
1998 Morgan Kaufmann PublishersMario Côrtes - MO401 - IC/Unicamp- 2002s1 Ch5B-1

&KDSWHU�)LYH
7KH�3URFHVVRU� 'DWDSDWK�DQG�&RQWURO
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• %UHDN�XS�WKH�LQVWUXFWLRQV�LQWR�VWHSV� HDFK�VWHS�WDNHV D F\FOH
– EDODQFH WKH�DPRXQW RI ZRUN WR EH�GRQH
– UHVWULFW�HDFK�F\FOH WR�XVH RQO\�RQH PDMRU IXQFWLRQDO�XQLW

• 1 ALU, 1 Memória, 1 Banco de Registradores
• $W WKH HQG�RI�D F\FOH

– VWRUH�YDOXHV IRU�XVH�LQ ODWHU�F\FOHV �HDVLHVW�WKLQJ WR�GR�
– LQWURGXFH�DGGLWLRQDO ³LQWHUQDO´ UHJLVWHUV

0XOWLF\FOH $SSURDFK
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• ,5��,QVWUXFWLRQ�5HJLVWHU��H�0'5��0HPRU\ 'DWD 5HJLVWHU��VDOYDP�VDtGD�
GD�PHPyULD

• 5HJLVWUDGRUHV�$�H�%�VDOYDP�VDtGD�GR�EDQFR�GH�UHJLVWUDGRUHV
• $/8RXW VDOYD�VDtGD�GD�$/8
• 7RGRV��H[FHWR�,5��JXDUGDP�GDGRV�SRU�XP FORFN � FRQWUROH�GH�HVFULWD�

p�GHVQHFHVViULR
• QRYRV 08;HV��HQGHUHoR�GD�PHPyULD� RSHUDQGRV GD�$/8�

0XOWLF\FOH $SSURDFK
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9LD�GH�GDGRV PXOWLFLFOR H�VLQDLV�GH�FRQWUROH

Shift
left 2

MemtoReg

IorD MemRead MemWrite

PC

Memory

MemData

Write
data

M
u
x

0

1

Registers
Write
register

Write
data

Read
data 1

Read
data 2

Read
register 1

Read
register 2

Instruction
[15– 11]

M
u
x

0

1

M
u
x

0

1

4

ALUOpALUSrcB

RegDst RegWrite

Instruction
[15–0]

Instruction [5– 0]

Sign
extend

3216

Instruction
[25–21]

Instruction
[20–16]

Instruction
[15–0]

Instruction
register

1 M
u
x

0

3
2

ALU
control

M
u
x

0

1
ALU

result
ALU

ALUSrcA

ZeroA

B

ALUOut

IRWrite

Address

Memory
data

register

)DOWD�LPSOHPHQWDU���SRVVtYHLV�IRQWHV�GH�FDUJD�SDUD�3&��3&��� EHT H�M



1998 Morgan Kaufmann PublishersMario Côrtes - MO401 - IC/Unicamp- 2002s1 Ch5B-5

9LD�GH�GDGRV�FRPSOHWD
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6LQDLV�GH�FRQWUROH����ELW�

Desligado Ligado
RegDst Reg de escrita rt Reg de escrita rd
RegWR Escreve no banco
ALUSrcA operando é o PC operando é o reg A
MemRD Lê a memória
MemWR Escreve na memória
Memto Reg Reg WR data ALUout Reg WR data MDR
IorD Endereço do PC Endereço de ALUout
IRWrite Escreve no IR
PCWrite Escreve no PC
PCWriteCond Escr PC se ALU=0
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6LQDLV�GH�FRQWUROH����ELWV�

 �    
 00 Soma  
 01 Subtração  
 

$/8RS�
10 Function  

 00 Segundo operando é o registrador B  
 01 “                                constante 4  
 10 “        sign-extend, 16 bits do IR  
 

$/86UF%�
11 “  idem acima, deslocado 2 bits à esquerda  

 00 PC + 4  
 01 ALUout (target address)  
 

3&6UF�
10 Jump (4 bits PC & 26 bits ender & 00)  

 �    
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• ,QVWUXFWLRQ�)HWFK

• ,QVWUXFWLRQ�'HFRGH�DQG�5HJLVWHU�)HWFK

• ([HFXWLRQ� 0HPRU\�$GGUHVV�&RPSXWDWLRQ� RU�%UDQFK�&RPSOHWLRQ

• 0HPRU\ $FFHVV RU 5�W\SH�LQVWUXFWLRQ�FRPSOHWLRQ

• :ULWH�EDFN�VWHS

,16758&7,216�7$.(�)520���� ��&<&/(6�

)LYH�([HFXWLRQ�6WHSV
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• 8VH�3&�WR JHW�LQVWUXFWLRQ�DQG�SXW LW�LQ WKH�,QVWUXFWLRQ�5HJLVWHU�
• ,QFUHPHQW�WKH 3& E\ � DQG�SXW�WKH�UHVXOW�EDFN LQ WKH 3&�
• &DQ�EH�GHVFULEHG�VXFFLQFWO\�XVLQJ 57/��5HJLVWHU�7UDQVIHU�/DQJXDJH�

,5� 0HPRU\>3&@�
3&� �3&�����

&DQ�ZH ILJXUH�RXW WKH�YDOXHV RI WKH�FRQWURO�VLJQDOV"

:KDW LV WKH�DGYDQWDJH RI XSGDWLQJ�WKH 3& QRZ"

6WHS �� ,QVWUXFWLRQ�)HWFK
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• 5HDG�UHJLVWHUV UV DQG UW�LQ�FDVH ZH�QHHG�WKHP
• &RPSXWH WKH�EUDQFK�DGGUHVV LQ�FDVH WKH�LQVWUXFWLRQ LV�D EUDQFK
• 57/�

$� 5HJ>,5>�����@@�
%� 5HJ>,5>�����@@�
$/82XW  �3&����VLJQ�H[WHQG�,5>����@��������

• :H�DUHQ
W�VHWWLQJ�DQ\�FRQWURO�OLQHV�EDVHG�RQ�WKH�LQVWUXFWLRQ�W\SH�
�ZH DUH EXV\ �GHFRGLQJ��LW�LQ RXU�FRQWURO�ORJLF�

6WHS �� ,QVWUXFWLRQ�'HFRGH�DQG�5HJLVWHU�)HWFK
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• $/8�LV SHUIRUPLQJ�RQH RI WKUHH�IXQFWLRQV� EDVHG�RQ�LQVWUXFWLRQ�W\SH

• 0HPRU\�5HIHUHQFH�
$/82XW  �$�� VLJQ�H[WHQG�,5>����@��

• 5�W\SH�
$/82XW  �$�RS�%�

• %UDQFK�
LI��$  %��3&� $/82XW�

6WHS ���LQVWUXFWLRQ�GHSHQGHQW�
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• /RDGV�DQG�VWRUHV DFFHVV PHPRU\
0'5� 0HPRU\>$/82XW@�

RU
0HPRU\>$/82XW@� �%�

• 5�W\SH�LQVWUXFWLRQV�ILQLVK
5HJ>,5>�����@@� $/82XW�

7KH�ZULWH�DFWXDOO\�WDNHV�SODFH DW WKH HQG�RI WKH�F\FOH�RQ�WKH�HGJH

6WHS ���5�W\SH�RU�PHPRU\�DFFHVV�
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• 5HJ>,5>�����@@ �0'5�

:KDW�DERXW�DOO�WKH�RWKHU�LQVWUXFWLRQV"

:ULWH�EDFN�VWHS
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6XPPDU\�

6WHS�QDPH
$FWLRQ�IRU�5�W\SH�

LQVWUXFWLRQV
$FWLRQ�IRU�PHPRU\�UHIHUHQFH�

LQVWUXFWLRQV
$FWLRQ�IRU�
EUDQFKHV

$FWLRQ�IRU�������
MXPSV

Instruction fetch IR = Memory[PC]
PC = PC + 4

Instruction A = Reg [IR[25-21]]
decode/register fetch B = Reg [IR[20-16]]

ALUOut = PC + (sign-extend (IR[15-0]) << 2)
Execution, address ALUOut = A op B ALUOut = A + sign-extend if (A ==B) then PC = PC [31-28] II
computation, branch/ (IR[15-0]) PC = ALUOut (IR[25-0]<<2)
jump completion
Memory access or R-type Reg [IR[15-11]] = Load: MDR = Memory[ALUOut]
completion ALUOut or

Store: Memory [ALUOut] = B

Memory read completion Load: Reg[IR[20-16]] = MDR
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2XWUD�YLVmR��IOX[RJUDPD

IR=Mem[PC]
PC=PC+4

A=Reg[IR[25:21]]
B=Reg[IR[20:16]]

ALUout=PC+(SignExt(IR(15:0))<<2)

ALUout=A op B

Reg[IR[15:11]]=ALUout

ALUout=A+SignExt(IR(15:0))

Mem(ALUout)=BMDR=Mem(ALUout)

Reg[IR[15:11]]=MDR

If A==B 
PC=ALUout

PC=PC[31:28]&
IR[25:0]<<2
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• +RZ�PDQ\�F\FOHV�ZLOO LW WDNH WR�H[HFXWH WKLV�FRGH"
OZ �W������W��
OZ �W������W��
EHT �W����W�� /DEHO �DVVXPH QRW
DGG �W����W����W�
VZ �W������W��

/DEHO� ���

• :KDW LV JRLQJ�RQ�GXULQJ�WKH �WK F\FOH RI H[HFXWLRQ"
• ,Q ZKDW�F\FOH GRHV WKH�DFWXDO�DGGLWLRQ RI��W� DQG �W� WDNHV�SODFH"

6LPSOH�4XHVWLRQV
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• 9DOXH RI FRQWURO�VLJQDOV LV GHSHQGHQW�XSRQ�
– ZKDW�LQVWUXFWLRQ LV EHLQJ�H[HFXWHG
– ZKLFK�VWHS LV EHLQJ�SHUIRUPHG

• 8VH WKH�LQIRUPDWLRQ�ZH¶YH�DFFXOXPDWHG WR VSHFLI\ D ILQLWH�VWDWH�PDFKLQH
– VSHFLI\�WKH�ILQLWH�VWDWH�PDFKLQH�JUDSKLFDOO\� RU
– XVH PLFURSURJUDPPLQJ

• ,PSOHPHQWDWLRQ�FDQ�EH�GHULYHG�IURP�VSHFLILFDWLRQ

,PSOHPHQWLQJ�WKH�&RQWURO
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7DEHOD�GRV�VLQDLV GH�FRQWUROH



• +RZ�PDQ\�VWDWH ELWV ZLOO�ZH�QHHG"

*UDSKLFDO�6SHFLILFDWLRQ RI�)60
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)LQLWH�6WDWH�0DFKLQH IRU�&RQWURO
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'HVHPSHQKR�GHVWD�PiTXLQD�SDUD�R�JFF

• &3,� ��������������������������������������� �����
• 0HOKRU�GR�TXH�VH�WRGDV�DV�LQVWUXo}HV�WRPDVVHP���FLFORV
• 0HOKRULD�HP�0,36��VXSRU�FN� �����0+]�

– &3,� ����!����0,36
– &3,� ����!����0,36�
– &3,� ����ID]HU�WXGR�HP�XP�FLFOR���!�����0,36

�����&3,
����������

MXPSEHT7LSR�5VZOZ
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3/$ ,PSOHPHQWDWLRQ
• ,I�, SLFNHG D�KRUL]RQWDO RU YHUWLFDO OLQH�FRXOG�\RX�H[SODLQ LW"
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• 520� ��5HDG�2QO\�0HPRU\�
– YDOXHV RI PHPRU\�ORFDWLRQV DUH IL[HG�DKHDG RI�WLPH

• $�520 FDQ�EH�XVHG WR LPSOHPHQW D WUXWK�WDEOH
– LI WKH�DGGUHVV LV�P�ELWV� ZH�FDQ�DGGUHVV �P HQWULHV LQ WKH 520�
– RXU�RXWSXWV DUH WKH ELWV�RI�GDWD WKDW�WKH�DGGUHVV�SRLQWV WR�

P�LV WKH �KHLJWK�� DQG Q�LV WKH �ZLGWK�

520 ,PSOHPHQWDWLRQ

P Q

0 0 0 0 0 1 1
0 0 1 1 1 0 0
0 1 0 1 1 0 0
0 1 1 1 0 0 0 
1 0 0 0 0 0 0 
1 0 1 0 0 0 1
1 1 0 0 1 1 0
1 1 1 0 1 1 1
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• +RZ�PDQ\ LQSXWV�DUH WKHUH"
��ELWV�IRU RSFRGH����ELWV�IRU VWDWH  ��� DGGUHVV�OLQHV
�L�H������  ����� GLIIHUHQW�DGGUHVVHV�

• +RZ�PDQ\�RXWSXWV DUH WKHUH"
�� GDWDSDWK�FRQWURO�RXWSXWV��� VWDWH ELWV� ��� RXWSXWV

• 520�LV���� [���� ��.�[����ELWV�����DQG D UDWKHU�XQXVXDO�VL]H�

• 5DWKHU�ZDVWHIXO� VLQFH IRU ORWV RI WKH�HQWULHV� WKH�RXWSXWV DUH WKH�
VDPH

² L�H�� RSFRGH LV RIWHQ�LJQRUHG

520 ,PSOHPHQWDWLRQ
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• %UHDN�XS�WKH�WDEOH�LQWR�WZR�SDUWV
² ��VWDWH�ELWV�WHOO�\RX�WKH����RXWSXWV������� [����ELWV�RI�520
² ���ELWV�WHOO�\RX�WKH���QH[W�VWDWH�ELWV������ [���ELWV�RI�520
² 7RWDO������.��ELWV�RI�520

• 3/$�LV�PXFK�VPDOOHU
² FDQ�VKDUH�SURGXFW�WHUPV
² RQO\�QHHG�HQWULHV�WKDW�SURGXFH�DQ�DFWLYH�RXWSXW
² FDQ�WDNH�LQWR�DFFRXQW�GRQ
W�FDUHV

• 6L]H�LV���LQSXWV�u �SURGXFW�WHUPV������RXWSXWV�u �SURGXFW�WHUPV�
)RU�WKLV�H[DPSOH�� �����[�������[���� �����3/$�FHOOV

• 3/$�FHOOV�XVXDOO\�DERXW�WKH�VL]H�RI�D�520�FHOO��VOLJKWO\�ELJJHU�

520 YV 3/$


