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Recap: the stored-program computer

e Store instructions in
memory

e The program counter
(PC) controls the
execution

Processor

\o y,
>
O 120007a3Q%) 0f00bb27 1ldah gp,15(tl12)
€ 120007a34:y 509cbd23 1da gp,-25520(gp)
£ 120007a38: 00005d24 1ldah t1,0(gp)
— 120007a3c: 0000bd24 1dah t4,0(gp)
:8 120007a40: 2ca422a0 1dl1  t0,-23508(tl)
U 120007a44: 130020e4 beq t0,120007a94
5 120007a48: 00003d24 1ldah t0,0(gp)
2 120007a4c: 2cade2b3 stl zero,-23508(tl)
800bf9000: 00c2e800 12773376
>800b£9004: 00000008 8
g 800b£9008: 00c2£000 12775424
@ 800bf900c: 00000008 8
€ 800b£f9010: 00c2£800 12777472
S 800b£f9014: 00000008 8
S 800bf9018: 00c30000 12779520
800bf901c: 00000008 8



Recap: MIPS ISA

* R-type: add, sub, and etc...

6 bits 5 bits 5 bits 5 bits 5 bits 6 bits
opcode | rs rt d | SMM 1 funct
amount
e |-type: addi, Ilw, sw, beq, and etc...
6 bits 5 bits 5 bits 16 bits
opcode | rs rt immediate / offset

o J-type:|, jal, and etc...
6 bits 26 bits

opcode target




Outline

* |mplementing a MIPS processor
e Single-cycle processor
e Pipelined processor



Designing a simple MIPS processor

e Support MIPS ISA in hardware

e Design the datapath: add and connect all the required elements
in the right order

e Design the control path: control each datapath element to
function correctly.

e Starts from designing a single cycle processor
e Each instruction takes exactly one cycle to execute
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| ALU [: ‘_W' BISTErS
Instruction fetch: fetch an S :
: - Processot| R | :
instruction from memory 7, :
Decode: L 217 S
, : : > NN .y
e What’s the instruction? G 120007a3Q¥w 0£00bb27 1ldah gp,15(t12)
£ 120007a34:y 509cbd23 1lda  gp,-25520(gp)
e Where are the operands’? SC-’ 120007a38: 00005d24 1ldah t1,0(gp) |
— 120007a3c: 0000bd24 1dah t4,0(gp) .
Execute 0120007a40: 2ca422a0 1dl  t0,-23508(tl) °
‘g 120007a44: 130020e4 beg t0,120007a94
Memory access 5 120007a48: 00003d24 1ldah t0,0(gp) :
. " 8 120007a4c: 2cade2b3 stl zero,—23508(t1):
° :
Where Is my data’ (The data 800bf9000: 00c2e800 12773376 !
memory address) >~800b£9004: 00000008 8 ;
_ S 800b£9008: 00c2£000 12775424  ___.-°
Write back © 800b£900c: 00000008 8 «--"""
€ 800b£f9010: 00c2£f800 12777472
e Where to put the result S 800b£9014: 00000008 8
O 800b£f9018: 00c30000 12779520
Determine the next PC 800bf901lc: 00000008 8



Recap: MIPS ISA

* R-type: add, sub, and etc...

6 bits 5 bits 5 bits 5 bits 5 bits 6 bits
shift
opcode | rs re rd | .| funct

e |-type: addi, Ilw, sw, beq, and etc...
6 bits 5 bits 5 bits | 6 bits

opcode | rs rt immediate / offset

® J-typﬁ):itl;: jal, and etc... 26 bits

opcode target




Implementing an R-type instruction

6 bits 5 bits 5 bits 5 bits 5 bits 6 bits

opcode rs re - shift amt funct

instruction = MEM[PC]
REG[rd] = REG]rs] op REG[rt]

PC=PC+4
Tell the ALU what
ALU functionto <«----... .
X perform .
"~ ALUop
>Add
4 —0
i 25:21
Instruction nsd ' ReadRReg.l Read
Memory nsi2016] oot ot .
Read inst[31:0] File
g > Address o Write Reg Read >LU
inst[15:11] Data 2 >
.Ar. — Write Data
Clock ALUop

Tell the Processor
when to start an

Instruction




Implementing a load instruction

6 bits 5 bits 5 bits | 6 bits

opcode rs re immediate / offset
instruction = MEM[PC]
REG[rt] = MEM[signext(immediate) + REG]rs]]

PC=PC+4 Set different control
BEEEAREEE signals for different types
| A of instructions
inst[31:26]
™ control o f o
. @ Set to | if it’s a load
Add Set to | if it’s a load
a
Instruction ns42521] Read Reg 1 Data .
Register Read . Memor v
Memory inst[20:16] 1.4 Reg 2 Data 1 | 4 ” y MemtoReg
Read inge[31:0] [ ;Om File ALUSrc J (]\
g " Address Y Write Reg >LU Address giia |}
inst[ 151711 theaa‘zj .
o stflsg Write Data m r;’?
. X ALU
: \ /sug—n-\ | P »{0

\
16 W 32 MemRead \—/

Set to O if it’s a Ioad.
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Implementing a store instruction

6 bits

5 bits

5 bits

| 6 bits

opcode

IS

rt

immediate / offset

instruction = MEM[PC]
MEM[signext(immediate) + REGJ[rs]] = REG[rt]

PC = PC + 4
S | if it’
ettol mits a
inst[31:26] R
Y- it’s a store
>
>Add v >
4 RegV|Vrite Mem\lNrite
inst[25:21] '
Instruction Rea‘;Regl Read Data
t
Memory inst[20:16] eBls erData 1 g Memory MemtoReg
, i Read Reg 2
JoL | Read inst[31:0] Eom File ALUSrc Read (]\
o Address % 1| Write Reg Read >LU Address patal 1" |
L instl[{I DI] Data 2 —> -
t .
€83} Write Data 'EJ: - Write Data X
ALUop r
\ /5|g-n-\ \ | >b
16 \ extend /] 32 J MemRead
Set to O if
° ’ °
It's a store .. 16




Implementing a branch instruction

6 bits

5

bits

5 bits

| 6 bits

opcode

I'S

rt

immediate / offset

instruction = MEM[PC]

PC = (REG[rs] == REG][rt]) ? PC + 4 + SignExtiImmediate *4 : PC + 4

P

CSrc

PCSrc = Branch & Zero

»

inst[31:26]
™ control

m
u
X
0
>\
>Add
Instruction
Memory
Read
gl g Address
A

inst[31:0]

RegWrite
|
inst[25:21] Read Reg 1
inst[20:16 RegisterDRtea‘i N
inst[20: ata
i Read Reg 2 Zero
EO . ALUSrc
| x [y WriteReg oo LU
inst[ | 5|1 1] Data 2 |— —>
Reg[ls’t Write Data m
X ALUop
\ sign- I
16 extend 2

Calculate the

|- target address

MemW/rite
Data
Memory MemtoReg
Address Read —».(J\—
Data
m
— Write Data %
»{ 0
MemRead \—/
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