Chart Design by Using Simulink Functions

A Simulink function is a graphical object that you fill with Simulink blocks and call in the actions of
states and transitions. Simulink functions are supported only in Stateflow charts in Simulink models.
For more information, see “Reuse Simulink Components in Stateflow Charts” on page 11-2.

Goal of the Tutorial

The goal of this tutorial is to use a Simulink function in a Stateflow chart to improve the design of a
model named old sf car.

impeler orgue
Ti
Ne 5 - | M= Ti
| throttle engine RFM
.
Enane (. »{gear r
Toirt |
o P Nout output torque
User Input W Spesd . erlck
= gear m—
¥ transmission
% Braks | up_th tD
I transmision spesd
Thrattle cwm h CALE_THD
shift_logic
own_th 1m0 gear p— wehick
spesd .
up_th throttle ll— \'E:_:ﬁ;:.m
Threshold C alculation & throttle %

il_.lj

Rationale for Improving the Model Design

The old _sf car model contains a function-call subsystem named Threshold Calculation and a
Stateflow chart named shift logic. The two blocks interact as follows:

* The chart broadcasts the output event CALC TH to trigger the function-call subsystem.
* The subsystem uses lookup tables to interpolate two values for the shift logic chart.
* The subsystem outputs (up th and down th) feed directly into the chart as inputs.

No other blocks in the model access the subsystem outputs.

You can replace a function-call subsystem with a Simulink function in a chart when:

* The subsystem performs calculations required by the chart.

* Other blocks in the model do not need access to the subsystem outputs.

11-11
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11-12

Edit a Model to Use a Simulink Function

The sections that follow describe how to replace a function-call subsystem in a Simulink model with a
Simulink function in a Stateflow chart. This procedure reduces the number of objects in the model
while retaining the same simulation results.

Step |Task Reference

1 Open the model. “Open the Model” on page 11-12

2 Move the contents of the function-call “Add a Simulink Function to the Chart” on
subsystem into a Simulink function in the page 11-14
chart.

3 Change the scope of specific chart-level data |“Change the Scope of Chart Data” on page
to Local. 11-16

4 Replace the event broadcast with a function |“Update State Action in the Chart” on page
call. 11-16

5 Verify that function inputs and outputs are “Add Data to the Chart” on page 11-17
defined.

6 Remove unused items in the model. “Remove Unused Items in the Model” on

page 11-17

Note To skip the conversion steps, open the model sf car.

Open the Model

Open the model old sf car. If you simulate the model, you see these results in the two scopes.
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4. engine RPM (= | = [—

File Tools View Simulation Help o

@ |eQ=-A-L-B- »

File Tools View Simulatien Help o
960 Q-0 -@- ~

140

Ready T=30.000
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Add a Simulink Function to the Chart
Follow these steps to add a Simulink function to the shift logic chart.

1 In the Simulink model, right-click the Threshold Calculation block in the lower left corner and
select Cut from the context menu.

impelar orgue
Ti

Me + MNe

Y

Ti

h

| throttie engine RPM
- L (I #{g==r

Tout
Mout output torque
gear . - Venick
transmissicn

transmiesion speed

¥

Y

User Inputs

E Brake
Thirottle

wehick

Speed

wehicle mph
[yellow)
& throttle %

i =
2 Open the shift logic chart.

3 In the chart, right-click below selection state and select Paste from the context menu.

4 Expand the new Simulink function so that the signature fits inside the function box.
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Jselection_state
duwring: CALC TH;

[speed < down_th) [speed = up_th]

Fa

[speed < up_th)

Epeed = down_th]

= P

e TW AT, tick) after [ TWAIT tick)
[s peed <= down_th] Epeed == up_th]
{gear_state DOWN] {g=ar_stat= UF}

Simulink Function
[down_th,up_th] = Threshold_Calculation{gear throttle)

Tip To change the font size of a function, right-click the function box and select a new size from

the Font Size menu.

5 Expand the border of selection state to include the new function.

11-15



11 Simulink Functions in Stateflow Charts

wing: CALC_TH; 1

[speed = up_th)
1_

\
/ g \FEEC < up_th]
| [spesd > down_th]
|l| : F - i // ||
dow s hifting E_————"d:_,.. "'“ - 5| upshifting
o Fer TW AT tick) after TWAITHiZ)

[speed <= down_th] [speed == up_th]

{gear_state DOW NG Igear_state UP}

Simulink Function
[down_th,up_th] = Threshold_Calculation{gearthrottle)

v,

11-16

Note The function resides in this state instead of the chart level because no other state in the
chart requires the function outputs up_th and down_th. See “Bind a Simulink Function to a
State” on page 11-6.

6 Rename the Simulink function from Threshold Calculation to calc_threshold by entering
[down th, up th] = calc_threshold(gear, throttle) in the function box.

Change the Scope of Chart Data

In the Model Explorer, change the scope of chart-level data up th and down th to Local because
calculations for those data now occur inside the chart.

Update State Action in the Chart

In the Stateflow Editor, change the during action in selection_ state to call the Simulink function
calc_threshold.

during: [down th, up th] = calc threshold(gear, throttle);
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Sselection_state Y
! during: [down_th, up_th] = cslc_threshold{gear, throttle); 1

[speed = up_th]
1_

I
]
]
I
I
]
]
:
]
I [l
I
i / f'I;-' ! \
i . . . [speed < up_th]
| [spesd > down_th]
| U / .|
i e “‘“— . | upshifting
| 2 — %
i 1_.‘1{._“5_,: TV AT tick ) after] TWAITtick)
]
I
I
]
]
I
I
]
I
I
I
]
]
I
I
:
I
1

[speed < down_th)

':F&_ec: <= down_th] [speed == up_th]

{gear_state DOWN] Igear_state UP}

Simulink Function
[down_th, up_th] = calc_threshold{gear, throttle)

Add Data to the Chart

Because the function calc_threshold takes throttle as an input, you must define that data as a
chart input. (For details, see “Add Stateflow Data” on page 12-2.)

1 Add input data throttle to the chart with a Port property of 1.

Using port 1 prevents signal lines from overlapping in the Simulink model.

2 In the Simulink model, add a signal line for throttle between the inport of the Engine block
and the inport of the shift logic chart.

Remove Unused Items in the Model

1 In the Model Explorer, delete the function-call output event CALC_TH because the Threshold
Calculation block no longer exists.

2 Delete any dashed signal lines from your model.

Run the New Model

Your new model looks something like this:
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User Input
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& throttle 36

If you simulate the new model, the results match those of the original design.
See Also

More About
. “Reuse Simulink Components in Stateflow Charts” on page 11-2
. “Define a Simulink Function” on page 11-3



Schedule Execution of Multiple Controllers

Schedule Execution of Multiple Controllers

A Simulink function is a graphical object that you fill with Simulink blocks and call in the actions of
states and transitions. Simulink functions are supported only in Stateflow charts in Simulink models.
For more information, see “Reuse Simulink Components in Stateflow Charts” on page 11-2.

Goal of the Tutorial

The goal of this tutorial is to use Simulink functions in a Stateflow chart to improve the design of a
model named sf temporal logic scheduler.

I

1 ms
clock

Y

Edge to
Function

=9

Sensor

<AZE

Temporal Logic
Scheduler

(.

Scope

Rationale for Improving the Model Design

The sf_temporal logic scheduler model contains a Stateflow chart and three function-call
subsystems. These blocks interact as follows:

* The chart broadcasts the output events Al, A2, and A3 to trigger the function-call subsystems.
* The subsystems Al, A2, and A3 execute at different rates defined by the chart.
* The subsystem outputs feed directly into the chart.

No other blocks in the model access the subsystem outputs.

You can replace function-call subsystems with Simulink functions inside a chart when:

* The subsystems perform calculations required by the chart.
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11-20

* Other blocks in the model do not need access to the subsystem outputs.

Edit a Model to Use Simulink Functions

The sections that follow describe how to replace function-call subsystem blocks in a Simulink model
with Simulink functions in a Stateflow chart. This procedure reduces the number of objects in the
model while retaining the same simulation results.

Step |Task Reference
1 Open the model. “Open the Model” on page 11-20
2 Move the contents of the function-call “Add Simulink Functions to the Chart” on
subsystems into Simulink functions in the page 11-21
chart.
3 Change the scope of specific chart-level data |“Change the Scope of Chart Data” on page
to Local. 11-23
4 Replace event broadcasts with function calls. |“Update State Actions in the Chart” on page
11-23
5 Verify that function inputs and outputs are “Add Data to the Chart” on page 11-24
defined.
6 Remove unused items in the model. “Remove Unused Items in the Model” on
page 11-24

Note To skip the conversion steps, you can access the new model directly.

Open the Model

Open the st _temporal logic scheduler model. If you simulate the model, you see this result in
the scope.
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Fast executions

Slow executions
For more information, see “Schedule Subsystems to Execute at Specific Times” on page 30-9.
Add Simulink Functions to the Chart
Follow these steps to add Simulink functions to the Temporal Logic Scheduler chart.

1 In the Simulink model, right-click the Al block in the lower right corner and select Cut from the
context menu.
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2 Open the Temporal Logic Scheduler chart.
3 In the chart, right-click outside any states and select Paste from the context menu.
4 Expand the new Simulink function so that the signature fits inside the function box.

Simulink Function
FastScheduler y =A1{u)

dusy =ul-uz

an every(1,call) send(A1);
an every(2 call) send(AZ2);
on every(4, call): send(A3);

after(100, call) after(100, call)

Slowscheduler

du: ¥ = ul-uz;

an every(3 calll send(A1);
an every(16 cal) send(AZ2);
an every(32 cal) sendia3);

Tip To change the font size of a function, right-click the function box and select a new size from
the Font Size menu.
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5 Rename the Simulink function from Al to f1 by enteringy = f1(u) in the function box.
6 Repeat steps 1 through 5 for these cases:

* Copying the contents of A2 into a Simulink function named f2.
* Copying the contents of A3 into a Simulink function named f3.

¥ Simulink Function
FastScheduler ¥ =f1{u)
duy =ul-uz
on every(1,call). send(A1);
on every(2 call). send(AZ2);
an every(d,call): send(A3);

Simulink Function

after(100, cal) after(100,cal) BEEA)
SlowsScheduler
du y = ui-uz;
an every(8, call) send(A1); Simulink Function
an every(16,call). send(A2); ¥ =T3u)

an every(32 cal) sendiA3);

Note The new functions reside at the chart level because both states FastScheduler and
SlowScheduler require access to the function outputs.

Change the Scope of Chart Data

In the Model Explorer, change the scope of chart-level data y to Local because the calculation for
that data now occurs inside the chart.

Update State Actions in the Chart
In the Stateflow Editor, you can replace event broadcasts in state actions with function calls.

1 Edit the state actions in FastScheduler and SlowScheduler to call the Simulink functions f1,
2, and f3.
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¥ Simulink Function
FastScheduler y =F{u)
du:y =ul-uz
an every(1,call) y1 = f1{y);
on every(2 cally y2 = f2(y1);
on every(d,cally y3 = f3y2);

Simulink Function
y =f2(u)

a
after(100 call) after(100, call)

¥

Slowscheduler

du: y = ul-uz;

on every(8,cally y1 =110y
on every(16,call) y2 = f2(y1);
on every(32,cal) y3 =13y2);

Simulink Function
y =1f3{u)

2 In both states, update each during action as follows.
du: y = ul-y2;
Add Data to the Chart

For the on every state actions of FastScheduler and SlowScheduler, define three data. (For
details, see “Add Stateflow Data” on page 12-2.)

Add local data y1 and y2 to the chart.

Add output data y3 to the chart.

In the model, connect the outport for y3 to the inport of the scope.

Tip To flip the Scope block, right-click and select Rotate & Flip > Flip Block from the context
menu.

Remove Unused Items in the Model

1 In the Model Explorer, delete output events Al, A2, and A3 and input data u2 because the
function-call subsystems no longer exist.

2 Delete any dashed signal lines from your model.

Run the New Model

Your new model looks something like this:
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If you simulate the new model, the results match those of the original design.

See Also

More About

. “Reuse Simulink Components in Stateflow Charts” on page 11-2
. “Define a Simulink Function” on page 11-3
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Schedule Simulink Algorithms by Using Stateflow

This model shows how you can schedule a Simulink® algorithm using Stateflow®.

Ty
1 | yi g D
%
O
[T ¥Z P D

Copyright 2000-2018 The MathWorks, Inc.

The Stateflow chart in this model consists of a Simulink algorithm which runs at different rates at
different times in the simulation. Stateflow is ideally suited to designing the transition logic which
determines when these rate transitions happen. The Simulink algorithm on the other hand is used for
the actual data processing. The chart merely passes inputs and outputs to the Simulink subsystem.
For the purposes of this example, the Simulink algorithm adds the input to the output each time the

chart calls it.
FAST '

on every(2 tick): [y1,y2] = algo{ui,u2);

i
l aften{50 tick) aften(75 tick)

Y
SLOW
on every(S tick): [y1.y2] = algo{u1,u);

Simulink Function
[v1.¥2] = algoful,uZ)

Upon running the simulation, we see the counter counting at varying rates:
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See Also
More About
. “Reuse Simulink Components in Stateflow Charts” on page 11-2
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Design Switching Controllers by Using Simulink Functions

11-28

This model shows how you can design switching controllers by combining the power of Stateflow®

and Simulink® functions.
> ! >
s+ 1
Plant

Y

SwitchingControllar

Copyright 2000-2018 The MathWarks, Inc.

The Stateflow chart SwitchingController implements a simple switching controller which
switches between three states: STEADY, P and PID. When in STEADY state, we produce zero control
output. When in P or PID, we delegate to Simulink function call subsystems in order to compute the
required control effort.

The Create data for monitoring option for the state PID is checked. Therefore, in addition to the

control output u, the Stateflow chart also produces a logging output with the same name as the state
PID.

The condition for switching from P to PID is based on the error being low enough [e <
PID TRESH].PID TRESH is a variable defined in the Model Workspace with a value of 0.3.
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/P ™\
du:
u = p_control{e};

Simulink Function
u = p_control{e)

L S

[e < PID_TRESH]

i

/PID N
du:

u = pid_control{e);

Simulink Function
u = pid_control(e)

. A

The Simulink subsystem SwitchingController/P.p control implements a very simple
proportional control with a gain of 3. If we had continued to stay in the state P, the steady state gain
of the closed-loop system would be 3/4 = 0.75. Therefore, we would get an error of 0.25.

The Simulink subsystem SwitchingController/PID.pid control implements a simple PID
control strategy. The proportional gain is the same as in P thereby ensuring a smooth transition in the
control effort.
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When we simulate the model, we notice that the steady state error approaches zero.
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In the absence of the PID control, we would have had a steady state error of 0.25. If we change
PID TRESH to 0.1, we will never get to PID, because the error will never get below 0.25 as long as
we are in state P.
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See Also

More About

“Reuse Simulink Components in Stateflow Charts” on page 11-2




Share Functions Across Simulink and Stateflow

Share Functions Across Simulink and Stateflow

This example shows how to call functions across Simulink® and Stateflow®. The
slexPrinterExample model consists of three computer clients that share a printer. Each computer
creates print jobs by calling the Simulink function addPrintJob.

Communicate and Share Resources with Functions

In this example, the Stateflow chart communicates with the model by:

* Defining and exporting a graphical function that is called by Simulink.

* Calling a Simulink function that is defined in Simulink.

nk_status

Computer 1

C] | —ink_status

!

—=|ink

printerink{work)

ghahia

Computer 2

ink_status

Computer 3

T

nk

ink_status = addPrintJob{jol)

global

=
—

e
=

L]
' ™
"h_n.:.
T i = Work-PRINT_RATE
printerrk|-FRINT_RATE
M v,
Queueing and Processing Incoming Jobs

Each computer client invokes the printer server with a call to the Simulink function, addPrintJob.
The addPrintJob function calls the Stateflow graphical function queuePrintJob to add the print

job to the work load. The chart processes the work and calls the Simulink function printerInk to
model usage of printer ink.

Call a Simulink Function from Stateflow

The function printerInk is defined in a Simulink Function block at the top level of the model. The
function interface printerInk(work) defines one input argument. The Simulink Function,
printerInk, also interacts with the model with signal lines through the inport ink and outport ink'.
The state Busy matches the function signature for printerInk(work) by passing one input

argument.
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%

i
[Idle function gqueusPrintJob(job)
n
J[wcrk > 0]
i [work == 0 T { work = work + job; }
y
Busy A
du: )
work = work-PRINT_RATE;
printerink{-PRINT_RATE};

Export Stateflow Functions to Simulink

In the chart Queuing and Processing Incoming Jobs, the properties Export chart level
functions and Treat exported functions as globally visible are selected. These properties allow
the Simulink function addPrintJob to call the chart graphical function, queuePrintJob.

See Also
Simulink Function

More About

. “Export Stateflow Functions for Reuse” on page 8-22
. “Simulink Functions Overview”

. “Model Reference Basics”
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Why Use a Simulink Function in a Stateflow Chart?

In this section...

“Advantages of Using Simulink Functions in a Stateflow Chart” on page 11-35
“Benefits of Using a Simulink Function to Access Simulink Blocks” on page 11-35

“Benefits of Using a Simulink Function to Schedule Execution of Multiple Controllers” on page 11-
37

Advantages of Using Simulink Functions in a Stateflow Chart

When you define a function that uses Simulink function-call subsystem blocks or schedule execution
of multiple controllers without Simulink functions, the model requires these elements:

* Simulink function-call subsystem blocks
» Stateflow chart with function-call output events
» Signal lines between the chart and each function-call subsystem port

Simulink functions in a Stateflow chart provide these advantages:

* No function-call subsystem blocks

* No output events

* No signal lines

Benefits of Using a Simulink Function to Access Simulink Blocks
The sections that follow compare two ways of defining a function that uses Simulink blocks.
Model Method Without a Simulink Function

You define a function-call subsystem in the Simulink model (see “Using Function-Call Subsystems”.
Use an output event in a Stateflow chart to call the subsystem, as shown.
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impeler mrgue
Ti
MNe 4 | M Ti
| throttl= engine RPM
-
. L
. L (. P{gear
Tout -
o | Nout output torgue
User Input P|speed | Vieriick
C]q} transmissicn
Brake | up_th
% Thrattie t— transmesion speed
rattis down_th
L
shift_logic
down_th TR0 gear fa—! wehick
R vehicle mph
th throttle pa—
== [yellow)
Thresheold Calculation & throttle 3%
i IN[Em
4

Model Method With a Simulink Function

You place one or more Simulink blocks in a Simulink function of a Stateflow chart. Use a function call
to execute the blocks in that function, as shown.

-

fselection_state
during: [down_th,up_th]= cslc_thigear throtie);

Epeed = down_th)

Ill ""f = =
diow s hifting T - ) o upshifting
o e
after| TW AIT,tick) after] TWAITtick)
[speed <= down_th] [speed == up_th]
Tgear_state DNDWN] gear_state UF

Simulink Function
[down_th,up_th] = calc_th(gear throttle)
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In the chart, the during action in selection state contains a function call to calc_th, which is a
function that contains Simulink blocks.

This modeling method minimizes the objects in your model.

impeler mrgue
L Ti
Ne |— B = Ti
o R engine RPM
Engine "=
Tout L
P P Mowt output torgus
User |
ser Inputs Io{ zp==d E5i
— [::] ]‘ transmission
2] ¥ gear IsSion Spees
rans Speed
% Throttle J| throttle D J o
L
shift_logic vehick
*4 [
-

vehicle mph
[yelow)
& throtile 3

For more information, see “Improve Chart Design by Using Simulink Functions” on page 11-11.

Benefits of Using a Simulink Function to Schedule Execution of
Multiple Controllers

The sections that follow compare two ways of scheduling execution of multiple controllers.
Model Method Without Simulink Functions

You define each controller as a function-call subsystem block and use output events in a Stateflow
chart to schedule execution of the subsystems, as shown in the sf temporal logic_scheduler
model.
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}
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Model Method With Simulink Functions

You define each controller as a Simulink function in a Stateflow chart and use function calls to
schedule execution of the subsystems, as shown in the
sf temporal logic scheduler with sl fcns model.

Simulink Function
FastScheduler y=fl{u)

du: v=ul-y2;

on every(l,cally yl = fi(y);
on evenyZ2 cally: v2 = 20y1);
on every(d, cally. y3 = 30y2),

Simulink Fundicn
y=12(u)

after(100, call)

Lﬂﬁerﬂ 00,cally

Slows cheduler
du:y=ulwz;

on every(3,callk yl1 = fl{y);
on every(16,cally y2 = Birl);
on every(32 caly y3 = BH2);

Simulink Function
v =T}

This modeling method minimizes the objects in your model.
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See Also
More About
. “Benefits of Using a Simulink Function to Access Simulink Blocks” on page 11-35
. “Benefits of Using a Simulink Function to Schedule Execution of Multiple Controllers” on page
11-37

. “Schedule Execution of Multiple Controllers” on page 11-19
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* “Add Stateflow Data” on page 12-2

* “Set Data Properties” on page 12-5

* “Share Data with Simulink and the MATLAB Workspace” on page 12-19

* “Share Parameters with Simulink and the MATLAB Workspace” on page 12-21
* “Access Data Store Memory from a Chart” on page 12-23

» “Specify Type of Stateflow Data” on page 12-27

» “Specify Size of Stateflow Data” on page 12-33

* “Handle Integer Overflow for Chart Data” on page 12-36

* “Identify Data by Using Dot Notation” on page 12-39

* “Resolve Data Properties from Simulink Signal Objects” on page 12-43
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Add Stateflow Data

12-2

When you want to store values that are visible at a specific level of the Stateflow hierarchy, add data
to your chart.

Data defined in a Stateflow chart is visible by multiple Stateflow objects in the chart, including states,
transitions, MATLAB functions, and truth tables. To determine what data is used in a state or
transition, right-click the state or transition and select Explore. A context menu lists the names and
scopes of all resolved symbols in the state or transition. Selecting a symbol from the context menu
displays its properties in the Model Explorer. Selecting an output event from the context menu opens
the Simulink subsystem or Stateflow chart associated with the event.

Note Stateflow data is not available to Simulink functions within a Stateflow chart.

You can add data to a Stateflow chart by using the Symbols pane, the Stateflow Editor menu, or the
Model Explorer.

Add Data Through the Symbols Pane

In the Modeling tab, under Design Data, select Symbols Pane.

Click the Create Data icon s .
3 In the row for the new data, under TYPE, click the icon and choose:

* Input Data
* Local Data
* Qutput Data
* (Constant
* Data Store Memory
* Parameter
* Temporary
Edit the name of the data.
5 For input and output data, click the PORT field and choose a port number.

To specify properties for data, open the Property Inspector. In the Symbols pane, right-click the
row for the symbol and select Explore. For more information, see “Stateflow Data Properties” on
page 12-5.

Add Data by Using the Stateflow Editor Menu

1 In a Stateflow chart in a Simulink model, select the menu option corresponding to the scope of
the data that you want to add.

Scope Menu Option
Input In the Modeling tab, under Design Data, select Data Input.
Output In the Modeling tab, under Design Data, select Data Output.




Add Stateflow Data

Scope Menu Option

Local In the Modeling tab, under Design Data, select Local.
Constant In the Modeling tab, under Design Data, select Constant.
Parameter In the Modeling tab, under Design Data, select Parameter.
Data Store In the Modeling tab, under Design Data, select Data Store.
Memory

2 In the Data dialog box, specify data properties. For more information, see “Stateflow Data
Properties” on page 12-5.

Add Data Through the Model Explorer

To add machine or state-parented data to Stateflow charts in Simulink models, use the Model
Explorer:
1 In the Modeling tab, under Design Data, select Model Explorer.

2 In the Model Hierarchy pane, select the object in the Stateflow hierarchy where you want to
make the new data visible. The object that you select becomes the parent of the new data.

3 In the Model Explorer menu, select Add > Data. The new data with a default definition appears
in the Contents pane of the Model Explorer.

4 In the Data pane, specify the properties of the data. For more information, see “Stateflow Data
Properties” on page 12-5.

Best Practices for Using Data in Charts
Avoid Inheriting Output Data Properties from Simulink Blocks

Stateflow output data should not inherit properties from output signals, because the values back
propagate from Simulink blocks and can be unpredictable.

Restrict Use of Machine-Parented Data

Avoid using machine-parented data. The presence of machine-parented data in a model prevents
reuse of generated code and other code optimizations. This type of data is also incompatible with
many Simulink and Stateflow features.

For example, the following features do not support machine-parented data:

* Enumerated data

* Simulink functions

* Chart operating point

* Implicit change events

* Detection of unused data

» Parameters binding to a Simulink.Parameter object in the base workspace
* Model referencing (see “Model Reference Requirements and Limitations” )

* Use of code replacement libraries in code generated by Embedded Coder. For more information,
see “Code You Can Replace From Simulink Models” (Embedded Coder).
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* Code generation by Simulink PLC Coder™ software
* Analysis by Simulink Design Verifier software

To make Stateflow data accessible to other charts and blocks in a model, use data store memory. For
details, see “Access Data Store Memory from a Chart” on page 12-23.

See Also

More About

. “Set Data Properties” on page 12-5

. “Specify Type of Stateflow Data” on page 12-27

. “Manage Data, Events, and Messages in the Symbols Pane” on page 34-2
. “Resolve Undefined Symbols in Your Chart” on page 31-37
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Set Data Properties

When you create Stateflow charts in Simulink, you can specify data properties in either the Property
Inspector or the Model Explorer.

* To use the Property Inspector:

1 In the Modeling tab, under Design Data, select Symbols Pane and Property Inspector.
2 Inthe Symbols pane, select the data object.
3 In the Property Inspector pane, edit the data properties.

* To use the Model Explorer:

1 Inthe Modeling tab, under Design Data, select Model Explorer.
2 In the Contents pane, select the data object.

3 Inthe Message pane, edit the data properties.
Properties vary according to the scope and type of the data object. For many data properties, you can
enter expressions or parameter values. Using parameters to set properties for many data objects

simplifies maintenance of your model because you can update multiple properties by changing a
single parameter.

Stateflow Data Properties

You can set these data properties in:

* The main and Advanced sections of the Property Inspector.
* The General tab of the Model Explorer.

Name

Name of the data object. For more information, see “Rules for Naming Stateflow Objects” on page 2-
5.

Scope

Location where data resides in memory, relative to its parent.

Setting Description
Local Data defined in the current chart only.
Constant Read-only constant value that is visible to the parent Stateflow object and

its children.

Parameter Constant whose value is defined in the MATLAB base workspace or derived
from a Simulink block parameter that you define and initialize in the
parent masked subsystem. The Stateflow data object must have the same
name as the MATLAB variable or the Simulink parameter. For more
information, see “Share Parameters with Simulink and the MATLAB
Workspace” on page 12-21.
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Setting Description

Input Input argument to a function if the parent is a graphical function, truth
table, or MATLAB function. Otherwise, the Simulink model provides the
data to the chart through an input port on the Stateflow block. For more
information, see “Share Input and Output Data with Simulink” on page 12-
19.

Qutput Return value of a function if the parent is a graphical function, truth table,
or MATLAB function. Otherwise, the chart provides the data to the
Simulink model through an output port on the Stateflow block. For more
information, see “Share Input and Output Data with Simulink” on page 12-
19.

Data Store Memory |[Data object that binds to a Simulink data store, which is a signal that
functions like a global variable. All blocks in a model can access that
signal. This binding allows the chart to read and write to the Simulink data
store, sharing global data with the model. The Stateflow object must have
the same name as the Simulink data store. For more information, see
“Access Data Store Memory from a Chart” on page 12-23.

Temporary Data that persists during only the execution of a function. For C charts, you
can define temporary data only for a graphical function, truth table, or
MATLAB function.

Exported Data from the Simulink model that is made available to external code
defined in the Stateflow hierarchy. You can define exported data only for a
Stateflow machine.

Imported Data parented by the Simulink model that you define in external code
embedded in the Stateflow machine. You can define imported data only for
a Stateflow machine.

Port

Index of the port associated with the data object. This property applies only to input and output data.
See “Share Input and Output Data with Simulink” on page 12-19.

Update Method

Specifies whether a variable updates in discrete or continuous time. This property applies only when
the chart is configured for continuous-time simulation. See “Continuous-Time Modeling in Stateflow”
on page 25-2.

Data Must Resolve to Signal Object

Specifies that output or local data explicitly inherits properties from Simulink.Signal objects of
the same name in the MATLAB base workspace or the Simulink model workspace. The data can
inherit these properties:

» Size

* Complexity

* Type

e Unit

* Minimum value




Set Data Properties

* Maximum value

¢ [Initial value

* Storage class

* Sampling mode (for Truth Table block output data)

This option is available only when you set the model configuration parameter Signal resolution to a

value other than None. For more information, see “Resolve Data Properties from Simulink Signal
Objects” on page 12-43.

Size
Size of the data object. The size can be a scalar value or a MATLAB vector of values.

» To specify a scalar, set the Size property to 1 or leave the field blank.
* To specify an n-by-1 column vector, set the Size property to n.

* To specify a 1-by-n row vector, set the Size property to [1 n].

* To specify an n-by-m matrix, set the Size property to [n m].

» To specify an n-dimensional array, set the Size property to [d; d, - d,], where d, is the size of
the it*" dimension.

* To configure a Stateflow data object to inherit its size from the corresponding Simulink signal or
from its definition in the chart, specify a size of —1.

The scope of the data object determines what sizes you can specify. Stateflow data store memory
inherits all its properties, including its size, from the Simulink data store to which it is bound. For all
other scopes, size can be scalar, vector, or a matrix of n-dimensions. For more information, see
“Specify Size of Stateflow Data” on page 12-33.

You can specify data size through a MATLAB expression that evaluates to a valid size specification.
For more information, see “Specify Data Size by Using Expressions” on page 12-34 and “Specify

Data Properties by Using MATLAB Expressions” on page 12-16.

Variable Size

Specifies that the data object changes dimensions during simulation. This option is available for input
and output data only when you enable the chart property Support variable-size arrays. For more
information, see “Declare Variable-Size Data in Stateflow Charts” on page 22-2.

Complexity

Specifies whether the data object accepts complex values.

Setting Description

off Data object does not accept complex values.

On Data object accepts complex values.

Inherited Data object inherits the complexity setting from a Simulink block.

The default value is Of f. For more information, see “Complex Data in Stateflow Charts” on page 27-
2.
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First Index

Index of the first element of the data array. The first index can be any integer. The default value is 0.
This property is available only for C charts.

Type
Type of data object. To specify the data type:

* From the Type drop-down list, select a built-in type.
» In the Type field, enter an expression that evaluates to a data type. Use one of these expressions:
* Acall to the fixdt function to create a Simulink.NumericType object that describes a
fixed-point or floating-point data type. See “Specify Fixed-Point Data” on page 26-2.

* A call to the type operator to specify the type of previously defined data. See “Derive Data
Types from Other Data Objects” on page 12-30.

+ ASimulink.AliasType object that defines a data type alias in the MATLAB base workspace.
See “Specify Data Types by Using a Simulink Alias” on page 12-31.

For more information, see “Specify Data Properties by Using MATLAB Expressions” on page 12-
16.
Additionally, in the Model Explorer, you can open the Data Type Assistant by clicking the Show data

type assistant button _» | Specify a data Mode, and then specify the data type based on that
mode. For more information, see “Specify Type of Stateflow Data” on page 12-27.

Note If you enter an expression for a fixed-point data type, you must specify scaling explicitly. For
example, you cannot enter an incomplete specification such as fixdt(1,16) in the Type field. If you
do not specify scaling explicitly, an error appears when you try to simulate your model.

Lock Data Type Against Fixed-Point Tools

Prevents replacement of the current fixed-point type with an autoscaled type chosen by the Fixed-
Point Tool (Fixed-Point Designer). For more information, see “Autoscaling Using the Fixed-Point Tool”
(Fixed-Point Designer).

Unit (e.g., m, m/s”~2, N*m)

Specifies physical units for input and output data. For more information, see “Specify Units for
Stateflow Data” on page 28-17.

Initial Value

Initial value of the data object. The options for initializing values depend on the scope of the data
object.
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Scope Specify for Initial Value

Local Expression or parameter defined in the Stateflow hierarchy, MATLAB base
workspace, or Simulink masked subsystem. When you leave this option
blank, the local or output data resolves to a variable in the base workspace
with the same name. When you choose Parameter the data is tunable. If
you choose Expression the data is not tunable.

Constant Constant value or expression. The expression is evaluated when you update
the chart. The resulting value is used as a constant for running the chart.

Parameter You cannot enter a value. The chart inherits the initial value from the
parameter.

Input You cannot enter a value. The chart inherits the initial value from the

Simulink input signal on the designated port.

Output Expression or parameter defined in the Stateflow hierarchy, MATLAB base
workspace, or Simulink masked subsystem. When you leave this option
blank, the local or output data resolves to a variable in the base workspace
with the same name. When you choose Parameter the data is tunable. If
you choose Expression the data is not tunable.

Data Store Memory |You cannot enter a value. The chart inherits the initial value from the
Simulink data store to which it resolves.

If you do not specify a value, the default value for numeric data is 0. For enumerated data, the default
value typically is the first one listed in the enumeration section of the definition. You can specify a
different default enumerated value in the methods section of the definition. For more information,
see “Define Enumerated Data Types” on page 23-5.

You can specify an initial value through a MATLAB expression. For more information, see “Specify
Data Properties by Using MATLAB Expressions” on page 12-16.

Limit Range

Range of acceptable values for this data object. Stateflow charts use this range to validate the data
object during simulation.

* Minimum — The smallest value allowed for the data item during simulation. You can enter an
expression or parameter that evaluates to a numeric scalar value.

* Maximum — The largest value allowed for the data item during simulation. You can enter an
expression or parameter that evaluates to a numeric scalar value.

The smallest value that you can set for Minimum is - inf. The largest value that you can set for
Maximum is inf.

You can specify the minimum and maximum values through a MATLAB expression. For more
information, see “Specify Data Properties by Using MATLAB Expressions” on page 12-16.

Note A Simulink model uses the Limit range properties to calculate best-precision scaling for fixed-
point data types. Before you select Calculate Best-Precision Scaling, specify a minimum or
maximum value. For more information, see “Calculate Best-Precision Scaling” on page 12-12.
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Add to Watch Window

Enables watching the data values in the Stateflow Breakpoints and Watch window. For more
information, see “View Data in the Breakpoints and Watch Window” on page 33-11.

Fixed-Point Data Properties

In the Model Explorer, when you set the Data Type Assistant Mode to Fixed point, the Data Type

Assistant displays fields for specifying additional information about your fixed-point data.

- Data data ﬂ

General | Logging | Description |

MName: data

Scope: [ Local -

[T Data must resolve to signal object

SiFe:

Complexity: [DFF -

Type: fixdt(1,16,2~0,0) -

Data Type Assistant

Mode: Signedness: [Signed v] Word length: 16

Scaling: [Slﬂpe and bias *] Slope: 250
Bias: 0
Data type override: [lnherjt *] [Calculate Best-Precision Scaling

Fixed-point details

[ Lock data type against Fixed-Point tools

Initial value: [Emﬁssjm -
Limit range
Minimum: Maxirmum:

Add to Watch Window

[ OK ][ Cancel ][ Help Apply
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Signedness

Specifies whether the fixed-point data is Signed or Unsigned. Signed data can represent positive
and negative values. Unsigned data represents positive values only. The default setting is Signed.

Word Length

Specifies the bit size of the word that holds the quantized integer. Large word sizes represent large
values with greater precision than small word sizes. The default value is 16.

* Word length can be any integer from 0 through 128 for chart-level data of these scopes:

* Input
* Qutput
* Parameter
 Data Store Memory
» For other Stateflow data, word length can be any integer from 0 through 32.

You can specify the word length through a MATLAB expression. For more information, see “Specify
Data Properties by Using MATLAB Expressions” on page 12-16.

Scaling

Specifies the method for scaling your fixed-point data to avoid overflow conditions and minimize
quantization errors. The default method is Binary point scaling.

Setting Description

Binary point If you select this mode, the Data Type Assistant displays the Fraction
length field, which specifies the binary point location.

Fraction length can be any integer. The default value is 0. A positive
integer moves the binary point left of the rightmost bit by that amount. A
negative integer moves the binary point farther right of the rightmost bit.

| 16 bit binary ward

|

!
i
1
L

binary paint [fraction kength = E]"'f
binary point [fraction kngth = -2)

Slope and bias If you select this mode, the Data Type Assistant displays fields for entering
the Slope and Bias for the fixed-point encoding scheme.

Slope can be any positive real number. The default value is 1.0.
Bias can be any real number. The default value is 0.0.

You can enter slope and bias as expressions that contain parameters you
define in the MATLAB base workspace.

Whenever possible, use binary-point scaling to simplify the implementation of fixed-point data in
generated code. Operations with fixed-point data that use binary-point scaling are performed with
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simple bit shifts and eliminate expensive code implementations required for separate slope and bias
values. For more information about fixed-point scaling, see “Scaling” (Fixed-Point Designer).

You can specify Fraction length, Slope, and Bias through a MATLAB expression. For more
information, see “Specify Data Properties by Using MATLAB Expressions” on page 12-16.

Data Type Override

Specifies whether to inherit the data type override setting of the Fixed-Point Tool that applies to this
model. If the data does not inherit the model-wide setting, the specified data type applies.

Calculate Best-Precision Scaling

Specifies whether to calculate the best-precision values for Binary point and Slope and bias
scaling, based on the values in the Minimum and Maximum fields in the Limit range section.

To calculate best-precision scaling values:

1  Specify Limit range properties.
2 Click Calculate Best-Precision Scaling.

The best-precision scaling values are displayed in the Fraction length field or the Slope and Bias
fields. For more information, see “Maximize Precision” (Fixed-Point Designer).

Note The Limit range properties do not apply to Constant and Parameter scopes. For Constant,
Simulink software calculates the scaling values based on the Initial value setting. The software
cannot calculate best-precision scaling for data of Parameter scope.

Show Fixed-Point Details
Displays information about the fixed-point data type that is defined in the Data Type Assistant:

* Minimum and Maximum show the same values that appear in the corresponding Minimum and
Maximum fields in the Limit range section.

* Representable minimum, Representable maximum, and Precision show the minimum
value, maximum value, and precision that the fixed-point data type can represent.

If the value of a field cannot be determined without first compiling the model, the Fixed-point
details subpane shows the value as Unknown.
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, Data data CH)
General | Logging | Description |
Name: data
Scope: [Lﬂr.al -

["] Data must resolve to signal object

Sire:

Complexity: [Dﬁ

Type: fixdt(1,16,0)
Data Type Assistant

Mode: Signedness:

[Signed

- ] Word length: 16

Scaling:

[Einar'yr point

*] Fraction length: 0

Data type override: [lnherit

- | | Calculate Best-Precision Scaling

E  Fixed-point details

Representable maximum: 32767
Maximum: 10000
Minirmum: -20
Representable minimum: -32768
Precision: 1

["] Lock data type against Fixed-Point tools

Initial value: [Expressim

Limit range
Minimum: -20 Maximum: 10000
Add to Watch Window
E OK ] [ Cancel ] [ Help

| oo |

The values displayed by the Fixed-point details subpane do not automatically update if you change
the values that define the fixed-point data type. To update the values shown in the Fixed-point

details subpane, click Refresh Details.
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Clicking Refresh Details does not modify the model. It changes only the display. To apply the
displayed values, click Apply or OK.

The Fixed-point details subpane indicates any error resulting from the fixed-point data type
specification. For example, this figure shows two errors.

r Data data ﬁ

General | Logging | Description |

MNarme: data

Scope: [Lm'.al -

[C] Data must resalve to signal object

Size:

Complexity: [DFF -

Type: fixdt(1,16,0) -

Data Type Assistant

Mode: Signedness: [Signed vl Word length: 16

Scaling: [Binary point vl Fraction length: ©

Data type override: [lnherit - l Calculate Best-Precision Scaling

E Fixed-point details

Representable maximum: 32767
Ay Maximum: 50000  Outside representable range by 17233 (17233 x precision)
Ay Minimum: MySymbel  Cannct evaluate

Representable minimum: -32768

Precision: 1 Refresh Details

[C] Lock data type against Fixed-Point tools

Initial value: ’Expression -

Limit range

Minimum: MySymbol Maximum: 50000

Add to Watch Window

[ OK ][ Cancel H Help H Apply ]

The row labeled Maximum indicates that the value specified in the Maximum field of the Limit
range section is not representable by the fixed-point data type. To correct the error, make one of
these modifications so the fixed-point data type can represent the maximum value:
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* Decrease the value in the Maximum field of the Limit range section.
* Increase Word length.
* Decrease Fraction length.

The row labeled Minimum shows the error Cannot evaluate because evaluating the expression
MySymbol, specified in the Minimum field of the Limit range section, does not return a numeric
value. When an expression does not evaluate successfully, the Fixed-point details subpane shows
the unevaluated expression (truncating to 10 characters as needed) in place of the unavailable value.
To correct this error, define MySymbol in the base workspace to provide a numeric value. If you click
Refresh Details, the error indicator and description are removed and the value of MySymbol
appears in place of the unevaluated text.

Logging Properties

You can set logging properties for data in:

* The Logging section of the Property Inspector.
* The Logging tab of the Model Explorer.

Log Signal Data

Saves the data value to the MATLAB base workspace during simulation. For more information, see
“Log Simulation Output for States and Data” on page 33-45.

Test Point

Designates the data as a test point. A test point is a signal that you can observe in a Floating Scope
block in a model. Data objects can be test points if:

* Scope is Local.
» Parent is not a Stateflow machine.
* Data type is not ml.

For more information, see “Monitor Test Points in Stateflow Charts” on page 33-41.
Logging Name

Specifies the name associated with logged signal data. Simulink software uses the signal name as its
logging name by default. To specify a custom logging name, select Custom from the list box and enter
the new name in the adjacent edit field.

Limit Data Points to Last
Limits the amount of data logged to the most recent samples.
Decimation

Limits the amount of data logged by skipping samples. For example, a decimation factor of 2 saves
every other sample.

Additional Properties

You can set additional data properties in:
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» The Info tab of the Property Inspector.
* The Description tab of the Model Explorer.

Save Final Value to Base Workspace

Assigns the value of the data object to a variable of the same name in the MATLAB base workspace at
the end of simulation. This option is available only in the Model Explorer for C charts. For more
information, see “Model Workspaces”.

Units

Units of measurement associated with the data object. The unit in this field resides with the data
object in the Stateflow hierarchy. This property is available only in the Model Explorer for C charts.

Description
Description of the data object. You can enter brief descriptions of data in the hierarchy.
Document Link

Link to online documentation for the data object. You can enter a web URL address or a MATLAB
command that displays documentation in a suitable online format, such as an HTML file or text in the
MATLAB Command Window. When you click the Document link hyperlink, Stateflow evaluates the
link and displays the documentation.

Default Data Property Values

When you leave a property field blank, Stateflow assumes a default value.

Property Default Value
“Size” on page 12-7 -1 (inherited), for inputs, parameters, and function outputs

1 (scalar), for other data objects

“First Index” on page 12-8 0
“Initial Value” on page 12-8 0.0
“Limit Range” on |Minimum -inf
page 12-9
Maximum inf
“Fixed-Point Data |Word length 16
Properties” on
page 12-10
Fraction length |0
Slope 1.0
Bias 0.0

Specify Data Properties by Using MATLAB Expressions

In the Property Inspector and Model Explorer, you can enter MATLAB expressions as values for these
properties:
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» “Size” on page 12-7
* “Type” on page 12-8
* “Initial Value” on page 12-8
* “Limit Range” on page 12-9

¢ Minimum
* Maximum
* “Fixed-Point Data Properties” on page 12-10

* Word length

* Fraction length
* Slope

* Bias

* “Size” on page 12-7

* “Type” on page 12-8

+ “Initial Value” on page 12-8

» “Limit Range” on page 12-9: Minimum and Maximum

* “Fixed-Point Data Properties” on page 12-10: Word length, Fraction length, Slope, and Bias
Expressions can contain a mix of numeric values, constants, parameters, variables, arithmetic

operations, parameters, constants, arithmetic operators, and calls to MATLAB functions. For example,
you can use these functions to specify data properties.

Property Function Description
Size size Returns the size of a data object
fi Returns a fixed-point numeric object
Type type on page Returns the type of a data object
16-17
fixdt Returns a Simulink.NumericType object that describes a
fixed-point or floating-point data type
Minimum min Returns the smallest element or elements of an array
Maximum max Returns the largest element or elements of an array

For more information, see “Specify Data Size by Using Expressions” on page 12-34 and “Derive Data
Types from Other Data Objects” on page 12-30.

See Also
Simulink.AliasType | Simulink.NumericType | fi| fixdt |max |min | size

More About

. “Add Stateflow Data” on page 12-2

. “Rules for Naming Stateflow Objects” on page 2-5
. “Specify Type of Stateflow Data” on page 12-27
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. “Specify Size of Stateflow Data” on page 12-33
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Share Data with Simulink and the MATLAB Workspace

Stateflow charts interface with the other blocks in a Simulink model by:

* Sharing data through input and output connections.

* Importing initial data values from the MATLAB base workspace.

* Saving final data values to the MATLAB base workspace.

Charts also can access Simulink parameters and data stores. For more information, see “Share

Parameters with Simulink and the MATLAB Workspace” on page 12-21 and “Access Data Store
Memory from a Chart” on page 12-23.

Share Input and Output Data with Simulink

Data flows from Simulink into a Stateflow chart through input ports. Data flows from a Stateflow
chart into Simulink through output ports.

To define input or output data in a chart:

Add a data object to the chart, as described in “Add Stateflow Data” on page 12-2.
Set the Scope property for the data object.

* To define input data, set Scope to Input Data. An input port appears on the left side of the
chart block.

* To define output data, set Scope to Output Data. An output port appears on the right side of
the chart block.

By default, Port values appear in the order in which you add data objects. You can change these
assignments by modifying the Port property of the data. When you change the Port property for
an input or output data object, the Port values for the remaining input or output data objects
automatically renumber.

3  Set the data type of the data object, as described in “Specify Type of Stateflow Data” on page 12-
27.

4  Set the size of the data object, as described in “Specify Size of Stateflow Data” on page 12-33.

Note You cannot set the type or size of Stateflow input data to accept frame-based data from
Simulink.

Initialize Data from the MATLAB Base Workspace

You can import the initial value of a data symbol by defining it in the MATLAB base workspace and in
the Stateflow hierarchy.

1 Define and initialize a variable in the MATLAB base workspace.
2 In the Stateflow hierarchy, define a data object with the same name as the MATLAB variable.
3 Select the Allow initial value to resolve to a parameter property for the data object.

When the simulation starts, data resolution occurs. During this process, the Stateflow data object
gets its initial value from the associated MATLAB variable.
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One-dimensional Stateflow arrays are compatible with MATLAB row and column vectors of the same
size. For example, a Stateflow vector of size 5 is compatible with a MATLAB row vector of size [1,5]
or column vector of size [5, 1]. Each element of the Stateflow array initializes to the same value as
the corresponding element of the array in the MATLAB base workspace.

The time of initialization depends on the data parent and scope of the Stateflow data object.

Data Parent Scope Initialization Time
Machine Local, Exported Start of simulation
Imported Not applicable
Chart Input Not applicable
Output, Local Start of simulation or when chart

reinitializes as part of an enabled
Simulink subsystem

State with History Junction Local Start of simulation or when chart
reinitializes as part of an enabled
Simulink subsystem

State without History Junction Local State activation
Function (graphical, truth table, and Input, Output Function-call invocation
MATLAB functions) Local Start of simulation or when chart

reinitializes as part of an enabled
Simulink subsystem

Save Data to the MATLAB Base Workspace

At the end of simulation, a Stateflow chart that uses C as the action language can save the final value
of a data object to the MATLAB base workspace.
Open the Model Explorer. In the Modeling tab, select Model Explorer.
Double-click the data object in the Contents pane.
In the Description pane of the Data properties dialog box, select Save final value to base
workspace.

This option is available for data symbols of all scopes except Constant and Parameter.
See Also

More About

. “Add Stateflow Data” on page 12-2

. “Set Data Properties” on page 12-5

. “Share Parameters with Simulink and the MATLAB Workspace” on page 12-21
. “Access Data Store Memory from a Chart” on page 12-23
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Share Parameters with Simulink and the MATLAB Workspace

A parameter is a constant data object that you can:

* Define in the MATLAB base workspace.
* Derive from a Simulink block parameter that you define and initialize in a mask.

Use parameters to avoid hard-coding data values and properties. Share Simulink parameters with
charts to maintain consistency with your Simulink model.

You can access parameter values in multiple Stateflow objects in a chart such as states, MATLAB
functions, and truth tables. You can include parameters in expressions defining data properties such

as:
e Size
* Type

* Initial Value
¢  Minimum and Maximum

» Fixed-Point Data Properties

For more information, see “Specify Data Properties by Using MATLAB Expressions” on page 12-16

Initialize Parameters from the MATLAB Base Workspace

You can initialize a parameter by defining it in the MATLAB base workspace and in the Stateflow
hierarchy.

1 Define and initialize a variable in the MATLAB base workspace.

2  In the Stateflow hierarchy, define a data object with the same name as the MATLAB variable.
3  Set the scope of the Stateflow data object to Parameter.

When the simulation starts, data resolution occurs. During this process, the Stateflow parameter gets
its value from the associated MATLAB variable.

Share Simulink Parameters with Charts

You can share a parameter from a Simulink subsystem containing a Stateflow chart by creating a
mask for the subsystem.

1 In the Simulink mask editor for the parent subsystem, define and initialize a Simulink parameter.
2 In the Stateflow hierarchy, define a data object with the same name as the Simulink parameter.
3  Set the scope of the Stateflow data object to Parameter.

When the simulation starts, Simulink tries to resolve the Stateflow data object to a parameter at the

lowest-level masked subsystem. If unsuccessful, Simulink moves up the model hierarchy to resolve
the data object to a parameter at higher-level masked subsystems.
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See Also

More About

. “Create a Mask to Share Parameters with Simulink” on page 28-14
. “Add Stateflow Data” on page 12-2
. “Set Data Properties” on page 12-5
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Access Data Store Memory from a Chart

A Simulink model implements global variables as data stores, either as Data Store Memory blocks or
as instances of Simulink.Signal objects. You can use data stores to share data between multiple
Simulink blocks without explicit input or output connections to pass data from one block to another.
Stateflow charts share global data with Simulink models by reading from and writing to data store
memory symbolically.

= LTy 1]
.+++ U ) ¥
Sine Wave Scope
Chart
o ]
Scopel
myglobal
Data Staore
M emary

To access global data from a chart, bind a Stateflow data object to a Simulink data store. After you
create the binding, the Stateflow data object becomes a symbolic representation of the Simulink data
store memory. You can then use this symbolic object to store and retrieve global data.

Local and Global Data Store Memory

Stateflow charts can interface with local and global data stores.

* Local data stores are visible to all blocks in one model. To interact with a local data store, a chart
must reside in the model where you define the local data store. You can define a local data store
by adding a Data Store Memory block to a model or by creating a Simulink signal object.

* Global data stores have a broader scope that crosses model reference boundaries. To interact with
global data stores, a chart must reside in the top model where you define the global data store or
in a model that the top model references. You implement global data stores as Simulink signal
objects.

For more information, see “Local and Global Data Stores”.

Bind Stateflow Data to Data Stores

1 To define the Simulink data store memory, add a Data Store Memory block to your model or
create a Simulink signal object. For more information, see “Data Stores with Data Store Memory
Blocks” and “Data Stores with Signal Objects”.

Add a data object to the Stateflow chart, as described in “Add Stateflow Data” on page 12-2.

3  Set the Name property as the name of the Simulink data store memory to which you want to
bind the Stateflow data object.
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4 Set the Scope property to Data Store Memory.

The Stateflow data object inherits all additional properties from the data store memory to which you
bind the object.

Multiple local and global data stores with the same name can exist in the same model hierarchy. In
this situation, the Stateflow data object binds to the data store that is the nearest ancestor.

Store and Retrieve Global Data

After binding a Stateflow data object to a Simulink data store, you can store and retrieve global data
in state and transition actions. The data object acts as a global variable that you reference by its
symbolic name. When you store numeric values in this variable, you are writing to the Simulink data
store memory. When you retrieve numeric values from this variable, you are reading from the data
store memory.

For example, in this chart, the state actions read from and write to a Data Store Memory block called
myglobal.

®
|'.|
A
entry: myglobal = 0;
during:
myglobal = myglobal+1;
¥ = myglobal;
[ N
u<0]| |[u==0]
br]
B
entry: myglobal = 0O;
during:
myglobal—;
¥ = myglobal;

Best Practices for Using Data Stores
Data Store Properties in Charts

When you bind a Stateflow data object to a data store, the Stateflow object inherits all of its
properties from the data store. To ensure that properties propagate correctly, when you create the
Simulink data stores:

* Specify a data type other than auto.
* Minimize the use of automatic-mode properties.

Share Data Store Memory Across Multiple Models
To access a global data store from multiple models:

* Verify that your models do not contain any Data Store Memory blocks. You can include Data Store
Read and Data Store Write blocks.
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* Inthe MATLAB base workspace, create a Simulink.Signal object with these attributes:

* Set Data type to an explicit data type. The data type cannot be Auto.
* Fully specify Dimensions. The signal dimensions cannot be -1 or Inherited.
* Fully specify Complexity. The complexity cannot be Auto.
* Set Storage class to ExportedGlobal.
* In each chart that shares the data, bind a Stateflow data object to the Simulink data store.

Write to Data Store Memory Before Reading

To avoid algorithm latency, write to data store memory before reading from it. Otherwise, the read

actions retrieve the value that was stored in the previous time step, rather than the value computed

and stored in the current time step. When unconnected blocks share global data while running at

different rates:

» Segregate read actions into separate blocks from write actions.

* Assign priorities to blocks so that your model invokes write blocks before read blocks. For more
information, see “Control and Display Execution Order”.

To avoid situations when multiple reads and writes occur unintentionally in the same time step,
enable the Data Store Memory block diagnostics to:

* Detect Read Before Write

* Detect Write After Read

* Detect Write After Write

If you use a data store memory block as a persistent global storage area for accumulating values

across time steps, avoid unnecessary warnings by disabling the Data Store Memory block diagnostics.
For more information, see “Data Store Diagnostics”.

Block Parameters: Data Store Memory X

DataStoreMemory ~

Define a memory region for use by the Data Store Read and Data Store Write blocks. All
Read and Write blocks that are in the current (sub)system level or below and have the
same data store name will be able to read from or write to this block.

Main signal Attributes Diagnostics Logging

Detect Read Before Write: | none -
Detect Write After Read: none -
Detect Write After Write:  none -

2 (o] cm || e [ oy

See Also
Data Store Read | Data Store Write | Data Store Memory | Simulink.Signal

More About
. “Add Stateflow Data” on page 12-2
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. “Data Store Basics”

. “Model Global Data by Creating Data Stores”
. “Data Store Diagnostics”

. “Control and Display Execution Order”
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Specify Type of Stateflow Data

The term data type refers to how computers represent information in memory. The data type
determines the amount of storage allocated to data, the method of encoding a data value as a pattern
of binary digits, and the operations available for manipulating the data.

Specify Data Type by Using the Data Type Assistant

You can specify the type of a data object in either the Property Inspector or the Model Explorer. In the
Type field, select a type from the drop-down list or enter an expression that evaluates to a data type.
For more information, see “Set Data Properties” on page 12-5.

Alternatively, use the Data Type Assistant to specify a data Mode and select the data type based on
that mode:

1 In the Model Explorer, on the Data pane, click the Show data type assistant button L]

2  Select a Mode from the drop-down list. The list of available modes depends on the scope of the
data object.

Scope Modes

Local Inherit (available only in charts that use MATLAB as the action language), Built in,
Fixed point, Enumerated, Bus object, Expression

Constant Built in, Fixed point, Expression

Parameter Inherit, Built in, Fixed point, Enumerated, Bus object, Expression

Input Inherit, Built in, Fixed point, Enumerated, Bus object, Expression

Output Inherit, Built in, Fixed point, Enumerated, Bus object, Expression

Data Store Inherit

Memory

3  Specify additional information based on the mode. The Data Type Assistant populates the Type
field based on your specification.
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Mode

Data Types

Inherit

You cannot specify a data type. You inherit the data type based on the scope that you
select for the data object:

For charts that use MATLAB as the action language, if scope is Local, the data
infers its type from the context of the MATLAB code in the chart.

If the scope is Parameter, the data inherits its type from the associated parameter,
which you can define in the Simulink model or in the MATLAB base workspace. See
“Share Parameters with Simulink and the MATLAB Workspace” on page 12-21.

If the scope is Input, the data inherits its type from the Simulink input signal on
the designated input port. See “Share Input and Output Data with Simulink” on
page 12-19.

If the scope is Output, the data inherits its type from the Simulink output signal on
the designated output port. See “Share Input and Output Data with Simulink” on
page 12-19.

Note Avoid inheriting data types from output signals. See “Avoid Inheriting Output
Data Properties from Simulink Blocks” on page 12-3.

If the scope is Data Store Memory, the data inherits its type from the Simulink
data store to which you bind the data object. See “Access Data Store Memory from a
Chart” on page 12-23.

For more information, see “Inherit Data Types from Simulink Objects” on page 12-30.
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Mode

Data Types

Built in

Specify a data type from the drop-down list of supported data types:

doub'le: 64-bit double-precision floating point.
single: 32-bit single-precision floating point.

int64: 64-bit signed integer. int64 is a type alias for the fixed-point type
fixdt(1,64,0).

int32: 32-bit signed integer.
int16: 16-bit signed integer.
int8: 8-bit signed integer.

uint64: 64-bit unsigned integer. uint64 is a type alias for the fixed-point type
fixdt(0,64,0).

uint32: 32-bit unsigned integer.

uintl6: 16-bit unsigned integer.

uint8: 8-bit unsigned integer.

boolean: Boolean (1 = true; 0 = false).

ml: Typed internally with the MATLAB array mxArray. Supported only in charts
that use C as the action language. The ml data type provides Stateflow data with
the benefits of the MATLAB environment, including the ability to assign the
Stateflow data object to a MATLAB variable or pass it as an argument to a MATLAB
function. ml data cannot have a scope outside the Stateflow hierarchy. That is, it
cannot have a scope of Input or Qutput. For more information, see “ml Data Type”
on page 16-31.

string: String. Supported only in charts that use C as the action language. For
more information, see “Manage Textual Information by Using Strings” on page 24-
2.

Fixed point

Specify this information about the fixed-point data:

Signedness: Whether the data is signed or unsigned

Word Length: Bit size of the word that holds the quantized integer. Large word
sizes represent large values with greater precision than small word sizes. The
default value is 16.

Scaling: Method for scaling your fixed-point data to avoid overflow conditions and
minimize quantization errors. The default method is Binary point.

For information, see “Fixed-Point Data Properties” on page 12-10.

Enumerated Specify the class name for the enumerated data type. For more information, see
“Define Enumerated Data Types” on page 23-5.
Bus object Specify the name of a Simulink.Bus object to associate with the Stateflow bus object

structure. Click Edit to create or edit a bus object in the Bus Editor. You can also
inherit bus object properties from Simulink signals.
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Mode Data Types

Expression Specify an expression that evaluates to a data type. Use one of these expressions:

o A call to the fixdt function to create a Simulink.NumericType object that
describes a fixed-point or floating-point data type. See “Specify Fixed-Point Data” on
page 26-2.

* A call to the type operator to specify the type of previously defined data. See
“Derive Data Types from Other Data Objects” on page 12-30.

* ASimulink.AliasType object that defines a data type alias in the MATLAB base
workspace. See “Specify Data Types by Using a Simulink Alias” on page 12-31.

For more information, see “Specify Data Properties by Using MATLAB Expressions” on
page 12-16.

12-30

4 To save the data type settings, click Apply.

The Data Type Assistant is available only through the Model Explorer.

Inherit Data Types from Simulink Objects

When you select Inherit: Same as Simulink from the Type drop-down list, data objects of scope
Input, Output, Parameter, and Data Store Memory inherit their data types from Simulink
objects.

Scope Description

Input Inherits type from the Simulink input signal connected to corresponding
input port in chart.

Qutput Inherits type from the Simulink output signal connected to corresponding
output port in chart.

Avoid inheriting data types from output signals. Values that back-propagate
from Simulink blocks can be unpredictable.

Parameter Inherits type from the corresponding MATLAB base workspace variable or
Simulink parameter in a masked subsystem.

Data Store Memory |Inherits type from the corresponding Simulink data store.

To determine the data types that the objects inherit:

1  Build the Simulink model.
2  Open the Model Explorer.
3 Inthe Contents pane, examine the CompiledType column.

Derive Data Types from Other Data Objects

You can use the type operator to derive data types from other Stateflow data objects:
type(data obj)

For example, in the model sf bus_demo, the expression type (inbus) returns the data type of the
input structure inbus. Because inbus derives its type from the Simulink.Bus object COUNTERBUS,
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the data type of the local structure counterbus struct also derives its data type from

& Model Explorer - O X
= b & = =1 = = ==
EO 4 ECXK E G B E I
Model Hierarchy E Contents of: sf_bus_demo/Chart (only) Data counterbus_struct
v Simulink Root = i ipti
% ) Column View: |Stateflow | Show Details 5 of 8 object(s) 1{' General Logging ooy
[ Base Workspace Name: |munterbus_struct
™ sf_bus_demo Name Scope  Port Resolve Signal DataType Size 1 scope: = =
L5l Model Workspace (5] inbus Input 1 Bus: COUNTERBUS 1 O
o a — Data must resolve to signal object
@f Configurations |4#) outbus output 1 [] Bus: COUNTERBUS 1 N !
% onn . N —
|os) u2 Input 2 int32 -1 :
|s38) y2 Output 2 D int32 Complexity: |Off -
@ counterbus_struct Local 1 type(inbus) First index
Type: |type[inbus) V| )
[ Lock data type against Fixed-Point tools
Initial value: |Expression - l:l
Limit range
Add to Watch Window
hd > Revert Help Apply
Contents Search Results

After you build your model, the CompiledType column of the Model Explorer shows the type used in
the compiled simulation application.

Specify Data Types by Using a Simulink Alias

You can specify the type of Stateflow data by using a Simulink data type alias. For more information,
see Simulink.AliasType.

For example, suppose that you want to define a data type alias MyFloat that corresponds to the built-
in data type single. At the MATLAB command prompt, enter:

MyFloat = Simulink.AliasType;
MyFloat.BaseType = 'single';

To use this alias to specify the type of a data object, select the object in the Property Inspector or the
Model Explorer. In the Type field, enter the alias name MyFloat.

After you build your model, the CompiledType column of the Model Explorer shows the type used in
the compiled simulation application.

Strong Data Typing with Simulink Inputs and Outputs

By default, the Use Strong Data Typing with Simulink I/O chart property allows C charts to
interface directly with signals from Simulink models. The chart accepts only input signals whose data
type matches the type of the corresponding Stateflow data object. Otherwise, a type mismatch error
occurs. For example, by selecting Use Strong Data Typing with Simulink I/0, you can flag

12-31



12 Define Data

12-32

mismatches between input or output fixed-point data in charts and their counterparts in Simulink
models. For more information, see “Specify Properties for Stateflow Charts” on page 28-2.

If you clear the Use Strong Data Typing with Simulink I/O chart property, the chart converts
inputs signals of type double to the type of the corresponding input data object in the chart. The
chart converts output data objects to type double before exporting them as output signals to
Simulink models.

Note The Use Strong Data Typing with Simulink I/O chart property is provided for backward
compatibility. Clearing this check box can produce unpredictable results and is not recommended.

See Also
Simulink.AliasType | Simulink.NumericType | fixdt

More About

. “Set Data Properties” on page 12-5

. “Specify Properties for Stateflow Charts” on page 28-2
. “About Data Types in Simulink”
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Specify Size of Stateflow Data

In a Stateflow chart in a Simulink model, you specify the size of a data object by:

* Setting the Size property, as described in “Set Data Properties” on page 12-5. For more
information, see “Size” on page 12-7.

* Setting the Props.Array.Size property through the Stateflow API. For more information, see
“Stateflow.Data”.

Use one of these methods to specify the size:

* Inherit the size from a Simulink signal or from its definition in the Stateflow chart.
* Enter a numeric value.
* Enter a MATLAB expression.

Support for each sizing method depends on the scope of your data.

Scope of Data Method for Sizing Data
Inherit the Size Use Numeric Values |(Use MATLAB
Expressions
Local Only in charts that use |Yes Yes
MATLAB as the action
language
Constant No Yes Yes
Parameter Yes Yes Yes
Input Yes Yes Yes
Output Yes Yes Yes
Data store memory Yes No No

Inherit Data Size

To configure a Stateflow data object to inherit its size from the corresponding Simulink signal or its
definition in the chart, specify a size of —1. After you simulate or build your model, you can find the
inherited size of the data in the Model Explorer, under the Compiled Size column.

Note Charts cannot inherit data sizes from Simulink frame-based signals. For more information, see
“Sample- and Frame-Based Concepts” (DSP System Toolbox).

Specify Data Size by Using Numeric Values

When you specify data size by entering a numeric value, follow these guidelines:

» To specify a scalar, enter 1 or leave the field blank.
* To specify an n-by-1 column vector, enter n.

» To specify a 1-by-n row vector, enter [1 n].

» To specify an n-by-m matrix, enter [n m].
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 To specify an n-dimensional array, enter [d; d, - d,], where d; is the size of the i** dimension.

In charts that use C as the action language, one-dimensional Stateflow vectors are compatible with
Simulink row or column vectors of the same size. For example, a Stateflow input data of size 3 is
compatible with a Simulink row vector of size [1 3] or a column vector of size [3 1].

Specify Data Size by Using Expressions

You can specify data size by entering a MATLAB expression that evaluates to one of the size
specifications described in “Specify Data Size by Using Numeric Values” on page 12-33. These
guidelines also apply:

* Expressions can contain a mix of numeric values, constants, parameters, variables, arithmetic
operations, and calls to MATLAB functions.
» Expressions that specify the size of a dimension must evaluate to a positive integer value.

» If the expression contains an enumerated value, you must include the type prefix for consistency
with MATLAB naming rules. For example, Colors.Red is valid but Red is not. For more
information, see “Notation for Enumerated Values” on page 23-3.

* You cannot use a MATLAB expression to:

* Specify inherited data size. Do not use expressions that evaluate to - 1.

* Specify the size of Stateflow input data that accepts frame-based data from Simulink. For more
information, see “Sample- and Frame-Based Concepts” (DSP System Toolbox).

Examples of Valid Data Size Expressions

These examples are valid MATLAB expressions for specifying data size in your chart:

* K+3, where K is a chart-level Stateflow constant or parameter.
* N/2, where N is a variable in the MATLAB base workspace.

* [P Q], where P and Q are Simulink parameters. Charts that use C as the action language
propagate these symbolic dimensions throughout the model. See “Propagate Symbolic Dimensions
of Stateflow Data” on page 12-35.

+ 2*Colors.Red, where Red is an enumerated value of type Colors.

* size(u), where uis a chart-level variable. The function size enables you to specify the size of
one data object based on the size of another data object. This type of expression is useful in a
library chart that you reuse with data of different sizes. In other situations, you can improve the
clarity of your chart by avoiding the size function and specifying the size of the data directly.

e [fi(2,1,16,2) fi(4,1,16,2)]. This expression specifies a data size of [2 4] by calling the
function fi. This function returns signed fixed-point numbers with a word length of 16 and a
fraction length of 2.

Avoid Variables That Can Lead to Naming Conflicts

When a model contains multiple variables with identical names, the variable with the highest priority
is used to specify size.

Priority Variable

1 Mask parameter
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Priority Variable

2 Model workspace variable

3 MATLAB base workspace variable
4 Stateflow data

To avoid confusion, do not specify data size by using a variable name that you define in multiple levels
of your model.

Propagate Symbolic Dimensions of Stateflow Data

When you select the model configuration parameter Allow symbolic dimension specification,
charts that use C as the action language can propagate the symbolic dimensions of Stateflow data
throughout the model. If you have Embedded Coder, the symbolic dimensions go into the generated
code for ERT targets. Specify the size of the symbolic dimensions by using Simulink parameters with
one of these storage classes:

* Define or ImportedDefine with a specified header file

* CompilerFlag

* A user-defined custom storage class that defines data as a macro in a specified header file

For more information, see “Allow symbolic dimension specification” and “Implement Dimension
Variants for Array Sizes in Generated Code” (Embedded Coder).

Stateflow charts that use MATLAB as the action language do not support symbolic dimension
propagation. To specify data size by using Simulink parameters, clear the Allow symbolic
dimension specification check box.

See Also
fi|size

More About

. “Vectors and Matrices in Stateflow Charts” on page 21-2

. “Stateflow Data Properties” on page 12-5

. “Properties and Methods Sorted by Stateflow Object”

. “Reference Values by Name by Using Enumerated Data” on page 23-2
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Handle Integer Overflow for Chart Data

When Integer Overflow Can Occur

For some arithmetic operations, a processor may need to take an n-bit fixed-point value and store it in
m bits, where m # n. If m < n, the reduced range of the value can cause an overflow for an arithmetic
operation. Some processors identify this overflow as Inf or NaN. Other processors, especially digital
signal processors (DSPs), handle overflows by saturating or wrapping the value.

For more information about saturation and wrapping for integer overflow, see “Saturation and

Wrapping” (Fixed-Point Designer).

Support for Handling Integer Overflow in Charts

For Stateflow charts in Simulink models, you can control whether or not saturation occurs for integer
overflow. Use the chart property, Saturate on integer overflow, to control overflow handling.

Chart: Chart

Co)

General | Fixed-point properties | Documentation |

Mame:  Chart
Machine: (machine) untitled
Action Language: ’MATLAB v]

State Machine Type: [Classic v]

Update method: Sample Time:

User specified state/transition execution order

Export Chart Level Functions
[T Execute (enter) Chart At Initialization
[T] Initialize Outputs Every Time Chart Wakes Up
[C] Enable Super Step Semantics
Support variable-size arrays
Saturate on integer overflow

Create output for monitoring: | Child activity

[ ok

H Cancel H Help ] Apply

Check Box

When to Use This Setting |Overflow Handling

Example of the Result

Selected

Overflow is possible for data
in your chart and you want

in the generated code. represent.

Overflows saturate to either
the minimum or maximum
explicit saturation protection |value that the data type can

An overflow associated with a
signed 8-bit integer saturates
to -128 or +127 in the
generated code.
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Check Box When to Use This Setting |Overflow Handling Example of the Result
Cleared You want to optimize The handling of overflows The number 130 does not fit
efficiency of the generated depends on the C compiler in a signed 8-bit integer and
code. that you use for generating wraps to -126 in the
code. generated code.

Arithmetic operations for which you can enable saturation protection are:

* Unary minus: -a
* Binary operations:a + b,a-b,a * b,a / b,a "~ b
* Assignment operations: a += b,a-=b,a *= b,a /= b

* In C charts, increment and decrement operations: ++, - -
When you select Saturate on integer overflow, be aware that:

» Saturation applies to all intermediate operations, not just the output or final result.

* The code generator can detect some cases when overflow is not possible. In these cases, the
generated code does not include saturation protection.

To determine whether clearing the Saturate on integer overflow check box is a safe option,
perform a careful analysis of your logic, including simulation if necessary. If saturation is necessary in
only some sections of the logic, encapsulate that logic in atomic subcharts or MATLAB functions and
define a different set of saturation settings for those units.

Effect of Integer Promotion Rules on Saturation

Charts use ANSI® C rules for integer promotion.

» All arithmetic operations use a data type that has the same word length as the target word size.
Therefore, the intermediate data type in a chained arithmetic operation can be different from the
data type of the operands or the final result.

» For operands with integer types smaller than the target word size, promotion to a larger type of
the same word length as the target size occurs. This implicit cast occurs before any arithmetic
operations take place.

For example, when the target word size is 32 bits, an implicit cast to int32 occurs for operands
with a type of uint8, uint16, int8, or int16 before any arithmetic operations occur.

Suppose that you have the following expression, where y, ul, u2, and u3 are of uint8 type:
y = (ul + u2) - u3;

Based on integer promotion rules, that expression is equivalent to the following statements:
uint8 T ul, u2, u3, vy;

int32 T tmp, result;

tmp = (int32_T) ul + (int32 T) u2;

result = tmp - (int32 T) u3;

y = (uint8 T) result;

For each calculation, the following data types and saturation limits apply.
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Calculation Data Type Saturation Limits

tmp int32 (MIN_INT32, MAX INT32)
result int32 (MIN INT32, MAX INT32)
y uint8 (MIN UINT8, MAX UINTS8)

Suppose that ul, u2, and u3 are equal to 200. Because the saturation limits depend on the
intermediate data types and not the operand types, you get the following values:

* tmp is 400.

* resultis 200.

e yis200.

Impact of Saturation on Error Checks

Suppose that you set Wrap on overflow in the Diagnostics: Data Validity pane of the Model
Configuration Parameters dialog box to error or warning. When you select Saturate on integer
overflow, Stateflow does not flag cases of integer overflow during simulation. However, Stateflow
continues to flag the following situations:

* Out-of-range data violations based on minimum and maximum range checks

+ Division-by-zero operations
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Identify Data by Using Dot Notation

To specify the path from the parent state to a data object, a qualified data name uses dot notation.
Dot notation is a way to identify data at a specific level of the Stateflow chart hierarchy. The first part
of a qualified data name identifies the parent object. Subsequent parts identify the children along a
hierarchical path.

For example, in this chart, the symbol data resides in the substate aa of the state a. The state and
transition actions use qualified data names to refer to this symbol.

* In the default transition, the action uses the qualified data name a.aa.data to specify a path
from the chart to the top-level state a, to the substate aa, and finally to data.

* In state a, the entry action uses the qualified data name aa.data to specify a path from the
substate aa to data.

* Instate b, the entry action uses the qualified data name a.aa.data to specify a path from the
chart to the state a, to the substate aa, and then to data.

T{}' = a.aa data}
i
a

en: y+=aa.data, = en: a.aadata+=1;
aa.data+=1;

Resolution of Qualified Data Names

During simulation, Stateflow resolves the qualified data name by performing a localized search of the
chart hierarchy for a matching data object. The search begins at the hierarchy level where the
qualified data name appears:

» For a state action, the starting point is the state containing the action.

» For a transition label, the starting point is the parent of the transition source.

The resolution process searches each level of the chart hierarchy for a path to the data. If a data
object matches the path, the process adds that data object to the list of possible matches. Then, the
process continues the search one level higher in the hierarchy. The resolution process stops after it
searches the chart level of the hierarchy. If a unique match exists, the qualified data name resolves to

the matching path. Otherwise, the resolution process fails. Simulation stops, and you see an error
message.

This flow chart illustrates the different stages in the process for resolving qualified data names.

12-39



12 Define Data

12-40

Determine
starting point
of thesearch.

Search level

of hierarchy

for data that
matches
the path.

Is there Add data
data that to list of
matches matches.

the path?

Successful

Has the search Was a

resolution
teached the unique match for qualified
chart level? found? data name.
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Best Practices for Using Dot Notation

Resolving qualified data names:

* Does not perform an exhaustive search of all data.
* Does not stop after finding the first match.

To improve the chances of finding a unique search result when resolving qualified data names:
* Use specific paths in qualified data names.

* Give states unique names.

» Use states and boxes as enclosures to limit the scope of the path resolution search.
Examples of Qualified Data Name Resolution

Search Produces No Matches

In this chart, the entry action in state b contains the qualified data name aa.data. If the symbol
data resides in state aa, then Stateflow cannot resolve the qualified data name.
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= €n: a.aa.data+=1;

This table lists the different stages in the resolution process for the qualified data name aa.data.

Stage Description Result
1 Starting in state b, search for an object aa that contains |No match found.
data.
2 Move up to the next level of the hierarchy (the chart No match found.
level). Search for an object aa that contains data.

The search ends at the chart level with no match found for aa.data, resulting in an error.

To avoid this error, in the entry action of state b, specify the data with the more specific qualified data
name a.aa.data.

Search Produces Multiple Matches
In this chart, the entry action in state a contains two instances of the qualified data name aa.data. If

both states named aa contain a data object named data, then Stateflow cannot resolve the qualified
data name.

a

en: y+=aa data,
aa.data+=1;

This table lists the different stages in the resolution process for the qualified data name aa.data.

Stage Description Result

1 Starting in state a, search for an object aa that contains |Match found.
data.

2 Move up to the next level of the hierarchy (the chart Match found.
level). Search for an object aa that contains data.

The search ends at the chart level with two matches found for aa.data, resulting in an error.

To avoid this error:
* Use a more specific qualified data name. For instance:

+ To specify the data object in the substate of state a, use the qualified data name a.aa.data.
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+ To specify the data object in the top-level state aa, use the qualified data name /aa.data.
* Rename one of the states containing data.

* Enclose the top-level state aa in a box or in another state. Adding an enclosure prevents the
search process from detecting data in the top-level state.

Enclosure
I
a b
en: y+=aa.data, =y
aa.data+=1;
SN ) o | ,

See Also

More About

. “State Action Types” on page 16-2
. “Transition Action Types” on page 16-7
. “State Hierarchy” on page 2-14
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Resolve Data Properties from Simulink Signal Objects

Stateflow® local and output data in charts can explicitly inherit properties from Simulink.Signal
objects in the model workspace or base workspace. This process is called signal resolution and
requires that the resolved signal have the same name as the chart output or local data.

For information about Simulink® signal resolution, see “Symbol Resolution” and “Symbol Resolution
Process”.

Inherited Properties
When Stateflow local or output data resolve to Simulink signal objects, they inherit these properties:

» Size

* Complexity

* Type

* Minimum value
* Maximum value
 Initial value

* Storage class

Storage class controls the appearance of chart data in the generated code. See “Organize Parameter
Data into a Structure by Using Struct Storage Class” (Embedded Coder).

Enable Signal Resolution
To enable explicit signal resolution, follow these steps:
1 Set Configuration Parameters > Diagnostics > Data Validity > Signal resolution to a value

other than None. For more information about the other options, see “Signal resolution”.

2 In the model workspace, base workspace, or data dictionary, define a Simulink.Signal object
with the properties you want your Stateflow data to inherit. For more information about creating
Simulink signals, see Simulink.Signal.

3 Add output or local data to a chart.
Enter a name for your data that matches the name of the Simulink.Signal object.

5 In the data properties, select the Data must resolve to signal object check box. After you
select this check box, the dialog box removes or dims the properties that your data inherits from
the signal.

A Simple Example

This model shows how a chart resolves local and output data to Simulink.Signal objects.
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Resolve Signal Object
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In the base workspace, there are three Simulink.Signal objects, each with a different set of

properties.

* vy1 has these properties: Type
default.

* y2 has these properties: Type

double, Dimensions = 1, and Storage Class = Model

uint32, Dimensions = [2 2], and Storage Class = Auto.

* local has these properties: Type = single, Dimensions = 1, and Storage Class =

ExportedGlobal.

The chart contains three data objects — two outputs and a local variable — that will resolve to a

signal with the same name.
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}ﬁ muink oo Column View:  Stateflow ~ | Show Details 3 of 5 object(s’ T General Logging Do
E Base Workspace Name: |Y1
v sf_resolve_signal_object® Mame Scope Port Resolve Signal DataType Size Initialvalue CompiledType CompiledSize
EJ del Work . Scope: QOutput | Port: |1 <
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[} 2 — | Data must resolve to signal object
{3 Configuration (Active) W)y output 1 [v] Ig )
Embedded Coder Dictiona = Size
ﬂ o [sie) y2 Output 2 Size
|=¥| Simulink Design Verifier results -
B . Complexity: |Off
?ﬂ Signal Object Chart
First index
Initial value: |Not Needed l:l
Add to Watch Window
S 2 Revert Help Apply
Contents Search Results

When you build the model, each data object inherits the properties of the identically named signal.
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The generated code declares the data based on the storage class that the data inherits from the
associated Simulink signal. For example, the header file below declares local to be an exported global

variable:

Exported States

global storage class designation.

*
*
* Note: Exported states are block states with an exported
*
*

extern real32 T local;

See Also

Simulink.Signal

More About

. “Symbol Resolution”
. “Organize Parameter Data into a Structure by Using Struct Storage Class” (Embedded Coder)

/* '<Root>/Signal Object Chart' */
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* “Monitor State Activity Through Active State Data” on page 13-2

» “Simplify Stateflow Charts by Incorporating Active State Output” on page 13-7
* “View State Activity by Using the Simulation Data Inspector” on page 13-11

* “View Stateflow States in the Logic Analyzer” on page 13-14

* “Check State Activity by Using the in Operator” on page 13-17

* “Model An Intersection Of One-Way Streets” on page 13-23
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Monitor State Activity Through Active State Data

Active state data can simplify the design of some Stateflow charts because you do not have to
maintain data that is highly correlated to the chart hierarchy. When you enable active state data,
Stateflow reports state activity through an output port to Simulink or as local data in your chart.
Using active state data, you can:

* Avoid manual data updates reflecting chart activity.

» View chart activity by using a scope, the Simulation Data Inspector, or the Logic Analyzer.

* Log chart activity for diagnostics.

* Drive other Simulink subsystems.

Types of Active State Data

When you enable active state data, Stateflow creates a Boolean or enumerated data object to match
the activity type.

13-2

Activity Type Active State Data Type Description

Self activity Boolean Is the state active?

Child activity Enumeration Which child is active?
Leaf state activity Enumeration Which leaf state is active?

For self-activity of a chart or state, the data value is true when active and false when inactive. For
child and leaf state activity, the data is an enumerated type. Stateflow can define the enumeration
class or you can create the definition manually. For more information, see “Define State Activity
Enumeration Type” on page 13-3.

You can enable active state data for a Stateflow chart, state, state transition table, or atomic
subchart. This table lists the activity types supported by each kind of Stateflow object.

Stateflow Object Self-Activity Child Activity Leaf State Activity

Charts Not supported Supported Supported

States with exclusive Supported Supported Supported

(OR) decomposition

States with parallel Supported Not supported Not supported

(AND) decomposition

Atomic subcharts Supported at the Supported inside the Supported inside the
container level subchart subchart

State transition tables |Not supported Supported Supported

Enable Active State Data
You can enable active state data in either the Property Inspector or the Model Explorer.
* Property Inspector

1 To open the Property Inspector, in the Modeling tab, click Property Inspector.
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2 In the Stateflow Editor canvas, select the Stateflow object to monitor.

3 In the Monitoring section of the Property Inspector, select the Create output for
monitoring check box and edit the active state data properties.

* Model Explorer

1 To open the Model Explorer, in the Modeling tab, click Model Explorer.
2 In the Model Hierarchy pane, double-click the Stateflow object to monitor.

3 In the Stateflow object pane, select the Create output for monitoring check box and edit
the active state data properties.

Active State Data Properties
Activity Type
Type of state activity to monitor. Choose from these options:

o Self activity
* Child activity
*+ Leaf state activity

Data Name

Name of the active state data object. For more information, see “Rules for Naming Stateflow Objects”
on page 2-5.

Enum Name

Name of the enumerated data type for the active state data object. This property applies only to child
and leaf state activity.

Define Enumerated Type Manually

Specifies whether you define the enumerated data type manually. This property applies only to child
and leaf state activity. For more information, see “Define State Activity Enumeration Type” on page
13-3.

Set Scope for Active State Data

By default, active state data has a scope of Output. Stateflow creates an output port on the chart
block in the Simulink model.

To access active state data inside a Stateflow chart, change the scope to Local in the Symbols pane
or in the Model Explorer. For more information, see “Set Data Properties” on page 12-5.

You can specify information for code generation by binding the local active state data to a
Simulink.Signal object. Modify the properties of the object through the CoderInfo property. For
more information, see Simulink.CoderInfo.

Define State Activity Enumeration Type

By default, Stateflow defines the enumeration data type for child and leaf activity. If you select the
Define enumerated type manually check box and no enumeration data type definition exists, then
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13-4

Stateflow provides a link to create a definition. Clicking the Create enum definition from template
link generates a customizable definition.

gear_state

Properties Inifi

Execution order 1 - ]

* Monitoring

Create output for menitoring Child activity - I
Data name gear
Enum name gearType

Define enumerated type manually

Create enum definition from template

The enumeration data type definition contains one literal for each state name plus an extra literal to
indicate that no substate is active. For example, in the model sf car, the state gear state
contains four child states that correspond to the gears in a car: first, second, third, fourth. The
model specifies the child activity data type with this enumeration class definition:

classdef gearType < Simulink.IntEnumType
enumeration
None(0),
first(1l),
second(2)
third(3),
fourth(4)

’

end
end
For more information, see “Define Enumerated Data Types” on page 23-5.

The base storage type for automatically created enumerations defaults to Native Integer. For a
smaller memory footprint, in the Optimization pane of the Configuration Parameters dialog box,
change the value of the Base storage type for automatically created enumerations field. For
more information, see “Base storage type for automatically created enumerations” (Simulink Coder).

State Activity and Parallel States

In states with parallel (AND) decomposition, child activity and leaf state activity are not available
because the parallel substates are active simultaneously.

When you enable leaf state activity in a chart or state, a substate with parallel (AND) decomposition
is treated as a leaf state. For example, suppose that you enable leaf state activity for this chart.
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Because state B has parallel decomposition, its substates B1 and B2 are active simultaneously so B is
treated as a leaf state of the chart.
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During simulation, a scope connected to the active state output data shows the enumerated values for
the leaf states Al, A2, and B.

é

File Tools View Simulation Help b

@- 0P =-a- - FA-

Ready Sample based T=10.000

Limitations for Active State Data

* Enabling child activity output for states that have no children results in an error at compilation
and run time.

* You cannot enable child or leaf state activity in charts or states with parallel decomposition. To
check state activity in substates of parallel states, use the in operator. For more information, see
“Check State Activity by Using the in Operator” on page 13-17.
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» Active state data is not supported in charts that use classic or Mealy semantics when the chart
property Initialize outputs every time chart wakes up is enabled. For more information, see
“Initialize outputs every time chart wakes up” on page 28-5.

See Also
Simulink.Signal | Simulink.CoderInfo

More About

. “Simplify Stateflow Charts by Incorporating Active State Output” on page 13-7
. “View State Activity by Using the Simulation Data Inspector” on page 13-11

. “Check State Activity by Using the in Operator” on page 13-17

. “Rules for Naming Stateflow Objects” on page 2-5

. “Define State Activity Enumeration Type” on page 13-3

. “Base storage type for automatically created enumerations” (Simulink Coder)
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Simplify Stateflow Charts by Incorporating Active State Output

Active state data can simplify the design of some Stateflow® charts because you do not have to
maintain data that is highly correlated to the chart hierarchy. When you enable active state data,
Stateflow reports state activity through an output port to Simulink® or as local data in your chart.
This example shows how to simplify the design of a Stateflow chart by adding active state output
data. For more information, see “Monitor State Activity Through Active State Data” on page 13-2.

In the legacy model old sf car, the Stateflow chart shift logic tracks child state activity in
gear_ state by updating the value of the output data gear.

] J fourth
- —1 eniry: gear = 4;

By incorporating active state data, the model sf car avoids manual data updates reflecting chart
activity. Instead, the chart outputs child state activity automatically through the active state output
gear.

‘gear_state

I
i
i
i
i
i
i
i
i
i
i

gear_state

I
1
n 1 | n |
! = first second A _| third ] - fourth
E 3 + 2
o D
: v
1

Modify the Model

To simplify the design of the old sf car model, eliminate data that is highly correlated to the chart
hierarchy and enable automatic monitoring of child state activity in gear state.

Step 1: Eliminate Manual Tracking of State Activity

1 Inthe model old sf car, open the chart shift logic.
2 Open the Symbols pane. In the Modeling tab, select Symbols Pane.

3 Ineach substate of gear state, delete the entry action assigning a value to the output data
variable gear.

4 In the Symbols pane, right-click the output variable gear and select Delete.

Step 2: Enable Active State Output

1  Open the Property Inspector. In the Modeling tab, select Property Inspector.
2 In the Stateflow Editor, select the state gear state.

3 In the Property Inspector, select the Create output for monitoring check box and choose
Child activity.

4 Inthe Data name field, enter the name gear of the active state data.

In the Enum name field, enter the name gearType of the enumeration data type for the active
state data.
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gear_state

Properties Info

Execution order 1

* Monitoring

Create gutput for monitoring
Data name gear

Enum name gearType

|:| Define enumerated type manually

Step 3: Connect Signal to Simulink Blocks

Chilld activity - |

1 In the Simulink model, add a Cast To Double block. This block converts the enumerated output
from the Stateflow chart to a signal of type double. For more information, see Data Type

Conversion.

Connect the output signal gear from the shift logic chart to the Cast To Double block.
Connect the output signal from the Cast To Double block to the Transmission subsystem.
Add a Memory block. This block prevents an algebraic loop between the Stateflow chart and the

Threshold Calculation subsystem.

5 Make a second connection from the output signal from the Cast To Double block to the Memory

block.

Connect the output of the Memory block to the Threshold Calculation subsystem.



Simplify Stateflow Charts by Incorporating Active State Output

impeller torgus
»lTi

e -+ = Me

T
P r— | engine RPM
Engine D L=

e Nout Tout

h

1]

User Inputs

output borque

Passing_Manesuver
Erake —

o
o
@ Throttle

daubia viehicle

transmission spesd

B vehicle
spesd
— wehicle mph
A - {yallow)
hrashold Caleculation & t};'ﬂ'tlé ',__0

>
I
o[ )
I

View Simulation Results

The output signal gear is an enumerated type managed by Stateflow. You can view the active state
output signal gear during simulation by connecting the chart to a Scope block. The names of the
enumerated values match the names of the substates in gear state. The additional enumerated
value of None indicates time steps when no child is active.
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See Also
Data Type Conversion | Memory

More About

. “Monitor State Activity Through Active State Data” on page 13-2
. “View State Activity by Using the Simulation Data Inspector” on page 13-11
. “Manage Data, Events, and Messages in the Symbols Pane” on page 34-2
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View State Activity by Using the Simulation Data Inspector

You can use the Simulation Data Inspector to log state activity and data for your Stateflow chart in a
Simulink model. With the Simulation Data Inspector, you can view and compare:

Data from your chart
Leaf chart activity
Child chart activity
Child state activity
Self state activity
Leaf state activity

Log to the Simulation Data Inspector from Stateflow

In this exercise, you use the Simulation Data Inspector to monitor the active state outputs for the
Stateflow chart in the model s _car.

To log a signal with the Simulation Data Inspector, highlight the signal line that you want to log.
Right-click the gear signal and choose Log Selected Signals from the context menu. A logging
badge appears next to the gear signal, indicating that the data from that signal is logged when the
model is run.

W engine RPM ;
7

Engine

M

gear

¥

shift_logic

The logging badge marks logged signals in the model.

To log the active state data from gear state:

1
2
3

Open the Stateflow chart.
To select gear state, click gear state.
On the Simulink Editor toolbar, in the Simulation tab, click Log Child Activity.
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After running one or more simulations with signals marked for logging, click Simulation Data
Inspector button @ on the Simulink editor toolbar and view your data. Multiple runs show up in

the Inspect pane and can be viewed together. To choose which signals you want to plot, use the
check boxes next to the signal names.
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More About

. “Monitor State Activity Through Active State Data” on page 13-2
. “Simplify Stateflow Charts by Incorporating Active State Output” on page 13-7

. Simulation Data Inspector
. “Inspect Simulation Data”
. “Compare Simulation Data”
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View Stateflow States in the Logic Analyzer

Use the Logic Analyzer app to visualize and measure transitions and states over time. With the
Logic Analyzer, you can visualize:

Leaf chart activity
Child chart activity
Child state activity
Self state activity
Leaf state activity

The Logic Analyzer allows you to measure the output over time and add triggers to identify the
output values at specified events.

Note To use the Logic Analyzer, you must have DSP System Toolbox™ or SoC Blockset™ license.

To follow along with this tutorial, open the sf car model. In this model, you can visualize the
behavior of the engine, the gear state, and the vehicle speed.
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Add Signals and States for Logging

Copyright 1997-2016 The MathWorks, Inc.

To view a signal in the Logic Analyzer, you must mark the signal or state for logging.

1 Openthe shift logic chart.

2 Select the gear logic state.

3  On the toolbar, in the Simulation tab, click Log Child Activity.
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matlab:sf_car

View Stateflow States in the Logic Analyzer

[=]
—
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Leg Child
Activity

You will see the logging badge - in the corner of the state.

4 Return to the Simulink canvas. Click on the vehicle speed signal, and in the signal tab, select
the Log Signals button.

Signals

5 Repeat step 4 for the transmission speed and Engine RPM signals.

You will see the logging badge above these signals.

View Logged Output in Logic Analyzer

1 In Simulink, on the Simulation tab, open the Review Results app library and select the Logic

52
Logic

A rrar
Analyzer, “n2ze

2 To run the simulation, in the Logic Analyzer window, select the Run button.

L3 = d @& & g aam 4 @ P Q @
Add Add Add  Previous Mext M 2, [#] Stepping FRun Step Find Settings
Divider Group Cursor Transition Transition Options Forward =

EDIT CURSORS ZOOM & PAN SIMULATE FIND = GLOBAL

Engine 4041.1590

Cursor 1

3 Drag the yellow cursor to different points in the output to see the different signal values. You can
see the reaction of the engine RPMs as the car gears change.
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See Also
Logic Analyzer

More About

. “Log Simulation Output for States and Data” on page 33-45
. “View State Activity by Using the Simulation Data Inspector” on page 13-11
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Check State Activity by Using the in Operator

In a Stateflow chart with parallel state decomposition, substates can be active at the same time. To
coordinate the behavior of different parallel states, one state can check the substate activity of
another state and react accordingly. For example, one state can keep its substates synchronized with
the substates of the other state.

The in Operator

To check if a state is active in a given time step, call the in operator in state and transition actions.
The in operator takes a qualified state name state name and returns a Boolean output. If state

state name is active, in returns a value of 1 (true). Otherwise, in returns a value of 0 (false).
in(state _name)

For example, in this chart, Fan and Heater are parallel (AND) states. Each state has a pair of
substates, On and Off. Every time the chart wakes up, the active substate of the state Fan alternates
between Fan.Off and Fan.On. In the state Heater, the conditions on the transitions check the
substate activity in Fan and keep the states synchronized. A change of active substate in Fan causes
a corresponding change of active substate in Heater.

‘Fan . ™ ‘Heater ®
o o
Off Off
—_—
after(1,sec)| |after(1,sec) [in{Fan.On}] [in({Fan.Off)]
R I E— — Ul
on on

Resolution of State Activity

Checking state activity is a two-part process. First, the Stateflow chart resolves the qualified state
name by performing a localized search of the chart hierarchy for a matching state. Then, the chart
determines if the matching state is active.

The search begins at the hierarchy level where the in operator is called with the qualified state
name:

» For a state action, the starting point is the state containing the action.

» For a transition label, the starting point is the parent of the transition source.

The resolution process searches each level of the chart hierarchy for a path to the state. If a state
matches the path, the process adds that state to the list of possible matches. Then, the process
continues the search one level higher in the hierarchy. The resolution process stops after it searches

the chart level of the hierarchy. If a unique match exists, the chart checks if the matching state is
active. Otherwise, the resolution process fails. Simulation stops with an error.
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This flow chart illustrates the different stages in the process for checking state activity.
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Best Practices for Checking State Activity

To resolve the state activity, a Stateflow chart does not perform an exhaustive search for all states
and does not stop after finding the first match. To improve the chances of finding a unique search
result:

* Use specific paths in qualified data names.

* Give states unique names.

» Use states and boxes as enclosures to limit the scope of the path resolution search.
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Examples of State Activity Resolution

Search Finds Local Copy of Substate

This chart contains two parallel states, A and B. Each state has a pair of substates, A1 and A2. Al has
substates X and Y, while A1 has substates P and Q. In A.A2 and in B. A2, the condition in(Al1.Y)
guards the transition from P to Q.
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The chart resolves each qualified state name as the local copy of the substate Y:

* Inthe state A, the condition in(A1.Y) checks the activity of state A.Al.Y.
* In the state B, the condition in(A1.Y) checks the activity of state B.A1.Y.

For example, this table lists the different stages in the resolution process for the transition condition

in state A.

Stage

Description

Result

1

A.A2.A1.Y.

Starting in state A.A2, the chart searches for the state

No match found.

Moving up to the next level of the hierarchy (state A),
the chart searches for the state A.A1.Y

Match found.

Moving up to the next level of the hierarchy (the chart
level), the chart searches for the state A1.Y

No match found.

The search ends with a single match found. Because the resolution algorithm localizes the scope of
the search, the in operator guarding the transition in A.A2 detects only the state A.A1l.Y. The in
operator guarding the transition in B. A2 detects only the state B.Al.Y.

To check the state activity of the other copy of Y, use more specific qualified state names:

* In state A, use the expression in(B.A1.Y).

* In state B, use the expression in(A.ALl.Y).

Search Produces No Matches

In this chart, the during action in state A.B contains the expression in(Q.R). Stateflow cannot
resolve the qualified state name Q.R.
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This table lists the different stages in the resolution process.

Stage Description Result

1 Starting in state A.B, the chart searches for the state No match found.
A.B.Q.R.

2 Moving up to the next level of the hierarchy (state A), No match found.
the chart searches for the state A.Q.R.

3 Moving up to the next level of the hierarchy (the chart |No match found.
level), the chart searches for the state Q.R.

The search ends at the chart level with no match found for Q.R, resulting in an error.

To avoid this error, use a more specific qualified state name. For instance, check state activity by
using the expression in(P.Q.R).

Search Finds the Wrong State

In this chart, the during action in state A.B contains the expression in(Q.R). When resolving the
qualified state name Q.R, Stateflow cannot detect the substate A.B.P.Q.R.

A ™
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du: in{GQ.R)
P
[#] (]

)\
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This table lists the different stages in the resolution process.

Stage Description Result

1 Starting in state A.B, the chart searches for the state No match found
A.B.Q.R.

2 Moving up to the next level of the hierarchy (state A), No match found.
the chart searches for the state A.Q.R.

3 Moving up to the next level of the hierarchy (the chart |Match found.
level), the chart searches for the state Q.R.
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The search ends with a single match found. The in operator detects only the substate R of the top-
level state Q.

To check the state activity of A.B.P.Q.R, use a more specific qualified state name. For instance, use
the expression in(P.Q.R).

Search Produces Multiple Matches

In this chart, the during action in state A.B contains the expression in(P.Q.R). Stateflow cannot
resolve the qualified state name P.Q.R.

/A 3
/8 k.
du: in(PGLR)
(=]
a Q
= =,

This table lists the different stages in the resolution process.

Stage Description Result

1 Starting in state A. B, search for the state A.B.P.Q.R. [Match found

2 Moving up to the next level of the hierarchy (state A), No match found.
the chart searches for the state A.P.Q.R.

3 Moving up to the next level of the hierarchy (the chart |Match found.
level), the chart searches for the state P.Q.R.

The search ends at the chart level with two matches found for P.Q.R, resulting in an error.
To avoid this error:
* Use a more specific qualified state name. For instance:

* To check the substate activity inside B, use the expression in(B.P.Q.R).
» To check the substate activity in the top-level state P, use the expression in(\P.Q.R).
* Rename one of the matching states.

* Enclose the top-level state P in a box or another state. Adding an enclosure prevents the search
process from detecting substates in the top-level state.
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More About

. “State Action Types” on page 16-2

. “Transition Action Types” on page 16-7

. “State Hierarchy” on page 2-14

. “Monitor State Activity Through Active State Data” on page 13-2
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Model An Intersection Of One-Way Streets

This example models an intersection of one-way roads controlled by a Stateflow® traffic light system.
The Stateflow chart tracks the state of each traffic light by using active state output. The behavior of
the traffic lights is controlled by parameters on the Stateflow mask.

Intersection Model

The phase of the animated traffic lights is determined by the output data from the Stateflow chart.

The value of the output data corresponds to the active child of the substates Light1lController and
Light2Controller, respectively.

MANTI_Cars signal_state
—————
Carsi
' ™
e numCars1 Light1
@) MNem
O s
e numCars2 Light2
Safety
~ o Assartion
Traffic Controller
MANTI_Cars signal_state sz

Traffic Controller

The Stateflow chart Traffic Controller manages two traffic controllers in parallel. Each controller
determines the phase of the downstream traffic light based on traffic congestion at the intersection,
an input from Simulink®, and parameters on the chart's mask. For more information, see “Create a
Mask to Share Parameters with Simulink” on page 28-14.
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Active State Output

The child activity of both Light1Controller and Light2Controller is output to Simulink
through a data of enumerated type. Stateflow manages this data automatically. For more information,
see “Monitor State Activity Through Active State Data” on page 13-2.

* Open one of the Light controllers (for instance, Light1lController).

* Right click and select Properties.

* Notice that the Create output for monitoring option is selected and set to Child activity.

* The field Data name corresponds to the name of the output data on the linked instance.

» This output is mapped to a chart level output called Light1.
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Simulation

Simulate the model to see the traffic light blocks animate.

See Also

More About

. “Monitor Chart Activity by Using Active State Data”
. “Monitor State Activity Through Active State Data” on page 13-2
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. “Model a Distributed Traffic Control System by Using Messages” on page 15-20
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“Synchronize Model Components by Broadcasting Events” on page 14-2
“Set Properties for an Event” on page 14-5

“Activate a Stateflow Chart by Sending Input Events” on page 14-7
“Control States in Charts Enabled by Function-Call Input Events” on page 14-11
“Activate a Simulink Block by Sending Output Events” on page 14-14
“Broadcast Local Events to Synchronize Parallel States” on page 14-23
“Control Chart Behavior by Using Implicit Events” on page 14-26

“Yo-Yo Control of Satellites” on page 14-29

“Model a Security System” on page 14-31

“Server Queueing System” on page 14-34

“Tic-Tac-Flow: Model of a Hand-held Game” on page 14-35
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Synchronize Model Components by Broadcasting Events

An event is a Stateflow object that can trigger actions in one of these objects:

* A parallel state in a Stateflow chart.
* Another Stateflow chart.
* A Simulink triggered or function-call subsystem.

For simulation purposes, there is no limit to the number of events in a Stateflow chart. However, for
code generation, the underlying C compiler enforces a theoretical limit of 23!-1 events.

Types of Events

An implicit event is a built-in event that is broadcast during chart execution. These events are implicit
because you do not define or trigger them explicitly. For more information, see “Control Chart
Behavior by Using Implicit Events” on page 14-26.

An explicit event is an event that you define explicitly. Explicit events can have one of these types.

Type Description

Input Event Event that is broadcast to a Stateflow chart from outside the chart. For
more information, see “Activate a Stateflow Chart by Sending Input
Events” on page 14-7 and “Design Human-Machine Interface Logic by
Using Stateflow Charts” on page 35-24.

Local Event Event that can occur anywhere in a Stateflow chart but is visible only in
the parent object and its descendants. Local events are supported only in
Stateflow charts in Simulink models. For more information, see “Broadcast
Local Events to Synchronize Parallel States” on page 14-23.

Output Event Event that occurs in a Stateflow chart but is broadcast to a Simulink block.
Output events are supported only in Stateflow charts in Simulink models.
For more information, see “Activate a Simulink Block by Sending Output
Events” on page 14-14.

You can define local events at these levels of the Stateflow hierarchy.

Level of Hierarchy Visibility

Chart Local event is visible to the chart and all its states and substates.
Subchart Local event is visible to the subchart and all its states and substates.
State Local event is visible to the state and all its substates.

Define Events in a Chart

You can add events to a Stateflow chart by using the Symbols pane, the Stateflow Editor menu, or the
Model Explorer.

Add Events Through the Symbols Pane

1 In the Modeling tab, under Design Data, select Symbols Pane.
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2 B
Click the Create Event icon | =,

3 In the row for the new event, under TYPE, click the icon and choose:

e TInput Event

* Local Event

* Qutput Event

Edit the name of the event.

For input and output events, click the PORT field and choose a port number.

To specify properties for the event, open the Property Inspector. In the Symbols pane, right-click
the row for the event and select Explore. For more information, see “Set Properties for an
Event” on page 14-5.

Add Events by Using the Stateflow Editor Menu

1 In a Stateflow chart in a Simulink model, select the menu option corresponding to the type of the
event that you want to add.

Type Menu Option

Input Event In the Modeling tab, under Design Data, click Event Input.
Output Event In the Modeling tab, under Design Data, click Event Output.
Local Event In the Modeling tab, under Design Data, click Local Event.

2 Inthe Event dialog box, specify data properties. For more information, see “Set Properties for an
Event” on page 14-5.

Add Events Through the Model Explorer

In the Modeling tab, under Design Data, select Model Explorer.

2 In the Model Hierarchy pane, select the object in the Stateflow hierarchy where you want to
make the new event visible. The object that you select becomes the parent of the new event.

3 In the Model Explorer menu, select Add > Event. The new event with a default definition
appears in the Contents pane of the Model Explorer.

4 In the Event pane, specify the properties of the event. For more information, see “Set Properties
for an Event” on page 14-5.

Access Event Information from a Stateflow Chart

You can display the properties of an input or local event, or open the destination of an output event
directly from a Stateflow chart. Right-click the state or transition that contains the event of interest
and select Explore. A context menu lists the names and scopes of all resolved symbols in the state or
transition. Selecting an input or local event from the context menu displays its properties in the
Model Explorer. Selecting an output event from the context menu opens the Simulink subsystem or
Stateflow chart associated with the event.
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Best Practices for Using Events in Stateflow Charts
Use the send Command to Broadcast Explicit Events in Actions
To broadcast local or output events in state or transition actions, use the send operator. For example,

to broadcast an output event when a transition is valid, avoid using the name of the event as a
condition action.

{output_event;}
Instead, call the send operator.
{send(output_event);}

Although both actions are valid, using the send operator enhances readability of a chart and ensures
that explicit events are not mistaken for data.

Avoid Using Explicit Events to Trigger Conditional Actions

Use conditions on transitions instead of events when you want to:

* Represent conditional statements, for example, [x < 1] or [x == 0].
* Represent a change of data value, for example, [hasChanged (x) 1.

For more information, see “Transition Action Types” on page 16-7.
Avoid Using the Implicit Event enter to Check State Activity

To check state activity, use the in operator instead of the implicit event enter. For more information,
see “Check State Activity by Using the in Operator” on page 13-17.

Do Not Mix Edge-Triggered and Function-Call Input Events in a Chart

Mixing input events that use edge triggers and function calls results in an error during parsing and
simulation.

See Also
enter | in | send

More About
. “Set Properties for an Event” on page 14-5
. “Broadcast Local Events to Synchronize Parallel States” on page 14-23

. “Activate a Stateflow Chart by Sending Input Events” on page 14-7

. “Activate a Simulink Block by Sending Output Events” on page 14-14
. “Rules for Naming Stateflow Objects” on page 2-5

. “Identify Data by Using Dot Notation” on page 12-39



Set Properties for an Event

Set Properties for an Event

When you create Stateflow charts in Simulink models, you can specify event properties in either the
Property Inspector or the Model Explorer.

* To use the Property Inspector:

1 [nthe Modeling tab, under Design Data, select Symbols Pane and Property Inspector.
2 In the Symbols pane, select the event.
3 In the Property Inspector pane, edit the event properties.

* To use the Model Explorer:

1 Inthe Modeling tab, under Design Data, select Model Explorer.
2 Inthe Contents pane, select the event.
3 Inthe Message pane, edit the event properties.

For more information, see “Synchronize Model Components by Broadcasting Events” on page 14-2.

Stateflow Event Properties

Name

Name of the event. Actions reference events by their names. Names must begin with an alphabetic
character, cannot include spaces, and cannot be shared by sibling events. For more information, see
“Rules for Naming Stateflow Objects” on page 2-5.

Scope

Scope of the event. The scope specifies where the event occurs relative to the parent object.

Scope Description

Local Event that can occur anywhere in a Stateflow machine but is visible only
in the parent object and its descendants. For more information, see
“Broadcast Local Events” on page 14-23.

Input from Simulink |[Event that occurs in a Simulink block but is broadcast to a Stateflow
chart. For more information, see “Activate a Stateflow Chart by Sending
Input Events” on page 14-7.

Qutput to Simulink |Event that occurs in a Stateflow chart but is broadcast to a Simulink
block. For more information, see “Activate a Simulink Block by Sending
Output Events” on page 14-14.

Port

Index of the port associated with the event. This property applies only to input and output events.

« For input events, port is the index of the input signal that triggers the event. For more
information, see “Association of Input Events with Control Signals” on page 14-9.

» For output events, port is the index of the signal that outputs this event. For more information, see
“Association of Output Events with Output Ports” on page 14-22.
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Trigger

Type of signal that triggers an input or output event. For more information, see “Activate a Stateflow
Chart by Sending Input Events” on page 14-7 and “Activate a Simulink Block by Sending Output
Events” on page 14-14.

Debugger Breakpoints

Option for setting debugger breakpoints at the start or end of an event broadcast. Available
breakpoints depend on the type of the event.

Type of Event Start of Broadcast End of Broadcast
Local Event Available Available
Input Event Available Not available
Output Event Not available Not available

For more information, see “Set Breakpoints to Debug Charts” on page 33-3.
Description

Description of the event. You can enter brief descriptions of events in the hierarchy.
Document Link

Link to online documentation for the event. You can enter a web URL address or a MATLAB command
that displays documentation in a suitable online format, such as an HTML file or text in the MATLAB
Command Window. When you click the Document link hyperlink, Stateflow displays the
documentation.

See Also

More About

. “Synchronize Model Components by Broadcasting Events” on page 14-2
. “Broadcast Local Events” on page 14-23

. “Activate a Stateflow Chart by Sending Input Events” on page 14-7

. “Activate a Simulink Block by Sending Output Events” on page 14-14

. “Rules for Naming Stateflow Objects” on page 2-5

. “Identify Data by Using Dot Notation” on page 12-39
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Activate a Stateflow Chart by Sending Input Events

An input event occurs outside a Stateflow chart but is visible only in that chart. This type of event
enables other Simulink blocks, including other Stateflow charts, to notify a specific chart of events
that occur outside it. To define an input event:

1 Add an event to the Stateflow chart, as described in “Define Events in a Chart” on page 14-2.

2 Set the Scope property for the event to Input from Simulink. A single trigger port appears
at the top of the Stateflow block in the Simulink model.

3 Aninput event can activate a Stateflow chart through a change in a control signal (an edge
trigger) or a function call from a Simulink block.

+ To specify an edge-triggered input event, set the Trigger property to one of these options:

* Rising
* Falling
e Either

+ To specify a function-call input event, set the Trigger property to Function call.

You cannot mix edge-triggered and function-call input events in the same Stateflow chart. Mixing
these input events results in an error during parsing and simulation.

For more information, see “Synchronize Model Components by Broadcasting Events” on page 14-2.

Activate a Stateflow Chart by Using Edge Triggers

An edge-triggered input event causes a Stateflow chart to execute during the current time step of
simulation. With this type of input event, a change in a control signal acts as a trigger.

Edge Trigger Type Description

Rising Rising edge trigger. Chart is activated when the control signal changes
from either zero or a negative value to a positive value.

Falling Falling edge trigger. Chart is activated when the control signal changes
from a positive value to either zero or a negative value.

Either Either rising or falling edge trigger. Chart is activated when the control
signal crosses zero as it changes in either direction.

In all cases, the value of the control signal must cross zero to be a valid edge trigger. For example, a
signal that changes from -1 to 1 is a valid rising edge trigger. A signal that changes from 1 to 2 is not
a valid rising edge trigger.

When to Use Edge-Triggered Input Events
Use an edge-triggered input event to activate a chart when your model requires regular or periodic
chart execution. For example, in this model, an edge-triggered input event activates the Edge to

Function chart at regular intervals. For more information, see “Schedule a Subsystem Multiple Times
in a Single Step” on page 30-6.
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Behavior of Multiple Edge-Triggered Input Events

At any given time step, input events are checked in ascending order based on their port numbers. The
chart awakens once for each valid event. For edge-triggered input events, multiple edges can occur in
the same time step, waking the chart more than once in that time step. In this situation, the events
wake the chart in ascending order based on their port numbers.

Activate a Stateflow Chart by Using Function Calls

A function-call input event causes a Stateflow chart to execute during the current time step of
simulation. With this type of input event, you must also define a function-call output event for the
block that calls the Stateflow chart.

When to Use Function-Call Input Events

Use a function-call input event to activate a chart when your model requires access to output data
from the chart in the same time step as the function call. For example, in this model, a function-call
input event activates the Looping Scheduler chart. For more information, see “Schedule a Subsystem
Multiple Times in a Single Step” on page 30-6.
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Behavior of Multiple Function-Call Input Events

For function-call input events, only one trigger event exists. The caller of the event explicitly calls and
executes the chart. Only one function call is valid in a single time step.

Association of Input Events with Control Signals

When you define one or more input events in a chart, a single trigger port appears on the top side of
the chart block. Multiple external Simulink blocks can trigger the input events through a vector of
signals connected to the trigger port. The Port property of an input event specifies the index into the
control signal vector that connects to the trigger port.

By default, Port values appear in the order that you add input events. You can change these

assignments by modifying the Port property of the events. When you change the Port property for an
input event, the Port values for the remaining input events automatically renumber.

Data Types Allowed for Input Events

For multiple input events to a trigger port, all signals must have the same data type. Using signals of
different data types as input events results in an error during simulation. For example, you can mux
two input signals of type double to use as input events to a chart.
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See Also
More About

“Synchronize Model Components by Broadcasting Events” on page 14-2

“Set Properties for an Event” on page 14-5

“Control States in Charts Enabled by Function-Call Input Events” on page 14-11
“Schedule a Subsystem Multiple Times in a Single Step” on page 30-6

“View Differences Between Stateflow Messages, Events, and Data” on page 15-14
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Control States in Charts Enabled by Function-Call Input Events

In a Simulink® model, when a Stateflow® chart is enabled by a function-call input event, you can
control the state of the chart by setting the States When Enabling chart property. This property
determines the values of states and data when the input event reenables the chart:

* Held — Maintain most recent values of the states and data.
* Reset — Revert to the initial values of the states and data.

For new charts, the default setting is He'ld. For more information, see “Activate a Stateflow Chart by
Sending Input Events” on page 14-7.

Example of a Chart Enabled by a Function-Call Input Event

In this model, the Caller chart uses the event E to wake up and execute the Callee chart.

.'.-.
::E']';Edabe- I [:]
) >
¥
Scope
Calles
—(_1)
Ciut1

The Caller chart contains two states, A and B. When you bind the output event E in state A:

* Entering A enables the Callee chart.
» Exiting A disables the Callee chart.
* Reentering A reenables the Callee chart.

The temporal logic operator after changes the active state every ten time steps, so the Callee chart
is repeatedly enabled and disabled.

A after{10 tick)
bind: E;
en.du; send(E);

after{10 tick)

The Callee chart contains two states, C and D. Each time that the chart executes, the output data y
increments by one. The state C is initially active. After one time step, the value of y is positive and the
chart takes the transition to state D.
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Chart Simulation When Property Is Held

In the Callee chart, the States When Enabling property is set to He'ld. During simulation, when
the function-call input event reenables the chart at times ¢ = 2{} and = 4}, state D stays active and
output y maintains its most recent value.

[ = =] 3

File Tools View Simulation Help u

G- GO = aQ&-E-FH-

Ready Sample based [ T=50.000

Chart Simulation When Property is Reset

In the Callee chart, change the States When Enabling property to Reset. During simulation,
when the function-call input event reenables the chart at times ¢ = 2{} and ¢ = 40, state C becomes
active and output y reverts to its initial value of zero.
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See Also
More About
. “Synchronize Model Components by Broadcasting Events” on page 14-2
. “Activate a Stateflow Chart by Sending Input Events” on page 14-7
. “Model References”
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An output event is an event that occurs in a Stateflow chart but is visible in Simulink blocks outside
the chart. This type of event enables a chart to notify other blocks in a model about events that occur
in the chart. To define an output event:

Add an event to the Stateflow chart, as described in “Define Events in a Chart” on page 14-2.

Set the Scope property for the event to Output to Simulink. For each output event that you
define, an output port appears on the Stateflow block.

3 An output event can activate other blocks in the model through a change in a control signal (an
edge trigger) or a function call to a Simulink block.

» To specify an edge-triggered output event, set the Trigger property to Either Edge.
» To specify a function-call output event, set the Trigger property to Function call.

For more information, see “Synchronize Model Components by Broadcasting Events” on page 14-2.

Broadcast Output Events

To broadcast output events from one chart to another, use the operator send. The format of an output
event broadcast is

send(event_name)

where event _name is an output event.

Activate a Simulink Block by Using Edge Triggers

An edge-triggered output event activates a Simulink block to execute during the current time step of
simulation. With this type of output event, a change in a control signal acts as a trigger. For more
information, see “Using Triggered Subsystems”.

When to Use Edge-Triggered Output Events

To activate a Simulink subsystem when your model requires regular or periodic subsystem execution,
use an edge-triggered output event. For example, this model uses an edge-triggered output event to
activate two triggered subsystems at regular intervals.



Activate a Simulink Block by Sending Output Events

Either edge subsystem

1 1
fr} either

v v

Scope

£ 1 rising

Rising edge subsystem

The chart contains the edge-triggered output event el which alternates between 0 and 1 during
simulation.

“1en: send{e1);

In a Stateflow chart, the Trigger property of an edge-triggered output event is always Either Edge.
Simulink triggered subsystems can have a Rising, Falling, or Either edge trigger. The model
shows the difference between triggering an Either edge subsystem from a Rising edge subsystem:

* The output event triggers the Either edge subsystem on every broadcast. The trigger occurs
when the event signal switches from 0 to 1 or from 1 to 0.

* The output event triggers the Rising edge subsystem on every other broadcast. The trigger
occurs only when the event signal switches from 0 to 1.
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Queuing Behavior of Multiple Edge-Triggered Output Events

A chart dispatches only one broadcast of an edge-triggered output event for each time step. When
there are multiple broadcasts in a single time step, the chart dispatches one broadcast and queues up
the remaining broadcasts for dispatch in successive time steps. For example, in this model, the Caller
chart uses the edge-triggered output event output cmd to activate the Callee chart.

@[f)

Caller

Scope

Calles

The Caller chart tries to broadcast the same edge-triggered output event four times in a single time
step.

! G

[ en:
ENTRY send( it_cmd}; .
send| I 1d);
send( I 1d];
| 1

send(

e




Activate a Simulink Block by Sending Output Events

Each time the Callee chart is activated, the output data y increments by one.

.\\-53-'++ 1}
e,
]
Y

When you simulate the model, at time t = 1, the Caller chart dispatches one of the four output events.
The Callee chart executes once during that time step. The Caller chart queues up the other three
event broadcasts for future dispatch at a time t = 2, t = 3, and t = 4. As a result, the value of y grows
in increments of one at timet=1,t=2,t =3, and t = 4.
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Activate a Simulink Block by Using Function Calls

A function-call output event activates a Simulink block to execute during the current time step of
simulation. This type of output event works only on blocks that you can trigger with a function call.
For more information, see “Using Function-Call Subsystems”.

When to Use Function-Call Output Events

Use a function-call output event to activate a Simulink block when your model requires access to
output data from the block in the same time step as the function call. For example, this model

contains two function-call output events:

* Inthe Edge to Function chart, the output event call activates the Looping Scheduler chart.
* In the Looping Scheduler chart, the output event Al activates a Simulink subsystem.

For more information, see “Schedule a Subsystem Multiple Times in a Single Step” on page 30-6.
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Interleaving Behavior of Multiple Function-Call Output Events

When there are multiple broadcasts of a function-call output event in a single time step, the chart
dispatches all the broadcasts in that time step. Execution of function-call subsystems is interleaved
with the execution of the chart, so that output from the function-call subsystem is available
immediately in the chart. For example, in this model, the Caller chart uses the function-call output
event output cmd to activate the Callee chart.

evant{)

e

Calles

Caller

Scope

The Caller chart tries to broadcast the same function-call output event four times in a single time
step.
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Each time the Callee chart is activated, the output data y increments by one.
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When you simulate the model, the Caller chart dispatches all four output events at time t = 1. The
Callee chart executes four times during that time step. Execution of the Callee chart is interleaved
with execution of the Caller chart so that output from the Callee chart is immediately available. As a
result, the value of | y | increases from 0 to 4 at time t = 1.
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Approximate a Function Call by Using Edge-Triggered Events

If you cannot use a function-call output event, such as for HDL code generation, you can approximate
a function call by using:

* An edge-triggered output event
* An enabled subsystem

» Two consecutive event broadcasts
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The queuing behavior of consecutive edge-triggered output events enables you to approximate a
function call with an enabled subsystem.

For example, in this model, the edge-triggered output event output cmd activates the enabled
subsystem.

g N
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Scope
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Caller
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Clock -
Enabled Display
Subsystemn

The Caller chart broadcasts the edge-triggered output event by using the send operator.

’

Start
[after{20,sec)] {send{output_cmd)}

o,
A

b
End

When simulation starts, the value of the trigger signal is 0. At time t = 20, the chart dispatches
output cmd, changing the value of the trigger signal to 1. The enabled subsystem becomes active
and executes during that time step. Because no other event broadcasts occur, the enabled subsystem

continues to execute at every time step until simulation ends at t= 40. The Display block shows a final
value of 40.
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To approximate a function call, add a second event broadcast in the same action.

?

Start
[after{20,sec)] {send{ou i)
T send| f i}
\"'.
U
End

When simulation starts, the value of the trigger signal is 0. At time t = 20, the chart dispatches

output cmd, changing the value of the trigger signal to 1. The enabled subsystem becomes active
and executes during that time step. The chart queues up the second event for dispatch at the next
time step. At time t= 21, the chart dispatches the second output event, which changes the value of

the trigger signal back to 0. The enabled subsystem stops executing and the Display block shows a
final value of 20.
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Although you can approximate a function call, there is a subtle difference in execution behavior.
Execution of a function-call subsystem occurs during execution of the chart action that provides the
trigger. Execution of an enabled subsystem occurs after execution of the chart action is complete.

Association of Output Events with Output Ports

When you define an output event in a chart, an output event port appears on the right side of a chart
block. Output events must be scalar, but you can define multiple output events in a chart. The Port
property of an output event specifies the position of the output port.

By default, Port values appear in the order in which you add output events. You can change these
assignments by modifying the Port property of the events. When you change the Port property for an
output event, the Port values for the remaining output events automatically renumber.

See Also
send

More About

. “Synchronize Model Components by Broadcasting Events” on page 14-2

. “Set Properties for an Event” on page 14-5

. “Schedule a Subsystem Multiple Times in a Single Step” on page 30-6

. “View Differences Between Stateflow Messages, Events, and Data” on page 15-14
. “Using Triggered Subsystems”

. “Using Function-Call Subsystems”



Broadcast Local Events to Synchronize Parallel States

Broadcast Local Events to Synchronize Parallel States

Alocal event is an event that occurs in a Stateflow chart and is visible only in the chart. This type of
event enables parallel (AND) states in the same chart to synchronize with one another, so that actions
in one state trigger actions in the other state. An action in one chart cannot broadcast local events to
states in another chart. To define a local event:

1 Add an event to the Stateflow chart, as described in “Define Events in a Chart” on page 14-2.
2 Set the Scope property for the event to Local.

Local events are supported only in Stateflow charts in Simulink models. For more information, see
“Synchronize Model Components by Broadcasting Events” on page 14-2.

Broadcast Local Events

A directed event broadcast sends a local event directly from one state to another by using the
operator send:

send(event name,state name)

event _name is a local event and state name is a receiving state. The local event is broadcast
directly to the receiving state and any of its substates. The local event must be visible to both the
sending state and the receiving state. The receiving state must be active during the event broadcast.

For example, this chart contains two parallel (AND) states, A and B. The local event E_one belongs to
the chart and is visible to both states. In state A, the transition from substate Al to substate A2 uses a
directed event broadcast of the form send (E_one, B) to send the local event E_one to state B. In B,
the event triggers the transition from substate B1 to substate B2. Therefore, the active substates in A
and B are synchronized. For more information on the semantics of this example, see “Directed Event
Broadcast Using Send” on page B-39.

A @ A
(4]
Al A2
[data1==1] {zend(E_onec,B}}
\ E T Jl‘l
B @ N
i
) E -
=

The state name argument can include a full hierarchy path to the state. For example, if the state A
contains the state Al, you can send an event E to state A1 with this broadcast:

send(E,A.Al)

Tip Do not include the chart name in the full hierarchy path to a state.
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Use Qualified Event Names in Event Broadcasts

To broadcast a local event that is not visible to the sending state, use the operator send with a
qualified event name:

send(state _name.event name)

event name is a local event that is owned by the receiving state state name. The local event is
broadcast directly to the receiving state and any of its substates. The local event is visible to the
receiving state, but not to the sending state. The receiving state must be active during the event
broadcast.

For example, this chart contains two parallel (AND) states, A and B. The local event E_one belongs to
state B and is visible only to that state. In state A, the transition from substate Al to substate A2 uses
a directed event broadcast of the form send (B.E _one) to send the local event E_one to state B. In
B, the event triggers the transition from substate B1 to substate B2. Therefore, the active substates in
A and B are synchronized. For more information on the semantics of this example, see “Directed
Event Broadcast Using Qualified Event Name” on page B-40.

A @ M
4]
Ad AZ
[data1==1] {send(B.E_one}}
" E T "‘I
B @ i
]
) E -
E t

The state name argument can include a full hierarchy path to the receiving state. Do not use the
chart name in the full path name of the state. For example, suppose that the state A contains the state
Al, and that A1 owns the local event E. You can send event E to state A1 with this broadcast:

send(A.Al.E)

Undirected Event Broadcasts

An undirected event broadcast sends a local event to all states in which it is visible by using the name
of the event as a condition action:

event name;
or by calling the operator send without specifying a receiving state:
send(event _name)

event _name is a local event that is visible to the sending state.



Broadcast Local Events to Synchronize Parallel States

When possible, use directed event broadcasts instead of undirected event broadcasts. Directed event
broadcasts prevent unwanted recursion during simulation and improve the efficiency of generated
code. For more information, see “Avoid Unwanted Recursion in a Chart” on page 33-39.

Diagnostic for Detecting Undirected Local Event Broadcasts

During simulation, Stateflow charts can detect undirected local event broadcasts. To control the level
of diagnostic action, open the Configuration Parameters dialog box. In the Diagnostics > Stateflow
pane, for the Undirected event broadcasts diagnostic, you can select none, warning, or error.
The default setting is warning. For more information, see “Undirected event broadcasts”.

See Also
send

More About

. “Synchronize Model Components by Broadcasting Events” on page 14-2
. “Set Properties for an Event” on page 14-5
. “Broadcast Local Events in Parallel States” on page B-39
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Implicit events are built-in events that occur during chart execution when:

* The chart wakes up.

* The chart enters a state and the state becomes active.
* The chart exits a state and the state becomes inactive.
* The chart assigns a value to an internal data object.

These events are implicit because you do not define or trigger them explicitly. Implicit events are
children of the chart in which they occur and are visible only in the parent chart.

Implicit Events Based on Chart Execution

The keyword tick specifies the implicit event generated when a chart wakes up in a discrete-time
simulation.

For example, in this chart, Fan and Heater are parallel (AND) states. Each state has a pair of
substates, On and Off. Initially, the substates Fan.0ff and Heater.Off are active. Each time the
chart wakes up, it generates a tick event. The third tick triggers the transition from Heater.Off
to Heater.On. Similarly, the fourth tick triggers the transition from Fan.0ff to Fan.On. On the
eighth tick, the chart transitions back to Fan.0ff and Heater.0ff.

‘Fan . ™ /Heater ® N
o o
Off Off
—_—
after(4 tick) after(4 tick) after(3 tick) after(5 tick)
o y
—— ——
on on

For information about the temporal logic operator after, see “Control Chart Execution by Using
Temporal Logic” on page 16-44.

Note The tick event refers to the chart containing the action being evaluated. The event cannot
refer to a different chart.

Implicit Events Based on Data and States

In Stateflow charts in Simulink models, these operators generate implicit events when a chart sets
the value of a variable or when a chart enters or exits a state.



Control Chart Behavior by Using Implicit Events

Operator

Syntax

Description

Example

change

change(data name

)

chg(data name)

Generates an implicit local
event when the chart sets the
value of the variable

data name. The variable

data name cannot be machine-
parented data. This implicit
event works only with data that
is at the chart level or lower in
the hierarchy. For machine-
parented data, use change
detection operators to
determine when the data value
changes. For more information,
see “Detect Changes in Data
Values” on page 16-72.

Define an implicit local event
when a state or transition action
writes a value to the variable
Engine. rpm.

change (Engine. rpm)

enter enter(state name |Generates an implicit local Define an implicit local event
) event when the specified state |when the chart execution enters
state name becomes active. |the state Fan.On.
en(state name)
enter(Fan.0On)
exit exit(state name) |Generates an implicit local Define an implicit local event

ex(state name)

event when the specified state
state name becomes inactive.

when the chart execution exits
the state Fan.Off.

exit(Fan.0ff)

If more than one state or data object has the same name, use dot notation to qualify the name of the
state. For more information, see “Identify Data by Using Dot Notation” on page 12-39.

For example, in this chart, Fan and Heater are parallel (AND) states. Each state has a pair of
substates, On and Off. Initially, the substates Fan.0ff and Heater.Off are active. When the chart
wakes up, it generates a tick event that triggers the transition from Fan.Off to Fan.On. When the
Fan.Off becomes inactive, the chart generates another implicit event that triggers the transition
from Heater.O0ff to Heater.On. When the chart execution ends, the substates Fan.0n and
Heater.On are active.

14-27



14 Define Events

14-28

‘Fan . ™ ‘Heater . Ty

after(1, tick) exit(Fan.Off)

Note If the same implicit event triggers multiple transitions in parallel states, the order in which the
transitions execute does not necessarily match the execution order of the parallel states. To avoid
unexpected behavior and ensure that the transitions execute in the order specified for the parallel
states, do not use implicit events. 