O eneCepyoots: H dlodoc ocoousvov (datapath)
KoL 1) povaoda eA&Eyyov (control)

2yebiaoy datapath

4 Kotnyopleg EVIOAQV:

Ap1Ountikéc-Loykec evtorég (add, sub, slt kKim) —R Type
EvtoAéc avaeopds otn uvniun (Iw, sw) — I Type
Evtoléc owaxAdomong (branch beq, bne) — I Type
EvtoAéc dApatog (Jump j) —J Type

Ta oynuato. givor omo to Pfipiio
COD2e/Patterson-Hennessy



...amAOTNTO 0T oYediaon Tov ISA......

2 mpawta pruoto. koiva, o kale evioin (IF+ID):

— 2teile 1o PC ot uvnun (instruction memory) Kol @Epe
(fetch) v evroin (IF)

— ATOK®OTKOTOINGE TNV EVTOAN Kal otaPace Evav 1 000

Kotaympntéc-opiocpata (ID-1nstruction decode+register file
read)



2t ovvéyela (EX):
—On arithmetic-logical ypnoiomolovv v ALU yia ektédeon
MG Aettovpyiag Tov pe Paomn opcode kou funct

—Ov memory-reference ypnoponotovv v ALU vy
VITOAOYIGUO TNG TEAIKNG OVONG TOV OPIGLOTOC.

—O1 branch ypnoipomolovv v ALU yio cOYyKpion
Kotomv (MEM-WB):

—On arithmetic-logical ypdepovv 1o amotédesua g ALU micw
o€ évo kataywpntn tov Register File

—O1v memory-reference olafalovv amd TN Wviun Kot ypaeouvv
micw o€ Eva katayopnt) tov Register File 1 amroOnkedovv

GTN HVIun
—O1 branch aAAdlovv to epreyouevo tov PC

IF-ID-EX-MEM-WB



AnA (a@arpeTikn)) popen evog datapath:

PC

Apyikd, Oa kavovue oyediacm voc KOKAOVL (single cycle)!

Address

Instruction
memory

Instruction

_E

Data
Register #
Registers

Register #

Register #

Address

»| Data

Data
memory

(kabe evroin oropxel Evay KOKAO poAoyLoD)




YTovyela Yo 0001 KEVGN KUl TPOGTEAUGT) EVIOAMV:

Instruction
address —
»| PC >
INStruction [ >Add Sum
Instruction
memory —
a. Instruction memory b. Program counter c. Adder

ABpoietc yia vtoroyicuod PC+4 (emduevn evioAn)

Fetching D e
instructions and 4 —
incrementing PC:

_| Read
| address

Instruction

Instruction
memory




A. Yromoinon R-Type evrtorav:

(S | Read
register 1 Read N
*p

Register ) 5 | Read data 1

numbers register 2
5 _ Registers >~ Data
X Write

register

~

Data { Write

Read
data 2

data

a. Registers

Register file:

Two read ports, one write port (32 bif)

Aev vTTAPXEl RegRead!

Yrapxel RegWrite (edge triggered) otav
TOOKEITAl va Ypawoupe Read and write Reg
File oTov 1610 KOKAO (TO read TTaipVvel TNV TIUN
TTOL YPAPTNKE OTOV TTOONYOLUEVO KOKAO £V
N TIKN TTOL YOAPETAI €ival SIOBECIUN OTOV
ETTOUEVO KOKAO

Zero |—p
>ALU ALUL
result

/

b. ALU

ALU:

Zero output yia
branches



Tpnpa tov Datapath yvo R-Type:

Read

register 1 Read
data 1
Read
Instruction register 2 Zero
_ Registers ALU AU
Write result
register Read
_| Write data 2
"| data
R-Type op rs rt rd shamt funct
(register type) 6 bits Sbits Sbits 5bits Shits Gbits

add $rd, $rs,

$rt

n.y. add $s1, $s1, $s2




Yyedioon datapath ywa I-Type evtoiég:

IIpota Oa oyeoracovpue yia load-stores

I-Type: op rs rt address offset

6 bits 5 bits 5 bits 16 bits

lw $rt, offset val ue($rs)

1
sw $rt, offset val ue($rs)

Offset_value: 16bit signed field
(Xpeialeran sign extension yiari mpooTiOeral oe 32 bit register)

ual rs rt Address Memaory

|
i

Repister Halfword Wiord
|

Iw $rt, address($rs)
T.X. Iw $t1,100($s2)

Ta 3 mpoTa mmedia (op,rs, rt) Exovv 10 iS10 OVOpa Kal HEYEBOG OIS KAl TTPIV



EmumAéov ooukég povaoec v load-store datapath:

= Address Read
data 16 ) 32
\ Sign
Data extend
Write
data memory
Memory: a. Data memory unit b. Sign-extension unit

address port ,read, write data port(32bit)

Sign extension!



Datapath ywo load-store:

Read
register 1 Read \
Read data 1 -

Instruction register 2 Zero —»
.. Registers >ALU ALU
W”f‘et result »| Address %Eg’;g
register Read X
; data 2 "
> gggf Data
) memory
_| Write
| data
16 ) 32
\ [ Sign \

\'w \

register file access - memory address calculation —»
read or write from memory — write back to rf if we
have Iw instruction




Xyeoiaomn datapath ywa branch instructions:

op rs rt Address Memor y

=1 é)_. Wford

I T

bne $rs, $rt, address
T.X. bne $s0,%s1,L2

PC relative addressing apa address xpeialeral sign
extension kal x4 (ava@opd o€ S1ELBVLVOEIC AECEWV)

ald] Address Memor y

PC é} , VMord

| 1




Datapath ywo branch:

PC + 4 from instruction datapath =

>Add Sum Branch target
.| Read
Instruction “| register 1 Read
41 | Read data 1
“| register 2 Tob h
Write Registers >ALU Zero cgntiglnlcogic
register Read
Write data 2
data
16 )
\ | Sign
b |extend Adder:
ALU vTToAOYiIEl TO branch
) . target cav 10
evaluates the branch condition 46poioua Tou PC+4

KAl TOL Sign
extended, x4 opioua
NG EVTOANG



Evovovtog ta... 0Aa poll (onuovpyla single datapath):

Instruction

PC

Fetch-Decode+Register File Read

/] w—]
Read
address
Instruction
Instruction
memory

Read
register 1 Read
Read data 1
register 2
i Registers
Write
register Read
; data 2
Write
data
16 )
\ Sign
N “lextend

32

Address

Write
data

Read
data

Data
memory

I-Type Load store

Instruction

Read

register 1 Read
Read data 1
register 2

Registers

Write

register Read
Write data 2
data

Instruction

R-Type

PC + 4 from instruction datapath =

ca

> Add Sum Branch target

Read
register 1 Read
Read data 1
register 2
Registers >ALU Zero To bralnlch .
Write control logic
register Read
Write data 2
data

16 . 32
A Sign
extend

I-Type branch



Mntog ...notalovv;

2n eicodoc otnv ALU eivail €ite
Kataxwpentng (R-Type) eite To
sign-extended lower half (16bit)
TNG evTOANG (address_offset-av
eivar load-store

Instruction

H Tiun Tov amoBnkeLETAI OTO
write data Tou register file
eoxetal eite amo tnv. ALU (R-
Type) eite armo TN pvnun (write
back o€ Iw evToAn)

,| Read
register 1 Read
| Read data 1 I
Instruction register 2
—_— " Registers > AU ALl
y| Write result
reglster Read
Write data 2
| data
Read
register 1 Read \
Read data 1
register 2 Zero
. Registers >ALU ALU
Write result Address Fijead
register Read ata
: data 2
Write
Data
date —| . memory
Write
data
16 X 32
A Sign
N "l extend




R-Type + load-store instructions combined datapath:

XPNGIUOTOLOVE TOAVTAEKTES (MUX)

Single register file and single ALU:

p—) |
4—>
_| Read Registers
register 1
Read
o address . Rea_ld daR;ag
Instruction = rengter 2
| regi g »| Address Read
register data 2 data M
Instruction _ u
| Write . X
memory duta
| Write memory

data
\
S| extend

T yivetan pe ta branch instructions;




Mux yio emAoyn petacy PC+4 kot Label and branch instruction

PCSrc

»
SAdd
4

Read
address

Instruction

Instruction
memory

DAY it

* | extend

3 ALU operation

_| Write

x<xcZ

MemWrite

Read
data

Data
memory

Address

Registers
Read ALUSrc
register 1 Read |
Read data 1
register 2
| Write Read
register  data 2 '\lj'
Write X
| data | s
RegWritel
1\6 Sign 32

data

MemtoReg

—

M
u
X

MemRead




Single-cyle vAomoinon:

Aldpkela, KOKAOV iom HE TN HEYOADTEPT EVTOAN-WOTrSt case
delay (eom 1w)

AvtiBaiver pe apyn: Kdve tnv mo anin nepintmon
ypNyopn.

Kdé&0e functional unit ypnowwomoteital pia @opd ce Kdbe
KUKAO ovAyKm yio. ToAAomtAO hardware.

Avon: Multicycle vAomoinon

MikpOTtEPOL KOKAOL pOAOY10V, OO TIC KABLOTEPNOELS TV
emuépovg functional units



