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(20 Different techniques for System Verification

= Abstract Interpretation:
I L t 1 process

PR

.

Model Checking: N processes

Vo, Qo)
\\\
N
« P
K\,,,,,ﬁ; - //
D(p)

Simulation: N processes
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list

Filler

SystemC Example: Tank

+1

hi

level

Drainer

Controller

3 processes:
Filler, Drainer, Controller

on
off

0/-5
faucet

4 shared variables:
level, hi, lo, faucet

Interesting variable : /evel
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eSS What is happening?

list Eventually, Periodic Behavior

level

900

600

Goal: Eventually, level (= d) € [600 ; 900]
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Sy Our Approach for Verification
list

« Abstract Interpretation for N processes »

« Scenario: Abstract Interpretation and

Model Checking cooperating »

« Scenario: the Engineering point of view »
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Sy Abstract Interpretation of N processes

Llist Processes:
translated into LTS of waiting points

faucet
if D1/F1: Drainer/Filler waits faucet
faucet = 0 D2/F2: Drainet/Filler waits clock
clock
level change
System States: config name | level
F1 D1 init min? .. max?
variable values for each F2 D1 fill min? .. max?
waiting points tuple F1 D2 no filler | min? .. max?
F2 D2 drain min? .. max”?
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Sy Abstract Interpretation of N processes

list Filler

Drainer
> faucet faucet
- ) —
faucet =0 faucet =0 level
@ clock @ clock .
level change level change
config name level
F1 D1 init ?
F2 D1 fill ?
F1 D2 no filler ?
F2 D2 drain ?
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Sy Abstract Interpretation of N processes

list Filler Drainer
@ faucet @ faucet
if if
faucet =0 faucet =0
@ clock @ clock
level change level change
config name level k1 D1
F1 D1 init 0.0 &
F2 D1 fill
F1 D2 no filler
F2 D2 drain
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Sy Abstract Interpretation of N processes

list Filler Drainer
@ faucet @ faucet
if if
faucet =0 faucet =0
@ clock @ clock
level change level change
config name level F2 D1
F1 D1 init 0..0
F2 D1 fill
F1 D2 no filler
F2 D2 drain
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Sy Abstract Interpretation of N processes

+1

a»
n level
D

list Filler Drainer
@ faucet @ faucet
if if
faucet =0 faucet =0
@ clock @ clock
level change level change
config name level F2 D1
F1 D1 init 0..0
F2 D1 fill 0..902 <
F1 D2 no filler ?
F2 D2 drain ?
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Sy Abstract Interpretation of N processes

list Filler Drainer

@ faucet _ @ faucet -

if if
faucet =0 faucet =0 . level
@ clock @ clock .

\/ \/
level change level change
config name level F2 D2 901 .. 902
F1 D1 init 0..0
F2 D1 fill 0..902
F1 D2 no filler ?
F2 D2 drain ?
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e«

list Filler

@ faucet

if

Drainer

@ faucet

if

Abstract Interpretation of N processes

+1

a»
u level
.

faucet =0 faucet =0
@ clock @ clock

level change level change
config name level F2 D2
F1 D1 init 0..0
F2 D1 fill 0..902
F1 D2 no filler ?
F2 D2 drain 593..902 4
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Sy Abstract Interpretation of N processes

list Filler Drainer
faucet faucet
if if -
faucet =0 faucet =0 level
@ clock @ clock .
level change level change
config name level F2 D1 593 .. 599
F1 D1 init 0..0
F2 D1 fill 0..902
F1 D2 no filler ?
F2 D2 drain 593 .. 902
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Abstract Interpretation of N processes

+1

=

593 .. 599

list Filler Drainer
@ faucet faucet
if if
faucet =0 faucet =0
@ clock @ clock
level change level change
config name level F2 D1
F1 D1 init 0..0
F2 D1 fill 0..902 =
F1 D2 no filler ?
F2 D2 drain 593 .. 902
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Sy Abstract Interpretation of N processes

list Filler Drainer
@ faucet @ faucet
if if
faucet =0 faucet =0
@ clock @ clock
level change level change
config name level
F1 D1 init 0..0 F ..
F2 D1 fill 0.. 902 IXpoint!
F1 D2 no filler ?
F2 D2 drain 593 .. 902
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eSd Abstract Interpretation: Results
Ii’t level

902

2 phases
Fill: levele 0 ..902
Drain: level € 593 .. 902

593

Alternating Behavior v

Eventually, level (= 8) € [600 ; 900] %
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eSS What is really happening

@ level
list
902
593
t
3 phases: FiII0 level (x 6) e 0..600 ~
|
Fill level (+ &) € 600 .. 900 ~
v

Drain level (= 6) € 600 .. 900 \
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eSS Scenarios

list (Meta-Processes as Observer Automata)
Scenario
: System w/o Scenario
wait lo;
loop { config name level
wait hi; F2 D1 fill 0..902
} wait lo; F2 D2 drain 593 .. 902

Synchronized Product (for free)

config name level
S1 F2 Dt fillo 0..602
@_@ S2 F2 Df fil 593 .. 902
hi lo S3 F2 D2 drain 593 .. 902
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Scenario: Engineering point of view

S

E H .
Scenario = (a set of) System traces /\/\/v Observation:
wailt E

Imperative Programming Language

Sequence:
S1;S2

S1

Sz

S1

S>

>

Loop: \ Sj

Loop S >
Assignment: H%
X 1= exp
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eSS Scenario: Engineering point of view

list

S

E H .
Scenario = (a set of) System traces /\/\/v Observation:
wailt E

Behavior Specification

. H%
Assertion:
assert t <3K/7?f*x

Cut: M
4>
assume t

S1
Union: >>$
S1]S:2 S,

Non-determinism: H%
X := random()
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Sy More specification

list
Eventually, level (= 8) e [600 ; 900] v’ Monotony
wait(lo); while ('lo) {
loop { int mark = level;
wait clock; wait clock;
assert 590 <level < 910; assert mark < level;
} }
The Specification? Computed Properties
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¢S Conclusion
list

«Abstract Interpretation and

Model Checking cooperating »

« Methodology and Formalism for

Software Engineering »
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