Single-cyle viomoinon:

Aldpkela KOKAOL iom pe ™ peyolvtepn evton-worst case delay
(edd M W) = yaunin amoooon!

AvtiBatverl e apyn: Kdéve tnv mo anAn tepintmon ypnyopn
(lowg ko €1¢ fAPOC TV O «OVHVOETOV» TEPTTHOCEMV
n.x. (load 32bit constant to reg)).

Ké0e functional unit ypnowomoteiton pio popd og ke KOHKAO:
avAykn yio. ToAomAd hardware = kooroc vAomoinong!

Aven: Multicycle viomoinon

MikpOTtEPOL KOKAOL POAOYL0V, OO TIC KABLOTEPNOELS TV
emuépovg functional units

Ta oynuora eivor amo to Pifiio
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Atyo mtpry to Pipeline...

Multicycle viomoinon
Alopodue v eKTéELEST NG KAOE EVIOANC o€ Prnata ovaAoya
ue tov apOud tov functional units tov yperdleton

KaOe pruo kai évag Ceywpilotog moAuog poroyion

Otav £govue multicycle vAomoinon, uropovue to idio functional
unit va, To ¥pMNOILOTOMGOVLE TOAAEC POPEC OTNV 1010 EVTOAT], OE
OLOLPOPETIKOVS OUME KOKAOVE (owkovouio hardware)

O1 eVvioAég O1oproDV uetofAnto apifuo kvxiwv, dpo umropoiue
vo. kavooue tyv ovovnOiouévy mepintwaon mo ypyyopy.
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MIPS Datapath-Multicycle Implementation

1.

2.

Xpnotipomotovue TV idtor memory unit t6co yio
Instructions 6co kat yio data

Xpnotpomotovue Vv idtoe ALU (avti yro o ALU kon
ovo abpoiotég PC+4 kot PC+4+address offset)

Metd oo kaOe functional unit vadpyovv
KOTOUYOPNTEC TOV KPATAVE TO AMOTEAEGHO LEYPIS OTOV
10 Tapet To emouevo functional unit (ctov emdUEVO
KUKAO)
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Multicycle Datapath:

PC

v

Address

Memory

Data

Instruction
or data

| INstruction
register -
—
Memory ™
= data
register —

Data
Register #
Registers

Register #

Register #

>ALU ALUOuUt

v
o

EmumAéov katayopntéc: IR, MDR, A, B xat ALUOuUt
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Ynobeon:

«2€ Kabe KOKAO poA0OYI0D UTTOPEL Va. VIVEL EVO, OTTO TO. TOPOKOTW

vMemory access
v'Register file access (read or write)
v ALU op

OTIONTTOTE TTAPAYETAI ATTO ALTEC TIC Povadeg,cowdleTal O€
temporary register

Temporary registers peta&v TV AEITOVPYIKMOV LOVAIMV:
—IR

—MDR

—ALUOut

—A, B (é€odoc register file)
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AEAOMENA mov:

V2N

©a XENoIWOTIOINBOLY ©a xpenoipoToindouvy
aTTO TNV i81a EVTOAN O¢ ATTO ETTOUEVEC EVTOAEC.
ETTOMEVOLC KUKAOULC:

2. mlovTal o€

2wlovror o temporary eregister file,
registers *memory,
PC

Programmer visible
state elements
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| 3
O
S xe=z @

Instruction Read
Address [25 21] register 1
Instruction _| Read Read
Memory 20 16]_L>(-\ register 2 data 1
Mem Dat 2 jmgy—)- a Registers
Instruction L M rite ad
Wit (15 O instruction| u register  gata 2
rite ; X
g PO Instruction [15 11] ; Wite
register \_/
Instruction
[15 0]
> Memory
data
register

ALUOU%

Eniloyn puetald PC (Yo

evtoln branch, PC+4)
kal A (v R-Type)

Enowoyi netato 4 (PC+4), B (R-Type),

sign_extend offset yio I-Type (Iw, sw) kot
branch offset
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Single-cycle datapath:

PCS&r

Add

Read
address

Instruction

Instruction
memory

>Add AL
result

3] ALU operation

| Write

xXc

Read
data

Data
memory

Address

Registers
Read
P register 1 5 ALlIJSrC
Read data 1 v
register 2
| Write Read >
register data 2 M
Wite X
| data |
RegWite]
1\6‘ Sign 32
¥\ extend

data

MemWWrite

MemtoReg

—

xXc=<

MemRead
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ALTIPESN TNC EKTEAEONC KAOE eVTOAMC 6E TTOAAUTAOVC KUKAOVC:

1. Instruction Fetch

«Depe TNV eVTOAT] amto T UV UI Kot VTTOAOYLoE T
OLevOLVOT] AVAKATIONG YIX TNV ETTOUEVT] EVTOAT»

IR = Memory[PC];
PC = PC + 4;
2. Instruction decode and register fetch (reg. File read)

«AlxPaoce TOLG KATAXWENTES IS kKL rt Kol
amtoOnkevoe Ttovg otovg A kKa B avtiotorya»

A = Reg[IR[25-21]];
B = Reg[IR[20-16]];
ALUOut=PC + (sign-extend (IR[15 O] << 2) D

©O0O0Ow
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..OVUVEYELNL:

2. Instruction decode and register fetch (reg. File read)

Ot A ko B «yepiCoov» oe kdbe koxAo! Ilavta o IR
TEPLEYEL TNV EVTOAN OO TNV 0PpYN UEXPL TO TEAOG!

210 PMua owtd vToAoyileTon Kot 1 d1evvveo
«mOavoL» AALATOC Kol OmOONKEVETO GTO KATAYM®PNTN
ALUOUt (av mpoketTan yioo evtoAn branch)

O1 000 TOPATAVO AEITOVPYLIES YIVOVTUL TAVTOYPOVA
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..OVUVEYELNL:

3. Execution, memory address computation or
branch completion

Eow yio mpatn popa, woiler poro T1 €l000S EVIOAN Exovue
a) Memory Reference:
ALUOut=A+sign-extend (IR[15-0]);
b) Arithmetic-Logical:

ALUQOuUt=A op B;
c) Branch:
If (A==B) PC = ALUOuUt;

d) Jump:
PC = PC[31-28] || (IR[25-0] <<2); .....
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..OVUVEYELNL:

4. Memory Access or R-Type instruction completion

a) Memory Reference:

MDR = Memory [ALUOut];
Ul

Memory [ALUOut] = B;

«uxPace amo tn devOBvvOoT) oL €xeL OXNUATIOTEL
otov ALUOut kat amoOnkevoe otov MDR (load)»

ﬁ
«dxPace to B{mov mavia éxel tov destination reg rt)
KoL amtoO1kevoE To ot U pe Ovon ALUOut

Eivol mavta to

B) Arithmetic-Logical: {310, o€ OAOLC

} |
Reg[IR[15-11]] = ALUOUL; TOVG KUKAOUG!

)\
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..OVUVEYELNL:

5. Memory read completion (write back step)
Reg[IR[20-16]] = MDR;

«'oae miow ta data ov etxav TV TEONYOUUEVT
baon amobnkevtel otov MDR, oto register file»

© © © © National Technical University of Athens
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PC

PCWriteCond/\ PCSource

CF

PCWiite

lorD I Outputs

MemRead

Memwpite| Control

MemtoReg

IRWrite \ [

3

Op RegDst
5 0]
N

\/—\LUOp

ALUSrcB

ALUSrcA

RegWrite

,Txe= @

Address

Wiite
data

Memory

MemData

Instcg%ion [25 0] %6‘ Shift 28
Molleft 2
Instruction
[31 -26] I (01 PC [31-28]
Instruction _ | Read
[25 21]-". | register 1 _l l\lﬁl
Instrustion o] Read Read ) A X
20 16" I . register 2 4ata 1 _| L
_ 0 _Registers
Instruction L& M Tite Read B
(15 O)l'| Instruction| u register  yata 2 " 0
Instruction [15 1] I X Wit 4 mplq M
register data | > )‘:
Instruction 3
[15 0]
» Memory
data 16 ) 32
register | @ dep| SigN
M extend

Jump

address [31-0]

oy

o =

ALUOQut

Instruction [5 Q]
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