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This iz MuShiv' 21 - GUI Edition.
MuSh is the New Symbolic Model “erifier.

For mare information of NuUShy
see =httpciinusmy irstic it=
ar email to =nusmy-usersigirst o s,

MuSMY iz a reimplementation and extension of WY, the first model
checker bazed on BOD:. i has been designed to be an apen architecture
for model checking, which can be relishly used for the verification of
inclustrial designs, s a core for custom verification tools, and as a
testhed for formal verification technigues.

MuSMY version 2 extends NuSMY with newe model checking algorithms and
technigues. t combines classical BDD-based symbalic technigues with
SAT-hazed techniques . |t also presents ather new features: for

instance, it allowes for & more povwerful manipulation of muttiple

models; it can generate flat models for the whole language, it allows
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Gresti Meszages
Grestings
ngmpile
state : { thinking, hungry, eating, done };
Modeling DEFINE
gotleft = {(left = 4i);
-Edting- 1 gotright := (right = i);:
Properties GotoLineE;" 1 = leftfres := (left = nobody);
right free := {(right = nobody);
ASEICN
Tracee | | [BFnd Eioptions init (state) := thinking:
= 1 _l nextileft) :=
case
Seftings {state = done) © nobody;
' File . lleftfree : left;
o | leftfree & (state = hungry) - i;
Drderina fie: @ £ | TOUE : left;
]—‘ esac,;
1 | next (right) :-=
case
{state = done) : nobody: j
[4] [
Resetting MUshy .. Ok =i
Resefting MuShy ... Ok
Parsing SMY source from 'Chgnusmywy orkspaceiphil'... Ok
Flattening the model... Ok
Encoding varisbles... Ok
Building model for BDD-based Model Checking... Ok
-
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MODULE philasopheri{i, left, right)

VAR

DEFINE

AssTGH|

Philosopher Code

Done state is used to
drop the forks properly

state { thinking, hungry, eating, done };
gqotleft = {(left = 1i);
gotright = {(right = i); macro
leftfree := (left = nobody);
rightfree := (right = nobody):
init {state) = thinking;
nextileft) =
case
lstate = done) nobody;
lleftfreas left;
leftfrese & (state = hungry) - i;
TREUE : left;
esac;
nextiright) :=
case
lstate = done) nobody;
lgotleft right ;
lright free right ;
rightfree & (state = hungry) :© i:
TROJE : right;
esac;
next ({state) 1=
case
lstate = thinking) : {thinking, hungry};
lstate = hungry) & gotleft & gotright
lstate = hungry) hungry ;
lstate = eating) {eatinyg, done};
[=tate = done) thinking;
TRUJE : =state;
eSac;

MODULE main

VAR

AZSICGH

FAIPFMESS

ZPEC

ZPEC

Who has the fork

forks array 0..3 of {nobody, 0, 1, £, 3};

pld : process philosopher (0, forks[0], forks[1l]1):
pl : process philosopher{l, forks[l], forksI[Z]1):
pZ : process philosopher (2, forks[Z], forks[3]1):

p3 : process philosopher (3, forks[3], forks[0]1):

init{forks[0]) := nobody;
init{forks[1]) := nobody;
init{fork=s[Z]) := nobody;
init{fork=s[32]) := nobody;

runtiirng
Must have both forks to eat
Az lstate = eating)l -> (gotleft)&ai{gotright))

Az {state = hungry) -=> AFi{state = eating))

If hungry, must eventually get to eat

AG((eating ) -> (left)&(right) ) : eating remains true until left & right true)

AG(hungry) -> AF (eating) : any state will be eventually eating state
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Drdering file: @ %_
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forks : array 0..3 of {nobody, 0, 1, E, 3}; f
pl : process philosopher (0, forks[0], forks[1]);
rl : process philosopher(l, forks[1l], forks[E]);:
p& : process philosopher(Z, forks[E], forks[3]1);
13 : process philosopher (3, forks[3], forks[0]);
ASSIGH
init {forks[01) := nobody; |
init (forks[1]) := nobody;
init (forks[2]) = nobody;
init {forks[3]) = nobody;
MODULE philosopheri(i, left, right)
VAR
state : { thinking, hungry, eating, done };
DEFINE
gotleft = (left = i);
gotright = (right = i);
leftfrese = (left = nobody); |
virht fraa -= fricht = wahodst - f:j
Kl [
Feesetting MUShY ... Ok sl
Resetting Mushy ... Ok
Parzing Sy source from 'Chgnusmyworkspaceiphil'.. Ok
Flattening the model... Ok
Encoding wariables... Ok
Builcling model for ElDD-hased haclel Checklng... ik
K2
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Property Check(Before

File:
e E ® i cuit
Propetties |
Greetings
i
0 SRR Propetties database
hodelling ! Cortext | Index |=elect | Value Trace | Type |Property
o Showy Trace
= pl
Propeties 0 Unchecked CTL  AG (ztate = eating -= (gotleft & gotright)
LTL Model Checking 1 Unchecked CTL  AG (state = hungry -= AF state = esting)
P tes (e Uze BOD = pl
(7 Uze SAT 2 Unchecked CTL  AG (state = eating -= (gotleft & gotright))
. 3 Unchecked CTL  AG (state = hungry -= AF state = eating)
Settings . e ;
Frioblem Bl ol p2
10 | g Urichecked CTL &G (state = eating -= (gotlett & gotright)
5 Unchecked CTL  AG (state = hungry -= AF state = eating)
T
& Unchecked CTL  AG (ztate = eating -= (gotleft & gotright)
) One Loophback i Unchecked CTL  AG (state = hungry -= AF state = eating)
Editor  Meszsages
rinvariants Checking |
(e |ze BOD
Feady Ln 16, Col 7 (Ins)




Properties Check(After

File:
| .
N ® e cui
Properties |
Zreetings
i
@ Check: Propeties database
odelling %} Context |Index [Zelect |Value Trace | Type |Property
Shont Trace
= i
Propetties ] ] True CTL  AG (state = eating -= [gotleft & gotright 1)
LTL hodel Checking 1 [#] Falze 1 CTL  AG (state = hungry -= AF state = eating)
Traces () Use 80D = P
(0 Use SAT 2 ] True CTL  AG (state = eating -= (gotlett & gotright))
. BhC arameters 3 #| Falze 7 CTL  AG (state = hungry -= AF state = esting)
Settings
Froblem Bodnd 2
| 10 || 4 [#]  True CTL  AG (state = eating -= (gotlett & gotright))
Prablem Loopkack = ] Falze 2 CTL  AG (state = hungry -= AF state = eating)
(& Al loopbecks = P
O Mo lbepksEck E = True CTL &G (state = esting -= (gotleft & aotright])
) One Loophack Ei [#] Falze 4 CTL &G (state = hungry -= &F state = eating)
i B
Editor  Messages
Invariants Checking pOleftfree =1 :J
e Uze BOD P00 gotright = 0
pl.gotleft =0
p0.state = thinking
ol leftfres =1
p3 rightfree =1 —i
1=
Feady Ln 18, Cal 7 (ns)




Properties Check Property <1>

Checking CTL property =0=...

-- zpecification AG (state = eating -= (gotleft & gotright ) (n module p07 is true

Checking CTL property =1=...
-- specification AG (state = hungry -= AF state = eating) (in module p0) is falze
-- az demonstrated by the following execution sequence

-= State 1 1 =-
[Eexecuting process pl]
forks[0] = nokbody
forks[1] = nobody
forks[2] = nobody
forks[3] = nokbody
pa rightfres =1
pO leftfree = 1
pl.gotright = 0
pO.gotleft =0
pO state = thinking
ol rightfree =1
ol leftfree =1
Pl gotright = 0
pl gotleft =0
ol state = thinking
p2 rightfree =1
p2 leftfree =1
p2.gotright = 0
p2agotleft =0
p2 . state = thinking
p3 rightfree =1
p3 leftfres =1
pagotright =0
p3gotleft =0
p3 state = thinking
-= State 1.2 =-
[executing process pa)
-= State 1.3 =-
[Eexecuting process pl]
pO state = hungry
-= State 1.4 =-
[executing process pl]

-- loop startz here --
-= State 1.5 =-
[executing process pl]
forks[0] =
pl leftfree = 0
pl.gatleft =1
p3 rightfree =0
-= State 1.6 =-
[executing process p2]
-= State 1.7 =-
[executing process p3]
-- loop starts here --
-= State 1.8 =-
[executing process pl]
-= State 1.9 =-
[executing process pl]
Pl state = hungry
-= State 110 =-
[executing process pl)
forks[1] =1
pl rightfree =0
pl leftfree =0
Pl .gotleft =1
-= State 1.11 =-
[executing process pl]
-= State 112 =-
[executing process p2]
forks[2] =1
ol rightfree =0
Pl .gotright = 1
p2leftfree =0
-= State 113 =-
[Executing process p3]
-= State 1.14 =-
[executing process pl]
-= State 1.15 =-
[executing process pl]
pl state = eating
-= State 116 =-
[Executing process pl]
pl state = done

-= State 117 =-
[executing process pl]
forks[1] = nokbody
forks[2] = nokbody
Pl rightfree =1
Pl rightfree =1
pl leftfree =1
Pl gotright = 0
plgotleft =0
Pl state = thinking
p2 leftfree =1



Properties Check(Property <3>

Checking CTL property =3=...
-- specification A (state = hungry -= &F state = eating) (in module p1]is false
-- az demonstrated by the following execution sequence

-= State 21 =-
[executing process pl]
forks[0] = nobody
forks[1] = nobody
forks[2] = nobody
forks[3] = nokbody
plrightfree =1
pOleftfree =1
P gotright = 0
pl.gotleftt =0
Pl state = thinking
Pl rightfree =1
Bl leftfree =1
pl gotright = 0
Pl gotlett =0
Pl state = thinking
p2 rightfree =1
p2 leftfree =1
p2.gotright = 0
p2.aotlett =0
p2 state = thinking
p3 rightfres =1
p3leftfree =1
p3.gotright =0
p3gotleftt =0
p3.state = thinking

-= State 2.2 =-
[executing process p1]
Pl state = hungry

-= State 2.3 =-
[executing process pl]
forks[1] =1
P rightfree =0
pl leftfree = 0
pl gotletft =1

-= State 2.4 =-
[executing process p2]

-= State 2.5 =-
[executing process p2)
p2 state = hungry
-= State 26 =-
[executing process pl]
forks[2] =2
Pl rightfree =0
p2leftfree =0
p2.gotletft =1
-= State 2.7 =-
[executing process p2]
-= State 2.8 =-
[executing process p3]
forks[3] =2
P2 rightfree =0
p2.gatright = 1
p3 leftfree =0

- loop starts here -- €=

-= State 29 =-
[executing process pl]

-= State 210 =-
[executing process pl)

-- loop starts here --

-= State 211 =-
[executing process pl]

-= State 212 =-
[executing process p2)

-= State 213 =-
[executing process p3)
p2 state = eating

-= State 214 =-
[executing process p2]

-= State 215 =-
[executing process p2)
P2 state = done

-= State 216 =-
[executing process p2)
forks[2] = nobody
forks[3] = nokody
Pl rightfree =1
P2 rightfree =1
p2 leftfree =1
p2.gotright =0
p2.gatleft =0
p2.state = thinking
p3 leftfres = 1

-= State 217 =-
[executing process p2]
P2 state = hungry

-= State 2185 =-
[executing process p2)
forks[2] =2
Bl rightfree =0
p2leftfree =10
p2.gotleft =1

-= State 219 =-
[executing process p1]
forks[3] =2
p2 rightfree =0
P2 gotright =1
p3leftfree =0



Properties Check(Property <5>

Checking CTL property =5=...
-- apecification AG (state = hungry -= AF state = eating) (in module p27 is falze
-- az demonstrated by the following execution seguence

-= State 3.1 =-
[executing process pl]
forks[0] = nokbody
forks[1] = nokbody
forks[2] = nobody
forks[3] = nobody
pO rightfrees =1
pa leftfree =1
pO.gotright = 0
pO.gatleft = 0
p0.state = thinking
ol rightfres =1
ol leftfree =1
Pl .gotright =0
pl.gotleft =0
ol state = thinking
p2 rightfree =1
p2 leftfres =1
p2.gotrignt =0
p2agotleft =0
P2 state = thinking
3 rightfres =1
p3 leftfree =1
p3 gotright = 0
pagotleft=10
p3 state = thinking
-= State 3.2 =-
[executing process p2]
-= State 3.3 =-
[executing process p1]
p2 state = hungry
-= State 3.4 =-
[executing process pl]
-= State 3.5 =-
[executing process pl]

-= State 36 =-
[executing process p2]
-= State 3.7 =-
[executing process p3]
forks[2] =2
pl rightfree =0
p2 leftfree =0
p2.gotleft =1

-- loop starts here -- €

-= State 3.5 =-
[executing process pl]
-= State 39 =-
[executing process pl]
-- loop startz here --
-= State 310 =-
[executing process pl]
-= State 311 =-
[executing process p3)
-= State 312 =-
[executing process p3]
p3.state = hungry
-= State 3135 =-
[executing process p2]
forks[3] =3
p2 rightfree =0
p3leftfree =0
p3.gotleft =1
-= State 314 =-
[executing process pa]
-= State 315 =-
[executing process p3)
forks[0] =3
pl leftfree =0
p3 rightfree =0
p3.gotright = 1
-= State 316 =-
[executing process p3)
p3.state = eating

-= State 317 =-
[executing process pa]
p3.state = done

-= State 315 =-
[executing process pl]
forks[0] = nokbocdy
forks[3] = nobody
pl leftfree =1
p2 rightfree =1
p3rightfres =1
p3leftiree =1
p3.gotright = 0
p3gotlett=0
p3.state = thinking



Properties Check(Property

Checking CTL property <7=...
-- gpecification AG (state = hungry -= AF state = eating) (in module p3) iz falze
-- az demonstrated by the following execution seguence

-= State 4.1 =-
[executing process pl]
forks[0] = nobody
forks[1] = nobody
forks[2] = nokocy
forks[3] = nokbody
pl rightfree = 1
pl leftfree = 1
p0.gotright = 0
pl.gatleft =0
p0.state = thinking
gl rightfree =1
pl leftfree =1
gl .gotright = 0
pl.gotlett =0
p1 state = thinking
p2 rightfree =1
p2 leftfres =1
p2.gotright =0
p2.gotleftt =0
p2 state = thinking
p3rightfres =1
p3leftiree =1
p3.gotright = 0
p3.gotlett =0
p3.state = thinking
-= State 4.2 =-
[executing process pa]
-= State 4.3 =-
[executing process pl]
p3.state = hungry
-= State 4.4 =-
[executing process pl]
-= State 4.5 =-
[executing process pl]

-= State 4.6 =-

[executing process p2]
-= State 4.7 =-

[executing process p3]

- loop starts bere - =T

-= State 4.8 =-
[executing process p1]
forks[3] = 3
p2 rightfree =0
p3leftfree =0
p3 gotleft =1
-= State 4.9 =-
[executing process pl]
-- loop startz here --
-= State 410 =-
[executing process p1]
-= State 411 =-
[executing process p2)
-= State 412 =-
[executing process pl]
-= State 4135 =-
[executing process pl]
pl.state = hungry
-= State 414 =-
[Executing process p3]
forks[0] =0
pl leftfree =0
plgotleft =1
3 rightfree =0
-= State 415 =-
[executing process pl]
-= State 416 =-
[executing process pl]
forks[1]=10
pl rightfree =0
PO gotright = 1
pl leftfree =0

</>

-= State 417 =-
[executing process pl]
pl state = eating

-= State 4.15 =-
[executing process pa)
p0.state = done

-= State 419 =-
[executing process pl]
forks[0] = nobody
farks[1] = nokbody
pa rightfree =1
pO leftfree =1
pO.gotright =0
pOgotleft =0
pl state = thinking
ol leftfres =1
p3 rightfree =1



Trace View(Trace 1, 2

Trace 1 |Trace 2 ITrace 3 |Trace 4 I Trace 1 Trace| Trace 3 | Trace 4 1
|CT|- property 1: &G (state = hungry -= AF state = eating) |CTL property 3 AG (state = hungry -= AF state = eating)
el J Gl | Ioreil] | Iorksil] I 1orksic] | Lk ‘ PO ‘ pllgetroin | pRiciiree | o e Laop | Step | farks{0] | farks{1] | farks(2] | tarks(3] | pll gotieft | pl gotright | nll leftiree ] il right
0 nokintly, “hobogy:: crobtdy  robiady, S0 0 L - 0 nobody  nobody  nobody  nobody 0 ] 1 1
1 nobody  nobody  nobody  nobody 0 i 1 1
1 nobody  nobody  nobody nobody O ] 1 1
2 nobody  nobody  nobody  nobody 0 1] 1 1
2 nobody 1 nobody  nobody O ] 1 ]
3 nobody  nobody  nobody  nobody 0 ] 1 1
4 0 Fiokiody: ‘riobidey  Hiokidy: 0 0 4 3 nobody 1 nobody  nobody O o 1 o
5 o nokody  nobody  robady a o 1 4 nobody 1 nobody  nokody O ] 1 1]
5] i] nobody  nobody  nobody 1 1] ] 1 3 nobady 1 2 nobody 0O 0 1 0
7 i} nobody  nobody  nobody 1 0 0 1 B nobody 1 2 nokocy 0 0 1 0
8 ] nobody  nobody  nobody 1 ] ] 1 7 nobody 1 2 2 0 1] 1 1]
q i} 1 nobocy  nobody 1 1} 0 0 g nobody 1 2 2 n] 0 1 0
10 o 1 nobody  nobody 1 u] a u] g nobody i 2 2 n] n| 1 o
mon 1 1 nokody 1 o o u 10 nobody 1 2 2 y i 1 i
28 O a d moHat X1 o o o 11 nobody 2 2 i i 1 ]
R i J pRroge D f d 12 rnobody 1 2 2 o 0 1 0
14 a 1 1 Jalule] 1 1] u] u]
it 13 nobody 1 2 2 i 0 1 0
15 1] 1 1 nokody 1 1] 0] u]
14 nobody 1 2 2 0 0 1 0
16 1] nobody  nobody  nobody 1 1] o 1
15 nobody 1 nobody  nobody O o 1 ]
16 nobody 1 nobody  nokody O 0 1 0
17 nobody 1 2 nobody 0 0 1 0
18 nobody 1 2 2 0 0 1 0




Trace View(Trace 3, 4

Trace 1 1Trace 2 T Trace 4 ‘ Trace 1 1Trace 2 1Trace 3

|CTL property 5 AG (state = hungry -= AF state = eating) |CTL property T AG (state = hungry -= AF state = eating)

Loop IStep ifurks[ﬂ] |fu:urks[1] Ifu:urks[z] |fu:urks[3] |pI:I.g|:|tIeft |pD.gu:|trigHt ‘ pl leftfree IpD.rigHt Loop I Step | forks[0] ‘ forks[1] J forks[2] ‘ forks[3] ‘ p0.gathett ‘ pO.gatright |pD.Ieﬂfree J pright
1] nobody  nobody  nobody nobody 0 u] 1 1 i} nobody  nobody  nobody  nobody 0 u] 1 1
1 nobody  nobody nobody nobody 0 n] 1 1 1 nobody  nobody nobody  nobody 0 1] 1 1
2 nokody  nobody  nobody nokody O o 1 1 2 nobody  nobady  nohody  nobody O ] 1 1
3 nobody  rnobody nobody nobody O ] 1 1 3 nobocy  nobody nobody  nobody O ] 1 1
4 nobody  nobody  nobody nobody O i) 1 1 4 nobody  nobody  nohody  nobody O 1] 1 1
5 nobody  nobody nobody nobody 0 n] 1 1 5 nobody  nobody nobody  nobody 0 u] 1 1
E nobody  nobody 2 nobody 0 ] 1 1 ] nobody  nobody  nobody  nobody 0O n] 1 1
T nobody  nobody 2 nobody O o 1 1 T nobody  nobody nohody 3 ] ] 1 1
g nobody  nobody 2 nobody 0O 1] 1 1 g nobody  nobody  nohody 3 1] 1] 1 1
9 nobody  nobody 2 nobody 0 o 1 1 9 nobody  nobody nobody 3 o u] 1 1
10 nobody  nobody 2 nobody 0 u] 1 1 10 nobody  nobody  nobody 3 ] n] 1 1
11 nobody  nobody 2 nokody 0O 1] 1 1 11 nobody  nobody  nobody 3 ] ] 1 1
12 nobody  nobody 2 3 1] 1] 1 1 12 nobody  nobody  nohody 3 1] 1] 1 1
13 nobody  nobody 2 3 0 0 1 1 173 0 nobocy  nokody 3 1 0 ] 1
14 o) nobody 2 3 u] u] i 1 14 u] nobody  nobody 3 1 u] ] 1
15 3 nobody 2 3 0 0 0 1 15 0 0 nobody 3 1 1 ] 0
16 3 nobody 2 3 1] ] ] 1 16 ] 1] nobody 3 1 1 o] ]
17 nobody  pobody 2 nobody 0O 0] 1 1 17 1] 1] nobody 3 1 1 0 ]

18 nobody  nobody  nobody 3 i u] 1 1
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