CSE 370 Spring 2006
Introduction to Digital Design
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A simplified processor data-
path and memory

m Princeton architecture
B Register file
m Instruction register
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Processor control

B Synchronous Mealy or Moore machine
m Multiple cycles per instruction
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Processor instructions

m Three principal types (16 bits in each instruction)

type op Is rt rd funct
R(egister) 3 3 3 3 4
|(mmediate) | 3 3 3 7
J(ump) 3 13
m Some of the instructions

add 0 rs It rd 0 rda=rs + 1t

R | sub 0 rs rt rd 1 rd=rs-rt
and 0 rs rt rd 2 rd=rs &rt
or 0 rs rt rd 3 rd=rs|rt
slt 0 Is rt rd 4 rd = (rs <rt)
lw 1 rs rt offset rt = mem|rs + offset]

| | SW 2 rs rt offset mem[rs + offset] = rt
beq 3 rs rt offset pc = pc + offset, if (rs == rt)
addi 4 rs rt offset rt = rs + offset

] ] 5 target address pc = target address
halt 7 - stop execution until reset




Tracing an instruction’'s

execution
m Instruction: rr3=rl1l+1r2
R 0 rs=rl | rt=r2 | rd=r3 [funct=0

m 1. instruction fetch
E move instruction address from PC to memory address bus
B assert memory read
B move data from memory data bus into IR
B configure ALU to add 1 to PC
B configure PC to store new value from ALUout
m 2. instruction decode
B op-code bits of IR are input to control FSM
B rest of IR bits encode the operand addresses (rs and rt)
F these go to register file



Tracing an instruction’'s
execution (cont’d)

m Instruction: r3=rl1l+7r2
R 0 rs=rl! rt=r2 | rd=r3 | funct=0

m 3. instruction execute
B set up ALU inputs
E configure ALU to perform ADD operation
E configure register file to store ALU result (rd)




Tracing an instruction’'s
execution (c~nt’d)
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Tracing an instruction’'s
execution (cnnt d)

PLrel reset PLL14
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Tracing an instruction’'s
execution (cnnt d)
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Register-transfer-level
description
m Control

B transfer data between registers by asserting appropriate control signals
m Register transfer notation - work from register to register
B instruction fetch:
mabus < PC; — move PC to memory address bus (PCmaEN,
ALUmaEN)
memory read; — assert memory read signal (mr, RegBmdEN)
IR <« memory; — load IR from memory data bus (IRId)
op < add —send PC into A input, 1 into B input, add
(srcA, srcBO, scrB1, op)
PC « ALUout - load result of incrementing in ALU into PC (PCld,
PCsel)
B instruction decode:
IR to controller
values of A and B read from regqister file (rs, rt)
B instruction execution:
op < add —send regA into A input, regB into B input, add
(srcA, srcBO, scrB1, op)
rd «— ALUout— store result of add into destination register
(regWrite, wrDataSel, wrRegSel)



Register-transfer-level
description (cont’d)

m How many states are needed to accomplish these
transfers?

B data dependencies (where do values that are needed
come from?)

B resource conflicts (ALU, busses, etc.)
m In our case, it takes three cycles
B one for each step

B all operation within a cycle occur between rising
edges of the clock

m How do we set all of the control signals to be output by
the state machine?

F depends on the type of machine (Mealy, Moore,
synchronous Mealy)



Review of FSM timing

fetch decode execute
A A A
[ step 1 i step 2 i step 3 i
T IR<—mem[PC],T A<«rs T rd<«- A+B T
PC«PC+1; | Be«rt

\

to configure the data-path to do this here,
when do we set the control signals?



FSM controller for CPU
(skeletal Moore FSM)

B First pass at deriving the state diagram (Moore machine)
B these will be further refined into sub-states

reset

instruction
fetch

instruction

instruction
execution




FSM controller for CPU (reset
and Inst. fetch)

B Assume Moore machine

B outputs associated with states rather than arcs
B Reset state and instruction fetch sequence
m On reset (go to Fetch state)

B start fetching instructions

B PC will set itself to zero reset\

Instruction
@ fetch
mabus « PC;

memory read,;
IR < memory data bus;
PC « PC + 1,



FSM controller for CPU
(decode)

m Operation decode state

B next state branch based on operation code In
Instruction

B read two operands out of register file
Ewhat if the instruction doesn’t have two operands?

) instruction

branch based on value of decode

Inst[15:13] and Inst[3:0]



FSM controller for CPU
(Instruction execution)

B For add instruction
B configure ALU and store result in register

rd<« A+ B

B other instructions may require multiple/cycles

instruction
execution



FSM controller for CPU (add
Instruction)

B Putting it all together
and closing the loop

B the famous reset\
|nStrUCt|On (Fetch ins%rlgcﬁion
fetch ' o
decode
execute \ instruction
cycle decode
Q instruction
execution




FSM controller for CPU

B Now we need to repeat this for all the instructions of our
processor

B fetch and decode states stay the same
B different execution states for each instruction

Fsome may require multiple states if available
register transfer paths require sequencing of steps
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ALUOp| RD

RB

RD = RA op RB

This design needs to be run with a clock period of 20ns.
To single-step, set the simulation step to 20ns.
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Branch Logic

assign Branch = BR ||

This design needs to be run with a clock period of 20ns.

Instruction Fields

wire [4:0] opcode = inst[15:11];

assign ALUopcode = inst[15:11];

assign RA = inst[4:3]; / only 4 registers

assign RB = inst[1:0]; // == 2-hit register address
assign RD = inst[9:4];

assign data = inst[7:0];

To single-step, set the simulation step to 20ns.

(BRZ && (AluB==0)) ||
(BRN && (AluB[15]==1));

Instruction Decode
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ALU instruction

LD - Load Immediate

BR - Branch

BRZ - Branch on Zero

BEN - Branch on Megafive

assign ALUinst = ALUopcode 1=7; // ALU performs first sixop co ...
assign LDl = opcode =='h17;  // Load immediate op code

Uz u12 assign RegWrite = opcode[4];  # Write to register
) branchaddr(s:0) . PC(5:0) inst(15:0) wire BR= opcode =10
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Instruction Fields

wire [4:0] opcode = inst[15:11];
assign ALUopcode = inst[13:11];

assign RA = insi[4:3];
assign RB = inst[1:0];
assign RD = inst[3:2];
assign daia = insi[7:0];

This design needs to be run with a clock period of 20ns.

Il only 4 registers

I == 2-hit register address

To single-step, set the simulation step to 20ns.

Branch Logic

assign Branch = BR ||
{BRZ && (AluB==0)) ||
{BRN && (AluB[15]==1));
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Instruction Decode

assign ALUinst = ALUopcode |= 7,
assign LDl = opcode == "hi7;

ALY instruction

LD - Load Immeadiate

LDR - Load Registar

STR - Stors Registar

ER - Branch

BRZ - Branch on Zero

BRM - Branch on Negalive

I ALU performs first sixop co ...
Il Load immediate op code

u2 Uiz assign RegWrite = opcode[4]; & Write to register
5N ci5on inst{15-0) wire BR = opcode ==1[;
u1 ranetP At s s ety aais)r— "= wire  BRZ = opcode
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