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Theorem Prover for Bl
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— Logic of Bunched Implications
— Separation logic 1t 2 & ot 2t
- Separation logicO| Bl &2 &=
« J| &2l theorem prover for Bl
— BILL
— Inverse method prover [LPAR 2004]
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Disjunction & Implication
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=2 Al A (Inference System)

* Inference rules
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Classical Logic

 Concerned with:
— "whether a given proposition is true or not."

* Logic from God's point of view
— Every proposition is either true or false.

» Tautologies in classical logic

AV -A Law of Excluded Middle

——A D A Double-negation elimination
((A D) B) D) A) DA Peirce’s law



Intuitionistic Logic

« Concerned with:
—"how a given proposition becomes true."

* Logic from a human's point of view
— we know only what we can prove.

* Not true in intuitionistic logic (for all A and B)

AV -A Law of Excluded Middle

——A D A Double-negation elimination
((A D) B) D) A) DA Peirce’s law



Classical vs Intuitionistic

* Do you agree that for any two statements the first
implies the second or the second implies the first?

— 0l
- first statement: "E 0ll= H ==L 2 EJ)|J}
AUCH"
e second statement: "P = NP"

—Yes?
— No?
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Logic of Bl



Separation Logic

« Hoare logicl Z2& = ==0ot= =2l Al A
— precondition, postcondition
lr+ 1< Ntxz=zx+1{zx <N}
— local reasoning on resources (esp., pointers)

1PCLQ;
{P+R}C{Q+R}

Frame Rule ®

| _NON
®

« Ever increasing number of applications

— E.g., Chang and Rival [POPL2008], Chin et al.
[POPL2008], Parkinson and Bierman [POPL2008]

* O'Hearn CAV Tutorial, Princeton, July 2008
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Logic of Bl

* Logic of Bunched Implications (O'Hearn and Pym)
— additive connectives
e > 7?7 LA C,!
» either classically or intuitionistically
— multiplicative connectives

e * _*

e A * B :resource A and resource B

e A-*B :resource AZ =Y resource BE
OF=C
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Separation Logic vs Logic of Bl

Separation Logic2| core = BI2| & =
where
— a model of Bl based on pointers and heaps

— additive connectives are interpreted classically

Cft. “Separation logic” = “Bl’'s pointer logic”

P22 vs == AMLE

) Separation logic vs Logic of Bl

BD>A[AD(BDA)

_ B
A’ (not used in the proof) @
BDOA -
AD(BDA)

wlid

A A
T = n-H®
= |4

e
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Prover for Bl

(px(gAT)) = ((prqg)A(p*7))



Bl Prover

« J[Z=2| Prover (not very practical)
— BILL (Galmiche and Mery, 2003)
* Tableaux method
« Y EJIs0tH counter-model2 MIAlI &
— Inverse prover (Donnelly et al, 2004)
* Proof theoryS 0| = ¢St prover

* |deally a prover for (full first-order) Bl

— Ya prover for separation logic

T — = ) =1 _A_ o
D20 2AN R 2+ US

— fun to develop
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Naive inverse system

Sequent calculus for propositional Bl

Roadmap

Canonical sequent calculus for B
Inverse system

u . . u .
= Polarization = Focusing

Polarized inverse system with focusing
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Sequent Calculus for Bl

propositions A, B,C,--- PITIIADA|ANA|A—+A|AxA| AV A

bunches r = A0 |0, | ;T | I,T
contexts v = [[|Tiv | T,
[—C T=I", p A —C y(I5T) — C
" C A=A ™ STy C +(T) — C
'}“(wa) — C ’}’([ﬂm) —C
e L =T R = oo R
F— A ~A(I":B)—C rd—2n (A;B)— C A e
fﬁ}(.) D : :}RP}(') ﬂLP,AP BﬂR
I A D B)— C '—ADB Y(AANDB)— C i — ANDB
1(A)— C y(B)—C [— A I — B
avp —c b r—avp Vi r—=avp Vi
'— A Z(I",B)—C I'A— B (A4, B)—C ; L—A "B
*R

A —c P r—=ass 7t Savn =t T —axp
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Canonical Bl

¢[¥] =C 0[] = C o[¥:¥] = C
— Tnit  —77 =7 W - T W -
A—A o[ ¥ ¥ = C o[P'] = C O[] = C
o[0] = C O[Pm] =
gir[[T]:%,CTL [ﬂaszTR o[l] = lL L’!mzh.llR
U —4A ¢[V;B]—C = A ¢[¥V;B]=C U —A ¢[B]=C s = A ¢[B]=C /
oW V:A-B]— C 7 G[WiA-B] —C WA -B]—C ° 4[A-Bl—C
4 =0 A— B
v—=4a-8 " 0,—a-5 F
8[A; B] = C
AL
d[ANB] = C
P —= A ¢ — B P—=—A ), =B l, =4 ¢ =—21nB hy=A 0, =D
vv —ar8 " To=asg ™M T wv—=arg ™M o —=arp /A
o[A] = C ¢[B] = C s
J[AVBl—cC '
b— A & — B
= avE '* F=avp 'En
A= A ¢|A.B]=—=C O = A oA B] = C A=A o|B]=C O = A o[B] = C I
S[AAN A xB]—C ° ¢[ALA=Bl—C U 9AA=Bl—C 7 ¢9[A=xBl—C
A A= B A— B
A—A=8 *F g —awp

o[A,B] = C
G[A+xB]—C ~
A=A AN-—=B A=A (n=—D0 I =A A'= B Oy =A Oy =B

AA = A+DB R A= AsD *R A= A+B R M => A+ B *R
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Inverse System

Strictly weakening rules
[0 = C by == C @ = B[] = C 0y =C @l = T

S 0] == O W P T =0C " B, 0T =C = ) =C ' Pu—=C " GO = C
Stricetly contracting rules
SO0, == C . Gl amfias )] == C Wo @[, D [0, 0,]] = C ; Oy, B (0] == C
] —¢C ° &[] =+ C ' e 4 [p— i
[ (Day b [ 03] )] = C 0] = C & i B s O ]| == C c N N C
80 = C v =c PRI — a sl — C 2
By i[O Bn] =2 C G0 (B, i [ 0] )] =2 ©
0, —C ! o] = C 5
Rules without premisses
A amt g7 TR 5 7R
Non-focusing rules
== U =B 2 —4 0,—0B = A T =5 0, =+ 4 Lﬂa_}B_\I
TV = AAB " T@=4ar8 " v—=ann ™M 9,—aarp M
[ | ; =5 ;
T—AvE "t §—=4vB Vir
A=24 AN=18 R A=4 (=20 lp=4 A =D 0, =4 0,==58 .
AN = AxB * T A—=AsB R A—dAzB dm— AxB "
Atomic focusing rules
P A fBl=C =4 HB=C  A=4d ¢gB=C B =4 ¢[B] =C .
dGASH—C - A>3 —=0C -F gaAsB—C HA—Bl—C
A=D5 _ A=+ D
= A>B F §o— AwB &
Double-atomic focusing rule
dA]=C Bl=0C
GAV B = C ¥
Additive focusing rules
U= A HV;B]==0C By =24 oI B|=0C dlA; B = C L R p—
=y =3 ]
A e A D B = O S A DB =(C " MAABl=C' = 42D R
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