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a4 . single-cycle vs. multicycle

Single-cycle Implementation: EK¥§EH, EKCC

clock ‘
M
add $t0,$tl,s$t2 beq $t0,$tl1,L

Multicycle Implementation: NEKFELFH, ©HKCC

clock

add $t0,$tl,S$t2 beq $t0,$tl,L
« Multicycle Implementation:
less waste = higher performance
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FIGURE e4.5.6

Action for R-type Action for memory Action for
Step name instructions reference instructions branches

Instruction fetch IR <= Memory[PC]
PC<=PC+4
Instruction decode /register fetch A<= Reg [IR[19:15]]
B <= Reg [IR[24:20]]
L izl ALUOut <= PC + immediate
Execution, address computation, ALUOut <=AopB ALUOut <= A + immediate if (A ==B)
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Multicycletg & B} 7

FIGURE e4.5.6
Action for R-type Action for memory Action for
Step name instructions reference instructions branches
Instruction fetch IR <= Memory[PC]
PC<=PC+4
Instruction decode /register fetch A<= Reg [IR[19:15]]

B <= Reg [IR[24:20]]
ALUOut == PC + immediate

Execution, address computation, ALUOut == Aop B ALUOut <= A + immediate if (A == B)
branch/jump completion PC <= ALUOut
Memory access or R-type Reg [IR[11:7]] <= Load: MDR <= Memory[ALUOut]
completion ALUQut or

Store: Memory [ALUQut] <= B
Memory read completion Load: Reg[IR[11:7]] <= MDR

e J-type”?



Control unit internal structure
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MemRead
ALUSIcA =0
lorD=0
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ALUSICB = 01
ALUOp = 00
PCWrite
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ALUSrcB =00
ALUOp =01
PCWriteCond
PCSource = 1

ALUSIcA =1
ALUScB = 10
ALUOp =00

ALUSrcA =1
ALUSrcB =00
ALUOp =10

FIGURE e4.5.12
The finite-state diagram

Y

for multicycle control.
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rom-based finite state machines
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Op

Fig C.4.2

Control unit
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PCWrite
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PLA or ROM MemWrite

|RWrite
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MemRead
ALUSIcA =0
lorD=0
IRWTrite
ALUSICB = 01
ALUOp = 00
PCWrite
PCSource =0

ALUSIcA =0
ALUScB =10
ALUOp = 00

J-type?

Starf ———

ALUSICA =1
ALUSrcB =00
ALUOp =01
PCWriteCond
PCSource = 1

FIGURE e4.5.12
The finite-state diagram
for multicycle control.
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ALUOp =00

ALUSrcA =1
ALUSrcB =00
ALUOp =10
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CPl is always an average over a large number of instructions.
— CPI=CPU clock cycles / Instruction count
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« Microcode
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Microprogrammed Control
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Foreshadowed by Babbage’s “Barrel” and
mechanisms in earlier programmable calculators
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Overview:
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— T, PC->MAR, 1->R

— T M(MAR)->MDR, PC+1->PC
— T,: MDR->IR, OP(IR)->ID

] 41k )] 441
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Memory-memory add: M[rd] = M[rs1] + M[rs2]
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