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/HFWXUHV�IRU��QG�(GLWLRQ

1RWH���WKHVH�OHFWXUHV�DUH�RIWHQ�VXSSOHPHQWHG�ZLWK�RWKHU�
PDWHULDOV�DQG�DOVR�SUREOHPV�IURP�WKH�WH[W�ZRUNHG�
RXW�RQ�WKH�EODFNERDUG���<RX¶OO�ZDQW�WR�FXVWRPL]H�
WKHVH�OHFWXUHV�IRU�\RXU�FODVV���7KH�VWXGHQW�DXGLHQFH�
IRU�WKHVH�OHFWXUHV�KDYH�KDG�DVVHPEO\�ODQJXDJH�
SURJUDPPLQJ�DQG�H[SRVXUH�WR�ORJLF�GHVLJQ



Mario Côrtes - MO401 - IC/Unicamp- 2002s1 Ch1/2-21998 Morgan Kaufmann Publishers

&KDSWHU��
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,QWURGXFWLRQ

• 5DSLGO\�FKDQJLQJ�ILHOG�
– YDFXXP�WXEH��!�WUDQVLVWRU��!�,&��!�9/6,��VHH�VHFWLRQ�����
– GRXEOLQJ�HYHU\�����\HDUV�

PHPRU\�FDSDFLW\�
SURFHVVRU�VSHHG�����'XH�WR�DGYDQFHV�LQ�WHFKQRORJ\�DQG RUJDQL]DWLRQ��

• 7KLQJV�\RX¶OO�EH�OHDUQLQJ�
– KRZ�FRPSXWHUV�ZRUN��D�EDVLF�IRXQGDWLRQ
– KRZ�WR�DQDO\]H�WKHLU�SHUIRUPDQFH��RU�KRZ�QRW�WR��
– LVVXHV�DIIHFWLQJ�PRGHUQ�SURFHVVRUV��FDFKHV��SLSHOLQHV�

• :K\�OHDUQ�WKLV�VWXII"
– \RX�ZDQW�WR�FDOO�\RXUVHOI�D�³FRPSXWHU�VFLHQWLVW´
– \RX�ZDQW�WR�EXLOG�VRIWZDUH�SHRSOH�XVH��QHHG�SHUIRUPDQFH�
– \RX��QHHG�WR�PDNH�D�SXUFKDVLQJ�GHFLVLRQ�RU�RIIHU�³H[SHUW´�DGYLFH
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:KDW�LV�D�FRPSXWHU"

• &RPSRQHQWV�
– LQSXW��PRXVH��NH\ERDUG�
– RXWSXW��GLVSOD\��SULQWHU�
– PHPRU\��GLVN�GULYHV��'5$0��65$0��&'�
– QHWZRUN

• 2XU�SULPDU\�IRFXV���WKH�SURFHVVRU��GDWDSDWK DQG�FRQWURO�
– LPSOHPHQWHG�XVLQJ�PLOOLRQV�RI�WUDQVLVWRUV
– ,PSRVVLEOH�WR�XQGHUVWDQG�E\�ORRNLQJ�DW�HDFK�WUDQVLVWRU
– :H�QHHG���
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$EVWUDFWLRQ

• 'HOYLQJ�LQWR�WKH�GHSWKV�
UHYHDOV�PRUH�LQIRUPDWLRQ

• $Q�DEVWUDFWLRQ�RPLWV�XQQHHGHG�GHWDLO��
KHOSV�XV�FRSH�ZLWK�FRPSOH[LW\

:KDW�DUH�VRPH�RI�WKH�GHWDLOV�WKDW�
DSSHDU�LQ�WKHVH�IDPLOLDU�DEVWUDFWLRQV"

swap(int v[], int k)ı
{int temp;ı
   temp = v[k];ı
   v[k] = v[k+1];ı
   v[k+1] = temp;ı
}

swap:ı
      muli $2, $5,4ı
      add  $2, $4,$2ı
      lw   $15, 0($2)ı
      lw   $16, 4($2)ı
      sw   $16, 0($2)ı
      sw   $15, 4($2)ı
      jr   $31    

00000000101000010000000000011000ı
00000000100011100001100000100001ı
10001100011000100000000000000000ı
10001100111100100000000000000100ı
10101100111100100000000000000000ı
10101100011000100000000000000100ı
00000011111000000000000000001000

Binary machineı
languageı
programı
(for MIPS)

C compiler

Assembler

Assemblyı
languageı
programı
(for MIPS)

High-levelı
languageı
programı
(in C)
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,QVWUXFWLRQ�6HW�$UFKLWHFWXUH

• $�YHU\�LPSRUWDQW�DEVWUDFWLRQ
– LQWHUIDFH�EHWZHHQ�KDUGZDUH�DQG�ORZ�OHYHO�VRIWZDUH
– VWDQGDUGL]HV�LQVWUXFWLRQV��PDFKLQH�ODQJXDJH�ELW�SDWWHUQV��HWF�
– DGYDQWDJH���GLIIHUHQW�LPSOHPHQWDWLRQV�RI�WKH�VDPH�DUFKLWHFWXUH
– GLVDGYDQWDJH���VRPHWLPHV�SUHYHQWV�XVLQJ�QHZ�LQQRYDWLRQV

7UXH�RU�)DOVH���%LQDU\�FRPSDWLELOLW\�LV�H[WUDRUGLQDULO\�LPSRUWDQW"

• 0RGHUQ�LQVWUXFWLRQ�VHW�DUFKLWHFWXUHV�
– ��[���3HQWLXP�.����3RZHU3&���'(&�$OSKD��0,36��63$5&��+3
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:KHUH�ZH�DUH�KHDGHG

• 3HUIRUPDQFH�LVVXHV��&KDSWHU������YRFDEXODU\�DQG�PRWLYDWLRQ
• $�VSHFLILF�LQVWUXFWLRQ�VHW�DUFKLWHFWXUH��&KDSWHU���
• $ULWKPHWLF�DQG�KRZ��WR�EXLOG�DQ�$/8��&KDSWHU���
• &RQVWUXFWLQJ�D�SURFHVVRU�WR�H[HFXWH�RXU�LQVWUXFWLRQV��&KDSWHU���
• 3LSHOLQLQJ�WR�LPSURYH�SHUIRUPDQFH��&KDSWHU���
• 0HPRU\���FDFKHV�DQG�YLUWXDO�PHPRU\��&KDSWHU���
• ,�2��&KDSWHU���

.H\�WR�D�JRRG�JUDGH���UHDGLQJ�WKH�ERRN�
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(YROXomR�GR�GHVHPSHQKR
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&KDSWHU��
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• 0HDVXUH���5HSRUW��DQG�6XPPDUL]H
• 0DNH�LQWHOOLJHQW�FKRLFHV
• 6HH�WKURXJK�WKH�PDUNHWLQJ�K\SH
• .H\�WR�XQGHUVWDQGLQJ�XQGHUO\LQJ�RUJDQL]DWLRQDO�PRWLYDWLRQ

:K\�LV�VRPH�KDUGZDUH�EHWWHU�WKDQ�RWKHUV�IRU�GLIIHUHQW�SURJUDPV"

:KDW�IDFWRUV�RI�V\VWHP�SHUIRUPDQFH�DUH�KDUGZDUH�UHODWHG"
�H�J���'R�ZH�QHHG�D�QHZ�PDFKLQH��RU�D�QHZ�RSHUDWLQJ�V\VWHP"�

+RZ�GRHV�WKH�PDFKLQH
V�LQVWUXFWLRQ�VHW�DIIHFW�SHUIRUPDQFH"

3HUIRUPDQFH
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:KLFK�RI�WKHVH�DLUSODQHV�KDV�WKH�EHVW SHUIRUPDQFH"

$LUSODQH 3DVVHQJHUV 5DQJH��PL� 6SHHG �PSK�
Boeing 737-100 101 630 598
Boeing 747 470 4150 610
BAC/Sud Concorde 132 4000 1350
Douglas DC-8-50 146 8720 544

�+RZ�PXFK�IDVWHU�LV�WKH�&RQFRUGH�FRPSDUHG�WR�WKH����"�
�+RZ�PXFK�ELJJHU�LV�WKH�����WKDQ�WKH�'RXJODV�'&��"
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• 5HVSRQVH�7LPH��ODWHQF\�
² +RZ�ORQJ�GRHV�LW�WDNH�IRU�P\�MRE�WR�UXQ"
² +RZ�ORQJ�GRHV�LW�WDNH�WR�H[HFXWH�D�MRE"
² +RZ�ORQJ�PXVW�,�ZDLW�IRU�WKH�GDWDEDVH�TXHU\"

• 7KURXJKSXW
² +RZ�PDQ\�MREV�FDQ�WKH�PDFKLQH�UXQ�DW�RQFH"
² :KDW�LV�WKH�DYHUDJH�H[HFXWLRQ�UDWH"
² +RZ�PXFK�ZRUN�LV�JHWWLQJ�GRQH"

• ,I�ZH�XSJUDGH�D�PDFKLQH�ZLWK�D�QHZ�SURFHVVRU�ZKDW�GR�ZH�LQFUHDVH"
,I�ZH�DGG�D�QHZ�PDFKLQH�WR�WKH�ODE�ZKDW�GR�ZH�LQFUHDVH"

&RPSXWHU�3HUIRUPDQFH���7,0(��7,0(��7,0(
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• (ODSVHG�7LPH
– FRXQWV�HYHU\WKLQJ���GLVN�DQG�PHPRU\�DFFHVVHV��,�2���HWF��
– D�XVHIXO�QXPEHU��EXW�RIWHQ�QRW�JRRG�IRU�FRPSDULVRQ�SXUSRVHV

• &38�WLPH
– GRHVQ
W�FRXQW�,�2�RU�WLPH�VSHQW�UXQQLQJ�RWKHU�SURJUDPV
– FDQ�EH�EURNHQ�XS�LQWR�V\VWHP�WLPH��DQG XVHU WLPH

• 2XU�IRFXV� XVHU &38�WLPH�
– WLPH�VSHQW�H[HFXWLQJ�WKH�OLQHV�RI�FRGH�WKDW�DUH��LQ��RXU�SURJUDP

([HFXWLRQ�7LPH
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• )RU�VRPH�SURJUDP�UXQQLQJ�RQ�PDFKLQH�;�
3HUIRUPDQFH;  �����([HFXWLRQ WLPH;

• �;�LV�Q�WLPHV�IDVWHU�WKDQ�<�
3HUIRUPDQFH; � 3HUIRUPDQFH<  �Q

• 3UREOHP�
– PDFKLQH�$�UXQV�D�SURJUDP�LQ����VHFRQGV
– PDFKLQH�%�UXQV�WKH�VDPH�SURJUDP�LQ����VHFRQGV
– TXDQWR�PDLV�UiSLGD�p�D�PiTXLQD�$�FRP�UHODomR�j�%"

%RRN
V�'HILQLWLRQ�RI�3HUIRUPDQFH
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&ORFN�&\FOHV

• ,QVWHDG�RI�UHSRUWLQJ�H[HFXWLRQ�WLPH�LQ�VHFRQGV��ZH�RIWHQ�XVH�F\FOHV

• &ORFN�³WLFNV´�LQGLFDWH�ZKHQ�WR�VWDUW�DFWLYLWLHV��RQH�DEVWUDFWLRQ��

• F\FOH�WLPH� �WLPH�EHWZHHQ�WLFNV� �VHFRQGV�SHU�F\FOH
• FORFN�UDWH��IUHTXHQF\�� �F\FOHV�SHU�VHFRQG�����+]�� ���F\FOH�VHF�

$�����0K]��FORFN�KDV�D������������������������������������������ F\FOH�WLPH�

• FORFN�UDWH� �IUHT�rQFLD
• F\FOH�WLPH� �SHUtRGR

WLPH

seconds
program

=
cycles

program
×

seconds
cycle

  
1

200 ×106  
×109 = 5 nanoseconds
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6R��WR�LPSURYH�SHUIRUPDQFH��HYHU\WKLQJ�HOVH�EHLQJ�HTXDO��\RX�FDQ HLWKHU

BBBBBBBB�WKH���RI�UHTXLUHG�F\FOHV�IRU�D�SURJUDP��RU
BBBBBBBB�WKH�FORFN�F\FOH�WLPH�RU���VDLG�DQRWKHU�ZD\��
BBBBBBBB�WKH�FORFN�UDWH�

+RZ�WR�,PSURYH�3HUIRUPDQFH
seconds
program

=
cycles

program
×

seconds
cycle
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)yUPXODV

• W&38  �W&. 
��1��GH�SHUtRGRV�� ��1��GH SHUtRGRV����I&.



Mario Côrtes - MO401 - IC/Unicamp- 2002s1 Ch1/2-191998 Morgan Kaufmann Publishers

• &RXOG�DVVXPH�WKDW���RI�F\FOHV� ���RI�LQVWUXFWLRQV

7KLV�DVVXPSWLRQ�LV�LQFRUUHFW�

GLIIHUHQW�LQVWUXFWLRQV�WDNH�GLIIHUHQW�DPRXQWV�RI WLPH RQ�GLIIHUHQW�PDFKLQHV�

:K\" KLQW� UHPHPEHU�WKDW�WKHVH DUH PDFKLQH�LQVWUXFWLRQV� QRW�OLQHV�RI & FRGH

time

1s
ti

ns
tru

ct
io

n

2n
d

in
st

ru
ct

io
n

3r
d

in
st

ru
ct

io
n

4t
h

5t
h

6t
h ...

+RZ�PDQ\�F\FOHV�DUH�UHTXLUHG�IRU�D�SURJUDP"
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� 0XOWLSOLFDWLRQ�WDNHV�PRUH�WLPH�WKDQ�DGGLWLRQ
� )ORDWLQJ�SRLQW�RSHUDWLRQV�WDNH�ORQJHU�WKDQ�LQWHJHU�RQHV
� $FFHVVLQJ�PHPRU\�WDNHV�PRUH�WLPH�WKDQ�DFFHVVLQJ�UHJLVWHUV

� ,PSRUWDQW�SRLQW���FKDQJLQJ�WKH�F\FOH�WLPH�RIWHQ�FKDQJHV�WKH�QXPEHU�RI�
F\FOHV�UHTXLUHG�IRU�YDULRXV�LQVWUXFWLRQV��PRUH�ODWHU�

time

'LIIHUHQW�QXPEHUV�RI�F\FOHV�IRU�GLIIHUHQW�LQVWUXFWLRQV
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• 2XU�IDYRULWH�SURJUDP�UXQV�LQ����VHFRQGV�RQ�FRPSXWHU�$��ZKLFK�KDV D�
��� 0K]��FORFN���:H�DUH�WU\LQJ�WR�KHOS�D�FRPSXWHU�GHVLJQHU�EXLOG�D�QHZ�
PDFKLQH�%��WKDW�ZLOO�UXQ�WKLV�SURJUDP�LQ���VHFRQGV���7KH�GHVLJQHU�FDQ�XVH�
QHZ��RU�SHUKDSV�PRUH�H[SHQVLYH��WHFKQRORJ\�WR�VXEVWDQWLDOO\�LQFUHDVH�WKH�
FORFN�UDWH��EXW�KDV�LQIRUPHG�XV�WKDW�WKLV�LQFUHDVH�ZLOO�DIIHFW�WKH�UHVW�RI�WKH�
&38�GHVLJQ��FDXVLQJ�PDFKLQH�%�WR�UHTXLUH�����WLPHV�DV�PDQ\�FORFN F\FOHV�DV�
PDFKLQH�$�IRU�WKH�VDPH�SURJUDP����:KDW�FORFN�UDWH�VKRXOG�ZH�WHOO WKH�
GHVLJQHU�WR�WDUJHW"�

• 'RQ
W�3DQLF��FDQ�HDVLO\�ZRUN�WKLV�RXW�IURP�EDVLF�SULQFLSOHV

([DPSOH�������SDJ����
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• $�JLYHQ�SURJUDP�ZLOO�UHTXLUH
– VRPH�QXPEHU�RI�LQVWUXFWLRQV��PDFKLQH�LQVWUXFWLRQV�
– VRPH�QXPEHU�RI�F\FOHV
– VRPH�QXPEHU�RI�VHFRQGV

• :H�KDYH�D YRFXEXODU\ WKDW�UHODWHV�WKHVH�TXDQWLWLHV�
– F\FOH�WLPH��VHFRQGV�SHU�F\FOH�
– FORFN�UDWH��F\FOHV�SHU�VHFRQG�
– &3,��F\FOHV�SHU�LQVWUXFWLRQ��

D�IORDWLQJ�SRLQW�LQWHQVLYH�DSSOLFDWLRQ�PLJKW�KDYH�D�KLJKHU�&3,
– 0,36��PLOOLRQV�RI�LQVWUXFWLRQV�SHU�VHFRQG�

WKLV�ZRXOG�EH�KLJKHU�IRU�D�SURJUDP�XVLQJ�VLPSOH�LQVWUXFWLRQV

1RZ�WKDW�ZH�XQGHUVWDQG�F\FOHV
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3HUIRUPDQFH

• 3HUIRUPDQFH�LV�GHWHUPLQHG�E\�H[HFXWLRQ�WLPH
• 'R�DQ\�RI�WKH�RWKHU�YDULDEOHV�HTXDO�SHUIRUPDQFH"

– ��RI�F\FOHV�WR�H[HFXWH�SURJUDP"
– ��RI�LQVWUXFWLRQV�LQ�SURJUDP"
– ��RI�F\FOHV�SHU�VHFRQG"
– DYHUDJH���RI�F\FOHV�SHU�LQVWUXFWLRQ"
– DYHUDJH���RI�LQVWUXFWLRQV�SHU�VHFRQG"

• &RPPRQ�SLWIDOO���WKLQNLQJ�RQH�RI�WKH�YDULDEOHV�LV�LQGLFDWLYH�RI�
SHUIRUPDQFH�ZKHQ�LW�UHDOO\�LVQ¶W�
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• 6XSSRVH�ZH�KDYH�WZR�LPSOHPHQWDWLRQV�RI�WKH�VDPH�LQVWUXFWLRQ�VHW�
DUFKLWHFWXUH��,6$���
)RU�VRPH�SURJUDP�
0DFKLQH�$�KDV�D�FORFN�F\FOH�WLPH�RI��� QV��DQG�D�&3,�RI�����
0DFKLQH�%�KDV�D�FORFN�F\FOH�WLPH�RI��� QV��DQG�D�&3,�RI�����
:KDW�PDFKLQH�LV�IDVWHU�IRU�WKLV�SURJUDP��DQG�E\�KRZ�PXFK"

• ,I�WZR�PDFKLQHV�KDYH�WKH�VDPH�,6$�ZKLFK�RI�RXU�TXDQWLWLHV��H�J�� FORFN�UDWH��
&3,��H[HFXWLRQ�WLPH����RI�LQVWUXFWLRQV��0,36��ZLOO�DOZD\V�EH�LGHQWLFDO"�

&3,�([DPSOH�������SDJ����
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)yUPXODV

• W&38  W&. 
��1��GH SHUtRGRV�� ��1��GH SHUtRGRV��� I&.
• ,&� �,QVWUXFWLRQ�&RXQW� �1��WRWDO�GH�LQVWUXo}HV
• W&38  ��1��GH SHUtRGRV����I&.� ��,&�
�&3,����I&.�

• 1��GH�SHUtRGRV� �

• &3,PpGLR  �

• ,&� �
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• $�FRPSLOHU�GHVLJQHU�LV�WU\LQJ�WR�GHFLGH�EHWZHHQ�WZR�FRGH�VHTXHQFHV�
IRU�D�SDUWLFXODU�PDFKLQH���%DVHG�RQ�WKH�KDUGZDUH�LPSOHPHQWDWLRQ�
WKHUH�DUH�WKUHH�GLIIHUHQW�FODVVHV�RI�LQVWUXFWLRQV���&ODVV�$��&ODVV�%��
DQG�&ODVV�&��DQG�WKH\�UHTXLUH�RQH��WZR��DQG�WKUHH�F\FOHV�
�UHVSHFWLYHO\����
7KH�ILUVW�FRGH�VHTXHQFH�KDV���LQVWUXFWLRQV������RI�$����RI�%��DQG���RI�&
7KH�VHFRQG�VHTXHQFH�KDV���LQVWUXFWLRQV�����RI�$����RI�%��DQG���RI�&�
:KLFK�VHTXHQFH�ZLOO�EH�IDVWHU"��+RZ�PXFK"
:KDW�LV�WKH�&3,�IRU�HDFK�VHTXHQFH"

��RI�,QVWUXFWLRQV�([DPSOH��SDJ����
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• 7ZR�GLIIHUHQW�FRPSLOHUV�DUH�EHLQJ�WHVWHG�IRU�D�����0+]��PDFKLQH�ZLWK�
WKUHH�GLIIHUHQW�FODVVHV�RI�LQVWUXFWLRQV���&ODVV�$��&ODVV�%��DQG�&ODVV�
&��ZKLFK�UHTXLUH�RQH��WZR��DQG�WKUHH�F\FOHV��UHVSHFWLYHO\����%RWK�
FRPSLOHUV�DUH�XVHG�WR�SURGXFH�FRGH�IRU�D�ODUJH�SLHFH�RI�VRIWZDUH�
7KH�ILUVW�FRPSLOHU
V�FRGH�XVHV���PLOOLRQ�&ODVV�$�LQVWUXFWLRQV���
PLOOLRQ�&ODVV�%�LQVWUXFWLRQV��DQG���PLOOLRQ�&ODVV�&�LQVWUXFWLRQV�
7KH�VHFRQG�FRPSLOHU
V�FRGH�XVHV����PLOOLRQ�&ODVV�$�LQVWUXFWLRQV� ��
PLOOLRQ�&ODVV�%�LQVWUXFWLRQV��DQG���PLOOLRQ�&ODVV�&�LQVWUXFWLRQV�

• :KLFK�VHTXHQFH�ZLOO�EH�IDVWHU�DFFRUGLQJ�WR�0,36"
• :KLFK�VHTXHQFH�ZLOO�EH�IDVWHU�DFFRUGLQJ�WR�H[HFXWLRQ�WLPH"

0,36�H[DPSOH
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0,36�H[DPSOH��FRQW�G�

• W&38�  ���
���
���
���
��(��
��� QV  �����(���� �����PV���� PDLV�UiSLGR
• W&38�  ����
���
���
���
��(��
��� QV  �����(���� �����PV

• 0,36�� ��������������� ����0,36
• 0,36�� ����������������� ����������� ����0,36�� PDLV�UiSLGR

• UHVXOWDGRV�FRQIOLWDQWHV�SDUD�XP�PHVPR�SURJUDPD��HP�XP�PHVPR�
FRPSXWDGRU

7LSR
$�%�&

&RPSLO�� ,&��(���� �����
&RPSLO�� ,&��(���� ������

�����

f=100 MHz ⇒ T = 10 ns 



Mario Côrtes - MO401 - IC/Unicamp- 2002s1 Ch1/2-291998 Morgan Kaufmann Publishers

0,36

• 0,36 QmR p PHGLGD�FRQILiYHO GH�GHVHPSHQKR
• 7HQWDWLYDV��

– 0,36�GH�SLFR �SLRU�DLQGD�
– 0,36�UHODWLYR

– 0iTXLQD�GH�UHIHUrQFLD�PDLV�XVDGD�p R�9$;��������0,36�
983��9$;�8QLW�RI�3HUIRUPDQFH�

0,36UHI7FSX
UHI7FSX0,36UHO *=
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0)/236

• 0LOK}HV GH�RSHUDo}HV�GH�SRQWR�IOXWXDQWH�SRU�VHJXQGR����
��H[�
• 3UREOHPDV�

– GHSHQGH�GR�SURJUDPD
– SURJUDPD�VHP�SRQWR�IOXWXDQWH�� ��0)/236
– GHSHQGH�GR�FRQMXQWR�GH�LQVWUXo}HV��H[��GLYLVmR�p XPD�LQVWUXomR�

RX�p XPD�VHTXHQFLD�GH�SDVVRV�
• $OWHUQDWLYDV�

– 0)/236�QRUPDOL]DGR��SHVR�GLIHUHQFLDGR�QDV�LQVWUXo}HV�QD�
OLQJXDJHP�HP�DOWR�QtYHO��PXOWLSOLFDomR�PDLV�FRPSOH[R�GR�TXH�
VRPD�
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• 3HUIRUPDQFH�EHVW�GHWHUPLQHG�E\�UXQQLQJ�D�UHDO�DSSOLFDWLRQ
– 8VH�SURJUDPV�W\SLFDO�RI�H[SHFWHG�ZRUNORDG
– 2U��W\SLFDO�RI�H[SHFWHG�FODVV�RI�DSSOLFDWLRQV

H�J���FRPSLOHUV�HGLWRUV��VFLHQWLILF�DSSOLFDWLRQV��JUDSKLFV��HWF�
• 6PDOO�EHQFKPDUNV

– QLFH�IRU�DUFKLWHFWV�DQG�GHVLJQHUV
– HDV\�WR�VWDQGDUGL]H
– FDQ�EH�DEXVHG��RSo}HV�HVSHFLDLV�GH�FRPSLODomR�

• 63(&��6\VWHP�3HUIRUPDQFH�(YDOXDWLRQ�&RRSHUDWLYH�
– KWWS���ZZZ�VSHFEHQFK�RUJ�
– FRPSDQLHV�KDYH�DJUHHG�RQ�D�VHW�RI�UHDO�SURJUDP�DQG�LQSXWV
– FDQ�VWLOO�EH�DEXVHG��,QWHO¶V�³RWKHU´�EXJ���SURJUDPD�³RWLPL]DGR´�

SRU�FRPSLODGRU�³HVSHFLDO´�HUD�HUUDGR�����
– YDOXDEOH�LQGLFDWRU�RI��SHUIRUPDQFH��DQG�FRPSLOHU�WHFKQRORJ\�

%HQFKPDUNV
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63(&�µ��

• &RPSLOHU�³HQKDQFHPHQWV´�DQG�SHUIRUPDQFH
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63(&�µ��

%HQFKPDUN 'HVFULSWLRQ
go Artificial intelligence; plays the game of Go
m88ksim Motorola 88k chip simulator; runs test program
gcc The Gnu C compiler generating SPARC code
compress Compresses and decompresses file in memory
li Lisp interpreter
ijpeg Graphic compression and decompression
perl Manipulates strings and prime numbers in the special-purpose programming language Perl
vortex A database program
tomcatv A mesh generation program
swim Shallow water model with 513 x 513 grid
su2cor quantum physics; Monte Carlo simulation
hydro2d Astrophysics; Hydrodynamic Naiver Stokes equations
mgrid Multigrid solver in 3-D potential field
applu Parabolic/elliptic partial differential equations
trub3d Simulates isotropic, homogeneous turbulence in a cube
apsi Solves problems regarding temperature, wind velocity, and distribution of pollutant
fpppp Quantum chemistry
wave5 Plasma physics; electromagnetic particle simulation
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����&RPSDUDQGR�EHQFKPDUNV

• 3DUD�HOLPLQDU�³SHVR´�GH�SURJUDPDV�PDLV�ORQJRV�� QRUPDOL]DomR

• 4XDQGR�RV�WHPSRV�GH�H[HFXomR�VmR�
QRUPDOL]DGRV�GHYH�VH�XVDU�D�PpGLD�JHRPpWULFD

• 3URSULHGDGH GH�0*

• $WHQomR��0*�QmR�UHSUHVHQWD�R�WHPSR�GH�H[HFXomR��GHSHQGH�GD�
GLVWULEXLomR�HVWDWtVWLFD�

1RUP����$ 1RUP����%7D 7E $ % $ %
Prog. 1 1 10 1 10 0.1 1

Prog. 2 1000 100 1 0.1 10 1

Med Arit T Norm. 500.5 55 1 5.05 5.05 1

Med Geom T Norm. 31.6 31.6 1 1 1 1

Q
UHI

L

7
70* ∏=

1

1

)(
)(
)(

L
L

L

L
<;0*<0*

;0* =
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63(&�µ��

'RHV�GRXEOLQJ�WKH�FORFN�UDWH�GRXEOH�WKH�SHUIRUPDQFH"
&DQ�D�PDFKLQH�ZLWK�D�VORZHU�FORFN�UDWH�KDYH�EHWWHU�SHUIRUPDQFH"�
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• Aumento de desempenho para o mesmo clock
• tCPU = = (IC * CPI) / fCK
• Taxa de ganho é menor do que a taxa de aumento do clock 
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([HPSORV�GH�PHGLGDV

• PRVWUDU WUDQVSDUrQFLDV�63(&
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([HFXWLRQ�7LPH�$IWHU�,PSURYHPHQW� ��

([HFXWLRQ�7LPH�8QDIIHFWHG����([HFXWLRQ�7LPH�$IIHFWHG����$PRXQW�RI�,PSURYHPHQW��

• ([DPSOH�������SDJ ����
�6XSSRVH�D�SURJUDP�UXQV�LQ�����VHFRQGV�RQ�D�PDFKLQH��ZLWK��

PXOWLSO\�UHVSRQVLEOH�IRU����VHFRQGV�RI�WKLV�WLPH����+RZ�PXFK�GR�ZH�KDYH�WR�
LPSURYH�WKH�VSHHG�RI�PXOWLSOLFDWLRQ�LI�ZH�ZDQW�WKH�SURJUDP�WR�UXQ���WLPHV�
IDVWHU"�

+RZ�DERXW�PDNLQJ�LW���WLPHV�IDVWHU"

• 3ULQFLSOH���0DNH�WKH�FRPPRQ�FDVH�IDVW

$PGDKO
V�/DZ
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• 6XSSRVH�ZH�HQKDQFH�D�PDFKLQH�PDNLQJ�DOO�IORDWLQJ�SRLQW�LQVWUXFWLRQV�UXQ�
ILYH�WLPHV�IDVWHU���,I�WKH�H[HFXWLRQ�WLPH�RI�VRPH�EHQFKPDUN�EHIRUH�WKH�
IORDWLQJ�SRLQW�HQKDQFHPHQW�LV����VHFRQGV��ZKDW�ZLOO�WKH�VSHHGXS�EH�LI�KDOI�RI�
WKH����VHFRQGV�LV�VSHQW�H[HFXWLQJ�IORDWLQJ�SRLQW�LQVWUXFWLRQV"

• :H�DUH�ORRNLQJ�IRU�D�EHQFKPDUN�WR�VKRZ�RII�WKH�QHZ�IORDWLQJ�SRLQW�XQLW�
GHVFULEHG�DERYH��DQG�ZDQW�WKH�RYHUDOO�EHQFKPDUN�WR�VKRZ�D�VSHHGXS�RI�����
2QH�EHQFKPDUN�ZH�DUH�FRQVLGHULQJ�UXQV�IRU�����VHFRQGV�ZLWK�WKH�ROG�
IORDWLQJ�SRLQW�KDUGZDUH���+RZ�PXFK�RI�WKH�H[HFXWLRQ�WLPH�ZRXOG�IORDWLQJ�
SRLQW�LQVWUXFWLRQV�KDYH�WR�DFFRXQW�IRU�LQ�WKLV�SURJUDP�LQ�RUGHU�WR�\LHOG�RXU�
GHVLUHG�VSHHGXS�RQ�WKLV�EHQFKPDUN"

([DPSOH
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• 3HUIRUPDQFH�LV�VSHFLILF�WR�D�SDUWLFXODU�SURJUDP�V
– 7RWDO�H[HFXWLRQ�WLPH�LV�D�FRQVLVWHQW�VXPPDU\�RI�SHUIRUPDQFH

• )RU�D�JLYHQ�DUFKLWHFWXUH�SHUIRUPDQFH�LQFUHDVHV�FRPH�IURP�
– LQFUHDVHV�LQ�FORFN�UDWH��ZLWKRXW�DGYHUVH�&3,�DIIHFWV�
– LPSURYHPHQWV�LQ�SURFHVVRU RUJDQL]DWLRQ WKDW�ORZHU�&3,
– FRPSLOHU�HQKDQFHPHQWV�WKDW�ORZHU�&3,�DQG�RU�LQVWUXFWLRQ�FRXQW

• 3LWIDOO���H[SHFWLQJ�LPSURYHPHQW�LQ�RQH�DVSHFW�RI�D�PDFKLQH¶V�
SHUIRUPDQFH�WR�DIIHFW�WKH�WRWDO�SHUIRUPDQFH

• <RX�VKRXOG�QRW�DOZD\V�EHOLHYH�HYHU\WKLQJ�\RX�UHDG���5HDG�FDUHIXOO\�
�VHH�QHZVSDSHU�DUWLFOHV��H�J���([HUFLVH������

5HPHPEHU


