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= An example of a problem

= Coloured Petri Nets (CPN)

= Problem Diagrams

= Walk through a typical workflow
= Future work



Coloured Petri Nets (CPN)

= A graphical modeling language
= A high-level extension to Petri Nets adding:

= Complex data types for tokens
= A functional language for token manipulation/examination
= Hierachical constructs

Time (delays, timestamps)

= Tool support:
Graphical editing

= Simulation by execution

= State space analysis
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Problem Diagrams (1)
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Problem Diagrams (2)

= Problem Diagrams:

= |dentify relevant entities in the near environment

= |dentify knowledge about structure in the
environment

= |dentify shared phenomena (~interaction
channels)

= Do not describe behavior

= Can be used to document Problem
Decomposition



Problem Diagrams (3)
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Problem Diagrams (4)
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Translating

{omatically generates a composite CPN model

Contents:

« a module per context domain in the PD
e a machine module

 alink module

* enables communication through shared phenomena (only)

» preserves the structure of the PD
» records traces of phenomena activity
* arequirement module

Behavior of context and machine domains is
initially free/spontaneous

A




Exporting (1)

matically write an XML representation

of the composite CPN model

» Structure (modules and connections)

« Data types

\\Functions
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Gate & Motor

Translate

((Position, ((Position, init_Position), false) @

Value_Position(v4')), true) State controlled
Modify Position > Position
((Position, v), false)

- — — State controlled Position

State_ Position__

((Movement, ((Movement, init_Movement), false)®

Value_Movement(v5')), true) Stat trolled
. ate controlle
Modify Movement ¢ Movement
((Movement, v), false)

State controlled Movement

State__Movement_

((Sensors, ((Sensors, init_Sensors), false)
Value_Sensors(v6')), true) @

State controlled
Sensors

Modify Sensors <
| ((Sensors, v), false)

State controlled Sensors
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(Direction, init_Direction) @

State observed

Direction
State observed Direction

State_Direction

(Control, init_Control)

®

State observed
Control

State observed Control
State_Control




Gate &

Motor

k b

Ral AIIow Operator x
* to Control Gate,.

‘
....----I---

‘ ‘ Manual
Controller

*
- *
Sluice L’ c

o WAV AN

Link module

((Direction, init_Direction), false) @ ((Direction,v"),
t

(Direction, init_Direction)
rue) “ @

(Direction,v')

State observed

Update state
Direction

State controlled
Direction

State controlled Direction |

Direction

((Direction,v"), (Direction,v)

false)

State _observed Direction

State_Direction
1" (StateID(Position), [(VOID, ~1)])++

(StateID(Position), ~,
(v now())::t) 1" (StateID(Movement), [(VOID, ®)

State_Direction_

((Position,Vv"),
true)

((Position, init_Position), false) @

Update state Trace constrained
Position Allow Operator to Move Gate
Etatr_lD{_EQiLtLo_nlhﬂ;
Trace constrained Allow_Operator_to_Move Gate
Traqe_7

State controlled
Position

State controlled Position

((Position,v"),

false) input (v');
output ();

((Movement,v'), action (traces := ltraces A [(StateID(Position), (v',now() )1);

true) (StateID(Movement),t)

State_Position_

((Movement, init_Movement), false@

Update state
Movement

State controlled
Movement

State_controlled _Movement

(StateID(Movement),
(v',now())::t)

((Movement,v'),
false) input (v');
output ();
action (traces := !traces ~” [(StateID(Movement), (v',now() ))1);

State_Movement_
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Buttons
Event controlled Buttons

[(Buttons,v'
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(Buttons,v")

Event observed

Event occurred
Buttons

B
g Buttons
Event observed Buttons

input (v');
output ();
action (traces := Event_Buttons
Itraces A [(EventID(Buttons), (v',now() ))1);
(EventID(Buttons),
(v',now())::t)

Event_Buttons_

1" (EventID(Buttons), [1)
@®

Trace referenced
(EventID(Buttons),t) Allow Operator to Move Gatg

[Trace_referenced_Allow_Operator_to Move Gate
Trace_6
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et kb Exporting (4)
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1" (EventID(Buttons),[(Value_Buttons
(()),496),(Value_Buttons(()),434),(Val
ue_Buttons(()),372),(Value_Buttons((
)),310),(Value_Buttons()),248),(Valu
Trace referenced e_Buttons(()),186),(Value_Buttons(())
Allow Operator to Move Gate ,124),(Value_Buttons(()),62),(Value_B

Trace referenced Allow Operator to Move Gauttons(()),0)])

1" (EventID(Buttons), 1)

Trace_6

1" (StateID(Position),[(Value_Position
(Bottom),487),(VOID,(~1))])++

1° (StateID(Movement),[(Value_Move
1" (StateID(Position), [(VOID, ~1)]) Trace constrained ment(Raising),521),(Value_Movement
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CPN Tools

Translate

»colset Timestamp
+colset EventID Style M=y Create
» colset StatelD Data | Mark | Break | User | write
» colset Value_Buttons ‘ ‘ ‘ ‘ ‘ — [ coll’ [ size |painc Jaer | miie |4
¥colset Value_Control = with On | Off; 1 LL | coun | place | Tran
¥ colset Value_Sensors = product BOOL * BOOL; ‘ ‘ ‘ 3 pC | Tran | cont | Enab x . Fe3 =
¥ colset WValue_Movement = with Raising | Falling | Stopped; Rg L= R
¥ colset Value_Position = with Top | Between | Bottom;
¥ colset Value_Direction = with Up | Down; ‘ ‘ A ‘ @ 5
wcolset Modified m
»colset Value « .|)O| H L[kclm|m
vcu\set PhenumanunID = union StatelD;StatelD + EventID;EventlD; 0
Binder 1

Gate and Motor
[v=\OID orelse (

((Movement, init_Movement), false) [p<10] @+15 w=Valua_Sensors(falsa false)] ((Sensors, v);
((Movement, v), false) I Undat false)
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Sensors

(Sensars, init_Sensors), false)

>
"1 Move Up

Fment, Walue_Movement(Raising)), true)
{Control,

E]

State_Movet ({Maovement, value_Contral on) State Sensors_
Value_Movement Stopped),
true) (Cantrol,

((Movement, v), p+1
false)
A (Direction,

= init_Direction)

init_Contrg,

(Cantral,
Value_Control Off)

Stop
Movemeant

[v<>Valua_Movemeant Stopped

State_Contral
Position

Copy

{Contral,
Walue_Control ©n)

((Pasition,
INT init_Pasition),

(Movement, Value_Movement(Falling)), true) Update |

Position |

Move Down

((Position,
Value_Position( T
if p'=1 then Bottom else  State_Position_
if p'=10 then Top else
Between)),

true)

((Movement, v), false) @+10 [p>1]
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e k ol  Modifying (2)

H‘ Manual Ral AIIow Operator * x
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C SImce R PD;,
Automatically generated phenomena color sets (data types): Translate

colset Value Buttons = bool;
colset Value Control bool;
colset Value Sensors = bool;
colset Value Movement = bool;
colset Value Position = bool;
colset Value Direction = bool;

+ color sets for states, events, traces, timestamps etc.
(need no manual modification)

Manually modified:

colset Value Buttons = unit;

colset Value Control with On | Off;

colset Value Sensors = product BOOL * BOOL;

colset Value Movement = with Raising | Falling | Stopped;
colset Value Position with Top | Between | Bottom;
colset Value Direction = with Up | Down;
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([ commeter F Siser B eeptann. Combining (1)

Prerequisities (to PD,):

Valid structure (wrt. PD)
*No conflicting modules

*No interface extension Combine
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Parallel iterations

I Translate I I Translate I




Closing the loop
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The Role of VDM++

= The following is specified using VDM++:

= The syntax of hierarchical CPN
= The syntax of Problem Diagrams

= Algorithms:

= Translate

= Generation of link/machine/domain/requirement modules
= Generation of color sets

= Combine
= Structural validation of input models
= Export

= XML generation
= Color set dependency



Future / Current Work

= Automated checking of traces against real-

time requirements expressed as high-level
sequence diagrams (i.e. scenarios)

= Integration with the Problem Oriented
Engineering approach



