O eneepyaots: H 6i0d0g deoonévamv (datapath)
Kol 1 povaoa. gr&yyov (control)

2> yediaay) datapath

4 Kotnyopieg EVIOA®V:

ApBunrtikéc-Loyikég evroréc (add, sub, slt kin) —R Type
Evtoléc avapopag otn pviun (Iw, sw) — | Type
EvtoAléc oraxAddmong (branch beq, bne) — 1 Type
EvtoAéc dlpatog (Jump j) —J Type

Ta oynuora eivor ano to fifiio
COD2e/Patterson-Hennessy

)\
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...amAOTNTO 0T oyediaon Tov ISA......

2 mparto. fructo koiva oe kabe evroin (IF+1D):

— Xteide 10 PC ot pwvnun (instruction memory) kot g€pe
(fetch) v evtoAn (IF)

— ATTOK®OKOTOINGE TNV EVTOAN Ko dO1dface Evav 1] OVO

Kkatayopntéc-opiopata (ID-instruction decode+register file
read)

© © © © National Technical University of Athens
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2t ovveyela (EX):

—Or arithmetic-logical ypnoipwomolovv v ALU yia extéheon
¢ Aeltovpyiog Tov pe fdon opcode ko funct

—O1 memory-reference ypnoipuonoovv tmv ALU ya
VTTOAOYIGUO TNG TEAKTNG OVOTC TOV OPICLOTOG.

—Ot branch ypnowonotovv v ALU yia coykpion
Katomv (MEM-WB):
—Or arithmetic-logical ypdgpovv 1o anotédeopua g ALU miow
o€ éva kataywpntn Tov Register File

—O1 memory-reference Swofalovv amd TN pviun Kot ypaeouvy

niocm og &vo kataympnth Tov Register File ) aroOnkevovv

GTI LVIHN

—Ot branch aAlalovv 1o mepieyduevo tov PC
IF-1D-EX-MEM-WB 9390 rmtctma s (05

08@ A HTh
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An (apopeTikn) popen evog datapath:

»| Data
Register #
PC Address Instruction —E Registers > AL Address
Instruction Register #
memory — Data
| Register # memory
»| Data

Apykd, 0o kdvooue oyediaon evoc kokiov (single cycle)!

(kabe evtoin dropkel evov KOKAO poioyioD)

© © © © National Technical University of Athens
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2T01El0 Y10 0TTOONKEVG KUL TPOCTELNGT) EVTOAMV:

Instruction
address

Instruction
memory

a. Instruction memory

Instruction [

»| PC

h. Program counter

\
>Add SUM [t
/

c. Adder

ABpoiotic Yo vmoroyiopd PC+4 (emduevn evioin)

Fetching
instructions and
incrementing PC:

>Add
£}

Read
address

Instruction
memory

INStruction j—

© © © © National Technical University of Athens
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A. Yiomoinon R-Type evrorhmv:

5 3 ALU control
== 533?sdter 1 Read | R _’q\\
Ao e b NP ze} s
 Registers ~ Data >A|—U ALU
A5v> Write result
Y register Read| —_ /
. data 2 p.
Data {—b \é\;?;e
RegWrite
a. Registers b. ALU
Register file: ALU:
Two read ports, one write port (32 bif) Zero output yia
Agv vrapxel RegRead! pbranches

YTrapxel RegWrite (edge triggered) otav
TOOKEITAl va Ypawoupue Read and write Reg
File oTov 1610 KOKAO (TO read TTaipvel TNV TIUN
TTOL YPAPTNKE OTOV TTOONYOLUEVO KOKAO £V
N TIUN TTOL YPApETAl Eival SIBECIUN OTOV
ETTOUEVO KOKAO

© © © © National Technical University of Athens
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Tpqpa Tov Datapath yia R-Type:

R-Type

(register type)

Instruction

Read
register 1

Read
register 2

Registers

Write
register

_| Write
| data

Read _
data 1 "

Read

v

data 2

RegWrite

ALU operation

op

rs rt

rd

shamt

funct

6 bits

add $rd, S$rs,

5hits 5bits

5bits
Srt

5bits

m.y. add $s1, $s1, $s2

cslab@ntua 2018-2019
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Yyeoiaon datapath ywo I-Type evrodréc:

[Tpota Ba oyedidcovue yio load-stores

I—Type: op rs rt address_offset
6 bits 5 bits 5 bits 16 bits
lw Srt, offset value ($rs)
fi

sw $rt, offset value($rs)

Offset_value: 14bit signed field
(Xpeaaleral sign extension yiati mpooTiOeral oe 32 bit register)

ulal rs rt Address NMemory
[
1
Register | Byte Hal fevrd | Winirr
|

Iw $rt, address($rs)
T.X. Iw $t1,100($s2)

Ta 3 mpoTa media (op.rs, rt) Exovv 10 iS10 OVOHa
© © © © Nahonal Technical University of Athens
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EmmAiéov dopukég povddeg yuo load-store datapath:

| MemWiite
—p| Address Read
data
Write Data
data memory
| MemRead
a. Data memory unit b. Sign-extension unit

Memory:
address port ,read, write data port(32bit)

Sign extension!

© © © © National Technical University of Athens
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Datapath ywa load-store:

3 ALU operation
| Read
| register 1 Read MemWrite
Read data 1 "
Instruction register 2 ALL Zerof—»
l .. Registers > ALU
Write result » Address Read
register Read data
; data 2 "
| Write /
| data —‘ Data

] memory
_| Write
| data

RegWrite

16 i 32 T
\ | Sign MemRead

N Tl extend

register file access - memory address calculation —»
read or write from memory — write back to rf if we
have Iw instruction

© © © © National Technical University of Athens
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Yyediaon datapath ywe branch instructions:

op rs rt Address Memory
|

PC él-)—» Wiard

| 1

bne $rs, $rf, address
T.X. bne $s0,%s1,L2

PC relative addressing apa address xpeialeral sign
extension kal x4 (avagopd o€ S1ELBLVOEIC AeCEV)

oo Addrass Memaory

=T é) » Wiord

I t

© © © © National Technical University of Athens
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Datapath ywa branch:

PC + 4 from instruction datapath =

>Add Sum Branch target
ALU operation
»| Read
Instruction ‘ register 1 Read
| Read data 1
“| register 2 To branch
Write Registers control logic
register Read
. data 2 .
Wie = Adder:
RegWite LTTOAOYIEl TO branch
16 m 2 target cav 10
a_,] Sign L\ .
v |extend X aBpoliopua 1oL PC+4
KAl TOL sign
ALU: extended, x4 dpioua
evaluates the branch condition NG EVTOANG

© © © © National Technical University of Athens
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Evavovtog ta... 6ha poli (dnuuovpyia single datapath):

Read ALU operation
register 1 Read
. Read data 1
Instruction regIStek2 <
— egisters
>Add White result
register Read
4 Write data 2
data
adare | RegWrite
PC address g
INStruction [r— R_T e
Instruction y p
memory

PC + 4 from instruction datapath ===

Fetch-Decode+Reqgister File Read

> Add Sum Branch targel

Read 3] ALU operation Read ALU operation
register 1 Read | MemWrite Instruction | register 1 Read
Read data 1 Read data 1
; ister 2 Zero[—> register 2 Tob h
Instruction register Registers 0 branc
' Write Registers >ALU ALU Read Write control logic
register Read result » Address data register Read
ca — Wi data 2
. data 2 rite
\é\;rtge Data data
Writ memory Regvvritel
RegWrite > dartlae
16 ) 32
A Sign MemRead
N “lextend

I _Ty p e LO O d S 'I' O re © © © © Nahonal Technical University of Athens
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MNmog ...notalovy;

2n eicodoc otnv ALU civail eite
Kataxwpentne (R-Type) cite To

sign-extended lower half (16bit)

TNC evTOANG (address_offset-av
sival load-store

Instructi

H Tiun 1oL aTmOBNKELETAI OTO
write data Tou register file
eoxetal ite amo tnv. ALU (R-
Type) €ite amo TN pvnun (write
back o¢ Iw evToAn)

ALU operation

Read 3
register 1 Read
data 1
Read
Instruction register 2 Zerol—p-
Write Registers >ALU ALU
i result
register Read .
Write data 2 "
"| data
RegWrite
Read 3] ALU operation
registert Read \\k MemWrite
Read data 1
on register 2 Zero —»
i _ Registers ALU ALy
yggitseter result Address %Z?S
Read
i data 2
\é\értl;e —| Data
memor
RegWrite Write Y
"] data
16 ) 32
A Sign MemRead
N "lextend

© © © © National Technical University of Athens
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R-Type + load-store instructions combined datapath:

XPpNoIUoTotoVUE TOATAEKTES (MUX)

Single register file and single ALU:

Add
4 —
| Read Registers |
register 1
Read
‘ ‘ address Read thea1d
. register 2 ata
Instruction 8
Wiite Read Address Read
register data 2 data M
Instructi i
nrsrlg:ﬁc::) n —p VVrite Data %
bi data
I | Write memory

| data
16 [ sign 32 |
AY
v extend

Ti yiveton pe to branch instructions;
© © © © Nahonal Technical University of Athens
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Mux yio emAoyn peta&y PC+4 xon Label and branch instruction

v

\ PCSr
SAdd >

AL
M / . >Addresult

P —
A
xc=Z

Read Registers 3 ALU operation MemWirite
| PC || Read > register 1 oo ALLilSrc
address Read data 1 > VemioRes
register 2
Instruction .
Wn_tet Read >\ Address Ize?d -
Instruction register  data 2 u ata M
memory - \é\éﬁtlge X Data P
- | Write Memory
ReanteI g PO
16 . 32
v Sign
M1 extend MemRead

© © © © Natonal Technical University of Athens
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Final Datapath : IToAvmAéxkteg kot control signals

\ .
ALU
44— Add, gt
RegWrite -
Instruction [25:21] Read
Read = : MemWrite
— PC &> _ idress Instruction (20:46] :39|5d19r1 d':'fa‘f N
nstruction [20: ata
. = re%?sier 2 ALUSrc MemtoReg
Instruction _I | 0
[31:0] M| | Write Read | °1 /0 Addressﬂdeaat'g L (1
Instruction | | |nstruction [15:11] g register data 2 M M
memory | e > 1 u g
| Wiite X )
RegDst data Registers . Writemg?.:g
data Y
Instruction [15:0] 16 Sign- 32
extend
MemRead
Instruction [5:0]
ALUCp

M HOEY §
H=E|
nvF¢opos

© © © © National Technical University of Athens
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Control Signals

* IIpoxvmTovv e Bdomn to opcode tng evroing (bits 31-26)

Memto- Reg- Mem-
RegDst Reg Write Read Wrrte Branch ALUOPO

R-format 0 0 1 0
Tw 0 1 1 1 1 0 0 0 0
SW X 1 X 0 0 1 0 0 0

beq X 0 X 0 0 0 1 0 1

© © © © Natonal Technical University of Athens
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Final Datapath + Control Unit

p—

4 — Add

/~\| RegDst
\ Branch
\ MemRead
Instruction [31-26] | | MemtoReg

» Control 2775
I',I MemWrite
| ALUSrc

\ " RegWrite
N

—

Instruction [25—21] Read
Read ™| register 1 Read

address .
Instruction [20—16] Read data 1

i > i Zero
Instruction | register 2
-0 [T | ALU
[31-0] Write Read - ALU

Instruction | | ||nstruction [15—11] register data 2 result
memory N

Read
data

r

Address

“xc=C

Oxc=—"

Write .
data Registers

“xc=°

Write Data
data memory|

77N
Instruction [15-0 16 /\ 32 / \ l
[15-0] N Sltgnd [ A :
w \control/
N4

Y

Instruction [5-0]

© © © © Natonal Technical University of Athens
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Single-cyle viomoinon:

AldpKeLa, KOKAOV 101 HE TN LEYOADTEPT EVTOAN-WOISt Case
delay (eom 1w)

Avtifaiver pe apyn: Kéve v mo anAn nepintoon
ypnyopn.

Ké0O¢ functional unit ypnoipomoteiton pio opd ce Kabe
KOKAO avaykn yio toAlamAd hardware.

Aven: Multicycle viomoinon

MikpOTtEPOL KOKAOL POAOYLI0V, OO TIC KOBLOTEPNOELS TV
emuépovg functional units
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