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High Speed Java Bytecode Execution Using Instruction Folding,
Data Value Speculation and Data Value Reuse
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This paper describes the effectiveness of Instruction Folding. Data Value Speculation and
Data Value Reuse against the hardware execution of Java bytecodes. For a quantitative
evaluation. we assumed a micro architecture equipped with some special purpose tables and
facilities for Instruction Folding which can reduce the number of dynamic steps of instruc-
tions. On this execution model, we measured the effectiveness of Data Value Speculation
which predicts the results of instructions. and that of Data Value Reuse which reuses the
result of instructions. As a result, we show that Data Value Reuse is more efficient. than Data

Value Speculation.
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Fig.1 Data area of JVM.
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Table 1 Percentage of occurrences.

M HOFEE | compress jess db javac mpegaudio | mtrt
O—AIVEHORAHL | 32.5 37.3 40.5 35.4 32.8 334
b—7 DFAHL | 19.4 20.7 25.1 17.9 20.5 17.4

WE., WEH% X2y 7#F|15.9 1.8 6.8 6.3 16.5 8.4
FEDE | 6.1 10.9 8.1 9.3 3.3 36

EFDOT va| 7.2 56 1.3 53 12.8 5.8
AV R HUHL | 1.8 6.5 35 7.2 13.1
AV9RYE—V| 1.8 6.3 35 6.1 13.1
O—HIVEBADOEEAHZ | 9.1 5.4 6.9 45 1.7
=T \DOEEABR | 4.7 15 1.1 4.5 2.4
EF M | 0.4 0.9 1.1 1.3 0.2
VAR b« T—IVDfFEHHL | 0.0 0.9 0.0 0.2 0.1
ZOf | 1.0 2.1 1.9 2.0 0.6
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Table 2 Occurrences of combination.
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Fig.2 Structure of Java processor.
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Table 3 Percentage of foldable bytecodes.
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compress

mpegaudio

javac

mtrt

30.7
jess | 20.7
db|19.2
22.6
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24.6

37.8
23.6

26.4
29.7
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19.9
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40.1
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41.6
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Table 4 Required entries to hold all translation.

ATz | T4—IVE [ AV YE

VAN |k THhEk | EHBR
compress 2229 112 199
jess 80163 148 223

db 135977 111 208

javac 94920 167 267
mpegaudio 4477 223 226
mtrt 503672 128 225

®5 ATV I MEBRROMBRE LY FROMF (BAIZ%)

Table 5 Hit ratio of object translation table.

Tz
IV MUK 1 2
256 79.1 - -

512 |79.4|87.0 -

1024 | 83.2 |1 87.3[91.0
2048 -190.21915
4096 - —-193.7
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Table 6 Maximum number of local variables and

operand stack entries.

AN VR

70y 5 L% | O—TIVER| - AZY Y
compress 24 13
jess 24 13
db 24 13
javac 24 13
mpegaudio 31 13
mtrt 24 13

®T b—TFyyia0byhE (EI%)
Table 7 Hit ratio of heap cache.

70y 5 L% | 16K | 64K
compress | 87.8 | 95.9
jess | 85.8 | 91.1
db|79.2 | 828

javac [ 88.0 [ 91.9
mpegaudio | 95.1 | 97.0
mtrt | 82.8 | 88.5
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Fig.3 Structure of reuse table.
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WMRERAR, T—2 BB LU BRARTZ AV Java 8 v O®E#EL 35

&8 MABHABICKDHIBRTREABINR T v T HOAE (BALE%)
Table 8 Percentage of foldable bytecodes.

YA X | compress | jess db javac mpegaudio | mtrt
s1[41.6 24.0 19.9 26.4 40.1 25.9
s10141.8 31.3 20.2 27.8 40.3 25.1
s100 | 42.0 29.6 223 27.6 40.3 23.4

®O TARBONKRLEZNALI—F OEE (BLII%)

Table 9 Percentage of bytecodes for speculation.

%A X | compress jess db javac mpegaudio | mtrt
s1(39.7 37.6 33.0 33.9 35.9 35.0
s10 [ 39.4 47.2 46.4 35.9 36.2 35.6
s100|39.9 40.6 50.7 35.3 35.9 35.4

®10 FHMNELVER (BII%)
Table 10 Hit ratio of speculation.

P AX | compress jess db javac mpegaudio | mtrt
s1|65.2 55.2 66.0 60.7 50.8 50.6
s10 | 66.9 62.3 53.2 58.2 49.2 37.5
s100 | 65.9 55.6 54.6 59.0 50.8 24.3

®11 T 2REICKD HIERTREEL Y 7 7)VEORS (B3 %)

Table 11  Eliminable cycles on data value speculation.

P A X | compress jess db javac mpegaudio | mtrt
sl|26.8 15.3 9.7 7.8 25.4 7.8
s10129.1 17.9 14.2 12.1 279 6.6
s100|28.6 13.6 16.4 14.9 28.3 3.8
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®12 T—2EFA (32768 T V) KKKV HIBERTAELGRHBE LT AV v F HOFIE (BAIX%)

Table 12

Eliminable bytecodes and methods on data value reuse (32768 entries).

¥ A X | compress jess db javac mpegaudio | mtrt
3.86 14.0 8.14 2.40 2.47 17.1
11 (235 (33.1) (12.7) (5.90) (35.2) (58.0)
2.65 24.4 5.76 5.94 1.69 0.482
s101 18.0) (58.3) (25.9) (20.2) (31.0) (1.31)
4.16 26.0 5.44 7.32 2.33 0.0515
s1001 o5 5y (54.0) (24.1) (22.1) (35.3) (0.111)

£13 F—2EAA (32768 T2 b V) Ic & O HIEATEER Y 1 2 VEOEIE (B3 %)

Table 13  Eliminable cycles on data value reuse (32768 entries).

%A X | compress jess db javac mpegaudio | mtrt
s1[11.1 26.5 10.8 4.70 10.4 47.1
s10| 7.89 44.9 14.3 15.0 7.58 1.10
s100|12.0 44.3 14.3 16.8 10.1 0.0979

F£14 T—2FFAHA (4096 T2 b V) KXY HIBRTEEA Y A 2)VEO 8IS (Bt %)

Table 14 Eliminable cycles on data value reuse (4096 entries).

%14 X | compress jess db javac mpegaudio | mtrt
s1|6.77 24 .4 10.5 4.46 9.93 46.1
s10|5.87 44.9 13.3 13.9 7.12 1.17

s100|7.38 42.3 14.0 13.4 9.65 0.0963
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