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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 + @ mnedeterministicky 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(3) = f(a), f(r) = .



CCS, opera¢nd sémantika

PP
x.P = P P+rQXpP.Q+PS P
PP PLP.Q2Q
PIR=P|QQIP=Q|P PIQSP|Q
PP ) PP
X D ’(X’XQL) f(x)
PAL=PAL P[] P
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.

Definition

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

(P, Q) € S implikuje

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




Slaba bisimulacia

Definition

Binarna relacia S C CCS x CCS je slaba bisimulacia, ak
(P, Q) € S implikuje pre kazdé x € Act

1) ak P2 P tak existuje Q' také, e Q = @ a plati (P, Q) € S
2) ak @ % @ tak existuje P’ také, Ze P LG plati (P', Q") € S




Stopova ekvivalencia

Dva procesy st stopovo ekvivalentné (~¢1ce) ak majid rovnaké
stopy (stopa/trace procesu je postupnost akcii, ktord vie vykonat).

Tr(P) = {s|s € Act* také, ze P =}

Tr(Nil) = {€}
Tr(a.(.b.Nil 4+ c.Nil)) = {e€, a, ab, ac}

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

B |RS|PWRT|\FT| R | F |CS|CT| S
(z+y)+2z = ¥ (y+.2) + | +|+|+|+]F+]|+] ]|+
T+ vy Yy -+ + ||+ |+ ]|+ +]|+
r+0 = z e i I O o I s o O o I O O O s
r+r = i F|= =TI F | F| ][] S
ar = ar 4+ ay |+ + |+ +]+=|Vv V]V
albe + by + z) = albe + z) +alby + =2) + v | v]v ]y v
I(z) = I(y) = ar+ay = a(xz+y) + | v ] v ]v v
ar +ay 2 alc+y) + v \
albe + u) + alby + v) a(be + by + u) + | v v
ar +aly+2z) 2 el +1y) — v
ar C ar +y + | + \
albr +u)+aley +v) = albr+ cy + u+ v) -
r C 49y -+
ar +ay — ale—+y)
I1(0) = 0 } + |+ |+ ]+ o
I[(ax) = al + =+ +|+|+|=]+]+]|+
(e +y) = 1(x)+1(y) + | +l+]1+]+]1+1+1+]+]|+




Petriho siete

zac¢ina leto

jar
leto
Z=% P i
|
@) )
A
{ zima alebo jar
nic jescrl
zac¢ina zacina
jar jesen
zacina zima
' ( - ) jeseti
zima b =t




Casové automaty

dyai= ()




Name Model Checking i i GuI il
Counter sxample Programming language
Piain, Probabilistis, Soshase, Mosslling langusce Properties langusge Tupporied equivalenses Sottware license e Pisform /08
APMC# Approximate Probabilistic Reactive modules PCTL, PLTL FuUsC c Unix & related
ARC# Plain AltaRica p-calculus CTL* FusC ANSIC Unix & related
BANDERA® Code anslysis Java CTL.LTL Yes Free Java ‘Windows and Unix relsted
BLAST Code analysis c Monitor automata Yes Free OCaml ‘Windows and Unix relsted
CADENCE SMV & Plain Cadence SMV, SMV, Verilog CTL, LTL Yes FusC ? Windows and Unix related
CADP Probabilistic LOTOS, FSP, LOTOS NT AFMC ERLDED ?:l;.zTE' LE Yes FusC ? MacOS, Linux, Solaris, Windows
CBMC & Code analysis C.C++ Assertions Yes Free C++ Windows and Unix related
CPAchedker? Code analyses c Monitor automata Yes Free Java Any
CWB-NC & Plain and Timed CCs, CSP, LOTOS, TCCS AFMC, CTL, GCTL SB, WB, me, ME SML Windows and Unix related, MacOS
DBRoverd#® Timed Ada, C, C++, Java, VHDL, Verilog LTL, MTL ? Windows and Unix related
DiVinE Tool @ Plsin DN e e (e S M Bitesoel e LTL cice+ Unix, Windows
automata
DREAM Real-time C++, Timed automata Monitor automata Yes C++ Windows and Unix related
Edinburgh CWB & Plain CCS, TCCS, sCCs p-calculus SB, WB, BB, me, ME, OE Yes SML Windows and Unix related
EmbeddedValidator @ Hybrid Simulink/Stateflow/TargetLink/C Monitor automata Yes ? Windows
Expander2&? Hybrid AFMC, CTL SB, OE O'Haskell Unix related
Fc2Tools&@ Plain FC2 ? SB, WB, BB ? Unix related
GEAR® Plsin ? AFMC, CTL, p-calculus Yes Free Java Windows and Unix related
ImProve & Plain Haskell Assertions Free Haskell Linux, Windows, Mac-OS
Java Pathfinder Plain and timed Java unknown NOSA Java MacOS, Windows, Linux
LLBMC & Code anslysis C(.C++ all by LLVM) Assertions FusC C++ ‘Windows and Unix related
LTSA® Plain FSP LTL Free Java Windows and Unix related
LTSmind? Plsin, Real-time Promela, pCRL, mCRL2, DVE Input Language p-caleulus, LTL, CTL® SB, BB Yes Free C,C++ Unix, MacOSX, Windows
MCMAS & Plain, Epi: i ISPL CTL, CTLK Free C++ Unix, Windows, Mac-OS
mCRL2 Plain, Real-time mCRL2 mCRL2 mu-calculus SB. BB, t°E, STE, WTE Free C++ MacOS, Linux, Solaris, Windows
MRMC Real-time, Probabilistic Plain MC CSL, CSRL, PCTL, PRCTL SB Free c Windows, Linux, MacOS
NuSMV Plain SMV CTL, LTL, PSL Free c Unix, Windows, MacOSX
ompca, OpenMP C software symbolic simulation with API N — - . . Ubuntu Linux, Windows version
Analysis@ e CIC++ with OpenMP or flexible through API Free C,C++ P et
PAT Plain,Real-time, Probabilistic CSP#, Timed CSP, Probabilistic CSP LTL, Assertions Free C# Windows, other OS with Mono
PRISM illisti PEPA, PRISM las Plain MC CSL, PLTL, PCTL C++, Java Windows, Linux, MacOS
Reactis Tester®? Hybrid Simulink/Stateflow ? SML Windows, Linux
RED®& dense-time, Ilnea" hybrid, fully communicating timed automata (CTA), linear-hybrid TCTL with fairness assump(llons, CTA with fairness timed simuilation, fair simulation Cice+ Ubuntu Linux
symbolic (LHA) ‘assumptions
SATABS&# Code analysis C.C++ Assertions Yes Free C++ Windows and Unix relsted
SLMC & Plain pi-calculus ccL Yes Free OCAML ‘Windows and Unix related
SPIN Plain Promela LTL FusC C,C++ Windows and Unix related
Spot? Plain Petri nets, DVE Input Language LTL, PSL subset Free C, C++ Unix & related
TAP, ROAP TS Timed-Arc Petri Nets, age ln;:anb. inhibitor arcs, transport TeTL Free G+, Java Wi (=
SB, Wi TE, WTI M
Plain ccsp CTL, p-calculus R = = Yes  Yes Yes Free Java Windows, MacOS and Unix related
UPPAAL Real-time Timed automata, C subset TCTL subset Yes Yes Yes FusC C++, Java MacOS, Windows, Linux
ROMEO Real-time Time Petri Nets, stopwatch parametric Petri nets TCTL subset Yes Yes Yes Free C++, tcl/tkc MacOS, Windows, Linux
TLC Plain TLA+, PlusCal TLA Yes Yes Yes Free Java Windows, Linux




LOTOS

Proces ako “black box™ a jeho porty

b — — T

8 — - g

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



PP

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



in2 in3

Max2 Max2

Max3

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

where ...
endproc (* Max3 *)

out



<process instantiation>

rocess ol precess Max3[int,in2,in3, out] :=

definition>

<behaviour _| BNt L4

axpression? (Max2[in1 , in2, mid] I[mid)l (Max2[mid, in3, out]))
where

‘process —4 process Max2[a,b,c] :=
definition>

f( a, b, c; stop

1]
<behaviour \( b; a; ¢; stop )\
jon?>
expression endproc

AN
endproc \\
NN\

<behaviour expression> 's



NAME SYNTAX
inaction stop
action prefix

- unobservable (internal) i:B

- observable 2;: B
choice Bl [] B2

parallel composition
- general case

- pure interleaving
- full synchronization
hiding

process instantiation

successful termination

sequential composition (enabling)

disabling

B1|lg]. ... . gnll B2
Bl ||| B2
B1 || B2

hide g1, ....gpin B

p Igla 9gnl

exit
Bl >> B2
Bl [> B2



G
g, 815---8n

B—x—B'

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

denote the unobservable action;
denote the set G U {1} 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 -u*— BI' implies Bl [] B2 —-u™— BI'
B2 —ut— B2’ implies B1[] 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



In-a N out-a
s

AN
5
o

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)
[] 11n-b; (in-a; ( out-a; out-b; stop
[] out-b; out-a; stop)
[] out-b; 1n-a; out-a; stop)
endproc



B1 |[g1,

S =[g1, - &nl

ey Enl| B2

Bl -u—Bl'and peS

B2 -u—B2'and neS

Bl —-gt—B1'and B2 —gt—B2'
and g" e SuU {8}

implies

implies

implies

B1|S|B2 —u— B1]|S|B2

B1|S|B2 —u— B1|S|B2'

B1|S|B2- gt—B1'|SB2'




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

inI/.\inZ in3/.\rm'd

in2 \.inI mid./ \.\inS
d ° 9 »
mi mi

‘ d o

ini in3 inZ

mid in3 in2 mid  in3 int in2 int
¥ o o & % e ¢ o
in3 mid mid in3 mid mid mid mid
¢ ¢ ¢ ¢ o o o o
out out out out out out out out

o o o e 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—BlI' implies B1>>B2 —u—B1™>>B2
Bl - 3—-BI' implies B1>>B2 -i—»B2

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

B2 —ut—B2' implies Bl [> B2 -ut—B2'







Process Max3-Spec [inl, in2, in3, out] :=
inl; ( In2,in3, out, stop
[] in3, in2, out, stop )
[l m2; ( inl,in3, out, stop
[l in3,inl, out, stop )
(1inl, in2, out, stop
[] in2, inl, out, stop )
endproc

[l 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



t out out out out out out out
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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(y)) = succ(largest(x, y))
endtype (* natural *)

behaviour

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

where

process Max2[a, b, c] : noexit :=
a ?7x:nat; b ?y:nat; c !largest(x.y); stop
(]
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

ad

X2 -> play?.BillBen[X4]
X3 -=>= work!.BillBen[X4]
X4 -= tau.nil 55
X -= work!.BillBen[X2]+play?.BillBen[X3] | :

Vi A eleY, 1 @ e




Eile Edit Components Tools Help

BillBen.tpj

BillBen

0]u]alw) g &~ #]

¢ (3 Processes
Y sill
[ eilleen
D Ben

¢ [ Systems
[ spec
[ sys

£ sill

rEslpN v/ ujele

- -

X2 -= meet?.nil
X = play?.Bill[X2]

. play? . meet? .

] Ben

-

X2 -> meet!.nil
X -= work!.Ben[X2]

AR Y 1 ee

++
++

-

Actions: \{ meet }

Input | Output

|play? |work!




LTS: Sys i
States: 12
Edges: 24




Model Checking...

] BillBen.tpj

&~ [ Processes Enable Property Name Formula
¢ CJ Systems 1: Sys specification ( <= play?= [ work!] < tau=true ) A ( < work!=> [ play?] <
Propl [ work!, play?] true
D Sys Prop2 Vv (true) { work!, play?} U (Vv X { tau} — 3 X {*} true)
Deadlock Freedom VG {¥} <*=>true
Livelock freedom - 3F {¥} VG {¥ <tau=>true
‘|Sys
“|Sys_specification ( = play?= [ work!] < tau=true ) A ( < work!> [ pléYes 0.0020 s
“|Propl [ work!, play?] true Yes 0.0s
§§|Prop2 Vv (true) { work!, play?} U (VX { tau} — 3 X {*} trulyes 0.0s
§§|Dead|ock Freedom VG {*} <¥=true No 0.0010 s
§§|Live|ock freedom - 3F {¥} VG {¥} < tau=true Yes 0.0010 s

Open Reset Clear




Equivalence Checker....

[ sys

-Element 1 -Element 2
] Buffer.tpj =] Buffer.tpj
o~ [ Processes o- [ Processes
¢ [ Systems ¢ [C] Systems
[} Wrong_Sys [y 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

[ o]

[

L4

Close




Sim: Sys :

Current State

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

( Buffer_3[Start]

| Consumer[Start]

| Producer[x1]
)

end

Pro

tau#empty

Pro

Actions

Next State

restrict { put, get, full , notEmpty , empty }
in
( Buffer_3[x1]
| Consumer|[Start]
| Producer([Start]
)
end

|4/

tau#empty




£ Bill :
K -|=>

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

{meet, r2)

{play, 1.0}

| =) ' {meet, rl})

s0 = (work, 1.0).Ben[sl];
sl = (meet, r1).Ben[sO]: |-
{work, 1.0}

BillBen

e :

|= ;.

YA AN/ H e

Y[ A AN |l @




Analysis m

[ [X] Figure 1

Steady state

Passage-Time analysis Probability

Passage time Density Function
Time values:
Start Time: 0.1
Time Step: 0.1 1.2
Stop Time 3.0 | 1.1
1.0 -
-Source actionsy Target actions- 0.9
[Jmeet meet "?
7] ]
play O play ¢ O
work [] work Q0.7
2
)
T
o
o
-
. - Q
Experimentation:
rl Or2
Value: 1.0, 2.0, 3.0
Graph PDF [ | Graph CDF

OK

0.0 0.5 1.0 1.5 2.0 2.5
Time

=rl:1.0 erl: 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? C:\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\2doors.xml - UPPAAL
File Edit View Tools Options Help

=101 x|

bab|ioeclaaaR@-= o

Editor | Simulator | ConcreteSimulator | Verifier |

6‘;‘0‘]_‘;; .......................... : : lDoa— m Ibool N a&d' ugmtd‘m 'ugmtd‘mwosedll ugmtd‘a]wosedz
% ----- # Dedarations
+ S0
-8 User
‘@ System dedarations
pushed?
closed1! activated = true
closed1!
idle wait
closed2?
x>=5 x=0
closed1!

X==6

x=0,

closing
<=6

activateq=false

closed ‘ opening
x<=5 X<=6

.< — d open
x<=8

x=0




(g} C\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\2doors.xml - UPPAAL

File Edit View Tools Options Help

Ba@|2¢|adaa[R@-<>o

tor | Verifier |
....... { Name: lUser— P Ibool &activated, urgent chan &pushed

idle

lactivated
w=0

pushed!




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

=10x]

ba@moc/aaaRe@=-e
Editor | Simulator | ConcreteSimulator | Verifier |
ool activatedl, activated2;

urgent chan pushedl, pushed2;
urgent chan closedl, closed2;

Doorl = Door(activatedl, pushedl, closedl, closed2);

[Door2 = Door(activated2, pushed2, closed2, closedl);

Userl User (activatedl, pushedl);

[User2 = User(activated2, pushed2);

system Doorl, Door2, Userl, User2;




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

=10Ix]

Iha@(92e|qaaR@=ve|

Editor Simulator | ConcreteSimulator | Verifier |

............. IExamine dyn ic behavior ofsyshem|"‘“““""‘““‘“‘““"“““‘"““““"““““
~Enabled Transitions Hactivated1 =0 i
activated2 =0
S
Door2.x =0
Userlw =0
User2.w =0
Door 1.x = Door2.x
Door2.x = User1L.w
User1.w = User2.w
User2.w = Door1.x
ud|
P Next | & Reset |
~Simulation Trace

(idle, idle, idle, idle)

Door1

pushed1?

n
W
> C
Il
o

closed1!
) closed (5 opening
x<=5 x<=6

X==6 x==6

x=0, x=0
activated1=false

closing O(—é open
x<=6 x<=8

x=0

closed1! activated1 =true
f . > ( y ) closed1!
idle wait

Door2

pushe

closed?2! i 2 =
:. ,( F ) closed2!
idle wait

x==6

x=0,
activateq

closing
x<=6

) closed
x<=5

2=false

¢

closed1?

x=0

5 opening
x<=6

User1

idle

lactivated1
w=0

pushed1!

User2

idle pushed2!

lactivated2
w=0

User1 User2

Trace File: |
4l Prev 1> Next > Replay
<] Open Save PP Random
|
| I ( | |
Slow

Door1 Door2

® e e

L Lix




(@}C:\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\2doors.xml - UPPAAL — |I:I|5]
File Edit View Tools Options Help

IDam|iode|qaaa|R @ ¢ o

Editor Simulator | ConcreteSimulator | Verifier |

........................................................................ Uerrrrrrrerrrrrrrrrrrrrrrrrrrrorrrrrred
- Hactivated1 = 0 !
~Enabled Transitions actvate Door1 Door2
Py = activated2 =0
- — Doori.x =0 pushed1? pushed2?

pushed1: User1 — Door1 Door2.x = 0 closed1! activated! = true closed2! activated2 = true

eer L = 0 . C F ] closed1! f . ;( F ] closed?2!
\ idle wait idle wait

User2.w =0 User1
Door1.x = Door2.x closed2? closed1?
Door2.x = User2.w X> x=0 X>=35 x=0 idle pushed1!

User2.w = Door 1.x

closed1! closed2!
closed (5 opening closed (5 opening
x<=5 x<=6 x<=5 x<=6

LI - - - - lactivated1
x==6 Xx==6 x==6 x==6 w=0
P Next | & Reset | x=0, x=0 x=0, x=0
activateq1=false activateq2=false
~Simulation Trace i i
closing open closing open
(idle, idle, idle, idle) x<=6 x=0 x<=8 x<=6 x=0 x<=8
User1
(idle, idle, -, idle) User2
idle

pushed2!

lactivated2
w=0

Trace File: |
4l Prev 1> Next
=1 Open Save

Door1 Door2 User1 User2

L [5

mi




@}C:\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\2doors.xml - UPPAAL

File Edit View Tools Options Help

=10(x]

Da®E|(o2¢|laaalR @ < - o

Editor Smulator | ConcreteSimulator | Verifier |

User2
dosed2: Door2 — Door1

P Next | & Reset |

|

~Simulation Trace

(idle, idle, idle, idle)
User1

(idle, idle, -, idle)
pushed1: User1 — Door1

(wait, idle, idle, idle)

Trace File: I
4l Prev I Next
<3 Open Save
1
| | I ( |
Slow Fast

activated1 = 1
activated2 =0
Doorl.x =0
Door2.x =0
Useriw =0
User2.w =0
Door 1.x = Door2.x
Door2.x = User2.w
User2.w = Door1.x

Door1

pushed1?

closed1! activated1 =true
@ 2 « ) closed1!
idle wait

X==6

x=0,

) closed

x<=5

activateq1=false

) opening

x<=6

x==06

x=0

Door2

X==6

x=0,

closed
x<=5

activateq2=false

) opening

x<=6

x==6

x=0

User1

idle pushed1!

lactivated1
w=0

closing O(Ld) open closing H open

x<=6 x=0 x<=8 x<=6 x=0 x<=8
User2
idle

lactivated2

w=0

pushed2!

Door1

Door2 User1

User2
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(@5 C:\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo)\2doors.xml - UPPAAL
File Edit View Tools Options Help

IBaB@|o2e|laaalR @< o

Editor Simulator | ConcreteSimulator | Verifier |

........................................................................... Utrrrrrrrrrrrrerrrrrrrrererererrrrrrerd
tivated1 = 1
~Enabled Transitions actvate Door1 Door2
activated2 =0
pushed2: User2 — Door2 !
dlosed2: Door2 — Door1 Doorl.x =0 pushed1? pushed2?
: - Door2.x =0 closed1! activated! =true closed2! activated2 = true i
UserLw =0 :O ,« ) closed1! :, ,( F J closed2!
- idle wait idle wait
User2.w =0 User1
Door 1.x = Door2.x closed2? closed1?
User1.w = User2.w x>=5 x=0 x>=5 x=0 idle pushed1!
closed1! closed2!
closed a opening closed 5 opening
d) x<=5 ) x<=6 ) x<=5 ( x<=6
Ll (==6 ==6 (==6 - lactivatedi
X== X==b X==b X==b
5 0 - w=0
P Next | & Reset | x=0, x=0 x=0, x=0
activated1=false activateq2=false
~Simulation Trace ) x>=4 . x>=4 [
closing open closing open
(idle, idle, idle, idle) x<=6 x=0 x<=8 x<=6 x=0 x<=8
User1
(idle, idle, - idle) User2
pushed1: User1 — Door1 icle pushed?!
(wait, idle, idle, idle)
User2
(wait, idle, idle, -)
lactivated2
w=0
Trace File: |
4l Prev I Next iY
<3 Open Save PP Random —
) Door1 Door2 User1 User2
-~
o 0 wat] [ie] [ite] -
Slow Fast j
o




(@}C:\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\2doors.xml - UPPAAL

File Edit View Tools Options Help

Da@|de|aaaln @ = e

Editor Simulator | ConcreteSimulator | Verifier |

............................................................................ eisaiaiiiiiiiiiiiiiiiiiaiaiaiaiaaaaa,

Mactivated = 1

dosed1: Door1 — Door2 B

dosed2: Door2 — Door1

El

P Next | & Reset |

activated2 = 1
Doorl.x =0
Door2.x =0
Userlw =0
User2.w =0

Door 1.x = Door2.x
User1L.w = User2.w

~Simulation Trace

|idle, idle, idle, idie)
User1

|Gdle, idle, -, idle)
pushed1: User1 — Door1
(wait, idle, idle, idle)
User2

(wait, idle, idle, -)
pushed?2: User2 — Door2

(wait, wait, idle, idle)

Trace File: I
4l Prev 1> Next
1 Open Save

L
Door1 Door2
pushed1? pushed2?
closed1! activated1 =true closed2! activated2 = true
closed1! :© ,% Jn:ln:nsecll!
idle wait idle wait
User1
closed2? closed1?
x>=5 x=0 X> x=0 idle pushed1!
closed1! sed2! \
) closed (5 opening ) closed Cb opening
x<=5 x<=6 x<=5 x<=6
X==6 Xx==6 x==6 Xx==6 !j/itg.atem
x=0, x=0 x=0, x=0
activateq1=false activateq2=false
closing open closing ( )‘ : ( ) open
x<=6 x<=8 x<=6 x<=8
x=0
User2
idle pushed2!
lactivated2
w=0
A
Door1 Door2 User1 User2
g




(@ C:\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\2doors.xml - UPPAAL — |D|5|

File Edit View Tools Options Help

IDa@moe|aaa(R@=-

Editor | Simulator | ConcreteSimulator Verifier |

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

o
|_
o

A[] (Doorl.opening imply Userl.w<=31l) and (Door2.opening imply User2.w<=31) o

E<> Doorl.open 0

E<> Door2.open o

Doorl.wait --> Doorl.open o

Door2.wait --> Door2.open o Emove
A[] not deadlock O Comments
Query

All not (Door1.open and Door2.open)

Comment

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

Status

(Academic) UPPAAL version 4.1.15 (rev. 5265), April 2013 -- server. ;l
Disconnected.

Established 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) UPPAAL 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 /elapsed time used: 0s / 0s / 0,016s.
Resident/virtual memory usage peaks: 5 680KB / 24 396KB. |
Property is satisfied. | =




@_5 C:\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\2doors.xml - UPPAAL =10l x|

File Edit View Tools Options Help

J@eﬁ ‘3 @‘@\ & @\H%Q-* \-b"‘@’
Editor | Simulator | ConcreteSimulator Verifier |

Overview

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

Doorl.wait --> Doorl.open °
Door2.wait --> Door2.open o Emove

° Comments

A[] not deadlock

Query

All (Door1.opening imply User1.w<=31) and
(Door2.opening imply User2.w=<=31)

Comment

Bounded Liveness: A door will open within 31 seconds.

-

Status

Verification/kernel/elapsed time used: Os / Os / 0,016s.

Resident/virtual memory usage peaks: 5 680KB / 24 396KB.

Property is satisfied.

E<> Door1.open

Verification kernel/elapsed time used: Os / Os / Os.

Resident/virtual memory usage peaks: 5 692KB / 24 408KB.

Property is satisfied.

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

Resident/virtual memory usage peaks: 5 792KB [ 24 584KB.

Property is satisfied.




(jj)(:\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\2doors.xml - UPPAAL — |I:I|5]

File Edit View Tools Options Help

]D@ﬁ‘@ @’@\ LR @\H%@-‘»‘

Editor | Simulator | ConcreteSimulator Verifier |

Overview

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<> Door2.open
Insert

Remove

Doorl.wait --> Doorl.open
Door2.wait --> Door2.open

A[] not deadlock Comments

000

Query
E<=Door2.open

Comment

Door 2 can open.

Status
Verification/kernel/elapsed time used: Os / Os / 0,016s. 4]
Resident/virtual memory usage peaks: 5 680KB / 24 396KB.

Property is satisfied.

[E<> Door1.open

Verification kernel/elapsed time used: Os / Os / Os.

Resident/virtual memory usage peaks: 5 692KB / 24 408KB.

Property is satisfied.

Al (Door 1.opening imply User 1.w<=31) and (Door2.opening imply User2.w<=31)
Verification kernel/elapsed time used: Os / Os / Os.

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

Property is satisfied.

Al (Door 1.opening imply User 1.w<=31) and (Door2.opening imply User2.w<=31)
Verification kernel/elapsed time used: Os / Os / Os.

Resident/virtual memory usage peaks: 5 792KB / 24 584KB.

Property is satisfied. v




(gic\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\2doors.xml - UPPAAL - |EI|5]

File Edit View Tools Options Help

IBa®(9e|qaaaR @ < - e

Editor | Simulator | ConcreteSimulator Verifier |

Overview

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<> Door2.open
Doorl.wait --> Doorl.open

Remove

0000000

Door2.wait --> Door2.open
A[] not deadlock Comments

Query
All not deadlock

Comment

The system is deadlock-free.

-~x

Status

Verification kernel/elapsed time used: Os / Os / Os. :]
Resident/virtual memory usage peaks: 5 632KB / 24 408KB.

Property is satisfied.

A[] (Door 1.opening imply User 1.w<=31) and (Door2.opening imply User2.w<=31)

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

Resident/virtual memory usage peaks: 5 792KB / 24 584KB.

Property is satisfied.

A[] not deadlock

Verification/kernel/elapsed time used: 0,016s / Os / 0,016s.

Resident/virtual memory usage peaks: 5 840KB / 24 684KB.

Property is satisfied. v




* For more details about this example, see

* "Automatic Verification 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, North-Holland. 1994.

*/

I:onst int N = 6; // # trains
ypedef int[0,N-1] id_t;

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




File Edit View Tools Options Help

8! C:\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\train-gatexxml - UPPAAL

=10x]

[Ba@|oe|aaaR@—>o

Editor | Simulator | ConcreteSimulator | Verifier |
. . { Name: ITra'n Parameters: Iconst id_tid

x>=3
leavelid]! =

) Cross
x<=5

appr[id]!
x=0
X>=T
x=0
Appr Start
x<=20 x<=15

x<=10

stoplid]?




(&) C:\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\train-gate.xml - UPPAAL

File Edit View Tools Options Help

=B

lpa@2c¢caaaR@—= e

Editor | Simulator | ConcreteSimulator | Verifier |

@Pm)ect ............................... : . lGate— o e I

# Dedarations
-8 Train
=5 2m

‘4 System dedarations

Free
— 00—
e:id_t e id_t
len >0 len==10 e == front()
go[front()]! | appr{e]? leave[e]?

enqueue(e) | dequeue()

e id_t
appr(e]?
enqueue(e)

Occ

stop(tail()]!




@) C:\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\train-gate.xml - UPPAAL
File Edit View Tools Options Help

a@|ioe|aaaR@=se

Editor Smulator | ConcreteSimulator | Verifier |

~Enabled Transitions

appr[0]: Train(0) — Gate

appr[1]: Train(1) — Gate
appr[2]: Train(2) — Gate
appr[3]: Train(3) — Gate
appr[4]: Train(4) — Gate
appr[5]: Train(5) — Gate

=

) Next | & Reset |

~Simulation Trace

(safe, Safe, Safe, Safe, Safe, Safe, Free)

Trace File: |
4l Prev b Next ) Replay
<] Open Save PP Random
|
| | | ( | |
Slow Fast

Gate.list[0] = 0
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 =0
Train(0).x 20
[Train(1).x 20
[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(5).x
[Train(5).x = Train(0).x

Train(0) Train(1) Train(2)
x>=3 x>=3
Safe leave[O} Cross Safe leave[t] Cross Safe
: x<=5

appr[0]! appr[1]! appr[2]!

x=0 x=0 x=0

Appr Appr Appr (X

x<=20 & — x==15 x<=20 & < x<=15 x<=20 A

x<=10 go[lj]’i x<=10 90[1]?
stop[0]? x=0 stop([1]? x=0
Stop
Train(3) Train(4) Train(5)
x>=3 x>=3 x>=3
Safe leave(3) Cross Safe leave[4] Cross Safe Cross
W y<=5 7 x<=5
appr{3]! appr[4]! appr[5]!
x=0 x=0 x=0
7 x>=7
x=0
Appr Appr Start Appr Start
x<=20 x<=20 x<=15 x<=20 x<=15

x<=10 go[3]7 x<=10 go[4]?
stop[3]? y x=0 stop[4]? x=0
Stop ’ Stop
Gate
Free
e:id_t e:id_t
len=0 len==0 e == front()
go[front()]! appr(e]? leave[e]?
enqueue(e) | dequeue()
e:id_t
appr(e]? stoptail()]!
enqueue(e)

|»

;rain(O) Train(1) Train(2) Train(3) Train(4) Train(5) Gate
(o) (o) (soe) [se) [sare) (o) [fFee) B
=




(g}C:\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\train-gatexml - UPPAAL = |D|ﬂ
File Edit View Tools Options Help
BaBld¢|aaain @< -
Editor Smulator | ConcreteSimulator | Verifier |
NGate.list[0] = 1 2

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

P Next | & Reset |

~Simulation Trace

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

Trace File: |
4[ Prev I Next ) Replay
< Open Save PP Random
|
1 1 1 ( 1 1 1
Slow Fast

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

Train(0) Train(1) Train(2)
x>=3 x>=3 x>=3
Safe leave[0) Cross Safe (@ leave[t} ross Safe leave(2] Cross
x<=5 x<=5 x<=5
appr[0]! appr[1]! appr[2]!
x=0 x=0 x=0
x>=7 x>=7 x>=7
x=0 x=0 x=0
Appr Start Appr Start Appr ) Start
x<=20 x<=15 x<=20 o~ x<=15 x<=20 ~ x<=15
x<=10 go[0]? x<=10 go[1]?
stop[0]? x=0 stop[1]? x=0
Stop Stop Stop
Train(3) Train(4) Train(5)
x>=3 x>=3
Safe leave[3)! Cross Safe leavel4l e cross Safe
x<=5 5
appr[3]! appr[4]! appr[5])!
x=0 x=0 x=0
x=0
Appr Start Appr Appr
x<=20 x<=15 x<=20 A x<=15 x<=20
x<=10 x<=10
stop[3]? x=0 stop[4]? x=0
Stop Stop
Gate
Free
e:id_t e:id_t
len=0 len==0 e == front()
go[front()]! appr(e]? leavele]?
enqueue(e) | dequeue()
Occ
e id_t
appr[e]? stopltail()]!
enqueue(e)

L |

;rain(O) Train(1) Train(2) Train(3) Train(4) Train(5) Gate

E3] TEEYEIEI |

Ll




@} C:\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\train-gate.xml - UPPAAL

File Edit View Tools Options Help

baB2¢e|/aaaR =

Editor Smulator | ConcreteSimulator | Verifier |

Enabled Transitions
stop[tail()]: Gate — Train(0)

}Next| @R&setl

H

rSimulation 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, -)

Trace File: |
4l Prev 1D Next | Replay
= Open Save PP Random
1
1 | I f | I I
Slow Fast

L

Gate.list[0] = 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 < Train(2).x
[Train(2).x = Train(3).x
[Train(3).x = Train(4).x
Train(4).x = Train(5).x
ITrain(5).x = Train(2).x

Train(0) Train(1) Train(2)
x>=3 x>=3
Safe leave[0) Cross Safe ( leave(1] ross Safe Cross
x<=5 = x<=5
appr[0]! appr(1]! appr{2]!
x=0 x=0 x=0
x>=7 x>=7
x= x=0
Appr Start Appr Appr Start
x<=20 x<=15 x<=20 =15 x<=20 x<=15
x<=10 go[0]? x<=10 go[1]?
stop[0]? x=0 stop[1]? x=0
Stop Stop
Train(3) Train(4) Train(5)
)(.>=3 X>=3
Safe Cross Safe leave[4] ( ross Safe © Cross
x<=5 x<=5
appr(3]! appr(4]! appr(5]!
x=0 x=0 x=0
x>=7 x>=7
x= x=0
Appr Start Appr ) Start Appr
x<=20 ~ x<=15 x<=20 ~ x<=15 x<=20 15
x<=10 go[3]? x<=10 go[4]? x<=10 go[5]7
stop[3]? x=0 stop[4]? y x=0 stop([5]? x=0
Stop " Stop ” Stop
Gate
Free
e:id_t e:id_t
len=0 len==0 e == front()
go[front()]! appr[e]? leave[e]?
enqueue(e) | dequeue()
Occ
e:id_t
appr[e]? stop[tail()]!
enqueue(e)

|»

Ll

;rain(O) Train(1) Train(2) Train(3) Train(4) Train(5)

Gate

Cop) (o) [sse] [sse) [soe) (sse] ()

Ll




@} C:\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\train-gate.xml - UPPAAL

File Edit View Tools Options Help

BaBl2e/aaan @< -

Editor Smulator | ConcreteSimulator | Verifier |

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

P Next | & Reset |

=

[

~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(0)
(Stop, Appr, Safe, Safe, Safe, Safe, Occ)

Trace File: |
4[ Prev 1> Next ) Replay
=1 Open Save PP Random
1
| | | |) | | |
Slow Fast

Gate.list[0] =
Gate.list[1]
Gate.list[2]
Gate.list[3]
Gate.list[4] =0

Gate.list[5] =0

Gate.list[6] =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

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

1
0
0
0

]

|| ——]

-
Train(0) Train(1) Train(2)
x>=3 x>=3
Safe leave[0} ™ Cross Saf leavellll o cross Safe
» y<=5 S
appr[0]! appr[1]! appr{2]!
x=0 x=0 x=0
X>=
x=0
Appr () Start Appr Appr
x<=20 ~ x<=15 x<=20 7 x<=15 x<=20
x<=10 g ? x<=10 go[1]? x<=10
stop[0]? x=0 stop[1]? x=0 stop[2]? x=0
Stop Stop Stop
Train(3) Train(4) Train(5)
x>=3 x>=3 x>=3
Safe leave(3) o Cross Safe leave[4]! Cross Safe
7 x<=5 x<=5
appr[3]! appr[4]! appr[5])!
x=0 x=0 x=0
x.=0 x¥0‘
Appr ) Start Appr ) Start Appr
x<=20 ~ x<=15 x<=20 & <=15 x<=20 7 x<=15
x<=10 go[3]? x<=10 go[4]? x<=10 go[5]?
stop[3]? x=0 stop[4]? v x=0 stop[5]? x=0
Stop ” Stop
Gate
Free
e:id_t e:id_t
len>0 len == e == front()
go[front()]! appr(e]? leave[e]?
enqueue(e) | dequeue()
Occ
e:id_t
appr(e]? stoptail()]!
enqueue(e)
-
Train(0) Train(1) Train(2) Train(3) Train(4) Train(5) Gate




(g} C:\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\train-gate.xml - UPPAAL

File Edit View Tools Options Help

[Bamioe|aaaR @<

............ Frrrr ” =
NGate.list[0] = 1 " - - I—
~Enabled Transitions oo "StEl} - Train(0) Train(1) Train(2)
stop[tail()]: Gate — Train(5) u Gate ist[2] = 5 - -
Gate.list[3] =0 Safe leave[0}! Cross Safe leavel1)! ross Safe leave{2)! Cross
Gate.list[4] =0 x<=5 <=5 x<=5
Gate.list[5] =0
Gate IistE6} -0 ap;g[f)]' apgrﬂ]! apgr[i]!
. = X=| x=| X=
Gate.len =3 x>=7 >=7
[Train(0).x € [0,20] x=0 x=0
[Train(1).x € [0,20] A it N S A -
» ppr ar ppr ar ppr ar
:rafng;.x 22 x<=20 x<=15 x<=20 <=15 x<=20 x<=15
rain(3).x =
ﬂ [Train(4).x =0 10 1y? 10 [2]?
. _ X<= g go[1]7 x<= go[2]7
> b ?a?ngilx _To in(1).x € [-20 stop[0]? x stop[1]? x=0 stop[2]? x=0
Next | Reset | rain(0).x - Train(1).x € [-20, j
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) frain(9).x = Train(2) x
appr[1]: Train(1) — Gate Safe leave([3]! Cross Safe leave[4]! @ Cross Safe leave[S)!
(Safe, Appr, Safe, Safe, Safe, Safe, Occ) 4 )
appr[0]: Train(0) — Gate appr(3)! appr(4]! appr(s)!
(ADD", AWI Safel safel safel safel ’) =0 x>=7 =0 =0
stop[tail()]: Gate — Train(0) x=0
(Stop, Appr, Safe, Safe, Safe, Safe, Occ) Appr Start Appr Appr
appr[5]: Train(5) — Gate x<=20 = ~ x<=15 x<=20 = < x<=15 x<=20 = x<=15
(Stop, Appr, Safe, Safe, Safe, Appr, -)
x<=10 go[3]? x<=10 go[4]? x<=10
stop[3]? x=0 stop([4]? x=0 stop[5]? x=0
Stop Stop
Gate
Free
e:id_t e:id_t
len>0 len == e == front()
go[front()]! appr(e]? leave[e]?
enqueue(e) | dequeue()
Occ
e:id_t
Trace File: I appr(e]? stopltail()]!
enqueue(e
dipev [ e | b Reply e
<] Open Save PP Random ]
s
| e
| | | ( \ \ | Train(0) Train(1) Train(2) Train(3) Train(4) Train(5) Gate
Slow Fast =
@ | (o) o) [oae] [sae) [sae) () () g
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File Edit View Tools Options Help

[Bamoe|aaaR @ <.

Editor Smulator | ConcreteSimulator | Verifier |

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

}Next| @Rmt|

[

[

~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(0)

(Stop, Appr, Safe, Safe, Safe, Safe, Occ)
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: |
4l Prev 1> Next ) Replay
< Open Save PP Random
1
| | ( | |
Slow Fast

Gate.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[6] =0

Gate.len =3

[Train(0).x € [0,20]
[Train(1).x € [0,20]
Train(2).x 20

Train(3).x =0

Train(4).x 20

[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,

i —

Train(0) Train(1) Train(2)
x>=3 x>=3 x>=3
Safe leavel0] Cross Safe leavef1] ross Safe leave(2) Cross
x<=5 <=5 x<=5
appr{0]! appr[1]! appr[2]!
x=0 x=0 x=0
x; ‘ x= ‘
Appr Start Appr Start Appr Start
x<=20 x<=15 x<=20 =15 x<=20 x<=15
x<=10 go[0 x<=10 go[1]? x<=10
stop[0]? x=0 stop[1]? x=0 stop[2]? x=0
Stop Stop ” Stop
Train(3) Train(4) Train(5)
x>=3 x>=3 x>=3
Safe leave(3} Cross Safe leave[4] Cross Safe leave(S)! Cross
<=5  x<=5  x<=5
appr{3]! appr(4]! appr[5]!
x=0 x=0 x=0
X>=7
Appr Appr ) Start Appr
x<=20 < x<=15 x<=20 & ~ x==15 x<=20 f~ x<=15
x<=10 go[3]7 x<=10 go[4]? x<=10 go[5]?
stop[3]? x=0 stop[4]? x=0 stop[5]? x=0
Stop " Stop Stop
Gate
Free
e:id_t e:id_t
len=0 len == e == front()
go[front()]! appr(e]? leavele]?
enqueue(e) | dequeue()
Occ
e:id_t
appr(e]? stopltail()]!
enqueue(e)

|»

Ll

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

EafcEafE ey B

Ll




@}C:\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\train-gate.xml - UPPAAL
File Edit View Tools Options Help

=101 x]

Iba@oclaaaR@=e
Editor | Simulator | ConcreteSimulator  Verifier |

Overview

Query

o -~
E<> Gate.Occ .
E<> Train(0) .Cross .
E<> Train(l).Cross o
E<> Train(0) .Cross and Train(l).Stop
E<> Train(0).Cross and (forall (i : id_t) i != 0 imply Train(i).Stop) o
A[] forall (i : id t) forall (j : id_t) Train(i).Cross && Train(j).Cross imply i == j o
A[] Gate.list[N] == 0 0
Train(0) .Appr --> Train(0).Cross od

Remove

Comments

E<> Train(0).Cross and Train(1).Stop

Comment

Train 0 can be crossing bridge while Train 1 is waiting to cross.

ax

Status

[Verification kernel/elapsed time used: 0,016s / 0s /0,016s.
Resident/virtual memory 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/elapsed time used: Os / Os / Os.
Resident/virtual memory usage peaks: 6 012KB / 24 992KB.
Property is satisfied.

E<> Train(0).Cross

Verification/kernel/elapsed time used: Os / Os / Os.
Resident/virtual memory usage peaks: 6 032KB / 25 016KB.
Property is satisfied.

E<> Train(0).Cross and Train(1).Stop
Verification/kernel/elapsed time used: Os / Os / Os.
Resident/virtual memory usage peaks: 6 044KB / 25 032KB.
Property is satisfied.




@ C:\Documents and Settings\Daso\Plocha\Software\uppaal-4.1.15\demo\train-gate.xml - UPPAAL

File Edit View Tools Options Help

IDa@E|(2¢|aaaR@=- e
Editor | Simulator | ConcreteSimulator  Verifier |

Overview

| »

E<> Gate.Occ

E<> Train(0).Cross

E<> Train(l).Cross

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

E<> Train(0).Cross and (forall (i : id_t) i != 0 imply Train(i).Stop)

A[] forall (i : id_t) forall (j : id_t) Train(i).Cross s& Train(j).Cross imply i == jJ
A[] Gate.list[N] == 0

0000000000

I
L

Train(0) .Appr ——> Train(0) .Cross

Query

Remove

Comments

Train(0).Appr —= Train(0).Cross

Comment

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

a~x

Status

IResident/virtual memory usage peaks: 6 012KB / 24 992KB.
Property is satisfied.

[E<> Train(0).Cross

Verification/kernel/elapsed time used: Os / Os / Os.
IResident/virtual memory usage peaks: 6 032KB / 25 016KB.
Property is satisfied.

[E<> Train(0).Cross and Train(1).Stop
Verification/kernel/elapsed time used: Os / Os / Os.
Resident/virtual memory usage peaks: 6 044KB / 25 032KB.
Property is satisfied.

[E<> Train(0).Cross and (forall (i : id_t) i != 0 imply Train(i).Stop)
Verificationkernel/elapsed time used: 0,094s /0,015 / 0,109s.
IResident/virtual memory usage peaks: 6 460KB / 25 736KB.
Property is satisfied.

Train(0).Appr > Train(0).Cross

Verification/kernel/elapsed time used: 0,5s /0,063s / 0,562s.
Resident/virtual memory usage peaks: 7 216KB [ 27 192KB.
Property is satisfied.
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‘DO TAPAAL 2.0.0: New Petri net 1.xml

WSS @ (BG® (=x e [@o e k OFBXWMAS % %

e

~Shared Places and Transitions

| Places B
MediumA N
MediumC v
MediumD

_ Rename | ( Remove | .

~Queries ey

~Global Constants

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



TAPAAL 2.0.0: New Petri net 1.xml

(& (¥ [=]oox -

(P

A= (@ e

OB XNWAS %

. (O (AF) On all traces there is eventually a marking that satisfies:
- () (AG) Al reachable markings satisfy:

{ Add predicate to the query )

( Reset query )

C TM) Qalse | ( Editquery )

f Components g
- — - .
| 09
000 TAPAAL 2.0.0
Extra number of tokens: 21@(Chocklomm:s) { Help on the query options )
Oy fclick on/ths gt ol te qumry You W R R e et T e o]
! EF¥ IntroExample.Targetw=l '
-~ Quantification “Logic | [ Predicates -~ Editing
| | ' IntroExample 2 Und Red
| | (=) (EF) There exists some reachable marking that satisifies: (P e 'J o F ' C = C ~
' | O (EC) There exists a trace on which every marking satisfies: b ol | (__Delete selection )
|
|
:

i :._._._.______._.__v__.___,_._ _________________________ ———

‘Trace Options

- Search Strategy
| (*) Some encountered trace

() Heuristic Search (O Depth First Search

(*) Breadth First Search () Random Search (O No trace
- Verification Method
~ Choose verification method: | TAPAAL Engine (verifytapn) 1 ¥ Use Symmetry Reduction

(] Use Discrete Inclusion ( Select Inclusion Places )

(_Cancel ) (_Save ) (_SaveandVerfy ) (_Export verifytapn XML )

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



TAPAAL 2.0.0: New Petri net 1.xml

<= @ e

. ( New )  Remove |

 Shared Places and Transitions

| ( Rename ) { Remove : ( Add )

~Queries

v

; Edit Verify

Global Constants ———————————————

| -~
-

¢ LH OB RNNMADT %

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

000 Verification Result
T3 Property is satisfied.
“ Discovered marki : 10
Explored marklng's"; (_ Explanation )
- Stored markings: 8

Estimated verification time: 0.10s

T4

Targes

Cox )

.




NOo TAPAAL 2.0.0: New Petri net 1.xml

Uds ISR (& X [2lx ~=]Hle € il @01 = W & & %
SR

rComponents —

o=y

 Simulation Control
. Token selection: | Random

“o"
\ o/

€] ¥ | 100000 |Timedelay
Simulation History
Initial Marking

TimeDelay: 2.00000 :
IntroExample. TO

TimeDelay: 2.00000

IntroExample.T2
TimeDelay 4.00000
IntroExample. T4

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






