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Efficient Implementation of Strict Floating-point Semantics

KAZUYUKI SHUDO,t SATOSHI SEKIGUCHIt and YOICHI MURAOKA*t

TA-32 processors yield different results of floating-point operations from other processors,
even though they are all compliant with IEEE 754. The Java specifications need runtime
systems to implement the FP-strict semantics, which other IEEE 754 compliant processors
naturally fulfill. We implemented the semantics on a Java Just-in-Time compiler for TA-32.
This study reveals that single-precision operations can be performed with precision control
bits of the processor staying as double-precision. Performance evaluation demonstrates that
our implementation method reduced the performance decline by the semantics down to 40%.
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Fig.1 Floating-point value formats of IA-32.
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Fig.2 Binary expression of double-precision values that suffers double rounding.
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Fig.3 The mechanism of double rounding problem.
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Fig.4 The bit patterns of significand that suffers double
rounding problem.
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Table 2 Penalty for FP-strictness in C language.

oooo,
oagd raw ooooo oooog
Pentium 4, 00O 209 — 1238 5.92 0
Pentium 4, 00O 1284 — 2299 1.79 0
Pentium III, 00O 603 — 1694 2.810
Pentium 111, 00O 3150 — 4233 1.34 0
goooog goooog
Geometric Mean E_‘ 70
I — 60 mSSE2 &%
jack 50 B JE FP-strict
= |
mpegaudio 2 40 OREGS
— | | 2
db B ATA s 30 Hfscale B4y
compress i Ofscale 8i%y 20 |
E OFHEGS

jess )
E ]

M
0 10 20 30 40 50 60
0 13 Pentium 4 00 SPEC JVM98
Fig.13 SPEC JVM98 on Pentium 4 processor.

M JE FP-strict
D SSE2 &%y

000000 20000000 FP-strict 00000
shJITOOOOOOOOOOOOOOOO0OOOO
000 fscaleJOOOOODOOOOOOOOOOO
0000 2030000BulletTrain O fscale OO0
0000000000Pentium 4 0 Pentium III1 00
0o0ooooooooooooooo

020 CO0O0O0O Fpstrict 0O OOOOOODO
000000000 0drawd 000000 oooonQ
000000000000 000000000000
000000000000 0000000000Java
Grande Numerics WG O FP-strict 00000000
02000 400000000700 20000 60
0000O00000ooOooO0oO0ooooooOoOooo
o0o0obOO0oOoooooooOoOooooooooooo
00o00oooooooooooooooooogooo
000 coooOoooopoooooooooooo
0o0ooooooooooooooo

5.2 SPEC JVMO98 [0 Linpack Benchmark

01300 1400 1500 16 00 0 0 0O O Pentium
400 SPEC JVM980 Pentium 4 0 O Linpack O O
0O 0000Pentium IITO O SPEC JVM980 Pentium
100 Linpack 000000000000 OODOO
00o00o0oooooooooooo

FP-strict 0000000000000 OOODOO
O00oooUooo0oooOoooooooooooo

. [l

shudIT BulletTrain L85
0 14 Pentium 4 00 Linpack Benchmark

Fig. 14 Linpack benchmark on Pentium 4 processor.

Geometric Mean bl
javac T
Jjack L
mpegaudio L !
- m15TYS
compress Ofscale A%y
jess ! OFEGS
ity [— B JF FP-strict
0 5 10 15 20 25

0 15 Pentium III 00 SPEC JVM98
Fig.15 SPEC JVM98 on Pentium III processor.

B 3F FP-strict

mESCE R

15 Dfscale @5 ||

0 .

shudIT BulletTrain EZPUE]
0 16 Pentium III 00O Linpack Benchmark
Fig.16 Linpack benchmark on Pentium III processor.




Vol. 44 No. 6

03 shJITOODOOODOOOOO FP-strict 00000
Table 3 Performance ratio of FP-strict operation to
normal operation with shuJIT.
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