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« SLID is very expressive but incomplete

« Prominent proof mechanism: fold/unfold

« Successful in some cases but fails in others
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lseg(z,y) :=x =y V (z # y * Ju.x — u * 1lseg(u,y)) ?

-old/unfold proof rules

P P P TNPV DPy, P N P PP s A 2P = e P PP A P PP s o

-t = to - t1 #£ ty xt1 — t3 * 1seg(ts, ta) 7

1seg(ti,t2) - 1seg(ty,t2)

Fresh constant

1seg(ty,ta)
- t1 =1t V (tl # to x t1 — Cc* )% 1seg(c*, tz))
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| Alist-segment can extended from the left

a 7% c*a+— b*lseg(b,c) - 1seg(a,c) .

e A list-segment can extended from the right

lseg(a,c) * c+— b * b+ nil I~ 1seg(a,b) * b +— nil 7} x

Why? And more generally, when?

Not provable by any fold/unfold
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- Why fails? Because fold/unfold captures weaker semantics than SLI

- When fails? When rogue counter-models exist

» Rogue meaning models not considered by SLID semantics
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Weak Separation Logic (WSL): weaker semantics of separation logic

Fold/unfold is sound for WSL

Rogue models of WSL

ow to find them

Do they capture all fold/unfold tailures? Is fold/unfold complete for WSL?

Rogue models in practice

Conclusion
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Weak Separation Logic (WSL)

- WSL relaxes key requirements of SLID that are sources of
incompleteness:

- Heaps in WSL are allowed to be infinite
. Interpretations of inductive definitions are allowed to be any fixpoint

« (*) Also relaxes semantics of background theories, see paper

- WSL contains Stﬂct\y More mode\s thon SL\ D

f ~ THEOREM 5.4. Fold/unfold is sound for wsL
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1seg(m y) =—xrx=yV (a’: 7é y * Ju.x — u * lseg(u,y)) 4

1seg(aa C) *Ccr>bxbrrnil -1y How can we find these

rogue models?

When must
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Rogue Models of WSL and Fold/Untold Faillre

Inductive definitions still
contain quantifiers

Do rogue models of WSL capture all fold/untold tailu

THEOREM 5.6. Fold/unfold is complete for quantifier-free, theory-free WSL |
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Rogue Models of WS.

Do rogue models of WSL capture all fold/untold tailures?

! THEOREM 5.6. Fold/unfold is complete for quantifier-free, theory-free WSL |

8 7 - Az 4 5 = - foraia

| Entailment with inductive
| definitions is valid in WSL {

Hallures

| and Fold/Unifold .
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[, anad

~old/Unfold Failures

Do rogue models of WSL capture all fold/untold tailures?
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THEOREM 5.6. Fold/unfold is complete for quantifier-free, theory-free WSL

BSOS B JErR ATl L S e e Ase A Lo _bosha iS4 e s Ao B JErR ATl L S e e Ase A Lo _posma

| Entailment with inductive
} definitions is valid in WSL ¢

. THEOREM 4.21 |
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' FOL ‘A
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Do rogue models of WSL capture all fold/untold tailures?
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Completeness of WSL Beyond Fold/Untold

- The translation to FOL works for the entire

» This gives a complete proof mechanism for

DH fragment

DH: translating to FOL and

using a complete proot system of FOL

THEOREM 4.22. The Effectively Determined-Heap

fragment of WSL admits a complete proof mechamsm t

..
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. Prototype implementation, artitact available

.« Implements the WSL—FOL translation

- Extends FESTI to find rogue models
.« SLSIZI benchmark with >7/00 examples, divided into 5 parts

- Found rogue models for 92% examples in one of the parts
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