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Evtoiréc MIPS

11évte otooio.:

1.
2.

Ddépe v evroan and tn uvnun (IF-Instruction Fetch)

Aldoce Tovg KaTay®PNTES, EVO OTOKMOIKOTOIEIS TNV EVIOAN
(ID+RegisterFile Read) (ot0 €Enc Oa Acue: ID)

. Extéleon ¢ evtoAng N1 vmoroyiouog otevbuvong (uécsw ALU)

(EX-execute)
[Ipoonéraon uvnunc (MEM)
Eyypaon anoteAécuatog oto RegisterFile (WB-write back)



Single-cycle vs pipelined performance:

Single cycle: 6\eg 01 EVTOAEC O10pKOVV VA, KOKAO POAOYLO0V, 16O UE TO
U1NKOG TNG 7O ¥POvOPOPOv EVIOANC

‘Eotw: 2 ns yio ALU, MEM avdyvoon 1) eyypaen kot 1 ns yo

register file avayvoon 1 eyypoen

Instruction Instruct. Register ALU Data access | Register Total Time
class fetch read operation Write

Load word (lw) | 2ns 1ns 2ns 2ns 1ns 8ns

Store word (sw) | 2ns 1ns 2ns 2ns 7ns
R-Type 2Nns 1ns 2ns 2ns 1ns éns
(add,sub,and,

or, slt)

Branch(beq) 2ns 1ns 2ns 5ns




‘Eotm o1 mopakatm evioAéc Iw:

_ 2 4 5] 8 10 12 14 16
Time T T T T T T T T g
Instruction R ALU Data R , ;
lw $1, 100($0) fatch =d acness =4 Ka0e 2ns teletovel
Instruction Cata Kot Ml(l SVTO}'TCI!
lw $2, 200($0) fatch Reg ALY access Reg
Instruction Cata
Iw $31 300($0) fatch Reg e access Reg
_ 2 4 g 8 10 12 14 16
Time T T T l T T T T o
I nstruction Data
fetch Reg S aeCess Reg
I nstruction Data
fatch Reg ALL ACCESs Reg
3 X8=24HS [ nstruction Data
fetch Reg ALY atrass Reg

Edw ol BaBuidec dev sival anoAuTa ioec. ZTnv 10avikn nepinTwon:

time_between_instructions,;,¢ineq=

time_between_instructions 4/ number of pipe stages

non_pipeline



211 single cycle vAomoinom, n evtoAn dwapxel Eva KOKAO 1GO LE TNV M0
YpovoBopa (€0m: 8 ns)

211 pipeline vAomoinon, 1o poAot kéBe pdong (otdolo-pipeline stage)
olapkel (2 ns), akOUa Kot oV VTAPYOLY GTAOL0 TOV 1ns

210 Tponyovuevo wapdocryuo 14 ns yia pipeline, 24ns yia single
cycle, dpa 1,71 emtdyvvon.

Av giyoue 1000 evioréc axoua: pipeline 1000x2ns + 14 ns = 2014 ns

Single cycle 1000x8ns + 24 ns = 8024 ns

Apa emtdyovon: 8024/2014=3,98 ~4 (8ns/2ns ratio peTaEd EVIOANDV)



273010 01000V 0EO0UEVOV £VOS KUKAOV (single cycle datapath):

MEM: Memory accessi WB: Write back

EX: Execute/
address calculation

ID: Instruction decode/
register file read

IF: Instruction fetch

\’@\

I | |
I | !
I | !
I | !
I | ! !
Y|
I | ! !
u | ! | |
I—b 1 | ! | |
\ i ‘ I
| 0 ‘ !
I | | !
| I : EX (ALU result)
I | ‘ |
‘ ! \ |
1 ! | |
Add ! ! .
| | | . MEM (DM result’
‘ | Add | |
¢ } I Add result ‘ I
I | ! !
| | [shit A |
‘ 1 lleft2 ! |
I | ! !
I | ! !
| »| Read : : | !
PC Address } register 1 Read | [\ } :
} Read data 1 : 5 :
| register 2 | Zero —-—‘—r = L
Instruction ) Registers Rraaqg | ALL pay| Do
} \Write data 2 | result p—t | 3 Address %;?: 13
Instruction \ register | E |
memory } I Data I
p| WWiite e
| data : ry :
} : Write :
} | data :
1 16 [ 32 ! |
| Y Sign \
I | |
I | |
| i !
I i !
I | !
I | !
I i !
I | !
I | !
I
I | |
I | !
| |
| |

E€aipeon? Write-back| kai snl)\oyn VEOU PC

KLYV OUuVogcOeEdOoUEVwWY ( KV OUvVvog €EAéEY xXouU ( 6

dAata hazard) cantral hazard)



Program
execution
order

(in instructions)

v

lw $1, 100(30)

lw $2, 200(30)

lw $3, 300(30)

cc1 | €cc2 | ©cC3 | cc4
| | |
| | |
e i

IM —nJ:| i Reg | >ﬁ i DM
I e B | |
| | |
| | |
| | |
| | |
| BT I N
| IM —:—Ei Reg | ! >ﬁ
| | I |
| | |
| | |
| | |
| | |
: : .
: : IM | ' Reg
| | [ S—
| |
| |

Time (in clock cycles)

Extéleon aymyov (pipelined execution)

CC7

Ti1 ©a yivel av xpnoigonoloUUe TNV id1a AEIToupylkn povada

(Functional Unit), n.x. IM, RegFile, ALU, DM o¢
KUKAOUC VIa

EVTOAEC?

DM >




Movo yio RegFile:
Mnopovue va owafdcovue kol va ypdyooue to RegFile otov
1010 KUKAO: (Ba pac Pondncet ce amopovyn Kivovvemv» hazards)

2T0 TPMOTO WGO TOV KOKAOL YPAPOLUE (GKIUGUEVO OPIGTEPE,)—

Kol 6T0 0€0TEPO LUIGO drofalovpe (GKIOGUEVO OeCLA) Ol
| Reg

[ T———

KOKAOC: Ypdpovpue-otapalovpe

I'svika yio Functional Units:

Ortav éva functional unit ] évac pipeline register givan
GKIOOUEVO GMUAIVEL OTL YPNOILOTOIELTAL Y10 LVAYVOGOT)
(oKlGUEVO 0eCIA) N €YYPOPN (CKLAGUEVO OPLOTEPQ)

|
I
I

w °r
|
I




211V vAomoinomn tov multicycle datapath, siyoue tnv oo povdoa

VO, YPNGLUOTOLELITOL OO TNV 10100 EVTOAT] GE O10.POPETIKOVC
KOKAovLG, T.y. ALU 1 MEM

2V pipelined vAomoinon tov datapath, Eyovue tnv 010 povaoa
VO, APNGLUOTOLELTOL OTTO OLOLPOPETIKES (O1000YIKES) EVIOAEG OE
OLOLPOPETIKOVE (01000 1KOVC) KOKAOLG

Ilog owaceariCetar opOotnta extéleonc Kabe EVTOANG;

Katayopntég karaliniov,,,; neyebouvg avapecsa o€ 01000y KA
otdown (pipeline stages)



Pipelined exooyn tov single cycle datapath

(npocOiécape Tovg koTaympnTéc-pipeline registers avapeca o dlodoyikd

oTao10L)

_H

IF/ID ID/EX EX/MEM
>Add \
. Add
* / >Add result
Shift
left 2
= Read
Address -% register 1 Read
B Read data 1 _
Instruction £ register 2 Zero » —>
mermao =] . Registers Read >ALU ALU
i Wirite data 2 N result Address Read
register M data
u DCata
Write X /
data 1 memory
Write
data

16 msz
A% Sign 1Ly

hY

@

hY

MEMANB

CxecZ

10



Read Register 2

Read_Register_1

| \ .
I Type. op rs rt address_offset
6 bits 5 bits 5 bits 16 bits

Iw $rt, address offset($rs)

R-Type: op rs rt rd shamt | funct
(re gister typ e) 6 bits 5bits 5bits 5bits Sbits 6bits
add $rd, $rs, $rt N

Write_Register

Op: opcode

rs, rt: register source operands
Rd: register destination operand
Shamt: shift amount

Funct : op specific (function code)

11



w

J—

Instruction fetch

IFAD IDFEX EXMEM MEMWVE
4
c Read
PG Address E register 1 Read
El
B Req:te 2 e Zero —
£ register
InstruE | — " Registers Reaq - ALU gy
Y \hite data 2 result Addrass Read 1
register M data M
e u Data o
o x
data 1 remary nx
Write
data
16 _ 32
Sign
& lextend | *
[ Iw |
() -
M | Instruction decode |
u
x
1
IFAD IDFEX EXMEM MEMWWE
Add
4
c Read
PC Address E-] register 1
E anias [
£ Re?; F Zero =
) £ register
Instruction | f— Registers Reag ALY oy
memaery ite ta 2 —] 1] result Addrecs Read 1
register M data "
- u Data o
a x
data bl 1 memory n,
Werite:
data
5 Sign —
| extend

12



PC

“xpg=z°

[\

Execution

Read
data

MEMANB

IF/ID ID/EX EX/MEM
>Add \‘
’ Add
' / >Add result i
Shift
left 2
s Regd
Address § register 1 Read \
43 Regd data 1 ) k N
Instruction = register 2 ero
memol =1 _ Registers Read ALU AU
’ plske data 2 ¢ result Address
register M
Wit ; / Data
ite 57
data 1 memory
Write
data
16 . 3
4 Sign \
N Tlextend

QXEZ_I

13



l Iw |
1}
*-' ! Memory |
u
x
1
IFAD IDVEX EXMEM MEMWE
Add
4
£ Read
PG Address E register 1
T Read .
=4 R data 1
H = Zero e
= register 2
In::erun:;mn — — Registers Read ALY apu
o ate data 2 * rasult Add I;::: "
register Data
Write FRSMGTY
data
Wirita
data
18 3z
kY sign |y
N lextend| v

SwpE

| Iw |
Write back

a
%]
u
*
1
IFND IDVEX EXMEM MEMWWE
Add
4
Read
PC| Addraze register 1
aatat ]
Read

c
]
]
]
5
£ register 2 =
Instnection
e — — Registers [oqg .
24 Uuite data2 [ 7] Address ead |
register Dat data
Vikite memory
data
Wirite:
data
16 _ 12
iy Sign | s
v T

extend




PC

“xcz @

swW

Execution

Read
data

MEMANB

IF/IG ID/EX EX/MEM
>Add \‘
’ Add
) / > Add Lo gult
Shift
left 2
= Read
Address = register 1
S Read
& Read data 1 ) -_ N
Instruction £ register 2 ero
memory 1 . Registers Read = ALU AU
rente data 2 result Address
register M
u Cata
rite X memory
data 1
Wiite
data
16 ) 32
Y Sign \
N Tlextend

DXCE_L

15



SW

- |
¥ | Memory I
u
®
1
IFAD IDFEX EXMAEM MEMANE
Add
4
5 Read
PCtbte] Address = register 1 Read
2 Read data 1
" E reegTslel 2 Zero —
In::amnc‘:i" [t — Registers Reag ALY a0
. Write data 2 * result F’aead
register ata
Data
, Write PR
data eimory
Wirite:
data
16 _ 3z
LY Sign |y
extend
5 | sw
M :
u I Write back
x
1
. IFAD IDVEX EXMEM MEMANVB
Audd
4
= Read
b—p| Address = register 1
5 ama 1 [
E feao Zaro —
. = register 2
In:;t;l;:zon = — ) Registers Rgad ALY a
v \irite data 2 > result Address [ — f
register Data data M
Wirlte mernary u
data "
Wirite o
" data
16 32
3 Sign
Y extend|

16



To dw0pOBmuévo pipeline yio v Iw:

IBYEX

IF/IC
>Add
4 —/
=
PC Address %
=
e
Instruction - =
memory

| register 1 Read
Read data 1
register 2
Registers Read
data 2
Wiite
data

Read

16 msz
Y Sign N

A W AY

EXMEM
\Add‘
> Add result
Shift
left 2
Zero —>
ALV
0 > ALL Read
Address
M result data
u Data
be memory
1
\ifrite
data

MEMANB

CxecZ

O ap1Buoc Tov write register £pyeton Kot avTdg pEca amd to pipeline

T CMOTH OTLYUN

17



To Tpfqupata Tov datapath wov ypnowponomOnkayv
KOTA TNV eKTEAESN TG Iw:

_H

_\ IFAID IBYEX EX/MEM
> Add \
. Add
¢ / >Add result
Shift
left 2
s Read
Address § register 1 Read
= data 1
Instruction 2 221?;-” 2 Zero —
memo 1 _ Registers Read 5 >ALU ALU Fend
R Write data 2 result »| Address ea
register M data
u Data
Wite X memory
data 1
\Wdrite
data

18 msz
Y Sign s

AY W A

MEM/ANE

Sxegg ™

18



Program
execution
order

(in instructions)

w $10, 20(%1)

sub $11, $2, $3

Program
execution
order

(in instructions)

lw $10, $20($1)

sub $11, $2, $3

Time (in clock cycles)

\ 4

CC 1 CC?2 CC3 CC 4 CCS5 CC6
IM - Reg ALU DM Reg |
=
IV i Reg >ALU DM Reg |
Time ( in clock cycles) >
CC1 CC2 CC3 CC4 CC 5 CC6
Instruction Instruction : Data .
fetch decode Execution access Wirite back
Instruction Instruction . Data .
fetoh decode Execution access Write back

19




Iw $10, 20(81) |

i | |
- | ! i !
Instruction fetch i | |
i i i
i i i
0 i | i
L 1 I i
u : I :
x ' i ;
1 i i i
1 | :
T ! !
i | i
IFAD ID:'IEX E | EM r.IEI.Ih'l"\‘B
4 —]
c Read
bee| Adddress 2 register 1
T Read
= Rean datat
H register 2 —~
I:.;Irudion -l — ) g. REQISIErs Read —
A Wikite data 2 Address ead ]
register data
Write: Deta
e emary
Uwrite
f‘/\ data
16 az
| sign
@
Clock 1 e - — —j
] ! t
| sub$11,$2 $3 l w $10, 20($1) | ! i
1 1
I Instruction fetch | Instruction decode | ! i
: | i
‘1. | | |
u i i i
ks 1 1 1
1 i i i
1 | 1
H i |
i | i
IFND ID.I'IEK E 5 EM r.IEI.IlnT\‘B
.
c Read
Address £ register 1 Read
et
2 R“'Em , data 1 L.
Instruction = register
memary I 1 EOISIETS Read Read
WWrite data 2 Address —_—
register data
. Data
o e mermory
Write
data
16 3z
A Sign
T lextend
Clock 2 L L L_| _‘l




PC

PG

sub $11, $2, $3

w $10, 20($1)

I Instruction decode Execution
| | | |
(] i | | |
M | i i |
: | | : :
o
1 i i i i
| | | |
]
T T T |
i | | i
IFAD IDVEX EXMEM MEMNE
4
= Read
Address = register 1 Read
g
2 Read data 1 | -
. £ register 2
In;::‘::;n Registers Read| Read
Write frerers Address S
register data
Data
Write
—* gota mamary
Write
data
16
3 Sign
| etend
Clock 3 L L L_!
| . . .
| + ] ]
i : . .
- : 1 sub $11, $2, §3 | w $10, 20($1) |
i
M i | Execution | Memory |
u [
x | | | |
! i i | |
1 1 1 1
~ 1
T 1 T i
| i | |
| i i i
IFJI'ID IDJ:EX EWEM ME] IMB
}
4 Add e sult
Shift
left 2
= Read
Address - regleter 1 Read
=4 data 1
o Read Zare | .
Instruction = 'eglglel;?igusters e ALY
g - ] e naress mese| |
register M deta
- u Data
e x
data 1 e mory
Write
data
16 32
Sign Ly —
@
Clock 4 —

21



sub $11, $2, 33

Iw $10, 20($1)

M .
u i i Memaory Write back
* [ [ H |
1 I I H i
: : ! :
| | H i
: : | |
IFAR IDJEX EXMEM MEMANE
. el . i
Add
4
c Read
s
Address g register 1 Read
E Read data 1 * L,
£ register 2
e e sl .
o Wite data 2 Address ead ]
register data
Data
m‘ memory
Wite
m daka
16 . 3z
Sign
@
] e A I
I | 1 [
[ - -
- |Sub$11_$2,$3 |
I I ;
M i i i I write back |
X i i i i
i i '
1 i i 1 i
: ; ' [
T T T I
i i i i
i i ; !
IFAR ID/EX EXMEM MEMANE
ki il ' e
Add
4
c Read
Address % register 1 Read
% Read data 1 > L,
£ i >
Instruction ] = leslﬂ’?;‘i’mﬁ Reas
memary Wirite data 2 result Addrass o —
ragister data
Data
m° Feony
Wiite
m data
az
sign
@ \
Clock 6 a =]

22



Kivouvolr ZmAnvemong
(P1ipeline Hazards)

* Aoukoi Kivovvo (structural hazards)

To VKo dev umopel va vTooTNPIEEL TO GLVOLACUO TV EVIOAMV OV BEAOLUE vV
eKTEAEGOVE GTOV 1010 KOKAO pnyovig. (m.y. eviaia L1 $ yio I & D)

* Kivovvolr EA&yyov (control hazards)

To VAMKO dev umopel va. TPOYMPNGEL TNV EKTEALECT] ETOU,EVOV EVTOLDV KAODC
OVOLLEVETOL ] OAOKANPMOT) TNG EKTEAEONC oG EVTOANC (.. Branches)

* Kivovvolr Asoouevav (data hazards)

23



Kivdvwvotr Aedo uévwy (DataHazards)/ To o xAu o
TP owb n o ncg (forwarding)

sub $2, S1, $3 # xroatoaxwenihg $2 ypdhestol and Tn sub
and $12, S$S2, S5 # 1°¢ 1eAeotéog ($2) cfaprtd&Ttal amd sub

or $13, S$S6, S2 # 2°¢ 1eAeotéog ($2) efaprd&rtal amd sub
add $14, $2, $2 # 1°6&2°¢ teAegotéoc $2) -//- amd sub
SW $15, 100(S$S2) # offset ($2) -//- omnd sub
Time (in clock cycles) »
Value of  CC 1 ccz2 cc3 cc4 CC5 CC6 cc7 ccs8 cc9
register $2:  1Q 10 10 10 10/ 20 20 20 20 20
Program
execution

order

(in instructions) ] ] ]
sub 52, $1,$3 | IM R DM | g9
and $12, 52, $5 TV = % DM
g— / |
Cgui :I]
or $13, $6, 52 M < HE reg[ —|: DM+ (Reg

add $14, 52, 52 M — FHRreg | —[ DM |—

{8
sw $15, 100(52) IM — 'Eimg{: %ﬁ ‘ﬂT—H‘Reg
v L et

A

=
|
[

Reg

24



ECaptoeic Acoouevav

'RAW
« RAW (Read-After-Write) (true-dependence)
- WAR H avéyvoon evog kataympntn npénel vo akoAovOel tnv
X e—Y+K EYYPOPY GTOV 1010 KaToympnTi amd TPONYOVUEVT
A EVIOAN
YeX+S o WAR: (Write-After-Read) (anti-dependence)
Y<—Z+K H eyypaen o€ &va katoympnt tpénel vo akoAovbel
el TNV aVAYVOGOT TOV OTO TPOTYOVLEVT] EVIOAN
S waw © WAW: (Write-After-Write) (output-dependence)

H eyypaen o€ Eva katoympnt tpénel vo akoAovoel
OAEC TIC EYYPOAPEC GTOV 1010 KOTOYMPNTN ATO
TPONYOVUEVEC EVTOAEG

25



RAW -

add $t0, $s0, $s1
sub $t2, $t0, $s3
or $s3, $t7, $s2
mult $t2, $t7, $s0

True dependence —

26



WAR -

add $t0, $s0, $s1
sub $t2, $t0, $s3
or $s3, $t7, $s2
mult $t2, $t7, $s0

Name dependence -
antidependence —

27



WAW -

add $t0, $s0, $s1
sub $t2, $t0, $s3
or $s3, $t7, $s2
mult $t2, $t7, $s0

name dependence -
output dependence —

28



Identify all of the dependencies

RAW

WAW

add $t0, $s0, $s1
sub $t2, $t0, $s3

or $s3, $t7, $s2
mul $t2, $t7, $s0

IF

ID

IF

ID

IF

ID

IF

29



Which dependencies cause hazards?

(stalls)
RAW
WAW
add $t0, $s0, $s1 IF D 5 v | [we

SUb $t2, $t0, IF ID > MEM WB
or ’ $t7, $82 IF ID > MEM WB

mul $t2, $t7, $SO IF ID |?> MEM WB




RAW

WAW

add $t0, $s0, $s1
sub $t2, $t0,

or  $t7, $s2
mul $t2, $t7, $s0

[et’s reorder the or

IF

ID

IF

31



RAW

WAW

add $t0, $s0, $s1

or , $t7, $s2
RAW

sub $t2, $t0,
mul $t2, $t7, $s0

[.et’s reorder the or

IF

ID

IF

32



[et’s reorder the mul

RAW

WAW

add $t0, $s0, $s1 e ] [ %’IE’

sub $t2, $t0, $s3 =N > E\
or $s3, $t7, $s2 Fo| D > \
mul $t2, $t7, $s0 | IF D 9 ME\J[




RAW

WAW

add $t0, $s0, $s1

mul $t2, $t7, $s0

sub $t2, $t0, $s3
or $s3, $t7, $s2

[et’s reorder the mul

IF

ID

IF

ID

IF

IF

34



How to alleviate name dependencies?

add $t0, $s0, $s1 R 5 ) [

IF 1 | MEM
sub $t2, $t0, | 5
or ’ $t7, $32 IF ID 5

mul $t2, $t7, $SO IF D

M=,
=



Data Hazards:

Ot evioAEC avTOAAAGGOVY UETAED TOVG 0edouUEvVa LEGM Tov Register
File ko tnc pvnunc.

Otav 1 emOUEVT] EVTOAN-EC YPELALETOL Y10l OPIGLLOL (owayvoacm) KATL

OV O€V EXEL TPOAGPEL va ’YpOL\|l€l n nponyou pHeyn-~

"t 137 5 6 7 3 9
sub $2,$1,$3 _[IF |ID |EX |MEM |WB
and $12,92,85 IF |ID |EX |MEM |WB
or $13,$6, $2 IF |[ID |EX |MEM |WB
add $14, $2,$2 IF |ID |EX |MEM |WB
sw $15, 100($2) IF [ID EX |MEM |WB

36



Mio AVon eivor n kaBvetépnon(stall) Tov aymyov (pipeline):

IIpocOeTm 000 sub $2, $1, $3
evtoréc NOP: HoP
nop
and 512, $2, $5 STALL
or $13, $6, $2 - (KOKAOL
add $14, s$2, $2 AVOLOVIC)
sw $15, 100($2)
1 |2 [3 |4 s e 77 |8 - ——
sub$2,81,$3  |IF |ID |EX |MEM |WB-|
nop <E D] L@
nop T2 HEN X
and $12,$2,$5 " |IF  |ID |EX |MEM |WB
or $13,36, $2 IF |[ID |EX |MEM |WB
add $14, $2,$2 IF |ID |EX |MEM |WB
sw $15, 100($2) IF |[ID |EX |MEM |WB

37



[110 xouyn Adon eivon n TpowOnon (forwarding):

‘Exovue e€dptnon oeoouevov RAW. Ta amoteAécuata ypdeovton eite
oTNV Wnun gite oto register file.

XtV mepintwon R-TYPE:

Amobnkevovtal 6to RegFile, mapdyovior dumc peta tmv ALU, dpa
etvan owféoiua otov EX/MEM

Nwc¢ 6a Bpouv N ENOPEVN KAl N
uedenopevn evroAn orn ¢aon EX ta
owoTa opiouaTa: o O O

1. IIpowBovpe 10 EX/MEM anotéleopa wg €16000
yio v ALU tpdén g emOUevn eVTOANC

Eicooo atnqv ALU o
novo amo ID/EX
Kotayopnti!!

2. To 1010 Kdvovpe Yo T pnEBemduevn evioan,
tpowBovue to MEM/WB anotéheoa, og 16000
yio v ALU mtpdén g nebemdpevng evioan

38



1a. EX/MEM.RegisterRd = ID/EX.RegisterRs
1b. EX/MEM.RegisterRd = ID/EX.RegisterRt

2a. MEM/WB.RegisterRd = ID/EX.RegisterRs
2b. MEM/WB.RegisterRd = ID/EX.RegisterRt

Time (in clock cycles)

Value of CC1 cc2 cc3 cc4 ccs CC6 cc ccs cco
register $2: 10 10 0 10 10/ 20 20 20 20 20
Program
execution
order
(in instructions) [ ] ]
sub 52, $1,%3 | IM Reg[ | DM |- }— Re9 AU X f i h d:
52, $1, g Uo NEPINTWOEIG (aiTiEG) yia hazard:
=1
= E/T_/ :/ Ano gaon EX ka1 anoé paon MEM
and $12, 52, $5 M~ = |;'e..E %/ DM }Reg
= / =
Coami
or $13, $6, $2 M = Regl | :E | Reg
add $14, $2, 2 IM — —|: DM~ —Reg

sw $15, 100($2)

bt

sub—and hazard: EX/MEM.RegisterRd = ID/EX.RegisterRs = $2

sub—or hazard: MEM/WB.RegisterRd = ID/EX.RegisterRt = $2 19



Forwarding:

IIpota aviyvevovue v mbavn ottio KtvoHvov
Metd kdvovue TpomONG™ TNG KATAAANANC TIUNC

Time (in clock cycles) >
CC1 Ccc2 CC3 CcC 4 CC5 CCs8 CcCc7 cCca8 CC9
Value of register $2: 10 10 10 10 10/ 20 20 20 20 20
Value of EX/MEM : X X X 20 X X X X X
Value of MEMAWB : X X X X 20 X X X X
Program Forwarding via

execution order

(in instructions) [ ] [ ] - anoQuyn EX
sub $2, $1, $3 IM _|:|_IZ Reg : % JofAReat haza r d

Forwarding via

e e e iy N %ﬁ T_DM__I' _Reg ........................................................... C"'lO(PUYﬁ MEM

S I N - N hazard
or $13, $6, IM (o Reg[ ] ‘Ja— -|:DM— — Reg
T U Me L L - NO hazard!!
add $14, $2, IM |— -I: D— -[DM— — Reg
sw $15, 100 IM -I: N % TiT_H‘Reg
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2OV KES EAEYYOV TOV KIVOUV®V:

1. EX hazard:

if (EX/IMEM.RegWrite
and (EX/MEM.RegisterRd+0)
and (EX/MEM.RegisterRd = ID/EX.RegisterRs)) ForwardA = 10

if (EX/MEM.RegWrite
and (EX/MEM.RegisterRd#0)
and (EX/MEM.RegisterRd = ID/EX.RegisterRt)) ForwardB=10
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2. MEM hazard:

if (MEM/WB.RegWrite
and (MEM/WB.RegisterRd+0)

and (EX/MEM.RegisterRd = ID/EX.RegisterRs)) ForwardA = 01

if (MEM/WB RegWrite
and (MEM/WB.RegisterRd#0)
and (MEM/WB.RegisterRd = ID/EX.RegisterRt)) ForwardB = 01
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ID/EX EX/MEM MEMMVEB

L1
N4
!

Pipelining xwpic
pata |, a forwarding

Registers ALU

a. No forwarding

— — e Forwarding paths:
— (4 Ano:
1 regiters - a) EX/ MEM register
e one kal ano:
u Daa L, b) MEM/WB register
U -A@- Npoc TIC E10000UC TNCG
| == ALU

Forwarding | MEMMVB.RegisterRd
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b. With forwarding



Datapath to resolve hazards via forwarding:

>

ID/EX
m rw“ EX/MEM
» Control L M = \\/B |_M.EMNVB
IFAD U EX > M WB
7
c M
= a >
© » X \
= —
@ Registers
Instruction £ &( >ALU . . Data L,
memory > . memory
7y
» M
| U »
| x
IF/ID.RegisterRs Rs >
IF/ID.RegisterRt Rt
) )
IF/ID.RegisterRt Rt )
»| M EX/MEM. RegisterRd
IF/ID.RegisterRd Rd | u >
X
N :
Forwarding |3 MEMAAB. RegisterRd
\ unit <
L
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v

Registers

ID/EX

(xc=)

v

(xci

v

1]
xXcZ

EX/MEM

vy

Data
memory

MEM/MWB

xX <
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Kivovvor ocoopévav (data hazards) kon avomoQevKTeS
kaBvotepnoeig (stalls) €€’ atiag Tovg

Otav 1 evtoAn mov kdvel write eivon R-TYPE, t0te 10 amotéleona
etval eroruo oty eacn EX (é€oooc ALU) ko amoOnkevetal, 610
TEAOC TOL KVUKAOV, 6tov EX/MEM kataympnt.

O emopevec ypeldlovtal Ta opicpata otnv eacn EX ondte 10
forwarding oovAgvel. (apov N evTOAN mov Kdvel write o
Bpioketon otic MEM kot WB)

To forwarding ogv otvel Opm¢ mévta Avon!!
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avorToPevKTES KaBvoTepnoerg (stalls):

Otav n Tponyovuevn evtodn (mov kavel write) gival load 1 store,
TOTE T0 AMOTELEGNO. Elvan ETo10 ato TEAoc TG edonc MEM 1 kot
WB (axopa yeipdtepa)

Time (in clock cycles) .

Program CC1 cC2 CC3 CcC4 CC5 CC6 CC7 CC38 CC9

execution
order

(in instructions)
Iw $2, 20($1) [ IM

and $4, $2, $5

or $8, $2, $6

add $9, $4, $2

slt $1, $6, $7
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Avon: avaropevkTes KoBvotepnoeig (stalls) oto pipeline

Program Time (in clock cycles) »
execution CC1 CcC2 CC3 CcC4 CC5 CC6 CC7 cC 8 CC9 CcC10

order
(in instructions) _

lw $2, 20($1) IM ﬂ.[ Reg[™] fa_[ DM || Reg

| | |— ®
— . ’V\
and $4, $2, $5 IM 1 HERea ] FHReg [
or $8, 32, $6 M HIY 4 — Reg
: {bubble = _

add $9, $4, $2 ;’ i -[ DM |- | Reg

v ' ,'

EnavoalapPdavoopue tig io1ec pdoeic: ID yia tnv and kou IF yia v or.
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[Hwg aviyvevoovue TIC aVaTOPEVKTEC KOOLGTEPNOELS:

Hazard detection unit

Agrtovpyetl ot @don ID wote va Bfdrel kabvotEpnon petacd Tov
load ko g gpNoLOTOINCN G TOV OTOTEAECUATOV TOV.

If (ID/EX.MemRead and
((ID/EX.RegisterRt = IF/ID RegisterRs) or
(ID/EX.RegisterRt = IF/ID.RegisterRt)))

Stall the pipeline

T1 onuaiver stall: Epnodifoupe To PC kai Tov IF/ID va aAAGEouv-
apa oiaBadletal og duo d1adoXIKoUC KUKAOUG N
id1a evToAn kal anokwdlikonolgiTal n idia

enopevn TNG OUO (POPEC CUVEXOMEVA
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Pipelined Control:

ID/EX MemRead

PCWrite

> o

Hazard <
detection
unit ID/EX
—’\__/ -
-
g wWB EX/MEM
@) M
T Control u M WB
= N MEMAMB
0 |
IFAID =X M e
- _—
c M
S v
B X
= >
b7 Registers
Instruction L) = \L >A|—U Data 1
memory memory
M
p—>1 U
X
IF/ID RegisterRs
IF/ID RegisterRt —
IF/ID.RegisterRt Rt M EX/MEM.RegisterRd
IF/ID RegisterRd Rd )L(‘
ID/EX.RegisterRt Rs N/ Forwarding | MEMAMB RegisterRd
Rt unit < '




