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Outline
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¾7KURXJK�WKH�´H\HVµ�RI�WKH�7RS���
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SHUIRUPDQFH�RQ�FOXVWHUV�DQG�
FRPPRGLW\�SURFHVVRUV�



�

�

TOP500
- Listing of the 500 most powerful
Computers in the World

- Yardstick: Rmax from LINPACK MPP
Ax=b, dense problem

- Updated twice a year
SC‘xy in the States in November
Meeting in Mannheim, Germany in June

- All data available from www.top500.org
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,Q������D�FRPSXWDWLRQ�WKDW�WRRN���IXOO�\HDU�WR�FRPSOHWH
FDQ�QRZ�EH�GRQH�LQ�a����KRXUV�

Fastest Computer Over Time
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Fastest Computer Over Time
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Performance Development
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Performance Development
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Chip Technology
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Architectures
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Performance Distribution June 2001
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Cumulative Performance June 2001
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Cumulative Performance June 2001
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KFlop/s per Inhabitant
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KFlop/s per Inhabitant
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What’s new with the TOP500?
♦ %HQFKPDUN�,PSOHPHQWDWLRQ�+3/�������������������
+LJK�3HUIRUPDQFH�/LQSDFN
¾KWWS���LFO�FV�XWN�HGX�KSO�
¾1HHGV�RQO\

¾03,
¾%/$6�RU�96,3/

¾+LJKO\�VFDODEOH�DQG�HIILFLHQW�

♦ 7RS�&OXVWHUV
¾/LVW�E\�SHDN�SHUIRUPDQFH�WRGD\
¾,QIRUPDWLRQ�JLYHQ�RQ�SURFHVVRUV��LQWHUFRQQHFW��HWF
¾KWWS���FOXVWHUV�WRS����RUJ
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♦ 7RGD\�WKH�UDQNLQJ�LV�E\�WKHRUHWLFDO�SHDN�SHUIRUPDQFH�
♦ ,QWHUFRQQHFW��SURFHVVRUV��PHPRU\��26��DSSOLFDWLRQ�DUHD��«
♦ KWWS���FOXVWHUV�WRS����RUJ�
♦ %HQFKPDUN�UHVXOWV�WR�IROORZ�LQ�WKH�FRPLQJ�PRQWKV

��

Self-Adapting Numerical 
Software (SANS) Effort

♦ 7KH�FRPSOH[LWLHV�RI�PRGHUQ�SURFHVVRUV�RU�FOXVWHUV�
PDNHV�LW�GLIILFXOW�WR�DQDO\WLFDOO\�SUHGLFW�RU�PRGHO�E\�
KDQG�WKH�SHUIRUPDQFH��

♦ 2SHUDWLRQV�DV�VLPSOH�DV�WKH�%/$6�UHTXLUH�PDQ\�PDQ�
KRXUV���SODWIRUP
� 6RIWZDUH�ODJV�IDU�EHKLQG�KDUGZDUH�LQWURGXFWLRQ
� 2QO\�GRQH�LI�ILQDQFLDO�LQFHQWLYH�LV�WKHUH

♦ +DUGZDUH��FRPSLOHUV��DQG�VRIWZDUH�KDYH�D�ODUJH�
GHVLJQ�VSDFH�Z�PDQ\�SDUDPHWHUV
¾ %ORFNLQJ�VL]HV��ORRS�QHVWLQJ�SHUPXWDWLRQV��ORRS�XQUROOLQJ�

GHSWKV��VRIWZDUH�SLSHOLQLQJ�VWUDWHJLHV��UHJLVWHU�DOORFDWLRQV��
DQG�LQVWUXFWLRQ�VFKHGXOHV��

¾ &RPSOLFDWHG�LQWHUDFWLRQV�ZLWK�WKH�LQFUHDVLQJO\�VRSKLVWLFDWHG�
PLFUR�DUFKLWHFWXUHV�RI�QHZ PLFURSURFHVVRUV�

♦ 1HHG�IRU�TXLFN�G\QDPLF�GHSOR\PHQW�RI�RSWLPL]HG�URXWLQHV�
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Software Generation 
Strategy  - ATLAS BLAS

♦ 7DNHV�a����PLQXWHV�WR�
UXQ�

♦ ´1HZµ�PRGHO�RI�KLJK�
SHUIRUPDQFH�SURJUDPPLQJ�
ZKHUH�FULWLFDO�FRGH�LV�
PDFKLQH�JHQHUDWHG�XVLQJ�
SDUDPHWHU�RSWLPL]DWLRQ�

♦ 'HVLJQHG�IRU�5,6&�DUFK
¾ 6XSHU�6FDODU
¾ 1HHG�UHDVRQDEOH�&�

FRPSLOHU
♦ 7RGD\�$7/$6�LQ�XVH�E\

0DWODE��0DWKHPDWLFD��
2FWDYH��0DSOH� 'HELDQ�
6F\OG %HRZXOI� 6X6(��«

♦ 3DUDPHWHU�VWXG\�RI�WKH�KZ�
♦ *HQHUDWH�PXOWLSOH�YHUVLRQV�

RI�FRGH��Z�GLIIHUHQFH�
YDOXHV�RI�NH\�SHUIRUPDQFH�
SDUDPHWHUV

♦ 5XQ�DQG�PHDVXUH�WKH�
SHUIRUPDQFH�IRU�YDULRXV�
YHUVLRQV

♦ 3LFN�EHVW�DQG�JHQHUDWH�
OLEUDU\

♦ /HYHO���FDFKH�PXOWLSO\�
RSWLPL]HV�IRU�
¾ 7/%�DFFHVV
¾ /��FDFKH�UHXVH
¾ )3�XQLW�XVDJH
¾ 0HPRU\�IHWFK
¾ 5HJLVWHU�UHXVH
¾ /RRS�RYHUKHDG�PLQLPL]DWLRQ

ATLAS (DGEMM n = 500)

♦ $7/$6�LV�IDVWHU�WKDQ�DOO�RWKHU�SRUWDEOH�%/$6�
LPSOHPHQWDWLRQV�DQG�LW�LV�FRPSDUDEOH�ZLWK�
PDFKLQH�VSHFLILF�OLEUDULHV�SURYLGHG�E\�WKH�YHQGRU�
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ATLAS Matrix Multiply 
(64-bit floating point results)

$OWD9HF�*�H������0+]

3HQWLXP����Z�R�66(��������*+]

,QWHO�,$���������0+]

Multithreaded as well
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Related Tuning Projects 
♦ 3+L3$&�

¾ 3RUWDEOH�+LJK�3HUIRUPDQFH�$16,�&�
ZZZ�LFVL�EHUNHOH\�HGX�aELOPHV�SKLSDF LQLWLDO�DXWRPDWLF�*(00�
JHQHUDWLRQ�SURMHFW

♦ ))7:�)DVWHVW�)RXULHU�7UDQVIRUP�LQ�WKH�:HVW
¾ ZZZ�IIWZ�RUJ

♦ 8+))7
¾ WXQLQJ�SDUDOOHO�))7�DOJRULWKPV
¾ URGLQ�FV�XK�HGX�aPLUNRYLF�IIW�SDUIIW�KWP

♦ 63,5$/
¾ 6LJQDO�3URFHVVLQJ�$OJRULWKPV�,PSOHPHQWDWLRQ�5HVHDUFK�IRU�

$GDSWDEOH�/LEUDULHV�PDSV�'63�DOJRULWKPV�WR�DUFKLWHFWXUHV
♦ 6SDUVLW\

¾ 6SDUVH�PDWUL[�YHFWRU�DQG�6SDUVH�PDWUL[�PDWUL[�PXOWLSOLFDWLRQ�
ZZZ�FV�EHUNHOH\�HGX�aHMLP�SXEOLFDWLRQ��WXQHV�FRGH�WR VSDUVLW\
VWUXFWXUH�RI�PDWUL[�PRUH�ODWHU�LQ�WKLV�WXWRULDO

¾ 8QLYHUVLW\�RI�7HQQHVVHH
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ScaLAPACK

♦ 6FD/$3$&.�LV�D�SRUWDEOH�GLVWULEXWHG���������������������
PHPRU\�QXPHULFDO�OLEUDU\�

♦ &RPSOHWH�QXPHULFDO�OLEUDU\�IRU�GHQVH�PDWUL[�
FRPSXWDWLRQV

♦ 'HVLJQHG�IRU�GLVWULEXWHG�SDUDOOHO�FRPSXWLQJ��033�	�
&OXVWHUV��XVLQJ�03,

♦ 2QH�RI�WKH�ILUVW�PDWK�VRIWZDUH�SDFNDJHV�WR�GR�WKLV
♦ 1XPHULFDO�VRIWZDUH�WKDW�ZLOO�ZRUN�RQ�D�

KHWHURJHQHRXV�SODWIRUP�
♦ ,Q�XVH�WRGD\�E\�,%0��+3�&RQYH[��)XMLWVX��1(&���

6XQ��6*,��&UD\��1$*��,06/��«
¾ 7DLORU�SHUIRUPDQFH�	�SURYLGH�VXSSRUW

��

How ScaLAPACK Works 
♦ 7R�XVH�6FD/$3$&.�D�XVHU�PXVW�

¾ 'RZQORDG�WKH�SDFNDJH�DQG�DX[LOLDU\�SDFNDJHV��OLNH�3%/$6��
%/$6��%/$&6��	�03,��WR�WKH�PDFKLQHV�

¾ ,I�KHWHURJHQHRXV�FROOHFWLRQ�RI�PDFKLQHV��PDNH�VXUH�SURSHU�
YHUVLRQV�DYDLODEOH�

¾ :ULWH�D�630'�SURJUDP�ZKLFK�
¾6HWV�XS�WKH�ORJLFDO���'�SURFHVV�JULG
¾ 3ODFHV�WKH�GDWD�RQ�WKH�ORJLFDO�SURFHVV�JULG
¾ &DOOV�WKH�OLEUDU\�URXWLQH�LQ�D�630'�IDVKLRQ
¾ &ROOHFWV�WKH�VROXWLRQ�DIWHU�WKH�OLEUDU\�URXWLQH�ILQLVKHV

¾ 7KH�XVHU�PXVW�DOORFDWH�WKH�SURFHVVRUV�DQG�GHFLGH�WKH�
QXPEHU�RI�SURFHVVHV�WKH�DSSOLFDWLRQ�ZLOO�UXQ�RQ

¾ 7KH�XVHU�PXVW�VWDUW�WKH�DSSOLFDWLRQ������������
¾ ´PSLUXQ�²QS�1 XVHUBDSSµ

¾ 1RWH��WKH�QXPEHU�RI�SURFHVVRUV�LV�IL[HG�E\�WKH�XVHU�EHIRUH�WKH�UXQ

¾ 8SRQ�FRPSOHWLRQ��UHWXUQ�WKH�SURFHVVRUV�WR�WKH�SRRO�RI�
UHVRXUFHV KHWHUR
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Self Adapting Numerical Library
♦ :DQW�WR�UHOLHYH�WKH�XVHU�RI�VRPH�RI�WKH�WDVNV
♦ 0DNH�GHFLVLRQV�RQ�ZKLFK�PDFKLQHV�WR�XVH�EDVHG�

RQ�WKH�XVHU·V�SUREOHP�DQG�WKH�VWDWH�RI�WKH�
V\VWHP
¾2SWLPL]H�IRU�WKH�EHVW�WLPH�WR�VROXWLRQ�
G\QDPLFDOO\
¾2SWLPL]DWLRQ�SUREOHP�LQYROYHV��UHVRXUFHV��SUREOHP�
VL]H��VRIWZDUH��«

¾'LVWULEXWH�WKH�GDWD�RQ�WKH�SURFHVVRUV�DQG�
FROOHFWLRQV�RI�UHVXOWV

¾6WDUW�WKH�630'�OLEUDU\�URXWLQH�RQ�DOO�WKH�
SODWIRUPV

¾&KHFN�WR�VHH�LI�WKH�FRPSXWDWLRQ�LV�
SURFHHGLQJ�DV�SODQQHG
¾,I�QRW�SHUKDSV�PLJUDWH�DSSOLFDWLRQ ��HIIRUWV

��

Grid ScaLAPACK vs Non-Grid ScaLAPACK, 
Dedicated Torc machines
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N=600, NB=40,  

2 torc procs.
Ratio: 46.12

N=1500, NB=40,  

4 torc procs.
Ratio: 15.03

N=5000, NB=40,  

6 torc procs.
Ratio: 2.25

N=8000, NB=40,  

8 torc procs.
Ratio: 1.52

N=10,000, NB=40,  

8 torc procs.
Ratio: 1.29
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Machine-Assisted Application 
Development and Adaptation

♦&RPPXQLFDWLRQ�OLEUDULHV
¾2SWLPL]H�IRU�WKH�VSHFLILFV�RI�RQH·V�
FRQILJXUDWLRQ�

♦$OJRULWKP�OD\RXW�DQG�LPSOHPHQWDWLRQ
¾/RRN�DW�WKH�GLIIHUHQW�ZD\V�WR�H[SUHVV�
LPSOHPHQWDWLRQ

��

Work in Progress:
ATLAS-like Approach Applied to Broadcast 
(PII 8 Way Cluster with 100 Mb/s switched network)

Message Size  Optimal algorithm Buffer Size
(bytes)                                          (bytes)

8                    binomial                8
16                   binomial               16
32                   binary 32
64 binomial               64
128                 binomial              128
256                 binomial              256
512                 binomial              512
1K                 sequential             1K
2K                 binary 2K
4K                 binary 2K
8K                 binary 2K
16K               binary 4K
32K               binary 4K
64K               ring 4K
128K              ring 4K
256K              ring                       4K
512K              ring                       4K
1M                binary                   4K

Root

Sequential                                   Binary                       Binomial
Ring
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Futures for Numerical Algorithms 
and Software on Clusters and Grids

♦ 1XPHULFDO�VRIWZDUH�ZLOO�EH�DGDSWLYH��
H[SORUDWRU\��DQG�LQWHOOLJHQW

♦ 'HWHUPLQLVP�LQ�QXPHULFDO�FRPSXWLQJ�ZLOO�EH�
JRQH�
¾ $IWHU�DOO��LWV�QRW�UHDVRQDEOH�WR�DVN�IRU�H[DFWQHVV�LQ�QXPHULFDO�FRPSXWDWLRQV�

¾ $XGLWDELOLW\ RI�WKH�FRPSXWDWLRQ��UHSURGXFLELOLW\�DW�D�
FRVW

♦ ,PSRUWDQFH�RI�IORDWLQJ�SRLQW�DULWKPHWLF�ZLOO�EH�
XQGLPLQLVKHG�
¾ ����������������ELWV�DQG�EH\RQG�

♦ 5HSURGXFLELOLW\��IDXOW�WROHUDQFH��DQG DXGLWDELOLW\
♦ $GDSWLYLW\ LV�D�NH\�VR�DSSOLFDWLRQV�FDQ�

HIIHFWLYHO\�XVH�WKH�UHVRXUFHV�
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Contributors

&RQWULEXWRUV
♦ 7RS���

¾ (ULFK�6WURKPDLHU��1(56&
¾ +DQV�0HXHU��0DQQKHLP�8
¾ KWWS���ZZZ�WRS����RUJ

♦ 6$16�(IIRUW
¾ 9LFWRU�(LMNKRXW��87.
¾ $QWRLQH�3HWLWHW��6XQ�)UDQFH
¾ .HQQ\�5RFKH��87.
¾ 6DWKLVK�9DGKL\DU��87.
¾ &OLQW�:KDOH\��87.

)RU�DGGLWLRQDO�LQIRUPDWLRQ�VHH«
ZZZ�QHWOLE�RUJ�WRS����
ZZZ�QHWOLE�RUJ�DWODV�
LFO�FV�XWN�HGX�JUDGV�
ZZZ�FV�XWN�HGX�aGRQJDUUD�

0DQ\�RSSRUWXQLWLHV�ZLWKLQ�WKH
JURXS�DW�7HQQHVVHH


