HighPerformance Numerical Computingin HighPerformance Numerical Computingin

Java:Language andCompiler Issues Java:Language andCompiler Issues

P.V.Artigas - M. Gupta - S.P.M idkiff - J.E.Moreira P.V.Artigas - M. Gupta - S.P.M idkiff - J.E.Moreira

IBM T.J. Watson ResearchCenter IBM T.J. Watson ResearchCenter

 Java for Numeric Computing
Java for Numeric Computing

                        Simple, Object Oriented language
                       Simple, Object Oriented language

                        Growing Number of Programmers
                       Growing Number of Programmers

                        Easier to Maintain and Debug
                       Easier to Maintain and Debug

                        BUT
                       BUT

                                                                      performance of current commercial
                                                                     performance of current commercial

                        environments is inadequate!
                       environments is inadequate!

 How  did w e benchmark?

How  did w e benchmark?

                  W ant to compare equivalent FORTRAN and Java
                 W ant to compare equivalent FORTRAN and Java

                  versions
                 versions

                  Developed the benchmarks using a third language that
                 Developed the benchmarks using a third language that

                  is automatically translated to FORTRAN and Java
                 is automatically translated to FORTRAN and Java

                  AIX port of IBM JDK 1.1.8 + JIT is currently  the fastest
                 AIX port of IBM JDK 1.1.8 + JIT is currently  the fastest

                  JVM for our platform. IBM JDKs generally recognized
                 JVM for our platform. IBM JDKs generally recognized

                  as very fast in many platforms
                 as very fast in many platforms

                  IBM XLF 6.1 FORTRAN compiler
                 IBM XLF 6.1 FORTRAN compiler

                  RS/6000 590 W orkstation used, 67Mhz POW ER II
                 RS/6000 590 W orkstation used, 67Mhz POW ER II

                  processor, 266 MFlops peak performance, 256Kb L1
                 processor, 266 MFlops peak performance, 256Kb L1

                  data cache
                 data cache

 What did w e benchmark?
What did w e benchmark?

                    8 Programs that represent most classes of dense
                   8 Programs that represent most classes of dense

                    numerical computing algorithms
                   numerical computing algorithms

                    MATMUL - Blocked Matrix Multiply Kernel
                   MATMUL - Blocked Matrix Multiply Kernel

                    LU, CHOLESKY - Direct Equation Solvers
                   LU, CHOLESKY - Direct Equation Solvers

                    BSOM - Data Mining Kernel
                   BSOM - Data Mining Kernel

                    MICRODC - Relaxation Solver
                   MICRODC - Relaxation Solver

                    TOMCATV - Mesh Generation, part of specFP95
                   TOMCATV - Mesh Generation, part of specFP95

                    SHALLOW - Shallow water simulation
                   SHALLOW - Shallow water simulation

                    REALFFT - 2D FFT, real samples
                   REALFFT - 2D FFT, real samples

                                          Do these benchmarks stress the
                                        Do these benchmarks stress the

                                          hardw are?
                                        hardw are?

                                                                                               MatMul

LU

Cholesky

BSom

MicroDC
tomcatv

Shallow

RealFFT

Benchmarks

                                                                        0%

                                                                  10%

                                                                  20%

                                                                  30%

                                                                  40%

                                                                  50%

                                                                  60%

                                                                  70%

                                                                  80%

                                                                  90%

                                                            100%

Percentage of machine PEAK performance

FORTRAN

                                          Current Performance of Java
                                        Current Performance of Java

                                                                                                   MatMul

LU

Cholesky

BSom

MicroDC
tomcatv

Shallow

RealFFT

Benchmarks

                                                                           0%

                                                                     10%

                                                                     20%

                                                                     30%

                                                                     40%

                                                                     50%

                                                                     60%

                                                                     70%

                                                                     80%

                                                                     90%

                                                               100%

Percentage of FORTRAN performance

Java 1.1.8

 Why Java performance so low ?

Why Java performance so low ?

                  As shown in previous LCPC98 paper, bounds and
                 As shown in previous LCPC98 paper, bounds and

                  null-pointer checking are expensive; when com bined
                 null-pointer checking are expensive; when com bined

                  with precise exceptions they inhibit code reorder
                 with precise exceptions they inhibit code reorder

                  Good alias disam biguation im portant for optim ization,
                 Good alias disam biguation im portant for optim ization,

                  difficult with Java array structure
                 difficult with Java array structure

                  Java does not use available floating point hardware
                 Java does not use available floating point hardware

                  efficiently (
                 efficiently (

                                                                                                           fma
                                                                                                          fma s and 80bit FP)

s and 80bit FP)

                  Creation of safe regions effective in enabling
                 Creation of safe regions effective in enabling

                  optim izations, but not easy to determ ine array bounds,
                 optim izations, but not easy to determ ine array bounds,

                  alias inform ation, and guarantee thread safety with
                 alias inform ation, and guarantee thread safety with

                  Java arrays
                 Java arrays

              Java versus Other language
            Java versus Other language

              multidimensional arrays
            multidimensional arrays

-DYD

)2575$1�

&

         $>�@>�@

$>�@>�@

$>�@>�@

$>�@>�@

XQVDIH�

UHJLRQ�

FKHFNV�

   QR�UHRUGHULQJ

VD IH�UHJL RQ�QR�FKHFNV�

UHRUGHULQJ�2.

                                          Performance w ith bound check
                                        Performance w ith bound check

                                          optimization
                                        optimization

                                                                                                    MatMul

LU

Cholesky

BSom

MicroDC
tomcatv

Shallow

RealFFT

Benchmarks

                                                                              0%

                                                                       10%

                                                                       20%

                                                                       30%

                                                                       40%

                                                                       50%

                                                                       60%

                                                                       70%

                                                                       80%

                                                                       90%

                                                                100%

Percentage of FORTRAN performance

BOUND

SE

No Opt

 Is the bounds optimization
Is the bounds optimization

 responsible for all that speedup?
responsible for all that speedup?

                        NO!
                       NO!

                        optimizations present in TPO and TOBEYnow
                       optimizations present in TPO and TOBEYnow

                        allowed in exception free regions
                       allowed in exception free regions

                        In numeric computing the large exception free
                       In numeric computing the large exception free

                        regions dominate execution time
                       regions dominate execution time

                        Performance is now competitive with other
                       Performance is now competitive with other

                        numeric languages
                       numeric languages

 Array package advantages for

Array package advantages for

 bounds checking optimization

bounds checking optimization

                   Java arrays  of arrays would require point er c has ing
                  Java arrays  of arrays would require point er c has ing

                   to recogniz e the complete array data st ructure
                  to recogniz e the complete array data st ructure

                   OR
                  OR

                   The opt imization would only be perf ormed f or the
                  The opt imization would only be perf ormed f or the

                   las t axis
                  las t axis

                   Privatizat ion of array data st ructures  would be
                  Privatizat ion of array data st ructures  would be

                   needed,  given the multithreaded nat ure of  Java,  t o
                  needed,  given the multithreaded nat ure of  Java,  t o

                   allow t he creat ion of large safe (exception free)
                  allow t he creat ion of large safe (exception free)

                   regions
                  regions

                   None of these is  a problem for Array package Arrays
                  None of these is  a problem for Array package Arrays

 What else is missing?

What else is missing?

                 fma

               fma

                                                             s, Floating-point multiply-add, existing in
                                                            s, Floating-point multiply-add, existing in

                POW ER/PowerPC, MIPS (MIPS IV and above),
               POW ER/PowerPC, MIPS (MIPS IV and above),

                PA-RISC (v1 .1 and above) and IA-64 are no t allowed
               PA-RISC (v1 .1 and above) and IA-64 are no t allowed

                 fma

               fma

                                                                            computes a*b+c("i nfi nite" pr ecision) and round
                                                                           computes a*b+c("i nfi nite" pr ecision) and round

                 Extend ed preci si on i s used in th e i ntermedia te
                Extend ed preci si on i s used in th e i ntermedia te

                 pr oduct, fi nal result is more  precise, therefor e
                pr oduct, fi nal result is more  precise, therefor e

                 disall owed
                disall owed

                 Proposals to allo w
                Proposals to allo w

fma

fma
s in Java are being
s in Java are being

                 considered
                considered

                                          What do
                                        What do fma
fma
s buy us?
s buy us?

                                                                                                   MatMul

LU

Cholesky

BSom

MicroDC
tomcatv

Shallow

RealFFT

Benchmarks

                                                                          0%

                                                                    10%

                                                                    20%

                                                                    30%

                                                                    40%

                                                                    50%

                                                                    60%

                                                                    70%

                                                                    80%

                                                                    90%

                                                              100%

Percentage of FORTRAN performance

FMA

BOUND

SE

No Opt

 The
The fma
                                                           fma
benefit
benefit

                      All the benchmarks that are closer to peak
                     All the benchmarks that are closer to peak

                      performance require the
                     performance require the
fma
fma s to reach
s to reach

                      near-to-FORTRAN performance
                     near-to-FORTRAN performance

                      In others the bottleneck is not the computation or
                     In others the bottleneck is not the computation or

                      fma
                     fma s are not used at all
                                                          s are not used at all

                      Improper alias information limits memory
                     Improper alias information limits memory

                      bandwidth in lower performing benchmarks
                     bandwidth in lower performing benchmarks

                      Also array organization information is not
                     Also array organization information is not

                      propagated all-the-way to the backend as in
                     propagated all-the-way to the backend as in

                      FORTRAN
                     FORTRAN

 Conclusion
Conclusion

                      High performance numeric codes can be
                      High performance numeric codes can be

                      developed in Java, there is nothing
                      developed in Java, there is nothing

                      fundamental that limits the Java performance
                      fundamental that limits the Java performance

                      for numeric computing!
                      for numeric computing!

                      Language and compiler codesign approach
                      Language and compiler codesign approach

                      provided good performance
                      provided good performance

                      Usability features required to attract existing
                      Usability features required to attract existing

                      numeric programmers
                      numeric programmers

                      New programmers already used to Java
                      New programmers already used to Java

 The role of language/compiler
The role of language/compiler

 codesign
codesign

                         For aggressive compiler optimization we
                        For aggressive compiler optimization we

                         need regions of code that are free of
                        need regions of code that are free of

                         exceptions and aliases
                        exceptions and aliases

                         Designed Array package to facilitates
                        Designed Array package to facilitates

                         bounds checking optimization and alias
                        bounds checking optimization and alias

                         disambiguation
                        disambiguation

                         Semantic expansion necessary to make
                        Semantic expansion necessary to make

                         Array package viable from performance
                        Array package viable from performance

                         perspective
                        perspective

 Future Work
Future Work

                     Better alias disambiguation for Array
                    Better alias disambiguation for Array

                     package arrays in order to enable
                    package arrays in order to enable

                     paralelization and other high order
                    paralelization and other high order

                     transformations
                    transformations

                     If there is not enough compile-time alias
                    If there is not enough compile-time alias

                     information use Array package built in
                    information use Array package built in

                     dependency test at run time and versioning
                    dependency test at run time and versioning

 Any questions?
Any questions?

???
                                                                                                  ???