Single-cyle viomoinon:

Aldpketo KOKAOL iomn pe T peyaivtepn evioAn-worst case delay
(e0® M W) = yaunin amoooon!

AvtiBaiverl pue apyn: Kéve tnv mo anAn tepintmon ypnyopn
(lomc ko €1¢ fAPOS TV O «CHVOETOV» TEPIMTHOCEMV
n.y. (load 32bit constant to reg)).

KéBe functional unit ypnoipomnoteiton pio popd oe KaHe KOKAO:
avAykn yio. ToAomAd hardware = kooroc vAomoinong!

Aven: Multicycle viomoinon

MikpOTtEPOL KOKAOL pOAOY10V, OO TIC KOOLOTEPNOELS TV
emuépovg functional units

Ta oynuora eivor amo to fifiio
COD2e/Patterson-Hennessy
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Atyo mpwv 10 Pipeline...

Multicycle viomoinon
Alopodue v eKTéLEST NG KAOE EVIOANC o€ rjnata avadAoya
ue tov apOud tov functional units wov yperaleton

KaOe priuo kai évog Cexwplotog moiuos poioyion

Otav &yovue multicycle viomoinon, uropovue to idto functional
unit va, To ¥pMNOILOTOIMNGOVUE TOAAEC POPEC OTNV 10100 EVTOAY], OE
OLLPOPETIKOVES OUME KOKAOLG (otkovouio hardware)

O1 evtoAég o1oproDV uetofAnTo op1Bud KoxAiwv, apa uropovue
vo. kavoovue tyv oovnOiouévy wepintwon mo ypnyopy.
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MIPS Datapath-Multicycle Implementation

1. Xpnoipomotovue Vv idtor memory unit t6co yia
Instructions 6co kot yio data

2. Xpnowomotovue tnv ot ALU (avti yio pioe ALU ko
ovo afpototéc PC+4 ko PC+4+address offset)

3. Meta and kabe functional unit vdpyovv
KOTOUYOPNTEC TOV KPATAVE TO AMOTEAEGLO LEYPLS OTOV
10 Tapet To emouevo functional unit (ctov emduEVO
KUKAO)
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Multicycle Datapath:

. InstrL_Jction
| register o| Data
» PC Address 1
» A
. +—>| Register #
Memory Ins’tg?ﬁgg —1 Registers >ALU ALUOUf~¢
Memory Q— Register #
- data ety » B
Data register $—>| Register #

EmnAéov xatayopntés: IR, MDR, A, B xat ALUOuUt




Ynobeon:

«2¢€ kabe kKOKAO poLoyiod umwopel va yivel Eva. oo To. ToPaKOTW

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

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

Temporary registers ueta&v TV AEITOVPYIKMOV LOVAIMV:
—-IR

—MDR

—ALUOQOut

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

VRN

Oa xpNoIUoTToINOOLY ©a xpnoiuoTToINBouy
atTo TNV i8I0 EVTOAN O¢ ATTO ETTOUEVEC EVTOAEC.
ETTOPEVOLG KUKAOULG:

2 mlovtal oE.

2wlovtor oc temporary eregister file,
registers *memaory,
PC

Programmer visible
state elements
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| 3 |
[9]
“xc=©

~xecE O

Instruction | Read
Address [25 21] register 1
Instruction _ | Read Read
Memory 20 16]_1 — register 2 data 1
Mem Dat o ——)- a Registers
Instruction | M rite ad
Wit (15 O} instruction| u register  qatg 2
| VVTILE Instruction [15 11] | ¥ Wiite
data register ._>\1_) data
Instruction
[15 0]
> Memory
data
register

o=

v
w N = O

ALUOu

Eniloyn petald PC (yio
evtoAn branch, PC+4)
kot A (yio R-Type)

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

sign_extend offset ywo I-Type (lw, sw) kot
branch offset
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Single-cycle datapath:

PCSr
>
M
Add l ’ U
X
AL
4= >Addresult
Regist
Read oo 3| ALU operation MemWiite
NI-Te Read register 1 ooy ALlilSrc
address Read data 1 g MemtoReg
register 2
Instruction .
er_tet Read o{ 11 Address ~ Readl,
Instruction register data 2 U data v
memory - \cli\alaccge X Data X
ReaWVrit | Write memory
egivr el | data
16 . 32
v [ Sign
M extend MemRead
w
QOO0 I Techmical y of Athens bk

HOEYS
=
nvpgores

80
cslab@ntua 2012-2013 08@ S L b

"x
3
S



Awgipeon TNC eKTEAEONC KAOE EVTOIMC 6E TOAAUTAOVE KUKAOVC:

1. Instruction Fetch

«Dépe TNV EVTOAT) aTtO TI UVNUN 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
amoOnkevoé toug otovg A kat B avtiotorya»

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

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

Ot A ko B «yepiCoov» og kdbe koxio! I1avta o IR
TEPLEYEL TNV EVIOAN A0 TNV 0PpYN UEXPL TO TEAOC!

210 o owtd vToAoyiLeTon Kot 1 d1EvBuveon
«mOoVoL» AAULATOC Kol AmoONKEDETOL GTO KATAYMPNTN
ALUOQOuUL (av Tpokettal yio evtoAn branch)

O1 0V0 TEPUTAVO AELITOVPYLES YIVOVTAL TEVTOYPOVA
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..OVUVEYELU:

3. Execution, memory address computation or
branch completion

Eow yio. mpartn popa, woiler poro T1 €l0ovg eVIOAN Exovue
a) Memory Reference:
ALUOut=A+sign-extend (IR[15-0]);
b) Arithmetic-Logical:

ALUOut=A op B;
c) Branch:

If (A==B) PC = ALUOUL;

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

4. Memory Access or R-Type instruction completion

a) Memory Reference:

MDR = Memory [ALUOut];
M

Memory [ALUOut] = B;

«daPace amo t devOvvoN ToL £xeL oxXNUATIOTEL
otov ALUOut kat amoOnkevoe otov MDR (load)»

1
«dxpace to B{mov mavia éxet tov destination reg rt)
Kat artoOnkevoé to ot un ne dvorn ALUOut

Eivon mavta to
1010, 6€ OAOVC
TOVC KLKAOLC!

B). Arithmetic-Logical:

Reg[IR[15-11]] = ALUOut;

5N
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..OVUVEYELU:

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

«I'oanpe miow ta data ov etyav v o yovpevn
baon amobnkevtel otov MDR, oto register file»
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r_(—'_C!J PCWriteCond/\ PCSource
PCWite
Nt [

ALUOp
) I Outputs\

MemRead ALUSrcB
Memrite| Control ALUSIA
MemtoReg RegWirite

IRWrite \ [50"0] ,CRegDSt
N\

X

T xc= @

o

= o=

Jump
Instruction [25 0] atddress [31-0]
i
Instruction
[31-28]
Instruction | Read
Address [25 21]-"' " | register 1
Instruction Read Read
Memory [20 18] -T- register 2 data 1
MemDatz e—— ) 0 ) Registers ALUOUt_
Instruction L& M White Read
Wit [15 OIf T Instruction| u register  gata 2
hite .
data Instruction [15 11]| X White
register data
Instruction
[15 0]
¥ Memory
data 16 5 32
register | demp| 010N
g N extend
Instruction [5 0]
>
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