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Static
program
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P
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 an
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P
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p
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D
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Indecidability
ofstatic

program
verification

G
iven

an
input

program
,
a
specification

and
finite

com
puting

re-
sources,

any
static

program
verifier

w
illeither:

›
answ

er
positively,or

›
answ

er
negatively,or

›
answ

er
“Idon’t

know
”

1,
or

›
never

term
inate,or

›
run

out
of

m
em

ory,or

›
ask

for
interactive

user
help.

1
w
hich

m
ay

be
a
true

or
a
false

alarm
.
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Coping
w
ith

finite
com

puting
resources

›
Static

program
verifiersm

ustavoid
very

long
com

putations/non-
term

ination
and

lim
it
m
em

ory
consum

ption:
--
D
eductive

m
ethods:

ask
the

user
to

help
the

theorem
prover

(e.g.
by

providing
inductive

invariants
or

assitance
in

proving
theorem

s);
--
M
odel

checking:
ask

the
user

to
provide

a
(sm

all)
finitary

m
odelof

the
sem

antics
of

the
program

;
--
A
bstract

interpretation:
the

analyzer
uses

an
approxim

ate
se-

m
antics

of
the

program
.
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U
ser

interaction
versus

abstraction
(1)

›
U
ser

interaction
(deductive

m
ethods,

m
odel

checking)
w
ill

al-
w
ays

succeed
positively

or
negatively

for
a
given

program
by

providing
an

appropriate
proof/m

odel,but:
--
T
he

hum
an

cost
for

designing
the

proof/m
odelis

prohibitive
and

m
uch

larger
than

the
effort

for
designing

the
program

,
--
T
he

proof/m
odel

is
usually

not
reusable

for
different

pro-
gram

s,
--
A
dditional

m
aintenance

cost
(for

m
aintaining

both
the

pro-
gram

and
proof/m

odel);
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U
ser

interaction
versus

abstraction
(2)

›
A
bstraction

(abstract
interpretation),

m
ay

partially
fail

for
a

program
by

not
providing

definite
answ

ers
to

allquestions,but:
--
Entirely

autom
atic

w
ithout

any
user

interaction
2,

--
R
eusable

for
allprogram

s
of

a
given

program
m
ing

language,
--
N
o

additional
m
aintenance

cost
(since

the
static

program
analysis

is
autom

atic);

2
B
ut

m
aybe

to
provide

the
required

specification.
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A
n
Inform

alIntroduction
to

A
bstract

Interpretation
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A
bstract

Interpretation

›
T
hinking

tool:
the

idea
of

abstraction
is
central

to
reasoning

(in
particular

on
com

puter
system

s);

›
A
fram

ew
ork

for
designing

m
echanicaltools:

the
idea

ofeffec-
tive

approxim
ation

leads
to

autom
atic

sem
antics-based

form
al

system
s/program

m
anipulation

tools.

...A
n
exam

ple
...
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A
n
[in]finite

set
ofpoints:

x

y

f:::;h19;
77i;:::;

h20;
02i;:::g
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A
bstraction

from
above:

x

y

?

?

?
? ?

?

?
?

?

?

f:::;h19;
77i;:::;

h20;
02i;h?;

?i;:::g
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Effective
abstraction

from
above:

Signs
3

x

y
8>>>>>><>>>>>>: x
–

0
y
–

0

3
P.

C
ousot

&
R
.
C
ousot.

System
atic

design
of

program
analysis

fram
ew

orks.
A
C
M

P
O
P
L’79,

pp.
269–282,

1979.
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Effective
abstraction

from
above:

Intervals
4

x

y
8>>>>>><>>>>>>: x
2
[19;

77]
y
2
[20;

02]

4
P.

C
ousot

&
R
.
C
ousot.

Static
determ

ination
of

dynam
ic

properties
of

program
s.

P
roc.

2
n

d
Int.

Sym
p.

on
P
rogram

m
ing,

D
unod,

1976.
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Effective
abstraction

from
above:

O
ctagons

5

x

y

8>>>>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>>>>: 1
»
x
»

9
x
+
y
»

77
1
»
y
»

9
x
`
y
»

99

5
A
.
M
iné.

A
N
ew

N
um

erical
A
bstract

D
om

ain
B
ased

on
D
ifference-B

ound
M
atrices.

PA
D
O
’2001.

LN
C
S
2053,

pp.
155–172.

Springer
2001.
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Effective
abstraction

from
above:

Polyhedra
6

x

y
8>>>>>><>>>>>>: 19x

+
77y
»

2002
20x

+
02y
–

0

6
P
.
C
ousot

&
N
.
H
albw

achs.
A
utom

atic
discovery

of
linear

restraints
am

ong
variables

of
a
program

.
A
C
M

P
O
P
L,

1978,
pp.

84–97.
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Effective
abstraction

from
above:

Sim
ple

congruences
7

x

y
8>>>>>><>>>>>>: x

=
19

m
od

77
y
=

20
m
od

99

7
P
h.

G
ranger.

Static
A
nalysis

of
A
rithm

eticalC
ongruences.

Int.
J.

C
om

put.
M
ath.

30,
1989,

pp.
165–190.
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Effective
abstraction

from
above:

Linear
congruences

8

x

y
8>>>>>><>>>>>>: 1x

+
9y

=
7
m
od

8
2x
`
1y

=
9
m
od

9

8
P
h.

G
ranger.

Static
A
nalysis

of
Linear

C
ongruence

E
qualities

am
ong

V
ariables

of
a
P
rogram

.
T
A
P
SO

FT
’91,

pp.
169–192.

LN
C
S
493,

Springer,
1991.
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Effective
abstraction

from
above:

Trapezoidalcongru-
ences

9

x

y

8>><>>:

1x
+
9y
2
[0;77]m

od
10

2x
`
1y
2
[0;99]m

od
11

9
F.

M
asdupuy.

A
rray

O
perations

A
bstraction

U
sing

Sem
antic

A
nalysis

of
T
rapezoid

C
ongruences.

A
C
M

IC
S
’92.
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Conservative
A
pproxim

ation

›
Is
the

operation
1/(x+1-y)

w
elldefined

at
run-tim

e?

›
C
oncrete

sem
antics:

yes

x

y


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Conservative
A
pproxim

ation

›
Is
the

operation
1/(x+1-y)

w
elldefined

at
run-tim

e?

›
Testing

:
You

never
know

!

x

y



?
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Conservative
A
pproxim

ation

›
Is
the

operation
1/(x+1-y)

w
elldefined

at
run-tim

e?

›
A
bstract

sem
antics

1:
Idon’t

know

x

y


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Conservative
A
pproxim

ation

›
Is
the

operation
1/(x+1-y)

w
elldefined

at
run-tim

e?

›
A
bstract

sem
antics

2:
yes

x

y


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Achievem
ents

ofD
A
ED

A
LU

S
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Academ
ic

visibility

›
T
he

academ
ic

visibility
of

the
D
A
ED

A
LU

S
project

w
as

w
orld-

w
ide;

›
E.g.:

Internationalsym
posium

on
static

analysis
SA

S’2002,86
papers

subm
itted

w
orldw

ide,
32

accepted,
12

papers
(co-)au-

thored
by

m
em

bers
of

D
A
ED

A
LU

S
team

s.
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Industrialproductivity

›
A
n
uncom

m
on

num
berofhigh-quality

softw
are

tools
have

been
im

proved
or

new
ly

designed;

›
A
n
unforeseen

num
ber

of
these

tools
w
illhave

direct
industrial

applications
in

the
short

or
m
edium

term
;

›
T
hanks

to
the

exceptionalinvolvem
ent

of
the

end-user
and

its
high-quality

assessm
ent.
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A
synthetic

sum
m
ary

ofD
A
ED

A
LU

S
achievem

ents

›
Tools

(to
be

presented
in

this
sem

inar);

›
P
rototypes

(prefigurating
future

tools);

›
B
asic

research
(theoretical

results
paving

the
w
ay

for
future

practice).

See
the

Synthetic
sum

m
ary

of
D
A
ED

A
LU

S
achievem

ents
on

the
D
A
ED

A
LU

S
w
eb

site.
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http://www.di.ens.fr/~cousot/projects/DAEDALUS/synthetic_summary/index.shtml#tools
http://www.di.ens.fr/~cousot/projects/DAEDALUS/synthetic_summary/index.shtml#prototypes
http://www.di.ens.fr/~cousot/projects/DAEDALUS/synthetic_summary/index.shtml#research
http://www.di.ens.fr/~cousot/projects/DAEDALUS/synthetic_summary/index.shtml
http://www.di.ens.fr/~cousot/projects/DAEDALUS/index.shtml


European
lead

in
A
bstract

Interpretation

›
A
n
expression

ofinterest
on

a
netw

ork
ofexcellence

on
abstract

interpretation
(A

IN
oE)

has
been

subm
itted

to
FP

6.
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http://www.di.ens.fr/~cousot/projects/AINoE/AINoE/AINoE.html
http://www.di.ens.fr/~cousot/projects/AINoE/AINoE/AINoE.html
http://www.di.ens.fr/~cousot/projects/AINoE/AINoE/AINoE.html
http://www.di.ens.fr/~cousot/projects/AINoE/AINoE/AINoE.html
http://www.di.ens.fr/~cousot/projects/AINoE/AINoE/AINoE.html
http://www.di.ens.fr/~cousot/projects/AINoE/AINoE/AINoE.html
http://eoi.cordis.lu/dsp_details.cfm?ID=35621
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Conclusions
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Short-term
applicability

›
Som

e
applicationsofabstractinterpretation

to
softw

are
analysis

are
m
ature

for
short-term

direct
industrialapplication;
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