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• &RPSOH[�LQVWUXFWLRQV���WKH��QH[W�VWDWH��LV�RIWHQ�FXUUHQW�VWDWH�� �

$QRWKHU�,PSOHPHQWDWLRQ�6W\OH
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9LVmR�JHUDO
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FRQWUROH
'LVSDWFK�520�� 'LVSDWFK�520��

2S 2SFRGH�QDPH 9DOXH 2S 2SFRGH�QDPH 9DOXH
000000 R-format 0110 100011 lw 0011
000010 jmp 1001 101011 sw 0101
000100 beq 1000
100011 lw 0010
101011 sw 0010

6WDWH�QXPEHU $GGUHVV�FRQWURO�DFWLRQ 9DOXH�RI�$GGU&WO
0 Use incremented state 3
1 Use dispatch ROM 1 1
2 Use dispatch ROM 2 2
3 Use incremented state 3
4 Replace state number by 0 0
5 Replace state number by 0 0
6 Use incremented state 3
7 Replace state number by 0 0
8 Replace state number by 0 0
9 Replace state number by 0 0
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0LFURSURJUDPPLQJ

• :KDW�DUH�WKH�³PLFURLQVWUXFWLRQV´�"

PCWrite
PCWriteCond
IorD

MemtoReg
PCSource
ALUOp
ALUSrcB
ALUSrcA
RegWrite

AddrCtl

Outputs

Microcode memory

IRWrite

MemRead
MemWrite

RegDst

Control unit

Input

Microprogram counter

Address select logic

O
p[

5–
0]

Adder

1

Datapath

Instruction registerı
opcode field

BWrite



1998 Morgan Kaufmann PublishersMario Côrtes - MO401 - IC/Unicamp- 2002s1 Ch5B-6

'LDJUDPD�GH�WUDQVLomR�GH�HVWDGRV

PCWrite
PCSource = 10

ALUSrcA = 1
ALUSrcB = 00
ALUOp = 01
PCWriteCond

PCSource = 01

ALUSrcA =1
ALUSrcB = 00
ALUOp= 10

RegDst = 1
RegWrite

MemtoReg = 0
MemWrite
IorD = 1

MemRead
IorD = 1

ALUSrcA = 1
ALUSrcB = 10
ALUOp = 00

RegDst=0
RegWrite

MemtoReg=1

ALUSrcA = 0
ALUSrcB = 11
ALUOp = 00

MemRead
ALUSrcA = 0

IorD = 0
IRWrite

ALUSrcB = 01
ALUOp = 00

PCWrite
PCSource = 00

Instruction fetch
Instruction decode/

register fetch
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Write-back step

(Op = ’LW’) or (Op = ’SW’) (Op = R-typ
e)

(O
p= ’BE

Q’)

( O
p

=
’J’

)

(Op =’SW’)

(O
p

=
’L

W
’)

4

0
1

9862

753

Start

(VWDGR $GGUHVV�FRQWURO�DFWLRQ VHT
0 Use incremented state 3
1 Use dispatch ROM 1 1
2 Use dispatch ROM 2 2
3 Use incremented state 3
4 Replace state number by 0 0
5 Replace state number by 0 0
6 Use incremented state 3
7 Replace state number by 0 0
8 Replace state number by 0 0
9 Replace state number by 0 0
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8P�PLFURSURJUDPD�KRUL]RQWDO
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'HVYLR 2EV
)HWFK � � � � � �� �� �� 6HT /r�LQVWUXomR��3&����3&��

� �� �� 'LVSDWFK� $/8RXW���HQG�GH�GHVYLR
/:6:� � �� �� 'LVSDWFK� HQG�HIHWLYR

/:� � � 6HT /r�PHPyULD
� � � )HWFK :ULWH�%DFN

6:� � � )HWFK (VFUHYH�QD�0HP�
5)RUPDW� � �� �� 6HT ([HFXWD�$/8

� � � )HWFK :ULWH�%DFN
%HT� � � �� �� �� )HWFK 'HVYLR�FRQGLFLRQDO

-XPS� � �� )HWFK 'HVYLR�LQFRQGLFLRQDO

(VWDGR $GGUHVV�FRQWURO�DFWLRQ VHT
0 Use incremented state 3
1 Use dispatch ROM 1 1
2 Use dispatch ROM 2 2
3 Use incremented state 3
4 Replace state number by 0 0
5 Replace state number by 0 0
6 Use incremented state 3
7 Replace state number by 0 0
8 Replace state number by 0 0
9 Replace state number by 0 0
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• $ VSHFLILFDWLRQ�PHWKRGRORJ\
– DSSURSULDWH LI KXQGUHGV RI RSFRGHV� PRGHV� F\FOHV��HWF�
– VLJQDOV�VSHFLILHG�V\PEROLFDOO\�XVLQJ�PLFURLQVWUXFWLRQV

• :LOO�WZR�LPSOHPHQWDWLRQV�RI WKH�VDPH�DUFKLWHFWXUH�KDYH�WKH�VDPH�PLFURFRGH"
• :KDW�ZRXOG D PLFURDVVHPEOHU GR"

0LFURSURJUDPPLQJ

/DEHO
$/8�

FRQWURO 65&� 65&�
5HJLVWHU�
FRQWURO 0HPRU\

3&:ULWH�
FRQWURO 6HTXHQFLQJ

Fetch Add PC 4 Read PC ALU Seq
Add PC Extshft Read (nada) Dispatch 1

Mem1 Add A Extend Dispatch 2
LW2 Read ALU Seq

Write MDR Fetch
SW2 Write ALU Fetch
Rformat1 Func code A B Seq

Write ALU Fetch
BEQ1 Subt A B ALUOut-cond Fetch
JUMP1 Jump address Fetch



0LFURLQVWUXFWLRQ�IRUPDW
)LHOG�QDPH 9DOXH 6LJQDOV�DFWLYH &RPPHQW

Add ALUOp = 00 Cause the ALU to add.
ALU control Subt ALUOp = 01 Cause the ALU to subtract; this implements the compare for

branches.
Func code ALUOp = 10 Use the instruction’s function code to determine ALU control.

SRC1 PC ALUSrcA = 0 Use the PC as the first ALU input.
A ALUSrcA = 1 Register A is the first ALU input.
B ALUSrcB = 00 Register B is the second ALU input.

SRC2 4 ALUSrcB = 01 Use 4 as the second ALU input.
Extend ALUSrcB = 10 Use output of the sign extension unit as the second ALU input.
Extshft ALUSrcB = 11 Use the output of the shift-by-two unit as the second ALU input.
Read Read two registers using the rs and rt fields of the IR as the register

numbers and putting the data into registers A and B.
Write ALU RegWrite, Write a register using the rd field of the IR as the register number and

Register RegDst = 1, the contents of the ALUOut as the data.
control MemtoReg = 0

Write MDR RegWrite, Write a register using the rt field of the IR as the register number and
RegDst = 0, the contents of the MDR as the data.
MemtoReg = 1

Read PC MemRead, Read memory using the PC as address; write result into IR (and 
lorD = 0 the MDR).

Memory Read ALU MemRead, Read memory using the ALUOut as address; write result into MDR.
lorD = 1

Write ALU MemWrite, Write memory using the ALUOut as address, contents of B as the
lorD = 1 data.

ALU PCSource = 00 Write the output of the ALU into the PC.
PCWrite

PC write control ALUOut-cond PCSource = 01, If the Zero output of the ALU is active, write the PC with the contents
PCWriteCond of the register ALUOut.

jump address PCSource = 10, Write the PC with the jump address from the instruction.
PCWrite

Seq AddrCtl = 11 Choose the next microinstruction sequentially.
Sequencing Fetch AddrCtl = 00 Go to the first microinstruction to begin a new instruction.

Dispatch 1 AddrCtl = 01 Dispatch using the ROM 1.
Dispatch 2 AddrCtl = 10 Dispatch using the ROM 2.
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• 1R HQFRGLQJ�
– ��ELW�IRU HDFK�GDWDSDWK�RSHUDWLRQ
– IDVWHU� UHTXLUHV PRUH PHPRU\ �ORJLF�
– XVHG IRU 9D[ ����² DQ�DVWRQLVKLQJ ���.�RI PHPRU\�

• /RWV RI HQFRGLQJ�
– VHQG�WKH�PLFURLQVWUXFWLRQV�WKURXJK�ORJLF WR JHW�FRQWURO�VLJQDOV
– XVHV OHVV�PHPRU\� VORZHU

• +LVWRULFDO�FRQWH[W RI�&,6&�
– 7RR�PXFK�ORJLF WR SXW�RQ D VLQJOH FKLS ZLWK�HYHU\WKLQJ�HOVH
– 8VH�D�520��RU�HYHQ 5$0��WR KROG�WKH�PLFURFRGH
– ,W¶V HDV\ WR DGG�QHZ�LQVWUXFWLRQV

0D[LPDOO\�YV� 0LQLPDOO\�(QFRGHG
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0LFURFRGH� 7UDGH�RIIV

• 'LVWLQFWLRQ�EHWZHHQ�VSHFLILFDWLRQ�DQG�LPSOHPHQWDWLRQ LV VRPHWLPHV�EOXUUHG

• 6SHFLILFDWLRQ�$GYDQWDJHV�
– (DV\ WR�GHVLJQ DQG�ZULWH
– 'HVLJQ DUFKLWHFWXUH�DQG�PLFURFRGH LQ SDUDOOHO

• ,PSOHPHQWDWLRQ �RII�FKLS�520� $GYDQWDJHV
– (DV\ WR FKDQJH�VLQFH�YDOXHV DUH�LQ PHPRU\
– &DQ�HPXODWH�RWKHU�DUFKLWHFWXUHV
– &DQ�PDNH XVH�RI LQWHUQDO�UHJLVWHUV

• ,PSOHPHQWDWLRQ�'LVDGYDQWDJHV���6/2:(5 QRZ��WKDW�
– &RQWURO LV LPSOHPHQWHG�RQ�VDPH FKLS�DV SURFHVVRU
– 520�LV�QR ORQJHU�IDVWHU�WKDQ 5$0
– 1R QHHG WR�JR EDFN�DQG�PDNH�FKDQJHV



1998 Morgan Kaufmann PublishersMario Côrtes - MO401 - IC/Unicamp- 2002s1 Ch5B-12

7KH %LJ 3LFWXUH
Initial

representation
Finite state

diagram
Microprogram

Sequencing
control

Explicit next
state function

Microprogram counter
+ dispatch ROMS

Logic
representation

Logic
equations

Truth
tables

Implementation
technique

Programmable
logic array

Read only
memory

• Ler “Historical perspective and further reading”
• RISC x CISC
• Controle

• hardwired
• microprogramado (firmware)


