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&KDSWHU�)LYH
7KH�3URFHVVRU��'DWDSDWK�DQG�&RQWURO
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• :H
UH�UHDG\�WR�ORRN�DW�DQ�LPSOHPHQWDWLRQ�RI�WKH�0,36
• 6LPSOLILHG�WR�FRQWDLQ�RQO\�

– PHPRU\�UHIHUHQFH�LQVWUXFWLRQV���OZ��VZ�
– DULWKPHWLF�ORJLFDO�LQVWUXFWLRQV���DGG��VXE��DQG��RU��VOW
– FRQWURO�IORZ�LQVWUXFWLRQV���EHT��M

• 1mR�LPSOHPHQWDGDV��PXOW��GLY��MDO��IS
• *HQHULF�,PSOHPHQWDWLRQ�

– XVH�WKH�SURJUDP�FRXQWHU��3&��WR�VXSSO\�LQVWUXFWLRQ�DGGUHVV
– JHW�WKH�LQVWUXFWLRQ�IURP�PHPRU\
– UHDG�UHJLVWHUV
– XVH�WKH�LQVWUXFWLRQ�WR�GHFLGH�H[DFWO\�ZKDW�WR�GR

• $OO�LQVWUXFWLRQV�XVH�WKH�$/8�DIWHU�UHDGLQJ�WKH�UHJLVWHUV�
– PHPRU\�UHIHUHQFH��VZ�OZ���DULWKPHWLF��FRQWURO�IORZ

7KH�3URFHVVRU���'DWDSDWK�	�&RQWURO
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• 8QFORFNHG�YV��&ORFNHG
• &ORFNV�XVHG�LQ�V\QFKURQRXV�ORJLF�

– ZKHQ�VKRXOG�DQ�HOHPHQW�WKDW�FRQWDLQV�VWDWH�EH�XSGDWHG"

F\FOH�WLPH
ULVLQJ�HGJH

IDOOLQJ�HGJH

6WDWH�(OHPHQWV
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2XU�,PSOHPHQWDWLRQ

• $Q�HGJH�WULJJHUHG�PHWKRGRORJ\
• 7\SLFDO�H[HFXWLRQ�

– UHDG�FRQWHQWV�RI�VRPH�VWDWH�HOHPHQWV��
– VHQG�YDOXHV�WKURXJK�VRPH�FRPELQDWLRQDO�ORJLF
– ZULWH�UHVXOWV�WR�RQH�RU�PRUH�VWDWH�HOHPHQWV

Clock cycle

State
element

1
Combinational logic

State
element

2
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5HJLVWHU�)LOH��H�0HPyULD�

Mı
uı
x
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Register n

Mı
uı
x

Read data 1

Read data 2
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Read registerı
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Read registerı
number 1 Readı

data 1

Readı
data 2

Read registerı
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Register file
Writeı
register

Writeı
data Write

5HJLVWHU�)LOH�
EXLOW�RXW�'�)) 0HPyULD�

• DFHVVR�0HP>DGGU@

5'���:5
'DGRV

(QGHUHoR
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8PD�YLVmR�VLPSOLILFDGD

,5�m 0HP>3&@
3&�m 3&����
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• 3ULPHLUD�DERUGDJHP����SHUtRGR�GH�FORFN�SRU�LQVWUXomR

• $EVWUDFW���6LPSOLILHG�9LHZ�

7ZR�W\SHV�RI�IXQFWLRQDO�XQLWV�
– HOHPHQWV�WKDW�RSHUDWH�RQ�GDWD�YDOXHV��FRPELQDWLRQDO�
– HOHPHQWV�WKDW�FRQWDLQ�VWDWH��VHTXHQWLDO�

0RUH�,PSOHPHQWDWLRQ�'HWDLOV
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Data
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Dataı
memory

Address

Data
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memory

Address

H[HF�GH�XPD�LQVWUXomR
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6LPSOH�,PSOHPHQWDWLRQ

• ,QFOXGH�WKH�IXQFWLRQDO�XQLWV�ZH�QHHG�IRU�HDFK�LQVWUXFWLRQ

:K\�GR�ZH�QHHG�WKLV�VWXII"
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RegWrite
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)HWFK

PC

Instruction
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Read
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Instruction

4
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7LSR�5
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5HIHUrQFLD�D�0HPyULD

Instruction

16 32

Registers
Write
register

Read
data 1

Read
data 2

Read
register 1

Read
register 2

Data
memory

Write
data

Read
data

Write
data

Sign
extend

ALU
result

Zero
ALU

Address

MemRead

MemWrite

RegWrite
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%XLOGLQJ�WKH�'DWDSDWK
• 8VH�PXOWLSOH[RUV�WR�VWLWFK�WKHP�WRJHWKHU
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$/8V�H�0XOWLSOH[DGRUHV

• $/8�JHQpULFD����5��m 5��RS�5�
• $/8�VRPD�SDUD�HQGHUHoR�LQVWUXomR��3&����
• $/8�VRPD�SDUD�HQGHUHoR�GH�GHVYLR��3&���6LJQ([W��6KLIW/HIW��2IIVHW��

• 08;�����SDUD�HVFROKHU�VHJXQGR�RSHUDQGR�GD�$/8�JHQpULFD
– 5�
– 6LJQ([W��2IIVHW�

• 08;�����SDUD�HVFROKHU�R�TXH�VHUi�FDUUHJDGR�QR�3&
– 3&����
– 3&���6LJQ([W��6KLIW/HIW��2IIVHW��

• 08;�����SDUD�HVFROKHU�TXDO�p�D�RULJHP�GR�GDGR�D�VHU�HVFULWR�QR�
%DQFR�GH�5HJLVWUDGRUHV
– OLGR�GD�PHPyULD
– UHVXOWDGR�GD�RSHUDomR�GD�$/8�JHQpULFD
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&RQWURO

• 6HOHFWLQJ�WKH�RSHUDWLRQV�WR�SHUIRUP��$/8��UHDG�ZULWH��HWF��
• &RQWUROOLQJ�WKH�IORZ�RI�GDWD��PXOWLSOH[RU�LQSXWV�
• ,QIRUPDWLRQ�FRPHV�IURP�WKH����ELWV�RI�WKH�LQVWUXFWLRQ
• ([DPSOH�

DGG�������������� ,QVWUXFWLRQ�)RUPDW�

������ ����� ����� ����� ����� ������

RS UV UW UG VKDPW IXQFW

• $/8
V�RSHUDWLRQ�EDVHG�RQ�LQVWUXFWLRQ�W\SH�DQG�IXQFWLRQ�FRGH
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• H�J���ZKDW�VKRXOG�WKH�$/8�GR�ZLWK�WKLV�LQVWUXFWLRQ
• ([DPSOH���OZ������������

�� � � ���

RS UV UW ���ELW�RIIVHW
• $/8�FRQWURO�LQSXW

���� $1'
��� 25
��� DGG
��� VXEWUDFW
��� VHW�RQ�OHVV�WKDQ

• :K\�LV�WKH�FRGH�IRU�VXEWUDFW�����DQG�QRW����"

&RQWURO
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&RQWUROH�GD�$/8
23&2'( )XQFWLRQ $/8RS 2SHUDomR
OZ�RX�VZ [[[�[[[ �� VRPD
������� WLSR�GD�LQVWU� �� GHSHQGH�GD�LQVWU�
EHT [[[�[[[ �� VXEWUDomR

$/8
&RQWURO

ALU

2

6
3

ALUop

funct
8QLG�
&RQWU�
�SDUWH�

6OPCODE

OPCODE Funct.,5
$/82S )XQFW�ILHOG 2SHUDWLRQ

$/82S� $/82S� )� )� )� )� )� )�
0 0 X X X X X X 010
X 1 X X X X X X 110
1 X X X 0 0 0 0 010
1 X X X 0 0 1 0 110
1 X X X 0 1 0 0 000
1 X X X 0 1 0 1 001
1 X X X 1 0 1 0 111

%LQY�� FRG

,QVW )XQFW�
add 32=20H

sub 34=22H

and 36=24H

or 37=25H

slt 42=2AH
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/yJLFD�GH�FRQWUROH�GD�$/8

$/82S )XQFW�ILHOG 2SHUDWLRQ
$/82S� $/82S� )� )� )� )� )� )�

0 0 X X X X X X 010
X 1 X X X X X X 110
1 X X X 0 0 0 0 010
1 X X X 0 0 1 0 110
1 X X X 0 1 0 0 000
1 X X X 0 1 0 1 001
1 X X X 1 0 1 0 111

,QVW )XQFW�
add 32=20H

sub 34=22H

and 36=24H

or 37=25H

slt 42=2AH

Operation2

Operation1

Operation0

Operation

ALUOp1

F3

F2

F1

F0

F (5– 0)

ALUOp0

ALUOp

ALU control block
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&DPSRV�GD�LQVWUXomR�H�08;�DGLFLRQDO

• ��UHJLVWUDGRUHV�D�VHUHP�OLGRV�HP�WRGRV�RV�WLSRV��
– FDPSRV�UV���������H�UW��������

• RIIVHW�SDUD�EHT��OZ�H�VZ��
– ������

• 5HJLVWUDGRUHV�GH�GHVWLQR��ZULWH�UHJLVWHU��HP�GRLV�OXJDUHV�
– OZ�H�VZ��UW��������
– 7LSR�5��UG��������
– 1HFHVViULR�08;�FRQWURODGR�SRU�5HJLVWHU'HVWLQDWLRQ��5HJ'VW

7LSR�5 op rs rt rd shamt funct
31-26 25-21 20-16 15-11 10-6 5-0

OZ�VZ op rs rt addr
31-26 25-21 20-16 15-0

EHT op rs rt addr
31-26 25-21 20-16 15-0
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&RQWURO

,QVWUXFWLRQ 5HJ'VW $/86UF
0HPWR�
5HJ

5HJ�
:ULWH

0HP�
5HDG

0HP�
:ULWH %UDQFK $/82S� $/8S�

R-format 1 0 0 1 0 0 0 1 0
lw 0 1 1 1 1 0 0 0 0
sw X 1 X 0 0 1 0 0 0
beq X 0 X 0 0 0 1 0 1

PC

Instructionı
memory

Readı
address
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[31– 0]

Instruction [20– 16]

Instruction [25– 21]
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Instruction [5– 0]

MemtoReg
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MemWrite

RegWrite

MemRead
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ALUSrc

Instruction [31– 26]

4

16 32Instruction [15– 0]

0
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1

Control
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Mı
uı
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0

1
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Writeı
data

Readı
data 1

Readı
data 2

Readı
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Readı
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Signı
extend

Shiftı
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Mı
uı
x

1

ALUı
result

Zero

Dataı
memory
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data

Readı
data

Mı
uı
x

1

Instruction [15– 11]

ALUı
control

ALU
Address
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8QLGDGH�GH�&RQWUROH

R-format Iw sw beq

Op0

Op1
Op2

Op3

Op4

Op5

Inputs

Outputs

RegDst

ALUSrc

MemtoReg

RegWrite

MemRead

MemWrite

Branch

ALUOp1

ALUOpO

,QVWUXFWLRQ 5HJ'VW $/86UF
0HPWR�
5HJ

5HJ�
:ULWH

0HP�
5HDG

0HP�
:ULWH %UDQFK $/82S� $/8S�

R-format 1 0 0 1 0 0 0 1 0
lw 0 1 1 1 1 0 0 0 0
sw X 1 X 0 0 1 0 0 0
beq X 0 X 0 0 0 1 0 1

)RUPDWR�5���������
OZ�����������������������
VZ����������������������
EHT���������������������
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• $OO�RI�WKH�ORJLF�LV�FRPELQDWLRQDO
• :H�ZDLW�IRU�HYHU\WKLQJ�WR�VHWWOH�GRZQ��DQG�WKH�ULJKW�WKLQJ�WR�EH GRQH

– $/8�PLJKW�QRW�SURGXFH�³ULJKW�DQVZHU´�ULJKW�DZD\
– ZH�XVH�ZULWH�VLJQDOV�DORQJ�ZLWK�FORFN�WR�GHWHUPLQH�ZKHQ�WR�ZULWH

• &\FOH�WLPH�GHWHUPLQHG�E\�OHQJWK�RI�WKH�ORQJHVW�SDWK

2XU�6LPSOH�&RQWURO�6WUXFWXUH

:H�DUH�LJQRULQJ�VRPH�GHWDLOV�OLNH�VHWXS�DQG�KROG�WLPHV

Clock cycle

State
element

1
Combinational logic

State
element

2
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6LQJOH�&\FOH�,PSOHPHQWDWLRQ

• &DOFXODWH�F\FOH�WLPH�DVVXPLQJ�QHJOLJLEOH�GHOD\V�H[FHSW�
– PHPRU\���QV���$/8�DQG�DGGHUV���QV���UHJLVWHU�ILOH�DFFHVV���QV�

MemtoReg

MemRead

MemWrite

ALUOp

ALUSrc

RegDst

PC

Instruction
memory

Read
address

Instruction
[31– 0]

Instruction [20– 16]

Instruction [25– 21]

Add

Instruction [5– 0]

RegWrite

4

16 32Instruction [15– 0]

0
Registers

Write
register
Write
data

Write
data

Read
data 1

Read
data 2

Read
register 1
Read
register 2

Sign
extend

ALU
result

Zero

Data
memory

Address Read
data M

u
x

1

0

M
u
x

1

0

M
u
x

1

0

M
u
x

1

Instruction [15– 11]

ALU
control
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PCSrc

ALU

Add ALU
result
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$GLFLRQDQGR�D�LQVWUXomR�MXPS

Shift
left 2

PC

Instruction
memory

Read
address

Instruction
[31– 0]

Data
memory

Read
data

Write
data

Registers
Write
register

Write
data

Read
data 1

Read
data 2

Read
register 1

Read
register 2

Instruction [15– 11]

Instruction [20– 16]

Instruction [25– 21]

Add

ALU
result

Zero

Instruction [5– 0]

MemtoReg
ALUOp

MemWrite

RegWrite

MemRead
Branch

Jump
RegDst

ALUSrc

Instruction [31– 26]

4

M
u
x

Instruction [25– 0] Jump address [31– 0]

PC+4 [31– 28]

Sign
extend

16 32Instruction [15– 0]
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M
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0

1

ALU
control

Control

Add ALU
result

M
u
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0

1 0

ALU

Shift
left 226 28

Address

address2
31-26 25-0
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3UREOHPDV�FRP�D�DOWHUQDWLYD�GH�FLFOR�~QLFR
• ³9DQWDJHP´��&3,� �"
• 'HVHPSHQKR"

– VXSRU�XQLGDGHV�HP�XVR��0HPyULD���QV���$/8���QV���5HJLVWU���QV�
&ODVVH

R Fetch Registr ALU Registr
lw Fetch Registr ALU Mem Registr
sw Fetch Registr ALU Mem
beq Fetch Registr ALU

j Fetch

&ODVVH 0HP�
,QVWU�

5HJ
5' $/8 'DWD

0HP
5HJ
:5 WRWDO

R 2 1 2 0 1 6
lw 2 1 2 2 1 8
sw 2 1 2 2 7
beq 2 1 2 5

j 2 2
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3UREOHPDV�FRP�R�FLFOR�~QLFR����

• 'HVHPSHQKR�
– 7&.� �FDPLQKR�FUtWLFR� ���QV�
– YHORFLGDGH�OLPLWDGD�SHOR�SLRU�FDVR

• $OWHUQDWLYDV�
– ID]HU�FORFN�FRP�IUHT�rQFLD�YDULiYHO��PXLWR�FXVWRVR�H�FRPSOLFDGR�
– ³SLFDU´�D�LQVWUXomR�HP�SHTXHQDV�IXQo}HV�H�H[HFXWi�ODV�HP�YiULRV�

FLFORV�GH�FORFN��XPD��RX�PDLV��SRU�FLFOR
• em vez de duração variável de ciclo, número variável

• 9DQWDJHQV�GR�PXOWLFLFOR�
– YHORFLGDGH��FLFOR�OLPLWDGR�SHOD�³RSHUDomR´�PDLV�OHQWD�H�QmR�SHOD

³LQVWUXomR´�PDLV�OHQWD
– LQVWUXo}HV�PDLV�VLPSOHV�H[HFXWDP�PDLV�UDSLGDPHQWH
– HFRQRPLD�GH�KDUGZDUH

• ter apenas 1: ALU, memória, registrador
• usar uma vez todos esses, por ciclo


