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Motivation

◆3URYLGH�ZHOO�NQRZQ�DQG
UHOLDEOH�OLEUDULHV

◆$YRLG�UH�ZULWLQJ�QXPHULFDO
FRGH

◆4XLFN�DQG�UHOLDEOH�WUDQVODWLRQ
◆3HUIRUPDQFH



LAPACK

◆ /LQHDU�$OJHEUD�OLEUDU\�LQ�)RUWUDQ�����ELQGLQJ�WR�F�
À 6WDWH�RI�WKH�DUW�QXPHULFDO�URXWLQHV
À ([WHQVLYH�FRYHUDJH
À 6ROXWLRQ�RI�V\VWHPV�RI�HTXDWLRQV
À 6ROXWLRQ�RI�HLJHQYDOXH�SUREOHPV

◆ %ORFN�DOJRULWKPV
À 3DUDPHWHUL]HG�IRU�PHPRU\�KLHUDUFKLHV

ª %XLOW�RQ�WKH�/HYHO�������DQG���%/$6
À (IILFLHQW�RQ�D�ZLGH�UDQJH�RI�FRPSXWHUV

ª 5,6&��9HFWRU��603V

◆ 8VHU�LQWHUIDFH�SURYLGHV�VLPLODU�FDOOV�LQ�
À 6LQJOH��'RXEOH��&RPSOH[��'RXEOH�&RPSOH[

◆ 8VHG�E\�YHQGRUV��+3���*�WR�7HUDIORS�V�0DFKLQHV
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y = y + α x
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Le ve l 2
y = y + A x
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Le ve l 3
C = C + A B
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Why Higher Level BLAS?
◆ &DQ�RQO\�GR
DULWKPHWLF�RQ�GDWD
DW�WKH�WRS�RI�WKH
KLHUDUFK\

◆ +LJKHU�OHYHO�%/$6
OHWV�XV�GR�WKLV

◆ 'HYHORSPHQW�RI
EORFNHG�DOJRULWKPV
LPSRUWDQW�IRU
SHUIRUPDQFH

IBM RS/6000-590 (66 MHz, 264 Mflop/s Peak)
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LAPACK

◆ ���.�OLQHV�RI�FRGH
◆ H[WHQVLYH�WHVW�SDFNDJH
◆ GHYHORSHG�RYHU����\HDUV�ZLWK�LQSXW
IURP�WKH�OLQHDU�DOJHEUD�FRPPXQLW\

◆ VWDWH�RI�WKH�DUW�PHWKRGV
◆ $XWRPDWLFDOO\�WUDQVODWH�WR�-DYD



Outline of Project

◆ 3KDVH����:ULWH�)RUWUDQ�IURQW�HQG
WR�OH[�DQG�SDUVH�VXEVHW�)RUWUDQ����

◆ 3KDVH����*HQHUDWH�-DYD�VRXUFH�DQG
-DVPLQ�DVVHPEO\�FRGH�IRU�XVH�ZLWK
-90�

◆ 3KDVH����7HVW��GRFXPHQW�DQG
GLVWULEXWH�%/$6�DQG�/$3$&.�FODVV
ILOHV�



Array Access/Argument Passing

◆ $OO�DUUD\V�DUH�GHFODUHG�DV��'�DQG
DFFHVVHG�ZLWK�LQGH[�DULWKPHWLF�

◆ $UUD\�LQGLFHV�PXVW�EH�SDVVHG
VHSDUDWHO\�DV�DUJXPHQWV��ZKLFK
FKDQJHV�WKH�XVHU�LQWHUIDFH�

◆ 3ULPLWLYHV�DUH�SDVVHG�LQ�REMHFW
ZUDSSHUV�WR�HPXODWH�SDVV�E\�
UHIHUHQFH��RQO\�ZKHQ�QHHGHG�
WKRXJK��



GOTO Translation

◆ )LUVW�6WHS
Try to identify Fortran constructs containing GOTO
statements that can be translated to equivalent Java
constructs (which cannot contain a goto statement).

10      CONTINUE

          IF(C .EQ. ONE) THEN

              A = 2 * A

              GO TO 10

          END IF

while(c == one)
{
    a = 2 * a;
}



GOTO Translation

◆ 6HFRQG�6WHS
Remaining GOTO statements must be transformed

at the bytecode level.

◆ %\WHFRGH�7UDQVIRUPHU
•Use bytecode parsing code from javab (Indiana
University) .

•Provides efficient translation of GOTO statements.



Input/Output

◆ 6PDOO�VXEVHW�RI�:5,7(�)250$7
KDV�EHHQ�LPSOHPHQWHG����MXVW
HQRXJK�WR�DOORZ�WUDQVODWLRQ�RI
%/$6�/$3$&.�WHVW�URXWLQHV�

◆ 6RPH�XQIRUPDWWHG�5($'�VWDWHPHQWV
VXSSRUWHG�

◆ )LOH�,�2�QRW�VXSSRUWHG�\HW��EXW�PD\
EH�QHFHVVDU\�IRU�IXWXUH�WHVWLQJ�



Current Status of Project

◆ I�M���IRUPDO�FRPSLOHU�RI�)RUWUDQ���
VXEVHW�VXIILFLHQW�IRU�%/$6��/$3$&.�DQG
RWKHU�QXPHULFDO�OLEUDULHV�

◆ 0RVW�,�2�VWDWHPHQWV�DUH�QRW�IXOO\
VXSSRUWHG�

◆ 'RXEOH�SUHFLVLRQ�%/$6�OHYHOV�������DQG��
VXFFHVVIXOO\�WHVWHG�

◆ 'RXEOH�SUHFLVLRQ�/$3$&.�URXWLQHV
VXFFHVVIXOO\�WHVWHG�

◆ UHOHDVHG��0D\���������



Future of Fortran-to-Java Project

◆ ([WHQG�WR�ZLGHU�VXEVHWV�RI�)RUWUDQ
DQG�WUDQVODWH�PRUH�QXPHULFDO
OLEUDULHV�

◆ 6XSSRUW�IRU�&RPSOH[�GDWD�W\SH�
◆ 3URYLGH�D�ODUJH�UHOLDEOH�-DYD
QXPHULFDO�VRIWZDUH�UHSRVLWRU\�

◆ )RFXV�RQ�RSWLPL]DWLRQ



How To Get Performance From
Commodity  Processors?

◆ 7RGD\·V�SURFHVVRUV�FDQ�DFKLHYH�KLJK�SHUIRUPDQFH��EXW
WKLV�UHTXLUHV�H[WHQVLYH�PDFKLQH�VSHFLILF�KDQG�WXQLQJ�

◆ 5RXWLQHV�KDYH�D�ODUJH�GHVLJQ�VSDFH�Z�PDQ\
SDUDPHWHUV
À EORFNLQJ�VL]HV��ORRS�QHVWLQJ�SHUPXWDWLRQV��ORRS�XQUROOLQJ
GHSWKV��VRIWZDUH�SLSHOLQLQJ�VWUDWHJLHV��UHJLVWHU�DOORFDWLRQV�
DQG�LQVWUXFWLRQ�VFKHGXOHV�

À &RPSOLFDWHG�LQWHUDFWLRQV�ZLWK�WKH�LQFUHDVLQJO\�VRSKLVWLFDWHG
PLFURDUFKLWHFWXUHV�RI�QHZ�PLFURSURFHVVRUV�

◆ $�IHZ�PRQWKV�DJR�QR�WXQHG�%/$6�IRU�3HQWLXP�IRU
/LQX[�

◆ 1HHG�IRU�TXLFN�GHSOR\PHQW�RI�RSWLPL]HG�URXWLQHV�
◆ $7/$6���$XWRPDWLF�7XQHG�/LQHDU�$OJHEUD�6RIWZDUH



What is ATLAS
◆ $�SDFNDJH�WKDW
DGDSWV�LWVHOI�WR
GLIIHULQJ
DUFKLWHFWXUHV�YLD
FRGH�JHQHUDWLRQ
FRXSOHG�ZLWK�WLPLQJ
À ,QLWLDOO\��VXSSO\�%/$6

◆ 3DFNDJH�FRQWDLQV�
À &RGH�JHQHUDWRUV
À 6RSKLVWLFDWHG�WLPHUV
À 5REXVW�VHDUFK
URXWLQHV

◆ &XUUHQWO\
SURYLGHG�
À 5HDO�PDWUL[�PDWUL[
PXOWLSO\
ª ����KRXUV�LQVWDOO
WLPH



Why ATLAS is needed
◆ %/$6�UHTXLUH�PDQ\�PDQ�KRXUV��
SODWIRUP
À 2QO\�GRQH�LI�ILQDQFLDO�LQFHQWLYH�LV�WKHUH

ª 0DQ\�SODWIRUPV�ZLOO�QHYHU�KDYH�DQ�RSWLPDO�YHUVLRQ
À /DJV�EHKLQG�KDUGZDUH
À 0D\�QRW�EH�DIIRUGDEOH�E\�HYHU\RQH

◆ 2SHUDWLRQV�PD\�EH�LPSRUWDQW��EXW�QRW
JHQHUDO�HQRXJK�IRU�VWDQGDUG

◆ $OORZV�IRU�SRUWDEO\�RSWLPDO�FRGHV
◆ 3HQWLXP·V�UXQQLQJ�/LQX[



Code Generation
 Strategy

◆ &RGH�LV�LWHUDWLYHO\
JHQHUDWHG�	�WLPHG
XQWLO�RSWLPDO�FDVH
LV�IRXQG���:H�WU\�
À 'LIIHULQJ�1%V
À %UHDNLQJ�IDOVH
GHSHQGHQFLHV

À 0��1�DQG�.�ORRS
XQUROOLQJ

◆ &DFKH�EDVHG
PXOWLSO\�RSWLPL]HV
IRU�
À 7/%�DFFHVV
À /��FDFKH�UHXVH
À )3�XQLW�XVDJH
À 0HPRU\�IHWFK
À 5HJLVWHU�UHXVH
À /RRS�RYHUKHDG
PLQLPL]DWLRQ

◆ 7DNHV�D�FRXSOH�RI
KRXUV�WR�UXQ�
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Multithreaded BLAS for
Performance

Intel Pentium II 300 MHz
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ATLAS
◆ .HHS�D�UHSRVLWRU\�RI�NHUQHOV�IRU
VSHFLILF�PDFKLQHV�

◆ 'HYHORS�D�PHDQV�RI�G\QDPLFDOO\
GRZQORDGLQJ�FRGH

◆ ([WHQG�ZRUN�WR�DOORZ�VSDUVH�PDWUL[
RSHUDWLRQV

◆ ([WHQG�ZRUN�WR�LQFOXGH�DUELWUDU\
FRGH�VHJPHQWV

◆ 6HH��KWWS���ZZZ�QHWOLE�RUJ�DWODV�



What is needed to use ATLAS with Java:

���7KH�-DYD�FDOOLQJ�SURJUDP��MGPPWVW�MDYD�
���7KH�-DYD�ORDG/LEUDU\�FODVV��&:5$3�MDYD�
���7KH�MDYD�ORDG/LEUDU\�KHDGHU�ILOH��&:5$3�K�
���7KH�&�IXQFWLRQV��F�ZUDSSHUV�WR�FDOO�$7/$6
DQG�$7/$6�F�VRIWZDUH�OLEUDU\��

���7KH�VKDUHG�REMHFW��OLE&:5$3�VR��ZKLFK
FRQWDLQV�H[HFXWDEOH�ELQDULHV�RI�WKH�&�ZUDSSHU
IXQFWLRQV�DQG�DOO�WKH�$7/$6�IXQFWLRQV�



Test Results for Matrix Multiply
UltraSparc 2200 (200 MHz, peak of 400 Mflop/s)

Array
Size

M=N=K

Pure Java
MM

Mflops

From SUN
Perflib
Mflops

C call to
ATLAS

DGEMM
Mflops

Java call to
ATLAS

DGEMM
Mflops

100 1.03 335.3 271.6 246.4

200 1.00 310.5 288.5 249.9

300 0.99 295.4 290.7 286.4

400 0.97 273.4 290.8 276.0

500 0.98 277.5 290.9 282.5



Futures

◆ ([WHQG�WKHVH�LGHDV�WR�-DYD�GLUHFWO\

◆ 5HIHUHQFHV�
KWWS���ZZZ�QHWOLE�RUJ�
KWWS���ZZZ�QHWOLE�RUJ�DWODV�
KWWS���ZZZ�FV�XWN�HGX�I�M�
KWWS���ZZZ�QHWOLE�RUJ�XWN�SHRSOH�-DFN'RQJDUUD�


