O enelepyaotic: H dlodog dedonévev (datapath)
Kol povaoo erEyyov (control)

> yediaoy datapath

4 Kot yopleg EVIOADV:

ApOunrtikéc-Loywég evroréc (add, sub, slt kin) —R Type
Evtoléc avapopag otn uviun (Iw, sw) — | Type
Evtoléc droxhaomong (branch beq, bne) — 1 Type
Evtolég dApoatoc (Jump j) —J Type

Ta gynuaro. eivar amo to Pifrio
COD2e/Patterson-Hennessy
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...amAOTNTO 6TN oyYediaon tov ISA......

2 mparto. friuoto koiva o kabe evioin (IF+1D):

— Xteide to PC ot pvnun (instruction memory) kot @épe
(fetch) v evtoAn (IF)

— ATOK®O1KOTOINGE TNV EVTOAN Kot otdface Evav 1 000

Kkatayopnréc-opicuato (ID-instruction decode+register file
read)
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2t ovveyela (EX):

—Or arithmetic-logical ypnowonoiotv tnv ALU yio ektédeon
G Aettovpyiog Tov pe fdon opcode ko funct

—O1 memory-reference ypnoipomnolotv v ALU yo
VTTOAOYIGUO TNG TEMKTG OVOTG TOV OPiGUATOC.

—Ot branch ypnowomotovv v ALU yia cdykpion
Katomv (MEM-WB):
—Or arithmetic-logical ypd@ovv 1o amotédeopa g ALU wicm
o€ évo, kataympnt tov Register File

—O1 memory-reference swofalovv amd TN LV Kot Yypapouvv

Ticw o€ &va kataympntn tov Register File 1 amroOnkevovv

GTN HVIUN

—Ot branch aAAalovv 1o epieyduevo tov PC
IF-ID-EX-MEM-WB 522 mrtsirmsmmetue S

ogé ' MY
© BALS &
cslab@ntua 2015-2016 QO S L ab 2



An\ (aparpeTikn) popen evog datapath:

PC

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

Address

Instruction
memory

Instruction

1

»| Data

Register #
Registers
Register #

Register # -‘

Address

Data

memory

» Data

(kabOe evioln oropkel evoy KOKAO poAoyioD)
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2XTo1) El0 Yo 000N KEVOT KOl TPOCGTELUGT] EVTOAMV:

Instruction
address

Instruction
memory

a. Instruction memory

Instruction [

»| PC

b. Program counter

—»\

>Add SUIMm) [—
, /

c. Adder

ABpoiotn¢ yio vtoloyiopd PC+4 (emduevn evioAn)

Fetching
instructions and
incrementing PC:

Read
address

Instruction
memory

Instruction je—————-

QOO0 I Techmical y of Athens




A. Yhomoinon R-Type gvrorov:

- s 3 ALU control
== rRe?J?sdteM Read| M _’k
| e 2}
~ Registers > Data >A|—U ALU
A5v> Write result
g register Read| —_ /
. data 2 .
Data {—b \é\;?;e
RegWiite
a. Registers b. ALU
Register file: ALU:
Two read ports, one write port (32 bit) Zero output yia
Aev vTapPxel RegRead! pbranches

Ymrapxel RegWrite (edge triggered) otav
TOOKEITAl va YpaAwouue Read and write Reg
File oTov 1610 KOKAO (TO read TTaipvel TNV TIKN
TTOL YPAPTNKE OTOV TTOONYOLUEVO KOUKAO £V
N TIKN TTOL YPAPETAI €ival SIaBECIun oTOV
ETTOUEVO KOKAO
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Tuqpa Tov Datapath ywa R-Type:

ALU operation

Read
register 1 Read ;
| Read data 1 "
Instruction reZ?sterz _ Zero)
Registers ALU ALu
White result
register Read k
_| Write data 2 !
" | data
RegWrite
R_Type °op rs rt rd shamt funct
(register type) 6 bits Sbits Sbits Sbits Sbits 6bits
add $rd, Srs, S$rt

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

0000

of Athen:

cslab@ntua 2015-2016
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Yyediaon datapath ywo I-Type evroiéc:

[Tpmta O oyedidoovue yio 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(Srs)

Offset_value: 14bit signed field
(Xpeialeral sign extension yiari 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 mpota media (op,rs, rt) Exovv 10 iS10 OVOHa
Kal uEye0og Omeg Kal mpiv




EminAéov doukéc povadeg vy load-store datapath:

| MemWrite
—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 2015-2016




Datapath ywa load-store:

Read 3 ALU operation

: register 1 Read \\k MemWhite

Read data 1 "

Instruction register 2 Zerof—»
l . Registers >ALU ALU

er_tet result »| Address %:?g

register Read _

; data 2 "
> \é\él;lée Data
. memory
| Write

| data

RegWrite

16 i 32 T
v | Sign MemRead

N Tl extend

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

cslab@ntua 2015-2016



Yyeoiaon datapath ywe branch instructions:

op rs rt Addres=s Memory
|

PC él-)—» Wiord

| 1

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

PC relative addressing apa address xpeialeral sign
extension kai x4 (avapopd o€ §1eLBLVOEIC AECEWV)

oo Addrass Memaory

=T é) b Word

I t

cslab@ntua 2015-2016



Datapath yw branch:

PC + 4 from instruction datapath =

Instruction ‘

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

> Add Sum Branch target

ALU operation

To branch
control logic

RegWitd]
16 /\ 32
A,! Sign

ALU:

\'tiiy |

evaluates the branch condition

Adder:

uTToAoYilel TO branch
target cav 1o
abpoioua Tov PC+4
KAl TOL sign
extended, x4 opioua
NG EVTOANC

y of Athens

Q000 I Techmcal

cslab@ntua 2015-2016
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Evavovtog ta... 6ha pali (dnuovpyia single datapath):

Read ALU operation
register 1 Read
. Read data 1
Instruction regIStek2 <
— egisters
>Add Write
register Read
§ Write data 2
data
adare | RegWrite
PC address g
INSErUCTION [—- R_T e
Instruction yp
memory

PC + 4 from instruction datapath ==

> Add Sum Branch target

Fetch-Decode+Register File Read

Read 3] ALU operation Read ALU operation
register 1 Read ’ MemWite Instruction | register 1 Read
Read data 1 Read data 1
i ister 2 Zero|—> register 2 To b h
Instruction register Registers o branch
E— . Registers >ALU ALU Read Write control logic
Write resullt Address d register
register Read ata Read
ea ] data 2
: data 2 Write
\éVt;lte Data data
ata
Wit memory RegWriteI
RegWrite > da?ae
16 ) 32
\ Sign MemRead
N “lextend

I-Type branch
I-Type Load store TS T Loy T———

QO
o
cslab@ntua 2015-2016 Ogé S L a b




MR ®G ...no1alovy;

2n eicoboc otnv ALU ¢ivail €ite
Kataxwpentng (R-Type) ¢ite T

sign-extended lower half (16bit)

NG evTOANG (address_offset-av
sival load-store

Instructi

H Tiun ToL amoBnKeLETAI OTO
write data Tou register file
eoxeTal €ite ammo tnv ALU (R-
Type) €ite amo TN pvNun (write
back o¢ Iw evToAn)

ALU operation

Read 3
register 1 Read
data 1
Read
Instruction register 2 Zero—p
Wite Registers >ALU ALU
i result
register Read ‘
Write data 2 '
"| data
Reg\\ite
Read 3] ALU operation
register 1 Read \\k MemWite
Read data 1
on register 2 Zero[—>
( . Registers ALU ALy
\r’;’git;e, result » Address %:?g
Read
i data 2
\é\gtlée —| Data
memor:
RegWrite Write y
"| data
16 . 32
. Sign MemRead
N 7l extend
QOO0 I Techmcal y of Athens
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R-Type + load-store instructions combined datapath:

Xpnoipomotovue ToOATAEKTEG (MUX)

Single register file and single ALU:

Add
4 —
| Read Registers |
register 1
Read
‘ ‘ address Read thea1d
. register 2 aa
Instruction '
Write Read Address Read
register data 2 data M
Instructi i
n;g:ﬁolf " —] VVrite Data X
b data
I | \Write mMmemory

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

Tt yiveton pe to branch instructions;
0000 I Technical

y of Athens
e
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Mux yio emdoyn ueta&v PC+4 xon Label and branch instruction

v
A

\ PCSr
SAdd l .

AL
= / . >Addresult

xXC<Z

| Read regsers ALUS 3| ALU operation MemWirite
L PC |de] Rc?;\d > register 1 Read . re
adaress Read data 1 > MemtoReg
register 2
Instruction )
Wite Read o 11 Address F;e?d—»
Instruction reg_ls er data 2 U ata \
memory - \é’\éﬂt';e X Data X
: o Write Memory
RegerteI | data
16 . 32
[ Sign
™ extend MemRead

OO0 I Technical y of Athens

(019
©
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Single-cyle viomoinon:

AlbpKeLD KOKAOV 101 UE TN LEYOADTEPT EVTOAN-WOISL case
delay (eom 1w)

AvtiBaiverl pe apyn: Kéve tnv mo anAn nepintmon
YpNyopn.

Kdé0e functional unit ypnowomoteiton pio popd oe kdbe
KOKAO ovaykm yio toAlamAd hardware.

Aven: Multicycle viomoinon

MikpOTtEPOL KOKAOL pOAOY10V, OO TIG KOOLOTEPNCELS TV
emuépovg functional units -

GRERNE]
y of Athens cv‘)f' 2
e
O a
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