Aoknon Pipeline 1

Aedopeva

Exoupue €va loop...

Rep:
lw $2,100($3)
sub $2,52,55
sw $2,100(S3)
sub $3,53,56
sub $1,51,57
bne $1,50, Rep

Exit:
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Aoknon Pipeline 1

Aedopeva
Exoupe eva loop... KOLL QLUTH) TNV OPXLKH KATAOTAON OTOUC
Rep: KOTOXWPNTEC
lw $2,100(S3) S1: 500
sub $2,52,55 S7:5
sw $2,100(S3)
sub $3,53,56 *Aev uTtapxeL cache miss
sub $1,51,57 Cache hit og 1cc
bne $1,50, Rep *branches yivovtal resolve cto MEM stage
Exit:
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Aoknon Pipeline 1

Zntoupevo A : lNa to 1° LOOP (pexpt kat To lw tou 2°V LOOP)

Na Seitete ta duadopa otadia tou pipeline (Aldypappa xpoviopou)
TIOU TIEPVALVE OL EVTOAEC.

Ynodeifte kat e€nyeiote ta mOava hazards mou pnopouv va
NMPOKUYP oLV KATA TNV EKTEAEDN, KABWC KOl TOV TPOTIO TTOU
avTtlpeTwil{ovtal.
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Aoknon Pipeline 1

Zntoupevo B : Moool kUKAoL arattoUvTol GUVOALKA yLa va. oAokAnpwBel
0 Bpoxoc (yia OAecg tig emavaAneLg tou, oxL povo yia tnv 1n);

Rep:
lw $2,100(S$3)
sub $2,52,8$5
sw $2,100($3)
sub $3,83,56
sub $1,5%1,87
bne $1,5$0, Rep

Exit:
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Aoknon Pipeline 1 - Anavtnon

Rep: $1: 500
lw $2,100($3) $7: 5
sub $2,52,5$5 Aev undpyxel cache miss
sw $2,100($3) cache hit osg 1lcc

sub $3,$3,56
sub $1,$1,S87 =——> $1 = 500, 495, 490, 485,
bne $1,5$0, Rep

Exit:

O Bpoxoc Ba ekteAeotel yia 500 / 5 = 100 emavaAnyeLc.
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To dLaypoppa xpoviopou tou pipeline yia tn Xpovikr SLapKeLa mou {nTeitol
elvall To akoAouBo:
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'H TILO CUUTILECUEVO YLaL VO XWPAEL OE pLa ogAida ©

ID EX M wB

EX M WB

T
NNANE

SRRRNNE
SERRN

i
aNE
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Aoknon Pipeline 1 — Hazards

ID EX M WB

NRRRNE
SRRRNC

IF ID é& EX M WB
Q@ IF ID EX M | ws
Rep: Stalls otoug kUkAoug 4,5:
1w $2,100($3)
sub $2,$2,$5 , .
sw $2,100(53) O kataxwpntig $2 ylo tnv eviohd sub $2,$2,$5
sub $3,53,$6 (n avayvwon tou omoiou yivetal oto otadto ID)

SUb $1,$1,$7 ’ 6 el IA 1 A 5( 16
bne $1,%0, Rep YWETAL OLADEOCLHOC OTO TEAOC TOU KUKAOU otaolLo

Exit: WB) armo tnv evioAn lw.
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Aoknon Pipeline 1 — Hazards

IF ID EX M WB
IF ID QQ EX
IF QQ ID EX M WB
QQ IF ID EX M WB
o ) IF ID EX M WB
i e o o = [ [
QQ Q/{Y IF ID EX WB
Rep:

lw $2,100($3)
sub $2,52,$5
sw $2,100($3)
sub $3,$3,5$6
sub S$1,$1,S7

bne $1, S0,
Exit:

Rep

Stalls otouc kUkAouc 7,8:

O S2 yia Vv evtoAn sw $2,100(S3)
yivetal Stabeoipoc oto TEAOC Tou KUKAOU 8.

cslab@ntua 2015-2016
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Aoknon Pipeline 1 — Hazards

IF ID EX M WB
IF ID = L EX M WB
IF 35 ID QQ EX M WB
QQ IF QQ ID EX Mm | we
T Q a5 Q IF ID EX
S0 o o A T
QQ QQ IF ID EX M wB
Rep:
lw $2,100(83) Stalls otouc kUkAouc 12,13:
sub $2,5$2,5$5
sw $2,100($3)
sub $3,$3,%6 O S1 ywa tnv evtoAn bne $1,50,Rep
sub $1,351,57 yivetatl Stabéopoc oto tEAoC Tou KUKAoU 13.
bne $1,$0, Rep
Exit:
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Aoknon Pipeline 1 — Hazards

IF ID EX M WB
IF ID QQ EX M WB
IF QQ ID QQ EX M WB
QQ IF QQ ID EX M WB
a2 a5 ) a5 IF ID EX M WB
5 e B e I I o S
S9N S I S —r e o [ [

To 8€UTEPO OTIYULOTUTIO TNC VTOANC Iw $2,100(S3)
apXilel va ekteAeital amo tov KUKAo 16,
SL0TL N anodaon yia tnv dtakAadwaon eAngOn otov kUkAo 15.

© © © © Natonal Techmeal Us ..,f|.
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Acknon Pipeline 1 — YroAoylopog Xpovou

IF ID QQ EX M WB
IF QQ ID QQ EX M WB
T A o o w [
QQ QQ IF ID EX M WB
T o [ e oo w]w
CarIE T - o o [ ww

15 KUKAoOL poAoyLoU

Ma ta mtpwta 99 loops €xoupe 99 x 15cc= 1485cc.
Ma tnv 100" emtavaAndn €xoupe 16cc.

JUVOALKA amattouvtal 1485cc + 16cc = 1501cc yia tnv eKTEAECN TOU BpoYOoUL.
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Aoknon Pipeline 2

Mo tnv ibLa akoAouBia evtoAwy, deifte Katl e€nyeloTe TOV XPOVIOUO TOU
pipeline, BewpwvTtoc Twpa OTL UMAPXEL XA tPowONnonG. Ocwpelote
OTL oL amodacelc yia TLI¢ dtakAadwoelc Adappavovtat oto otadio MEM.

Mool kUKAoL atattouviol GUVOALKA yia va oAoKAnpwOEel o Bpoxog;

Rep:
lw $2,100($3)
sub $2,52,5$5
sw $2,100($3)
sub $3,$3,56
sub $1,351,8$7
bne $1,50, Rep

Exit:
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Aoknon Pipeline 2 — Xwpi¢/Me MpowOnon

ID EX M wB

EX M WwWB

ANNNNNE
T
-

e

WB

NNNy
f
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Aoknon Pipeline 2 — Hazards

Jtov KUKAO 4 urtapyet stall. Mati;

Rep:
1w $2,100(S$S3)
sub $2,52,5$5
sw $2,100($3)
sub $3,53,56
sub $1,8$1,8$7
bne $1,$0,Rep

Exit:

© © © © MNatonal Technical University of Athens
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Aoknon Pipeline 2 — Hazards

Rep:
lw $2,100($3)
sub $2,%$2,$5
sw $2,100($3)
sub $3,583, 56
sub $1,51,$7
bne $1,$0,Rep

Exit:

H T t¢ Oéonc pvApng 100(S3), mou Ba amodnkeutel otov S2,
dev pmopel va eival StaBgoiun mptv to otddto MEM.

Otav opwce Ba yivel Stabgopn oto TEAOC Tou KUKAOU autoU
Ba npowBNnOBet otic etoodoucg tng ALU, wote va ekteAeotel n evtoAn sub
$2,52,55 xwpic va mepLUEVOUHE va ypadTeL n Tipn otov S2.

Antodevyetal 1o stall mou eixape otnv mponyoUEVN EPIMTWGN GTNV
KUKAO 5 ©

IF ID EX MEM WB

IF ID

© © © © MNatonal Technical University of Athens
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To (610 LoyVeL kot yLa ta stalls tou elyope otoug KUKAOUG 7, 8
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To (610 LoyVeL kot yLa ta stalls ou eiyope otoug KUKAouG 12, 13.
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Acknon Pipeline 2 — YroAoylopog Xpovou

10 kUKAoL poAoyiloU

Ma Ta Tpwta 99 loops €xoupe 99 x 10cc = 990cc.
[a Tnv 100n etTavaAnyn £xoupe 11cc.

2 UVOAIKA atraitouvTal 990cc + 11cc = 1001cc yia Tnv ekTéAeon Tou Bpoxou.

Xwpi¢ TNV TpowBnon xpeiaothkaue 1501cc.
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Aoknon Pipeline 3 (2010-2011)

Aedopeva

Exoupe eva loop...

Loop: 1w $1, 0($2)
addi S$1, $1, 1
SW $1, 0($2)
addi S$2, $2, 4
sub s4, S$3, S2
bne $4, $0, Loop
Exit:

CO00ON
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Aoknon Pipeline 3 (2010-2011)

Aedopeva
Exoupe eva loop... KOLL QLUTH) TNV OPYXLKH KATAOTAON OTOUC
Loop: 1w $1, 0($2) KATOXWPNTEG
ddi $1, $1, 1
o , $3 = $2 +320

SW $1, 0(S$2
addi $2, S22,

sub %4, $3, $2 , _
bne  $4, $0, Loop *{A&vumapyetcache miss

Exit: * Cache hit o€ 1cc
* branches yivovtal resolve oto MEM

stage
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Aoknon Pipeline 3 - Annavtnon

Loop: 1w $1, 0($2) $3 = $2 + 320
addl $1/ $1I 1
addi $2, $2, 4 4 = 316, 312, 308, ..., O
sub $4, $3, $2 — $ ’ ’ ’ ’
bne $4, S0, Loop

Exit:

O Bpoxoc Ba ekteAeotetl yia 320 / 4 = 80 emavaAnNPeLc.
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Aoknon Pipeline 3

Zntoupevo A : lNa to 1° LOOP (pexpt kat To lw tou 2°V LOOP)

Na deitete ta duadopa otadia tou pipeline (Alaypappa xpoviopou) mou
TIEPVAVE OL EVIOAEC. YTIOBEOTE OTL N apyLteKTOVIKN 6& SLaBETEL oYU
npowBnonc.

© © © © Natonal Techmeal Us ..,f|.
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Aoknon Pipeline 3 - Zntoupevo A

112(3|4|5|6|7(8|9|10{11|12(13|14|15|16|17(18|19|20|21|22

lw

$1,0(52) IF

addi
$1,%1,1

SW

$1,0(52)

addi
$2,82,4

sub

$4,83,52

bne
$4,$0,Lo
op

1w
$1,0(52)
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Aoknon Pipeline 3 - Zntoupevo A

112(3|4|5|6|7(8|9|10{11|12(13|14|15|16|17(18|19|20|21|22

lw

$1,0(52) IF) 1D

addi

$1,81,1 IF

SW

$1,0(52)

addi
$2,82,4

sub

$4,83,52

bne
$4,$0,Lo
op

1w
$1,0(52)
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Aoknon Pipeline 3 - Zntoupevo A

112(3|4|5|6|7(8|9|10{11|12(13|14|15|16|17(18|19|20|21|22

lw

$1,0(52) IF|ID| X

addi

51,81, 1 IF | ID

SW

51,0 (52) IF

addi
$2,82,4

sub

$4,83,52

bne
$4,$0,Lo
op

1w
$1,0(52)
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Aoknon Pipeline 3 - Zntoupevo A

112(3|4|5|6|7(8|9|10{11|12(13|14|15|16|17(18|19|20|21|22

lw

$1,0(52) IF|ID| X | M

addi

51,81, 1 IF | ID

SW

51,0 (52) IF

addi
$2,82,4

sub

$4,83,52

bne
$4,$0,Lo
op

1w
$1,0(52)
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Aoknon Pipeline 3 - Zntoupevo A

112(3|4|5|6|7(8|9|10{11|12(13|14|15|16|17(18|19|20|21|22

lw

$1,0(52) IF/ID| X |M|W

addi

51,81, 1 IF|ID| - | -

SW

$1,0($2) IFl - | -

addi
$2,82,4

sub

$4,83,52

bne
$4,$0,Lo
op

1w
$1,0(52)
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Aoknon Pipeline 3 - Zntoupevo A

112(3|4|5|6|7(8|9|10{11|12(13|14|15|16|17(18|19|20|21|22

lw

$1,0(52) IF/ID| X |M|W

addi

51,81, 1 IF|ID| - | - | X

SW

$1,0($2) IE == P

addi

$2,82,4 IF

sub

$4,83,52

bne
$4,$0,Lo
op

1w
$1,0(52)
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Aoknon Pipeline 3 - Zntoupevo A

112(3|4|5|6|7(8|9|10{11|12(13|14|15|16|17(18|19|20|21|22

lw

$1,0(52) IF/ID| X |M|W

addi

51,81, 1 IF|ID| - | - | X|M

SW

$1,0($2) Ll I I 2

addi

$2,82,4 IF

sub

$4,83,52

bne
$4,$0,Lo
op

1w
$1,0(52)
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Aoknon Pipeline 3 - Zntoupevo A

112(3|4|5|6|7(8|9|10{11|12(13|14|15|16|17(18|19|20|21|22

lw

$1,0(52) IF/ID| X |M|W

addi

51,81, 1 IF|ID| - |- | X|M[W

SW

$1,0($2) Ll I I 2

addi

$2,82,4 IF

sub

$4,83,52

bne
$4,$0,Lo
op

1w
$1,0(52)
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Aoknon Pipeline 3 - Zntoupevo A

112(3(4|5|6|7|8]9(10{11({12|13|14(15|16|17(18|19|20|21| 22

lw

$1,0(52) IF|ID| X |M|W

addi

51,81, 1 IF|ID| - | - [ X|M[W

SW

$1,0(52) IF| -|-(ID]-]-|X

addi

52,52, 4 IF|-|-1|ID

sub

54,53, 52 IF

bne
s4,3$0, Lo
op

1w
$1,0(82)
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Aoknon Pipeline 3 - Zntoupevo A

112(3(4|5|6|7|8]9(10{11({12|13|14(15|16|17(18|19|20|21| 22

lw

$1,0(52) IF|ID| X |M|W

addi

51,81, 1 IF|ID| - | - [ X|M[W

SW

$1,0(52) IF| - | -[ID|-]|-|X|M

addi

$2 82 4 IF|{-|-1]ID| X

sub

54,53, 52 IF 1D

bne
$4,$0,Lo I=
op

1w
$1,0(82)
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Aoknon Pipeline 3 — Zntoupevo A

112(3(4|5|6|7|8]9(10{11({12|13|14(15|16|17(18|19|20|21| 22

lw

$1,0(52) IF|ID| X |M|W

addi

51,81, 1 IF|ID| - | - [ X|M[W

SW

51,0 (52) IF| -|-1|ID|-|-[X|MW

addi

$2 82 4 IF|-|-|ID|X|M

sub

54,53, 52 IF 1D} -

bne
$4,$0,Lo IF| -
op

1w
$1,0(82)
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Aoknon Pipeline 3 — Zntoupevo A

112(3(4|5|6|7|8]9(10{11({12|13|14(15|16|17(18|19|20|21| 22

lw

$1,0(52) IF|ID| X |M|W

addi

51,81, 1 IF|ID| - | - [ X|M[W

SW

51,0 (52) IF| -|-1|ID|-|-[X|MW

addi

$2 82 4 IF|-|-|ID[X|M|W

sub

54,53, 52 IFID] -] -

bne
$4,$0,Lo IF| - | -
op

1w
$1,0(82)
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Aoknon Pipeline 3 — Zntoupevo A

112(3(4|5|6|7|8]9(10{11({12|13|14(15|16|17(18|19|20|21| 22

lw

$1,0(52) IF|ID| X |M|W

addi

51,81, 1 IF|ID| - | - [ X|M[W

SW

51,0 (52) IF| -|-1|ID|-|-[X|MW

addi

$2 82 4 IF|-|-|ID[X|M|W

sub

54,53, 52 IF|ID] -1 - X

bne
34,80, Lo IF| - | - [ID
op

1w
$1,0(82)
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Aoknon Pipeline 3 — Zntoupevo A

112(3(4|5|6|7|8]9(10{11({12|13|14(15|16|17(18|19|20|21| 22

lw

$1,0(52) IF|ID| X |M|W

addi

51,81, 1 IF|ID| - | - [ X|M[W

SW

51,0 (52) IF| -|-1|ID|-|-[X|MW

addi

$2 82 4 IF|-|-|ID[X|M|W

sub

$4.83 S0 IF[ID| - |- |X|M

bne
$4,$0,Lo IF| - | - |ID]| -
op

1w
$1,0(82)
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Aoknon Pipeline 3 — Zntoupevo A

112(3(4|5|6|7|8]9(10{11({12|13|14(15|16|17(18|19|20|21| 22

lw

$1,0(52) IF|ID| X |M|W

addi

51,81, 1 IF|ID| - | - [ X|M[W

SW

51,0 (52) IF| -|-1|ID|-|-[X|MW

addi

$2 82 4 IF|-|-|ID[X|M|W

sub

$4.83 S0 IF(ID|-|-[|X|M|W

bne
$4,50, Lo IF| - | - |ID| - | -
op

1w
$1,0(82)
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Aoknon Pipeline 3 — Zntoupevo A

112(3(4|5|6|7|8]9(10{11({12|13|14(15|16|17(18|19|20|21| 22

lw

$1,0(52) IF|ID| X |M|W

addi

51,81, 1 IF|ID| - | - [ X|M[W

SW

51,0 (52) IF| -|-1|ID|-|-[X|MW

addi

$2 82 4 IF|-|-|ID[X|M|W

sub

$4.83 S0 IF(ID|-|-[|X|M|W

bne
$4,$0, Lo IF| - | - {ID| -| -|X
op

1w
$1,0(82)
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Aoknon Pipeline 3 — Zntoupevo A

112(3(4|5|6|7|8]9(10{11({12|13|14(15|16|17(18|19|20|21| 22

lw

$1,0(52) IF|ID| X |M|W

addi

51,81, 1 IF|ID| - | - [ X|M[W

SW

$1,0(82)

addi

$2 82 4 IF|-|-|ID[X|M|W

sub

$4.83 S0 IF(ID|-|-[|X|M|W

bne
$4,%0, Lo IF| - | -1|ID|-|-|X|M
op

1w
$1,0(82)
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Aoknon Pipeline 3 — Zntoupevo A

112(3(4|5|6|7|8]9(10{11({12|13|14(15|16|17(18|19|20|21| 22

lw

$1,0(52) IF|ID| X |M|W

addi

51,81, 1 IF|ID| - | - [ X|M[W

SW

51,0 (52) IF| -|-1|ID|-|-[X|MW

addi

$2 82 4 IF|-|-|ID[X|M|W

sub

$4.83 S0 IF(ID|-|-[|X|M|W

bne
$4,$0,Lo IF| - | -1|ID|-|-|X|M|W
op

lw

$1,0(82) IFIID X | M| W

Total Cycles = 79*17+18 = 1361
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Aoknon Pipeline 3

Zntoupevo B : MNa to 1° LOOP (pgxpt kat to lw tou 2°¥ LOOP)

Na deitete ta duadopa otadia tou pipeline (Alaypappa xpoviopou) mou
TLEPVAVE OL EVIOAEC. YTIOBEOTE OTL N APXLTEKTOVLIKN OLAOETEL TwpO oXAUOL
npowBnonc.
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Aoknon Pipeline 3 — Zntoupevo B

1

2

3

4

5

6

2

8

9

10

11

12

13

14

1w $1,0(S$2)

IF

addi
$1,%1,1

sw $1,0(82)

addi
$2,52,4

sub
$4,53,$2

bne
$4,50, Loop

1w $1,0(S$2)
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Aoknon Pipeline 3 — Zntoupevo B

1

2

3

4

5

6

2

8

9

10

11

12

13

14

15

1w $1,0(S$2)

IF

ID

addi
$1,%1,1

IF

sw $1,0(82)

addi
$2,52,4

sub
$4,53,$2

bne
$4,50, Loop

1w $1,0(S$2)
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Aoknon Pipeline 3 — Zntouuevo B

1

2

3

4

5

6

2

8

9

10

11

12

13

14

15

1w $1,0(S$2)

IF

ID

X

addi
$1,%1,1

IF

ID

sw $1,0(82)

IF

addi
$2,52,4

sub
$4,53,$2

bne
$4,50, Loop

1w $1,0(S$2)
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Aoknon Pipeline 3 — Zntouuevo B

1

2

3

5

6

2

8

9

10

11

12

13

14

15

1w $1,0(S$2)

IF

ID

X

addi
$1,%1,1

IF

ID

sw $1,0(82)

IF

addi
$2,52,4

sub
$4,53,$2

bne
$4,50, Loop

1w $1,0(S$2)
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Aoknon Pipeline 3 — Zntouuevo B

1|12 | 3 5167 (8|9 1011|1213 |14 ]| 15

1w $1,0(82)| IF [ ID| X \MW

addi

51 51,1 IF | ID X

sw $1,0(S2) IF ID

addi

$2,%2,4 IF

sub

S4,353,S2

bne

$4,50, Loop

1w $1,0(352)
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Aoknon Pipeline 3 — Zntouuevo B

1 2 3 5 6 ! 8 9 10|11 |12 |13 |14 | 15

1w $1,0(82)| IF [ ID | X NW
‘Zfdgl ) IF | ID X | M

’ ’ N
sw $1,0(S2) IF ID | X
addi
52 524 IF | ID
sub
54,53, 62 17
bne

$4,50, Loop

1w $1,0(352)
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Aoknon Pipeline 3 — Zntouuevo B

1213 5678910/ nnl12]13]14]15

1w $1,0(52)| IF | ID | X \W

‘Zfdgl ) IF | ID X | M|w

’ ’ N

sw $1,0(S2) IF ID| X | M

addi

504 IF|ID| X

sub

54,53, 62 IF 1 1D

bne IE

$4,50, Loop

1w $1,0(352)
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Aoknon Pipeline 3 — Zntouuevo B

1] 2] 3 5678910/ nnl12]13]14]15

1w $1,0(52)| IF | ID | X \&W

2?01;1 ) IF | ID X | M|w

’ ’ N

sw $1,0(52) IF D| X | M|w

22@;2 4 IF | ID| X | M

’ ’ \

sub

s 53 52 IF | ID| X
bne IF | ID

$4,50, Loop

1w $1,0(352)
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Aoknon Pipeline 3 — Zntouuevo B

1|2 | 3 516|718 9110|1112 |13 |14 | 15

1w $1,0(s2)| IF | ID | X \&W

2?01;1 ) Flmo| - x|M|w

’ ’ N

sw $1,0(S2) IF ID X1 M| W
22@;2 4 IF|ID|I X | M| W
’ ’ \

sub

54 53,52 IF | ID X‘QM
bne

54,50, Loop IF | ID| X
1w $1,0($2)
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Aoknon Pipeline 3 — Zntouuevo B

1213 5678910/ nnl12]13]14]15

1w $1,0(52)| IF | ID | X \&W

2?01;1 ) IF | ID X | M|w

’ ’ N

sw $1,0(52) IF D| X | M|w

22@;2 4 IF|ID| X | M|W

’ ’ \

Sub FID| X | M|w

54,%3, 52 \
bne F| DX | M

$4,50, Loop

1w $1,0(352)
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Aoknon Pipeline 3 — Zntouuevo B

1123|456 7|89 |10(/11|12|13|14|15

lw $S1,0(82)|IF |ID| X | M | W

addi N

51811 IF | ID | - XNM W
sw $1,0(82) IF| - |[ID| X | M| W

addi ElD| X |M|lw

$2,%2,4
N

§Zb$3 . EIID| X | M|wW

bne N

54,50, Loop IF|{ID X | M|W

1w $1,0($2) IF|ID| X | M|W

Total Cycles = 79*10+11 = 801

cslab@ntua 2015-2016



Aoknon Pipeline 3

Zntoupevo I : Mo to 1° LOOP (pexpt kat to lw tou 2°¥ LOOP)

MpoomnaBnote va MeTUXETE KAAUTEPN AtOO0CN TPOTIOTIOLWVTOC TOV
KwWOLKA, XwPIc OpwC var aAAAEETE TN onpacLloAoyla Ttou poypappatoc!

© © © © MNatonal Technical University of Athens
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Aoknon Pipeline 3 — Zntovupevo I

1

2

3

4

5 |6 |7

8

9

10

11

12

13

14

1w $1,0(S$2)

IF

addi
$2,52,4

addi
$1,81, 1

SW

S1,-4(82)

sub
$4,53,$2

bne
$4,50, Loop

1w $1,0(S$2)
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Aoknon Pipeline 3 — Zntovupevo I

1

2

3

4

5 |6 |7

8

9

10

11

12

13

14

1w $1,0(S$2)

IF

ID

addi
$2,%$2,4

IF

addi
$1,81, 1

SW

$11_4 ($2)

sub
$4,53,$2

bne
$4,50, Loop

1w $1,0(S$2)
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Aoknon Pipeline 3 — ZntoUpevo I

1

2

3

4

5 |6 |7

8

9

10

11

12

13

14

1w $1,0(S$2)

IF

ID

X

addi
$2,%$2,4

IF

ID

addi
$1,81, 1

IF

SW

$11_4 ($2)

sub
$4,53,$2

bne
$4,50, Loop

1w $1,0(S$2)
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Aoknon Pipeline 3 — ZntoUpevo I

1 2 3 4 5 6 / 38 9 11011 | 12 | 13 | 14
1w $1,0(s2) [IF |ID| X | M
addi
52 52,4 IF | ID | X
addi
51 81, 1 IF | ID
SW
sub
S4,353,S2
bne

$4,50, Loop

1w $1,0(352)

cslab@ntua 2015-2016
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Aoknon Pipeline 3 — ZntoUpevo I

1123|145 |6 |78 9 (10511 12 13| 14

lw $1,0(82) [IF |ID| X | M | W

addi
$2,52,4

addi
s1,51, 1

SW

$11_4 ($2)
sub
$4,$3,S82

bne
$4,50, Loop

IF | ID | X\ M

IF | ID | X

IF | ID

IF

1w $1,0(352)

© © © © Nahonal Technical University of Athens
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Aoknon Pipeline 3 — ZntoUpevo I

1123|145 |6 |78 9 (10511 12 13| 14

lw $1,0(82) [IF |ID| X | M | W

addi

s> 52 1 IFIID| X\| M| W
addi E| D[] X | M
s1,51, 1 \
v IF | ID| X
$11_4($2)

sub

54,83, 52 IF | ID
bne

$4,50, Loop IF
1w $1,0($2)

© © © © Nahonal Technical University of Athens
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Aoknon Pipeline 3 — ZntoUpevo I

1123|145 |6 |78 9 (10511 12 13| 14

lw $1,0(82) [IF |ID| X | M | W

addi
$2,52,4

addi FEID[X|M|w

$1,$1, 1
- X

IF | ID| X\ M| W

s F|lID| X | M
sub

54,83, 52 IF | ID | X
bne IF | ID

$4,50, Loop

1w $1,0(352)
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Aoknon Pipeline 3 — ZntoUpevo I

1123456789 |10/11]12]13]14
1w $1,0(52) | IF|ID| X | M | W

addi

s> 52 1 IF|ID| X\| M| W

‘;fdgl : FEID[X|M|w

’ ’ \

W FIID| X | M| W
$11_4($2)

sub

sa 83 60 IF | ID X\M
bne

5450, Loop IF | ID| X
1w $1,0(52)
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Aoknon Pipeline 3 — ZntoUpevo I

1123456789 |10/11]12]13]14
1w $1,0(52) | IF|ID| X | M | W

addi

s> 52 1 IF|ID| X\| M| W

‘;fdgl : FEID[X|M|w

’ ’ \

W FIID| X | M| W
$11_4($2)

sub

sa 83 60 IF | ID X\M W
bne

5450, Loop IF|ID| X | M
1w $1,0(52)
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Aoknon Pipeline 3 — ZntoUpevo I

112|345 |6|7]|8|9/|10]11]12]13]14
1w $1,0(82) |IF|ID| X | M| W

addi

52 524 E|ID| X\| M| W

‘?fdgl : FIDIX | M| w

4 4 \

W IE|ID|X | M| W

$11_4($2)

sub

sa 83 60 IE | ID XNM W
bne

5450, Loop E|/ID|X | M| W
1w $1,0(52) IF|/ID|X|M|W

Total Cycles = 79*9+10 = 721
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Aoknon Pipeline 4 (2011-2012)

Aedopeva
Exoupe eva loop...
Loop: 1w $1, 0($2)
addi $1, s$1, 1
1w S5, 4(S$2)
add $1, $1, $5
sw $1, 0($2)
addi $2, $2, 4
sub  $4, $3, $2
bne $4, S0, Loop

Exit:

CO00ON

M
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Aoknon Pipeline 4 (2011-2012)

Aedopeva
Exouue eva loop... KOLL QLUTH TNV aPXLKF KATAOTOON OTOUC
Loop: 1w $1, 0($2) KOLTOL)((L)pI’]Téq
addi $1, $1, 1
lw  $5, 4($2) $3=52+220
add $1, $1, $5
sw $1, 0($2) , .
addi $2, $2, 4 e Aev uTtapxeL cache miss
sub $4, $3, $2 . i
bne 4. 50 Leop Cachefwtqslcc
Exit: * branches ywvovtat resolve cto MEM

stage
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Aoknon Pipeline 4 - Anavtnon

Loop: 1w $1, 0(S$2)
addi $1, s$1, 1
1w S5, 4($2)
add $1, S1, $5 _
sw $1, 0(s2) v 3 ve + 220
addi $2, $2, 4
sub s4, $3, $2 =—m> 354 = 216, 212, 208, ..., O
bne $4, $0, Loop

Exit:

O Bpoxoc Ba ekteAeotel yia 220 / 4 = 55 emavaAnPeLc.
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Aoknon Pipeline 4

Zntoupevo A : lNa to 1° LOOP (pexpt kat To lw tou 2°V LOOP)

Na deitete ta duadopa otadia tou pipeline (Alaypappa xpoviopou) mou
TIEPVAVE OL EVIOAEC. YTIOBEOTE OTL N apyLteKTOVIKN 6& SLaBETEL oYU
npowBnonc.

© © © © Natonal Techmeal Us ..,f|.
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Aoknon Pipeline 4 — Zntoupevo A

2

3

4

5

6

7

819 (10|11 |12

13

14

15

16

17

18

19

20

21

22

1w
$1,0(52)

addi
$1,581,1

1w
$5,4(52)

add
$1,81,85

SW

$1,0(82)

addi
$2,52,4

sub
S4,83,52

bne
$4,50,Loop

1w
$1,0(52)
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Aoknon Pipeline 4 — Zntoupevo A

3

4

5

6

7

819 (10|11 |12

13

14

15

16

17

18

19

20

21

22

1w
$1,0(52)

addi
$1,581,1

1w
$5,4(52)

add
$1,81,85

SW

$1,0(82)

addi
$2,52,4

sub
S4,83,52

bne
$4,50,Loop

1w
$1,0(52)
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Aoknon Pipeline 4 — Zntoupuevo A

4

5

6

7

819 (10|11 |12

13

14

15

16

17

18

19

20

21

22

1w
$1,0(52)

addi
$1,581,1

1w
$5,4(52)

add
$1,81,85

SW

$1,0(82)

addi
$2,52,4

sub
S4,83,52

bne
$4,50,Loop

1w
$1,0(52)
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Aoknon Pipeline 4 — Zntoupuevo A

5

6

7

819 (10|11 |12

13

14

15

16

17

18

19

20

21

22

1w
$1,0(52)

addi
$1,581,1

1w
$5,4(52)

add
$1,81,85

SW

$1,0(82)

addi
$2,52,4

sub
S4,83,52

bne
$4,50,Loop

1w
$1,0(52)
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Aoknon Pipeline 4 — Zntoupuevo A

6

7

819 (10|11 |12

13

14

15

16

17

18

19

20

21

22

1w
$1,0(52)

addi
$1,581,1

1w
$5,4(52)

add
$1,81,85

SW

$1,0(82)

addi
$2,52,4

sub
S4,83,52

bne
$4,50,Loop

1w
$1,0(52)
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Aoknon Pipeline 4 — Zntoupuevo A

6

7

819 (10|11 |12

13

14

15

16

17

18

19

20

21

22

1w
$1,0(52)

addi
$1,581,1

1w
$5,4(52)

add
$1,81,85

SW

$1,0(82)

addi
$2,52,4

sub

$4,83,82

bne
$4,50,Loop

1w
$1,0(52)
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Aoknon Pipeline 4 — Zntoupuevo A

6

7

819 (10|11 |12

13

14

15

16

17

18

19

20

21

22

1w
$1,0(52)

addi
$1,581,1

1w
$5,4(52)

add
$1,81,85

SW

$1,0(82)

addi
$2,52,4

sub
S4,83,52

bne
$4,50,Loop

1w
$1,0(52)
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Aoknon Pipeline 4 — Zntoupuevo A

6

7

819 (10|11 |12

13

14

15

16

17

18

19

20

21

22

1w
$1,0(52)

addi
$1,581,1

1w
$5,4(52)

add
$1,81,85

SW

$1,0(82)

addi
$2,52,4

sub
S4,83,52

bne
$4,50,Loop

1w
$1,0(52)
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Aoknon Pipeline 4 — Zntoupuevo A

6

7

819 (10|11 |12

13

14

15

16

17

18

19

20

21

22

1w
$1,0(52)

addi
$1,581,1

1w
$5,4(52)

add
$1,81,85

SW

$1,0(82)

addi
$2,52,4

sub
S4,83,52

bne
$4,50,Loop

1w
$1,0(52)
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5

6

819 (10|11 |12

13

14

15

16|17

18

19

Acoknon Pipeline 4 — Zntoupevo A

23

20

21

22

1w
$1,0(52)

X

W

addi
s1,51,1

D

1w
$5,4(52)

add
$1,81,85

SW

$1,0(82)

addi
$2,82,4

sub

$4,83,52

bne
$4,50, Loop

1w
$1,0(52)

Total Cycles = 54*21+22 = 1156
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Aoknon Pipeline 4

Zntoupevo B : MNa to 1° LOOP (pgxpt kat to lw tou 2°¥ LOOP)

Na deitete ta duadopa otadia tou pipeline (Alaypappa xpoviopou) mou
TLEPVAVE OL EVIOAEC. YTIOBEOTE OTL N APXLTEKTOVLIKN OLAOETEL TwpO oXAUOL
npowBnonc.

© © © © Natonal Techmeal Us ..,f|.
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Aoknon Pipeline 4 - Zntoupevo B

4 |56 |7 /8]9 10 12113114 (15|16 |17 | 18
1w $1,0($2) FIDIX| M| W
\
. N
addi $11$111 F| D - X M W
lw $5,4($2) F| - | DI X M|W
\
™
add $1,$1,$5 F D - X M| W
AN
N
sw $1,0($2) F| - D| X M|W
addi $2,$2,4 F DIX M| W
sub $4,$3,52 FIDI X M| W
\
bne \l
54,50, Loop FIDI X M|W
lw $1,0(352) FI{ID|I X M| W

Total Cycles = 54*13+14 = 716
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Aoknon Pipeline 4

Zntoupevo I : Mo to 1° LOOP (pexpt kat to lw tou 2°¥ LOOP)

MpoomnaBnote va MeTUXETE KAAUTEPN AtOO0CN TPOTIOTIOLWVTOC TOV
KwWOLKA, XwPIc OpwC var aAAAEETE TN onpacLloAoyla Ttou poypappatoc!

© © © © MNatonal Technical University of Athens
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Aoknon Pipeline 4 - Zntovpevo I

9 11011 (12 (13|14 15|16 |17 | 18
1w $1,0($2) FIDIX|M|W
\
1w $5,4($2) F|D X\M W
\
. \Y \
addi
51 51,1 F| D X\\M wW
Y
add $1,$1,$5 F | D X\M W
sw $1,0($2) FIDIX[M|W
addi $2,$2,4 FI DI X|M|W
N\,
N
sub $4,$3,82 FID| X[ M|W
bne
54,30, Loop FI DI X M|W
1w $1,0($2) FI DI X|M|W

Total Cycles = 54*11+12 = 606
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