AAA616: Program Analysis

Lecture 8 — Abstract Interpretation Example (2)
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Programs

Language:

v —
e —
b —

—

x | *x

n|l|&lw|es+ex|ei1xex| el —e2

true | false |e; = ez | e1 < ez | 7b | by A b

lv:=e| lv:=alloc|skip | cijc2 | if b ey c2 | while b e

Assume programs are represented by control flow graphs. Let (IN, —) be a
control-flow graph and ecmd(n) be the command associated with node n:

lv:=e| lw:= alloc | assume(b)
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Examples

ex =1;
p = &x;
*p = *xp + 1
@ p = alloc;
q = &p;
**xq = 1
X 1;
while (x < 10) {
p = alloc;

*p = *p + X;
x=x+1

}

o if (...) { p = alloc; *p = 1; }
else { p = alloc; *p = 2; }
*p = 3
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Concrete Semantics

Mem = Loc — Val
Loc = Var + HeapAddr
Val = Int + Loc
@ [lv] : Mem — Loc:
[x](m) = =
[xz](m) = m(x)
@ [e] : Mem — Val:
[n]J(m) = n
[wl(m) = m([l](m))
[&W](m) = [W](m)

[ex + e2](m) [ei](m) +mt [e2](m)
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@ [b] : Mem — Bool:

[true](m) = true
[false](m) = false
er = eal(m) = [ex](m) =mm [e2l(m)
[ex < e2](m) = [ei](m) <ru [e2](m)
[=bl(m) = —[bl(m)
[b1 Ab2](m) = [ba](m) A [b2](m)

@ fn:p(Mem) — p(Mem):

(M) = {m([](m) — [e](m)] | m € M} --- cmd(n) = lv i= e

fn(M) = {m[[lw](m) — 1l — 0] | m & M} --- cmd(n) = v := alloc,
lis new

fn(M) ={m € M | [b](m) = true} -+- cmd(n) = assume(b)

@ F: (N — p(Mem)) —» (N — p(Mem)):

F(X)=xn. fo( | X(n))

n’/—n

@ Collecting semantics:
firF € N — p(Mem)

Hakjoo Oh AAA616 2024 Fall, Lecture 8 October 17, 2024 5/8



Abstract Domain

Mem = Loc — Val Mem = Loc — Val
Loc = Var + HeapAddr Loc = Var + AllocSite
Val = Int + Loc Val = Interval X go(l/}(;:)
YHeapAddr
@ ©(HeapAddr) ﬁ gp(AllocSite)

QHeapadar (H) = {allocsite(h) | h € H}
® p(Loc) == p(Loc)
aree(L) ={x | ¢ € L} W ageapadaar({h | h € L})
o p(Int) <:+—:i) Interval
@ ©(Val) *;_Vﬁ) Val
ava(V) = (am({z |z € V}),awc({l |l € V}))
@ p(Mem) <—%} Mem

L{m@) | m € M} ...l € Var

em M) = . ]
apen (M) = Al { L{m(a) | m € M, a € Yreapadar(1)} --- 1 € AllocSite

@ N — p(Mem) % N — Mem: a(X) = An.apen (X (1))
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Abstract Semantics

o [W]: Mem — go(Loc)

[] ()
[xz](m)
@ [e] : Mem — Val
[n](m) =
[](m) =
[&Ww](m) =

[er + e2](m)
o [b] : Mem —s Bool

[true] (m)
[false](m)
[er = e2](m)
[ex < e2](m)

{=}
m(x).2

([n,n], D)
Lhie g my ™ (1)

(L [0 (m))
[ei](m) + [e=](m)

true
false

[ei](m) = [ez](m)
[ei](m) < [e=](m)

[-b](m) = =[b](m)
[br Ab2](m) = [b1](m) A [b2](m)
R akioe On e Szl 1, Z)
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® fn: Mem — Mem:

jfn(m) = m[z — [e](m)] -+ emd(n) =z :=e
fn(m) = m[z — [e](m)] «+- emd(n) =lv:=e,

A [to](m) = {x}

jin(m) = Liequpomy Ml = m@) U [e](m)]  --- emd(n) =lv:=e
fn(m) = mfz — (L,{n}),n — ([0,0],0)] --- cmd(n) = := alloc
fn(m) = m[z — (L,{n}),n— ([0,0],0)] .- cmd(n) = v := alloc,

h [](m) = {2}
Fn(m) = Uicpugmy ML= m@Q) U (L, {n})] --- emd(n) = v := alloc
A m’ = mln > ([0,0],0)]
fn(m) = |{m’' € m | true C [b](m’)} .-+ emd(n) = assume(b)

e F: (N — Mem) — (N — Mem):

F(X)=xn. fu( || X(n))

n’—n

@ Abstract semantics: . .
| | F7(L) € N —» Mem
i>0
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