Kepalaio 6

AmmroOnkeuon kai
€i10000G/£€€000¢




Eicaywyn

Ol OUOKEUEG €10000U/eCO00U XapakTnpiovTtal aTro
2UUTTEPIPOPA: €i00d0C, £€000¢, aTTOONKEUON
ETaipo: dvBpwTtro¢ 1 unxavn
PuBuo oedoucvwy: byte/sec, transfers/sec

2 UVOEOEIC DIaUuAoU €10000U/e€000U

AlgkoTtrég

Eme€epyaoctic |«

Kpuer) pviun

AlagUvdean pvhung kai el06dou/e€6dou

Kupia EAeykng EAeykrg EAeykTAg
MVAN £10600u/e§6d0U e106d0u/edd0ou £106d0u/e€6d0U

T T J
'E€odog AikTuo
Aiokog| |Aiokog YPOPIKWY
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XapaKTneIoTIKA cucTAMaTOG E/E

H @epeyyuoTtnra (dependability) eival onuavTikn
E1dIKA yIa CUOKEUEC ATTOBNKEUONG
METpa atrodoong

NAavBavwy xpovocg (latency) n xpovog atrokpiong
(response time)

AIEKTTEPAIWTIKN IKAVOTNTA (throughput) ) eupocg wvng
(bandwidth)

EmTpatrédia Kal EVOWUATWHUEVA CUCTAMATA

EvilagpEpovTal Kupiwg yia TO XpOVO ATTOKPIONG KAl TNV
TTOIKIAOMOP®Ia TWV CUCKEUWYV

AIOKOUIOTEG

Evdla@EpovTal KUpiwg yia Tn OIEKTTEPAIWTIKNA IKAVOTNTA KAl
TNV ETTEKTACIUOTNTA TWV CUOKEUWV
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PepeyyuoTnta (dependability)

OAOKANPWaN UTTNPETIAC
H uttnpeoia TTapExeTal
OTTWG €£XEI KABOPIOTEI

[N

Etravagopa AoToyia
(restoration) (failure)

\ /

AIQKOTIN UTTNPETIAC
ATTOKAION QTTO TNV
TTPOJIAYEYPANMEVN UTTNPETIO

EAaTTwa (fault):
aoTOYXia £VOC
OUOTATIKOU

MTropei va odnynoei n
va unv odnynoel o€
QOTOXiO TOU
OUOCTAMATOG
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METPO PEPEYYUOTNTAG

AclotTioTia (reliability): nEoog xpOvog TTPWTNG ACTOXIAC
(mean time to failure — MTTF)

AIOKOTIA UTTNPEOiag (service interruption): HECOC XPOVOGS
emdIopbwaonc (mean time to repair - MTTR)

MEOOC XpOVOG PETACU aoTOoXIWV (Mean time between
failures - MTBF)

MTBF = MTTF + MTTR
AiaBeoiyortnra (availability) = MTTF/ (MTTF + MTTR)

BeAtiwon diaBeoipdTnTaC

Au¢non MTTF: amroguyn ehartwuatog (fault avoidance), avoxn
eAatTwpatwy (fault tolerance), TpoRAewn eAaTTwpatwy (fault
forecasting)

Meiwon MTTR: BeATiwpéva epyaleia Kal diadikaaieg dIdyvwaong
Kal €MoI0POwaong
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AtroOnkeuon oto OICKO

Mn TrTnTIKA (nonvolatile), TrepiIoTpePOPEVN
uayvnTIKN atrofnKeuon

cylinder

________________
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Toueig OIOKOU Kal TTPOCTTEAQC

KaBe Touéac (sector) karaypagel
Tnv TautdéTNTa TOPED (Sector ID)
Aedopueva (512 byte, 4096 byte TTpoTEIVOUEVN TIMNA)

Kwdika d16pBwong a@aApaTtwy (error correcting code —
ECC)

[0 aTTOKpUYN ATEAEIWV KAl KATAYPAPr) OQOAAUATWY
[1edia ouyxpovIoNOU Kal KeEva (gaps)

H TTpooTtréAAOn EvOG TOUEQ TTEPIAAMPAVEI

KaBuoTépnon avapovnS o€ oupd av EKKPEUOUV AAAEC
TTPOCTTEAQCEIC

AvalnTtnon (seek): yerakivnon Twv KEPAAwWV
NAavBavwyv xpovoc TTeploTpoPnc (rotational latency)
Metagopa dedouEVWV

EmpBapuvon eAeykTn (controller)
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MNapadeiyya TpooTEAAONC OICKOU

AegdopuEva

Topeag Twv 512B, 15000rpm (TTEPIOTPOPES AVA AETTTO),

MECOC XPOVOC ava(nmong 4Ams, pUBNOG UETAPOPAG

100MB/s, emBapuvon EAEYKTN 0. 2ms, dioK0¢ adpavrg
MEoOC XpOvoC avayvwaong

4Ams Xpovog avalntnong

+721/(15,000/60) = 2ms AavBavwv xpovog

TTEPIOTPOPNGC

+ 512 / 100MB/s = 0.005ms xpOvo¢ UETAPOPAC

+ 0.2ms KabuoTEPNOoN EAEYKTN
=6.2ms

AV 0 TTPAYMATIKOC HECOG XPOVOC avalnTnong ivail
lms

MEoog Xxpovog avayvwong = 3.2ms
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ZnNTRHATA aTTod00NC OIOKOU

Ol KATOOKEUAOTEC AVAPEPOUV TO HECO XPOVO avalnTnong
Me Baon OAeg TIC TBavEC avalnTroElg
H TOTTIKOTNTA KAl O XPOVOTTPOYPAUMATIONOS Tou AZ 0dnyouv o€
MIKPOTEPOUG UECOUC XPOVOoug avalnTnong

«EEUTTVOC» €AEYKTNC DIOKOU KATAVEUEI TOUG (PUOIKOUG

TOMEIC TOU OioKOU

Eugavilel Tn dlaocuvdeon Twv Aoyikwyv Topéwv (logical sector
Interface) oTov UTTOAOYIOTH)

SCSI, ATA, SATA €AeYKTEC

Ol yovadec diokou TrePIAaBAvVOUY Kal KPUPEC NVAMES
EK Twv TTpoTEPWYV TTPOCKOMION (prefetch) TopuEwyv pe avauovn
TTPOOTTEAACTC TOUG CUVTOUA
ATtToQuyn avalrntnong Kai KabuaoTEpnong TTEPICTPOPNG
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ATToOnkKeuon o€ uvnun @Aag

Mn TITATIKN NMIaYWYIK aTT0BNKEUON
100x — 1000* TaxuTtepn ATTO TO OIOKO
MiKpOTEPN, XAMNAOTEPN KATAVAAWON, TTIO
eUPWOTN
AA\G kooTilel TrepioodTepa $/GB (avaueoa
oT0 Oioko Kal TV DRAM)

%"'"*q

S Yk 2

ul’tra
uumm e ’ :
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TUTTOI NVAMNG QACG

NOR flash: keAi bit poialer pe TUAN NOR
Tuyxaia TTpooTTEAACN avayvwong/eyypaeng

XPNOIUOTTIOIEITAI VIO JVAMN EVTOAWY O EVOWUATWHEVA
ouoTAUATA

NAND flash: keAi bit poialer ye TuAn NAND

[Tio TTukvn (bit/etipaveia), aAAG TTPOCTTEAQCN EVOC OAOKANPOU

MTTAOK TN Oopa

®OnvoTEPN ava GB

Xpnon oe USB keys, ammoBnkeuon néowv (AXog, €IKOva), ...
Ta bit Tn¢ pyvAuNG Aag eOcipovTal JETA ATTO XIAIADEC
TTPOCTTEAQCEIC

Aev gival KataAANAn yia va avtikaraotioel 1Tn RAM 1) 10 dioko

E¢icoppottnon ¢Bopdc (wear leveling): etravaxaptoypdagenon

OeOOUEVWYV O€ AIlYOTEPO XpNOIUOTTOINKEVA PTTAOK TNG
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2UCTATIKA O100UVOEDNG

Avaykn dlaouvdeong UETACU
CPU, pyvaung, eAeyktwy E/E
AidUAOC: KOIVOXPNOTO KAVAAI ETTIKOIVWVIOC

[TapaAANAO GUVOAO aywywV yio OEO0HEVA KOl
OUYXPOVIONO TNG METAPOPAC TOUC
MTTOpEI VO ATTOTEAECEI ONPEIO CUNPOPNONG

H atroooon 1repIopIdeTal aTro YUOIKOUG
TTAPAYOVTEC

MnKo¢ aywyou, apiOuo¢ ouvoETEWY
[TI0 TTPOCPATN EVAAAAKTIKI): OEIPIOKEC OUVOEODEIC
uPnANG TaxuTnNTOC JE METAYWYOUC

OT1rwc¢ ota dikTua
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TUTtTOI1 OIOUAOU

AiauAol ETTECEPYAOTN-MVAUNG

KovToi, yeyaAn taxutnra

H oxediaon taipidlel ye TNV opyavwaon Bvnung
AiauAol e10000u/ecOd0oU

MakpUTEPOI, ETTITPETTOUV TTOAAEC OUVOEDEIC

[Tpodiaypa@ovTal JE TTPOTUTTA YIa AOYOUC
OIaAEITOUPYIKOTNTOC (INnteroperabillity)

2.UvOe0n UE TO OIAUAO ETTECEPYATTN-MVIMNG
MEOW pIag yepupag (bridge)
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2AMOTA OIAUAOU KOI CUYXPOVIOMOG

[ PAMMEC OEQOUEVWIV
MeTapEpouyv dieuBuvaon Kal OedopEVa
Me TTOAUTTAEEN I CEXWPIOTA

[ POUMEC EAEYXOU

Agixvouv TOV TUTTO OEOOMEVWY, CUYXPOVICOUV TIG
ouvaAAayEcg (transactions)

2.Uyxpovn
XpNoIJoTTOoIEi POAOI OIAUAOU

Aouyxpovn

XpNOIJOTTOIET YPAUUEC EAEYXOU aiTnonc/emieRaiwong
(request/acknowledge) yia xeipawia (handshaking)
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Apxaia loTopia

RS-232 PS/ Zw/

SCSI (“Scuzzy”) , = e

Centronlcs
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| To MeAAov (USB Type-C)

20 Gbps, 100W

High-Speed Data for USB 2.0 High-Speed Data for
USB or Alternate Modes Interface USB or Alternate Modes

Configuration For Sideband
Detection etc. Use (not USB)

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A12
GND | TX1+ | TX1- | Vbus | CC1 D+ D- | SBU1 | Vbus | RX2- | RX2+ | GND

GND | RX1+ | RX1- | Vbus | SBU2 | D- D+ CC2 | Vbus | TX2- | TX2+ | GND
© B12 B11 B10 B9 B8 B7 B6 BS B4 B3 B2 B1

Cable Cable Cable Cable
Ground Bus Power Bus Power Ground
High-Speed Data for For Sideband Configuration High-Speed Data for
USB or Alternate Modes Use (not USB) Detection etc. USB or Alternate Modes
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Mapadeiypata oiauAou E/E

Firewire USB 2.0 PCI Express Serial ATA Serial
Attached
SCSI
[Mp6Beon ESwTepikn ESwTepikn EowTepikn EowTepIKA ECwTepIKN
Xenong
2UOKeuéc ava | 63 127 1 1 4
KAVQAAI
EUpog 4 2 2/lane 4 4
dedouEVWIV
MéyioTo eUupog | 50MB/s n) 0.2MB/s, 250MB/s/lane | 300MB/s 300MB/s
dwvng 100MB/s 1.5MB/s, 1} 1x, 2%, 4%, 8%,
60MB/s 16x, 32x
20vOEDN «EV Nai Nai E¢aptaral Nai Nai
BEpUW»
MEyioTo YAKOG | 4.5m Sm 0.5m 1m 8m
[MpdTUTTO IEEE 1394 | USB PCI-SIG SATA-10 INCITSTC
Implementers T10

Forum
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Tutmmiko ovoTnua E/E x86 PC

Intel Xeon 5300

: Intel Xeon 5300

ETTECEPYAOTNG | ETTECEPYAOTAG
e ____
——— o _.lTTT-= T
Epmrpoo6iog diaulog (1333 MHz, 10,5 GB/sec)
FB DDR2 667
(5,3 GB/sec) OpEarée (hub) PCle x16 (or 2 PCle x8)
DIMM EAEYKTN PVAUNG (4 GB/sec)
KUplag (Bopeia yépupa)
MVARNG 5000P
N Serial ATA ESI PCle x8
eria (2 GB/sec)|(2 GB/sec
— (300 MB/sec) )
Aiokog
PCle x4
— (1 GB/sec)
- PCle x4
(1 GB/sec)
Aiokog Oueaiog (hub)
EAEYKTR PCI-X bus
~— LPC £10600U/EE6B0U (1 GB/sec)
, (1 MB/sec) (voTia yépupa) PCI-X bus
I_I)\r]K,TpO)\OYIO, Entreprise South (1 GB/sec)
TTOVTIKI, ... Brldge 2
(653?3?.0 ) Parallel ATA
sec 100 MB
(100MB/sec) ~op/pvp
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Alaxeipion e10000U/e¢OO0U

To AZ eivail o evdidueoog yia Tnv E/E
[TOAAQ TTpOYpAuUaTA polpAalovTal TTOPOUC
£10000U/eCOO0U

XpelaleTal TTPOCTACIA KAl XPOVOTTPOYPAUUATIOMOC
H E/E TTpoKaAEi aoUyXpOoveC DIOKOTTEC

1010¢ puNXavIoUOC UE TIC ECAIPETEIC
O TTpoypappaTIoNOG E/E cival DUOKOAOC

To AZ TTapEXEl aPaIpETEIC OTA TTPOYPANUATA
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AlaTayEg £10000U/eCOO0U

Tic ouokeuéc E/E diaxeipieTal TO UAIKO TwV
eAeykTWV E/E

MeTagpepouv 0O0PEVA ATTO/TTPOG TN OUCKEUN
2.UYXPOVICOUV TIC AEITOUPYIEC UE AOYIOMIKO

KaTtaxwpnrég diataywyv (command registers)
Avaykalouv Tn OUOKEUN VO KAVEI KATI

KataxwpnTeC KATaoTaoncg (status registers)
Agixvouv TI KAVEI N CUCKEUN KAl TV EJ@AvIoNn
OQAAUATWYV

KaTtaxwpnrteg 0edopeEvwy (data registers)
Eyypapnc: HETAPEPOUV OEOOUEVA OE IO CUOKEUN
Avayvwonc: HETAPEPOUV OEOOMEVA ATTO IO CUCKEUN
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XapToypagnon Karaxywpntwyv E/E

E/E pye xaptoypapnon uvnuns (memory mapped
1/O)

Ol KATAXWPENTEG TTPOCTTEAACOVTAI OTOV id10 XWPO
O/vOoEWV PE TN PMVAMN

0 OTTOKWOIKOTTOINTAC O/VOEWV KAVEI TO OIAXWPICHO

To AZ XpnOIYJOTTOIEI UNXAVIONO METAPPAONG O/VOEWV
WOTE VA TOUG KAVEI TTPOCTTEAACIUOUC UOVO OTOV
mupnva (kernel) Tou A2

EvroAec E/E
—EXWPIOTEC EVTOAEC VIO TTPOOTTEAQON KaTaxwpnTtwyv E/E
MTTOpOUV VO eKTEAEOTOUV JOVO O€ KATAOTAON TTUPNVA
[Mapadeiyua: x86
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Mep10deuon (polling)

[1€PI0OIKOC EAEYXOC TOU KATAXWPENTN
Kataotaonc (status register) 1nc E/E

AV N OUOKeUN gival £TOIUN, KOPia AsIToupyia

Av UTTapXEl OPAAua, avaAnyn opdaong
2.UvNONnc o€ PIKpa N XapnAwyv £MOOCEWV
EVOWNOATWHEVA CUCTANATA TTPAYUOTIKOU
XPOVOU

[TPOBAEWINOC XPOVIOUOC

XauNnNAG KOOTOC UAIKOU

2.€ A\ cuoTnuara, orataAn xpovou CPU
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A10KOTTEG (Interrupts)

Otav yia ouokeun €ival €Toiun N oTav cUupuPEi
o@aAua

0 eAeykTNAG dlakoTrTel T CPU
H diakoTrn €ival oav e¢aipeon (exception)

AANNG D€ OUYXPOVICETAI JE TNV EKTEAECN TWV EVTOAWV

MTropei va kaAéoel 1o xeipioTr) (handler) yetacu
EVTOAWV

[MAnpo@opia aitiou (cause) TPOCTOIOPICEI TUXVA TN
OUOKEUN TTOU TTPOKOAEI OIOKOTTN

AIOKOTTEC UE TTPOTEPAIOTNTEC

Ol CUOKEUEG TTOU XPEIGCOVTaI TTIO ETTEIYOUCT TTPOCOX
AapBavouv upnAoTEPN TTPOTEPAIOTNTA

MTTOpOUV va dIOKOWOUV TO XEIPIOTN MIAC OIOKOTING
XAUNAOTEPNG TTPOTEPAIOTNTOC
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MeTagpopa dedopevwy E/E

[Tep16deuon kal E/E odnyoupevn atro dIaKOTTEC

H CPU petagpepel 0edopEVa JETAEU PUVAUNG KOl
KataxwpnTtwyv dsdouévwy E/E

Xpovoopa dladikagia yia CUOKEUEC UYPNANG
TaXUTNTOC
Aueon TrpooTtréAaon pvAung (direct memory
access — DMA)
To AZ TTapExel Tnv apxikn d/von hvnung

0 eAeYKTNG E/E KAvel JETA@OPA TTPOG/ATIO TN UVAMN
aQuTOVOuO

0 EAEYKTNC TTPOKAAEI D1AKOTI OTAV OAOKANPWOEI TN
LMETAPOPA N O€ TTEPITITWON OPAAUATOC
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AAAnAeTTiOpaon DMA/Cache

Av 10 DMA ypa@el o€ Eva UTTAOK JvAMNG TTOU PpioKeTal
OTNV KPUPN UVAHN

To avrtiypa@o TNS KPUPNG UVAUNG YIVETAI «TTAAIO»
AV n Kpu@n JVNMN gival ETEPOXPOVNG EYYPAPNC Kal TO
UTTAOK €ival «akaBapTto», kal To DMA diaadel To JTTAOK
NG pvNuNg

AlaBadel Ta «TTaAId» dedopéva
[Mp€tTel va eyyunBoupe Tn ouvoxn (coherence) Tng
KPUPNG UVAMNG

«EkkéEvwaon» (flush) Twv PITAOK at1é TN KPUPR PVAMN OV
TTPOKEITAI VO XpnoidoTtroinBouv o DMA

'H xpron 6éocwv pvAung mTou dev atTroOnKeUovTal OTN KPUPpn
uvrun (non-cacheable) yia 1i¢ Asitoupyieg E/E
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MeéTpnon atrodoong E/E

H atmmodoon E/E scapTtaral atro
YAIKO: CPU, pyvAun, eAeyKTEC, OIAUAOL

AOVYIOUIKO: AEITOUPYIKO oUOaTNUA, oUCTNUO

dlaxeipiong Baonc dedouEvwy, eQapuoyn

doprTio epyaoiac: pubuoi Kal YoTiRa AITRoEWVY
H oxediaon Tou cuoTthuaTtog E/E pytropei
va KAveEl CUPPBIBacuoug JeTacu Xpovou
QATTOKPIONC KAl pUBPOU DIEKTTELAIWONG

Ol JETPNOEIC PUBPOU DIEKTTEPAIWONG YivovTal

OUXVA UE TTEPIOPICHEVO XPOVO ATTOKPIONG
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MEeTPOTTPOYPAMMATA ETTECEPYATIOG CUVOAAQYWV

2 UVaAAayec (Transactions)
MIKpEC TTPOCTTEAACEIC DEQOUEVWYV O€ Eva oUuaTnUa dlaxeEipiong
Baonc dedopevwy (DBMS)
To evdlageEpov gival o1o puBuod E/E, oxi 1o pubud dedouévwy
METpnon puBuou diektrepaiwaong (throughput)
YTTOKEITAI OE TTEPIOPICHOUC XPOVOU ATTOKPIONG Kal XEIPIOUO
AOTOXIWV

ACID (Atomicity/AtopikoTnTa, Consistency/2uvETrela,
|solation/Atropdvwaon, Durability/Avroxn)

2UVOAIKO KOOTOG ava ouvaAAayn
MeTtpoTtrpoypduuara Tou Transaction Processing Councll

(TPC,
TPC-APP: dIaKOUIOTNG €QAPPOYWV KAl UTTNPECIWY 10TOU
TCP-C: mmepIBaAAoV Kataxwpliong TTapayyeAIwyV
TCP-E: emrecepyacia auvalAaywyv PECITIKOU YpaPEiou

TPC-H: utrooTApIgn atTo@acewyv — Kata trepimmtwon (ad-hoc)
EPWTANATA PE TTPOCAVATOAIOUO ETTIXEIPNOEIG
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MeTPOTTPOYPAMMATO CUCTAMATOG apXEiWV Kal loToU

SPEC System File System (SFS)

2.UVOETIKO poprTio epyaaiag yia dlakouioTh NFS, ue
Bdon TTapakoAouBnon TTPAYUATIKWY CUCTNPATWY
ATToTEAEOUATO

Pubudéc diektrepaiwaonc, throughput (Asiroupyiec/sec)
XpOvoc atrokplong (MEoo ms/AeIToupyia)

SPEC Web Server benchmark

MeTPAEI TIC TAUTOXPOVEGC OUVEDPIEC (Sessions)
XPNOTWYV, JE BAON TOV ATTAITOUUEVO PUBUO
OIEKTTEPAIWONG ava ouvedpia

Tpia oprtia epyaciacg: Tparredikn, HAEKTPOVIKO
EUTTOPIO, KOl YTTOOTNPIEN
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E/E évavTi arédoong CPU

Nopoc¢ Tou Amdahl
Mnv ayvoeic Tnv armodoon 1S E/E kabBwg n

TapaAAnAia aucavel TRV AtTOO0CN TWV UTTOAOYIOUWYVY

[Mapdadeiyua
To yerpotrpoypappa dlapkei 90s xpovo CPU, 10s
xpovo E/E

AitrAdoiec CPU kabe 2 xpovia
E/E auetdBANTN

‘Etoc | Xpovog CPU | Xpovog E/E | TlapeABwv % Xpovog
XPOVOC E/E
Twpa 90s 10s 100s 10%
+2 45s 10s 55s 18%
+4 23S 10s 33s 31%
+6 11s 10s 21s 47%
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RAID

[TAeOvOOUATIKEG OUCTOIXIEG PONVWYV (AVEGAPTNTWV)
diokwv — Redundant Array of Inexpensive (Independent)
Disks

XpAon TTOAAWYV HIKPOTEPWY dioOKWV (0 OXEON ME €va NEYAAO )

H TapaAAnAia BeATiwvEl TNV attodoon

Kai TTp6o0¢eT01 OioKOI YIa aTTOBKEUOT TTAEOVOOUATIKWV

OeDOUEVWV
[MapExel ouoTnUa ATTOBNKEUONG JE avoxn o€ EAATTWPATA
(fault tolerant)

E1dIKaG av o1 dioKOI TTOU aoTOX0UV OEV UTTOPOUV va
AVTIKOTAOTOBO0UV «ev BEpW»

RAID O
Xwpig TAeovaouo (“AlD™;)
Ta dedopéva atTAwg poipalovTal o€ TTOAAOUG dioKOUG
AANG BeATiLovel TNV aTTOd00N
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RAID 1 & 2

RAID 1: Anuioupyia €idwWAwV (mirroring)

N + N diokol, eTtavaAnyn 0ed0UEVWY

Eyypa@r dedopEvwy Kal 0TO OIOKO OEOONEVWY KAl OTO DIiOKO
gidwAo

2.€ TTEPITITWON A0TOXiag dioKOU, avayvwaon atrd To €idWAO0

RAID 2: Kwdikac¢ d10p8wonc opaApaTtwv(Error
correcting code — ECC)
N + E diokol (11.%X., 10 + 4)
XWPIoUOC dedouEvwy o€ eTTiTTEdO bit oToug N diokoug
Anuioupyia ECC Twv E bit
YT1repBOAIKA TTOAUTTAOKO, D€ XPNOIMOTIOIEITAI OTNV
pagn
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RAID 3: looTigia TTAECNG bit

Bit-Interleaved Parity
N + 1 diokol

Aedopeva poipacdovral o€ N diokoug o€ €TiTredo byte
[TAeovaouaTikOG OiOKOG ATTOBNKEUEI TNV ICOTIMIC
[TpooTtréAaON avayvwaong

Avayvwon OAwv Twv dioKwV
[TpooTrEAAON EyYPAPNC

Anuioupyia vEQg I00TIMIAG KAl EVAUEPWON OAWV TwWV dIOKWYV
2.€ TIEPITITWON A0TOXIAC

XpAon I00TIHIag yIa ETTaVAcUOTAC TWV XAPEVWY DEDOUEVWV
Ag XPNOIUOTTOIEITAI EUPEWG
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RAID 4: looTigia TTAEENG MTTAOK

Block-Interleaved Parity

N + 1 diokol
Ta dedopéva poipalovral o€ N dioKoug o€ €TTITTEO0 MTTAOK
[TAeovaopaTiKOS OiIOKOG ATTOONKEUEI TNV ICOTIMIA YIA HYIa OUAdA UTTAOK
[MpooTtréAaon avayvwong
AlaBadel povo 1o OIOKO TTOU TTEPIEXEI TO {NTOUPEVO UTTAOK
[TpooTtréAQON yypaA®NGS

ATTAWCG d1aBdadel To OIOKO 01 OTTOIOG TTEPIEXEI TO JTTAOK TTOU TPOTTOTTOIEITAI, KAl
TO iOKO I00TIMIOG

YTToAoyIouOG VEQG I00TIUIAG, EvUEPWON OioKOU deDOUEVWY Kal OiIOKOU
IOOTIMIOG

2.€ TTEPITITWAN ACTOXiOG
Xpnon I00TIYIAG yIa TV ETTAVACUOTAON TWV XAMEVWY DEDOUEVWV

A€ XpNOIYOTTOIEITAI EUPEWG
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RAID 3 evavTi RAID 4

Néa 1. 2. 3.
dedopéva Avayvwan Avayvwaon Avayvwon
DO’ DO D1 D2 D3 P
XOR
DO’ D1 D2 D3 P’
4. 5.
Eyypaon Eyypaen

Néa 1. 2.
dedopéva Avayvwon Avayvwon
DO’ DO D1 D2 D3 P
+ ) XOR
+ JXOR
DO’ D1 D2 D3 P’
3. 4.
Eyypaon Eyypaen
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RAID 5: Kartaveynuevn ICOTIMIA

N + 1 OiOKOl
O1wg 10 RAID 4, aAAG T UTTAOK I00TIHIOG
KOATAVEUOVTAI OTOUC OIOKOUC

ATTOQEUYEI TN ONUIoUPYia oNUEIOU CUUPOPNONG
(bottleneck) oto dioKO 100TIUIOC

Eupcia xpnon
DO d D dDy Dy @ O dDy dD @™y @
0 1 2 3 PO 0 1 2 3 PO
4 5 6 7 P1 4 5 6 P1 7
8 9 10 11 P2 8 9 P2 10 11
12 13 14 15 P3 12 P3 13 14 15
16 17 18 19 P4 P4 16 17 18 19
20 21 22 23 P5 20 21 22 23 P5
) ) S
RAID 4 RAID 5
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RAID 6: NAgovaouog P + Q

P + Q Redundancy

N + 2 OioKOI

2av 170 RAID 5, aAAG pe dUO «TTAPTIOEGY
IOOTIMIOG

MeyaAuTtepn avoxn o€ EAQTTWHATA JECW
TTEPICOOTEPOU TTAEOVACUOU

[TOAAQTTAG RAID

[1io TTpoNypEVA cuoTAUATA divOuV TTAPOMOId
QVOXI O€ EAQTTWHPOTA JE KOAUTEPN ATTOO00N
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MepiAnwn RAID

To RAID ptropei va BeATIWOEI TNV
arrodoon Kal Tn dlaBeoipdTnTa (availability)

H uwnAn d1aBeoiyoTnTa ATTAITEl «EV BEPUW»
evaAAayn (hot swapping)

YTT00£TElI OTI O AOTOXIEC OIOKWV Eival
QVECAPTNTEC
MeyaAo TTpoANua av Kagi A0 1O KTNPIO!
Acite 1o “"Hard Disk Performance, Quality
and Reliability”
http://www.pcguide.com/ref/hdd/perf/index.htm
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RAID 5 — lNapadeiyua

2.uVvexoueva blocks ypagovrai
EVOAANAC OTOUC OIOKOUG, EVW
KATOVEUETAI OE QUTOUG Kal EVa
block i1coTIpiac.

[MTapExel upnAn amrdédoon oTIC
AVAYVWOEIC, aPOU QUTEC JTTOPOUV
va Yivouv atro TTOAAOUG OioKOUG
EVOAAQCL.

[MapExel agloTmoTia, agou av TTAoEl
BAGBN £vag diokog, Ta dedopEva
UTTOPOUV VA avakTnBouv atrd Toug
UTTOAOITTOUG .

§§ ab@ntua 2012-2013



RAID 5 - lNapadeiypa

‘EoTw OT11 dilaBEToupe 4 diokouc.
[Mwg douAeuel To RAID 5;

Atravtnon: Ag Bewprjooupe 0TI 01 4 dioKOI £X0OUV TA
[MapakdTw dedopéva (duadiko):

STRIPEO 0100 0101 0010

STRIPE1 0010 0000 0100
STRIPEZ2 0011 1010 1000
STRIPES 0001 1101 1010

2TA KiTpIVva onueia, TotroBeTouvTal Ta 0cdopéva 1o00TIHIOG. H 1coTIpia
uttoAoyidetal wg 10 Exclusive-OR (XOR) Tou idlou stripe OAwv Twv
OioKWV.

39




RAID 5 - lNapadeiypa

‘EoTw O11 dlaBEToupe 4 dioKOUC.
[Mwg douAeuel 1o RAID 5;

Atravtnon: Ag Bewprjooupe OTi 01 4 dioKol £XOUV T
MapakaTtw dedopéva (duadiko):

[Na 6ooug O¢
STRIPE1 0010 0000 0100 XOR ...
STRIPE2 0011 1010 1000 0 “'VO‘,KO‘Q
STRIPE3 0001 1101 1010 T oR
Eicodog ‘E¢0d0¢
0 0 0
2TA KiTpIva onueia, TotroBeTouvtal Ta dcdopéva looTipiac. H . Q Q
looTIdia uttoAoyileTal we 1o Exclusive-OR (XOR) Tou idiou stripe 1 0 1
OAWV TWV OiIOKWV. 1 1 0
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RAID 5 - lNapadeiypa

STRIPEO 0100 0101 0010
STRIPE1 0010 0000

STRIPEO 0011 1010
STRIPES 0001 1101

STRIPEO,DISK3 = 0100 XOR 0101 XOR 0010 = 0011

0011
0100
1000
1010
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ID 5 - lNapdadeiyua

STRIPEO 0100 0101 0010 0011
STRIPE1 0010 0000 0110 0100
STRIPEZ2 0011 1010 1000
STRIPES 0001 1101 1010

STRIPEO,DISK3 = 0100 XOR 0101 XOR 0010 = 001
STRIPE1,DISK2 = 0010 XOR 0000 XOR 0100 =011

ﬁﬂab @ntua 2012-2013



RAID 5 - lNapadeiypa

STRIPEO 0100 0101 0010
STRIPE1 0010 0000 0110
STRIPE2 0011 0001 1010

STRIPES 0001 1101

STRIPEO,DISK3 = 0100 XOR 0101 XOR 0010< 0011
STRIPE1,DISK2 = 0010 XOR 0000 XOR 0100 =
STRIPE2,DISK1 = 0011 XOR 1010 XOR 1000 = 000

0011
0100
1000
1010
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RAID 5 - lNapadeiypa

STRIPEO 0100
STRIPE1 0010
STRIPEZ2 0011
STRIPES 0110

STRIPEO,DISK3 = 0100 XOR O
STRIPE1,DISK2 = 0010 XOR 0

0101
0000
0001
0001

000

0010
0110
1010
1101

XOR 0010 = 0011

0100 = 0110

0011
0100
1000
1010
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RAID 5 - lNapadeiypa

STRIPEO
STRIPE1
STRIPEZ2
STRIPE3

TeAIk Eikova tng auaToixiag AIZKQN

0100
0010
0011
0110

Me diaracn RAIDS

0101
0000
0001
0001

0010
0110
1010
1101

0011
0100
1000
1010
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RAID 5 - lNapadeiypa

[Mapdadeiypa: Ti yiveTal OTIG EYYPAYEG;

Atravtnon: Ag Bewprjooupe 611 01 4 dioKol £X0OUV Ta
[MapakdaTw dedopéva (duadiko):

STRIPEO 0100 0101 0010 0011
STRIPE1 0010 0000 0110 0100
STRIPEZ2 0011 0001 1010 1000
STRIPES 0110 0001 1101 1010

‘EoTw O11 yiveTal n eyypa@n Tou otoixeiou 1101 o1o block 2
(apiBunon ¢ekivael atrd block 0).
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RAID 5 - lNapadeiyua

‘EoTw O11 yiveTal n eyypan Tou groixgiou 1101 o1o block 2
(apiBunon ¢ekivael atro block 0).

STRIPEO 0100 0101 0010 0011
STRIPE1 0010 0000 0110 0100
STRIPEZ2 0011 0001 1010 1000
STRIPE3 0110 0001 1101 1010
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RAID 5 - lNapadeiypa

‘EoTw OT1 YiveTal n eyypagn Tou ogToixeiou 1101 oTo block 2
(apiBunon cekivael atro block 0).

STRIPEO 0100 0101 —8810 0011
1101

STRIPEL 0010 0000 0110 0100

STRIPE2 0011 0001 1010 1000

STRIPE3 0110 0001 1101 1010

0 eAeykTNG RAID Kavel TNV €yypaPr) TOU OTOIXEIOU OTO AVTIOTOIXO
block ...



ID 5 - lNapdadeiyua

‘E@TWw OT1 YiveTal n eyypa@r Tou gtoixegiou 1101 oT1o block 2
(apiBunon ¢ekivael atrd block 0).

STRIPEO
STRIPE1
STRIPE2
STRIPE3

0 eAeykTC RAID Kavel Tnv eyypaon T
block ... kal Tautéxpova cavadnuIouPyEi TNV IGOTIYIO yia TO
OUYKEKPIMEVO Stripe, XpNOIMOTTOKOVTAC TTAMA TIUA,
STRIPEO,DISK3 = 0010 XOR 1101 XOR 0011 =

0100
0010
0011
0110

0101 -86+6-1101 0011
0100
1000
1010

€0 TIUA KAl I00TIHIA
00
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RAID 5 - lNapadeiypa

‘E@TWw OTI YiveTal n eyypa@r Tou gToixgiou 1101 oT1o block 2
(apiBunon ¢ekivael atrod block 0).

STRIPEO 0100 0101 -8646-1101 =-8643+1100
STRIPE1 0010 0000 0110 01
STRIPE2 0011 0001 1010 1000
STRIPE3 0110 0001 1101 010

0 eAeykTG RAID KAvel TNV €yypaPr) TOU OTOIXEIOU OTO QVTIOTOIX
block ... kal Tautéxpova avadnuIoupyEi TNV ICOTIYIA YIa TO
OUYKEKPIUEVO Stripe, XPNOIMOTTIOIWVTAG TTAAIA TIMNA, VEA TIUN KAl 100TIHIA
STRIPEO,DISK3 = 0010 XOR 1101 XOR 0011 = 1100
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RAID 5 - lNapadeiypa

‘E@TWw OTI YiveTal n eyypar Tou gToixgiou 1101 oT1o block 2
(apiBunon ¢ekivael atrod block 0).

STRIPEO 0100 0101 1101 1100
STRIPE1 0010 0000 0110 0100
STRIPE2 0011 0001 1010 1000
STRIPE3 0110 0001 1101 1010

0 eAeykTG RAID Kavel TNV €yypaPr) TOU OTOIXEIOU OTO AVTIOTOIXO

block ... kal Tautéxpova ¢avadnuIioupyEi TNV ICOTIYIA yIa TO
OUYKEKPIUEVO Stripe, XPNOIMOTTIOIWVTAG TTAAIA TIMNA, VEA TIUN KAl I00TIWIA
STRIPEO,DISK3 = 0010 XOR 1101 XOR 0011 = 1100

H eyypaen oro RAID 5, icoduvauei ue 2 avayvwaoeic kai 2 Eyypapes
o€ OIOKOUG.
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RAID 5 - lNapadeiyua

Mapadeiypa: Ti yivetal av xahaoel Evag dioKOg;

Atravtnon: Ag Bewprjooupe 011 01 4 dioKOl £XOUV T
[MapakdTtw dedopéva (duadiko):

STRIPEOQ 0100 0101 1101 1100
STRIPE1 0010 0000 0110 0100
STRIPE2 0011 0001 1010 1000
STRIPES 0110 0001 1101 1010

‘EoTw OT1 YaAdagl 0 DISK2
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RAID 5 - lNapadeiypa

MNapdadeiypa: Ti yivetal av xaAdoel Evag dioKOg;

Atravtnon: Ag Bewpriooupe OT1 01 4 dioKOoI £XouV Ta
[Mapakatw dedouéva (duadiko):

STRIPEO 0100 0101 110 1100
STRIPE1 0010 0000 0100
STRIPEZ2 0011 0001 0 1000
STRIPE3 0110 0001 1101 1010

‘EoTWw 0TI XoAGgl 0 DISK?2
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RAID 5 - lNapadeiypa

‘EQTW OTI XaAdagl o0 DISK2

STRIPEO 0100 0101 1101 1100
STRIPE1 0010 0000 0100
STRIPE2 0011 0001 1000
STRIPE3 0110 0001 1101 1010

0 eAeyKTNC RAID €CUTTNPETEI TIC AITACEIC YIA TIC TTANPOPOPIES TTOU EiXE
0 DISK2, xpnoiyotroiwvtag 0Aoug Toug AAAOUG OIOKOUG + TNV ICOTIMIQ.
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RAID 5 - lNapadeiyua

‘EQTW OT1 YaAdagl o DISK2

STRIPEO 0100 0101 1100
STRIPE1 0010 0000 0100
STRIPEZ2 0011 0001 1000
STRIPE3 0110 0001 1010

0 eAeyKTNC RAID €CUTTNPETEI TIC AITACEIC YIA TIC TTANPOPOP|ES TTOU EiXE
0 DISK2, xpnoiyoTtrolwvTtag 0AoUG Toug AAAOUG dioKOUG + TNV I00TIHIA.
‘ETOI

STRIPEO,DISK2 = 0100 XOR 0101 XOR 1100 = 1101
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‘EQTW OT1 XaAdagl o DISK2

STRIPEO
STRIPE1
STRIPE?2
STRIPE3

0100
0010
0011
0110

ID 5 - lNapdadeiyua

0101
0000
0001
0001

1100
0100
1000
1010

0 eAeyKTAC RAID €CUTTNPETEI TIC QITAOEIC YIA TIC TTANPOPOPIEC TTOU EiXE
0 DISK2, xpnoiyotroiwvtag 0Aoug Toug AAAOUG OiOKOUG\+ TNV ICOTIMIQ.

‘ETo1

STRIPEO,DISK2 = 0100 XOR 0101 XOR 1100 = 1101
STRIPE2,DISK2 = 0011 XOR 0001 XOR 1000 = 1010

56



‘EQTW OT1 XaAagl o DISK2

STRIPEO
STRIPE1
STRIPEZ2
STRIPES3

0100
0010
0011
0110

ID 5 - lNapdadeiyua

0101
0000
0001
0001

1101

110

1100
0100
1000
1010

0 eAeyKTAGC RAID €CUTTNPETEI TIC QITAOEIC YIA TIC TTANPOPOQIES TTOU EiXE
0 DISK2, xpnoiyotroiwvtag 0Aoug Toug AAAOUG OIOKOUG +({TNV ICOTIMIQ.

‘ETo1

STRIPEO,DISK2 = 0100 XOR 0101 XOR 1100 = 1101
STRIPEZ2,DISK2 = 0011 XOR 0001 XOR 1000 = 1010
STRIPE3,DISK2 = 0110 XOR 0001 XOR 1010 = 1101
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ID 5 - lNapdadeiyua

STRIPEO 0100 0101 110 1100
STRIPE1 0010 0000 0100
STRIPEZ2 0011 0001 0 1000
STRIPES 0110 0001 1101 1010

0 eAeyKTNG RAID €CUTTNPETEI TIC AITACEIC YIA TIC TTANPOPOPIES TTOU EiXE
0 DISK2, xpnoiyotroiwvtag 0Aoug Toug AAAoug OioKOUC + TNV ICOTIMIQ.
‘ETOI

STRIPEO,DISK2 = 0100 XOR 0101 XOR 1100 = 1101
STRIPE2,DISK2 = 0011 XOR 0001 XOR 1000 = 1010
STRIPE3,DISK2 = 0110 XOR 0001 XOR 1010 =1101

KabBe avayvwaon tou xaAaouévou dioKOU, avTIOTOIXEI O avayVwWaoEIS O OAOUC
TOUC utTOAoITTOoU¢ BioKOUC. KaAo gival va avTIKatTaoTHOOUUE TO xaAaouévo QioKOo

ypnyopa!
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AIOKOMUIOTEC

Ol EPAPUOYEC EKTEAOUVTAI OAO Kal TTEPIOCOTEPO
o€ OIOKOMIOTEC (Servers)

Avalntnon otov |oTo, EpapUOYEC YPAPEIOU, EIKOVIKOI
KOOMOLI, ...

ATTQITOUVTAI JEYAAOI DIOKOUIOTEC KEVTPWV
OEOOPEVWV

[ToAAOI eTTeECEPYAOTEC, OUVOEDEIC DIKTUOU, padikn
atrofnkeuon

[TepIopIOUOi XWPOU Kal NAEKTPIKINC 1I0XUOG
ECOTTAIONOC OIOKOMIOTWY YIa IKPIWMATA (racks)
TwWV 19 Ivtowv

Yyocg o€ moAAatTAdoia 1.75 ivtowv (1U)

Keg@daAaio 6 — AtroBnkeuon kai E/E— 59



AIOKOMIOTEG VIO IKPIWHA

Alakouiot¢ Sun Fire x4150 1U

‘e o | TN NI

2 mAeovadlovta
TPOPOBOTIKA

3 umrodoxég PCI Express

Kdapta dilaouvdeong 2 BUpeg USB
SIKTUOU Yyia Siayeipion

LED katdotaong cuotipatog  Zeipiakn Bupa Kdprteg diaouvdeang Eixéva
yla diayeipion SiIkTUOU TwV 4 Gigabit
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Intel Xeon
5100/5300

FSB
1333 MT/s

FSB
1333 MT/s

Intel Xeon

4 TTU P r’]VSQ 5100/5300
0 KaBévag

16 x 4GB =
64GB DRAM

Kavah B
5,3 GB/s

ArTA6 FSB
mpog MCH

Mvrjpeg DIMM

Mvijpeg DIMM

5,3 GB/s
Kavah A

PCle

AlakopioTng Sun Fire x4150 1U

1X eowTEPIKN
8Upa USB 2.0

2x 00peg USB 2.0
miow

I
[f—]

2x 80peg USB 2.0
pTITpOCTA

PCle x4 2x 1GB
Ethernet
2&3

Mvipeg DIMM

ESI (PCle)

PCle x16.-2 [Emmm—]

-
'

@
-

x
2
Q
o

IOH
ESB-2

2x 1GB
Ethernet
0&1

Zeiplakn
N, RJ-45

ASSEED
AST2000 Ethernet

Q62611.1 GP 10/109 yia
0608 TAN »2 Siaxeipion
Bivreo
VGA

PCle x8

8x SAS
ZkAnpoi dickol

PCle x16 -0 | o o |
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MNapadeiypa oxediaong cuotnuarog E/E

Aegdopéva: Eva ouoTtnua Sun Fire x4150 e

dopTio epyacia: avayvwoei¢ diokou Twv 64KB

KaBe Asitoupyia E/E atraitei 200000 evioAEC KwdIKA XpHOTN
Kal 100000 evioAEg Tou AZ

KaBe CPU: 10 ° evrtoAécg/sec

FSB (Front Side Bus, Eutrpoo6iog diauAog): 10.6 GB/sec
LUEYIOTO

DRAM DDR2 ota 667MHz: 5.336 GB/sec
PCI-E 8x diauAog: 8 x 250MB/sec = 2GB/sec

Aiokol: 15000 rpm, 2.9ms peoog Xpovocg avalntnong,
112MB/sec puBuog YETAPOPAC

[Tolo¢ €ival o puBpocg E/E tTou ptropei va diatnpnOei;

['1a TUXAIEC avayVWOEIG, KAl VIO OKOAOUBIOKEG avayVWOEIG
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MNapadelypa oxediaong (cuvexeia)

PuBuocg E/E yia 1ic CPU
Ava truprjva: 10 2/ (100000 + 200000) = 3333
8 TTupnvec: 26667 AsiToupyiec/sec
Tuxaiec avayvwoelg, pubuocg E/E yia Toug diokoug

Y100€0T1E OTI O TTPAYMATIKOC XpOVvog avalrntnong eival 1o 1/4
MEOOU

Xpovoc/Aeiroupyia = avalATnon + Aavldavwy Xpovog + JeTagpopa
=2.9ms/4 + 4ms/2 + 64KB/(112MB/s) = 3.3ms

303 Asitoupyieg/sec ava dioko, 2424 Asitoupyieg/sec yia 8
dioKOoUGg

AKOAOUBIOKEC avayvVWOEIC
112MB/s / 64KB = 1750 A&itoupyieg/sec ava dioko
14000 Acitoupyieg/sec yia 8 diokoug
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MNapadelypa oxediaong (cuvexeia)

PuBuocg E/E tou PCI-E
2GB/sec / 64KB = 31,250 Acitoupyiec/sec

PuBuocg E/E tTnc DRAM
5.336 GB/sec / 64KB = 83375 Acitoupyiec/sec

PuBuocg E/E Tou FSB

Y1T00£0TE OTI UTTOPOUME va dIATNPOOUMPE TO MIOO TOU PEYIOTOU
puBuou
5.3 GB/sec / 64KB = 81540 Acitoupyieg/sec ava FSB
163080 Acitoupyieg/sec yia 2 FSB
O TTI0 adUVAuO0G KPIKOG: 01 digKoOl

2424 Aeitoupyieg/sec Tuxaieg, 14000 Asitoupyieg/sec
OKOAOUBIOKES

Ta aAAa cuaTaTIKG £€X0UV APBOVO XWEO YIa VA XWPETOUV aUTOUG
TOU puBuoug
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[MTAavn: PepeyyuoTnTa OICKWV

AV £vVOC KATAOKEUAOTNG OIOKWYV OiVEl OTI TO
MTTF €gival 1200000 wpec (140 xpovia)

‘Evac diokoc Ba £xel TOOO peyaAn dIApKeEIa
AABOC:. auTOC €ival 0 HECOC XPOVOC
TTPWTNC ACTOXIOC

[Moia €ival N KAaTavoun Twyv aoToXIWV,

T1 Ba yivel av €xete 1000 diokoug;

[16o01 Ba aoToXOUV KABE XPOVO;

Annual FailureRate (AFR) = 1000disksx8760 hrS/dlSk: 0.73%

1200000hrs/failure
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Mayida: «EeopTWHA» O€ eTTECEPYAOTEG E/E

H emBapuvon TNG dlaxeipiong Twv AITAOEWYV TOU
erecepyaoTr) E/E pytropei va Kuplapxei
TayxuTtepo va yivetal n pikpn Asitoupyia otn CPU

AANG N apxITEKTOVIKN E/E PTTOPEI va JNV TO ETTITPETTE
QuUTO

0 €TTeCEPYaOThC E/E ptTOopEi va givai 1o apyog
E@ooov utroTiBeTal 0TI €ival atTAOUCTEPOC

AvV yivel TaOXUTEPOG KaBioTatal onNUAVTIKO
OUCTATIKO TOU CUCTNUATOC

MTropei va xpeialetal Toug dIKoUC TOU
OUVETTECEPYAOTEC!
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Mayida: avriypa@a ac@aAeiag o€ Talvia

H payvnTiKA Tavia €iXe TTAEOVEKTHMATO
dopnTdTNTA, HEYAAN XWPENTIKOTNTA

Ta TTAEOVEKTANOTO ApXIoAV VO XAVOVTaAl UE

TIC ECENICEIC TNC TEXVOAOYIAC OIOKWV

Eival mio Aoyiko va etTavaAappavovTtal T

OedOpEVA

[1.x, RAID, atropyakpuopuevn dnuioupyia
eI0WAWV (remote mirroring)
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[Mayida:. HEYIOTN ATTOO00N

ol yeyloTol puBuoi E/E gival oxedov aduvartov va
ETITEUXOOUV
2.UVNOwC¢, KATToIa GAAO OCUCTATIKA TOU CUCTAMATOC
TTeEpIopiCouV TNV ATTO000N
[1.X., METAQOPEC OTN VAN MECW EVOC DIAUAOU
2UyKpouaon pe Tnv avavéwon (refresh) tTnc DRAM

2 UVaYWVIONOC dlaiTnoiag pe AGAAou KUpIoug (masters) Tou
dlauAou

[1.x., diauAog PCI: péyioto eupoc (wvng ~133 MB/sec
2TNV TIpAacn, JTropEi va diatnpnOei To 8OMB/sec kata PEyIoTo
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2UHUTTEPAOCHATIKESG TTOPATNPNOEIG

MeETpa ammédoonc E/E
PuBuocg diekTrepaiwong, Xpovog atrokpiong
H @epeyyuoTNTA KAl ETTIONC TO KOOTOC €ival
ONMAVTIKA

XpnolPoTroiouvTal OiauAol yia TN ouvoeon
CPU, pvnun, eAeyktec E/E

[1epi6OEUON, dlakoTTEC, DMA
MeTpotrpoypauuara E/E

TPC, SPECSFS, SPECWeb

RAID
BeATiwvel TNV atrodoaon Kail Tn gepeyyuoTnTa
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