
3HUIRUPDQFH�$QDO\VLV�DQG�7XQLQJ�RI�3DUDOOHO
3URJUDPV��5HVRXUFHV�DQG�7RROV

3$57����,QWURGXFWLRQ�DQG�2YHUYLHZ
0LFKDHO�*HUQGW��)RUVFKXQJV]HQWUXP�-�OLFK�

3$57����5HVRXUFHV�DQG�7RROV
%HUQG�0RKU��)RUVFKXQJV]HQWUXP�-�OLFK�

3$57� ��$XWRPDWLF�3HUIRUPDQFH�$QDO\VLV�ZLWK�3DUDG\Q
%DUWRQ�0LOOHU��8QLYHUVLW\�RI�:LVFRQVLQ�0DGLVRQ�
%ULDQ�:\OLH��8QLYHUVLW\�RI�:LVFRQVLQ�0DGLVRQ�
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&RQWHQWV

� 3DUW�����,QWURGXFWLRQ�DQG�2YHUYLHZ
� 3DUDOOHO�6\VWHPV
� 3URJUDPPLQJ�0RGHOV
� &RPPRQ�3HUIRUPDQFH�3UREOHPV
� 3HUIRUPDQFH�0HDVXUHPHQW�DQG�$QDO\VLV�7HFKQLTXHV

� 3DUW�����5HVRXUFHV�DQG�7RROV
� &UD\�7�(��,%0�63���6*,�2�.�7RROV
� �UG�3DUW\�7RROV
� 5HVHDUFK�7RROV
� )DOO�EDFN�7RROV

� 3DUW�����$XWRPDWLF�3HUIRUPDQFH�$QDO\VLV�ZLWK�3DUDG\Q
� 6DPSOH�$QDO\VLV�6HVVLRQ�ZLWK�3DUDG\Q
� 3DUDG\Q�WHFKQRORJLHV�DQG�$UFKLWHFWXUH
� 2Q�JRLQJ�5HVHDUFK�DQG�'HYHORSPHQWV
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2SWLPL]DWLRQ�*RDOV

� ([HFXWLRQ�7LPH
� *HW�WKH�DQVZHU�DV�IDVW�DV�SRVVLEOH�

� 7KURXJKSXW
� *HW�DV�PDQ\�KDSS\�XVHUV�DV�SRVVLEOH�

� 8WLOL]DWLRQ
� *HW�WKH�EHVW�H[SORLWDWLRQ�RI�WKH�LQYHVWHG�PRQH\�
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3HUIRUPDQFH�RI�$SSOLFDWLRQ�RU�&RPSXWHU�6\VWHP

´+RZ�ZHOO�LV�WKH�JRDO�DFKLHYHGµ

� 3HUIRUPDQFH�$QDO\VLV�DQG�7XQLQJ�LV�EDVHG�RQ
� PHDVXUHPHQWV�RI�SHUIRUPDQFH�GDWD
� HYDOXDWLRQ�RI�SHUIRUPDQFH�GDWD
� FRGH�RU�SROLF\�FKDQJHV�EDVHG�RQ�DQDO\VLV�UHVXOWV
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6FHQDULR��3DUDOOHO�&RPSXWLQJ

� 2SWLPL]DWLRQ�JRDO��PLQLPDO�H[HFXWLRQ�WLPH

Coding

Performance Analysis

Production

Program Tuning
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3DUDOOHO�6\VWHPV�DQG�3URJUDPPLQJ�0RGHOV

Cray T3E

SGI Origin 2000

Message Passing

IBM SP2

Shared Memory
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&RQWHQWV

� 3DUW�����,QWURGXFWLRQ�DQG�2YHUYLHZ
� 3DUDOOHO�6\VWHPV
� 3URJUDPPLQJ�0RGHOV
� &RPPRQ�3HUIRUPDQFH�3UREOHPV
� 3HUIRUPDQFH�0HDVXUHPHQW�DQG�$QDO\VLV�7HFKQLTXHV

� 3DUW�����5HVRXUFHV�DQG�7RROV
� &UD\�7�(��,%0�63���6*,�2�.�7RROV
� �UG�3DUW\�7RROV
� 5HVHDUFK�7RROV
� )DOO�EDFN�7RROV

� 3DUW�����$XWRPDWLF�3HUIRUPDQFH�$QDO\VLV�ZLWK�3DUDG\Q
� 6DPSOH�$QDO\VLV�6HVVLRQ�ZLWK�3DUDG\Q
� 3DUDG\Q�WHFKQRORJLHV�DQG�$UFKLWHFWXUH
� 2Q�JRLQJ�5HVHDUFK�DQG�'HYHORSPHQWV
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,%0�63�

� PHVVDJH�SDVVLQJ�V\VWHP
� FOXVWHU�RI�ZRUNVWDWLRQV
� ����0+]�3RZHU���&38

� 3HDN�����0)/236
� �����0%��QG�OHYHO�FDFKH
� VXVWDLQHG�PHPRU\�EDQGZLGWK
����*%�V

� PXOWLVWDJH�FURVVEDU�VZLWFK
� 03,

� ODWHQF\������µVHF
� EDQGZLGWK�����0%�V

� ,�2�KDUGZDUH�GLVWULEXWHG
DPRQJ�WKH�QRGHV

Power 3 CPU

cache

Memory
Controller

M
em

ory

IO bus

I/O Network
Interconnect

2x150MB/s
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&UD\�7�(

� UHPRWH�PHPRU\�DFFHVV�V\VWHP
� VLQJOH�V\VWHP�LPDJH
� ����0+]�'(&�$OSKD

� SHDN�SHUIRUPDQFH������0)/236
� �QG�OHYHO�GDWD�FDFKH����.%
� PHPRU\�EDQGZLGWK�����0%�V

� �'�WRUXV�QHWZRUN
� 03,

� ODWHQF\����µVHF
� EDQGZLGWK�����0%�V

� VKPHP
� ODWHQF\���µVHF
� EDQGZLGWK�����0%�V

� 6&,�EDVHG�,�2�QHWZRUN

DEC EV5

cache

Data Controller

E-Registers
Stream-Buffer

M
em

ory

Network Router

I/O Controller

500MB/s

600MB/s
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6*,�2ULJLQ�����

� FF�180$�V\VWHP
� VLQJOH�V\VWHP�LPDJH
� ����0+]�0,36�5�����

� SHDN�SHUIRUPDQFH�����0)/236
� �QG�OHYHO�GDWD�FDFKH�����0%
� PHPRU\�EDQGZLGWK�����0%�V

� �'�K\SHUFXEH
� 03,

� ODWHQF\����µVHF
� EDQGZLGWK�����0%�V

� UHPRWH�PHPRU\�DFFHVV
� ODWHQF\�����QVHF
� EDQGZLGWK�����0%�V

� ,�2�KDUGZDUH�GLVWULEXWHG�DPRQJ
QRGHV�EXW�JOREDO�UHVRXUFH

Router

HUBMemory

R10000

2nd Cache

R10000

2nd Cache

I/O

2x780 MB/s

2x
78

0 
M

B
/s
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Reference Counter

FF180$�,PSOHPHQWDWLRQ�RQ�6*,�2ULJLQ�����

Memory

Cache Line 128 Byte 

Directory

64 Pres. Bits State 64 per page

P
age 4K

B

� $FFHVV�WR�UHPRWH�GDWD
� UHDG�RU�ZULWH�FRS\�LV�WUDQVIHUUHG�LQWR�WKH�FDFKH
� FRKHUHQFH�RI�FRSLHV�DQG�KRPH�ORFDWLRQ�LV�PDLQWDLQHG�WKURXJK
GLUHFWRU\

� DOORFDWLRQ�RI�SDJHV�WR�QRGH�PHPRULHV�LV�E\�ILUVW�WRXFK
� PLJUDWLRQ�LV�SRVVLEOH�EDVHG�RQ�UHIHUHQFH�FRXQWHUV
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6LQJOH�3URJUDP�0XOWLSOH�'DWD��630'�

P0 P1 P2 P3

sequential program
+ domain decomposition

node program
+ message passing

program replicated
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03,��0HVVDJH�3DVVLQJ�,QWHUIDFH�

� 03,�LV�WKH�VWDQGDUG�SURJUDPPLQJ�LQWHUIDFH
� 03,�����LQ�����
� 03,�����LQ�����

� /LEUDU\�LQWHUIDFH��)RUWUDQ��&��&���
� ,W�LQFOXGHV

� SRLQW�WR�SRLQW�FRPPXQLFDWLRQ
� FROOHFWLYH�FRPPXQLFDWLRQ
� EDUULHU�V\QFKURQL]DWLRQ
� RQH�VLGHG�FRPPXQLFDWLRQ��03,�����
� SDUDOOHO�,�2��03,�����
� SURFHVV�FUHDWLRQ��03,�����
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03,�([DPSOH

Node 0

//local computation
for(i=0;i<10;i++) a(i)= f(i);

MPI_send(a(1), 10, MPI_INT, Node1, 20, comm)

//reduction
for (i=0;i<10;i++) s=s+a(i);
MPI_reduce(s, s1, 1, MPI_INT, SUM, Node1, comm)

Node 1

...

MPI_recv(b(1), 10, MPI_INT, Node1, 20, comm, status)

...
MPI_reduce(s, s1, 1, MPI_INT, SUM, Node1,comm)

printf(“Global sum: %d“,s1)
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2SHQ03��'LUHFWLYH�EDVHG�60�3DUDOOHOL]DWLRQ

� 2SHQ03�LV�D�VWDQGDUG�VKDUHG�PHPRU\
SURJUDPPLQJ�LQWHUIDFH�������

� 'LUHFWLYHV�IRU�)RUWUDQ����DQG�&�&��
� )RUN�MRLQ�PRGHO�UHVXOWLQJ�LQ�D�JOREDO
SURJUDP

� ,W�LQFOXGHV�
� 3DUDOOHO�ORRSV
� 3DUDOOHO�VHFWLRQV
� 3DUDOOHO�UHJLRQV
� 6KDUHG�DQG�SULYDWH�GDWD
� 6\QFKURQL]DWLRQ�SULPLWLYHV

² EDUULHU
² FULWLFDO�UHJLRQ
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2SHQ03��([DPSOH

!$OMP parallel do schedule(static, 10)
      do i=1,100
        a(i)=f(i)
      enddo
!$OMP end parallel do

!$OMP parallel do reduction(+:a), 
!$OMP*            schedule(dynamic,10)
      do i=1,100
        s=s+a(i)
      enddo
!$OMP end parallel do

      write(*,*) ‘Global sum:‘, s
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&RPPRQ�3HUIRUPDQFH�3UREOHPV�ZLWK�03,

� 6LQJOH�QRGH�SHUIRUPDQFH
� ([FHVVLYH�QXPEHU�RI��QG�OHYHO�FDFKH�PLVVHV
� /RZ�QXPEHU�RI�LVVXHG�LQVWUXFWLRQV

� ,2
� +LJK�GDWD�YROXPH
� 6HTXHQWLDO�,2�GXH�WR�,2�VXEV\VWHP�RU�VHTXHQWLDOL]DWLRQ�LQ�WKH
SURJUDP

� ([FHVVLYH�FRPPXQLFDWLRQ
� )UHTXHQW�FRPPXQLFDWLRQ
� +LJK�GDWD�YROXPH
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&RPPRQ�3HUIRUPDQFH�3UREOHPV�ZLWK�03,

� )UHTXHQW�V\QFKURQL]DWLRQ
� 5HGXFWLRQ�RSHUDWLRQV
� %DUULHU�RSHUDWLRQV

� /RDG�EDODQFLQJ
� :URQJ�GDWD�GHFRPSRVLWLRQ
� '\QDPLFDOO\�FKDQJLQJ�ORDG
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&RPPRQ�3HUIRUPDQFH�3UREOHPV�ZLWK�60

� 6LQJOH�QRGH�SHUIRUPDQFH
� ���

� ,2
� ���

� ([FHVVLYH�FRPPXQLFDWLRQ
� /DUJH�QXPEHU�RI�UHPRWH�PHPRU\�DFFHVVHV
� )DOVH�VKDULQJ
� )DOVH�GDWD�PDSSLQJ

� )UHTXHQW�V\QFKURQL]DWLRQ
� ,PSOLFLW�V\QFKURQL]DWLRQ�RI�SDUDOOHO�FRQVWUXFWV
� %DUULHUV��ORFNV�����

� /RDG�EDODQFLQJ
� 8QHYHQ�VFKHGXOLQJ�RI�SDUDOOHO�ORRSV
� 8QHYHQ�ZRUN�LQ�SDUDOOHO�VHFWLRQV
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3HUIRUPDQFH�$QDO\VLV�3URFHVV

Measurement

Analysis

Ranking

Refinement

Coding

Performance Analysis

Production

Program Tuning
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2YHUKHDG�$QDO\VLV

� +RZ�WR�GHFLGH�ZKHWKHU�D�FRGH�SHUIRUPV�ZHOO�
� &RPSDULVRQ�RI�PHDVXUHG�0)/236�ZLWK�SHDN�SHUIRUPDQFH
� &RPSDULVRQ�ZLWK�D�VHTXHQWLDO�YHUVLRQ

� (VWLPDWH�GLVWDQFH�WR�LGHDO
WLPH�YLD�RYHUKHDG�FODVVHV

– tmem

– tcomm

– tsync

– tred
² ���

1
1 #processors

sp
ee

du
p

2

2 u

tmem

tcomm

tred

p

s

t

t
)p(speedup =
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)n(t

)n(t
)p(speedup_scaled

pp

ps=

2WKHU�3HUIRUPDQFH�0HWULFV

� 6FDOHG�VSHHGXS��3UREOHP�VL]H�JURZV�ZLWK�PDFKLQH�VL]H

Parallel efficiency: Percentage of ideal speedup

p*t

t
p/)p(speedup)p(efficiency

p

s==
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3HUIRUPDQFH�0HDVXUHPHQW�7HFKQLTXHV

� (YHQW�PRGHO�RI�WKH�H[HFXWLRQ
� (YHQWV�RFFXU�DW�D�SURFHVVRU�DW�D�VSHFLILF�SRLQW�LQ�WLPH
� (YHQWV�EHORQJ�WR�HYHQW�W\SHV

² FORFN�F\FOHV
² FDFKH�PLVVHV
² UHPRWH�UHIHUHQFHV
² VWDUW�RI�D�VHQG�RSHUDWLRQ
² ���

� 3URILOLQJ��5HFRUGLQJ�DFFXPXODWHG�SHUIRUPDQFH�GDWD�IRU�HYHQWV
� 6DPSOLQJ��6WDWLVWLFDO�DSSURDFK
� ,QVWUXPHQWDWLRQ��3UHFLVH�PHDVXUHPHQW

� 7UDFLQJ��5HFRUGLQJ�SHUIRUPDQFH�GDWD�RI�LQGLYLGXDO�HYHQWV
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6DPSOLQJ

Program Main
...
end Main

Function Asterix (...)
...
end Asterix

Function Obelix (...)
...
end Obelix

...

CPU

program counter

cycle counter

cache miss counter

flop counter

Main

Asterix

Obelix + 

Function Table
interrupt every

10 ms

add and reset 
counter
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...

Function Obelix (...)

 call monitor(“Obelix“, “enter“)

...

 call monitor(“Obelix“,“exit“)
end Obelix

...

CPU

monitor(routine, location)

    if (“enter“) then

    else

    end if

Function Table

,QVWUXPHQWDWLRQ�DQG�0RQLWRULQJ

cache miss counter

Main

Asterix

Obelix + - 1020013001490
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,QVWUXPHQWDWLRQ�7HFKQLTXHV

� 6RXUFH�FRGH�LQVWUXPHQWDWLRQ
� GRQH�E\�WKH�FRPSLOHU��VRXUFH�WR�VRXUFH�WRRO��RU�PDQXDOO\

� SRUWDELOLW\
� OLQN�EDFN�WR�VRXUFH�FRGH�HDV\
² UH�FRPSLOH�QHFHVVDU\�ZKHQ�LQVWUXPHQWDWLRQ�LV�FKDQJHG
² GLIILFXOW�WR�LQVWUXPHQW�PL[HG�FRGH�DSSOLFDWLRQV
² FDQQRW�LQVWUXPHQW�V\VWHP�RU��UG�SDUW\�OLEUDULHV�RU�H[HFXWDEOHV

� 2EMHFW�FRGH�LQVWUXPHQWDWLRQ
� �SDWFKLQJ��WKH�H[HFXWDEOH�WR�LQVHUW�KRRNV��OLNH�D�GHEXJJHU�

² LQYHUVH�SURV�FRQV
� 2IIOLQH
� 2QOLQH
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Tr P n-1

Trace P1

7UDFLQJ

...

Function Obelix (...)

 call monitor(“Obelix“, “enter“)

...

 call monitor(“Obelix“,“exit“)
end Obelix

...

MPI Library

Function MPI_send (...)

 call monitor(“MPI_send“, “enter“)

...

 call monitor(“MPI_send“,“exit“)
end Obelix

...

Process 0

Process 1

Process n-1

Trace P0
10.4 P0 Obelix enter

10.6 P0 MPI_Send enter

10.8 P0 MPI_Send exit
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Tr P n-1

Trace P1

0HUJLQJ

Trace P0

Merge Process

P0 - Pn-1

10.4 P0 Obelix enter

10.5 P1 Obelix enter

10.6 P0 MPI_Send enter

10.7 P1 MPI_Recv enter

10.8 P0 MPI_Send exit

11.0 P1 MPI_Recv exit
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9LVXDOL]DWLRQ�RI�'\QDPLF�%HKDYLRXU

P0 - Pn-1

10.4 P0 Obelix enter

10.5 P1 Obelix enter

10.6 P0 MPI_Send enter

10.7 P1 MPI_Recv enter

10.8 P0 MPI_Send exit

11.0 P1 MPI_Recv exit

P0

P1

10.4 10.5 10.6 10.7 10.8 10.9 11.0

Timeline Visualization

Obelix

Obelix MPI_Recv

MPI_Send Obelix

Obeli



©  1999 Forschungszentrum Jülich, NIC-ZAM[I-30]

3URILOLQJ�YV�7UDFLQJ

� 3URILOLQJ
� UHFRUGLQJ�VXPPDU\�LQIRUPDWLRQ��WLPH���FDOOV���PLVVHV����
� DERXW�SURJUDP�HQWLWLHV��IXQFWLRQV��REMHFWV��EDVLF�EORFNV�
� YHU\�JRRG�IRU�TXLFN��ORZ�FRVW�RYHUYLHZ
� SRLQWV�RXW�SRWHQWLDO�ERWWOHQHFNV
� LPSOHPHQWHG�WKURXJK�VDPSOLQJ�RU�LQVWUXPHQWDWLRQ
� PRGHUDWH�DPRXQW�RI�SHUIRUPDQFH�GDWD

� 7UDFLQJ
� UHFRUGLQJ�LQIRUPDWLRQ�DERXW�HYHQWV
� WUDFH�UHFRUG�W\SLFDOO\�FRQVLVWV�RI�WLPHVWDPS��SURFHVVLG�����
� RXWSXW�LV�D�WUDFH�ILOH�ZLWK�WUDFH�UHFRUGV�VRUWHG�E\�WLPH
� FDQ�EH�XVHG�WR�UHFRQVWUXFW�WKH�G\QDPLF�EHKDYLRU
� FUHDWHV�KXJH�DPRXQWV�RI�GDWD
� QHHGV�VHOHFWLYH�LQVWUXPHQWDWLRQ
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3HUIRUPDQFH�$QDO\VLV

Instrumentation Analysis

Execution

Refinement

Current Hypotheses

Requirements Performance Data

Detected Bottlenecks

Instr: DatÅISPEC

Info: HypÅDat

Prove: Hyp×DatÅ{T,F}

Refine: HypÅPHyp
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3HUIRUPDQFH�3UHGLFWLRQ�DQG�%HQFKPDUNLQJ

� 3HUIRUPDQFH�DQDO\VLV�GHWHUPLQHV�WKH�SHUIRUPDQFH�RQ�D�JLYHQ
PDFKLQH�

� 3HUIRUPDQFH�SUHGLFWLRQ�DOORZV�WR�HYDOXDWH�SURJUDPV�IRU�D
K\SRWKHWLFDO�PDFKLQH��,W�LV�EDVHG�RQ�
� UXQWLPH�GDWD�RI�DQ�DFWXDO�H[HFXWLRQ
� PDFKLQH�PRGHO�RI�WKH�WDUJHW�PDFKLQH
� DQDO\WLFDO�WHFKQLTXHV
� VLPXODWLRQ�WHFKQLTXHV

� %HQFKPDUNLQJ�GHWHUPLQHV�WKH�SHUIRUPDQFH�RI�D�FRPSXWHU
V\VWHP�RQ�WKH�EDVLV�RI�D�VHW�RI�W\SLFDO�DSSOLFDWLRQV�



3HUIRUPDQFH�$QDO\VLV�DQG�7XQLQJ�RI�3DUDOOHO
3URJUDPV��5HVRXUFHV�DQG�7RROV

3$57�� ��,QWURGXFWLRQ�DQG�2YHUYLHZ
0LFKDHO�*HUQGW��)RUVFKXQJV]HQWUXP�-�OLFK�

3$57����5HVRXUFHV�DQG�7RROV
%HUQG�0RKU��)RUVFKXQJV]HQWUXP�-�OLFK�

3$57� ��$XWRPDWLF�3HUIRUPDQFH�$QDO\VLV�ZLWK�3DUDG\Q
%DUWRQ�0LOOHU��8QLYHUVLW\�RI�:LVFRQVLQ�0DGLVRQ�
%ULDQ�:\OLH��8QLYHUVLW\�RI�:LVFRQVLQ�0DGLVRQ�
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&RQWHQWV

� 3UDFWLFDO�3HUIRUPDQFH
$QDO\VLV�DQG�7XQLQJ

� 'HEXJJLQJ
� 7RWDOYLHZ

� &5$<�7�(�7RROV
� $SSUHQWLFH
� 3$7

� ,%0�63��7RROV
� ;SURILOHU
� 97
� )XWXUH�7RROV

� 6*,�2�.�7RROV
� 3HUIH[
� 6SHHG6KRS
� FYSHUI

� �UG�3DUW\�7RROV
� 9DPSLU
� 9DPSLUWUDFH
� 'LPHPDV
� *XLGH9LHZ

� 5HVHDUFK�7RROV
� 1XSVKRW���-XPSVKRW
� 03,&/���3DUDJUDSK
� 7$8�3URILOLQJ
� $,06
� 2WKHU

� )DOO�EDFN�7RROV
� 7LPHU
� +:�&RXQWHU
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3UDFWLFDO�3HUIRUPDQFH�$QDO\VLV�DQG�7XQLQJ

� 3HDN�DQG�EHQFKPDUN��/LQSDFN��1$6��SHUIRUPDQFH�KDV�QRWKLQJ
WR�GR�ZLWK�¶UHDO·�SHUIRUPDQFH

⇒ 7KH�SHUIRUPDQFH�RI�\RXU�SURJUDP�LV�LPSRUWDQW

� ����RI���*IORS�LV�EHWWHU�WKDQ�����RI��*)ORS
⇒ WKH�VXVWDLQHG�IUDFWLRQ�RI�SHDN�SHUIRUPDQFH�LV�FUXFLDO

� 7XQLQJ�LV�FRPELQDWLRQ�RI
� ULJKW�DOJRULWKP�DQG�OLEUDULHV
� FRPSLOHU�IODJV�DQG�SUDJPDV���GLUHFWLYHV
� 7+,1.,1*

� 0HDVXUHPHQW�LV�EHWWHU�WKDQ�UHDVRQLQJ���LQWXLWLRQ�� �JXHVVLQJ�

� ,W�LV�HDVLHU�WR�RSWLPL]H�D�VORZ�FRUUHFW�SURJUDP
WKDQ�WR�GHEXJ�D�IDVW�LQFRUUHFW�RQH

⇒ 'HEXJJLQJ�EHIRUH�7XQLQJ
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3UDFWLFDO�3HUIRUPDQFH�$QDO\VLV�DQG�7XQLQJ

� 'RQ·W�RSWLPL]H�ZKDW�GRHVQ·W�PDWWHU

� 6WUDWHJLHV�IRU�6SHHG
� 8VH�D�EHWWHU�DOJRULWKP�RU�GDWD�VWUXFWXUH
� 8VH�RSWLPL]HG�OLEUDULHV��%/$6��&UD\·V�OLEVFL��,%0�(66/������
� (QDEOH�FRPSLOHU�RSWLPL]DWLRQV��WKURXJK�RSWLRQV�DQG�SUDJPDV�
� 7XQH�WKH�FRGH

² &ROOHFW�FRPPRQ�VXEH[SUHVVLRQV ��8QUROO�RU�HOLPLQDWH�ORRSV
² 5HSODFH�H[SHQVLYH�RSHUDWLRQV ��&DFKH�IUHTXHQWO\�XVHG�YDOXHV
E\�FKHDS�RQHV ��%XIIHU�LQSXW�DQG�RXWSXW

² :ULWH�D�VSHFLDO�SXUSRVH�DOORFDWRU ��8VH�DSSUR[LPDWH�YDOXHV�

� 6SDFH�(IILFLHQF\
� 6DYH�VSDFH�E\�XVLQJ�WKH�VPDOOHVW�SRVVLEOH�GDWD�W\SH
� 'RQ·W�VWRUH�ZKDW�\RX�FDQ�HDVLO\�UH�FRPSXWH
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3UDFWLFDO�3HUIRUPDQFH�$QDO\VLV�DQG�7XQLQJ

� 7\SLFDO�3URFHGXUH
� 'R�,�KDYH�D�SHUIRUPDQFH�SUREOHP�DW�DOO"

² WLPH���+:�FRXQWHU�PHDVXUHPHQWV
² VSHHGXS�DQG�VFDODELOLW\�PHDVXUHPHQWV

� :KDW�LV�WKH�PDLQ�ERWWOHQHFN
�FDOFXODWLRQ���FRPPXQLFDWLRQ���V\QFKURQL]DWLRQ��"
² IODW�SURILOLQJ��VDPSOLQJ���SURI�

� :KHUH�LV�WKH�PDLQ�ERWWOHQHFN"
² FDOO�JUDSK�SURILOLQJ��JSURI�
² GHWDLOHG��EDVLF�EORFN��SURILOLQJ

� :KHUH�LV�WKH�ERWWOHQHFN�H[DFWO\�DQG�ZK\�LV�LW�WKHUH"
² WUDFLQJ�RI�VHOHFWHG�SDUWV�WR�NHHS�WUDFH�ILOHV�PDQDJHDEOH

² W\SLFDOO\�E\�XVLQJ�FRQWURO�IXQFWLRQV�WR�VZLWFK�WUDFLQJ�RQ�RII
² VHOHFW�LPSRUWDQW�SDUWV�RQO\
² IRU�LWHUDWLYH�SURJUDPV��WUDFH�VRPH�LWHUDWLRQV�RQO\

² VRPHWLPHV��WUDFH�ILOH�VL]H�FDQ�EH�OLPLWHG
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'HEXJJLQJ���7RWDOYLHZ

� &RPPHUFLDO�SURGXFW�RI�(7186�,QF�
� 81,;�6\PEROLF�'HEXJJHU
IRU�&��&����I����I����3*,�+3)��DVVHPEOHU�SURJUDPV

� Å4XDVL´�VWDQGDUG�IRU�GHEXJJHU
� 6HOHFWHG�DV�'2(��$6&,�GHEXJJHU�
� 6SHFLDO��QRQ�WUDGLWLRQDO�IHDWXUHV

� 0XOWL�SURFHVV�DQG�PXOWL�WKUHDGHG
� &���VXSSRUW��WHPSODWHV��LQKHULWDQFH��LQOLQH�IXQFWLRQV�
� )���VXSSRUW��XVHU�W\SHV��SRLQWHUV��PRGXOHV�
� �'����'�$UUD\�'DWD�YLVXDOL]DWLRQ
� SDUDOOHO�GHEXJJLQJ

² 03,��DXWRPDWLF�DWWDFK��PHVVDJH�TXHXHV�
² +3)��+3)�VRXUFH�OHYHO��GLVWULEXWHG�DUUD\�DFFHVV��GLVWULEXWLRQ�GLVSOD\�

� VXSSRUW�IRU�2SHQ03�RQ�,5,;�DQG�7UX���81,;��YHUVLRQ�����
� VXSSRUW�IRU�,5,;�����SWKUHDGV��YHUVLRQ�����
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7RWDOYLHZ���$YDLODELOLW\

� 6XSSRUWHG�SODWIRUPV
� ,%0�56������DQG�63�
� 6*,�ZRUNVWDWLRQV�DQG�2�.
� &RPSDT�$OSKD�ZRUNVWDWLRQV�DQG�&OXVWHUV
� 6XQ�6RODULV�6SDUF���[����6XQ�6XQ26

� $OVR�DYDLODEOH�IURP�YHQGRU�RU��UG�SDUW\�IRU
� &UD\
� )XMLWVX�933
� 46:�&6��
1(&�6;����&HQMX

� +LWDFKL�65��[[
� 3ODQV�IRU�+3��/LQX[��17

• http://www.etnus.com/products/totalview/
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&5$<�7�(���3HUIRUPDQFH�7RROV

� WLPH���+:�FRXQWHU�PHDVXUHPHQWV
� 3HUIRUPDQFH�$QDO\VLV�7RRO��3$7�

� IODW�SURILOLQJ��VDPSOLQJ�
� 3$7

� FDOO�JUDSK�SURILOLQJ
� 3$7

� GHWDLOHG��EDVLF�EORFN��SURILOLQJ
� $SSUHQWLFH

� WUDFLQJ
� 3$7���>9DPSLU@
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3$7

� )HDWXUHV
� 3URILOLQJ����H[HFXWLRQ�WLPH�SURILOH�IRU�IXQFWLRQV��VDPSOLQJ�
� &DOO�6LWH�5HSRUWLQJ����FDOO�JUDSK�SURILOLQJ��QXPEHU�RI�FDOOV�
H[HFXWLRQ�WLPH��RI�VHOHFWHG�IXQFWLRQV

� +:�&RXQWHU�0HDVXUHPHQW���H�J���1XPEHU�RI�)/236
� >�2EMHFW�FRGH�LQVWUXPHQWDWLRQ�IRU�WUDFLQJ�ZLWK�9DPSLU�@

� $GYDQWDJHV��HVSHFLDOO\�FRPSDUHG�WR�$SSUHQWLFH�
� VLPSOH��ORZ�RYHUKHDG�� !��IRU�TXLFN�RYHUYLHZ�
� 'RHV�QRW�QHHG��UH�FRPSLODWLRQ��RQO\�UH�OLQNLQJ
� FDQ�DQDO\]H�V\VWHP�DQG��UG�SDUW\�OLEUDULHV

� 'LVDGYDQWDJHV
� FDQ�RQO\�DQDO\]H�SURJUDP�DV�D�ZKROH
� QR�*8,
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3$7���8VDJH

� 3UHSDUH�XVHU�DSSOLFDWLRQ�E\�OLQNLQJ�ZLWK�3$7�OLEUDU\�(-lpat�
DQG�3$7�OLQNHU�FRPPDQG�ILOH��pat.cld�
t3e% f90 *.o -o myprog -lpat pat.cld ��)RUWUDQ
t3e% cc *.o -o myprog -lpat pat.cld ��$16,�&
t3e% CC *.o -o myprog -lpat pat.cld ��&��

� ,I�QHFHVVDU\��VHOHFW�7�(�+:�SHUIRUPDQFH�FRXQWHU�WKURXJK
HQYLURQPHQW�YDULDEOH�$PAT_SEL
t3e% export PAT_SEL=FPOPS ��IORDWLQJ�SRLQW��GHIDXOW�
t3e% export PAT_SEL=INTOPS ��LQWHJHU�LQVWUXFWLRQV
t3e% export PAT_SEL=LOADS ��ORDG�LQVWUXFWLRQV
t3e% export PAT_SEL=STORES ��VWRUH�LQVWUXFWLRQV

� ,I�QHFHVVDU\��FKDQJH�VDPSOLQJ�UDWH��GHIDXOW�������
t3e% export PAT_SAMPLING_RATE=1000

>9DOXH�LV�LQ�PLFURVHFRQGV@
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3$7���3HUIRUPDQFH�2YHUYLHZ

� ([HFXWH�DSSOLFDWLRQ�DV�XVXDO��FUHDWHV�ILOH����myprog.pif)
t3e% mpprun -n ## myprog - myoptions myargs

6WDUW�3$7
t3e% pat -L myprog myprog.pif

� ([HFXWLRQ�WLPH�RYHUYLHZ
=> time

Elapsed Time            1.129 sec   16 PEs
User    Time (ave)      2.090 sec   98%
System  Time (ave)      0.027 sec    1%

� +:�SHUIRUPDQFH�FRXQWHU�UHSRUW
=> perfcntr

Performance counters for FpOps (Values in MILLIONS)
PE  cycles operations  ops/sec  dmisses  misses/sec
 0  104.16     19.33     83.52     5.17     22.32
 1  194.00     20.19     46.84     7.01     16.27
 2  193.39     20.19     46.99     7.01     16.32
    ...
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3$7���3URILOLQJ

� )XQFWLRQ�SURILOLQJ�UHSRUW��VDPSOLQJ�UHSRUW��
=> profile
                      Percent    90% Conf. Interval
VELO                     52%            1.4
_shmem_long_wait          7%            0.7
CURR                      6%            0.7
barrier                   5%            0.6
MPI_RECV                  5%            0.6
TEMP                      3%            0.5
...

� ,QVWUXPHQW�IRU��&DOO�6LWH�5HSRUWLQJ�
=> instcall VELO

=> quit

JHQHUDWHV��QHZ�D�RXW�
� ([HFXWH�DJDLQ�

t3e% mpprun -n ## a.out - myoptions myargs
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3$7���3URILOLQJ

� ([HFXWH�3$7�DJDLQ�IRU��&DOO�6LWH��UHSRUW�
t3e% pat -L a.out a.out.pif
Interactive mode. Valid commands:
csi hist instcall perfcntr profile quit time ...

=> csi
Name  PE  called from  #calls  total time avg./call
VELO:
      PE:0
               CX3D      4     165.1102    41.2775
      PE:1
               CX3D      4     166.7334    41.6834
      PE:2
               CX3D      4     166.6664    41.6666
      PE:3
               CX3D      4     165.3808    41.3452
      ...
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$SSUHQWLFH

� 7RRO�IRU�GHWDLOHG�SURILOLQJ�RQ�EDVLF�EORFN�OHYHO
� 8VDJH

� ,QVWUXPHQWDWLRQ�E\�&UD\�FRPSLOHU
t3e% f90 -eA myprog.f -lapp

t3e% cc -happrentice myprog.c -lapp

� ([HFXWLQJ�SURJUDP�JHQHUDWHV�DSS�ULI
� $QDO\]H�SHUIRUPDQFH

t3e% apprentice app.rif

� )HDWXUHV
� 3URYLGHV�VXPPDU\�GDWD��VXP�RYHU�DOO�3(�DQG�WRWDO�H[HFXWLRQ�WLPH�
� 3URYLGHV

² H[HFXWLRQ�WLPH��PHDVXUHG�
² QXPEHU�RI�IORDWLQJ�SRLQW��LQWHJHU��ORDG��VWRUH�LQVWUXFWLRQV��FDOFXODWHG�

� $XWRPDWLFDOO\�FRUUHFWV�PHDVXUHPHQW�RYHUKHDG
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$SSUHQWLFH���1DYLJDWLRQ�:LQGRZ

� 6KRZV�WLPH
SURILOH�IRU
� SURJUDP
� IXQFWLRQV
� EDVLF�EORFNV

VRUWHG�E\�XVDJH

� ,WHPV�FDQ�EH
´H[SDQGHGµ�E\
FOLFNLQJ�RQ
EODFN�WULDQJOH

� &DQ�VKRZ�WLPH
LQFOXGLQJ�RU�H[FOXGLQJ�WKH�WLPH�XVHG�E\�VXEUHJLRQV
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$SSUHQWLFH���&RVWV�:LQGRZ

� &DQ�VKRZ
� PHVVDJH�SDVVLQJ
� VKDUHG�PHPRU\
� LQVWUXFWLRQV

FRVWV�IRU�VHOHFWHG
LWHPV



©  1999 Forschungszentrum Jülich, NIC-ZAM[II-17]

$SSUHQWLFH���)LQGLQJ�&RPPXQLFDWLRQ�%RWWOHQHFN

� &RPSDUH�YDOXHV�IRU��VW�OLQH��SURJUDP��LQ�QDYLJDWLRQ�ZLQGRZ�
� 2YHUKHDG��UHG��LV�FRPPXQLFDWLRQ�WLPH
� SDUDOOHO�ZRUN��JUHHQ��LV�FDOFXODWLRQ�SDUW

� /LPLWLQJ�03,�FDOO� !��VW�03,�FDOO�LQ�QDYLJDWLRQ�ZLQGRZ
� 6HOHFW�LW��WKHQ

� 0HQX�Displays
� ,WHP�Call sites
� 2SWLRQ�Is Called
From

� 7R�VKRZ�VRXUFH�FRGH
� H[SDQG�FDOOLQJ�URXWLQH
LQ�QDYLJDWLRQ�ZLQGRZ

� VHOHFW�FDOO�VLWH

subroutine@linenumber
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$SSUHQWLFH���)LQGLQJ�/RDG�,PEDODQFH

� 6HOHFW�EDUULHU�RU�03,�FROOHFWLYH�FRPPXQLFDWLRQ�URXWLQH�LQ
QDYLJDWLRQ�ZLQGRZ��WKHQ
� 0HQX
Displays

� ,WHP
Call sites

� 2SWLRQ
Is Called From

� 6HOHFW�FDOO�VLWH
WR�VHH
� PLQLPXP
� PHDQ
� PD[LPXP

H[HFXWLRQ�WLPH
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7�(���7UDFLQJ

� 7KHUH�LV�QR�6*,�&UD\�WUDFLQJ�WRRO�� !��XVH�9DPSLU
� 1HFHVVDU\�WUDFH�LQVWUXPHQWDWLRQ�FDQ�EH�GRQH�LQ�WZR�ZD\V

� 2EMHFW�FRGH�LQVWUXPHQWDWLRQ�ZLWK�3$7
² FROODERUDWLRQ�EHWZHHQ�6*,�&UD\�DQG�)RUVFKXQJV]HQWUXP�-�OLFK
² VXSSRUWV�03,���390���DQG�6+0(0�SURJUDPV
² DGGLWLRQDO�PDQXDO�VRXUFH�FRGH�LQVWUXPHQWDWLRQ
IRU�VHOHFWLYH�WUDFLQJ

� &RPPHUFLDO�9DPSLUWUDFH�WUDFLQJ�OLEUDU\
² VXSSRUWV�03,�SURJUDPV�RQO\
² DGGLWLRQDO�PDQXDO�VRXUFH�FRGH�LQVWUXPHQWDWLRQ�IRU�UHFRUGLQJ�RI�XVHU
VXEURXWLQHV�DQG�VHOHFWLYH�WUDFLQJ

� 6HH
http://www.fz-juelich.de/zam/RD/coop/cray/crayperf.html

IRU�XS�WR�GDWH�GHVFULSWLRQ�DQG�DGGLWLRQDO�WLSV�DQG�KLQWV
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3$7���,QVWUXPHQWDWLRQ�IRU�7UDFLQJ

� 3UHSDUH�XVHU�DSSOLFDWLRQ�E\�OLQNLQJ�ZLWK�3$7�OLEUDU\�(-lpat��
PHVVDJH�SDVVLQJ�ZUDSSHU�OLEUDU\��-lwrapper��DQG�3$7�OLQNHU
FRPPDQG�ILOH��pat.cld�
t3e% cc *.o -o myprog -lpat -lwrapper pat.cld

� ,QVWUXPHQW�IRU�WUDFLQJ
=> insttrace CX3D VELO barrier CURR MPI_Recv TEMP...

=> quit

� )RU�UHDO�SURJUDPV�XQXVDEOH
EHWWHU��FUHDWH�OLVW�RI�IXQFWLRQV�WR�LQVWUXPHQW
� RQH�IXQFWLRQ�SHU�OLQH
� 1RWH����QDPHV�KDYH�WR�EH�VSHFLILHG�DV�OLQNHU�V\PERO�QDPHV
�L�H��)RUWUDQ��DOO�FDSLWDO�OHWWHUV��&�����PDQJOHG�QDPHV��

� UHDG\�WR�XVH�OLVWV�RI�PHVVDJH�SDVVLQJ��URXWLQHV�DW�ZHEVLWH
� 7KHQ�XVH��%�RSWLRQ�IRU�3$7�WR�LQVWUXPHQW�H[HFXWDEOH

t3e% pat -L -B MYLIST myprog
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3$7���7UDFH�*HQHUDWLRQ

� ,I�QHFHVVDU\��SDUDPHWHUV�IRU�WUDFH�UHFRUGLQJ�FDQ�EH
VSHFLILHG�WKURXJK�HQYLURQPHQW�YDULDEOHV
t3e% export PAT_NUM_TRACE_ENTRIES=20000 ��GHIDXOW������
t3e% export PAT_TRACE_LIMIT=20000    ��XQOLPLWHG
t3e% export PAT_TRACE_COLLECTIVE=1    ���

� ([HFXWH�SURJUDP�DJDLQ��WR�JHQHUDWH�SLI�ILOH�
t3e% mpprun -n ## a.out - myoptions myargs

� &RQYHUW�3$7�RXWSXW�LQWR�WUDFH�IRUPDW�RI�9DPSLU
>pif2bpv�DYDLODEOH�DW�ZHEVLWH@
t3e% pif2bpv a.out.pif mytrace.bpv

� $QDO\]H�WUDFH�ILOH�ZLWK�9DPSLU
t3e% vampir mytrace.bpv
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3$7���7UDFH�)LOH�6L]H�5HGXFWLRQ

� 0DQXDOO\�LQVHUW�IXQFWLRQV��GHILQHG�LQ�pat.h�DQG�pat.fh�

� IRU�VHOHFWLYH�WUDFLQJ
&�&�� )RUWUDQ
TRACE_OFF(); PIF$TRACEOFF() ��7XUQ�WUDFLQJ�RII
TRACE_ON(); PIF$TRACEON() ��7XUQ�WUDFLQJ�RQ

� IRU�WUDFH�VL]H�OLPLWDWLRQ
TRACE_LIMIT(li); PIF$TRACELIMIT(li) ��6HW�OLPLW�WR�li

��WUDFH�UHFRUGV
����� !�XQOLPLWHG

3DW�VWRSV�DIWHU�WUDFLQJ�DIWHU�UHFRUGLQJ�li�UHFRUGV
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&5$<�7�(���85/V

� &UD\�5HVHDUFK�2QOLQH�6RIWZDUH�3XEOLFDWLRQV�/LEUDU\
http://www.cray.com/swpubs/

� &5$<�7�(�&�DQG�&���2SWLPL]DWLRQ�*XLGH��������������
� &5$<�7�(�)RUWUDQ�2SWLPL]DWLRQ�*XLGH��������������
� ,QWURGXFLQJ�WKH�033�$SSUHQWLFH�7RRO��,1���������

� &UD\�7�(�YHQGRU�,QIRUPDWLRQ
http://www.cray.com/t3e/

� :KLWH�3DSHUV��http://www.cray.com/t3e/white_papers.html�
� )RUVFKXQJV]HQWUXP�-�OLFK�&UD\�3HUIRUPDQFH�7RROV�3DJH
http://www.fz-juelich.de/zam/RD/coop/cray/crayperf.html

� 9DULRXV�7�(�GRFXPHQWV�DQG�WDONV�DERXW�RSWLPL]DWLRQ
http://www.fz-juelich.de/zam/docs/craydoc/t3e/
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,%0�63����3HUIRUPDQFH�7RROV

� IODW�SURILOLQJ��VDPSOLQJ�
� >SURI@
� JSURI

� FDOO�JUDSK�SURILOLQJ
� JSURI���;SURILOHU

� GHWDLOHG��VRXUFH�OLQH��SURILOLQJ
� ;SURILOHU

� WUDFLQJ
� 97
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;SURILOHU

� *SURI���WLPH�VDPSOHG�FDOO�JUDSK�SURILOLQJ
� ;SURILOHU���JUDSKLFDO�DQDO\VLV�LQWHUIDFH�IRU�JSURI�RXWSXWV
� 8VDJH

� &RPSLOH�DQG�OLQN�ZLWK�“-g -pg µ�IODJV�DQG�RSWLPL]DWLRQ
� 5XQ�WKH�FRGH��JHQHUDWHV�gmon.out. N�ILOHV��1� ������3���
� $QDO\]H�ZLWK�JSURI�RU�[SURILOHU

sp2% gprof gmon.out.* > gprof.report

sp2% xprofiler myprog gmon.out.*

� )HDWXUHV
� JUDSKLFDO�FDOO�JUDSK�SHUIRUPDQFH�GLVSOD\

² H[HFXWLRQ�WLPH�ERWWOHQHFN�ORFDWLRQ
² FDOO�VHTXHQFH�LGHQWLILFDWLRQ

� JSURI�UHSRUWV
� VRXUFH�OLQH�SURILOLQJ
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;SURILOHU���0DLQ�'LVSOD\

� ZLGWK�RI�D�EDU
∝�WLPH�LQFOXGLQJ
FDOOHG�URXWLQHV

� KHLJKW�RI�D�EDU
∝�WLPH�H[FOXGLQJ
FDOOHG�URXWLQHV

� FDOO�DUURZV
ODEHOHG�ZLWK
QXPEHU�RI�FDOOV

� 2YHUYLHZ�ZLQGRZ
IRU�HDV\
QDYLJDWLRQ
�9LHZ��!�2YHUYLHZ�
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;SURILOHU���*SURI�5HSRUWV

� 0HQX�Report�SURYLGHV�XVXDO�JSURI�UHSRUWV�SOXV�VRPH�H[WUD
RQHV
� )ODW
3URILOH

� &DOO
*UDSK
3URILOH

� )XQFWLRQ
,QGH[

� )XQFWLRQ
&DOO
6XPPDU\

� /LEUDU\
6WDWLVWLFV
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;SURILOHU���6RXUFH�&RGH�:LQGRZ

� 6RXUFH�FRGH
ZLQGRZ�GLVSOD\V
VRXUFH�FRGH
ZLWK�WLPH�SURILOH
�LQ�WLFNV ����VHF�

� $FFHVV
� VHOHFW�IXQFWLRQ
LQ�PDLQ�GLVSOD\
�!�FRQWH[W�PHQX

� VHOHFW�IXQFWLRQ
LQ�IODW�SURILOH
�!�&RGH�'LVSOD\
�!�6KRZ�6RXUFH
����&RGH
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;SURILOHU���7LSV�DQG�+LQWV

� 6LPSOHVW�ZKHQ�JPRQ�RXW���H[HFXWDEOH��DQG�VRXUFH�FRGH
DUH�LQ�RQH�GLUHFWRU\

� %\�GHIDXOW��FDOO�WUHH�LQ�PDLQ�GLVSOD\�LV�´FOXVWHUHGµ
� 0HQX�Filter��!�,WHP�Uncluster Functions
� 0HQX�Filter��!�,WHP�Hide All Library Calls

� /LEUDULHV�PXVW�PDWFK�DFURVV�V\VWHPV�
� RQ�PHDVXUHPHQW�63��QRGHV
� RQ�ZRUNVWDWLRQ�XVHG�IRU�GLVSOD\�

� 0XVW�VDPSOH�UHDOLVWLF�SUREOHP��VDPSOLQJ�UDWH�LV�������VHF�
� 390�SURJUDPV�UHTXLUH�VSHFLDO�KRVWILOH��VSHFLI\�GLIIHUHQW�ZG·V
RWKHUZLVH�JPRQ�RXW�ILOHV�RYHUZULWH�HDFK�RWKHU�
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;SURILOHU���6DPSOH�390�+RVWILOH�IRU�3URILOLQJ

#host configuration for v08 nodes

#

#executable path for all hosts

*

ep=$PVM_ROOT/bin/$PVM_ARCH:$PVM_ROOT/lib/$PVM_ARCH:

   $HOME/bin:$PVM_ROOT/lib

v08l01 wd=/cfs/profile/01

v08l02 wd=/cfs/profile/02

v08l03 wd=/cfs/profile/03

v08l04 wd=/cfs/profile/04

v08l05 wd=/cfs/profile/05

v08l06 wd=/cfs/profile/06

...

$OWHUQDWLYH���DGG�D chdir() VWDWHPHQW�WR�WKH�SURFHGXUH�FRGH�
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97

� 03,�PHVVDJH�SDVVLQJ�YLVXDOL]DWLRQ�WRRO
� 1R�UH�FRPSLOLQJ�RU�UH�OLQNLQJ�QHFHVVDU\�
� 7UDFH�YLVXDOL]DWLRQ�WKURXJK�DQLPDWLRQ

� 'RHV�QRW�XVH�$,;�WUDFLQJ�OLEUDU\��EXW�RZQ�RQH�

� 7UDFH�JHQHUDWLRQ�E\�VHWWLQJ�WUDFH�OHYHO�ZLWK�RSWLRQ�-tlevel
sp2% poe myprog -procs ## -tlevel N -myoptions myargs

RU�HQYLURQPHQW�YDULDEOH�MP_TRACELEVEL
� (YHQWV 7UDFH�OHYHO
DSSOLFDWLRQ�PDUNHUV �������
NHUQHO�VWDWLVWLFV ���
PHVVDJH�SDVVLQJ ���
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97�'LVSOD\V

� 97�SURYLGHV�D�ODUJH�YDULHW\
RI�GLVSOD\V�IRU�V\VWHP�DQG
SDUDOOHO�SURJUDP�SHUIRUPDQFH

� 7UDFH�&RQWURO�:LQGRZ
DOORZV�FRQWURO�RI�WUDFH
DQG�GLVSOD\�DQLPDWLRQ

� 6RXUFH�GLVSOD\�UHTXLUHV�-g
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97�&RPPXQLFDWLRQ�'LVSOD\V
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97���7UDFH�5HFRUGLQJ�&RQWURO

� 6HOHFWLYH�WUDFLQJ
&�&�� )RUWUDQ
VT_trc_start_c(level); VT_TRC_START(level, ierr)

VT_trc_stop_c(); VT_TRC_STOP(ierr)

� $SSOLFDWLRQ�PDUNHU
mpc_marker(...) MP_MARKER(light, col, str)

� 7UDFH�VL]H�OLPLWDWLRQ
� &RPPDQG�OLQH�RSWLRQV

– tbuffsize size ��GHIDXOW�����0
– tpermsize size �����������������0

� (QYLURQPHQW�YDULDEOHV
sp2% export MP_TBUFFSIZE= size

sp2% export MP_TPERMSIZE= size
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,%0�63����)XWXUH�7RROV

� '\QDPLF�3UREH�&ODVV�/LEUDU\��'3&/�
� G\QDPLF�LQVWUXPHQWDWLRQ�RI�UXQQLQJ�VHULDO�RU�SDUDOOHO�SURJUDPV
� IRXQGDWLRQ�IRU�D�QHZ�IDPLO\�RI�WRROV
• http://www.ptools.org/projects/dpcl

� 3HUIRUPDQFH�+DUGZDUH�0RQLWRU�$3,
� 8QLILHG�7UDFH�(QYLURQPHQW��87(�

� XVHV�$,;�WUDFH�IDFLOLW\�DQG�VWDQGDUG�03,�SURILOLQJ�LQWHUIDFH
� VXSSRUWV�03,�HYHQW�JURXSV��SRLQW�WR�SRLQW��FROOHFWLYH������
� XVHV�-XPSVKRW�IRU�WUDFH�YLVXDOLVDWLRQ
• http://www.research.ibm.com/people/w/wu/UTE.html

� 6Y3DEOR
� JUDSKLFDO�VRXUFH�FRGH�LQVWUXPHQWRU�IRU�&�DQG�)RUWUDQ
� JUDSKLFDO�SHUIRUPDQFH�DQDO\VLV�DQG�SUHVHQWDWLRQ�WRRO
� FDSWXUHV�+:���6:�VWDWLVWLFV�SHU�IXQFWLRQV���ORRSV���VWDWHPHQWV
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,%0�63����85/V

� 3DUDOOHO�(QYLURQPHQW���3URGXFW�,QIRUPDWLRQ
http://www.rs6000.ibm.com/software/sp_products/pe.html

� 3DUDOOHO�(QYLURQPHQW���2QOLQH�'RFXPHQWDWLRQ
http://www.rs6000.ibm.com/resource/aix_resource/sp_books/pe/

� 6&���������3(�2SHUDWLRQ�DQG�8VH��GHVFULEHV�[SURILOHU���YW�
� ,%0�5HGERRNV
http://www.redbooks.ibm.com

� 56������6FLHQWLILF�DQG�7HFKQLFDO�&RPSXWLQJ�
32:(5�,QWURGXFWLRQ�DQG�7XQLQJ�*XLGH��6*�������

� 56������63��3UDFWLFDO�03,�3URJUDPPLQJ��6*�������
� :KLWH�3DSHUV�DQG�7HFKQLFDO�5HSRUWV
http://www.rs6000.ibm.com/resource/technology/index.html#sp

� 32:(53$5$//(/�8VHU�*URXS
http://spud-web.tc.cornell.edu/HyperNews/get/SPUserGroup.html

� $GYDQFHG�&RPSXWLQJ�7HFKQRORJ\�&HQWHU��$&7&�
http://www.research.ibm.com/actc/
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6*,�2�.���3HUIRUPDQFH�7RROV

� WLPH���+:�FRXQWHU�PHDVXUHPHQWV
� WLPH[��SHUIH[��6SHHG6KRS

� IODW�SURILOLQJ��VDPSOLQJ�
� 6SHHG6KRS��&YSHUI

� FDOO�JUDSK�SURILOLQJ
� 6SHHG6KRS��&YSHUI

� GHWDLOHG��EDVLF�EORFN��SURILOLQJ
� 6SHHG6KRS��&YSHUI

� GDWD���PHPRU\�SURILOLQJ
� GSURI�UHFRUGV�PHPRU\�DFFHVV�LQIRUPDWLRQ
� GORRN�GLVSOD\V�SODFHPHQW�RI�PHPRU\�SDJHV

� WUDFLQJ
� 6SHHG6KRS���>9DPSLU@
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7LPH[

� &RPPDQG�OLQH�WRRO�IRU�PHDVXULQJ
� HODSVHG��XVHU��DQG�V\VWHP�WLPH
� SURFHVVRU�DFFRXQWLQJ�GDWD��VHH�man timex�

� 8VDJH
o2k% timex options myprog -myoptions myargs

� ([DPSOH
o2k% timex myprog

==> setup ...

==> calculation ...

real     1.63

user     0.85

sys      0.58
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3HUIH[

� &RPPDQG�OLQH�WRRO�IRU�DFFHVVLQJ�0,36�KDUGZDUH�FRXQWHUV
�5��������5������RQO\�

� 8VDJH
o2k% perfex options myprog -myoptions myargs

� )HDWXUHV
� H[DFW�FRXQW�RI�RQH�RU�WZR�HYHQWV��RSWLRQ�-e num�
� DSSUR[LPDWH�FRXQW�RI�DOO�FRXQWDEOH�HYHQWV�E\�PXOWLSOH[LQJ��-a�
� FDQ�LQFOXGH�DQDO\WLF�RXWSXW��-y�
� XVH�VLJQDOV�WR�FRQWURO�VWDUW�VWRS��-s�
� SHU�WKUHDG����WRWDO�UHSRUW�IRU�PXOWSURFHVVLQJ�SURJUDPV��-mp�

� 1R�UH�FRPSLODWLRQ�RU�UH�OLQNLQJ�QHFHVVDU\�
� 6HOHFWLYH�SURILOLQJ�ZLWK�FDOOV�WR�SHUIH[�OLEUDU\
� 8VLQJ�SHUIH[�ZLWK�03,�SURJUDPV

o2k% mpirun -np # perfex -mp -operf.out myprog myargs
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3HUIH[���0,36�+:�&RXQWHU

� 5������+:�&RXQWHUV
��� �&\FOHV
��� �,VVXHG�LQVWUXFWLRQV
��� �,VVXHG�ORDGV
��� �,VVXHG�VWRUHV
��� �,VVXHG�VWRUH�FRQGLWLRQDOV
��� �)DLOHG�VWRUH�FRQGLWLRQDOV
��� �'HFRGHG�EUDQFKHV
��� �4XDGZRUGV�ZULWWHQ�EDFN
����IURP�VHFRQGDU\�FDFKH

��� �&RUUHFWDEOH�VHFRQGDU\�FDFKH
����GDWD�DUUD\�(&&�HUURUV

��� �3ULPDU\��/���LQVWUXFWLRQ
����FDFKH�PLVVHV

��� �6HFRQGDU\��/���LQVWUXFWLRQ
����FDFKH�PLVVHV

��� �,QVWUXFWLRQ�PLVSUHGLFWLRQ
����IURP�VHFRQGDU\�FDFKH�ZD\
����SUHGLFWLRQ�WDEOH

��� �([WHUQDO�LQWHUYHQWLRQV
��� �([WHUQDO�LQYDOLGDWLRQV
��� �9LUWXDO�FRKHUHQF\�FRQGLWLRQV
��� �*UDGXDWHG�LQVWUXFWLRQV
��� �&\FOHV
��� �*UDGXDWHG�LQVWUXFWLRQV
��� �*UDGXDWHG�ORDGV
��� �*UDGXDWHG�VWRUHV
��� �*UDGXDWHG�VWRUH�FRQGLWLRQDOV
��� �*UDGXDWHG�IORDWLQJ�SRLQW
�����LQVWUXFWLRQV

��� �4XDGZRUGV�ZULWWHQ�EDFN
�����IURP�SULPDU\�GDWD�FDFKH

��� �7/%�PLVVHV
��� �0LVSUHGLFWHG�EUDQFKHV
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3HUIH[���0,36�+:�&RXQWHU

� 5������+:�&RXQWHUV��FRQW��
��� �3ULPDU\��/���GDWD�FDFKH
�����PLVVHV

��� �6HFRQGDU\��/���GDWD�FDFKH
�����PLVVHV

��� �'DWD�PLVSUHGLFWLRQ�IURP
�����VHFRQGDU\�FDFKH�ZD\
�����SUHGLFWLRQ�WDEOH

��� �([WHUQDO�LQWHUYHQWLRQ�KLWV
�����LQ�VHFRQGDU\�FDFKH��/��

��� �([WHUQDO�LQYDOLGDWLRQ�KLWV
�����LQ�VHFRQGDU\�FDFKH

��� �6WRUH�SUHIHWFK�H[FOXVLYH�WR
�����FOHDQ�EORFN�LQ�VHFRQGDU\
�����FDFKH

��� �6WRUH�SUHIHWFK�H[FOXVLYH�WR
�����VKDUHG�EORFN�LQ�VHFRQGDU\
�����FDFKH

� 5������+:�&RXQWHU
'LIIHUHQFHV�WR�5�����
��� �'HFRGHG�LQVWUXFWLRQV
��� �'HFRGHG�ORDGV
��� �'HFRGHG�VWRUHV
��� �0LVV�KDQGOLQJ�WDEOH�RFFXSDQF\
��� �5HVROYHG�FRQGLWLRQDO�EUDQFKHV
��� �$OZD\V��
��� �([HFXWHG�SUHIHWFK
����LQVWUXFWLRQV

��� �3UHIHWFK�SULPDU\�GDWD�FDFKH
����PLVVHV
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3HUIH[�([DPSOH���*HWWLQJ�0)ORSV

o2k% perfex -y -e 21 myprog

==> setup ...
==> calculation ...
Summary for execution of myprog
                 Based on 195 MHz IP27
                     MIPS R10000 CPU
                     Counter  Typical Minimum Maximum
Event Counter Name    Value   Time(s) Time(s) Time(s)
======================================================
 0 Cycles.......... 5158743137 26.455  26.455  26.455

21 Floating point.. 3651000162 18.723   9.361 973.600

Statistics
======================================================
Floating point instructions/cycle..........   0.707731
MFLOPS (average per process)............... 138.007459

-e
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6SHHG6KRS

� 3URJUDP�SURILOLQJ�ZLWK�WKUHH�GLIIHUHQW�PHWKRGV
� VDPSOLQJ�EDVHG�RQ�GLIIHUHQW�WLPH�EDVHV
� LGHDO�WLPH
� H[FHSWLRQ�WUDFH�IRU�ISH·V

� 1R�UH�FRPSLODWLRQ�RU�UH�OLQNLQJ�QHFHVVDU\�
� 6XSSRUWV

� XQVWULSSHG�H[HFXWDEOHV��VKDUHG�OLEUDULHV
� &��&����I����I����$GD��3RZHU�)RUWUDQ��3RZHU�&
� VSURF�IRUN�SDUDOOHOLVP��SWKUHDGV��03,��390��VKPHP��2SHQ03
� ORWV�RI�GLIIHUHQW�H[SHULPHQWV��VHH�PDQ�VSHHGVKRS��VVUXQ��SURI�

� 8VDJH
� UXQ�H[SHULPHQWV�RQ�WKH�H[HFXWDEOH��ssrun -exp [-workshop]
� JHQHUDWHV�ILOH executable.experiment.pid
� H[DPLQH�SHUIRUPDQFH�GDWD��prof�cvperf ssrun.outfile

� 6HOHFWLYH�SURILOLQJ�ZLWK�FDOOV�WR�VVDSL�OLEUDU\
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6SHHG6KRS���6DPSOLQJ�([SHULPHQWV

� 6DPSOLQJ�EDVHG�RQ
� DFWXDO�HODSVHG�WLPH���WRWDOWLPH���XVHUWLPH���SFVDPS���F\BKZF�

² ILQGV�WKH�FRGH�ZKHUH�WKH�SURJUDP�VSHQGV�WKH�PRVW�WLPH
² XVH�WR�JHW�DQ�RYHUYLHZ�RI�WKH�SURJUDP�DQG�WR�ILQG�PDMRU�WURXEOH�VSRWV

� LQVWUXFWLRQ�FRXQWV���JLBKZF���JISBKZF�
² ILQGV�WKH�FRGH�WKDW�DFWXDOO\�SHUIRUPV�WKH�PRVW�LQVWUXFWLRQV
² 8VH�WR�ILQG�WKH�FRGH�WKDW�FRXOG�EHQHILW�PRVW�IURP�D�PRUH�HIILFLHQW
DOJRULWKP

� GDWD�DFFHVV���GFBKZF���VFBKZF���WOEBKZF�
² ILQGV�WKH�FRGH�WKDW�KDV�WR�ZDLW�IRU�LWV�GDWD�WR�EH�EURXJKW�LQ�IURP
DQRWKHU�OHYHO�RI�WKH�PHPRU\�KLHUDUFK\

² 8VH�WKHVH�WR�ILQG�PHPRU\�DFFHVV�SUREOHPV
� FRGH�DFFHVV���LFBKZF���LVFBKZF�

² ILQGV�WKH�FRGH�WKDW�KDV�WR�EH�IHWFKHG�IURP�PHPRU\�ZKHQ�LW�LV�FDOOHG
² 8VH�WKHVH�WR�SLQSRLQW�IXQFWLRQV�WKDW�FRXOG�EH�UHRUJDQL]HG�IRU�EHWWHU
ORFDOLW\��RU�WR�VHH�ZKHQ�DXWRPDWLF�LQOLQLQJ�KDV�JRQH�WRR�IDU
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6SHHG6KRS���2WKHU�([SHULPHQWV

� ,GHDO
� SURYLGHV�H[DFW�PHDVXUHPHQWV�RI�H[HFXWHG�EDVLF�EORFNV
� UHSRUWV�F\FOH�FRXQW��LGHDO�WLPH�� !�LJQRUHV�FDFKH�PLVVHV��RYHUODS���
� H[HFXWLRQ�VORZGRZQ��IDFWRU���WR��

� LR
� WUDFHV�FDOOV�WR�81,;�L�R�V\VWHP�FDOOV�H�J��read��write�����

� PSL
� WUDFHV�FDOOV�WR�03,�SRLQW�WR�SRLQW��03,B%DUULHU��DQG�03,B%FDVW
� JHQHUDWHV�ILOH�YLHZDEOH�ZLWK�FYSHUI
� VVILOWHU�FDQ�SURGXFH�9DPSLU�WUDFHV�IURP�´�PSLµ�RXWSXW��EHWD�

� ISH
� IORDWLQJ�SRLQW�H[FHSWLRQV�WUDSSHG�LQ�+:��EXW�LJQRUHG�E\�GHIDXOW
� FROOHFWV�GDWD�RQ�DOO�IORDWLQJ�SRLQW�H[FHSWLRQV
� H[FHSWLRQ�IUHH�FRGH�DOORZV�IRU�KLJKHU�OHYHO�RI�RSWLPL]DWLRQ
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6SHHG6KRS���3HUIRUPDQFH�$QDO\VLV

� 3URI
� FRPPDQG�OLQH�SHUIRUPDQFH�DQDO\]HU
� LPSRUWDQW�RSWLRQV

– heavy UHSRUWV�PRVW�KHDYLO\�XVHG�OLQHV�LQ�HDFK�IXQFWLRQ
– quit �n�RU�n% WUXQFDWHV�DIWHU�WKH�ILUVW�n�OLQHV���n%

– butterfly � FDOO�JUDSK�SURILOLQJ��RQO\�IRU�VRPH�H[SHULPHQWV�
� FRPSLOHU���OLQNHU�IHHGEDFN�ILOH�JHQHUDWLRQ

� &YSHUI
� 9LVXDO�:RUNVKRS�3HUIRUPDQFH�$QDO\]HU
� *8,�IURQW�HQG
� SHUIRUPDQFH�H[SHULPHQW�DQG�RSWLRQ�VSHFLILFDWLRQ
� SHUIRUPDQFH�DQDO\VLV�VSHFLILFDWLRQ�DQG�SHUIRUPDQFH�YLHZV
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6SHHG6KRS�([DPSOH���XVHUWLPH�6DPSOLQJ

o2k% ssrun -usertime myprog

o2k% prof myprog.usertime.m95674

...
------------------------------------------------------
function list, in descending order by exclusive time
------------------------------------------------------
[index] excl.s excl.%   cum%  incl.s  inc.% procedure
    [5] 10.410  71.8%  71.8%  10.410  71.8% MATVEC
    [6]  2.400  16.6%  88.4%   2.400  16.6% SETUP
    [7]  0.900   6.2%  94.6%   0.900   6.2% SCALE
    [8]  0.780   5.4% 100.0%   0.780   5.4% DOTPROD
    [1]  0.000   0.0% 100.0%  14.490 100.0% __start
    [2]  0.000   0.0% 100.0%  14.490 100.0% main
    [3]  0.000   0.0% 100.0%  14.490 100.0% MAT_VEC_PR
    [4]  0.000   0.0% 100.0%  12.060  83.2% CALC
...
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&YSHUI���&DOO�*UDSK�9LHZ
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6*,�2�.���85/V

� 6*,�2ULJLQ�����3DJHV
http://www.sgi.com/origin/2000/

� 6*,�2QOLQH�3XEOLFDWLRQ�/LEUDU\
http://techpubs.sgi.com/library

� 0,36SUR�&��&����)RUWUDQ�3URJUDPPHU·V�*XLGHV
� 0,36SUR�&RPSLOLQJ�DQG�3HUIRUPDQFH�7XQLQJ�*XLGH
� 'HYHORSHU�0DJLF��3UR'HY�:RUNVKRS�03�8VHU·V�*XLGH
� 'HYHORSHU�0DJLF��3HUIRUPDQFH�$QDO\]HU�8VHU·V�*XLGH
� 6SHHG6KRS�8VHU·V�*XLGH
� 2�.�DQG�2Q\[��3HUIRUPDQFH�7XQLQJ�DQG�2SWLPL]DWLRQ�*XLGH

� 1&6$��)UHTXHQWO\�8VHG�7RROV�DQG�0HWKRGV�IRU�3HUIRUPDQFH
$QDO\VLV�DQG�7XQLQJ�RQ�6*,�V\VWHPV
http://www.ncsa.uiuc.edu/SCD/Perf/Tuning/Tips/

� 0DXL�+LJK�3HUI��&RPSXWLQJ�&HQWHU�3HUIRUPDQFH�7XQLQJ�3DJHV
http://www.mhpcc.edu/doc/perf.html
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�UG�3DUW\���3HUIRUPDQFH�7RROV

� 7UDFLQJ�RI�03,�3URJUDPV
� 9DPSLU��3DOODV�
� 9DPSLUWUDFH��3DOODV�

� 3HUIRUPDQFH�3UHGLFWLRQ
� 'LPHPDV��3DOODV�

� 3HUIRUPDQFH�$QDO\VLV�RI�2SHQ03�3URJUDPV
� *XLGH9LHZ��.$,�
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9DPSLU

•• VVisualization and
AAnalysis of MPIMPI
Prrograms

• Originally developed by
Forschungszentrum Jülich

• Now main development by
Technical University Dresden

• Commercially distributed by
PALLAS, Germany

• http://www.pallas.de/pages/vampir.htm
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9DPSLU���*HQHUDO�'HVFULSWLRQ

� 2IIOLQH�WUDFH�DQDO\VLV�IRU�PHVVDJH�SDVVLQJ�WUDFH�ILOHV

� &RQYHQLHQW�XVHU²LQWHUIDFH���(DV\�FXVWRPL]DWLRQ

� 6FDODELOLW\�LQ�WLPH�DQG�SURFHVVRU²VSDFH

� ([FHOOHQW�]RRPLQJ�DQG�ILOWHULQJ

� 'LVSOD\�DQG�DQDO\VLV�RI�03,�DQG�DSSOLFDWLRQ�HYHQWV�
� XVHU�VXEURXWLQHV
� SRLQW²WR²SRLQW�FRPPXQLFDWLRQ
� FROOHFWLYH�FRPPXQLFDWLRQ��9HUVLRQ�����
� 03,²��,�2�RSHUDWLRQV��9HUVLRQ�����

� /DUJH�YDULHW\�RI�GLVSOD\V�IRU�$1<�SDUW�RI�WKH�WUDFH
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9DPSLU���7LPH�/LQH�'LDJUDP

� )XQFWLRQV
RUJDQL]HG
LQWR�JURXSV

� FRORULQJ
E\�JURXS

� 0HVVDJH
OLQHV�FDQ
EH�FRORUHG
E\�WDJ�RU
VL]H

� ,QIRUPDWLRQ�DERXW�VWDWHV��PHVVDJHV��FROOHFWLYH�DQG�,�2
RSHUDWLRQV�DYDLODEOH�WKURXJK�FOLFNLQJ�RQ�WKH�UHSUHVHQWDWLRQ

� 6RXUFH²FRGH�UHIHUHQFHV�FDQ�EH�GLVSOD\HG�LI�UHFRUGHG�LQ�WUDFH
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9DPSLU���6XSSRUW�IRU�&ROOHFWLYH�&RPPXQLFDWLRQ

� )RU�HDFK�SURFHVV��ORFDOO\�PDUN�RSHUDWLRQ

� &RQQHFW�VWDUW�VWRS�SRLQWV�E\�OLQHV

Start Stop

Data sent Data received
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9DPSLU���&ROOHFWLYH�&RPPXQLFDWLRQ
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9DPSLU���6WDWLVWLFDO�'LVSOD\V

� 3URILOLQJ��H[HFXWLRQ�WLPH�
QR��RI�FDOOV��LQF��H[FO����,�2�
DQG�FRPPXQLFDWLRQ�VWDWLVWLFV
�E\WH�DQG�PHVVDJH�FRXQW��PHVVDJH�OHQJWK�DQG�EDQGZLGWK�

� $YDLODEOH�IRU�DQ\�SDUW�RI�WKH�WUDFH��VHOHFWDEOH�WKURXJK�WLPH
OLQH�GLDJUDP�
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9DPSLU���2WKHU�)HDWXUHV

� $OO�GLDJUDPV�KLJKO\�FXVWRPL]DEOH��WKURXJK�FRQWH[W�PHQXV�
� 0RVW�GLDJUDPV�DOVR�DYDLODEOH�LQ�ORFDO��SHU�SURFHVV��IRUP
� 6RXUFH�FRGH��FDOO�JUDSK��SDUDOOHOLVP�GLDJUDPV
� 3RZHUIXO�ILOWHULQJ�DQG�WUDFH�FRPSDULVRQ�IHDWXUHV
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9DPSLU���$YDLODELOLW\

� 6XSSRUWHG�SODWIRUPV
� &RPSDT�$OSKD��7UX���8QL[
� &UD\�7�(
� +LWDFKL�65������+,�8;�033
� +3�3$��+3�8;���
� +3�([HPSODU��633�8;����
� ,%0�56������DQG�63����$,;��
� /LQX[�,QWHO����
� 1(&�(:6��(:6�8;��
� 1(&�6;����6�8;��
� 6*,�ZRUNVWDWLRQV��2�.�DQG�3RZHU&KDOOHQJH��,5,;��
� 6XQ�6RODULV�63$5&����
� 6XQ�6RODULV�,QWHO����
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9DPSLUWUDFH

� &RPPHUFLDO�SURGXFW�RI�3DOODV��*HUPDQ\

� /LEUDU\�IRU�7UDFLQJ�RI�03,�DQG�$SSOLFDWLRQ�(YHQWV
� UHFRUGV�SRLQW�WR�SRLQW�FRPPXQLFDWLRQ
� UHFRUGV�XVHU�VXEURXWLQHV��RQ�UHTXHVW�

� 1HZ�YHUVLRQ����
� UHFRUGV�FROOHFWLYH�FRPPXQLFDWLRQ
� UHFRUGV�03,²��,�2�RSHUDWLRQV
� UHFRUGV�VRXUFH²FRGH�LQIRUPDWLRQ��VRPH�SODWIRUPV�
� VXSSRUW�IRU�VKPHP��&UD\�7�(�

� XVHV�WKH�03,�SURILOLQJ�LQWHUIDFH

• http://www.pallas.de/pages/vampirt.htm
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9DPSLUWUDFH���8VDJH

� 5HFRUG�03,²UHODWHG�LQIRUPDWLRQ
� 5H²OLQN�D�FRPSLOHG�03,�DSSOLFDWLRQ��QR�UH�FRPSLODWLRQ�QHFHVVDU\��

% f90 *.o -o myprog -L$(VTHOME)/lib -lVT -lpmpi -lmpi

% cc  *.o -o myprog -L$(VTHOME)/lib -lVT -lpmpi -lmpi

% CC  *.o -o myprog -L$(VTHOME)/lib -lVT -lpmpi -lmpi

� ([HFXWH�03,�ELQDU\�DV�XVXDO

� 5HFRUG�XVHU�VXEURXWLQHV
� LQVHUW�FDOOV�WR�WKH�9DPSLUWUDFH�$3,��SRUWDEOH��EXW�LQFRQYHQLHQW�
� XVH�DXWRPDWLF�LQVWUXPHQWDWLRQ��1(&�6;��)XMLWVX�933��+LWDFKL�65�
� XVH�LQVWUXPHQWDWLRQ�WRRO��&UD\�3$7��G\QLQVW������

� 5HGXFH�WUDFH�ILOH�VL]HV
� ILOWHU�HYHQWV�LQ�D�FRQILJXUDWLRQ�ILOH
� HQDEOH�WUDFLQJ�IRU�SDUW�RI�WKH�DSSOLFDWLRQ�RQO\
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9DPSLUWUDFH�,QVWUXPHQWDWLRQ�$3,��&�&���

� &DOOV�IRU�UHFRUGLQJ�XVHU�VXEURXWLQHV

� (YHQW�QXPEHUV�XVHG�PXVW�EH�XQLTXH
� 6HOHFWLYH�WUDFLQJ�WKURXJK

• VT_traceoff(); ��7XUQ�WUDFLQJ�RII
• VT_traceon(); ��7XUQ�WUDFLQJ�RQ

#include “VT.h”

VT_symdef(123, “foo”, “USER”); ���RQFH�DIWHU�03,B,QLW�
...

void foo {
    VT_begin(123);             ����VW�H[HFXWDEOH�OLQH
    ...
    VT_end(123);               ���DW�(9(5<�H[LW�SRLQW�
}
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97���K�����&���FODVV�ZUDSSHU�IRU�9DPSLUWUDFH

� 6DPH�WULFNV�FDQ�EH�XVHG�WR�ZUDS�RWKHU�WUDFLQJ�$3,V�IRU�&���WRR
� 8VDJH�

#ifndef __VT_PLUSPLUS_
#define __VT_PLUSPLUS_
#include "VT.h”
class VT_Trace {
  public:  VT_Trace(int code) {VT_begin(code_ = code);}
          ~VT_Trace()         {VT_end(code_);}
  private: int code_;
};
#endif /* __VT_PLUSPLUS_ */

VT_symdef(123, "foo", "USER"); ���V\PERO�GHILQLWLRQ�DV�EHIRUH
void foo(void) {         ���XVHU�VXEURXWLQH�WR�PRQLWRU
  VT_Trace vt(123);      ���GHFODUH�97B7UDFH�REMHFW�LQ��VW�OLQH
  ...                    ��� !�DXWRPDWLF�WUDFLQJ�E\�FWRU�GWRU
}
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9DPSLUWUDFH�,QVWUXPHQWDWLRQ�$3,��)RUWUDQ�

� &DOOV�IRU�UHFRUGLQJ�XVHU�VXEURXWLQHV

� 6HOHFWLYH�WUDFLQJ�WKURXJK
• VTTRACEOFF() ��7XUQ�WUDFLQJ�RII
• VTTRACEON() ��7XUQ�WUDFLQJ�RQ

      include ‘VT.inc’
      integer ierr
      call VTSYMDEF(123, “foo”, “USER”, ierr)
C
      SUBROUTINE foo(...)
      include ‘VT.inc’
      integer ierr
      call VTBEGIN(123, ierr)
C     ...
      call VTEND(123, ierr);
      END
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9DPSLUWUDFH���$YDLODELOLW\

� 6XSSRUWHG�SODWIRUPV
� &RPSDT�$OSKD��7UX���8QL[
� &5$<�7�'�DQG�7�(��8QLFRV
� )XMLWVX�933����DQG�933�����8;3�9
� +LWDFKL�65������+,�8;�033
� +3�3$��+3�8;���
� ,%0�56������DQG�63����$,;��
� ,QWHO�3DUDJRQ��3DUDJRQ�26����
� /LQX[�,QWHO���[
� 1(&�&HQMX����3DUDOLE�FM
� 1(&�6;����6�8;��
� 6*,�ZRUNVWDWLRQV��2�.��DQG�3RZHU&KDOOHQJH��,5,;��
� 6XQ�6RODULV�63$5&����
� 6XQ�6RODULV�,QWHO����
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',0(0$6

� 'HYHORSHG�E\�&(3%$�83&��6SDLQ
� 1RZ�FRPPHUFLDO�SURGXFW�RI�3DOODV��*HUPDQ\
� 3HUIRUPDQFH�SUHGLFWLRQ�WRRO�IRU�PHVVDJH�SDVVLQJ�SURJUDPV

� VXSSRUWV�VHYHUDO�PHVVDJH�SDVVLQJ�OLEUDULHV�LQFOXGLQJ�390��03,
DQG�3$50$&6

� 8VHV
� 3UHGLFWLRQ�RI�DSSOLFDWLRQ�UXQWLPH�RQ�D�VSHFLILF�WDUJHW�PDFKLQH
� 6WXG\�RI�ORDG�LPEDODQFHV�DQG�SRWHQWLDO�SDUDOOHOLVP
� 6HQVLWLYLW\�DQDO\VLV�IRU�DUFKLWHFWXUDO�SDUDPHWHUV
� ,GHQWLILFDWLRQ�RI�XVHU�PRGXOHV�WKDW�DUH�ZRUWKZKLOH�WR�RSWLPL]H

� /LPLWDWLRQV
� FDFKH�HIIHFWV
� SURFHVV�VFDOLQJ
� QRQ²GHWHUPLQLVWLF�SURJUDPV

• http://www.pallas.de/pages/dimemas.htm
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'LPHPDV�0RGHO

� 7UDFH�ILOH�FRQWDLQV
� &38�WLPH�VSHQW�LQ�HDFK�FRGH�EORFN
� SDUDPHWHUV�RI�FRPPXQLFDWLRQ�HYHQWV��SRLQW²WR²SRLQW��FROOHFWLYH�

� 'LPHPDV�VLPXODWHV�DSSOLFDWLRQ�H[HFXWLRQ
� VFDOHV�WLPH�VSHQW�LQ�HDFK�EORFN�DFFRUGLQJ�WR�WDUJHW�&38�VSHHG
� SHUIRUPV�FRPPXQLFDWLRQ�DFFRUGLQJ�WR�WDUJHW�PDFKLQH�PRGHO

� 'LPHPDV�FDQ�PRGHO
� PXOWLWDVNLQJ���PXOWLWKUHDGLQJ
� DUELWUDU\�SURFHVV²WR²SURFHVVRU�PDSSLQJV
� KHWHURJHQHRXV�PDFKLQHV�ZLWK�YDULRXV�LQWHUFRQQHFWLRQV

² LQFOXGHV�GDWDEDVH�RI�PDFKLQH�SDUDPHWHUV
� FRPPXQLFDWLRQ���SRLQW²WR²SRLQW�DFFRUGLQJ�WR�ODWHQF\�EDQGZLGWK
PRGHO��QHWZRUN�FRQWHQWLRQ��FROOHFWLYH�FRPPXQLFDWLRQ��FRQVWDQW�
OLQHDU��ORJDULWKPLF�
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'LPHPDV�2XWSXWV

� 6LPXODWRU
� ([HFXWLRQ�WLPH���6SHHG²XS
� 3HU�WDVN�

² ([HFXWLRQ��&38��%ORFNLQJ�WLPH
² 0HVVDJHV�VHQW���UHFHLYHG
² 'DWD�YROXPH�FRPPXQLFDWHG

� :KDW²,I�$QDO\VLV
� $QDO\VLV�SHU�FRGH�EORFN�RU�VXEURXWLQH
� $QDO\VLV�IRU�WDUJHW�PDFKLQH�SDUDPHWHUV

� &ULWLFDO�3DWK�$QDO\VLV
� &ULWLFDO�SDWK��ORQJHVW�FRPPXQLFDWLRQ�SDWK�
� $QDO\VLV�SHU�FRGH�EORFN���SHUFHQWDJH�RI�FRPSXWLQJ��
FRPPXQLFDWLRQ�WLPH

� 6\QWKHWLF�3HUWXUEDWLRQ�$QDO\VLV
� 9DPSLU�7UDFH�ILOHV
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'LPHPDV���$SSOLFDWLRQ�$QDO\VLV

� $QDO\]H�ORDG²EDODQFH�DQG�FRPPXQLFDWLRQ�GHSHQGHQFLHV�
� VHW�EDQGZLGWK ∞��ODWHQF\ �

� 6KRXOG�PHVVDJHV�EH�DJJUHJDWHG"
� VHW�EDQGZLGWK �∞

� 'RHV�WKH�EDQGZLGWK�FRQVWUDLQ�SHUIRUPDQFH"
� VHW�ODWHQF\ �

� 'RHV�PHVVDJH�FRQWHQWLRQ�FRQVWUDLQ�SHUIRUPDQFH"
� VHW�QXPEHU�RI�FRQQHFWLRQV ���������
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'LPHPDV���$YDLODELOLW\

� 6XSSRUWHG�SODWIRUPV
� ,%0�56������DQG�63����$,;��
� 6*,�ZRUNVWDWLRQV��2�.��DQG�3RZHU&KDOOHQJH��,5,;��
� 6XQ�6RODULV�63$5&����
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*XLGH9LHZ

� &RPPHUFLDO�SURGXFW�RI�.$,
� 2SHQ03�3HUIRUPDQFH�$QDO\VLV�7RRO
� 3DUW�RI�.$3�3UR�7RROVHW�IRU�2SHQ03
� /RRNV�IRU�2SHQ03�SHUIRUPDQFH�SUREOHPV

� ORDG�LPEDODQFH
� V\QFKURQLVDWLRQ��ZDLWLQJ�IRU�ORFNV�
� IDOVH�VKDULQJ

� :RUNV�IURP�H[HFXWLRQ�WUDFH�V�
� 8VDJH�

� FRPSLOH�FRGH�ZLWK�*XLGH�2SHQ03�FRPSLOHU
� OLQN�ZLWK�LQVWUXPHQWHG�OLEUDU\
� UXQ�ZLWK�UHDO�LQSXW�GDWDVHWV
� YLHZ�WUDFHV�ZLWK�*XLGH9LHZ

• http://www.kai.com/parallel/kappro/
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*XLGH9LHZ���:KROH�$SSOLFDWLRQ�9LHZ

Compare multiple runs

Identify bottlenecks
(barriers, locks, seq. time)

Compare actual vs. ideal 
performance
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*XLGH9LHZ���3HU²7KUHDG�9LHZ

Show scalability problems

Analyse each thread’s 
performance
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*XLGH9LHZ���3HU²6HFWLRQ�9LHZ

Identify serial regions that
hurt scalability

Analyse each parallel
region

Sort or filter regions to 
navigate to performance 

hotspots



©  1999 Forschungszentrum Jülich, NIC-ZAM[II-74]

.$3�3UR��*XLGH9LHZ����$YDLODELOLW\

� 6XSSRUWHG�SODWIRUPV
� &RPSDT�$OSKD�6\VWHPV

² &RPSDT�7UX���8QL[������&�&����I����I����
² :LQGRZV�17������I����I���

� 6*,�0,36�6\VWHPV
² ,UL[������&�&����I����I���

� 6XQ�63$5&�6\VWHPV
² 6RODULV�����������DQG������&�&����I����I���

� ,QWHO��,$����6\VWHPV
² :LQGRZV�17������&��I����I���
² /LQX[������&�&���
² 6RODULV������I���

� +HZOHWW�3DFNDUG�3$�5,6&�����6\VWHPV
² +3�8;�������&�&����I����I���

� ,%0�56������6\VWHPV
² ,%0�$,;������������&�&����I����I���
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�UG�3DUW\���85/V

� 75$33(5
V�SDUDOOHO�SURJUDPPLQJ�HQYLURQPHQW�LQFOXGHV
SHUIRUPDQFH�DQDO\VLV�DQG�H[HFXWLRQ�YLVXDOL]DWLRQ�WRROV
http://www.genias.de/products/trapper/

� 3*,·V�3*352)�+3)�3URILOHU
3RVW�PRUWHP��*UDSKLFDO�RU�FRPPDQG�OHYHO�SURILOLQJ�RI�+3)
SURJUDPV�RQ�033��603��DQG�ZRUNVWDWLRQ�FOXVWHU�V\VWHPV
http://www.pgroup.com/hpf_prof_desc.html

� (7186�,QF��7LPH6FDQ�0XOWLSURFHVV�(YHQW�$QDO\]HU
http://www.etnus.com/products/timescan/
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5HVHDUFK���3HUIRUPDQFH�7RROV

� 7UDFLQJ�RI�03,�3URJUDPV
� 1XSVKRW���-XPSVKRW��03,&+�
� 03,&/���3DUDJUDSK
� $,06��179

� 3URILOLQJ���7UDFLQJ�RI�SDUDOOHO��PXOWLWKUHDGHG�SURJUDPV
� 7$8·V�3RUWDEOH�3URILOLQJ�DQG�7UDFLQJ�3DFNDJH

� '\QDPLF�REMHFW�FRGH�LQVWUXPHQWDWLRQ
� G\QLQVW
� '3&/

� $XWRPDWLF�3HUIRUPDQFH�$QDO\VLV
� 3DUDG\Q

3DUW�,,,
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03,&+�7UDFLQJ

� 03,&+�GLVWULEXWLRQ�SURYLGHV�SRUWDEOH�03,
WUDFLQJ�OLEUDU\��FDOOHG�ORJJLQJ�E\�03,&+�
WKURXJK�0XOWL3URFHVVLQJ�(QYLURQPHQW��03(�

� 03,�SURJUDPV�JHQHUDWH�WUDFHV�ZKHQ�FRPSLOHG
ZLWK�-mpilog�RSWLRQ�WR�mpicc��mpiCC��mpif77�
RU�mpif90�FRPPDQG
>RU�OLQN�ZLWK�-llmpi -lmpe -lpmpi(ch) -lmpi(ch)@

� LPSOHPHQWHG�WKH�VWDQGDUG�03,�SURILOLQJ�LQWHUIDFH
⇒ ZRUNV�ZLWK�RWKHU�03,�LPSOHPHQWDWLRQV�WRR��6*,��,%0��&UD\�

� VXSSRUWV�WZR�WUDFH�IRUPDWV
� $/2*���ROGHU��FDQ�EH�YLHZHG�ZLWK�QXSVKRW
� &/2*���QHZHU��FDQ�EH�YLHZHG�ZLWK�-XPSVKRW

FRQWUROOHG�E\�HQYLURQPHQW�YDULDEOH�03,B/2*B)250$7

• http://www-fp.mcs.anl.gov/~lusk/upshot/
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1XSVKRW���7LPHOLQH�'LVSOD\

� 6WDWLF�WLPHOLQH
GLVSOD\�ZLWK
]RRPLQJ��
SDQQLQJ

� 'LVSOD\V�$/2*
DQG�3,&/�9�
IRUPDWV

� ,PSOHPHQWHG
ZLWK�7FO�7N
���������QHHGHG�

� 0RUH�SRUWDEOH�
EXW�VORZHU�YHUVLRQ
DYDLODEOH�DV
XSVKRW
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1XSVKRW��6WDWLVWLFV�'LVSOD\

� 6WDWLVWLF�GLVSOD\�VKRZLQJ�H[HFXWLRQ�WLPH�GLVWULEXWLRQ�RI
VHOHFWHG�VWDWH

� $FFHVVHG�WKURXJK�´VWDWHµ�EXWWRQ�LQ�WLPHOLQH�GLVSOD\
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-XPSVKRW

� 6WDWLF�WLPHOLQH
GLVSOD\�ZLWK
]RRPLQJ��
SDQQLQJ

� 'LVSOD\V�&/2*
DQG�3,&/�9�
IRUPDWV

� ,PSOHPHQWHG
LQ�-DYD

• http://www-unix.mcs.anl.gov/~zaki/JS/home.html
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03(���&XVWRPL]LQJ�/RJILOHV��&�&���

� 03(�FDOOV�IRU�UHFRUGLQJ�XVHU�VXEURXWLQHV

� (YHQW�QXPEHUV�XVHG�PXVW�EH�XQLTXH
• MPE_Log_event �FDQ�ORJ�RQH�LQWHJHU�DQG�VWULQJ�DUJXPHQW
� 6HOHFWLYH�WUDFLQJ�WKURXJK

• MPE_Stop_log(); ��7XUQ�WUDFLQJ�RII
• MPE_Start_log(); ��7XUQ�WUDFLQJ�RQ

#include “mpe.h”
MPE_Describe_state(101, 102, “foo”, “blue”);
...

void foo {
    MPE_Log_event(101, 0, (char *)0);
    ...
    MPE_Log_event(102, 0, (char *)0);
}
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03(���&XVWRPL]LQJ�/RJILOHV��)RUWUDQ�

� 03(�FDOOV�IRU�UHFRUGLQJ�XVHU�VXEURXWLQHV

� 6HOHFWLYH�WUDFLQJ�WKURXJK
• MPE_STOP_LOG() ��7XUQ�WUDFLQJ�RII
• MPE_START_LOG() ��7XUQ�WUDFLQJ�RQ

      include ‘mpef.h’
      call MPE_DESCRIBE_STATE(101, 102, “foo”, “blue”)
C
      SUBROUTINE foo(...)
      include ‘mpef.h’
      call MPE_LOG_EVENT(101, 0, “”)
C     ...
      call MPE_LOG_EVENT(102, 0, “”)
      END
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03,&/���3DUDJUDSK

� VXEURXWLQH�OLEUDU\�IRU�FROOHFWLQJ�LQIRUPDWLRQ
� RQ�FRPPXQLFDWLRQ�DQG�XVHU�GHILQHG�HYHQWV
� IRU�)RUWUDQ���&�03,�SURJUDPV

� XVHV�WKH�VWDQGDUG�03,�SURILOLQJ�LQWHUIDFH
� WZR�FROOHFWLRQ�PRGHV

� SURILOH�GDWD��VXPPDUL]LQJ�WKH�QXPEHU�RI�RFFXUUHQFHV��WKH
DVVRFLDWHG�YROXPH�VWDWLVWLFV��DQG�WKH�WLPH�VSHQW�LQ�FRPPXQLFDWLRQ
DQG�XVHU�GHILQHG�HYHQWV�IRU�HDFK�SURFHVVRU

� FROOHFW�GHWDLOHG�WUDFHV�RI�HDFK�03,�IXQFWLRQ�LQ�3,&/�IRUPDW
VXLWDEOH�IRU�YLHZLQJ�ZLWK�3DUDJUDSK��QXSVKRW��MXPSVKRW�

� 7HVWHG�RQ�+3�&RQYH[�([HPSODU��,%0�63��,QWHO�3DUDJRQ�
6*,�&UD\�2�.��6*,�&UD\�7�(��DQG�RQ�&2:���03,&+

� %XW�FDQ�HDVLO\�EH�SRUWHG�WR�DQ\�VWDQGDUGV�FRPSOLDQW�03,
• http://www.epm.ornl.gov/picl/mpicl.html

• http://www.csar.uiuc.edu/software/paragraph
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$,06

� $XWRPDWHG�,QVWUXPHQWDWLRQ�DQG�0RQLWRULQJ�6\VWHP
� WRRO�VXLWH�IRU�SHUIRUPDQFH�PHDVXUHPHQW�DQG�DQDO\VLV

� [LQVWUXPHQW��VRXUFH�FRGH�LQVWUXPHQWRU�IRU�)RUWUDQ��
DQG�&�PHVVDJH�SDVVLQJ�SURJUDPV��03,�RU�390�

� PRQLWRU��WUDFH�FROOHFWLRQ�OLEUDU\��IRU�,%0�63���DQG
ZRUNVWDWLRQ�FOXVWHU��&RQYH[�+3��6XQ��6*,V��DQG�,%0�

� SF��XWLOLW\�IRU�UHPRYLQJ�PRQLWRULQJ�RYHUKHDG�DQG�LWV
HIIHFWV�RQ�WKH�FRPPXQLFDWLRQ�SDWWHUQV

� WUDFH�ILOH�YLVXDOL]DWLRQ�DQG�DQDO\VLV�WRRONLW�
$,06�SURYLGHV�IRXU�WUDFH�SRVW�SURFHVVLQJ�NHUQHOV�
² YLVXDOL]DWLRQ�DQLPDWLRQ��9.�
² WH[W�EDVHG�SURILOLQJ��WDOO\�
² KLHUDUFKLFDO�SHUIRUPDQFH�WXQLQJ��[LVN�
² SHUIRUPDQFH�SUHGLFWLRQ��0.�

� WUDFH�FRQYHUWHUV�IRU�3,&/��3DUDJUDSK��DQG�6'')�3DEOR�
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$,06���9.

� 3URYLGHG�YLHZV
� $QLPDWHG�WLPHOLQH

� 7KH�DPRXQW��W\SH��GXUDWLRQ�RI�YDULRXV�,�2�DFWLYLWLHV
� &RVW�IRU�SDUWLWLRQLQJ�GDWD�VWUXFWXUHV�DFURVV�WKH�PDFKLQH
� 7KH�HIIHFWLYH�UDWH�RI�H[HFXWLRQ�IRU�HDFK�EDVLF�EORFN
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$,06���9.

� 1HWZRUN�WRSRORJ\
� VRXUFH�FRGH
FOLFN�EDFN�FDSDELOLW\
� VRXUFH�FRGH�YLHZ
� FDOO�WUHH�YLHZ

• http://www.nas.nasa.gov/Groups/Tools/Projects/AIMS/
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179

� 1$6�7UDFH�9LVXDOL]HU
� 6XSSRUWV�$,06�WUDFH�IRUPDW��DQG
,%0�$,;�WUDFH�IRUPDW

� 6WDWLF�WLPHOLQH�ZLWK�]RRPLQJ���SDQQLQJ

• http://www.nas.nasa.gov/Groups/Tools/Projects/NTV/
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7$8
V�3RUWDEOH�3URILOLQJ�DQG�7UDFLQJ�3DFNDJH

� 3RUWDEOH�WRRONLW�IRU�SHUIRUPDQFH
LQVWUXPHQWDWLRQ��PHDVXUHPHQW��DQG�DQDO\VLV
RI�SDUDOOHO��PXOWLWKUHDGHG�SURJUDPV

� FDSWXUHV�GDWD�IRU�IXQFWLRQV��PHWKRGV��EDVLF
EORFNV��VWDWHPHQW�H[HFXWLRQ�DW�DOO�H[HFXWLRQ�OHYHOV

� LQVWUXPHQWDWLRQ�$3,�WKDW�DOORZV�WKH�XVHU�WR�VHOHFW
� EHWZHHQ�SURILOLQJ�DQG�WUDFLQJ
� DSSOLFDWLRQ�OHYHO
� PHDVXUHPHQWV�DOWHUQDWLYH��H�J���WLPHUV��+:�FRXQWHUV��YLD�3&/��
� PHDVXUHPHQW�JURXSV�IRU�RUJDQL]LQJ�DQG�FRQWUROOLQJ
LQVWUXPHQWDWLRQ

� ZRUNV�ZLWK�D�SRZHUIXO�FRGH�DQDO\VLV�V\VWHP��WKH�3URJUDP
'DWDEDVH�7RRONLW��3'7���WR�LPSOHPHQW�DXWRPDWLF�VRXUFH
LQVWUXPHQWDWLRQ�DQG�VWDWLF�SURJUDP�EURZVHUV�OLQNHG�WR
G\QDPLF�SHUIRUPDQFH�LQIRUPDWLRQ
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7$8
V�3URILOH�9LVXDOL]DWLRQ�7RRO���5$&<

� SURYLGHV�JUDSKLFDO�GLVSOD\V�RI�DOO�WKH�SHUIRUPDQFH�DQDO\VLV
UHVXOWV��LQ�DJJUHJDWH�DQG�SHU�QRGH�FRQWH[W�WKUHDG�IRUP
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7$8
V�3RUWDEOH�3URILOLQJ�DQG�7UDFLQJ�3DFNDJH

� 7UDFH�DQDO\VLV�XWLOL]HV�WKH�9DPSLU�WUDFH�YLVXDOL]DWLRQ�WRRO
� 6XSSRUWV

� SODWIRUPV��6*,�3RZHU�&KDOOHQJH�DQG�2�.��,%0�63���,QWHO
7HUDIORS��&UD\�7�(��+3�������6XQ��:LQGRZV�������17�
&RPSDT�$OSKD�DQG�,QWHO�/LQX[�FOXVWHU

� ODQJXDJHV��&��&����)RUWUDQ��������+3)��+3&����-DYD
� WKUHDG�SDFNDJHV��SWKUHDGV��7XOLS�WKUHDGV��60$576�WKUHDGV�
-DYD�WKUHDGV��:LQ���WKUHDGV

� FRPPXQLFDWLRQV�OLEUDULHV��03,��1H[XV��7XOLS��$&/03/
� FRPSLOHUV��.$,��3*,��*18��)XMLWVX��6XQ��0LFURVRIW��6*,�DQG�&UD\

• http://www.acl.lanl.gov/tau/

• http://www.cs.uoregon.edu/research/paracomp/pdtoolkit/
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5HVHDUFK���85/V���3URILOLQJ

� '&3,��WKH�'LJLWDO�&RQWLQXRXV�3URILOLQJ�,QIUDVWUXFWXUH
http://www.research.digital.com/SRC/dcpi

� 5DWLRQDO�4XDQWLI\
http://www.rational.com/products/quantify/

� 7KUHDG0RQ
http://www.cs.brown.edu/research/thmon/

� :$576��:LVFRQVLQ�$UFKLWHFWXUDO�5HVHDUFK�7RRO6HW��LQFOXGHV
D�QXPEHU�RI�SURILOLQJ�DQG�WUDFLQJ�WRROV�EDVHG�RQ�((/�
� 437��4XLFN�SURJUDP�3URILOLQJ�DQG�7UDFLQJ�V\VWHP
� &SURI�LV�D�FDFKH�SHUIRUPDQFH�SURILOHU�WKDW�SURFHVVHV�SURJUDP
WUDFHV�JHQHUDWHG�E\�437��DERYH�

� 33�LV�D�3DWK�3URILOHU
http://www.cs.wisc.edu/~larus/warts.html
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5HVHDUFK���85/V���7UDFLQJ

� 5HYLHZ�RI�3HUIRUPDQFH�$QDO\VLV�7RROV�IRU�03,�3URJUDPV
�$,06��1XSVKRW��6Y3DEOR��3DUDG\Q��9$03,5��97�
http://www.cs.utk.edu/~browne/perftools-review/

� 3$%/2�SHUIRUPDQFH�DQDO\VLV�DQG�YLVXDOL]DWLRQ�WRRONLW
http://vibes.cs.uiuc.edu/

,QFOXGHV�6'')�WUDFH�ILOH�IRUPDW
http://vibes.cs.uiuc.edu/Project/SDDF/SDDFOverview.htm

� 6Y3DEOR��JUDSKLFDO�VRXUFH�FRGH�EURZVHU�IRU�SHUIRUPDQFH
WXQLQJ�DQG�YLVXDOL]DWLRQ
http://vibes.cs.uiuc.edu/Software/SvPablo/svPablo.htm

� 6FDOD��+3)��SRVW�H[HFXWLRQ�SHUIRUPDQFH�WRRO
http://www.par.univie.ac.at/~scholz/scala-project/

� 0('($��0(DVXUHPHQWV�'HVFULSWLRQ��(YDOXDWLRQ�DQG�$QDO\VLV
http://mafalda.unipv.it/Docs/medea.html
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5HVHDUFK���85/V���&DWDORJV���0LVF

� 1+6(�WRRO�FDWDORJ
http://www.nhse.org/rib/repositories/ptlib/catalog/

� 3DUDOOHO�7RROV�,QGH[�IURP�&RUQHOO�7KHRU\�&HQWHU
http://www.tc.cornell.edu/UserDoc/Software/PTools/

� 1$6�3DUDOOHO�7RROV�*URXS�+RWOLVW
http://www.nas.nasa.gov/Groups/Tools/Outside/

� 1DQ
V�3DUDOOHO�&RPSXWLQJ�3DJH��+XJH�,QGH[�
http://www.cs.rit.edu/~ncs/parallel.html

� 3WRROV�7KH�3DUDOOHO�7RROV�&RQVRUWLXP
http://www.ptools.org

� (XUR7RROV�:RUNLQJ�*URXS
http://www.eurotools.org
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)DOO�EDFN���+RPH�JURZQ�3HUIRUPDQFH�7RROV

� ,I�SHUIRUPDQFH�DQDO\VLV�DQG�WXQLQJ�WRROV�DUH
� QRW�DYDLODEOH
� WRR�FRPSOH[�DQG�FRPSOLFDWHG

LW�LV�VWLOO�SRVVLEOH�WR�GR�VRPH�VLPSOH�PHDVXUHPHQWV

� 7LPH�0HDVXUHPHQWV
� FORFN���
� WLPHV���
� ���

� +DUGZDUH�3HUIRUPDQFH�&RXQWHU�0HDVXUHPHQWV
� 3&/
� 3$3,
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7LPHU��FORFN

� $16,�&���&���IXQFWLRQ
� UHWXUQV�DPRXQW�RI�&38�WLPH��XVHU�V\VWHP��LQ�PLFURVHFRQGV
XVHG�VLQFH�ILUVW�FDOO�WR�FORFN��

#include <time.h>

clock_t startime, endtime;
double elapsed;  ��VHFRQGV��

startime = clock();
   �����ORQJ�UXQQLQJ�FRGH�����
endtime = clock();

elapsed = (endtime - startime)
          / (double) CLOCKS_PER_SEC;
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7LPHU��FORFN

� ,I�PHDVXUHG�UHJLRQ�LV�VKRUW��UXQ�LW�LQ�D�ORRS
>DSSOLHV�WR�DOO�PHDVXUHPHQWV@

� %XW�EHZDUH�RI�FRPSLOHU�RSWLPL]DWLRQV���

#include <time.h>

clock_t startime, endtime;
double elapsed;  ��VHFRQGV��
int i;

startime = clock();
for (i=0; i<1000; ++i)
   �����VKRUW�UXQQLQJ�FRGH�����
endtime = clock();
elapsed = (endtime - startime)
          / (double) CLOCKS_PER_SEC
          / i;
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7LPHU���WLPHV

� 6WG��81,;�IXQFWLRQ��UHWXUQV�ZDOO�FORFN��V\VWHP�DQG�XVHU�WLPH

#include <sys/times.h>
#include <limits.h>

struct tms s, e;
clock_t startime, endtime;
double wtime, utime, stime;  ��VHFRQGV��

startime = times(&s);
   �����ORQJ�UXQQLQJ�FRGH�����
endtime = times(&e);

utime = (e.tms_utime - s.tms_utime) / (double) CLK_TCK;
stime = (e.tms_stime - s.tms_stime) / (double) CLK_TCK;
wtime = (endtime - startime) / (double) CLK_TCK;
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7LPHU���JHWWLPHRIGD\

� 26)�;�2SHQ�81,;�IXQFWLRQ
� UHWXUQV�ZDOO�FORFN�WLPH�LQ�PLFURVHFRQG�UHVROXWLRQ
� EDVH�YDOXH�LV�������8&7��-DQXDU\��������
� SRUWDELOLW\�TXLUN���RSWLRQDO���PLVVLQJ��QG�DUJXPHQW

#include <sys/time.h>

struct timeval tv;
double walltime;  ��VHFRQGV��

gettimeofday(&tv, NULL);
walltime = tv.tv_sec + tv.tv_usec * 1.0e-6;



©  1999 Forschungszentrum Jülich, NIC-ZAM[II-99]

7LPHU���JHWUXVDJH

� 26)�;�2SHQ�81,;�IXQFWLRQ
� ILOOV�LQ�VWUXFWXUH�ZLWK�ORWV�RI�LQIRUPDWLRQ�
XVHU�WLPH��V\VWHP�WLPH��PHPRU\�XVDJH��FRQWH[W�VZLWFKHV�����

#include <sys/resource.h>

struct rusage ru;
double usrtime;  ��VHFRQGV��
int memused;

getrusage(RUSAGE_SELF, &ru);
usrtime = ru.ru_utime.tv_sec +
          ru.ru_utime.tv_usec * 1.0e-6;
memused = ru.ru_maxrss;
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7LPHU���RWKHUV

� 03,�SURJUDPPHUV�FDQ�XVH�SRUWDEOH�03,�ZDOO�FORFN�WLPHU

� )RUWUDQ���XVHUV�FDQ�XVH�LQWULQVLF�VXEURXWLQHV
� FSXBWLPH��
� V\VWHPBFORFN��

� 3WRROV�3RUWDEOH�7LPLQJ�5RXWLQHV��375��3URMHFW
� OLEUDU\�RI�KLJK�UHVROXWLRQ�WLPHUV�VXSSRUWHG�DFURVV
FXUUHQW�033�DQG�ZRUNVWDWLRQ�SODWIRUPV

� VHH��http://www.ptools.org/projects/ptr/

#include <mpi.h>
double walltime;  ��VHFRQGV��

walltime = MPI_Wtime();
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+:�&RXQWHU���3&/

� 3HUIRUPDQFH�&RXQWHU�/LEUDU\��3&/�
� SRUWDEOH�$3,�IRU�DFFHVVLQJ�KDUGZDUH�SHUIRUPDQFH�FRXQWHUV
� SURYLGHV�&��&����)RUWUDQ��-DYD�LQWHUIDFHV
� VXSSRUWHG�SODWIRUPV

² 6*,�&UD\�7�(�ZLWK�'(&�$OSKD�������&38
² &RPSDT�'(&�ZLWK�'(&�$OSKD�������DQG�������&38
² 681�ZLWK�8OWUD63$5&�,�DQG�,,�&38
² 6*,�2�.�ZLWK�0,36�5������&38
² ,%0�ZLWK�3RZHU3&����H�&38
² ,QWHO�/LQX[�ZLWK�3HQWLXP��3HQWLXP�3UR��3HQWLXP�,,��3HQWLXP�,,,�&38

� VHH��http://www.fz-juelich.de/zam/PCL
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+:�&RXQWHU���3&/

#include <stdio.h>
#include “pcl.h”

PCL_CNT_TYPE i_result[2];
PCL_FP_CNT_TYPE fp_result[2];
int counter_list[2] = { PCL_FP_INSTR, PCL_CYCLES };
unsigned int flags = PCL_MODE_USER;

if ( PCLstart(counter_list, 2, flags) != PCL_SUCCESS )
    error();
long_running_function();
if ( PCLstop(i_result, fp_result, 2) != PCL_SUCCESS)
    error();
printf("%15.0f flops in %15.0f cycles\n",
        (double) i_result[0],
        (double) i_result[1]);
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+:�&RXQWHU���RWKHUV

� 3WRROV�3HUIRUPDQFH�'DWD�6WDQGDUG�DQG�$3,��3$3,��3URMHFW
� VSHFLI\�D�VWDQGDUG�DSSOLFDWLRQ�SURJUDPPHU
LQWHUIDFH��$3,��IRU�DFFHVVLQJ�KDUGZDUH
SHUIRUPDQFH�FRXQWHUV

� LQFOXGHV�D�VWDQGDUG�VHW�RI�GHILQLWLRQV�IRU�D
FRPPRQ�VHW�RI�SHUIRUPDQFH�PHWULFV�DV�ZHOO
DV�VSHFLILFDWLRQV�RI�URXWLQHV�WR�DFFHVV�WKHVH�PHWULFV

� SURYLGH�D�PHDQV�RI�DFFHVVLQJ�SODWIRUP�VSHFLILF�PHWULFV�DYDLODEOH
RQ�D�JLYHQ�SURFHVVRU

� VHH��http://icl.cs.utk.edu/projects/papi/

� +:�&RXQWHU�5HIHUHQFH�,QIRUPDWLRQ
� VHH
http://www.cs.utk.edu/~mucci/pdsa/reference.html
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7KH�)XWXUH���$XWRPDWLF�3HUIRUPDQFH�$QDO\VLV"

� 3DUDG\Q
8QLYHUVLW\�RI�:LVFRQVLQ�0DGLVRQ
http://www.cs.wisc.edu/paradyn/

� .DSSD�3,
8QLYHUVLWDW�$XWzQRPD�GH�%DUFHORQD
http://www.caos.uab.es/kpi.html

� )LQHVVH
9LFWRULD�8QLYHUVLW\�RI�0DQFKHVWHU

� .2-$.
)RUVFKXQJV]HQWUXP�-�OLFK

� (VSULW�:RUNLQJ�*URXS
$XWRPDWLF�3HUIRUPDQFH�$QDO\VLV��5HVRXUFHV�DQG�7RROV
http://www.fz-juelich.de/apart/
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$FNQRZOHGJHPHQWV

� 7KH�DXWKRU�ZDQWV�WR�WKDQN�WKH�IROORZLQJ�SHUVRQV�IRU�SURYLGLQJ
YHU\�YDOXDEOH�PDWHULDO�DQG�DGYLFH

� 5HLQHU�9RJHOVDQJ��6*,�&UD\�5HVHDUFK
� -LP�*DODURZLF]��6*,�&UD\�5HVHDUFK
� $OH[DQGURV�3RXORV��6*,
� /XL]�$��'H5RVH��,%0�5HVHDUFK��$&7&
� +DQV�&KULVWLDQ�+RSSH��3DOODV�*PE+
� :HUQHU�.URW]�9RJHO��3DOODV�*PE+
� 8ZH�)ODGULFK��7HFKQLVFKH�8QLYHUVLWlW�'UHVGHQ
� 6DPHHU�6KHQGH��8QLYHUVLW\�RI�2UHJRQ
� 5XGROI�%HUUHQGRUI��)RUVFKXQJV]HQWUXP�-�OLFK
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[This slide intentionally left blank.]



3HUIRUPDQFH�$QDO\VLV�DQG�7XQLQJ�RI�3DUDOOHO
3URJUDPV��5HVRXUFHV�DQG�7RROV

3$57�� ��,QWURGXFWLRQ�DQG�2YHUYLHZ
0LFKDHO�*HUQGW��)RUVFKXQJV]HQWUXP�-�OLFK�

3$57����5HVRXUFHV�DQG�7RROV
%HUQG�0RKU��)RUVFKXQJV]HQWUXP�-�OLFK�

3$57� ��$XWRPDWLF�3HUIRUPDQFH�$QDO\VLV�ZLWK�3DUDG\Q
%DUWRQ�0LOOHU��8QLYHUVLW\�RI�:LVFRQVLQ�0DGLVRQ�
%ULDQ�:\OLH��8QLYHUVLW\�RI�:LVFRQVLQ�0DGLVRQ�
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2XWOLQH

� %ULHI�PRWLYDWLRQ

� 6DPSOH�DQDO\VLV�WXQLQJ�VHVVLRQ�ZLWK�3DUDG\Q
� VLPSOH�DSSOLFDWLRQ�VWDUW�DWWDFK��ZLWK�QR�SUHSDUDWLRQ�UHTXLUHG�
� XVXDO�SHUIRUPDQFH�VXPPDULHV�YLVXDOL]DWLRQV
� DXWRPDWHG�H[LJHQF\�ERWWOHQHFN�VHDUFK

� 3DUDG\Q�WHFKQRORJLHV�DQG�DUFKLWHFWXUH
� '\QDPLF�,QVWUXPHQWDWLRQ
� WKH�3HUIRUPDQFH�&RQVXOWDQW

� 2Q�JRLQJ�UHVHDUFK�DQG�GHYHORSPHQW
� FXUUHQW�VWDWXV�DQG�DYDLODELOLW\
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6RPH�+LVWRU\�DQG�0RWLYDWLRQ

([SHULHQFH�ZLWK�,36���WRROV�SURMHFW�
� 7UDFH�EDVHG�WRRO�UXQQLQJ�RQ�ZRUNVWDWLRQV��603��6HTXHQW�6\PPHWU\��
&UD\�<�03�

� &RPPHUFLDO�6XFFHVV��LQ�6XQ�63$5&:RUNV��,QIRUPL[�2Q9LHZ��16)
6XSHUFRPSXWHU�&HQWHUV�

� 0DQ\�UHDO�VFLHQWLILF�DQG�GDWDEDVH�WUDQVDFWLRQ�XVHUV�

$������'HVLJQ�0HHWLQJ�DW�,QWHO�
� *RDO�ZDV�WR�LGHQWLI\�KDUGZDUH�VXSSRUW�IRU�SURILOLQJ�DQG�GHEXJJLQJ
IRU�WKH�7RXFKVWRQH�6LJPD��3DUDJRQ��PDFKLQH�

� (VWLPDWHG�WKH�FRVW�RI�WUDFLQJ��XVLQJ�,36���H[SHULHQFH��DQG
H[WUDSRODWHG�WR�WKH�QHZ�PDFKLQH�
��0%�VHF�QRGH��→���*%�VHF�RI�WUDFH�GDWD�IRU������QRGH�PDFKLQH�

$Q�HQWLUHO\�QHZ�DSSURDFK�ZDV�UHTXLUHG�
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7KH�&KDOOHQJHV

6FDODELOLW\�
� /DUJH��FRPSOH[�SURJUDPV
� ���V�RU�����V�RI�QRGHV
� /RQJ�UXQV��KRXUV�RU�GD\V�

$XWRPDWLRQ�
� 6LPSOLI\�SURJUDPPHU·V�WDVN�LQ
WKH�WXQLQJ�SURFHVV

� 0DQDJH�LQFUHDVLQJ�FRPSOH[LW\
RI�DSSOLFDWLRQ�V\VWHP

+HWHURJHQHLW\�
� &2:V��603V��033V

� 81,;��:LQGRZV17��/LQX[
� 63$5&��[����0,36��3RZHU3&��$OSKD

� 6RXUFH�ODQJXDJHV��&��&����)RUWUDQ
� 3DUDOOHO�OLEUDULHV��390��03,

([WHQVLELOLW\�
� ,QFRUSRUDWH�QHZ�VRXUFHV�RI
SHUIRUPDQFH�GDWD�DQG�PHWULFV

� ,QFOXGH�QHZ�YLVXDOL]DWLRQV
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6HDUFKLQJ�IRU�%RWWOHQHFNV

���6WDUW�ZLWK�FRDUVH�JUDLQ�YLHZ�RI
ZKROH�SURJUDP�SHUIRUPDQFH�

���:KHQ�D�SUREOHP�VHHPV�WR�H[LVW�
FROOHFW�PRUH�LQIRUPDWLRQ�WR
UHILQH�WKLV�SUREOHP�

���5HSHDW�VWHS����XQWLO�D�SUHFLVH
HQRXJK�FDXVH�LV�GHWHUPLQHG�

���&ROOHFW�LQIRUPDWLRQ�WR�WU\�WR
UHILQH��ORFDOL]H��WKH�SUREOHP�WR
SDUWLFXODU�KRVWV��SURFHVVHV�
PRGXOHV��IXQFWLRQV��ILOHV��HWF�

���5HSHDW�VWHS����XQWLO�D�SUHFLVH
HQRXJK�ORFDWLRQ�LV�GHWHUPLQHG�

7KLV�W\SH�RI�LWHUDWLRQ�FDQ�WDNH�PDQ\�UXQV�RI�D�SURJUDP
�DQG�VORZ�UH�EXLOGV��WR�UHDFK�D�XVHIXO�FRQFOXVLRQ�

3DUDG\Q�DOORZV�WKH�SURJUDPPHU�WR�GR�WKLV
RQ�WKH�IO\�LQ�D�VLQJOH�H[HFXWLRQ
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3DUDG\Q�SHUIRUPDQFH�DQDO\VLV�WXQLQJ�VFHQDULR

3DUDOOHO�GLVWULEXWHG�DSSOLFDWLRQ�UXQQLQJ�RQ�PXOWLSOH�QRGHV���
� +RZ·V�LW�GRLQJ"

� 2.��&RQJUDWXODWLRQV���DW�OHDVW�IRU�QRZ�
� 'XQQR��3HUKDSV�QRW�VR�JRRG"

/HW·V�LQYHVWLJDWH�
� 6WDUW�3DUDG\Q�DQG�DWWDFK�WR�UXQQLQJ�DSSOLFDWLRQ

� ([HFXWDEOH��DQG�G\QDPLF�OLEUDULHV��SDUVHG�WR�GHWHUPLQH�VWUXFWXUDO
FRPSRQHQWV�DQG�UHVRXUFHV�XVHG

+DYH�VRPH�LGHD�ZKHUH�WKH�SUREOHP�PD\�OLH"
� 6HOHFW�FRPSRQHQWV��SHUIRUPDQFH�PHWULFV�DQG�SUHVHQWDWLRQV

� 5HTXLUHG�LQVWUXPHQWDWLRQ�JHQHUDWHG�DQG�SDWFKHG�LQWR�DSSOLFDWLRQ
� $FFXPXODWHG�PHWULF�GDWD�SHULRGLFDOO\�VDPSOHG

� ([DPLQH�SUHVHQWHG�LQIRUPDWLRQ�IRU�LQVLJKW�LQWR�SRWHQWLDO�FDXVH
� ,PSOHPHQW�D�SRVVLEOH�VROXWLRQ��UHEXLOG�DQG�UHSHDW����
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3DUDG\Q��PHWULF�IRFXV!�	�YLVXDOL]DWLRQ�VHOHFWLRQ
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3DUDG\Q�DVVRUWHG�WLPH�KLVWRU\�	�VXPPDU\�YLVLV
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3DUDG\Q�SHUIRUPDQFH�DQDO\VLV�WXQLQJ�VFHQDULR��FRQW·G�

1R�LGHD�ZKHUH�WR�VWDUW��RU�QRW�ILQGLQJ�WKH�SUREOHP�TXLFNO\�"
� ,QLWLDWH�3DUDG\Q·V�3HUIRUPDQFH�&RQVXOWDQW��DXWRPDWHG�VHDUFK

� $�SUH�GHILQHG��WXQDEOH��VHW�RI�K\SRWKHVHV�DUH�FRQVLGHUHG�LQ�WXUQ
�WR�GHWHUPLQH�ZKDW�W\SH�RI�SUREOHPV�PD\�H[LVW�

� ,QVWUXPHQWDWLRQ�HQDEOHG�DV�UHTXLUHG�DQG�H[HFXWLRQ�FKDUDFWHULVWLFV
WUDFNHG�IRU�HDFK�FXUUHQW�K\SRWKHVLV

� 6WHS�ZLVH�KLHUDUFKLFDO�UHILQHPHQW�WR�UHVROYH�ERWWOHQHFN�V�
�WR�IRFXV�ZKHUH�WKH�SUREOHPV�DUH�ORFDWHG�

� 0DQDJH�LQVWUXPHQWDWLRQ�FRVWV�SHUWXUEDWLRQV
�WUDGLQJ�DFFXUDF\�ZLWK�VSHHG�WR�MXGJHPHQW�

� )ROORZ�XS�ZLWK�DGGLWLRQDO�H[HFXWLRQ�VWDWLVWLFV�RU�WLPH�KLVWRULHV
WDUJHWHG�DW�XQGHUVWDQGLQJ�WKH�OLNHO\�ERWWOHQHFN�V�
� &RQVLGHU�H[HFXWLRQ�SKDVHV�ZLWK�GLVWLQFW�FKDUDFWHULVWLFV�VHSDUDWHO\
�WR�LVRODWH�ZKHQ�WKH�SUREOHPV�PDQLIHVW�

� ,PSOHPHQW�D�SRVVLEOH�VROXWLRQ�DQG�UHSHDW���
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3HUIRUPDQFH�&RQVXOWDQW�VHDUFK�EHJLQV���
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3HUIRUPDQFH�&RQVXOWDQW��VW�UHILQHPHQW����



©  1999 University of Wisconsin-Madison[III-12]

3HUIRUPDQFH�&RQVXOWDQW��QG�UHILQHPHQWV����
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3HUIRUPDQFH�&RQVXOWDQW�VHDUFK�FRPSOHWH
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3HUIRUPDQFH�&RQVXOWDQW�FRPSOHWH��FRPSDFW�YLHZ�
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3DUDG\Q�7HFKQRORJLHV

'\QDPLF�,QVWUXPHQWDWLRQ
� 2Q�WKH�IO\�JHQHUDWLRQ��LQVHUWLRQ��UHPRYDO�DQG�PRGLILFDWLRQ�RI
LQVWUXPHQWDWLRQ�LQ�WKH�DSSOLFDWLRQ�SURJUDP�ZKLOH�LW�LV�UXQQLQJ�

3HUIRUPDQFH�&RQVXOWDQW
� $XWRPDWHG��DQG�UHJXODWHG��H[LJHQF\�VHDUFK�DQG�FRQWURO�RI�WKH
'\QDPLF�,QVWUXPHQWDWLRQ�WR�H[SHGLHQWO\�LGHQWLI\�ERWWOHQHFNV�

� ([SUHVVLYH�HYHQW�PHWULF�LQVWUXPHQWDWLRQ�VSHFLILFDWLRQ
� (IILFLHQW�VFDODEOH�GDWD�FROOHFWLRQ�VWRUDJH�PDQDJHPHQW
� ([WHQVLEOH�H[HFXWLRQ�SHUIRUPDQFH�GDWD�SUHVHQWDWLRQ�YLVXDOL]DWLRQ
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3DUDG\Q�$UFKLWHFWXUH
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'\QDPLF�,QVWUXPHQWDWLRQ

� )RU�HDFK�VXEMHFW�SURJUDP�H[HFXWDEOH�REMHFW�SURFHVV�
� 3DUVH�IRU�¶LQWHUHVWLQJ·�V\PEROV��IXQFWLRQV��YDULDEOHV��HWF�
� 'HWHUPLQH�SRWHQWLDO�LQVWUXPHQWDWLRQ�SRLQWV�
IXQFBHQWU\��IXQFBH[LWV��FDOOVLWHV�����

� $W�HDFK�FKRVHQ�LQVWUXPHQWDWLRQ�SRLQW�
� 5HORFDWH�¶IRRWSULQW·�LQVWUXFWLRQ�V��WR�LQVWUXPHQWDWLRQ�IUDPHZRUN
�´EDVH�WUDPSROLQHµ��ZKHUH�H[HFXWLRQ�VWDWH�LV�UHFRQVWUXFWHG

� 'H�RSWLPL]H�UH�ZULWH�UHORFDWH�IXQFWLRQ��DV�QHFHVVDU\
� 5HSODFH�IRRWSULQW�LQVWUXFWLRQ�V��ZLWK�EUDQFK�WR�EDVH�WUDPSROLQH

� )RU�HDFK�¶VQLSSHW·�RI�H[HFXWDEOH�LQVWUXPHQWDWLRQ�
� 6\QWKHVL]H�LW�IURP�DEVWUDFW�PHWULF�VSHFLILFDWLRQ�EDVHG�RQ
SULPLWLYHV�DQG�SUHGLFDWHV

� (PEHG�LQVWUXPHQWDWLRQ�VQLSSHW�LQ�LWV�RZQ�PLQL�WUDPSROLQH
� 'DLV\�FKDLQ�VQLSSHW�PLQL�WUDPSROLQHV�IURP�WKH�EDVH�WUDPSROLQH
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,QVWUXPHQWDWLRQ�3DWFKLQJ

$SSOLFDWLRQ
3URJUDP

$SSOLFDWLRQ
3URJUDP

)XQFWLRQ�IRR)XQFWLRQ�IRR

%DVH�7UDPSROLQH%DVH�7UDPSROLQH

6DYH�5HJV6DYH�5HJV
3UH�,QVWUXPHQW3UH�,QVWUXPHQW
5HVWRUH�5HJV5HVWRUH�5HJV
5HORFDWHG5HORFDWHG

,QVWUXFWLRQ�V�,QVWUXFWLRQ�V�
6DYH�5HJV6DYH�5HJV

3RVW�,QVWUXPHQW3RVW�,QVWUXPHQW
5HVWRUH�5HJV5HVWRUH�5HJV

����8SGDWH�&RVW����8SGDWH�&RVW

0LQL�7UDPSROLQHV0LQL�7UDPSROLQHV

,QVWUXPHQWDWLRQ,QVWUXPHQWDWLRQ
&RGH&RGH

,QVWUXPHQWDWLRQ,QVWUXPHQWDWLRQ
&RGH&RGH
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&RPSLOLQJ�IRU�'\QDPLF�,QVWUXPHQWDWLRQ

6RXUFH�&RGH6RXUFH�&RGH

0'/�
metric

  { . . }

constraint

  { . . }

,QWHUPHGLDWH�)RUP,QWHUPHGLDWH�)RUP

$EVWUDFW�6\QWD[�7UHHV�

0DFKLQH
,QVWUXFWLRQV�
ld  r0,ctr

inc r0

st  r0,ptr

0DFKLQH�&RGH0DFKLQH�&RGH
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%DVLF�,QVWUXPHQWDWLRQ�2SHUDWLRQV

� 3RLQWV��SODFHV�WR�LQVHUW�LQVWUXPHQWDWLRQ
� 6QLSSHWV��FRGH�WKDW�JHWV�LQVHUWHG

foo()
{

}

SndMsg(pid,ptr,cnt,sz)
{

}

fooFlag++

fooFlag--

if (fooFlag)
startTimer(t1,proctmr)

if (fooFlag)
stopTimer(t1,proctmr)
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'\QDPLF�,QVWUXPHQWDWLRQ�%HQHILWV

� 'RHV�QRW�UHTXLUH�UHFRPSLOLQJ�RU�UHOLQNLQJ
� 6DYHV�WLPH��FRPSLOH�DQG�OLQN�WLPHV�DUH�VLJQLILFDQW�LQ�UHDO�V\VWHPV�
� &DQ�SURILOH�ZLWKRXW�WKH�VRXUFH�FRGH��H�J���SURSULHWDU\�OLEUDULHV��
� &DQ�SURILOH�ZLWKRXW�OLQNLQJ��UHOLQNLQJ�LV�QRW�DOZD\V�SRVVLEOH��

� ,QVWUXPHQW�RSWLPL]HG�FRGH�DQG�WKUHDGHG�DSSOLFDWLRQV
� 'H�RSWLPL]H�FRGH�DV�UHTXLUHG�RQ�WKH�IO\

� &DQ�PRQLWRU�VWLOO�UXQQLQJ�SURJUDPV��VXFK�DV�GDWDEDVH�VHUYHUV�
� 3URGXFWLRQ�V\VWHPV��HPEHGGHG�V\VWHPV�
� 6\VWHPV�ZLWK�FRPSOH[�VWDUW�XS�SURFHGXUHV�

� 2QO\�LQVWUXPHQW�ZKDW·V�QHHGHG��ZKHQ�LW·V�QHHGHG
� 1R�KLGGHQ�FRVW�RI�ODWHQW�LQVWUXPHQWDWLRQ�
� 1R�D�SULRUL��UHVWULFWLRQV�RQ�WKH�JUDQXODULW\�RI�LQVWUXPHQWDWLRQ�

(QDEOHV�´RQH�SDVVµ�SHUIRUPDQFH�VHVVLRQV�
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'\QDPLF�,QVWUXPHQWDWLRQ�%HQHILWV��FRQW·G�

� $Q\WKLQJ�LQ�WKH�DSSOLFDWLRQ·V�DGGUHVV�VSDFH�FDQ�EHFRPH�D
SHUIRUPDQFH�PHDVXUH
� $SSOLFDWLRQ�PHWULFV��WUDQVDFWLRQV�VHFRQG��FRPPLWV�VHFRQG�
� 26�PHWULFV��SDJH�IDXOWV��FRQWH[W�VZLWFKHV��GLVN�,�2�RSHUDWLRQV�
� +DUGZDUH�PHWULFV��F\FOH�	�LQVWUXFWLRQ�FRXQWHUV��PLVV�UDWHV�
QHWZRUN�VWDWLVWLFV�

� 8VHU�OHYHO�SURWRFRO�PHWULFV��FRQVLVWHQF\�PHVVDJHV��FDFKH�DFWLYLW\�
� 0HWULFV�GHILQHG�ZLWK�WKH�0HWULF�'HVFULSWLRQ�/DQJXDJH��0'/�

� 1HLWKHU�SHUIRUPDQFH�WRRO�QRU�DSSOLFDWLRQ�QHHG�EH�PRGLILHG�
� 'HILQH�PHWULFV�RQFH�IRU�HDFK�HQYLURQPHQW�

� &DQ�G\QDPLFDOO\�PRQLWRU�DQG�FRQWURO�LQVWUXPHQWDWLRQ�RYHUKHDG
� $OORZV�SURJUDPPHU�WR�PRQLWRU�LQWUXVLYHQHVV�
� $OORZV�SURJUDPPHU�WR�FRQWURO�LQWUXVLYHQHVV�
� $OORZV�3HUIRUPDQFH�&RQVXOWDQW�WR�ZRUN�HIILFLHQWO\�
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'\QDPLF�,QVWUXPHQWDWLRQ�&KDOOHQJHV

� )LQGLQJ�LQVWUXPHQWDWLRQ�SRLQWV��IXQFWLRQ�HQWU\��H[LWV��FDOO�VLWHV�
� 3URFHGXUH�H[LWV�DUH�RIWHQ�WKH�WRXJKHVW�

� )LQGLQJ�VSDFH�IRU�MXPS�WR�WUDPSROLQH
� /RQJ�MXPSV������ZRUGV�RU���E\WHV��
� 6KRUW�FRGH�VHTXHQFHV�
� 6PDOO�IXQFWLRQV�
� 2QH�E\WH�LQVWUXFWLRQV�

� &RPSLOHU�RSWLPL]DWLRQV��LQVWUXPHQWLQJ�RSWLPL]HG�FRGH�
� 1R�H[SOLFLW�VWDFN�IUDPH��OHDI�IXQFWLRQV��
� 7LJKW�LQVWUXPHQWDWLRQ�SRLQWV�
� 'DWD�LQ�FRGH�VSDFH��H�J���MXPS�WDEOHV��
� 'H�RSWLPL]H�FRGH�RQ�WKH�IO\��H�J���WDLO�FDOOV��

� 7KUHDGHG�FRGH
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6FDODEOH�'DWD�&ROOHFWLRQ�	�6WRUDJH

� 0HWULFV�DUH�WLPH�YDU\LQJ�IXQFWLRQV�WKDW�TXDQWLI\�H[HFXWLRQ
EHKDYLRU��H�J���&38�XWLOL]DWLRQ��PHVVDJHV�VHFRQG��EORFNLQJ�WLPH�
ILOH�UHDGV�VHFRQG������

� ,QVWUXPHQWDWLRQ�FRGH�LQ�HDFK�DSSOLFDWLRQ�SURFHVV�FDOFXODWHV�LWV
RZQ�PHWULFV��ZLWK�FRXQWHUV�DQG�WLPHUV��

� �(YHU\�VR�RIWHQ��HDFK�DVVRFLDWHG�3DUDG\Q�GDHPRQ�VDPSOHV�WKH
SHUIRUPDQFH�GDWD�IURP�D�VKDUHG�UHJLRQ�

� $FFXUDF\�RI�SHUIRUPDQFH�PHWULFV�LV�QRW�DIIHFWHG�E\�VDPSOLQJ
UDWH�����RQO\�KRZ�RIWHQ�XSGDWHG�YDOXHV�DUH�SURYLGHG�

� )L[HG�VL]H�GLVFUHWH�VWUXFWXUH�XVHG�WR�VWRUH�WLPH�YDU\LQJ�GDWD�
� (DFK�EXFNHW�KROGV�WKH�PHWULF�YDOXH�IRU�D�WLPH�LQWHUYDO
� :KHQ�KLVWRJUDP�LV�IXOO��LQWHUYDO�VL]H�GRXEOHG�DQG�GDWD�IROGHG
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'HFLVLRQ�6XSSRUW���´3HUIRUPDQFH�&RQVXOWDQWµ

$QVZHU�WKUHH�TXHVWLRQV�
� �:K\��LV�WKH�SURJUDP�UXQQLQJ�VORZO\"
� �:KHUH��LQ�WKH�SURJUDP�LV�WKLV�RFFXUULQJ"
� �:KHQ��GRHV�WKLV�SUREOHP�RFFXU"

:H�FUHDWH�D�UHJXODU�VWUXFWXUH�IRU�WKH�FDXVHV�RI�ERWWOHQHFNV�
7KLV�PDNHV�LW�SRVVLEOH�WR�DXWRPDWH�WKH�VHDUFK�IRU�ERWWOHQHFNV�
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7KH�´:K\µ�$[LV��$�+LHUDUFK\�RI�%RWWOHQHFNV

� 3RWHQWLDO�ERWWOHQHFNV�DUH�UHSUHVHQWHG�DV�K\SRWKHVHV�
� (YDOXDWLQJ�K\SRWKHVHV�WULJJHUV�G\QDPLF�LQVWUXPHQWDWLRQ�
� %RWWOHQHFNV�DUH�EDVHG�RQ�XVHU�VHW�WKUHVKROGV�

7RWDO�V\QF�EORFNLQJ�WLPH�������RI�H[HF�WLPH
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6\QF &38 ,�2

7KH�´:K\µ�$[LV��$�+LHUDUFK\�RI�%RWWOHQHFNV

7RS/HYHO+\SRWKHVLV

0HPRU\
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6DPSOH�UHVRXUFH�´:KHUH�$[LVµ
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3HUIRUPDQFH�&RQVXOWDQW��2FHDQ�390�
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&RQWUROOLQJ�,QVWUXPHQWDWLRQ�&RVW

´:KDW�LV�WKH�RYHUKHDG�RI�LQVWUXPHQWDWLRQ"µ
WUDQVODWHV�WR�

´+RZ�PDQ\�K\SRWKHVHV�FDQ�EH�HYDOXDWHG�DW�RQFH"µ

3UHGLFWHG�&RVW�
�.QRZQ�SULPLWLYH�FRVW
�(VWLPDWH�IUHTXHQF\
�8VHU�GHILQHG�WKUHVKROG

2EVHUYHG�&RVW�
�&DOFXODWHV�DFWXDO�FRVW
�0HWD�LQVWUXPHQWDWLRQ
�5HSRUWV�WR�3HUIRUPDQFH�&RQVXOWDQW
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G\QLQVW�$3,G\QLQVW�$3,

G\QLQVW�$3,��$�&RPPRQ�6XEVWUDWH

3&3&9LVL9LVL
8,8,

'DWD�0DQDJHU'DWD�0DQDJHU
SDUDG\QGSDUDG\QG

3DUDG\Q3DUDG\Q

SDUDG\QGSDUDG\QG

G\QLQVW�$3,G\QLQVW�$3,
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G\QLQVW�$3,G\QLQVW�$3,

G\QLQVW�$3,��$�&RPPRQ�6XEVWUDWH

1HZ�5XQWLPH�7RRO

G\QLQVW�$3,G\QLQVW�$3,
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G\QLQVW�$3,

� '\QDPLF�,QVWUXPHQWDWLRQ�OLEUDU\�DQG�$3,
� %DVLF�VXEVWUDWH�IRU�EXLOGLQJ�QHZ�WRROV�
� )XQFWLRQV�IRU�FRQWURO�DQG�LQWHUURJDWLRQ�RI�VXEMHFW�SURFHVV�H[HFXWLRQ
� 5XQWLPH�FRGH�JHQHUDWLRQ�DQG�SDWFKLQJ
� &ROODERUDWLRQ�ZLWK�8QLYHUVLW\�RI�0DU\ODQG�

� %DVLV�IRU�,%0·V�'\QDPLF�3UREH�&ODVV�/LEUDU\���'3&/��DUFKLWHFWXUH
IRU�VHFXUH�PXOWL�QRGH��PXOWL�WRRO�VXSSRUW

� 2SHQ�HIIRUW�WR�VWDQGDUGL]H�IXQFWLRQDOLW\�UHTXLUHG�IRU�WRROV�
� FRUUHFWQHVV�GHEXJJLQJ��PHPRU\�VWHZDUGVKLS��FRPSXWDWLRQDO�VWHHULQJ�
5�$�6��ORDG�EDODQFLQJ��FKHFNSRLQWLQJ��FRYHUDJH�WHVWLQJ��HWF�

� ,QYROYHV�FRPSXWHU�YHQGRUV��WRROV�UHVHDUFKHUV�DQG�XVHUV
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&XUUHQW�5HVHDUFK�$UHDV

� ,PSURYHG�3HUIRUPDQFH�&RQVXOWDQW��7UH\�
� &RGH�PRGXOH�IXQFWLRQ�KLHUDUFK\�WRR�ZLGH�IRU�HIILFLHQW�VHDUFKHV�
� 0RGXOH�LQVWUXPHQWDWLRQ�QRW�FKHDSHU�WKDQ�IXQFWLRQ�LQVWUXPHQWDWLRQ�
� ´([FOXVLYHµ�PHWULFV�PRUH�H[SHQVLYH�WKDQ�LQFOXVLYH�PHWULFV�

1HZ�VHDUFK�EDVHG�RQ�VWDWLF�FDOO�JUDSK��XVLQJ�LQFOXVLYH�PHWULFV�
� 6HDUFK�DGDSWHG�WR�DFWXDO�SURJUDP�H[HFXWLRQ
� '\QDPLF�FDOO�VLWH�LQVWUXPHQWDWLRQ�WR�UHVROYH�FDOOV�WKUX�UHJLVWHUV
� ,QVWUXPHQWDWLRQ�´NHWFKXSµ�WR�UHWURDFWLYHO\�DFWLYDWH�QHZ�LQVWUXPHQWDWLRQ
IRU�IXQFWLRQV�FXUUHQWO\�RQ�WKH�VWDFN
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&XUUHQW�5HVHDUFK�$UHDV

� (YROYLQJ�2SHUDWLQJ�6\VWHPV��$UL�9LF�
� )LQH�JUDLQHG�LQVWUXPHQWDWLRQ�
� 2Q�WKH�IO\�NHUQHO�SURILOLQJ��GHEXJJLQJ��WHVWLQJ�
� &RGH�WKDW�DGDSWV�WR�ZRUNORDG�
� '\QDPLFDOO\�FXVWRPL]DEOH�NHUQHOV�
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8OWUD63$5&�+DUGZDUH�3HUIRUPDQFH�&RXQWHUV
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&XUUHQW�5HVHDUFK�$UHDV

� 3URILOLQJ�,QWHUSUHWHG�&RGH��7LD�
� 3HUIRUPDQFH�GDWD�LQ�WHUPV�RI�YLUWXDO�PDFKLQH�

&38�WLPH�IRU�LQWHUSUHWHU�IXQFWLRQ�I�
� 3HUIRUPDQFH�GDWD�LQ�WHUPV�RI�DSSOLFDWLRQ�

&38�IRU�-DYD�PHWKRG�P�
� ,QWHUDFWLRQ�HIIHFWV�

&38�WLPH�IRU�IXQFWLRQ�I�ZKHQ�LQWHUSUHWLQJ�PHWKRG�P�
� 0XOWLSOH�H[HFXWLRQ�IRUPV��LQWHUSUHWHG�DQG�QDWLYH�PDFKLQH�FRGH��DQG
WUDQVODWLRQ�FRVWV�
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-DYD�$SSOLFDWLRQ�DQG�90�3URILOLQJ
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&XUUHQW�5HVHDUFK�$UHDV

� ([SHULPHQW�0DQDJHPHQW��.DUHQ�
� 3HUIRUPDQFH�GDWD�IURP�PXOWLSOH�UXQV��KXJH�PXOWLGLPHQVLRQDO�VSDFH��
� 7XQLQJ��EHQFKPDUNLQJ��UHJUHVVLRQ�WHVWLQJ��HWF�
� 3URYLGHV�LQIUDVWUXFWXUH�IRU�PDQLSXODWLRQ�DQG�PDQDJHPHQW�RI�H[HFXWLRQ�GDWD
� $XWRPDWLFDOO\�FRPSDUH�GDWD�IURP�PXOWLSOH�UXQV�
� 8VH�KLVWRULFDO�LQIRUPDWLRQ�WR�VSHHG�SHUIRUPDQFH�GLDJQRVLV�
� $�´ODERUDWRU\�QRWHERRNµ�IRU�SHUIRUPDQFH�VWXGLHV�
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&XUUHQW�5HVHDUFK�$UHDV

� &RQGRU�3URFHVV�+LMDFNLQJ���9LF�
� 6WHS����6XEPLWWLQJ�´YDQLOODµ�MREV�WR�&RQGRU�UHVRXUFH�PDQDJHPHQW�V\VWHP�
� 6WHS����*UDEELQJ�D�UXQQLQJ�SURFHVV�DQG�VXEPLWWLQJ�LW�WR�&RQGRU�

² 5HSODFH�UXQQLQJ�SURFHVV·�V\VWHP�FDOO�OLEUDU\�
² &KHFNSRLQW�QHZ�YHUVLRQ�RI�SURFHVV�
² *HQHUDWH�QHZ�´VKDGRZµ�SURFHVV�

� '\QDPLF�7UDFLQJ��&KULV�
� 6HOHFW�´YDQLOODµ�03,�390�EDVHG�DSSOLFDWLRQ��SURFHVV�
� '\QDPLFDOO\�ORDG�GHVLUHG�WUDFLQJ�OLEUDU\��9DPSLU7UDFH��3DEOR�����
� 5HSODFH�SURFHVV·�FDOOV�WR�03,�390�FRPPXQLFDWLRQ�OLEUDU\�ZLWK�HTXLYDOHQWV
LQ�WUDFLQJ�OLEUDU\

� 2SWLRQDOO\�LQVWUXPHQW�VHOHFWHG�IXQFWLRQV�ZLWK�WUDFH�DQQRWDWLRQV
� ,QLWLDOL]H�WUDFH�OLEUDU\�DQG�FRQWLQXH�H[HFXWLRQ
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+RZ�WR�*HW�D�&RS\�RI�3DUDG\Q

� 'RFXPHQWDWLRQ��,QVWDOODWLRQ�*XLGH��7XWRULDO��8VHUV�*XLGH�
'HYHORSHUV�*XLGH��9LVL�0'/�OLEWKUHDG�3URJUDPPHUV�*XLGHV�

� ,QFOXGHV�G\QLQVW�$3,��WHVWV�DQG�3URJUDPPHUV�*XLGH
� )UHH�IRU�UHVHDUFK�XVH�
� 5XQV�RQ

� 6RODULV��63$5&�	�[���
� /LQX[��[���
� ,UL[��0,36�
� :LQGRZV17��[���
� $,;�63���3RZHU3&�
� 7UX���8QL[��$OSKD�

http://www.cs.wisc.edu/paradyn

paradyn@cs.wisc.edu
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