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Abstract: Accessing to heap data brings main overhead for Java application. VM (virtual machine) researchers
utilize prefetch or garbage collection to improve the performance, with the help of collected information of accesses
to heap. The general methods to collect information are sampling and program instrumentation, however, they can’t
satisfy fine granularity and low overhead simultaneously. To satisfy these two requirements, this paper proposes an
instrument- analysis framework for adaptive prefetch optimization in JVM, which instruments code to collect
profiling information, and guide to dispatch code and perform prefetch according to feedback. The experimental
results show that it achieves up to 18.1% speedup in industry-standard benchmark SPEC JVMO98 and Dacapo on the
Pentium 4, while the overhead is less than 4.0%.
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Fig.1 Major DRLVM components
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2 EREZIRIT
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1) Patcher: H >R 45 N F R 5 AT F A 1) 1L, bt p FOUHL R
2)  Trace ZZrhX:—A 64K F I X, G X Pt — WK/ 16 T 2 X BT R 5 N, il 3
FioR, € LI I TRER M trace buf top,JE# 4 trace_buf bottom.ZZ3 X LU ) UL Ifi b id A AN A 5,
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4)  Dispatcher: H 2f 0 3 F2 75 fift B 4di b9 1Ll Trace 23 #r a8 M4 B )3 I8 AT 109 5K B 1 450 1388 B by

WH.
5)  Prefetcher: I k0 W A% A HEAT TR AR AR IR T H,, i Trace 73 H7 ds AR 4k 2 23247 A S B 1% 0 1 36 %7 3l
NN
Trace buffer Trace buffer
Trace_buff_top
5 g 3 g g Aload_0
g & a e © Trace_buff ptr
= ﬂ ﬂ getfield
Q
B
; Trace analyzer —— Trace_buff_bottom
s Read only]
Fig.2 Framework of adaptive prefetch optimization Fig.3 The structure of the Trace buffer
K2 B R A HE 42 14 Kl 3 Trace ¢ X I 45 1)

3 BTSSR BENMMEZL

A G0 ()4 V25 T DAWSCER P A7 HE T B0 1R U a4 5, I A AL, B R 48 v T YL - 5l T HE (0 ME A R EL
ST 53— 5 T, v 2 R 001 T4 . DRT b, A S48 o 23 1 3 A 23 AT 19 190 38 N T B A vk, - B SRR TE 1 AR 7R )7
TEAT I S R A SRS i B AT 1 A SRR R DA SR ARG T B, ] B R e B B 45 JE k48 2 Prefetcher 3E4T TR
.8 T D ARSIV TR, AT 1 RS 2 5 I Bl B M () s 5 10, D81 A 3 S8 7 ) AN 2 45 I A2 P i oK
N2 R
3.1 EEWEAES

e BRI EAE Ui R A LAy 3 SRR VAR . W R IR KA T B, 6 S R R E 4 o R U 1)
90% OV 2 ST H BT g F0 HE Vi [ S0 F X 5 (0 BRI 4 G 26 T 4 A9t AN 1T i 6 R R 4 Java i 4 Java
ARG AR Ay b A] g o U7 vh AT DU i 36 7 6 5 R0 B ZH V7 1) 1) 45 4 4 - getfield, putfield,aaload,aastore,baload,
bastore 5. A SCRRIX LEHR 4 A X GAHSCIHE 2. 2 — AN HEA Y 4 7556 GO D6 1 98 2 I i B A T 0 6 A G 1Y)

© PERRERAAAFIIFUR  htpy/ www, jos. org. en



1584 Journal of Sofiware ¥+ % Vol.19, No.7, July 2008
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Fig.4 Data structure of adaptive instrumentation algorithm
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profiled code for objects:

push edx BEAT Sl BE, 4 AL A AR T 3] 5 BT s
mov %edx, trace_buff_ptr 2) BT R R R R R S5 BTSN E
mov (%edx), objptr_reg .
mov 4(%edx), ip Trace 227X f1;
mov 80%eds), inds_teg 3)  Trace ZE70 X3 Rt L B 550 40 KE LB U 31
add %edx, 4 . H K BR.
mov trace buff ptr, edx i ?’Dﬁ M Trace éj\/“r%%’
pop edx 4)  Trace CARIE ST DREl S Bt A ) W A RS
Fig.5 Instrumented code for collecting 5) [P 2)4R B PAT .
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Read out the entry pointed by curr_wind, and |

find an entry that has the same address with it
No
Find?
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Yes @ No
| 3 4
Update stride Add an entry in stride
frequency access table, and set
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4|—’ Curr_wind=Curr_wind+1

Fig.6  Adaptive prefetch optimization algorithm description
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cmp bb_counter, threshold

jmp not_profiled
prefetch stride(obj)
profiled:
> {collect
information; }
not_profiled:
{original code;}

Curr_wind<«Curr_wind+1,55 2 2% 1);
Dispatcher 4 i 2 (1 bk 452 1056024 Fr $i5 2 119
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Fig.7 Code transition
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(100), K K ZEIZAT 8 /N R BUHE 46 (1, 10) B IACAE B B0 AN RLATARER PR 1 wp B il T sz 38 wp i 456 FH A AR /7.
IBATHES & 2.6GHz. Pentium 1V PCI'® 512MB W #£,256KB,8 1% ZH AHIEE 2 4% Cache, H 1 AT K/ K 128 774, — 4%
Cache K/ & 8KB,4 & 4HAHEE AT K/ 64 T35, #:4F R4t /& Linux Fedora 4.JavaZm 1% 25 1 F ) /£ SUN JDK1.5.

Table 1 Description of the benchmarks in our experiment

R SR PR R

Program Description
Compress Modified Lempel-Ziv method
Jess Java expert shell system
db Database access program
Jack Java parser generator
Bloat A bytecode-level optimization and analysis tool for Java
Fop An output-independent print formatter
Ps A postscript file interpreters
pmd A source code analyzer for Java

4.2 TELRIRRIEM

4.2.1 THHUIE B
Trace 737 a%— B R B0 %07 ) [ 258 I8 Prefetcher, [i) I KA B 1745 4 Hb 1k AR 417 1] (K 3 k8
KAL %25 ¢ Prefetcher i A T FE 4 LLid/) load-use FEIR.

I A% 47 N R TR S A TR B8 — AN 16 A 2T D=1/w, Horb D T B4 BT 708 B4 V8L 2 Cache 1) 25 4%
TTAY, BT S Ak 2% 15 Bb 3080, w R AT IR A () — I PRAT S 1) F A 1, 1 AT AN A i — 45 48 4 P A T 2 1) B 1)
MG V1, B A7 2 Ak B s b ) 5 e FRAT R B AT IR 55 =80, w=5x 2. FRAT 1 R FH 1) T 8 4> /& prefetchnta.
4.2.2  TRHCH K ATEREHE
Kl 8 ¢ HH I et TR R 1 Pk e TH N T DU HH R T TR A IO RE e PE REFR T T 18.1%~1.5%. 32 T+
2 REF 2 ps, i8] T 18.1%, H A& jess Fl fop, A7 13.8%F1 8.3%[KI 412 15y AL FL I rf B4 (1K) % 5 7 i) 3= 380k
F 3 AN 7 TR AIH I N AN R (198 2 A0 A AR [R] (19 3 25— 0 0 PAT 1178 7 16 FRAT D a3 SR e 4 380 (1)
EUs ) A5 BLEEAT 43 B R T, 3 e ) 32 R SR [ i T 9 0, DL oy 7 9 A 9 DL R 0T TR — 4% 45 4 AT TR
Qo SR oA R 5 1) R B AR N AS R 482 I A AR SO I EVEAN 2 B R .db sl g X —A
TR, AT 85%MI I ALE A7 7E — NIEIA R I ELZAE PR BT 5 88 K 0 S 45 M HEAT HE e, R b EE AN TR K $6 4 2 A AF
FERAEE R G Uiy il 1T A ()48 A (R Ul ) A5 288 /0 BT A, 38 S TR A db U 1.5% 142 =
20.00%
18.00%
16.00%
14.00%
12.00%
10.00%
8.00%
6.00%
4.00%

2.00%
0.00%

Compress jess db  jack Bloat fop ps pmd
Fig.8 Performance speedup using prefetch
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423 Cache RZF1 TLB K%k
AT T AR AN TR 2 J5 5 SR AA FE PP (18] 9 7 ) baseline 1) ¥ P9 477Gk 1) P BB FATT R HI 1R 1 BB 23 B
% Intel VTune Performance Analyzer!'”! Version 8.0,/ 35 bk A MPL RIS 35 438 4 B B0 8 9 45 i T —
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1.00% 1. ‘l
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Lo IR R IR

Compress  jess db jack bloat fop

ps

pmd

Fig.9 Memory performance comparison: Baseline vs. prefetch
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FESEIN T Fe A8 MR 2 B3 2 S 24l NI T Fi 4 1) 4% £ s de
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1 — 2 5 ds Caches — 4%l Cache A1%(H TLB (1) MPLX}+ compress
AT db X PIANFE 7 TREGEN T AT 115 Cache [¥) MPL [ &1 10 T
EATEIEEE TLB 1) MPLEUE TLB RACK I IN#E &% T #dls Cache iy
FP AT TR T A SR 1R L Ak 3K A PSR R I e R v AN 22 1R SR, etk ET
W RN TLB s 2 42 s e R 1) A B R

4.3 BEMBEEEERITME
4.3.1 SEEHVES

Table 2 Number of instrumented

prefetch instructions

&2 AT 5 H

Compress 56
jess 37
db 26
jack 21
bloat 41
fop 63

ps 24
pmd 48

P 10 25 HY B R DA H BB (¥ 2341 1, T U (B -1,0,1,2 B T B A7 28 K1 90% A L BRI, 3T

BB KB KB 20,0 T 10 80/ T=9 1145 Ko bl 200

400000000
-
400000000] _chl;’mpfess _ }iii X
350000000 —%—bloat L W
300000000({ —+—Ds — pmd /+\
250000000 I
200000000 //\ \
150000000 it
100000000 [/ /\\\ \
0000000 2
- AN N\

Fig.10 Stride of array access distribution
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55.6%,fop MIFFHEA 40%, 5 /0 1) jess TRAS AT 6%, 4t i K 1) FF 48 1 I, A% S8 B 4 V2 e R AT IO AR L 2 °F,
38 Y TIUHCEEL T 1R TR 4 Rh BAAIR ,compress T4 0 3%,fop 4 2.6%;AH S 3, J5U 56 TF4S FEAS SRR K1 jess Al jack,
T B R B2 328 AN G0 compress. IX 1 B X N FE P A IS 2 U5 M B AN Z HIRET S ERL 1, jess
IR S5 R AT 37 /N ,jack 15 21 4,110 compress A fop FH AR A6 55 18] 43 45 56 F1 63 /N, 72 8 ARk
5 % I — AN X AR B AT T8 B 1R e 22 1 s 1AL

60%

B Original algorithm
m Adaptive algorithm

50%

I

40%

30% —

]

20% H

10% H \

0% ,_-_J:h_‘» | . |

Compress jess db jack  bloat fop ps pmd

Fig.11 Overhead comparison between original algorithm and adaptive algorithm
K1 Bl Y PR A ST A SE B T8 O 0T L
38 W P R oK A 3 AN — R TS Trace 81X, /& 43 BT Trace 284 X ; — /&4 A THULR 4.
R34y X 3 REAE RO I o B AT DT A 4 7 23 e T UE 31,305 Trace 223 X T4 B o LL RN 65.4%, KA £E
3 RBRAE e B A 3BT Trace G2 X 05 1Y) B HIL 3] 25.3%, TR 4 5 AU LLEE 4 9.3%.3 S48 1 3 A 4L T
A7 (R IR B R R R — S0,

Table 3  Distribution of adaptive algorithm’s overhead

R3 AEMNAUIREEIT > A

Name Percentage (%)
Fill the trace buffer 65.4
Analyze the trace buffer 253
Prefetch Instructions 9.3

5 SFitFIRKRE

AR SCHR AN FE TR 43 BT 100 1RGN RO AL (R HE 2, 3 e, 151 3 1 b 9 i e B RN 8 5 TRUE I 7 vE A Ak
FRA T T 49,45 5 UL AE1S SPEC JVMI8 il Dacapo TR REA 1.5%~18.1%MIH2 i1, H HoKs FF 8 45 75 4% LAY .

AL I AR A A 58 1 R B, T A T R[] — i A e [ 25 K U 1) 1 AS RERRI A [ 4 4 1]
0 ]z 20K U7 il DR ) ST IR BN 1 TAE 2 — B AT IR 2 0 7 Tl B % S f ok 38 53 H AR 10
A 53,38 TR AR G b 2403 T A i) S S ] X A T A I N A S TR St SR AR T A
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