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0=&V; * FEAEATR a={}
W=&W; * 02V}
e w 2 {w}

:& ; =
a=&p * q 2 1{p} P
if (a>b){ . q 2 {r}

q=&; *VVEQUV2D o={}

*q=p; YveEqQ W2V

*p2o0
w=*q; il
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0=&v; * FEEZIR a={pr}
W=&W; * 02 (v}
e w 2 {w}
:& ’ ={}
=P + q 2 {p} -
q=&r; VYveEqv=2p o={v}
*0=p; *VveEqW=2D
*p=20
w=*q; w={w}

p=0; }

r={}
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YveEqQ W2V
*p=20 w={wv}

r={v}




Steensgaardfg ol 2T & &

* AndersonE ERFHEH £ Bk B FINE D sttt
« EXREHOM)

* BUB—#B2 RiEaE BER IR
 The Ant and the Grasshopper: Fast and Accurate Pointer

Analysis for Millions of Lines of Code, Hardekopf and Lin,
PLDI 2007

* BED BT IERS B R MEBUB X MER?
» Steensgaard#s [0l > AT E &

- B AT RERESE

» SHREHO0(na(n)), ERLMRTE




Steensgaard¥gE @ N T 45 R

o=&v; q={pr} q={pr}
w=&W;
O,p,W,r={WV}
q:&p; p={v}
¢ " 0 A T B T L R
if (a>b){ P A W 6
g=&r; o={v} A
* - 1. A AR A — A
a=p; 2. HIARAE Y R R A 2 5
%y _ . . W FE— MBI T ST
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r={v}
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FlowTo= new (assign | put[f] Alias get[f])*
PointsTo = (assign | get[f] Alias put[f])* new
Alias = PointsTo FlowTo

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,l ﬂ b’2 <«

SetF(a, b): putl putlf
f=b; '

a an assign 2,2

s IIRANERET R, SN niRHal
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Struct Node { * JMER A struct R B Er A fields4
int value; R— TR

Node* next; * REEFT A

* a’=malloc();

Node* prev;

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

a->prev = C;
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Struct Node { gﬁl NNode*f T Ea, GIEZWMPIEET

int value; -
Node* next; * a->next
h; * a=bhEA
a = malloc(); ©a=b
L * a->next2b->next
a->next = b; * b->next2a->next

a->next=bf=4
* a->hext2b
* a->next2b->next
* b->next2a->next

a=b->nextf=4
e a>=b->next
* a->next2b->next

2R A e fEEE, AL « b->next2a->next
FHIFDSH B 3 n L3455
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Struct Node {
int value;
Node* next;

5

a = malloc();

a->next = b;

J

\
IX

TS

H

PMNode*y L Ea, GIE

d
a->next
a->next->next

* a- >next b4

a->next2 b
a->next->next2b->next
a->next->nextSb->next
a->next->next2b->next->next
a->next->nextSb->next->next

e a=b->nextf=4

a 2 b->next
a->next2b->next->next
a->nextCb->next->next
a->next->next2b->next->next
a->next->nextSb->next->next

2R R
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e 23 Manu Sridharan, Rastislav Bodik: Refinement-based context-sensitive
points-to analysis for Java. PLDI 2006: 387-400
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* 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 | {

voidml (-1 ] Bt oy 7 S
ilass B implements | { —' $£/$¢j:[‘/ﬂ‘ {): H/JX
void i) (=2} BT ] A4 2

}

static void main() {

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

}
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o N AAEmust analysis?

« TR H M vs BEER T
h%m\ﬁﬁﬁﬁrh%mmm
s FHRR AT ERRR P EIRRIR

s MIERDTERFIRE LT, EIERFRIHITEE
R TR EA

35



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 AR T
N
« FEXAMBIT R, LmATAEH B

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

« RATHER) BAT N

e C.m()

« DITEER JIx={1,2}
« LR HEEPUR
- e IEERNEHR, FalE

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
»

T

L
X

&
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e

A&

IRLEEFEFEF PGl
xﬁ(ﬁ.f library A K &
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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

38

* ZIERE
« 2ROl eEHA AR 777K & Methods, 4]
R B FEmain

- EFHIERNEEBABMNNBiR
Calls=Methods

« T2 H T A BE s F AU 2K Classes
* MethodsFRFIEIN— 11 7%
« Bz EHR A G EENFClasses
* iz AR AEIERMAZCI, Biry]
5 NIRHEHBIClassesSe 5 R AR 737E
* ClassesHAEIZIN— 28

s HXEFRIAR, MNRLBITA, LT
X B 73 74 0 A ] Calls=Methods
« FMFFEMAZE|Methods 2 H

TS R .m () FHA.m()



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

* P TEEIEFEIR
* \'ﬁ Jx'f)}/\\\ﬁﬁa
TELE’W?J?':', 5

Hi.mpy
FIB.m

FREFEA.M
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SRR RT, BEEEFRACEA (control flow
analysis)
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interface | { ?X%JZE']":T ZRSEFHR E{EER T
cllar:s();\}implements | { _ERINSIREE RS
° 5(\ t:l:-I:é:
| m() { return new B(); } } ng:{j\j—/A A FRFE X 5
: N7 V524 1 8
class B implements | { X y-g(a, b) ﬁgﬂﬁfﬁﬁg S B B 2
| m() { return new A(); }} EZQ'JFE \
stajuc void main() { . Wy € f#y. vm € targets(y, @),
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=i.m(); m#b 2 f#b
) RS Cet s
éﬁgéﬁih sEFIAndersonfS &5 4T

R B 155 R TE
KRN 5 41
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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#iiret

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

SKFRLER
* main#i={1,2,3}
* main#x={1, 2}
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E I\[EJE’J&F%‘ BT RAEBURAITEET 24T, BEFF
/As lﬁlﬁ-ih_ I:'J 'I_&L
Struct Node {

int value;

n)a

o

Node* next;
5
a = malloc(); //1
b = malloc(); //2
a->next = b;
b->next = malloc(); //3
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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
e Lecture Notes: Object-Oriented Call Graph Construction

e Jonathan Aldrich

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

BT RAERES 29

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