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Controle da ULA

A ULA é utilizada para:

_oad/Store: F = add

Desvio (beq): F = subtract

nstrucoes tipo R: F depende do campo funct

ALU control Function
0000 AND
0001 OR
0010 add
0110 subtract
0111 set-on-less-than
1100 NOR




Controle da ULA

ALUOp = opcode

Uma combinacao deste com funct gera o codigo de
controle da ULA

opcode ALUOp | Operacao funct ALU function ALU control
lw 00 load word XXXXXX | add 0010
S 00 store word XXXXXX | add 0010
beq 01 branch equal XXXXXX | subtract 0110
R-type 10 add 100000 | add 0010
subtract 100010 | subtract 0110
AND 100100 | AND 0000
OR 100101 | OR 0001
set-on-less-than 101010 | set-on-less-than 0111




A unidade de controle principal

Os sinais de controle derivam da Instrucao

Tipo R

Load/
Store

Desvio

0 s rt rd shamt funct
31:26 25:21 20:16 ‘\15:11 10:6 5:0
35 o0r 43 rs rt \ endereco
31:26 25:21 20:16 *\ \ 15:0 1
4 rs rt \ \ endereco
31:26 25:21 20:16 \\ 15:0 ‘\
-~ g —
opcode leitura Leitura, Escrita Extensao
exceto para tipo de sinal e
para R e load soma

load




Caminho de dados com controle

Add |

ALU
result

- xc= ©

4 — Add

RegDst
Branch
MemRead
Instruction [31-26] MemtoReg
= Control ALUOp
MemWrite
| ALUSrc
RegWrite

Foad Instruction [25—-21] Read

ea > ;

| PC o> address register 1 Rpaaq g
Instruction [20-16] Read data 1

" | register 2

Write Read (0
register data 2

Write
|
data Registers

Zero
ALU ALU
result

Instruction
[31-0]

Instruction | | |instruction [15-11]
memory >

He

Read

Address data

“xe=2C

—“xec=2
Oxc=—

Write Data

data memory,
Instruction [15-0] 16 @ ?2

Instruction [5-0]
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Instrucoes do tipo R

| 0 Is It rd | shamt| funct

31:26 25:21 20:16 15:11 10:6 5:0

T

v
’j
o
o
Y
¥
- xe= ©

ALU .
4 — Add g it
o
Branch

MemRead

Instruction [31-26] MemtoReg
»| Control ALUOp

MemWrite
/ ALUSrc

RegWrite

Instruction [25—-21]
‘> PC o> Read > rFé%?sﬂer 1
address Read
Instruction [20-16] Read data 1
Instruction

" | register 2
31-0][T1

. Write Read _D
Instruction | | |instruction [15-11] register data 2
memory >

Zero
ALU 7Ly
result

Read
Address data

“xec=20

—“xc=2
Oxc="

Write .
data Registers

L

write Data
memory

data
Instruction [15-0] 16 @ 32 |
z IVI( Instruction [5-0]
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Instrucoes load

| 35 or43 s rt pnrlpmr;n

31:26 25:21 20:16 15:0

ALU .
result

RegDst g /

Branch
MemRead
Instruction [31-26] MemtoReg
> Control ALUOp
MemWrite
| ALUSrc
RegWrite

- xg=2 ©

4 —» Add

Instruction [25-21] Read
| PC ro» Read Tt g register 1
address Read
Instruction [20-16] Read data 1
register 2

Write Read G
register Jata 2

Write
data Registers

Zero
ALU ALU
result

Instruction | |
[31-0]

Instruction | [ |/nstruction [15-11]
memory ||e ]

Read
Address data

“xc=2©

“xc=
Oxez—

L

Write Data
data

Instruction [15-0]
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Instrucoes beq

| 4 | IS rt endereco

31:26 25:21 20:16 15:0

/

Add

4 —»| Add

RegDst /

Branch
MemRead
Instruction [31-26] MemtoReg
> Control ALUOp
MemWrite
/ ALUSrc
RegWrite

Instruction [25-21] Read

Read > i
| PC ro»-| address . register 1 Raaqg .
Instruction [20-16] Reag datal 5
Instruction | |1 7 | register 2 ALU ero
[31-0] M| | write Read ~(0 ALUL o ol Addresshiead L, (7
. u i data 2 result data M
Instruction | | |\nstruction [15-11]| x | | register M u
memory = 1 u X
Write ¢+ X 0
data Registers ite Data
> g\gtge memory
Instruction [15-0] |
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Implementando Jumps

Jump 2 address

31:26 25:0

Jump usa palavras como enderecamento

Atualiza o PC com a concatenacao de
Os 4 bits mais significativos do PC
O endereco de 26-bits da instrucao
00 (por causa do deslocamento por palavra)

E necessario um sinal de controle
adicional, extraido do opcode




Caminho de dados com jump

Instruction [25-0] . Jump address [31-0]
« . [Shift\,
S \left2/
QGUQS PC + 4 [31-28] >0 |—>1
—> M M
Add . \ u u
X X
ALU .
4= Add o it a\ 0
RegDst .
Jump /
\ Branch
MemRead
Instruction [31-26] MemtoReg
» Control ALUOpD
MemWrite
| ALUSrc
RegWrite
o Instruction [25-21] Read
ea o > -
> PC 1~ ~ddress register 1 Reaq
Instruction [20-16] Read data 1
Instruction .II 0 ~ | register 2
[31_0] M Write Read =/6 Address Rdea%g (1
Instruction | || |nstrction [15-11] Y | register dataZ2 M M
memory | |e > 1 _ g §
| 2 g [ :
egisters Write Data
> Jata Mmemory
Instruction [15-0] 16 ® 32
Instruction [5-0]
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Problemas de desempenho

A Instrucao mais demorada determina o
periodo de clock

Caminho critico: instrucao load

Memoria de instrucdo — banco de
registradores — ULA — memodria de dados —
banco de registradores

Entretanto, outras instru¢coes sao mais
rapidas
Isso sera melhorado com pipeline
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