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b := nil

while a !'=nil do
k:=[a+1];
[a+ 1] := b:
b = a;
a = Kk;

end while
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J|l A= CIXI)l. DH=xX
Ll Tl g/’/l. oo
{ Lista,a}

b := nil

while a !=nil do
k:=[a+1];
[a + 1] := b;

b = a.
a -= k;
end while

{ Lista R b}
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{ List a,
b := nil
while a !'= nil do

end while
{ Lista,R b}
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{ Lista,a}

b := nil

{ da,B. Listaa AListBb AN aR=ar- B A

(V k. reachable(a, k) A\ reachable(b, k) = k = nil) }
while a != nil do

k:=[a+1]
[a+ 1] :=D:
b := a;
a:= k;

end while

{ Lista b}
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{ Lista,a}

b :=nil

{ Ja, B. Listaa*ListBb A akR =aR -

while a !'= nil do
k:=[a+1];
[a+ 1] := Db

b := a;
a:=k:
end while

{ Lista b}
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» Smallfoot (2005)

> ...

» Ynot (2008)
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“An Example of Local Reasoning in Bl pointer logic: the Schorr-Waite
graph marking algorithm™
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This incompleteness could be dealt with if we instead used the
- , . : Ly Cc .

A-*BL X|@ots =] =8| Ats 37| = EH=AH

“Symbolic Execution with Separation Logic”’O{| A] @1 &
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ir. 74 ™l 74 2
AL, | Tl

» = A A (sequent calculus)?
s 587 2AE ?let 0|28 =+

rA>DB—A INADB,B—C

DL
rA— B R
r—A>SB-

|7{ (cut-free) d& =~ EX M| &

Iflr —Aand N A—C, thenlT — C.
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/A\IJ — O | =x< ‘I—IIA!_I;I-I Q
= T|T 71 o - DBBI
Structural rules:
[ =5A [ =—p5A [:8;8 =xA D =—p5A; A A
'S —g5A WiLs I —p5A: A WRs IS —5A CLs I —5A A CRs
C:W W =—p5A T Wy, (Wy, W3 =>5-) =>5A -
W, W =gA 5 T; (W, Wy =g), Wy =sgA  ©
I‘l;(I‘g :3&2),(@m :>3-) :E*gﬂl 0.U T';Ts =p5A1; A LﬂmD
'l =pA1;A mB [Ty =5A), (0n =5) =5A 5
Traverse rules:
Pcli (Pc2 —B Ac2)<r B A} B Av::1 Pp; (P :BA)z (Ps B As) —B Ap TP
P; (Fcl —B Acl)-. (Fc2 :’BACQ) ::’BA 5 F; (Ps —B As)<rp —n Ap) ::’BA 5
Logical rules:
. I'=pgrA I' —=5A I'—=prA;A
P—=pp Mts T A B 7 Re T s AT B8 oa—n I8
NA=5A o DiAB=sA I =5A5A To=505B o
T —p5A;-A "B T,AAB —5A "8 " T, —=5A:A; AND =
Pl:Azi*Bﬂl PQ:B :3*3&2 VL P:>BA:A;B VR
T2 AVEB —p5A;; Ay B T —=zAAvB 8B
I, =5ApA Ty B=—5A, A =4zA;B R L:l, =5 A L R
[T A—B—p5A:00 B T—=3AA=B B Ti—zA B . —g5 B
P;(AZ)*B-),(B:}B-):}BA L Pl :thAl;A P?:’BA?;B +R
T;A«B —gA BTy =pAy), (T2 =>pls) =—>pAxB  °
I'N =p5A;A I's;B=p5As I'(A=5)(-—=g8B) —=g5A
—+Lg —+Rpz
(Fl ﬁgﬂl)ﬂ\g :P,Bﬂg):/-l — D 5" P:>BQ.A~*B
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=g A A7 59Y 71s5t4,
[ = AE E3F 55 7H55iCH

» OFNM M (soundness)
=g A7t Y 7tS5HH,
A= Boolean BIO||A S&3F X O|LC}.

» 28 M (completeness)
A7} Boolean BIQ|AM S &5F HA2H,
- =g AO| &4 Y 7IS5IL}.
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L ST T T
2. BN = p Initg
Y otz
3. Ckx HFE AlLetCt.
Ll THA =35A S &Op&2CY.

. T :f\"BAj A —IRB

=g =
6. 1HEE CtA| =& SIC}.
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B =29
LR | I e T o
. Mg b5t 70| 4 Bl cH

I' =5A I'—=5A I'S;5 —=pA ' —=pA;AA
;S =—=3A WLz L =—=xA;A WRg ;8 =—=5A CLs L —=4xA A

CRg

) A2 MBS YHE 4T YL

F1;A —> A\ I'ss B —>As
;T2 AV B —=pA1; A
\_'_’

n

VELg

22 M| 7 3| ROSAEC = Q|3 A 2012-01-18



e

cC = 3
| T—

= HlI ALH
—— 11T /1

N\ MAQ

Structural rules:

Dy (D Wy, Wy =g A'), Wa; W, (WS, W) =5) =5A
L5 (D Wh, Wo =g A'), Wy =g A

EA¢
W = Wi & Wa(l'; Wa(T —>5A) —s5A")
where { W, = W, & Wy (I; Wy(T —>5A) —>5 A7)
W, = Wa @ (I'; Wy, Wy =5 A} =5 A)
F;l"["g,u”l :>BA EC F;(F :>5A),(((jm :>5'-) :>BA
LWy, Wy —5A ¢ T —xA
Fi (Pcl :’BAcl)a (ch; mm :}BACQ); 1—‘cli S —R Ai Acl
I (Fcl —B A«:1)-. (Pc2: wm =B Ac?) =5A

DmDe

where 5 = ([ea; 0 =5 Aa)(l =5A)

Traverse rules:

IPSE (Fc2 :Bﬂcﬂ){r :>BA> =pAa TC Pp: (P =B &) (Ps =B As) =B A1:.» TP
T; (Tt =5Aa), (Tez —=500) =58 C Ti(T. —=5A) (T, —58y) —sA  ©

Logical rules:

. F:>BA:A F:A:>BA
TP —=pa P e oA R TT=ua ¢ T4 —=pn ¢ T—pa, 4 R
I'"A; B—5A L I'—=5AA T'—p5AD R I'NA—pA I';B—p5A VL I'—pA:A DB VR
TSANB—gzA e I —xAANDB MRe AV B —jgA ¢ T—za,AvE N

I'=5MN;A T'B -

Al = AA I =pA;B

Ti(A=5-),(B= /\R
A« B S F . C
(D) — A A :’ Aj 411. /\
F;(Fl :’"BAIKF T ™ T ™ L T 121 EANAN T o= R
[ (0 =58l =522 A =B =547 ¢ I —xAA B +*Re¢
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» CtF 4 (soundness)
I' =g A7t CSg 0| A S8 7tS0IH,
[ =4 A= SBB|0||}‘1E S 3 7+s0olLt.

» 2t A (completeness)
' =3 A7} Sgg 0| AM S & 7S 5HE,

I' =5 A= CSgp M = &Y 715 0lL}.
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IS;S =23 AS5H 75 P TI;S =4 A F5H 7t
' =23 04AT5H 7/ DT =230AFH 7t

[ (T = 5A;|4; A), (T
[ (T = BA1A), (

—pA; A% B subgoal
2) —B A; AxB

*RC
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—/ AU /Ill r T 1 —i Il—l
-~ ()

HET =g A FOHRS O

. Mg 7tsT fiE &=Lt
S2| 1717
S &=
3. OtE HEFE A Lot
4. A4tk 0| Ciet ™S #OF=LCt.
5. &U=717
S3 2=
6. THEE CtA| =& TIC},

™
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» LS O| X[ =0f| CHollAM 53 B4 oS!
A_)(A*B)V(A*_IB)
INA->AxA

- (((A « (€ =% (~(~(4 =% B) » (:)))) A ﬁs) . c)
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ity B —50 f’rnta WL

A B; {C :‘.*5){ B} —5B LI
S1:A—+B —p- R B
S, —s5—~(A—=DB) °

A=p5

S A —(AD) B

C:&»B

ol Initg

Sy =p—-(A—=B)xC

Inits

SQZ_'(;'{ ﬁg)( :L"B‘} :L"B_'(‘q —+ B) * WLB

Sai(A =g ) =g )i (A #B)«C) —5-

(C=s)Si(A=p) =p)=shd =s
(C =55 (A==5)( —5) =551 A1 5 —5- TCB
S2: 801 (A =5 ) (- =5} =5 B
- CLg
Soi(A=p-)( =5-) —5-
TCs
Sz =‘.»g-)‘(;'l =>B~) —_—p-
ECg
(A=p5").(S2 =5) =5" EA
((A=p), (A5 =p5)=p5),(C =p) =>5" TPB
(A=5).(4"18 =5 )i (C =) =5 =5 ECB
(A8 =5 ), (A=5);(C =5 ) =5} =5

B
- WL
(A58 —= &) (A—=5 % (C =& ) —&) =B _°
T TPg

“1;31;81 —_—F CL

AL S, —5- 5

=50, (A= ):(C =5 ) =] =B "
(A=p5),(A"=5):(C=p5)( =5)=5D *LB
A*A":_ (C :bg)( ﬁg-} :L“'BB I B
AxA,-B;(C =5 ) —p5) —p ©
(Ax A) A ~B;(C =g ) —>5) —g- ;féf‘
(AxA)A-B—5).(C —g) —5
(AN -B)+C =5 *Ls
= -(((AxAYVA-B)xC) B

*Rpg

-Lg

—Li

where{ S = (A=p)(C =5 =5} =508
S, = (A

2 f:_5'1 =.55-). {C =b5~)
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» A*xBxC*xD->D*x(C*xB*xA
26722.36XK (= 7TA|ZH) AR
of 108 Ho| F& HE
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- H4d 1l = T
24 A A

S HAHE 7ts

9
a~
[ (I W, We = A), Wa; Wi, (W, W3 =p5-) =85 A
Fa (]-—Vu Wla W2 :>BA,)3 WS ﬁBA

W2’ = Ws d Wy <FI; Wg(F —>R A) —R A’}

W{ =Wi® Wg(PI; W3<P =B A) —R A’)
where
Wi=Wsad (I W, Wo = AT =54)

s W, BA EC I (P :>BA), (@m :>B') :>BA 0T
F; Wl, BA ¢ T :>BA muC
P; (Fcl =B Acl)a (Pc2; @m =B A02)3 Pcl; S =B A§ Acl
DmDe

I' (Fcl —B Acl)a (Pc2; @m —B Ac2) —B A

where S = (I'co; O =5 A)(I' =5 4)
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sub_g;oa,lz s*u.b_éoall

subéoah sub_éoalg

* *
I —g\;Ax B Ke | —>pA;Ax B Re
S~ S~
n—1 candidates n—1 candidates Rc
T —gzAAxB *
N~

n candidates
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=>4 HiHd n. TH AL =L XL
Ull=Z2 oH-d &L. M7 o YI7M.
W
[T = A15A),(Ty =pAs) =pA;Ax D next goal

X

P; (Fl B Al), (PQ :>5A2) —B A; AxB
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| HEE ) £|x43t (0)
A - (A*B)V (A*—B) <001% 0.01 %
AxBxCxD ->D*xBx(CxA 6.10x= 0.01=
AxBxC*D*E >ExDxA*xBx(C 67.87=% 0.98=
AxB*xCxD*xE >ExD*xB*x(CxA > 20000 25.53%
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ShA
Goc nge otz M “abstract interpretation” M| z=osas
O FHH EUEH O E=0 &
M [2som o] (282 zal] DJoime! ol orso)

=T E DA 20| Sra M SEA AT fld 28 HHE MY = SlsLich

Tl 2418,300 = ZDH1 - 10 (0.26%)

1
W

[PDF] (= - virginia edu)

Abstract interpretation: a unified lattice model for stafic analysis of programs by construction or

approximation of fixpoints

P Cousot... - Proceedings of the 4th ACM SIGACT-SIGPLAN ..., 1977 - dl.acm_org
Abstract A program denotes computations in some universe of objects. Abstract
interpretation of programs consists in using that denotation to describe computations in
another universe of abstract objects, so that the results of abstract execution give some ...
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