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|Branch|nschﬂons

| Read register operands
Compare Opel‘andS beq $t1, $t2, offset
Use ALU, subtract and check Zero output
Calculate target address
Sign-extend displacement
Shift left 2 places (word displacement)

Add to PC + 4
Already calculated by instruction fetch
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|Branch|nswucﬂons

| PC +4 from instruction datapath —{
Just s Branch
re-routes Add SUM T arget

wires .
Read

i ALU operation
Instruction | register 1 Read
data 1
1 lr:f‘aegeils’jler 2
To branch
i ALU Zero .
Wite  Registers control logic
register Read
Write data 2
data
RegWrite
18 Sign-

extend

Sign-bit wire
replicated
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| Composing the Elements

| First-cut data path does an instruction in
one clock cycle

Each datapath element can only do one
function at a time

Hence, we need separate instruction and data
memories

Use multiplexers where alternate data
sources are used for different instructions
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| R-Type/Load/Store Datapath
|

Read

ALU operation
register 1 4 P

Read
data 1

MemWrite

Read MemtoReg

L
Instruction register 2
I Registers Read
Write Read p--| Address
1 reai data 2 ata
register
—»| Write
data
RegWrite

MemRead
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| Full Datapath

| Read
Read
address register 1 Read o
y | Read data 1
‘._.. _’ MemtoReg
Instruction 4 register 2 _
[ Write Registers g, g e H;;g
Instruction register Prlives
memory
Write
™ data
Write Data
RegWrite wie oot
o] sion- | 32 MemRead
extend
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| ALU Control

ALU used for
Load/Store: F = add
Branch: F = subtract
R-type: F depends on funct field

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

| Assume 2-bit ALUOp derived from opcode
Combinational logic derives ALU control

opcode ALUOp | Operation funct ALU function ALU control
Iw 00 load word XXXXXX | add 0010
sw 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
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| The Main Control Unit

| Control signals derived from instruction

R-type | 0 | rs | rt | rd | shamt | funct |
31:26 25:21 20:16 \15:11 10:6 5.0
Load/ | 35 or 43 | rs | rt | \ address |
Store
31:26 2521 20:16 \ \ 15:0
Branch | 4 | rs | rt | \ address |
31:26 25:21 20:16 \ 15:0 \
) — Y\
opcode always read, write for sign-extend
read except R-type and add
for load and load
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Almost Complete datapath

Add| b
4 Add
PCSrc
RegDst RegWrite \LUSIc MemWrite MemtoReg
l Vfero l
: Read Addr 1
Instruction ; Read Address
Memory Register Data 1
Read Addr 2 Data Data
Read i
Instr[31-0 File Memory Read Data
Address \Write Addr Rea ALY y —
Data 2| \Write Data
\Write Data r
Sign MemRead
16 | Extend| 35 ’—‘
Instr[5-0]
ALUOp
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| Control signals

RegDst Reg dest number is
from rt bits[20:16]

RegWrite NON

ALUSrc Register file (2
operand)

MemRead NON

MemWrite NON

memtoReg ALU - Register file

|

Reg dest number comes from
bits[15:11]

Data is written in the register
specified by the write reg number

Sign extended immediate

Data memory > Read Data Output
Write data Input > memory
Memory - Register file
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| Datapath With Control

Read
*"| address

Instruction
31

Instruction

Instruction [31-26)

RegDst
Branch

| MemRead

| MemtoReg

Instruction [25-21]

Control ALUO,
MemWrite
ALUSrc

RegWrite

Instruction [20-186]

-0] [

Y

Instruction [15-11]

“xc=©

Instruction [15-0]

| Write

Read
register 1 peag
Reag  data i
register 2
Wirite Read
register data2

data Registers

Read
Address’ i1

write _Data

16 (sign.| 32|

extend

Instruction [5-0]

data memory|
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| R-Type Instruction

Add

Read
address

Instruction

Instruction | |
[31-0]

Instruction [31-26]

RegDst
Branch

MemRead
MemtoReg

Instruction [25-21]

Control 275,
MemWrite

[ TALUSc
RegWrite

Instruction [20-16]

+

-

(1)
M

Instruction [15-11]| %
1

Instruction [15-0]

Read
register 1 poag

Read data1
register 2

Write Read
register data2

4

Write
data Registers

Instruction [5-0]
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| Load Instruction

Read
address

Instruction
31

-0] [

Instruction

Instruction [31-26]

RegDst
Branch

| MemRead

| MemtoReg

Instruction [25-21]

Control 2175,
MemWrite

| ALUSrc

RegWrite

Read

Instruction [20-16]

Y

Instruction [15-11]

Loy
M

register 1 Reaq

feaq  datat

eg
U e Write Read
% [ register  9&t
1 N

| Write

Instruction [15-0]

data Registers

16 32

Sign-

extend

»- Address 162
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| Branch-on-Equal Instruction

Add

Instruction [31-26]

RegDst
Branch

MemRead
MemtoReg

Ir ion [25-21]

Read
address

Instruction
(31

0] []

Instruction

Control

ALUOp
MemWrite

ALUSrc

RegWrite

Read

Instruction [20-16]

register 1 poag

Read data1

+

register 2

Read
data2

4

' Registers

Instruction [15-0]

16 32

Sign-
extend
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| Implementing Jumps

Jump | 2 | address
31:26 25:0

Jump uses word address

Update PC with concatenation of
Top 4 bits of old PC
26-bit jump address
00

Need an extra control signal decoded from
opcode
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| Datapath With Jumps Added

Instruction [25-0] /= -~ Jump address (31-0]

left 2
a EGU 28 | pG 4 4 [31-28] - Lo
ﬁ‘ — \ M
u u
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| Performance Issues

| Longest delay determines clock period
Critical path: load instruction

Instruction memory — register file > ALU —
data memory — register file

Not feasible to vary period for different
instructions
Violates design principle
Making the common case fast
We will improve performance by pipelining
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