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o=&v;

q=&p;

if (a>b){
pP=*Q;
p=0; }

*q=&w;
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e p={v,w}
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o feMTER
* p={v,w}
* q=1{p};
* 0= {v};
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* Dy, =Fy,(Dy,,Dy,, ..., Dy,
* Dy, =Fy,(Dy,,Dy,, ..., Dy

. an = Fy_(Dy,, Dy, .., Dy_
¢ Forf
* F, (Dy,,Dy,,..,Dy. ) = f,, (D
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* Dy =F, (Dy,,Dy,, ..,Dy. )
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a=&b a2 {b}
a: A EalfjHhl
a=b a=>2b (WA B
a: TeEFafiigm
a=*b VvE b.a2v E;J;%/a\ a4ty
==
*a=b VveEa.v2Dhb
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c=*b;

*a:**b; ‘ :*C;

7 *a=d;
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0=8&V: « PRI
0=&p; P02 1)
. * q21{p}
if (a>b){ *YveEQq.P2V
p="*q; *p2o0
p=0; } Vv Eq.v 2 {w}
*q=&w;
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*p2o0
*VveEq.v2{w}

o B AR HETE 2
*P=pUoU(Uyqv) VU (p€q?{w}:0)
*q=qUipjV(qeq?{w;}:0)
co=0U{w}U (o €q?{w}: )
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*p=pUoU (Uyqv) VU (p€q?{w}:0)
*q=qU{p}U(qEq?{w}:0)
co=0U{vlU(o€eq?{w}:0D)
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* 02 {v}

* q2{p}
*VYveqp=2v
ep2o0

Vv € q.v 2 {w}

PRIT 5.

{v} {p} {w}

q={}

p={} -

o={}
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Vveq.p2v

Vv eq.v2{w}
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* 02 {v}

* q21p}
*Yveqp=2v
ep2o0

Vv e q.v 2 {w}

{v} {p} {w} q={} p={} < o={v}

Vveq.p2v
Vv Eq.v 2 {w}
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¢ 02 {v}

* q 2 {p}
*Yveqp=2v
ep22o0

Vv € q.v 2 {w}

LT

{v} {p} {w}

q={}

p={v} [

o={v}
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o 2 {v}

q 2 {p}
Vveq.p=2v
p2o

Vv € q.v 2 {w}

R

A 4

{v} {p} {w}

q={p}

p={v} [

o={v}
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* q 2 {p}
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{v} {p} {w}

q={p}

p={v} [

o={v}
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o 2 {v}

q 2 {p}
Vveq.p=2v
p2o

Vv € q.v 2 {w}

LT

A

{v} {p} {w}

q={p}

p={v} [
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o 2 {v}

q 2 {p}
Vveq.p=2v
p2o

Vv € q.v 2 {w}

LT H

A

{v} {p} {w}

a={p}

p={v, w} [«
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 The Ant and the Grasshopper: Fast and Accurate Pointer

Analysis for Millions of Lines of Code, Hardekopf and Lin,
PLDI 2007
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a=8&b Aout: = {b}
a=b Aout: = bin
_%
a=b Aout: = U Vin
VVED

*a=b ?
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RAS

a=&b Ayyp: = {b)
a=b aout: — bm
a=*b
Aout: = U Vin
VvED
“a=b VU € A.Vyyt = by la| = 1

Vv E A.vyyt = Vi U bin |a| > 1

Strong | Weak i X EAEEAE R ]
Update | Update BB L
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* Hardekopf B, Lin C. Flow-sensitive pointer analysis for
millions of lines of code. CGO 2011:289-298.
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* a=malloc();
« malloc() i A AT B3 — A 1 17 B B
o TLIEFHA I AIEmallociE A AT 2 /D Ik
o JoiRRE SCHI A PR

« v HWidening

» B malloc()BIE— MR NN E
* a=malloc(); //1

* Aoyt = {1}
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Struct

Struct Node {
int value;
Node™ next;
Node* prev;

Iy

a = malloc();

a->next = b;

a->prev = C;

o Yrfnf Ab P ZE R AR R
T

o I 3E U Field-
Insensitive 7 #iT

o JL-T15 1 Field-Based 73
M

o Jii BRS¢ Field-sensitive
i
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i JE UK Field-Insensitive 2 BT

Struct Node { . jﬁ'ﬁﬁﬁstructEj ] BT fields 24
int value; R R R

Node* next; o« FAEFFARN

* a’=malloc();

Node* prev;

e a'=b;
5 e a'=c;
a = malloc(); « Hrpa’f{3#a, a->next, a->prev
AN +
a->next = b; RS

o e 3, a->next, a->prevEl A B] fEtE
d->prev =¢; imlmalloc(), bFllc

26



LT Y Field-Based 23 T

. ‘ P P g sl A
Struct Node { %gﬁﬁ%ﬁﬁ%mﬂzéﬁﬁ |

int value;

° H 2N
Node* next; EYER IS
e a=malloc();
Node* prev; . next=b:
|5 * prev=c;
a = malloc(); * b=malloc();
* next = c;
a->next = b; AN TR
a->prev = ¢, e aflla->previe G, {Ha->nextHll
b = malloc(); b->next%ﬁ?§5ﬁbﬁﬂc

b->next = c;
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Struct Node { * XfT"Node3R ”E"J NI E X, WS
int Value; j:”:lw\j/\j:ﬁ%‘l‘/ﬁg
* X.next
Node* next; * X.prev
Node* prev; o X TALANode AL ) N 474 Ex,
y Jiv DA P 7
a = malloc(); zvalue
a->next = b; . x:next
a_>prev =C; * X.prev

e a->next = b5k

e VxE€Ea x.next2b
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Aa=new A() A* a = malloc(sizeof(A));

a.next=>b a->hext=Db

b = a.next b = a->next
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y = new B();
m=new A(); n
X=Y, et[f]

y.f=m; ° T
n=x.f;

X <

assign

FlowTo= new (assign | put[f] Alias get[f])*
PointsTo = (assign | get[f] Alias put[f])* new
Alias = PointsTo FlowTo

- CFLAT I8 1 iy da 4

new
m «<— new A()

| put(f]

Y hew NEW B()
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PointsTo
" > m meExXx
FlowsTo
m " meExXx
Alias
. g XNy + @
PointsTo puts|[f] PointsTo nem.f
Jy.y >MAY > 1l
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* Lecture Notes on Pointer Analysis
* Jonathan Aldrich

e https://www.cs.cmu.edu/~aldrich/courses/15-8190-
13sp/resources/pointer.pdf
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