ApPIOUNTIKN YIA UTTOAOYIOTEG

N\EITOUPYIEC (TTPACEIC) O AKEPAIOUC
[Tp60Beon Kal agaipeon
[TOAAQTTAQCIOOUOC KOl OldipEDN
XEIPIOPOC TNC UTTEPXEIAIONC
[TpayuaTikoi apiBuoi KivnTAC UTTodIa0TOANG
(floating-point)
AvaTtrapdaoTtaon Kal AeIToupyieg (TTPACEIQ)

© © © © Mohonal Technical University of Athens RO
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AKEpaila TTpooBeon

[Mapadelypa: 7 + 6

(0) (0) (1) (1) (0) (Kparoupeva)
0 0 0 1 1 1
0 0 0 1 1 0
© 0 (©O0 (© 1 ()1 (1)0 (0
YtrepyxeiAion (overflow) av 1o atmotéAeopua gival
EKTOC TOU EUPOUC TWV TINWV

[Tpb60o0BeoN €TEPOONUWY TEAEOTEWV, OXI UTTEPXEIAION

[Tpb6o0Oeon BETIKWY TEAEOTEWV

YT1repyeihion av 1o TTpOCNUOo TOU atToTeEAEoUATOC Eival 1

[MpbdoBeon apvnTIKWV TEAECTEWV
YT1repxeiAlon av 1o TTpOONUO TOU ATTOTEAECHUATOC Eival O

© O OO nanondl T
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AKEpala apaipeon

[Tp60Beon Tou AvTIOETOU TOU DEUTEPOU TEAEOTEOU
[Mapdaodeyua: 7 — 6 =7 + (—06)
+7: 0000 0000 ... 0000 0111
—6: 1111 1111 ... 1111 1010
+1: 0000 0000 ... 0000 0001
YTrepXEiAion av TO ATTOTEAEOUA €ival EKTOC TOU
eUPOUGC TWV TINWV
Apaipeon dUo BeTikwyv ) dUO apvNTIKWY, OXI
UTTEPXEIAION
Apaipeon BeTIKOU atTo apvNTIKO TEAEOTEOD
YT1repxeiAion av To TTpOCNUOo TOU aTtroTeEAEONATOG gival O
Apaipeon apvnTikoU atro BeTIKO TEAEOTEOD
YT1repyxeihion av 1o TTPOCNUO TOU aTTOTEAECHATOC gival 1

cslab@ntua 2015-2016 3



XeIPIOPOG TNG UTTEPXEIAIONG

MepikEC YAwooec (11.X., C) ayvoouv TNV
UTTEPXEIAION

XpnoigoTtrolouv Tig evioAég Tou MIPS addu, addu1,
subu

AANeC YAwaooec (T1.X., Ada, Fortran) arraitouv 1n

dNUIoUPYia HIOC ECAIPEONC
XpnoiuoTroioUv TIC evioAéc Tou MIPS add, addi, sub

2.TNV UTTEPXEIAION, KAAEITAI O XEIPIOTAG ECAIPETEWV
ATtToBrikeuon Tou PC 01O PeTPNTA TTPOYPAUPATOC ECAIPETEWV
(exception program counter — EPC)
AAua oTnv TTpoKaBopIopEVN OIEUBUVON TOU XEIPIOTN
H evtoAl mfcO (move from coprocessor reg) uTTopEi va

QvaKTAOEl TNV TIPN Tou EPC, yia va yivel moTpo@n YETA TN
OI0PBWTIKI eVEPYEID

© © © © Mational Tud
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Ap1OuNTIKNA VIO TTOAUMEC O

H etTecepyaoia ypa@IKwV KAl TTOAUNECWY
ETTEVEPYEI O€ Olavuouata Twv 8 Kal 16 bit
Xpnon evog aBpoloTtn Twv 64 bit, ue dIANEPIOUEVN
aAuCida KPATOUUEVWYV
Etrevepyei o€ diavuopaTta 8 8 bit, 4 16 bit, 1 2 32 bit

SIMD (single-instruction, multiple-data)

N\EITOUPYiIEC «KOPETHOU» (Saturation)

2.€ UTTEPXEIAION, TO ATTOTEAEC A €ival N HEYAAUTEPN
TIMA TTOU JTTOPEI VA avaTTapaoTaOEi
ouykpion PE TNV apiBunTikr) uttoAoittou (modulo arithmetic)
0€ CUPTTANPWHA WG TTPOG 2
T.X., «YaAIdIouOS» (clipping) oTnv €TeECEpyaaia nxou,
«KOPEOMOC» OTNV ETTECEPYATIA BIVTED

© © © © Mational Tud
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[MTOAAQTTAQCIAOUOG

—EKIVAUE PE TOV TTOAN/CUO PEYAAOU PNKOUGC

TTOAAQTTAQCI0OTEOG \'

TTOAAQTTAQCIOOTAG \ 1000

-
x 1001
MoAAaTTAQCIOCTEOS
1000 ApioTepr) OAiIOBNON |~e—
0000 164 bit
0000 v :
- 1000 ALU MoAAaTTAQOI00TAG
yivopevo | — 1001000 64 bit Ae€1G oAioBNoN [~—
32 bit
: - Y
To PAKOC TOU YIVOUEVOU MvépEvo Movéda am—
gival To aBpoioua Twv Eyypoer Kal SokILNG
MNKWV TWV TEAECTEWV 64 bit

cslab@ntua 2015-2016 6



YAIKO TTOAAQTTAQCIOCHOU

( Evaptn )

1. 'EAgyxog

A

MNoAAatTAaciaoTi0

MoAAatrAagiaog0 = 1 MoAAatrAagiactg0 = 0

Y

1a. MNpbécBeon Tou TTOAATTAQCIOGTEOU
OTO YIVOUEVO KAl TOTTOBETNON TOU ATTOTEAECUOTOG
oToV KataywpenTr MNvépevo

Y Y

2. ApioTEpn OAigBNnon Tou KataxwpnTh
MoAAatrAaciaoTéog katd éva bit

Y

3. Ae€ia oAioBnon Tou KaTaxwpnTA
MoAAatTAagiaoTig Katd éva bit

5 Oxi: < 32 eTravaAqelg
32n emavaAnyn;

Nai: 32 eravahjyeig

-
lMoAAaTTAaCI0CTEDG
AploTepN OAigOnon |-
64 bit
l Y —
N
ALU MoAAaTTAQCI00THG
64 bit Ae€1& oAioBnan
32 bit
Mvépevo Movada eAéyxou
Eyypagn Ko SOKIMAG
64 bit

Apxika 0

© © © © Nanhonal Technical University of Athens
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BeATIOTOTTOINMEVOG TTOAAATTAACINCTAG

ExTEAEON BNUaTWY TTAPAAANAQ:
TPpooBeon/oAiobnon

MoAAaTTAQCI00TEOG

_,t l 32 bit

N\
ALU 32 bit

_b-.

Ae€1c oAioBnon

Mvéuevo .
Evypaen

64 bit

‘Evac KUKAOG ava TTpooBeon HEPIKOU YIVOUEVOU

Eival evracel, av n ouxvoTnta eugaviong Tou
TTOAAQTTAQCIOOMOU gival XaunAn

() O Nanonal Technical
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Taxutepoc TTOAAATTAOCIOCTAG

XpnoiyoTtrolei TToOAAOUG aOpOIoTEC
Zupﬁlﬁaopég KéoToug/anééoong

MoNoTrig31* MoA/ ¢ MoNoTigD® MoNoTéog

‘l l,

1 bit + 1 bit—+ t+  1bit+
N
32 bit

MvopevoB3 Mvopevo62 ' Mvopevod7...16 Mvopevol TMvopevo0

MTTOopEi va u)\orromesl UE 6|oxaTauor] (pipeline)
[ToAAOI TTOAAQTTAQCIQOPOI EKTEAOUVTAI TTAPAAANAQ

cslab@ntua 2015-2016 9




[MoAAatTAaciaopuog oTov MIPS

AUO KaTaxwpnTteEc Twv 32 bit yia To YIVOUEVO
HI: Ta TepicooTEPO onuavTika 32 bit
LO: ta AiyoTeEpO onuavTika 32 bit

EVTOAEC

mult rs, rt / multu rs, rt
YIvOopevo Twv 64 bit otoug HI/LO

mfhi rd / mflo rd

MeTagopda atrd (move from) Tou HI/LO oTov rd

MTtropouue va eAéycoupue Tn Tiur Tou HI yia va douue av 10
YIVOUEVO CETTEPVA Ta 32 bit

mul rd, rs, rt
Ta AMiyoTepo onuavtika 32 bit Tou yivouévou —> rd

© © © © Nanonal Technical < =
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Alaipeon

‘EAeyx0og yia undeviko dIaIpETn
Alaipeon HEYAAOU UNKOUC

TTNAIKO Av diaip€Tng < atrd Ta bit Tou
, \ OIAIPETEOU
OIQIPETEOG 1 bit oTo TTNAIKO, aPaipeon
1001 ANNIC
1000 )1001010 0 bit oTo TINAiKO, KaTéBaoua Tou
, -1000 £TTOUEVOU bit Tou diaipeTéoU
OlapETNS 10 Alaipeon pe eravagopd (restoring
101 division)
1010 Kave Tnv a@aipeon Kal av 10 UTTOAOITTO
~1000 vivel < 0, TpdoBeoe TTiow TO dIAIPETN

10 [Mlpoonuaouevn dlaipeon
Kave 1n diaipeon ME TIG OTTOAUTEG TIMEG

TeAeoTéOl TWV N bit divouv PUGU'Ua)\TO TTPOCNHO TOU TrNAIKOU Kal
TTAIKO Kai UTTOAOITTO TwV N bit TOU UTTOAOITTOU OTTWG aTTaITEITAl

UTTOAOITTO

© O OO nanondl
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YAIKO OlaIpED

Y

-1
<

1. Agaipeon Tou kataxwpnti AlcipéTng
aTTé ToV Katayxwpntr Y1roAoitro
KOl TOTTOBETNCN TOU ATTOTEAECHMATOG
aTov Kataxwpnth Y1roAoIo

Y

Yméhoimo > 0

Y

‘EAeyxog
YToAoitrou

Yméhoito < 0

Y

2a. OAigBnan Tou kataywpentr MnAiko
apIoTEPQ, Kal avabean Tng TIAG 1
aTo VEo TTIo O§10 bit

2B. ETravagopd NG apxIKAg TIMAG ME TNV
TPGOBean Tou KaTaxwpnTr AlpETNG
oToVv Kataxwpentrh YTTOAOITTO Kal
TOTTIOB£TNON TOU 0B POICUATOG

oToV KaTaxwpent YoAoimo. Emiong,
oAioBnon Tou kataxwpnth MNnAiko
apioTePd, Kal avaBean Tng TipnRg 0
070 VEO ANIyOTEPO GNUAVTIKO Wn@io.

\/

\

3. OAioBnon Tou katayxwpenTr AlaipéTng de€id katd 1 bit.

33n emavaAnuyn;

Oxi: < 33 emavaAqyelg

——

ApXIKa 0
dlaIPETNG OTO
apIoTEPO MICO

Alaipétng

Ae€1G oAicbnon

64 bit

Nai: 33 emavaAqyeig

-
g . Z MnAiko
ALU 64 bit  / ApioTepI) ONiGBNoN
32 bit
Y
YTmroAoimmo Movada eAéyxou
Eyypaen Kol dOKIUn
64 bit A
APXIKQ TTEPIEXEI

TO DIAIPETED

© © © © Nanhonal Technical University of Athens
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BeATIOTOTTOINMEVOC DIAIPETNG

Niaipétng
—l 132 bit
~N7
ALU
32 bit
B
Ae€1d ohioBnon N"\QVGM
YtroAoimmo ApioTepr| oAioBnon ‘ 0:3' ggﬁﬁlUﬁg
Eyypaer
64 bit

‘Evacg KUKAOC yia KABE apaipeon NEPIKOU UTTOAOITTOU

Moliddel TToAU pe TToAAaTTAQOI00TH!
To id10 UAIKO PTTOPEI Va XpnoipoTToInBei Kal yia TIC QU0 TTPACEIC

© © © © Mational Technscal
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TayxuTtepn Ol10ipEON

Agv utTopEi va XpnoidoTtroinBei TrTapaAAnAo
UAIKO OTTWC OTOV TTOAAQTTAQCIOOTN
H apaipeon ekTeAgital uttd ouvOnkn, avaloya
UE TO TTPOCNO TOU UTTOAOQITTOU
TayxuTtepol dlaipeTec (T1.X. Olaipeon SRT)
ONuUIoUpPYyouV TTOAAG bit Tou TTNAIKOU O€
KGBe Bua

Kal TTaAI atTaiTouvtal TTOAAG Brparta

© © © © Mohonal Technical University of Athens RO
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cslab@ntua 2015-2016 14 88@ SL ab \ié



Alaipeon oto MIPS

Xpnon twyv kataxwpentwyv HI/LO yia 1o
QTTOTEAEC O

HI: uttoAoitro 32 bit

LO: trnAiko 32 bit

EVTOAEC
div rs, rt / divu rs, rt

Oxi1 €Aeyxoc yia utrepxeilion n
dlaipeon ue 1o 0

To AOYIOMIKO TTPETTEI VA EKTEAEI TOUG EAEYXOUC AV AUTO
aTTaITEITAl

Xpnon Twv mfhi, mflo yia mpootméAaon Tou
QTTOTEAEOUATOC

() O Nanonal Technical

Qe hnscal University of Athens <XeLe
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Kivntn uttod100TOAN

AvaTTapaoTaon yia un akepaioug apiBuouc
[MepiAauavel Kal TTOAU JIKPOUG Kal TTOAU pJeyaAoug
apIBuouc

OT1rw¢ n eTIoTNUOVIKI onueloypagia (scientific

notation)

—2.34 x 10°°

+0.002 x 1074 N KOVOVIKOTIOINPEVOC
+987.02x 109

e —— | KOVOVIKOTTOINKEVOG

2.€ OUAOIKO
1. XXXXXXX, — 2YYYY

Oi1 tutrol float kai double 1ng C
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[MPpOTUTTO KIVNTAG UTTOOIOCTOANG

Opiletal atro 1o IEEE Std 754-1985
AvaTrTuxbnke w¢ Auon otV ATTOKAION TWV
AVATTOPAOTACEWY
Zntyuara gopntotntac (portability) yia Tov
KWOIKA ETTIOTAMOVIKWY EQAPUOYWV

[TAE0OV €ival aXEOOV OIKOUHEVIKA ATTOOEKTO
AUO avatTapacTaoEIC KIVNTAC
uttodlaoToANC (floating point)
ATTAN akpif3eia — single precision (32 bit)
AITTAN akpipeia — double precision (64 bit)

© © © © Mohonal Technical University of Athens RO
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Mop®n KivnTAG UTTo0I100TOANG IEEE

single: 8 bit single: 23 bit
double: 11 bit double: 52 bit
S| EKBETNC KAdoua

X = (_1)8 ¢ (1_|_ K)\dO-IJG) ¢ 2(EK9éTr]g — MéAwon)

EkBETNG (exponent) — KAaopa (fraction)
S: bit rpoonuou (0 = un apvnTikog, 1 = apvnNTIKOG)
KavovikoTroinon Tou onuavTikou (significand):
1.0 < |significand| < 2.0
‘Exel TTavTa éva apxIKo bit 1 mrpiv Tnv uttodIa0TOAR, KOl CUVETTWG O€ XpPEeIAleTal
PNTA avaTTapAoTACH TOU («KPUPUEVOY bit)
To onuavTiko (significand) eival To kAaoua (fraction) padi ge 10 Kpuppévo “17
EKBETNC: avatTtapdoTtaon «ue uttépBaon» (excess):
TTPAYMATIKOG €KBETNG + TTOAWON (bias)
EyyudTai 611 0 ekBETNG gival atTpdonuOg
ATTAN akpiBela: MéAwon = 127 — AirtAn akpipeia: NoAwon = 1023

© © © © Nahonal Technical Un
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EUpo¢g atrAnc akpieiag

O1 ekBeTec 00000000 kar1 11111111 deopevovral

MiKpOTEPN TIMN
ExkB¢Tng: 00000001
= TIPAYMATIKOC EKBETNC =1 — 127 = -126
KAdaopa: 000...00 = onuavtikd = 1.0
+1.0x 216 =+1.2 x 10-38

MeyaAuTtepn Tiun
ExkBernc: 11111110
= TIPAYMATIKOC EKOETNG = 254 — 127 = +127
KAaopa: 111...11 = onuavtiko = 2.0
+2.0 x 2127 = 3.4 x 10*38
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EUpog OITTANG akKpiBEIag

O1 ekBeTec 0000...00 kar 1111...11 deopevovral

MiKpOTEPN TIMN
ExkBeTng: 00000000001
= TTPAYMATIKOC =1 — 1023 = -1022
KAdaopa: 000...00 = onuavtikd = 1.0
+1.0 x 271022 = +2 2 x 10308

MeyaAuTtepn Tiun
ExBéTnc: 11111111110
= TIPAYMATIKOC EKBETNC = 2046 — 1023 = +1023
KAaopa: 111...11 = onuavtiko = 2.0
+2.0 x 271023 = £1 .8 x 10+308
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AKpifeia KivnTAG UTTOOIAOTOANG

2 XETIKN akpifela

OAa ta bit Tou KAGopaTog gival onuavTika

ATTAR: TTEPITTOU 2723
looduvapo pe 23 x log,,2 = 23 x 0.3 = 6 dekAdIKA
Wneia akpieiag

AITTAR: TTEPITTOU 27°2
loodUvauo pe 52 x log,p2 = 52 x 0.3 = 16 dekadIKa
wneia akpieiag
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Mapdadelypa KivnTAG UTTOOIOCTOANG

AvatrapaoTtaon tou —0.75
-0.75=(-1)tx 1.1, x 2-1
S =
KAaopa = 1000...00,
ExBETne = -1 + INo6Awon
ATIAR: =1 + 127 = 126 = 01111110,
AITTAR: =1 + 1023 = 1022 = 01111111110,

ATTAR: 1011111101000...00
ATAR: 1011111111101000...00
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Mapdadelypa KivnTAG UTTOOIOCTOANG

[Tolo¢ apiOuoC avatrapioTaTal Ao ToV
QATTANG AKpPIBEIac KIVNTAC UTTOOIAOTOANG
apIOuo;

1000000101000...00
S =
KAaoua = 01000...00,
EkBETng = 10000001, = 129
X = (=1)1 x (1 + 01,) x 2(129-127)
= (=1) x 1.25 x 22
= 5.0
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Mn kKavovikoTtroinuévol (denormals)

ExkBeTnc = 000...0 = 10 «KPUPUEVO» DIt
gival O
X =(—1)° x (0 +KAGopa) x 271Mon
MIKPOTEPOI ATTO TOUC KAVOVIKOTTOINMEVOUC
emTpETTOUV BaBuiaia avetmrapkela (gradual

underflow), ye peloupevn akpipela
Denormal pe kAaoua = 000...0

X =(—1)°>x(0+0)x2 "N =% 0.0
e

AUO avaTTapacTACEIG TOU
0.0!
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ATtreipa Kal oxi apifuoi (NaN)

ExBétnc = 111...1, KAaopa = 000...0
+ATTEIPO
MTTOopEi va XpnoIMOoTToINOEi o€ ETTOUEVOUG

UTTOAOYIOMOUG, YIa aTTopuyn TS aVAYKNG TOU EAEYXOU
UTTEPXEIAIONC

ExBétnc = 111...1, KAaopa # 000...0
Ox1 ap1Buoc (Not-a-Number — NaN)
Agiyxvel €va AKUpo 1) atTpoodIOPIoTO ATTOTEAEOUA
m.X., 0.0/0.0

MTTOpEi va XpnOoIMOTTOINOEi O€ ETTOUEVOUC
UTTOAOYIOUOUCG

© © © © Nahonal Technical Unversity of Athens ACXE
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MMp6oBeon KIvnTAG UTTOOIOOGTOANG

‘Eva 0ekadIKO TTapadelypa he 4 yneia
9.999 x 101 + 1.610 x 101

1. EuBuypduuion uttodiaoToAWYV

OAicBnon apiBuou ue 10 HIKPOTEPO EKOETN

9.999 x 101 + 0.016 x 101
2. NpboBeon onuavTiKwy

9.999 x 101 + 0.016 x 101 =10.015 x 10¢
3. KavovikoTroinon atroTeAEOUATOC & EAEYXOC
UTTEPXEIAIONG/AVETTAPKEIAGC

1.0015 x 102
4. 2TPOYYUAOTTOINGN KOl ETTAVAKAVOVIKOTTOINGT)
av gival arapaitnTo

1.002 x 102

© © © © Mational Technscal University of Athons <AEXEi: _E
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MMp6oBeon KIvnTAG UTTOOIOOGTOANG

Twpa eva duadIKO TTapadelyua pe 4 ynoia
1.000, x 2-1 + —-1.110, x 2-2 (0.5 + —0.4375)
1. EuBuypduuion uttodiaoToAWYV
OAicBnon apiBuou ue 10 HIKPOTEPO EKOETN
1.000, x 2-1 + —0.111, x 2-1
2. NpboBeon onuavTiKwy
1.000, x 2-1 + -0.111, x 2-1 = 0.001, x 2-1
3. KavovikoTroinon atToTEAEOUATOC KAl EAEYXOC
UTTEPXEIAIONG/AVETTAPKEIAGC
1.000, x 274, xwpic utrepxeihion/aveTTapkela
4. 2TPOYYUAOTTOINGN KOl ETTAVAKAVOVIKOTTOINGT)
av gival arapaiTnTo
1.000, x 2=* (kapia aAAayr) = 0.0625

© © © © Mational Technscal University of Athons <AEXEi: _E
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YAIKO a0poIoTH KIV. UTTOO.

[TOAU TTIO TTOAUTTAOKO QTTO TOU OKEPAIOU
aBpoioTn
['10 va Yivel € Evav KUKAO TTPETTEl VA EXEI
TTOAU PJEYAAN OIdpKEIQ
[TOAU peEYOAUTEPN ATTO TIC OKEPAIEC AEITOUPYIEC
To 1Mo apyo poAOlI Ba eTIRAPUVE OAEC TIC
EVTOAEC

O aBpoIoTnC KIVNTAC UTTOOIAOTOANC
ouvNOBwWC TTaipvel TTOAAOUC KUKAOUCG

MTTOopEi va utToAOTTOINBEI YE DIOXETEUON

© © © © Mohonal Technical University of Athens RO
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YAIKO a0poI1oTH KIV.UTTOO.

Mpdonuo| EkBETNg KAGoua Mpdéonuo| EkBETng KAGopa
Y \
N 20
v YKpION
Wﬂ ALU EKBETWV
\
Alagopa
eKOETWV ,
R \ \ A > Br]pa 1
CEED S - D =G
Y
Y OAioBnon
EAeyxog »| Ae€1G 0AicBnon TOU HIKPOTEPOU
apiBpou dedid
" \ Y \
A4 )
MeyéAn ALU Mpdadeon > | Bripa 2
\ Y
—( 0 1 —( 0 1
AGgnon n .. Y A
pgﬂ);ﬂn —>| ApioTepr] 1j e€ic oAigOnon KavovikoTioinan Br”JG 3
I
} \
»| Y Aiké aTpoyyuhotroinong ZTpoyyuAoTIOiNGeN Br]IJG 4
\/ \ \j
Mpéonuo| EkBETng KAdoua
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[MTOAAATTAQCIOCNOC KIV.UTTOO.

‘Eva 0ekadIKO TTapadelyua Pe 4 wnoia
1.110 x 1019 x 9,200 x 10-°
1. MNpb6oBeon ekBeTWV
[a TTOAWPEVOUG EKBETEG, apaipean TNG TTOAWGONG aTrd To ABpoicua
Néog ekBéTng=10+-5=5
2. NoAAaTTAQCI00UOC ONUAVTIKWY
1.110 x 9.200 = 10.212 = 10.212 x 10°
3. KavovikoTtroinon atroteAEopaToC & EAEYXOC
uUTTEPXEINIONC/AVETTAPKEIOC
1.0212 x 106
4. 2TPOYYyUAOTTOIiNON KAl ETTAVAKAVOVIKOTTIOINON av £ival atrapaitnTo
1.021 x 106
5. KaBopIiopog Tou TTPOCTMOU TOU ATTOTEAECUATOG ATTO Ta TTPOCNUA
TWV TEAEOTEWV
+1.021 x 106
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[MTOAAATTAQCIOCNOC KIV.UTTOO.

Twpa eva duadiko TTapadelyua e 4 wnoeia

1.000, x 2-1 x —1.110, x 2-2 (0.5 x —0.4375)
1. MNpb6oBeon ekBeTWV

Xwpic moAwon: -1 + -2 =-3

Me TTOAwon: (-1 + 127) + (-2 + 127) = -3 + 254 — 127 = -3 + 127
2. NoAAaTTAQCI00UOC ONUAVTIKWY

1.000, x 1.110, = 1.1102 = 1.110, x 2-3

3. KavovikoTroinon atmroTeAEOUATOC Kal EAEYXOGC
uUTTEPXEINIONC/AVETTAPKEIOC

1.110, x 273 (kapia aAAaynR) Xwpig utrepxeilion/aveTTapkela

4. 2TPOYYyUAOTTOIiNON KAl ETTAVAKAVOVIKOTTIOINON av £ival atrapaitnTo
1.110, x 273 (kapia aAAayn)

5. KaBopiouog trpooniuou: +ve X —ve = —ve
-1.110, x 23 =-0.21875
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YAIKO apIOunNTIKAG KIV. UTTOO.

O mmoAAatTAaciaoT¢ KY £xel TTapopoia

TTOAUTTAOKOTNTA PE TOV aBpoioTh) KY
AANNG xpnaoipoTrolel TTOAAQTTAQCIOOTH YIA TQ ONUAVTIKA
avTi yia aBpoIoTH)

To UAIKO apiBunTIKAC KIV. UTTO0. OUVNOBWC EKTEAEI
[Tpb6oBeon, agpaipeon, TToOAAaTTAQCIOONO, dlaipeon,
AVTIOTPOPO, TETPAYWVIKN pila
MetaTtpotr) KY <> akEpaio

O1 Aeitoupyiec ouvnBwc diapkouv TTOAAOUC

KUKAOUC

MTTOPOUV Va UTTOAOTTOINBOUV e DIOXETEUON
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cslab@ntua 2015-2016 32 é%@ S L ab “"{i :



EvroAeg KY oto MIPS

To UANIKO KY ¢gival o guveTtrecepyaoTn g (coprocessor) 1

ETITTpO00ETOC ETTECEPYAOTHC TTOU ETTEKTEIVEI TNV APXITEKTOVIKN
OUVOAOU EVTOAWV
—EXwpIoToi KataxwpnTteg KY
32 amAng akpifBeiac: $f0, $f1, ... $f31
Zeuyapia yia OITTAR akpiBela: $f0/$f1, $f2/$f3, ...
H ékdoon 2 Tou ouvoAou evioAwv MIPS utrootnpilel 32 x 64 bit
Kataxwpntes KY
EvioAeg KY etrevepyouv povo o€ kataxwpnrteg KY

[evIKG Ta TTPOYPAUHATO OEV EKTEAOUV OKEPAIEG TTPAGEIG O
oedopéva KY, ) avriotTpopa

[MeploodTEPOI KATAXWPENTEC PE EAAXIOTN ETTIOPOON OTO HEYEBOC
TOU KWOIKQ
EvToAEC @OpTWONG Kal atrodnkeuong KY

Twcl, 1dcl, swcl, sdcl
m.x., 1dcl $f8, 32($sp)

© O OO nanondl
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EvToAeg KY oTtov MIPS

Ap1BunNTIKA aTTANG akpifelag
add.s, sub.s, mul.s, div.s
m.X.,, add.s $f0, $f1, $f6
Ap1BunTIkA dITTAAG aKpifEiag
add.d, sub.d, mul.d, div.d
mx., mul.d $f4, $f4, $f6
2.UyKplon atrAng kai dITTANG akpifeiag
C.XX.S, c.xx.d (xxeivai eq, 1t, le, ...)

Aivel Tn ipR 1 0 o€ bit kwdikwv ocuvlnkne KY (FP condition-
code bit)

myx.c.lt.s $f3, $f4

AlokAGdwaon o€ aAnBn n weudn KwdIkd ouvenkng KY
bclt, bclf
m.X., bclt TargetLabel
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Mapadeiypa KY: Baduoi °F o€ °C

Kwolkacg C:

float f2c (float fahr) {
return ((5.0/9.0)*(fahr - 32.0));
}

fahr otov $f12, amotéAeoua atov $f0, o1 oTaOEPEC
OTO XWPO TNG KABOAIKNC UVUNG

MeTayAWTTIOPEVOC KWOIKac MIPS:

f2c: Twcl $f16, const5($gp)
Twc2 $f18, const9($gp)
div.s $fl6, $fl16, $f18
lwcl $f18, const32($gp)
sub.s $f18, $f12, $f18
mul.s $f0, $f16, $f18
jr $ra
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Napddeiypa KY: NMoAAATTAQCIACHOS TTIVAKWY

X=X+Y [/
OAol mrivakeg 32 32, Je aToixeia 64 bit dITTARG
QaKpPIiBelag

Kwolikacg C:

void mm (double x[]I[],

~ double y[][], double z[][]) {

int 1, 7, k;

for (1 =0; il =32; 1 =1 + 1)

for (3 = O j!' =32; 3 =3 + 1)
for (k = 0; k! =32; k =k + 1)
XE1][J] = XE1]_[}]
+ y[11[k] * z[k][]];

¥

AieuBuvoeig Twy X, y, z otoug $a0, $al, $a2, kar Twv
1, J, k otoug $s0, $s1, $s2
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Napddeiypa KY: NMoAAATTAQCIACHOS TTIVAKWY

Kwoika¢ MIPS:

11 $tl, 32 # $tl1 = 32 (row size/loop end)
11 $s0, O #1 = 0; initialize 1st for loop
L1: 14 $s1, O # 3 = 0; restart 2nd for Toop
L2: 11 $s2, O # k = 0; restart 3rd for loop
s11 $t2, $s0, 5 # $t2 =1 * 32 (size of row of Xx)
addu $t2, $t2, $s1 # $t2 = i * size(row) + j
s11  $t2, $t2, 3 # $t2 = byte offset of [i][j]
addu $t2, $a0, $t2 # $t2 = byte address of x[i][j]
1.d $f4, 0($t2) # $f4 = 8 bytes of x[i][j]
L3: s11 $t0, $s2, 5 # $t0 = k * 32 (size of row of Zz)
addu $t0, $t0, $s1 # $t0 = k * size(row) + j
s11 $t0, $t0, 3 # $t0 = byte offset of [k][j]
addu $t0, $%$a2, $t0 # $t0 = byte address of z[k][j]
1.d $f16, 0($t0) # $f16 = 8 bytes of z[k][j]
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Napddeiypa KY: NMoAAATTAQCIACHOS TTIVAKWY

s11 $t0, $s0, 5

# $t0 = 1*32 (size of row of y)
addu $t0, $t0, $s2 # $t0 = i*size(row) + k
s11 $t0, $t0, 3 # $t0 = byte offset of [i][k]
addu $t0, $al, $tO # $t0 = byte address of y[i][k]
1.d $f18, 0($t0) # $f18 = 8 bytes of y[i][k]
mul.d $fl16, $f18, $f16 # $f16 = y[i]l[k] * z[k][j]
add.d $f4, $f4, $fie # f4=x[i][j] + y[illkl*z[k][j]
addiu $s2, $s2, 1 # Sk k + 1
bne $s2, $t1, L3 # if (k '= 32) go to L3
s.d $f4, 0($t2) # x[1]1[3] = $f4
addiu $s1, $s1, 1 #%53 =3+ 1
bne $s1, $tl1, L2 # if (j '= 32) go to L2
addiu $s0, $s0, 1 #% =1 +1
bne  $s0, $tl1, L1 # if (i '= 32) go to L1
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Alepunveia Twv OEOOUEVWYV

Ta bit dev €xouv EupuTtn onuaacia
H digpunveia e€apTtaral atro TIC EVTOAEC TTOU
epappolovral
Avatrapaotacn Twv apIiOuwy 0TOUG
UTTOAOYIOTEC
[TeTTEPACPEVO EUPOC KAl aKpifela
[MpéTTel va AapavovTtal uttown oTa
TTPOYPAU AT
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[MPpOCETAIPICTIKOTNTO

Ta TTapAaAANAa TTPOYPAUUATO UTTOPEI VO
«TTAEKOUV» TIC AEITOUPYIEC UE UN AVAUEVOUEVN
ocipa

UTTOBE0EIC TTIPOCETAIPIOTIKOTNTAG UTTOPEI va
QTTOTUXOUV

(xty)tz  x+(y+2)
X| -1.50E+38 -1.50E+38
1.50E+38 0.00E+00

Z 1.0 1.0 1.50E+38
1.00E+00 0.00E+00

[MpETTel va eTIBERAIWVETAI N AEITOUPYIA TWV
TTAPAAANAWY TTPOYPANMATWY O€ OIAPOPETIKOUC
BaBuouc TrapaAAnAiag

<
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ApXITeEKTOVIKN KY TOU X86

Apxika Baciovrav oto guvetrecepyaoTn KY 8087
8 x 80 bit KataxwpnTEG ETTEKTETAMEVNG AKpPIBEIag (extended-
precision)
XpnoigoTtrolouvTal ws oToifa
KataxwpnTég deIKTodoTOoUVTAl ATTO TNV KOPUPN TNG OTOIaC
(TOS) wc: ST(0), ST(1), ...

O1 iuég KY €ival 32 1) 64 bit otn pvun
MeTaTtpEtTovral Katd Tn OpTwon/atroOnkeucn TEAEOTEWV UVAMNG
O1 aképaiol TEAEOTEOI UTTOPOUV ETTIONG VO JETATPATTOUV O€ MIA
poOpTWOon/atrodnikeuvon

[ToAU dUOKOAN dnuioupyia Kal BEATIOTOTTOINON KWOIKA
AtrotéAeopa: eTwyn atmmodoon KY

© © © © Mational Technscal

" Colab@ntua 2015-2016 42 <« CSLab Ki '



EvToAec KY TOU X86

MeTtagopad ApPIBUNTIKEC 2.UyKpIoNng YT1TEPBATIKES

OEOONEVWV

FILD mem/ST(i) | F ADD” mem/ST(i) | FICOM FPATAN

FISTF mem/ST(i) | FISUB mem/ST(i) | FIUCOM F2XMI

FLDPI FIMUL®  mem/ST(1) | FSTSW AX/mem | FCOS

FLD1 FIDIV mem/ST(3) EPTAN

FLDZ FSQRT FPREM
FABS FPSIN
FRNDINT FVL2X

[TpoQIPETIKEC TTAPAAAAYEC
. OKEPAIOG TEAEOTEOC
. ecaywyn (pop) TeAeaTEOU ATTO TN OTOIRA
. AVTIOTPOPN OEIPA TEAEOTEWV
AANNG OV ETTITPETTOVTAI OAOI OI CUVOUQCUOI
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Streaming SIMD Extension 2 (SSE?2)

ETrektaon ouvexouc pong SIMD 2 (SSE2)

[TpocOeTel 4 128 bit KataxwpnTeC

ETrekTdBnKe o€ 8 KataxwpnTéEC OTNV
AMDG4/EM64T

MTTOpEi va XpnoiyoTroinBei yia TToAAOUC
TeEAeoTEOUC KY

2 64 bit dITTANC akpifelag
4 32 bit atrAnC akpifelag
O1 eVTOAEC eTTEVEPYOUV OE QUTA TAUTOXPOVA

Mia evToAr] TToAAG dedouéva (Single-Instruction
Multiple-Data)
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AgC1d oAioBnon Kal dlaipeon

H apiotepr) oAicBnon kaTd | BEoEIC
ToAAaTTAacIdlel Evav akEPaAIo PE 2!
H 6e€1& oAiocOnon diaipei pe 10 2';
Movo o€ atrpoonUoUC AKEPAIOUG
[0 TTPOCNUACHEVOUC OKEPAIOUC
Ap1BunTikA deCId oAioBnon: eTTavaAnyn Tou
TTPOCNOU
mX.,—5/4

1111011, >>2 = 11110, = -2
2. TPOYYUAOTTOIEI TTPOG TO —

ouykpion 11111011, >>> 2 = 11110, = +62
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[Moiog voiadetal yia Tnv akpifeia KY;

2. NMAVTIKN VIA ETTIOTNMOVIKO KWOIKA
AANAG yia KaBnuepiv xpnon;

“To uttoAoITTO pou oTn TpatTeda dlIAPEPEI KATA
0.0002 oevt!” ®

To opaAua Tn¢ diaipeonc¢ KY tou Intel
Pentium (FDIV bug)

H ayopa avauével akpifeia
Acite Colwell, The Pentium Chronicles
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2UUTTEPACHATIKESG TTOPATNPNOEIG

O1 QPXITEKTOVIKEC OUVOAOU EVTOAWV

uttooTnPi(ouv apIOUNTIKN
[TpoCoNUOCHEVWY KAl ATTPOCNMWY AKEPAIWYV
[TpooeyyioewVv KIVvNTAC UTTOOIACTOANCG VIO TOUG
TTPAYMATIKOUG

[TeTTEPAOPEVO EUPOC KAI aKpifela

O1 AsiTtoupyieg NTTOPEI VO 0dNYNO0OUV O€ UTTEPXEIAION
(overflow) kai averrapkela (underflow)

APXITEKTOVIKI ) OUVOAOU evTOAWV MIPS

EVTOAEC TTUPAVA: 01 54 TTI0 CUXVA XPNOIMOTIOIOUMEVEC
100% Tou SPECINT, 97% Tou SPECFP

AANNEC EVTOAEC: AIlYOTEPO OUXVEC
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