O eneepyaots: H 6i0dog deoopnévev (datapath)
Kol povaoo eafyyov (control)

2yebinon datapath

4 Kotnyopieg EVIOAMV:

ApBuntikéc-Loyikéc evroAéc (add, sub, st kin) —R Type
EvtoAéc avapopag otn pviaun (Iw, sw) — | Type
Evtolég dwaxrddmong (branch beq, bne) — | Type
Evtolég dApoatoc (Jump j) —J Type

Ta oynuora eivar oo to pifiio
COD2e/Patterson-Hennessy

5N
© © © © Watonal Tedhnical Unrversy of Athens ﬁp& L)
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...amAOTNTO 0T oyediaon Tov ISA......

2 mpato friuozo koiva o€ kabe evroln (IF+I1D):

— 2teide 10 PC ot puvnun (Instruction memory) kot g€pe
(fetch) tnv evroin (IF)

— ATOK®OKOTOINGE TNV EVTOAN Ko OdPace Evav 1) OVO

Kkatayopntéc-opiopata (ID-instruction decode+register file
read)

cslab@ntua 2012-2013



2t ovveyelo (EX):

—Or arithmetic-logical ypnowpomotovv v ALU yia extéheon
NG Aettovpyiog Tov ue Pdon opcode kot funct

—O1 memory-reference ypnoipuonootv v ALU vy
VTOAOYIGULO TNG TEMKTNG OVOTC TOV OPICLOTOG.

—Ot branch ypnowonotovv v ALU yia cOykpion

Katomv (MEM-WB):
—Or arithmetic-logical ypd@ovv 1o amotédeopa g ALU wicw
o€ évo, kataywpnt tov Register File

—O1 memory-reference dwofalovv amd TN Pviun Kot ypapouvv

micw og éva kataywpnti tov Register File 1 amodnkedovv

GTN LVIUN

—Ot branch aAAdalovv to mepieyouevo tov PC
IF-ID-EX-MEM-WB 3598 susrtmse s T

00 ' MY
O u"‘c.‘.‘ =35
cslab@ntua 2012-2013 Ogé S L a b =



An (aporpeTikn) popen evog datapath:

»| Data
Register #
PC Address Instruction —E Registers > AL Address
Instruction Register #
memaory r ' Data
| Register # memory
» Data

Apyikd, o kdvovpue oyediaon evog kokiov (single cycle)!

(kaOc evioln oropkel evoy KOKAO poAoyioD)

QOO0 I Techmical y of Athens

Q0
O
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2roryela Yo amo0NKEVO KUl TPOOTEANGT) EVTOLMV:

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

ABpoiotig Yo vitoroyiopd PC+4 (emduevn evioAn)

Fetching o

instructions and
incrementing PC: Ll oeld | Read

address

Instruction [re————.

Instruction
memaory

0000




A. Yiomoinon R-Type evrorlov:

~ ALU control
;5 . Read 3
register 1 Read ~
i data 1 ' —_—
Register S | Read a

numbers == register Zero
b 5 W?itet R2egisters > Data >ALU reQLI]LtJ_b
g register Read| —_
Data {—’ date e g /
RegWirite
a. Registers b. ALU

Register file: ALU:
Two read ports, one write port (32 bif) Zero output yia
Aev vTapxel RegRead! branches

Yrapxel RegWrite (edge triggered) otav
TOOKEITAl va Ypawouue Read and write Reg
File oToV 1610 KOKAO (TO read TTQipVEl TNV TIKN
TTOL YPAPTNKE OTOV TTOONYOLUEVO KOKAO £V
N TIKUN TTOL YPAEPETAI ival SIaBEoiun oTov
ETTOUEVO KOKAO

cslab@ntua 2012-2013



Tpqpa Tov Datapath ywa R-Type:

R-Type

(register type)

Instruction

_| Write

Read

register 1 Read

Read data 1

register 2
Registers
Write

register Read

data 2

| data

RegWrite

ALU operation

op

rs

rt

rd

shamt

funct

6 bits

5bits

add $rd, $Srs,

5bits

5bits
Srt

5bits

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

0000

1 Tech 1
Y o

cslab@ntua 2012-2013
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Yyeoiaon datapath ywa I-Type evrodréc:

[Tpmta O oyedidoovue yio load-stores

I-Type: op rs rt address_offset
6 bits 5 bits 5 bits 16 bits
lw Srt, offset value ($rs)
fi

sw $rt, offset value ($rs)

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

uf rs rt Lddress Memaory
|
1
Reyister | Byte Halfwrord | Wiord
|

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

Ta 3 mpaTa media (op,rs, rt) éxovv 10 i610 OVOHa
Kal HEye00G OTI6G Kal IPIV




EmmAéov dopukég povaoeg yro load-store datapath:

| MemWiite
—p| Address Read
data
Write Data
data memory
| MemRead
a. Data memory unit b. Sign-extension unit

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

Sign extension!

cslab@ntua 2012-2013




Datapath ywa load-store:

3 ALU operation
,| Read
| register 1 Read MemWrite
Read data 1 "
Instruction register 2 ALL Zerof—»
l . Registers > ALU

Write result »| Address R;e?d
register Read ata

. data 2 v /

Write
> Data
dat
= —‘ ) memory
| Write

| data

RegWhite

16 _ 32 I
\ | Sign MemRead

N Tl extend

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

cslab@ntua 2012-2013



Yyeoiaon datapath ywe branch instructions:

o rs rt Address Memor y
|

PC él-)—» Wiord

| 1

bne $rs, $rf, address
T.X. bne $s0,$s1,L2

PC relative addressing apa address xpelialetal sign
extension kai x4 (avapopad o€ S1ELBLVOEIC AECEWV)

oo Addrass Memaory

=T é) b Word

I t

cslab@ntua 2012-2013



Datapath ywa branch:

PC + 4 from instruction datapath s

_| Read

Instruction ‘

" | register 1 Read
.| Read data 1
| register 2
Registers

Wirite

register Read

Write data 2

data

> Add Sum Branch targel

ALU operation

To branch
control logic

RegWite]
16 /\ 32
\_,| Sign |\

ALU:

\'tiiy |

evaluates the branch condition

Adder:

LTToAOYIlel TO branch
target cav 1o
aBpoioua Tov PC+4
KAl TOUL sign
extended, x4 opiocua
TNC EVTOANG

0000

1 Tech 1
Y o
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Evavovtag ta... 6Aa pali (dnuuovpyia single datapath):

Read ALU operation
register 1 Read
. Read data 1
Instruction regIStek2 <
— egisters
>Add White result
register Read
4 Write data 2
data
mdare | RegWrite
PpC address g
Instruction R_T e
Instruction y p
memory

PC + 4 from instruction datapath ===

Fetch-Decode+Register File Read

> Add Sum Branch targel

Read 3 ALU operation Read ALU operation
register 1 Read | MemWrite Instruction | | register 1 Read
Read data 1 Read data 1
Instruction register 2 Zero[—> reglsteI:a 2 To branch
SE— i ALU ) egisters trol loai
Write Registers ALU Read Write control logic
register Read result Address data register Read
ca — . data 2
. data 2 Write
\é\gt];e Data data
i memory RegWhit
RegWrite \é\gt';e Y e|
16 ) 32
\ Sign MemRead
N “lextend

I-Type branch
I-Type Load store © 0 © O Havra Tt Vv fhers

Q0
O
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MnmTog ...o1alovy;

2n eicoboc otnv ALU eivail €ite
Kataxwpentne (R-Type) cite To

sign-extended lower half (16bif)
NG evTOANG (address_offset-av

cival load-store

Instruction
s

H Ty TToL ATTOBNKELETAI OTO
write data Tou register file
goxeTal €ite A0 TNV ALU (R-
Type) eite armo TN pvNun (write
back o€ Iw evToAn)

ALU operation

cslab@ntua 2012-2013

Read 3
register 1 Read
data 1
Read
Instruction register 2 Zero—»
Write Registers >ALU ALU
; result
register Read ‘
Write data 2 "
| data
RegWrite
Read 3] ALU operation
ea
register 1 Read \\k MemWrite
Read data 1
register 2 Zero[—»
. Registers ALU aLu
\r’ggfsete, result » Address %Z?g
Read
; data 2
\é\gfl;e —| Data
memor
RegWrite Write Y
data
16 . 32
. Sign MemRead
N 7l extend
QOO0 I Techmical y of Athens

:CSLab




R-Type + load-store instructions combined datapath:

XpNo1UomTotov e TOATAEKTES (MUX)

Single register file and single ALU:

Add
4 —
| Read Registers |
register 1
Read
‘ ‘ address Read thea1d
. register 2 ata
Instruction .
register data 2 data M
Instructi ;
nrsn::r?c::) " —| VVrite Data X
Y data
I | \Write memory

| data
16 [ sign \32 |
A Y
v 7| extend

Tt yiveton pe to branch instructions;
0000 I Technical

y of Athens
O]®)
@]
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Mux yio emAoyn peta&d PC+4 xon Label and branch instruction

v

\ PCS8r
SAdd l »

AL
M / . >Addresult

xXC<

| Read regsiers ALUS 3| ALU operation MemWrite
L PC e Rc?c?d > register 1 Read ; rc
acdress Read data 1 ’ MemtoReg
register 2
Instruction )
er_tet Read >\ Address F\;e?d -1
Instruction reg|s er data2 u ata P‘L/Jl
memory - \é\gt';e X Data X
. | Write memory
Regerte| | data
16 . 32
+ [ Sign
1 extend MemRead
[eYeYeYe)] I Technical y of Athens
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Single-cyle vihomoinon:

Aldpkela, KOKAOV iomn HE TN LEYRADTEPT EVTOAN-WOISE case
delay (eom 1w)

AvtiBaivel ue apyn: Kdéve tnv mo anAn nepintmon
ypNyopn.

Ka0e functional unit ypnowomoteiton piio opd o€ kébe
KOKAO ovaykm yio ToAlamAd hardware.

Aven: Multicycle viomoinon

MuikpoTtEPOL KOKAOL pOAOY10V, OO TIG KOOLOTEPNCELS TV
emuépovg functional units

Q000 I Techmcal

GRERNE]
y of Athens cv‘)f' 2
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