O eneepyaots: H dloo0c dcoousveov (datapath)
Ko 1) povaoda eA&yyov (control)

2 yebinon datapath

4 kotnyopleg EVIOAV:

ApOunrtikéc-Aoykec evioreg (add, sub, slt kKAm) —R Type
Evtoléc avagopdc otn uvnun (Iw, sw) — 1 Type
Evtolég owakAdomong (branch beq, bne) — I Type
Evtolég aipatog (Jump j) —J Type

Ta oynuozo givor oo to fifiio
COD2e/Patterson-Hennessy



...amAOTNTO 6T oYediaon Tov ISA......

2 mpwrta priuoto. ko1ve, o€ ko.Oe evioln (IF+ID):

— 2teide 1o PC ot pvnun (instruction memory) Ko EPE
(fetch) v evroAn (IF)

— ATOK®OIKOTOINGE TNV €VIOAN Kol olPace Evav 1 000

Kotoyopntec-opicuata (ID-instruction decode+register file
read)



2t ovvéyeto, (EX):
—On arithmetic-logical ypnoipomolovv tmv ALU yio ektédeon
¢ Aettovpyiog tov ue Bdon opcode kot funct

—O1v memory-reference ypnoporotovv v ALU vy
VTTOAOYIGULO TNG TEAIKNG OVOTE TOL OPIGLOTOC.

—O1 branch ypnoipomrolovv v ALU yia cOyKpion
Kotomv (MEM-WB):

—On arithmetic-logical ypdepovv 10 amotélecua e ALU micw
o€ &va, kotayopntn tov Register File

—O1v memory-reference owafalovv amd TN Lvrun Kot ypaeouv
nicw o€ £va Kotaympntn Tov Register File 1 anobnkevouv

GTI UVIHN
—O1 branch aALdCovv to epreyouevo tov PC
IF-ID-EX-MEM-WB



A\ (a@arpeTikn)) popen evog datapath:

PC

Apyikd, 0o kadvoovpe oyediaon evog kKOKAOL (single cycle)!

Address

Instruction
memory

Instruction

_[

Data
Register #
Registers

Register #

Register #

Address

Data

Data
memory

(kabe evroin oroprel Evay KOKAO porOYIOD)




2XTovyEld Y10 0T001)KEVGT KUl TPOGTEANGT) EVIOAQV:

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

ABpoiotnc yia vtoroyiond PC+4 (emduevn evioin)

Fetching > dd
instructions and 4 —s)
incrementing PC:

Read
address

Instruction

Instruction
memory




A. Y omoinon R-Type evtorav:

(S .| Read
register 1 ~N
Read
; data 1
Register ) O | Read
numbers register 2
5 _ Registers > Data
= register
- Read >
Dat Write data 2 <
ata data

a. Registers

Register file:

Two read ports, one write port (32 bit)

Aev vTTapxel RegRead!

Yrapxel RegWrite (edge triggered) otav
TOOKEITal va ypawouvpue Read and write Reg
File oTov 1610 KOKAO (TO read TTaipvel TNV TIUN
TTOL YPAPTNKE OTOV TTOONYOULUEVO KOKAO £V
N TIKN TTOL YOAEPETAI €ival S1IaBEoIun oToV
ETTOUEVO KOKAO

T

Zero|l—p
>aw awl
result

/

b. ALU

ALU:

Zero output yia

branches



Tunqpa tov Datapath ywa R-Type:

Read
register 1 Read
Read data 1
Instruction register 2
Registers

Write
register Read

_| Write data 2

"| data

R-Type op rs rt rd shamt funct
6 bits Sbhits Sbhits Sbhits Sbhits 6bits

(register type)
add $rd, $rs, $rt

m.y. add $s1, $s1, $s2



Yyeotlaon datapath yvo I-Type egvroiég:

[Ipota Oa oyedracovue yia load-stores

I-Type: op rs rt address offset

6 bits 5 bits 5 bits 16 bits

lw $rt, offset value($Srs)

1)
sw $rt, offset value(S$rs)

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

uel rs rt Address NMemaory

[
l

Repister Halfword Wiord
|

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

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



EmumAcov doukég povaoeg v load-store datapath:

=—p| 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 R \
Read data 1
Instruction register 2 Zero —»
.. Registers >ALU ALU
er_tet result »| Address R:g’,:g
register Read X
; data 2 "
> \é\g{;e —‘ Data
. memory
| Write
| data
16 . 32
\ [ Sign |\

\'@\

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




Yyeolaon datapath ywo branch instructions:

o re rt Bddress Memory

P é) » Whord

I T

bne $rs, $rt, address
m.x. bne $s0,$s1,L2

PC relative addressing apa address xpelialetal sign
extension kal x4 (avagpopad o€ d1ELBLVOEIC AeCeV)

o Address Memor y

=Tg} é_p Wilord

I t




Datapath ywo branch:

ALU

PC + 4 from instruction datapath ==

Instruction ‘

_| Read

Branch target

> Add Sum

To branch

>ALU Zero :
control logic

| register 1 Read
| Read data 1
"| register 2
Registers
Write
register Read
Write data 2
data
16 ) 32
\ | Sign
N “lextend

evaluates the branch condition

Adder:

vTToAoYilel To branch
target cav 1o
aBpoiopua Tov PC+4
KAl TOL Sign
extended, x4 opicua
NG EVTOANG



Evovovtog ta... 0Aa poli (onuwovpyia single datapath):

Instruction

PC

Fetch-Decode+Register File Read

4] —]
Read
address
INSTrUCLION [r—-
Instruction
memory

Zero
ALU Alu
result

Read
register 1 Read
Read data 1
register 2
. Registers
Write
register Read
. data 2
Write
data
16 )
AN Sign
N 7| extend

Address

Write
data

Read
data

Data
memory

32

I-Type Load store

Read
register 1 Read
Read data 1
Instruction register 2
-_— Registers
Write
register Read
Write data 2
data

>ALU ALU

Zero

result

R-Type

PC + 4 from instruction datapath >

> Add Sum Branch target

To branch

>ALU Zero )
control logic

Read
Instruction register 1 Read
Read data 1
register 2
Registers

Write
register Read
Write data 2
data

16 . 32

A Sign

extend

I-Type branch



Mg ...po1alovy;

2n eicoboc otnv ALU eivair eite
Kataxwpentng (R-Type) ¢ite To
sign-extended lower half (16bif)
NG evTOANG (address_offset-av
eivar load-store

Instruction

H Tiun 1oL amoBNKeLETAI OTO
write data tou register file
goxeral eite amo TNV ALU (R-
Type) €ite armo TN pvnun (write
back o¢ Iw evToAn)

.| Read
register 1 Read
.| Read data 1 N
Instruction register 2
—_— " Registers > AU LU
y| Write result
register Read
| Write data 2
data
Read
register 1 Read \
Read data 1
register 2 Zero
. Registers >ALU ALU
Write result Address Ffjead
register Read ata
; data 2
Write
Data
e —| . memory
Write
data
16 . 32
\ Sign
N | extend




R-Type + load-store instructions combined datapath:

XPNGIUOTOLOVIE TOALTAEKTES (MUX)

Single register file and single ALU:

——)|
4 —p
| Read Registers
register 1
Read
™| address »| Read daRtZag
Instruction - reg|ster 2
| Write Read »| Address ~ Read
register data 2 data M
Instruction ; u
memor —{ Data .
y data
Write memory
"|data
\
| extend

T yivetan pe ta branch instructions;



Mux yio emdoyn peta&y PC+4 katl Label and branch instruction

PCSrc

S

»
SAdd
4

Read
address

Instruction

Instruction
memory

=<

DAY it

/

Registers .
Read Y 34 ALU operation MemWrite
» i ALUSrc
register 1 Read |
Read data 1 i MemtoReg
register 2 Zero
ALU
| Write Read > reétlli > Address ~ Read L
register  data 2 l\u/l / data M
Write X Data >lé
—
[ e
data _ Write memory
Rengel data
16 . 32
\ Sign
™ extend MemRead




Single-cyle viomoinon:

Aldpkelo, KOKAOV iom UE TN HEYOADTEPT) EVTOAN-WOTrSt case
delay (e0m 1w)

AvtiBaiver pe apyn: Kdve tnv mo anin nepintmon
ypnyopn.

Kdé&0e functional unit ypnowwomoteitor pia popd ce kdbe
KUKAO avAykm yio toAAamAd hardware.

Avon: Multicycle viomoinon

MikpOTtEPOL KOKAOL pOAOY10V, OO TIS KOOLOTEPNOELS TV
emuépovg functional units



