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Motivating Example: StateMachines to Petri Nets

MM '
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—1>1 2 name : EString

o 1 1
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Moftivating Example: StateMachines to Petri Nets

Statelfachine
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MM
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M’ am __ _ MM’

B petriNet H Token B aArc

T weight : Elnt
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narne=reset narne=fire NArE=eror narne=enid 0." fourceplace
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place inArc |outh outs e inArc NATC N DUtA OULA T NATT place 0>
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Motivating Example: StateMachine Semantics (SOS)

Initial; = cs(Initialy)

target

States) A (Transitiony ——s State’)

ITQRSEHOH

SEMyy,
ource
(Transition; ——
cs(Statey)
MM
H Initial H state H Named |
—1>{ T name: EString
0.” ! 1scznurce
o target

H statemachine

transition

H Transition
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Motivating Example: StateMachine Semantics (SOS): Implementation

W

SEM Initial, = cs(Initialy)
- .. ) !
(Transitiong o, States) N (Transitiong =%, Stat ey)

transition\

> cs(Statel) € TS

cs(Statey)

1
~ 1= [smmodel].
3

Jeval(nil,R):-
model(States,Arcs), member(state(X,true),States),

5

6 eval((nil,nil,X),R).

7

Seual((PJKJx)J((PJKJX)JTJY)):_

9 model(States,Arcs),

10 member(state(X,_),States),

11 member(transition(T,X,Y),Arcs).
12

‘“evalR(Z):- evalR(nil,Z).
JevalR(State,NewState):- eval(State,NewState).
'~ evalR(State,NewState):- eval(State,R), evalR(R,NewState).
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Motivating Example: StateMachine Semantics (SOS): Implementation

SEMy Initial, = cs(Initialy)

.. .. target
(TransztzonS o, Stateg) N (TransmonS se, State;)

cs(Stateg) T cs(Statel) € TS,

d “model( =

2 [

3 state(idl, true),

4 state(id2,false) o
i 5 1,

6 [

7 transition(id4,id1,id1l),

8 transition(id3,id1,id2)

9 ]

10).
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Motivating Example: StateMachine Semantics (SOS): Implementation

SEMy Initial, = cs(Initialy)

.. .. target
(Transitiong o, Stateg) N (TranszttonS se, State;)

transition\

> cs(Statey) € TS,

cs(Statey)

Y— evalki{X).

({nil, nil, i1d1l). i1d4. i1dl)

((rnil, nil, idl)., 1d3. 1dZ) ;

fnil, nil., idl), id4, i1dl)., 1d4., 1dl) —
inil, nil, i1dl)., id4., id1l), 143, 1dZ} ;

((nil, nil, i1d1), id4, idl)., id4. 1dl)., 1d4, 1dl}

((nil, nil, id1), id4, i1d1l). id4. 1d1l). 1d3. 1d2)

e B B b e D
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Motivating Example: PetriNet Semantics (SOS)

SEM V(Transition,, A, Ou tArc’) :

;  sourcePlace

(OutArc,, ———— Place),) \ (Place,, T') € M = OutArc),.weight <T'
m(M = {(Place,,T)}) Lransition, m({(Place,,T + InArc,.weight — OutArc,.weight)}) € TS,

targetPlace

. ot inArc
InArc), :(Transition, — InArc,) N (InArc, Place))
. .. utA Pl
OutArep (T'ransition,, et L OutArcp,) N (OutArc —)SOWCE % Place )
P N
MM’
g Petrinet H Token Harc |
T weight : Elnt
TokEn I
| 0.* lsourcePIace
— H Place H outarc |:1|:11 1}
I | . SUERINYY
H Named aces 1 <" | outarc
7 nan?zra | EString P - ST -
targetPlace [:ilj-]. D}
T transitions 0.* 1.* 1[1 [:1[12 1}}}
H Transition
in&re
1d

M’ e TSw /
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Motivating Example: PetriNet Semantics (SOS): Implementation

EM..... V(Transition, 2“2 OutArc')
S MM p
(OutArc), sourcellace, place! ») A (Place),, T") € M = OutArc),.weight <T'

m(M = {(Place,,T)}) Iransition, m({(Place,,T + InArc,.weight — OutArc,.weight)}) € TS,

targetPlace

InArc, -(Transition) Infre, InArcy) N (InArc) Place))

sourcePlace

OutArc), - (Transition,, outAre, OutArc,) N (OutArc),

Place,,)
1

2 :- [pnmodel].

3

transitions(Arcs,Z):-

I~

5 Findall(Tout,member(outarc(_,_,Tout),Arcs),Zout),
6 findall(Tin,member(inarc(Tin,_,_),Arcs),Zin),
7 union(Zout,Zin,Z).
8
“ eval(Nodes,Arcs,R):-
1e transitions(Arcs,Trans), member(T,Trans),
11 evalprecond(Nodes,T,Arcs),
12 evalposcond(Nodes,Arcs,T,R).
13

14 evalR(Z):- model(Nodes,Arcs), evalR(Nodes,Arcs,Z).
1-evalR(Nodes,Arcs,R):- eval(Nodes,Arcs,R).

1 evalR(Nodes,Arcs,R):- eval(Nodes,Arcs,NewNodes), evalR(NewNodes,Arcs,R).
17

1Zzevalprecond(_, ,[1).

12 evalprecond(Nodes,T,[inarc(_, ,_)|L]):- evalprecond(Nodes,T,L).

2o evalprecond(Nodes, T, [outarc(_, ,K)|L]):- T \= K, evalprecond(Nodes,T,L).
21 evalprecond(Nodes, T, [outarc(N,W,T)|L]):-

22 member (place(N, Token),Nodes),

23 Token >= W, evalprecond(Nodes,T,L).
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Motivating Example: PetriNet Semantics (SOS): Implementation

SEM V(Transition,, A OutAre')
(OutArc), sourcellace, Place',) A (Place),,T") € M = OutArc),.weight <T'

m(M = {(Place,,T)}) Lransition, m({(Place,,T + InArc,.weight — OutArc,.weight)}) € TS,

targetPlace

InArc, :(Transition, IM—m}Imlr'cp) A (InArc), Place,)
OutArey - (Transition,, outAre, OutArcy,) A (OutArc, sourcellace Place))

~ Imodel(
2 [
3 place(idl,1),
4 place(id2,0)
5 1,
6 [
7 outarc(idl,1,id4),inarc(id4,1,idl),
8 outarc(idl,1,id3),inarc(id3,1,id2)
9 ]
19).
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Motivating Example: PetriNet Semantics (SOS): Implementation

outArc

SEMm V(Transition, ——— OutArc’) :

sourcePlace

(OutArc,, ——— Place),) \ (Place),,T') € M = OutArc),.weight <T'

}) transition

m(M = {(Place,,T) m({(Place,,T + InArc,.weight — OutArc,.weight)}) € TS,

InArc, -(Transition) mA—mﬂnArcp) A (InArc) argertlace Place))
OutArey - (Transition,, outAre, OutArcy,) A (OutArc, sourcellace Place))

1 7= ewvalE(X).

i = [place(i1dl. 1), place(idZ. 0)]

i = [place(i1dl. 0). place(idZ. 1)]

i = [place(i1dl. 1). place{id?. 03]

i = [place(idl. 0), place(idZ. 1)]

i = [place(i1dl. 1), place(idZ. 0)]

i = [place(i1dl. 0). place(id?. 1]

i = [place(idl. 1), place(idZ. 0)]

i = [place(i1dl. 0)., place(idZ. 1)]
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Motivating Example: Tronsloion Specification (in DSLTrans)

- File Port; a State Machine

First Layer

- « State Machine Entities

» Peftri Net Entities

Second Layer
- + State Machine Relations
to Peftri Net Relations

Output: a Petri Net
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Motivating Example: Translation: First Layer: Transition Rule

<+ Transition
MatchModel H Initial H state H named | /

> —1>1 2 name : EString

. 1 M

o 0. source
< Transition states
target
H statemachine H Transition
transition
U”*
\\
ApplyMode| \ B petriNet B Token B Arc
T weight : Elnt
token
. . 0." lsourcePIace
< Transition \ 5 piace H OutArc
o
H named | 1 L | outarc
places
f ) " T name : EString
4 Applydttribute name targetplace H Inarc
T w' 1“'
.
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Motivating Example: Translation: First Layer: State Rule

4 State
MatchMaodel H Initial H state H Named | -
—1>1 2 name : EString
0. source
+ State states
target
H statemachine H Transition
transition
U”*
\\
ApplyMadel \ B PetriMet H Token B aArc

\ T weight : EInt
~ . ace

4+ Place \ H outarc

H Named |
T name : EString

4 Applybttribute name targetplace H inarc

transitions 0.* 1.*
H Transition
inAre
State

outarc
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Motivating Example: Translation: First Layer: StateMachine Rule

4 StateMachine

H mnitial H state H Named | —
- > —> T name : EString
Matchbodel
0. Lot
" source
states
. target
<4 StateMachine H statemachine El Transition
transition
U”“‘
LpplyModel
. _ H Token H Arc
<= PetriMet T weight : EInt
token
0.* lsourcePIace
B . H Place H OutArc
4 Applydittribute 0."
H named | places 1 L | outarc
T name : EStrin
L g H marc
: targetPlace
StateMachine
transitions 0.* 1.*
H Transition
. ] inArc
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Motivating Example: Translation: Second Layer: source Rule

H Initial H state H Named
—>1 2 name : EString
+ source 0. source
states
Matchhodel i target _
H statemachine H Transition
transition
< Transition < State 0
source
ApplyMotlel
<+ Transition 4= Place
— B PetriMet B Token B Arc
T weight : Elnt
token
outhrc sourcePlace 0.
H Place
< Outhre 0.
H Named places
T name : EStrin
} - 2 H marc
targetPla
transitions 0.* 1.*
H Transition
inAre
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Motivating Example: Translation: Second Layer: target Rule

H Initial H state H named |
—1>1 2 name : EString
1 1
U”*
source
i &t ¢ 1 states
arge
target
. H statemachine H Transition
Matchhodel transition
U”“‘
< Transition < State
target
—
Applyhﬂédel
. - - B PetriMet B Token B Arc
< Transition 4 Place T weight : EInt
I— token
0." lsourcePIace
inArc .- H Place H outarc
‘ 4= Infre \ H Named | places
_— targetPIace T name : EString

transitions 0.*
H Transition
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Motivating Example: Translation: Second Layer: states Rule

H Initial H state H named | /
> —1>1 2 name : EString
. 1 11
0. source
states
4 states target
H statemachine H Transition
transition
MatchiModel 0
< StateMachine < State
states
ApplyModel : : S
- - etrite oKen C
: : H petrinet H Tok H Ar
) T weight : Elnt
< PetriMet < Place token
I places 0.* fFourcePlace
B place H outarc
Na ] <" | outarc
B Named 1 1
T name : EString
InA
targetPlace Sl e
transitions  0.* 1.
H Transition
inAre
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Motivating Example: Translation: Second Layer: transitions Rule

H Initial H state H named | /
> —1>1 2 name : EString
. 1 1
0. source
states
< transitions _ target _
H statemachine H Transition
r transition
Matchhodel e
4+ StateMachine 4= Transition
—
transitions :
Applyhiodel
3 : B PetriMet B Token B Arc
. . T weight : EInt
< Petribet < Transition ok :
transitions 0.* lsourcePIace
> H place H outarc
ry U"*
H named | places 1 L7 outarc
T name : EString

H marc

targetPlace
T 1"'
H Transition

inAre
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Motivating Example: Translation: Second Layer: Initial Rule

H Initial H state H Named |
—1>1 2 name : EString
. 1 1
0. source
states
) . target
4 Initial El statemachine El Transition
transition
Matchidaodel 0.7
< Initial
LpplyBodel H PetriNet [ Harc |
H T weight : Elnt
< Place < Token .
token
. H outAre

H Named |
T name : EString

outarc

H marc

targetPlace
transitions 0.* 1.*
H Transition
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Hypothesis
translation, ,
mm - mm’
P N
Y equivalence; '
TSy - TSy

| oM and M’ can be infinite
o TS, and TSy can be infinite

o Semgnhc .Equwdlence " widl) i mﬁ%ﬁéﬁh
o Bisimulation 43 =) i
| idl 0,
ce(id 7y m{{%dm%}}

o How to Validate our translation?
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Experiment: Translation: Analysis |

<+ transformationsymbolicstate([source target, states transitions Initial])

MatchModel

=

} 4 Token

! lindre

o]

targetPlace : inArc—.
outhre sourcePlace OL.ItIU;Il'.C‘-._r
§ sourc.ePIace 4 Place < Quthre % Transition
4 Outhre . 1 1
- 4 name - <4 weight 4 name
< weight 1 | ]
_ id1 1 ‘ i3
=B D] |
. places ™ transitions
transitions | < PetriMet |

< Transition oo 4 Initial < Transition <+ State
4 name < name < name < name
1 1 source \ target . ]
id4 ‘ id1 ‘ id3 ‘ id2 ‘
) target J J )
4 —n s s }
! states :
T : Ttransitions :
: < StateMachine states
. transitions :
Appliylvloclel :
< Transition & Inhre 4 Infrc -
4 name 4 weight & weightl
\targetplace

4 Place

4 name

-

places

J

18-10-2011

One result from the
combination of the
following translation rules:
« source Rule

» target Rule

« states Rule

* fransitions Rule
and

* Transition Rule

« State Rule

« StateMachine Rule
e |nitial Rule
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Experiment: Translation: Analysis |

<+ transformationsymbolicstate([source target, states transitions Initial])

MatchModel
< Transition oo Initial < Transition < State
< name # name r
source target < source
—
target i
— Matchiodel
states
Itransitions H —_— .
< StateMachine states § ‘ < Transition <= State
transitions : : S B
5aurce
Appi’ModeI i é é
E H : ApplyMotlel H
< Transition & Inhre : i C | Inare o 3

4 weight

\arg:tplacz ;

: :
. ]
g E
. g
o | 4 Token |:
. ]
H

. H

4 Place
targetPlace 4 name
outdrc token
sourcePla
4 Outhre
< weight
£ transitions
transitions | 4 PetriMet places

—
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Experiment: Translation: Analysis |

<+ transformationsymbolicstate([source target, states transitions Initial])
MatchModel
< Transition oo 4 Initial < Transition < State
4 name 4 name .
source target < source
—
target i
— MatchiModel
- states
Itransitions B — B ——
< StateMachine states i ‘ < Transition 4 State
transitions : H S -
source
Appi’ModeI : r é é
. — - E Applytotlel :
< Infire : g R Y W H 0 0
4 weight ;
\arg:tplacz ;
< Token E & Place
targetPlace i N T 4 name
ken sourcePlace uutAJ:'c‘*..__
= e
< Quthre < Transition
4 weight 4 name
places § transitionsl
transitions | < PetriNet places
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Experiment: Translation: Analysis |

<+ transformationsymbolicstate([source target, states transitions Initial])

MatchModel

< Transition < Initial < Transition < State

iy
source

< name

<+ name

source target 4 target
-—

4 weight

targetPlace

: :
. ]
g E
. g
o | 4 Token |:
. ]
i :
. g
g

target ’
— Matchiodel
states H E‘
|tran5ition5 : . —_——— -
4 StateMachine states] < Transition < State
transitions : H s target -
H ' =
Appé.rl‘v'lodel f é é
Lpplytddel :
< Transition < Infirc = £

outArc guurczplacz oul
sourcePlace| _ | & Outhire
<+ Quthre
— 4 weight
4 weight

i
|
places . § transitions

transitions | 4 PetriMet places

—
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Experiment: Translation: Analysis |

<+ transformationsymbolicstate([source target, states transitions Initial])

MatchModel

< Transition m‘ + Initial < Transition < State

"’ name * narme
5o|..|rce target
target

- —;_ StitES

tran5|t|or'|5
N 4 StateMachme states
transitions

4 target

Matchhaodel

‘ <+ Transition

<+ State

target
3 =

Appé.fModeI

< Infirc

: :
. ]
g E
. g
o | 4 Token |:
. ]
i :
. g

. i e infrc
outhre - token sourcePlace outhre-.
H e
y sourcePlace < Quthre % Transition
<4 Quthre
— 4 weight 4 name
4 weight
el
H transitionsl
transitions | < PetriMet

\arg:tplacz i

4 Place

4 name

places

—

CEEE EX) TR

ApplyMédel

CEEEET CER TR T
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Experiment: Translation: Analysis |

<+ transformationsymbolicstate([source target, states transitions Initial])

MatchModel

< Transition < Initial < Transition < State

.
source

4 name

source target
-— _—
MatchModel
states '
Ttransitions :

4 states

target
—

sEmsssEsssEEEEEERERE

-
®

o 4 StateMachine states <+ StateMachine <+ State
ransitions .
. states
AppéxModeI E + :
[ ApplyMibdel -
< Transition < Infire © | 4 Inarc PP S N

4 weight

targetPlace

CTTTFFTPEEPTTTTEPEETTS FEEFTT BF PR

targetPlace e indro

outArc ourcePlace outhre .,

-
EEsEERssEEEssEERAsEEEssEERssssEsmssEssssnaqennandadsn

sourcePlace

< Quthre

—
< Quthre < Transition

4 weight 4 name

transitions

4 weight

transitions

B R R EE R SRR EEEEER SR IR R E RIS RS ER AR SEEEE R REREEEARREREEE
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Experiment: Translation: Analysis |

<+ transformationsymbolicstate([source target, states transitions Initial])
MatchMaodel
< Transition oo < Initial < Transition <+ State
4 name < name )
source target 4 states
 ————— —,
target
. Matchhodel
- states :
H itransitions :
y " 4 StateMachine states. < StateMachine <+ State
transitions H : :
: x : : states
AppéxModeI E E é + :
— : : 0 i Applylviodel :
< Transition < Infrc : g S| 4 InArc - 2 -
4 weight | | ; %
E % \ targetPlace g
é g | =
targetPlace i :-.. inArc 4 name
outhre token %ourcePIace outAJ:'c‘*..__
H i
| sourcePlace ~ | 4 Outhre < Transition
<4 Quthre ]
B - 4 weight 4 name
4 weight -
g
|
transitions
transitions places
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Experiment: Translation: Analysis |

<+ transformationsymbolicstate([source target, states transitions Initial])

MatchModel
< Transition oo 4 Initial < Transition < State
< name # name r
source i target < transitions
target MatchModel
. states I E
T l transitions ; : <+ StateMachine < Transition
N T 4 StateMachine : states
transitions : : :
: = : : o H
T : transitions i
L Applyhodel g
< Transition & Inhre i g 4 Infrc :
4 weight | | ; %
E % \ targetPlace g
é g . o
targetPlace § i :-.. in&r 4 name
outhre - token sourcePlace outAre
sourcePlace 2 4 Outhre
< Quthre ;
— : 4 weight
4 weight -
Ireml §
|
transitions
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Experiment: Translation: Analysis |

<+ transformationsymbolicstate([source target, states transitions Initial])
MatchModel
< Transition oo 4 Initial < Transition < State
< name # name .
source 7 target 4 transitions
— —_——
ﬂ, Matchhodel
E o states | I :
T gEretions | § < StateMachine < Transition
: : < StateMachine : ctates
- transitions H : :
: H : : H — H
T : transitions i
AppiMode| .-'1'-.|::|::|§,r'f'v'ﬁcude| %
< Infire : g 4 Infirc E
4 weight | | ; %
E % \ targetPlace g
| i | —
targetPlace § § :'-. indrc 4 name
outhre - token %ourcePIace outAJ:'c‘*..__
= ot
e 2 ~ | 4 Outhrc < Transition
i 4 weight 4 name
4 weight -
[romE E
%
: transitions
places
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Experiment: Translation: Analysis |

<+ transformationsymbolicstate([source target, states transitions Initial])

MatchModel
< Transition oo Initial < Transition < State
< name # name r
saurce target 4 Initial
— —_——
target M
—_ atchilodel

states :
Ttransitions : = Initial

4 StateMachine : states
transitions :
ApplModel Applyflodel
<+ Transition < Infirc E g 4 Infrc

H
&

\ targetPlace i

infirc 4 Place
.. inArc 4 name
outArc sourcePlace outAr'c‘*..__
: —
_&eplac < Quthre < Transition
< Quthre
4 name

4 weight .ﬂ
transitionsl

transitions | 4 PetriMet | places

—
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Experiment: Translation: Analysis |

<+ transformationsymbolicstate([source target, states transitions Initial])

14 idl

MatchMaodel
< Transition oo 4 Initial < Transition <+ State '
< name < name .
source target - 1d3
target

—
! states
T : JYtransitit:ur'ls

B : < StateMachine states
transitions 1[12

Appliylvloclel

< Transition & Inhre 4 Infrc
\targetplace 1[11
infirc <+ Place
targetPlace : infrc 4 name
outlre sourcePlace outhre
- : —
j sourcePlace 4 Place - 4 Outhrc <+ Transition
< Quthre
: 4 name
4 weight
1 : -
5 1dl
places ™ transitions
transitions | 4 PetriMet | places
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Experiment: Translation: Analysis |l

1

Yo
id cs{idl} m({Elfié E@};
1d3 “ id3
|:5(1t12} mﬂ%gg ?g}}
(es(id1)),m({(id1,1),(id2,0)})) € R

(es(id2)),m({(id1,0), (id2,1)})) € R
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Experiment: Translation: Analysis |l

|

Y d1,1
id cs{idl} mi{?mz ng}}
idE 1d3
d1,0
|:5(1t12} m({ElHﬂ 1%}}

(es(id1)),m({(id1,1),(id2,0)})) € R
(es(id2)),m({(id1,0),(id2,1)})) € R

(cs(State), m({(Tmns(Smfe) 1)}
U{(Place',0) | Place'! = Trans(State)})) € R
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Conclusions

o A technique to validate franslations based on the
involved SOS language semantics

o Explored the computation boundaries of the
approach (in theory)
o Finiteness of the franslation’s symbolic states
o Finiteness of the resulting transition systems

Future Work

o Application of this approach to more interesting
translations

o Component Languages as target languages
o DSMLs that can have infinite-sized transition systems
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