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1. [z H

1.4 Verification by NuSMV | Introduction

NuSMV (sometimes called simply SMV): A language for
@ describing models
e specifying LTL / CTL formulas, etc.

@ check the validity of the formulas on the models
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1. [z H

1.4 Verification by NuSMV | Introduction

NuSMV (sometimes called simply SMV): A language for
@ describing models
e specifying LTL / CTL formulas, etc.
@ check the validity of the formulas on the models
The output of model checking
@ True, if the specifications holds

@ a trace, otherwise
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1. [z H

1.4 Verification by NuSMV | Introduction

MODULE main

VAR
request : boolean;
status : {ready,busy};
ASSIGN
init(status) := ready;
next (status) := case
request : busy;
TRUE : {ready,busyl};
esac;

LTLSPEC
G(request -> F status=busy)
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1.4 Verification by NuSMV | Introduction

MODULE main

VAR NuSMV v.s. C, Java...
request : boolean; @ In Common
status : {ready,busy}; @ one, or more

ASSIGN modules
init(status) := ready; e main

next (status)

= case
request : busy;
TRUE : {ready,busyl};
esac;

LTLSPEC
G(request -> F status=busy)
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1.4 Verification by NuSMV | Introduction

MODULE main

VAR NuSMV v.s. C, Java...
request : boolean; @ In Common
status : {ready,busy}; @ one, or more

ASSIGN modules
init(status) := ready; e main

next (status)

= case o Differences
request : busy;
TRUE : {ready,busy};
esac;

LTLSPEC
G(request -> F status=busy)
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MODULE main

VAR NuSMV v.s. C, Java...
request : boolean; @ In Common
status : {ready,busy}; @ one, or more

ASSIGN modules
init(status) := ready; e main

next (status)

= case . o Differences
request : busy; .
state transition
TRUE : {ready,busy}; ° "
esac;

LTLSPEC
G(request -> F status=busy)
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1.4 Verification by NuSMV | Introduction

MODULE main

VAR NuSMV v.s. C, Java...
request : boolean; @ In Common
status : {ready,busy}; @ one, or more

ASSIGN modules
init(status) := ready; e main

next (status)

= case . e Differences
request : busy; .
e state transition
TRUE : {ready,busyl}; e specification
esac;

LTLSPEC
G(request -> F status=busy)

E#B https://faculty.ustc.edu.cn/hu: R FEFS



https://faculty.ustc.edu.cn/huangwenchao

1. [z H

1.4 Verification by NuSMV | Introduction

MODULE main

VAR NuSMV v.s. C, Java...
request : boolean; @ In Common
status : {ready,busy}; @ one, or more

ASSIGN modules
init(status) := ready; e main

next (status)

= case o Differences
request : busy; .,
@ state transition
TRUE : {ready,busyl}; e specification
esac; C
LTLSPEC e non-deterministic

G(request -> F status=busy)
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1.4 Verification by NuSMV | Introduction

MODULE main

VAR NuSMV v.s. C, Java...
request : boolean; @ In Common
status : {ready,busy}; @ one, or more

ASSIGN modules
init(status) := ready; e main
next (status) := case o Differences

i:gl};e?t{;e:;;?éusy}; state' 'tran.sition
specification
esac;

non-deterministic
abstraction

LTLSPEC
G(request -> F status=busy)
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1.4 Verification by NuSMV | Introduction

MODULE main

VAR
request : boolean;
status : {ready,busyl;
ASSIGN
init(status) := ready;
next (status) := case
request : busy;
TRUE : {ready,bus
esac;

LTLSPEC
G(request -> F status=busy)
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1.4 Verification by NuSMV | Introduction

MODULE main

VAR
request : boolean;
status : {ready,busyl;
ASSIGN
init(status) := ready;
next (status) := case
request : busy;
TRUE : {ready,bus
esac;

LTLSPEC
G(request -> F status=busy)

BITER:  $./NuSMV c-samplel.smv
— specification G (request -> F status = busy) is true
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1.4 Verification by NuSMV | Example | Mutual exclusion

f5]: Mutual exclusion (Eff, IRIERZLZE0))
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f5]: Mutual exclusion (Eff, IRIERZLZE0))
o [O|fffi: KA critical sections (IIF5RX)
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1.4 Verification by NuSMV | Example | Mutual exclusion

f5]: Mutual exclusion (Eff, IRIERZLZE0))
o [O|fffi: KA critical sections (IIF5RX)

o [E]M: Z3k: Only one process can be in its critical section at a time
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1.4 Verification by NuSMV | Example | Mutual exclusion

o [T]J:
o [E]J:

o [g]&l: to find a protocol for determining which process is allowed to
enter its critical section at which time

f5]: Mutual exclusion (Eff, BIERGZZHGR)
X§217): critical sections (IF5RX)

ZE35K: Only one process can be in its critical section at a time
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1.4 Verification by NuSMV | Example | Mutual exclusion

f5]: Mutual exclusion (Eff, IRIERZLZE0))
o [O|fffi: KA critical sections (IIF5RX)
o [E]M: Z3k: Only one process can be in its critical section at a time

o [g]&l: to find a protocol for determining which process is allowed to
enter its critical section at which time

AT FI A NuSMV 3K L3k e Rit:
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1.4 Verification by NuSMV | Example | Mutual exclusion

f5]: Mutual exclusion (Eff, IRIERZLZE0))
o [O|fffi: KA critical sections (IIF5RX)
o [E]M: Z3k: Only one process can be in its critical section at a time

o [g]&l: to find a protocol for determining which process is allowed to
enter its critical section at which time

WA R NuSMV 3K % b i a3
© specify the properties of the protocol using NuSMV
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1.4 Verification by NuSMV | Example | Mutual exclusion

f5]: Mutual exclusion (Eff, IRIERZLZE0))
o [O|fffi: KA critical sections (IIF5RX)
o [E]M: Z3k: Only one process can be in its critical section at a time

o [g]&l: to find a protocol for determining which process is allowed to
enter its critical section at which time

WA R NuSMV 3K % b i a3
© specify the properties of the protocol using NuSMV
@ design a protocol
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1.4 Verification by NuSMV | Example | Mutual exclusion

f5]: Mutual exclusion (Eff, IRIERZLZE0))
o [O|fffi: KA critical sections (IIF5RX)
o [E]M: Z3k: Only one process can be in its critical section at a time

o [g]&l: to find a protocol for determining which process is allowed to
enter its critical section at which time

WMATF A NuSMV 3K fi b it ja) 3
© specify the properties of the protocol using NuSMV
@ design a protocol
© model the protocol using NuSMV
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion

f5]: Mutual exclusion (Eff, IRIERZLZE0))
o [O|fffi: KA critical sections (IIF5RX)
o [E]M: Z3k: Only one process can be in its critical section at a time

o [g]&l: to find a protocol for determining which process is allowed to
enter its critical section at which time

WMATF A NuSMV 3K fi b it ja) 3
© specify the properties of the protocol using NuSMV
@ design a protocol
© model the protocol using NuSMV

@ check the output of NuSMV

o if true, problem solved
e if not, goto step 2
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1.4 Verification by NuSMV | Example | Mutual exclusion

1. Specify the properties of the protocol using NuSMV
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1.4 Verification by NuSMV | Example | Mutual exclusion

1. Specify the properties of the protocol using NuSMV

@ Safety: Only one process is in its critical section at any time.
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1.4 Verification by NuSMV | Example | Mutual exclusion

1. Specify the properties of the protocol using NuSMV
@ Safety: Only one process is in its critical section at any time.

o Liveness: Whenever any process requests to enter its critical section,
it will eventually be permitted to do so.
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1.4 Verification by NuSMV | Example | Mutual exclusion

1. Specify the properties of the protocol using NuSMV
@ Safety: Only one process is in its critical section at any time.

o Liveness: Whenever any process requests to enter its critical section,
it will eventually be permitted to do so.

@ Non-blocking: A process can always request to enter its critical
section.
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion

1. Specify the properties of the protocol using NuSMV
@ Safety: Only one process is in its critical section at any time.

o Liveness: Whenever any process requests to enter its critical section,
it will eventually be permitted to do so.

@ Non-blocking: A process can always request to enter its critical
section.

o No strict sequencing: Processes need not enter their critical section in
strict sequence.
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1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model:
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1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model:
processes

e 1,2
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1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model:
processes

e 1,2
states

@ n: in its non-critical state
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1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model:
processes

e 1,2
states
@ n: in its non-critical state

@ t: trying to enter its critical
state
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1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model:
processes

e 1,2
states
@ n: in its non-critical state

@ t: trying to enter its critical
state

@ c: in its critical state
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1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model:
processes

e 1,2
states
@ n: in its non-critical state

@ t: trying to enter its critical
state

@ c: in its critical state

state transitions

o n;, =t —>c—mn;...
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1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model:
processes

e 1,2
states
@ n: in its non-critical state

@ t: trying to enter its critical
state

@ c: in its critical state

state transitions

o n;, =t —>c—mn;...
[a]E&E: Is the model correct?
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1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model:

Safety: Only one process is in its
critical section at any time.
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1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model:

Safety: Only one process is in its
critical section at any time.

@ LTL specification:

G—'(Cl VAN 02)
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1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model:

Safety: Only one process is in its
critical section at any time.

@ LTL specification:

G—'(Cl VAN 02)

o Satisfied

E#B https://faculty.ustc.edu.cn/hu: R FEFS


https://faculty.ustc.edu.cn/huangwenchao

1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model:
Liveness: Whenever any process

requests to enter its critical
section, it will eventually be
permitted to do so.
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1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model:
Liveness: Whenever any process

requests to enter its critical
section, it will eventually be
permitted to do so.

o LTL specification:

G (tl —F Cl)
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1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model:
Liveness: Whenever any process

requests to enter its critical
section, it will eventually be
permitted to do so.

o LTL specification:

G (tl —F Cl)

@ Not Satisfied
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1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model:
Liveness: Whenever any process

requests to enter its critical
section, it will eventually be
permitted to do so.

o LTL specification:

G (tl —F Cl)

@ Not Satisfied
So —> 81 — 83 — S7 — S1 —~
S§3 — S7...
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1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model:
Non-blocking: A process can

always request to enter its critical
section.
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1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model:
Non-blocking: A process can

always request to enter its critical
section.

@ In other words, for every
state satisfying nq, there is a
successor satisfying ¢;.
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1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model:
Non-blocking: A process can

always request to enter its critical
section.
@ In other words, for every
state satisfying nq, there is a
successor satisfying ¢;.

@ LTL specification? No
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1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model:
Non-blocking: A process can

always request to enter its critical
section.

@ In other words, for every
state satisfying nq, there is a
successor satisfying ¢;.

@ LTL specification? No

o CTL specification: 77
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1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model:
Non-blocking: A process can

always request to enter its critical
section.

@ In other words, for every
state satisfying nq, there is a
successor satisfying ¢;.

@ LTL specification? No

o CTL specification: 77
SRES/MENL, I PPT ETT
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A first-attempt model:
Non-blocking: A process can

always request to enter its critical
section.

@ In other words, for every
state satisfying nq, there is a
successor satisfying ¢;.

@ LTL specification? No

o CTL specification: 77
SRES/MENL, I PPT ETT
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1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model:
Non-blocking: A process can

always request to enter its critical
section.

@ In other words, for every
state satisfying nq, there is a
successor satisfying ¢;.

@ LTL specification? No

o CTL specification: 77
SRES/MENL, I PPT ETT

o Satisfied
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model: No strict sequencing: Processes
need not enter their critical
section in strict sequence
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1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model: No strict sequencing: Processes
need not enter their critical
section in strict sequence

@ there is a path with two
distinct states satisfying c;
such that no state in
between them has that
property
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1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model: No strict sequencing: Processes
need not enter their critical
section in strict sequence

@ there is a path with two
distinct states satisfying c;
such that no state in
between them has that
property

@ LTL spec? Also no
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model: No strict sequencing: Processes
need not enter their critical
section in strict sequence
@ there is a path with two
distinct states satisfying c;
such that no state in
between them has that
property
@ LTL spec? Also no
@ A complement LTL? OK..
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1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model: No strict sequencing: Processes
need not enter their critical
section in strict sequence

@ there is a path with two
distinct states satisfying c;
such that no state in
between them has that
property

@ LTL spec? Also no

@ A complement LTL? OK..

G (Cl —c1 W (—\Cl A —c1 W 62))
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model: No strict sequencing: Processes
need not enter their critical
section in strict sequence
@ there is a path with two
distinct states satisfying c;
such that no state in
between them has that
property
@ LTL spec? Also no
@ A complement LTL? OK..
G (Cl —c1 W (—\Cl A —c1 W 62))
The complement LTL is false:
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1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model: No strict sequencing: Processes
need not enter their critical
section in strict sequence

@ there is a path with two
distinct states satisfying c;
such that no state in
between them has that
property

@ LTL spec? Also no

@ A complement LTL? OK..

G (Cl —c1 W (—\Cl A —c1 W 62))

The complement LTL is false:

So)—> S5 —> 83 —> 84 —>85 —>83 >S4 — ...
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model: No strict sequencing: Processes
need not enter their critical
section in strict sequence
@ there is a path with two
distinct states satisfying c;
such that no state in
between them has that
property
@ LTL spec? Also no
@ A complement LTL? OK..
G (Cl —c1 W (—\Cl A —c1 W 62))
The complement LTL is false:
So)—> S5 —> 83 —> 84 —>85 —>83 >S4 — ...
So the original property is satisfied
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion

A first-attempt model: No strict sequencing: Processes
need not enter their critical
section in strict sequence
@ there is a path with two
distinct states satisfying c;
such that no state in
between them has that
property
@ LTL spec? Also no
@ A complement LTL? OK..
G (Cl —c1 W (—\Cl A —c1 W 62))
The complement LTL is false:
So)—> S5 —> 83 —> 84 —>85 —>83 >S4 — ...
So the original property is satisfied
How to design CTL spec? ([EHy, SEL&/IMEML)
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1.4 Verification by NuSMV | Example | Mutual exclusion

: [E][Ei: Liveness is not satisfied:
A first-attempt model:
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion

) [B]: Liveness is not satisfied:
A first-attempt model: Liveness: Whenever any process
requests to enter its critical
section, it will eventually be
permitted to do so.

@ LTL specification:
G (tl —F Cl)

@ Not Satisfied
So —> 81 — S3 — ST — S1 —~
S3 — S7...
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion

) [B]: Liveness is not satisfied:
A first-attempt model: Liveness: Whenever any process
requests to enter its critical
section, it will eventually be
permitted to do so.

@ LTL specification:
G (tl —F Cl>

@ Not Satisfied
So —> 81 — S3 — ST — S1 —~
S3 — S7...
J&EE&: The problem is that the state s3 does not distinguish between which
of the processes first went into its trying state.
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion

) [B]: Liveness is not satisfied:
A first-attempt model: Liveness: Whenever any process
requests to enter its critical
section, it will eventually be
permitted to do so.

@ LTL specification:
G (tl —F Cl>

@ Not Satisfied
So —> 81 — S3 — ST — S1 —~
S3 — S7...

J&EE&: The problem is that the state s3 does not distinguish between which

of the processes first went into its trying state.
iR 77iE: We can solve this by splitting s3 into two states. (W)
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

The second modeling attempt:

@ S3 — 53,59
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

Safety: Only one process is in its
critical section at any time.
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

Safety: Only one process is in its
critical section at any time.

@ LTL specification:

G—'(Cl VAN 02)
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

Safety: Only one process is in its
critical section at any time.

@ LTL specification:

G—'(Cl VAN 02)

e Satisfied
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

Liveness: Whenever any process
requests to enter its critical
section, it will eventually be
permitted to do so.
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

Liveness: Whenever any process
requests to enter its critical
section, it will eventually be
permitted to do so.

@ LTL specification:

G (tl —F Cl)
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

Liveness: Whenever any process
requests to enter its critical
section, it will eventually be
permitted to do so.

@ LTL specification:

G (tl —F Cl)

o Now Satisfied
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

Non-blocking: A process can
always request to enter its critical
section.
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

Non-blocking: A process can
always request to enter its critical
section.

@ In other words, for every
state satisfying nq, there is a
successor satisfying t;.
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

Non-blocking: A process can
always request to enter its critical
section.

@ In other words, for every
state satisfying nq, there is a
successor satisfying t;.

@ LTL specification? No

o CTL specification: 77
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

Non-blocking: A process can
always request to enter its critical
section.

@ In other words, for every
state satisfying nq, there is a
successor satisfying t;.

@ LTL specification? No
o CTL specification: 77
@ Satisfied
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

No strict sequencing: Processes
need not enter their critical
section in strict sequence
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

No strict sequencing: Processes
need not enter their critical
section in strict sequence

@ there is a path with two
distinct states satisfying c;
such that no state in
between them has that
property
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

No strict sequencing: Processes
need not enter their critical
section in strict sequence

@ there is a path with two
distinct states satisfying c;
such that no state in
between them has that
property

@ LTL spec? Also no
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

No strict sequencing: Processes
need not enter their critical
section in strict sequence
@ there is a path with two
distinct states satisfying c;
such that no state in
between them has that
property
@ LTL spec? Also no
@ A complement LTL? OK..
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

No strict sequencing: Processes
need not enter their critical
section in strict sequence

@ there is a path with two
distinct states satisfying c;
such that no state in
between them has that
property

@ LTL spec? Also no

@ A complement LTL? OK..

G (01 —c W (—|Cl A —c; W 02))
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

No strict sequencing: Processes
need not enter their critical
section in strict sequence

@ there is a path with two
distinct states satisfying c;
such that no state in
between them has that
property

@ LTL spec? Also no

@ A complement LTL? OK..

G (01 —c W (—|Cl A —c; W 02))

The complement LTL is false:
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

No strict sequencing: Processes
need not enter their critical
section in strict sequence

@ there is a path with two
distinct states satisfying c;
such that no state in
between them has that
property

@ LTL spec? Also no

@ A complement LTL? OK..

G (01 —c W (—|Cl A —c; W 02))

The complement LTL is false:
So—>S81—>82 —>8)—>S81 —*>82—>S8) — ...
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

No strict sequencing: Processes
need not enter their critical
section in strict sequence

@ there is a path with two
distinct states satisfying c;
such that no state in
between them has that
property

@ LTL spec? Also no

@ A complement LTL? OK..

G (01 —c W (—|Cl A —c; W 02))

The complement LTL is false:
So—>S81—>82 —>8)—>S81 —*>82—>S8) — ...
So the original property is satisfied
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

METE (o) EERRRIR T A7
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

METE (O] REERRRR T 47 No
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

METE (O] REERRRR T 47 No

Fria]E& 1: What if a process can
stay in its critical state for several
ticks?, i.e,
@ we include an arrow from sy,
or s7, to itself
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

METE (O] REERRRR T 47 No

Fria]E& 1: What if a process can
stay in its critical state for several
ticks?, i.e,

@ we include an arrow from s4,
or s7, to itself

Liveness:

G (tl —F 61)
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

EH#B https://faculty.ustc.edu.cn/hu:

METE (O] REERRRR T 47 No

Fria]E& 1: What if a process can
stay in its critical state for several
ticks?, i.e,

@ we include an arrow from s4,
or s7, to itself

Liveness:
G (tl —F 61)

Not Satisfied again
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

EH#B https://faculty.ustc.edu.cn/hu:

METE (O] REERRRR T 47 No

Fria]E& 1: What if a process can
stay in its critical state for several
ticks?, i.e,

@ we include an arrow from s4,
or s7, to itself

Liveness:
G (tl —F 61)

Not Satisfied again
7% Consider “fairness
constraints”, WG
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

Fhia]8A 2: How to distinguish
between states s3 and sg in
NuSMV?
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 2nd Attempt

Fhia]8A 2: How to distinguish
between states s3 and sg in
NuSMV?

Fi%: introduce a new variable,
named turn, 5
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 3rd Attempt

3rd attempt

MODULE main
VAR

prl: process prc(pr2.st, turn, FALSE);

pr2: process prc(prl.st, turn, TRUE);
turn: boolean;
ASSIGN

init(turn) := FALSE;

B8R 2 HYfRR A i%: introduce a new variable, named turn
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 3rd Attempt

MODULE prc(other-st, turn, myturn)
VAR
st: {n, t, c};
ASSIGN
init(st) := n;

So, the variables are: st of prcl, st of prc2, turn
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 3rd Attempt

MODULE prc(other-st, turn, myturn)

next (st) :=

case
(st = n) : {t,n};
(st = t) & (other-st
(st = t) & (other-st
(st = ¢) : {c,n};
TRUE : st

esac;

n) : c;
t) & (turn = myturn): c;
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 3rd Attempt

MODULE prc(other-st, turn, myturn)

next (turn) :=

case
turn = myturn & st = c : !turn;
TRUE : turn;
esac;
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 3rd Attempt

MODULE prc(other-st, turn, myturn)

FAIRNESS running
FAIRNESS ! (st = c¢)

(o] 55 1 ByfRHR A% Consider “fairness constraints”:
@ We can restrict its search tree to execution paths along which an
arbitrary boolean formula about the state ¢ is true infinitely often.

E#8 https://faculty.ustc.edu.cn/hu: R FEFS


https://faculty.ustc.edu.cn/huangwenchao

1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 3rd Attempt
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 3rd Attempt

// safety
LTLSPEC G!((prl.st = c) & (pr2.st = c))
// liveness
LTLSPEC G((prl.st t) -> F (pril.st c))
LTLSPEC G((pr2.st t) -> F (pr2.st = c))
// ‘megation’ of strict sequencing (desired to be false
LTLSPEC G(prl.st=c -> ( G prl.st=c | (prl.st=c U
( pri.st!=c & G pri.st!=c | (( prl.st!=c) U pr2.st=c)))
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 3rd Attempt

;L_ﬂ'ﬁ*% $ ./NuSMV c-sample2-mutex.smv
specification G !(prl.st = ¢ & pr2.st = c) 1is true
specification G (prl.st =t —> F prl.st =c) 1is true
specification G (pr2.st =t —> F pr2.st =c) 1is true

specification G (prl.st = ¢ —> ( G prl.st = ¢ | (prl.st
U ((prl.st !'==c & & G p pprl.s.sssst ! !l====l=I=t !=,st !
st !'= G prl.st !'=c & G plrl.st !=!=t !=c & G lsprls.st !
st clc=c ¢ & plG plrl.

—— as demonstrated by the following execution sequence
Trace Description: LTL Counterexample
Trace Type: Counterexample
—> State: 1.1 <-
prl.st
pr2.st
turn =

=n
=n
FALSE
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1. [z H

1.4 Verification by NuSMV | Example | Mutual exclusion | 3rd Attempt

BITER:  $./NuSMV c-sample2-mutex.smv

—> State: 1.11 <-
-> Input: 1.6 <- pri.st = n

_process_selector_ = pr2 . . _
pr2.running = TRUE > Input: 1.12 <
prl.running = FALSE

_process_selector_ = prl 7>p§;a:$:_166 < prl.running = FALSE
running = FALSE cC —— Loop starts here
pr2.running = FALSE —> Input: 1.7 <= -> State: 1.12 <-
pril.running = TRUE —process_selector_ = prl —> Input: 1.13 <-

—> State: 1.2 <- pr2.running = FALSE process_selector

—> Input: 1.3 <— prl.ru?ning = TRUE running = FALSE
_process_selector_ = i prl.running = TRUE
pr2.running = TRUE o —— Loop starts here
prl.running = FALSE : -> State: 1.13 <-

. => Input: 1.14 <-
_process_selector_
pr2.running = TRUE
prl.running = FALSE

—— Loop starts here

—> State: 1.14 <-
_process_selector_ = prl . -> Input: 1.15 <-
pr2.running = FALSE o _process_selector_ = main
prl.running = TRUE - running = TRUE

<= 1 -—
—— Loop starts here 7>p£ié;§?nin25—<fALSE

_process_selector_ = main
running = TRUE
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1. [z H

1.4 Verification by NuSMV | Example | Foxes and Rabbits

{51: Foxes and Rabbits
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1. [z H

1.4 Verification by NuSMV | Example | Foxes and Rabbits

f5]: Foxes and Rabbits
AT NuSMV 3#4T7SAT Kig?
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1. [z H

1.4 Verification by NuSMV | Example | Foxes and Rabbits

f5]: Foxes and Rabbits
W A NuSMV i#1TSAT Kf#?
@ Three foxes and three rabbits
have to cross a river

EH#B https://faculty.ustc.edu.cn/hu: R FEFS


https://faculty.ustc.edu.cn/huangwenchao

1. [z H

1.4 Verification by NuSMV | Example | Foxes and Rabbits

f5]: Foxes and Rabbits
1A A NuSMV #4TSAT Kig?
@ Three foxes and three rabbits
have to cross a river
@ There is only one boat that can
carry at most two animals

R FEFS
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1. [z H

1.4 Verification by NuSMV | Example | Foxes and Rabbits

f5]: Foxes and Rabbits
AT NuSMV 3#4T7SAT Kig?

Three foxes and three rabbits
have to cross a river

There is only one boat that can
carry at most two animals

When the boat is on the river,
at each of the sides the number
of foxes should be < the
number of rabbits, otherwise the
rabbits will be eaten
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1. [z H

1.4 Verification by NuSMV | Example | Foxes and Rabbits

f5]: Foxes and Rabbits
W A NuSMV i#1TSAT Kf#?
@ Three foxes and three rabbits
have to cross a river

@ There is only one boat that can
carry at most two animals

@ When the boat is on the river,
at each of the sides the number
of foxes should be < the
number of rabbits, otherwise the
rabbits will be eaten

Is there a solution? which?
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1. [z H

1.4 Verification by NuSMV | Example | Foxes and Rabbits

E A Automated Reasoning: Do not think about how to solve it, only
specify the rules, and let the tool to solve it
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1. [z H

1.4 Verification by NuSMV | Example | Foxes and Rabbits

E A Automated Reasoning: Do not think about how to solve it, only
specify the rules, and let the tool to solve it

Several ways to encode
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1. [z H

1.4 Verification by NuSMV | Example | Foxes and Rabbits

E A Automated Reasoning: Do not think about how to solve it, only
specify the rules, and let the tool to solve it

Several ways to encode

We prefer not to define the moves in both directions separately
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1. [z H

1.4 Verification by NuSMV | Example | Foxes and Rabbits

E A Automated Reasoning: Do not think about how to solve it, only
specify the rules, and let the tool to solve it

Several ways to encode
We prefer not to define the moves in both directions separately

Variables:
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1. [z H

1.4 Verification by NuSMV | Example | Foxes and Rabbits

E A Automated Reasoning: Do not think about how to solve it, only
specify the rules, and let the tool to solve it

Several ways to encode
We prefer not to define the moves in both directions separately

Variables:

@ b: a boolean expressing where the boat is
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1. [z H

1.4 Verification by NuSMV | Example | Foxes and Rabbits

E A Automated Reasoning: Do not think about how to solve it, only
specify the rules, and let the tool to solve it

Several ways to encode
We prefer not to define the moves in both directions separately

Variables:
@ b: a boolean expressing where the boat is

@ f: the number of foxes at the side where the boat is
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1. [z H

1.4 Verification by NuSMV | Example | Foxes and Rabbits

E A Automated Reasoning: Do not think about how to solve it, only
specify the rules, and let the tool to solve it

Several ways to encode
We prefer not to define the moves in both directions separately

Variables:
@ b: a boolean expressing where the boat is
@ f: the number of foxes at the side where the boat is

o fb: the number of foxes that goes into the boat
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1. [z H

1.4 Verification by NuSMV | Example | Foxes and Rabbits

E A Automated Reasoning: Do not think about how to solve it, only
specify the rules, and let the tool to solve it

Several ways to encode
We prefer not to define the moves in both directions separately

Variables:
@ b: a boolean expressing where the boat is
o f: the number of foxes at the side where the boat is
o fb: the number of foxes that goes into the boat

@ r: the number of rabbits at the side where the boat is

E#B https://faculty.ustc.edu.cn/hu: R FEFS


https://faculty.ustc.edu.cn/huangwenchao

1. [z H

1.4 Verification by NuSMV | Example | Foxes and Rabbits

E A Automated Reasoning: Do not think about how to solve it, only
specify the rules, and let the tool to solve it

Several ways to encode
We prefer not to define the moves in both directions separately

Variables:

@ b: a boolean expressing where the boat is
f: the number of foxes at the side where the boat is
fb: the number of foxes that goes into the boat

r: the number of rabbits at the side where the boat is

rb: the number of rabbits that goes into the boat
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1. [z H

1.4 Verification by NuSMV | Example | Foxes and Rabbits

b: a boolean expressing where the boat is
f: the number of foxes at the side where the boat is
fb: the number of foxes that goes into the boat

r: the number of rabbits at the side where the boat is

rb: the number of rabbits that goes into the boat

MODULE main

VAR
r 0..3;
rb : 0..2;
f 0..3;
fb : 0..2;
b boolean;
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1. [z H

1.4 Verification by NuSMV | Example | Foxes and Rabbits

b: a boolean expressing where the boat is
f: the number of foxes at the side where the boat is
fb: the number of foxes that goes into the boat

r: the number of rabbits at the side where the boat is

rb: the number of rabbits that goes into the boat

INIT
b& f=3%&r =3
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1. [z H

1.4 Verification by NuSMV | Example | Foxes and Rabbits

b: a boolean expressing where the boat is
f: the number of foxes at the side where the boat is
fb: the number of foxes that goes into the boat

r: the number of rabbits at the side where the boat is

rb: the number of rabbits that goes into the boat

TRANS

next(b) = !b &

fb + rb <= 2 &

fb + rb >= 1 &

f - fb <= r - rb &

next (f) 3 -f + fb &

next(r) = 3 - r + rb

CTLSPEC 'EF(!'b & f = 3 & r = 3)
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1. [z H

1.4 Verification by NuSMV | Example | Foxes and Rabbits

IBITE

$ ./NuSMV c-sample3-fox.smv

-— specification !(EF ((!b & f = 3) & r = 3))
—— as demonstrated by the following execution sequence
Trace Description: CTL Counterexample
Trace Type: Counterexample

—> State:
r=3
rb =1
f=3
fb =1

b = TRUE
—> State:

r
r
f
b

- S

n e nn

T —+h—+h =

1.1 <=

1.2 <

EH#B https://faculty.ustc.edu.cn/hu:

—> State: 1.4 <-

r
f
fb =1
b = FALSE

-> State: 1.5 <-

r =2

rb =1

b = TRUE

—-> State: 1.6 <—
rb = @
b = FALSE

-> State: 1.7 <-
r=1
fb = 2
b = TRUE

R FEFS

is false
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1.4 Verification by NuSMV | Example | Foxes and Rabbits

BITER:  $./NuSMV c-sample3-fox.smv

-— specification !(EF ((!'b & f = 3) & r = 3)) 1is false
—— as demonstrated by the following execution sequence
Trace Description: CTL Counterexample

Trace Type: Counterexample

—> State:
r=3
rb =1
f=3
fb =1
b = TRUE
—> State:

r
r
f
b

- S

n e nn

T —+h—+h =

1.1 <=

1.2 <

EH#B https://faculty.ustc.edu.cn/hu:

—> State: 1.4 <-

r
f
fb =1
b = FALSE

-> State: 1.5 <-

r =2

rb =1

b = TRUE

—-> State: 1.6 <—
rb = @
b = FALSE

-> State: 1.7 <-
r=1
fb = 2
b = TRUE

R FEFS

b=FALSE, =3,
r=3

indeed showing
that the final state
where all animals

34 /51
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1.4 Verification by NuSMV | Example | Checking deadlocks

waiting for DEADLOCK

%Eﬁzé

Assigned to

Resource 1

Resource 2

Waiting for Assigned to

property No deadlock state is reachable

E#B https://faculty.ustc.edu.cn/hu: R FEFS
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1.4 Verification by NuSMV | Example | Checking deadlocks

waiting for DEADLOCK

%W?/
B

Assigned to

Resource 1

@D
&
Assigned to @D

Resource 2

[6]8h: What is a deadlock here?
@ a state that cannot be changed by applying the rules
Occurs very often in hardware, network protocols, ...

Waiting for

EMN: Deadlock
In a transition system, a state s is a deadlock state, if not state s’ # s
exists such that s — &’

Typical desired property to be verified: No deadlock state is reachable
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1.4 Verification by NuSMV | Example | Checking deadlocks

FERE PR Build a Network as a Graph
Messages in the Network:

@ sent C 3

@ processed

@ received

2 4
Edges are channels: : :
1

@ either empty
o or filled by a message and a destination

e So no two messages can be in the same
channel )

iE: XA graph SEBGENFHY transition system HEEVE) IR AE

E#B https://faculty.ustc.edu.cn/hu: R FEFS
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1.4 Verification by NuSMV | Example | Checking deadlocks

R Initialization
As the set of initial states, we choose the single
state where every channel is empty

FERE R Running @—3’

Our computation / processing is asynchronous

@ That is, it is not controlled by a central clock,
but at any moment a send step, a processing
step or a receiving step can be done 1 ( )

I&IE BB Specification
We wonder whether in a particular network, a
deadlock state is reachable

E#B https://faculty.ustc.edu.cn/hu: R FEFS
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1.4 Verification by NuSMV | Example | Checking deadlocks

I (1) Define the state space

@ message: For investigating deadlocks, the contents of the message
does not play a role: it will be ignored

E#B https://faculty.ustc.edu.cn/hu: R FEFS
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1.4 Verification by NuSMV | Example | Checking deadlocks

I (1) Define the state space

@ message: For investigating deadlocks, the contents of the message
does not play a role: it will be ignored

@ node ID: Number the nodes from 1 to n

@ channel: So the contents of a channel is identified by
e the destination node of the corresponding message, or
e 0, if it is empty
@ so, for every channel c declare

@ c:0.n

E#B https://faculty.ustc.edu.cn/hu: R FEFS


https://faculty.ustc.edu.cn/huangwenchao

1. [z H

1.4 Verification by NuSMV | Example | Checking deadlocks

I (1) Define the state space

@ message: For investigating deadlocks, the contents of the message
does not play a role: it will be ignored

@ node ID: Number the nodes from 1 to n

@ channel: So the contents of a channel is identified by
e the destination node of the corresponding message, or
e 0, if it is empty
@ so, for every channel c declare

@ c:0.n

This yields state space {0,1,...,n}*, for k = number of channels

E#B https://faculty.ustc.edu.cn/hu: R FEFS
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1.4 Verification by NuSMV | Example | Checking deadlocks

HEJ&: Determined outgoing channel

For every node n and destination m, it should be determined which

outgoing channel ¢ from n is allowed to be chosen for passing a message
tom
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1.4 Verification by NuSMV | Example | Checking deadlocks

HEJ&: Determined outgoing channel

For every node n and destination m, it should be determined which

outgoing channel ¢ from n is allowed to be chosen for passing a message
tom

SCEE: (2) Define OK(n, m, ¢)

Write OK(n, m, c), if this is allowed

E#B https://faculty.ustc.edu.cn/hu: R FEFS
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1.4 Verification by NuSMV | Example | Checking deadlocks

HEJ&: Determined outgoing channel

For every node n and destination m, it should be determined which
outgoing channel ¢ from n is allowed to be chosen for passing a message
tom

S (2) Define OK(n, m, c)
Write OK(n, m, c), if this is allowed

iFi: Typically, OK(n, m, c) yields true, if and only if c is the first edge of
a shortest path from n to m
@ Then the messages will always follow a shortest path to its destination
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1.4 Verification by NuSMV | Example | Checking deadlocks

I: (3) Define the transitions of states - send

@ send steps: replace the value 0 in an empty outgoing channel c from
n by the value m, if OK(n, m, c)
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1.4 Verification by NuSMV | Example | Checking deadlocks

I: (3) Define the transitions of states - send

@ send steps: replace the value 0 in an empty outgoing channel c from
n by the value m, if OK(n, m, c)

C) 0 C)
replace ¢ O by r‘? Q

c=0 next(c)=m
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1.4 Verification by NuSMV | Example | Checking deadlocks

SCER: (3) Define the transitions of states - receive

@ receive steps: if channel ¢ to node m contains the value m, then it
may be replaced by 0
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1.4 Verification by NuSMV | Example | Checking deadlocks

SCER: (3) Define the transitions of states - receive

@ receive steps: if channel ¢ to node m contains the value m, then it
may be replaced by 0

eptace. O () y O
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1.4 Verification by NuSMV | Example | Checking deadlocks

)

SEH: (3) Define the transitions of states - processing

@ processing steps: if channel ¢ to node n contains the value m, and the
channel ¢’ starting in n is empty and satisfies OK(n, m, c¢’), then the
destination m may be passed to c’

e that is, c gets the value 0 and ¢’ gets the value m

E#B https://faculty.ustc.edu.cn/hu: R FEFS
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1.4 Verification by NuSMV | Example | Checking deadlocks

)

SEH: (3) Define the transitions of states - processing

@ processing steps: if channel ¢ to node n contains the value m, and the
channel ¢’ starting in n is empty and satisfies OK(n, m, c¢’), then the
destination m may be passed to c’

e that is, c gets the value 0 and ¢’ gets the value m

e OO0, OO0

c=m next(c)=0
c'=0 next(c')=m

E#B https://faculty.ustc.edu.cn/hu: R FEFS
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1.4 Verification by NuSMV | Example | Checking deadlocks

SCER: (3) Define the transitions of states - Disjunction

The transition relation is a big disjunction of all possible send, receive and
processing steps

| case ¢ =m & ¢' = 0 : next(c) = 0 & next(c') = m;
TRUE : next(c) = c & next(c') = c';
esac & P

E#B https://faculty.ustc.edu.cn/hu: R FEFS
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1.4 Verification by NuSMV | Example | Checking deadlocks

SCER: (3) Define the transitions of states - Disjunction

The transition relation is a big disjunction of all possible send, receive and
processing steps

| case ¢ =m & ¢' = 0 : next(c) = 0 & next(c') = m;

TRUE : next(c) = c & next(c') = c';
esac & P

where P is the conjunction of next(x)=x for all other channels x
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1.4 Verification by NuSMV | Example | Checking deadlocks

The ultimate NuSMV code consists of

e VAR

e c: 0..n for all channels c
o INIT

e ¢ = 0 for all channels c
@ TRANS

E#8 https://faculty.ustc.edu.cn/hu: R FEFS
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1.4 Verification by NuSMV | Example | Checking deadlocks

The ultimate NuSMV code consists of

e VAR

e c: 0..n for all channels c
o INIT

e ¢ = 0 for all channels c
@ TRANS

o the big disjunction of all possible steps, to be generated by a program
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1.4 Verification by NuSMV | Example | Checking deadlocks

The ultimate NuSMV code consists of

e VAR

e c: 0..n for all channels c
o INIT

e ¢ = 0 for all channels c
@ TRANS

o the big disjunction of all possible steps, to be generated by a program

o CTLSPECEF D
e for D describing deadlock
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1.4 Verification by NuSMV | Example | Checking deadlocks

The ultimate NuSMV code consists of

e VAR

e c: 0..n for all channels c
o INIT

e ¢ = 0 for all channels c
@ TRANS

o the big disjunction of all possible steps, to be generated by a program

e CTLSPECEF D

e for D describing deadlock
e Deadlock D is obtained as !Q in which Q is the disjunction of all
non-TRUE branches in all these case statements
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1.4 Verification by NuSMV | Example | Checking deadlocks

The ultimate NuSMV code consists of

e VAR

e c: 0..n for all channels c
o INIT

e ¢ = 0 for all channels c
@ TRANS

o the big disjunction of all possible steps, to be generated by a program
o CTLSPECEF D
e for D describing deadlock
e Deadlock D is obtained as !Q in which Q is the disjunction of all
non-TRUE branches in all these case statements
e In order to find the path to the deadlock, one should run CTLSPEC
IEF D, then the desired path is obtained from the counter example
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1.4 Verification by NuSMV | Example | Checking deadlocks

[E]@: write OK(n, m, c), if it is allowed to pass the message to the
outgoing channel ¢ from n, when a message has to be sent from n to m

e send steps: if OK(n, m, c), then

:; 0 C )
replace ¢ Q by rg O

@ receive steps:

eptace O () oy O (™)

e processing steps: if OK(n, m, ¢’), then

OO O @0

replace
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1.4 Verification by NuSMV | Example | Checking deadlocks

Let M be the set of main nodes: nodes that are allowed to send messages,
and to which messages can be sent
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1.4 Verification by NuSMV | Example | Checking deadlocks

Let M be the set of main nodes: nodes that are allowed to send messages,
and to which messages can be sent

Choose M = {1,2,3} in
C C1

C4 C2

5 ®
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1.4 Verification by NuSMV | Example | Checking deadlocks

Let M be the set of main nodes: nodes that are allowed to send messages,
and to which messages can be sent

Choose M = {1,2,3} in Then by our approach NuSMV finds a

c1 reachable deadlock by the five steps

C4 C2

5 ®

E#B https://faculty.ustc.edu.cn/hu: R FEFS


https://faculty.ustc.edu.cn/huangwenchao

1. [z H

1.4 Verification by NuSMV | Example | Checking deadlocks

Let M be the set of main nodes: nodes that are allowed to send messages,
and to which messages can be sent

Choose M = {1,2,3} in Then by our approach NuSMV finds a
H reachable deadlock by the five steps

C1
( : ) e send(3,2): C3:=2

C4 C2

5 ®
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1.4 Verification by NuSMV | Example | Checking deadlocks

Let M be the set of main nodes: nodes that are allowed to send messages,
and to which messages can be sent

Choose M = {1,2,3} in Then by our approach NuSMV finds a
H reachable deadlock by the five steps

C1
( : ) e send(3,2): C3:=2

@ process C3: C4:=2; C3:=0
C4 C2

5 ®
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1.4 Verification by NuSMV | Example | Checking deadlocks

Let M be the set of main nodes: nodes that are allowed to send messages,
and to which messages can be sent

Choose M = {1,2,3} in Then by our approach NuSMV finds a
H reachable deadlock by the five steps

C1
( : ) ' e send(3,2): C3:=2
@ process C3: C4:=2; C3:=0

C4 C2
e send(3,1): C3:=1

5 ®
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1.4 Verification by NuSMV | Example | Checking deadlocks

Let M be the set of main nodes: nodes that are allowed to send messages,
and to which messages can be sent

Choose M = {1,2,3} in Then by our approach NuSMV finds a
H reachable deadlock by the five steps

C1
( : ) ' e send(3,2): C3:=2
@ process C3: C4:=2; C3:=0
e send(3,1): C3:=1

, ( : ) e send(1,3): C1:=3
C3

C4 C2
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1.4 Verification by NuSMV | Example | Checking deadlocks

Let M be the set of main nodes: nodes that are allowed to send messages,
and to which messages can be sent

Choose M = {1,2,3} in Then by our approach NuSMV finds a

c1 reachable deadlock by the five steps

send(3,2): C3:=2
C4 C2

process C3: C4:=2; C3:=0
c3 :

°
e send(3,1): C3:=1
°
°

send(1,3): C1:=3
send(2,1): C2:=1
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1.4 Verification by NuSMV | Example | Checking deadlocks

Let M be the set of main nodes: nodes that are allowed to send messages,
and to which messages can be sent

Hence the following Then by our approach NuSMV finds a
deadlock is reached reachable deadlock by the five steps

@ﬁ> send(3,2): C3:=2
process C3: C4:=2; C3:=0

C4:2 C2:1 send(3,1): C3:=1

send(1,3): C1:=3

send(2,1): C2:=1
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1.4 Verification by NuSMV | Example | Checking deadlocks

A more complicated example:
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1.4 Verification by NuSMV | Example | Checking deadlocks

A more complicated example:

@_,@_, When taking M = {1,5,9,13}, no
deadlock is reachable
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1.4 Verification by NuSMV | Example | Checking deadlocks

A more complicated example:

@H@_. %ﬁ) When taking M = {1,5,9,13}, no

deadlock is reachable

@ %6) But when taking M = {2,4,6}, a

deadlock is reachable
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1.4 Verification by NuSMV | Example | Checking deadlocks

A more complicated example:

@H@_. %ﬁ) When taking M = {1,5,9,13}, no

deadlock is reachable

@ %6) But when taking M = {2,4,6}, a

deadlock is reachable

é—@—(? Doing this by hand is not feasible

anymore, just like in many other

examples and formats and as occurs
in practice
(SEREKAEN, mTiE, WE)
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1.4 Verification by NuSMV | Example | Checking deadlocks

Ef: EMX: Deadlock
In a transition system, a state s is a deadlock state, if not state s’ # s
exists such that s — ¢’

Typical desired property to be verified: No deadlock state is reachable
[Efpi: CTLSPEC EF D

@ Deadlock D is obtained as !Q in which Q is the disjunction of all
non-TRUE branches in all these case statements
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1.4 Verification by NuSMV | Example | Checking deadlocks

Ef: EMX: Deadlock
In a transition system, a state s is a deadlock state, if not state s’ # s
exists such that s — ¢’

Typical desired property to be verified: No deadlock state is reachable
[Efpi: CTLSPEC EF D

@ Deadlock D is obtained as !Q in which Q is the disjunction of all
non-TRUE branches in all these case statements

An interesting variant of deadlock: local deadlock:
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1.4 Verification by NuSMV | Example | Checking deadlocks

Ef: EMX: Deadlock
In a transition system, a state s is a deadlock state, if not state s’ # s
exists such that s — ¢’

Typical desired property to be verified: No deadlock state is reachable
[Efpi: CTLSPEC EF D

@ Deadlock D is obtained as !Q in which Q is the disjunction of all
non-TRUE branches in all these case statements

An interesting variant of deadlock: local deadlock:

@ a particular variable will never change in the future
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1.4 Verification by NuSMV | Example | Checking deadlocks

Ef: EMX: Deadlock
In a transition system, a state s is a deadlock state, if not state s’ # s
exists such that s — ¢’

Typical desired property to be verified: No deadlock state is reachable
[Efpi: CTLSPEC EF D

@ Deadlock D is obtained as !Q in which Q is the disjunction of all
non-TRUE branches in all these case statements

An interesting variant of deadlock: local deadlock:
@ a particular variable will never change in the future

o for checking whether a channel ¢ having value x causes such a local
deadlock, we need a nested CTL formula

o CTLSPEC EF(AG c=x)
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245 NuSMV for model checking, which can be used to
@ model and verify a model
@ solve an SAT problem
S5&BREESHX A
@ Do not think about functions, think about states and transitions of

states
@ Do not think about how to solve it, only specify the rules, and let the
tool to solve it
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