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ETFILOFHMIE - 7O RADEE

SENSORSCAN = ({Sensors} -> SENSORSCAN).

// monitor speed when engine on
INPUTSPEED = (engineOn -> CHECKSPEED),
CHECKSPEED = (speed -> CHECKSPEED
lengineOff -> INPUTSPEED
).
// zoom when throttle set
THROTTLE =(setThrottle -> zoom -> THROTTLE).

// perform speed control when enabled

SPEEDCONTROL = DISABLED,

DISABLED =({speed,clearSpeed, recordSpeed}->DISABLED
| enableControl -> ENABLED
),

ENABLED = ( speed -> setThrottle -> ENABLED
|{recordSpeed,enableControl} -> ENABLED
| disableControl -> DISABLED
).

Concurrency: model-based design 9
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ETFILOFHMIE - 7O RADEE

// enable speed control when cruising,
// disable when off, brake or accelerator pressed
CRUISECONTROLLER = INACTIVE,
INACTIVE =(engineOn -> clearSpeed -> ACTIVE),
ACTIVE =(engineOff -> INACTIVE
|on->recordSpeed->enableControl->CRUISING
),
CRUISING =(engineOff -> INACTIVE
|{ off,brake,accelerator}
-> disableControl -> STANDBY
|on->recordSpeed->enableControl->CRUISING
).,
STANDBY =(engineOff -> INACTIVE
|resume -> enableControl -> CRUISING
|on->recordSpeed->enableControl->CRUISING

).

Concurrency: model-based design 10
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ETIL-RZ2EDHEE

property CRUISESAFETY =
({off,accelerator,brake,disableControl} -> CRUISESAFETY
|{on,resume} -> SAFETYCHECK
),

SAFETYCHECK =
({on,resume} -> SAFETYCHECK
|{off,accelerator,brake} -> SAFETYACTION
|disableControl -> CRUISESAFETY

),
SAFETYACTION =(disableControl->CRUISESAFETY).

LTS/EL? -
| ICONTROL =(CRUISECONTROLLER
| | SPEEDCONTROL
| ICRUISESAFETY  ~py I SESAFETY @

)-

ZERIZEZBH?

Concurrency: model-based design 13
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LTSAZRNTZREMESMEITIEUTDERNREDONS:

Trace to property violation 1n CRUISESAFETY:

engineOn

clearSpeed

on E-Jovae) vl

cablecontrol | TXIUBBIBRAY a1
engincOff hTORTLMRBEN -, IO
oFF Z@Zfr‘y?’-bl’cﬂ LT, %!1ﬁ|1y7\
off FLRBERREES NV ESE
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setThrottle IMEIZLYL TSI DK &S5
speed INFERRLPFSTES .
setThrottle

Concurrency: model-based design 15
©Magee/Kramer



CONTROLMINIMIZEDETILDLTS

minimal

| ICONTROLMINIMIZED = accelerator
(CRUISECONTROLLER brake
| | SPEEDCONTROL off
) @ {Sensors,speed}.

engineOn on engineOff engineOn

off off on off speed j off
brake brake speed brake brake
engineOff ¢4, accelerator accelerator accelerator
speed speed speed speed
on
resume
L) o — el ?
Concurrency: model-based design engineOff - ﬁf # ﬁ‘é fﬁ 7&‘
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Progress violation for actions:

{accelerator, brake, clearSpeed, disableControl,
enableControl, engineOff, engineOn, off, on,

recordSpeed, resume}
Trace to terminal set of states:
engineln
clearSpeed
on
recordSpeed
enableControl
engineOff
engineln
Cycle 1In terminal set:
Speed
setThrottle
Actions 1In terminal set:
{setThrottle, speed}

Zo M EBERTEAN
FIZET L OETHER
BT BHE
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ET )L — REThRE Kl 2T L

CRUISECONTROLLERZZHEL, T UMNEHLNT-LHIEIXE £ A E
LB EIZT B.

CRUISING =(engineOff -> disableControl -> INACTIVE
|{ off,brake,accelerator} -> disableControl -> STANDBY
| on->recordSpeed->enableControl->CRUISING

).

ZTEEDHEEZEE:

property IMPROVEDSAFETY =
(DisableActions,disableControl ,engineOff} -> IMPROVEDSAFETY
|{on,resume} -> SAFETYCHECK
)
SAFETYCHECK = ({on,resume} -> SAFETYCHECK
|{DisabelActions,engineOff} -> SAFETYACTION
|disableControl -> IMPROVEDSAFETY

),
SAFETYACTION =(disableControl -> IMPROVEDSAFETY)

7L TOK n?




i EThik CONTROLMINIMIZED

accelerator
brake
engineOn on off

off off on off
brake brake speed brake
accelerator accelerator accelerator
engineOff speed on speed
resume
engineOff

No deadlocks/errors

engineOff

Concurrency: model-based design 19
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| ICONTROL =
(CRUISECONTROLLER] | SPEEDCONTROL | | CRUISESAFETY
)@ {Sensors,speed,setThrottle}.
| ICRUISECONTROLSYSTEM =
(CONTROL | | SENSORSCAN] | INPUTSPEED| | THROTTLE) .

7ROy I(E? No deadlocks/errors
T2

EITIEL?
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| ISPEEDHIGH = CRUISECONTROLSYSTEM << {speed}.

Progress violation for actions:

{engineOn, engineOff, on, off, brake, accelerator,
resume, setThrottle, zoom}

Path to terminal set of states:

engineon speed BIEDBIERE
tay 12, VAT LISEE

Actions 1n terminal set:

ZlTHMELNERL.
{speed} < 4’|
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KnEES X7 L — Controller 95X

class Controller { |

Pna: static int INACTIVE = 0; //cruise controller states Controller
inal static int ACTIVE = 1; = .
final static int CRUISING = 2; 32 BHIEIK
final static int STANDBY = 3; ThHd. I7&
private int controlState = INACTIVE; //initial state HEEZ|ZIE
private SpeedControl sc; bz |
Controller(CarSpeed cs, CruiseDisplay disp) ;} ’C.:E“JS
{sc=new SpeedControl(cs,disp):} - L
synchronized void brake(){ ELTEERT
iIT (controlState==CRUISING ) 2.

{sc.disableControl(); controlState=STANDBY; }
}

synchronized void accelerator(){
iIT (controlState==CRUISING )
. {sc.disableControl(); controlState=STANDBY; }
synchronized void engineOff(){
iT(controlState!=INACTIVE) {
IT (controlState==CRUISING) sc.disableControl();
controlState=INACTIVE;

¥ /
¥ .r




KnEES X7 L — Controller 95X

synchronized voird engineOn(){
iT(controlState==INACTIVE)
{sc.clearSpeed(); controlState=ACTIVE;}
}

synchronized void on(){
iT(controlState!=INACTIVE){
sc.recordSpeed(); sc.enableControl();
controlState=CRUISING;

}
}

synchronized void off(){
1T(controlState==CRUISING )
{sc.disableControl(); controlState=STANDBY;}
}

synchronized void resume(){
1T(controlState==STANDBY)
{sc.enableControl () ; controlState=CRUISING;}
+

}

hIZETIL
Mo DEED
HIERTH 5.

Concurrency: model-based design
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Al X T L - SpeedControl 752X

class SpeedControl implements Runnable {
final static int DISABLED = O; //speed control states
final static int ENABLED = 1;
private int state = DISABLED; //initial state

private iInt setSpeed = O; /ltarget speed
private Thread speedController;
private CarSpeed cs; /linterface to control speed

private CruiseDisplay disp;

SpeedControl (CarSpeed cs, CruiseDisplay disp){
this.cs=cs; this.disp=disp;

) disp.-disable(); disp.record(0);

synchronized void recordSpeed(){
setSpeed=cs.getSpeed(); disp.record(setSpeed);

}

synchronized void clearSpeed(){

}

synchronized void enableControl (){
IT (state==DISABLED) {

IT (state==DISABLED) {setSpeed=0;disp.record(setSpeed);}

disp.enable(); speedController= new Thread(this);

speedController.start(); state=ENABLED;
}

AU
J

SpeedControl
[XEEBIHYZE(RT
H5. EITAlEEE
=Bk, FL
WRALYRHMES
n, TnHEH
MIZEDRERES
BTAXOvkILE
RETS.




Al X T L - SpeedControl 752X

synchronized void disableControl(){
1T (state==ENABLED) {disp.disable(); state=DISABLED;}

+
public{void runQ { // the speed controller thread
try
while (state==ENABLED) {
Thread.sleep(500);
IT (state==ENABLED) synchronized(this) {
double error = (float)(setSpeed-cs.getSpeed())/6.0]
double steady = (double)setSpeed/12.0;
y cs.setThrottle(steady+error); //simplified feed back control
} catch (InterruptedException e) {}
speedController=null;
}
+

SpeedControl (X (EFIENZE#HHT D) RET

HERAYYRERLYR DIEEMBEDEIIS
2DBFITHS.
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