Context-Sensitive Pointer Analysis

Last time
D Flow-insenstive pointer analyis

Today
b Context-enstive pointer analyis
D Emami invocation graphs
D Partial Tranger Functions
D The big picture

Recall Context Sensitivity

Is x constant?

a:id(4);“ b;id(s;
\ 4\\/’5

id(x) { return x; }

Context-sensitive analysis
B Computesan anwer for everycallsite:
D x is4in the firg call
B x is5in the second call

a = id(4); b = id(5);
® x
\4, B\_-45

id(x) { return x; }

Emami 1994

Overview

b Usesinvocation graph for contexesstivity

D Can be exponential in prograsize
D Handlesfunction pointers

Characterization of Emami
B Whole program
D Flow-senstive
b Context-&nstive
D May and nug analyss
b Alias repregntation: pointg¢o
D Heap nodeling: one heap variable
D Aggregate mdeling of fieldsand arrays

Partial Transfer Functions [Wilson et. al. 95]

[\ e RN o))

[a}—[o}—{c]
[a}—[e]

due to stmt 4

&L\M +{c]
[a]—[e]

Key idea
D Exploit conmonality anong contexts

D Provide one proceduraismmary (PTF) for all contextghat hare the ame
input/output aliamg relationgips




Partial Transfer Functions — Example

The Big Picture

Where do we lose precision?
b Let revist our running examle fromlas week
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mai n() {
int *a,*b,c,d;
a = &c;
b = &d;
swap(&a, &b); /1 SO
for (i = 0; i<2: i++) { How many contexts do we
bar ( &a, &3) ; /] s1 care about?
bar (&b, &b) ; /] S2 D Two: the fornals either
bar ( &a, &b) ; /] S3 aliasor they do not alias|
bar (&b, &a) ; Il sS4
}
vo?d bar(ipt *x ipt **i) { swap(i,j); }
VO: gt SZ\?E(I m_ *X?(‘ Int y) In practice
iy = *y.rrp ' D Only need 1 or PTFG
xy = te‘rrp' per procedure
} B Complex to inplement 7
Revisiting Our Earlier Example

Flow-insensitive context-sensitive (FICS)

int** foo(int **p, **q)
int **x; p,—
X = p; Py =
s q, =
q; -
return x; q,
} X, =
int man() Xy, =
int **a, *b, *d, *f, a
c, e b —
d—
a = foo(&, &f);
*a = &c; f —
a = foo(&d, &g);
*a = &e; hnd
}
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L . first callsite
Revisiting Our Earlier Example (cont)
p ['4
Flow-sensitive context-sensitive (FSCS) 1 1
int** foo(int **p, **q) first def
int **x; )/
J11 =
X =k P21 =
X =q U21 =
return x;
} X117
X -
int man() 12
Xo1 =
int **a, *b, *d, *f
’ ’ ’ ’ X
c, e 227
a;; =
a = foo(&b, &f);
*a = &c;( ) a2 =
a = foo(&d, &g); fi—
*a = &e;
911 =
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Revisiting Our Earlier Example (cont)

Flow-insensitive context-insensitive (FICI)

int** foo(int **p, **q)

int **x;
=P p— {b,d}
feturn x; @t
' x—= {b,d,f, g}
int .
(oo a— (b,d,f,g}
int **a, *b, *d, *f, b— {c,e}
c, e ’
d— {c,e}
a = foo(&b, &f); -
2 f— {c,e}
a = foo(&d, &g); g— {c,e}
*a = &e;
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Revisiting Our Earlier Example (cont)

Flow-sensitive context-insensitive (FSCI)

int** foo(int **p, **q)

hne T p— {b,d}
X =Pp; q— {f,g}
XD X, = {b,d}
return x; x, = {f,g}
int main() a; = {f,g}
a, — {f,
int **a, *b, *d, *f, 2= .0}
c, e f,— {c}
a = foo(8&b, &): 9. {c}
*a = &cC; f,— {c, e} (weak update)
ga::f gg;(&d, &g) g, = {c, e} (weak update)
CS553 Lecture Context-Sensitive Pointer Analysis 11

Strong vs. Weak Updates

Strong update

D When we knowprecigly what an asgnment through a pointer refets,
the asignment kills old information

D Such cassare analogous asignmentsto salars

int a; int *a, b;
a :=5; a 1= &b;
= { a- >b}
a = 6 b :=5;
{a=6} {a->b, “T=8T
*a 1= 6;
{a->{b}, b=6}
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Strong vs. Weak Updates

Weak update

D When we do not knowwvhat an asgnment through a pointer refets,
we cannot us that asgnment to kill old facts

D So the inprecison greads

int *a, b, c;
if (blah)
a = &b;
el se
a = &c;
{a->{b, c}}
b :=5; Doesnot kill { b=5}
{a->{b, c}, b=5} becaus* a might
*a = 6: updatec and notb
{a->{b,c}, b=5 0Ub=6} ‘
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Imprecision

Weak updates
B Occur nore often in flowinsenstive and context-insnstive analygs

The callgraph

B When function pointerare usd, pointer analys is needed to build the
callgraph

D Imprecison in pointer analyis leadsto imprecison in thecallgraph

D A con®rvativecallgraphhasmore edgeshan a lescongrvative
callgraph

D Imprecison in thecallgraphleadsto further inprecison in the pointer

analyss

The basic issue
D The need for approxiation

Approximations

Many ways to approximate

D Recall that the conisaint graph hasodesrepregnting variablesind
edgegepregnting consaints

D The many dinensonsof pointer analyis repregnt different vaysof
collapsng the consaint graph

Flow-insensitive
b Anderen:
b Collaps all congraints(asignmentg pertaining to a given variable
into a $ngle node
b Steengaard
b Collape all nodeghat have been signed to one another into a
single node
D Allows information to flowfromrhsto Ihsaswell asfrom Ihstorhs

Andersen 94

Overview
b Usessubset consraints

Steensgaard 96

D Cubic conplexity in progransize, Q\n3)

int **a, *b, ¢, *d, e;
A 1: a = &b;
Characterization of Andersen 2 b = &
B Whole program 3 d = &
D Flow-insenstive 4: a = &d;
b Context-ingnstive
D May analys fa}—+lo}—[c]
D Alias repregntation: pointdo [a}—+[e]
D Heap nodeling?
B Aggregate radeling: fields due to stmt 4
[al—{of—{c]
hEsn

source: Barbara Ryder(3 Reference Analysis slides

Overview
B Usesunification congaints

D Almod linear in terns of programsize

b Usesfad union-find algorithm |lnt *iaébf % @ el &
D Imprecison from merging pointsto sets 2 3 _ &c;
3: d = &e;
Characterization of Steensgaard 4: a = &d;
B Whole program
D Flow-insenstive fa}—lo}—{c]
D Context-in@nstive [a}—[e]

b May analys
b Alias repregntation: pointgo
D Heap nodeling: none

D Aggregate radeling: posibly G ;_.EFH
d e

source: Barbara Ryder(3 Reference Analysis slides

due to stmt 4




More Approximations

Context-insensitive analysis

b Collaps all congraintsarisng from differentcallsitesof a procedure
into a $ngle node

Partial Transfer Functions

b Collapse consraintsfor all callsitesof a procedure thathsire the ame
aliagng relationips

Field-insensitive
b Collaps all fieldsof a sructure into aisgle node

Field-based
b Collaps all ingancesof astructtype into one node per field

b Exanple: one node for all inancesof st udent . nane, and another
node for all inkancesof st udent . gpa

Yet More Approximations

Address Taken
b Collaps all objectghat have their addresaken into aisgle node
D Assume that all pointergoint to thisnode

Heap naming
D One heap:
D Collaps all heap objectimito a sngle node
b Static allocation e

b Collape all ingancesof objectsthat are allocated at tharse
programlocation into aimgle node

Concepts

Partial Transfer Functions
D Exploit conmonality anong contexts

Sources of imprecision

Next Time

Next lecture
b Profile-guided optinzation




