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Abstract:  Prior implementations of escape analysis (EA) make a closed-world/whole-program assumption: All
methods that can possibly be executed during the program execution are known statically. The Java programming
language has several language features, e.g., dynamic class loading, native invocation and reflection, which break
the closed-world assumption. These open-world features raise a major concern on the practicability and
applicability of the prior approaches to Java applications that use or rely on the features. This paper proposes and
evaluates a new escape analysis framework which handles the Java open-world features. The framework also
provides a mechanism that controls the analysis complexity to reduce the runtime overhead with acceptable
precision. The result shows that the EA framework, which is implemented in Intel’s Open Runtime Platform on X86,
eliminates 70% and 94% of dynamic synchronized operations and improves the runtime performance 15.77% and
31.28%, for SPECjbb2000 and db of SPECjvm98 respectively.
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LA AT AR E I R AT 523

W 2, 238 5 R K, TT VAR SO fh— ik £ 230N X 42 5, 4= SPECjbb2000 F= SPECjvm98 #9 db F 70%~94%
8 ) F AR, K08 B3R B 15%~31% 49425 8435 4T JZ.

KR, DR ATBP BT SRiF 2 Java R B

REESES: TP301 SCHRARIRAD: A

Java PR T 5 T R R FR BT BE 1 40 [R5 14 05 35 R )7 Bk (synchronized method and block)™, 4
R LA (5 R A P 3k 2 T B o 4 P R L S B AT AT 0 L AR IR 2 AR RS R e, Wk R 2 A FTL 3 SMP 4E
FA L I (] 2508 A 1 o 4% S I 5 K e BRI i 2 SRR 5E . LA X86 Xeon 4k 5 45 4 24 181 6 B — P A IX
SR P B A AN 2 T 1 2 A B R T — A5 5 1) 4 2t 4% 5 ORI 2 A7 DX Il R P o 40 4 T R
P I AT I A58 K 1) FF Y 8 30 3 AT 2 T R X — ol ST 2 M 1) — 5 o £ (inter-procedure) 4 e 04 i 43 B A% e
T3 20 W A A 0 5 e H s TT B A DT A Y L OB 1) AR S A B K R W, AT T A
Hh 2 AR AR X AN K G 2 BRI A 2) AN S A5 A A 0 e 1 T vk DA B 12 7 Y (¥ g i T
M AT A5 v b ot bt 52 2 W0 A 2 7 8 AT B, TS 2 P A HE b 3RE mT LA 2 bt ik 2D 1y A7 i 4 52 B (garbage
collector) [ #1432 R F2 )P (IS AT R0%.

WRY, P 2 45 96 % 3 W A 5% 10 T AR 2T R A AL 11 5 B B R U 2 AR D e 23 1) Java R
B AN ATEE LA A, T8 A B 40 BT R T B A e AT S i R BRIV AT A G IR AR R AR A IR A b 2
B HTS AT AR 40, I FLIX 2847 BAE Java B 238 47 IR 75 2 4 1R I Aff A0 [ 1, 1 = L T A 3k 3 0 A 440 7 — AN i 2
2 T 2 TR SN 75 BT Java FEIFREAT B AT, BRI 0 92 A R i AN R AR ok SR B LS Java FEY
FEISAT IR 0 23 S A BN IF IR F S8 R 5 10 DA R AR b b 50, 10— LIRS (K15 000 % A G DG 8 A i 5 11
B T B A 2 2 e S, Rt 4 A 45 SR 01 TE A Pt s VR AR, 3L )5 s 5 SO AN B AT A

VLA, T AT — LU AR SC MBI 90 1A TR A1 48 T IOt 55 (5 ) P 1 AR ) B ) A Vivien %5 N H T —Fh
N TR R 43 T A R X R AT 0 B AT (R SR A STV R T M MG Java VAR T S AT
T3 TE R, I FURE TR A 55 0 1 3 2 18 0 % R R AT S R DR S 240 5 AR AR BATT 1 2 R 50 XA I 2 s i T AR
SO B KR AL JE 34T . Bogda 2 A8 T LR 7R FE T8 AT I 3R 4T 36 3% 20 T B0 AT RE O Aok 77 &,
AR IEBEAT U WA A7 255 A 1T HL SR DT Rl Dl 5 00 45 P m] ek, LA S AR ik e 43 W ST n R R B Rl A
B M, T B AT REAT ik Sreedhar®l s Arnaldf A IRy S8, FL AR BR[0T A A
B 1 Sl IO, AT R E o 738 A7 [ X0 A 2 AL R 0 AT (30 5 R 22 56, 38 o0 B 7 A W AR B B A 2> Bl A 3
N8 Java 2 IF AT L I 7 vk IR IR 2, LT T A S B B b A B 2 oy A AR Ak 1 B AL
Pechtchanski 25 A M1 [ SR — e Ay s (1 T B, 70 R 1 T4 A0 1 J9T AT 1R %k 52 440 o 3k et )3 2 41D 11 2%
Tt TR IS 3 B3k T AT 1) [ 20 B8 A il P e (R0 3 A7 AR B LA (R T8 AT 1 100, 3 24 B ot DA s hy 163 5 5 09 [ 20 8 4
T UK 52 IR (1 A e T B2 5 00 B 4 3 4 v A b T BT 0 AT BT R AN I X [ 20 8 R AT R 4, ) B A
SRR R 4 P A7 3 A S OB HE X RE 2 5 Java FE P IZ 47 I 2 38 i 22 /b s 1) R0 2 8] AR T84

TE Ve 2 AT FUIA I R G A S — o 5 bR BI04 SR B S o0 AT S0 2 38 e AT 1S4 T W k) A 2 i) 42 %
YRR 1R SO it v T AR K s A B BT e ) G 6 B ) R A ) A A AR AR A A AT R
FEFR 2R R . b SO B AR it e 7 2R TT LA 4 s AAIE 23 AT RS B AE HL T 75 2 2% I ) R0 45 e 8oz v T B R
LR DAE Java RERIHL, 2 R AE 1 0 8245 R BN S O, T R AT TR BT I, BT ERT Gh 1F 4 0 Z0ULE
S 3 BTRG 2 TR HE 3 4 (146

1 Fatt R ey S & 51 & BB
Java FFIFIRIZAT 5, RAE LA 3 Pl 2 — #4x iA  PA A S IR (B i 2.
11 #hSEHAN
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1) 2y 2% T BN BAR AP E R U 1) 52 b AR o T 13 A T 10 5, Bl AR BN (0 2 A0 R P 18 A7 11 oA 460, 8 19 26
T3 R 5 NN 2 T A O i S50 T A (4 3 B 5 1, AT T B A8 43 L i PRV DRAL AN 1 D5 00 3 5 BN T2 7 18 AT H 4
ELZ T SR 0RT B B A 9T G AT BE 4 ) AR BN (R 2 1 A DX G A 5 b K R 36 HE 22 iy 2 R R ARG TR Ak T ) R, )
SR 36 3 AT 1A R ARG FE KR BEAIG
1.2 ARARMEH

JIT VB A 1l ok 50, FR A Java S PEANFR 7 o 340 5 0 R A R HAE 5, C, CH+ B L4 18 5 45 g 5 1)L IX R
B H B 20 T $ i Java BT IS AT R0%, B 2 O T S 28 5 R AR AR OC (1 4 1 711X LU A i o
Frr, AT DA e 2 st 5 g 38, L 2 AT DAY P oA Java J7 3 T 630 2 T AN fiE A3 T T AR AN b BR B A R A
(3P A Ja BT AR 1T i AN LE A 1K E 2 Java W FBLBTLRIT B 1o 4 6 88 T 105 (I nl DA 2 32 47 i 45 21 T A7 A b bR 3
FRIAR OG5 R
1.3 K &f(reflection)

S 5 WL R DA B FH AR 3 FH St 3 4 1 B — 28 G 198 I A W] 790 D0 16 28 R 7 2 G £ 0 2 4l SR R 1 3l A5 T
SRR LI AT REAS A8 B SEAY Java I8 47 IREE R A LSRR, H ) ot 2 —

2 &R IMEZ

2.1 ZEHgEak

1 )75 T FA14F ORP(open runtime platform)t ef S i 36 6 43 47 42440 36 o 3 BEAL 5 5L T 5755 10 306 ik
53 1 55 V5 B B (BC-based  analysis) < d [ T FE (¥ 3l 4% 35 4] 4G 9 455 B (violation detection) . B 43 BT B Bk
(re-analysis) L &ALk #h 2 A5 He (deopt/comp) 5.Java Jiz FEATL N 7 15 AL 1 AS e i R 2202k 20 (IR) Hh 1 B ik 34 43 7 B
AP B A s e T B0 20 B S35 1) S B AT LU ST T BT IS 4 128 8, 9 HL AT DAHERR HeAh e At p (0 3

T Optimized

compiler | code
~—
Bytecode BC-Based SU_’L‘;‘)NY
analysis (01D,
\_//_\
A

Violation N Re- | | Deopt/ Non-Opt
detection Analysis Comp native

Fig.1 Overview of escape analysis framework
1 A AT AL

ARSI SR A s 1 1R IR 3 B SR AR L df A T S (10 ) A 4 A AR R S 4 AT R B A LA AR B
Ji BN AR D0 ) SC A
22 BIAFEBE

R A AR 1 IR IR BT SR AT SR 2 2 SRR S A SR R D B Ak N TR R A
G=(N,E), N ™% fi4E E A a4 A1 AR —Fh 7 vE A W14 mi»my FoR 777 my AT B8 m;.E(G)
FoR G A ILN(G) R R G T 1Y AL IRAME H 3h A& 8 85 2 (dynamic edge or method, fij #k DEM)K & 7~
S P SR AR I B 5 LN Y R B AT 1)
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Domains and variables

A

C

v,vieV
VreteV
Vexep€V
ref,arrayrefeV
VoV
neV,
ag,...,ancA
areA

peM

meM
$bceC

States

AS: VA
newVar: C -V
T: MxA—>M

Operations
n(a):
set(S,st)

Alias sets

Contexts

Local variables

Return variable

Exception variable

Field variable

Variables created by new-family ops
Variable created by new-family ops
Alias sets for callee’s actual args
Alias set for callee’s return value
Statically resolved callee

Methods

Bytecode index of call or allocation site

Lookup alias set
Create new variable
Resolve callee’s targets

{nineVy,AAS(n)ereachable(a)}
Set escape status flag: S=(S<st)? st: S

Table 1 Rules of building method summaries
F 1 LRI M b T VR T

Bytecode

Rules

Aload i

stack.push(AS(vi))

Astore i

unify(AS(vi),stack.pop())

Aaload

stack.push(AS(arrayref).fieldMap($ELT))

Aastore

unify(AS(arrayref).fieldMap($ELT),stack.pop())

Areturn

unify(AS(vrer),stack.pop())
Ve n(Vrer): SEt(AS(V).Syp,thread)

Getstatic

stack.push(AS($GLOBAL))

Putstatic

unify(AS($GLOBAL),stack.pop())

Getfield

stack.push(AS(ref).fieldMap(fld idx))

Putfield

unify(AS(ref).fieldMap(fld idx),stack.pop())

Invokevirtual
Invokeinterface
Invokespecial
Invokestatic

p=method_handle/*p(vo,...,vn)*/
ar=(p.return_type()==ref)? AS(newVar($bc)): nil
an=stack.pop()...ap=stack.pop()

vmeT(p,ao):
callSites.add($bc,m,(ao,...,an,ar,AS(Vexcp)))

if (p.return_type()!=void) stack.push(AS(ar))

New
Newarray
Anewarray
Multianewarray

n=newVar($hc)

stack.push(AS(n))

if (n.instanceof(Thread))
set(AS(n).Syp,global)

Athrow

unify(AS(Vexcp),stack.pop())
Set(AS(Vexcp) . Sup.thread)

Others

No action

525

FFRPOT VLG 0 M Al MS SR — NP st 4 (aliasSet,aliasContext,callSites, statusArray)y & 7~ 3 /1

aliasSet & J5 & m T H SN B EANE S LT RAEM A EHEE T V b E—ANEN LA 54—
A A 1t — DY T A1V fieldMap, Sup, Saown) 78V I 55 W AL 1 8 A, H b A0 B 1) BT A AR 1 R e T )
— & J(equivalent class). o6 A A8 &, — AN IR 72, i R I T X FERE R a=b, A8 5 a FIA
b B TR ASMAEE L DMEERAT R SGLOBAL AR AR T P T 1143 J7 B g A Ar & e 13
[F A RE s T DA AR T e RE U 1) an SR Vo I T — /N $GLOBAL, H4- 1A Jhy Ho v i A 48 5 6 itk th 1) gt
£ 75 fieldMap 5 T8 1l fE 15 G385 T At aliasSet SCIRHD K. a2 L —ANER IR (K150 42 SELT, % B 15 5 4
YRR 1 unify [OERAESABLT SCRR 23] 19 58 SR A SR & 9F N AR aliasSet. &4
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aliasSet HA PN REIARZSAL Sup A1 Saown. 2 55 BRI B 50 AT HEAT BUAS W] A 0 B, 4610t 1 DU 1) By BRI 4 A8
F Sup IRASAL BEAT REIRARZS 1R 23 By FIAEL 325 5 384T 3 B T0 ) F BB BT A5 Sqown RS AL BEAT 43 47 F1
18 G AE IS BN, Sown HF IR T Syp OB 33K 55 10 7 8 84 (1 8 50 40 W Sk U ) 2 6 11 0 7 Sk
SIS TR AT, 38 G T 40 AT I T AT A 1 A R

Sup 1 Sgown #EEAT 3 AMAIH LR A, 535l )& stack,thread 1 global. s& SUEATTZ A KN KR A
stack<thread<global fF{ aliasSet Ik I% 73 AR 25, # K BE M /N B K EAT A2 4k

o aliasContext 152 L K {(fo,...,foy,ret,excp), B R m 777 m 1 B 3C. AL fo~f, R om m (1 240 ret KR IR [H]
AR exep RN 7 TN 4

o callSites R/x 1L m F A R A 7 A EERE S, E h—A o4l (callSite,callee,siteContexty# /.
1 callSite S 1% 1 7 V4 8 1021 1 R A5 callee &% 1 )7 1 (1914 siteContext J& - aliasContext. %
TR LE virtual B interface J5vE R M, 1 TAETE 2 AN 0] Ge Bl 1 I 18 7 07 025, I A X L8 5 VE A e Bl N —
A& T callSites [ 51T,

o statusArray 37N 56 B 23 8T I 0 N T REAN A AR R R A A I R 3R 43 B bR A B e 3R 4 B
JSJE BRI B G 3 2 R 1 B0 ) P 2 R A TR — U R I R R BO B K AN S e AR
BRHHE AR, T AN A PN A7 HE b — T BT A O T A RS /T global 1 TRD D B R B AT DUERH ]
S5 T WO AR A stack f new £RAE, 411 new,anewarray,newarray o{# multianewarray
Ho AT LATEHEM: b2 e 2 ).

X 1SS AS(Q)F AR a JITJE 454 48 i 4 reachable(a) % /Rl 1L AS(a) (1454 45 & (1) fieldMap

K F, AT AT 18] B[ T A aliasSet, B35 AS(a) 74 & £F 9. mContext(m) 7~ 75 V£ m (¥ aliasContext.

YA a N TE S E G IR AR 5 9 FL reachable(a) % T Bk new FRAELF 2 (1% G AS(Q) I Syp 5 4 0T
thread JRA JLABKTEHL T, Sy B (E 0 stack.
2.3 BERESH

W R & G 7EDEAT I8 B& K020 M 1 (68 44 222 52 B2 7E main,clinit FIZEFEIN run ik B2 — DAY 5 OF
FL G e 20 ] AN 7] {1t 5834 38 43 2 1% 45 (strongly connected components, i #k SCC). &l 2 1 (115 b5 % 73 #1 A0 4% A4
W B B BB BORT B TR B B AR AT AN B, Sy B SR A S A T BRSO 3 EOR IR IR 2 A S
BB, Sown 15 R AC S MV FH B8 E A T 25 B IROIR A AE 1 RS R B A 2 RO VR SR B T e R
FA 7246 5 F R i B SR A R G 3 ¢ &R I 5 10847 — IR U v A (intra-procedure) 341 78 1 10 1) R B B, 4524
— BT BT AT AT R e 1R 5 VR AL TR SR R R R A N IR R AT — RO BT AN [ 1 2 i
FALH Syp BEATIRASIAD, J5 E AT Sqown BATIRASITAN.G AT 15 A58 R B 1 B4 5 K 5 N E TR R
I3 T LI AT S5 A AR S A IR Sup B T S8 K RET Saown. it 2T R IR 2 T IR IOIR A 1) U s A 6 1 o
(7 Set(S, sty 1, R A7 RE it A% Ik o 1) e A, AN ml 3l .

231 HRIN BRI B

— AN 77 m WRRE R S ki . R BIE L RO GRS e T T Y B, R G AR AR S
SRS, A8 B LGR MME 2 18] 6 56 2, — Ik P 3E F={reachable(v)|vemContext(m)}# ;4> aliasSet
AR A A0 fieldMap 14 5 (propogate) 4y m T4 18 il 2.

X B e AL S R4 propogate(as;,as,), H: i as; Fl as, 4 aliasSet H 1) %54 25 B 41 IX F: 0 4L 5 75 35 52 5 1
FEE AR K as, T fieldMap O 5 4% 345 asy;2) 1 FUR ) AL HRI B, e as, 1 Sy IR 5
7 asy 7E A0 N AR R B, BB as; 11 Saown RASAE T4 as;.

T ANBRER 43 32 RN I TR U5 ik, R B AL TR (W S EUIRES, H B SRS AT .
2.3.2  HTIA N ALRRB B

M BT IR I T A aliasSet 11, Sqown MBS 55 T Syp, 2805 A TN FHUBL HZE WA KRR, LSHES. R
‘i AR DA IR (R 2 TA) R0 Y 06 R K B IR S ) T A& 2. 5 B R ) B S A R T —A SCC i sy
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5 SRR R AL T T IS HOIRES, B RIX SRS A .

intraprocedure_analysis(method,esf) {
do { changed=false;
for (each as in AS(mContext(method)).aliasSet){
for (each field in as.fieldMap){
if (esf(field)<esf(as)){changed=true;esf(field)=esf(as);}}}
} while (changed);
}
propagate_from_callee(m,cs) {/*in the same SCC node: use context-insensitive solution*/
if (in same scc(cs.callee,m)){/*merge two method summaries*/
merge(m,cs.callee);
} else {/*or else: use context-sensitive solution*/
for (each ref in mContext(cs.callee)){/*Recursively propagate S,, & fieldMap*/
actual_arg=corresponding actual arg in cs.siteContext;
propagate(AS(actual_arg),AS(ref));
1}
}
propagate_from_caller(cs) {
for (each ref in mContext(cs.callee)) {/*Recursively propagate Sgown ONly*/
actual_arg=corresponding actual argument in cs.siteContext;
propagate(AS(ref),AS(actual_arg));}
}
interprocedure_analysis() {
for (each method in bottom-up order){/*Step 1*/
for (each cs in AS(mContext(method)).callSites)/*Propagate S, and fieldMap from callee to caller*/
propagate_from_callee(method,cs.callee);
intraprocedure_analysis(method,Syp); }
for (each method in top-down order){/*Step2*/
for (each as in AS(mContext(method)).aliasSet)/*Initialize Sgown*/Set(Saown(as),Sup(as));
intraprocedure_analysis(method,Sgown);
for (each cs in AS(mContext(method)).callSites) propagate_from_caller(cs);}

Fig.2 Escape analysis algorithm
K2 Bkl sk

3 HEFHFRA DEM N R EH 5

AR T SCAT 5C DEM (158 SCRT AR 22 H SIS R R A5 T U b PAT A 7 10 Ml AR08 T B AR SC A 208 1) 30 e 3 A7 4
MRS AT 35 DEM &L L] T Java BT =, F 0 3 Ak Bl &5 4 7] fgr= /£ DEM.
31 HELEHNSHHIDEM

MBS FAN A PSRV e 3 DEM:L) B B init B clinit J53%;2) BN 1R 7 3 06 T8
BNV U0 A 7578 clinit K 7 1 Y5 2 B 88 00— AN BT 9 clinit 55 124, LU root—clinit /34 Java RE AN LR 7
A P AZ R o 1) 759 s A Wi Y elinit. 38 3% 73 B 75 22 537 20 17 1% clinit LUK T L U7 4 v i 2 s ) 4
) oAt 5 v

s Hb 5 3 Class::newlnstance 11 Construtor::newlnstance 4 JH i it i 357 2 A\ 28 19X %, 11 1% 2% 5 7 1) 4t
TERE AP 3K R R G R init W1ER 65 V5. BT IR PP newlnstance AN B BIAE Java FE T IS AT AT JCVE AT F0WIR
BARR) init J7 R H Rk, FRATT D0 2T A kb v B T Java 7 i 4 CUARRD b B8 I — Fh sh Al EE AL >k
FRIUAH G5 B, Wi 3 AR,

3 B ST EUE K A Hash 240 SR IX KL = Jo 4145 B (caller,callSite,clssHandle), H: 77, caller F& 11
J& newlnstance [¥) 1 [ & ,callSite 35 [ /& newlInstance #% I F ()4 & ,clssHandle ¥& ¥ 2 #% 1 FH (1) init 773 57 & 1)
KA. 1% Hash LAEHEA Java FEFris ATk B ip #0203 vh A AR RIRE I =0, R on A R BTN
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DEM Az 15 JUPHs 51 e ik 3 73 #r (4 s AT

Dynamic class
loading

Class::newlnstance Context Hash

" Push esp
Constructor::newlInstance |::> Push [ebp+4] table ]\

Caller callSite clssHandle

Native invocation .
Recording context

Common native methods

Call Java method

Reflectioz\ Ret

Method::incoke

Fig.3 Dynamically catching DEM
Kl 3 Z)AHigk DEM R4

XTI A BN (W 5 1, 6 TR Ay AT 2R R A0 G rp S ol (1970 o K T A 0T RE T % 5 v iR 1)
VBT 1T KA T S (LA ORI I 0 1 A T B A9 G, 24 1 U7 7 NewcClass::foo #7451 Z 7 i i & T
L1 foo J7 70, A VK AE foo I T 45 callSites 14 11l NewClass::foo 111 F A5 5L, LA ARIE 26 % 4347 10 1 A 1
3.2 ARAKHEHSEHDEM

R R ST bR T A 32 380 A b bR 50 00 2 B B IR ZS Ve 8 4 global T3 4R JE v AR AIE 23 A 0 1 ff P 1 0 [
Sk A by bR EATS SR AT LT ek R e LU Java J7 v K AN BT TR (10 08 PR A A% 3 e TR b, BT T AR A Hb R £
WA Java 735 R I 3 AL S AR HE AL, — H kA R 48 AL 31 A b bR £ B Java V2R A,
EIN A BT DEM K25 AR J5 S0t ik 30 23 BT 1°) T 1T 20 BT A e CRIE S92 PR A
3.3 RETSHEIDEM

S 5F R % Class::getConstructor,Class::getMethod L4 &z Constructor::newlnstance 1 Method::invoke 41 & £ —
i, T LAAE Java I H SRR G 1A AN T SO0 1) 7 3% 108 30 4 A A48 TR 4 T AT T REAR VR 1) 7 VA AR E
FEBV R G b IXRE S B IS 0 73 87 1) 52 2 Pk B ATG 23 BT 4% 8

T I A S 3k 1) i #K di  Method:invoke R 52 i, AR ] 3 Hp R Ak R T B, IR R T LLFE invoke A< 3
BRI G I S ABUNL R, 4 2 A 22 4 B (1) DEML LA, [ 5 eR 4 Class::getField £ Field::set 7] LU SRy il & B0 4
o G A S, 121 44 PR P9 5 1T BE A Java RIS AT IS A RE SR AN, DRIk, FRATT R DACR <3 R R i A 4l %o 42 11 Jeg vk
Sup FRHR 25 B2 global, AT SR S 1 1A 2F
34 BITHERHHITHENSH

1 FEHT AR R ZE DEM & AR PR 5557 014> SCCLM DEM 51N B3 BRI 55 0T Uy, 5 B I8 47 B it
IATRE BT AR SO B M SR A RS AR S AL Sup FN Satown, B BT 73 8T 1T LA MHT BN (R 7 VE 46, 1T AS 26 A
G IR T 5 R a6 T8 20 A 5 5, RV IS 2 36 - A 40 20 A &85 R BB B0 Pk 32 /) A2 4848 LR AIE Java BR 74T 1Y
IETHE

4 SRt

W 4 BT A R D7 vk 5 U FH i 2 1) 52 ) aliasSet A1 fieldMap B4 5 1N K (1 B 1) 5 2 1) 52 2 1 Sk
(K34 A by 17 36 3 90 A I T AR 1K) R 20 IR TR P9 A7 AT S 44— o e 23 A 13 ABL S B, T DA 1 7 BN
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PR HHT 0 T AN TR I 4 1 B2 2 M S5 8, UG A8 AT I o 21 A S Al

AT LS B A S A fieldMap 1R P 5 w42 ) aliasSet HIVRFE RSB A — Qe MR IREZ R
A CLSE A M BN AE B 4 w5 v bar WA T 5% foo, 3F HL,ZE & A Fil a 43512 foo (RSB RIS AE#ki% 43 Hr
HEAT B B 1) A S BUI, AR B a il g % 38 nT LA iR 21K T aliasSet kg k A4S, B AX & a il id fieldMap
AJ LU 7 )14 aliasSet MBI AR A AR 4 400 52 4% 3 2 bar HAS & A Jrds MK aliasSet 2 i AN g HlLA
JTAE aliasSet & 3L fieldMap T LA i) 1) 554078 5 40 52 I 4 B 4(b) 7 IR T A% A4 T A 18 28 9T i 10 Y 1)

Foo() bar()

(a) Before propagation (b) After propagation
Fig.4 Replication with constraints on field depth
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Fig.5 Memory requirement by approx EA Fig.6  Analysis time by approx EA
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Fig.7 Synchronization removed by approx EA
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FE DT #1821 9k [0 20 45 VR R 4K ORP 384T IR FH I 45 R 48 Windows2000 i 45 2% iliAS,CPU y Intel
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768M.
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Table 2 Performance enhancement by EA
F2 R HTEIOLAL I BE R

Program  Base (s/throughput)  Mem (M byte)  Init. Ana. (s) RAtime(s) RA Imprv (%) Removed sync. (%)

Compress 6.64 42 0.32 0.01 1 0.66 18.41
Jess 5.14 46 0.49 0.15 13 1.6 0.68
Db 14.53 42 0.20 0.02 2 31.28 93.93

Javac 13.58 58 0.39 0.31 2 4.68 41.98
Mpeg 4.61 42 0.39 0.13 1 1.06 12.40
Mtrt 3.13 42 0.29 0.03 3 1.16 99.10
Jack 8.36 44 0.33 0.28 1 2.24 17.62

SPECjbb 25182 53 0.19 0 0 15.77 70.64

#* 2, Base 4145 i T 5 SPECjvmO8 F2 /3 78 S &k fliAb 2 1y (a2 AT I 7] LA & SPECjbb2000 ZE4R k.2
AU throughput 4bF1RE T .Mem F1 45 T BT A R85 AR 34T 26 3% 43 17 B 22 R T FE 10 I A7 KD “Init. Ana" 45 T
7F Java P )7 SEBRIs AT 2 1, MR K EAT R 4 8 1% 43 H7 0 B 1R).“RA - Time”3R Wi 4E Java )38 47 ik fit o 55
HEAT 1636 43 A7 18 FE KT B ). “RA #7 R /R0 IS AT I 2 i SE s R AF 10 F 37 40 T B 75 B8 i M 2 T a4 0 9
NEWREBA S ERBNEMG R A, TREBH LS9 DEM K4 “Imprv %73E R Java #2718 17 L fe 38
e o K B o 1 B8 P A 1) B2 R 25 “Removed sync.%” 2 7R T Ik BE 4 i, % T SPECjvmO8 (1l
TRFT 5 J8 1Y S A8 47 I8 1A (1145 45 ;%5 T+ SEPCjbb2000 11 5,35 /2 throughput %48 (11472 5.

M 2 ] LLE I B 2 [R5 1E 1) SPECjbb2000 FI db F 7 (K 4> 4R 7 T 15.77%5H1 31.28%, #
HI 93 R TR 25 $ /B AT LA ik 70.64% 11 93.93% .3 36 B T 1638 43 HT 75 947 Java B2 )74 4k v 1 B ZE M A 5 1 L Ath
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