Model Checking I
alias
Reactive Systems Verification

Luca Tesei

MSc in Computer Science, University of Camerino

Topics
e Parallelism and Communication
e Synchronous Message Passing

e Examples

Material
Reading:

Chapter 2 of the book, pages 47-53.

More:

The slides in the following pages are taken from the material of the course “Introduction to Model Check-
ing” held by Prof. Dr. Ir. Joost-Pieter Katoen at Aachen University.
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Operators for parallelism and communication ....

e true concurrency: interleaving operator ||| for TS
(no communication, no dependencies)

e communication via shared variables
* description of subsystems by program graphs
* interleaving ||| for program graphs
* TS is obtained by “unfolding”

e synchronous message passing «— data abstract
* operator ||sy, for TS
* interleaving for independent actions
* synchronization over actions in Syn

e channel systems
communication via shared variables + via channels

e synchronous product
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Synchronous message passing pC2.2.17
T = (51, ACtl, —1,.. .), T = (52, ACtz, —9,.. ) TS
Syn C Acty; N Act; set of synchronization actions

composite transition system:
71 ”Synqi = (SIXS27 ACtl U ACt2’ .. -)

for modeling the concurrent execution of 7; and 75
with synchronization over all actions in Syn
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Synchronous message passing pC2.2.17

T = (51,Act1, —1,...), T = (5, Acty, —2,...) TS
Syn C Acty; N Act; set of synchronization actions
composite transition system:
T |lsyn T2 = (51X S2, Acty U Acty, —, . ..)

interleaving for all actions a € Act; \ Syn:

s1 o1 S| 9 $

(s1,92) = (s1,2) (s1,92) = (s1,%)
handshaking (rendezvous) for all a € Syn:
115 N 525

(51, sQ) - (5{7 55)
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Mutual exclusion

by synchronous message passing
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Mutual exclusion

by synchronous message passing using an arbiter
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Mutual exclusion with an arbiter

protocol for process P;

LOOP FOREVER DO
noncritical actions
request
critical section
release
noncritical actions

0D
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Mutual exclusion with an arbiter

protocol for process P; transition system 7;

LOOP FOREVER DO
noncritical actions

request -

critical section @@
release request
noncritical actions

noncrit;

release

0D

93/145



Mutual exclusion with an arbiter

protocol for process P; transition system 7;

LOOP FOR?EZVER DQ noncrit;
noncritical actions
request -
critical section @@ release
release request
noncritical actions
0D
Arbiter:
selects nondeterministically
a synchronization partner request release
Tor D
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Mutual exclusion with an arbiter

(71 ||| 72) llsyn Arbiter where Syn = {request, release}
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Mutual exclusion with an arbiter

(71 ||| 72) llsyn Arbiter where Syn = {request, release}

T N

“pure” handshaking
interleaving for actions
for TS request and release
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Mutual exclusion with an arbiter

(71 ||| 2) ||syn Arbiter where Syn = {request, release}

\
noncrit; noncrity
unlock

AN

E/valtl noncr|t2 noncrit; Waltzj

unlock unlock
/q uest req ue\
Wa|t1 walts
unlock
request

release release

crit; noncrit noncrit; crity
lock lock

release

walty crity
lock

release

Cl’ltl Wa|t2
Ioc
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Mutual exclusion with an arbiter

(71 ||| 2) ||syn Arbiter where Syn = {request, release}

\
noncrit; noncrity
unlock

AN

E/valtl noncr|t2 noncrit; Waltzj

unlock unlock
/q uest req ue\
Wa|t1 walty
unlock
request

release release

crit; noncrit noncrit; crity
lock lock

release
walty crity
lock

nondeterministic choice: who enters the critical section?
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synChronous message passing PC2.2-HANDSHAKING-GENERALIZATION

synchronization operator ||sy, for
three or more processes
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syn(:hronous message passing PC2.2-HANDSHAKING-GENERALIZATION

Ty = (51,Acty,—1,...)
‘1—2 = (52) ACt2) —2,.. )
T = (Ss3,Acts, —3,...) transition systems
7:1 = (54) ACt4) >4, - . )
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Synchronous message passing TR —

T = (51, Acty, —1, .. )
T = (52, Acty, —, .. )
T = (Ss3,Acts,—3,.. g transition systems

7:1 (547 ACt4) —4,

for Syn C Act; U Actr U Actz U Acty U . ..

def
T ”Syn75 ||Syn7§ ||Syn7:1 ”Syn .-

((Tillsn ) l5nT5) llsn Ta) lism -
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Synchronous message passing

T
T
T
T,

(51, ACtl, —1,
(527 ACt2) —2,

)

(547 ACt4) —4,

PC2.2-HANDSHAKING-GENERALIZATION

)
(Ss3,Actz, —3, . . g transition systems

for Syn C Act; U Actr U Actz U Acty U . ..

or any other order of paranthesis

71 "Syn’]a ”Syn’]g ”Syn 7:1 "Syn ‘e

def

((Tillsn ) lsnT) llsm T5) llsm -
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Synchronous message passing TR —

T = (51, Acty, —1, .. )
T = (52, Acty, —, .. )
T = (Ss3,Acts,—3,.. g transition systems

7:1 (547 ACt4) —4,

for Syn C Act; U Actr U Actz U Acty U . ..

def
T ”Syn% ||Syn7§ ||Syn7:1 ”Syn .-

((Tillsn ) l5nT5) llsn Ta) lism -

def
where, e.g., Ti |lsn B = Ti||lnTa

with H = Syn N Act; N Act
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Parallel operator ||

i = (5,Act;,—,...) transition systems s.t.
T = (5,Act),—,...) Act; N Act; N Act = 0)
T3 = (S3,Act3,—3,...) if i,j, k are pairwise
To = (S54,Acts, —a,...) distinct
def
AFAFA AN

(((71 ”Synl,z 75) ||Syn1,2,3 75) ”5}'111,2,3,4 72) te

where  Sym > Act; N Acty
Syn1’2»3 (ACt1 U ACt2) N Acts
Syn1,2,3,4 = (ACt1 U Acty U ACt3) N Acty
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Booking system in supermarket pC2.2-21

Scanner @

scan code

Booking - Program

code pﬁce

Printer

price print

Scanner || BP || Printer
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Scanner '0) Scanner || BP || Printer

scan code

Booking - Program

print
code . price
. rint
Printer @ P
price . print transfer

SCan
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Booking - Program

print
code . price
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Printer Q P
price . print transfer
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Interleaving

Scanner Q

scan code

Booking - Program

code price

Printer

price print

@& =

PC2.2-21A

Scanner || BP || Printer
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Scanner '0) Scanner || BP || Printer

scan code

Booking - Program

Q)
code . price
O
Printer print
Q)
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O
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Booking system in supermarket pe2.2.21

Scanner D) Scanner || BP || Printer

scan code

Booking - Program

Q)
code . price
O
Printer print
Q)
price . print
O
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Interleaving pe2.2.21

Scanner

Scanner || BP || Printer

scan code

C_©

Booking - Program

()
code . price
ol
Printer Q Prin
price . print
@
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Railroad crossing

kignal
"approach"

PC2.2-22

signal
"exit"
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Railroad crossing

road

D gate

kignal signal
"approach" "exit"

modeling by a transition system with 3 processes:

Train || Controller || Gate
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Modeling the behavior of trains

road

D gate

kignal
"approach"

far . near i in far

signal
"exit"
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TS for the trains

road

Iigna - gate
raporoach t..;lm 7/ 7117117

signal
[exit”
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TS for the trains and gate

ignal
"approach"

road

gate

O 4
AT /®// //]]]]]
I ] | 4

signal

b exit"

PC2.2-22

raise

down

Gate

lower
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TS for the trains, controller and gate

road
| 0 L |
igna signa
“approach” [T ,.’-"’””' exit”
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TS for the trains, controller and gate

road

ignal
"approach"

O 4
AT /®// //]]]]]
I ] | 4

signal

[exit”

exit

(0) approach m

(1) raise . lower

lower down

Train Controller

Gate

transition system Train || Controller || Gate
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TS for railroad crossing pe2.2-23

approach

raise . lower

down

reachable fragment
of the transition system

Train || Controller || Gate
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TS for railroad crossing pe2.2-23
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far 0 up
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TS for railroad crossing pe2.2-23

approach

raise . lower

down

(far O up

approach reachable fragment
of the transition system

Train || Controller || Gate
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TS for railroad crossing pe2.2-23
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TS for railroad crossing pe2.2-23

approach

raise . lower

down

far 0 up

approach
race between
Dzl L train and gate
lower enter g

(near 2 down) (iin 1 up)

enter lower
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TS for railroad crossing

PC2.2-23

approach

raise . lower

far 0 up

approach
near 1 up
lower enter

[near 2 down] (in 1 UP) —

enter /ower

gate is open,
while train is
crossing the road
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TS for railroad crossing pe2.2-23

approach

raise . lower

down

far 0 up

approach
interleaving is
near 1 up time-abstract
lower enter

(near 2 down) (iin 1 up)

enter lower
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