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y = new B(); new
m=new A(); n m

X=Ys get[f] put(f]
y.f=m;

n=x.f; X Y new

assign

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

R

new A()

w B()
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y = new B(); new

m=new A(); n m new A()

X=Y; get[f] put[f] HEEOESS SUlE
y.f=m; IS AFAE f [\ 30
n=x.f; X Y new New B()

assign

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

e A E X Aliask & ? Lhi:

FlowTo = new FlowTo’
FlowTo’ = put[f] FlowTo’ get|f]
| FlowTo’ FlowTo’ | assign | €
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y = new B(); new

m=new A(); n m new A()

X=Y; get[f] put[f] HEEOESS SUlE
y.f=m; IS AFAE f [\ 30
n=x.f; X Y new New B()

assign

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

e 77 lassign 4t — & X AEAliasN #5211
FlowTo= new (Alias | put[f] Alias get[f])*

PointsTo = (Alias | get[f] Alias put[f])* new
Alias = PointsTo FlowTo | assign | assign
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PointsTo
meExXx
X > 1M
FlowsTo
meExXx
m-—mX
Alias
XN
. g y+0
PointsTo puts|[f] PointsTo nem.f
dy.y NAY > m
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q={}

\1
M

%

[ ]
o o g o HF

~
<
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B

p={}

Uy U

steNate
<
—

r}
VYveqv=2Dp o={}
YveEqQ W2V

° D)
p=0 w={}

r={}
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0=&v; * FFEAR a={pr}
W=&W; * 02 v}
w2 {w}

= . ={}
A== £ 42 (o) :
if (a>b){ « q 2 {r}

q=&; *VVEQUV2DP o={v}

Yoo YveEqQ W2V

q=0, *p Do
w=*q; w={w}

p=0; }

r={}
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« PEHA TR a={pr}
* 0 2 {v}
* w2 {w} i
* q 2 {p} P
* q2{r}
*VVEQ.V2P o={v}
YveEqw=2v
"p=20 w={w}

r={}
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° F—L_/:'___.-z/\]fi q={pr}
* 0 2 {v}
* w2 {w} _
* q 2 {p} ald
*q2{r}
cVVEQUV2DP o={v}
*YveEq.w2UDV
P =0 w={wv}

r={v}
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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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0=&v; q={pr} q={pr}
w=&W;
O,p,W,r={WV}
q=&p; p={v}
¢ y - 0 A T B T L R
if (a>b){ S A W 6
q=&r; o={v} GFRA
* - 1. AR S R — A
a=p; 2. HARAE Y AR A 3 5
_ . _ . y E_A/\b E‘l:l \—I—P){_:—(é\‘
W_*q’ — W—{WV} 2 TE%II;:II_‘/:\?H%T‘TH m E/Jﬁ Jfl:
p:m} a. B ZiEfNEEaS
SR A 5t

r={v}
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* 0=8&vV; * AndersonZjm

* W=8&Ww; * 02V}
o e w 2 {w}
9‘&p' * q 2 {p}

e q=&r; *VveEqv=2p

e *q—n- VYveqw=2v
a=p; . p2o

© W=%q;

TH

* SteensgaardZ\ TR

 p=0;} - WEMELELWILNEAHEY
o LR AR SR 1R Ak A
o PUNSEGMSE, BT D&M — MRS

VEO
wEWwW

€
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q P T4 38
*q=p EESSER
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pbeq
o p q={}
r €q
*q=p /
w=*q q
p=0

Vy.Vx ey.x =xYy
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]
req o p {}
*q=p \
w=*( q
p=0

Vy.Vx e y.x =xYy
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veo 7} ;} {[}
W eEWwW

f:: o p {}
*q=p \

w=*( q
p=0

Vy.Vx e y.x =xYy

« R IRTRFIRAR
« B ERARA Ak
« WMRGHIEZ TR, SEIFE%
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veo 7} ;} {\}
W eEWwW

E: :11 o p {p}
*q=p f

w=*( q

p=0

Vy.Vx e y.x =xYy

« R IRTRFIRAR
« B ERARA Ak
« WMRGHIEZ TR, SEIFE%

19
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veo v
WEW ] /\
peEq

req o p {p}
*q=p f
w=*( q
p=0

Vy.Vx ey.x =xYy
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VEO

weEw
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*q=p

w=*( q
p=0
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VEO

wWEW
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r €q

*q=p

w=*( q
p=0

Vy.Vx e y.x =xYy
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VEO

weEw
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*q=p

w=*( q
p=0

Vy.Vx e y.x =xYy
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VEO
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*q=p

w=*( q
p=0
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* Inclusion-based
* F5ZX{lAnderson T X FEET DT B A
e Unification-based
* f5ZfliSteensgaard F IR T 2 T B A
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FlowTo= new (assign | put[f] Alias get[f])*
PointsTo = (assign | get[f] Alias put[f])* new
Alias = PointsTo FlowTo

Y

assign  assign

" new

Main(): //0 n,0 m,0 - a2
y = new A();//al Iget[f]
m=new A();//a2
SetF(m, y); //1 X,0 < y,0 - al
X=Y; assign new
SetF(y, m); //2 .
n=x.f; b,1 < asslsh b,2
SetF(a, b | put | putlf

f=b; '
a at assign 22
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* XY FAIZRp 2 0
bk AFEP=pVUoO

s S EMEEHRESf(p,o) =pUo
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+ FREE

* 1B R U

31

F NZSINI8

SR

REIEETRET

SESEN



23] BAESUR T

Struct Node { . ?Eﬁﬁﬁstructtil B Er & fields 24
int value; R— TR

Node* next; * REEFT A

* a’=malloc();

Node* prev;

* a'=b;
}; e a'=c;
a = malloc(); « Hrha'{{3ka, a->next, a->prev
a->next = b; * ARPAZHIMEFRETT

a->prev = C;

32
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Struct Node { . X[;J{I:/gNode*E’]}ZEa
int value; Ta.i’@I‘E
Node* next; e a->next

5 e a=bfz4

a = malloc(); *a=2b

e a->next = b->next

e a->next=b~=4

e a->next2b

e a->next = b->next
e a=b->nextf=4

* a2 b->next

e a->next = b->next

a->next = b;

ZIR A SRR, 7L
FHIFDSHS fl B I in_E 35
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S

Struct Node {
int value;
Node™ next;

5

a = malloc();

a->next = b;

= /711N

=2

. a->next

* a->hext->next
* a->next=b~=4

e a->next 2 b

* a->hext->next =
* a->hext->next =

e a=b->nextf=4
* a2 b->next

¢ X j;@E/\Node*lﬂ’lﬁga CIEM

b->next
b->next->next

* a->hext = b->next->next

* a->hext->next =

b->next->next
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EBTE AR IR X A S R L8
. Eﬁ%&%?xQ@Z’I‘Eﬂlﬁﬁiﬂ?ﬁ@'l‘&*ﬁ’ﬂﬁ?ﬁ%ﬁ@ﬁﬁﬁ, =EHRH—PIE
Jeany I IES) AR
B%ﬁt—l;if[@’%?gﬁlfﬁﬁ 1 I5| NFTHY R SRR BRI
« BEETCLALAMMNIERSNT, B 5| AFHRARMBEZEZRRERHAI
T = AT RS
* W RAIENSGERERL E T SO AT R Y £ T SRR SCE
e 23 : Manu Sridharan, Rastislav Bodik: Refinement-based context-sensitive
points-to analysis for Java. PLDI 2006: 387-400

PRI B R M RY T{E
. %%;ﬁ\%\derson%ﬂﬁ*ﬁ, B S| AFHRISMEEZRRER/FHINTET

* W: 5IAN*FRREEKBIGEFS
&2 Johannes Lerch, Johannes Spéath, Eric Bodden, Mira Mezini:

* Access-Path Abstraction: Scaling Field-Sensitive Data-Flow Analysis with
Unbounded Access Paths (T). ASE 2015: 619-629
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interface | {

void m();

}

class A implements | {

voidm (-1 ] B3 b S
ilass B implements | { —' %I)%El:ﬂ'f—f {}: EIIJX
woid i) (1= A T i 18 2

}

static void main() {

| i =new A();
i.m();

}
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o IRF| R T =may analysis
o N AAEmust analysis?
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Class Hierarchy Analysis

interface | {
void m(); }
class A implements | {
voidm() {x=1; }}
class B implements | {
voidm(){x=2;}}
static void main() {
i =new A();
i.m(); }
class C { void m() {} }

R R T
I
« FEXAMBIT R, LmATAEH B

FRA
* A.m()
* B.m()

- RATRERIB AR

e C.m()

* DITERAx={1,2}
* LR EERRIE
S | S I Sl

5 Object.equals()iX 3818 FH HY
i fii
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Rapid Type Analysis

interface | {
void m(); }
class A implements | {
voidm() {x=1; }}
class B implements | {
voidm(){x=2;}}
static void main() {
i =new A();
i.m(); }
class C { void m() {
new B().m();

I8

« A
HY
»

°* H

L
X

Z BRI T el
Xy
A

A&

£
) ﬁxﬁ(ﬁ_fllbraryﬂlﬂﬁ’lki
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interface | {
void m(); }
class A implements | {
voidm() {x=1; }}
class B implements | {
voidm() {x=2;}}
static void main() {
li=new A();
i.m(); }
class C { void m() {
new B().m();

1}

Rapid Type Analysis

40
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Rapid Type Analysis

interface | {
void m(); }
class A implements | {
voidm() {x=1;}}
class B implements | {
voidm() {x=2;}}
static void main() {
| i =new A();
| j = new B();
i.m(); }
class C { void m() {
new B().m();

8
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TELE’W?J?':', 5

Hi.mpy
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FREFEA.M
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RESERERT, BEEEFRHCFA (control flow
analysis)
* CFANIFSET P TR E—#E 5T
s IBEPITHREARNR
c AR RBEFNIELRXR
s RInE AEX HAEE L
* XENMAREZNEEX RIRA
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interface | { %%JZE']":T ZRSEFLR E{EE T
cllar:s(),;}implements | { _ERISIREE A S
'S EIE
| m() { return new B(); } } ng:{jj—m A AR A R X 5
- N5 52410 €
class B implements | { X y.g(a, b) ﬁgﬂﬁfﬁﬁg
| m() { return new A(); }} E)ii’]ﬁi \
stajuc void main() { « Vy € f#y.Vm € targets(y, g),
li=new A(); f#x 2 m#ret
if (...)i=1i.m(); mﬁ;h:i)sfiafil er (f#y, declared(m))
I =i.m(); m#b 2 f#b
} © QERMITERAndersonti e 44
/A?Q

R B 15 5 R TE
E~BIL PO 43
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interface | {

1 £(); }
class A implements | {

| f() { return new BY(); } }
class B implements | {

| f() { return new A%(); } }
static void main() {

| i =new A3();

if (...)i=1i.f();

| x =i.f();
}

main#i 2{3}

Vi € main#i, Vm € targets(i, f),
* main#i2miiret

* m#this 2
filter(main#i, declared(m))

Vi € main#i, Vim € targets(i, f),
* main#x2m#iret

* mthis 2 filter (main#i, declared(m))
A.fitret 2{1}
B.fitret 2{2}

K2,
* main#i={1,2,3}
* main#x={1, 2}
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BT CFARTE A 24T :

. Igomas W. Reps: Program Analysis via Graph Reachability. ILPS 1997: 5-

Steensgaard 347 :

* Lecture Notes: Pointer Analysis
e Jonathan Aldrich

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

EHIR AT
* Lecture Notes: Object-Oriented Call Graph Construction

e Jonathan Aldrich

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

ETRABHTES 727
* Neil D. Jones, Steven S. Muchnick: Flow Analysis and Optimization of
Lisp-Like Structures. POPL 1979: 244-256
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