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C, Fortran

PowerPC  fused multiply-add FMA

L 2

+ Java

2

*

L 2

Java

IEEE 754

iInvalid operation ((+o )+(-»), 0x o
underflow, inexact

IEEE 754

+o00 , -0, 0O 3

C

), divide by zero, overflow,
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(new int[10]D[15] ...

C
Jose Moreira (IBM)

m . doubleArray2D
C#H (Microsoft) Java

+ syntax sugar ali,j]

jagged array

m jagged array: ali][j], rectangular array: ali, j]

throw

a.multiply(b)

rectangular array
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¢ Java 2
11 52

+ Intel x86

4 strictfp ~ Java 2

U strictfp
+ Java 2 strictfp

+ X86
SSE, SSE2
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¢ ) strictfp void aMethod(..) { ..
s Static, lexical

4
U (FP-strict)
+ SPARC, Alpha, PowerPC, MIPS
o strictfp
# 86 (x87 )
m X80 Java

= Sun , IBM Java 2 SE 1.4
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" @ FP-strict
4 SPARC ~strictfp’

% java StrictfpTest

shuJIT for Sun Classic VM/x86 by Kazuyuki Shudo
1.112808544714844E-308 (0x0008008000000000)

* 1.0000000000000002 (Ox3FF0O0O00000000001)
_ydefault : 1.112808544714844E-308 (0x8008000000000000)
> strictfp: 1.1128085447148447E-308 (0x8008000000000001)

2.225073858507201E-308 (OXOOOFFFFfffffIfffr)

/ 0.9999999999999999 (Ox3fefffffffffffff)
— default :© 2.2250738585072014E-308 (0x1000000000000000)
> strictfp: 2.225073858507201E-308 (OXFFffrffffrfffrfrfey)
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;4 80 bit
s 64 bit 32 bit
.
m cf. fmuls  fmuld (SPARC), mul.s  mul.d (MIPS)
1 8 23 (bit)
strictp I .
1 11 52
T 0
1 15 64
x86 I

80 bit
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X86
1 15 (not 11! 52 (

#®|EEE 754
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15 bit

-1)S 2E 1....
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8 -126 +127
11 -1022 +1023
X86 15 -16382 +16383
— 2 +1023
e +1023 SPARC
X806

4= 9 +1023

—+ 00
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# Java

= Java
¢ javac , Jikes, KJC
o “strictfp”

. FP-strict

Java

* , Just-In-Time
m Strictfp
+ Xx86

||
+ Golliver Intel
. Xx86

Java

. Ahead-of-Time
FP-strict
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#Sun , IBM Java 2 SE 1.4

m Strictfp 1.2 Java 2
= Java javac  strictfp Java
JIT
;4
s ShulJIT
. JT

= BulletTrain
+ NaturalBridge Ahead-of-Time
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2
= Strictfp
+ FP-strict
- Java C Fortran
2
= Linpack
2
+ naive
|
|
o CH Java
2

m 1.7 GHz Pentium 4 / Linux
« CH Windows 2000 SP3

s 800 MHz Pentium Il / Linux
s C#H Windows .NET Server 2003 RC1




Linpack

: L2 256 KB, L1 8KB

_ |[BM JIT
1.7 GHz Pentium 4 SSE2
0] 50 100 150 200
CJ MElaps
IBM SDK 203.2
Sun HotSpot Server VM 197 8
Sun HotSpot Client VM 83 6
57.8
GCJ
shuJIT (SSE2) )
strictfp
shuJdIT (x87)
Linpack Benchmark
Sun n = 1000
IBM on 1.7|GHz Pentium 4

Intel Fortran Compiler

a77

Intel C++ Compiler

gcc

C#

34.6

n=100, Intel

FORTRAN (SSE2
813.8 MFlops
FORTRAN (x87 )
425.9 MFlops
C (SSE2 )
757.1 MFlops
C (x87 )
426.2 MFlops

)

214.6
211.6 _
220.0 |
210.3

~ FORTRAN 77

- C

C#




Linpack o - L2 256 KB, L1 16 KB

800 MHz Pentium 111

(] (0] 10 20 30 40 50 60
N
MFlops
Sun HotSpot Server VM 434
IBM SDK 40.4
6 34.9
strictfp
Sun HotSpot Client VM
FRUIT n=100, Intel
Linpack Benchmark
IEM n = 1000 FORTRAN 344.4 MFlops
sin on 800 |MHz Pentium 111 c 333.7 MFlops
| 54.8

Intel Fortran Compiler

D | 552 |

Intel C++ Compiler | N e ., 54.9

- FORTRAN 77

- C

goo | 549
o | 1 26.9 Ct
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@ ... SSE2 FP-strict
a X87 (80 bit )

# SSE2 : Streaming SIMD Extensions 2

s Pentium 4 2000
s SIMD

+ |EEE 754 ( , , R
* X87
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@ Java

¢ Just-in-Time

= Java

*

*
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C, Fortran

C, Fortran
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h Java numerics page
http://www.validlab.com/java/
“How Java'’s Floating-Point Hurts Everyone Everywhere” by W. Kahan

# Java Numerics

Java

http://math.nist.gov/javanumerics/

# Java Grande Forum

http://www.javagrande.org/
HJava 1)

# Performance comparison of JITs

http://www.shudo.net/jit/perf/
Java JIT

# The Java Performance Report

http://www.javalobby.org/members/jpr/
&
PART 11l Sep 2000 C

# Languages for the Java VM

http://grunge.cs.tu-berlin.de/~tolk/vmlanguages.html

Java Grande Forum Numerical WG



