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Resumo:

O objetivo desse trabalho é agregar mais uma interface de programação paralela para medir o 
desempenho e consumo de energia de diferentes arquiteturas multinúcleo em um benchmark 
desenvolvido pelo estudante do Programa de Pós-Graduação em Engenharia Elétrica (PPGEE) da 
Universidade Federal do Pampa (UNIPAMPA) Adriano Marques Garcia, que compara diferentes 
interfaces de programação paralela. O benckmark é composto por 13 aplicações, que são utilizadas em 
seu trabalho. Nesta pesquisa as aplicações estão sendo desenvolvidas utilizando a interface de 
programação paralela Intel Threading Building Blocks (Intel TBB). Tais aplicações serão comparadas 
com as outras interfaces de programação já implementadas, como Pthreads, OpenMP, MPI-1 e MPI-2. 
Será feita a análise da interface de programação paralela Intel Threading Building Blocks, e verificar se 
ela é uma boa alternativa para medir o desempenho e o consumo de energia de arquiteturas multinúcleos. 
Para atender esses objetivos, aplicações que estão sendo implementadas serão comparadas com as outras 
interfaces já usadas. A partir daí pode-se ter uma conclusão se a interface é uma boa alternativa para 
medir o desempenho e o consumo de energia.
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$WXDOPHQWH DV DUTXLWHWXUDV GRV SURFHVVDGRUHV SRVVXHP YiULRV Q~FOHRV GH� � � � � � � � �

SURFHVVDPHQWR� 2 VLVWHPD RSHUDFLRQDO WUDWD FDGD Q~FOHR FRPR VH FDGD XP IRVVH XP� � � � � � � � � � � � �
SURFHVVDGRU GLIHUHQWH� &DGD XP WHP VHXV SUySULRV UHFXUVRV� (VVHV SURFHVVDGRUHV PXOWLQ~FOHR� � � � � � � � � � �
SHUPLWHP D H[HFXomR GH WDUHIDV �RX WKUHDGV� FRQFRUUHQWHV� RX VHMD� FDGD DSOLFDomR YDL HVWDU� � � � � � � � � � � � � �
URGDQGR�HP�XP�Q~FOHR�GLIHUHQWH��WHQGR�PHOKRU�DSURYHLWDPHQWR�GR�SURFHVVDGRU��

2V SURFHVVDGRUHV PXOWLFRUH VXUJLUDP FRP D GLILFXOGDGH GH UHVIULDU SURFHVVDGRUHV� � � � � � � � � �
VLQJOH FRUH� TXH SRVVXtDP IUHTXrQFLDV FDGD YH] PDLV DOWDV� &RPR SRVVXtDP XP JUDQGH� � � � � � � � � � � � �
Q~PHUR GH WUDQVLVWRUHV� SURGX]LDP PXLWR FDORU� (PERUD RV PXOWLFRUHV WHQKDP XPD IUHTXrQFLD� � � � � � � � � � � �
PHQRU��R�VXD�XWLOL]DomR�VH�Gi�SHOR�IDWR�GH�WUDEDOKDUHP�PHOKRU�HP�XP�DPELHQWH�PXOWLWDUHIDV���

$ PDLRULD GDV DSOLFDo}HV QmR XWLOL]DP WRGRV RV Q~FOHRV GH XP SURFHVVDGRU�� � � � � � � � � � � �
*HUDOPHQWH VmR H[HFXWDGDV HP DSHQDV XP Q~FOHR� 3DUD WHU XP PHOKRU GHVHPSHQKR� GHYH�VH� � � � � � � � � � � � �
SDUDOHOL]DU DV DSOLFDo}HV� RX VHMD� R SURJUDPD GHYH URGDU HP GRLV RX PDLV Q~FOHRV� $EDL[R� QD� � � � � � � � � � � � � � � �
)LJXUD����VHJXH�H[HPSOR�GD�SDUDOHOL]DomR�GH�XP�SURJUDPD��

�
)LJXUD����3URJUDPD�VHTXHQFLDO�VHQGR�GLYLGLGR�HP�WDUHIDV��
�

)RQWH��GR�DXWRU��������

�
$ )LJXUD �� DFLPD� GHPRQVWUD XP SURJUDPD VHTXHQFLDO VHQGR SDUDOHOL]DGR HP� � � � � � � � � � �

GHWHUPLQDGD SDUWH GR SURJUDPD HP TXDWUR WDUHIDV� RX VHMD� FDGD WDUHID HVWDUi VHQGR H[HFXWDGD� � � � � � � � � � � � � �
HP�XP�Q~FOHR�GLVWLQWR�GR�SURFHVVDGRU��

8PD DSOLFDomR SDUDOHOL]DGD JHUDOPHQWH WHP XP PHOKRU GHVHPSHQKR HP FRPSDUDomR j� � � � � � � � � � �
VXD YHUVmR VHTXHQFLDO� SRLV R WHPSR WRWDO GH H[HFXomR p GLYLGLGR HQWUH Q~FOHRV GR� � � � � � � � � � � � � �
SURFHVVDGRU��$�)LJXUD���DEDL[R�FRPSDUD�D�YHUVmR�VHTXHQFLDO�H�SDUDOHOD�GH�XP�SURJUDPD��
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$ )LJXUD �D GHPRQVWUD R GHVHPSHQKR GH XP SURJUDPD HP VXD YHUVmR VHTXHQFLDO H� � � � � � � � � � � � � �

SDUDOHOD� 1D YHUVmR VHTXHQFLDO D DSOLFDomR OHYRX ��� VHJXQGRV� HQTXDQWR D YHUVmR SDUDOHOD� � � � � � � � � � � � �

OHYRX �� VHJXQGRV� TXH IRL R WHPSR GH H[HFXomR GR Q~FOHR 3� GR SURFHVVDGRU� $ 7DUHID TXH� � � � � � � � � � � � � � � � �

HVWDUi URGDQGR QR 3�� SURYDYHOPHQWH p D TXH SRVVXL PDLRU FDUJD GH WUDEDOKR� RX VHMD� p HOD� � � � � � � � � � � � � � � � �

TXH�YDL�GHWHUPLQDU�R�WHPSR�ILQDO�GD�DSOLFDomR��

$ )LJXUD �E HVWi GHPRQVWUDQGR R FRQVXPR GH HQHUJLD GD DSOLFDomR VHTXHQFLDO H� � � � � � � � � � � � �

SDUDOHOD� 3HUFHEH�VH TXH D YHUVmR SDUDOHOD WHP FRP FRQVXPR WRWDO GH HQHUJLD �(S� PDLRU TXH D� � � � � � � � � � � � � � � �

VHTXHQFLDO �(V�� LVVR VH Gi� SHOR FRQVXPR GH HQHUJLD JDVWR QD FRPXQLFDomR HQWUH RV Q~FOHRV�� � � � � � � � � � � � � � �

UHSUHVHQWDGD SRU �&�� (VVD FRPXQLFDomR p IHLWD DWUDYpV GD PHPyULD FRPSDUWLOKDGD� TXH� � � � � � � � � � � �

JHUDOPHQWH HVWi KLHUDUTXLFDPHQWH PDLV GLVWDQWH GR SURFHVVDGRU �PHPyULD FDFKH /� H PHPyULD� � � � � � � � � � � �

SULQFLSDO�� TXH SRVVXHP DFHVVR PDLV OHQWR H PDLRU FRQVXPR GH HQHUJLD� TXDQGR FRPSDUDGR� � � � � � � � � � � � �

FRP DV PHPyULD SULYDGD GH FDGD SURFHVVDGRU �PHPyULD FDFKH /� H /�� >.257+,.$17,�� � � � � � � � � � � � �
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2 REMHWLYR GHVVH WUDEDOKR p DJUHJDU PDLV XPD LQWHUIDFH GH SURJUDPDomR SDUDOHOD SDUD� � � � � � � � � � � � �

PHGLU R GHVHPSHQKR H FRQVXPR GH HQHUJLD GH GLIHUHQWHV DUTXLWHWXUDV PXOWLQ~FOHR HP XP� � � � � � � � � � � � �

EHQFKPDUN GHVHQYROYLGR SHOR HVWXGDQWH GR 3URJUDPD GH 3yV�*UDGXDomR HP (QJHQKDULD� � � � � � � � � �

(OpWULFD �33*((� GD 8QLYHUVLGDGH )HGHUDO GR 3DPSD �81,3$03$� $GULDQR 0DUTXHV� � � � � � � � � �

*DUFLD��TXH�FRPSDUD�GLIHUHQWHV�LQWHUIDFHV�GH�SURJUDPDomR�SDUDOHOD��

2 EHQFNPDUN p FRPSRVWR SRU �� DSOLFDo}HV� TXH VmR XWLOL]DGDV HP VHX WUDEDOKR� 1HVWD� � � � � � � � � � � � � �

SHVTXLVD DV DSOLFDo}HV HVWmR VHQGR GHVHQYROYLGDV XWLOL]DQGR D LQWHUIDFH GH SURJUDPDomR� � � � � � � � � � �

SDUDOHOD ,QWHO 7KUHDGLQJ %XLOGLQJ %ORFNV �,QWHO 7%%�� 7DLV DSOLFDo}HV VHUmR FRPSDUDGDV FRP� � � � � � � � � � � �
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DV RXWUDV LQWHUIDFHV GH SURJUDPDomR Mi LPSOHPHQWDGDV� FRPR 3WKUHDGV� 2SHQ03� 03,�� H� � � � � � � � � � � �
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([LVWHP YiULDV IRUPDV GH SDUDOHOL]DU XP DSOLFDomR� >5$8%(5� 7� 5h1*(5 *� ����@� � � � � � � � � � � �
SURS}HP�WUrV�HWDSDV��IXQGDPHQWDLV�SDUD�D�SDUDOHOL]DomR�GH�XP�DSOLFDomR�VHTXHQFLDO��

�
� 'HFRPSRVLomR GD &RPSXWDomR� R SURJUDPD GHYH VHU GHFRPSRVWR HP WDUHIDV� � � � � � � � � �
VXILFLHQWHV�SDUD�XWLOL]DU�WRGRV�RV�Q~FOHRV�GR�SURFHVVDGRU��

�
� $WULEXLomR GDV WDUHIDV SDUD WKUHDGV� $V WDUHIDV GHYHP WHU ERP EDODQFHDPHQWR GH� � � � � � � � � � � �
FDUJD� $V WKUHDGV GHYHP WHU DSUR[LPDGDPHQWH R PHVPR Q~PHUR GH FiOFXORV D VHUHP� � � � � � � � � � � � �
H[HFXWDGRV��

�
� 0DSHDPHQWR GDV WKUHDGV HP Q~FOHRV GH SURFHVVDGRU� p UHDOL]DGD SHOR VLVWHPD� � � � � � � � � � �
RSHUDFLRQDO� FRP D ILQDOLGDGH GH REWHU XPD XWLOL]DomR HTXLOLEUDGD GRV Q~FOHRV H� � � � � � � � � � � �
PDQWHQGR�D�PHQRU�FRPXQLFDomR��SRVVtYHO�HQWUH�RV�Q~FOHRV�GR�SURFHVVDGRU���

�
$V �� DSOLFDo}HV IRUDP FODVVLILFDGDV HP WUrV JUXSRV DV TXH XWLOL]DP YHWRUHV� PDWUL]HV� � � � � � � � � � � � �

H�DV�TXH�QmR�RSHUDP�HP�HVWUXWXUDV�GH�GDGRV��$EDL[R�VHJXH�D�WDEHOD�FRP�DV����DSOLFDo}HV��
�
7DEHOD����$SUHVHQWDomR�GDV�DSOLFDo}HV��
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3DUD SDUDOHOL]DU DV DSOLFDo}HV TXH XWLOL]DP HVWUXWXUDV GH GDGRV HP XPD ~QLFD� � � � � � � � � � � �

GLPHQVmR �YHWRUHV�� VHUi XWLOL]DGD D GHFRPSRVLomR GH GRPtQLR HP EORFRV GH XPD GLPHQVmR�� � � � � � � � � � � � �
&DGD WKUHDG ILFD UHVSRQViYHO SRU FRPSXWDU ~QLFD H H[FOXVLYDPHQWH FDGD EORFR� $ GLVWULEXLomR� � � � � � � � � � � � �
GRV EORFRV VHUi GHILQLGD FRP HVWiWLFD SDUD JUDQXODULGDGHV JURVVDV H GLQkPLFD SDUD� � � � � � � � � � � �
JUDQXODULGDGHV�ILQDV���

1RV SURJUDPDV TXH SRVVXHP PDWUL]HV FRPR HVWUXWXUDV GH GDGRV� D GHFRPSRVLomR GR� � � � � � � � � � � �
GRPtQLR p IHLWR HP EORFRV GH GXDV GLPHQV}HV� $SHQDV R ODoR IRU PDLV H[WHUQR VHUi� � � � � � � � � � � � � � �
SDUDOHOL]DGR� RX VHMD� R ODoR TXH FRQWUROD DV OLQKDV WDPEpP LUi FRQWURODU DV WKUHDGV� $VVLP� � � � � � � � � � � � � � �
FRPR QR FDVR GDV DSOLFDo}HV FRP YHWRUHV� QD SDUDOHOL]DomR FRP ,QWHO 7%% VHUi XWLOL]DGD D� � � � � � � � � � � � � � �
GLVWULEXLomR�HP�EORFRV�HVWiWLFRV�SDUD�JUDQXODULGDGH�JURVVD�R�GLQkPLFD�SDUD�JUDQXODULGDGH�ILQD��
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$V DSOLFDo}HV TXH QmR FRPSXWDP VREUH HVWUXWXUDV GH GDGRV SRVVXHP LPSOHPHQWDomR� � � � � � � � � � �
EDVWDQWH VLPSOHV� FRP DSHQDV XP ODoR TXH ID] WRGD D FRPSXWDomR� 1HVVH FDVR D SDUDOHOL]DomR� � � � � � � � � � � � � � �
LUi VHU DWUDYpV GD GLYLVmR GR Q~PHUR GH LWHUDo}HV SHOD TXDQWLGDGH GH WKUHDGV GH IRUPD HVWiWLFD�� � � � � � � � � � � � � � � �
1R�ILQDO�GR�ODoR�RV�UHVXOWDGRV�GH�FDGD�WKUHDG�GHYHP�VHU�XQLILFDGRV��
�
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(VVH WUDEDOKR WHP FRPR SUHWHQV}HV FRODERUDU FRP R WUDEDOKR GR $GULDQR 0DUTXHV� � � � � � � � � � � �
*DUFLD� IRUQHFHQGR jV �� DSOLFDo}HV XWLOL]DQGR ,QWHO 7%%� $V PHVPDV HVWmR VHQGR� � � � � � � � � � � �
GHVHQYROYLGDV HP FRODERUDomR FRP HOH� $VVLP TXH WLYHUHP IXQFLRQDQGR SHUIHLWDPHQWH VHUmR� � � � � � � � � � �
WHVWDGDV H FRPSDUDGDV FRP DV RXWUDV LQWHUIDFHV GH SURJUDPDomR 3WKUHDGV� 2SHQ03� 03,�� H� � � � � � � � � � � � �
03,����TXH�Mi�IRUDP�LPSOHPHQWDGDV�DQWHULRUPHQWH��

$V HVWUDWpJLDV GH SDUDOHOL]DomR IRUDP DGRWDGDV OHYDQGR HP FRQWDV DV HVWUDWpJLDV Mi� � � � � � � � � � � �
XWLOL]DGDV QDV LPSOHPHQWDo}HV GDV RXWUDV LQWHUIDFHV� (VVDV LPSOHPHQWDo}HV TXH HVWmR VHQGR� � � � � � � � � � �
UHDOL]DGDV OHYDP HP FRQWD DV FDUDFWHUtVWLFDV GH FDGD DSOLFDomR� RX VHMD� TXDO R WLSR GH� � � � � � � � � � � � � � �
HVWUXWXUD�TXH�DV�DSOLFDo}HV�VHUmR�FRPSXWDGDV��
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1HVWH WUDEDOKR GHVHMD�VH SURYHU D DQiOLVH GD LQWHUIDFH GH SURJUDPDomR SDUDOHOD ,QWHO� � � � � � � � � � � �
7KUHDGLQJ %XLOGLQJ %ORFNV� H YHULILFDU VH HOD p XPD ERD DOWHUQDWLYD SDUD PHGLU R GHVHPSHQKR� � � � � � � � � � � � � � �
H R FRQVXPR GH HQHUJLD GH DUTXLWHWXUDV PXOWLQ~FOHRV� 3DUD DWHQGHU HVVHV REMHWLYRV� DSOLFDo}HV� � � � � � � � � � � � �
TXH HVWmR VHQGR LPSOHPHQWDGDV VHUmR FRPSDUDGDV FRP DV RXWUDV LQWHUIDFHV Mi XVDGDV� $ SDUWLU� � � � � � � � � � � � � �
GDt SRGH�VH WHU XPD FRQFOXVmR VH D LQWHUIDFH p XPD ERD DOWHUQDWLYD SDUD PHGLU R GHVHPSHQKR H� � � � � � � � � � � � � � � � �
R�FRQVXPR�GH�HQHUJLD��

&RPR WUDEDOKRV IXWXURV� SUHWHQGH�VH LQWHJUDU RXWUDV LQWHUIDFH DOpP GDV Mi XWLOL]DGDV QR� � � � � � � � � � � �
WUDEDOKR�GR�PHVWUDQGR�$GULDQR�0DUTXHV�*DUFLD��SDUD�TXH�R�WUDEDOKR�VH�WRUQH�PDLV�DEUDQJHQWH���
�
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������'LVVHUWDomR��*UDGXDomR�HP�&LrQFLD�GD�&RPSXWDomR����8QLYHUVLGDGH�)HGHUDO�GR�3DPSD��
$OHJUHWH��������
�
.257+,.$17,��9��$���$*+$��*��7RZDUGV�RSWLPL]LQJ�HQHUJ\�FRVWV�RI�DOJRULWKPV�
IRU�VKDUHG�PHPRU\�DUFKLWHFWXUHV��,Q��$&0��3URFHHGLQJV�RI�WKH�WZHQW\�VHFRQG�DQQXDO�
$&0�V\PSRVLXP�RQ�3DUDOOHOLVP�LQ�DOJRULWKPV�DQG�DUFKLWHFWXUHV��>6�O�@��������S�����±�����
�
/25(1=21��$��)��$YDOLDomR�GR�GHVHPSHQKR�H�FRQVXPR�HQHUJpWLFR�GH�GLIHUHQWHV�
LQWHUIDFHV�GH�SURJUDPDomR�SDUDOHOD�HP�VLVWHPDV�HPEDUFDGRV�H�GH�SURSyVLWR�JHUDO��
'LVVHUWDomR��0HVWUDGR��²�8QLYHUVLGDGH�)HGHUDO�GR�5LR�*UDQGH�GR�6XO��������
�
/25(1=21��$��)���&(5$��0��&���%(&.��$��&��6��3HUIRUPDQFH�DQG�HQHUJ\�HYDOXDWLRQ�
RI�GLIIHUHQW�PXOWL�WKUHDGLQJ�LQWHUIDFHV�LQ�HPEHGGHG�DQG�JHQHUDO�SXUSRVH�V\VWHPV��-RXUQDO�
RI�6LJQDO�3URFHVVLQJ�6\VWHPV��6SULQJHU��Y������Q�����S�����±������������
�
5$8%(5��7���5h1*(5��*��3DUDOOHO�SURJUDPPLQJ��)RU�PXOWLFRUH�DQG�FOXVWHU�V\VWHPV��
>6�O�@��6SULQJHU�6FLHQFH�	�%XVLQHVV�0HGLD��������
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