Single-cyle viomoinon:

Aldpkelo KOKAOV iomn pe T pHeyaAdtepn evioAn-worst case delay
(e0m M 1w) = younin amoooon!

AvtiBatverl pe apyn: Kave v mo oA mepintmon ypnyopn
(lowg¢ xat €1¢ PAPOC TV MO «CVVOETOV» TEPIMTOCEDV
n.y. (load 32bit constant to reg)).

Kd&0e functional unit ypnowomoteital pio @opd 6e KAe KOKAO:
avaykn v toAlamAO hardware = kdotog viomoinonc!

Avon: Multicycle viomoinon

MikpOTtEpPOL KOKAOL pOAOY10V, OO TIC KABLOTEPNOELS TV
emuepovg functional units
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Atyo pw to Pipeline...

Multicycle vAomoinon

Awopovpue v ektELEST NG KAOE EVIOANC o€ Prnata avaAoya
ue tov apdud tov functional units mov yperdleTon

Kabe prua kou évag Ceywmpiotog moAuog poroyiod

Ortav &yovue multicycle vAomoinon, uropovue to 1010 functional
unit vo T0 ¥PNCILOTOMNCOVUE TOAAEC POPEC GTNV 1010 EVTOAT, OE
OLOPOPETIKOVS OUMC KVKAOVC (otkovouia hardware)

O1 eVTOAEC 010pKODY UETOPANTO 0p1OUO KOKAWV, Opa. UTOPODUE
Vo KAVOUUE THY o0VHOIOUEVY TEPITTWOTH TLO YPHYOPH,.
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MIPS Datapath-Multicycle Implementation

1. Xpnowomolovue tnv 10 memory unit T0GO i
instructions 06o kot yio data

2. Xpnowomowovue tnv ot ALU (avti yio o ALU ko
o000 0Bpoiotég PC+H4 ko PC+4+address_offset)

3. Metd ano kdBe functional unit vdpyovv
KOTOUYMPNTES TOV KPATAVE TO ATOTEAEGLO LEYPLIC OTOV
10 TApeL 10 emOuevo functional unit (otov enduevo
KUKAO)
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Multicycle Datapath:

PC

Address

Memory

Data

Instructionl}
or data

L

Instruction|}

register

-~

Memory[]

data [ |=—g

register

I

»| Data

Register #
Registers
Register #

Register #

EmnAéov kataympntec: IR, MDR, A, B kot ALUOut
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ALUOut




Yno0eon:
«2e kabe KOKAO poroyioD umwopel va yivel Eva. oo To, ToPOoKATMD»

v’ Memory access
v'Register file access (read or write)

v ALU op

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

Temporary registers LeTOCD TV AELTOVPYIKDOV LOVAO®V:
—IR

—~MDR

—ALUOut

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

VRN

®a xpNoIuoTToINBoLY ©a xpnaoigoToinBovv
aTto TNV i61a eVTOAN O¢ ATTO ETTOMEVEC EVTOAEG:
ETTOPEVOLC KUKAOULG:

2.mlovtal oE:

2.0CoVTal o€ temporary register file,
registers *memory,
PC

Programmer visible
state elements
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Qid ress

Memory

MemData

Write(d
data

Instruction

Readd

[25-21]

Instruction Read Reaij[
[20-16] register 2 data
Y Registers

Instruction
[15-0]

Instruction[]
register

)1 Memory

Instruction
[15-0]

Instruction
[15-11]

datal]
register

register 1

Write [ Read
register  4atg 2

Write[d

Pxeg O

ALUOut

cslab@ntua ©2006-07

Emioyn petaéd PC (v
evtoAn branch, PC+4)
kot A (yuo R-Type)

Emioyn petaéo 4 (PC+4), B (R-Type),

sign_extend offset yia I-Type (Iw, sw) ko
branch offset



Single-cycle datapath:

PCSrc

dd

4

PC Read
address

Instruction

Instruction ]
memory

y
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Registers
| Readd
register 1 Read
Readl] data 1
register 2
Write [ ReadILl
register data 2
Write[
data
RegWrite
16

xS

Zero
>ALU ALU

3 ALU operation

MemWrite

Read]l

> Hdresslj
data

Datal
_| Write[] Mmemory

data

MemtoReg

L,

MemRead




Awaipeon TNC ektéleonc Ka0e evtoing 6€ moALUTAOVS KUKAOVG:

1. Instruction Fetch

«Depe TNV eVTOAT] Ao TN UVTUT] Kol VTTOAOYLOE T
OLevBLVOT AVAKANONG Y TNV ETTOUEVT] EVTOAT)»

IR = Memory|[PC];
PC =PC + 4;

2. Instruction decode and register fetch (reg. File

read)
«AlxPaoce TOLG KATAXWENTES IS kKaL rt Ka

amtoOnkevoé Touvg otovg A kat B avtiotorxa»
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 ka1 B «yepiCoov» og kaBe koxro! I1dvta o IR
TEPLEYEL TNV EVIOAT] OO TNV 0PYN UEXPL TO TEAOG!

210 Prua avtd vroAoyileton Kot 1 olevuvon
«mOovoL» AAULOTOC Kot aodnKedETUL GTO
Kotayopnt) ALUOut (av tpoKeLTon Yo EVIOAN

branch)

O1 000 TOPATAVO AELTOVPYLES YIVOVTUL TOVTOYPOVA
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3. Execution, memory address computation or
branch completion

Eow yio mpartny popa, woiler poLo 11 €ioovg evioin Eyovue

a) Memory Reference:

ALUOut=A+s1gn-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;

«wPace ano ) devOvvon Tov £xeL oxNUATIOTEL

otov ALUOut kot anoOnkevoe otov MDR (load)»

1
«xpaoce to B{mov mavta éxetL tov destination reg rt)

Kot artoOnkevoé to oty un pe oOvon ALUOut

B)_Arithmetic-Logical:

Reg[IR[15-11]] = ALUOut; FWOH na}/w TO
1010, 6€ OAOVC

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

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

«'pope miow ta data ov etyav TNV TEONYOUHEVT
baon amoOnkevtel otov MDR, oto register file»
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opd
[5-0]

Instruction [25-0]

JumpO
address [31-0]

Address

Memory

MembData

Write[d
data

Hx:go

Instruction
[31-26]
Instruction] ReadO
[25-21] register 1
Instructionl] ReadO Read(H
[20-16] register 2 data 1
0 Registers
Instructionl] M WriteL] Read [}l
[15-0] Instruction]] u register  gata 2
Instrl'lctionD [15-11] 1x Write[™
register data
Instruction
[15-0]
Memory >
data[]

register [

Instruction [5-0]

xe 2

A
w N »r O

PC [31-28]

Zero

>A|-U ALU

result

ALUOUL |
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