Single-cyle viomoinon:

Aldpkelo KOKAOV iom pe T peyaAvtepn evtoAn-worst case delay
(edd M W) = younin amodoon!

AvtiBatverl pe apyn: Kdove tnv mo anAn nepintmon ypnyopn
(lowg ko €1¢ PAPOC TV MO «GVVOETOV» TEPIMTOCEMV
n.x. (load 32bit constant to reg)).

Ké0e functional unit ypnoipomnoteiton pia opd oe kébe kdKAO:
avaykn yio ToAomAd hardware = kooroc vAomoinong!

Aven: Multicycle viomoinon

MikpOTtEPOL KOKAOL POAOY1I0V, OO TIC KOOLOTEPNCELS TV
emuépovg functional units

Ta oynuara eivar amo to fifiio
COD2e/Patterson-Hennessy
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Atyo wpw 10 Pipeline...

Multicycle viomoinon

Alopovue v ektédeon g KAOe evioAng o€ Prjnata avdioya
ue tov apOud tov functional units mov yperaleton

KaOe priuo kai evog Cexwpiotog moluos poroyLon

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

O1 eVToAES 010pKODY UETOPANTO 0p1BUd KDKAWY, apa UTOPODUE
vo. kavooue Tty oovnOiouévy mepintwan mo ypHyopy.
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MIPS Datapath-Multicycle Implementation

1.

2.

Xpnoiomotovpue tnv idto memory unit tdéco yia
Instructions 6co ko yio data

Xpnoiporotovue Vv idto0 ALU (avti yro o ALU xon
ovo abpototéc PC+4 ko PC+4+address offset)

Metd oo kéOe functional unit vaapyovv
KOTOYWPTNTEC TOV KPATAVE TO AMOTEAEGHO UEYPLC OTOV
10 Tapet To exouevo functional unit (ctov emdLEVO
KUKAO)
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Multicycle Datapath:

PC

v

Address

Memory

Data

Instruction
or data

| INstruction
register R
—
Memory |
-» data
register ]

Data
Register #
Registers

Register #

Register #

>ALU ALUOuUt

v
vy)

EmmAéov katayopntéc: IR, MDR, A, B kot ALUOuUt

QOO0 I Techmical y of Athens
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Ynobeon:

«2e Kabe KOKAO poLoyioD umopel va. Yivel Evo, oo To. TOPOKOTW

vMemory access
vRegister file access (read or write)
vALU op

OTIbNTTOTE TTAPAYETAI ATTO AVTEC TIC HOVASEC,0WETAI O€
temporary register

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

—MDR

—ALUOut

—A, B (€€o00c¢ register file)
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AEAOMENA 7ov:

VRN

©a xpnoipoTToiNBoLY ©a xpenaoipoToin8ouvy
aATTO TNV i81a EVTOAN O€ ATTO ETTOUEVEC EVTOAEG.
ETTOUEVOLG KOKAOULG:

2.wlovtal oc.

2wlovtol oc temporary eregister file,
registers *memory,
PC

Programmer visible
state elements

Q000 I Technical
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“xc=z e

Instruction .| Read
Address [25 21] 7| register 1
i Read
Instruction | Read
Memory 20 16]_1 o~ | register 2 data !
Mem Dat o [——)- nstruct a W_tRegisters ALUOU
nstruction | M | VVTitE Read
Wit (15 O Y nstruction| u register  yatq 2
— L Instruction [15 11] | * Write
data register ._’\1_)
Instruction
[15 0]
> Memory
data
register

Enioyn petald PC (Yo
evtol branch, PC+4)
kot A (Yo R-Type)

Enowoyi petald 4 (PC+4), B (R-Type),
sign_extend offset yio I-Type (Iw, sw) kot
branch offset

QOO0 I Techmical y of Athens
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Single-cycle datapath:

PCSr

Add

Read
address

Instruction

Instruction
memory

>Add AL
result

xXCZ
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| Read o ALUS 3{ ALU operation MemWrite

register 1 Read ; re
Read data 1 MemtoReg
register 2
Write Read Address Readl,
register  data 2 |\L/j| data M
Wite X Data X

- v | 'Wirite memory

RegerteI | data
1\6 Sign 32
™ extend MemRead
OO0 I Tech y of Athens
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ALUIPEGN TNC EKTEAEGNC KAOE EVTOANC GE TTOAAUTAOVE KUKAOVC:

1. Instruction Fetch

«Depe TNV eVTOAT] ATO TN UVTUT] KL VTTOAOYLOE T
OLevBuvvon aAvakAN oG Y TNV EMOUEVT] EVTOAT)»

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

«AlxPace TOLG KATAXWOETTES TS KaL 1t Kol
amoOnkevoé touvg otovg A kat B avtiotorya»

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

Q000 I Technical University of Athens
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..OUVEYELQ:

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

Ot A kou B «yepiCouv» og kdBe xoxio! IIavta o IR
TEPLEYEL TNV EVIOAN OO TNV oPpyN UEXPL TO TEAOC!

270 Prua owtd vToAoyileTon Ko 1 devbovveon
«mBovov» AALATOC Kol OmoONKEVETUL GTO KATAYMPNTN
ALUOuUt (av Tpoxetton Yoo evroAn branch)

O1 0V0 TEPUTAVEO AELITOVPYLES YIVOVTOL TAVTOYPOVA

Q000 I Techmcal
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..OUVEYELQ:

3. Execution, memory address computation or
branch completion

Eow yia mparty popa, woiler polo 11 eloovg evioin Eyovue
a) Memory Reference:
ALUOut=A+sign-extend (IR[15-0]);
b)_ Arithmetic-Logical:

ALUOuUt=A op B;
c)_Branch:
If (A==B) PC = ALUOut;
d) Jump:
PC = PC[31-28] || (IR[25-0] <<2);
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..OUVEYELQ:

4. Memory Access or R-Type instruction completion

a) Memory Reference:

MDR = Memory [ALUOut];
1

Memory [ALUOut] =B

«xPace amo T dtevOLVVOT TTOL £XEL OXNUATIOTEL
otov ALUOut kat amoOnkevoe otov MDR (load)»

"
«dxPace 1o B{mov mavia éxet tov destination reg rt)
Kot artoOnkevoé to oty un pe dOvon ALUOut

Eivou mavta to
1010, 6€ OAOLC
TOVC KLKAOLC!

B)_Arithmetic-Logical:

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

5N
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..OUVEYELQ:

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

«'oape miow ta data ov etyav tnv o yovpuevn
baon amobnkevtet otov MDR, oto register file»

cslab@ntua 2014-2015



f_H_GJ Periacond/” "\ pesaur
PCWiiite / \ALUop

lorD I Outputs

MemRead ALUSIcB
Memwiite|  Control ALUSIcA
RegWirite

MemtoReg

IRWrite \ [50”0] ,CRegDSt
NS

X

ST = @

w

= o\

Jump

Instruction [25 Q] address [31-0]
L

o =

Instruction
[31-28]
Instruction | Read
Address s 2T | register 1
Instruction Read Read
Memory 20 16] -.—G—’ register 2 412 1
MemData, [m—— ) 0 _Registers ALUO U i
Instruction L& M rite Read
i (15 QI T Instruction| u rEgISter  gata 2
rite ; 15 11 X .
data Instrgctlon A 1 Write
register data
Instruction
[15 0]
» Memory
data 16 ) 32
register | ‘\': Sign
extend

Instruction [5 Q]

7

S5H)

4
POMHOEY S
BI==E
1V popos
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