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Resumo:

O conhecimento de diferentes conceitos sobre arquitetura de computadores, tal como o fluxo de 
execução de instruções e o funcionamento de uma hierarquia de memória, pode tornar-se extremamente 
complexo e subsequentemente desmotivador para alunos iniciantes num curso de engenharia de 
computação. E apresentar visualmente, de forma simples e interativa como ocorre o fluxo de dados na 
execução de cada instrução no interior de uma arquitetura. Também permitir a análise e comparação de 
vários sistemas de memória cache através de resultados gerados nas simulações. Desse modo, nós 
propomos um simulador, que implementa suporte para um subconjunto de bytecodes da linguagem Java 
e permite ao usuário expandir esse conjunto de instruções de forma fácil e didática. Esse simulador foi 
projetado para uso em disciplinas iniciais da área de arquitetura de computadores do currículo de um 
curso de Engenharia de Computação ou Ciência da Computação.
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2 HQWHQGLPHQWR GH GLIHUHQWHV FRQFHLWRV VREUH DUTXLWHWXUD GH FRPSXWDGRUHV�� � � � � � � � �
WDO FRPR R IOX[R GH H[HFXomR GH LQVWUXo}HV H R IXQFLRQDPHQWR GH XPD KLHUDUTXLD� � � � � � � � � � � � � �
GH PHPyULD� SRGH WRUQDU�VH H[WUHPDPHQWH FRPSOH[R H VXEVHTXHQWHPHQWH� � � � � � � �
GHVPRWLYDGRU SDUD DOXQRV LQLFLDQWHV QXP FXUVR GH HQJHQKDULD GH FRPSXWDomR� � � � � � � � � �
SULQFLSDOPHQWH SHOD GLILFXOGDGH GH YLVXDOL]DomR GR TXH DFRQWHFH GXUDQWH RV DFHVVRV� � � � � � � � � � �
jV SRVLo}HV GH PHPyULD QRV GLYHUVRV QtYHLV KLHUiUTXLFRV� DWp TXH XP UHVXOWDGR ILQDO� � � � � � � � � � � � �
GD ���H[HFXomR ���GR ���SURJUDPD ���SRVVD ���VHU ���DOFDQoDGR��

$V H[SOLFDo}HV GHQWUR GH VDOD GH DXOD FRP PpWRGRV FRQYHQFLRQDLV GH� � � � � � � � � � �
GHVHQKRV HP TXDGURV� VOLGHV RX OLYURV VmR VHPSUH UHSUHVHQWDo}HV HVWiWLFDV GRV� � � � � � � � � � �
HYHQWRV TXH HQYROYHP R FDPLQKR GH GDGRV GD LQVWUXomR GHQWUR GH DUTXLWHFWXUD� � � � � � � � � � � �
HVSHFtILFD� 3RGHPRV DSUHVHQWDU XP FRPSRUWDPHQWR GLQkPLFR DWUDYpV GH XPD� � � � � � � � �
VHT�rQFLD GH UHSUHVHQWDo}HV HVWiWLFDV� PDV LVVR H[LJH PXLWR WUDEDOKR H WHPSR SDUD� � � � � � � � � � � �
FULDomR GH H[HPSORV TXH SRVVDP GHPRQVWUDU R IOX[R GH H[HFXomR HP GLIHUHQWHV� � � � � � � � � � � �
FHQiULRV GH FRPSXWDomR� DILP GH IRUPDU XP ERP HQWHQGLPHQWR VREUH R HVWXGR GH� � � � � � � � � � � � �
DUTXLWHWXUD ���GH ���FRPSXWDGRUHV���

&RQVHTXHQWHPHQWH� HVVH PpWRGR OLPLWD RV SURIHVVRUHV D XVDUHP VHPSUH RV� � � � � � � � � �
PHVPRV H[HPSORV � GH PRGR TXH WRGD D DPSOLWXGH H SURIXQGLGDGH LQHUHQWH DR� � � � � � � � � � � � �
FRQKHFLPHQWR DGTXLULGR DR ILQDO GH GLVFLSOLQD GHVWD iUHD� DGYpP GD UHVROXomR GH� � � � � � � � � � � �
H[HUFtFLRV WHyULFRV �UHDOL]DGRV HP JHUDO FRP OiSLV VREUH SDSHO�� 'LVVR� GHFRUUH RXWUD� � � � � � � � � � � �
GLILFXOGDGH HP VH HVWXGDU DUTXLWHWXUD H RUJDQL]DomR GH FRPSXWDGRUHV� R WHPSR SDUD� � � � � � � � � � � �
UHVROXomR H[HUFtFLRV HP SDSHO XVDQGR PRGRV H PpWRGRV FRQYHQFLRQDLV� TXH� HP� � � � � � � � � � �
JHUDO� UHTXHUHP JDEDULWRV SDUD FRUUHomR RX D YHULILFDomR SRU WHVWHV GH PHVD� SDUD� � � � � � � � � � � � �
LGHQWLILFDU VH R SHQVDPHQWR GR HVWXGDQWH IRL GHVHQYROYLGR FRUUHWDPHQWH GXUDQWH D� � � � � � � � � � �
UHVROXomR ���GR ���SUREOHPD ���SURSRVWR��

3RU RXWUR ODGR� R XVR GH VLPXODGRUHV WHQGH D IDFLOLWDU D FRQVWUXomR H FRUUHomR� � � � � � � � � � � � � �
GH VROXo}HV SDUD SUREOHPDV SUiWLFRV UHDLV GD iUHD GH DUTXLWHWXUD GH FRPSXWDGRUHV�� � � � � � � � � � � �
SHUPLWLQGR R FRQWDWR GR DFDGrPLFR FRP XPD GLYHUVLGDGH PDLRU GH SUREOHPDV� SDUD� � � � � � � � � � � �
RV TXDLV D VROXo}HV VmR UHVROYLGDV H WHVWDGDV HP PHQRU WHPSR� SURSLFLDQGR DVVLP� � � � � � � � � � � � �
XPD IRUPDomR PDLV VyOLGD H DSURIXQGDGD VREUH R WHPD GDV DUTXLWHWXUDV� � � � � � � � � � �
FRPSXWDFLRQDLV���

6LPXODGRUHV GH DUTXLWHWXUD RULHQWDGRV SDUD DSUHQGL]DGR� GHYHP H EXVFDP� � � � � � � � �
DSUHVHQWDU YLVXDOPHQWH� GH IRUPD VLPSOHV H LQWHUDWLYD FRPR RFRUUH R IOX[R GH GDGRV� � � � � � � � � � � � �
QD H[HFXomR GH FDGD LQVWUXomR QR LQWHULRU GH XPD DUTXLWHWXUD� 2XWUR REMHWLYR p� � � � � � � � � � � � �
SHUPLWLU D DQiOLVH H FRPSDUDomR GH YiULRV VLVWHPDV GH PHPyULD FDFKH DWUDYpV GH� � � � � � � � � � � � �
UHVXOWDGRV JHUDGRV QDV VLPXODo}HV� GH PRGR LQWHUDWLYR�� RX VHMD� QXPD H[HFXomR� � � � � � � � � � �
SDVVR D SDVVR FRP REVHUYDomR GDV PXGDQoDV GH HVWDGR RFRUULGDV WDQWR QR� � � � � � � � � � � �
SURFHVVDGRU���FRPR ���QD ���PHPyULD�� �

'HVVH PRGR� QyV SURSRPRV XP VLPXODGRU� GHQRPLQDGR -DYD6LP� TXH� � � � � � � � �
LPSOHPHQWD VXSRUWH SDUD XP VXEFRQMXQWR GH E\WHFRGHV GD OLQJXDJHP -DYD H SHUPLWH� � � � � � � � � � � �
DR XVXiULR H[SDQGLU HVVH FRQMXQWR GH LQVWUXo}HV GH IRUPD IiFLO H GLGiWLFD� (VVH� � � � � � � � � � � � �
VLPXODGRU IRL SURMHWDGR SDUD XVR HP GLVFLSOLQDV LQLFLDLV GD iUHD GH DUTXLWHWXUD GH� � � � � � � � � � � � �



FRPSXWDGRUHV GR FXUUtFXOR GH XP FXUVR GH (QJHQKDULD GH &RPSXWDomR RX &LrQFLD� � � � � � � � � � � �
GD &RPSXWDomR� -DYD6LP� SURSLFLD QRYDV SRVVLELOLGDGHV GH DSUHQGL]DGR DWUDYpV GH� � � � � � � � � �
H[SHULPHQWDo}HV QDV TXDLV R HVWXGDQWH SRGH YDULDU DVSHFWRV GH FRQILJXUDomR GDV� � � � � � � � � � �
DUTXLWHWXUDV����FRPR ���SRU ���H[HPSOR��

�� (VWUXWXUD GDV FDFKHV� QtYHLV GH FDFKH� DVVRFLDWLYLGDGH HP FDGD QtYHO� � � � � � � � � � �
�Q~PHUR GH YLDV�� WDPDQKR GH EORFR� SROtWLFD GH VXEVWLWXLomR GH EORFRV� � � � � � � � � � �
H ���WDPDQKR ���GH ���FDGD ���FDFKH��

�� 2UJDQL]DomR GD PHPyULD SULQFLSDO� WDPDQKR GD PHPyULD� WDPDQKR GH� � � � � � � � �
EORFR� PpWRGR GH VLQFURQLVPR HQWUH 5$0 H FDFKH �SRGHQGR VHU� � � � � � � � � �
ZULWH�WKURXJK ���RX ���ZULWH�EDFN� ���H ���ODUJXUD ���GH ���SDODYUD��

�� 'HILQLo}HV GH SURFHVVDGRU� LQVWUXo}HV D VHU GLVSRQLELOL]DGDV DR� � � � � � � �
SURJUDPDGRU� LQFOXVmR GH LQVWUXo}HV H WDPDQKR GD SLOKD SDUD� � � � � � � � �
SURFHVVDPHQWR ���DULWPpWLFR����SURFH��
�
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)RUDP ���RV ���VHJXLQWH ���SDVVRV���GHVHQYROYLGRV��
� %XVFDU ���R ������HQWHQGLPHQWR��

� 'R IXQFLRQDPHQWR GD DUTXLWHWXUD 0,36 GRV FRPSRQHQWHV EiVLFR�� � � � � � � �
PHPyULD�������SURFHVVDGRU����������FDFKH ���H ���LQVWUXo}HV�

� 'R ������IXQFLRQDPHQWR ������GRV ���E\WHFRGHV ���GR ���MDYD ���H ���GD ���PiTXLQD ���YLUWXDO ���MDYD��
� 'HVHQYROYLPHQWR ���GDV ���HVWUXWXUD ���EiVLFD ���H ���LQWHUOLJDomR ���GRV ���FRPSRQHQWHV��
� ([HFXomR ���GH ���VRIWZDUH ���GHVHQYROYLGRV ���SDUD ���VLPXODU������
� 'HPRQVWUDomR ���GD ���DSOLFDomR ������GDV ���DXODV ������GH ���(QJHQKDULD ���GD ���&RPSXWDomR��

�
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2 REMHWLYR HUD GHVHQYROYHU XP VLPXODGRU TXH SRVVLOLWDVVH YLVXDOL]DU QD SUiWLFD� � � � � � � � � � �
FRPR IXQFLRQDP RV SULQFLSDLV FRQFHLWRV HVWXGDGRV QDV FDGHLUDV GD iUHD GH� � � � � � � � � � �
$UTXLWHWXUD GH &RPSXWDGRUHV� FRPXPHQWH HQFRQWUDGDV HP FXUUtFXORV GH FXUVRV GH� � � � � � � � � �
HQJHQKDULD H FLrQFLD GD FRPSXWDomR� YLVDQGR WRUQDU PHQRV DEVWUDWRV RV FRQWH~GRV� � � � � � � � � � �
HVWXGDGRV ���QDV ���DXODV ���GHVVDV ���GLVFLSOLQDV���

2 VLPXODGRU FRQWHPSORX YiULRV DVSHFWRV GR IXQFLRQDPHQWR GD DUTXLWHWXUD� � � � � � � � �
FRPR XP WRGR� e SRVVtYHO YLVXDOL]DU GLIHUHQWHV QtYHLV KLHUiUTXLFRV GD PHPyULD�� � � � � � � � � � �
FRPR� SRU H[HPSOR UHJLVWUDGRUHV� FDFKH� PHPyULD 5$0� $WUDYpV GD H[HFXomR GH� � � � � � � � � � �
LQVWUXomR SRU LQVWUXomR p SRVVtYHO YHU R GHVORFDPHQWR GRV GDGRV GHQWUR GR GDWDSDWK� � � � � � � � � � � � �
GR ���SURFHVVDGRU����EHP ���FRPR ���SHORV���QtYHLV ������KLHUiUTXLFRV ���GH ���PHPyULD��

3DUD IDFLOLWDU D OHLWXUD H HQWHQGLPHQWR GRV UHVXOWDGRV SURGX]LGRV HP FDGD� � � � � � � � � � �
SDVVR GD VLPXODomR� RSWRX�VH SRU PRGHODU WRGR R VLPXODGRU XVDQGR Q~PHURV HP� � � � � � � � � � � �
EDVH ���GHFLPDO����HVWXGDU ���GHVGH ������GR ���LQtFLR ���GD ���YLGD ���HVFRODU����HP ���YH] ���GH ���ELQiULD������

$V LQVWUXo}HV TXH VmR XVDGDV VmR RV E\WHFRGHV� GD PiTXLQD YLUWXDO MDYD�� � � � � � � � � � � �
3RVVLELOLWD SURJUDPDU HP E\WHFRGHV MDYD H FDUUHJDU GHQWUR GR VLPXODGRU� 9LVXDOL]DU� � � � � � � � � � �
VHX IXQFLRQDPHQWR H FRPSRUWDPHQWR GXUDQWH D H[HFXomR HP XP GHWHUPLQDGD� � � � � � � � � �
FRQILJXUDomR ������GD ���DUTXLWHWXUD�� �
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(VVH VLPXODGRU SURSRUFLRQD PHOKRU HQWHQGLPHQWR GR FRPSRUWDPHQWR GH XPD� � � � � � � � �
DUTXLWHWXUD VLPSOHV� 3HUPLWLQGR VHU XVDGD � SDUD R FRQKHFLPHQWR VLPSOHV FRPR� � � � � � � � � � �
DYDQoDGR� 3RLV WDPEpP� HOH WUD] RV UHVXOWDGRV FRPR SRU H[HPSOR Q~PHUR GH HUUR� � � � � � � � � � � � �



GD FDFKH HP XPD GHWHUPLQDGD FRQILJXUDomR GD DUTXLWHWXUD� $WUDYpV GHVVHV GDGRV� � � � � � � � � � �
p ���SRVVtYHO ������GHWHUPLQDU ���XPD ���PHOKRU ���FRQILJXUDomR ���SDUD ���XP ���GHWHUPLQDGR ���FyGLJR��

7DPEpP� SRVVtYHO HVWXGDU DWUDYpV GHOH� SRLV HOH H[HFXWD SDVVR SRU SDVVR� � � � � � � � � � �
GDV LQVWUXo}HV H PRVWUD VHX HVWDGR� $VVLP p SRVVtYHO HQWHQGHQGR HQGHUHoDPHQWR� � � � � � � � � � �
GH PHPyULD H GD FDFKH� 7HQGR HP PmR XPD IHUUDPHQWD � SRVVD VHU XVDGD YiULDV� � � � � � � � � � � � � � �
GLVFLSOLQDV ���QHFHVVLWD ���R ���HQWHQGLPHQWR ������GD ���DUTXLWHWXUD�� ��
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-� $� 6� %RUJHV� *� 3� 6LOYD� 1HDQGHU:LQ ± XP VLPXODGRU GLGiWLFR SDUD XPD DUTXLWHWXUD GR� � � � � � � � � � � � � � � �
WLSR ���$FXPXODGRU����,Q����:($&�����������3URFHHGLQJV������3RUWR ���$OHJUH����6%&�����������
3$77(5621� '� $�� +HQQHVV\� -� /� ³2UJDQL]DomR H 3URMHWR GH &RPSXWDGRUHV ± $ ,QWHUIDFH� � � � � � � � � � � � � �
+DUGZDUH�6RIWZDUH´�����D ���(GLomR����(GLWRUD ���&DPSXV����������
�


