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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.2 Binary expression of double-precision values that suffers double rounding.

June 2003

00o0o0o0ooooooooOoOooooooooog
00000000000 ooOoooooo1o000100
00000000 o0ooooooooooooooo
Golliver 000000000 OOOO 2000 400
Doooooo”o

Golliver 000D OOO0O-00000O store-reloadd
00000000 scalingDO OO 2000000000

3.1 J0O0-00oo

FP-strict 00000000 OO0O0OOOOODOO
oooo0oOooUoooooooOooooooooo
o0oo0OooOoD 1s00000000000000
OO0 11000000000 soOOooooooonod
0000000000000 ooooooooooo
00000o00oooo0ooooooooooog
0000000000 0000o0ooooooooog
ooo0oooooUooooOoOoOoooodgooood
ooooOo0ooooooooooogoooooooo
ooooooogo

3.2 200000000

Oooooo-oooOoDooooooooooOod
000000O00oOooOoOo 20000000000
0000 FP-strict 0000000 0OOOOOOONO
0000000ooooooooooooooooog
00000000 denormalized number000 0O 00

O00O0DO00DO0O0OD0 1hODbOoOoDbOboOODOO
0000000000000 normalized numberd0
000000000000o0ooooooooood
0000000oooooooooooo
0000000000O0oooooooooooo 2
gOooopoooOooooooooOoobooOoooOod
O00O0OOUO0OOUOUODOOIEEE 754000000
goooooooOoobooobobobDbDOobDOoDoo
00000 0Uoooooo 200000000

(=1)%2" P70 (0.b1by - - - by_1)

oooooooooocboobboooooono 400
—-000000000000000oo0b0b0O0DbOO
ooboooobooooboooboobOoOoooOoDDO
gooboooooboooooboobooobooo
gobooooooooboobooooooboood
O000000Dgradual000O0O0O0O0O0O0O0OO
OOOO0OO0OOO0O0OIEEE 75400000000000
ooogd

ub20000000000000 10040040
gboobooooooooooooooooooooboo
goobooolroooooooobobo 20000000
gooooooboooboooooooboobobOoooo
420000000000000000000000



Vol. 44 No. 6
L280000 100000 (1000000
(1) ..x 1|Ixx(00‘I'ooo00 D))%X...t wpnop (QUH000
(2 .x11 : fDDDDD)
0@) ..x 1joxx... P vyoooo
o ' ooooo
0
o -
u} 1 ooooo 1nooooo
Apnoo | twoop (@WDOGOO00
(4) ..x0/1xx(00'l'nooooo)Xx4.00000 )
(5) ..x 0|1 Y0oOoo
(6) ...x 0|OXX... ooooo

oopooooooooo
(0:000000000002000. x0O'00O7T)

03 200000000000
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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Fig.6 The significands that suffers double rounding to
double and single precision.
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Table 2 Penalty for FP-strictness in C language.
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Table 3 Performance ratio of FP-strict operation to
normal operation with shuJIT.
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