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Call-site Sensmwty VS Object Sensitivity

CaII-S|te sen5|t|V|ty was born in I98I
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Call-site Sensmwty VS Object Sensitivity

CaII-S|te SenSItIVIt)' was born in |98| Where is it called from?
e Considers “Where”
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CaII-S|te Sensitivity vs Object Sensitivity

| - Object senS|t|V|ty appeared in 2002
* Considers “What”
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CaII-S|te Sensitivity vs Object Sensitivity

| - Object senS|t|V|ty appeared in 2002
* Considers “What”

What is it called with?
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Call-site Sensitivity vs Object Sensitivity

* An example shows the limitation of CFA and strength of object sensitivity

class C{
id(v){
return v;}
id | (v){

return this.id(v);}

J

main(){
cl = new C();//CI

c2 = new C();//C2
a = (A) cl.idl(new A());//queryl
= (B) c2.idl(new B());//query2
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Call-site Sensitivity vs Object Sensitivity

* An example shows the limitation of CFA and strength of object sensitivity

idW{ < Identity function |

T

return this.id(v);}

J

main(){
cl = new C();//CI

c2 = new C();//C2
a = (A) cl.idl(new A());//queryl
= (B) c2.idl(new B());//query2
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Call-site Sensitivity vs Object Sensitivity

* An example shows the limitation of CFA and strength of object sensitivity

- { | Also an identity function implemented with id}

returnv;} ¥

L id 1 (v)]

~_return th|s |d(v) }
-

main(){
cl = new C();//CI

c2 = new C();//C2
a = (A) cl.idl(new A());//queryl
= (B) c2.idl(new B());//query2
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Call-site Sensitivity vs Object Sen5|t|V|ty

Method & Context

id | (v){

9:)a = (A) clidl (new AQ)//queryl .~~~ Call-graph of 1-CFA
10:).b = (B) c2.idl(new B()) //quer

10
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Call-site Sensitivity vs Object Sensitivity

* An example shows the limitation of CFA

| Limitation of CFA : |
Nested method calls | \
" return th|s |d v b

9 a = (A) cl |d|(newA()) //queryl ' Ca”-gl‘aPh of |1-CFA
10: b =(B) c2.idl(new B());//query2 |

11


http://c1.id
http://c2.id

Call-site Sensitivity vs Object Sensitivity

* An example shows strength of object sensitivity
0: class C{ dI
| : id(v){ |
2. returnv;} / [Cl] _’ [CI]
3 idIO) “
. return this.id(v);} X
D : \n_.
7. ¢l = new C()/C| [CZ] [CZ]
8: c2 = new C();//C2
9 a = (A) cl.idl(new A());//query Call-graph of I'Obl
IO = (B) c2.idl(new B());//query2

—
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Call-site Sensitivity vs Object Sensitivity

* An example shows strength of ob]ect sen5|t|V|ty .

o = -
I O 2 i /
return t |s |d(v) }
;

\ id |

ic2 = new C() //C2
: = (A) cl.idl(new A()) //queryl Call-graph of | Obl
= (B) c2.id | (new B()); //queryZ
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Call-site Sensitivity vs Object Sensitivity

* An example shows the limitation of object sensitivity and strength of CFA

. class C{
id(v){

return v;}

: main(){ [*] [CI]

cl = new C();//CI

A — (A) clld(new A()),//queryl Ca”_graph Of I 'Ob]
b = (B) cl.id(new B());//query2

c = (B) cl.id(new C());//query3
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Call-site Sensitivity vs Object Sensitivity

* An example shows the Ilmltatlon of object sen5|t|V|ty

main | 67/.8
main(){ [*]
new C();//ClI

cl =
a — (A) Cl |d(neWA()) //queryl Ca”_graph Of I 'Ob]
= (B)] cI .id(new B());//query2
c = (B): cI |d(new C()) //query3
The three method caIIs share the same receiver ob]ect CI

, A15_ sy
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Call-site Sensitivity vs Object Sen5|t|V|ty

* An example shows the

(6: a=(A) cl.id(new A());//queryl |
'7: b= (B)cl |d(new B()) //queryZ
8 ¢ = (C) cl.id(new C()); //query3

Call-graph of |-CFA

Call-site sensitivity easily separates the three method calls
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Call-site Sensitivity vs Object Sensitivity

o Call-site Sensitivity and Object Sensitivity had been actively compared
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Call-site Sensitivity vs Object Sensitivity

e Object Sensitivity outperformed call-site sensitivity

Call-site Sensitivity vs Object Sensitivity |

{ Parameterizad Objact Sansitivity for Paints-10
3 Analysis for Java
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Call-site Sensitivity vs Object Sensitivity
* Lectures have taught the superiority of object sensitivit
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Call-site Sensitivity vs Object Sensitivity

* Lectures have taught the superiority of object sen5|t|V|ty

= - it B - it = o -
o~ B . A -z o =~ . - o _ . - == a - 5 _ o~ o

Object-Sensitivity

@ The dominant flavor of context-sensitivity for object-oriented
languages.

i3 @ It uses object abstractions (i.e. allocation sites) as contexts,
qualifying a method’s local variables with the allocation site of the
receiver object of the method call.

class A { void m() { return; } }

¥ ¥ b = new B();
¥ T b.m():
The context of m is the allocation site of b.
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Call-site Sensitivity vs Object Sensitivity

* Researches focused on improving Object Sensitivity
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Call-site Sensitivity vs Object Sensitivity

e Call-site Sensitivity has been ignored

e AT GAE e s Ace A L - e 2™ 12 40 " e ST S g g = Aen B L 12 s o s An _Be - SUBRTT ) S e B s Amaicie Jm Nen B L . P 2 Bz, e e en B b sns O e o

. » - _ - g — _ - - — _ - - g - - » Ay - g o _ - a - - N - a 2 _ - - - . - - » Ry
p .
P o, S § A LAma o Sl > o A ama g o SR I G posaa B P IS i g o e B » s s =y ca » 9 osna SRR ROy PRy i 2 9 Loaa 33 ST S % = 7 9 LA o b e ) TR 9 T S PR \
\} S _ - N - _ ~ N ~ _ BY - ~ 3 ~ ~ 3 - N ~ i 3 - S iy AY ~ iy 3 - S \ /
By D
k. d

I

{| “We do not consider call-site sensitive analyses ...
1 - Li et al. [2018]

|

2l < A ~ 2 < A — J — 3 =g 2 o iy o > - o il - o gl y £ N\ S — v . £ \ ~ . e < 4 b
N - = o DRI — o - PN R e 2 - oo o — - 2 PN .- z fo . p o - & D mes - PO P - — oy - e - & = 2 4 & Lk 3 o B S = B 3~ L oa. O 5 ks o <ol ~ o e P L =
‘ v
! o " 4 .
y b '

. . W 1 4
£ Making k-Object-Seasitive Pointer Ana Pick Your Centists Wall: Understanding Ohject-Sens Introspective Analysis Canteat-Sensitivity, Across the Doard ik
b, More Precise with Still k-Limiting Tiss Mahigg 1 Freene mmd Siebdie Psizire Arscdsis ’ ’

v goniis o e Yowe Soargpdan ovrpe Karws  Googe Sebdwmen

A Mach neLoar L. aned Songhog Ko Scatadil ty-Fast Pointer Anyf i g b Now w Ve sbooy s, el . Oupunes & Mhwnatie g

‘\v o 3 S r— SIS - A’?.‘. gy 2,0 — - Py 2

S Data-Deiven Pragram Analysis Shocdl of Cumpene Sedsnsoend Bnghaning, UNI Antod Selt-Tuning Context-Sen: 'r_'.,'_,'._‘,“_’_' Qe : P v el -+ Prodision Guided Context Sensitivity for Point g s, i e

y A [P - Ne ol Lo st ol e

| . "l Thes To s bt ane LA D W Vb 5. 1A

' NISOIUR LUN FUN ROMU . SUSTLELE LHA v MR UOLUS N Ama b Utms o b i vy - ARCTA | 334 W . ey YUF 1 Jerwn Urrar b, Ivrrark
Rowbds o Kare . d . reipend - — TANTA A Ltani» It - . X R - -
ol i i DU SIS SH SApIT SIS AN S - —- e u vl ANDIZES M LLER. Aarwe U et . D Comsermmtoty s athting ey s sy pusiman L,
Ovew ey e sheks e amdyess e & webbmtin st o waswnd ¥t 1y Mgt ——— - e ol VAN 3 SWARAOLAK S, Uriens 17 ef e Conece s e e ity s sy i
POy A S A S ———— &
 avannan diy sipasy bw andiai baws wn das Gwmais e ammy dpe i a Coma sty e Wb I <ac R e b s gty - ..:':;::'\:: G

S ISR S —"— et o ) o o S p— - T

Wi ol o ek (00

yyr—— -

o gemeing b =

Lo OOt ol il wly cn L sdod wied Bl e X S—— -

wdicraed pend Tarevwr cdetg indalc i aw -4~..~.>‘.:

—— oy o

e ) e ey B e P -
R N S g T e

» B e

vy agn e ed

- . . g el higugs 36 S ——
¥ e e e T - S R T I ) e T My e b e & rach fuieh: B0 utal daateio i wrwd o 1 600w XL s o e g v :
] "'.""“:""“""‘"‘"'“ — “';:' G GNeN pEam—— - T s Lo - = P od appaact e Mar S g ponde sor o ion] ewteods, e id ow aowcid pany B I A T DU p— D eeme et & ahe ahae \
- b v s and iy n g rem e | — - Ld o o oned ol snd s w0 s A S Ay LA . — L ad N T ) + mp———— . P
e ine Moy ulne Bragr & 10 nerly Mt oo A grand bnadans homarde s b s e s e i . T - Winim i of G Stkminim oo ki - PRSAREN - euSh asviiin @ G b Goamb sunis whs ;Y
'/ s v - e A p——— o p—— . —hrvh ey : W A e v e w | e e T R e e -y N i g B s Bt S e e
ke semgry v S e wnd then » et e D i T e il dbtormsam vsperi m el el — 5 ——
p ——ae wdan. Ve derw e » -  ybrp—— rerpe - ——— . L - ——— WYY Be ewds on eyuing @ oudr e -ty o — . . e
b ——— e o g " — - ~mvey . e gy s ek & ke e o compermews wr s shen s ol e e d w4 od wod pagren o b el g
’ .- - - pu— Ry e S A— . s ol St e Do Ly et M - o S v
1 Whre s v s s rd ) b - g o e w ma— o b v v [P ISIV R STV T —— - .- ol LSS - o oy L — '--: S o 8 a.ﬁnttu.zn)ﬁ,—l e o e o o poocien ond en wwd oy b, — !
N el LT T S oo R L b - s Adgs KA Py Ampeagn P mthed s vm fowe § ol Vs o] MO 0lihr ponioin s 4 v SR Sy —" i ——— ———— by — oy Vs i i N
) . - . w e e e Wl whairad qued 3 0m coewge ' 6w e gyl s e b > — e = A
Al Co3 Comople + Vinary of compuisiion —+ Pangron mayés. : Conputing sedthed - CHMY M T Ay o - 3 act may g - ¢ i v e e e i . et prowtinm fun Summn gt fu /)
b haw bammg prrvad e re EYWORDO Frar Nguidas, | apuagve. Pt vy rein o A5 Uk e i s Ly of vmap £adan == Pisias sailris , r— ot e g4 w » bl [ N
= - . o PR OMATE B SR B anbolomedy dpel 200 X [ B!
A B s Vs wed P o @ (M B b 0w g, e el e, ot wmady e, S o . -t Sk et b ' Aed iy W a I vrs i wd e e e e el e
ey L3034 - b . L
soed Seba - ' ; AL e lovwaee Poawm s :
I% Bfwen -t e o4 ] g i mane e A s ~+ P  ( T bt ; % . r G ! ,
‘L . e A Ok my aaacde s 1 Istroduction w— s s o L L by | = A @ 1A Tan Tan Avden Abln asd Ve ciranasblc o awoce Cdda) A L h e [
h ok bon. Shen ever Senadesk Che. e Hideo b 0 hchine Lo - oaved bbow ———— . & soh’a b Evminard & o.re LAkl Padm Ansdiin fTw WP ‘am 2I0ESL2 Are b 1O @i nrwde ) anld of Gutar oGy o o8 enliysd tounbs T )
) l\.\-...'w Mokl bow Data Dvves ogros Asadyss AN Tom bogren Laag S Potater annlrsin. s an ooshiing Sochaodogy, phars s bey sole 0 & oo T T T T ™. ~ "-",*_ - ._‘."“.',- ca g amy St " f— e 1A AT Crmamy/ Jowms A g o guagys Pt o o Town shun contn somnvny wobs & vorb bamakivy = 4
! (Dwormben DUTL 4 ouen - . chew aggde vrone. aw hetng bag dmvtea ) ] -y i vy s N e o e e [ S U — CER @ SIS G g o -, G- i

N e | —— s -

s punand idtoss. o syt of pund

—— TR

g miant om X

I INTROCLCTION — e w——

U L S TR U ]

| 1 NTRODUTTION o of s & s e vy T e oty ity e o s oo . : h
A & P A Sttt b of wasand Tor ¢ . e aaed 4 €lim saay @ v+ wepan Ralye s oy v F (e o Mg . A o o - < Posiws woliinsaninenad Niad of ddie sulpos Ut wvisate ] 1 Sindatin i Sy e gl a—r 9
A — - - et gres Y. b b - o ’ s W W Wy s o =TS SN e | 2l A f e ew—— - — -
) Gor tening e anayss gevboemency G el word gyintbeas Trasial asicanst] R Ao, Sl e prmgn siring [, 7§ iwimandvts |14 9 -, - - b poler varliblis b 2 pogran, Sach lnReardos Ls snchl feraaunchn)  Alme adeb b guiuty & se cmmen s gm0 e et b e
-y, —— ahnde: S e [ - [EER | Aoy Aot fed e o> b= proocd i cxre ] S e fly oot e d progrrma e d it hescd b oy S et sia i oeted e n ol acipis tneel Go buges vumng onhnet. Do of Gum,
\ - . L - penpan 3 Thauy . adn: LI L - - v e o [T s nek . . . B -y~ . — .- -, —pd b ffhus Gond «b s Bune = o
: for muyang oy JrEnnd prag e creerematy--pehranrept e st g ST S ———— vy ndasta '- b S oy for g At [ b o R o oy o vl b cwn i g s e ‘
9 SMaeM AN COTDEEA FIWTVIT, EPolying CONDOE - STRITVISY 0 i Beeds | - - s abel & Gre st Sl N o gy ————i. ~ ¥ v Aol axudves (A 4 Lock aad Sascapade X7 Laok o woc Lama 9 e vary riely - gy 5
R s - B » —— pp—r=4 - x - - - o - iy et atshg G ad
N Sort IR AN M0 TRTANY WSS SX0 MATYWR MOy CILE T TR TY B o> b & setmreas o V- Swng g ~ -~ r—— Gt @ Cabalsennsh. The i & 1 . Mot an] ol pompas Ot g ag el ke f
‘ wethon betrrmines by swme searsls 1ol [ dadin et ol 4 \othe | ' T vt x » oth b ansehahiny of cates andiines & :
P - . whe) bn oontvant, & bo - el . " < ’
A rédatoral analvits wach maomrs wnh Octagors [ae 19001 Bromese i is mxpect a8 b 0gs - . b b o e B g e w—— oy ]
T TN P - —— v i L e, e v rdarpe e bxa wavdaxl b e ol ety many ageien pea e be \

@ al vieubl sdtionalie i the progne. wat wnadvaen enpor varsbl chudel h—— W S DY s e e

L L P R e T I S LR

g - - ol pn v - . . M .
B 0 d mnd ol s o s omed gy b Nt @ B R T T R it v b v e e ol Dlitizerag X iRurne o al 2015) Cae of 2x et oo AL b3
4 s e I . Qi SERIDI b dafsw inemwan s ~ prection oy rom v sred s | L 2 Rl B MNP, L5 L ] rd tem Ll eIt '
\ Seamiabibiotal 31 1) aradi ibeov sh G ryyus swthed 30 te sadymd & .
] g O ard ormaniocs Ff dRrar oexes booaamdvkocos of the /
. Ay | AR v g s 4l s v By o vemaraph) wea K
I‘ )
’
h ] p
L 2 - \G 2 i 2 ol " 3 2 o g oG S 2 - J 2 4 ¥ g g & ¥ g L = S 5 y 2 N e S = i SN Bl -
NS - e S ey e O i S T e N e o o i = e —or e a2 — S e e o P o e B e . — S Ol e S
N
VR v’
\ "
D 3 = - = a - * - = = a - - = = 4 - D E = - v - ~c i
Y R g oo - omEe an o .V o S = - LK T 3 oV o S — o B 2 > o o Y o e 7 o e omr A SRy B " YIRS N




Call-site Sensitivity vs Object Sensitivity

e Call-site Sensitivity has been ignored
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Call-site Sensitivity vs Object Sensitivity

all-site Sensitivity has been ignored
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Call-site Sensitivity vs Object Sensitivity

e Call-site Sensitivity has been ignored
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Call-site Sensitivity vs Object Sensitivity

Currently, call-site sensitivity is known as a bad context
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Context tunneling can improve both | |
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Call-site Sensitivity vs Object Sensitivity

 Context tunneling can remove the limitation of call-site sensitivity

class C{
return V; ?
id(v)f /
: return idO(v);} ]
%nain(){ I\O\ — m
cl = new C();//Cl 4

c2 = new C();//C2 . .
a = (A) cl.idl (new A())//query| | -CFA with context tunnellng

= (B) c2.idl(new B());//query2 (T: {4})

5\9995'9.‘.“."-'*“!\.’.—.9

—
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Call-site Sensitivity vs Object Sensitivity

Tunneling abstraction: th context tunneling
Determlnes where to apply context tunnellng {T={4})

29
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Call-site Sensitivity vs Object Sensitivity

4
—_
m
4

| -CFA with context tunneling

(=)

Unlmportant caII-5|tes that should not be used as context elements
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Call-site Sensitivity vs Object Sensitivity

. Apply context tunnellng
Inherlt caIIer method’s context

“1-CFA Wlth contexttunn'ellng
(T=14})

31
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Call-site Sensitivity vs Object Sensitivity

 Context tunneling can remove the limitation of call-site sensitivity

¥
B
- i
g/ B

| -CFA with context tunneling

\With tunneling, |-CFA separates the nested method calls|
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Call-site Sensitivity vs Object Sensitivity

e Object sensitivity still suffers from its limitation

0: class C{

- id(v){ {6,7,8) -T n

2:  return v} maln Cl Call-graph of 1-Obj with
3: [*] tunneling T

4: main(){

>: ¢l =new C();//CI [*]

6: a=(A)cl.id(newA(); Ak :

/: b= (B) cl.id(new B()); I-Obj + 'I_'u;mellng

8: ¢ =(C)cl.idnew C()); (T=1)

9:}

33
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Call-site Sensitivity vs Object Sensitivity

e Object sensitivity still suffers from its limitation

Unable to separate the
three method calls with the

main(){ i two contexts

cl = new C();//CI

a = (A) cl.id(new A()); - :
b = (B) cl.id(new B(): |-ODbj + Tunneling

¢ = (C) cl.id(new C()): (T=1)
}

34
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Call-site Sensitivity vs Object Sensitivity
e Object sensitivity still suffers from its limitation

6,78} -T Id
Tl . ﬂ
K K
[*] \ ¥ [*] [/]
[*]
| -ODb; +TunneI|ng

(T = | CFA

Call-site sensitivity easily separates the three method calls
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Call-site Sensitivity vs Object Sensitivity

Observation
| When context tunneling is included
e Limitation of call-site sensitivity is removed

* Limitation of object sensitivity is not removed

36
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Call-site Sensitivity vs Object Sensitivity
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., If context tunneling is included,
\ call-site sensitivity is more precise than object sensitivity /
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Our Technique : Obj2CFA

e Obj2CFA transforms a given object sensitivity into a more precise CFA
xalan
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Our Technique : Obj2CFA

e Obj2CFA transforms a given object sensitivity into a more precise CFA

~ Scalable

analysis time (s)
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. | sensitivity with tunneling |

lobjH+T is even more |
precise than 2objH |
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Our Technique : Obj2CFA

e Obj2CFA transforms a given object sensitivity into a more precise CFA
xalan

2500

2000

Transformed call-site sensmwty via OijCFA
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Our Technique : Obj2CFA

e Obj2CFA transforms a given object sensitivity into a more precise CFA
xalan

2500

| I callH+SL is far more precise than |objH+T |
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Our Technique : Obj2CFA

e Obj2CFA transforms a given object sensitivity into a more precise CFA
xalan
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analysis time (s)
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Our Technique : Obj2CFA

e ObJ2CFA consists of simulation and simulation-guided
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Our Technique : Obj2CFA

e Obj2CFA consists of simulation and simulation-guided

——{ Find an expensive but more precise CFA

500

400

300

200

_.Scalable
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Our Technique : Obj2CFA

e ObJ2CFA consists of simulation and simulation-guided

700
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Improve scalability |
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Technique |: Simulation

 Running example to illustrate Simulation
|: class C{

2:  id(v){return v;}

3: idl(v){return id(v);}

4: foo(){

5: Aa=(A) this.id(new A());}//query
6: Bb = (B) this.id(new B());}//query?2
7.}

8: main(){

9: ¢l =new C();//C]

10: ¢2 =new C();//C2

1 1: ¢3 =new C();//C3

12: Aa=(A)cl.idl(newA());//query3

13: B b= (B) c2.idl(new B());//query4

14: c3.foo();

15: } 47



Technique |: Simulation

 Running example to illustrate Simulation

|: class C{

2: id(v){return v; _

3 |d I (v){retu rn |d(v)} memm ety | imitation of conventional |-CFA
4: foo

5: Aa=(A) this.id(new A());}//query »r

6: B b = (B) this.id(new B());}/query2 | 3

7: ) [12]

8: main(){ mam

9: ¢l =new C();//C]

: = ; d|
10: ¢2 =new C();//C2 [|3]
| c3 = new C(); //C3

| 2: (A) cl |d|(newA()) //query3
| 3: B b = (B) c2 |d I (new B()) //query4
14: c3Foo();

15: } 48



Technique |: Simulation

 Running example to illustrate Simulation

class C{

id(v){return v;}

id | (v){return id(v);

 foo(){ ‘
;‘? Aa= (A) th|s |d(new A()) }//queryl
J

: main(){ foo | 2,6 id
. ¢l = new C(); //CI c31 |~ | [c3
: ¢2 = new C();//C2

c3 = new C();//C3
| 2: = (A) cl.idl(new A());//query3
B (B) c2.idl(new B());//query4

Limitation of object sensitivity

:c_>‘°°°>'.°.‘.u."-'=.°r’!\.’.—.

.39_9

| 5: } T 49



Technique |: Simulation

e Given object sensitivity is conventional |-object sensitivity (e.g., T = Q&)
|: class C{

id(v){return v;} 3
id | (v){return id(v);} 12 _>
foo(){ A
A a = (A) this.id(new A());}//query | . |3 : 3 -
B b = (B) this.id(new B());}//query2 ﬂ #“ﬁn
\ ["] [D2] [D2]
: main(){ 1 4
. ¢l = new C();//C| f°°
10: 2 = new C();//C2 @ [D3]

1 1: ¢3 =new C();//C3

12: Aa=(A)cl.idl(newA());//query3 : —

13: Bb = (B) c2.idl (new B()):/query4 lobjH+T (T = ©)
14:  c3.foo();

| 5: } 50
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Technique |: Simulation

e Simulation takes a call-graph and produce a tunneling abstraction for CFA

Simulation

— {}

' Tunnellng abstractlon for I CFA
| objH+T (T = @) e

51



Technique |: Simulation

e Simulation takes a call-graph and produce a tunneling abstraction for CFA

A
main | | 3 |d| |d y —
—» Slmulatlon T = {3}
h‘
foo

| objH+T (T = @)

52



Technique |: Simulation

e Simulation takes a call-graph and produce a tunneling abstraction for CFA

'3 Slmulatlon T’ =13}
foo
(I1 u 12)

| objH+T (T QD)

Need tunnellng to simulate the glven object sen5|t|V|ty



Technique |: Simulation

e Simulation takes a call-graph and produce a tunneling abstraction for CFA

Slmulatlon

1y
D S Do O B A A %
; " 4
1 :,
3 b R
4 N b n
) | {
) 2 . s |
§ B o "
) R [ “
k F a8
| FE ]
o ) JF 9
L NS o B e R B e ST -BAS o e s o Sl ateain) _ x
O I I‘-'- A
',‘ ~ -~ - 3 ~ - 3 = < ~ - S ~ - S ~ - 2 = = == o / = = < o - ~ - o - < = -~ g - i \
f
3 ,

| Tunneling should be avoided for improving precision

T ={3}
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2 m & Intuition of Simulation |

[*] [D2] ? Suppose the call-graph is produced from

foo | 1-CFA + T’ and infer the T

IcaIIH+T = WhatisT? |
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Intuition Behind Simulation (/; U [,)

* If tunneling is applied to i, two properties inevitably appear at

| We track the two properties to find the T’ |

56



Intuition Behind Simulation (/; U [,)

* |f tunneling is applled to i, two propertles inevitably appear at |

Tunnellng s applled

goo
[ctx | ] [ctx I

Property of context tunneled caII-5|tes

. Property |: caller and callee methods have the same context

o57



Intuition Behind Simulation (/; U [,)

* |f tunneling is applled to i, two propertles inevitably appear at |

Tunnellng s applled

foo | i [ goo
fctx|1] | [eox 1]

foo |
goo
— (Ueo2)

Property of context tunneled mvocatlons
. Property 2: different caller contexts |mply dlfferent callee contexts

58



Intuition Behind Simulation (/; U [,)

e Suppose given call-graph is produced from |callH+T" and infer what T" is

e /;:caller and callee methods have the same context

1,={3,5,6}

e Y -\ 2. S L 3 ..~,, ‘, s a2y G o g
lcallH+ T’ === WhatisT’? |
L« —saly i
cd == WhatisT"? |

semnand -



Intuition Behind Simulation (/; U [,)

e Suppose given call-graph is produced from |callH+T" and infer what T" is

ﬂ e /;:caller and callee methods have the same context
—
2 =059
main |3
[*] & _' e /,:different caller ctx imply different callee ctx

foo 12_{3}
[D3] [D3]

e Y e 2. S L 3 ..~,' T s a2y G o g
lcallH+ T’ ==== WhatisT"? |
L 'Vi?{'_. B ) ’
cd ==, WhatisT? |

T 80



Intuition Behind Simulation (/; U [,)

e Suppose given call-graph is produced from |callH+T" and infer what T" is

E e /,:caller and callee methods have the same context
—
" 1,={3,5,6)
main |3
[*] & _' e /,:different caller ctx imply different callee ctx

foo 12_{3}
[D3] [D3]

T=L UL =056

P BanE Hea ZeToga Qoo Bl . 520 g G2\ o LA -
d w2 Whatis ! |
o - o
| :

semnand o



Intuition Behind Simulation (/; U [,)

e Suppose given call-graph is produced from |callH+T" and infer what T" is

3 id | 3 id
(B (@)
— 7 -
main | I3 [ id| _3> id main | |3 [ idl _3> id
e s
\a \a
14 foo 5_’6> i 14 foo 5_’6’ id
[D3] [14]
| objH+T (T = @) | callH+T’ (T’ = {3,5,6))

62



Intuition Behind Simulation 1 U1

Exactly the same analyses

| - |d| |C|
EE | B
main |3 id | _» id — main |3 id | _» id
PEHE = ELEPE
14 foo 5_’6> i 14 foo 5_’6’ id
[D3] [D3] [14] [14]
| objH+T (T = Q) | callH+T’ (T = {3,5,6))

03



Intuition Behind Simulation (/; U [,)

. ~
main | | 3 id | id
[*] [D2] [D2]
foo

| objH+T (T = Q) | callH+T’ (T’ = {3,5,6})

Necessity of /; |

o4



Intuition Behind Simulation (/;)

e /[; :Tunneling should be avoided for improving precision

main |3 id | id
[*] [D2] [D2]
foo 5 6 'd
D3 D3

* /;:given object sensitivity produced only one context

lobjH+T (T = &) I, = {5,6,12,13,14}

65



Intuition Behind Simulation

 The inferred tunneling abstraction T’ is a singleton set {3}

-z~ |
[=(35.6}
- D7 = (1, U L)\l = (3}]
U |
D3 D3 —

| objH+T (T = &) I, = {5,6,12,13,14}

006



Technique |: Simulation

e With T’, CFA becomes more precise than the given object sensitivity

.} Simulation .}

67

| objH+T (T = @)

dI id

o [F)(E

main I3 id | id
[*] [13] [13]
Bhe

[5]

\

| callH+T (T = {3})



Our Technique : Obj2CFA

e Obj2CFA consists of simulation and simulation-guided

700

_______}Find an expensive but more precise CFA
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Our Technique : Obj2CFA

e Obj2CFA consists of simulation and simulation-guided

xalan

700

600

| callH+S

| Limitation
| Simulation is expensive!]

200

100

B | callH+SL

O | | | |
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Our Technique : Obj2CFA

e ObJ2CFA consists of simulation and simulation-guided

xalan

700

600

| callH+S

500
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200

Scalability upper bound l
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O | | | |
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Our Technique : Obj2CFA

e Obj2CFA consists of simulation and simulation-guided

xalan

700

| callH+S
600} .

500

] Goal of learning:
"} Remove the overhead of simulation

400}
300
200

100

B | callH+SL

O | | | |
5600 580 600 620 /1 640 660 680 700
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Given training programs and simulated tunneling abstractions,
learning aims to find a model that produces similar tunneling
abstractions without running the given object sensitivity
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OOiir Techniaiie - OO CEA

{ The learned model will produce tunneling abstractions without |
running object sensitivity

Details in paper

O | | | | | |
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* Doop

* Pointer analysis framework for |ava
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Setting

Negative results on CFA have been repeatedly reported on Doop .
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Setting

e Research Question: which one is better?

Call-site sensitivity vs Object sensitivity

Context tunneling is included




Call-site Sensitivity vs Object Sensitivity
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Call-site Sensitivity vs Object Sensitivity

e |callH+SL (ours) is more

(scalable}than the existing object sensitivities
| = jython
| Known as a troublesome benchmark | TobjH+T : timeout (> 10,800)

in terms of scalability | 20bjH : timeout (> 10,800)
e 3objH : timeout (> 10,800)]
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Call-site Sensitivity vs Object Sensitivity

e |callH+SL (ours) is more

(scalable]than the existing object sensitivities
jython
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Call-site Sensitivity vs Object Sensitivity

. IcaIIH+SL (ours) is more
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Summary

 Currently, CFA is known as a bad context

* However, if context tunneling is included,
CFA is not a bad context anymore

e VWe need to reconsider CFA from now on

Thank you
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ummary

"

-site-sensitivity is less important than others ...
- Jeon et al.[2019]
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| return!

., Return of CFA: Call-Site Sensitivity Can Be Superior to l e - — S—_— W
i Object Sensitivity Even for Object-Oriented Programs «r‘

Mana i o e e e e ey T T wr nach e ann . o s o Lt o —
2
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MINSFOK JFON and HA KJ Q0 OH", Korea University, Republic of Korea .
[n this paper. we chellenge the commonly-accepted wisdom in static amalysis that object sensitivity s superior b
to eall site sensitivity for object erlented progeams. In statie analysis of ebject oriented programs, object
coneitinety Ras been eetablished as the dominant flavor of comtext sensitivity thanks to its outstanding precison, 1
On the other hand, call-sate sensitivity has been regarded as unsustable and its use 1n practice has heen
conetantly discouraged far object-eriented programs. In thic paper however. we claim that call-gite cemsitivity 1
15 genemlly a supenor context ahstrachien because it 15 practwcally passible to transform abjeet senatinity into
mors precise call swe sensitivity. Uur key msight 15 that the prewously known supemonty of chycet scaativity
holds only in the traditional k-limitod scrting. where the analysis is enforccd to Xecp the most rocent ¥ context i

clenaents. However, it no longer holds : a recently-proposed. more general setting wath cortext tunneling.
With cemtext tunncling, where the analysis is frec to choosc an arbitrary &-length subseguence of context
sinngs, we show that call-ute senutivaty can ssulate abject senntinty almost completely, but not vics ver=a.
To suppert thr clawn, we prescat 2 techrique, ealled Onj2Cra, for transSormung arbatrary ranteyt tunrcled

ohyerl ammutivity inla mose previae, conlext-tuancled call ate smmalivoty We implemented DRP20ea i Doep :
and maed it bo derve 2 new call-site-sengtive analysis fram a dale-of-the-art abject-sensibive pointer aralysis
Frperimental reanlts cantirm thal the revslting callsite wenvitrvily aulperforms abject semaitivily in precaion
and sealamilicy far real-worle Java programs Remarkably, cor resslts show that even 1-call-site sensitivity can
he mare precase than the conventanal T-object-sensitive analysis
1 INTRODUCTION
“Siner its introduction, object sensitivity hat emerged es the dominant laver of cantext ‘
seasiiivily jor objeci-oriznled languages.”
—Smazrugdakis and Balatsourus [2015] 9
Context gensltvity is critically iImportant for static program analysis of object-ariented programs,
A context-senmhive anslysis assocsates local vaniahles and heap objeets wath context mformation 3
ul znethod calls, compalingg anelysis resulls separalely lor dillerent contexts. This way, conlext i
sensitivity prevents analysis information from being merged along differert aall chains. Far abject- ;
2 el AP _ i . 2 et P
!
:
4
1 [»]
‘ l
b5 IRe allncation- site of e

sensitive analvsis [Milanova ot al 2002, 2005, Smaragdakis et al. 201 1] maintains a sequence of
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