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• 3UREOHP�ZLWK�VWDUWLQJ�QH[W�LQVWUXFWLRQ�EHIRUH�ILUVW�LV�ILQLVKHG
– GHSHQGHQFLHV�WKDW�³JR�EDFNZDUG�LQ�WLPH´�DUH�GDWD�KD]DUGV
– TXDO�LQVWUXomR�UHFHEHUi�R�YDORU�HUUDGR�GH�����YHOKR�����QRYR�����

'DWD�'HSHQGHQFLHV

IM Reg

IM Reg

CC 1 CC 2 CC 3 CC 4 CC 5 CC 6

Time (in clock cycles)

sub $2, $1, $3

Program
execution
order
(in instructions)

and $12, $2, $5

IM Reg DM Reg

IM DM Reg

IM DM Reg

CC 7 CC 8 CC 9

10 10 10 10 10/–20 –20 –20 –20 –20

or $13, $6, $2

add $14, $2, $2

sw $15, 100($2)

Value of
register $2:

DM Reg

Reg

Reg

Reg

DM
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(UUR�GHYLGR�j�GHSHQGrQFLD�GH�GDGRV

VXE ����������
DQG� �����������
RU �����������
DGG �����������
VZ ������������

• DQG�H�RU�OrHP�UHVXOWDGR�HUUDGR��YHOKR�����
• VWRUH�HVWi�FODUDPHQWH�j�GLUHLWD��GHSRLV�QR�WHPSR��H�Or�UHVXOWDGR

FHUWR������
• KD]DUG�QR�DGG�SRGH�VHU�HYLWDGR�VH�D�HVFULWD�QR�EDQFR�GH�

UHJLVWUDGRUHV�IRU�IHLWD��HP�&&���QD�PHWDGH�GR�FLFOR��ERUGD�GH�
GHVFLGD�

&&�������������������������������������&&����������������������� &&�

5HJ�:5 5HJ�5'
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• +DYH�FRPSLOHU�JXDUDQWHH�QR�KD]DUGV
• :KHUH�GR�ZH�LQVHUW�WKH�³QRSV´�"
• 4XDQWRV

VXE ����������
DQG� �����������
RU �����������
DGG �����������
VZ ������������

• 3UREOHP���WKLV�UHDOO\�VORZV�XV�GRZQ�

6RIWZDUH�6ROXWLRQ
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• 8VH�WHPSRUDU\�UHVXOWV��GRQ¶W�ZDLW�IRU�WKHP�WR�EH�ZULWWHQ
– UHJLVWHU�ILOH�IRUZDUGLQJ�WR�KDQGOH�UHDG�ZULWH�WR�VDPH�UHJLVWHU
– $/8�IRUZDUGLQJ

)RUZDUGLQJ

ZKDW�LI�WKLV����ZDV����"

IM Reg

IM Reg

CC 1 CC 2 CC 3 CC 4 CC 5 CC 6

Time (in clock cycles)

sub $2, $1, $3

Program
execution order
(in instructions)

and $12, $2, $5

IM Reg DM Reg

IM DM Reg

IM DM Reg

CC 7 CC 8 CC 9

10 10 10 10 10/– 20 – 20 – 20 – 20 – 20

or $13, $6, $2

add $14, $2, $2

sw $15, 100($2)

Value of register $2 :

DM Reg

Reg

Reg

Reg

X X X – 20 X X X X XValue of EX/MEM :
X X X X – 20 X X X XValue of MEM/WB :

DM
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)RUZDUGLQJ
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• /RDG�ZRUG�FDQ�VWLOO�FDXVH�D�KD]DUG�
– DQ�LQVWUXFWLRQ�WULHV�WR�UHDG�D�UHJLVWHU�IROORZLQJ�D�ORDG�LQVWUXFWLRQ�

WKDW�ZULWHV�WR�WKH�VDPH�UHJLVWHU�

–

• 7KXV��ZH�QHHG�D�KD]DUG�GHWHFWLRQ�XQLW�WR�³VWDOO´�WKH�ORDG�LQVWUXFWLRQ

&DQ
W�DOZD\V�IRUZDUG

Reg

IM

Reg

Reg

IM

CC1 CC2 CC3 CC4 CC5 CC6
Time(inclockcycles)

lw$2, 20($1)

Program
execution
order
(in instructions)

and$4, $2, $5

IM Reg DM Reg
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CC7 CC8 CC9

or $8, $2, $6

add$9, $4, $2

slt $1, $6, $7
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Reg

Reg

DM
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6WDOOLQJ

• :H�FDQ�VWDOO�WKH�SLSHOLQH�E\�NHHSLQJ�DQ�LQVWUXFWLRQ�LQ�WKH�VDPH�VWDJH

lw $2, 20($1)

Program
execution
order
(in instructions)

and $4, $2, $5

or $8, $2, $6

add $9, $4, $2

slt $1, $6, $7

Reg

IM

Reg

Reg

IM DM

CC 1 CC 2 CC 3 CC 4 CC 5 CC 6
Time (in clock cycles)

IM Reg DM RegIM

IM DM Reg

IM DM Reg

CC 7 CC 8 CC 9 CC 10

DM Reg

RegReg

Reg

bubble
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+D]DUG�'HWHFWLRQ�8QLW

• 6WDOO�E\�OHWWLQJ�DQ�LQVWUXFWLRQ�WKDW�ZRQ¶W�ZULWH�DQ\WKLQJ�JR�IRUZDUG
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• :KHQ�ZH�GHFLGH�WR�EUDQFK��RWKHU�LQVWUXFWLRQV�DUH�LQ�WKH�SLSHOLQH�

• :H�DUH�SUHGLFWLQJ�³EUDQFK�QRW�WDNHQ´��VWDOOLQJ�LV�WRR�VORZ�
– QHHG�WR�DGG�KDUGZDUH�IRU�IOXVKLQJ�LQVWUXFWLRQV�LI�ZH�DUH�ZURQJ

%UDQFK�+D]DUGV

Reg

Reg

CC1

Time (inclock cycles)

40 beq $1, $3, 7

Program
execution
order
(in instructions)

IM Reg

IM DM

IM DM

IM DM

DM

DM Reg

Reg Reg

Reg

Reg

RegIM

44 and $12, $2, $5

48 or $13, $6, $2

52 add $14, $2, $2

72 lw $4, 50($7)

CC2 CC3 CC4 CC5 CC6 CC7 CC8 CC9

Reg
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'LPLQXLQGR�D�SHQDOLGDGH�GR�³EUDQFK�WDNHQ´

• QR�HVTXHPD�DQWHULRU
– GHFLVmR�Vy�p�WRPDGD�QR�HVWiJLR�0(0
– FDVR�³EUDQFK�WDNHQ´�p�QHFHVViULR�OLPSDU��IOXVK��RV�HVWiJLRV�,)��,'�

H�(;
– ��FORFNV�SHUGLGRV

• SDUD�GLPLQXLU�D�SHQDOLGDGH�
– DQWHFLSDU�D�GHFLVmR�GR�HVWiJLR�0(0�SDUD�R�HVWiJLR�,'
– HFRQRPLD�GH�GRLV�FORFNV
– IOXVK�VRPHQWH�LQVWUXomR�VHQGR�OLGD�GD�PHPyULD��IHWFKHG�

• PXGDQoDV�QR�KDUGZDUH�
– FiOFXOR�GR�HQGHUHoR�GR�GHVYLR��3&���RIIVHW����
– FRPSDUDomR�GRV�UHJLVWUDGRUHV

• 32 XORs com or na saída
• mais rápido do que a ALU
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)OXVKLQJ�,QVWUXFWLRQV

PC Instruction
memory
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x

M
u
x
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M
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M
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WB

ID/EX
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EX/MEM

MEM/WB

Data
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detection

unit

Forwarding
unit

IF.Flush

IF/ID
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Control

M
u
x

=

Shift
left 2

M
u
x
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,PSURYLQJ�3HUIRUPDQFH

• 7U\�DQG�DYRLG�VWDOOV���(�J���UHRUGHU�WKHVH�LQVWUXFWLRQV�
OZ��W������W��
OZ��W������W��
VZ��W������W��
VZ��W������W��

• $GG�D�³EUDQFK�GHOD\�VORW´
– WKH�QH[W�LQVWUXFWLRQ�DIWHU�D�EUDQFK�LV�DOZD\V�H[HFXWHG
– UHO\�RQ�FRPSLOHU�WR�³ILOO´�WKH�VORW�ZLWK�VRPHWKLQJ�XVHIXO

• %UDQFK�SUHGLFWLRQ�
– WHQWDU�DFHUWDU�VH�R�GHVYLR�VHUi�WRPDGR�RX�QmR
– HP�ORRSV��GHVYLR�p�WRPDGR�D�PDLRU�SDUWH�GDV�YH]HV
– EUDQFK�KLVWRU\�WDEOH

• 6XSHUVFDODU���VWDUW�PRUH�WKDQ�RQH�LQVWUXFWLRQ�LQ�WKH�VDPH�F\FOH
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'\QDPLF�6FKHGXOLQJ

• 7KH�KDUGZDUH�SHUIRUPV�WKH�³VFKHGXOLQJ´�
– KDUGZDUH�WULHV�WR�ILQG�LQVWUXFWLRQV�WR�H[HFXWH
– RXW�RI�RUGHU�H[HFXWLRQ�LV�SRVVLEOH
– VSHFXODWLYH�H[HFXWLRQ�DQG�G\QDPLF�EUDQFK�SUHGLFWLRQ

• $OO�PRGHUQ�SURFHVVRUV�DUH�YHU\�FRPSOLFDWHG
– '(&�$OSKD�����������VWDJH�SLSHOLQH����LQVWUXFWLRQ�LVVXH
– 3RZHU3&�DQG�3HQWLXP���EUDQFK�KLVWRU\�WDEOH
– &RPSLOHU�WHFKQRORJ\�LPSRUWDQW

• 7KLV�FODVV�KDV�JLYHQ�\RX�WKH�EDFNJURXQG�\RX�QHHG�WR�OHDUQ�PRUH

• 9LGHR���$Q�2YHUYLHZ�RI�,QWHO¶V�3HQWLXP�3URFHVVRU
�DYDLODEOH�IURP�8QLYHUVLW\�9LGHR�&RPPXQLFDWLRQV�
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&RPSDUDomR�GH�GHVHPSHQKR��S�����

• SDUD�PRQRFLFOR��PXOWLFLFOR�H�SLSHOLQH
• JFF��OZ��������VZ��������EHT��������M�������UHVWR������
• SLSHOLQH��

– �QV��PHPyULD�H�$/8��H��QV�SDUD�R�UHJLVWUDGRU��5'�RX�:5�
– ����GRV�OZ�VHJXLGDV�SRU�LQVWUXo}HV�TXH�XVDP�R�UHVXOWDGR
– ����GRV�EHT�VmR�HUUDGRV����FORFN�SHUGLGR�
– MXPSV�SHUGHP�XP�FLFOR

• SLSHOLQH�
– OZ����FORFN�VHP�KD]DUG�H���FORFN�FRP�KD]DUG��PpGLD� ����
– EHT����FORFN�VH�2.�������H���FORFNV�VH�QmR�2.��������PpGLD� �����
– MXPS����FORFNV
– GHPDLV�LQVWUXo}HV����FORFN

• CPI = 1.5*0.23+1*0.13+1*0.43+1.25*0.19+2*0.02 = 1.18
• clock = 2ns; tempo médio de execução = 2*1.18=2.36ns
• multiciclo; 4.02*2=8.08ns; monociclo = 8ns
• pipeline é 3.4 vezes mais rápido do que monociclo ou multiciclo
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