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& (formal proof) & & &
[+] Functlonal correctnesstX| SEg = US
* "The program correctly sorts a given array.

[ AFESED| QABHA &2 XIAl0] 2 RE

Hoare =2l Xl H 2| StH|
= c| =2l (separation logic) s &2z BtN



£2|=2| (Separation Logic)

* A Logic for Shared Mutable Data Structures eynois 2002
- 22 g2)s Use 22 )8 =40 8¢
— supports local reasoning
{A} Program {B}
{A % C} Program {Bx C'}
where Program does not access variables in C
- z|=2[E ol3et T2 S5 EH
— Smallfoot, Space Invader, THOR, SLAyer, HIP,
VeriFast, jStar, Xisa, SelLoger, SLP, ...
— Facebook2| Monoidics &8
— but focus only on separating conjunction *.
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e Separating conjunction
Ax B

— The current heap can be
partitioned into two
separate heaps;

— A holds for one, and
B holds for the other.

o Separating implication
A—xB
— If the current heap Is
extended with a

separate heap for which
A holds,

— then B holds for the
combined heap.

- O} & (magic wand)
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« Schorr-Waite algorithm [Yang 2001]

preLoopInvR (Stack, P, T, STree, root)
= noDanglingR A noDangling(T) N\ noDangling(P)
A listMarkedNodesR (Stack, P) * (restoredListR (Stack,T)—* spansR (ST ree, root))

A LedR « unmarkedR
marne A (Vz. allocated (z) — (reach(T, z) V reachRight ChildInList (Stack, x)))

Reasoning about iterators [Krishnaswami 2006]

iter(i, c,xs, P) Dlcoll(c,xs, P)x
coll(c,xs, P) — iter(i, c,xs, P)]

Ramification of sharing [Hobor and Villard 2013]
ramify(R, P,Q,R") = R P%(Q — R’)
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— weakest precondition 0| &

‘WP: dr,y. (F—x2,y)*((F— E',y) —*C) ‘

12}

|E.1 := F'}

1T

| epost C'|

—

E/




Ps, (Proof system for Separation Logic)

- =2l =2 SHAA
— With separating conjunction %
—also with magic wand —x

e Boolean Bl ¢4+ A%t
—“A Theorem Prover for Boolean BI” [Park et al 2013]

« Sequent calculus 2E}!
— admissibility of cut
— sound and complete
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Theorem Prover for Bl

Bl

— Logic of Bunched Implications

— Separation logicll & & st 2t X
 Separation logicO| Bl 2 & 2| 2= &

J|Z=2| theorem prover for Bl

— BILL

— Inverse method prover [LPAR 2004]

517

— Inverse method + focusing

32
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Bl =clXl A &8/ JhE
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Naive inverse system

X

!

Sequent calculus for propositional Bl

Roadmap

Canonical sequent calculus for Bl
Inverse system

I EEER
. Polarization - Focusing

Polarized inverse system with focusing

17
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Current roadmap
=

Cut-free sequent calculus for Bl [9]

Con’rracﬁon-free sequent calculus for weak

- Cut-free sequent calculus for Boolean Bl I
i

Cut-free sequent calculus for Boolean BI-
like Logic ¥ -

A variant of Separation Logic for program
verification




A Theory of Non-associative
Classical BI
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T Bl =i
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2010-08-23

ROSAEC 2010 &} A &34k
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Towards a Cut-free Sequent
Calculus for Boolean B

(A Cut-free Sequent Calculus for Non-associative Classical Bl)

Sungwoo Park and Jonghyun Park

Pohang University of Science and Technology
Korea

PSPL 2010
July 10, 2010




Conclusion

» Cut-free sequent calculus for non-associative
classical Bl

— additive connectives: classical
— multiplicative connectives: classical
« Perhaps no cut-free sequent calculus for boolean Bl
» "Interpreting multiplicative connectives

Intuitionistically ?"
* Application of the logic?

18
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Breakthrough by B+&= 351

formula A,B,C,---
boolean bunches A A0y |0nm | AA|W,W
falsehood context V¥ | WA

world sequent %4 = A—pV¥

P T|I|L|ADA|ANA|A—%A|AxA

sequent W = I'= A

truth context T = |18

falsehood context A = -|A}A
node state S = A|0n | W, W W{(W)

I./‘/]31 Fp2 = ApZ
W1 '=A Wsa
I'oi= A(:1 Wea Wes Wea 22
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Boolean Bl Z1-X|H # =

« A-MAHSZ

Aoty 2t

If wll' —g A; C] and W' [17;C —g A'], then I; T, T, T —p A A

« H|Z&A classical BIO H|oH A
— oD [ 2+E
—2-MAH BH0l o 2+
. BT R =
~ 2 JH =Y =0l

— Boolean Bl =¢2| 22| ZtH &0l

— 2 20% vs & 80%

24




62| 2011.6 X|X| &

o SIBHTHE X|IE MEHPHE

neoEIER

RESAEC v K63 ATEQ0| PEABATME HI3H

gnp: 20114 68 25%(E)~28(3) B! Swx|x|8 cisield

Boolean BIZ #| &t
=8 7+ E o|Sst #HF Al A
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* Boolean Bl

1 ErA|
20HA|
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* Boolean Bl

2011-06-27

X 6 2| ROSAEC O & 3 4f
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| am sorry to inform you that ---

Date: Mon, 3 Oct 2011 12:04:40 -0400 (EDT)

From: POPL'12 PC Chair <mwh@cs.umd.edu>

To: Sungwoo Park <gla@postech.ac.kr>

Subject: [POPL 2012] Rejected paper #95 "Towards a Theorem Prover for Separation..."

[ The following text is in the "utf-8" character set. ]
[ Your display is set for the "EUC-KR" character set. ]
[ Some characters may be displayed incorrectly. ]

Dear Sungwoo Park,

I am sorry to inform you that your paper #95 has not been selected to
appear in the program of the 39th ACM SIGACT-SIGPLAN Symposium on
Principles of Programming Languages (POPL 2012)

Title: Towards a Theorem Prover for Separation Logic (A Proof Theory
for Boolean BI)
Authors: Jonghyun Park (Pohang University of Science and Technology
(POSTECH))
Sungwoo Park (Pohang University of Science and Technology
(POSTECH))
ISR Hlhttps: //popll2.cs.umd.edu/paper.php?p=95

44 papers were accepted out of 201 submissions.
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| AEsX £1%{3t ()

A- (AxB)V(A*=B) <0.01% 0.01=
AxB*C*xD->DxBxCxA 6.10% 0.01=
AxBxCxD*E >ExDxA*xBx(C 67.87% 0.98%
A*xBxCxDxE—>ExD*B*xCxA > 20000% 25.53%

S CHH 2 a3 A=

— -1

.Boolean Bl
k-

®Boolean Bl
¥ Oo|E

37 H| 7 | ROSAEC 22 {3 4F 2012-01-18
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A Theorem Prover for Boolean BI
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» http://pl.postech.ac.kr/BBl/web_prover/prover.php

AlcH ALE
Mol Abst
. .-Eal =2
22| =2 =)
o =Ll
=22 2
=0l Q
.Buolean Bl
k-
.Boolean Bl
FHO|E

A Theorem Prover for Boolean BI

Jonghyun Park  Jeongbong Seo Sungwoo Park

36 X| 8 2| ROSAEC S} A| A4t Depart_ment_ of Com_puter Science and Engineering
Pohang University of Science and Technology (POSTECH)

Republic of Korea
{parjong,baramseo,gla}@postech.ac.kr
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CCeye: A Theorem Prover for Separation Logic

B EH S ©©
- K
expression relation 6 = E=F|FE#FE
expression relations © = f1,---,0,

heap variable w,u,v
heap relation o w=¢€|lw#e|w=[— E]|
wFE[l—El|lw=wow" | w=u
g1, """ y0n
| T A
| AVA

heap relations 2

truth context I
falsehood context A N

heap sequent [T = A]"

heap sequents Tl = [T=A]Y -, [= A"
world description ©;x || IN

—

» Challenge: Complexity & Xl X 2|

19
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Breakthrough by O| &

A Proof System for Separation Logic with Magic Wand

Wonyeol Lee ~ Sungwoo Park
Department of Computer Science and Engineering

Pohang University of Science and Technology (POSTECH)
Republic of Korea

{leewy,gla}®@postech.ac.kr




Sk =

<1 X=1 1L
o T —/-AL
e Proof system &

— Inductive predicates
— 2| £ theorem prover2} HZ&

« Schorr-Waite algorithm [Yang 2001] J| H & &

Al Al=
Sl Abst
. .—E—El =d|
£2) =3| 2=
® 597)
238 =]
=0 0|2
.Boolean Bl
=37
.Boolean Bl
=g 0|2

36 H| 8 3| ROSAEC 17 Q34 2012-07-25
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