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Ol OUOKEUEC £10000U/e€000U XapakTnpifovtal atro
2UUTTEPIPOPA: €i00d0G, £C000G, ATTOONKEUON
ETaipo: avBpwTTog 1 unxavn
PuBuo dedoucvwy: byte/sec, transfers/sec
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XapaKTNPIoTIKA cuoTnuatog E/E

H pepeyyuotnta (dependabillity) eival onuavTikn
E10IKG yIa OUOKEUEC aTTOONKEUONG
METpa aTrod0o0oNnC

NAavBavwy xpovoc (latency) i xpoOvog atroKpIoNG
(response time)

AIEKTTEPAIWTIKN IKAVOTNTA (throughput) i eupoc wvng
(bandwidth)

EmTpamedia Kal eEvOowPaTwuEVa ouoTAMATa

EvdlagpEpovTal KUpiwg yia TO XpOVO atToKpIonS Kal TNV
TTOIKIAOMOPQIa TWV CUOKEUWV

AIOKOUIOTEC

EvOlapEpovTal KUPiwG yia TN OIEKTTEPAIWTIKN IKAVOTNTA KAl
TNV ETTEKTACINOTNTA TWV CUOKEUWYV
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DepeyyuoTnta (dependability)

OAOKAAPWON UTTNPETIAC
H uttnpeoia TTapexeTal
OTTWG €£XEI KABOPIOTEI

[N

Etravagopa AoToxia
(restoration) (failure)

\ /

AIOKOTTA UTTNPETiag
ATTOKAION aTTO TNV
TTPOdIAYEYPAUMEVN UTTNPETIA

EAaTTwua (fault):
QOoTOXia EVOC
OUOTATIKOU

MTTopEi va odnynoel n
va punv odnynoel o€
aoTOYXia TOU
OUCTAUATOC
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METPO PEPEYYUOTNTOG

AclommoTia (reliability): y€éoog xpovog TTPpwWTNG ACTOXIAG
(mean time to failure — MTTF)

AI0KOTI) UTTNPETIaC (service interruption): HECOC XPOVOGC
emdIoPOwoNG (mean time to repair — MTTR)

MEoOC XpOvOog PETACU aoToXIWV (Mean time between
failures - MTBF)

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

BeAtiwon diaBeoipdtnTog

Au¢non MTTF: atropuyn eAattwuatog (fault avoidance), avoxn
eAatTwpaTWwy (fault tolerance), TTpoRAewn eAaTTwpaTwy (fault
forecasting)

Meiwon MTTR: BeATiwpéva epyaleia kal diadikaaieg d1ayvwong
Kal €TIOI0POWONC
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ATToOnKeguon oT0 OIOKO

Mn TrTnTIKA (nonvolatile), TrepiIoTpePOPEVN
uayvnTikn atrolnkeuon

cylinder

________________
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Toueig OICKOU KalI TTPOCTTEAQON

KaBe TopEac (sector) kataypagel
Tnv tautotnTa TopEa (sector ID)
Aedopucva (512 byte, 4096 byte TTpoTEIVOUEVN TIMNA)

Kwdika d16pBwaong apaAudartwy (error correcting code —
ECC)

[0 aTTOKPUWN OTEAEIWV KOl KATAYPAP] OPOAAUATWY
[1edia ouyxpOoVvIONOU Kal KEVA (gaps)
H mTpooTtréAaon evog TOMEQ TTEPIAAUPBAVEI

KaBuoTtépnon avapoviG o€ oupa av EKKPEPOUV AAAEC
TTPOCTTEAATEIC

AvalnTtnon (seek): yetakivnon Twv KEQAAWV
NAavBavwyv xpovog TTepIoTpo®r¢ (rotational latency)
Metagopa dedOUEVWV

EmRdpuvon eAeykTn (controller)
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MNapadeiypa rTpooTTEAOONG OICKOU

AedoueEva
Topeag Twv 512B, 15000rpm (TTEQICTPOPEG AVA AETTTO),
LMEOOC XPOVOG avaCr]Tr]Gr]g 4Ams, puBUOC UETAPOPAC
100MB/s, emmBapuvon eAEYKTA 0. 2ms, dioK0C adpavrg
MEoOG XpOVOC avayvwaong
4Ams Xpovog avalntnong
+ 72 /(15,000/60) = 2ms AavBavwv xpovog
TTEPIOTPOPNGS
+ 512 / 100MB/s = 0.005ms XpOvo¢ HETAPOPAC
+ 0.2ms KaBuoTépnon €AEYKTA
= 6.2ms
Av 0 TTPAYMATIKOC NECOG XPOVOC avalnNTnong ivail
IS 1ms

MEoog xpovog avayvwong = 3.2ms
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ZntTAHata amrodoong 0iCKoU

Ol KATAOKEUAOTEC AVAPEPOUV TO JETO XPOVO avalnTnong
Me Baon OAe¢ TIC TOavEG avalnTnoEIg
H TOTTIKOTNTA KAl 0O XPOVOTTPOYPOAMMATIONOC ToUu AZ 0dnyouv o€
MIKPOTEPOUG HECTOUG XPOVOoUG avalnTnang

«EEUTTVOC» €AEYKTNC DIOKOU KATAVEUEI TOUG PUOIKOUC

TOMEIC TOU OiIOKOU

Eugavilel Tn dilacuvdeon Twv Aoyikwy TOPEWV (logical sector
Interface) oTov UTTOAOYIOTH)

SCSI, ATA, SATA eANeyKTEC
0l yovadec diokou TrepIAauBAvOUY Kal KPUPEC UVAMES

Ex Twv TTpoTéEPpWV TTPOOKOUIoN (prefetch) Topuéwv ye avauovn
TTPOCTTEAACNG TOUC OUVTONA

Atrouyn avalnTnong Kal KabuoTépNong TTEPICTPOPNGS
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ATtToOnKeuon o€ pvRuN @Aag

Mn TTTNTIKA NMIAYWYIKA atTtoBnKeuon
100x — 1000x Taxutepn atrd 10 OIOKO
MikpOTEPN, XOUNAOTEPN KATAVAAWGON, TTIO
eUPWOTN
AANG kooTilel TrepioodTepa $/GB (avaueoa
oTO0 0ioKOo Kal TNV DRAM)

%"'"*q

S Yk 2

ul’tra
uumm e ’ :
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TUTTOI pyVAMNG QACG

NOR flash: keAi bit poiadler pye TTUAN NOR
Tuyxaia TTPooTTEAQON avAyvwong/eyypageneg

XPNOIUOTTOIEITAI YIA JVIUN EVTOAWYV O€ EVOWNATWHEVA
ouoTAMATA

NAND flash: keAi bit yoialer ye TuAn NAND

[Tio TTukvn (bit/emipdaveia), aAAG TTpooTTEAQCN EVOC OAOKANPOU

MTTAOK TN Qopa

dBnvoTepn ava GB

Xpnon oe USB keys, ammobrikeuon yEowv (AX0¢, €IKova), ...
Ta bit TnC pvAUNG @Aag eOcipovTal HETA ATTO XIAIADEC
TTPOCTTEAQCEIC

Agv gival KAaTaAANAN yia va avTikataoToel Tn RAM ) 1o dioKo

E€icoppotTnon ¢Oopdac (wear leveling): eTavaxaptoypapnon

OeOOUEVWYV O€ AIlYOTEPO XPNOIUOTTOINMEVA UTTAOK TNG
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2UCTATIKA Ol10OUVOEO NG

Avaykn dlaocuvdeong METAEU
CPU, pyvAung, eAeyktwyv E/E

AidUAOC: KOIVOXPNOTO KAVAAI ETTIKOIVWVIAG
[TapaAANAO GUVOAO aywywv yia 0edouEva Kal
OUYXPOVIOUO TNG METAPOPAC TOUC
MTTOpEI va QTTOTEAECEI ONPEIO CUNEPOPNONG

H atrodoon treplopideTal atro QUOIKOUG
TTAPAYOVTEC

MnKo¢ aywyou, apiOuo¢ ouvoEoEwY
[TI0 TTPOO@ATN EVOAAOKTIKN: OEIPIAKEC OUVOEDEIC
uWwnANG TaxuTnNTag JE METAYWYOUC

O1rwc¢ oTa dikTua
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TuUTtTOI1 O10UAOU

AiauAol eTTeCepyaoTN-PvNPNG

KovToi, yeyaAn taxurtnra

H oxediaon taipidlel Ye TNV opyavwon vnung
AiauAol e10000u/ecOd0U

MakpuUTEPOI, ETITPETTOUV TTOAAEC GUVOETEIC

[Tpodiaypa@ovTal Je TTPOTUTTA YIa AOYOUC
OlaAeiToupylikOoTNTaC (Interoperabllity)

2.UvOEDN ME TO DIAUAO €TTECEPYAOTA-MVAMNG
MEOW MIaC YEQupac (bridge)
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2AMOTA OIOUAOU KOl CUYXPOVIOHMOG

[[POAMMEC OEQOOUEVWV
MeTagpEpouv dieuBuvon kal dedopEva
Me TTOAUTTAECN 1] CEXWpPIOTA

[ POMMEG EAEYXOU

Agixvouv ToV TUTTO 0EO0OMEVWY, CUYXPOVICOUV TIC
ouvaAAayEcg (transactions)

2.Uyxpovn
XpnoliJoTrolEi POAOI dlauAou

Acuyxpovn

XpNOIUOTTOIEI YPAUMEC EAEYXOU aiTnong/emReRaiwong
(request/acknowledge) yia xeipawia (handshaking)
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MNapadeiypara diauAou E/E

Firewire USB 2.0 PCI Express Serial ATA Serial
Attached
SCSI
[MpbBeon ECwTepikn ECwTepIkn EcwTepikn EcwTepikn ECwrTepIkn
Xpnong
2UOKEUEG ava | 63 127 1 1 4
KAVQAI
EUpog 4 2 2/lane 4 4
0edOouEVWV
MéyioTo eupog | 5O0MB/s n) 0.2MB/s, 250MB/s/lane | 300MB/s 300MB/s
qwvng 100MB/s 1.5MB/s, i 1x, 2%, 4%, 8x%,
60MB/s 16x, 32x%
2UVvOEDN «EV Nai Nai Ecaptaral Nai Nai
BepUW»
MEyioTo punkog | 4.5m 5m 0.5m 1m 8m
[MpdTUTTO IEEE 1394 | USB PCI-SIG SATA-10 INCITS TC
Implementers T10

Forum
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Tumiko cuotnua 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 e100060U/ecod0oU

To AZ eival o evdiaueoocg yia Tnv E/E
[TOAAG TTpOYpAupATa polpAlovTal TTOPOUC
£10000U/eCOd0U

XpelaleTal TTpo0TACIA KAl XPOVOTTPOYPOAUUATIONOC
H E/E TTpoKaA&i aguyxpoveC DIOKOTTEC

1010C puNXavIouOC UE TIC ECAIPETEIC
0 TTpoypappaTiopog E/E ival DUoKOAOC

To AZ TTapEXEl APAIPETEIC OTA TTPOYPAUUATA
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AlaTayEg £10000U/EEOO0U

Tic ouokeueg E/E diaxeipietal TO UAIKO TwWV
eAeykTWV E/E

MeTagpEpouv 0edONEVA ATTO/TTPOC TN OUCKEUN
2.UYyXpPoViCouV TIC AEITOUPYIEC UE AOYIOMIKO

KaTtaxwpntég dlaraywyv (command registers)
Avaykalouv Tn OUOKEUN va KAVEI KATI

KaTtaxwpnTeg KaTtaoTaong (status registers)
Agixvouv TI KAVEI N CUCKEUN KAl TNV EU@pAvIion
OQAAUATWYV

Kataxwpntég 0edopeEvwy (data registers)
Eyypa@nc: HeTaPEPOUV OEQONEVA OE IO CUOKEUN
Avayvwonc: NETAPEPOUV OEQOUEVA ATTO HIA CUOKEUN
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XapToypdpnon kataxywpntwv E/E

E/E pe xaptoypaenon uvnung (memory mapped
1/O)

Ol KATaXwpnTEC TTpooTreAadovTtal oToV idl0 XWPO
O/VOoEWV PE TN PVAMN

O ATTOKWOIKOTTIOINTAG O/VOEWYV KAVEI TO DIAXWPIOUO

To AZ XpnOIMOTTOIET UNXAVIONO PETAPPAONG O/VOEWV
WOTE VA TOUG KAVEI TTPOCTTEAACIMOUG HOVO OTOV
mupnva (kernel) Tou A2

EvioAec E/E
—EXWPIOTEC EVTOAEC VIO TTPOOTTEAQON KaTaxwpnTwyv E/E
MTTOpOUV VO eKTEAECTOUV JOVO O€ KATAOTAON TTUPNVA
[Mapdadelyua: x86
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[Mep1odeuon (polling)

[1EPI0OIKOC EAEYXOC TOU KATAXWENTN
Kataotaoncg (status register) 1n¢ E/E

AV n OUOKEUN €ival £TOIUN, KOdia AsiIToupyia

Av UTTapxel oeaApa, avaAnyn opaong
2.UvNONc o€ NIKPA N XapuNAWV £TTIOOCEWV
EVOWUATWHEVA CUCTAUATA TTPAYUATIKOU
XPOVOU

[TPOBAEWINOC XPOVIOUOG

XauNnNAG KOOTOC UAIKOU
2.€ AN\ cuoTnuara, orataAn xpovou CPU
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A10KOTTEC (Interrupts)

Otav yia ouokeun €ival €Toign N 0Tav CUBEi
o@aAua

0 eAeyKTNC dlakoTtrTel T CPU
H diakoTn €ival oav e¢aipeon (exception)

AANNG D€ ouyxpoVileTal E TNV EKTEAEON TWV EVTOAWYV

MTropei va kaAéoel 1o xeipioth (handler) petagu
EVTOAWV

[MAnpogopia aitiou (cause) TTPOCDIOPICEl CUXVA TN
OUOKEUN TTOU TTPOKOAEI OIOKOTTN

AIOKOTIEC UE TTPOTEPAIOTNTEC

Ol GUOKEUEG TTOU XPEIACOVTaI TTIO ETTEIYOUTA TTPOCOXI)
AapBdavouv upnAoTEPN TTPOTEPAIOTATA

MTTOpOUV va dIOKOWOUV TO XEIPIOTN MIOC OIOKOTING
XAUNAOTEPNC TTPOTEPAIOTNTAC
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MeTagopa d0edopevwy E/E

[1epi6deuon kal E/E odnyouuevn aTtro OIOKOTTEC

H CPU peta@pépel 0edouEva JETACU YVAMUNG Kal
Kataxwpntwyv dedouévwy E/E

XpovoBopa diadikaaoia yia OUOKEUEC UPNANRG
TaxuTNTAC
Aueon rpootréAaon pvAung (direct memory
access — DMA)
To AZ TTapéxel Tnv apxikn &/von pvAung

0 eAeyKTNG E/E KAvel JETA@OPA TTPOG/ATTO TN UVAMN
auTovoua

0 EAEYKTNC TTPOKAAEI DIAKOTT) OTAV OAOKANPWOEI TN
LMETAPOPA 1) O€ TTEPITITWON OPAAPATOC
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AAANnAsTTidopaon DMA/Cache

Av 10 DMA ypa@el o€ €va UTTAOK JVAMNG TTOU BPioKeETal
OTNV KPUGN UVAHN

To avTiypa@o TNS KpUPNnG MVNMNG YiveTal «TTaAIO»
AV n Kpu@n JvNMUN gival ETEpPOXPOVNG EYYPAPNC Kal TO
UTTAOK €ival «akaBapTo», kal To DMA diaadlel To UTTAOK
NG UVAUNG

AlaBadel Ta «TTalia» dedopEva
[Mp€TtTel va eyyunBoupue 1n ouvoxn (coherence) Tng
KPUPNG HVNUNG

«EkkEvwaon» (flush) Twv ptrAok amé tn Kpuen pvAun av
TTPOKEITAI VA XpnoipgotroinBouv oe DMA

'H xpnon 6€ocewv pvApng 1Tou dev atroBnkevovTal oTN KPUPN
uvun (non-cacheable) yia 1i¢ Asitoupyieg E/E
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MeTpnon amodooncg E/E

H ammodoon E/E ecaprtaTtal atro
YAIKO: CPU, pvnun, eAeyKTEC, DiaUAOI
AOYIOUIKO: AEITOUPYIKO cUuOoTNUA, cUCTNMHO
dlaxeipiong Baonc dedOUEVWY, EQAPMOYI
dopTio epyaciac: pubpoi Kal yoTifa AITACEWVY
| oxediaon Tou cuoTnuaroc E/E ytropei
va KAVEl CUPPBIBacPoUc JETACU XpOVOoU
QATTOKPIONC KAl pUBPOU JIEKTTELAIWONG
Ol JETPNOEIC PUBUOU dIEKTTEPAIWONG YivovTal
ouXVva UE TTEPIOPIOHEVO XPOVO ATTOKPIONG
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MeTPOTTPOYPANMATA ETTECEPYATIOG CUVAAAAYWV

2UvaAAayécg (Transactions)
MikpEC TTPOOTTEAQOEIC DEOONEVWY O€ Eva guoTnMa dlaxeipiong
Baonc d0edouévwy (DBMS)
To evdlapépov gival o1o puBuo E/E, Oxi To puBuod dedopéEvwv
Métpnon puBuou diektrepaiwong (throughput)
YTTOKEITAI O€ TTEPIOPIOUOUG XPOVOU ATTOKPIONG KAl XEIPIOUO
AOTOXIWV

ACID (Atomicity/AtopikoTnTa, Consistency/2uveTrelq,
|solation/Atrouovwaon, Durability/Avtoxn)

2 UVOAIKO KOOTOG ava cuvaAAlayn

MeTpoTtrpoypdappaTta Tou Transaction Processing Councill
(TPC,
TPC-APP: OI0KOUIOTAC £EQAPUOYWYV KAl UTTNPECIWY I0TOU
TCP-C: mTepIBaAAov Kataxwpiong TTapayyeAiwyv
TCP-E: etreCepyacia ouvallaywyv PJECITIKOU ypageiou

TPC-H: utrooTrpicn atropacewyv — Katd epimrwon (ad-hoc)
EPWTAMATA UE TIPOCAVATOAICHUO ETTIXEIPNOEIG
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MeTPOTTPOYPAMMATO CUCTHHMATOG apXEiWV Kal loToU

SPEC System File System (SFS)

2 UVOETIKO oprTio epyaaiacg yia diakouioth NFS, ue
Bdon TTapakoAouBnon TTPAYUATIKWY CUOTAMATWY
ATToTEAEOUATO

Pubpog diektrepaiwong, throughput (Asitoupyicg/sec)
Xpovog ammokpions (MEoo ms/AsiToupyia)

SPEC Web Server benchmark

MEeTPAEI TIC TAUTOXPOVEC CUVEDPIEC (Sessions)
XPNOTWYV, JE BAON TOV ATTAITOUMEVO PUBUO
OIEKTTEPAIWONG ava ouvedpia

Tpia gopria gepyaciac: Tpatrelikn, HAEKTPpOVIKO
EMUTTOPIO, KOl YTTOOTHPICN
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E/E évavti amrodoong CPU

Nopoc¢ Tou Amdahl
Mnv ayvoeic Tnv atrodoon 1S E/E kabwg n
TapaAAnAia aucavel Tnv atr0d00N TWV UTTOAOYICHWYV
[Mapadelyua
To yerpotrpoypauua diapkei 90s xpovo CPU, 10s
xpovo E/E

AirrAdoiec CPU kaBe 2 xpovia
E/E auetaBAnTn

‘Etoc | Xpovog CPU | Xpovog E/E | TlapeABwyv % Xpovog
XPOVOG E/E
Twpa 90s 10s 100s 10%
+2 45s 10s 95S 18%
+4 23S 10s 33s 31%
+6 11s 10s 21s 47%
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RAID

[TAeOvaOPATIKEG CUATOIXIEG PBNVWY (avVECAPTNTWV)
diokwv — Redundant Array of Inexpensive (Independent)
Disks

Xpnon TTOAAWV HIKPOTEPWYV DIOKWYV (0 OXEON ME Eva JEYAAO )

H TapaAAnAia BeATiwveEl TNV atTOd00N

Kai T1p6oBeT10o1 dioKOol yia attoBrkeuan TTAEOVACUATIKWY

OedopEVWV
[MapéExel ouoTNUA ATTOBNKEUONG YE AVOXH O€ EAQTTWHATA
(fault tolerant)

E1dIKa av o1 dioKo! TToU aoTOXO0UV OEV UTTOPOUV va
AVTIKATAOTABOUV «EV BEpUW»

RAID O
Xwpic TTAeovaouo (“AlD™;)
Ta dedoueva atmAwg poipalovral ae TTOAAOUG OioKOUG
AMN\G BeATiwvel TNV atrédoon
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RAID 1 & 2

RAID 1: Anuioupyia eidwWAwV (mMirroring)

N + N diokol, eTTavaAnyn 0eO0NEVWV
Evypaor] d0edouévwy Kal 0TO OioKO OeDOUEVWYV KAl OTO OIOKO
€idWAO0
2.€ TTEPITITWON aoTOoXiag dioKOU, avayvwan aTro 10 €idwAO0

RAID 2: Kwdikag d10pBwaong apaApaTtwv(Error
correcting code — ECC)
N + E diokol (11.X., 10 + 4)
XWPIoUOC 0edopeEVWY o€ TTiTred0 bit oToug N dioKoucg
Anuioupyia ECC Twv E bit
Y1TEPBOAIKA TTOAUTTAOKO, D€ XPNOIMOTIOIEITAI OTNV
pagn
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RAID 3: looTigia TTAEENG bit

Bit-Interleaved Parity
N + 1 dioKol

Aedouéva poipalovtal o€ N diokoug o€ €TTiTredo byte
[TAeovaouaTtiko¢ 0ioKO¢ a1ToBnKeUEl TNV IC0TIHIA
[TpooTtréAaon avayvwong

Avayvwon OAwv Twv dioKwV
[TpooTréAAON eyypa®png

AnMioupyia VEQC I00TIMIAG KAl EVNUEPWON OAWY TWV dIOKWV
2.€ TTEPITITWON AOTOXIAC

Xpron 100TIYIaG yIa ETTAVACUCTACN TWV XOMEVWY OEQONEVWV

A€ XPNOIUOTTOIEITAI EUPEWG
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RAID 4: looTiMia TTAEENG MTTAOK

Block-Interleaved Parity
N + 1 diokol

Ta dedouéva poipalovral oe N dioKoucg o€ €TTITTEDO PTTAOK

[TAeovaouaTIKOS OIOKOC atToBNKEUEI TNV ICOTIHIA VIO PIA OJAdA UTTAOK
[MpooTtréAaon avayvwaong

AlaBader povo 1o dIOKO TTOU TTEPIEXEI TO (NTOUPEVO UTTAOK
[TpooTrEAAON eyypa®ng

ATTAWG d1aBadlel To OIOKO 01 OTTOI0G TTEPIEXEI TO MTTAOK TTOU TPOTTOTTOIEITAI, KAl
T0 JiOKO 100TIMIOG

YTTOAOYIONOG VEQG I00TIUIAG, EvUEPWON OioKOU dedOUEVWY Kal OiIOKOU
|IOOTIMIOG

2.€ TTEPITITWON A0TOXIOG

XpAon I00TIYIAG yIa TNV €TTAVOCUCTACN TWV XAMEVWY OEDOUEVWV
A€ XpPNOIUOTTOIEITAI 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: Kataveunuevn ICOTIMIA

N + 1 OioKoOl
Ot1rwg 10 RAID 4, aAAG Ta UTTAOK ICOTIMIAG
KATAVEUOVTAI OTOUG OIOKOUG

ATTOQEUYEl TN ONMIoUpYia onueEiou cup@opnong
(bottleneck) oTto dioko 100TIMIOC

Eupcia xpno
PEIA XPNon
DO O d DD dDy @ O DYy d D d D @
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
3 3 3 q
RAID 4 RAID 5
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RAID 6: NMAgovaouéc P + Q

P + Q Redundancy

N + 2 0ioKOI

2av 170 RAID 5, aAAQ pe OUO «TTAPTIOEG
IOOTIMIOG

MeyaAuTtepn avoxn o€ EAATTWHPOATA HECW
TTEPICOOTEPOU TTAEOVAOOU

[TOAAQTTAG RAID

[1io TTponyuEva cuoTAUaTa OiVOUV TTAPOUOId
QvOoXN O€ EAATTWUATA JE KAAUTEPN ATTOO00N
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MepiAnwn RAID

To RAID ptropei va BeATIWOEl TNV
atrodoan Kail TN o1aBeaipoTnTa (availability)

H uwnAn 0100€01uoTNTA ATTAITET «EV BEPUWI»
evaAlayn (hot swapping)

YTT00£TElI OTI OI AOTOYXIEC OIOKWV Eival
QAVECAPTNTEC
MeyaAo TTpoANua av Kagi A0 TO KTAPIO!
Acite To "Hard Disk Performance, Quality
and Reliability”
http://www.pcguide.com/ref/hdd/perf/index.htm
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RAID 5 — lNapadeiyua

2.uvexopeva blocks ypagovral
EVOAAAC OTOUG DIOKOUG, EVW
KATOVEPETAI OE QUTOUC Kal EVa
block icoTIpiac.

[MapExel upnAn atrodoaon oTIC
AVAYVWOEIC, aPOU AQUTEC UTTOPOUV
va Yivouv atrd TTOAAOUG OIOKOUG
EVAAAACE.

[MapExel acloTroTia, agou av TTadel
BAGBN €vag diokog, Ta dedopéva
UTTOPOUV va avakTnBouv atrd Toug
UTTOAOITTOUG .
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RAID 5 - Tapadelypa

‘EoTw o1 dilaBéToupe 4 diokoug.
Mw¢ douAevel To RAID 5;

Atravtnon: Ag Bewprjooupue OTI 01 4 diOKOI £XOUV T
[Mapakatw dedopéva (duadiko):

STRIPEO 0100 0101 0010

STRIPE1 0010 0000 0100
STRIPE2 0011 1010 1000
STRIPES 0001 1101 1010

2Ta KiTpIva onueia, TotrofeTouvTal Ta 0edopEVa I00TIMIAG. H 1ooTIia
uttoAoyideTal wg 10 Exclusive-OR (XOR) Tou idiou stripe OAwv Twv
OioKWV.
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RAID 5 - Tapadelypa

‘EoTw O11 dlaBEToupuE 4 dioKOUG.
[Mwg douAeuel To RAID 5;

Atradvtnon: Ag Bewprjooupe 611 01 4 dioKol £X0OUV T
MapakdTw dedopéva (duadiko):

[a 6ooug O¢

STRIPE1 0010 0000 0100 XOR ...
STRIPE2 0011 1010 1000 0 “'VG’KO‘Q
STRIPE3 0001 1101 1010 T R
Eicodog ‘E€odog
0 0 0
2Ta KiTpIva onueia, TotroBeTouvTal Ta 0edopéva 1ooTidiag. H . 0 0
looTIMia uttoAoyileTal we To Exclusive-OR (XOR) Tou idiou stripe 1 0 1
OAWV TWV OIOKWV. 1 1 0
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RAID 5 - Tapadelypa

STRIPEO
STRIPE1
STRIPEO
STRIPES

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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ID 5 - lNapdadeiyua

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

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

aﬁab@ntua 2012-2013



RAID 5 - Tapadelypa

STRIPEO 0100 0101 0010
STRIPE1 0010 0000 0110
STRIPEZ2 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 - Tapadelypa

STRIPEO 0100
STRIPE1 0010
STRIPEZ2 0011
STRIPES 0110

STRIPEO,DISK3 = 0100 XOR 0

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 - Tapadelypa

STRIPEO
STRIPE1
STRIPEZ2
STRIPES

Tehiky Eikova tng ouatoixiag 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 - Tapadelypa

[Mapddeiypa: Ti yiveTal OTIG EYYPAYES;

Atravtnon: Ag Bewprjooupe O11 01 4 dioKol £X0OUV T
[MapakdTw dedopéva (duadiko):

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

‘EoTw o1 yiveTal n eyypaen Tou oToixeiou 1101 oto block 2
(apiBunon ¢ekivael atrd block 0).
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RAID 5 - lNapadelypa

‘EoTw OTI YiveTal n eyypa@r Tou grtoixeiou 1101 o1o block 2
(apiBunon cekivael atmrd block 0).

STRIPEO 0100 0101 0010 0011
STRIPE1 0010 0000 0110 0100
STRIPEZ2 0011 0001 1010 1000
STRIPES3 0110 0001 1101 1010

45



RAID 5 - Tapadelypa

‘EoTw O1I YiveTal n eyypa@r Tou gTtoixgiou 1101 o1o block 2
(apiBunon ¢ekivael atro block 0).

!

STRIPEO 0100 0101 =—8610 0011
1101

STRIPE1 0010 0000 0110 0100

STRIPEZ2 0011 0001 1010 1000

STRIPE3 0110 0001 1101 1010

0 eAeyKTAG RAID Kavel TNV €yypa®r) TOU OTOIXEIOU OTO AVTIOTOIXO
block ...



ID 5 - lNapdadeiyua

‘EgTw O yiveTal n eyypagn Tou gtoixeiou 1101 oT1o block 2
(apiBunon cekivael atrd block 0).

STRIPEOQ
STRIPE1
STRIPEZ2
STRIPE3

0 eAeyKTAG RAID Kavel TNV eyypaoen T
block ... kal Tautéxpova EavadnuIoyPyEi TV IGOTIUIA yIa TO
OUYKEKPIMYEVO Stripe, XpNOINOTTIOKIVTAC TTAMG TIuN,
STRIPEO,DISK3 = 0010 XOR 1101 XOR0011 =

0100
0010
0011
0110

0101 -564+6-1101 0011
0100
1000
1010

€a TIUN KAl ICOTIMIO
00
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RAID 5 - Tapadelypa

‘E@TWw OTI YiveTal n eyypaor Tou gTtoixeiou 1101 oT1o block 2
(apiBunon ¢ekivael atro block 0).

STRIPEO 0100 0101 -864+6-1101 =-66++1100
STRIPE1 0010 0000 0110 01
STRIPE2 0011 0001 1010 1000
STRIPE3 0110 0001 1101 010

0 eAeyKTAG RAID Kavel TNV €yypaPr) TOU OTOIXEIOU OTO QVTIOTOIX
block ... kal Tautéxpova cavadnuIoUpyYEi TNV ICOTIYIA yIa TO
OUYKEKPIMYEVO Stripe, XPNOIMOTIOIWVTAG TTAAIA TIMNA, VEQ TIUN KdI I00TIHIA
STRIPEO,DISK3 = 0010 XOR 1101 XOR 0011 = 1100
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RAID 5 - Tapadelypa

‘E@TW OTI YiveTal n eyypaor Tou gTtoixeiou 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 eAeyKTAG RAID Kavel TNV €yypa®r) TOU OTOIXEIOU OTO AVTIOTOIXO

block ... kal Tautéxpova avadnuIoUpyYEi TNV ICOTIYIA yIa TO
OUYKEKPIMYEVO Stripe, XPNOIMOTIOIWVTAG TTAAIA TIMNA, VEQ TIUN KAl I00TIHIA
STRIPEO,DISK3 = 0010 XOR 1101 XOR 0011 = 1100

H eyypapn oro RAID 5, ic0duvauei ue 2 avayvwaoei§ Kal 2 EYYPaQEC
o€ OIOKOUG.
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RAID 5 - lNapadelypa

[Mapadeiypa: Ti yivetal av xaAaoel £vag OioKOG;

Atravinon: Ag Bewprjooupe 011 01 4 dioKoI £X0OUV T
[MapakdTtw dedopéva (duadiko):

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

‘E0Tw OT1 YaAdel o DISK2
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RAID 5 - Tapadelypa

[Mapadeiypa: Ti yivetal av xaAaoel £vag dioKog;

Atravtnon: Ag Bewprjooupue OTI 01 4 diOKOI £XOUV T
[Mapakatw dedopéva (duadiko):

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

‘EoTw OT1 YaAdegl o DISK2
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RAID 5 - Tapadelypa

‘EQTW OTI XaAdgl o DISK2

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

0 eAeyKTAG RAID €CUTTNPETEI TIC AITACEIC YIA TIC TTANPOPOPIEC TTOU EiXE
0 DISK2, xpnoiuyoTtrolwvtag 6Aoug Toug AAAouG ioKOUG + TNV I0OTIHIA.
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RAID 5 - lNapadelypa

‘EQTW OTI XaAdgl o DISK2

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

0 eAeyKTAG RAID €CUTTNPETEI TIC AITACEIC YIA TIC TTANPOPOPIES TTOU EiXE
0 DISK2, xpnoiuyoTtrolwvtag 6Aoug Toug AAAouUG dioKOUG +[TnV ICOTIHIA.
‘ETO1

STRIPEO,DISK2 = 0100 XOR 0101 XOR 1100 = 1101
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‘EQTW OTI XaAael o DISK2

STRIPEO
STRIPE1
STRIPEZ2
STRIPES

0100
0010
0011
0110

ID 5 - lNapdadeiyua

0101
0000
0001
0001

1100
0100
1000
1010

0 eAeyKTNC RAID €CUTTNPETEI TIC QITAOEIC YIA TIC TTANPOPOPIEC TTOU EiXE
0 DISK2, xpnoiuyotroiwvtag 0Aoug Toug AAAoUG BiOKOUG\+ TNV ICOTIHIA.

‘EToI

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

54



‘EdTW OTI XoAGel 0 DISK?2

STRIPEO
STRIPE1
STRIPEZ2
STRIPES

0100
0010
0011
0110

ID 5 - lNapdadeiyua

0101
0000
0001
0001

1101

110

1100
0100
1000
1010

0 €AeyKTNG RAID €CUTTNPETEI TIG QITAOEIC YIA TIC TTANPOPOPIES TTOU EiXE
0 DISK2, xpnoiyoTtroiwvtag 0Aoug Toug AAAOUG BiOKOUG +(TnV ICOTIHIA.

‘ETO!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
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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 eAeyKTC RAID €CUTTNPETEI TIC AITAOEIC YIA TIC TTANPOYPOPIEC TTOU EiXE
0 DISK2, xpnoiyoTtroiwvtag 0Aoug Toug aAAoug dioKouG + TNV ICOTIHIA.
‘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

KaBe avayvwaon tou xaAaouévou OiOKOU, avTIOTOIXEI OE avayVwOoEIS o€ OAOUC
TOUGC UTTOAOITTOUC OiOKOUGS. KaAo gival va avTikaraoTOOUUE TO XaAaOuEVO OIOKO

ypnyopa!
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AIOKOMIOTEG

Ol EQAPMPOYEC EKTEAOUVTAI OAO KAl TTEPICCOTEPO
o€ OIAKOMIOTEG (Servers)

Avalntnon oTtov |oTd, EQapPOYEC YPAPEIOU, EIKOVIKOI
KOOMOL, ...

ATTaITOUVTAIl JEYAAOI OIOKOUIOTEC KEVTPWV
OEOOUEVWV

[ToAAOI eTTeCepyaOTEC, OUVOEDEIC DIKTUOU, padikn
aTToOnKeuon

[TepIopICOI XWPOU Kal NAEKTPIKNC 1I0XUOG

ECOTTAIONOC OIOKOUIOTWY YIQ IKpIWUATA (racks)
TwV 19 Iviowv

YWog ag moAAatTAdola 1.75 ivtowyv (1U)
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AIOKOMIOTEG YIA IKPIWHA

AlakopioTAG 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 Tl'Upr']VEQ 5100/5300
0 KaBEvag

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

Alakouiotng Sun Fire x4150 1U

1X eowTEPIKN
8Upa USB 2.0

2x 00peg USB 2.0
miow

[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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MNapdadeiypa oxediaong cuotnuarog E/E

Aedopéva: eva ouotnua Sun Fire x4150 pe

opTio epyacia: avayvwoelg diokou Twv 64KB

KaBe Asitoupyia E/E atraitei 200000 evioAEC KwdIKA XPrOTN
Kal 100000 evioAEG TOu A2

KaBe CPU: 10 ° evToAég/sec

FSB (Front Side Bus, Eptrpoo0iog 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 pECOGC XpOovog avalnTnong,
112MB/sec puBuocg peTapopag

[Tolo¢ gival o puBudc E/E TTOU PTTOpEi Va diatnpnBei;

[1a TUXQiEC avayvwOoEIg, KAl YIa aKOAOUBIOKEC avayVWOEIC
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MNapadeiypa oxediaong (ocuvexeia)

PuBbuoc E/E yia 1ic CPU
Avd trupriva: 10 °/ (100000 + 200000) = 3333
8 TTUPNVEG: 26667 AsiIToupyieg/sec
Tuyxaiec avayvwoelg, pubuocg E/E yia Toug diokoug

YTT00€0TE OTI O TTPAYMATIKOC XPOVvo¢ avalnTnong cival 1o 1/4
uEoou

Xpovoc/Aeitoupyia = avalntnon + AavBavwy Xpovog + JETagpopa
=2.9ms/4 + 4ms/2 + 64KB/(112MB/s) = 3.3ms

303 AciToupyieg/sec ava dioko, 2424 Aeitoupyieg/sec yia 8
dioKoug

AKOAOUBIOKEC avayVWOEIC
112MB/s / 64KB = 1750 AciToupyiec/sec ava dioko
14000 Acitoupyiec/sec yia 8 diokoug
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MNapadeiypa oxediaong (ocuvexeia)

PuBbuoc E/E tou PCI-E
2GB/sec / 64KB = 31,250 Acitoupyieg/sec

PuBbuoc¢ E/E tTng DRAM
5.336 GB/sec / 64KB = 83375 Acitoupyiec/sec

PuBuoc E/E Tou FSB

YTT00£0TE OTI UTTOPOUUE VA dIATNPACOUUE TO MIOO TOU UEYIOTOU
puBuou

5.3 GB/sec / 64KB = 81540 Acitoupyiec/sec ava FSB

163080 AsiToupyieg/sec yia 2 FSB

O TTI0 adUVAUO0C KPIKOG: 01 OioKO!I

2424 Aeitoupyieg/sec Tuxaieg, 14000 Asitoupyieg/sec
OKOAOUBIOKEC

Ta aAAa cuoTaTIKA £XOUV APOOVO XWEO YIa Va XWPECOUV AUTOUG
TOU puBuoucg
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[MAavn: PepeyyuoTnTa SICKWV

Av £vaC KATOOKEUAOTNC OIOKWYV OIVEl OTI TO
MTTF eivai 1200000 wpec (140 xpovia)

‘Evacg diokog Ba £xel TOOO peyaAn dlApKeIa
AABOC: AuTOC €ival 0 HECOC XPOVOC
TTPWTNG AOTOXIOC

[Tola €ival N KaTavoun Twv acToXIWY,

T1 Ba yivel av €xete 1000 diokoug;

[16001 Ba aoTOXOUV KABE XPOVO;

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

1200000hrs/failure
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Mayida: «e@opTwHA» o€ eTegepyaoTéC E/E

H empBapuvon TnS dIaXEipIoNG TWV AITACEWY TOU
erecepyaoTn E/E ptTopeEi va Kuplapxei
TaxuTepo va yivetal n Jikpn Asitoupyia otn CPU

AANG N apxITeKTOVIKA E/E UTTOPEI va PuNV TO ETTITPETTEI
QuTO

0 €TTeC¢epPyaoTNG E/E PTTOpEi Vva gival 1o apyog
E@ooov utroTiBeTal 0TI €ival aTTAOUCTEPOG

Av yivel TaxUTEPOC KaBioTaTal onuavTiko

OUCTATIKO TOU OUCTAUATOC

MTropei va xpeialetal Toug dIKOUC TOU
OUVETTECEPYAOTEC!
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Mayida: avtiypa@a ac@aAleiag o€ Taivia

H yayvnTtikn Taivia €ixe TTAEOVEKTAMATA
dopnTdéTNTA, HEYAAN XWPNTIKOTNTA

Ta TTAeovekTAUATA APXICAV VA XAVOVTAI ME

TIC ECENICEIC TNC TEXVOAOYIAC DIOKWYV

Eival 1o Aoyiko va etravaAaufSavovral Ta

OedopEva

[1.x, RAID, atropyakpuopevn dnuioupyia
eIOWAWYV (remote mirroring)
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[Mayida: HEYIOTN ATTOO00N

ol yéyiotol pubuoi E/E cival oxedov aduvarov va
ETTITEUXOOUV
2.UvNOwC, KATToIa AAAO OUCTATIKA TOU CUCTAMATOC
TEPIOPICOuV TNV ATTO000N
[1.X., METAQOPEC OTN MVAMN MECW €VOC OIAUAOU
2 UyKpouon pe Tnv avavéwon (refresh) tTnc DRAM

2UVaYWVIOUOC dlaitnoiag e AAAou KUploug (masters) Tou
dlauAou

[1.x., diauAog PCI: peyioto eupog (wvng ~133 MB/sec
2TNV TTPAEN, uTTopEi va diatnpnBei To BOMB/sec Katd PEYIOTO
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2UHUTTEPOAOCHMATIKES TTAPATNPNOEIG

MeETpa atrodoonc E/E
PuBuoc diektrepaiwaong, XpOvoc atrokpiong
H @epeyyuoTnTa KAl ETTIONG TO KOOTOC €ival
onNUavTIKA

XpnoigoTrolouvTal diauAol yia TN ouvoeon
CPU, yvnun, eAeyktec E/E

[Tepi6deUan, dlakoTtrec, DMA
Metpotrpoypauuata E/E

TPC, SPECSFS, SPECWeb
RAID

BeATiwvel TNV atrodoon Kail TN ¢ePEYyuoTNTa
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