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Points-to Analysis?
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Points-to Analysis? int[] newZeroVector() {
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void crosProduct(
int[] Q, int[] b, int[] result

)

result[0] = a[1] * b[2] - b[2] * a[1];
result[1] = a[2] * b[0] - b[0] * a[2];
result[2] = a[0] * b[1] - b[1] * a[0];

}




Alias Analysis

» Points-to Analysis(d “Alias Analysis” (ZDMDZ K
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void crosProduct(

int[] Q, int[]
) 1

b, int[] result

result[0] = a[1] * b[2] - b[2] * a[1];
result[1] = a[2] * b[O0] - b[0] * a[2];

result[2] = a[0] * b[1] - b[1] * a[0];

}
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» Context-Free Points-to Analysis 1
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(All-Pairs) Context-Free Language Reachability
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Context-Free Points-to Analysis =
Context-Free Graph Reachability

. alloc where h_1is a
» X = NeEW ObJeCt, unique ID for this
program location
i i assign i i

i i load-f i i
» x.f=y; i i store-f i i

» X =Y,

"

» X = Vy.f;
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assign

» X = new Object;

assign
» X =Y, load-f
» load-f

» X = Vy.f;

store-f
> Xx.f=y; store-f




Example from the paper

vl = new 0Obj(); // hil vi2 = v8; v3 =

v2 = new 0bj(O; // h2 vi.h = vi; v8 =

v4d = new 0bj(); // h3 v2.g = vi; v1i0 =

v6 = new 0Obj(); // h4 va.f = v2; v10 =

vh = v4; vi = vb.f;

vb = v6; vl = v6.1;
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store
g
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(To Java Experts)
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Obj f(Obj x, Obj y) {
return y;

}

(h1, h2);
(h3, h4);

f
f




Alias ::= PointsTo PointsTo

Grammar

i i alloc 'il i

» X = new Object;

>X=Y;
> X =y.f; i i load-f , ‘ i
» X.f =vy;




Alias ::= PointsTo PointsTo

Grammar
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Alias ::= PointsTo PointsTo

Grammar
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Alias ::= PointsTo PointsTo

Grammar
Alias
; load-f ; ; store-f N

y

v.f = w;
B x EZHNy EIUAETY ZIEITHNE
Z = X.f; = EH(Jz=w; &EU




Alias ::= PointsTo PointsTo

Grammar

x=xX1; x1=x2; ...; Xxn=y; y=new Obje
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Alias ::= PointsTo PointsTo
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I: function POINTS-TO(bridge)
2 W <« bridge
32 ladd(assign) Bridge D over
! "ep‘}’i;‘{_ ) lapproxi maton (f&ik)
6 for all (u,v) € W do T (& }’E%Eﬁ@(ff\) LiI& L@
7 i IS BRIDGE(1. o) then reachbility) & 3R (C
8 U et — \
\ AR ST 55 — IS [21]
' 16: function IS-BRIDGE(u, v)
10: end for 17: forall (by,b,) € Isb(u,v) do
11: T.add(N) 18: if (T.query(b,)NT.query(b,))oalloc # () then
12 W «— W \ N 19: return true
. . . 20: end if —~
b llll!:ll N=0 21: end for EETZTZOD T b\b
14: pointsTo < 1" o alloc > return false Bridgeb‘ Cl:_ > b\EHJL_I_E

15: end function 23: end function




Bridge @D over approximation

» CFL Reachability O#lIfE=N/co—X
“Bidirected Dyck CFL Reachability” Tzl

» O(|E| log |EJ)
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SIS

Bench \4 | E| | EpointsTol
sunflow 15,464 15,957 16,354
lusearch 15,774 14.994 9,242
luindex 18,532 17,375 9.677
avrora 24.690 25,196 21.042
eclipse 41,383 40,200 21,830
h2 44,717 56.683 92,038
pmd 94,444 59,329 60,518
xalan 58,476 62,758 52,382
batik 60,175 63.089 45,968
fop 86,183 83,016 76.615
tomcat 111,327 110.884 82.424
jython 191.895 260,034 561,720
tradebeans 439,693 466,969 696,316
tradesoap 440,680 468,263 698.567
openjdk 1,621,634 1,964,146

sun 0.21
lus 0.19
lui 0.21
avr 0.51
ecl 0.48
h2 1.92
pmd 1.61

xal 1.72
bat 1.23
fop 2.70
tom 4.45
jyt 16.62
trb 122.90
trs 124.56

2.05 1.12 1.08
2.13 1.15 1.27
9.83 1.54 1.86
52.36 1.95 4.34
52.44 1.96 4.39
g 3.102.10 40.13

1,570.820.597 jdk *




Bridge DI\ DIBE

Bench All Field Dyck True
sun 8.61-10” 3,934 886 747
lus 1.46-10° 5,037 793 770
lui 2.87-10° 8,722 1,228 1,212
avr 3.58-10° 4,630 756 722
ecl 4.39-10° 6,444 1,430 1,096
h2 8.31-10° 12,174 3,492 3,281
pmd 2.20-107 65,849 1,908 1,752
xal 2.45-107 31,041 2,233 2,104
bat 1.20-107 19,405 2,397 1,948
fop 1.43-107 12,551 1,962 1,744
tom 4.93-107 30,863 8,052 7,700
jyt 6.12-107 55,776 8,646 8,082
trb 6.15-10% 149,642 30,863 29.155
trs 6.17-10% 149,724 30,894 29.173
jdk 7.44-10Y 538,274 84,415 64,716




