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Resumo:

Este artigo apresenta um projeto de processador, denominado BGHS 01, com modelo de Arquitetura 
Harvard, contendo uma palavra de 16 bits. Este processador executa sete operações lógico-aritméticas e 
cinco operações de manipulação de dados. Com intuito de utilizar softwares como recurso e estratégia 
para aprendizagem de conceitos referentes a disciplina de Arquitetura e Organização de Computadores, 
este projeto apresenta um modelo de arquitetura em alto nível e uma simulação desta em linguagem 
System Verilog no software Quartus II da Altera, na qual recebe, armazena e manipula informações do 
mundo externo. Uma descrição da organização das instruções dentro da estrutura da palavra é 
apresentada, com uma discussão breve acerca dos elementos e caminho de dados projetados Por fim, este 
projeto formaliza seus fins educacionais, sendo um ponto de partida que possibilita a compreensão da 
complexidade de conceitos inerentes à disciplina de Arquitetura e Organização de Computadores se 
tornando convidativa para a construção de estruturas mais complexas no andamento da disciplina.
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'HVGH ����� TXDQGR D ,QWHO &RUSRUDWLRQ ODQoRX R SULPHLUR PLFURSURFHVVDGRU� � � � � � � � � �
FRPHUFLDO� D SDUWLU GD TXDUWD JHUDomR GH FRPSXWDGRUHV� FDGD YH] PDLV VDOWRV WHFQROyJLFRV VmR� � � � � � � � � � � � � �
LPSOHPHQWDGRV QDV WHFQRORJLDV GH SURMHWR� IDEULFDomR H LPSOHPHQWDomR GH FLUFXLWRV LQWHJUDGRV� � � � � � � � � � �
TXH UHDOL]DP IXQo}HV GH FiOFXOR H WRPDGD GH GHFLV}HV GH XP FRPSXWDGRU �LQIRUPDomR YHUEDO�� � � � � � � � � � � � � �

� $ FKDPDGD /HL GH 0RRUH �&$3(//$� ������ DILUPD TXH R SRGHU GH SURFHVVDPHQWR GREUDULD� � � � � � � � � � � � � � �
D�FDGD�GH]RLWR�PHVHV�HP�XP�FRPSXWDGRU���

1DV ~OWLPDV GpFDGDV RV VLVWHPDV GH FRPSXWDomR YHP VHQGR XVDGRV HP XPD JUDQGH� � � � � � � � � � � � �
YDULHGDGH GH DSOLFDo}HV� 1HVVHV VLVWHPDV FRPSXWDFLRQDLV HVWmR FRQWLGRV GLVSRVLWLYRV� � � � � � � � �
PLFURFRQWURODGRUHV TXH VmR IXQGDPHQWDLV QR GHVHQYROYLPHQWR GH HTXLSDPHQWRV GH� � � � � � � � �
SURFHVVDPHQWR GH GDGRV� 'HVWH PRGR H[LVWH D QHFHVVLGDGH GH GHVHQYROYHU VLVWHPDV TXH� � � � � � � � � � � �
QHFHVVLWHP EDL[R FRQVXPR GH HQHUJLD� RFXSHP R PtQLPR GH HVSDoR H TXH VHMDP GH EDL[R� � � � � � � � � � � � � � �
FXVWR� 1R GHVHQYROYLPHQWR GH XP PLFURFRQWURODGRU H[LVWHP GLIHUHQWHV QtYHLV GH SURMHWR� � � � � � � � � � �
VHQGR TXH FDGD QtYHO GHSHQGH GRV GHPDLV� WHQGR FRPR GHVWDTXH VHPSUH D QHFHVVLGDGH GR� � � � � � � � � � � � � �
XVXiULR �+(11(66<� 3$77(5621� ������ $VVLP� R �HVWXGR GRV SULQFtSLRV EiVLFRV GH� � � � � � � � � � �
SURMHWR GH HODERUDomR GH XP VLVWHPD PLFURFRQWURODGR p R IRFR GH SURMHWLVWDV GH GLYHUVDV� � � � � � � � � � � � � �
HQJHQKDULDV���

$ SURSRVWD GHVWH DUWLJR p DSUHVHQWDU XP SURMHWR GH XP PLFURSURFHVVDGRU� EDVHDGR HP� � � � � � � � � � � � �
DUTXLWHWXUD WLSR 5,6&� SDUD ILQV GLGiWLFRV H LOXVWUDWLYRV SDUD DXODV GD GLVFLSOLQD GH $UTXLWHWXUD� � � � � � � � � � � � � �
H 2UJDQL]DomR GH &RPSXWDGRUHV� FRPR PpWRGR GH YLUWXDOL]DomR GH FRQFHLWRV YLVWRV QD� � � � � � � � � � � �
GLVFLSOLQD� 2 SURFHVVDGRU� GHQRPLQDGR GH ³%*+6 ��´ �HP KRPHQDJHP DRV DXWRUHV GR� � � � � � � � � � � �
SURMHWR�� p DSUHVHQWDGR GH GXDV PDQHLUDV� D SULPHLUD GH IRUPD HVTXHPiWLFD� DOWR QtYHO� FRP D� � � � � � � � � � � � � � �
GHQRPLQDomR GR FDPLQKR GH GDGRV� H FRQWUROH� SRUWDV OyJLFDV H EORFRV� H D VHJXQGD SRU� � � � � � � � � � � � � � �
VLPXODomR�QD�OLQJXDJHP�6\VWHP�9HULORJ�QR�VRIWZDUH�4XDUWXV�,,�GD�$OWHUD��$/7(5$���������
�
��'(6&5,d­2�'$�$548,7(785$�
�

$V DUTXLWHWXUDV VmR GHILQLGDV D SDUWLU GR Q~PHUR GH LQVWUXo}HV H D FRPSOH[LGDGH� � � � � � � � � � � � �

GHVWDV� (VWH SURMHWR GH SURFHVVDGRU SRVVXL DUTXLWHWXUD 5,6& �5HGXFHG ,QVWUXFWLRQ 6HW� � � � � � � � � � �

&RPSXWHU�� TXH WUDEDOKD FRP XP Q~PHUR UHGX]LGR GH LQVWUXo}HV� H SRU LVVR� DV H[HFXWD PDLV� � � � � � � � � � � � � � �

UDSLGDPHQWH� $ DUTXLWHWXUD GR SURFHVVDGRU %*+6 �� VH EDVHLD QD DUTXLWHWXUD +DUYDUG� (VWD VH� � � � � � � � � � � � � �

GLIHUH GDV GHPDLV SRU SRVVXLU GXDV PHPyULDV� XPD GH GDGRV H RXWUD GH LQVWUXo}HV� TXH VmR� � � � � � � � � � � � � � � �

LQGHSHQGHQWHV�HP�WHUPRV�GH�EDUUDPHQWR�H�OLJDomR�FRP�R�SURFHVVDGRU��

2 SURMHWR SRVVXL XPD SDODYUD FRP �� ELWV GH WDPDQKR H GRLV WLSRV GH LQVWUXo}HV� WLSR� � � � � � � � � � � � � � � �

5� FRP LQVWUXo}HV HQWUH UHJLVWUDGRUHV FRP RSHUDo}HV OyJLFDV H DULWPpWLFDV� H LQVWUXo}HV WLSR ,�� � � � � � � � � � � � � �

TXH DUPD]HQD FyGLJRV SDUD JUDYDomR GH GDGRV HQWUH DV PHPyULDV H UHJLVWUDGRU� FDUUHJDPHQWR� � � � � � � � � � � � �

GH GDGRV� LPSUHVVmR GH GDGRV� OHLWXUD H HVFULWD GH GDGRV H HQGHUHoRV� (VWDV LQVWUXo}HV SRGHP� � � � � � � � � � � � � � �

VHU��REVHUYDGDV�QD�RUJDQL]DomR�GD�DUTXLWHWXUD�DWUDYpV�GD�)LJXUD����

Â�"]j<h�GI�<kY<�G<�GQhEQdYQ[<�GI��gfkQjIjkg<�I�$gO<[Qv<F@]�GI�
]Zdkj<G]gIh��[<�1[QpIghQG<GI��IGIg<Y�G]�
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8QLYHUVLGDGH�)HGHUDO�GR�3DPSD���6DQWDQD�GR�/LYUDPHQWR����D���GH�QRYHPEUR�GH������
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(VWH SURFHVVDGRU IRL FULDGR ILQGDQGR H[HFXWDU LQVWUXo}HV GH OHLWXUD H HVFULWD GD� � � � � � � � � � � �

PHPyULD� FDUUHJDU LQVWUXo}HV� FDUUHJDU GDGRV� LPSULPLU GDGRV� LQFOXLQGR WDPEpP RSHUDo}HV� � � � � � � � � �

DULWPpWLFDV FRPR VRPD� VXEWUDomR� PXOWLSOLFDomR LQWHLUD H RSHUDo}HV OyJLFDV FRPR DQG� RU� [RU� � � � � � � � � � � � �

H [QRU� 2 HVTXHPiWLFR GD DUTXLWHWXUD� FRP RV FDPLQKRV GH GDGRV� FRQWUROH H RUJDQL]DomR GRV� � � � � � � � � � � � � � �

EORFRV��p�DSUHVHQWDGR�QD�)LJXUD����

&RPR DILUPD 3DWWHUVRQ ������� RV HOHPHQWRV GRV FDPLQKRV GH GDGRV VmR FRPSRVWRV� � � � � � � � � � � �

SHODV XQLGDGHV TXH RSHUDP RX TXH FRQWHQKDP GDGRV QXP SURFHVVDGRU� $ DUTXLWHWXUD� � � � � � � � � � � �

H[HPSOLILFDGD p FRPSRVWD SRU XPD XQLGDGH GH FRQWUROH� GXDV PHPyULDV �XPD GH GDGRV H XPD� � � � � � � � � � � � � � �

GH LQVWUXo}HV�� XP EDQFR GH UHJLVWUDGRUHV� XPD XQLGDGH OyJLFD DULWPpWLFD �8/$� H WDPEpP� � � � � � � � � � � � �

SRUWDV GH FRPXQLFDomR FRP R PXQGR H[WHUQR� FRPR EORFRV SULQFLSDLV� &RP LVVR� VHJXH D� � � � � � � � � � � � � �

LOXVWUDomR GR FDPLQKR SHUFRUULGR QD DUTXLWHWXUD SDUD H[HFXWDU FDGD XPD GDV LQVWUXo}HV FLWDGDV� � � � � � � � � � � � �

DFLPD��

$QDLV�GR�����6$/­2�,17(51$&,21$/�'(�(16,12��3(648,6$�(�(;7(16­2���6,(3(�
8QLYHUVLGDGH�)HGHUDO�GR�3DPSD���6DQWDQD�GR�/LYUDPHQWR����D���GH�QRYHPEUR�GH������



)LJXUD�����(VTXHPiWLFR�GD�SURSRVWD�GD�DUTXLWHWXUD�%*+6�����

�
)RQWH��GRV�$XWRUHV��������

3DUD UHDOL]DU DV LQVWUXo}HV GR WLSR 5� R FDPLQKR SHUFRUULGR QD DUTXLWHWXUD FRPHoDUi� � � � � � � � � � � � �

FRP R FRQWUROH KDELOLWDQGR R 3&� SRGHQGR DVVLP� SDVVDU LQIRUPDomR SDUD D PHPyULD GH� � � � � � � � � � � � � �

LQVWUXo}HV TXH LUi PDQGDU R RSHUDGRU RSFRGH GD LQVWUXomR j VHU H[HFXWDGD SDUD R FRQWUROH� HVWH� � � � � � � � � � � � � � � �

VHUi UHVSRQViYHO SRU DWLYDU WRGRV RV 08;� '(08; H RV EORFRV QHFHVViULRV SDUD UHDOL]DU R� � � � � � � � � � � � � � �

FDPLQKR GHVWD LQVWUXomR� D PHPyULD GH LQVWUXo}HV WDPEpP LUi PDQGDU LQVWUXo}HV SDUD R EDQFR� � � � � � � � � � � � � �

GH UHJLVWUDGRUHV� SDVVDQGR DV LQIRUPDo}HV FRQWLGDV QRV UHJLVWUDGRUHV 56 H 57 SDUD UHDOL]DU D� � � � � � � � � � � � � �

LQVWUXomR GHVHMDGD QD 8QLGDGH /yJLFD $ULWPpWLFD H HVWH UHVXOWDGR VHUi DUPD]HQDGR HP XP� � � � � � � � � � � � �

UHJLVWUDGRU GHVWLQR� ORFDOL]DGR QR EDQFR GH UHJLVWUDGRUHV� &RPR XPD LQVWUXomR GR WLSR ,� D� � � � � � � � � � � � � �

$QDLV�GR�����6$/­2�,17(51$&,21$/�'(�(16,12��3(648,6$�(�(;7(16­2���6,(3(�
8QLYHUVLGDGH�)HGHUDO�GR�3DPSD���6DQWDQD�GR�/LYUDPHQWR����D���GH�QRYHPEUR�GH������



LQVWUXomR OZ VHUi UHVSRQViYHO SRU PRYLPHQWDU GDGRV GD PHPyULD SDUD R UHJLVWUDGRU� -i D� � � � � � � � � � � � � �

LQVWUXomR�VZ�PRYLPHQWD�RV�GDGRV�GR�UHJLVWUDGRU�SDUD�D�PHPyULD�GH�GDGRV��

2 SURFHVVDGRU WDPEpP SRGH FDUUHJDU LQVWUXo}HV RX GDGRV GR PXQGR H[WHUQR �,�2��� � � � � � � � � � � �

UHVSHFWLYDPHQWH� SDUD D PHPyULD GH LQVWUXo}HV RX PHPyULD GH GDGRV� 2 EORFR ,QSXW�2XWSXW�� � � � � � � � � � � � �

TXH GHWHUPLQD D HQWUDGD H VDtGD GH GDGRV RX LQVWUXo}HV� p FRQHFWDGR FRP R FRQWUROH DWUDYpV GH� � � � � � � � � � � � � � � � �

XP ILR TXH PDQGD RV ELWV GH ������� R ELW Q~PHUR TXLQ]H p UHVSRQViYHO SRU GLIHUHQFLDU� � � � � � � � � � � � � � � �

LQVWUXo}HV�GR�WLSR�5�GDV�LQVWUXo}HV�GR�WLSR�,��FRPR�PRVWUDGR�QD�)LJXUD�����

3RU ILP� QHVWD SULPHLUD YHUVmR D DUTXLWHWXUD H[HFXWD DV LQVWUXo}HV GH IRUPD PRQRFLFOR�� � � � � � � � � � � � �

LVVR�LPSOLFD�TXH�R�FLFOR�GD�DUTXLWHWXUD�VHUi�VHPSUH�SDUD�R�SLRU�FDVR��

�

��5(68/7$'26�H�',6&866®(6�
�

$ VLPXODomR GD DUTXLWHWXUD IRL UHDOL]DGD XWLOL]DQGR R VRIWZDUH $OWHUD 4XDUWXV ,, H� � � � � � � � � � � � �

OLQJXDJHP 6\VWHP 9HULORJ� XWLOL]DQGR FRPR EDVH R �DUUDQMR GH SRUWDV SURJUDPiYHO HP FDPSR� � � � � � � � � � � � �

�)3*$� GD IDPtOLD &\FORQH ,, H R GLVSRVLWLYR (3�&��)���&� �� $ )LJXUD � DSUHVHQWD RV� � � � � � � � � � � � � �

YHWRUHV GH VLPXODomR� 1D VtQWHVH OyJLFD D DUTXLWHWXUD SURMHWDGD QHFHVVLWRX GH ��� EORFRV� � � � � � � � � � � � �

OyJLFRV������UHJLVWUDGRUHV�GHGLFDGRV�H�����SLQRV��

�

)LJXUD�����6LWXDomR�YHWRUHV�GH�VLPXODomR�

D� 2SHUDomR�GH�VRPD�

�

E��2SHUDomR�OyJLFD�DQG�

�

�
)RQWH��GRV�$XWRUHV�������

$V VHJXLQWHV DWLYLGDGHV IRUDP VLPXODGDV� VRPD GH GRLV YDORUHV SUHYLDPHQWH� � � � � � � � � �

DUPD]HQDGRV QR EDQFR GH UHJLVWUDGRUHV� RQGH �VU� �p D SULPHLUD VDtGD GR UHJLVWUDGRU�� � � � � � � � � � � � �

$QDLV�GR�����6$/­2�,17(51$&,21$/�'(�(16,12��3(648,6$�(�(;7(16­2���6,(3(�
8QLYHUVLGDGH�)HGHUDO�GR�3DPSD���6DQWDQD�GR�/LYUDPHQWR����D���GH�QRYHPEUR�GH������



DUPD]HQDQGR �� �VU� �p D VHJXQGD VDtGD GR UHJLVWUDGRU� DUPD]HQDQGR �� H �VXOD p R UHVXOWDGR GD� � � � � � � � � � � � � � � � �

RSHUDomR� TXH QHVWH FDVR p �� )LJXUD � D�� H DQG OyJLFR ELW D ELW HQWUH GRLV Q~PHURV ELQiULRV� � � � � � � � � � � � � � � � � � �

LQVHULGRV SUHYLDPHQWH QR UHJLVWUDGRU� DSUHVHQWDQGR RV YDORUHV ELQiULRV GH HQWUDGD HP �VU���� � � � � � � � � � � �

DUPD]HQDQGR �������� H �VU��� DUPD]HQDQGR ��������� H R YDORU ELQiULR GH VDtGD HP �VXOD��� � � � � � � � � � � � � �

DUPD]HQDQGR �������� QHVWH FDVR� )LJXUD � E�� 1mR IRUDP REWLGDV PDLV VLPXODo}HV PDV RV� � � � � � � � � � � � � �

SULQFtSLRV�JHUDLV�GH�LPSOHPHQWDomR�H�IXQFLRQDPHQWR�SXGHUDP�VHU�DQDOLVDGRV���

�
��&216,'(5$d®(6�),1$,6��

�
)LQDOL]DQGR R SURSRVWR SHOR DUWLJR� IRL LGHQWLILFDGR TXH D DERUGDJHP HVTXHPiWLFD� � � � � � � � � � �

VLPSOLILFDGD GHQRPLQDGD %*+6 ��� SDUD ILQV GH HQWHQGLPHQWR GH EDVHV FRQFHLWXDLV� � � � � � � � � � �
SHUWLQHQWHV j GLVFLSOLQD GH $UTXLWHWXUD H 2UJDQL]DomR GH &RPSXWDGRUHV , SRGH VHU ~WLO QD� � � � � � � � � � � � � �
SHUFHSomR GRV FRQFHLWRV GXUDQWH DV DXODV GD GLVFLSOLQD� $OpP GH SRVVLELOLWDU R� � � � � � � � � � � �
GHVHQYROYLPHQWR�H�WHVWH�GH�XPD�DUTXLWHWXUD�DPSODPHQWH�IXQFLRQDO���

$ SRVVLELOLGDGH GH VLPXODomR GRV SULQFtSLRV EiVLFRV GH FRPSRVLomR GRV� � � � � � � � � �
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