Single-cyle viAomoinon:

Aldpkelo KOKAOVL iom UE TN HEYaADTEPT EVTOAT-worst case delay
(e0m M 1w) = younin amoooon!

AvtiBaivel pe apyn: Kave tnv mo anin mepintmon ypryopn
(lowc xat €16 PAPOC TV MO «GVVOETOVH TEPIMTTOCEDV
n.y. (load 32bit constant to reg)).

Kd&0e functional unit ypnowwomoteital pia @opd 6 Kb KOKAO:
avaykn v ToAarAO hardware = kdotog viomoinonc!

Avon: Multicycle viomoinon

MikpOTtEPOL KOKAOL PpOAOY10V, OO TIC KABLOTEPNOELS TV
emuépovg functional units
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Atyo pw to Pipeline...

Multicycle vAomoinon

Awopovpue tnv eKTEAEST NG KABE EVIOANG GE Priuata avaroyo
ue tov apdud twv functional units mov yperdleTon

Kabe pnua ko évag Cexwplotos maiuog poLoyion

Ortav &yovue multicycle vAomoinon, uropovue to 1010 functional
unit vo T0 ¥PNOIULOTOMNCOVUE TOAAEC POPEC GTNV 1010l EVTOAN, CE
OLAPOPETIKOVS OUMC KLKAOVC (otkovouia hardware)

O1 eVToAESC O10PKODY UETOPLANTO 0p1OUo KOKAWY, Gpa. UTOPODUE
Vo Kavooue Tty oovnOiouévny Tepintwan mo YpHyopy.
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MIPS Datapath-Multicycle Implementation

1. Xpnowomolovue tnv 01 memory unit T0GO Yy
instructions 06o kot yio data

2. Xpnowomotovue tnv o ALU (avti yio o ALU kot
000 00po1otég PC+H4 ko PC+4+address offset)

3. Metd and kdBe functional unit vdpyovv
KOTOUY®PNTES TOV KPATAVE TO OTOTEAEG LA UEYPLS OTOV
10 TApeL 10 emOuevo functional unit (oTov enduevo
KUKAO)
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Multicycle Datapath:

) Inr's(;[rlijiti?n
: 4 giste »| Data
PC Address
A
| _ +—>| Register #
Memory nst(;lrjcat;%g —1 Registers >ALU ALUOut
Memory —>| Register #
= data |- > B
Data register ) Register # ‘

EmnAéov kataywpntec: IR, MDR, A, B kot ALUOut
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Yno0eon:
«2e kabe KOKAO poLoyiod umwopel va yivel Eva. oo To. ToPaKOTW

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

v ALU op

OTIONTTOTE TTAPAYETAI ATTO ALTEC TIC POovadeg,cwleTal O€
temporary register

Temporary registers LeTOCD TV AELTOVPYIKOV LOVAO®V:
—IR

—~MDR

—ALUOut

—A, B (€€000c¢ register file)
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AEAOMENA mov:

SN

©®a xpNoIuoTToINBOLY ©a xpnaigoTroinBouv
aTto TNV i61a eVTOAN C¢ ATTO ETTOUEVEC EVTOAEG:
ETTOPUEVOLC KUKAOLG:

2.mlovtal oE:

2.CovTal o€ temporary register file,
registers *memory,
PC

Programmer visible
state elements
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PC 0 5
M Instruction .| Read M
u Address [25-21] " | register 1 u
X .
Instruction Read Read X
| 1 Memory [20-16] —rb register 2 data 1 1
MemData [y ) 0 _ Registers ALUOUL
Instruction M rite Read
Wit (15-0]1 K instruction| u register  gata 2 0
rite i I 15-11] | X . M
mat PO Instruction [ ] : Write 1V
register data 2 x
Instruction p-( 0 3
[15-0] M
u
X
(-1 \emory >(1
data 16
register de=p

Emioyn petaéy PC (v
evioAn branch, PC+4)
kot A (v R-Type)

Emoyn petaco 4 (PC+4), B (R-Type),
sign_extend offset yia [-Type (Iw, sw) ko
branch offset
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Single-cycle datapath:

PCSrc
p——
M
Add v
X
AL
- >AddresuH
—p |
Read reaisters 3] ALU operation MemWiite
>| regi ALUSrc
- PC Read register 1 |
address Read ead —
»| register 2 > Zero
Instruction ALU
g Wri'tet Read > M reétlL'J[ »| Address F;z?g L
Instruction register data 2 ¥ '\lj'
memory - \éV;tltae X Data U
i i | write memory
RegWrite A,
16 . 32
Sign

> extgnd MemRead
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Awgipeo TNC eKTEAEONC KAOE EVvTOINC 6E€ TOALATTAOVE KUKAOVC:

1. Instruction Fetch

«Dépe TNV EVTOAT) ATtO T UVIUN KL VTTOAOYLOE T
OLevOLVOT AVAKANOTG YL TNV ETTOUEVT] EVTOAT)»

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

«AlxPace TOLG KATAXWETTES TS KaL It Kal
amtoOnkevoé tovg otovg A kat B avtiotorya»

A = Reg[IR[25-21]];
B = Reg[IR[20-16]];
ALUOut=PC + (sign-extend (IR[15-0] <<2);
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..OVVEYELO:

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

Ot A kol B «yepiCouv» o€ kaOe kokio! I1dvta o IR
TEPLEYEL TNV EVIOAN OO TNV apyn HEYPL TO TEAOG!

210 Prua avtd vroroyiCeton Ko 1 01evbvvon
«mBovoL» AAUOTOC Kot amodnkedeTal 610
Kotoyopnt ALUOut (av mpoKeLTOn Yo EVIOAN
branch)

O1 000 TOPATAVEO AELITOVPYLES YIVOVTUL TOVTOYPOVA
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3. Execution, memory address computation or
branch completion

Eow yio mpadtn popa, mwailer poLo T1 €1000G EVTOLN Exovue

a) Memory Reference:

ALUOut=A+sign-extend (IR[15-0]);
b)_Arithmetic-Logical:

ALUOut=A op B;
c) Branch:
If (A==B) PC = ALUOut;
d) Jump:
PC =PC[31-28] || (IR[25-0] <<2);
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4. Memory Access or R—Type instruction completion

a) Memory Reference:

MDR = Memory [ALUOut];
n
Memory [ALUOut] = B;

«Pace amo 1 devOLVOT) OV €XeL OXNUATIOTEL

otov ALUOut kot anoOrnkevoe otov MDR (load)»

1
«dxpaoce to B{mov mavta £xeL tov destination reg rt)

Kot amtoOnkevoé to ot un pe dvorn ALUOut

B)_Arithmetic-Logical:

Reg[IR[15-11]] = ALUOut; Etven névta 1o
1010, 6€ OAOVC

TOVC KLKAOLC!
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5. Memory read completion (write back step)

Reg[IR[20-16]] = MDR;

«'oape miow ta data ov etyarv v o yovuevn
baon amobnkevtel otov MDR, oto register file»
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Op
[5-0]

Instruction [25-0]

P xcz O

Write
data

=p1 Address

Memory

MembData

Instruction

[31-26]
Instruction
[25-21]
Instruction
[20-16]
Instruction
[15-0]
Instruction
register

Instruction

Instruction
[15-0]

Memory

P xecz©O

P xczZ O

data
register

Jump
address [31-0]

= O

ALUOUL

Read
register 1
Read Read
P register 2 data 1
_ Registers
Write Read
register  gata 2
Write
data
16 )
K Sign
N “lextend

Instruction [5-0]
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