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Libraries, Tools, and PSEs for
Petaflops Systems

-DFN�'RQJDUUD
�������8QLYHUVLW\ RI 7HQQHVVHH

DQG

2DN 5LGJH 1DWLRQDO /DERUDWRU\
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Future Architectures

◆ 3HWDIORSV�$UFKLWHFWXUHV
² )DVWHU�SURFHVVRUV��KLJK�SURFHVVRU�FRXQWV

² 'HHS�PHPRU\�KLHUDUFK\

² +LJK�OHYHOV�RI�SDUDOOHOLVP�UHTXLUHG
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Future Architectures

◆ 3HWDIORSV�$UFKLWHFWXUHV
² )DVWHU�SURFHVVRUV��KLJK�SURFHVVRU�FRXQWV

² 'HHS�PHPRU\�KLHUDUFK\

² +LJK�OHYHOV�RI�SDUDOOHOLVP�UHTXLUHG

◆ *ULG�EDVHG�FRPSXWLQJ
² 1HWZRUNV�JHRJUDSKLFDOO\
GLVWULEXWHG

² 'LIIHUHQW�SDUDOOHOLVP�DQG
FRPPXQLFDWLRQ

² 1RGHV�DQG�OLQNV�KDYH
YDU\LQJ�SHUIRUPDQFH

data 
archives 

visualization instruments

MPPs

clusters
PCs

Workstations

Wireless
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Convergence of Designs

◆ 3HWDIORSV�PDFKLQHV�ORRN�OLNH�*ULGV
² 0DQ\�GLIIHUHQW�SURFHVVRU�W\SHV

² 3URFHVVRUV�FRQQHFWHG�E\�QHWZRUNV�RI
GLIIHUHQW�VSHHGV

² )DXOW�WROHUDQFH�D�PDMRU�SUREOHP

² ´*ULG�LQ�D�ER[µ
ªPXOWLSOH��KHWHURJHQHRXV��SURFHVVLQJ�QRGHV�
LQWHUFRQQHFWHG�ZLWK�PXOWLSOH�OHYHOV�RI
QHWZRUNV�DQG�LQYROYLQJ�PXOWLSOH�OHYHOV�RI
PHPRU\�KLHUDUFKLHV
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Software Technology &
Performance

◆ 7HQGHQF\�WR�IRFXV�RQ�KDUGZDUH

◆ 6RIWZDUH�UHTXLUHG�WR�EULGJH�DQ�HYHU�ZLGHQLQJ�JDS
² KDUGZDUH FDSDELOLWLHV DQG XVHU QHHGV

◆ *DSV�EHWZHHQ�XVDEOH�DQG�GHOLYHUDEOH�SHUIRUPDQFH
LV�YHU\�VWHHS
² 3HUIRUPDQFH RQO\ LI WKH GDWD DQG FRQWUROV DUH VHWXS MXVW
ULJKW
ª 2WKHUZLVH� GUDPDWLF SHUIRUPDQFH GHJUDGDWLRQV� YHU\
XQVWDEOH VLWXDWLRQ

ª :LOO EHFRPH PRUH XQVWDEOH

◆ &KDOOHQJH�RI�/LEUDULHV��36(V�DQG�7RROV�LV

IRUPLGDEOH�ZLWK�7IORS�V�OHYHO��HYHQ�JUHDWHU�ZLWK
3IORSV��VRPH�PLJKW�VD\�LQVXUPRXQWDEOH�

�

Software Issues:
◆ 3UHGLFWDELOLW\�DQG�UREXVWQHVV�RI�DFFXUDF\�DQG

SHUIRUPDQFH�

◆ 5XQ�WLPH�UHVRXUFH�PDQDJHPHQW�DQG�G\QDPLF
DOJRULWKP�VHOHFWLRQ�

◆ 6XSSRUW�IRU�D�PXOWLSOLFLW\�RI�SURJUDPPLQJ
HQYLURQPHQWV�DQG�SOXJDELOLW\�

◆ 5HSURGXFLELOLW\��IDXOW�WROHUDQW��DQG �DXGLWDELOLW\
RI�WKH�FRPSXWDWLRQV�

◆ 1HZ�DOJRULWKPLF�WHFKQLTXHV�IRU�ODWHQF\�WROHUDQW
DQG�PLVHUO\�EDQGZLGWK�DSSOLFDWLRQV�

◆ 6XSSRUW�IRU�ORQJ�UXQQLQJ�FRPSXWDWLRQV
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Major Challenge - Adaptivity
◆ 7KHVH�FKDUDFWHULVWLFV�KDYH�PDMRU
LPSOLFDWLRQV�IRU�DSSOLFDWLRQV�WKDW
UHTXLUH�SHUIRUPDQFH�JXDUDQWHHV�

◆ $GDSWLYLW\�LV�D�NH\�VR�DSSOLFDWLRQV�FDQ
IXQFWLRQ�DSSURSULDWHO\���
² DV�UHVRXUFH�XWLOL]DWLRQ�DQG�DYDLODELOLW\�FKDQJH�

² DV�SURFHVVRUV�DQG�QHWZRUNV�IDLO�

² DV�ROG�FRPSRQHQWV�DUH�UHWLUHG�

² DV�QHZ�V\VWHPV�DUH�DGGHG��DQG

² DV�ERWK�VRIWZDUH�DQG�KDUGZDUH�RQ�H[LVWLQJ
V\VWHPV�DUH�XSGDWHG�DQG�PRGLILHG�

�

Numerical Libraries
◆ ���\HDUV�DJR

² � 0IORS�V � 6FDODU EDVHG
ª /LQSDFN� /HYHO � %/$6� ORRS XQUROOLQJ

◆ ���\HDUV�DJR
² � *IORS�V � 9HFWRU 	 603 FRPSXWLQJ� FDFKH DZDUH

ª /$3$&.� /HYHO � 	 � %/$6� EORFN SDUWLWLRQHG� ODWHQF\ WROHUDQW

◆ 7RGD\
² � 7IORS�V � +LJKO\ SDUDOOHO� QHWZRUN EDVHG� PHVVDJH SDVVLQJ

ª 6FD/$3$&.� GDWD GHFRPSRVLWLRQ� FRPPXQLFDWLRQ�FRPSXWDWLRQ

◆ ���\HDUV�DZD\
² � 3IORS�V � 0DQ\ PRUH OHYHOV 0+� FRPELQDWLRQ�JULGV	+3&

ª 0RUH DGDSWLYH� /7 DQG EDQGZLGWK DZDUH� IDXOW WROHUDQW�
H[WHQGHG SUHFLVLRQ� DWWHQWLRQ WR 603 QRGHV
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Numerical Algorithms and
Software

◆ 1XPHULFDO�FRPSXWLQJ�ZLOO�EH�DGDSWLYH��LWHUDWLYH�
H[SORUDWRU\��DQG�LQWHOOLJHQW�

◆ 'HWHUPLQLVP�LQ�QXPHULFDO�FRPSXWLQJ�ZLOO�EH
JRQH�
² $IWHU DOO� LWV QRW UHDVRQDEOH WR DVN IRU H[DFWQHVV LQ QXPHULFDO FRPSXWDWLRQV�

² $XGLELOLW\ RI WKH FRPSXWDWLRQ� UHSURGXFLELOLW\ DW D
FRVW

◆ ,PSRUWDQFH�RI�IORDWLQJ�SRLQW�DULWKPHWLF�ZLOO�EH
XQGLPLQLVKHG�
² ��� ��� ��� ��� ELWV DQG EH\RQG�

² 6WDQGDUGV EHLQJ GHYHORSHG

◆ 1HZ�PHWKRGV��PXOWLSROH�PHWKRGV�DQG�WKHLU
GHVFHQGDQWV�ZLOO�EH�XELTXLWRXV�

◆ 6WDQGDUGV�DUH�FULWLFDO��QHHG�WR�HYROYH

��

Enhanced ScaLAPACK Eigensolver in
ASCI Application (M. Sears, K.Stanley, J. Demmel,...)

◆ 03�4XHVW LV D VLPXODWLRQ FRGH IRU PDWHULDOV PRGHOLQJ
² 6XUIDFH VWUXFWXUHV DW 61/� �3E�=Q�7L�

◆ 03�4XHVW ZLOO DFFRXQW IRU ������ RI DOO F\FOHV RQ $6&,�5HG
² 6\PPHWULF (LJHQVROYHU DFFRXQWV IRU ��� RI F\FOHV LQ 03�4XHVW

² +HQFH ���� RI $VFL 5HG F\FOHV LQ 03�4XHVW
V V\PPHWULF
HLJHQVROYHU�

◆ 6FD/$3$&.·V 6\P (LJ VROYHU LV ��[ IDVWHU WKDQ 03�4XHVW
V
² ��� VDYLQJV LQ F\FOHV E\ XVLQJ 6FD/$3$&.

◆ 5LJKW QRZ ODUJH SUREOHPV DUH WRR VORZ EHFDXVH RI�WKH
HLJHQVROYHU�

◆ 6XVWDLQ ��� *IORS�V �6FD/$3$&. SDUW DW ��� *IORS�V�

◆ ([WUDSRODWLRQ WR 3HWDIORSV PDFKLQH�

² ������ RI SHDN RQ D RQH KRXU SUREOHP RQ D SHWDIORS PDFKLQH�
² ��� RI SHDN IRU D ���[��� SUREOHP WDNLQJ �� KRXUV�
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New Algorithms/Software
◆ 6\PPHWULF�λ�SUREOHP

² 'LYLGH�DQG�&RQTXHU��-� &XSSHQ� -� 'RQJDUUD�
'� 6RUHQVHQ� /� -HVVXS� )� 7LVVHXU� ����

ª UHFXUVLYHO\ VSOLW SUREOHP

ª JHQHUDWHV ORWV RI SDUDOOHO
ZRUN

² +RO\�*UDLO��-� 'HPPHO� %� 3DUOHWW� ,� 'KLOORQ�����
ª 2SWLPDO RXWSXW FRPSOH[LW\ 2�Q�� DQG
HPEDUUDVVLQJO\ SDUDOOHO

ª :RUNV E\ UHGHILQLQJ FOXVWHUV RI HLJHQYDOXHV WR JHW
UHODWLYH JDS LQVWHDG RI DEVROXWH JDS�

◆ 'HYLO·V�LQ�WKH�GHWDLOV�LQ�WHUPV�RI�LPSOHPHQWDWLRQ

��

Changing Algorithmic Approach

◆ &RPSXWH�E\�WKH�IDVW��SRVVLEO\�XQUHOLDEOH�
PHWKRG���´OLYLQJ�GDQJHURXVO\µ
² &KHFN D SRVWHULRUL ZKHWKHU D SUREOHP RFFXUUHG

² )L[ DQ\ SUREOHPV E\ WKH UHOLDEOH� SHUKDSV PXFK VORZHU
PHWKRG

◆ 3UHGLFWDELOLW\�DQG�UREXVWQHVV�RI�DFFXUDF\�DQG
SHUIRUPDQFH
² 0D\ UHTXLUH KLJKHU SUHFLVLRQ ���� ELW IORDWLQJ SRLQW�

² 3HUKDSV LQWHUYDO DULWKPHWLF PD\ SOD\ D UROH�
ª +RZHYHU SUREOHPV ZLWK FRPSRVLELOLW\

◆ 5HSURGXFLELOLW\��IDXOW�WROHUDQFH��DQG� DXGLWDELOLW\
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Performance Issues - Cache &Bandwidth

◆ 3HUIRUPDQFH�LQVWDELOLW\
² 6PDOO�FKDQJHV�PD\�FDXVH�GUDPDWLF�FKDQJHV�LQ
GHOLYHUHG�SHUIRUPDQFH�

◆ /DWHQF\�WROHUDQW�DQG�EDQGZLGWK
SDUVLPRQLRXV�DOJRULWKPV�DQG�VRIWZDUH�DUH
FULWLFDO
² 5HFRPSXWH�UDWKHU�WKDQ�VWRUH�ORDG

◆ 1HHG�WR�KHOS�WKH�FRPSLOHU

◆ +DYH�D�KDUG�WLPH�WRGD\�JHWWLQJ
SHUIRUPDQFH
² 2QO\�JRLQJ�WR�JHW�KDUGHU

��

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
² %ORFNLQJ VL]HV� ORRS QHVWLQJ SHUPXWDWLRQV� ORRS XQUROOLQJ GHSWKV�

VRIWZDUH SLSHOLQLQJ VWUDWHJLHV� UHJLVWHU DOORFDWLRQV� DQG
LQVWUXFWLRQ VFKHGXOHV�

² &RPSOLFDWHG LQWHUDFWLRQV ZLWK WKH LQFUHDVLQJO\ VRSKLVWLFDWHG
PLFURDUFKLWHFWXUHV RI QHZ PLFURSURFHVVRUV�

² 9HU\ XQVWDEOH

◆ 1RW ORQJ DJR QR WXQHG %/$6 IRU 3HQWLXP IRU /LQX[�

◆ 1HHG IRU TXLFN�G\QDPLF GHSOR\PHQW RI RSWLPL]HG URXWLQHV�

◆ $7/$6 � $XWRPDWLF 7XQHG /LQHDU $OJHEUD 6RIWZDUH

² $GDSWV WR GLIIHULQJ DUFKLWHFWXUHV YLD FRGH JHQHUDWLRQ � WLPLQJ

² 3KL3DF IURP %HUNHOH\

² ))7: IURP 0,7



�

M C A B

N

K

N

M

K

*NB

Adaptive Approach for Level 3
BLAS
◆ 'R�D�SDUDPHWHU�VWXG\�RI�WKH�RSHUDWLRQ
RQ�WKH�WDUJHW�PDFKLQH��GRQH�RQFH�

◆ 2QO\�JHQHUDWHG�FRGH�LV�RQ�FKLS�PXOWLSO\

◆ %/$6�RSHUDWLRQ�ZULWWHQ�LQ�WHUPV�RI
JHQHUDWHG�RQ�FKLS�PXOWLSO\

◆ $OO�WUDQSRVH�FDVHV�FRHUFHG�WKURXJK�GDWD
FRS\�WR���FDVH�RI�RQ�FKLS�PXOWLSO\
² 2QO\���FDVH�JHQHUDWHG�SHU�SODWIRUP

��

Code Generation
 Strategy

◆ &RGH�LV�LWHUDWLYHO\
JHQHUDWHG�	�WLPHG
XQWLO�RSWLPDO�FDVH
LV�IRXQG���:H�WU\�
² 'LIIHULQJ�1%V

² %UHDNLQJ�IDOVH
GHSHQGHQFLHV

² 0��1�DQG�.�ORRS
XQUROOLQJ

◆ 2Q�FKLS�PXOWLSO\
RSWLPL]HV�IRU�
² 7/%�DFFHVV

² /��FDFKH�UHXVH

² )3�XQLW�XVDJH

² 0HPRU\�IHWFK

² 5HJLVWHU�UHXVH

² /RRS�RYHUKHDG
PLQLPL]DWLRQ

◆ 7DNHV�D�FRXSOH�RI
KRXUV�WR�UXQ�
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ATLAS Across Various
Architectures 500x500 Matrix Problem
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Left looking LU (GEMV based)
across platforms
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Future work

◆ 7KUHDGLQJ

◆ 5XQWLPH�DGDSWDWLRQ
² 6SDUVLW\�DQDO\VLV

² ,WHUDWLYH�FRGH�LPSURYHPHQW

◆ $GDSWLYH�OLEUDULHV

◆ 6SHFLDOL]DWLRQ�IRU�XVHU�DSSOLFDWLRQV

◆ 6HH��KWWS���ZZZ�QHWOLE�RUJ�DWODV�
² 2IILFLDO�UHOHDVH�QH[W�ZHHN

��

Fault Tolerance - Diskless (RAID)
Checkpointing - Built into software
(J. Plank, J. Dongarra)

◆ 0DLQWDLQ�D�V\VWHP�FKHFNSRLQW�LQ�PHPRU\
² $OO SURFHVVRUV PD\ EH UROO EDFN LI QHFHVVDU\

² 8VH P H[WUD SURFHVVRUV WR HQFRGH FKHFNSRLQWV VR WKDW
LI XS WR P SURFHVVRUV IDLO� WKHLU FKHFNSRLQWV PD\ EH
UHVWRUHG

² 1R UHOLDQFH RQ GLVN

◆ &KHFNVXP�DQG�UHYHUVH�FRPPXQLFDWLRQ
² &KHFNSRLQW OHVV IUHTXHQWO\

² 5HYHUVH WKH FRPSXWDWLRQ RI WKH QRQ�IDLOHG SURFHVVRUV
EDFN WR SUHYLRXV FKHFNSRLQW

◆ ,GHD�WR�EXLOG�LQWR�OLEUDU\�URXWLQHV
² 6\VWHP RU XVHU FDQ GLDO LW XS

² :RUNLQJ SURWRW\SH IRU 00� /8� //7� 45� VSDUVH
VROYHUV �EXLOW RQ 390�
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Research Directions

◆ 3DUDPHWHUL]DEOH�OLEUDULHV

◆ $QQRWDWHG�OLEUDULHV

◆ +LHUDUFKLFDO�DOJRULWKP�OLEUDULHV

◆ ´*ULGµ��QHWZRUN��HQDEOHG�VWUDWHJLHV

$�QHZ�GLYLVLRQ�RI�ODERU�EHWZHHQ
FRPSLOHU�ZULWHUV��OLEUDU\�ZULWHUV��DQG
DOJRULWKP�GHYHORSHUV�DQG�DSSOLFDWLRQ
GHYHORSHUV�ZLOO�HPHUJH�

��

Many Active Tools Projects
◆ $NHQWL

◆ $SS/H6

◆ $UFDGH

◆ &,)

◆ &RQGRU

◆ &808/986

◆ (YHU\:DUH

◆ *OREXV

◆ +DEDQHUR

◆ +DUQHVV

◆ ,FH7

◆ ,3* 1$6�1$6$

◆ -,1,

◆ /ODYD

◆ /HJLRQ

◆ 1&6$ :RUNEHQFK 3URMHFW

◆ 1(26

◆ 1HW6ROYH

◆ 1,1)

◆ 1LQMD

◆ 3$:6

◆ 3$5',6

◆ 32(06

◆ 6ZHE

◆ 7HUDZHE

◆ 81,&25(

◆ :HE)ORZ
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Tools/Debuggers
◆ 7RWDO9LHZ LV WKH EHVW SDUDOOHO GHEXJJHU DYDLODEOH�

² OLPLWDWLRQ LV LWV VFDODELOLW\

² RQO\ XVHG LQ D KRPRJHQHRXV HQYLURQPHQW

◆ 9DPSLU SHUIRUPDQFH DQDO\VLV WRRO IRU SDUDOOHO 03, SURJUDPV
² VFDODELOLW\ LV D SUREOHP� WUDFHILOH FDQ EH KXJH�

² KDUG WR VHH ZKDW
V JRLQJ RQ ZKHQ \RX KDYH ORWV RI SURFHVVHV

◆ 5HVHDUFK SURWRW\SH WRROV 3DUDG\Q� 9LUWXH� DQG '3&/
² ORRN SURPLVLQJ

² \HW WR EH SURYHQ

² QRW \HW UREXVW ILQLVKHG HQRXJK WR EH WUXO\ XVHIXO DW WKLV VWDJH
IRU +3& HQG XVHUV�

◆ &RPSXWDWDWLRQDO 6WHHULQJ
² $XWRSLORW� &XPXOYV� 6FL5XQ

◆ 3HUIRUPDQFH FRXQWHU ZKLFK ZLOO SURYLGH D SRUWDEOH LQWHUIDFH WR D
FRPPRQ VHW RI SHUIRUPDQFH PHWULFV DFURVV SODWIRUPV

◆ 6XUYH\� KWWS���ZZZ�QKVH�RUJ�aEURZQH�SHUIWRROV�UHYLHZ�

��

Challenges

◆ '\QDPLF�UHFRQILJXUDWLRQ

◆ RSWLPL]DWLRQ�IRU�GLVWULEXWHG�WDUJHWV

◆ SHUIRUPDQFH�PRQLWRULQJ�DQG�FRQWURO
VWUDWHJLHV
² QHHGV�GHHS�LQWHJUDWLRQ�DFURVV
FRPSLOHUV��WRROV��DQG�UXQWLPH�V\VWHPV

² SHUIRUPDQFH�FRQWUDFWV�DQG�G\QDPLF
UHFRQILJXUDWLRQ



��

��

Challenges for LTP Research

◆ &RPSOH[�$UFKLWHFWXUHV
² PRUH SDUDOOHOLVP

² GHHSHU PHPRU\ KLHUDUFKLHV

² KHWHURJHQLRXV V\VWHP
ª ODWH ELQGLQJ

◆ &RPSOH[�$SSOLFDWLRQV
² PXOWLSOH �SURJUDPV� ODQJXDJHV� SDUDOOHOLVP VW\OHV�

² LUUHJXODU� DGDSWLYH� G\QDPLF FRPSXWDWLRQV

² 6FULSW EDVHG V\VWHP

◆ ,VVXHV
² SHUIRUPDQFH ERWWHOQHFNV

² SRUWDEOH KLJK SHUIRUPDQFH DQG SUHGLFWDEOH FRPSXWLQJ

 The Brave New World
◆ ´*ULG�DZDUHµ�SURJUDPPLQJ�ZLOO�UHTXLUH�FRPSUHKHQVLYH

GHYHORSPHQW�DQG�H[HFXWLRQ�HQYLURQPHQW
² 3HUIRUPDQFH HFRQRP\ UHTXLUHG WR OHYHUDJH V\VWHP� DSSOLFDWLRQ
SRWHQWLDO

P
S
E

Config.
object

program

whole
program
compiler

Source 
appli-
cation

libraries

Realtime
perf

monitor

Dynamic
optimizer

Grid 
runtime 
system

negotiation

Software
components

Service 
negotiator

Scheduler

Performance feedback

Perf
problem

Grid Application Development System
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Conclusions

◆ 1HHG�IRU�VRIWZDUH�FDSLWDOL]DWLRQ
² WDNH�WKH�UHVHDUFK�SURGXFWV�LQWR�XVHDEOH�
KDUGHQ�SURGXFWV�

◆ /LEUDULHV
² 7RROV�RQ�WRS�RI�WKLV

² &RPSRQHQW�UHSRVLWRULHV

��

Contributors to These Ideas
◆ )UDQ %HUPDQ

◆ +HQUL &DVDQRYD

◆ )UHGHULFD 'DUHPD

◆ -LP 'HPPHO

◆ ,DQ )RVWHU

◆ 'HQQLV *DQQRQ

◆ $O *HLVW

◆ $QGUHZ *ULPVKDZ

◆ /HQQDUW -RKQVVRQ

◆ .HQ .HQQHG\

◆ &DUO .HVVHOPDQ

◆ 'DQ 5HHG

◆ 6XEKDVK 6DLQL

◆ &OLQW :KDOH\

◆ )RU�DGGLWLRQDO�LQIRUPDWLRQ�VHH«
LFO�FV�XWN�HGX�

ZZZ�QHWOLE�RUJ�DWODV�

ZZZ�FV�XWN�HGX�QHWVROYH�

ZZZ�QHWOLE�RUJ�XWN�SHRSOH�-DFN'RQJDUUD�


