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Model-checker

» Specify the model of the system

» Specify the requirements

Model-checker will automatically check if system satisfies requirements



Specifying the system

View the computation as a sequence of states



Specifying the system
View the computation as a sequence of states

A state is a valuation of the variables



Specifying the system
View the computation as a sequence of states

A state is a valuation of the variables

» Declare the variables



Specifying the system
View the computation as a sequence of states

A state is a valuation of the variables

» Declare the variables

» Define the initial values of the variables



Specifying the system
View the computation as a sequence of states

A state is a valuation of the variables

» Declare the variables
» Define the initial values of the variables

» Define the next-state relation



Specifying the system
View the computation as a sequence of states

A state is a valuation of the variables

» Declare the variables
» Define the initial values of the variables

» Define the next-state relation

In this course: model-checker NuSMV



NuSMV

New Symbolic Model Verifier

http://nusmv. fbk.eu/


http://nusmv.fbk.eu/

¥y = NOT (XOR (x,7))
Tnew =  XOR (x,7)

XOR y

regi ister

| |

[x—m Oy—l x—u Oy= o]
[x70r71,y x71771,y 1]
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¥y = NOT (XOR (x,7))
Tnew =  XOR (x,7)

XOR y

regi ister

| |

[x—Or Oy—l x—lr Oy= o]
[x70r71,y x71r71,y 1]

MODULE main
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¥y = NOT (XOR (x,7))
Tnew =  XOR (x,7)

MODULE main
7 VAR
X: boolean;

XOR

r: boolean;

register
[x—Or Oy—l x—lr Oy= o]
[xfo'rfl,y x71771,y 1]
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¥y = NOT (XOR (x,7))
Tnew =  XOR (x,7)

MODULE main
VAR
X: boolean;

r: boolean;

register

L L ASSIGN

[xOYOyl xl'rOyO]

::><:: ( ) init(r) := FALSE;

[x Bl — Iy = iyl = 1]




¥y = NOT (XOR (x,7))
Tnew =  XOR (x,7)

MODULE main
VAR
X: boolean;

r: boolean;

register

L L ASSIGN

= Oy 1 x iaol=0
[ >< ( ) ) init(r) := FALSE;
next(r) := x xor r;

[x Bl — Iy = iyl = 1]




¥y = NOT (XOR (x,7))
Tnew =  XOR (x,7)

MODULE main
VAR

X: boolean;

r: boolean;

register DEFINE
y = !(x xor r);
: L ASSIGN
[x 0,r= Oy 1 x iy = O]
>< ( ) init(r) := FALSE;
next(r) := x xor r;

[x Bl — Iy = iyl = 1]




77]

¥y = NOT (XOR (x,7))

et =  XOR (x,7)

register

|

|

[x 0,r= Oy

1 xl'rOyO]

C o< ()

[x Bl — Iy

xl'r iy = 1]

NuSMV demo:

MODULE main
VAR

X: boolean;

r: boolean;
DEFINE

y = !(x xor r);
ASSIGN

init(r) := FALSE;

next(r) := x xor r;

circuit-demol.smv
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MODULE main
VAR

ASSIGN
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X @
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MODULE main

VAR
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x: 0 .. 100;
ASSIGN
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X @

x+1

x < 10

MODULE main

VAR
location: {11,12};
x: 0 .. 100;

ASSIGN
init(location) := 11;

init(x) := 0;
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X @

x+1

x < 10

MODULE main

VAR
location: {11,12};
x: 0 .. 100;

ASSIGN
init(location) := 11;
init(x) := 0;

next (location) case

esac;
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X @

x+1

x < 10

MODULE main

VAR
location: {11,12};
x: 0 .. 100;
ASSIGN

init (location)
init(x) := 0;

next (location)

(location = 11) & (x<10):

11;

case

esac;

12;
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MODULE main
VAR
location: {11,12};

x: 0 .. 100;
ASSIGN
init(location) := 11;
init(x) := 0;
next(location) := case
x+1 x < 10 (location = 11) & (x<10): 12;

(location = 12) : 11;

esac;
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X @

x+1

x < 10

MODULE main

VAR
location: {11,12};
x: 0 .. 100;

ASSIGN
init(location) := 11;
init(x) := 0;
next(location) := case

(location = 11) & (x<10):

(location = 12) : 11;
TRUE: location;

esac;

12;
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X @

x+1

x < 10

MODULE main

VAR
location: {11,12};
x: 0 .. 100;

ASSIGN
init(location) := 11;
init(x) := 0;
next(location) := case

(location = 11) & (x<10):

(location = 12) : 11;
TRUE: location;

esac;

next(x) := case

esac;

12;
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X @

x+1

x < 10

MODULE main

VAR
location: {11,12};
x: 0 .. 100;

ASSIGN
init(location) := 11;
init(x) := 0;
next(location) := case

(location = 11) & (x<10):
(location = 12) : 11;
TRUE: location;

esac;

next(x) := case

(location = 12) & x < 100:

esac;

12;

x+1;
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X @

x+1

x < 10

MODULE main

VAR
location: {11,12};
x: 0 .. 100;

ASSIGN
init(location) := 11;
init(x) := 0;
next(location) := case

(location = 11) & (x<10):
(location = 12) : 11;
TRUE: location;

esac;

next(x) := case

(location = 12) & x < 100:

TRUE: x;

esac;

12;

x+1;
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X @

x+1

x < 10

MODULE main

VAR
location: {11,12};
x: 0 .. 100;

ASSIGN
init(location) := 11;
init(x) := 0;
next(location) := case

(location = 11) & (x<10):
(location = 12) : 11;
TRUE: location;

esac;

next(x) := case

(location = 12) & x < 100:

TRUE: x;

esac;

NuSMYV file: pg-demo . smv

12;

x+1;
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MODULE main
VAR
request:

status:

boolean;

{ready, busy}
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MODULE main
VAR
request:

status:

boolean;

{ready, busy}



reques
—>
ready

request=0
-
ready

request
busy

request=
busy

MODULE main

VAR
request: boolean;
status: {ready, busy}
ASSIGN
init(status) := ready;



Iiiiiiiiilil
-
ready

request=0
-
ready

request
busy

request
busy

MODULE main
VAR
request: boolean;

status: {ready, busy}

ASSIGN
init(status) := ready;
next (status) := case

request : busy;
TRUE : {ready,busy}

esac;

H



request=1
ready

request=0
-
ready

request=1
busy

request=0
busy

MODULE main
VAR

request: boolean;

status: {ready, busy}

ASSIGN
init (status)

next (status)

:= ready;

1= case

request : busy;
TRUE : {ready,busy}

esac;

H



MODULE main
request=1

- VAR

request=1
ready
request: boolean;

status: {ready, busy}

ASSIGN
init(status) := ready;
next (status) := case

request=0

t: b H
busy reques usy

request=0
ready
TRUE : {ready,busy};

esac;



Coming next: checking requirements in NuSMV
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Executions

x = x+1 x < 10
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{

Executions

{

v

J

)

)

request=0 request=1 request=0
ready ready ready
request=0 request=1 request=0
N busy busy ready
Tequest=1 request=1
el — & el
request=0 request=0 request=0
ready busy ready
_)[ request=0 request=0 ]
ready busy
U ~—14U request=1 request=1 request=0
busy busy ready
request=1 request=0 request=0
busy busy ready

]

10

U/



Transition system satisfies a requirement
means

all its executions satisfy the requirement
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Requirement type 1: G
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Requirement type 1: G

)
|
(0 o
-

s

X = x+1 x < 10

TS of above PG with initial value x=0

satisfies G (x >= 0)




G (request=0)

Q

_.[
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G (request=0)

Tequest=1 Tequest=1
ready busy

Tequest=0 Tequest=0
ready busy

U ~~—1U

TS does not satisfy

G (request=0)

X
4

X
4

y

[

request=0
ready

request=1
ready
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ready
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Execution satisfies G (expr) if

expr evaluates to T in all its states

_,Q ' ' N ' '
/ / N / /
T T T T T T
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Execution satisfies G (expr) if

expr evaluates to T in all its states

_,Q ' ' N ' '
/ / N / /
T T T T T T

Transition system satisfies G (expr) if

all its executions satisfy G (expr)
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Checking the G requirement: NuSMV demo
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Requirement type 2: F



Requirement type 2: F

o2




Requirement type 2: F

X = x+1 x < 10

TS of above PG with initial value x=0

satisfies F (x >= 5)

s

o2
B 5)
5
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Execution satisfies F (expr) if

expr evaluates to T in one of its states

_,O ' ' N ' '
/ / N / /
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Execution satisfies F (expr) if

expr evaluates to T in one of its states

_,O ' ' N ' '
/ / N / /
T

Transition system satisfies F (expr) if

all its executions satisfy F (expr)
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Checking the F requirement: NuSMV demo
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Coming next: Combining G and F
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]
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¥ ¥ ¥

G (request=1 =>F status=busy) [ request=0 J [ request=1 J [ request=0 J

ready ready ready
Q
Tequest=1 l l Tequest=1
_’[ Zeady iy ] request=0 request=1 request=0
busy busy ready

_,[ request=0 request=0} [ request=0 ] [ request=0 ] [ request=0 ]
ready busy

0 ~— 0 ready ready ready

request=1 request=1 request=0
busy busy ready

G (requeSt =>F (Status=busy)) request=1 request=0 request=0
busy ready ready

TS satisfies
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ny

, NAND out



MODULE main

VAR
inl: Dboolean;

in2: ©boolean;
DEFINE

—— ZERO DELAY

out := !(inl & in2);



. out
1,
MODULE main

VAR

inl: Dboolean;

0 0 in2: Dboolean;
0 1 DEFINE
- ! —— ZERO DELAY
out := !(inl & in2);
1 1



ny
’ out
in,

0 0
0 1 |e—
1 1

1 1
0 1 fe—
1

MODULE main

VAR
inl: Dboolean;

in2: ©boolean;
DEFINE

—— ZERO DELAY

out := !(inl & in2);



MODULE main

VAR
inl: Dboolean;

in2: Dboolean;
DEFINE

—— ZERO DELAY

out := !(inl & in2);



MODULE main

VAR
inl: ©boolean;
in2: boolean;

out: boolean;

ASSIGN
—— UNIT DELAY
init(out) := TRUE;
next(out) := !'(inl & in2);
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MODULE main
VAR

inl: ©boolean;

in2: boolean;

out: boolean;

ASSIGN
—— UNIT DELAY
init(out) := TRUE;
next(out) := !'(inl & in2);
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MODULE main
R VAR
0 0 |e— inl: ©boolean;
0
— in2: boolean;
out: boolean;

0 0 /
1 1 ASSIGN
0 1

—— UNIT DELAY
- init(out) := TRUE;
0 next(out) := !'(inl & in2);
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MODULE main
VAR

inl: ©boolean;

in2: boolean;

out: boolean;

ASSIGN
—— UNIT DELAY
init(out) := TRUE;
next(out) := !'(inl & in2);
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MODULE main
VAR

inl: ©boolean;

in2: boolean;

out: boolean;

ASSIGN
—— UNIT DELAY
init(out) := TRUE;
next(out) := !'(inl & in2);
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MODULE main

VAR
inl: ©boolean;

in2: boolean;

out: boolean;

ASSIGN
—— UNIT DELAY
init(out) := TRUE;
next (out) :=

I (inl & in2);
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MODULE main

VAR
inputl: boolean;
input2: boolean;

q: mnand2(inputl, input2);

MODULE nand2(inl, in2)
VAR
out: boolean;
ASSIGN
—— UNIT DELAY
TRUE;
I(inl & in2);

init (out)

next (out)




X1

)1
)2

XOR

MODULE main

VAR

x1:
yi:
ql:
q2:
DEFINE

boolean; x2:boolean;
boolean; y2:boolean;
nand2(x1, x2);
nand2(yl, y2);

—— ZERO DELAY

fout

:= ql.out xor g2.out;

MODULE nand2(inl, in2)

VAR

out:
ASSIGN

boolean;

—— UNIT DELAY

init (out)
next (out)

TRUE;
1 (inl & in2);
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MODULE main
VAR
x: boolean;
y: Dboolean;
gql: nand2(x, g2.out);
g2: nand2(ql.out, y);
DEFINE
XOR — —— ZERO DELAY
fout := gl.out xor g2.out;

MODULE nand2(inl, in2)
VAR
out: boolean
ASSIGN
—— UNIT DELAY
init(out) := TRUE;
next(out) := !'(inl & in2);



Coming next: Three-bit adder
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MODULE counter_cell(carry_in)
VAR
value:boolean;
ASSIGN
init(value) :=FALSE;
next(value) := value xor carry_in;
DEFINE

carry_out := carry_in & value;

MODULE main

VAR
bitO:counter_cell (TRUE);
bitl:counter_cell(bitO.carry_out);

bit2:counter_cell(bitl.carry_out);
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bit2

0

0
0

bitl
0
010

bit0
1 — carry_in
o o — value

carry_out

MODULE counter_cell(carry_in)
VAR
value:boolean;
ASSIGN
init(value) :=FALSE;
next(value) := value xor carry_in;
DEFINE

carry_out := carry_in & value;

MODULE main

VAR
bitO:counter_cell (TRUE);
bitl:counter_cell(bitO.carry_out);

bit2:counter_cell(bitl.carry_out);
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bit2

0

0
0

bitl
0
010

bit0
1 — carry_in
o o — value
carry_out
1

MODULE counter_cell(carry_in)
VAR
value:boolean;
ASSIGN
init(value) :=FALSE;
next(value) := value xor carry_in;
DEFINE

carry_out := carry_in & value;

MODULE main

VAR
bitO:counter_cell (TRUE);
bitl:counter_cell(bitO.carry_out);

bit2:counter_cell(bitl.carry_out);
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bit2

0

0
0

bitl
0
010

bit0
1 — carry_in
o o — value
carry_out
1
1

MODULE counter_cell(carry_in)
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Take-away

Computation as a sequence of states
Specify initial values for variables

Specify next-state relation: how the variables change given the
current valuation

NuSMYV models of simple systems

Requirements G and F

s
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