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a=&b a2 {b}
a=b a>2b
a=*b VveEb.a2v

*a=b VveEa.v=2Dh
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y = new B(); new
m=new A(); n m

X=Y, 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; getf] put[f] HEROESS SUliE
y.f=m; I AFAE f 7] 3£
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 & ? Eeid:

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; getf] put[f] HEROESS SUliE
y.f=m; I AFAE f 7] 3£
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 AEAlias N #2401
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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w=&W;

if (a>b) {
q=&r;
*g=p;
w="q;
p=0; }
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q={}
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p={}
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r}
VYveqv=2Dp o={}
*YveEqQ W2V

° D)
p=0 w={}

r={}
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0=&v; * FFHEZAR a={pr}
w=&Ww; * 02 v}
w2 {w}

= . ={}
A== £ 42 () :
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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« PEA TR a={pr}
* 0 2 {v}
* w2 {w} _
* q 2 {p} =
* q2{r}
*VVEQ.V2P o={v}
Yveqw=2v
"p=20 w={w}

r={}
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° F—L_/:'___.-z/\]fi q={pr}
* 0 2 {v}
* w2 {w} i
* q 2 {p} all
*q2{r}
cVVEQUV2DP o={v}
VYveEq.w=2UV
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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o=&v; q={pr} q={pr}
wW=&W;
O,p,W,r={WV}
q=&p; p={v}
¢ " h 0 A T B T L R
if (a>b){ S A W 6
q=&r; o={v} GFRA
* - 1. AL SR —
a=p; 2. HIARAE Y R R 2 5
_ %y - B AR S A
W_*q’ w={wv} 2 %%ﬁ/:\%ﬁéf%ﬁmﬁﬁ Jfl:
p=0; } 2. FAMZIEE R E LS
GIE T

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

owz&w; '02{7)}
o e w 2 {w}
9‘&p' * q 2 {p}

* q=&r; *VveEqv=2p

e *q—n- VYveqw=2v
a=p; . p2o

* W=%g;

TH

* SteensgaardZ\J TR

* p=0;} + WMEMALAWILKLEAHE
o R AR SR R Ak A S
« PUNSEEMSE, P& HM— MRS

VEO
wEWwW
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q P T4 38
*q=p EESSER

15



4
L1
I1

vVEo o=} p={}*q={} r={}
WEW / / [
peEQq
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 {}
*g=p \

w=*( q
p=0

Vy.Vx e y.x =xYy
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« B ERARA Ak
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veo 7} ;} {\}
W eEWwW

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

w=*( q

p=0

Vy.Vx e y.x =xYy

« R IRTRFIRAR
« B ERARA Ak
s WERGHSHZ T R4, wlaiFad
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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

Vy.Vx ey.x =xYy
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VEO
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*q=p

w=*( q
p=0

Vy.Vx e y.x =xYy

« R IRTRFIRAR
« B ERARA Ak
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*q=p

w=*( q
p=0

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

w=*( q
p=0

Vy.Vx e y.x =xYy
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* Inclusion-based
* f5ZK U Anderson T AT DT E X
e Unification-based
* f5fliSteensgaard 5 RS T 2 T & 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 Xx,0 «—vy0 al
X=Y; assign new
SetF(y, m); //2 :
n=x.f; b,1 < assign b,2 <
SetF(a, b): l out[f] put(f]

f=b; '
a an assign 22
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Struct Node { e ¥R A struct R B Er A fields4
int value; R— TR

Node* next; s RIEEFT A

* a’=malloc();

Node* prev;

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

a->prev = C;

32
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Struct Node { . Xéz,lliNode*E’]}ZEa
int value; Ta.ﬁaitZ‘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
FHIFDS#: B B FFin _EFE 5.
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Struct Node { ¢ X :E/\I\;ode*ﬂ’] &a, O
int value; | T X2
NOde* HEXt} ° a_>next

}; * a->next->next

a = malloc(); * a->next=bf=4

3->next = b e a->next2b

e a->next->next = b->next
e a->next->next = b->next->next

e a=b->nextf=4
* a 2 b->next
* a->next = b->next->next
e a->next->next = b->next->next
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« 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 MRy 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 | {

o33 T4 BT
ilass B implements | { —| $I/$j:j‘14/tr {): H/JX
i =2 i Al e i

}

static void main() {

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

}

36



SRS

* T E R 20UE F B ARRY AT I U E R A

o IRHEISR 2T 2 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() {} }

BRI X T R
I
« FERXAMBIT R, LmATAER

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

* NHRERVERA

e C.m()

* DITERAx=(1,2}
* LR EERRIE
c R IEEANEH, T2

A Object.equals()iX 3818 F HY
iy 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();
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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() {
li=new A();
| j = new B();
i.m(); }
class C { void m() {
new B().m();

8

* P TEEIEFEIR
* \'IEJ 1203/\\\%'3&
TELE’W?J?':', 5

Hi.mpy
FIB.m

FREFEA.M
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RESERART, BEEEFRACEA (control flow
analysis)
* CFAMTEET P IT B E — 2T
s IBEPITHREARNR
AN RBEFNPIEERXR
s RInE AEX HAEE L
* XENMAREZNEEX RIRA
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interface | { ?X%tm"ﬁ ZRSEFHR E{EER T
cllar:s( i}implements | { ' ERhiSTE T RS
© XF 5
| m() { return new B(); } } f() {... ZLk *E?E?J%ﬂﬁﬁﬁ%
class B implements | { X y-g(a, b) @ggﬁaﬁ;ﬁg S B B 2
| m() { return new A(); }} %ﬁé’ﬁlﬁﬁ \
stajuc void main() { « Vy € f#y.Vm € targets(y, g),
li=new A(); f#x D m#ret
if (...)i=i.m(); m#this 2 filter (f#y, declared(m))
. _ m#a 2 f#a
Ix=im(); m#b 2 f#b
} . SHESE R EYIIAN
éﬁgéﬁih sEFIAndersonfS &5 4T

PR 750
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interface | {

1 £(); }
class A implements | {

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

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

li =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.fiiret 2{1}
B.fitret 2{2}

SKAREER
* main#i={1,2,3}
* main#x={1, 2}
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. Igomas W. Reps: Program Analysis via Graph Reachability. ILPS 1997: 5-

Steensgaard 347 :

* Lecture Notes: Pointer Analysis
e Jonathan Aldrich

e 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

ETRBAEFEE 217
* Neil D. Jones, Steven S. Muchnick: Flow Analysis and Optimization of
Lisp-Like Structures. POPL 1979: 244-256
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