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A Scalable CrossA Scalable Cross--Platform Platform 
Infrastructure for Application Infrastructure for Application 

Performance Tuning Using Performance Tuning Using 
Hardware CountersHardware Counters

6KLUOH\�%URZQH��-DFN�'RQJDUUD��1DWKDQ�*DUQHU��
.HYLQ�/RQGRQ��3KLO�0XFFL��DQG�.HLWK�6H\PRXU

KWWS���KWWS���LFOLFO��FVFV��XWNXWN��HGXHGX��

�

Tools for Tools for 
Performance EvaluationPerformance 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
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Performance CountersPerformance 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(&

�

Performance Data Performance Data 
That May Be AvailableThat 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
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OverviewOverview ofof PAPIPAPI

♦ 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
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GoalsGoals

♦ 3URYLGH�D�VROLG�IRXQGDWLRQ�IRU�FURVV�
SODWIRUP�SHUIRUPDQFH�DQDO\VLV�WRROV

♦6WDQGDUGL]DWLRQ�EHWZHHQ�YHQGRUV��
DFDGHPLFV��DQG�XVHUV�

♦ 3URYLGH�D�QXPEHU�RI�
LPSOHPHQWDWLRQV�WRROV�IRU�+3&�
DUFKLWHFWXUHV�

♦:HOO�GRFXPHQWHG��HDV\�WR�XVH��DQG�
SRUWDEOH�
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ImplementationImplementation

♦ &RXQWHUV�H[LVW�DV�D�VPDOO�VHW�RI�UHJLVWHUV�
WKDW�FRXQW�HYHQWV�

♦ 3$3,�SURYLGHV�WKUHH�LQWHUIDFHV�WR�WKH�
XQGHUO\LQJ�FRXQWHU�KDUGZDUH�
�� 7KH�ORZ�OHYHO�LQWHUIDFH�PDQDJHV�KDUGZDUH�

HYHQWV�LQ�XVHU�GHILQHG�JURXSV�FDOOHG (YHQW6HW��
�� 7KH�KLJK�OHYHO�LQWHUIDFH�VLPSO\�SURYLGHV�WKH�

DELOLW\�WR�VWDUW��VWRS�DQG�UHDG�WKH�FRXQWHUV�
IRU�D�VSHFLILHG�OLVW�RI�HYHQWV�

�� *UDSKLFDO�WRROV�WR�YLVXDOL]H�LQIRUPDWLRQ�

�

PAPI PAPI ImplementationImplementation

-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
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Low Level APILow Level API

♦,QFUHDVHG�HIILFLHQF\�DQG�
IXQFWLRQDOLW\�RYHU�WKH�KLJK�OHYHO�
3$3,�LQWHUIDFH

♦7KHUH·V�DERXW����IXQFWLRQV
♦2EWDLQ�LQIRUPDWLRQ�DERXW�WKH�
H[HFXWDEOH�DQG�WKH�KDUGZDUH�

♦7KUHDG�VDIH

��

High Level APIHigh Level API

♦0HDQW�IRU�DSSOLFDWLRQ�SURJUDPPHUV�
ZDQWLQJ�FRDUVH�JUDLQHG�
PHDVXUHPHQWV

♦&DOOV�WKH�ORZHU�OHYHO�$3,
♦1RW�WKUHDG�VDIH�DW�WKH�PRPHQW
♦2QO\�DOORZV�3$3,�3UHVHWV�HYHQWV
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High Level FunctionsHigh Level Functions

♦ 3$3,BIORSV��
♦ 3$3,BQXPBFRXQWHUV��

¾1XPEHU�RI�FRXQWHUV�LQ�WKH�V\VWHP
♦ 3$3,BVWDUWBFRXQWHUV��
♦ 3$3,BVWRSBFRXQWHUV��

¾(QDEOH�FRXQWLQJ�RI�HYHQWV�DQG�GHVFULEHV�ZKDW�
WR�FRXQW

♦ 3$3,BUHDGBFRXQWHUV��
¾5HWXUQV�HYHQW�FRXQWV

��

PAPI PAPI -- Supported ProcessorsSupported 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��
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Graphical ToolsGraphical Tools
PerfometerPerfometer UsageUsage

♦ $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 FeaturesPerfometer Features

♦ 3ODWIRUP�LQGHSHQGHQW�YLVXDOL]DWLRQ�RI�
3$3,�PHWULFV

♦ )OH[LEOH�LQWHUIDFH
♦ 4XLFN�LQWHUSUHWDWLRQ�RI�FRPSOH[�UHVXOWV
♦ 6PDOO�IRRWSULQW�

¾ �FRPSLOHG�FRGH�VL]H�����N�
♦ &RORU�FRGLQJ�WR�KLJKOLJKW�VHOHFWHG�
SURFHGXUHV

♦ 7UDFH�ILOH�JHQHUDWLRQ�RU�UHDO�WLPH�
YLHZLQJ�



�

��

PerfometerPerfometer

Flops issued

Machine info

Process &
Real time

Flop/s Rate

&DOO 3HUIRPHWHU�µUHG¶�

Flop/s Instantaneous Rate

��

Go To DemoGo To Demo
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CacheometerCacheometer

♦ &DFKHRPHWHU�² 3HUIRPHWHU�XVLQJ�FDFKH�KLW�UDWH�
PHWULF

��

PAPI ReleasePAPI 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
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PAPI 1.1 beta 2 ImplementationPAPI 1.1 beta 2 Implementation

♦ )XOO\�SURJUDPPDEOH��ORZ�OHYHO�LQWHUIDFH�
WKUHDG�VDIH�� GLUHFWHG�WRZDUGV�WKH�WRRO�
GHYHORSHU�DQG�WKH�VRSKLVWLFDWHG�XVHU

♦ +LJK�OHYHO�$3,�IRU�WKH�QRQ�H[SHUW�
♦ &�DQG�)RUWUDQ�ELQGLQJ
♦ 6XSSRUWV�QDWLYH�HYHQWV�DQG�����´SUHVHWµ�
HYHQWV��ZKLFK�DUH�FRPPRQO\�DYDLODEOH�
PHWULFV��VRPH�DUH�GHULYHG�

♦ 8VHU�FDQ�TXHU\�WR�VHH�LI�D�SUHVHW�H[LVWV

��

Early Users of PAPIEarly Users of PAPI

♦ '((3�3$3,��3DFLILF�6LHUUD��
http://www.psrv.com/deep_papi_top.html

♦ 7$8��$OOHQ�0DOORQ\��8�RI�2UHJRQ��
http://www.cs.uoregon.edu/research/paracomp/tau/

♦ 6Y3DEOR��'DQ�5HHG��8�RI�,OOLQRLV��
http://vibes.cs.uiuc.edu/Software/SvPablo/svPablo.htm

♦ &DFWXV��(G�6HLGHO��0D[�3ODQN�8�RI�,OOLQRLV��
http://www.aei-potsdam.mpg.de

♦ 9SURI��&XUWLV�-DQVVHQ��6DQGLD�/LYHUPRUH�/DE��
http://aros.ca.sandia.gov/~cljanss/perf/vprof/

♦ &OXVWHU�7RROV��$O *HLVW��251/�
♦ '\QD3URI��3KLO�0XFFL��87.��

KWWS���ZZZ�FV�XWN�HGX�aPXFFL�G\QDSURI�
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GUI Server Application

Next Version of                  Next Version of                  
PerfometerPerfometer ImplementationImplementation

Application

Application
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PAPI’sPAPI’s Parallel InterfaceParallel Interface
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Contributors to These IdeasContributors to These Ideas

♦ 3$3,
¾6KLUOH\�%URZQH��87.
¾1DWKDQ�*DUQHU��87.
¾.HYLQ�/RQGRQ��87.
¾3KLO�0XFFL��87.
¾.HLWK�6H\PRXU��87.

)RU�DGGLWLRQDO��������������
LQIRUPDWLRQ�VHH«
KWWS���LFO�FV�XWN�HGX�SDSL�
KWWS���ZZZ�FV�XWN�HGX�aGRQJDUUD�

2SSRUWXQLWLHV�LQ�WKH�JURXS�IRU�YLVLWLQJ�DQG�SHUPDQHQW�SRVLWLRQV

��

http://http://iclicl.cs.utk..cs.utk.eduedu//papipapi//


