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c=1f (x<0)thenx:=—x
Concre)‘e
P=1{-7,7} > xi=—x @ {7} =[clP
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COmF\e)’eness + Turins Equiva\ence = Trivia\ clOmains

A=Id v A=1§.T

_n'\ Oﬂ\ﬂ )'erlQ\ Q)DS)’T‘O\C)’IOhS are COm)’J\Q)’e

FOY‘ Turms equlvo‘\en)’ ’ar05ro\mm|n3 \o\nﬁuages @

Th. Complefeness depends only on the

nalyzing Program Analyses. "0OP 2015: 261-273

QSiC ex)oressicns a\\cwecl N )'\'\e Sﬁn)'O\X

Cﬁuarcls ancl o\ssiﬁnmen)’s>

e.9. In)‘ IS (non-)'rivio\\ ancD com’o\e)'e For anYy o\ssisnmen)’ CALCO 2023
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SQLAY‘CQS OP Tncom’o\e)'eness
and Local Complekeness
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gUO\T‘ClS are \\QY‘C‘ )"O \-\omc“e

_n'\. g clomo\in can )32 ccmr)\e)'e Qn\ﬂ ?or 5UO\Y‘C‘S

Mot are ex)aressi\a\e in it

e.9. In)’ comno§' )De com)a\e)'e -‘?or x=0
Qoeco\use (x.+_0> IS no)' ex’aressi)a\e N In)o

Ln\o\)' i{) we aclcj H\e a\')s)‘rqc)‘ )ooin)' x#O?
gp'er Moore c\osure: in)’ervo\\s wiH'\ or wiH‘sou\)’ \wo\es iIn 2ero

The domain Int#) IS NO \onﬁer com’o\e)'e For sums
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Necesso\rb omcl suﬁ)lcien)' concli)‘ions -‘?or 3uo\rcl com’o\e*eness

Th. A clomo\in Is com)o\e)’e -‘?or )3(7/—)3(7 i-ﬂ?
i} con)‘o‘ins any UuNIoN OF O\)DS)’T‘O\C)’ ’aoin)’s )De\ooo )3/-)3
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Necesso\rb omcl suﬁ)lcien)' concli)‘ions -For 3uo\rcl com’o\e*eness

Th. A clomain Is ccm)o\e)’e -‘?or )3(7/—)3(7 i-ﬂ?
i} con)‘o‘ins any UuNIoN o{) O\)DS)’T‘O\C)’ ’aoin)’s )De\ooo )3/-)3

e.9. 1t is not com):o\e)’e -‘?or xSO/x>O
(becouse x<-2 is ex)oressi)')\e and below x<O
x>2 is ex,:oressi)o\e and below x>0
but (x<-2 or x>2) is not ex)oressi)')\e in Lnt)
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L OCQ\ C om)a\e)’en ess

ue mus)’ O\)DO\ﬂCJOn )'\'\e am‘Di)’ion OF ‘Deins CO':‘T))O\Q)"Q
POY‘ everb )aronram O\ﬂC| POY‘ everb m):'u)‘

Loca\ com)o\e)’eness IS o\)aou)’ o) 3iven ):or03ro\m omcl o) 3iven in):ou)’

Clobal completeness
Af=AFfA Local completeness of <
Vc.Af(c)=AFfA (c) Af(c)=AfA (c)
C2(f)
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Loco\\\b Com’o\e)’e gno\\gsis
_ﬂw. \/eri-ﬁco\)’ion

uncler—aF)orox + \OCQ\ com)o\e)'eness + SFGC QX)OFQSSi)D\e

O <[clP A [c]PA(P)=AQ) A S=A(S) = ([c][P<S<0<S)

Q<[clP = AQ) <A([c]P) < [c]*A(P)
A [cFAP) = A(Q) =  A([c]P) = [c]*A(P)

AS=AS) = [c]P<S < A(c]P)<A®S) =S
& AQ) <A =S © 0<LS

CALCO 2023
MFPS XXXIX



Loca\ Com’o\e)'eness Lofy)ic
(LCL)
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The Rules of” LCL

LOCQ\ com)a\e)’eness

):oroo-F7 O)D\iﬁo\)’icns Keb <consequence> rule
C5(e) PP<P<AP) FalP]r[Q] Q<Q <AQ)
~ Pl e [P (transfer) P 0 (relax)
Fa [Pl R FalR|re|Q Fa [P]r1 Q1] Fa|P]ra Q2] . .
—a [P] ri;re [Q) (seq) 4 [Pl i@ [Q1V Q2] oin)
FAlPIr[R] FalPVRIC QL alPIr Q] Q= AWP) oo
Fa [P Q) Fa [P] [PV

"\:ix)ooin)’ o\cce\er‘o\)’ion )35

_n\ . L03ica\ Sounclness

O\)DS)"FO\C)" in)'er’ore)'o\)'ion
-, [Pl c[Q] = Q<I[clP < [c]I’A(P) = A(Q)
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_n\e /Proo-‘? Sﬁs)'em (com)oosi)'iono\\ reo\soninﬁD

/PFOOF O)D\iﬁOA’iOnS: \OCO\\ com’o\e)'eness FOY‘ )DO\SiC QX’DY‘QSSiOhS
(O\“ )'\We oH‘ser ru\\es )oreserve \OCO\\ comF\e)’eness)

A([lellP) = A(llel|A(P))

—4 [P] e [[[ellP]

(transfer)

locally complete!
(transfer)

e (=77} x i= x + 1 [{—6,8)] assignments

not locally complete!
(transfer)

Fioe LU= 7,71 x < O0? [{—=T7}] sguards
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_n\e /Proo-‘? Sﬁs)'em (com)oosi)'iono\\ reo\soninﬁD

/PFOOF O)D\iﬁOA’iOnS: \OCO\\ com’o\e)'eness FOY‘ )DO\SiC QX’DY‘QSSiOhS
(O\“ )'\We oH‘ser ru\\es )oreserve \OCO\\ comF\e)’eness)

A([lellP) = A(llel|A(P))

—4 [P] e [[[ellP]

(transfer)

locally complete!
(transfer)

e (=77} x i= x + 1 [{—6,8)] assignments

locally complete!
(transfer)

Fre (=7, — 1,7} x <07 [{=7,—1}] guards

CALCO 2023
MFPS XXXIX



_nwe \?23 NEWd cOnsequence ru\e

—4 [P] c [(]

(relax)

A(P") A(Q')
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_nwe \?83 NEWd consequence T‘U\\e

—4 [P] c [(]

(relax)

we cah ooeo\\Ren H‘se )oreconcli)'ion... ancl s)‘rengn'sen H‘se )oos)’concli)’ion oS ]Po\r‘ oS we ’:reserve

Mheir abstractions
A(P")= A(P) A(Q) =A(Q)

£ -a [Pl c Q]
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TEX’OOih)' O\CCQ\QFO\)'iOﬂ

Fa [Pl r Q] Q< A(P)
— A [P] r™ [P\/Q]

CSE" ([ < 07]) @?‘{‘10’_1}([[3;« .= o % 10])
- Sign [P] @ < 07 [{—10, —1}] (transfer) FGign [{—10, —1}] @ := @ % 10 [{—100, —10}] (transfer)

~Sign [Pl < 075z := = x 10 [{—100, —10}] {—100, —10} C Sign(P) = Z (seq)

(iterate)

Sign (Pl (x S 07; ¢ := x * 10)~ {—100, —10, —1, 100}]
P = {-10,-1,100}
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Main res U\“’s

an!
fno
_nw. \/eri-‘?lco‘)'ion s _\_\gﬁb\‘g
1 xne
any )orovo\):v\e )’rl)o\e QI%G“g\%OOS Hhe program correct or exposes some error

_n's . Log)ico\\ Com’:\e)'eness

if) Hne a‘os)'ro\c)'ion IS com)a\e)'e -For every )Dasic ex)oressions N Hne Frogro‘m,
H\en any va\icl )’ri)o\e IS )orovo\)o\e

_nw. In)’rinsic Incom’a\e)‘eness

-‘?Or‘ any Turin3 comP\e¥e \oms)uo\ge omcl any non-)‘rivio‘\ a\osx‘ro\chon,
Hwere ore va\icl )’ri)o\es Hwo\)‘ co\nno)‘ ):oe )orovecJ
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Com‘aine g‘js)'ro\c)' Domains
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/Proo-‘? o)a\iso\)‘ions o\nc‘ clomain re-ﬁnemen)'

Su)a’:ose =4, [P] 1y [R] and =4, [R] 1y [O]
Can we conclude , [P r: 1, [0] [or some A7

The reduced )oroclucx' domain A = A NA, ™Moy not work

Icleo\: com)aine more o‘):os)’ro\c)’ clcmains N H‘se some c‘erivo}ion
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_n'se ru\e re{)me

reserve a‘js)‘ro\c)’ions
)’o\\?e o more

OF ’ore-conclihons
)orecise domain /
A'<A A(P)=AP) Fy [Pl c ]

—4 [P] c [O]

(refine)

ex)’ensiono\\ omo\\g)sis:

_n\ . Lcﬁica\ Soumclness

co\nno)‘ 3uo\ro\n)’ee HWO\)'
—4 [Pl c[Q] = O <L [c]]P <AQ) [c]FA(P) = A(O)
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E’(QmF\e
n= y:=2xy+1; y:=abs(y)
rp = x:=7v; while(x>1){y: =y —1;x:=x — 1}

Fint [Pl 1 [S], . Hoce [S] 2 [Q] . .
Pl (5] " s [ (("ef)'”e)
FInt [P] r1, 2 [Q] >c4

P £ (y €[-100;100])  S=(ye{1;201}) Q= (z=y=1)
[ry; 11l computes x=1A0<y <100
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ﬂ)os)'ro\c)' In)’er)are)'o\)'ion ?e’ao\ir
(FLRD
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/Proo-‘? o\a\iso\)‘ions omcl clomain re-ﬁnemen)'
\,Jhdr i-F o) clerivo\)’ion -‘?o\i\s?

iﬁ. o \oca\ ccm’a\e)‘eness ’oroo-‘? o)a\iﬁa)’ion C‘é(e) ai\s
Tdea: Refine he domoin and reshort the analysis

A ! Add new element

MOOFQ c\osure

N A(c) owise
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?e-‘?mem eﬂ)’ CQS C\OSLAF€>

({1,2,3.4,5)) (1,2.3.4,5) | essMore Than3

(1,234} {1,2,3,5} {1,24,5} {1,34,5} {2,345}
(1,23} {1.,2.4} {1,2,5} {1,3.4} {1,3,5} {145} {2,3.4} {2,3,5} {2.4,5} {3.4.5}
(1,2} {1,3} {14} {1,5} {23} {24} {2,5} {3.4} (3,5} {4.,5]
th 120 13 4 )

%
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Pointed shell
Which re{?memen)' when CA(f) Fai\s?
1 dea: odd the most o\)as)'ro\c)' over-o\)a’:roximo\)'ion 0{7 c H’so‘)’

bie\cls \oca\ com’a\e)'eness

(the most concrete would be ¢ itsel
max({x € C | x < A(c), C2x(f)}) = {u}

1n H\e cose o-‘? (Cf;(b?) we set:
u=(A(PNb)nb)uU (AP N -b)N-b)
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a (Forwarcl) re)aqir s)‘ro\)‘egg)
given AP, c )’r:ﬁ ‘o Pmcl Q such that I_A |P]| r [Q]

’_\:-Fo\ \oca\ com’a\e)'eness )oroo-F o)o\iﬁo\)‘ion Po\i\s, re]()me A ooiH\ Uy omcl re¥r3
IF o \oca\ com,:'\e)'eness )aroo-F o)o\iﬁo}ion {?o\i\s, re]()me Au1 win U, omcl re)’rﬁ

I-‘?o\ \oca\ com’o\e)’eness )oroo-‘? o):\iﬁo\)'ion Fo\i\s, re](?me A{Mpuz} wiH\ Us omcl re)'rﬁ

Until I_AN [P] I [Q] For some [N = {I/tl,...,lxtn} and Q
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a (Forwo\rcD re)aqir s)‘ro\)‘egg)

1 Function fRepair 4 (N, P, r)

z ];Oound .= false; - given A, N, P.1 by Yo Bnd O such Yhat F, [P] r [O]
4 out := findag (N, P, r);

5 switch out do I_AN |P| r O]

6 case O do found := true; // underapprox.

7 case (R,e) do N :=refineq (N, R,e); // inczmpl.

8 while (—=found); \ T _'CRN(e)

9 return (N, out); LA

\ )’\'\e \Q)'QS)' SQ}' 0{7 r‘eremen)'s N o\ncj Q are re)'urnecl CALCO 2023
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Slogan

91—? IS ‘o ’ar‘ogro\m veri{?lco\)’ion
w\\o\)’ CE%Q? IS -‘?Or model c\\ec\?in\cj

(we hove shown that CECAR is on instance of AT



Conc\uc‘in3 ?emo‘r\?s
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U\WO\)' Q\Se? . \'J\WO\)' nex)'?

QI? win )Do\c\?ooo\rcl re)jgir or Ex)oressiveness \\iero\rc\\ﬁ
\WOOO ‘o Pmcl H\e mos¥ Q)ps¥rac¥ clomain 0{7 C\OCO‘“S> com)o\e)-e ClOmo\ins?

re-Pmemen)' -Por )orovinﬁ correc)’ness

Homcl\ing )ooin)'ers omcl memory errors with
’Diﬁ%cu\hes N sooo‘)a)ainﬁ H‘se roles OF over- i°|e°‘s Prom se)oo‘ro‘)’ion \Oﬁic

omcl uncler-o\)s)oroximo\)’ions

Theoretical {)ou\nclo‘)'ions {)or scalable )Dug)—
LCL enhoncements co\)'c‘\inﬁ and securi)’b Yools 0

Meta

(\oco\\ vo\r‘io‘):'\es, reoori)’e s;'ro\)'e\cjb \omguo‘ﬁeSD
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_n'somks or H\e \?inc‘ invi)‘o‘)‘ion
ancl or H\e aH’en)'ion!
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