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8 - Model-Based Design
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Repetition - Safety & Liveness Properties
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Repetition - Safety

♦ERROR����������������-���������� ��.������+/����!�����,�

♦ 0��� !�����#��� �1�������������#������������!���#
������ 	
�	�
���� �#���������������#�-������ ��.�������

property SAFE_ACTUATOR = 
(command ->

respond ->
SAFE_ACTUATOR).

command

respond

command

respond

-1 0 1
ACTUATOR =

(command ->
(respond -> ACTUATOR
|command -> ERROR)

|respond -> ERROR).
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Repetition - Single Lane Bridge Problem
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Repetition - Safety Property “ONEWAY”

property ONEWAY = (red [ID]. enter -> RED[1]
| blue [ID]. enter -> BLUE[1]),

RED[i:ID] = ( red [ID]. enter -> RED[i+1]
|when (i==1) red [ID]. exit -> ONEWAY
|when (i>1) red [ID]. exit -> RED[i-1]),

BLUE[j:ID]= ( blue [ID]. enter -> BLUE[j+1]
|when (j==1) blue [ID]. exit -> ONEWAY
|when (j>1) blue [ID]. exit -> BLUE[j-1]).
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Repetition - Single Lane Bridge

Trace to property violation in ONEWAY:
red.1.enter
blue.1.enter
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Repetition - Liveness
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pick

pick toss

heads

toss

toss

tails

heads

0 1 2 3 4 5

Repetition - Progress Properties

$�!!���������������-������� !��������������������������
!������!�����������������������
�������

TWOCOIN = (pick->COIN | pick->TRICK),
COIN    = (toss->heads->COIN | toss->tails->COIN).
TRICK   = (toss->heads->TRICK),

progress HEADS = {heads} ?

progress TAILS = {tails} ?
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Repetition - FairBridge

||CongestedBridge = (SingleLaneBridge)
>> {red[ID].exit,blue[ID].exit}.

%�-)�����������!���������� P >> {low 1, …, low N}
P << {high 1, …, high N}
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Repetition - Readers and Writers
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Model-Based Design
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♦ ��������������#��� 

♦ ���������+:��7����� �����,�������������������

♦ !��!������������������

8.1  From Requirements to Models
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Example: A Cruise Control System - Requirements
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A Cruise Control System - Hardware

2�������
��������������������������������!��������������������
speed ���������������
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��#�;<< ����0��
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= ��������+on 1�off 1�resume ,

= brake +!������,

= accelerator +!������,

= engine +on 1�off ,�

buttons

engine

accelerator

brake
PIA

polled

wheel interrupt

CPU

throttleD/A

(��!����*�����������������#��� �����������������!�����#���������
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Model - Design

buttons

engine

accelerator

brake
PIA

polled

wheel interrupt

CPU

throttleD/A

;� 0������#����� ����������1��������1���������
��������
engineOn 1�engineOff , accelerator 1�brake 1�

on 1�off 1�resume,

speed, setThrottle, zoom

clearSpeed,recordSpeed,

enableControl,disableControl.

Sensors

Prompts
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Model - Design

;� 0������#����� ����������1��������1���������
��������
engineOn 1�engineOff , accelerator 1�brake 1�

on 1�off 1�resume,

speed, setThrottle, zoom

clearSpeed,recordSpeed,

enableControl,disableControl.

Sensors

Prompts

set Sensors = {engineOn, engineOff, accelerator, brake,
on, off, resume}

set Engine = {engineOn, engineOff} 

set Prompts = {enableControl, disableControl,
clearSpeed, recordSpeed}
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Model - Outline Design
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Sensors

PromptsEngine

speed

setThrottle

set Sensors = {engineOn, engineOff, accelerator, brake, on, off , resume}
set Engine = {engineOn, engineOff} 
set Prompts = {enableControl, disableControl, clearSpeed, recor dSpeed}
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Model – Design (Step 1+2+3)

;� 0������#����� ����������1��������1���������
��������

on 1�off 1�resume 1�brake 1�accelerator

engineOn 1�engineOff 1�

speed, setThrottle

clearSpeed,recordSpeed,

enableControl,disableControl

>� 0������#���������������� ����	
��������

Sensor Scan, Input Speed, 

Cruise Controller, Speed Control and

Throttle

?� 0������#���������������� ����	
�	�
���� ������������
�����# 7 ���������-����off 1�brake ���accelerator !�������

Sensors

Prompts
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Model  - Design (Step 4)

SENSOR
SCAN

CRUISE
CONTROLLER

Sensors

INPUT
SPEED

SPEED
CONTROL

set
Throttle

speed

Engine Prompts

CONTROL CRUISE
CONTROL
SYSTEM

THROTTLE

*����(@*'(%��#��� ������������������-��!��������
7 CRUISECONTROLLER+��������������������,4�����
7 SPEEDCONTROL+�����������������������,

A� $������������!�����������������
� ������
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Model Elaboration - Process Definitions

SENSORSCAN = ({Sensors} -> SENSORSCAN). 

// monitor speed when engine on
INPUTSPEED = (engineOn -> CHECKSPEED),
CHECKSPEED = (speed     -> CHECKSPEED  // monitor speed

|engineOff -> INPUTSPEED).

// zoom when throttle set
THROTTLE =(setThrottle -> zoom -> THROTTLE).

// perform speed control when enabled
SPEEDCONTROL = DISABLED,
DISABLED =({speed,clearSpeed,recordSpeed} -> DISABL ED

|enableControl -> ENABLED), 
ENABLED = (speed     -> setThrottle -> ENABLED 

|{recordSpeed,enableControl}    -> ENABLED
|disableControl -> DISABLED).
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Model Elaboration - Process Definitions

CRUISECONTROLLER = INACTIVE,

INACTIVE =(engineOn -> clearSpeed -> ACTIVE),

ACTIVE   =(engineOff -> INACTIVE
|on-> recordSpeed-> enableControl-> CRUISING),

// enable speed control when cruising, 
// disable when off, brake, or accelerator pressed

CRUISING =(engineOff -> INACTIVE
|{off,brake,accelerator}

->disableControl-> STANDBY
|on-> recordSpeed-> enableControl-> CRUISING),

STANDBY  =(engineOff -> INACTIVE
|resume          -> enableControl-> CRUISING
|on-> recordSpeed-> enableControl-> CRUISING).
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Model  - CONTROLSub-System

||CONTROL =(CRUISECONTROLLER ||SPEEDCONTROL).

7 0��������������������������������������-��������
��������‘on’ ����������!������5

7 0������������������-����������������������!������5
7 0�����������7��������-�������� ����������!������5

��� ����-��������!�������� ������

$������� 0���������������-�#�����������-����
off 1�brake 1����accelerator ���!������5

(
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Model  - Safety Properties

% ����$����#�!��!������������������ !�����-��������
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Model  - Safety Properties

B����# CRUISESAFETY5

||CONTROL = (CRUISECONTROLLER||SPEEDCONTROL|| CRUISESAFETY).

property CRUISESAFETY= 
({off,accelerator,brake,disableControl} -> CRUISESAF ETY

|{ on,resume } -> SAFETYCHECK),

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

SAFETYACTION= ( disableControl ->CRUISESAFETY).

�� !��������-�����(@*'(%�!��������

0���������������-�#�����������-����off )brake )acc !������5
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Model Analysis

||CONTROL =
(CRUISECONTROLLER||SPEEDCONTROL||CRUISESAFETY)

@ {Sensors,speed,setThrottle}.

||CRUISECONTROLSYSTEM = 
(CONTROL||SENSORSCAN||INPUTSPEED||THROTTLE).

2�������-�� !��������-������#��� �

No deadlocks/errors

2�����-���������������������#�
������������������ !�������
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Model  - Progress Properties
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Model  - Progress Properties

Progress violation for actions: 
{engineOn, clearSpeed, engineOff, on, recordSpeed, 
enableControl, off, disableControl, brake, 
accelerator...........}
Path to terminal set of states:

engineOn
tau
on
tau
tau
engineOff
engineOn

Actions in terminal set:
{speed, setThrottle, zoom}

"������������+-���������� ������,�
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Model  - Progress Properties

Progress violation for actions: 
{engineOn, clearSpeed, engineOff, on, recordSpeed, 
enableControl, off, disableControl, brake, 
accelerator...........}
Path to terminal set of states:

engineOn
clearSpeed
on
recordSpeed
enableControl
engineOff
engineOn

Actions in terminal set:
{speed, setThrottle, zoom}

2�������������������-����������

7 ���������������� ��� ��
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Cruise Control Model - Minimized LTS

engineOn

engineOff

on

speed

engineOff

on

off
brake

accelerator

speed

engineOff

on
resume

speed

engineOn

speed
0 1 2 3 4 5

||CRUISEMINIMIZED = (CRUISECONTROLSYSTEM) 
@ {Sensors,speed}.

����������������� ��� �C������
������!����������������C�����
����%*$������� ����� �������
���������������!�����

Progress violation trace: engineOn -> clearSpeed -> o n -> 
recordSpeed -> enableControl -> engineOff -> engineOn.
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Model – Revised Cruise Control System

// enable speed control when cruising, 
// disable when off, brake, or accelerator pressed
//         or when the engine is turned off!!!

CRUISING =(engineOff -> INACTIVE
|{off,brake,accelerator}

->disableControl-> STANDBY
|on-> recordSpeed-> enableControl-> CRUISING),

D���CRUISECONTROLLER������������������������
SPEEDCONTROLLER-�������������������-������������

*+����,

-> disableControl
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Model – Revised Cruise Control System (Properties)

property CRUISESAFETYv2 = 
({off,accelerator,..., } -> CRUISESAFETY v2

|{on,resume} -> SAFETYCHECK),
SAFETYCHECK = ({on,resume} -> SAFETYCHECK

|{off,..., } -> SAFETYACTION
|disableControl -> CRUISESAFETY v2 ), 

SAFETYACTION = (disableControl -> CRUISESAFETY v2 ).

engineOn

engineOff

on

speed

engineOff

on

off
brake

accelerator

speed

engineOff

on
resume

speed
0 1 2 3

No deadlocks/errors

No progress 
violations detected

engineOff

engineOff
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Model - System Sensitivities (under Adverse Conditions)

||SPEEDHIGH = CRUISECONTROLSYSTEM << {speed}.

Progress violation for actions: 
{engineOn, engineOff, on, off, brake, accelerator, 
resume, setThrottle, zoom}
Path to terminal set of states:

engineOn
tau

Actions in terminal set:
{speed}

0������������������#��� � �#�����������
���������
!������#������������� “ speed” .
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Model Interpretation
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The Central Role of Design Architecture

Behavioural View Implementation View

Architecture

Analysis Program Construction

Performance View

	������������������������������������������C����������
������������������������#��� ������� ���������
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8.2  From Models to Implementations
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♦ �������#����� �������
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7 ������� !�� ����������������
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Cruise Control System - Class Diagram

SpeedControl
���������-����
�������
�� ��������
���
���������
CarSpeed �

enableControl()
disableControl()
recordSpeed()
clearSpeed()

Applet

CruiseControl

Controller

brake()
accelerator()
engineOff()
engineOn()
on()
off()
resume()

SpeedControl

CarSimulator

CarSpeed

setThrottle()
getSpeed()

Runnable

CruiseDisplay

car

control

sc

disp

disp

cs

CRUISECONTROLLER SPEEDCONTROL
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Cruise Control System - Class Controller

class Controller {
final static int INACTIVE = 0, // cruise controller states

ACTIVE = 1, CRUISING = 2, STANDBY = 3;
protected int state = INACTIVE; // initial state
protected SpeedControl sc;

Controller(CarSpeed cs, CruiseDisplay disp) {
sc = new SpeedControl(cs, disp);

}
synchronized void brake () {

if (state == CRUISING)
{ sc.disableControl(); state = STANDBY; }

}
synchronized void accelerator () {

if (state == CRUISING)
{ sc.disableControl(); state = STANDBY; }

}
synchronized void engineOff () {

if (state != INACTIVE) {
if (state == CRUISING) sc.disableControl();
state = INACTIVE;

}
}

Controller
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Cruise Control System - Class Controller

...
synchronized void engineOn () {

if (state == INACTIVE) {
sc.clearSpeed(); state = ACTIVE;

}
}
synchronized void on() {

if (state != INACTIVE) {
sc.recordSpeed();
sc.enableControl(); state = CRUISING;

}
}
synchronized void off () {

if (state == CRUISING) {
sc.disableControl(); state = STANDBY;

}
}
synchronized void resume () {

if (state == STANDBY) {
sc.enableControl(); state = CRUISING;

}
}

}
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Cruise Control System - Class SpeedControl

class SpeedControl implements Runnable {
final static int DISABLED = 0; // speed control states
final static int ENABLED  = 1;
protected int state = DISABLED; // initial state
protected int set_speed = 0; // target speed
protected Thread sc;
protected CarSpeed cs; // interface to control the speed
protected CruiseDisplay disp;

SpeedControl(CarSpeed c, CruiseDisplay d){
this .cs = c; this .disp = d; d.disable(); d.record(0);

}

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

}

synchronized void clearSpeed () {
if (state == DISABLED) {

set_speed = 0;
disp.record(set_speed);

}
}

SpeedControl ������
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Cruise Control System - Class SpeedControl

...

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

disp.enable();
sc = new Thread( this );
sc.start(); 
state = ENABLED;

}
}

synchronized void disableControl () {
if (state == ENABLED) {

disp.disable();
state = DISABLED;

}
}

...
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Cruise Control System - Class SpeedControl

public void run() { // the speed controller thread
try {

while (state == ENABLED) {
synchronized ( this ) {

// calculate and set new throttle speed
double throttle = ...cs.getSpeed()...;
cs.setThrottle(throttle);

}
Thread.sleep(500);

}
} catch (InterruptedException _) {}
sc = null ; // throw away SpeedController thread

}
}
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Summary: Model-Based Design
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