O enelepyoots: H dl0d0c dcoousvav (datapath)
Ko 1) povaoa eAEyyov (control)

Y yebiaor datapath

4 koatnyopieg EVIOA®V:

ApOuntikéc-Aoykec evtorég (add, sub, slt kKAn) —R Type
EvtoAéc avapopdc otn uvnun (Iw, sw) — I Type
EvtoAéc owakAdomong (branch beq, bne) — 1 Type
EvtoAég dApatog (ump j) —J Type

Ta oynuato. eivai oo to Piflio
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...amAOTNTO 0T oYeolaon Tov ISA......

2 mpwrta pruoto. ko1ve, o ko evioin (IF+ID):

— Xteide 1o PC ot uviun (instruction memory) Kol @EpPe
(fetch) v evroAn (IF)

— ATOK®OKOTOINGE TNV EVTOAT Ko odface Evav 1 000

Kotayopntéc-opiopata (ID-1nstruction decodet+register file
read)
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2t ovveyelo (EX):

—On arithmetic-logical ypnoipomolovv v ALU yio ektédeon
¢ Aettovpyiog Tov pe Pdomn opcode kot funct

—Ov memory-reference ypnoponotovv v ALU ya
VITOAOYIGULO TNG TEAIKNG OVOTC TOV OPICLOTOG.

—O1 branch ypnoiponolovv v ALU yio cOykpion
Katomv (MEM-WB):

—On arithmetic-logical ypdeovv 10 armotéhesua g ALU micw
o€ &va kataympnt tov Register File

—O1v memory-reference olafalovv amd TN Wviun Kot ypaeouvv

miow o€ Eva kataywpnt tov Register File 1) amwoOnikedovv

GTI UVIHN

—O1 branch aAAdCovv to mepieyouevo tov PC
IF-ID-EX-MEM-WB
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Ami (a@arpeTikn)) popoen evog datapath:

Data
Register #
PC[s| Address  Instruction —[ Registers AL Address
Instruction Register #
memory . Data
> Register # memory
»| Data

Apyd, Ba kavovue oyediacm evoc kKOKAoOVL (single cycle)!

(xale evroin oropxel Evay KOKAO poLoyLoD)
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2 ToryEla Yo o0 Kevon Kol TPOSTEANGCT) EVTOAMV:

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

ABpoiotnc yia vtoroyicud PC+H4 (emduevn €vioin)

Fetching > aad
instructions and 4 —
incrementing PC:

Read[
address

Instruction  [r——————)-

Instruction]
memory
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A. Yromoinon R-Type svtormv:

Read

register 1 Readl

Register data 1

numbers

Read[]

register 2
Registers > Data

Write[

L register Read

. data 2
Writed %
Data { data

| + ¢+ b

a. Registers

Register file:

Two read ports, one write port (32 bif)

Aev vTTAPXEl RegRead!

YTrapxel RegWrite (edge triggered) otav
TPOKeITal va ypawoupue Read and write Reg
File oTov 1610 KOKAO (TO read TTaipVvel TNV TN
TTOL YPAPTNKE OTOV TTOONYOLUEVO KOKAO £V
N TIKN TTOL YOAPETAI €ival SIOBECIUN OTOV
ETTOUEVO KOKAO
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T

Zero |—»
ALU U]
result

/

b. ALU

ALU:

/ero output yia

branches



Tpnpo Tov Datapath yia R-Type:

Read[l
register 1 Read[]
Read[] data 1
Instruction register 2
Registers
WrijceI:I result
register Readl]
| Writed data 2
| data
R'Type op rs rt rd shamt funct
(register type) ~ °"" 5bits 5bits Sbits 5bits 6bits

add $rd, S$rs, S$rt

m.x. add $s1, $s1, $s2

cslab@ntua © 2006-07




Yyeoilaon datapath ywo I-Type evroiéc:

IIpwta Ba oyeotdcovue yo load-stores

I-Type: op rs rt address_offset

6 bits 5 bits 5 bits 16 bits

lw $rt, offset value(S$Srs)

)
sw $rt, offset value($rs)

Offset_value: 14bit signed field
(Xpeialeral sign extension yiarti mpooTiOeral oe 32 bit register)

ap rs rt Address Memaory
[
I
Register | Byte Halfword | Wi
|

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

Ta 3 mpoTa media (op.rs, rt) Exovv 10 iS10 OVOpa KAl HEYEOOG OTIWES Kal TTPIV
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EmumAéov ookéc povaoeg v load-store datapath:

= Address Readlll__
data
,| Write[] Datal
data memory
Memory: a. Data memory unit b. Sign-extension unit

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

Sign extension!
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Datapath ywa load-store:

Read
register 1 Read[]] \
Read data 1
Instruction register 2 AL Zero F—»
___Registers > ALUID
Write[] result »| Address Readlll__
register Read data
. data 2 "
Write™d \ /
> Datal]
dore , memory
| Writed
| data
16 32
\ [ Sign
N | extend

register file access - memory address calculation —»
read or write from memory — write back to rf if we
have Iw instruction
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Yyeolaon datapath ywa branch instructions:

o re rt Bddress Memor y

P él—)—» Yilord

I T

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

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

o Address Memor y

PC é)_p WVivord

I t
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Datapath ywa branch:

PC + 4 from instruction datapath s
> Add Sum Branch target
@‘
ReadI:l
Instruction register 1 Readl
_| Read[] data 1
| register 2
Registers >ALU Zero To branchl;l
Write[ control logic
register ReadlD
Write [ data 2
data
16 .
\ | Sign

b |extend Adder:

LTToAOYiICEl TO branch
ALU: . target cav 10
evaluates the branch condition 4B8poloua Tov PC+4
KAl TOL Sign
extended, x4 opicua
TNG EVTOANG
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Evovovrtog ta... 0Aa pali (dnuiovpyia single datapath):

Instruction

PC

Fetch-Decode+Register File Read

Readd
address

Instruction

Instruction[]
memory

Rea_dD
register 1 Read
Read[] data 1
register 2
Registers

WripeD €
register Readl

; data 2
Writed
data

16
\ Sign

Readd

register 1 Read
Read data 1

Instruction register 2
-_— Registers

Write[J

register Read
Write[d data 2
data

32

N | extend

Read
Address data
Datal]
memor
Write[d v
data

I-Type Load store
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R-Type

PC + 4 from instruction datapath ===

@-

Branch target

>Add Sum

Readl]
register 1 Read

data 1

Instruction
—

Read

register 2
Registers

Write[J

register Read

Write data 2
data

To branchJ
control logic

> ALU Zero

I-Type branch



Mnmg ...po1alovy;

' . ' ’ f{eeg?gtEri Readll
2N eicodocg otnv ALU eivai eite fendC] data 1
KataxwENnTNS (R-Type) site o lnstruction T} re8Ser® vers
sign-extended lower half (16bit) rogiter
TNG eVTOANG (address_offset-av WriteLd fota ®
eival load-store
Read[]
e N
. , Sl f ;izt;rRigisters ALU :éetr; [:|_>
H Tiun 1oL ATTOBNKELETAI OTO gt Readtl
write data Tou register file dats —|
epxetal ite ammo tnv. ALU (R- . .
Type) eite amo TN pvNun (write S St
back o¢ Iw evToAn)

Address

Write[d
data

Readl]

data

Data[]
memory
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R-Type + load-store instructions combined datapath:

XPNGIUOTOIOVUE TOAVTAEKTEC (IMUX)

Single register file and single ALU:

J
Add

\
L 7| extend

data

4 —
| Readd Registers
register 1
»|PC Read] 0 Read]
address »| Read data 1
i register 2 ata Zero
Instruction ® ”
| Write[d Read ALU ALU »| Address Read]
register data 2 M result data Ml
Instruction] . u ull=
Writed X
memory data Datal] X
_| Write [ meémory

T yiveton pe ta branch instructions;
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Mux yia emdoyn peta&v PC+4 kal Label and branch instruction

PCSrc

L
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Readd
address

Instruction

Instruction
memory

>Add ALU
result

|

Registers
Readl]
register 1 Read
Read[] data 1
register 2
Write [ Read]]
register data 2
Write [
data
RegWrite
16

xeg

3 ALU operation

| Write[] memory

=<

Readll
data

Datal

Hdress O

| MemWrite

MemtoReg

L,

data

MemRead




Single-cyle vAomoinon:

Aldpkelo, KOKAOVL iom HE TN HEYOADTEPT) EVTOAN-WOrSt case
delay (eom 1w)

AvtiBatverl pue apyn: Kave tnv mo anin mepintoon
YpPNyopn.

Kd&0e functional unit ypnoiuomoteitor pia popd ce kKAbe
KOKAO ovAykm yio toAlomAO hardware.

Avon: Multicycle viomoinon

MikpoTtepPOL KOKAOL pOAOY10V, OO TIC KABLOTEPNOELS TV
emuepovg functional units
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