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4> XE (Internval) 4
AT

c SKERA EFRFAMTFH
« TSR IR
c BREFFPHEERZEMRZEE
- 5
1. a=0;
2. for(int i=0; i<b; i++)
3. a=a+1;
4. return a;

« 5 a:[0,+0]
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—1

. EAHH

s BR¥BITER: BEFRESITTENKE, &/NTHATS
- BFHRIE: X
la,b] U [c,d] = [min(a, c),max(b,d)]

Eﬁu’ﬁ&
« EXE 1T AR TE
e [a,b] +[c,d] =[a+c, b+d]
* [a,b] —[c,d]=[a—d,b—C]

AllT

FHZRERSFN: LT EERY
© PTREE AL
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X [8] 42 M1 ezt

RFNNRTHEE L TR, BigEE TR
=S BIEF R

. :(a, bl + [c,d] =

1) a+ c > int_max

(a +c¢,min(b + d,int_max)) a+c <int_max

1

C EAHERLE, BETint_maxs A S
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N Widening

s XE T EERZ S A GIATIWE
- BIEEAS
« INEE: BB RERIFEE RIMNRESHEE
- BHEME: BRESHNSE
s BAME: BETHEBREBEN— SR
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EEZNIES

* EXRIFRBMWBERFE TR
* FRIBHARR IS
* ETE R AW o f

° EX%B&E%éBz{_m) 10) 201 501 1001 +OO}
« T X MRETER£Y
w([l,h]) = [maz{i € B|i<Il},min{t € B|h <1}

* U0:

- w([15,75]) = [10,100]
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- SR ZMENARE

ﬂg{—OO, 0;1)7; +OO}

while(input)4b 1] £

AME R IN %
e Sl Bl AN

15

= A\ y = 0, x =7; x
~=  while (input) {
X = 7;

X = X+1;
y = y+1;
}
HARARAL
[x »L,y 1]

s FH 47 2 Jin %6
ISR, (EANKG T




B2 MENZEMN

* MRx S wx), NoWERRILERE

- REMIE
* FIHERERATEHETRER, BEWEOUTHERXK
TEHETREER
* MR Z BRG] PUERRZ DT ER—ERT
FTREER
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18 FH N

HBARMNERNS2ZEMuMNEFTENERBFNHZEZSWEE
s REEERSTEEEINEA:

« OUT, « f,(IN,)

« SIAMEEFV:

« OUT, « OUT, V f,(IN,)

18 N ZE AT ASE I B R A LS, 4

* [a,b]V 1= [a,b]
¢« 1V]c, d] [c,d]

* |a,b]V[c,d] = [m,n] where

18

. X € [a, b] AR TSI
m= {‘; 2
 x<Vb
Lmiii T AR R 2 RIS G 2 o

b e IR AR RN
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18 FH 0 %5 B 451

o A 4L eA Yy=0; x=7; x=
SHEZMENERES . .
A{=00,0,1,7, 400}~ Mle Tnewt
X = X+1;
y = y+1;
}
« while(input)4b i 2h A4k,
[x »L1,y 1] [x »1,y —1]
[x = [8,8],y = [0,0]] [x = [7,00],y = [0,0]] [x >1,y 1]
[x = [8,8],y = [0,1]] [x = [7,00],y » [0,1]] [x = [8,8],y = [0,0]]
[x = [8,8],y = [0,2]] [x = [7,00],y » [0,7]] [x = [8,8],y = [0, 0]]
[x = [8,8],y = [0,3]] [x = [7,00],y & [0, 0]]
aen \% _J:l—,_l[—»:
FAEFIE R i 51 i
. RS 1S B AN ISR WS, 1EAKS 4 B RO )RS Tl



t ij EIIJ LT ’I‘,:'

y ﬁn%y C xVy, WEMAMERNDTERRIER S
+ HfthEer EIRERx ExVy, BREEATTFER

. Eﬁ MmENMEEFzE, WRIHTWE, NoTER
FTHRIHRIF DTSR
. EX@%G(XFXVF(X)
s MR oireEl EARMNAF, Mo N AG
o MIEIERAIHERD, FI(L) © Gi(L)
« | =0/, BRI
o BRI = kBRI, BAFHIRIAM, BBAFF(L) E F(GF(L))
- XEAVHIMER, FAIEF(G(L) =GRV F(GF(L) = GKT1(L)
e Bli =k + 1Rt ER ST
« BERBRWI, FEFAMGEREIAEIR, HAEF(L) EGH(L)
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ie: x ExVygI1ER?

CWNERAx C VYRR, MBS T— M
AJLALE E—8 /N, AIRESEREZAE L
s ZRFF SR TMEFEF
Ty = {%% y =1
y otherwise

. _JT B =3
o) = |

otherwise
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IR

* [1,1]V]1, 2]
* |1,2]V]1, 2]

] 90 T B WAL S|

E)E( 7&’% K27 7 A H & MR E B I8 R N B AY
|

MBEH T A G B E R RIE LR R E Y

[1, 0]

[1,2]

C BET A — R AT RIS BIT?
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[x —1]
[x - [2,2]]

|x ~ [1,1]]

[x 1]

[x = [11]]  [x+=[22]] [x+=[12]]
[x = [1,+eo]] [x = [—o0,2]]
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c X EMR, BIEMEMEE
- BEF, BoiWREHEITZFIMMNEERIEAE
ML I

* ZREMEXRTHABMERRIEZLE
s SMEEHRIE LTS F5x0, X1, ...
s MTFIEEBRKERNIRE, BEEK, 2V = Vi1
* Yo = Xo
* Vir1 = YiVXp
- BB RN, B RALIEEX X,
ERANBTIREZ, ERRASIEMIERREE
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=0; x =7; x = x+1;

while (input) {
: [x 1]

X = 7; el

X = X+1;

y - y+]—!

b oAl [x 1]

} [x|—>[11 [XH[Z,Z]]

0,1]] [x 1]
0,7]] x> [11]]  [xw[22]]  [x+~[1,2]]
0

[x = [1, +00]] [xx > [—00,2]]

26



QAT ERFUN B8 5 SR B 15"

 XNFEE, IUREBRRAODRRNNMNER T
« (BIR7IX TR & EL iR R K
s @B, BIFALOR{IARGEF-AE N5

y=0; x =7; x = x+1;
while (input) {

\

X = 8;
X = X+1;
y = y+1;

K INSE, xFAE AT BE A Dy B I A [F] IR %6 31+ 0o B — oo
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=Narrowing

s BN AR R REXI MNEEAER TS
1rC
y=0; x=7; x = x+1; [x - [7, 0],y - [0,0]]
while (input) { [x - [7,0],y & [0,0]]
X =7 [x — [7,7],y = [0, o0]]
X = xX+1; [x — [7,00],y » [0, 00]]
y = y+1; [x = [7,00],y = [1,00]]

}
N o A2 S 4

28
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N

UR==D N

[

I_
| 11

y=0; x=7; x = x+1;

while (input) {

X = 7;

X = X+1;

y = y+1;
}

&

N 1

29
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[x — [8,8],y ~ [0,0]]
[x = [7,00],y = [0, 0]]
[x — [7,7],y = [0, o0]]
[x ~ [8,8],y = [0, 0]]
[x — [7,00],y » [1,0]]
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=Narrowing

N

UR==D N

[

I_
| 11

y=0; x=7; x = x+1;

while (input) {

X = 7;

X = X+1;

y = y+1;
}

JW; FH 9 3 F
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=Narrowing

o SEES R R SR A 4 R R N B B 2 R AT
1

y =0; X =7; x = x+1; [x ~ [8,8],y ~ [0,0]]

while (input) { [x - [8,8],y = [0, 0]]
X = 7; [x = [7,7],y = [0, ]]
X = x+1; [x - [8,8],y ~ [0, ]]
y = y+1; [x ~ [8,8],y = [1,00]]

}

&

I =3
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20138ACM SIGPLAN ERiE=RAIZ

SIGPLAN

To explore programming language concepts and tools focusing on design, implementation and
efficient use.

HEPOIT Froplem  WONTact Us

Home Awards Conferences Resources Membership SIGPLAN Research Highlights Student Information Publications Announcemen

Programming Languages Achievement Award

Given by ACM SIGPLAN to recognize an individual or individuals who has made a significant and lasting contribution to the field of programming languages. The
contribution can be a single event or a life-time of achievement. The award includes a prize of $5,000. The award is presented at SIGPLAN's PLDI conference the following
June.

Nominations
= Details of the nomination and award process (pdf).

= Please use http://awards.sigplan.org/ to submit nominations.

Recipients of the Achievement Award
2013: Patrick and Radhia Cousot

Patrick and Radhia Cousot are the co-inventors of abstract interpretation, a unifying theory of sound abstraction and approximation of structures involved in various
domains of computer science, such as formal semantics, specification, proof, and verification. In particular, abstract interpretation has had a major impact on the
development of the static analysis of software. In their original work, the Cousots showed how to relate a static analysis to a language’s standard semantics by means of a
second, abstract semantics that makes precise which features of the full language are being modeled and which are being discarded (or abstracted), providing for the first
time both a formal definition of and clear methodology for designing and proving the correctness of static analyses. Subsequently, the Cousots contributed many of the
building blocks of abstract interpretation in use today, including chaotic iteration, widening, narrowing, combinations of abstractions, and a number of widely used
abstract domains. This work has developed a remarkable set of intellectual tools and has found its way into practice in the form of widely used libraries and frameworks.
Finally, the Cousots and their collaborators have contributed to demonstrating the utility of static analysis to society. They led the development of the AstrEe static
analyzer, which is used in the medical, automotive, and aerospace industry for verifying the absence of a large class of common programming errors in low-level embedded
systems code. This achievement stands as one of the most substantial successes of program verification to date.



IEEE JOHN VON NEUMANN MEDAL

RECIPIENTS
2018 PATRICK COUSOT “For introducing abstract interpretation, a
Professor, New York University, powerful framework for automatically
New York, New York, USA calculating program properties with broad

3¢ application to verification and optimization.”
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« LR By R ERE A EKE
« y(IE) ={FrE M IEE)
*y(L) =0
s BNA A ERAMREREGRRES

s MR R B B R ERS Al RE
s a({FTERIEED)=1E
- a({1,2}) = 1E
* a({—1,0}) = Fx

- BRIEMRE L FERF R
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Galois Connection

o FANFRY Mt 5 T 5 15 B AN B k33D ~ B i — 1
ﬁ]ﬂ%ﬁ 3%, 1IcH

(D,<) s, (& )

- JHNH

VXED H e EalX)EH o X cy(H)
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* (D,9) s, (B O)LEBENXNUUTHRE AL

c a2 B VX, YED:XCY = alX) E a(Y)

EI,Z,E}E: =

HE 7 = y(F

*yEIFR: VE
y(2)

H) C

cy o afRiFEIE KA VX eD:X S y(a(X))

* oo yIRIFE /N N . VH

€ & a(y(EEI)) C
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« =
- VX €D:X Cy(a(X))
+ Ha(X) C aX)FMBREEEXTEBX  y(aX))
VR e @ a(y(R)) = H
« Hy () cy(A)FMBREEEX AJEa(y(F)) c H
cVX,YED:XCY = alX) C a(Y)
e Xcv cy(a)) = aX) c a(Y)
VEH,Ze@ B Z=>y(H) cy(2)
- aly(B))ERCE Z=y(B) cy(2)
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 a(X) E H
c=>y(aX) cy(F)  [ymziAH]
+ =X S y(F) [ X cy(alD))]
* X Cy(H)

csaca(y(B)  lafizigk)
‘> a(X) C F [a(y(F)) = F]
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* BFHNPUTERER S MO T E RN S FiER
« BRE: PUTHETERE+RETERERR
- HERI: SMER+OMER EMEBEFXE
c o FERENNIFERIMER, EXAH
* a(X) =Uyex B(x)
* Y(A) ={x | B(x) E H}

21 NRESE 70 B s
* AZIE ERTTRERINZD FLiER: RE SCHA 5}
caX)ER=>Xcy(F): HYEXEEARS
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{1-{x=1} 2> {x=1}}

&

(1,x = 1)
(1,x=2)
(L, x =5)

(L,x=1),(2,x=1)
- {(Lx =2),(2,x = 2)},...

n, .
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(1,x=2),2,x=2),(5x=3),(6,x=3)

(1,x=1),2,x=1),(5x=2),(6,x=2)
{(1,x =5),(3,x=5),(4,x =6),(5,x =15),(6,x = 15)

}

ARGBIT
S



1R E X (Trace Semantics)

/\

RE, RIEF A A SRS RRE A

'ﬂ%XEhf’
TR ES

SRR FPHI M (R PRFH S48 SO
EEL TN > Al
A Ul

A

| R PROME S (R P LI SO
ks TURPIEES RO

}

8 Bl R RARTE SO — 2 R Eah R



5 B B B IE X

s BRIEFNEHIR T RV N B R
« K (RERD) HEHEREL:

e trans,:M — 2M

« IEHIE B R
« next,: M — 254cc®)

* HRAMARBERERSHES

T
=)

* I ERBHIROERERE, NNAHENNIT,
ttﬁﬂﬁ KLM*&

* BRIz éj\ffﬁﬁ’h% FEREHITIERF, EFH
R AT B2 R



ﬁ

17 B Y B IE X

XINTEZHITERE
e Step(T) = {t + (v',m") |
teT
V' € nextigse(t)noge (last(t). mem),

m' € trans(last(t).mem)} U T
BB FFMK—2

* BA—PEFHIEIEXHEStep”, EXNH
e Step™(T) = lim Step™(T)
n—>00

(o

T
=)

S

F*}

51



51 7 B B T R 7E X

* 23 ZREXIRIFEREN
- F(OUT,,, OUT,,, ...,OUT,, ) =
(fvl (l—IWEpred(vl) OUTW)'

fvz (UWEpred(VZ) OUTW)'
an(UWEpI‘ed(Vn) OUTW))
* BEER TSR AFC )

T
=)

s WA EZIFRH TR FEStepN L HZE

52



l

FROESHRE RO 2 24

* WRAERT Rv LRV IR HR R 2,

5
e t € Step(y(H)) Alast(t).node = v

=t € 7(f,(F))
« IBAF ZStep LR EIHZE, B
- Step(y()) < y(F(F))

b
=
-

* WA AZRMERRSIL, ZRIAF. 93 5%
JERITRR

FELECLE N e s e

o Hpf




IINGS -

BT R 44T

« BFHIERIE X :
s RENAEMAEFRESHITRNEGIEFNEILES
« BFHHRIEX

* FIXS(EI R THH SR I
c RIFARESHITERE, EEAERITRENZEMR
* IR B ST RIS

- BEETRAM+FREEARR

54



Ak

'5(_,[-_ N [B %EJ ?ZﬂyéjZﬂ]EadﬁF/\S'ZE’]ﬂtFﬁDJ:
o IR IR AR ?ﬁTEE?RE ]S RIR R
Juﬁ—7rl_f‘.r>< 8] 5347, d—ln/jin_E'JOUTTEE
H4? MWERMLETE, XTF“ FIOUTH=ZITA"?

1. x=1;

2. while (x < 100) {

3. x++;}

4. skip;
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* Lecture Notes on Static Analysis
e https://cs.au.dk/~amoeller/spa/

* A Gentle Introduction to Abstract Interpretation

 Patrick Cousot
e TASE 2015 Keynote speech

s MRBRELEEFOOITHIIRN,

* BRAZBT
 SWU-RISE Computer Science Tutorial

e <Introduction to Static Analysis» Rival and Yi
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