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Creating a Traffic Light in MicroC

This tutorial walks through the process of creating MicroC code using Statemate. The example
project is a traffic light with red, yellow, and green indicators. The design is simple so you can
fully concentrate on MicroC code generation, rather than on the design problem itself.

This tutorial contains the following topics:

¢ Tutorial Setup

¢ Exercise 1 - Constructing an Activity Chart
¢ Exercise 2 - Defining Textual Elements

¢ Exercise 3 - Defining Design Attributes

¢ Exercise 4 - Constructing Statecharts

¢ Exercise 5 - Constructing a Panel

¢ Exercise 6 - MicroC Code Generation

¢ Exercise 7 - Using the Test Driver
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Creating a Traffic Light in MicroC

Tutorial Setup

Prior to starting the exercises, you must set up your system and create a project within Statemate
following these steps:

1. Create a folder/directory called “stm_projects” on your system in which to store your
project data.

2. To begin to create a project prior to starting the lab exercises, start Statemate.

a. From Windows select Start > Telelogic > Statemate > Statemate <version>.

b. From UNIX select $STM_ROOT/run_stmm.bat.
The Statemate Main windows opens.

Statemate Main Window (No Project Open)

r‘ Statemate Projeck: None

MicroC Tutorial



Tutorial Setup

3. Select File > New Project. The Create New Project window opens.

Create New Project

Create Mew Projeckt

Mame: ITRHFFIE_LIGHTE

Manager: I:] imb j

Xl

A

Databank: | Cihstm_projectshtraffic_light.db

CH tool: ISTHTEMF!TE j

RT project: F

&

05 Implementations IHI’-‘!INLDDP_SE

Dezcription:
I Expand
Ok | Cancel I Help I

Clicking on the '..." opens
an explorer window for
browsing.

The explorer window

4. Enter the following data in the Create New Project window. Refer to the figure.

Note: Blank spaces are not allowed within the form.

¢ Databank - <path>\stm_projects\traffic_light.db

¢ Name - TRAFFIC_LIGHT

¢ OS Implementation - MAINLOOP_SC

Note: Leave all other entries with their default value.

Click OK to open the project.

Select the project that you just created, TRAFFIC_LIGHT.

in the “Workarea:” field. Refer to the figure.

Click OK to create the project. The Open Project window appears.

Create a Workarea for the project by typing <path>\stm_projects\traffic_light.wa

Statemate



Creating a Traffic Light in MicroC

Open Project Window

DOpen Project ll

Projects Workareasz

CALLG4343 it A
CALLES11S
TH_MODE_ALLOCATO
FIFO
GARAGE_IOOR_EX
REAR_DEFOG_JE -J

TAIL_LIGHT
TEST_MA

RAFFIC_LIGHT

-l [ ] [

Workarea: | Cistm_projectshtraffic_light.wa e

0k | Cancel | Help I

9. Click OK. A Question window appears asking if you want to create the Workarea.

Question

Workarea Cihatm_projectshtraffic_light,wa
does not exist, Do you want to create it?

= o] |

10. Click Yes. The work area appears. Refer to the following figure.

4 MicroC Tutorial



Tutorial Setup

Statemate Main Window (Project Open)

F\statemate Project: TRAFFIC_LIGHT

e

03| & &)
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Creating a Traffic Light in MicroC

Exercise 1 - Constructing an Activity Chart

In this exercise, the top-level system diagram for the traffic light system is developed, as shown in
the following figure.

activity Chart - TRAFFIC_LIGHT_SS

il AGE_4:TRAFFIC_LIGHT 55 [Update] —|O] x|
File Edit Wiew Lauwout Tools Options Window Help
DEEES & E -« iR X B Q|#EEad
[ | .
O =
-\+ .\“* TRAFFIC LIGHT &8
o e
o
@ @
|| rcmmmmmmmmaeaaaa [ R et L]
— rea || ' IHPUTS 1 : 8§
I ' —— RED_LIGHT '
' ' TRAFFIC LIGHT CTRL —# YELLOW_L IGHT '
L CHANGE | —, —*LGREEN LIGHT _____ '
v
- =
Hezzages
Ay
=
¥i
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Exercise 1 - Constructing an Activity Chart

Use the following steps to create the activity chart:

1. Click the Graphic Editors icon in the Statemate Main window.

Graphics Editor Icon

F\statemate Project: TRAFFIC_LIGHT

Statemate 7



Creating a Traffic Light in MicroC

2. Create an activity chart called TRAFFIC_LIGHT_SS based on the selections shown in
the figure.

Note: No spaces are allowed for chart names.
¢ Type - Activity Chart
¢ Usage - Regular
+ Name Pattern - TRAFFIC_LIGHT_SS

Open/Create Chart

Open Chart

SR R G S

T
MRAFFLIL L TGRT 3

] -
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Exercise 1 - Constructing an Activity Chart

3. Click New to create and open a new diagram. Refer to the figure. You can now edit the
chart.

4. Click Create Internal Activity

New Activity Chart

Fi AGE_1:TRAFFIC_LIGHT S5 [Update] N ] 3

File Edit Yiew Layout Tools Options Window Help

IDEEE8dRE - =i BR X |EE el s dad

tivity Chart
awing Icons<

Messages

Go ahead..,

<L [~
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Creating a Traffic Light in MicroC

Draw the Internal Activity

To draw the internal activity, place the cursor at the upper-left corner of the diagram, click and
drag the cursor to the lower-right corner of the activity. A ghost image shows the activity outline.

Name the Activity

To name the internal activity you created, follow these steps:

1.
2.

Click Name Existing Activity H..

Click in the location where you want the Activity name or type the Activity name and then
place it where you want.

Note: Enter the names for objects using lowercase letters. Statemate, where
appropriate, automatically performs the conversion to uppercase letters. Do not
enter words in uppercase letters. Doing so may prevent you from making
further selections.

Type the name traffic_light_ss. You can select the standard pointer "% and click-and-
drag the traffic_light_ss name to place it, if desired.

Click Create External Activity £3.

Draw the external activities for the TRAFFIC _LIGHT_SS. The same drawing rules apply
for drawing and naming external activities. Use the following figure as a guide.

10
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Exercise 1 - Constructing an Activity Chart

Partial Chart Design

AGE_Z:TRAFFIC_LIGHT_S5 [Update]

TRAFFIC LIGHT 8§

Statemate 11



Creating a Traffic Light in MicroC

6. Click Create Data-Flow ™.

7. Draw a flow line from the external activity called 'INPUTS' to the internal activity called
TRAFFIC_LIGHT_SS. Refer the following sections.

Drawing Flow Lines

To draw flow lines for the activities, follow these steps:
1. Locate the external activity called INPUTS. This is the source activity.
2. Click on the edge of the box to enter the tail of the arrow.
3. Locate the internal activity called TRAFFIC_LIGHT_SS. This is the target activity.
4. Place the cursor on the edge of the box and click to enter the arrowhead.

Note

In order to create flow lines with angles, you may click at each location an angle is desired
prior to clicking/releasing the middle mouse button.

Labeling and Placing Flow Line Labels

To label and place the flow line labels, follow these steps:

1. Click Label Existing Flow-Line i,.

2. Click on the flow line that you want to label and type the name change or type the name
change before clicking on the flow line and then place the label onto the flow line.

3. Click Pointer _w, and move the label as desired.

4. Draw a flow line from the internal activity called TRAFFIC_LIGHT _SS to the external
activity OUTPUTS and label the flow red_light.

5. Draw a flow line from the internal activity called TRAFFIC_LIGHT _SS to the external
activity OUTPUTS and label the flow yellow_light.

6. Draw a flow line from the internal activity called TRAFFIC_LIGHT _SS to the external
activity OUTPUTS and label the flow green_light.

7. Click Create Control Activity (.

8. Draw and name the control activity, traffic_light_ctrl Use the same drawing techniques
to draw the other activities.

9. Select File > Save from the chart and then File > Exit.
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Exercise 2 - Defining Textual Elements

Exercise 2 - Defining Textual Elements

This exercise describes how to define the textual elements that were entered into the activity chart

TRAFFIC_LIGHT_SS.

1. From the Chart Tab, click on the chart called TRAFFIC_LIGHT _SS. The element

matrix appears in the right pane. Refer to the figure.

Element Matrix for Chart TRAFFIC_LIGHT_SS

i
File Edit VYiew Project Configuration Tools Utilities Mindow Help
=i BREX | PBB B
g2 S|\ W[ T AFFIC LIGHT 55 Name || Defined In || Tupe ||status || =I
== werr INPUTS TRAFFIC_LIGHT_SS Actiwvity Update
& et OUTPUTS TRAFFIC_LIGHT_SS Actiwvity Update
W _ _l _| _ ctivity pdate
TRAFFIC_LIGHT_CTR TRAFFIC_LIGHT_SS A Upd
W) TRAFFIC_LIGHT_SS  TRAFFIC_LIGHT_SS Activity Update
% CHANGE TRAFFIC_LIGHT_55  Textual Update
w ~"= GREEM_LIGHT TRAFFIC_LIGHT 55  Textual Update
'@& o REDN_LIGHT TRAFFIC_LIGHT_S55  Textual Update
g <« YELLOW_LIGHT E | ERFEHT-INAHTERR  Textual Update
¥
i}
i
T
v
&
xmi LI
Charts |Files I]]ataBank ISear‘ch I
j
i
Mezzages ILng I
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Creating a Traffic Light in MicroC

2. Select the element called CHANGE from within the element matrix.

3. Select Edit > Properties. This invokes the Properties window for this element. Refer to
the following figure.

Note
Double-clicking on the element name also opens the properties window for this element.

Properties - CHANGE

CHANGE {Unresolved Element) |

IDEE B X B 4 5% 5 o =

Marme | Defined In | Tupe |Def || Mode || i!
CHAMGE TRAFFIC_LIGHT_SS Textual

=l
Gemeral Definition |ftfesiedes |Eev:gn Abberhogbes |Description |§mp§9m9n?a?:¢n|
Tupe: Information—Flow _Jl

Conzizts of

In=sert |

Delete |

4. Define the textual element CHANGE using the following steps:

a. Change the Type: of the element from Information Flow to Event. Refer to the
figure.

b. Click Save [

c. Exit
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Exercise 2 - Defining Textual Elements

Unresolved Element - CHANGE

x
=, B 2 de Tl He | e o e T | =

Data—Iten

TRAFFIC_LIGHT_S5 Textual Mo Update

Conditior]

e Ewent
Gerferal Defi , .

Tupe: Information-Flow §—
Conzists
Insert |
[elete |
Type Menu

5. Set the Type: to Condition for the other three elements (RED_LIGHT,
YELLOW_LIGHT, GREEN_LIGHT), and save the settings.

6. Open the external activities, INPUTS and OUTPUTS, and set the Type: to Environment.
Refer to the figure.

a. Change the Type from External to Environment
b. Click Save

c. Exit

Statemate 15



Creating a Traffic Light in MicroC

INPUTS

Environment Activity

Tes

Yes

lpdate

Type Menu

16
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Exercise 3 - Defining Design Attributes

Exercise 3 - Defining Design Attributes

In this exercise describes how to add design attributes to selected elements within the model.

1. Select the activity called TRAFFIC_LIGHT_SS' from within the element matrix and
then select Edit > Properties. This invokes the Properties window for this element. Refer

to the figure.

Note: Double-clicking on the element name also opens the properties window for this
element.

TRAFFIC_LIGHT_SS Properties

TRAFFIC_LIGHT_SS {Activity) |

| D ol oy B X B e B % | B 2w
Mame: ]DeFined In ]T pe IDE'F ]Hu:u:le ] i!

TRAFFIC_LIGHT_55 TRAFFIC_LIGHT_S5 Actiwvity

General Definition |Attributes I]]esign Attributes I]]esu:riptic-n IImplementatiDn I

Termination Type: Reactive-Controlled — |

Comb, Assighment,.,. I

Iz Activity: F Implemented by Module: F

Statemate 17



Creating a Traffic Light in MicroC

2. Select the Design Attributes tab within the properties window.

a. Change the Value of Type to Task. Refer to the figure.
b. Click Save

c. Exit

Design Attribute Task

=
|DE BB X B e % 51 o | Bh 9 | me
Mame ]]]E.-Flned In ]T pe ]IIEF ]Hode ] =
TRAFFIC_LIGHT_SS

TRAFFIC_LIGHT_55 Activity

General IDeFinitiDn Iﬁttributes Design Attributes IDescriptiDn IImplementatiDn I

Execution Order

==
Mame | Malue P
: - Reqular
Generate Function

18
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Exercise 3 - Defining Design Attributes

3. Open the properties window for the element called CHANGE and select the Design
Attributes tab. Refer to the figure.

Design Attributes CHANGE

CHANGE (Event) =
DBy B X E e 55 R S| B | =
Mame ] Nefined In ] Type ] Def ] Mode ] i!

CHAMGE TERAFFIC_LIGHT

General IDeFinitiDn Iﬂttr‘ibutes De=sign Attributes Il]]escriptign I:[mplementatign I

X E"F®

Mame ] Mal

reate Sefl Function no

Create Get Function no

Set by Timer no Design Choose |C0n
Attributes
Tab

Statemate

19



Creating a Traffic Light in MicroC

4. Select the Name Its Task and then click Choose to select the task for the event change.
Refer to the figures.

a. The Choose window appears. Click Dismiss to close the window.

b. Click Save.
c. Exit
'Its Task' Values
x|
Yalue |

TRAFFIC_LIGHT _SS:TRAFFIC_LIGHT_SS

Dizmis=s | Help |
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Exercise 4 - Constructing Statecharts

Exercise 4 - Constructing Statecharts

This exercise describes how to construct a statechart that demonstrates behavioral aspects of the
traffic light system. Refer to the figure.

Statechart TRAFFIC_LIGHT_CTRL

Fil5GE_1:-TRAFFIC_LIGHT CTRL [Update] I ]

File Edit WYiew Layout Tools Options Window Help
Copy (to Pazte BuFFer}I Pastel Save

DS (6 Elo o i bR XA | HE gl

l__!E___ n
o
© © /. TRAFFIC ETGHT CTRE -\
GG
#E o /RED_LIGHT=true;
o GREEN LIGHT=false:
YELLOW_LIGHT=false;:
B B
| RED LIGHT OX I CHANBE/ ‘—‘ll GREEN LIGHT ON |
RED_LIGHT=false;
GREEN LIGHI=true;
YELLOW_LIGHT=false;
CHANGE} CHAN
RED_LTGHT=true; RED L?mrhfalse-
GREEN_LIGHT=falsze: YELLOW LIGHT ON GREEN LIGHT-fal=e:
YELLOW _LIGHT=false; YELLOW_LIGHT=true:
1
-4 s
Mezzages
q
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Creating a Traffic Light in MicroC

1. Click Graphic Editor from the main Statemate window.

Graphics Editor Icon

F\statemate Project: TRAFFIC_LIGHT o [w

File Edit Yiew Project Configuration Tools Utilities Window Help

ST

B TRAI—‘FIC_LIGHT_SS ||]JeFine-:I In ||T5pe ||Status ||-
— THPUTS TRAFFIC_LIGHT_55 Activity lpdate
+ OUTPUTS TRAFFIC_LIGHT_S5 Activity Update
TRAFFIC_LIGHT_CTR TRAFFIC_LIGHT_S5 Activity Update
H i i ) TRAFFIC_LIGHT_SS  TRAFFIC_LIGHT_SS Activity Update
Graphic Editor Icon N\ CHANGE TRAFFIC_LIGHT 55 Event Update
" <" GREEM_LIGHT TRAFFIC_LIGHT_S5 Condition Update
% ="w  RED_LIGHT TRAFFIC_LIGHT_S5 Condition Update
g ="~ YELLOW_LIGHT TRAFFIC_LIGHT_S5 Condition Update
hY
i
T
£
o
XM .
Charts |Files |DataBank |Sear‘ch I

Hezsages ILDQ I
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Exercise 4 - Constructing Statecharts

2. Name the statechart TRAFFIC_LIGHT_CTRL based on the selections in the figure.

Note: No spaces are allowed for chart names.
¢ Type - Statechart
¢ Usage - Regular
+ Name Pattern - TRAFFIC_LIGHT_CTRL
Open/Create Chart

Open Chart

FRE ST S S S 2 RS

TRAFFIC_LIGHT_CTRL

TRAFFIC_LIGHT_SS Activity-chart Reqular

Statemate
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Creating a Traffic Light in MicroC

3. Select New from the Open Chart window to create and open a new diagram. The chart is
now available for editing.

4. Click Create State .

New Statechart

BlSGE_3:cALC_REAR_DEFOG_STATE_BHYR [Update] -0l |
File Edit Yiew Layout Tools Options MWindow Help

NEEE | @R o iR X |Hadae | e ad

N

@..0.4}:‘9’
Roe@@. @

Statechart
Drawing
Icons

~

5. Draw a state called TRAFFIC_LIGHT_CTRL. Refer to the figure Statechart
TRAFFIC_LIGHT CTRL.
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Exercise 4 - Constructing Statecharts

Drawing States

To draw states in the statechart, follow these steps, place the cursor in the upper-left corner of the
state and click and drag to the lower-right corner of the state. A ghost image shows the state
outline.

Naming States

To name the newly created states in the statechart, follow these steps:

1. Click the Create State or Name Existing State icon and begin typing the state name
traffic_light_ctrl. The name of the state appears next to the cursor.

2. Click where you want the state name to reside.

Note: Enter the names for boxes using lowercase letters. Statemate, where
appropriate, automatically performs the conversion to uppercase letters. DO
NOT select the CAPS LOCK key before typing.

3. Using the Statechart TRAFFIC_LIGHT CTRL figure as a guideline, create and name the
other states within your chart.

4. Click Create Transition 1.

5. Draw a transition from the RED_STATE_ON state to the GREEN_STATE_ON state.

Drawing Transitions

To draw transitions in the statechart, follow these steps:

1. Locate the state called RED_STATE_ON. This is the source state. Click on the edge of
the box to enter the tail of the arrow.

2. Locate the state called GREEN_STATE_ON. This is the target state. Click on the edge
of the box and click to enter the arrowhead.

3. With the Create Transition icon still selected, label the transition:

CHANGE/RED_LIGHT=false;
GREEN_LIGHT=true;
YELLOW_LIGHT=false;'

Statemate 25



Creating a Traffic Light in MicroC

Labeling Transitions and Placing Labels

To label the transitions in the statechart, follow these steps:

1.

Click on the Create Transition tool 7, or the Label Existing Transition tool f,, and type
the label name.

The label appears next to the cursor and follows the cursor.

Click on the transition line you want to label to place the label.

Select the Create Default Transition icon *y.

Draw a Default Transition into the state RED_STATE_ON. Default transitions do not
have a source state and may not have triggers. Use the Statechart TRAFFIC_LIGHT CTRL
figure as a guide as where to draw the default transition.

With the Create Default Transition icon still selected, type the following label for the the
transition:

'/RED_LIGHT=false;
GREEN_LIGHT=true;
YELLOW_LIGHT=false;'

Place the transition label on the transition if you have not already done so.

Using the techniques in the above steps complete the design of the statechart based on the
Statechart TRAFFIC_LIGHT CTRL figure.

Select File > Save from the chart and then File > EXxit.

The statecharts that were developed in this exercise is used to describe the behavior for the
activity TRAFFIC_LIGHT_SS. To associate the statecharts with the activity complete
the following steps:

a. Open the activity chart called TRAFFIC_LIGHT_SS.

b. Modify the name of the control activity by placing an @ symbol in front of the name
as shown in the figure.

c. Select File > Save from the chart and then File > Exit.

26
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Exercise 4 - Constructing Statecharts

Control Activity TRAFFIC_LIGHT_CTRL

AGE_1:TRAFFIC_LIGHT S5 [Update]

=1

@

TRAFFIC LIGHT S§*

@TRAFFIC FIGHT CTRI
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Creating a Traffic Light in MicroC

Exercise 5 - Constructing a Panel

This exercise takes you through the process of constructing the panel as shown in the following
figure.

Traffic Light Panel

22 PGE_2:TRAFFIC_LIGHT PNL [Update] M[f=1=
File Edit Miew Layout Transform Group Tools Options  Window  Help
Edit Textl Fu:unt”,l I

DBEHE v« be X Bl
*

= (2

Label Text

OO

A

/S ONANO
# A0
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Exercise 5 - Constructing a Panel

1. Select Panel Editor from the main Statemate window. The Open Panel window appears

Panel Editor Icon

F\statemate Project: TRAFFIC_LIGHT [
File Edit Yiew Project Configuration Tools Utilities Window Help

i B®FOdy

iy TP.AFFIC_LIGHT_:-:‘- Mame ||]]eFined In ||T9pe ||Status |
- W@ TRAFFIC LIGHT CTEL w) BTRAFFIC_LIGHT_CT TRAFFIC_LIGHT_SS Activity Update
2] o -7 ey INPUTS TRAFFIC_LIGHT S5  Activity Update
k2 e QUTPUTS TRAFFIC_LIGHT S5 Activitu Update
;-H*. TRAFFIC_LIGHT_CTR Statechart Update
""" W) TRAFFIC_LIGHT_SS  TRAFFIC_LIGHT S5  Activity Update
) CHANGE TRAFFIC_LIGHT_S5  Event Update
Panel Editor Tool :1 GREEN_L IGHT TRAFFIC_LIGHT_S5  Condition Update
- RED_LIGHT TRAFFIC_LIGHT_S5 Condition Update
v YELLOM_LIGHT TRAFFIC_LIGHT_S5  Condition Update

=
=

Charts IFilBS |DataBank |Sear‘ch I

(15258} Found 9 elements

Hessages ILDQ I

2. . Enter the name TRAFFIC_LIGHT_PNL for the Panel Name. Refer to the figure.
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Creating a Traffic Light in MicroC

Open/Create Panel

x|
Panel= =
=l

Panel Mame: TRAFFIC_LIGHT_PHL

Editor Mode: ™ Update <~ Read Only

I~ Shaded Interactors

Ok I Cancel Help

3. To begin the panel design, add a background to separate the input and output elements.
Select Create Filled Box [ from the Panel Graphic Editor and stretch this to fill the

panel canvas, as shown in the following figure.

Create Filled Box

FFlPGE_3:REAR_DEFOG_PNL [Update] ~=1ol]

File Edit View Layout Transform GCroup Tools Options  MWindow Help

DEEE - iR X | BEeq |
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Exercise 5 - Constructing a Panel

4. Select the new Filled Box and select Tools >Properties. The Bindings/Properties
window appears. Refer to the figure.

Filled Box Properties

o x
Hame ]Lal:nel.-"l.]]. IT pe ] =]

1

lInnamed

Polygon

" " - Auto Save
Logical Mame:

Vizibility Mode: Vizible

ForeGround Color: BLACK
[[Fill Color: BLLES |
Fill Style: Fill Solid
Line Width: 3|

0k | Apply | Eancell Help |

5. Change the Line Width to 3. Refer to the figure.

6. Select the Fill Color field and click Choose... The Color Viewer for PGE window
appears. Refer to the figure.

7. Select the desired color (BLUE in this example) and click OK.
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Creating a Traffic Light in MicroC

-,

2K Color Viewer for PGE

=]}

IIJHITE

Color Selectiong

PIHKZ

PIME

HITE
MISTYROSE

HOTPINKL
HOTPIMKZ
HOTPIMKS
DEEPPIMK
DEEPPIMKkZ

L_L-

0K

I Apply I Cancel Help

8. Click Create Free Text Text , and type Traffic Light System.

9. Add the text to the panel by clicking on the top of the panel canvas. The text follows the
cursor. Refer to the figure.

32

MicroC Tutorial



Exercise 5 - Constructing a Panel

Add Free Text

B PGE_1L:TRAFFIC_LIGHT_PNL [Update] o ] B4

File Edit View Layout Transform  Grouwp  Tools  Options  Window  Help

ey
FEes
TET
EEey

DEEHS o | 2R X B

ol
bl

=]
=]

: HOEE
R Ees

/on™N0O
# A0

-]

=4 1 -
Meszages

| N
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Creating a Traffic Light in MicroC

10. Click Push Button [ms and add this element to the panel. Refer to the figure.

Push Button

B PGE_1:TRAFFIC_LIGHT_PNL [Update]

File Edit Miew Layout Transform Group Tools  Options
Create Push Button

Windaow

Help

=10l x|

DEEE -~ e X B Q|HE

L3
Elo
Lo 08
Label Tesct

oo

/S oNANO
# A NO

2

]

Messages
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Exercise 5 - Constructing a Panel

11. Click Label Existing Interactor Lk, type the word CHANGE. The label name follows the
cursor. Place the label over the push button object and click. Refer to the figure.

Label

IR
File Edit View Lagout Transform Group Tools Options MWindow Help
D@ES -« bR X ED Qi
[>_] B
= ®
[
@ Iy
Label Text
==
o
'
C

-
.

ki
| 1=
Meszages

Il L
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Creating a Traffic Light in MicroC

12. Select the push button object that you created and then select Tools > Bind. Select the
following for the binding values for the object labeled CHANGE. Refer to the figure.

¢ Bind Method - Input Output
¢ Controlled by - CHANGE
¢ Element type - Event

¢ Button type - Flash

Note: The Controlled by: value must be manually typed into the field. All other
values are selected from the drop-down menu that appears when clicking on

the value.
Push Button Bindings
_ioix
Maime |Label/1,0, | Tupe | =
Unnamed CHANGE Puzh Button
=l
Bindings = | 3 ;'.:iiéi'.;l @l
" " I Auto Save
Bind Method: Input OQtput
Controlled bu:  Values [EHANGE Choose... |
Element type; Event -
Button tuype: Flash Fill Defaults
Ok I Apply I Cancel I Help I

13. Click Create Lamp Interactor and create three lamps as shown in the figure.
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Exercise 5 - Constructing a Panel

Lamp Interactors

BT PGE_1:TRAFFIC_LIGHT_PNL [Update] ol x|
File Edit “iew Layout Transform Group Tools Options Window Help
Bind.ul Replicate.HI I

IDEES - =+ 2R X B R

&

CHAHGE
Ei
=] ™

Messages

Y

o

i

14. Select the top lamp interactor and then select Tools > Bind to invoke the object's
Bindings/Properties window.

Enter the following information as the Binding values for the object:

+ Bind Method - Output
¢ Controlled by - RED_LIGHT
¢+ Element type - Condition
+ Button type - Toggle
15. Click Apply.

Statemate 37



Creating a Traffic Light in MicroC

16. Switch to the Properties page by selecting the Bindings/Properties tab. Refer to the
figure.

Bindings Page

Bindings,/Properties — | Ellﬂ
Name | Label /1,1, | Tupe | -
=l

Bindings ﬂ T nep g I Q@l

Properties
= Il Il - Auto Save

Bind Method: Qutput
FED_LIGHT Chooze, .. |

Controlled by:

Element tupe: Condition
Fill DeFaultsl

Button type: Toggle

0k I Apply I Cancel | Help |

17. Make sure your settings reflect those shown in the figure. The Properties values appear.

18. Click OK.
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Properties Page

Bindings,/Properties ] ]

Hame | Label/1.D, | Type | =

=l
Properties — o Ry %’l
" " - Auto Save

Mame::

VYizibility Mode: Vizible Chooze, ., ., |

ForeGround Color: BLACK

Fill Colar: LIGHTGREY

Lire Width: Thin

Highlight Colaor: RED

EII<|

Apply | Cancel | Help |

20.
21.

22.

Select the middle lamp interactor and then select Tools > Bind to invoke the object's
Bindings/Properties window. Enter the following for the Binding values for the object:

¢ Bind Method: Output
¢ Controlled by: YELLOW _LIGHT
+ Element type: Condition
+ Button type: Toggle
Click Apply.

Switch to the Properties page by selecting the Bindings/Properties tab and enter the
following information for the Property values:

+ Highlight Color: YELLOW
Click OK.
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23.

24.

25.
26.

217.
28.

Select the bottom Lamp Interactor and then select Tools > Bind to invoke the object's
Bindings/Properties window.

Enter the following for the Binding values for the object:

+ Bind Method - Output
¢ Controlled by - GREEN_LIGHT
¢+ Element type - Condition
¢ Button type - Toggle
Click Apply.

Switch to the Properties page by selecting the Bindings/Properties tab and enter the
following for the Property values for the object:

¢ Bind Method - Output
¢ Highlight Color - GREEN
Click OK.

Select File > Save from the PGE and then File > Exit.
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Exercise 6 - MicroC Code Generation

This exercise describes how to build a MicroC Code generation profile and generate code for the
traffic light system.

1. Click Statemate MicroC Code Generation tool from the main Statemate window.

MicroC Code Generation lcon

F\statemate Project: TRAFFIC_LIGHT i [=] 3
File Edit Miew Project Configuration Tools Utilities Window  Help ‘

I P
s TP.AFFIC_LIGHT_S:‘. Hame ||]JeFined In ||T9pe ||Statu3 ||:|
— ;;.TR&FFIC_LIGHT_CTRL o) RTRAFFIC_LIGHT_CT TRAFFIC_LIGHT_SS Activity Update
& gy INPUTS TRAFFIC_LIGHT_55 Actiwvity Update
ey OUTPUTS TRAFFIC_LIGHT_55 Actiwvity Update
;:. TRAFFIC_LIGHT_CTR Statechart Update
) TRAFFIC_LIGHT_SS  TRAFFIC_LICHT_S5 Actiwvity Update
" % CHANGE TRAFFIC_LIGHT_S5 Ewent Update
% "= GREEN_LIGHT TRAFFIC_LIGHT_S5 Condition Update
. -~ RED_LIGHT TRAFFIC_LIGHT_S5 Condition Update
Statemate MicroC <"« YELLOW_LIGHT TRAFFIC_LIGHT_S5 Condition Update
= Code Generator Tool
¥
L
L
£
\Z
7
xmi ;I
Charts |Files I]]ataBank |Sear‘ch |
(15258} Found 3 elements j
£
N 1
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If no profiles currently exist, the New Compilation Profile window automatically opens. If

other profiles exist, select File > New Profile. The New Compilation Profile window
appears. Refer to the figure.

Type the name TRAFFIC_LIGHT_UC in the Profile Name: field.

MicroC Profile

Mew Compilation Profile x|

TRAFFIC_LIGHT_UL

Click Create New SW Module ‘ and name the module TRAFFICLIGHT_MOD in
the Create Module window.

Click on the module and then click Add Selected Chart with Descendents to Profile &.
This opens a Chart Tree View of your current design. Refer to the figure.
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Chart Tree View

Charts Tree x|
E;‘;}EI TRAFFIC_LIGHT %

M8 TRAFFIC_LIGHT CTRL

Ok | Apply I Cancel

6. Select the chart called TRAFFIC_LIGHT _SS from the Chart Tree View then click OK.

Panels to Profile window appears. Refer to the figure.
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10.
11.
12.

Add Panel to Profile

Add Panels to Profile x|

Panels List:
TRAFFIC_LIGHT_PHL

Panelzs Mameiszl:

I

0K | Eancell Helpl

Select the TRAFFIC_LIGHT_ PNL that was created earlier in the exercise.
Click OK.

Select the Options > Set Target Configuration from the MicroC Profile window.
Select the MAINLOOP_SC_NT configuration. Refer to the figure.
Click OK.

Set Target Configuration
x|

Target Configurationt

MATNLOOP _SC_NT

A

—
EFALLT Y

L_FFHCLE_FUJITSU_SOFTUNE
L_HCOS_COSMIC ]
L_HCO8_HETROMERKS

L HC12 COSHIC

13. Select File > Save from the MicroC Profile window.
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14. Select Generate Code for Current Profile €4 in the MicroC Profile Window. This
opens the Output directory for the generated code. Refer to the figure.

Generated Code Output Directory

output Dir 2 x|

C:hstm_projectsitraffic_light.walprtl,...

-|7) ana ;|
--{C7) component
-3 tonfig
-+{3) doc
ﬁ inc
) kal

|3 olgdb_dir —I
H-{C3) plugins
=) prt

15. Click OK in the Output Directory window to accept the location for the generated code.

16. Click Dismiss in the generated Code window.
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Generated Code Output

Generate Code for Profile TRAFFIC_LIGHT |

Procezzing Compilation Profile ...
Building Data Baze ...

Generating Code ..,

Report file:

uchtraffic_light_uc.rptl?
Panels_dizplays,.dat files

uchpanels_displays,dat?
Code filet

uchglob_func,ch

Done

{Chetm_projectzitraffic_light ,ua‘prthtraffic_light_

{Cihatm_projectsitraffic_light ,uahprthtraffic_light_

(Crhatm_projectshtraffic_light,uahprthtraffic_light_

]

Dismissl

Help |

17.  Select Compile Generated Code [ in the MicroC Profile window to compile the
generated code. This opens the Selected Makefile window. Refer to the figure.
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Selected Makefile

Selected Makefile e d |

Loak in: | ) taffic_light_us =] « £ B3~

h] cgskuff.h @ glob_dat.h ﬂpanels_displavs.dat | tra
E cmp_fla.h @ glob_Func.c @ poe_interface.h @ tra
E direct_gba.c @ macro_def.h j strn_color_base | tra
E gba_cfg.h j makefile j traffic_light_pnl.pnl @ tra
ﬂ gba_data.gba j rnl_MT_mf_tmpl.mak. j traffic_light_uc, _ts @ by
@ glob_dat.c @ os_declh @ traffic_light_uc.c @ use
1] |

i
File name: rnalkefil Open |
Files of type: [ Chart/Files ") | Cancel |

[~ Open az read-only

18. Select Open to begin compilation of the code.

The resulting compilation output is sent to a “Command Prompt Window.” Refer to the
figure. Once compilation is completed, exit out of the command prompt window, if
desired.

Compilation Results

Copyright {C» Microsoft Corp 1984-1998B. All rights reserved.

direct_gha.c

cl ~c #MTA ~#Zi ~1. /D “_DEBUG'" ~Fd"glob_dat.pdb'" ~Fo glob_dat.c
Microsoft (R>» 32-bhit CrC++ Optimizing Compiler Uersion 12.80.8168 for BBxB6
Copyright {C» Microzoft GCorp 1984-1998. All rights reserved.

glob_dat.c
cl /¢ #MIA #Zi ~1. D "_DEBUG" /Fd"traffic_light_uc.pdb" sFo traffic_1i]

ght_uc.c
Microsoft C(R» 32-hit GC/C++ Optimizing Compiler Uersion 12.AA.8168 for BAxBG6
Copyright <C» Microsoft Corp 1784-1998. All rights reserved.

traffic_light_uc.c
link ~INCREMENTAL:no ~DEBUG ~OUT:traffic_light_uc.exe trafficlight_mod.

ohj globh_func.obhj direct_gha_obj gqloh_dat.ohj traffic_light_uc.obj
kernel3d2.1lib user3d2.1lib gdi32.1ib winspool.lib comdlg32.1ih advapi3d?.lib shell32
.1lib o0le3d2.1lib oleaut32._1libh wwid.lih odbc32.1ib odbccp32.1ib ws2_32_1ib libcmt .1
ih #HODEFAULTLIB C:“\I-Logix“stmm“4.1-/1libs1libpgertl.1lih

Microsoft (B> Incremental Linker Uersion 6.08.8168

Copyright <C» Hicrosoft Corp 1992-1998. All rights reserved.

C:iwstm_projectsstraffic_light _wasprtstraffic_light_uc>
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19. The GBA Server allows you to open charts for animation. Select Tools > Open GBA
from the MicroC Profile window. The GBA Server window appears. Refer to the figure.

GBA Server

M GBA_1: GBA Server

i
e Tt
T

20. Click Execute Compiled Code |. from the MicroC Profile window and then select the
Open option from the Run Command window to start the code execution. Refer to the
figure.

| I—

I
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Run Command

21|
Look in; I_} traffic_light_uc j ‘- £ ER-

ﬁtrafﬁc_light_uc.exe

File narne:

Open |
Filez af twpe: IE:-:ecutabIe Files [* exe.” bat:" com) j Cancel |

[~ Open as read-only

Note: The model is now running as an executable with the panel available to provide
user interaction.

21. Click CHANGE multiple times. Different light indicators illuminate with their respective
colors. Refer to the figure.

Panel Execution

Bl Panel:TRAFFIC_LIGHT_PNL -0 x|
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Exercise 7 - Using the Test Driver

This exercise describes how to test the dynamic behavior of the developed application
non-interactively, using test vector inputs and outputs.

1. Select Options > Settings from the MicroC Profile window to open the Properties for
Code Generation window. Refer to the figure.

2. Select the Test Driver tab and then check the Enabled checkbox.

3. Click OK.
Code Generation Properties
x
Target Froperties I Code Instrumentation | Application Configuration
os I General Test Driver | Dptimization
— ¥ Enabled

— ¢ ASunchronous

v iGenerate Test Drver Funchior

Hint: This flag will zet "USE_TEST_DRINER" Macio

— ' Synchronous

| Task = [evell

[~ I5H 0 Level2

— Test Driver Fils

Itst_drv.c _I

[~ Use "GetWalus" Functions

0Ok, I Canicel Apply
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4. Regenerate and recompile the model as done in the previous exercise.
5. Select Tools > Open GBA from the MicroC Profile window.

6. Click Execute Compiled Code from the MicroC Profile window and when the panel is
available press the CHANGE push button any number of times. Within the Command
Prompt you can view the Test Driver data stream output. Refer to the figure.

Test Driver Data Stream

2 RED_LIGHT 5 1 Change TEST_DRIUER_TASK:2
CHAWNGE 6 1 Input From Panel
GREEM_LIGHT 5% 1 Change TEST_DRIVER_TASK:51251
RED_LIGHT 5 @ Change TEST_DRIUER_TASK:=-51251
CHAWNGE 6 1 Input From Panel
GREEM_LIGHT 5 8 Change TEST_DRIUER_TASK:56581
YELLOW_LIGHT 5 1 Change TEST_DRIUER_TASK:=-56581
CHANGE 6 1 Input From Panel
RED_LIGHT 5 1 Change TEST_DRIUER_TASK:61867
YELLOW_LIGHT 5 8 Change TEST_DRIVER_TASK:61887
3328 CHANGE 6 1 Input From Panel
3321 GREEN_LIGHT 5 1 Change TEST_DRIUER_TASK:68857
3321 RED_LIGHT 5 8 Change TEST_DRIVER_TASK:G68857
CHAWNGE 6 1 Input From Panel
GREEM_LIGHT 5% 8 Change TEST_DRIVER_TASK:89912
YELLOW_LIGHT 5 1 Change TEST_DRIUER_TASK:=-89%12
CHANGE 6 1 Input From Panel
RED_LIGHT 5 1 Change TEST_DRIUER_TASK:=-99692
YELLOW_LIGHT 5 8 Change TEST_DRIUER_TASK:=99692

7. Stop the model execution.

8. Use atext editor such as WordPad (or Notepad) to create a batch file named dos_box . bat
in the code directory. Refer to the figure.

Dos_box.bat File

[P dos_box.bat - Notepad =10 x|

File Edit Format ‘iew Help

@rem SET TESTODRIVER_IM_FILE=TESTDRIVER_IM_FILE.TxT ‘:J
SET TESTDRIVER_IMPUT_FROM_PHL_FILE=TESTDRIVER_IMNPUT_FROM_PML_FILE.TxT

SET TESTDRIVER_OUT_FILE=TESTDRIVER_OQUT_FILE.TxT

dir %, exe
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Note: Setting these environment variables redirects the standard input and output to
files, making it possible to post-process the results.

9. Select Tools > Open GBA from the MicroC Profile window.
10. Click Execute Compiled Code from the MicroC Profile window.

11.  Within the Run Command window, select the dos_box. bat file.

A Command Prompt window appears as a result. See the following figure.
12. Enter the name of the executable image (in this case, traffic_light_uc.exe).

Dos_box.bat Command Result

YW INDOWS', systemn 32, cmd.exe

Cowstm_projectsstraffic_light .wasprtswtraffic_light_uc>SET TESTDRIUVER_IMPUT _FROHM
PHL_FILE=TESTDRIUVER_IMWPUT_FROM_PHL_FILE. txt

C=“stm_projectsstraffic_light _wasprtstraffic_light_uc>SET TESTDRIUER_OUT_FILE=TE
STDRIVER_OUT_FILE.txt

Cosstm_projectsstraffic_light wasprtstraffic_light_uc>dir *.exe
Uolume in drive C has no label.
Uolume Serial Humber iz EBAF-3D82

Directory of Cosstm_projectsstraffic_light . wasprtstraffic_light_uc
111172885 168:-48 AM 594 611 traffic_light_uc.exe

1 File<=s> 594.811 bytes
A Dirdis)> 4,.64%.865,.216 bytes free

C=“stm_projectsstraffic_light _wasprtstraffic_light_ucX*traffic_light_uc.exe

13. Click the CHANGE push button any number of times when the panel is invoked.

Note: Each time you click the CHANGE push button, information is written to the
files TESTDRIVER_INPUT_FROM_PNL_FILE. txt (refer to the figure TestDriver
Input File) and TESTDRIVER_OUT_FILE.txt (see the TestDriver Output File
figure). These files can be viewed once the model execution has been stopped.
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TestDriver Input File

[P TESTDRI¥ER_INPUT_FROM_PNL_FILE.txt - Notepad -0l =

File Edit Format ‘iew Help

Test Driwver Header: absolute Time Must be sorted by time! [ MULTI_RUW ] [ RELATIVE_TIME ] -

14570 CHAKWGE 6 1 Input From Pangl b

23778 CHANGE 6 1 Input From Pangl

28360 CHANSE & 1 Input From Pangl

32940 CHANGE 6 1 Input From Pangl

38450 CHANGE & 1 Input From Panel

44070 CHANGE 6 1 Input From Panel

48315 CHANWSE 6 1 Input From Panel

54574 CHANGE 6 1 Input From Panel

60770 CHANGE 6 1 Input From Pangl

64530 CHANSE & 1 Input From Pangl

KN 4
TestDriver Output File

[P TESTDRIVER_OUT_FILEkxt - Notepad -0l x|

Eile Edit Farmat Yiew Help

14571
14571
23779
23770
28371
28371
32941
329471
39461
30461
44071
44071
49321
49321
54575

<]

Test Driver Header: absolute Time mMust be sorted by time! [ MULTI_RUM ] [ RELATIVE_TIMa
2 RED_LIGHT 5 1 hange TEST_DRIVER_TASK:Z —

GREEN_LIGHT 5 1 Change TEST_DRIVER_TASK:14571
RED_LIGHT 5 O Change TEST_DRIVER_TASK:14571
GREEM_LIGHT 5 O Change TEST_DRIVER_TASK:Z3779
YELLOW_LIGHT 5 1 Change TEST_DRIVER_TASK:23770
RED_LIGHT 5 1 Chanﬁe TEST_DRIVER_TASK:28371
YELLOW_LIGHT 5 0 Change TEST_DRIVER_TASK:Z28371
GREEM_LIGHT 5 1 Change TEST_DRIVER_TASK:32641
RED_LIGHT 5 0 Change TEST_DRIVER_TASK:32541
GREEM_LIGHT 5 O Change TEST_DRIVER_TASK:39461
YELLOW_LIGHT 5 1 <hange TEST_DRIWVER_TASK:3%481
RED_LIGHT 5 1 Change TEST_DRIVER_TASK:44071
YELLOW_LIGHT 5 0O Change TEST_DRIWVER_TASK:44071
GREEM_LIGHT 5 1 Change TEST_DRIVER_TASK:48321
RED_LIGHT 5 0 Change TEST_DRIVER_TASK:49321
GREEM_LIGHT 5 0O Change TEST_DRIVER_TASK:54575

| o
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The files are both of a similar format and are explained in the following tables.

Time

Variable

Name Variable Type

Variable Value

Comments

Absolute (Default)

As in Properties | See the following

The new value it

As shown in file.

ENUM_DATA_ITEM

or Relative table. is set to.
Data Type Identifier

INTEGER_DATA_ITEM 0
REAL_DATA_ITEM 1
BIT 2
BIT_ARRAY 3
STRING_DATA_ITEM 4
CONDITION 5
EVENT 6
STATE 7
ACTIVITY 8

9

14. Edit the dos_box.bat file to enable the line that was commented out. See the following

figure.

Modified dos_box.bat File

[P dos_box.bat - Notepad =10l =|
File Edit Format Wiew Help
SET TESTDRIVER_IM_FILE=TESTORIVER_IM_FILE.TXT ﬂ

SET TESTDRIVER_INWPUT_FROM_PML_FILE=TESTDRIVER_IMPUT_FROM_PML_FILE.TXT

SET TESTDRIVER_OUT_FILE=TESTORIVER_OQUT_FILE.TxT

dir %, exe
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15.

16.

17.
18.

19.
20.

Rename the file in the code directory called TESTDRIVER_INPUT_FROM_PNL_FILE.txt to
TESTDRIVER_IN_FILE.txt.

Open the file that was just renamed and modify the header (first line) of the file. Refer to

the figure.

Modified TestDriver In File

[P TESTDRIVER_IN_FILE.txt - Notepad

File Edit Farmat

Wiew  Help

=10l x|

14570
23778
28360
32640
39460
44070
49519
34574
=l
64530

1]

CHAMGE
ZHAMGE
CHAMGE
ZHAMGE
ZHAMGE
ZHAMGE
ZHAMGE
CHAMGE
CHAMGE
ZHAMGE

OO OO On Ot Onc O O On
FRPRERRERR

e e

Input
Input
Input
Input
Input
Input
Input
Input
Input
Input

Fram
Fram
From
Fram
Fram
Fram
Fram
Fram
Fram
Fram

Test Driver Header: MULTI_RUW ABSOLUTE_TIME| -

Fanel
Panel
Panel
Panel
FPane
Fanel
Fanel
FPane]
Fanel
Panel

A

Click Execute Compiled Code < from the MicroC Profile window.

Select the dos_box. bat file in the Run Command window. A Command Prompt window

opens.

Enter the name of the executable image (in this case, traffic_light_uc.exe).

When the panel is invoked, the TESTDRIVER_IN_FILE.txt is responsible for providing
the inputs to the system. The files TESTDRIVER_INPUT_FROM_PNL_FILE.txt and
TESTDRIVER_OUT_FILE. txt is created. These files can be viewed once the model
execution has been stopped.
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