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SIGPLAN

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

HEPOIT Froplem  LOontact 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

: application to verification and optimization.”



RIGRE

- ERBRMREAMEEEERN KRR




ES

* ARy R RERF IREENES
* y(iE) —{ﬁﬁﬁ Y IE2}
*v(T) =

. TEE?M%ETQ o BB E SRS AHERE
* a({FTERIEH)=1E
- a({1,2}) = 1k
* a({—1,0}) = &

s RIRHRIE EFERFRRE

- BEREL, XBERREMESS LNRFRANTE
XR. BHMEBEEL S FEMRNFXR, LNBE.




0B L B

Galois Connection

« ¥ WFDWI"JEJZTEE%WEﬁEJZISW’E EHEE
DZIEHEI’J MITZEER, 12/

/l[ﬂ

(D,<) s, (& )

- JHNH

vVXeD HefaX)CH o X cy(R)




l:‘:li_

pa

* (D,9) s, (B O)LEBENXNUUTHRE AL

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

H, 2 EE: F

c v2ERIAR: VA
y(2)

HE 7 = y(F

H) C

*y o a N TEHIZARIA: VXED:X S y(a(X))

* Qo yREE R/ NAN VH

€ & a(y(EEI)) C




i

« =
- VX €D: X Cy(a(X))
+ Ha(X) C aX)FMBREEEXTEBX  y(aX))
VR e @ a(y(R)) = H
» Hy(AR) c y(A)FMBREEEXAJEa(y(F)) C H
cVX,YED:XCY = alX) C a(Y)
e Xcv cy(a)) = aX) c a(Y)
VEH,Ze@ A Z=>y(H) cy(2)
caly(B))ERCE Z=y(B) cy(2)

10



i

. &
 a(X) E H
c=>y(aX) cy(F)  [ymziAH]
+ =X S y(F) [ X cy(alD))]
* X Cy(F)

c 5 a0 Ca(y(F)  latpiBit]
e > a(X) C H [a(y(F)) & H]

11



oK EUIH R

12

y Zé\EﬁJu%FLL_EE(D ) s, (& 5)

28 ED LRI R ELf AR L HY R 2P

- P [ NZEMR IAHENS

* aofoy(H)EGF(H)

- P f MRERR RN

caofoy=gp

- P S ERmMR, S ENE

c foy=yocy

s RIEMRESEFE, EFHHRT—EFE




7 EIEX

5% ZIEEFHNBE L
1B ZEEFEEANm A BN XR
« Z KIBEXRZ:

- BIEIEX . HWRIBEGN YH RBERSHERIRE

* FEMIEX: HEIEBEARF AMFEHBAEX TR
HAREETSINIE S WErERPHEIEF X5

s RNIEEN: HIRIEAPITRIRTE ERH N FHEA
S BRI

13



FE: FEFRIEX

RFARE: WA BB

~

a=b+1 f(x) =x[a~ x[b] + 1]
S15 52 f2efi
if (c) then s else s, | A, XkFc
f&) = {le(x), X F —c

while (c) s4 flx) = {f ofi(x), x ¢

X, X b =c

14



PIRR DT R EME-ED

* ZEIEMIEX
* RIRIH RN B ACRSH Tl

* CEFIRSEESHNEEND, REMNMRINE, —
B —TMNE &R
* WTERIEAS:, LAANZEANREIEX, HER
ZEMR
* BIMRIRS BRT BERSES, BIf(X) =
(i) 1 x € XA fi)BEX}
* RPERIERSEE LR 2B

15



PR TR

« ZRIFE(ERT
. XﬂI%JmL ] FEEE R v, MMentryE|v, T B R _I

fvl (Ientry)

* R

s TEFR(NILIE “PTARRES

16

REVEFF

JEHER 2T “PTERREERNEFH

EAP, /WEDATAV — uv1v2v3 ’UlEP fvl fvl 1 "o

R REH

~7)

TRE

RUONAT R B, B #ocii e o & IF A DU [ BE g



B 1278 X IR B R £X

FORSTERNES, §IE

EFHh)s BRAZVE AL R £ip (s)
JR T 18R] S; {5 AR RRIE S f;)
S1; 83 p(s1) X p(sy) GFRITGE FHo HAE)
if (c) then s, else s, p(s1) Up(s,)
while (c) s; {ID} U p(s1) Up(sy) X p(sy) U

p(sy) X p(sy) X p(sy), ... CERES)

* LML AR AN TS E

o BEIRTS(X, y)iﬁﬂ/zr%_P, MR =y, NWHIf €
p(P) flx) =

17



R RRN T

S[I: P oPiEf2 o LNE 2R

. IEHH
aofioy(R) E <P () [ L2 4]
* = fioy(H) Syo<p () [ P EEEEX]
s Sacfhoffoy(FR)Eaocfoyocs ()
[ E2IE %]
* D ao(fzofi)oy(F) Egpyoch ()
[, Z=x%]

- EIE: %n 00 %2 © %1%]% 00 fyo f1E|/‘]§f_%?LrEE?Ko

18



%ﬁﬂﬁ

FERTEESHNZEM

« BEREFS, HEFEX S, ©X
* P =Ug omof,ep(s) TPn © 0 21 (FF)

EfMZEMWR

y iEHH
* QEGEFER, WERd €y(F), —EFHE o fi €p(S)
ﬁ Sfy oo fild) = f(d)
* HAP o 0%’17\Efn ~o fINE MR, WA
‘ a°fn°"'°f1°V(EFl) C Py 0 -+ 0 5P (F)
C &P oo 2y (F) U P(H)
=¢P(H)
* Wfyo-ofio V(Eﬁ) CyoSP(H)
* Hibf(d) = foo-ofi(d) €y o P(F)
* AAAEERER IE FriAfga e foy(H) E 22(H)

19



= DL SR I

IRITTHRBREN REENEMIEAIR TR IR
 tEan AUNLEZE IR TR EHR

s BETRNE-EENMRE, TEHNNETE

20



REAMER

ERENE ERIEAE RS REHH. HEH
GEEBe

- RESH/FSHIH LGN TEHITHE,
FEETEZ ANER.
CXEFEET B HXROMERAIELRME.

* ZEBRBZERARNBRMAKXRMER



\\\

BB R 7 H A x Ay i 22

Y

X [A) 3 BRI B — T IN_E42%45 52 2K I i L T

22



BB R 7 H A x Ay i 22

Y

In_E42545 5 W2 K R\ IL T

23

\\\

x FRa: x < ay
X N Ha,: x = a,
yHI EFraz: y < az
v N fra,: y=ay

X+y ']

- tas: x+y <as

X+y ']
x-y

N ftag: x+y = ag
- Har: x—y<a,

x-y

N Jtag: x —y > ag



RZE

24

\ |




XNZNTEHTHER

* MEER P EZEILR/ A
) EEDivl + 1% <a, H HHv,, vzjijEr—_J:E/]'f:E/u\
=z
* A FHFERRR
_____

-X - 0
+y 10 5 20
-y -2 5 - -10

2N AR RER . B 22 A8 B B KRR -

25



N N\ Jam

/ \leJ 3 B EII‘J 'l«_l-;%r—
* Xx=x+1

D A S WA U A P b e Ay R ==K (]
*Z=XxUYy

* W {ER ?E*Ev, <z, v>i/ B2 A B F<x, v>F<y,v>

K5/ N\

cZ=xNYy

. XT?E LBV, <z v>i/\ILF A EFE<x v>F<y,v>

NI HI RN GO

s B ERESERIBIL:
* Miné A. The octagon abstract domain|[J]. Higher-Order
and Symbolic Computation, 2006, 19(1):31-100.

26



27

ATEED

while(x<10)
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while(x<10)

assert(x<10)

assert(x>=10)




x:[0,10]
y:[—O0,0]

29

x:[0,0]
y:[0,0]

while(x<10) assert(x<10)

x:[0,9]

assert(x>=10)

x:[10,10] x:[10,10]
y: [-OOIO] y: [-OOIO]



x:[0,10]

y:[-10,0]
x+y:[0, O]
x-y:[0, 20]

x:[10,10]

y:[-10,-10]

x+y:[0, 0]
30 x-y:[0, 20]

x:[0,0]
y:[0,0]
x+y:[0, O]
x-y:[0, 0]

while(x<10) assert(x<10)

x:[0,9]
y:[-9,0]
x+y:[0, 0]
x-y:[0, 18]

assert(x>=10)

x:[10,10]
y:[-10,-10]
x+y:[0, 0]
x-y:[0, 20]

x:[1,10]
y:[-10,-1]
x+y:[0, 0]
x-y: [2, 20]
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http://pop-art.inrialpes.fr/interproc/interprocweb.cgi

80O Interproc Analyzer

4 » + |63 http://pop-artinrialpes.fr/finterproc/interprocweb.cgi & Q- Google

The Interproc Analyzer r

This is a web interface to the Interproc analyzer connected to the APRON Abstract Domain Library and the Fixpoint
Solver Library, whose goal is to demonstrate the features of the APRON library and, to a less extent, of the Analyzer
fixpoint engine, in the static analysis field.

There are two compiled versions: interprocweb, in which all the abstract domains use underlying multiprecision
integer/rational numbers, and interprocwebf, in which box and octagon domains use underlying floating-point numbers
in safe way.

This is the Interproc version

Arguments

Please type a program, upload a file from your hard-drive, or choose one the provided examples:

ATEEARRON o

[ Mac Carthy 91 I-H

/* type your program here | *}
Choose an Abstract Domain:

box
box with policy iteration
octagon

+« convex polyhedra (polka)
convex polyhedra (PPL)
strict convex polyhedra (polka)
strict convex polyhedra (PPL)

.
o
.
.
.
o
.
o
.
.
.
.
.
.
o
.
.
.
.
.
.
o
.
.
.
.
.
.

.
e
.
.
.
.
.

Numerical Abstract Domain: | cenvex polyhedra (polka) 54 | linear equalities (polka)
Kind of Analysis: f (sequence of forward and/or backward analysis) i linear congruences (PPL)
Terations/Widening options: . convex polyhedra + linear congruences

[ guided iterations | 1 widening delay 2 descending steps

0 debugging level (0 to 6)

Hit the OK button to proceed:




AONTN

S, OO Interproc Analyzer
4 | > €A htp:/ /pop-art.inrialpes.fr/interproc/interprocweb.cgi & L Qr Google
L]
Analysis Result
Run interprocweb or interprocwebf ?

Result

Annotated program after forward analysis
proe MC (n : int) returns (r : int) war £1 : inkt, £2 : int;
begin
/* (L6 C5) top */
if n > 100 then
8006 Ll /* (L7 C17) [|n-101>=0]] */

€A http:/ /pop-artinrialpes.fr/int. & | (Qr r=mn - 10; /* (L8 Cl4)

[|-n#r+10=0; n-101>=0|] %/

SOIII'CE else
/% (L9 C6) [|-n+100>=0]] */
£l = n + 11; /% (L10 C17)

[|-n+tl-11=0; -n+100>=0|] */
£2 = MC(tl); /% (L11 CL7)

[|-n+tl-11=0; -n+100>=0; -n+t2-1>=0; +2-91>=0|] */
r = MC{t2); /* [L12 Cl&)

[|-n+tl-11=0; -n+100>=0; -n+t2-1>=0; t2-91>=0; r-t2+10>=0;

f* exact semantics:
if (n»>=101) then n-10 else 91 */
proc MC(n:int) returns (r:int)
var tl:int, t2:int;
begin
if {(n>100) then

r = n-10; r=91==0|1 =/
else endif; /* (L13 C8) [|-n+r+l0>=0; r-91>=0|] */
tl = n + 11; end
£2 = MC(tl);
r = MC(t2); var a : ink, b : ink;
endif; begin
end /* (L18 C5) top */
var b = MC{a): /* ([L19 C12) »
arint, b:int; [|-a+b+1ﬂ}=ﬂ; b'91}=ﬂ|] */ =
beda; end
egin

b = MC({a);
end
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* MIT Course 16.399: Abstract Interpretation
e Patrick Cousot, 2016

* Abstract Interpretation Tutorial
e Patrick Cousot, TASE 2015

s MR L EEFHFSONT RN

e BRAZHT, PHE AR Computer Science Week
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