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SMV

« SMV is one of the Model checking tool

* Input
- .Ssmv
- .V

* Property

— Temporal logic

« Verifying fail => show counter example




SMV

« SMV : Symbolic Model Verifier

v Yes
System Description Properties true?
r Prope-r'l’ies S— (model checking
(.smv file) _' with SMV)
v | + 8 No (includes a

counter example)

« (Cadence SMV
— Based on Ken McMillan’s work at CMU
— Can do compositional verification

— more expressive mode description language ( .smv (2 types) , .v
(Verilog) )

— easy-to-use graphical user interface
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SMV - language

module main(req1,req2,ack1,ack?)

{

input req1,reg2 : boolean;

Type declarations

output ack1,ack?2 : boolean;

ackl1 := reqt; /* priority */
ack2 := reqg2 & ~reql;

Signal assignments

mutex : assert G ~(ack1 & ack?);
serve : assert G ((req1 | reg2) -> (ackl | ack2)):

wastel : assert G (ack1 -> req1); Assertions
waste? : assert G (ack2 -> req2);

. ( a) . Provedtil 22
no_starve : assert G F (~req2 | ack2); oroperty2 A
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SMV - language

« Data type

— <signal> : <type>;

— X : boolean;
— State : {ready,willing,able};
— count:0.7;

— zip : array 2..0 of boolean;

« zip[2] : boolean; zip[1] : boolean; zip[0] : boolean;
— matrix[0] : array [2..0] of boolean;
— matrix[1] : array [2..0] of boolean;

EPFENDABLE SOFTWARE KO\’KLK
LASORATORY U\““-‘-'“'



SMV - language

* Assignment « State machines
— X := Y;
start, done : boolean;
. state : {idle,cyc1,cyc2};
« Delay assignment

— init(x) := O; glefaqlt done := 0;
_ next() = y; in SWiIEj?Q-(State){
if start then next(state) := cycT;
cyct:
next(state) := cyc?;
cyce:
next(state) := cyc?;
done = 1;
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SMV - language

 if(<condition>) . switch(<expr>)
— <stmt1> {
« else <casel> : <stmtl1>
_ <stmt2> <case2> . <stmt2>
<casen> : <stmtn>
* default [default : <dftlstmt>]
— <stmtl1> }
e in
— <stmt2>
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SMV - language

e for(i=0;1<3;i=1i+1){
X[1] :=1I;

}

chain(=0;i<ni=i+1)
if (inpl[i]) out := i;




SMV - language

*,F, €L, =
+ —

mod

union

:.l H:.l -=:.| -:::.l :::-.l ::-:

= -

Bh
‘ E '.g:!:)u'mw-an SOFTWARE

LASORATORY

KU

(concatenation)

(unary minus =ign)
(mult, div, left shift,right shift)
(add, subtract)
(integer mod)

(get inclusion)

(set union)
(comparison operators)
(not)

(and)

(or, exclusive ar)
(iff)

(implies)

(tuple separator)
(conditional)

(integer subrange]
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SMV - language

« Assertion
— foo : assert p;
 foo : assert AG ((~p | q) -> X(p = 1));




SMV - manual
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Source | Trace | Log |

Error

File Show G A source file error occurred
(see the source view window)

main undefined
module main(a,b,c)

{
input a, b, c : boolean; Dismlssl

done, doerr : boolean;
Pa, Pb, Pc : boolean;

Pred2, Pred3 : boolean;
state : {statel, state2, state3, stated4, stateerr}:;
CED Dl ae s
default {
init (Pred2) := 0
init (Pred3) := 0
dmarlmarvl o= Ne.

~

.
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SMV - manual

o }le‘sg
=
o ERACENCE UL
(CHM, English)

% User manual (PDF,

English)
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SMV - manual

Cone
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T temp1l.smv =N EcH =<
File Prop View Goto History Abstraction Help
Browser | Properties | Results | Cone | Using | Groups |
|Entire cone ﬂstane vars: 6, Comb. vars: 3
signal | Layer | vars | Type |
a free 1 comb
|b free 1 comb
c free 1 comb
ctr 3 state

Source | Trace | Log |

File Edit Run View

state2 |state3

|-search:|




SMV - manual

e Result

7% temp.smv =nE=E T~
File Prop View Goto History Abstraction Help

Browser | Properties | Results | Cone | Using | Groups |

[ resutts 3|
Property | Result | Time [
test1 true Thu Sep 25 19:08:20 &Sl s &Y iF i 2014
testd true Thu Sep 25 19:08:20 &Sl &2 T i% 2014

test2 true

Source | Trace | Log |

File Edit Run View

state2 |state3

i-search|
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SMV - manual

» Properties

74 temp1.smv B=xHON =%
File Prop View Goto History Abstraction Help

Ernwurl Properties | Results | Cone | Using | Groups

[All properties 3
Property | Status 'I
test ... VI e
test2 verified
test3 unverified
testd verfied
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SMV - manual

« Suggest value

T

templ.smv

FEile Prop View Goto History Abstraction
Browser | Properties | Results | Cone | Using | Groups |

=)

[an resuns 2|
testd false Thu Sep 25 19:25:20 il ST i8 e 19 2014

Override value
Insert row
Delete row
Delete all

| statel scaced

scaced

KONKUK
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i-search:|

Th temp1.smv =N cn ==
File Prop View Goto History Abstraction Help
B | Prep | R | cone | using | Groups |
[Allresuts |
Property I Result | Time
testd false Thu Sep 25 19:25:20 &ifilss 219 iS2 iH 2014
_}

source | Trace | Log |
File Edit Run View |

1l
0

1 [+]
o 1
o 0
o () 1]

statel |scate2 |state3

Property: test4 i-search:|




SMV - manual

 Extend trace

74 temp1.smv
File Prop View Goto History Abstraction
Browser | Properties | Results | Cone | Using | Groups |

=T — |

Propcmlﬂ.-will Time I

test1 true Thu Sep 25 19:16:54 &ifilss SIS iF o9 2014
testd false Thu Sep 25 19:16:54 &ifilse SIS iB ot 2014

=N EoR == 74 templ.smv =3 EoR (=<
Help | File Prop View Goto History Abstraction Help
Browser I Properties | Results I Cone I Using I Groups I
| 'xll results il
I Property I Resuit I Time I
| test1 true Thu Sep 25 19-16:54 &iflss 2D (2 19 2014
test4 false Thu Sep 25 19:16:54 eifilss &I i 01194 2014
|
i} -

Ssource | Trace | Log |
File Edit Run View

Source | Trace | Log |

| File Edit Run View |

i-search:l

1 o 1 .
o 1 o
s} s}
o o 0
sctatel state3d statel state2 state3
— 74 Trace extension =3I |
: Extend trace by how many steps?
]
: OK | Cancel
| T T T T T T T T
| I [ [ [ | | |
T I T T T T T |
Property: test4 i-search:| Property: test4
ENDABLE SOFTWARE
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SMV - manual

e Recalculate trace

7% templ.smv =N EoR ==
File Prop View Goto History Abstraction Help }
Browser | Properties | Resuits | Cone | Using | Groups |
ﬁ results él
Property | Resuit | Time | |
tost true Thu Sep 25 19-16:54 eifilss SIS (8 =¥ 2014 |
testd false  Thu Sep 25 19:16:54 sifles QISH i c1i%8 2014
b

= L o
T o
o
o o

atatel stated

Property: testd

ENDABLE SOFTWARE KONKUK
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7é templ.smv =N Eon =)
File Prop View Goto History Abstraction Help
Browser I Properties | Results I Cone I Using I Groups |
';Il results il
Property | Resuilt | Time |
test1 true Thu Sep 25 19:16:54 &ifil =% &Y i 1 i%4 2014
testd false Thu Sep 25 19:16:54 eifilss &I (2 o154 2014
i}

Source | Trace | Log |

File Edit Run View |

i o i o ‘o [s]

o 1 [+] o 1 o L]

0 o (2] o o ]

() o o o o

statel tate2 tate3 state4 states

Property: test4

I-search:l




SMV - examplel

module main(inc, dec)

{

input inc, dec : boolean;
state : {state(, state1, state2};

dec
default ;
in switch(state){
stateO:
if(inc) next(state) := stateT;
else if(dec) next(state) := state2;
state1:
if(inc) next(state) := state?;
else if(dec) next(state) := stateO;
A, : a module 3 counter
state2:
if(inc) next(state) := state0;
else if(dec) next(state) := stateT;
Iy

test : assert G ((state = stateO & dec) -> X(state = state?));
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SMV - examplel

K-

—|||.O| XM S 0
= —1 O T —
Th temp.smv El@
File Prop View Goto History Abstraction Help
Browser | Properties | Results | cone | Using | Groups
Name I Layer I
B {top levell
dec free
inc free
state
test

Source | Trace | Log I

File Show

module main(inc, dec)

i
boolean;
statel,

input inec, dec
state {istated,
default :

in switch(state) {

state2};

statel:
if(inc) next(state) = =tatel;
else if (dec) next (state) = stateZ;
statel:
if(inc) next(state) = state2;
else if (dec) next (state) := stateld;
state2:
if(inc) next (state)} := statel:r
else if (dec) next (state) := statel;
i
testc asserct G ((stace = statel & dec) —->» X(state = state2)):

Property: test
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SMV - examplel

verify
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Name | Layer|

B {top levell

dec free
inc free
state

test

.
Source | Trace | Log |
File
iteration D......cceeeeececennn Y Confirm = BB ... - i 5~
[optimized conjunctive relation
Optimized transition relation = _
user tlm? ...................... Iﬂ Verification finished |ttt resreseeeees 0 s
SysStem Cime......ccoaaeennnnnna - = 0.046875 s
Model checking time: 0.000000
USEr CiMC.uurnarsarsnrsnnsnnnns I -]
SYIEem EilE....cccccnncnmmaa---4 g . ........- 0.046875 =
Model checking results
E2EBcccccccccccococooocooocococooocococoooocoooooooooooCoooooooooococoooEoooee false
[l Bil®ccccccccccccccccocccoccoocooocooococooooooocococococooocooocoooooooct 0 s
R e S e 0.046875 =
Resources used
[l Bil®ccccccccccccccccocccoccoocooocooococooooooocococococooocooocoooooooct 0 s
system time = .0.046875 =
BDD nodes allocated.. .. Fr——1 ]
1 R T Tl e el o o S s (1]
-




SMV - examplel

e result

Property | Result | Time

Source | Trace | Log |

File Edit Run View

1 2
dec| 1

inc|1

statetstatel | statel

roperty: test i-search:|
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SMV - example?

module main{a,b,c)
{
input a, b, ¢ : boolean;
done, dgerr : boolean;
Pa, Pb, Pc : boolean;
Pred2, Predi : boolean;
state : {statel, state2, state3, stated, stateerrl:
ctr : 0..4;
default {
inir (Pred2)
init (Pred3)
init(gtr) :=
init(state)

pred,

in switch(state) | ifctr <3 if ctr < 3
statel: B, C A
if(a){ ctr:=ctr + 1 ctri=ctr + 1 if ctr < 3 (guard)
B, C (transition label)
ctr := ctr + 1 (assignment)

next(Pa) := 1;
next (Fb) := 0;
next(state) := statel2;
} else if(gtr < 3 & (b | c)){
next (state) := statel; ctr:=0
next(ctr) := ¢ctr + 1:
3 &

if ctr < 3
€
cir:=ctr +1

} else ifigtr = (b | chhi
next (state) := stateerr;
next(gtxr) := gtr + 1;

ifctr = 3
A, C
ctr=ctr +1

ifctr =3
B..C
&= clv¥ =1

ifctr =3
B, C
ey =clre A
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SMV - example?

statel: Stavsd; .
. if(a){
1f (b) { next (Pred3) := 1;
next (Fb) := 1; next(Pa) := 1;
next (Pa) := 0; next (Pb) := 0;
next (Pred3) := 0; next (state) := stated;
next (Pred2) := 1; } else if(ctr <3 & (b | ¢)){
next (state) := state3d; next (state) := statel;
} else if(ctr < 3 & a){ next (Gkx) := gtk + 1;
next (ctr) := gtr + 1; } else if(ctr =3 & (b | ¢))f
} else if(gtr < 3 & ) { next (state) := gtateerr:
next (gtr) :=gtr + 1;
next (state) := statel; }
next(ctr) := gtr + 1; stated: |
} else ifigtr = 3 & (a | <)) done := 1;
next (state) := stateerr: }
next (gtr) := gtr + 1; stateerr: |
} doerr := 1;

}:

test : SPEC AG(Pa =1 & EX(Pb = 1 & EX(Pa = 1)) -> EF(done = 1));
testl : SPEC AF((done = 1) -> EF(Pred2 = 1 & Pred3 = 1));
test2 : SPEC AG((ctr = 3 & state = state2) ->AF(done = 1) );




SMV - example?2

4 temp2.smv - B
File Prop View Goto History Abstraction Help
gmwserl Properties | Results | Cone | Using | Groups |

|All results 3

Property | Result Time

test true Thu Sep 25 20:23:02 &gl 2 iz wi% 2014

test1 true Thu Sep 25 20:23:02 &gl 22 iZ i 2014

test2 false Thu Sep 25 20:23:02 &gl 2 iz wi% 2014

g il _h

EPFENDABLE SOFTWARE I< l ! KONKUK

LASORATORY

UNIVERSITY




SMV - problem

. AAE AT 2L BAA
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Foll el A4 S22 FA GH) A

— o}F 9lgo] gl A3} st £A)

test? false Thu Sep 25 20:23:02 &S % 2 IS wi¥ 2014

Source [Irace] Log |

File Edit Run View

1 2 3 4 5 1: 6 ]
a0 1] 1 1 1 1]
b|1 1 0 0 1 0
c|0 0 0 0 1 0
cir| 0 1 2 2 3 3
done| - = S R R R
state| statel |statel |statel |state2 |stated |stated
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END



