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Eicaywyn

Ol OUOKEUEG €10000U/eCOO0U XapakTnpidovtal atro
2UUTTEPIPOPA: €i00D0C, £C000C, ATTOBNKEUON
ETaipo: avBpwtrog N unxavn
Pubuo dedopévwy: byte/sec, transfers/sec

2.UVOECTEIC OIAUAOU £10000U/e€O00U

AlakoTrég

Emegepyaotic |

Kpuon pvrpn

Alaolvdeon PVAKNG Kal £10600U/eE650U

Kupia EAeykng EAeykng EAeykTig
pVAMN £10600u/eE6O0U £10600u/e§6O0U £l0600ou/eg6dou

oD NG J
"‘E€0dog Aiktuo
Aiokog| |Aiokog YPOAPIKWY
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XapaKTnpPIoTIKA cuoTnpaTog E/E

H pepeyyuoTnTa (dependability) ivar onuavrikn
EidIKG yia OUOKEUEC aTTOBNKEUONC
MeETpa arrodoong

AavOavwyv xpovoc (latency) i XpoOvog atrokpiong
(response time)

AlekTTEPAIWTIKA IKAVOTNTA (throughput) ) eUpoc
(wvnc (bandwidth)
Emtpatredia Kal EVOWPATWUEVA CUCTHMATA

EvOla@pEpouV KUPIWG YIa TO XPOVO ATTOKPIONG KAl TNV
TTOIKIAOOP®Ia TWV CUOKEUWYV

AIOKOUIOTEC

EvOlagpEpouv Kupiwg yia TN JIEKTTEPAIWTIKNA IKAVOTNTA KAl TAV
ETTEKTACINOTNTA TWV CUCKEUWV
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DepeyyuoTnTta (dependability)

0AOKANPWON UTTNPETIAC
H uttnpecia rapExeral
OTTWG £XEI KABOoPIOTEI

[N

Etravagopd AoToxia
(restoration) (failure)

\ /

AIQKOTTA UTTNPETIAC
ATTOKAION QTTO TNV
POdIAYEYPAMMEVN UTTNPETI

EAGTTWA (fault):
QOoTOXia €VOC
ouUCoTaTIKOU

MTtropei va odnynoel n
va unv odnynoel o€
aoTOYXia TOU
OUOTNMOTOG
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METPO PEPEYYUOTNTAG

AZlomioTia (reliability): yEoog XpOvog TTPWTNG AOTOXIAC
(mean time to failure — MTTF)
A1aKOTTH) UTTNPECIAG (Service interruption): HECOC
XPOVOoG £TTIdIOPOwaoNG (mean time to repair — MTTR)
MEoog XpOvog HETOU aoTOoXIWV (Mmean time between
failures - MTBF)

MTBF = MTTF + MTTR

AlaBeocipoTnra (availability) = MTTF / (MTTF + MTTR)

BeAtiwon diaBsoipotnracg

Augnon MTTF: atropuyn eAatTtwuarog (fault avoidance), avoxn
eAatTwpaTtwy (fault tolerance), TpoBAewn eAatTwudaTwy (fault
forecasting)

Meiwon MTTR: BeATiwpEva epyaleia kal diadikaoieg didyvwaong
Kal €dI0pOwoNng
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AtroOnkeuon oto OIOKO

Mn TTnTIKA (nonvolatile), TrepioTpepouevn
UayVvNTIKN aTTo0NKEUOoN

cylinder

sector

_____________________
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Topeic OIOCKOU Kal TTPOCTTEAQCN

KaBe TouEac (sector) Karaypagel
Tnv TautoTnTa TOouEa (sector ID)
Aedopéva (512 byte, 4096 byte TTpOTEIVOUEVN TIUN)

Kwdika d10pbwaong a@aAuaTtwy (error correcting code —
ECC)

[ atréKpuU YN ATEAEIWV KAl KATAYPAPH OQAAUATWYV
[1edia ouyxpoviophoU Kal KEVA (gaps)
H TTpooTTEAQCN €VOC TOUEQ TTEPIAQUBAVEI

KaBuoTépnon avapovig o€ oupa av EKKPEPMOUV AAAEC
TTPOCTTEAQCEIC

Avalntnon (seek): petakivnon Twv KEQaAwV
NavBavwyv xpovog TTepIoTpoPn¢ (rotational latency)
MeTapopa deOONEVWYV

EmBdapuvon eAeykTr (controller)
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MNapadeiypa rpooTEAAONG OICKOU

Agdopeva

Toueag Twy 512B, 15.000rpm (TTEQICTPOYPEG ava
AETTTO), HEGOG XPOVOG avadnTnong 4ms, pubuog

uetagpopac 100MB/s, emBapuvon 8)\£VKTF] 0.2ms,
OiOKOC adpavrC

MEooG XpOvog avayvwaong
4ms Xpovog avalrntnong
+%2/(15,000/60) = 2ms AavBdavwv Xpovog
TTEPIOTPOPNC
+ 512 / 100MB/s = 0.005ms xpOvo¢ UETAPOPAC
+ 0.2ms KaBuoTEpNon EAEYKTN
=6.2ms

AV 0 TTPAYMATIKOG HECOC XPOVOC avalnTnong nrav
lms:

MEooOC Xpovog avayvwaong = 3.2ms
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Zntnuara amrodoonc 0ioKOoU

Ol KAOTOOKEUAOTEC QVAPEPOUV TO HECO XPOVO
avalNTnong, BE Baon OA&g TiC TBOaveEC avalnTNOEIC

H TOTTIKOTNTA KAl O XPOVOTTPOYPOAMUATIONOGC TOU AX
0dnyouv O€ MIKPOTEPOUS PECOUC XPOvoucg avalntnong
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EAEYKTEG OIOKWYV

« «Etuttvoc» e€AeykTric dioKou
KATAVEMEI TOUC QUOIKOUG TOMEIC

TOU OioKOU
 Ep@avilel Tn dlacuvdean TwV AOYIKWV
TopEwV (logical sector interface) oTov

UTTOAOYIOTN
 SCSI, ATA, SATA eAeyKTEC

« Q1 povadeg diokou TrepIAaupBavouv
KOl KPUPEG MVAMES
 EKTWV TTPOTEPWYV TTPOCKOUION
(prefetch) Top€wyv Pe avapovn
TTPOCTTEAQONG TOUG CUVTONO
« Atmoopuyn avalnrnong Kai
KaBuoTEPNONG TTEPIOTPOYPNG
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AtToONKeuon og uvNUN PAAG

Mn TTTNTIKA NUIAYWYIKN ATTOBNKEUON
100x — 1000 TaxuTtepn a1ro TO OIOKO
MIKPOTEPO PUOIKO HEYEDOC,
XaunAdTepn KaravaAwaon 10XU0c,

[0 eUpwoTN

AAANG kKoaoTiCel TTepioocoTepa €/GB (avaueoca oT10
0ioko kal Tnv DRAM)
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TUTTOI HVAMNS QAQC

NOR flash: keAi bit poialer ye TuAn NOR
Tuxaia TTpooTTEAQON AVAYVWONG/EYYPaPnG
XPNOIUOTTOIEITAI VI UVAUN EVTOAWY O€ EVOWUATWHEVA CUCTAMATA

NAND flash: keAi bit yoialer ye ruAn NAND

[Mio Trukvn) (bit/emmipaveia), aAAd TTpooTTEAAON EVOS OAOKANPOU

UTTAOK TN QOpa

dBnvoTepn ava GB

Xprjon oe USB keys, atrofrikeuon néowyv (AX0g, €IKOva), ...
Ta bit TNG pvPNG @Aag @OcipovTal PETA ATTO XIAIADEG
TTPOCTTEAQCEIC

Agv gival KATAAANAN yia va avTtikaraotnoel tTn RAM i 1o dioko

E¢icoppottnon ¢Bopdc (wear leveling): eTTavaxaptoypagnon
OedOPEVWV O€ AIYOTEPO XPNOIMOTTOINUEVA ITTAOK
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2UCTOTIKA O100UVOEC NG

Avaykn dlaouvdeonG METACU
CPU, pvnung, eAeyktwyv E/E

AIQUAOC: KOIVOXPNOTO KAVAAI ETTIKOIVWVIOC
[TapdAANAO CUVOAO aywywV yia OEO0UEV KAl
OUYXPOVIOUO TNG METAPOPAC TOUC
MTTOpPEI VO ATTOTEAECEI ONUEIO CUNEPOPNONG

H amméooon TeplopiceTal atmro GuUaIKoUg
TTAPAYOVTEC

MnKog aywyou, apiBuog ouvOETEWV
[1I0 TTPOC@ATN EVOAAQKTIKI: OEIPIOKEC OUVOETEIC
uwnANc TaxutnTag JE METAYWYOUC

OT1rwcg oTa dikTua
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TutTOI OIGUAOU
AiauAol eTTeCEpyaoTN-HVAUNG

KovToi, yeyaAn taxutnTa

H oxediaon Taipialel ye Tnv opyavwon Pvpng
AiauAol e10000u/e€0d0U

MaKpPUTEPOI, ETTITPETTOUV TTOAAEC OUVOETEIC

[Tpodlaypda@ovTal UE TTPOTUTTA VIO AOYOUC
dlaAeIToupyIKOTNTAC (Interoperability)

2.UVOEQN ME TO OIAUAO ETTECEPYAOTN-UVAMNG
MEOW MIaC YEupacg (bridge)
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2AMOTA OIOUAOU KOl CUYXPOVIOHOG

[[POUMEC DEQOUEVWIV
MeTapépouv dieuBuvon kal dedopeva
Me TTOAUTTAECN ) CEXWPIOTA

[ POUUEC EAEYXOU

AgiXvouv ToV TUTTO OEOOMEVWY, CUYXPOoVICOUV TIG
ouvaAAayEg (transactions)

2.Uyxpovn
XpnoiyoTtroiei poAdI dlauAou

Acuyxpovn

XPNOIJOTIOIEl YPAUMEC EAEYXOU aiTnong/emReRaiwong
(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)
y 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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[Mapadeiyparta O1auAou E/E

Firewire USB 2.0 PCI Express Serial ATA Serial
Attached
SCSI
[MpbdBeon ECwTepIKA ECwTepIKn EcwTtepikn EcwTtepikn ECwTepIKA
XpPnong
2 UOKEUEC ava | 63 127 1 1 4
KQvaAAl
EUpog 4 2 2/lane 4 4
0edOUEVILV
MéeyioTo €upog | 50MB/s 1y 0.2MB/s, 250MB/s/lane | 300MB/s 300MB/s
qwvng 100MB/s 1.5MB/s, n 1x, 2%, 4%, 8x%,
60MB/s 16x%, 32x
2UvOEDN «E&V Nai Nai Ecaptaral Nai Nai
Bepuw»
MéyioTo unkog | 4.5m 5m 0.5m 1m 8m
[MpdTutro IEEE 1394 | USB PCI-SIG SATA-10 INCITS TC
Implementers T10
Forum
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Tumko cuoTnua E/E x86 PC

Intel Xeon 5300

: Intel Xeon 5300

ETTECEPYOOTNG | ETTEGEPYAOTNG
.
— o __TTTTT T
Eutrpdaobiog Siauhog (1333 MHz, 10,5 GB/sec)
FB DDR2 667
DIMM eAEYKTA PVALNG (4 GB/sec)
KUpPIOG (Bopela yépupa)
HvAuNg 5000P
Serial ATA ESI PCle x8
ena (2 GB/sec)|(2 GB/sec
— (300 MB/sec) )
Aiokog
PCle x4
— (1 GB/sec)
o PCle x4
(1 GB/sec)
i Op@aldg (hub
Alokog “"’;;5;; ub) PCI-X bus
~— LPC £10600U/EEOB0U (1 GB/sec)

. (1 MB/sec) (voTia yépupa) PCI-X bus
MAnKTPOAGYIO, Entreprise South 1 GB/
TIOVTIKI, ... : ( sec)

Bridge 2
(6(L)JSIII3370 ) Parallel ATA
sec
(100 MB/sec) cD/DVD
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Alaxeipion €10000U/e¢O00U

To AZ gival o evdiaueoocg yia tnv E/E
[ToAAG TTpOyYpappaTa polipalovTal TTOPOUC
£10000U/e€O00U

Xpelaletal TTPO0TACIO KAl XPOVOTTPOYPAMMATIONOC
H E/E TTpoKaAei aoUyxpoveg DIOKOTTEC

1010¢ pNXavIoOPOC ME TIC ECAIPETEIC
0 TTpoypaupaTionog E/E eival SUokoAog

To AZ TTapEXEI APAIPECEIC OTA TTPOYPAUMATO
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AlaTayEg e10000U/eEO00V

Tic ouokeuég E/E diaxelpileTal TO UAIKO TwV
eAeykTWV E/E

MeTapEpouv OEOOUEVA ATTO/TTPOC TN OUOKEUN

2.UyXpPoviCouVv TIC AEITOUPYIEC PE AOYIOMIKO
Kataxwpntég diataywyv (command registers)

Avaykalouv Tn OUOKEUN va KAVEl KATI
KataxwpnTtég Karaotaong (status registers)

AgiXvouv TI KAVEI N CUOKEUN KAl TV EUPAVION
OQ@AAPATWY

Kataxwpntég dedopevwy (data registers)
Evyypa@nc: HETAPEPOUV OEQOUEVA OE IO CUOKEUN
Avayvwong: JETAPEPOUV DEOOPEVA ATTO PIO OUOKEUN
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XapToypd@non karaxwpntwyv E/E

E/E pe xaptoypaenon uvaung (memory mapped
/0)

Ol KaTaxwpenTEC TTpooTreEAGlovTal oToV 010 XWEOo
O/VOEWV PE TN PvAUN

O OTTOKWOIKOTTOINTAC O/VOEWV KAVEI TO DIAXWPICHO

To A2 XpNOIUOTTOIEl PNXAVIONO PETAPPAONC O/VOEWV
WOTE VA TOUG KAVEI TTPOCTTEAACIUOUC UOVO OTOV
Tupriva (kernel) Tou A2

EvioAec E/E
—EXWPIOTEC EVTOAEC VIO TTPOCTTEAQCN KaTaxwpnTwy E/E
MTTOpOUV va eKTEAECTOUV POVO O€ KATAOTAON TTUPNVA
[Mapadelyua: x86
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[Mep10deuon (polling)

[1€PI0OIKOC EAEYXOC TOU KATAXWENTN
KaTaoTaong (status register) 1n¢ E/E

Av N OUOKEeEUN €ival €TOIUN, KAPia AEIToupyia

Av UTTapXEl cPaAua, avaAnyn dpaong
2.uvNONc o€ JIKPA N XAUNAWY ETTIOOCEWV
EVOWHATWHEVA CUCTAMATA TTPAYHATIKOU
XPOVOU

[TPOPBAEWIPOC XPOVIOUOC

XaunAoO KOOTOC UAIKOU

2.€ OAAa cuoTnuarta, oTTataAn xpovou CPU
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AlakoTrEC (Interrupts)

Otav yia ocuokeun €ival €Toiyn N 0Tav CUuPEi
O@aAQ

0 eAeyKTNC dlakoTtrTel TN CPU
H diakoT1TA €ival oav e€aipeon (exception)

AANG O€ ouyxpoViCeTAl E TNV EKTEAEON TWV EVTOAWV

MTtropei va kaAéoel 1o xeipiotn (handler) petacu
EVTOAWV

[TAnpogopia yia 10 aiTio (cause) TTPOCOIOoPICEl TUXVA
TN OUOKEUN TTOU TTPOKAAEI OIOKOTTN

AIOKOTTEC ME TTPOTEPAIOTNTEC

Ol OUOKEUEG TTOU XpeIdlovTal TTIOo ETTEIYOUCQ TTPOCOX
AapBavouv upnAdTEPN TTPOTEPAIOTNTA

MT1TOpOUV va OIOKOWOUV TO XEIPIOTA HIAg OIAKOTING
XAMNAOTEPNC TTPOTEPAIOTNTAC
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MeTagopa 0edopevwy E/E

[Tepi6deuon kal E/E odnyouuevn atro OIAKOTTEC

H CPU peta@Epel 0edopéEva JETACU PvAMNG Kal
Kataxwpntwy dedouevwy E/E

Xpovofopa d1adikaagia yia OUOKEUEC UWNANG
TaXUTNTOG

Aueon TTpooTTEAQCON pvMNG (direct memory
access — DMA)
To A2 TTapéxel Tnv apxikn d/von pvnuNg

0 eAeykTNC E/E KaAvel peTagopd TTpog/aTtrd Tn Pviun
QuUTOVOUQ

0 EAEYKTNC TTPOKAAEI DIAKOTTI) OTAV OAOKANPWOEI TN
METAPOPA N O€ TTEQITITWON TPAAUATOC
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AAAnNAetTidopaon DMA/Cache

Av 10 DMA ypapel o€ Eva UTTAOK PVIMNG TTOU BpioKeTAl
OTNV KPU®N pvnun

To avTtiypa@o TNG KPUPNG HvAMNG YIVETAI «TTAANIO»
Av n Kpupn yvAun €ival eTEpOXPOVNG EYyPaPNnGs Kai 1o
UTTAOK €ival «akaBapTo», kal To DMA diaadel To JTTAOK
NG UVNHNG

AlaBadler Ta «tTaAid» dedopéva
[MpETTel va eyyunBouue Tn ouvoxn (coherence) 1n¢
KPUQNG pUvnung

«EkkéEVwaony (flush) Twv PTTAOK aTTd TN KPUEPR MVAUN AV
TTPOKEITAI va XpnoidoTtroinbouv oe DMA

'H xprion 6éoewv pvung Tou dcv aTT0BNKEUOVTAI TN KPUPN
uvAun (non-cacheable) yia 1i¢ Asitoupyiec E/E
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MéTpnon amrédoong E/E

H ammodoon E/E ecaptaTal atro
YAIKO: CPU, pvun, €AEYKTEC, DiauAol

AOYIOUIKO: AEITOUPYIKO oUOTNUA, oUuoTAUO

dlaxeipiong Baong 0edOPEVWY, EQApPUOYN

doprTio epyaciac: pubuoi Kal poTifa aIToewy
H oxediaon Tou cuotnuaTog E/E utropei
vVa KAvel oupBIfacuouc HETACU XPOVOoU
QTTOKPIONG Kal pUBUOU DIEKTTEPAIWONG

Ol JETPNOEIC PUBPOU DIEKTTEPAIWONG YivovTal

OUXVA JE TTEPIOPICUEVO XPOVO ATTOKPIONG
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MeTPOTTPOYPAMMATA ETTECEPYATIOS CUVOAAAYWV

2 UvaAAayecg (Transactions)
MikpEG TTPOOTTEAGOEIC DEQOPEVWV O€ Eva oUOTNHA DlaXEipIoNnG
Bdonc dedopEvwy (DBMS)
To evdiagEpov gival oTo pubuod E/E, 6xi To puBud dedopévwv
Métpnon puBuou diektrepaiwonc (throughput)
YTTOKEITAI OE TTEPIOPIOUOUG XPOVOU ATTOKPIONG KAl XEIPIOUO
QO TOXIWV

ACID (Atomicity/Atopikotnra, Consistency/2uveTreia,
Isolation/Atropovwon, Durability/Avroxn)

2. UVOAIKO KOOTOG ava auvaAAayn

MeTpotTpoypaupata Tou Transaction Processing Council
(TPC,
TPC-APP: dI0KOMIOTAG EQAPUOYWYV KOl UTTNPECIWY I0TOU
TCP-C: TepIBAAAOV KATAXWPIONG TTAapayyeAIWV
TCP-E: emreCepyaoia ouvaAllaywyv HECITIKOU ypaPEiou
TPC-H: utroothpign atro@aocswv — Kata Tepitrtwon (ad-hoc)
EPWTAMATA JE TTPOCAVATOAIOUO ETTIXEIPNOEIC
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MEeTPOTTPOYPANMATO CUCTHMATOS apXEiwV Kal loToU

SPEC System File System (SFS)
2 UVOETIKO opTio gpyaaiac yia diakouiothy NFS, pe
Baon TTapakoAoudnon TTPAYUATIKWY CUCTANATWY
ATToTEAECUATO

PuBpuocg diektrepaiwong, throughput (Asitoupyicg/sec)
XpoOvog atrokpions (MEoo ms/AeiToupyia)

SPEC Web Server benchmark

MeTpAEel TIC TAUTOXPOVEG OUVEDPIEC (Sessions)
XPNOTWV, JE BAON TOV ATTAITOUUEVO PUBUO
OIEKTTEPAIWONG ava ouvedpid

Tpia gopTia gpyaaiac: Tpatredikn, HAEKTPOVIKO
EUTTOPIO, KAl YTTOOTAPIEN
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E/E eévavti amrodoong CPU

Nouog Tou Amdahl
Mnv ayvoeic Tnv ammodoon Tn¢ E/E kabwg n

TTapaAAnAia aucavel TNV ATOd00N TWV UTTOAOYIC WV

[Mapadelyua
To yeTpotTpoypappa dlapkei 90s xpovo CPU, 10s
Xpovo E/E
AirrAdoiec CPU kdaBe 2 xpovia
E/E apetdBANTN
‘Etog | Xpovog CPU | Xpovog E/E | TapeABwyv % Xpbdvog
XPOVOC E/E
Twpa 90s 10s 100s 10%
+2 45s 10s 55s 18%
+4 23S 10s 33s 31%
+6 11s 10s 21s 47%

Ke@daAaio 6 — AtroOinkeuon kail E/E— 31




RAID

[TAeOVOOUATIKEG TUOTOIXIEG PBNVWY (avECAPTNTWV)
diokwv — Redundant Array of Inexpensive (Independent)
Disks

Xpnon TTOAAWYV HIKPOTEPWYV DIOKWYV (0 OXEON ME Eva JEYAAO)

H trapaAAnAia BeATIwvEl TRV atTOd00N

Kai TTp6oBeT0oI1 dioKol yia atTo0rikeuon TTAEOVAC UATIKWV

OEOOUEVWIV
[MapéExel cuoTnUa atTobnKeuong ME avoxn o€ EAATTWUATA
(fault tolerant)

EI0IKG av o1 0ioKOI TTOU aGTOX0UV OEV UTTOPOUV Va
QVTIKOTAOTOB0UV «&V BEPUW»

RAID O
Xwpic TAeovaopuo (“AlD™;)
Ta dedopéva atmAwg poipadovral o€ TTOAAOUG dioKOUG
AANG BeATIWvEl TV aTTOd00N

KepdaAaio 6 — AtroOnkeuvon kai E/E— 32



RAID 1 & 2

RAID 1: Anuioupyia €idwAwv (mirroring)

N + N digkol, eTTavaAnyn 0O0NEVWY

Evypa@n dedopEVWY Kal 0TO OiIoKO OEQOUEVWY KAl OTO OIOKO
gidwAo

2.€ TTEPITITWON aoToXiag OioKouU, avayvwon atro To €idwAO0

RAID 2: Kwdikag d16pBwaonc a@aApatwv(Error
correcting code — ECQC)
N + E diokol (11.X., 10 + 4)
XwpIopog dedopévwyv o€ eTTiredo bit otoug N diokoucg
Anuioupyia ECC Twv E bit
YTTeEPBOANIKA TTOAUTTAOKO, O€ XPNOIUOTTOIEITAI OTNV
Tpagn
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RAID 3: looTigia TTAEENC bit

Bit-Interleaved Parity
N + 1 dioKol

Aedopeva poipalovral o€ N diokoug o€ €TTiTredOo byte
[TAeovaopaTIKOC diOKOG atToBnKEUEl TNV I00TIHIA
[lpooTtréAQON avayvwong

Avayvwaon OAwWV Twv dioCKWV
[TpooTtreAaon eyypa®ng

Anuioupyia vEQG I00TIMIAGC KAl EVNMEPWON OAWYV TWV dIOKWV
2.€ TIEQITITWON AOTOXiOC

Xpnon IcoTIdiag yia eTTavacUuoTaon TWV XAMEVWY OEOOUEVWV

Agv XpNOIUOTTOIEITAI EUPEWC
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RAID 4. looTidia TTAEENG MTTAOK

Block-Interleaved Parity
N + 1 diokol

Ta dedopéva poipalovral o€ N diokoucg o€ TTITTEDO MTTAOK
[MAeovaopaTiKOG dioKOG a1ToONKEUEI TNV ICOTIMIA VIO YIO OAdA JTTAOK
[MpooTtréAAON avayvwong

AiaBadlel povo 1o dioKo TToU TTEPIEXEI TO (NTOUPEVO MWTTAOK
[MpooTTEAAON EYYPAPNGS

ATTAWC d1aBdalel To OIOKO 01 OTTOIOG TTEPIEXEI TO UTTAOK TTOU TPOTTOTTOIEITAI, KAl
T0 OiOKO I00TIHIOG

YT1ToAoyIONOG VEQG I00TIHIAG, evnUEPWON OioOKOU dEDOMNEVWY Kal OIOKOU
ICOTIMIOG

2.€ TTEPITITWON A0TOXiAG
XpNAon I00TIHIAG yIa TNV €TTAVACUCTACT TWV XAUEVWY OEQONEVWV
A€ XpNOIUOTIOIEITAI EUPEWG
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RAID 3 gvavti RAID 4

Néa 1. 2. 3.
dedopéva Avayvwaon Avayvwon Avayvwaon
DO’ DO D1 D2 D3 P
XOR
DO’ D1 D2 D3 P’
4. S.
Eyypaer Eyypaen

Néa 1. 2.
Oedopéva Avayvwaon Avayvwaon
DO” DO D1 D2 D3 P
+ )| XOR
+ JXOR
DO’ D1 D2 D3 P’
3. 4.
Eyypaen Eyypaen
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RAID 5. KaravepnueEvn 1ICOTIMIO

N + 1 diokol
Ot1rw¢ 10 RAID 4, aAAG TO PITTAOK I00TIMIOC
KOTAVEUOVTAlI OTOUG OIOKOUC

ATTO@QEUYEI TN ONUIOUPYia onUEIOU oUPPOPNONG
(bottleneck) oTo dioko 100TIHIAC

Eupala xpr on
> B O d D Dy @y @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 R3 13 14 15
16 17 18 19 P4 P4 16 17 18 19
20 21 22 23 P5 20 21 22 23 P5
RAID 4 RAID 5
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RAID 6: NMAgovaouog P + Q

P + Q Redundancy

N + 2 QiOKOI

2av 170 RAID 5, aAAG pe OUO «TTAPTIOEG
I0OTIMIOG

MeyaAuTepn avoxn o€ EAATTWUATA HECW
TTEPICOOTEPOU TTAEOVACOU

[ToAAaTTAG RAID

[1I0 TTpoNyMEVA cuoTAUATA OivVOUV TTAPOMOIO
QvoxXnN o€ EAATTWUATA JE KAAUTEPN ATTOO00N
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[MepiAnwn RAID

To RAID ptropei va BeATIWOEI TNV
arrodoon kal Tn dlabeaipoTnTa (availability)

H uwnAnN d10Be0IyoTNTA ATTAITET «EV OEPUWI»
evaAAayr) (hot swapping)

YTT00ETEI OTI OI AOTOXIEC OIOKWYV €ival
AVECAPTNTEC

MeyaAo TTpoAnua av kKagi OAo 1o KT PIO!
Acite To "Hard Disk Performance, Quality
and Reliability”

http://www.pcguide.com/ref/hdd/perf/index.htm
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RAID 5 — [Napadelyua

2.uvexopeva blocks ypagovrai
EVAAAAQE 0TOUC DIOKOUG, EVW
KOTAVEUETAI OE€ AUTOUG KAl £Va
block icoTIiaG.

[MapExel upnAn atrodoon OTIC
AVAYVWOEIG, ApOoU AUTEG UTTOPOUV
va Yivouv atro TToOAAOUG 0ioKOoUC
EVOAAQGLE.

[MapExel acloTriaTia, agou av TTAbEl
BAGBN éEvag diokog, Ta dedopéva
MTTOPOUV Va avakTnOouv atrd Toug
UTTOAOITTOUG .
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RAID 5 - lNapadeiyua

‘EoTw O11 dlaBETou e 4 dioKOUG.
[Mw¢ douAevel To RAID 5;

Atravrnon: Ag Bewprjooupe Oti 01 4 dioKo! £X0UV Ta
[MapakdTw dedopéva (duadiko):

STRIPEO 0100 0101 0010

STRIPE1 0010 0000 0100
STRIPE?2 0011 1010 1000
STRIPES 0001 1101 1010

2Ta KiTpIva onueia, ToTToBeTouvTal Ta OedOUEVA 100TIMIAC. H 1coTIdia
uTtroAoyidetal wg 1o Exclusive-OR (XOR) 1ou idiou stripe OAwvV Twv
OiOKWV.
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RAID 5 - lNapadeiyua

‘Eotw o1 diaBEToupe 4 diokouc.
Mw¢ douAevueito RAID 5;

Atravrnon: Ag Bewprjooupue O11 01 4 dioKol £X0ouV Ta
MapakdTtw dedopéva (duadiko):

[a 6ooucg O¢
STRIPE1 0010 0000 0100 XOR ...
STRIPE2 0011 1010 1000 O TTivaKag
STRIPE3 0001 1101 1010 T R
Eioodog ‘E¢odog
0 0 0
2Ta KiTpIva onueia, TotroBeTouvTal Ta dedouéva iooTipiac. H . 0 N
looTIdia uttoAoyiletal wg 10 Exclusive-OR (XOR) Tou idlou stripe 4 0 1
OAWV TWV dioKWV. 1 1 0
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RAID 5 - lNapadeiyua

STRIPEO
STRIPE1
STRIPEO
STRIPE3

STRIPEO,DISK3 = 0100 XOR 0101 XOR 0010 = 0011

0100 0101
0010 0000
0011

0001

0010

1010
1101

0011
0100
1000
1010
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RAID 5 - lNapadeiyua

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

STRIPEO,DISK3 = 0100 XOR 0101 XOR 0010 =001
STRIPE1,DISK2 = 0010 XOR 0000 XOR 0100 = 0110

Qﬂab @ntua 2012-2013



RAID 5 - lNapadeiyua

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

STRIPE3 0001 1101

STRIPEO,DISK3 = 0100 XOR 0101 XOR 0010 < 0011
STRIPE1,DISK2 = 0010 XOR 0000 XOR 0100 =
STRIPEZ2,DISK1 = 0011 XOR 1010 XOR 1000 = 000

0011
0100
1000
1010
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RAID 5 - lNapadelyua

STRIPEO
STRIPE1
STRIPE2
STRIPE3

STRIPEO,DISK3 = 0100 XOR 01
STRIPE1,DISK2 = 0010 XOR 0000

0101
0000
0001
0001

0010
0110
1010
1101

XOR 0010 = 0011

0100 = 0110

0011
0100
1000
1010
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RAID 5 - lNapadelyua

STRIPEO
STRIPE1
STRIPE2
STRIPE3

Tehikl Eikova TG ouoToixiag AIZKQN

0100
0010
0011
0110

ue diaracn RAIDS

0101
0000
0001
0001

0010
0110
1010
1101

0011
0100
1000
1010
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RAID 5 - lNapadelyua

Mapadeiypa: Tiyivetal OTIG EYYPAPEGS;

Atravinon: Ag Bewprjooupe 0TI 01 4 dioKoI £X0UV TA
[MapakdTw dedopéva (duadiko):

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

‘EoTw OTI yiveTal n eyypagn Tou otoixeiou 1101 oTo block 2
(apibunon ¢ekivael atrd block 0).
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RAID 5 - lNapadeiyua

‘EoTw oM yiveTtal n eyypaon Tou grtoixeiou 1101 o1o block 2
(apiBunon ¢ekivael atro block 0).

STRIPEO 0100 0101 0010 0011
STRIPEL 0010 0000 0110 0100
STRIPE2 0011 0001 1010 1000
STRIPE3 0110 0001 1101 1010
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RAID 5 - lNapadeiyua

‘EoTw oM yiveTtal n eyypagr) Tou otoixegiou 1101 oT1o block 2
(apiBunon ¢ekivasl atmro block 0).

STRIPEO 0100 0101 —6610 0011
1101

STRIPE1 0010 0000 0110 0100

STRIPE2 0011 0001 1010 1000

STRIPE3 0110 0001 1101 1010

0 eAeykTAC RAID KAvel TNV €yypagr) TOU OTOIXEIOU OTO AVTIOTOIXO
block ...



RAID 5 - lNapadeiyua

‘E@TW OTI YiveTal n eyypagn Tou ogToixeiou 1101 oTo block 2
(apibunon ¢ekivael atrd block 0).

STRIPEO 0100 0101 -5646-1101 0011
STRIPE1 0010 0100
STRIPEZ2 0011 1000
STRIPE3 0110 1010

block ... kal TauTéxpova EavadnuIoyPyei TNV IGOTIHIO yia TO
OUYKEKPIMEVO Stripe, XpNOIMOTTOKIVTAS TTAMA TIUr, VEA TIUN KAl ICOTIMIA
STRIPEO,DISK3 = 0010 XOR 4101 XOR 0011 = 100
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RAID 5 - lNapadeiyua

‘E0TWw OTI yiveTal n eyypaen Tou gtoixeiou 1101 oTo block 2
(apiBunon ¢ekivael atrd block 0).

STRIPEO 0100 0101 -8646-1101 =-864+1100
STRIPE1 0010 0000 0110 01
STRIPEZ2 0011 0001 1010
STRIPE3 0110 0001 1101

010

0 eAeykTAG RAID Kavel TNV eyypa®r TOU OTOIXEIOU OTO AVTIOTOIX
block ... kal TauTéxpova EavadnuIoupyei TNV I0OTIHIA yIA TO
OUYKEKPIMEVO Stripe, XpNOIMOTTOIWVTAS TTAAIQ TIUN, VEA TIUN KdI ICOTIMIA
STRIPEOQ,DISK3 = 0010 XOR 1101 XOR 0011 = 1100
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RAID 5 - lNapadeiyua

‘E0Tw O yivetal n eyypaer) Tou otorxeiou 1101 oT1o block 2
(apiBunon ¢ekivael atro block 0).

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

0 eAeykTAC RAID KAvel TNV eyypa@r TOU OTOIXEIOU OTO AVTIOTOIXO

block ... kal Tautdxpova cavadnuioupyei TNV ICOTIPIA YIA TO
OUYKEKPIUYEVO Stripe, XpNOIMOTTOIWVTAC TTOAIA TIUA, VEQ TIMA KAl ICOTIYIA
STRIPEO,DISK3 = 0010 XOR 1101 XOR 0011 = 1100

H eyypapn oro RAID 5, 1c0duvauei ue 2 avayvwaoei§ Kail 2 eyypapés
o€ OIOKOUG.
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RAID 5 - lNapadeiyua

[Mapadeiypa: Ti yivetal av xaAaaoel £vag dioKog;

Atravinon: Ac Bewprjocoupe OTi 01 4 dioKol £X0UV T
[MapakdTw dedopéva (duadiko):

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

‘E0Tw OT xaAdel o DISK2
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RAID 5 - lNapadeiyua

[Mapadeiypa: Ti yiveTal av xaAdaoel £vag 0ioKog;

Atradvrnon: Ag Bewprooupue Oti 01 4 dioKol £X0UV Ta
[Mapakatw dedopéva (duadiko):

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

‘E0Tw O xaAdel o DISK2
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RAID 5 - lNapadeiyua

‘E0TW OT YaAdel o DISK2

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

0 €AeYKTNG RAID €CUTTNPETEI TIGC AITATEIC YIA TIG TTANPOQPOPIES TTOU EiXE
0 DISK2, xpnoliyoTrolwvtag 0AoUG Toug AAAOUG dioKouG + TNV ICOTIMIA.
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RAID 5 - lNapadeiyua

‘E0TW OT xaAdel o DISK2

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

0 eAeYKTNG RAID €CUTTNPETEI TIC AITACEIC VIA TIG TTANPOPOPIES TTOU EiXE
0 DISK2, xpnoliyoTroiwvTag 0AouG Toug AAAOUG dioKouG + TNV ICOTIWIA.
‘ET1O!I

STRIPEO,DISK2 =0100 XOR 0101 XOR 1100 = 1101
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‘E0TW O xaAdel o DISK2

STRIPEO
STRIPE1
STRIPEZ2
STRIPES

0100
0010
0011
0110

ID 5 - lNapddeiyua

0101
0000
0001
0001

1100
0100
1000
1010

0 eAeYKTNC RAID €CUTTNPETEI TIC AITACEIC VIA TIC TTANPOPOPIEC TTOU EiXE
0 DISK2, xpnolyoTrolwvtag OAouG Toug AAAOUG dioKOUG|\+ TNV ICOTIMIA.

E1ol

STRIPEO,DISK2 = 0100 XOR 0101 XOR 1100 = 1101
STRIPE2,DISK2 = 0011 XOR 0001 XOR 1000 = 1010
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‘E0TW O xaAdel o DISK2

STRIPEO
STRIPE1
STRIPEZ2
STRIPES

0100
0010
0011
0110

ID 5 - lNapddeiyua

0101
0000
0001
0001

1101

110

1100
0100
1000
1010

0 eAeYKTNC RAID €CUTTNPETEI TIC AITACEIC VIA TIGC TTANPOPOQIEC TTOU EiXE
0 DISK2, xpnolyoTrolwvtag OAouG Toug AAAOUG dioKOUG +|{TNV ICOTIMIA.

ETOI

STRIPEO,DISK2 = 0100 XOR 0101 XOR 1100 = 1101
STRIPE2,DISKZ2 = 0011 XOR 0001 XOR 1000 = 1010
STRIPE3,DISK2 = 0110 XOR 0001 XOR 1010 = 1101
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ID 5 - lNapddeiyua

STRIPEO 0100 0101 110 1100
STRIPE1 0010 0000 0100
STRIPE2 0011 0001 0 1000
STRIPE3 0110 0001 1101 1010

0 eAeykKTAG RAID €CUTTNPETEITIC AITACEIC VIA TIC TTANPOPOPIEC TTOU EiXE
0 DISK2, xpnoiuoTrolwvtag OAouG Toug AAAOUG dioKouG + TNV ICOTIMIA.
‘ET1O!I

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 xaAdaouévou dioKOU, QVTIOTOIXEI O avayVWOoEIC O OAOUC
TOUC UtTOAOITTOUC dioKOUC. KAAO gival va avTikaraoTNOOUUE TO XaAaouévo dioKOo

ypnyopa!

60



AIOKOMIOTEG

Ol EQAPUOYEC EKTEAOUVTAI OAO KAl TTEPIOCOTEPOD
o€ OIAKOMIOTEG (Servers)

Avadlntnon otov loTo, EQapuOoyEC YpaPEIOU, EIKOVIKOI
KOOuOI, ...

ATTaiTouvTal JEYAAO! OIOKOMIOTEC KEVTPWYV
OEOOUEVWV

[TOAAOI €TTECEPYAOTEG, OUVOEOTEIC DIKTUOU, padikn
aTTo0OnKeuon

[TeplOpIOPOI XWPOU Kal NAEKTPIKAG 1I0XUOGC

ECOTTAIONOC dlakouIoTWY YIa IKpIwpaTa (racks)
Twv 19 vtowv

Yyocg o€ TToAAaTTAGoia 1.75 viowv (1U)
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AIOKOMIOTEG VIO IKPIWHO

o
€

AlakopioTr¢ Sun Fire x4150 1U
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3 utrodoxég PCI Express

Kdpta diaouvdeong 2 BUpeg USB
SikTUOU yia dlaxeipion

LED katdotaong ouotiiparog  Zeipiakf 80pa Kdprteg diaocuvdeong Eixéva
yia diaxeipion dIkTUOU TwV 4 Gigabit

KepdaAaio 6 — AtroOnkeuvon kai E/E— 62



el

4 TTUPrVES
0 KaBEvag

Intel Xeon
5100/5300

FSB
1333 M

Intel Xeon
5100/5300

FSB
1333 MT/s

Mvijpeg DIMM

Mvipeg DIMM

Kavah B
5,3 GB/s

5,3 GB/s
Kavah A

T/s

10,5 GBJs PCle

AlakoMIOTAG Sun Fire x4150 1U

IDE CD/DVD

1

1X ecwWTEPIKA
80pa USB 2.0

2x 8Upeg USB 2.0
Tiow

2x 8Upeg USB 2.0
MTTPOOTA

2x 1GB
Ethernet
2&3

PCle x4

AnTA6 FSB
mpog MCH

16 x

4GB =

64GB DRAM

Mvnueg DIMM

R T

ESI (PCle)

-
]

©
-

x
2
3]
o

PCle x8

IOH
ESB-2

2x 1GB
Ethernet
0&1

Zeiplakn
RJ-45

ASSEED
AST2000

Q62611.1 GP
0608 TAN A2

Ethernet
10/100 yia
Siayeipion
Bivteo
VGA

§ T WE DEI0

8x SAS
ZKAnpoi diokol

T
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MNapadeiyua oxediaong cuctnuartog E/E

Aedouéva: eva ouoTnua Sun Fire x4150 pe

doprTio gpyacia: avayvwoelc diokou Twv 64KB

KaBe Asitoupyia E/E atraitei 200000 evioAEC KWAIKA XpNOTN
ka1 100000 evioAEg Tou AZ

Kd&Be CPU: 10 ? evroAég/sec

FSB (Front Side Bus, Eutrp6o6io¢ diauAog): 10.6 GB/sec
UEYIOTO
DRAM DDR2 ot1a 667MHz: 5.336 GB/sec
PCI-E 8% diauAog: 8 x 250MB/sec = 2GB/sec
Aiokol: 15000 rpm, 2.9ms y£oog Xpovog avalntnong,
112MB/sec puBuoc HETAPOPAC

[Toiog €ival o puBuoc E/E trou ptropei va diatnpenOei;

[0 TUXAIEC avayVWOEIC, Kal YIO AKOAOUBIOKEC avayVWOEIC
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MNapadsiypa oxediaong (ocuvexeia)

PuBuocg E/E via 1i¢ CPU
Avd tTupriva: 10 °/ (100000 + 200000) = 3333
8 TTupnveg: 26667 AsiToupyicg/sec

Tuyxaiec avayvwoelg, pubuog E/E yia Toug diokoug
YTT06€0TE OTI O TTPAYMATIKOG XPOVOC avalrntnong ivai o 1/4
uéoou
Xpovoc/Aeitoupyia = avalrtnon + Aavlavwy Xpovog + JeTagpopd
= 2.9ms/4 + 4ms/2 + 64KB/(112MB/s) = 3.3ms
303 Aeitoupyiec/sec ava dioko, 2424 Asitoupyieg/secyia 8
dioKOouCg

AKOAOUBIOKEC avayVvWOEIG
112MB/s/ 64KB = 1750 AciTtoupyieg/sec ava dioko
14000 AsiToupyiec/sec yia 8 diokoug

Keg aAaio 6 — AtroOnkeuon kail E/E— 65



MNapadsiypa oxediaong (ocuvexeia)

PuBuoc E/E tou PCI-E

2GB/sec/ 64KB = 31,250 Asitoupyieg/sec
PuBudc E/E Tng DRAM

5.336 GB/sec/ 64KB = 83375 Acitoupyieg/sec
PuBuog E/E Tou FSB

YTT00£0TE OTI HTTOPOUME VO dIATNPHOOUMPE TO MICO TOU PEYIOTOU
pubuou

5.3 GB/sec/ 64KB = 81540 Acitoupyiec/sec ava FSB
163080 Acitoupyieg/secyia 2 FSB

O TTI0 adUVANOC KPIKOG: 01 OioKOl

2424 heitoupyieg/sec Tuxaieg, 14000 Asitoupyieg/sec
OKOAOUBIOKEC

Ta GAAa ouoTaATIKA £X0UV APOOVO XWEO YIA VO XWPEECOUV AUTOUG
TOU puBuoug
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[TAavn: PepeyyuoTnTa OICKWV

AV £vVaC KOTAOKEUAOTNG OIOKWYV OIVEI OTI TO
MTTF €ivail 1.200.000 wpecg

‘Evag dioko¢ Ba £xel TOOO PEYAAN OIAPKEIQ;
NAQBOC: aUTOC €ival 0 MECOG XPOVOC TNC
TTPWTNC aoTOXIAC

[Toia gival N KaTavoun Twy aoTOXIWYV,

T1 0a yivel av €xete 1000 diokoug;

[16c01 Ba aoTOXOUV KABE XPOVO;

AnnualFailureRate (AFR)= 1000disksx8760hrs/disk =0.73%

1200000hrs/failure
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Mayida: «Ee@opTWHO» o€ eTegepyaoTéiC E/E

H emBapuvon ¢ dIaxeEipiong Twv AITNOEWY TOU
emecepyaoTr) E/E p1TopEi va Kuplapxei
TaxuTepOo va yivetal N pikpn Asiroupyia otn CPU

AANG N apxITeKTOVIKA E/E PTTOPEI va PNV TO ETTITPETTEN
auUTO

0 eTTecepyaoTne E/E utropei va gival 1o apyog
Epooov utroTiBeTal OTI €ival aTTAOUOTEPOC

Av Yivel TaOXUTEPOC KaBioTATAI ONUAVTIKO
OUOTATIKO TOU CUCTAMATOC

MTtropei va xpeialeTal TOUuG OIKOUC TOU
OUVETTECEPYAOTEC!
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Mayida: avTiypa@a ac@aAgiag o€ Taivia

H payvnTIKA TaIvia €iXe TTAEOVEKTH AT
GopnTtdTNTA, HEYAAN XWPENTIKOTNTO

Ta TTAEoVEKTAMATA APXICAV VO XAVOVTAI JE

TIC ECENICEIC TNC TEXVOAOYIOC DIOKWYV

Eivail o AoyIkO va etTravaAauavovTal T

oedouEva

[1.x, RAID, atropakpuouevn dnuioupyia
eIdWAWYV (remote mirroring)
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[Mayida: JEYIOTN ATTOO00N

oI yeylotol puBpoi E/E cival oxedov aduvarov va
ETTITEUXOOUV
2.UVNOwC¢, KATtTola AAAQ CUCTATIKA TOU CUCTHUATOG
TeEpIopiCouV TNV ATTOd00N
[1.X., METAMOPEC OTN MVAMN MECW EVOC OIaUAOU
20ykpouaon pe Tnv avavéwon (refresh) tnc DRAM

2.UVAYWVIONOG dlaITnaiag e GAAOU KUpIoug (masters) Tou
dlauAou

[1.X., diauAog PCI: peyioTo eupog wvng ~133 MB/sec
2TNV TTPACN, MTToPEi va diatnpnBci To 8OMB/sec Katd JEYIOTO
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2UHUTTEPOAOCMATIKES TTAPATNPNOEIG
MeTpa atrédoonc E/E

PuBuoc¢ diektrepaiwong, XpOvog atToKpIoNG
H @epeyyudTNTA KAl ETTIONG TO KOOTOC €ival
OnNUAVTIKQ

XpNoIJoTrolouvTail OiauAOol YIa TN oUVOEDN
CPU, yvnun, eAeykTeéc E/E

[Tepi6deuan, dlakoTTEC, DMA
MeTpoTtrpoypauuata E/E

TPC, SPECSFS, SPECWeb
RAID

BeATiWvel TNV atTOO00N KAI TN QPEPEYYUOTNTA
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