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Overview

What is WISL?

e WISL: While with a Simplfied C memory model (block-offset)

Uses pointers and pointer arithmetic

e Support for more language errors (e.g. Use After Free)
o C-style deallocation

e Used in Gillian
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WISL: Syntax and Semantics
The Syntax of WISL

Values
pebPr

L x N

v € Val O NUBoolU {null} U Ptr

Expressions
E,El,EQ, ... € EXp

S*J

veVal|xePVar | 6E |EGE
Commands

CGCWdéfskip|x::E|x::f(E’)

Basic
|x :=[E]| [F] == E|x := new(F) | free(F)

| C;C | if (F) C else C' | while (E) C
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WISL: Syntax and Semantics

The Semantics of WISL: What's new?

e Block-offset pairs: (I,n)
@ Allocation creates a new block b of a given size n and returns

Pointers
the pair (b,0)
@ Deallocation can free entire blocks only
Partial Memory h: L —gn (N —f, Vi) x Ny
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WISL: Syntax and Semantics

The Memory Model Visualised

Partial Memory h: L —in (N = Viv) x NY)g
J—) 3 5 Bounds: 2
bz
by, — 2 | false Bounds: ?
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Assertion Language

A Tractable Assertion Language for Tools

Pure: Pr,Qr € Ay ™ True |False |[E=E |E<E|...| <Py | Py APy | PrV P

Spatial: P,,Q, € A, ¥ emp | P, x P, | E+ E | bound(E,E) | E s @
All: P QeA : ApxA,

What are the main differences?

@ Conjunction and negation of pure formulae only

o No explicit existential quantification
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Assertion Language

WISL-Specific Assertions

WISL-Specific Assertions
Ew— E|bound(E,E) |E— o

@ F; +— FE5 describes the single cell, as in While
@ bound(FEy, Es) states that E} is a block pointer, pointing to a block of length Ey
@ E +— o states that E is a block pointer and its entire block has been freed
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Assertion Language

WISL-Specific Assertions

WISL-Specific Assertions
Ew— E|bound(E,E) |E— o

F1 — E5 describes the single cell, as in While
bound(E}, E5) states that F; is a block pointer, pointing to a block of length F,

FE — o states that E is a block pointer and its entire block has been freed

Derived Predicates

@ F— FEq,...,FE, describes n consecutive cells in a memory block, as usual

Ew By,...,E, Y Evs By, ..., E,  bound(E, n) describes a complete block of size n at E
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Assertion Language

WISL-Specific Assertions

WISL-Specific Assertions
Ew— E|bound(E,E) |E— o

F1 — E5 describes the single cell, as in While

bound(E}, E5) states that F; is a block pointer, pointing to a block of length F,

FE — o states that E is a block pointer and its entire block has been freed

Derived Predicates

@ F— FEq,...,FE, describes n consecutive cells in a memory block, as usual

Ew By,...,E, Y Evs By, ..., E,  bound(E, n) describes a complete block of size n at E

Some Interesting Properties
@ FE+m+— —xbound(E,E) Fm < Ey
FEw—y Eq,...,E, *x E4+m— — = False
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Assertion Language

WISL-Specific Assertions

WISL-Specific Assertions
Ew— E|bound(E,E) | Ew— @

by —4 3,5

Bounds: 2
m—r
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Assertion Language

WISL-Specific Assertions

WISL-Specific Assertions
Ew— E|bound(E,E) | Ew— @

by + 1 — 2,false
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Assertion Language

WISL-Specific Assertions

WISL-Specific Assertions
Ew— E|bound(E,E) | Ew— @

b, — @

m-bz
o
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Semi-automatic Verification

Predicate definitions

list(z, @) def Iseg(z,y, ) def
(r=mullxa=[])V (r=y*a=null)V
(Fa,z,B. x — a,z x a = a:f « list(z, §)) (Fa,z, 8. x — a,z x a = a:p x Iseg(z,y, B)
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Semi-automatic Verification

Predicate definitions

|iSt(l‘,Oé) déf |Seg($ay,0¢) déf
(z=nullxa=[])V (r=y*a=null)V
(Fa,z, 8. x —p a,z x a = a:f « list(z, B)) (3a,z,B. x —p a,z x a = a:0 % Iseg(z,y, B)
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Semi-automatic Verification

Predicate definitions

list(z, o) o

(z=nullxa=[])V
(Fa,z, 8. x —p a,z x a = a:f « list(z, B))

def
Iseg(z,y, ) =
(r=y*a=null)V
(3a,z,B. x —p a,z x a = a:0 % Iseg(z,y, B)

predicate list(+x, alpha) {
(x == null) * (alpha == []);

(x -b> #a, #z) * (alpha #a :: #beta) * list(#z, #beta)
}

predicate listseg(+x, y, alpha) {
(x ==y) * (alpha == [1);

(x -b> #a, #z) * (alpha == #a :: #beta) * listseg(#z, y, #beta)
}
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Semi-automatic Verification

Verifying WISL in Gillian

list_length_recwisl X O - I A |
/ VARIABLES wisl > verify > list_length_rec.wis|
*/ Program store 6 { (x = #x) = list(#x, #alpha) }
X = #x Verify llen | Symbolic-debug llen
v B=p 7 func‘Flon 1len(x) {
) 8 if (x = null) {
V' Predicates
o 9 On =0
~ Pure formulae 10 } else {
= #alpha == [] 11 t = [x+1];
= #x == null 12 n = llen(t);
“ Types 13 n:=n+1
#alpha = List 14 ki
#x = Null 15 return n
S i 16}
Axioms 17 { list(#x, #alpha) x (ret =
18
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len(#alpha)) }

il Gillian Debugging x

llen

llen

if ((x = null))

(True false
noi=0 “’/ Y N
@ N A
/:/flr‘\\
(> )
\ /
~__
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Stay tuned for the lab tomorrow!
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