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Example:	
  Light	
  bulb	
  

OFF	
   Green	
  &	
  ON	
   Red	
  &	
  
Blinking	
  

Triggered	
  by	
  a	
  user	
  pressing	
  a	
  light	
  buIon	
  

On	
  buIon	
   Off	
  buIon	
  



User	
   Controller	
  

systemStatus:	
  SystemStatus	
  

lightRequest(req:	
  LightRequest)	
  

Light	
  
lightStatus:	
  LightStatus	
  
blinking:	
  Boolean	
  

setLightStatus(stat:	
  LightStatus)	
  

1 1
ctrl	
   light	
  

<<Enumera/on>>	
  
LightStatus	
  

OFF	
  
GREEN	
  
RED	
  

<<Enumera/on>>	
  
LightRequest	
  

ON	
  
OFF	
  

<<Enumera/on>>	
  
SystemStatus	
  

OK	
  
ERROR	
  

usr	
  :	
  User	
   ctrl	
  :	
  Controller	
   light	
  :	
  Light	
  

Class	
  Diagram:	
  

Object	
  Diagram:	
  

setBlinking(blink:	
  Boolean)	
  



Modal	
  Sequence	
  Diagrams	
  (MSDs)	
  

MSD Demo

param > 0

neg

op(param)

forbidden()

b: ClassB

0

1

2

a: ClassA

op2()

op(param)

op2()

1. Diagram name
2. Lifeline

8. Cut position & number

5. Condition (cold)

7. Forbidden message

3. Message 
(cold)

4. Message 
(hot)

b.x > 54 && a.y==2 6. Condition (hot)



MSD SwitchToGreen

ctrl: Controller

lightRequest(LightRequest::ON)

setLightStatus
(LightStatus::GREEN)

usr:User light: Light

MSD:	
  Basics	
  

5	
  

Object	
  “ctrl”	
  of	
  Type	
  Controller	
  

Diagram	
  name	
  

If	
  ….	
  

Then	
  force.	
  



c()

MSD SwitchToGreen

ctrl: Controller

lightRequest(LightRequest::ON)

setLightStatus
(LightStatus::GREEN)

usr:User light: Light

ctrl.systemStatus == SystemStatus::OK

MSD:	
  Condi/ons	
  

6	
  

If…	
  

…then	
  force!	
  

…and…	
  



Example	
  

c()

MSD SwitchToRed

ctrl: Controller

lightRequest(LightRequest::ON)

setLightStatus
(LightStatus::RED)

usr:User light: Light

ctrl.systemStatus == SystemStatus::ERROR

setBlinking(true)



Hot/Cold	
  

objectName:Type

message() message()

Condition = true Condition = true

MSD MsdB

Diagram name Object/Lifeline

Cold
“Can happen”

Hot
“Must happen”



c()

MSD SwitchToRed

ctrl: Controller

lightRequest(LightRequest::ON)

setLightStatus
(LightStatus::RED)

usr:User light: Light

ctrl.systemStatus == SystemStatus::ERROR

setBlinking(true)

Execu/on:	
  The	
  cut	
  

9	
  

1.  usr:	
  lightRequest(LightRequest::ON)	
  
2.  ctrl:	
  setLightStatus(LightStatus::RED)	
  
3.  ctrl:	
  setBlinking(true)	
  

0	
  

1	
  

2	
  

MSD Deactivated 

MSD activated 



c()

MSD SwitchToRed

ctrl: Controller

lightRequest(LightRequest::ON)

setLightStatus
(LightStatus::RED)

usr:User light: Light

ctrl.systemStatus == SystemStatus::ERROR

setBlinking(true)

Execu/on:	
  The	
  cut	
  

10	
  

1.  usr:	
  lightRequest(LightRequest::ON)	
  

0	
  

MSD deactivated 

MSD activated 



c()

MSD SwitchToRed

ctrl: Controller

lightRequest(LightRequest::ON)

setLightStatus
(LightStatus::RED)

usr:User light: Light

ctrl.systemStatus == SystemStatus::ERROR

setBlinking(true)

Execu/on:	
  The	
  cut	
  

11	
  

1.  usr:	
  lightRequest(LightRequest::ON)	
  
2.  ctrl:	
  setBlinking(true)	
  

0	
  

1	
  

Safety Violation 

MSD activated 



c()

MSD SwitchToGreen

ctrl: Controller

lightRequest(LightRequest::ON)

setLightStatus
(LightStatus::GREEN)

usr:User light: Light

ctrl.systemStatus == SystemStatus::OK

Execu/on:	
  The	
  cut	
  

12	
  

1.  usr:	
  lightRequest(LightRequest::ON)	
  
2.  ctrl:	
  setBlinking(true)	
  
3.  ctrl:	
  setLightStatus(LightStatus::GREEN)	
  

0	
  

1	
  

MSD Deactivated 

MSD activated 



c()

MSD SwitchToRed

ctrl: Controller

lightRequest(LightRequest::ON)

setLightStatus
(LightStatus::RED)

usr:User light: Light

ctrl.systemStatus == SystemStatus::ERROR

setBlinking(true)

c()

MSD SwitchToGreen

ctrl: Controller

lightRequest(LightRequest::ON)

setLightStatus
(LightStatus::GREEN)

usr:User light: Light

ctrl.systemStatus == SystemStatus::OK

13	
  

1.  usr:	
  
lightRequest(LightRequest::ON)	
  

2.  ctrl:	
  
light.setLightStatus(LightStatus::RED)	
  

3.  ctrl:	
  
light.setBlinking(true)	
  

0	
  

1 

Deactivated 

0	
  

1	
  

2	
  

ctrl.systemStatus	
  ==	
  SystemStatus.ERROR	
  

2 
SwitchToRed 

(Cut 1) 
 

lightRequest(…)	
  

3 
SwitchToRed 

(Cut 2) 
 

setLightStatus(…)	
  

4 
setBlinking(…)	
  

Deactivated 



c()

MSD SwitchToGreen

ctrl: Controller

lightRequest(LightRequest::ON)

setLightStatus
(LightStatus::GREEN)

usr:User light: Light

ctrl.systemStatus == SystemStatus::OK

neg
setBlinking(param)

Execu/on:	
  Forbidden	
  messages	
  

14	
  

1.  usr:	
  lightRequest(LightRequest::ON)	
  
2.  ctrl:	
  setBlinking(true)	
  

0	
  

1	
  

MSD Deactivated 

MSD activated 



Modal	
  Sequence	
  Diagrams	
  (MSDs)	
  

MSD Demo

param > 0

neg

op(param)

forbidden()

b: ClassB

0

1

2

a: ClassA

op2()

op(param)

op2()

1. Diagram name
2. Lifeline

8. Cut position & number

5. Condition (cold)

7. Forbidden message

3. Message 
(cold)

4. Message 
(hot)

b.x > 54 && a.y==2 6. Condition (hot)



Timed	
  Automata	
  (TA)	
  

variable_x:=3

s1
s2

variable_x !=3 

false

error

go?

Example Timed Automata

2. Variable assignments

8. State name

1. Transition
3. State

7. Initial state

6. Synchronisation channel

4. State invariant

5. Guard



TA:	
  Variables	
  

•  Timed	
  Automata	
  model	
  consists	
  of:	
  
– Diagrams	
  

– Declara/ons	
  
//Enum	
  definitions	
  
typedef	
  int[0,1]	
  SystemStatusValues;	
  
const	
  int	
  SystemStatus_ERROR	
  =	
  0;	
  
const	
  int	
  SystemStatus_OK	
  =	
  1;	
  
	
  
typedef	
  int[0,1]	
  LightRequestValues;	
  
const	
  int	
  LightRequest_ON	
  =	
  0;	
  
const	
  int	
  LightRequest_OFF	
  =	
  1;	
  
	
  
typedef	
  int[0,2]	
  LightStatusValues;	
  
const	
  int	
  LightStatus_OFF	
  =	
  0;	
  
const	
  int	
  LightStatus_GREEN	
  =	
  1;	
  
const	
  int	
  LightStatus_RED	
  =	
  2;	
  
	
  
const	
  int	
  NO_REQUEST	
  =	
  -­‐1;	
  
//Broadcast	
  Channels	
  to	
  trigger	
  state	
  transitions	
  
broadcast	
  chan	
  LightRequest;	
  
broadcast	
  chan	
  SetLightStatus;	
  
broadcast	
  chan	
  SetBlinking;	
  
	
  



TA:	
  Variables	
  
•  C	
  Syntax:	
  primi/ve	
  datatypes	
  (&	
  func/ons)	
  

	
  

//Enum	
  definitions	
  
typedef	
  int[0,1]	
  SystemStatusValues;	
  
const	
  int	
  SystemStatus_ERROR	
  =	
  0;	
  
const	
  int	
  SystemStatus_OK	
  =	
  1;	
  
	
  
typedef	
  int[0,1]	
  LightRequestValues;	
  
const	
  int	
  LightRequest_ON	
  =	
  0;	
  
const	
  int	
  LightRequest_OFF	
  =	
  1;	
  
	
  
typedef	
  int[0,2]	
  LightStatusValues;	
  
const	
  int	
  LightStatus_OFF	
  =	
  0;	
  
const	
  int	
  LightStatus_GREEN	
  =	
  1;	
  
const	
  int	
  LightStatus_RED	
  =	
  2;	
  
	
  
const	
  int	
  NO_REQUEST	
  =	
  -­‐1;	
  
	
  



//Broadcast	
  Channels	
  to	
  trigger	
  state	
  transitions	
  
broadcast	
  chan	
  LightRequest;	
  
broadcast	
  chan	
  SetLightStatus;	
  
broadcast	
  chan	
  SetBlinking;	
  
	
  
//Signal	
  values	
  
int	
  lightRequestSignal	
  =	
  NO_REQUEST;	
  
int	
  setLightStatusSignal	
  =	
  NO_REQUEST;	
  
int	
  setBlinkingSignal	
  =	
  NO_REQUEST;	
  
	
  
//System	
  variables	
  	
  
SystemStatusValues	
  	
  	
  	
  	
  	
  	
  SystemStatus;	
  
LightStatusValues	
  	
  	
  	
  	
  	
  	
  	
  LightStatus;	
  
bool	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  blinking;	
  



s2

error

s1

TA:	
  Basics	
  

Ini/al	
  State	
  

State	
  

Transi/on	
  

State	
  name	
  



false

lightRequestSignal == LightRequest_ON
&& SystemStatus == SystemStatus_OK

LightStatus:=LightStatus_GREEN

s2

error

setLightStatusSignal == LightStatus_GREEN

s1

setLightStatusSignal != LightStatus_GREEN

TA:	
  Transi/ons	
  &	
  Guards	
  

State	
  invariant	
  

Guard	
  

A	
  transi/on	
  is	
  “enabled”	
  
if	
  all	
  guards	
  evaluate	
  to	
  true!	
  

Assignment	
  



TA:	
  Channels	
  
//Channels	
  
broadcast	
  chan	
  sync;	
  

booleanVar == true

sync?

sync?sync!



SetBlinking?

LightRequest?

LightRequest?

SetLightStatus?

lightRequestSignal == LightRequest_ON
&& SystemStatus == SystemStatus_ERROR

SetLightStatus?

SetBlinking?

setLightStatusSignal == LightStatus_RED

blinking:=true
SetBlinking?

SetLightStatus?LightRequest?
LightStatus:=LightStatus_RED

s3
s2

error

setBlinkingSignal == true

setLightStatusSignal != LightStatus_RED

s1

setBlinkingSignal != true
false

SetLightStatus?

LightRequest?

SetLightStatus?

false

lightRequestSignal == LightRequest_ON
&& SystemStatus == SystemStatus_OK

LightRequest?

LightStatus:=LightStatus_GREEN

s2

error

setLightStatusSignal == LightStatus_GREEN

s1

setLightStatusSignal != LightStatus_GREEN

1.  LightRequest!,	
  
lightRequestSignal:=LightRequest_ON	
  

2.  SetLightStatus!,	
  
setLightStatusSignal	
  :=	
  LightStatus_RED	
  	
  

3.  SetBlinking!,	
  
setBlinkingSignal	
  :=	
  true	
  

SystemStatus	
  ==	
  SystemStatus_ERROR	
  



Timed	
  Automata	
  (TA)	
  

variable_x:=3

s1
s2

variable_x !=3 

false

error

go?

Example Timed Automata

2. Variable assignments

8. State name

1. Transition
3. State

7. Initial state

6. Synchronisation channel

4. State invariant

5. Guard



Experiment	
  Setup	
  
(Car	
  Wiper)	
  

Pre-­‐Experiment	
  Ques/onnaire	
  (Background,	
  Experience)	
  
3	
  minutes	
  

Experiment	
  Ques/onnaire	
  (Actual	
  Ques/ons)	
  
40	
  minutes	
  

Post-­‐Experiment	
  Ques/onnaire	
  (Difficulty,	
  Impression)	
  
2	
  minutes	
  



Diagrams	
  

•  Five	
  Diagrams:	
  
Slow	
  ac/va/on,	
  fast	
  ac/va/on,	
  deac/va/on,	
  	
  
start	
  increase,	
  long	
  increase	
  

•  MSD:	
  Class	
  Diagram	
  and	
  Object	
  Diagram	
  
•  TA:	
  Declara/ons	
  (“C	
  code”)	
  



Experiment	
  Ques/onnaire	
  

•  Four	
  blocks	
  of	
  three	
  ques/ons	
  
– Please	
  note	
  start	
  and	
  end	
  /me	
  for	
  each	
  block	
  
– Don’t	
  rush	
  too	
  much	
  	
  
à	
  %	
  completed	
  is	
  also	
  a	
  relevant	
  measure!	
  

•  Arrows	
  wherever	
  you	
  need	
  to	
  fill	
  in	
  something	
  



Ques/on	
  Type	
  I	
  
WiperRequest!,	
  wiperRequestSignal:=WiperRequest_OFF	
  



Experiment	
  Conven/on	
  

•  setX(param)	
  
Sets	
  variable	
  X	
  of	
  receiving	
  object	
  to	
  param	
  

•  addToX(param)	
  
Adds	
  param	
  to	
  variable	
  X	
  of	
  receiving	
  object	
  



Ques/on	
  Type	
  II	
  


