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Three Tools to Help with                 
Cluster and Grid Computing:
ATLAS, PAPI, and NetSolve
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Overview
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High Performance Computers 
Sustainable Performance

♦ a����\HDUV�DJR
¾ �[����)ORDWLQJ�3RLQW�2SV�VHF��0IORS�V��

¾ 6FDODU�EDVHG

♦ a����\HDUV�DJR
¾ �[��� )ORDWLQJ�3RLQW�2SV�VHF��*IORS�V��

¾ 9HFWRU�	�6KDUHG�PHPRU\�FRPSXWLQJ��EDQGZLGWK�DZDUH
¾ %ORFN�SDUWLWLRQHG��ODWHQF\�WROHUDQW

♦ a�7RGD\
¾ �[�����)ORDWLQJ�3RLQW�2SV�VHF��7IORS�V��

¾ +LJKO\�SDUDOOHO��GLVWULEXWHG�SURFHVVLQJ��PHVVDJH�SDVVLQJ��QHWZRUN�EDVHG
¾ GDWD�GHFRPSRVLWLRQ��FRPPXQLFDWLRQ�FRPSXWDWLRQ

♦ a����\HDUV�DZD\
¾ �[�����)ORDWLQJ�3RLQW�2SV�VHF��3IORS�V��

¾ 0DQ\�PRUH�OHYHOV�0+��FRPELQDWLRQ�JULGV	+3&
¾ 0RUH�DGDSWLYH��/7�DQG�EDQGZLGWK�DZDUH��IDXOW�WROHUDQW�����������

H[WHQGHG�SUHFLVLRQ��DWWHQWLRQ�WR�603�QRGHV
�

“Moore’s Wall”                                   
– Horst Simon, NERSC

♦ 0RRUH·V�/DZ�SUHGLFWV������������������������������������������
H[SRQHQWLDO�JURZWK
¾ 3HUIRUPDQFH�GRXEOLQJ�HYHU\�����������������������������
���PRQWKV

¾ 8VXDOO\�SORWWHG�RQ�VHPL�ORJ������������������������������������
VFDOH�DSSHDUV�DV�VWUDLJKW�OLQH

♦ +XPDQ�H[SHULHQFH�KDV�D�KDUG�WLPH�GHDO�ZLWK�ORJ�
VFDOH
¾ ,Q������D�FRPSXWDWLRQ�WKDW�WRRN���IXOO�\HDU�WR�
FRPSOHWH�FDQ�QRZ�EH�GRQH�LQ�VHFRQGV�

¾:H�DUH�VLWWLQJ�DW�WKH�EHQG�RI�DQ�H[SRQHQWLDO�FXUYH

♦ )URP�RXU�SHUVSHFWLYH�0RRUH·V�/DZ�DSSHDUV����������������
DV�D�´ZDOOµ
¾ ,Q�D�IHZ�\HDUV�WHFKQRORJ\�ZLOO�DJDLQ�EH�FRPSOHWHO\�
GLIIHUHQW

¾ +DUG�WR�SUHGLFW�ZKDW�WKH�IXWXUH�ZLOO�EH�

“Moore’s Law”
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PERFORMANCE

1976: The 
Supercomputing
“Island”

Today:
A Continuum

�

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�
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Rank Company Machine Procs Gflop/s Place Country Year
1 IBM ASCI White  8192 4938e Livermore National Laboratory Livermore 2000

2 Intel ASCI Red 9632 2380
Sandia National Labs 

Albuquerque
USA 1999

3 IBM
ASCI Blue-Pacific 
SST, IBM SP 604e

5808 2144
Lawrence Livermore National 

Laboratory Livermore
USA 1999

4 SGI
ASCI Blue 
Mountain

6144 1608
Los Alamos National Laboratory 

Los Alamos
USA 1998

5 IBM
SP Power3       

375 MHz
1336 1417

Naval Oceanographic Office 
(NAVOCEANO) 

USA 2000

6 IBM SP Power3       
375 MHz

1104 1179 National Center for 
Environmental Protection

USA 2000

7 Hitachi SR8000-F1/112 112 1035
Leibniz Rechenzentrum 

Muenchen
Germany 2000

8 IBM
SP Power3       

375 MHz, 8 way
1152 929

UCSD/San Diego 
Supercomputer Center

USA 2000

9 Hitachi SR8000-F1/100 100 917
High Energy Accelerator 

Research Organization /KEK 
Tsukuba

Japan 2000

10 Cray Inc. T3E1200 1084 892 Government USA 1998

Top 10 Machines (Nov 2000)

Performance Development
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Performance Development
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Petaflop Computers Within the 
Next Decade
♦ )LYH�EDVLV�GHVLJQ�SRLQWV�
¾&RQYHQWLRQDO�WHFKQRORJLHV

¾����*+]�SURFHVVRU�������QRGHV��HDFK�Z����SURFHVVRUV

¾3URFHVVLQJ�LQ�PHPRU\��3,0��GHVLJQV
¾5HGXFH�PHPRU\�DFFHVV�ERWWOHQHFN

¾6XSHUFRQGXFWLQJ SURFHVVRU�WHFKQRORJLHV
¾'LJLWDO�VXSHUFRQGXFWRU�WHFKQRORJ\��5DSLG�6LQJOH�)OX[�
4XDQWXP��56)4��ORJLF�	�K\EULG�WHFKQRORJ\�PXOWL�
WKUHDGHG��+707�

¾6SHFLDO�SXUSRVH�KDUGZDUH�GHVLJQV
¾6SHFLILF�DSSOLFDWLRQV�H�J��*5$3(�3URMHFW�LQ�-DSDQ�IRU�
JUDYLWDWLRQDO�IRUFH�FRPSXWDWLRQV

¾6FKHPHV�XWLOL]LQJ�WKH�DJJUHJDWH�FRPSXWLQJ�SRZHU�
RI�SURFHVVRUV�GLVWULEXWHG�RQ�WKH�ZHE
¾6(7,#KRPH a���7IORS�V

��

Petaflops (1015 flop/s) Computer Today?

��*+]�SURFHVVRU��2������RSV�V�
¾��0LOOLRQ�3&V

¾��%����.�HDFK�

¾����0ZDWWV

¾��DFUHV

¾��0LOOLRQ�:LQGRZV�OLFHQVHV��

¾3&�IDLOXUH�HYHU\�VHFRQG
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Top 500 Architectures
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SIMD Constellation Cluster - NOW
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Chip Technology 
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High-Performance Computing Directions: 
Beowulf-class PC Clusters

♦ &276�3&�1RGHV
¾ 3HQWLXP��$OSKD��
3RZHU3&��603

♦ &276�/$1�6$1�
,QWHUFRQQHFW
¾ (WKHUQHW��0\ULQHW��
*LJDQHW��$70

♦ 2SHQ�6RXUFH�8QL[
¾ /LQX[��%6'

♦ 0HVVDJH�3DVVLQJ�
&RPSXWLQJ
¾ 03,��390
¾ +3)

♦ %HVW�SULFH�
SHUIRUPDQFH

♦ /RZ�HQWU\�OHYHO�FRVW
♦ -XVW�LQ�SODFH�
FRQILJXUDWLRQ

♦ 9HQGRU�LQYXOQHUDEOH
♦ 6FDODEOH
♦ 5DSLG�WHFKQRORJ\�
WUDFNLQJ

Definition: Advantages:

Enabled by PC hardware, networks and operating system 
achieving capabilities of scientific workstations at a fraction of 
the cost and availability of industry standard message 
passing libraries. However, much more of a contact sport.
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♦ 3HDN�SHUIRUPDQFH�

♦ ,QWHUFRQQHFWLRQ

♦ KWWS���FOXVWHUV�WRS����RUJ�

♦ %HQFKPDUN�UHVXOWV�WR�IROORZ�LQ�WKH�FRPLQJ�PRQWKV

��

Where Does the Performance Go? or
Why Should I Care About the Memory Hierarchy?

µProc
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Optimizing Computation and 
Memory Use

♦ &RPSXWDWLRQDO�RSWLPL]DWLRQV
¾7KHRUHWLFDO�SHDN����ISXV��IORSV�F\FOH���0K]

¾ 3,,,�����ISX����IORS�F\FOH������0K]��  � ����0)/23�V
¾$WKORQ�����ISX���IORS�F\FOH������0K]����� ������0)/23�V
¾ 3RZHU������ISX����IORSV�F\FOH������0K]�� ������0)/23�V

♦ 2SHUDWLRQV�OLNH�
¾ D  �[7\��� ��RSHUDQGV�����%\WHV��QHHGHG�IRU���IORSV������
DW�����0IORS�V�ZLOO�UHTXLUHV������0:�V�EDQGZLGWK

¾ \� �D [���\�� ��RSHUDQGV�����%\WHV��QHHGHG�IRU���IORSV��
DW�����0IORS�V�ZLOO�UHTXLUHV������0:�V�EDQGZLGWK

♦ 0HPRU\�RSWLPL]DWLRQ
¾7KHRUHWLFDO�SHDN���EXV�ZLGWK����EXV�VSHHG�

¾ 3,,,������ELWV������0K]�� �����0%�V��  ������0:�V
¾$WKORQ������ELWV������0K]�� ������0%�V���� �����0:�V
¾ 3RZHU��������ELWV������0K]�� ������0%�V�� �����0:�V

Memory Hierarchy
♦ %\�WDNLQJ�DGYDQWDJH�RI�WKH�SULQFLSOH�RI�ORFDOLW\�

¾ 3UHVHQW�WKH�XVHU�ZLWK�DV�PXFK�PHPRU\�DV�LV�DYDLODEOH�LQ�
WKH�FKHDSHVW�WHFKQRORJ\�

¾ 3URYLGH�DFFHVV�DW�WKH�VSHHG�RIIHUHG�E\�WKH�IDVWHVW�
WHFKQRORJ\�
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Self-Adapting Numerical 
Software (SANS)

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

♦ 2SHUDWLRQV�OLNH�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�
♦ $7/$6�� $XWRPDWLF�7XQHG�/LQHDU�$OJHEUD�6RIWZDUH

��

Software Generation 
Strategy  - 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
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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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Recursive Approach for               
Other Level 3 BLAS

♦ 5HFXU�GRZQ�WR�/��

FDFKH�EORFN�VL]H

♦ 1HHG�NHUQHO�DW�

ERWWRP�RI�

UHFXUVLRQ

¾8VH JHPP�EDVHG�
NHUQHO�IRU�
SRUWDELOLW\
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Intel PIII 933 MHz
MKL 5.0 vs ATLAS 3.2.0 using Windows 2000

♦ $7/$6�LV�IDVWHU�WKDQ�DOO�RWKHU�SRUWDEOH�%/$6�
LPSOHPHQWDWLRQV�DQG�LW�LV�FRPSDUDEOH�ZLWK�
PDFKLQH�VSHFLILF�OLEUDULHV�SURYLGHG�E\�WKH�YHQGRU�
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500x500 Recursive BLAS               
on UltraSparc 2200
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Related Tuning Projects 
♦ 3+L3$&�

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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Pentium 4 - SSE2
♦ ����*+]������0+]�V\VWHP�EXV����.�/��
	����.�/��&DFKH��WKHRUHWLFDO�SHDN�RI�
����*IORS�V��KLJK�SRZHU�FRQVXPSWLRQ

♦ 6WUHDPLQJ�6,0'�([WHQVLRQV����66(��
¾ZKLFK�FRQVLVWV�RI�����QHZ�LQVWUXFWLRQV

¾ LQFOXGHV�6,0'�,(((�GRXEOH�SUHFLVLRQ�IORDWLQJ�
SRLQW
¾3HDN�IRU����ELW�IORDWLQJ�SRLQW��;
¾3HDN�IRU����ELW�IORDWLQJ�SRLQW��;

¾6,0'�����ELW�LQWHJHU

¾QHZ�FDFKH�DQG�PHPRU\�PDQDJHPHQW�
LQVWUXFWLRQV��

¾,QWHO·V�FRPSLOHU�VXSSRUWV�WKHVH�LQVWUXFWLRQV�
WRGD\

��

Pentium 4
♦ 7KH�3HQWLXP���FRQVXPHV�D�ORW�RI�SRZHU������
���:DWWV������:�IRU�3,,,��DQG�LV�DEOH�WR�
JHQHUDWHV�D�ORW�RI�KHDW�

♦ 3URFHVVRU�PD\�JHW�WRR�KRW�DQG�LI�VR�SURFHVVRU�
LV�VKXWGRZQ�IRU�VKRUW�SHULRGV

��
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ATLAS Matrix Multiply 
Intel Pentium 4 – using SSE2

3�����ELW�IO�SW�XVLQJ�66(�

3�����ELW�IO�SW�XVLQJ�66(�

3�����ELW�IO�SW

�����SURFHVVRU���������IRU�V\VWHP� !�������0IORSV���

LU Factorization
Pentium 4, 1.5 GHz, using SSE2
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Experiments with C, Fortran, and 
Java for ATLAS (DGEMM kernel)

��

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
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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

��

Reformulating/Rearranging/Reuse  

♦ ([DPSOH�LV�WKH�UHGXFWLRQ�WR�QDUURZ�EDQG�
IURP�IRU�WKH�69'

♦ )HWFK�HDFK�HQWU\�RI�$�RQFH
♦ 5HVWUXFWXUH�DQG�FRPELQHG�RSHUDWLRQV�
♦ 5HVXOWV�LQ�D�VSHHGXS�RI�!����

A A uy wv

y A u

w A v

new
T T

new
T

new new

= − −

=
=

��

Conjugate Gradient Variants by 
Dynamic Selection at Run Time
♦ 9DULDQWV�FRPELQH�

LQQHU�SURGXFWV�WR�
UHGXFH�
FRPPXQLFDWLRQ�
ERWWOHQHFN�DW�WKH�
H[SHQVH�RI�PRUH�
VFDODU�RSV�

♦ 6DPH�QXPEHU�RI�
LWHUDWLRQV��QR�
DGYDQWDJH�RQ�D�
VHTXHQWLDO�SURFHVVRU

♦ :LWK�D�ODUJH�QXPEHU�
RI�SURFHVVRU�DQG�D�
KLJK�ODWHQF\�QHWZRUN�
PD\�EH�DGYDQWDJHV�

♦ ,PSURYHPHQWV�FDQ�
UDQJH�IURP�����WR�
����GHSHQGLQJ�RQ�
VL]H� ��

Conjugate Gradient Variants by 
Dynamic Selection at Run Time
♦ 9DULDQWV�FRPELQH�

LQQHU�SURGXFWV�WR�
UHGXFH�
FRPPXQLFDWLRQ�
ERWWOHQHFN�DW�WKH�
H[SHQVH�RI�PRUH�
VFDODU�RSV�

♦ 6DPH�QXPEHU�RI�
LWHUDWLRQV��QR�
DGYDQWDJH�RQ�D�
VHTXHQWLDO�SURFHVVRU

♦ :LWK�D�ODUJH�QXPEHU�
RI�SURFHVVRU�DQG�D�
KLJK�ODWHQF\�QHWZRUN�
PD\�EH�DGYDQWDJHV�

♦ ,PSURYHPHQWV�FDQ�
UDQJH�IURP�����WR�
����GHSHQGLQJ�RQ�
VL]H�

��

Tools for 
Performance Evaluation

♦ 7LPLQJ�DQG�SHUIRUPDQFH�HYDOXDWLRQ�KDV�
EHHQ�DQ�DUW
¾5HVROXWLRQ�RI�WKH�FORFN

¾,VVXHV�DERXW�FDFKH�HIIHFWV

¾'LIIHUHQW�V\VWHPV

¾&DQ�EH�FXPEHUVRPH�DQG�LQHIILFLHQW�ZLWK�
WUDGLWLRQDO�WRROV

♦ 6LWXDWLRQ�DERXW�WR�FKDQJH
¾7RGD\·V�SURFHVVRUV�KDYH�LQWHUQDO�FRXQWHUV

��

Performance Counters

♦ $OPRVW�DOO�KLJK�SHUIRUPDQFH�SURFHVVRUV�
LQFOXGH�KDUGZDUH�SHUIRUPDQFH�FRXQWHUV�

♦ 6RPH�DUH�HDV\�WR�DFFHVV��RWKHUV�QRW�
DYDLODEOH�WR�XVHUV�

♦ 2Q�PRVW�SODWIRUPV�WKH�$3,V��LI�WKH\�
H[LVW��DUH�QRW�DSSURSULDWH�IRU�WKH�HQG��
XVHU�RU�ZHOO�GRFXPHQWHG�

♦ ([LVWLQJ�SHUIRUPDQFH�FRXQWHU�$3,V
¾ &RPSDT�$OSKD�(9���	����
¾ 6*,�0,36�5�����
¾ ,%0�3RZHU�6HULHV

¾ &5$<�7�(
¾ 6XQ�6RODULV
¾ 3HQWLXP�/LQX[�DQG�:LQGRZV

¾ ,$���

¾ +3�3$�5,6&

¾ +LWDFKL

¾ )XMLWVX

¾ 1(&
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Performance Data 
That May Be Available

¾&\FOH�FRXQW
¾)ORDWLQJ�SRLQW�
LQVWUXFWLRQ�FRXQW

¾,QWHJHU�LQVWUXFWLRQ�
FRXQW

¾,QVWUXFWLRQ�FRXQW
¾/RDG�VWRUH�FRXQW
¾%UDQFK�WDNHQ���QRW�
WDNHQ�FRXQW

¾%UDQFK�PLVSUHGLFWLRQV

¾3LSHOLQH�VWDOOV�GXH�WR�
PHPRU\�VXEV\VWHP

¾3LSHOLQH�VWDOOV�GXH�WR�
UHVRXUFH�FRQIOLFWV

¾,�'�FDFKH�PLVVHV�IRU�
GLIIHUHQW�OHYHOV�

¾&DFKH�LQYDOLGDWLRQV

¾7/%�PLVVHV

¾7/%�LQYDOLGDWLRQV

��

Overview of PAPI

♦ 3HUIRUPDQFH�$SSOLFDWLRQ�
3URJUDPPLQJ�,QWHUIDFH

♦7KH�SXUSRVH�RI�WKH�3$3,�SURMHFW�LV�
WR�GHVLJQ��VWDQGDUGL]H�DQG�
LPSOHPHQW�D�SRUWDEOH�DQG�HIILFLHQW�
$3,�WR�DFFHVV�WKH�KDUGZDUH�
SHUIRUPDQFH�PRQLWRU�FRXQWHUV�IRXQG�
RQ�PRVW�PRGHUQ�PLFURSURFHVVRUV

��

PAPI Implementation

-DYD�0RQLWRU�*8,

PAPI Low Level
PAPI High Level

Hardware Performance Counter

Operating System

Kernel Extensions

PAPI Machine
Dependant Substrate0DFKLQH�

6SHFLILF
/D\HU

3RUWDEOH
/D\HU

��

PAPI - Supported Processors
♦ 3HQWLXP�3UR�,,�,,,��
¾/LQX[���������������DQG�SHUI NHUQHO�SDWFK�

♦ 3RZHU����������H
¾)RU�$,;�����DQG�SPWRRONLW��LQ�������DYDLODEOH��
¾ �ODGHURVH#XV�LEP�FRP�

♦ 8OWUD6SDUF ,	,,��,,,�VRRQ�
¾6RODULV��

♦ 0,36�5��.��5��.

♦ $0'�$WKORQ
¾/LQX[�����DQG SHUI NHUQHO�SDWFK�

♦ &UD\�7�(��69���69�

♦ 6RRQ��$OSKD�(9���(9��

��

Graphical Tools
Perfometer Usage

♦ $SSOLFDWLRQ�LV�LQVWUXPHQWHG�ZLWK�3$3,
¾ FDOO�SHUIRPHWHU��

♦ :LOO�EH�OD\HUHG�RYHU�WKH�EHVW�H[LVWLQJ�YHQGRU�
VSHFLILF�$3,V��IRU�WKHVH�SODWIRUPV

♦ $SSOLFDWLRQ�LV�VWDUWHG��DW�WKH�FDOO�WR�
SHUIRUPHWHU VLJQDO�KDQGOHU�DQG�WLPHU�VHW�WR�
FROOHFW�DQG�VHQG�WKH�LQIRUPDWLRQ�WR�D�-DYD�
DSSOHW�FRQWDLQLQJ�WKH�JUDSKLFDO�YLHZ�

♦ 6HFWLRQV�RI�FRGH�WKDW�DUH�RI�LQWHUHVW�FDQ�EH�
GHVLJQDWHG�ZLWK�VSHFLILF�FRORUV
¾ 8VLQJ�D�FDOO�WR�VHWBSHUIRPHWHU�¶FRORU·�

��

Perfometer

)ORSV�LVVXHG

0DFKLQH�LQIR

3URFHVV�	

5HDO�WLPH

)ORS�V�5DWH

&DOO 3HUIRPHWHU�µUHG¶�

)ORS�V�,QVWDQWDQHRXV�5DWH
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Go To Demo

��

GUI Server Application

Next Version of                  
Perfometer Implementation

Application

Application

��

PAPI’s Parallel Interface

��

PAPI Release

♦ 3ODWIRUPV
¾ 3HQWLXP�/LQX[�[��

¾ 5HTXLUH�SDWFK�WR�NHUQHO

¾ 6XQ�6RODULV�8OWUD����
¾ ,%0�$,;�3RZHU

¾ &RQWDFW�,%0�IRU�30WRRONLW

¾ 6*,�,5,;�0,36
¾ $0'�$WKORQ�/LQX[
¾ &RPSDT�7UX���$OSKD��6RRQ�

♦ &�DQG�)RUWUDQ�ELQGLQJV

♦ 7R�GRZQORDG�VRIWZDUH�VHH�
KWWS���LFO�FV�XWN�HGX�SDSL�

♦ 0DLOLQJ�OLVW
¾ VHQG�´VXEVFULEH SWRROV�
SHUIDSLµ�WR�
majordomo@ptools.org

¾ ptools-perfapi@ptools.org
LV�WKH�UHIOHFWRU

��

SETI@home
♦ 8VH�WKRXVDQGV�RI�,QWHUQHW�

FRQQHFWHG�3&V�WR�KHOS�LQ�
WKH�VHDUFK�IRU�
H[WUDWHUUHVWULDO�
LQWHOOLJHQFH�

♦ 8VHV�GDWD�FROOHFWHG�ZLWK�
WKH�$UHFLER 5DGLR�
7HOHVFRSH��LQ�3XHUWR�5LFR�

♦ :KHQ�WKHLU�FRPSXWHU�LV�LGOH�
RU�EHLQJ�ZDVWHG�WKLV�
VRIWZDUH�ZLOO�GRZQORDG�D�
����NLORE\WH�FKXQN�RI�GDWD�
IRU�DQDO\VLV��

♦ 7KH�UHVXOWV�RI�WKLV�DQDO\VLV�
DUH�VHQW�EDFN�WR�WKH�6(7,�
WHDP��FRPELQHG�ZLWK�
WKRXVDQGV�RI�RWKHU�
SDUWLFLSDQWV�

♦ /DUJHVW�GLVWULEXWHG�
FRPSXWDWLRQ�SURMHFW�LQ�
H[LVWHQFH
¾ a���������PDFKLQHV

¾ $YHUDJLQJ����7IORS�V

♦ 7RGD\�PDQ\�FRPSDQLHV�
WU\LQJ�WKLV�IRU�SURILW�

Distributed and Parallel Systems

Distributed
systems
hetero-
geneous

Massively
parallel
systems
homo-
geneous

G
rid

 b
as

ed
 

C
om

pu
tin

g
B

eo
w

ul
f c

lu
st

er
N

et
w

or
k 

of
 w

s
C

lu
st

er
s 

w
/

sp
ec

ia
l i

nt
er

co
nn

ec
t

E
nt

ro
pi

a

A
S

C
I T

flo
ps

♦ *DWKHU��XQXVHG��UHVRXUFHV

♦ 6WHDO�F\FOHV

♦ 6\VWHP�6:�PDQDJHV�UHVRXUFHV

♦ 6\VWHP�6:�DGGV�YDOXH

♦ ����� ����RYHUKHDG�LV�2.

♦ 5HVRXUFHV�GULYH�DSSOLFDWLRQV

♦ 7LPH�WR�FRPSOHWLRQ�LV�QRW�
FULWLFDO

♦ 7LPH�VKDUHG

♦ %RXQGHG�VHW�RI�UHVRXUFHV�

♦ $SSV�JURZ�WR�FRQVXPH�DOO�F\FOHV

♦ $SSOLFDWLRQ�PDQDJHV�UHVRXUFHV

♦ 6\VWHP�6:�JHWV�LQ�WKH�ZD\

♦ ���RYHUKHDG�LV�PD[LPXP

♦ $SSV�GULYH�SXUFKDVH�RI�
HTXLSPHQW

♦ 5HDO�WLPH�FRQVWUDLQWV

♦ 6SDFH�VKDUHG

S
ET

I@
ho

m
e

P
ar

al
le

l D
is

t m
em



��

��

The Grid
♦ 7R�WUHDW�&38�F\FOHV�DQG�VRIWZDUH�OLNH�FRPPRGLWLHV�

♦ 1DSVWHU����RQ�VWHURLGV�

♦ (QDEOH�WKH�FRRUGLQDWHG�XVH�RI�JHRJUDSKLFDOO\�
GLVWULEXWHG�UHVRXUFHV�² LQ�WKH�DEVHQFH�RI�FHQWUDO�
FRQWURO�DQG�H[LVWLQJ�WUXVW�UHODWLRQVKLSV��

♦ &RPSXWLQJ�SRZHU�LV�SURGXFHG�PXFK�OLNH�XWLOLWLHV�VXFK�
DV�SRZHU�DQG�ZDWHU�DUH�SURGXFHG�IRU�FRQVXPHUV�

♦ 8VHUV�ZLOO�KDYH�DFFHVV�WR�´SRZHUµ�RQ�GHPDQG�

��

7KH�*ULG

��

The Grid Architecture Picture

5HVRXUFH�/D\HU

High speed networks and routers

&RPSXWHUV 'DWD�EDVHV 2QOLQH�LQVWUXPHQWV

6HUYLFH�/D\HUV

8VHU�3RUWDOV

$XWKHQWLFDWLRQ

&R� 6FKHGXOLQJ

1DPLQJ�	�)LOHV (YHQWV

*ULG�$FFHVV�	�,QIR
3UREOHP�6ROYLQJ

(QYLURQPHQWV
$SSOLFDWLRQ�6FLHQFH

3RUWDOV

5HVRXUFH�'LVFRYHU\

	�$OORFDWLRQ )DXOW�7ROHUDQFH

6RIWZDUH

��

NetSolve Overview

♦ 3UREOHP�6ROYLQJ�(QYLURQPHQW�7RRONLW
♦ &OLHQW�$JHQW�6HUYHU�V\VWHP�
♦ 5HPRWH�DFFHVV�WR�KDUGZDUH�$1'�
VRIWZDUH�

♦ ´5REXVW��IDXOW�WROHUDQW��IOH[LEOH��
KHWHURJHQHRXV�HQYLURQPHQW�WKDW�SURYLGHV�
G\QDPLF�PDQDJHPHQW�DQG�DOORFDWLRQ�
SROLFLHV�IRU�GLVWULEXWHG�FRPSXWDWLRQDO�
UHVRXUFHV�µ

��

NetSolve                                 
Network Enabled Server

♦ 1HW6ROYH�LV�DQ�H[DPSOH�RI�D�JULG�EDVHG�
KDUGZDUH�VRIWZDUH�VHUYHU�

♦ (DV\�RI�XVH�SDUDPRXQW
♦ %DVHG�RQ�D�53&�PRGHO�EXW�ZLWK�«
¾UHVRXUFH�GLVFRYHU\��G\QDPLF�SUREOHP�VROYLQJ�
FDSDELOLWLHV��ORDG�EDODQFLQJ��IDXOW�WROHUDQFH�
DV\QFKURQLFLW\��VHFXULW\��«

♦ 2WKHU�H[DPSOHV�DUH�1(26�IURP�$UJRQQH�
DQG�1,1)�-DSDQ�

♦ 8VH�D�UHVRXUFH��QRW�WLH�WRJHWKHU�
JHRJUDSKLFDOO\�GLVWULEXWHG�UHVRXUFHV�IRU�
D�VLQJOH�DSSOLFDWLRQ� ��

NetSolve: The Big Picture

AGENT(s)

A
C

S1 S2

S3 S4

Client

A, B, C

Answer (C)

S2 !

Request

Op(C, A, B)

Matlab

Mathematica

C, Fortran 

Java, Excel

Schedule

Database

No knowledge of the grid required, RPC like.
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NetSolve Agent

♦ 1DPH�VHUYHU�IRU�WKH��������������������
1HW6ROYH�V\VWHP�

♦ ,QIRUPDWLRQ�6HUYLFH
¾FOLHQW�XVHUV�DQG�DGPLQLVWUDWRUV�FDQ�TXHU\�WKH�
KDUGZDUH�DQG�VRIWZDUH�VHUYLFHV�DYDLODEOH�

♦ 5HVRXUFH�VFKHGXOHU
¾PDLQWDLQV�ERWK�VWDWLF�DQG�G\QDPLF�
LQIRUPDWLRQ�UHJDUGLQJ�WKH
1HW6ROYH�VHUYHU�FRPSRQHQWV�WR
XVH�IRU�WKH�DOORFDWLRQ�RI�UHVRXUFHV

Agent

��

NetSolve Agent

♦ 5HVRXUFH�6FKHGXOLQJ��FRQW·G��
¾&38 3HUIRUPDQFH��/,13$&.��

¾1HWZRUN�EDQGZLGWK��ODWHQF\�

¾6HUYHU�ZRUNORDG�

¾3UREOHP�VL]H�DOJRULWKP�FRPSOH[LW\�

¾&DOFXODWHV�D�´7LPH�WR�&RPSXWH�µ�IRU�HDFK�
DSSURSULDWH�VHUYHU�

¾1RWLILHV�FOLHQW�RI�PRVW�DSSURSULDWH�VHUYHU�

Agent

��

♦ )XQFWLRQ�%DVHG�,QWHUIDFH�
♦ &OLHQW�SURJUDP�HPEHGV�FDOO��������������������
IURP 1HW6ROYH·V $3,�WR�DFFHVV���������
DGGLWLRQDO�UHVRXUFHV�

♦ $3,�DYDLODEOH�WR�&��)RUWUDQ� 0DWODE��
0DWKHPDWLFD��DQG�-DYD�

♦ 2SDTXH�QHWZRUNLQJ�LQWHUDFWLRQV�
♦ 1HW6ROYH�FDQ�EH�LQYRNHG�XVLQJ�D�YDULHW\�
RI�PHWKRGV��EORFNLQJ��QRQ�EORFNLQJ��WDVN�
IDUPV��«

NetSolve Client

Client

��

NetSolve Client

♦,QWXLWLYH�DQG�HDV\�WR�XVH�
♦0DWODE�0DWUL[�PXOWLSO\�H�J��
¾$� �PDWPXO�%��&��

A = netsolve(‘matmul’, B, C);

� Possible parallelisms hidden.

Client

��

NetSolve Client

L� &OLHQW�PDNHV�UHTXHVW�WR�DJHQW�

LL� $JHQW�UHWXUQV�OLVW�RI�VHUYHUV�

LLL� &OLHQW�WULHV�HDFK�RQH�LQ�WXUQ�XQWLO
RQH�H[HFXWHV�VXFFHVVIXOO\�RU�OLVW�LV�
H[KDXVWHG�

Client

��

NetSolve Server

♦ &RPSXWDWLRQDO�EDFNERQH������������������
RI�1HW6ROYH�

♦ 'DHPRQ�ZDLWLQJ�WR�VHUYLFH�FOLHQW�
UHTXHVWV�

♦ &RQILJXUHG�WR�VROYH�D�VHW�RI�SUREOHPV�
♦ 5HSRUWV�KRVW�VWDWXV�WR�DJHQW
SHULRGLFDOO\��KRVW�VWDWXV
LQFOXGHV�ZRUNORDG�
EDQGZLGWK��ODWHQF\��HWF��
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NetSolve Server

♦ $FFHVV�FRQWURO�HQDEOHG������������������������
E\�.HUEHURV�9��

♦ 1HW6ROYH�LV�DEOH�WR�DSSURSULDWHO\�
GHDO�ZLWK�IDLOHG�VHUYHUV�

♦ 6SHFLDO�FRQILJXUDWLRQV�
¾3DUDOOHO�6HUYHUV
¾&RQGRU�6HUYHUV

��

Problem Description File

♦ 3UREOHP�'HVFULSWLRQ�)LOH�GHILQHV�SUREOHP�
VSHFLILFDWLRQ�XVHG�WR�DGG�IXQFWLRQDO�
PRGXOHV�WR�1HW6ROYH�VHUYHU�

♦ :UDSSHU�WR�SURYLGH�ELQGLQJ�EHWZHHQ�WKH�
1HW6ROYH�FOLHQW�LQWHUIDFH�DQG�VHUYHU�
IXQFWLRQ�EHLQJ�LQWHJUDWHG�

♦ &RPSOH[�V\QWD[�GHILQHV�LQSXW�RXWSXW�
REMHFWV��FDOOLQJ�VHTXHQFHV��OLEUDULHV�WR�
OLQN��HWF«

♦ 3DUVHG�E\�1HW6ROYH�WR�FUHDWH�´VHUYLFHµ�
SURJUDP�

��

Generating New Services

Jav
a GUI

NetSolve
Parser/

Compiler

@PROBLEM degsv
@DESCRIPTION
This is a linear solver for 
dense matrices from the LAPACK
Library. Solves Ax=b.
@INPUT 2
@OBJECT MATRIX DOUBLE A
Double precision matrix
@OBJECT VECTOR DOUBLE b
Right hand side
@OUTPUT 1
@OBJECT VECTOR DOUBLE x
… 

Server
Service

Service

Service

Service

New
Service

New Service Added!

��

Basic Usage 
Scenarios

♦ *ULG�EDVHG�QXPHULFDO�
OLEUDU\�URXWLQHV
¾ 8VHU�GRHVQ·W�KDYH�WR�KDYH�
VRIWZDUH�OLEUDU\�RQ�WKHLU�
PDFKLQH��/$3$&.��6XSHU/8��
6FD/$3$&.��3(76F��$=7(&��
$53$&.

♦ 7DVN�IDUPLQJ�DSSOLFDWLRQV
¾ ´3OHDVDQWO\�SDUDOOHOµ�
H[HFXWLRQ

¾ HJ 3DUDPHWHU�VWXGLHV

♦ 5HPRWH�DSSOLFDWLRQ�
H[HFXWLRQ
¾ &RPSOHWH�DSSOLFDWLRQV�ZLWK�
XVHU�VSHFLI\LQJ�LQSXW�
SDUDPHWHUV�DQG�UHFHLYLQJ�
RXWSXW

♦ ´%OXH�&ROODUµ�*ULG�%DVHG�
&RPSXWLQJ
¾ 'RHV�QRW�UHTXLUH�GHHS�
NQRZOHGJH�RI�QHWZRUN�
SURJUDPPLQJ

¾ /HYHO�RI�H[SUHVVLYHQHVV�
ULJKW�IRU�PDQ\�XVHUV

¾ 8VHU�FDQ�VHW�WKLQJV�XS��
QR�´VXµ�UHTXLUHG

¾ ,Q�XVH�WRGD\��XS�WR�����
VHUYHUV�LQ���FRXQWULHV

��

NetSolve and Numerical 
Libraries

♦ $FFHVV�WR�PDWKHPDWLFDO�VRIWZDUH�ZLWKRXW�
KDYLQJ�WR�LQVWDOO�SDFNDJHV
¾8VHU�GRHVQ·W�KDYH�WR�KDYH�VRIWZDUH�OLEUDU\�
RQ�WKHLU�PDFKLQH��/$3$&.��6FD/$3$&.��
3(76F��$=7(&��$53$&.��DQG�RWKHUV

♦ )RUWUDQ��&��0DWODE��«

!!�>[��LWV@� QHWVROYH�� LWPHWK �� SHWVF ��$� UKV ��

call NETSL(‘DGESV()’,NSINFO,
N,1,A,MAX,IPIV,B,MAX,INFO)

��

•UCSD (F. Berman, H. Casanova, M. Ellisman), Salk Institute (T.
Bartol), CMU (J. Stiles), UTK (Dongarra, R. Wolski)
•Study how neurotransmitters diffuse and activate receptors in synapses
•blue unbounded, red singly bounded, green doubly bounded closed,
yellow doubly bounded open

NPACI Alpha Project - MCell: 
3-D Monte-Carlo Simulation of Neuro-
Transmitter Release in Between Cells



��

•Developed at: Salk Institute, CMU
•In the past, manually run on available workstations
•Transparent Parallelism, Load balancing, Fault-tolerance
•Fits the farming semantic and need for NetSolve
•Collaboration with AppLeS Project for scheduling tasks
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MCell: 3-D Monte-Carlo Simulation of Neuro-
Transmitter Release in Between Cells
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♦ ,QWHJUDWHG�3DUDOOHO�$FFXUDWH�5HVHUYRLU�
6LPXODWRU��
¾ 0DU\�:KHHOHU·V�JURXS��87�$XVWLQ

♦ 5HVHUYRLU�DQG�(QYLURQPHQWDO�6LPXODWLRQ�
¾ PRGHOV�EODFN�RLO� ZDWHUIORRG��FRPSRVLWLRQV
¾ �'�WUDQVLHQW�IORZ�RI�PXOWLSOH�SKDVH

♦ ,QWHJUDWHV�([LVWLQJ�6LPXODWRUV�
♦ )UDPHZRUN�VLPSOLILHG�GHYHORSPHQW

¾ 3URYLGHV�VROYHUV��KDQGOLQJ�IRU�ZHOOV��WDEOH�ORRNXS�
¾ 3URYLGHV�SUH�SRVWSURFHVVRU��YLVXDOL]DWLRQ�

♦ )XOO�,3$56�DFFHVV�ZLWKRXW�,QVWDOODWLRQ�
♦ ,3$56�,QWHUIDFHV�

¾ &��)2575$1� 0DWODE��0DWKHPDWLFD��DQG�:HE�

Web
Server

NetSolve
Client

IPARS-enabled
Servers

Web
Interface

��

Data Management

♦5HFHQW�ZRUN�H[SHULPHQWLQJ�ZLWK�
GDWD�VWDJLQJ�DQG�ZLGH�DUHD�FDFKLQJ�
² OHYHUDJLQJ�'LVWULEXWHG�6WRUDJH�
,QIUDVWUXFWXUHV��FXUUHQWO\�,%3��

♦0DQDJHPHQW�DQG�&DFKLQJ�RI�ODUJH�
REMHFWV��L�H��LQSXW�RXWSXW�GDWD�
VHWV��127�´PHVVDJHVµ��

��

Data Management: 
Work in Progress

♦ 1HW6ROYH�LQWHJUDWLRQ�ZLWK�,QWHUQHW�
%DFNSODQH�3URWRFRO�
�KWWS���LFO�FV�XWN�HGX�LES��

♦ 'LVWULEXWHG�6WRUDJH�,QIUDVWUXFWXUH�
�'6,��WKDW�LV�XVHG�WR�DFFHVV�DQG�PDQDJH�
UHPRWH�VWRUDJH�FRPSRQHQWV�

♦ 'DHPRQ�UXQV�RQ�VWRUDJH�VHUYHU�DQG�
SURJUDPV�XVH�,%3·V�$3,�WR�VWRUH�DQG�
PDQDJH�GDWD�IRU�ODWHU�UHWULHYDO��QRW�
QHFHVVDULO\�IURP�VDPH�KRVW��

♦ 8VHV�D�´FDSDELOLW\µ�RU�KDQGOH�WR�
HQFDSVXODWH�UHPRWH�GDWD·V�ORFDWLRQ�DQG�
DFFHVVLELOLW\ UHVWULFWLRQV

��

NetSolve and IBP

♦ 1HW6ROYH�$3,�H[WHQGHG�ZLWK�IXQFWLRQV�WR�
FUHDWH��GHVWUR\��UHDG�DQG�ZULWH�,%3�
VWRUDJH�

♦ $3,�FDQ�DOVR�VWRUH�´QDPHGµ�,%3�
FDSDELOLWLHV�DW�1HW6ROYH�DJHQW�VR�WKDW�
PXOWLSOH�1HW6ROYH�FOLHQWV�FDQ�XVH�QDPH�
WR�DFFHVV�VDPH�GDWD�

♦ )RU�FRPSXWDWLRQDO�VHUYLFHV��FOLHQW�FDQ�
FKRRVH�WR�XVH�HLWKHU�UHPRWH�RU�ORFDO�
GDWD�VHWV�

��

NetSolve and IBP (cont’d)

int client_program(){
NS_DSI_FILE * remote_file;
NS_DSI_OBJECT * remote_object;
int *data1, size_data1;

…
remote_file = ns_dsi_open(“machine.domain.edu”, “write”);
remote_object = ns_dsi_write(remote_file, data1,  size_data1);

netsolve(“compare”, data1, remote_object);
}

Example of caching near pool of servers:



��

��

NetSolve and IBP (cont’d)
int client_program1(){

NS_DSI_FILE * remote_file;
NS_DSI_OBJECT * remote_object;
int *data1, size_data1;

remote_file = ns_dsi_open(“machine.domain.edu”, “write”);
remote_object = ns_dsi_write(remote_file, data1,  size_data1);
store_handle(remote_object; “handle_name”);

}

Example of client using remote data:

int client_program2(){
NS_DSI_OBJECT * remote_object;

remote_object = retrieve_handle(“handle_name”);
status = netsolve(“compute”, remote_object, output);

}

��

Data Persistence

♦ &KDLQ�WRJHWKHU�D�VHTXHQFH�RI�UHTXHVWV�
♦ $QDO\]H�SDUDPHWHUV�WR�GHWHUPLQH�GDWD�
GHSHQGHQFLHV��(VVHQWLDOO\�D�'$*�LV�
FUHDWHG�ZKHUH�QRGHV�UHSUHVHQW�
FRPSXWDWLRQDO�PRGXOHV�DQG�DUFV�
UHSUHVHQW�GDWD�IORZ�

♦ 7UDQVPLW�VXSHUVHW�RI�DOO�LQSXW�RXWSXW�
SDUDPHWHUV�DQG�PDNH�SHUVLVWHQW QHDU�
VHUYHU�V��IRU�GXUDWLRQ�RI�VHTXHQFH�
H[HFXWLRQ�

♦ 6FKHGXOH�LQGLYLGXDO�UHTXHVW�PRGXOHV�IRU�
H[HFXWLRQ�

��

Request Sequencing

♦*RDOV�
¾ 7UDQVPLW�QR�XQQHFHVVDU\��UHGXQGDQW��
GDWD�SDUDPHWHUV�

¾ (QVXUH�DOO�QHFHVVDU\�GDWD�SDUDPHWHUV�
DUH�WUDQVPLWWHG�

¾([HFXWH�PRGXOHV�VLPXOWDQHRXVO\�
ZKHQHYHU�SRVVLEOH�

��

Request Sequencing Interface

…
netsl(“command1”, A, B, C);
netsl(“command2”, A, C, D);
netsl(“command3”, D, E, F);
…

…
netsl_begin_sequence( );
netsl(“command1”, A, B, C);
netsl(“command2”, A, C, D);
netsl(“command3”, D, E, F);
netsl_end_sequence(C, D);
…

��

DAG Construction

♦ ´&µ�,PSOHPHQWDWLRQ�
♦ $QDO\]H�DOO�LQSXW�RXWSXW�UHIHUHQFHV�LQ�
WKH�UHTXHVW�VHTXHQFH�

♦ 7ZR�UHIHUHQFHV�DUH�HTXDO�LI�WKH\�UHIHU�
WR�WKH�VDPH�PHPRU\�DGGUHVV�

♦ 6L]H�SDUDPHWHUV�FKHFNHG�IRU�´VXEVHWµ�
REMHFWV�

♦ 2QO\�1HW6ROYH�0$75,&(6��9(&7256��
DQG�),/(6�DUH�FKHFNHG�

♦ &RQVWUXFWHG�'$*�VFKHGXOHG�IRU�
H[HFXWLRQ�DW�1HW6ROYH�VHUYHU�

��

DAG for Example Sequence

…
netsl_begin_sequence( );
netsl(“command1”, A, B, C);
netsl(“command2”, A, C, D);
netsl(“command3”, D, E, F);
netsl_end_sequence(C, D);
…

command1

command2

command3

A B E

C

D

F



��

��

netsl(“command1”, A, B, C);
netsl(“command2”, A, C, D);
netsl(“command3”, D, E, F);

Client Server

command1(A, B)

result C

Client Server

command2(A, C)

result D

Client Server

command3(D, E)

result F

netsl_begin_sequence( );
netsl(“command1”, A, B, C);
netsl(“command2”, A, C, D);
netsl(“command3”, D, E, F);
netsl_end_sequence(C, D);

Client Server

sequence(A, B, E)

Server

Client Server
result F

input A,
intermediate output C

intermediate output D,
input E

Data Persistence (cont’d)

��

Enhanced Sequencing

♦ 0XOWLSOH�1HW6ROYH�VHUYHU�VHTXHQFLQJ�
¾)LUVW�SURWRW\SH�XVHG�RQO\�VLQJOH�1HW6ROYH�
VHUYHU�

¾,I�QR�VLQJOH�VHUYHU�SRVVHVVHG�DOO�VRIWZDUH��
VHTXHQFH�FRXOG�QRW�EH�H[HFXWHG�

¾7UXO\�SDUDOOHO�H[HFXWLRQ�RQO\�RQ�603V�

♦ '6,V�DUH�KHDYLO\�OHYHUDJHG�LQ�WKLV�RQ�
JRLQJ�ZRUN�

��

Multiple Server Sequencing and 
DSIs

Sequence Parameters

DSI data caches

Server

Server cluster

Server

client

��

Data Management: Future Work

♦ &DFKH�FRRSHUDWLRQ�PHFKDQLVPV�ZKHUH�
GLVWULEXWHG�FDFKHV�PDQDJH��VKDUH�DQG�
WUDGH�ERWK�PHWDGDWD�DQG�FRQWHQWV�WR�
RSWLPL]H�DYDLODELOLW\�DQG�DFFHVVLELOLW\�

♦ *ULG�DFFHVVLEOH�GDWD�UHSRVLWRULHV�WKDW�
VFLHQWLVWV�FDQ�HDVLO\�XWLOL]H�ZLWKLQ�WKHLU�
DSSOLFDWLRQV��LGHDOO\�E\�D�VLPSOH�
DEVWUDFWLRQ�DNLQ�WR�D�85/���3URPRWHV�
:LGH�$UHD�&ROODERUDWLRQV�RU�UHVHDUFK�RQ�
´KDUG�WR�FRPH�E\µ�GDWD��6FLHQWLVWV�
GRQ·W�KDYH�WR�ZRUU\�DERXW�VWRUDJH�RI�
UDZ�RU�LQSXW�GDWD��RQO\�DQDO\WLFDO�
UHVXOWV�

��

Futures for Numerical Algorithms 
and Software

♦ 1XPHULFDO�VRIWZDUH�ZLOO�EH�DGDSWLYH��
H[SORUDWRU\��DQG�LQWHOOLJHQW
¾ 3RO\DOJRULWKPV��ERPEDUGPHQW�WHFKQLTXHV

♦ '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�
¾ ,QWHUYDO�DULWKPHWLF

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

Contributors to These Ideas
♦ 7RS���

¾ (ULFK 6WURKPDLHU��/%/��1(56&

¾ +DQV 0HXHU��0DQQKHLP�8

♦ $7/$6
¾ $QWRLQH�3HWLWHW��6XQ�)UDQFH
¾ &OLQW�:KDOH\��87.

¾ 3DUDOOHO�&RPSXWLQJ��9RO �������������������������������
1R������SS�����������

♦ 3$3,
¾ 6KLUOH\�%URZQH��87.

¾ .HYLQ�/RQGRQ��87.
¾ 3KLO 0XFFL��87.

¾ .HLWK�6H\PRXU��87.

♦ 1HW6ROYH
¾ 'RULDQ�$UQROG��87.

¾ 6XVDQ %ODFNIRUG��87.

¾ +HQUL�&DVDQRYD��8&6'
¾ 0LFKHOOH�0LOOHU��87.

¾ 6DWKLVK 9DGKL\DU��87.

)RU�DGGLWLRQDO����������������
LQIRUPDWLRQ�VHH«
KWWS���LFO�FV�XWN�HGX�WRS����

KWWS���LFO�FV�XWN�HGX�DWODV�

KWWS���LFO�FV�XWN�HGX�SDSL�

KWWS���LFO�FV�XWN�HGX�QHWVROYH�

ZZZ�FV�XWN�HGX�aGRQJDUUD�

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