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/—-—~— R R R i
Instructlon Executlon -
* Cycle 1 - Fetch

e Same for all instructions

e Operations

« Send the PC to fetch instruction from memory and store in

g
IR (:Cihg . Hore Yeod

< -IR & Mem[PC]
e Control Slgnals Pem (eliress)

\3\\-

e JorD =0 (Select the PC as an address)
MemRead =1 (Reading from memory)
IRWrite =1 (Update IR)
LT 1R 2o
TR rd o7 ok

.
a ] . N
Instruction Execution
o Cycle 2 - Decode % regisier reac)
e Operations
- Read two registers based on the rs1 and rs2 fields and store
them in the A and B reglsters - e
. A€ Reg[IR[19 15]] "
= ﬁ 1 Gitiee e don't
== edge B € Reg[IR[24: 20]] o il
- Use the ALU to compute the branch address eoniaRl 2P
burchTicget_, ALUOut € PC + (sign-extend(lmm) <<1)
« Is it always a branch instruction??? AU sre A=o
AU S oot
AlUop -ca
e Control Signals
ALUSrcA =0 (Select PC)
ALUSrcB =11  (Select the sign-extended offsetx2)
ALUOp =00 (Add operation) )
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. | I
o State memory (SM): 4 bits that represent the clirrent state (535,5:5)

e Next State Logic (NSL): Combinational logic responsible for

determining the next state as function of current state and input
(NS;NS,NS;NS,)

e Output Function Logic (OFL): Combinational logic responsible for
determining the control signals as function of current state

| © The values for the signals that are not mentioned in a state are either:
= Don’t Care for MUX select signals and ALUOp OR

Deasserted (O) for all other control 51gnals 2 k

OFL :
7
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(MOM = Read)

Ay g _

L0 gt ok N

~ (2) ROM Implementation
* FSM design

o

®

L2

* ROM

%

e

L

~—waste of space

- T TTTTTTENR——
rewrite 1bily
Branch [ ,,
lorD
MemRead |
MemWrite |
IRWrite |
MPmT(JR&’i’ |
ALUCp 2.

ALUSrcB
ALUSrcA |

RegWrite I

Memo

M

R

dMu

Iti-Cycle Control

!

A

’z\t“‘;’ .
\,oCGARo“

12 inputs
17 outputs
TT size = 21217

)

J

17.» o

ROM
Control Logic

Can be used to implement the
truth table above

ROM Size = 69632 bits {
Each location stores the control
signals values and the next state

Each location is addressable by
the opcode and current state
value

For which ROM addresses will
the RegWrite be 1?

o xxxxxxxx0111 . L A A
o xxxxxxxx0100 § =
)

* Total of 512 addresses o)
I Gpeodenad

For our design, Only 15 Tk
/——é— ‘ Apbiod il

locations are needed = Hugc
cih

NS3
NS52
NS1
NSO

p6
Op5
50

m
B
o]

Op2

o
o
o

AAARess W e\ 2ot
ot* . Hoq6

5 o 3\53(‘?5

.

LY 5

bt

[ i~
e0T (stiders)

=T

;jﬁgf

_.“)_,).1 ] -
L

™ ( T Tocalhon 55

v
Aldrdss fine

¥

S

SRpee

&5

>

@

]

®

% ;de If we use two ROMs, one for NSL and one for OFL:

.~ state value:

1

ROM implementation is vulnerable to bugs and
expensive especially for complex CPU

Size increase as the number and complexity of
instructions (states) increases

Multi-Cycle Control

* NSL ROM is addressable by the opcode, zero flag and current

» NSLROM Size=22x4 (o ¢ X{
e OFL ROM is addressable by the current state value:
e OFLROM Size=24x13 /6Xx 13

» Total Size = 16592 bits (much lower than a single ROM)
» NSL consumes approximately 99% of the ROM area

Solution: Implement the Next State Function with a

Sequencer
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, Multi-Cycle Control

o Implementing the Next State Function with a

Inside the address select logic

apks o 2
/ <

stoke D) : *"/ e
?;;:'; E
(21’ e c.:n# " Zero ‘ ’E
Z 5k Aia% ______________ _Opeode .
%
A\ ({’::Vi
S 3% ]
st Multi-Cvcle Control W
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RISC-V Pipeline .., -

Five stages, one step per stage
1. (IF) Instruction fetch from memory ¢ ¥~
2. ID: Instruction decode & register read (D) .
- ———— T e~ e
3. EX: Execute operation or calculate address —Aw
4
5

MEM: Access memory operand ¢ /5¢ (/&rﬂé&r of
WB: Write result back to register ()~ “'*e oy

TH 7‘25%5 Cort B gmmage Sifle Gele 3 Js o
VY Menorsy 8
b Stages can operate concurrently as long as
(separate resources are available for each stage

= (Pipeline design is based on Single-Cycle CPU design)

ot gt PPeline
0[%7‘4/ S Chapter 4 — The Processor — 39
Sir\ﬂIe_ C[‘jﬁﬁot
Yok (mulhi Geie)

| Pipeline Performance
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zl“e_aw\ Oﬂ‘@rw“q‘e

v %&tﬁkw 5\ Cjo}bf
Struchuwre
An instruction depends on complEiDon of data access l:f;;/ i

a previou
P S mgtrucho/m % —rpe MW
= add X19, XO, x1 Y\O\SF F D EM \lf
d@y ﬂ b, 0-4’4
Pi
peline must be staﬂed (i.e. stopped) -
= Pipeline stall = bubble ol
Time 200 il 600 800 1000 1200 1400 1600“‘*31’*“
{ : : | 1 ‘ ] 0);1’
add x19, x0, x1 IF ': D WB | 2?”
stal
C( Ljucbbk‘? @ bubbEe bubbie
ow
sub x2, x19, x3 6}3‘9 c ’H/‘J’ﬁ .E L\i’f_B
pie”
PPO Chapter 4 — The Processor — 46
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Load-Use Hazard Detectlon

Check when usmg mstructlon is decodeq
in ID stage

ALU operand register numbers in ID stage
are given by
M\6.ed = IF/ID.RegisterRs1, IF/ID.RegisterRs2

\2\® |oad-use hazard when dro

mem . ID/EX.MemRead and (ID/EX.RegisterRd # 0)
and ((ID/EX.RegisterRd = IF/ID.RegisterRs1) or
(ood)  (ID/EX.RegisterRd = IF/ID.RegisterRs2))

If detected, stall and insert bubble
1d FDE M w
adl  F DN DE MW
sub  PF F

Chapter 4 — The Processor — §3
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