Modely konkurentnych systémov

Formalne metddy tvorby softvéru

Damas Gruska

Katedra aplikovanej informatiky, 120, gruska@fmph.uniba.sk

Prednaska 12.



Dané Act a procesové premenné X.Y.Z,....

MnoZina CCS termov:

P .= Nil prazdny proces
X procesova premenna
x.P x € Act operacia prefixu
P + @ nedeterministicky vyber P alebo Q
P|Q paralelna kompozicia
P\ L restrikcia L C A
P[f] premenovanie funkciou f : A — A
uXP rekurzia X je procesova premenna

Premonovavacia funkcia: f : Act — Act taka, Ze
f(a) =f(a),f(r)=r.



CCS, operatnd sémantika

PP
x.P5 P P+Q=P,Q+P S P
pLp PLP.Q2Q
PIRQ=P|QQIP=Q|P PIQLP | Q
PP =P
X P; J(XJ)_(gL) Pf(X)P
P\L=P\L PIf] = P'[f]
PluXP/X] = P’

uXP % P/



Bisimulacia

Dva procesy sa spravaju rovnako, ak to, &o vie urobit jeden vie
urobit aj druhy a vysledné procesy sa opat sprdvaji rovnako.

Bindrna reldcia S C CCS x CCS je (silnd) bisimuldcia, ak

(P, Q) € S implikuje

1) ak P =% P tak existuje Q' také, fe @ = Q' a platf (P,Q)eS
2) ak Q % @ tak existuje P’ také, e P = P’ a plati (P,Q)eS




Slaba bisimulacia

Binarna relacia $ C CCS x CCS je slaba bisimulacia, ak

(P, Q) € S implikuje pre kazdé x € Act

1) ak P = P’ tak existuje Q' také 7e Q = Q" a plati (P, Q') € S
2) ak @ % Q' tak existuje P’ také, Ze P = P’ a platf (P,Q)€eS

—




Stopova ekvivalencia

Dva procesy su stopovo ekvivalentné (~,,ce) ak maju rovnaké
stopy (stopa/trace procesu je postupnost akcii, ktorl vie vykonat).

Tr(P) = {s|s € Act* také, 7e P >}

Tr(Nil) = {€}
Tr(a.(.b.Nil + c.Nil)) = {e, a, ab. ac}

Definition
P ~trace Q iff Tr(P) = Tr(Q)




L
O
c

ae
Q]

&
>

~
v

O
=




Iné ekvivalencie
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Casové automaty
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LOTOS

Proces ako “black box” a jeho porty

b — — f

3 — - g

PP1[a,b,c,d,e,f,g]



PP1[a,b,c,d,e,f,g] |[a,d,g] PP2[a,b,c,d,e,f,g]



in2 in3

inl coldn out

Max 2 Max2

Max3

process Max3 [inl, in2, in3, out] :=
hide mid in
(Max2[inl, in2, mid]
| [mid] |
Max2[mid, in3, out]
)

where ...
endproe (* Max3 ¥)



iprocess instantiation:

‘process  of precess Max3[in1, in2, in3, out] 1=

definition >
. hide mid in W

<behaviour _|
expression> (Max2[in1, in2, mid] |[mid]| @axE[mid; in3, out D)

where
<process process Max2[a,b,c] =
definition >

( a, b, ¢, stop
1]

<behaviour (_h; a, ¢, stop :k‘
expression? endproc

AN
endproc \\
NN

<behaviour expression® 's



NAME SYNTAX
inaction stop
action prefix

- unobservable (internal) i:B

- observable g; B
choice Bl [] B2

parallel composition
- general case

- pure interleaving
- full synchronization
hiding

process instantiation

successful termination
sequential composition (enabling)
disabling

B1 [lg], ... , gqll B2
B1 ||| B2
B1 || B2

hide g1, ..., gnpin B

P [g]._r «gn]

exit
Bl == B2
Bl [> B2



B—x—B'

denote the set of user-definable gates;
range over G;

denote the unobservable action;
denote the set G U {i} ofuser definable actions;

range over Act.
be the successful termination action

be the set G U {0 } of observable actions

range over G
be the set Act U {0 } of actions

range over Act™ .



w;B —u—B

Bl —-ut— BI' implies Bl [] B2 —-u™— BI'
B2 —ut— B2 implies Bl [] B2 -uT™— B2

a; b;c;stop —a— b; c; stop

a; b; c; stop —a— b;c; stop
implies
a; b; c; stop [] b: a; c; stop —a— b; c; stop



n-a N out-a
=

TN

out-b

A simple, full-duplex buffer

process duplex-buffer [in-a, in-b, out-a, out-b] :=
in-a; (in-b; ( out-a; out-b; stop
[] out-b; out-a; stop)
[] out-a; in-b; out-b; stop)
[] 1in-b; (in-a; ( out-a; out-b; stop
[] out-b; out-a; stop)
[] out-b; in-a; out-a; stop)
endproc



B1 |[g{, - gnll B2
S = [g]? Tty gn]

Bl —u—Bl'and neS implies B1|S|B2 —u— B1|S|B2

B2 -u—B2'and neS implies B1|S|B2 —u— BI|S|B2'

Bl —gt—B1'and B2 —-g"—B2'

and g e SuU {5} implies B1|S|B2- gt—B1'|9B2'




'Max2[inl, in2, mid] |[[mid]| Max2[mid, in3, out]'

in1/.\1'n2 in3/.\mid
\.‘ ' ./ \.\1‘n3

in2 inl rmid
’ LI ?
mid mid out out
® e e

ing ' ' ' ‘ in2

mid in3 inZ mid  in3 ini in2 int

e e & s e &
in3 mid mid in3 mid mid mid mid
* ¢ ¢ ¢ o o o
out out out out out out out out

o o ° e o o o



process reusable-simplex-buffer [in, out] :=
in; out; reusable-simplex-buffer [in, out]
endproc

process same-simplex-buffer [in, out] :=
in; same-simplex-buffer [out, in]
endproc



Bl -u—BI' implies B1>>B2 -u—B1>>B2
B1 -6—-B1" implies B1>>B2 -i—»B2

Bl —-u—BT' implies Bl [> B2 -u— B1'[> B2
B1 -6 —»BI' implies B1 [> B2 -6 — BI'

B2 -u*—B2' implies Bl [> B2 -u"—B2'







Process Max3-Spec [inl, in2, in3, out] :=
inl; ( 1n2,in3, out, stop
[l 1n3, in2, out, stop )
[1 1n2; ( inl, in3, out, stop
[] in3, inl, out, stop )
( inl, 1in2, out, stop
[] in2, inl, out, stop )
endproc

[1 in3;

Process Max3 [inl, in2, in3, out] :=

hide mid in

(Max2[inl, in2, mid] |[mid]| Max2[mid, in3, out])
where
process Max2 [a, b, c] :=
a; b; c; stop
[]
b; a; c; stop
endproc
endproc
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Specification Max3 [inl, in2, in3, out]:noexit

type natural is
sorts nat
opns zero: — nat
succ: nat — nat
largest: nat, nat — nat
eqns  ofsort nat
forall x:nat
largest(zero, x) =x
largest(x, y) = largest(y, x)
largest(succ(x). succ(v)) = succ(largest(x, v))
endtype (* natural ¥*)

behaviour

hide mid in
(Max2[inl, in2, mid] [[mid]| Max2[mid, in3, out])

where

process Max2[a, b, c] : noexit :=
a ?x:nat; b ?y:nat; c !largest(x.y); stop

[l
b ?y:nat; a ?x:nat; c !largest(x.y); stop
endproc (*Max2%)

endspec (*Max3%)



CADP

Formal specification languages

Verification paradigms:
- Model checking (modal p-calculus)
- Equivalence checking (bisimulations)
- Visual checking (graph drawing)

Verification techniques:
Reachability analysis
On-the-fly verification
Compositional verification
Distributed verification
- Static analysis
Other features:
Step-by-step simulation
Rapid prototyping
Test-case generation
Performance evaluation



BillBen

%2 -=> play?.BillBen[x4]
{3 = work!. BillBen[¥4]
¥4 = tau.nil g
X = work!.BillBen [X2]+play?.BillBen[X3] | :
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File Edit Components Tools Help

BillBen.tpj

Slulnl) (B0 S~ %

BillBen

¢ [JProcesses
[y sin
[ Billgen
D Ben

¢ =] Systems
[ spec
[ sys

Bill -

R EEINAL 100)

alrls] meje

X2 -= meet?.nil :
X -= play?.Bill(x2] | :

ia' @ B

-

[X2 -= meet!.nil

o -= work!.Ben[X2]

L |
=

|Actions: \{ meet }

A Input | Qutput

“|play? |work!




LTS: Sys :
States: 12
Edges: 24




Model Checking...

1 BillBen.tpj “[Formulae
& [ Processes i Enable Property Name Formula
9 [ Systems :' v Sys_speacification (= play?=> [ work!] = tau=true ) A [ < workl= [ play?] =
Propl [ work!, play?] true
Ij Sys Prop2 ¥ (true) { work!, play?} U (VX {tau} — 3 ¥ {#¥} true)
Deadlock Freedom W5 ¥ <*=true
Livelock freedom — JF [#¥ ¥ G % < tau=true
|Sys
I5ys_specification [ = play?= [ work!] = tau=true ) A [ = work!= [ pld¥es 0.0020 s
“IPropl [ work!, play?] true Yes 0.0 5
§;|F'rop2 W (true) { work!, play?} U (W ¥ { taul — 3 ¥ {#} trulfes 0.0s
‘|Deadlock_Freedom WG {*¥F <*=true Mo 0.0010 s
§;|Li'n.-'elock freedom — I F {*¥} ¥ G {*F <tau=true Ves 0.0010 s
Open Check Reset Clear




Equivalence Checker....

[ sys

-rElement 1 rElement 2
] Buffer.tpj ] Buffer.tpj
o ] Processes o ] Processes
¢ =] Systems ¢ =1 Systems
|j| Wrong_Sys D Wrong_Sys

[} sys

Equivalence: |Bisimulation

-Results

® Paige-Tarjan

) Kannelakis-Smolka
) Kannelakis-Smolka 2
Weak Bisimulation

Run

-“Wrong_Sys
-Sys
are not equivalent because:
Wrong_Sys satisfies:
==error!==true

while Sys satisfies:
[[error!]]false

[ 1»]

[4]

Close




Sim: Sys
Current 5tate

restrict { put, get, full, notEmpty , empty }
in

{ Buffer_3[Start]

| Consumer[start]
I

Producer[xl] : y Pro
) : )

end
taufempty

Pro

tau

Actions

Con

tau#motEmpty

Mext State

restrict { put, get, full, notEmpty , empty }
in

{ Buffer 3[x1]

|

Consumer[start]
Producer[Start]

)

end

|4




Bill

{meet, r2}

- -

AlA&| /0O 7

++
++

<

s0 = (play, 1.0).Bill[s1];
51 = (meet, r2).Bill[s0];

{play, 1.0}

=

50 = (work, 1.0).Ben[sl];
51 = (meet, r1).Ben[s0];

{meet, rl}

g {work, 1.0} ;

BillBen

Nl

;:ﬂ




Analysis

| ] Figure 1

Steady state
Passage-Time analysis Probability
Passage time Density Function
Time values:
Start Time: 0.1 i
Time Step: 0.1 l
Stop Time 3.0 1.1
1.0 4
-Source actionsy [Target actions—
5 0.9k
[ meet meet = ‘x.
7] |
play [ play & 0.8 \q‘
[w] work [Jwork Qa7
> u
= \
= 0.6 - \
2
o 0.5 1 I-.._._._. 5
L .-._
- = o | oy
Experimentation: 0.4 \\K'
rl Clr2 0.3 - ;‘=:i:;l.-
value: 1.0, 2.0, 3.0 5 e C i N
- “.--‘““ W s B
Graph PDF [ | Graph CDF 0.1 - g
1—._._.
0K B0 : : - : :
0.0 0.5 1.0 1.5 2.0 2.5
Time
=rl: 1.0 = rl: 2.0 & rl: 3.0




Countdown -> start!.Countdown_5
Countdown_5 -> tick!.Countdown_4 + stop?.nil
Countdown_4 -> tick!.Countdown_3 + stop?.nil
Countdown_3 -> tick!.Countdown_2 + stop?.nil
Countdown_2 -> tick!.Countdown_1 + stop?.nil
Countdown_1 -> tick!.Countdown_0 + stop?.nil
Countdown_0 -> beep!.nil + stop?.nil




UPAALL

 Timed Automata
 Simulation
* Verification



_g'ac:\nc-cu ments and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\ 2doorsaxml - UPPAAL
File Edit View Tools Options Help

=101 x|

Da@(2¢/aaa|f@=-o

Editor | Simulator | ConcreteSimulator | Verifier |

Mame: IDoor Parameters: |bod Bactivated, urgent chan &pushed, urgent chan &dosed1, urgent chan &dosed2

closed1l

¥==5

x=0,
activated

pushed?

activated = frue

closed
H<=5

=false

w=0

closedt!
3. _,__._1 j closedt!
idle wait

closed2?

=0

. apening
¥<=6

¥==R
x=0

; A==4
closing ._E . apen
¥<=6 x<=B




:giC:\Docu ments and Settings\Daso\\Plocha\Software\uppaal-4.1.15\demo\2doors.xxml - UPPAAL

File Edit View Tools Options Help

=101 x]

CaM@2¢ aaaR@-=~o

Editor | simulator | ConcreteSimulator | Verifier |

System dedlarations

Mame: IUser Parameters: |bool Bactivated, urgent chan &pushed

idle

lactivated
w=0

pushed!




:giC:\lDu-cu ments and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\2doorsxxml - UPPAAL

File Edit View Tools Options

Help

=101 ]

Da@|2c|laaa R @

Editor | simulator | ConcreteSimulator | Verifier |

) Project
i @ Dedarations

System dedarations

Doorl = Door {activatedl,
DoorZ2 = Door (activatedZ2,
Tzerl

User (activatedl,

UgerZ = User{activated2Z,

=

l)cml activatedl, activatedZ;
urgent chan pushedl, pushedZ;

urgent chan closedl, closedZ;

pushedl, closedl, closed2);
pushed2, closed2, closedl);
pushedl) ;
pushed2) ;

system Doorl, Doorl, Userl, UserZ;




“\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\ 2doors.xml - UPPAAL

File Edit View Tools Options Help

=0l x|

[DamE ¢ aaalR @<=

Editor Simulator | ConcreteSimulator | Verifier |

{Examine dynamic behavior of system |

~Enabled Transitions
ser2

(ide, idle, idle, idle)

Trace File: I
4l Prev Ik next |» Replay
=1 Open Save [HF Random
1
I H 1
Slow Fast

activated1 =0
activated? =0
DoorL.x =0
Door2.x =0

User 1w =0
User2w =0

Doaor 1.x = Door2. x
Door2.x = Userl.w
User 1w = UserZ.w
User2.w = Doorl.x

Door1

pushed]?

1! activated] =true
3. "‘f B—_‘;: ] closed]!
idlle wait

Door2

closed!

pushed2?
activated2 = true

idle

closed2!

Useri
closed2?
Ke=5 x=0 y==5 idle pushedi!
closed! closed!
& closed («e opening &% closed { opening
¥e=5 ¥e=h we=5 we=6G
x==R ¥==R X=—=5 w==K lactivated]
= 5 : " w=0
¥=0, %=0 ¥=0, x=0
activated!=false activateq2=false
z w==d ;
closing open closing open
w==5 %=0 we=0 %= we=
User2
icll= pushed2!
lactivated2
w=0
Door1 Door2 Useri User2

® = 6 e

e LIx




:_L:!}C:\Du-cuments and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\2doorsxml - UPPAAL

File Edit View Tools Options Help

1B

Iba@m2¢c/aaaR@-=-e

Editor Simulator | ConcreteSimulator | Verifier |

P Mext | 3 Reset |

|

-Simulation Trace

(idle, idle, idle, idle)
Liseri
(idie, idle, -, idle)

Trace File: I
4l Prev I Mext
= Open Save
1
| 1 K |
Slow Fast

activatedl =0
activated2 =0
DoorLlx =0
DoorZ.x =0
Userlw =0
UserZw =0

Door 1.x = Doar2.x
Door2.x = User2.w
UserZ.w =DoorL.x

Door

pushed1?

closedi! activated! =true
C - idle wait

closed2?

x=0

P @2

¥==0B ¥x==R

x=0, x=0
activateq1=false

Door2

pushed2?

closed2! activated2 =true
f . 3 @'Ex ] closed2!
idle wait

. -l T

x==f

w=00,
activatedZ=false

User1

idle

lactivated
w=0

pushedi!

lactivated2
w=0

closing G :‘ gy é:‘ open closing
®==B %<0 x==0B wx==0
User2
idle pushed2!

Door1 Door2 Useri User2

S

Ll




43 C:\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\2doors.xml - UPPAAL
File Edit View Tools Options Help

-laix

Uises
dosed?: Door2 — Door1

b Next | 5 Reset |

|

~Simulation Trace

(idle, idle, idle, idle)
Userl

(idle, idle, -, idle)
pushed1: User1 — Doorl
(wait, idle, idle, idle)

Trace File: I
4l Prev I mext
=1 Open Save
|
| | | K | |
Slow Fast

activatedl =1
activated2 =0
Doorlx =0
Door2.x =0
Userlw =0
UiserZaw =0
Doorl.x = DoorZ.x
Door2.x = User2.w
User2.w = Doorl.x

BaBE|d2¢/QaaaR @@=

Editor Smulator | ConcreteSimulator | Verifier |

Doorl Door2
pushed! ? pushed2?
closedl! activated! =true closed2! activated? = true
:® ;_.; :I (= . . E 3_’5} ] closed!
idle wait idle walt
Useri
s = Idle pushedi!
closed]! cloged2!
closed opening closed C opening
A ya=R ¥==F ¥==5 x==6
Zip x==f ¥==6 k=<5 tactivated]
- w=0
x¥=0, w=0 x=0, x=0
activateql=false activateqZ=false
closing open closing Xe=4 open
we=h =l wa=R =0l we=g
User2
idl= pushed2!
lactivated2
w=0
Door1 Door2 Useri User2

PL®E

i B




“\Documents and SettingsDaso\Plocha)\Software\uppaal-4.1.15\demo\2doorsooml - UPPAAL

File Edit View Tools Options Help

1ol

DaBE|2¢|laaa(R @<=

Editor | Simulator | Coneretesimulator | Verifier |

pushed?2: User? — Door2
dosed2: Door2 — Doorl

Dﬂext' @Reset'

~Simulation Trace

(ide, idle, idle, idle)
iserl

(ide, idle, -, idle)
pushed1: Userl — Doorl
(wait, idle, ide, idle)
ser2

(wait, idle, ide, -)

Trace File: I
4l Prev I Mext
&1 Open Save |H¢ Random
|
| | | H | | |
Slow Fast

activatedl =1
activated? =0
Doorlx =0
Door2.x =0
Userlw =0
User2w =0
Doorl.x = DoorZ.x
Userl.w = UserZ.w

Door1 Door2
pushed!? pushed2?
closed! activated! =true closed2! activated2 =true
:@ ,¥ ] closed!! 3. . € % ) closed?2!
idle wait idle wait
User1
closed2? N edl? i
x==5 x=0 ¥==5 idle pushed !
closed! closed2!
opening & closed { apening
¥==0 = we=5 xe=h
y=cpf y=cf R==f Roig lactivated
& b w=0
x=0, »=0 =0, x=0
activategi=false activatedZ=false
closing open clozing open
¥==F ¥==8 =R w==3
User2
iclle pushed2!
lactivatecd2
wi=0
Door1 Door2 Useri User2

SEE 8

Hi B




File Edit View Tools Options Help

&8 C:\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo)\2doorsoxml - UPPAAL

=10l x|

[BaE|o¢/aaaR@=-s

Editor Smulator | ConcreteSimulator | Verifier |

dosed1: Door 1 —Door2

dosed?: Door2 — Door 1

P Next | 2 Reset |

-Simulation Trace

(idle, idle, idle, idle)

Liser 1

(idle, idle, -, idle)
pushedi: Userl — Doarl
(wait, idle, idle, idle)
User2

(wait, idle, idle, )
pushed2: User2 — Doar2

(wait, wait, idle, idle)

Trace File: I
4l Prev Ik Mext
<=1 Open Save [M» Random
1
| H |
Slow Fast

activatedl = 1
activated? = 1
Doorlx =0
Door2x =0
Userimw =
LUser2aw =

Dioor Ly =Door2.x
Userimw = User2ow

-

Door1

pushed!?

! activated! =trus
:@ ;_.j ] closed!
icle wiait

pushed2?

i} activated = true
ﬁ__;_ 5._._’E :I closed2!
iclle it

Usert

iclle

lactivated]
w=0

pushed!

pushed2!

lactivated2
w=0

x

closed1?
¥==5 x»=5 x=0
closed]! closed2!
closed & opening = closed opening
xe=5 (3 we=h [%) K==5 k==
==h{ x==0F X==8 ¥==0
x=0, x=0 x=0, x=0
activated=false activateq2=false
closing i open closing ’f}* sl G ) open
we=h wap xe=0 ¥e=h x=0 ¥<=8
User2
iclle

Door1 Door2 User1 User2

L




:_@} C\Documents and Settings)Daso\Plocha\Software\uppaal-4.1.15\demo\ 2doors.xmil - UPPAAL
File Edit View Tools Options Help

=101 x|

BaBE|o¢c|laaa ne=e
Editor | Simulator | ConcreteSimulator Verifier |

Owerview

A[]l not (Doorl.open and Door2.open)

A[] (Doorl.opening imply Userl.w<=31) and (Door2.opening imply User?.ws=31)
E<> Doorl.open

E<> Doorl.open

Doorl.wait ——> Doorl.open

Door2.wait —-> Door2.open

A[]l not deadlock

Query

Remaove

Comments

000000

All not (Doorl.open and Door2.open)

Comment

Mutex: The two doors are never open at the same time.

P

Status

(Academic) UPPAAL version 4. 1.15 (rev. 5265), April 2013 — server.
Disconnected.

Ectablished direct connection to local server.

(Academic) UPPAAL version 4. 1.15 (rev. 5265), April 2013 - server.
sat: Scenario

Disconnected.

Established direct connection to local server.

(Academic) AAL version 4.1.15 (rev. 5265), April 2013 - server.
Disconnected.

Established direct connection to local server.

(Academic) UPPAAL version 4. 1.15 (rev. 5265), April 2013 — server,
A[] not (Door 1.open and Door2. open)

Verification kernel felapsed time used: 0s f 0s / 0,016s.
Resident/virtual memory usage peaks: 5 680KE [ 24 396KB.
Property is satisfied.

Ll




P C:\Documents and Settings\Daso\Plocha\Software \uppaal-4.1.15\demo)\ 2doors.acml - UPPAAL = | Ellﬂ
File Edit View Tools Options Help

IBa@ 2¢ |’ anRn@-=e.

Editor | Simulator | ConcreteSimulator Verifier |

Owverview

A[] not (Doorl.open and Doorl.open)

A[l (Doorl.opening imply Userl 1) and (Doorl.opening imply User?.w

E<> Doorl.open

E<> Door?.open

Insert
Doorl.wait —> Doorl.open
Door2.wait —> Door2.open Remove

A[] not deadlock Comments

Q0000800

Query

All (Doori.opening imply User! w==31) and
(Door2 opening imply User2 w==31)

Comment

Bounded Liveness: A door will open within 31 seconds.

i

Status
Verification kernel felapsed time used: 0s / 0s f0,0168s. ;|
Residentvirtual memory usage peaks: 5 630KB [ 24 396KB.

Property is satisfied.

E <> Door L.open

Verification kernel felapsed time used: Os [ 0s [ Os.

Resident,virtual memory usage peaks: 5 692KB [ 24 408KEB.

Property is satisfied.

A[] (Door 1.opening imply User 1.w-<=31) and (Door2.opening imply User2.w<=31)
Verification kernel felapsed time used: 0s / 0s [ Os.

Resident,virtual memory usage peaks: 5 788KB [ 24 576KB.

Property is satisfied.

A[] (Door 1.opening imply User 1.w<=31) and (Door2.opening imply User2,w<=31)
Verification kernel felapsed time used: Os / 0s [ Os.

Resident/virtual memory usage peaks: 5 792KB [ 24 534KE.

Property is satisfied.

L+l




c_l:!}(:‘l_Ducmments and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\2doorsaxml - UPPAAL 5 | Dlﬂ
File Edit View Tools Options Help

IBaE|i2¢|adaR@—=-e

Editor | Simulator | ConcreteSimulator Verifier |

Cverview

A[] not (Doorl.open and Door2.open)
A[] (Doorl.opening imply Userl.w<=31l) and (Door2.opening imply User2.w<=31)
E<> Doorl.open

|

E<> Doorl.open

Insert
Doorl.wait -——> Doorl.open
Door2.wait --> DoorZ.open Remove

A[] not deadlock Comments

Query
E== DoorZ.open

Comment

Door 2 can open.

&

Status
Verification kernel felapsed time used: 0s / 0s / 0,016s. ;|
Residentvirtual memory usage peaks: 5 680KB | 24 396KB.

Property is satisfied.

E<> Door L.open

erification kernel felapsed time used: Os [ 0s / Os.

Residentvirtual memory usage peaks: 5 692KB [ 24 408KB.

Property is satisfied.

A[l (Door 1.opening imply User 1.w<=31) and (Door2.opening imply User2.w<=31)
erification kernel felapsed time used: 0s [ 0s / Os.

Residentvirtual memory usage peaks: 5 788KB | 24 576KB.

Property is satisfied.

A[] (Door 1.opening imply User 1.w<=31) and (Door2.opening imply User2.w<=31)
erification kernel felapsed time used: Os [ 0s / Os.

Residentvirtual memory usage peaks: 5 792KB [ 24 584B.

Property is satisfied.

Ll




:@E\Dncuments and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\2doorsxml - UPPAAL
File Edit View Tools Options Help

IBaBE|2¢c|aaaRe—= e

Editor | Simuiator | ConcreteSimulator Verifier |

P [

Overview
A[] not (Doorl.open and Door2.open) .
L[] (Doorl.opening imply Userl.w<=31) and (DoorZ.opening imply UserzZ.w<=31) .
E<> Doorl.open .
E<> Door2.open o
Insert
Doorl.wait —-> Doorl.open °
Door2.wait —-> Doori.open o —ve
L[] not deadlock Commenits
Query
All not deadlock
Comment
The systemn is deadlock-free.
Status
Verification/kernel/elapsed time used: 0s / 0s / Os. ;l

Resident fvirtual memory usage peaks: 5 692KB [ 24 408KEB.

Property is satisfied.

A[l (Door 1.opening imply User 1.w<=31) and (Door2.opening imply User2.w<=31)
Verificationfkerneljelapsed time used: 0s f 0s | Os.

Resident,fvirtual memory usage peaks: 5 788KB [ 24 576KEB.

Property is satisfied.

A[l (Door 1.opening imply User 1.w<=31) and (Door2.opening imply User2.w<=31)
Verificationfkerneljelapsed time used: 0s f 0s | Os.

Resident fvirtual memory usage peaks: 5 792KB [ 24 584KE.

Property is satisfied.

A[l not deadlock

Verification/kernel jelapsed time used: 0,016s / 0s / 0,016s.

Resident fvirtual memory usage peaks: 5 840KB [ 24 684KE.

Property is satisfied. -




* For more details about tt_ti_s example, see

* "Antcmatic Verificatien of Real-Time Communicating Systems by Constraint Solving"”,

* by Wang Yi, Paul Pettersson and Mats Daniels. In Proceedings of the 7th International
* Conference on Formal Description Techniques, pages 223-238, qui:h,—}]olland. 1984,

o

lconst int N = &; red # trains
itypedef int[0,N-1] id t;

chan appr[N], stop[N], leave[N];
ufg_ent chan go[N];




:__ﬁ'i C\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\train-gatexml - UPPAAL

File Edit View Tools Options Help

=0l x|

jba@2e|laaa|R@-~>o

Editor | Simulator | ConcreteSimulator | Verifier |

[ Project || Mame: ITrain Parameters: |const id_tid
. Dedarations

2R Train

-5} Gate

i System dedarations

¥>=3
eave[id|!
Safe leavelid]! gy cross
x<=3
appriidj!
w=0
W==T
w=0
Appr Start
®<=20 ¥<=15

®==10

gafid]?
stap(id]?

¥=0

Stap




':__ﬂ'h C\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\train-gatesxml - UPPAAL

File Edit View Tools Options Help

=10l x|

J&@E‘o c‘@i@i@g”%@m} wp D

Editor | Simulator | ConcreteSimulator | Verifier |

----- # Dedarations
-} Train
. 5 B2

(Y System dedarations

Mame: IGate Parameters: I

Free
. @ \
e id_t eid_t
len =0 len==10 g == frant()
go[frant()]! appr[e]? leavel[e]?

Enqueue(e) | dequeus()

L.
Oce
eoid_t
appr[e]? stap[tail()]!
enquele(e)




:l:l,! C:\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\train-gatexml - UPPAAL

Fle Edit View Tools Options Help

=101 ]

Da@|loe|aaam @ =>e

Editor Simulator | ConcreteSimuator | Verifier |

appr[0]: Train(0) — Gate

appr[2]: Train(2) — Gate
appr[3]: Train(3) — Gate
appr[4]: Train(4) — Gate
appr[5]: Train(5) — Gate

‘Trace File: I
4 Prev il next J Replay
= Open Save ¥ Random
1
| [
Slow

H

Gate list[0] =0

Gate list[1] =0

Gate list[Z] =0

Gate list[3] =0

Gate list[4] =0

Gate list[5] =0

Gate list[6] =0
Gateden =10
Train{0).x =0
Train{1).x =0
Train{2).x =0
Train{3).x =0
[Train{4).x =0
Train({5).x = 0
Train(0).x = Train(1).x
[Train(1).x = Train(2).x
Train{2).x = Train{3).x
Train{3).x = Train{4).x
Train{4).x = Train{a).x
[Train{5).x = Train{0).x

len=0

goffront(y)!

< B
appr(e]?
enguels(e)

Free

0 g
apprie] leavele]?
enj degueus()

-

Train{0) Train{1) Train{2)
K==3 K==3 w==3
Safe legvelO} Cross Safe i U ﬁ Cross Safe EavElZ) e cross
x==5 e n==3 x<=3
appr{d]! appr(1] appr(2)
¥=0 ¥=0 ¥=0
K=>=7 T4 Xe=7
x=0 x=0
Appr b Start Appr Start Appr s Start
w==20 ¥==15 y==20 ¥Ke="15 ¥==20 ¥<=15
x¥==10 qo[1]? xe=10 gof2
stop[1]? x=0 stop[2]? ¥=0
" Stop Stop Stop
Train(3) Train{4) Train{5)
¥==3 R==3 we=3
Safe leavai3) Cross Safe iy G ﬁ Cross Safe leavelS) am crges
x==5 e n==3 x<=5
appr[3]! appr(4] appr[s)
x=0 k=0 x=0
X==7 K==7 qs=T
w=0 x=0 x=0
Appr Start Appr y Start Appr Start
x==20 ¥e=15 x==20 xe=15 x==20 xe=15
Stop Stop Stop
Gate

|+

Ll

Train{0) Train{1) Train(2) Train(3) Train{4) Train{5) Gate

S 68 69 60 6 &8 @@

FAEd
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o)

) () () (o) (o

:_I_-I}E\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\train-gatescml - UPPAAL - ol x
File Edit View Toole Options Help
[ 1 k)
|IBa® 2¢|qaa(R @< -e
Editor Simulator | ConcreteSimulator | Verifier |
............................................................................ F i1 3 POt At d Dot et g =
™ H i i
~Enabled Tr e detied =4 Train(o) Train(1) Train(2)
Tran() — Gate list[1] =0
R — [ 5 e
appr(2]: Train(2) — Gate ga::'sﬁ = g Safe leayelD) Cross Safe leael1 @ cross safe
ate list[4] = ye= B S
appr[3]: Train(3) — Gate . P
: Gate.list[5] =0 5
appr[4]: Train(4) — Gate o |IStEﬁi Ay a|:-Er[-3]! .n|JE|[l]! a|;.E|-[_-]|
. i , x= X=| %=
ol e Gate.len = 1 x>=7 X7
[Train(0).x =0 x=0 w=0
Tran(1).x € [0,20] N St N ctart N
2 pRN ) Star Appr y Sta ppr
Train(2).x = 0 xe=20 xe=15 || xe=20 we=15 || w=s20
Tran(3.x =0
Ll Tran(4).x =20 P S
[Train(5).x =0 xq:,I[IL:]? ;L[g”]
P Next | @ Reset | Train(0).x = Tran(2).x . ;
- Train(1).x = Train(0).x Stop Stop
) _ Train(2).x =Train(3).x
~Simulation Trace [Train(3).x = Train(4).x Train(3) Train{4) Train(5}
(5afe, Safe, Safe, Safe, Safe, Safe, Free) [Train(4) x = Train(5).x s - o
S0 [Train(5).x = Train{0).x ﬁ;:é[ 0 ;i_:_.‘;[ 1 |’:;'i[';]'
@ppr[1]: Train(1) — Gate Safe i Cross Safe b ﬁ, Cross Safe S @R Cross
afe, Occ) K== £ w==h = w==5
appr[3] appr4f appr[a)!
=0 N x=0 il x=0 =
y5=T ¥x5=7 KT
¥=0 ¥=0 y=0
A Start Appr Start Appr B Start
x==20 xe=15 xe=20 = rEa=15 x<=20 ¥e=15
w<=10 ¥==10 go[4]7 ¥==10 go[5]7
stop[3]7 x=0 stop(4]? *x=0 stop(5]? x=0
Stop Stop Stop
Gate
Free
&
len =0 len==0 = == front()
goffrant(}]! | appr{e]? leave[g]?
enqueus(e) | dequeuel)
= el _t
Trace File: I apprie]? stop(tail(1]!
engueue(e)
4l Prev b 1ext |+ Replay iniete] )
=1 Open Save ¥ Random ]
it
1 ..
i H | Train{0) Train{1) Train{2) Train{3) Train{4} Train(3) Gate
e =i - - - - — - -

i




\Documents and Settings \Daso\Plocha\Software \uppaal-4.1.15\demo\train-gatesxml - UPPAAL

File Edit View Tools Options Help

~=10(x]

Da@moce|laaanesss

Editor Simulator | ConcreteSimulator | Verifier |

H

stop[tail(}]: Gate — Train

I Next | &) Resst |

Simulation Trace

(Safe, Safe, Safe, Safe, Safe, Safe, Free)
appr[1]: Train(1) — Gate
(safe, Appr, Safe, Safe, Safe, Safe, Ocg)
appr[0]: Train(0) — Gate

Trace File: I
4l Prev b niext [» Replay
=1 Open Save JHr Random
1
| ( |
Slow Fast

Hiate list[o] = 1

Gate.list[1] =0
Gate.list[2] =0
Gate.list[3] =0

Gate list[4] =0
Gate.list[5] =0

Gate list[6] =0
Gate.len =2
Train(0).x =0
[Train(1).x = [0,20]
Train(2).x =0
Train(3).x =0
Train(4).x =0
Train(5).x =0
Train(1).x = Tran(2).x
Train(2).x = Tran(3).x
Train(3).x = Tran(4).x
Train{4).x = Tran(5).x
Train(5).x = Train(2).x

Train{0)

x==3
leave[d)

Train(1)

x>=3
leave[1]!

Train{2)

x==3
leave[2]!

¥==10
stop(4]?

Safe Cros: Sate Cross Safe = Cross
e ¥==5 Hu=!
appr[0f appr(1] appr2!
= k=0 w=0
xa= w>=T k=T
x=0 x=0 w=0
Appr Start Appr o Start App Start
x==20 K== xe=20 ¥4=15 =20 ¥== 15
ga[0]? x==10 ga[1]7
x=0 stop[1]? x=0
Stop Stop : Stop
Train(3) Train(4) Train(5)
x==3 K==3 x>=3
Safe Eavel3l e cros Safe lEaveldl e cross Safe EaVES! o cross
e X<=5 K=
appr4]! appr[s)
x=0 w=0
xa= w>=T k=T
x=0 x=0 w=0
Start Appr " Start Appr Start
¥u=15 x<=20 %=="159 xe=20 xe=15

x==10
stop[s]?

Gate

len =0
golfrant(j]!

dt
appre]?
engueus(e)

Free

len==0
apprie]?

EngueLe(e)

/ stop(tall )]

dequeus()

|+

L« |

Train(0) Train(1) Train(2) Train(3) Train{4) Train{5) Gate

_‘\ppr “-Safe _‘iafe ‘ ‘

LEEE:




:g‘! C\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\train-gateoxml - UPPAAL

Fle Edit View Tools Options Help

=101

| &

Editor  Simulator | ConcreteSimulator | Verifier |

Train(1)

appr[2]: Train(2) — Gate
appr[3]: Train(3) — Gate
appr[4]: Train(4) — Gate

bNext | B Reset |

appr[5]: Train(5) — Gate

]

~Simulation Trace

(Safe, Safe, Safe, Safe, Safe, Safe, Free)
appr[1]: Train(1) — Gate

(5afe, Appr, Safe, Safe, Safe, Safe, Occ)
appr[0]: Train(0) — Gate

(Appr, Appr, Safe, Safe, Safe, Safe, -
stop[tail()]: Gate — Train(0)

(Stop, Appr, Safe, Safe, Safe, Safe, Oct)

Trace File: I
4l Prev b next b Replay
=1 Open Save [+ Random
1
| 'H | |
Slow Fast

K

Gate.list] = 1
Gate.list[1] =
Gate.list[2] =
Gate.list[3] =

Gate list[4] =

Gate list[5] =

Gate list[a] =
Gate.len =2
[Train{0).x < [0,20]
[Train{1).x < [0,20]
Train{2).x =0
Train{3).x =0
Train{4).x =0
Train{5).x =0
[Train{0). x - Train{1).x = [-20,
Train{1).x = Train(2).x
Train{2).x = Train(3).x
Train{3).x = Train(4).x
[Train{4).x = Train(5).x
[Train{5).x = Train(Z).x

B¢l aa[R@<~e

“x

Trainf0) Train{1) Train{2)
¥==3 K==3 N=»=3
= leave[0]! ’ = leave[1]l o leave[2]l
Safe @ § Cross Safe {7 Cross Safe Cross
? Ke=5 @‘ ,Q xe=5 K==5
appr[dp ppr1] appr[2)!
%=0 ¥=0
Xa=T »=7 =T
x=0 =0 w=0
Appr Start Appr Start Appr y Start
x=2=20 we=15 *==20 x<=15 ¥=2=20 =15
¥==10 af0]? ¥==10
stop[0]? x=0 stop[2]? x=0
Stop Stop Stop
Train(3) Train{4) Train(5s)
¥==3 ==3 y==3
Safe leavel3} Cross Safe leavelal Cross Safe leavelS) e crogs
xe<=5 4 x<=5 )
appr{3] appr4]l
=0 x=0
K==7 m=] Km=7
x=0 =0 x=0
Appr s Start Appr Start y Start
*==20 =15 x==20 xe=15 ¥e=15
¥==10 a[3]7 w==10
stop[3]? x=0 stop[4]7? stop[5]7?
Stop Stop Stap
Gate
len>0 ont()
galfront ]l 1| g [c] leavele]?
enguelee) | degueus()

|+

Ll

Tram[l}} Tram(1} Tram(?} Tram[&} Tmm(4} Tram(ﬁ}

Gate

e
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File Edit View Tools Opfions Help

Iba@|oe|laaaR@<ss.

Editor Simulator | ConcreteSimulator | Verifier |

s
- . i i 5 [ =
Enabled Transitions E:E::::E]] _ ; Train(0) Train(1) Train(2)
stop[tail()]: Gate — Train(5) : #
G e Gate Jist{2] = 5 g ys=3 w523
Gate.list[3] =0 Safe g leavel0]l . Cris Safe leavel1]l hsa Safe leave[2] Cross
Gate.list[4] =0 ¥a=5 x==5 ¥<=5
Gate list{s] =0
i apprld) appr1]! appr(2]
Gate.list[s] = 0 on o0 i
Gate.len = 3 E=T =T wE=7
[Train{i0).x € [0,20] ¥=0 ¥=0 y=0
[Train(1).x = [0,20] . - 5 it " |—
‘ Pt y Stal ppr Star ppr o Sta
Train{2).x =0 x==20 we=15 x<=20 xe=15 xe=20 @ Fae
Train(3).x =0
J Train(4).x =0 " op 0
- S we=10 go[0]? W= [
Tra!nks).x =8 stop[0]? *=0 stop[2]?
P Next | 5 Reset | [Train{0).x - Train(1).x < [-20,
[Train(1).x = Train(2).x Stop Stop Stop
) Train{2).x = Train(3).x
Simulation Trace [Train(3).x = Train(4).x Train(3) Train{4) Train(5)
(Safe, Safe, Safe, Safe, Safe, Safe, Free) [Train{4).x =Train(2).x - o -
appr[1]: Train(1) — Gate Safe eaVeldl e cross Safe Ieaval3] Cross Safe Ieavals). Cross
(safe, Appr, Safe, Safe, Safe, Safe, Occ) x==5 x==5
appr[0]: Train(0) — Gate appr[3]! appr{4]! appr{s]!
=l x=0 %=0
(AJJDV; AW: Safel' Safe, saFEl’ SEfE, ', W=7 =7 ¥==7
stop[tail (J]: Gate — Train(0) x=0 x=0 x=
(Stop, Appr, Safe, Safe, Safe, Safe, Ocd) Appr Start Appr Start Appr & Start
appr[5]: Train(5) — Gate x==20 x==15 %==20 Xe=15 x==20 x==15
(Stop, Appr, Safe, Saf
x==10 go[4]°
stop[4]? x=0
Stop Stop Stop
Gate
Free
apprlel? leavele]?
enguels(e) | dequeus)
Fy
X Occ
= et
Trace File: I apprie]? ) stapltail(]!
engueLe(e)
4l Prev I fext |+ Replay B .//
=4 Open Save Py Random |
af
| >
| f | Train{0) Train{1) Train(2) Train{3) Train{d) Train{5) Gate
Slow Fast ' il (== . |
St T Safe Safe Safe =32
P — ] e e IR ETT N ET R -l




:_E!}E\Dncuments and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo \train-gatexml - UPPAAL

Fle Edit View Tools Options Help

=101 ]

5

Editor Simuator | ConcreteSimiator | Verifier |

Train(1)

appr[2]: Train(2) — Gate
appr[3]: Train(3) — Gate
appr[4]: Train(4) — Gate

bhext | @ meset |

~Simulation Trace

(safe, Safe, Safe, Safe, Safe, Safe, Free)
appr[1]: Train{1) — Gate

(Safe, Appr, Safe, Safe, Safe, Safe, Occ)
appr[0]: Train(0) — Gate

{(Appr, Appr, Safe, Safe, Safe, Safe, -
stop[tail()]: Gate — Train{D)

(Stop, Appr, Safe, Safe, Safe, Safe, Ocd)
appr[5]: Train(5) — Gate

{(Stop, Appr, Safe, Safe, Safe, Appr, -
stop[tail()]: Gate — Train(5)

(Stop, Appr, Safe, Safe, Safe, Stop, Occ)

Trace File: I
4l prev I riext | Replay
=1 Open [ save Mr Random
1
| K 1 |
Slow Fast

Pl rarriarriaraiaraiaeaiaeaiaerinenine]
MGate.list[0] = 1

Gate.list[1] =0

Gate.list[2] = 5

Gate.list[3] =0

Gate.list[4] =0

Gate.list[5] =0

Gate.list[s] =0

Gate.len = 2

Train{0).x < [0,20]
[Train{1).x < [0,20]
Train{2).x =0

Train{3).x =0

Train{4).x =0

[Train{5).x < [0,20]
[Train{0).x - Train(1).x = [-20,
[Train{1).x = Train(2).x
[Train{2).x = Train(3).x
[Train{3).x = Train(4).x
Train{4).x = Train(2).x
[Train{5).x - Train{0).x  [-20,

N

Hloae/aacaR@= e

-x

Train{0) Train{1) Train|2)
K==3 W=D
— z = leave[1]l o leave[2] .
Safe Cross Safe @ Cross Safe Cross
& s @ :ﬁ y<=5 y=2=5
appr[0) appr[1] appr[2)
x=0 =0 x=0
K>=7 m=f Xa=¥
x=0 =0 w=0
Appr s Start Appr Start Appl s Start
x==20 xe=15 x<=20 K==15 x<=20 ¥<="15
¥==10 ga[0]? w==10 go[1]? ¥<=10
stop[d]? *=0 stop[1]? x=0 stop[2]7
Stop Stop Stop
Train{3) Train{4) Train{5)
%==3 K>=3 w==3
Safe leavel3) g oross Safe teaveld) e oross Safe =avels) g oross
K= w==5 Ka=s
appr[ap appr(4] appr[s)
x=0 x=0 x=0
K==7 k==7 Koy
x=0 x=0 %=0
Appr Start Appr ™ Start Appr = Start
x<=20 k=13 xe=20 xe=15 x==20 x<=15
x==10 go[5]?
stop(3]7? x=0 stop[5]? x=0
" Stop Stop Stop
Gate
e id_t
len >0 0 e == front()
go[front()) ppar[e]? leavele]?
engueusie] | dequeus()
g id_t
apprie]? stop(tail )]
engueus(e)

|+

4|

Train{0) Train{1) Train(2) Train(3) Train{4) Train{5) Gate

] ) [on] o] ) (B8] G

45
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Fle Edit View Tools Options Help

BaB[dcaaaR@=~e

Editor | Simulator | Concretesimulator Verifier |

Cverview

|

E<> Gate.Qcc
E<>» Train(0).Cross

E<» Train(l).Croas

E<> Train(0) .Cross and Train(l).S5top

E<> Train(0).Cross and (forall (i : id t) i !'= 0 imply Train(i).5top)

hOOOO'IOO 0000

Remove
A[] forall (i : id_t) forall (j : id_t) Train(i).Cross ss Train(j).Cross imply i = j Comments
L[] Gate.list[N] = 0
Train(0) .Appr —>» Train(0).Cross ﬂ
Query
E==Train(0).Cross and Train{1).Stop
Comment
Train 0 can be crossing bridge while Train 1 is waiting to cross.
Status
Verification kernel/elapsed time used: 0,016 /0s [0,016=. d

Resident virtual memary usage peaks: 5 840KB | 24 684KB.
Property is satisfied.

Disconnected.

Established direct connection to local server,

(Academic) UPPAAL version 4. 1,15 (rev. 5265), April 2013 — server,
E<> Gate.Occ

Verification/kernel felapsed time used: 0s / 0s / 0s.

Residentvirtual memory usage peaks: 6 012KB [ 24 992KEB.
Property is satisfied.

E<> Train(0).Cross

Verification/kernel felapsed time used: 0s / Os / 0s.

Resident virtual memary usage peaks: 6 032KB | 25 016KB.
Property is satisfied.

E <> Train(0).Cross and Train(1).5top

Verification/kernel felapsed time used: 0s / Os / Os.

Resident/virtual memory usage peaks: 6 044KE [ 25 032KB.
Property is satisfied. hd




:_l_-!;! C:\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\train-gatesanl - UPPAAL
File Edit View Tools Options Help

=10l x|

‘@fﬂu|® @M%QQ%H%@Zﬂ%W“a
Editor | Simulator | ConcreteSimulator Verifier |

Owverview

E<> Gate.Occ

E<» Train{0).Crosa

E<> Train(l) .Cross

E<» Train{0}.Crosa and Train(l).Stop

E<> Train(0).Cross and (forall (i : id t) i != 0 imply Train(i).5top)

Al] forall (i : id t) forell (j : id_t) Train(i}).Cross && Train(j).Cross imply i = j
A[] Gate.list[N] = 0

Train(0) .Appr —> Train(0) .Cross

Query

| v

2000000000

Remove

‘Comments

Train{0).Appr—= Train{0).Cross

Comment

Whenever a train approaches the bridge, it will eventually cross.

P

Status

Residentvirtual memary usage peaks: 6 012€B [ 24 992¢B.
Property is satisfied.

E <> Train(0).Cross

Verification /kernel felapsed time used: Os / Os f Os.
Resident/fvirtual memory usage peaks: 6 032€B [ 25 016KEB.
Property is satizfied.

E <> Train(0).Cross and Train{1). Stop
Verification /kernel felapsed time used: Os / Os f Os.
Residentvirtual memory usage peaks: & 044KB | 25 032KB.
Property is satisfied.

E <> Train(0).Cross and (forall i : id_t) i '= 0 imply Train{j).Stop)
Verification/kernel jelapsed time used: 0,094s /0,015 /0, 109s.
Resident fvirtual memory usage peaks: & 460KB | 25 736KB.
Property is satisfied.

Train(0). Appr —= Train{0).Cross

Verification /kernel felapsed time used: 0,55 / 0,063s [ 0,562s,
Resident/fvirtual memory usage peaks: 7 216KB [ 27 192KB.
Property is satisfied.
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T ele TAPAAL 2.0.0: New Petri net 1.xmi

Ot cs|as (& (H[aid [zlox ~[x|[@o € b OB X WM % "
| Mew Petri net 1.xml = |

Components %
 Sender ~

i Recemer 3
A MediumMonLossy

1 MediumLossy

{hﬂim!} I: Copy _]

Shared Places and Transitions

| Paces 3

M firri, -~
Mediume

i iLiniC b
MediumD

Henarme Rermowe L Add ) "

Queries
Violation of Behaviour

oy
-
{ Edit ) verify )
{Hzmnuz]l I: MW -:l
GClobal Constants
Delay = & iy
b

(CEdn ) (CRemave ) (_Add )

Select Mode: Click fdrag to select objects; drag to move them



Do6n TAPAAL 2.0.0: Mew Petri net 1.xml

OS] (& (¥al [=]eox ~l[2]| [Hle € G O 01 " WO & % "

New Petri net Lxmi » |

c:‘""_“'"‘f__________ﬁl " “@

i e N s TAPAAL 2.0.0

Query name: Target Reachable
Extra number of tokens: 2 [1] ([ Check Boundedness )

ﬂﬂwmummm#mﬂmmmmgw SR A -

{_Help on the query options )

' (=) {(EF) There exists some reachable marking that satisifies:
| () {EG) There exisls a trace on which every marking satisfies:
| ) (AF) Omn all traces there is eventually a marking that satisfies:

EF IntroExample.Targets]

e S

Quantificatior [ IntroExample } .:: unde ) [ Redo )

{ Add predicate to the query

[-PL :_] [ - -:.'-] 0 'li |

| () (AG) ANl reachable markings satisfy: (_mor )
i ; i I: Trus :I f_- False J ( Edit query }
mw. - — ———— — T_!mn“‘ e———
() Heuristic Search i) Depth First Search | (=) Some encountered trace
(=) Breadth First Search ) Random Search () Mo trace
* Verification Method
. Choose verification method: | TAPAAL Engine iverifytapn) +2] ¥ Use Symmetry Reduction

] Use Discrete Inclusion

{ Select Inclusion Places )

( Cancel ) ( Save ) ( Saveand verify ) ( Expon verifytapn XML )

Drawing Mode: Click on a button to start adding components to the Editor



o6

TAPAAL 2.0.0: Mew Petri net 1.xml

TcAc]as] (&) (H[E[» [xloox ~I[®] [[lle € &k O1 X MA S % %

{ Mew ) [ Remove )

e o e e — —— — ————_—_——_—_————_—_————_—_——_ 4

[ Shared Places and Transitions
| Places w5

Lt

v
Edit :,': Verify g
Remowve e
;.E;h;l.é.u;;;n; ................................................
| -~
B

00 Verification Result

RE Property is satisfied.
e Discovered markings: 10

Explored markings: 7 ([ Explanation
o Svored markings: 8 D

Estimated verification time: 0.10s 1

==

Targes

select Mode: Click fdrag to select objects; drag to miove them



T ala TAPAAL 2.0.0: New Petri net 1.xml

OS] [ Xae [wsx = [[Ho € (il @ 1 %~ W o0& %% °
| Mew Petri net 1xml = |

r Components ¥

introExample

Simulation Control

Token selection: | Random =4

4 [¥ | 1.00000 [Timedelay|
: Simulation Historny

Imitiall Marking

TimeDelay: 200000 :
IrroE xample. TD

TimeDelay: 2000040

IrroE xample T1

TimeDelay: & 00000

ImroE xample T3

IntroExample. T2

TimmeDaelay: 4 00000

IntreExample. T4

Animation Mode: Red transitions are enabled, click a transition to fire it






