Kepdhao 5/ Evomnra 10

Evomnyra 10" : Zyeoidlovrac éva ovortnua Eicédov/EEodov.

Y KOTOg O oxomdég TG eVOTNTOS GUTAS €ivol Vo TEPLYPAYEL T OL00IKAGI
o€61aoNg EVOS VTOLOYIGTIKOV GUOGTIRATOS E16000V/££000V 0TMS VTN
eNNPEALETOL OO TIC OLAPOPES OTALTNGELS TOV OETOVNE BTNV OPYN.

IIpocdoxk®peva Otav Oa éxete pehetiost Ty evotnta, 00 ciote og 0on va:
Amoteréopato

“«ﬁ"l
OVUQPEPETE TOVE TAPAYOVTES TOVS 0TOIOVE VTTOAOYILOVLE 6TO GYEOLUGIO
£VOC VTOLOYIGTIKOV GUGTNUATOC E16000V/eEGO0V,

a s

[

i
"-?ﬁiff’gunamﬂuaite 1o Bpoto To omoio. 0KoAovOoVvVTUl KUTA TO GYEOWUCoUO
£VOC 6VOTNNOTOC £16000V/£EO000V.
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Apyrtektovikr] Yroloyiotov 1

= Yyedwaonog cvotnuatov Eic060v/EE6o0v

Mio peyddn mpdxinon mov agopd 6To GYESoUO TV cuotnuatov Eic6dov/EE6d0v
(I/O) givar va mpocmaBNGOLLLE VO, IKOVOTOUWGOVLE TO TOPUKAT®:

e VO EMTVYOVUE OGO TO SVVATOV YOPUNAOTEPO KOGTOG,

e VO LTTAPYEL T SLVOTOTNTO GVVOESG NEYAANGS TOIKIALOS GVGKEVAV, KOl

* VO OTOPEVYETOUL 1] ERPAVIGT] OVGYEPELAV GTNV AEITOVPYIL TOV GVLOKEVADV.

Avtd onpoivel OTL TPEMEL VO VTAPYEL W0 LGOPPOTNUEVI] KOTAGTAGT HETOED TOV
SPOP®V TUNUAT®OV OV PPIcKOVTOL AVALEGH GTNV KUPLOL LV Kot 0TI 6uokevég I/O
Kot 0vTo 010TL, 0 AOY0g KOoTOG/emidoon Tov cvotipatog I/O — ko dpa kon N awdédoon
T0V - pmopel va givor T060 VYNLOg 660 Kol givar Kol 610V 000evésTEPO Kpiko TNG
oAvcida Tov.

O oyedlaomg mpémel €miong va OPOVTICEL Kol Yy T OUVATOTNTO MEALOVTIKIG
EMEKTAONG TOV GLVOTHNOTOG, £TCL AGTE Ol TEAATEG VO LITOPOHV VoL TO TPOGUPUOLOVV GTIG
EQOPLOYES TOVG.

Avt n dvvatdTa ETEKTACNS - T000 G€ apliud 660 Kot o€ THnovg cuokevmv I/O - éyxet
GUVEMELES 6TO0 KOOTOG AOY® NG ovaykng vmapéng paxpdtepov aptnpiov /O,
HEYOADTEPNS TOPOYNG 1OYVOG Yo TNV LIOCTNPEN TOV GLOKELAV, KOl UEYUAVTEP®OV
KOVLTLOV.

Kotd ) dibpketa tov oyxedacpod evog cvothpatog I/O, yivetar avédivon g anddoong,
TOL KOGTOVG KOL TG YWPNTIKOTNTOS TOV CUGTHOTOG, YPTCLOTOIDOVTAS Y10 TN HETPNOT)
TOWKIAOL GYNUOTO CUVOESTG KOl OPOPETIKO KABe popd apBud cvokevadv /O movtdg
TOTOV.

Brjpata mov akoiovBovvron KaTd TO GYESLAGNO

[Mapovoidlovrar €61 PApato mov mpémer va  akoAovdnBobv o610 oYedlOGHd €VOC
ovotnuatog /0. Ot Moelg og kKa0e Prpa pmopodv va KaBopioTovy amd TG OTOLTOEL
™G ayopds, 1 anA®g omd 1o Tt EMBIEN £xovpe Yo TO AdY0 KOGTOC/ amOO00.
1. AmapiBunce tovg 10PoPETIKOVS TUTOVS GVGKEV®V I/O mov mpdkettal va cuvdehovv
OTN UNYOVY, 1 TOVS SLAPOPOVS THTTOVG KOWVAOV OPTNPLOY TOVG 0Toiovg B vrrootnpilet 1
MoV,
2. Anapifunoe tig Quokég amartiosls KaOe ovokevig I/0, cvprnepilopfavovrog v
TOGOTNTO, TNV 1OV, TIG GLUVOECELS, TIG LITOOOYES OPTNPING KoL TOL KOVTLY EMEKTACGNG TTOV
ypewaleTon KaOe i
3. Anapifunce 10 kK66TOG KGOE cVokevg I/O, cvunepiapupdvovtag Kot T0 KOGTOG TOV
EAEYKTI TTOL TLYOV Va. XPEWELETAL YU QLTI T CLOKELN.
4. Katéypaye v kdbe ocvokevn /O 11¢ amotioels tTov wopov wov Bo mpémel va
dwbéoel o emeEePyaoTig, ol 0moiot LETAED TV AAA®YV giva:

e Kuxhot poroyov ywn eviodég mov Oa ypnowomombovv yi vo

OPYIKOTOWCOVV (ol S1adtKacio £16030V/eE050V (0TS 0 XEPIGUOG TOV
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Kepdhao 5/ Evomnra 10

SKOTMV), Yo va, bTooTnpiEovy T Asrtovpyia piag cvokevng I/0 kot
YL vo, OAOKANp®GovV T dtadikaciao 1/0.

o  KoabBvotépnon tov poroylov tov eneepyactn, OPEIAOLEVT] GE VOOV
Y va. oAoKANpdoeEl to ovotnua /O t yxpnon g UvAUNnG, TG
appiog N TG KPLPNG LviuNG.

e KoixkAol poAoylob TOL EMEEEPYONOTN] YL TNV AVAKOUYN Omd o
dpaoctmpiotra I/0, dnwg v exkévmon (flushing) g kpveng pvung.

5. Katéypaye yu kébe ovokevn /O t1ig amortioels Tov mopov mov Bo mpénet va
dwbéoet n pviun kou 1 aptnpia [/O. Axodun kot av o enelepyactng o€ pNOUOTOLEL TN
Pvfun, to €6pog Ldvng g kOplag pvnuns kot g aptnpiog /O givon mepropiopévo.

6. To telkd Prpo elvar n ektipnon ™S 0m66061g OAWV TOV SUPOPETIKAOV TPOTWOV
opydvoong twv cvokevwv I/0. H oamddoon pmopel vo agoloynbei cwotd povo pe
npocopoimon (simulation), ov Kot pwopel mBovov va ektiun0et pe ) xpnon g Bewpiog
oVPAV.

21N ovvéyelo EMAEYETOL 1| KOADTEPN OPYAVAOOT] aVAAOYQ LE TIG EMOIMEELS KOGTOVS KO
am6d00MG OV £Yovv TeDEL.

Tpomor pérpnong amédoons. Ot emOIOEEG KOOTOVG Kol amddoons exnpealovy v
emAoyn tov oynuatog I/O kot tov puowd oyedraopd. H amddoon pmopel va petpndet
elte oe Mb (megabytes) avd devteporento gite o aplBpd AelTovpyldV £1G030V/EE00V
avd oevteporento (IOPS), avdioya pe TIC avaykeg TG EPAPLOYNG.

OAV amarTovpue VYN am6o001), o povol TEPropiopoi pog Ba sivar n TayvINTO
TV cvokev®v 1/0, 0 apBpdg T@v cvokevdv I/0 kot N TaOTNTES TNS PVIEUNS KoL
g CPU. Avtifeto, av 0éhovpe yopnrotepo KOGTOG, NTOPOVUE VO OUTAVI|GOVUE
poévo v ™V ayopd TV ovokevev /O ko To KOA®OW oUOvoEonNg pE TOV
eneCepyaoty. Puvowkd, ovvi0wg mpoomaBovpe vo elicoppomncovpe T oyiom
0m0d00NS TPOS KOGTOG KOl VO ETLTUYOVUE TNV KOTOOKELY] €VOG OLOTINOTOS NE
VYNAI 000001 KOl GYETIKA YOpNAO0 KOGTOG

IMa va kédvovpe avTég TIG 10€€¢ TO GAPEIS, 0 TIG OOVIE HEGH OO UEPIKH TOPAOETYLOLTAL.

Iopddsryno 1o
[parTa, ag dovpe TNV enidpaon 6Tov exeepyaotn TOL &L 1] AVAYVOON HLOS GEMOOG
diokov katev0eiov 6TV KPLEY] PV Y. AG KAVOVUE TIS 0KOAOVOES VTOOETELS:
o KdaOe ochida £xer péyedog 16 Kb kot to péyebog 10v phok g Kpuoeng
pviung ivor 64 bytes.
e O1018000VoEIS TOV AVTIGTOLYOVV 6T VED GEALIOW OEV EIvOL BTV KPLOT pvijun.
e H CPU o¢v 00 tpoomelaoel Kavéva amo 10 000puEVE TG VEOG GELIDOC.
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Apyrtektovikr] Yroloyiotov 1

e To 95% 1oV pmhok mov giyav petotomolel amd tnv kpvenq pviun Oa
owpacBoiv yioa swoayoyn mah, kow KG0e to ko0’ éva 0o mpokuiicer éva
oQPaApa KpoONS pviune (cache miss).

o H kpoen pvijun €ival Tomov votepoeyypoes (write-back) kol kata péco 6po
70 50% tov pmlok givor yoroopéve (evvoodpe omAadn OTL mEPLE(OLV
ogoouéva mov £xovv petafindei kon givar TAéov yopic onpocio).

e To cvomnpa I/0 tomolBetei 6 gvorapesn pvijun £va YEPATO PTAOK KPLONS
pviung mpw va Ypawer ot KPpuen pvipn (dwedikacio wov KoAsiton
napepfoin Toyeiog ovykprong — speed-matching buffer -, n omoia cvvrovilel
T0 £0POg LOVNG neETAd0061G neETAED TOV svotpatog I/0 ko TG pviung).

e O\ mpoomeraoels KoL T0. CPAANOATOE €ivol amAopéve opodpopea og 6ha Ta
HTAOK TIIG KPLONG pvijpuns.

o Agv vaapyer ariin mwoapepfoin petacd g CPU kot tov /O 1o 115 vrodoyéc
NG KPUOTS pvijpun.

o Ynmapyovv 15.000 c@dAipoto KPOONS PVIUNG Y0 KAOE EKATORPOPLO KUKAOVG
poiroylov, 4tav dev vapyovv Aettovpyieg I/0.

e H mowvi] Yo 10 6@aipa kpoenis pviung givar 30 kHkAor poroylov, Kot Girot
30 kOKAOL YO TNV EYYPOPY] TOV UTTAOK, EAV AVTO 1TAV YALAGUEVO.

Edav vro0éoovpe 0T1 pio ceridoa EpyeTor KAOE EKOTOPPUPLO KOKAOVS POAOYLIOV, TTOld
givan ) emidopaon oty andéooon;

Andvinon:

KéBe ocerida yepiler 16384/64, dnhadn 256 pmrok. Ot cuvariayés I/O dev mpokaiovv
CQAALN KPLONG UVIUNG OO UOVEG TOVG O10TL HETAPEPOVTAL OAOKANPO UTAOK KPLONG
pvaune. oap’ 6Aa avtd, petatomilovv UTAOK TOL VINPYAY NON 6TV KpLEN wvnun. Edv
To ol amd T PETOTOMOUEVE UTAOK givol yalaouéva yperalovtar 128*30 kvkAot
poroylol yw va Eavaypoaeobv oty pviun. Ymépyovv emiong Adbn omd 10 95% tov
LETATOTIGUEVOV OO TNV KPLET] UVAUN UTAOK EMELDN TPOCTEANHVOVTIOL APYOTEPQ, ETOL
npootiBevion akoun 95%*256, oniadr 244 andreles. Aeod avtd to dedopéva MTOV
tonobeuéva otV Kpuen pvAaun amd 10 cvotnua /O, 6lo ovtd To pmlox &ivol
yoroouéva kal Bo ypelacdei vo Eovaypapodv otav avtikatactabovv. Etol, to ohvoro
elvar xotd péco 6po 128*30 + 244*60 meprocOTEPOL KOKAOL pOoAOYIO00 amtd TO OPYIKO
1.000.000 + 7500*30 + 7500*60. Avtd mpokadel o peimwon oty arddoon katd 1%:

128%30 + 244*60 18.480
= = 0,011
1.000.000 + 7500%30 + 750060  1.675.000

+

Topa ag dovpe ™ oyxéon kdotovg / amddoong oe dapopeg opyavacels I/0. Evag amiog
TPOTOG Yo Vo Tparypatonombel avt 1 aviAvon gival vo. TopOTNPCOVUE TO HEYIGTO
pLOUO SlopeToy®YNG, dEXOUEVOL OTL O1 TOPOL popovV va ypnotponombodv katd 100%
Yopig Tapevépyeleg and TapeUPorLs.
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Kepdhao 5/ Evomnra 10

e
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L%* Hopadsrypa 20

Aidovtar o1 ak6LoV0Eg TANPOPOPiES ETIO06NG KOL KOGTOVS:

e pia CPU tev 500-MIPS nov kootiler $30.000.

e puo pvijun gvpovg 16-byte pe kvkrio poroyrov 100-ns .

e aptpio I/O Tov 200 MB/sec pe dvvatotnta vo yopéoer 20 aptnpieg Kot
ereyktég TOmov SCSI-2.

e aptnpiec SCSI-2 mov pmopovv va peragépovv 20 Mb/sec km va
vrootnpiouv péyxpr kou 15 dickovg ava aptnpic (cvtoi ovopdlovror ko
ovotoryiec SCSI).

o ¢vag gleyktig SCSI-2 mov kootiler $1500 ko mpoosOBiTer 1 ms emPapovon
v va gkterécerl pa Aertovpyia I/0 diockov.

e ¢va Aertovpyiko ovotipo 1o omoio yprocipomorel 10.000 evroréic emelepyaost
v pa Agrtovpyia I/0 diokov.

e o emAoyn petold evog peydrov diockov mov wepiEyel 8 Gb 1 gvég pkpov
diokov mov mepréyer 2 GB, pe k6otog $0,25 avd Mb o kaBévac.

e Kol 0l 000 diokol mePIoTPEPOVTOL pe TaYVTNTA ion pe 7200 weproTpoPés 10
Aemt6é , €rovv péco ypovo avalnTnong 8-ms, Kor pTOPOVV VO, HETAPEPOLY 6
MB/sec.

N YOPNTIKOTNTE armodfkevong pémer va givar 200 Gb, ko

e 710 péco péyedog mog pertagopag I/0 givan 16 Kb.

Extipeiote To k6oT0g ava Aertovpyia I/O ava dgvtepdrento (IOPS) mov emopéper 1
APNOLNOTOINGY MKPOV 1| peydrov odnydv. YmoBéote oTi kaBe Aevtovpyia /O
olokov eme@éper pa péon keBvotépnon Aoym avelnTnong Kor TEPLGTPOPNC.
Xpnowonoigiote ™V 0161000EN vmoBeon OTL OAES 0L OULOKEVES MTOPOVV VA
ypnoporouicovy to 100% g yoPNTIKOTNTAS TOVG KUl 6TL 0 POPTOG EPYNTiag givan
LGOKATOVEUNUEVOS RETAED TOV OIGKMV.

Andvinon:

Ov emdodoelc ™G €00600v/e£0dov meplopilovtar and Tov acbevésTeEPO KPIKO NG
aAvcidag, £tol Bo eKTIUGOLUE TV PEYIOTN amddooT Tov Kabe Kpikov otnv oAvcida I/O
Y. KGOe 0pydvewon, OCTE HE AVTO TOV TPOTO VO TPOGOIOPICOVIE GUVOAIKA TN UEYIOT
amodoon G Ag apyicovpe vmoroyiCovtag tov péyioto apbud tov IOPS yw tov
emeepyaot, TV KOpa pviunm, kot v apmpia [/O. H enidoon tov enefepyoot oe
oyxéon pe v €16000/€£000 Kabopileton amd v TayHTnTo TOV KaODS Kot amd Tov aptdpd
TOV EVIOADV oV Ypetdlovtar yua va ektedesBel pia Aettovpyia I/0 diokov:

500 MIPS
Miénerto I0OPS o oy CPU = = 50000
10000 gvrohéc ove IO
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Apytektovikn Ymoloyiotov |

H péyiom anddoon tov cvotmiuatog pviung kabopiletor amd tov KOKAO poAoylolh g
pvnung, to evpoc Aéfewv g puvnung ko to p€yebog twv dedopévov /0O mov
LETAPEPOVTOAL:

(1/100ns)*16
Moo IOPS o Ty Koplosg pvyfun = ~= 10000
156 EB uve 'O

H péyiom amddoon g aptnpiog I/O mepropiletarl amd to gvpog {dvng tng aptnpiog Kot
10 puéyebog Twv dedopévav 1/0:

200 MB/sec
Mivoro IOPS oty apeypic IO = ~= 12500
16 KB uve I'O

OZvvsn(i)g, oegv &yer onpocio mowog diokog emAfyeTton, 0 emelePyaoTig Kol 1)
Kupilmg pvijun agpropilovv v péyrotn amddoon va givan o peyorvtepn andé 10000
EVTOLEG €160000/€E000V TO AeNTO.

Topa givar dpa vo Ko1TAEOVE TIG EMDOGELS TOV EXOUEVOL GLVIEGHOL TG oAvoidag 1/0,
tovg ereyktég SCSI-2. O ypdvog mov amarteital yio vo petapepbovv 16 Kb oty aptmpia
SCSI-2 givan

16 EB ove I/'O
Xpovog perogopig oprnypiog SCSI-2 = =08 ms
20 MBE/sec

[IpocBétovtoc v emPapvvon (overhead) tov 1 ms tov greykty SCSI-2 o mopoandvem
xpovog yivetoan 1,8 ms avd Aertovpyia /O, ko €161 0 péyotog puvOUog avé eheykt
yiveton

1
Ménoro IOPS ovi eheyery SCRL-2 = e = 556 I0OPS
18 ms

‘Oleg o1 opyavaoelg 0a (pnoIpomolovy ToALoVG EAEYKTES, dpa To 556 IOPS dev givon
T0 OPL0 KO Y10 OO TO GUGTN LA,

O tehevtaiog kpikog otV aAvcida eivar ot 1010t ot diokol. O ypodvog Yo pior péon
Aettovpyia diokov givat:
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0.5 16 KB
Xpovog I'0 = 8ms + + =8+42+2.7=149ms
7200 RPM & MBisec

apa m arddoomn Tov dickov gival

1
Méivnoro IOPS (ypyoworndodvrios péen ovelfrnen) ovi dicke = ——————— =67 IOPS
14.9 ms

O apBpdc v diokwv o€ kaOe opydvmon kabopiletar omd to péyebog kKabe dickov: 200
Gb pmopotv va eivon gite 25 diokotr tov 8 Gb gite 100 diokor twv 2 Gb. O péyrotog
appog Tv Asttovpydv I/O yuo Ghovg Tovg dickovg etvat:

Méyioto IOPS ywa 25 diokovg twv 8 Gb =25 * 67 = 1675

Méyioto IOPS ywa 100 dicxovg tv 2 Gb =100 * 67 = 6700

Youvenmg, pe TV mpovimodbeon OTL vmApyovv apketég ovotolyieg SCSI-2, ot diokot
yivovtat 1o véo 0pro v T péytotn amoddoon: 1675 IOPS yw tovg diockovg twv 8 Gb kot
6700 yia Tovg diokovg tov 2 Gb.

[Tapdro mov Exovpe mpocdiopicel TNV enidoon Tov kAbe Kpikov g arvaidag I/0, éxovpe
akoun va mpocdlopicovue moceg aptnpieg kot ereyktég SCSI-2 Ba ypnoyonomcovpe
Kol TOG0VG dickovug Ba cuvdéoovpe og KABe eheyKTn, KabBmg avTdg gival TapdyovTas Tov
umopel va meplopicel v péytot enidoon. H apmpia /O mepropileton og 20 eleyktéc
SCSI-2 kot 1o TpodTLmo SCSI-2 epropilet tov apBpd Tov diokwv o€ 15 avd cvotoryio. O
eMd10TOG aplBUOG EAEYKTAOV Y1 TOVG diokovg Twv 8 Gb eivat:

Elapotog opbpig svetoynay SCSI-2 o 100 diswovg tov 2Gh = 100 dnhody 7

(eomoxodeTon  O0TL  maipvovpe 1O aKEPOLO HéPOG  TOL  KAGGUOTOG)
Kot Yo dlokovg tov 2 Gb

ELiperog aplBpog svsrovpoy SCSL-2 e 100 diskoug tv 2Gh = 100 dnhodny 7

Mmnopovpe va  vmoAoyicovpe 10 péyioro  IOPS  yio  kdbe  oynuotiopo:
Méywoto IOPS yw 2 SCSI  strings = 2 * 556 = 1112 IOPS
Méywoto IOPS yw 7 SCSI  strings = 7 * 556 =3892 IOPS
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Apyrtektovikr] Yroloyiotov 1

H péyiom amddoon avtov tov aptBpov eheyktdv givon eldyioto younAdtepn omd to
pLOUS dwpeTaymyng TV dlokmv. Ag vmoAoyicovpe AOUOV TOV apBUd TOV EAEYKTOV
€tol doTe va v vmapyel tpdPAnua otevomod (bottleneck). Evag tpdmog eivar va
Bpovue tov aplpd TV Slok®V TOL pmopovV va vrootnpifovv ovd cvoTotyio:

556
ApBpag diswav ovi sverovgio SCSI-2 68 mhipeg eipog Lovnyg = - =83 dnledn 3
67
KOl GT1) GLVEYELN VTTOAOYILOVLE TOV aplOUd TOV GLGTO(LDV:
25
ApBpog cvetovadmy SCSI-2 o mhfpeg sipog {ovng pe diokoug tovd GB = ---é ----- = 31n4

ApBpog overovpoy SCSI-2 o whpeg gipog Sdovng pe dickovg taov 2GB = o L s 113

3

OAa avtd kabopilovv Tig eMdOcELS TECCAPWV opyovdcemv: 25 diockol tov 8 Gb ue 2 1 4
ovotoryieg SCSI-2 ko 100 dioxor twv 2 Gb pe 7 éwg 13 ovortoyieg SCSI. H péyiot
amodoon kébe emhoyng mepropiletar and tov kpiko ™G aivoidag /O pe ) pikpdtepn
amddoom (e EVTova YPAULOTOL):

Aloxot 8 GB, 2 ovotoyieg = Min(50000,10000,12500,1675,1112) = 1112 IOPS
Aloxot 8 GB, 4 ovotouyieg Min(50000,10000,12500,1675,2224) = 1675 10PS
Aloxot 2 GB, 7 ovotoyieg = Min(50000,10000,12500,6700,3892) = 3892 IOPS
Aloxot 2 GB, 13 ovotoyieg = Min(50000,10000,12500,6700,7228) = 6700 IOPS
Topa propodpe vo vToAoyicovEe To KOGTOG Kdbe opydveong:

Aiockol 8 GB, 2 cvetorygics = $30.000 + 2*$1.500 + 25 * (8192*$0.25) = $84.200
Aiockol 8 GB, 4 cvcetorygics = $30.000 + 4*$1.500 + 25 * (8192*$0.25) = $87.200
Aiokol 2 GB, 7 ovotoyyieg = $30.000 + 7*$1.500 + 100 * (2048*$0.25) = $91.700
Aiokor 2 GB,13 ovetoiyisc=$30.000 + 13*$1.500 + 100*(2048*$0.25) = $100.700

OEV Téhel, 10 KOoTog ava IOPS Yo kG0 pia amd Tic TEoOoEPIS OPYAVOGELS EivorL
$76, $52, $24 ko $15 avrictoyo. Ymohoyilovrag Tov péyieto apiOpé pécov
Aertovpyiov I/Os avéd dgutepirento Kol KAvovTog TNV vtd0eon 6T o1 KVpLoL Topor
ypnowonoovvral kotad 100% , n opydvoon mov pog diver 10 Péhtioto Adyo
KOGTOC/emidoon gival VT PE TOVG MIKPOVS OiOKOVS KOl TOV PEYOAVTEPO aPLlONo
eleykt@v. Ov pkpoi diokor €yxovv mepimov 3,5 @opég kardtEpo  AdYO
KOoTovg/emidoon amd TOovg peydrovg diockovg ¢’ avtd 1O Tmapaderypo. To povo
RELOVEKTNNO. Eivar OTL 0 peyorlvTePos aplOpdg dickwv Ba ennpedoel apvnTiKa ™
0100€0IUOTNTA TOV GUGTILATOS, EKTOS KOl 0V TPOooTEDEL KATOLX POPPY] TAEOVUGHOV
(redundancy). &
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Koatd ) owbpkela tov mapondve mopoadeiypotog vrobésape 6t o1 TOPOL Hropovyv va
xpnoporomBodv katd 100%. Eivar ypiowo va dwmotmbel o otevondc oe kdbe
opyavmon.

Hapaostyna 30

INo T opyovacels Tov TEAEVLTOIOV TOPAOELYNOTOS, VAOAOYIGTE TO TOGOGTO

eKpeTdrievong KGOe anyNg 6TO VTOAOYIOTIKO GVUGTNHA.

Anavinon:

To oynuo 5.10.1 diver v andvinon.

Aiokot 8 Afokot 8 Atokot 2 Aiokot 2
Mépoc GB,2, GB,4’ GB,7 ’ GB,13’
ovotolyieg || ovotoryles || cvotoyieg | cvortouyieg
Eneepyaotg 2% 3% 8% 13%
Mvniun 11% 17% 39% 67%
Apmpia I/0 9% 13% 31% 54%
‘A;péglp_‘;g 100% 75% 100% 93%
Aickot 66% 100% 58% 100%
I0PS 1112 1675 3892 6700

Yynpa 5.10.1 - To mocootd ekperdrievong Yo kaOe mwopo ko péyroreg Tipég IOPS o660V
0QOopPa OTIS TEGGEPLS OPYUVAGELS TOV TTPONYovuévoy mapadeiypatos. O aywydg SCSI-2 1 o
diokot gival o1 otevomol kdbe popd.

“-"'-céf.-‘-}zmv TPOYUATIKOTNTO KAVEVOS TOPOG d€ pmopel va Agttovpynoet kovtd oto 100%
Tov €Opovg (VNG 1oV YWpig vo €xovpe oNUAvTIK) avénon oty Kabvotépnon Ko
peimon oo puiuod dapeTaywyng Ady®m GLYKPOLGE®V.

Epmeipkoi kavoveg

M mowiMo epmelpik®dv kovovav xovv e&ehybel yio va kabodnyovv tov oyedlacud
I/O:

»Kapio apmpio I/O dev npénet vo aflomoteiton nepiocdTepo amd 75%

»Kapia cvototyia diokwv dgv npénet va a&lonoteitol nepiocdtepo amd 40%

»Kavévag Bpayiovag dickov dev mpénel va ektelel avalitnon yo meplocdtepo amd 10
60% tov xpovov.
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»Kavévag dickog dev Tpémel va ypnotponoteiton teplocdtepo omd 10 80% Tov Ypdvou.

Ty

.{APAZTHPIOTHTA 1

"Exovpe 2 dwwgopetikd ocvotipata I/0 mov okomedeTar va ypnoipomon)fovv otnv
eneepyooio ovvarrayov. To cvotnpa A pmopei vo vrostnpiter 1000 Aertovpyieg
I/O 70 devteporento. To cvotnua B pmopei va vrostnpicer 750 Aerrovpyieg I/0 To
ogvtepliento. Ta cuoTpaTa XPNCILROTOLOVY TOV 1010 emelepyaoTt), mov ekterel SO
EKUTOPPOPLO. EVTOLES TO dgvTEPOLENTTO. YOOEGTE OTL KAOE GUVOLLOYN amarTel 5
Aertovpyieg I/0 ko 011 kGOg Aertovpyia I/O anartei 10,000 evroréc. Ayvo@vTtag TOV
xPOVo amoxkprong ko Ocwpavrog OtTL or ovvorrayéc pmopovv avBaipeta vo
emKolv@Oovv, va Bpeite 10 péyieto pvOpnd cLVVEALAYOV avVE OEVTEPOLETTO OV
K(0g cvokev] pmopel va vrootpiter.

u g

;{AHANTHZH APAXTHPIOTHTAX 1

Xvotnuo A:
5 JAeaertovpyieg I/O ektehovv 1 cuvarhayr)

Apa, 1000 rertovpyieg 1/0 200 ocvvarrayég

Aniaon vrootnpilovrar péypr 200 cvvarrayés / sec.

Xvotnpa B:

5 2Lewrovpyiec I/O  exterolv 1 cvvairayn

Apa, 750 revtovpyieg 1/0 150 cvvarrayéc

Aniaon vrootnpilovror péypr 150 cvvarrhayés / sec.

HMopatnpioeic:

O enelepyaosTi)g TOL YPNGLHOTOLEITOL OO TA 2 CVOTINOTE PTOPEL VO VTOSTNPIEEL
£mw¢ 1000 ovvarrayég/ sec.

5*10.000 evroréc ektedovv 1 cuvarioyn
50.000.000 evrorég ekterovy 1000 cuvarhayég

ANAaon, N w6)0S TOV eMeCePYNoT] O0EV GELOMOLEITOL ETUPKOS OO TU 2 GCLCTINATO,
€QpOoovV aUTA YPNONOTOLOUY ouVvOMKA TO 35% Tng péyrotng amédoons TOv
emeCepyooti.

Q071000, TO TOPUTAVE OTOTELEGROTO OEV PmOPEL Vo givorl PEOMOTIKA, KOOAOG
0YVOOUVTOL GNUOVTIKG YOPUKTNPLOTIKA TMOV GLUVUALAYAV OTOS N GVOROVI] Yid
€16000/££000 N N TOVTOYPOVY EKTELEDT] OLEPYAOLAOV UTO SLAPOPETIKA CLUCTHNATA.
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e

iAPAZTHPIOTHTA 2

O ypovog avapoviic pag Aertovpyiog I/0 yo Ta 2 cVGTINRATE TS TPONYOVUEVIS
dpaoctnpromrog (1) dweéper. O ypovog avapoviis puog I/0 610 cvotnua A givar
ion pe 20 ms, evo Yo To cvotnpe B, n kaBvetépnon sivor 18 ms Yo TIg TPAOTEG
500 I/O0s 10 dgvteporenTo Ko 25 ms avd /0 ywo ké0g 1/0 petag&d 500 ko 750 1/0
T0 dgvTEPOLENTO. XE POPTO EPYyacing, KAOe dékatn cuvarhayn e€apTdTon amd TNV
GPECH EKTELOVPEVY] CLVOALAYY] KOl TPEMEL VO TEPLUEVEL VLU TNV OLOKANPOON T1G.
Iowog givar 0 péy6Tog PpLOPOS GUVELAAYOV TOV UKOPO EMTPETOVY KAOE GuvaLLayN
va. 0A0KANP®OEL o€ Eva dgvTEPOALenTO Kot dgv vepPaivel To I/0 gvpog LdVNg TG
pnyovic; (Mo ankotto, Ocwpeicte 0TL OAES OL NTIGELS GUVUALAYAV GTAVOLV GTI|V
apyn TOL SLuGTNHATOS TOV 10V-08VTEPOAETTOV.)

Ty

iAHANTHZH APAXTHPIOTHTAX 2

I'o va ektereotel pua cvvarrayn yperwaletar S 1/0 i 50.000 evrorés. Adyo TV
xPOVoV avapovig Yo I/0, 0 cvvolkOg YpOVOS Y10 VO EKTELEGTEL po. GVVEALAYT
givar: 100 ms 6to cvGTNNO A,

90 ms oto cvotnpa B (y1a 1ig tpateg S00 I/0s To dgvTtepOienTO) Ko

125 ms (ywo ka0¢ 1/0 peragd 500 kor 750 I/0 to devtepdrento)
O enelepyaotg eivan apKETA LoYLPOS OGTE VO EuANPETEl GVVEALAYES KO 0T0 TO. 2
ovotpate Topdriinia. Oreg o1 9 TPAOTES GVVUALAYES OAOKANPOVOVTOL KUVOVIKE
péECH 6TO AVTIGTOLO YPOVIKO drdotnuo Yo Ka0e ocvotnne. H dékatn cvvariayn
mov Kata@Oaver givor 1 51 1ov A cveTpatog, petd amd 400 ms. AALG avT) ogv
pmopel va ektereotel Ywoti wpémer vo mepuével Ty Sn gvroi tov B cvotipartog
mov olokAnpaveror 4500 ms. Xg avtd TO YPOVIKO onpeio £xovv ektelesTel S
ovvoAirayéc amd to ovotnua B ko 4 ané 10 mpoTo. Ta idwe cvpPaivovy Yo Ta
vaorowra 450 ms. Apa ota 900 TpdTe ms £rovv ekterestel 10 ouvarhayég amd To
ovotnpe B kot 8 amd 1o A.
Tehkd o1 owapker Tov lov sec gktehovvTal ovvolkd 11 cvvarrhayés ywo TO
ocvotnuo B kot 9 and T0 A. ANA0O1] GTN OLGPKELD TOV TPOTOV OEVTEPOLETTOV
éyovpe: Lvotnuo A (IOPS)max = 9 cvvarrayéc/sec

Yvotnuo B (IOPS)max = 11 cuvarhayéc/sec

O poOpég avtég mapapével oyed0v otaBepoc Yo T0 A ocvoTnpe pe SvvaTOHTNTO
Pertioong kKotd o cuvariayn To sec, av ogv yPeLdleTonr Kapio Guvariayn ToV va
TEPUEVEL Y10, OLOKANPp@ON GAANG. 26T060, 0 PLONOS HELAVETOL CNUOVTIKA Y0 TO
0g0TEPO oot peTd amd 500 cvvarhayés, 0mov £xer avéndei o ypovog avapoviig
kotd 35% (om6 18 ms o 25 ms). O péyetog pvOpdg ovverray®dv Tov B
ovoTHRaTog 0o dropopewOEl Tote 6TIC 8 GUVAALOYES/Sec.
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]
gﬁ:’APAZ‘.THPIOTHTA 3

Yno0éote 0T £rovpe £vo cOGTNHO pvi|uNG oV ypnotponotel éva poror SOMHz. H
pvijun petadioer artnoeig 8-AéCewv pe pvOpo 1 AéEn ava kvkro. o avayvocelg
oo TN pviua), o1 Tpocmerdcels cupfaivouv o e€ng:

1. 1 xdKhog va dgytel TN devBuvon,

2. 3 KOKAOVG Y10 KaBvoTEPN O, KO

3. 8 kOKAovg poroylov va petaddoel Tig 8 Aflerc.

Mo gyypagég otn pvijun, o1 Ipocmerdcels copfaivovv g e€Ng:

1. 1 xvKhog va dgyTel TN d1evBuvon,

2. 2 kOKAOVG Y0 KaBvoTépnon,

3. 8 KOKAovg poroylov va peTtaddocel Tig 8 ALEels, ko

4. 3 KOKAOVG VO ENAVOPODGEL KOl VO YPAWEL TOV KOOKA d10pOmong AaBovg.

Bpeite 10 péyroto gopog Lovng oc megabytes ava second ywo €évo oyédo
TPOCTELAGTG OTTOTELOVNEVO UTTO:
a. Olec avayvaoels amd T pviun.
b. Oleg eyypagég otn pviun.
c. 'Eva peiypa ané 65% avayvooeg and ™ pvipn ko 35% eyypagés ot
pvipn.

{AHANTHZH APAXTHPIOTHTAX 3
Kvkhog poroyrov =1/50 MH z=0.02%10-3 seconds =20 ns

a.

Ov povor Yo Ta avticToryo frpata avayvoons @aivovrol TopoKdTm:

1. 20 ns

2.3%20 ns

3.8%20 ns

YOVETAG, 0 GLVOMKOGS YpOvog givar 240ns. AvTO KaTaA]YEL 6€ £va PEYIOTO EVPOG
Lovng Tov 8 Aé€emv Yo kG0g 240ns, 1 32 bytes / 240 ns = 32 MB / 0.24 seconds =
133.3 MB / second.

b.

Ov povor Yo Ta avticTor o fripota yypo@@OV @aivovTol TOPUKATO:

1. 20 ns

2.2%20 ns

3. 8%20 ns

4.3%20
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{AHANTHEH APAYXTHPIOTHTAZX 3 (ovvéyera)
YUVENAG, 0 GLVVOMKOGS xpovog civon 280ns. AvTtd KaTOAYEL 6€ £va PEYIOTO EVPOS
Covng tov 8 Léemv 1o kKGOg 280ns, 1 32 bytes / 280 ns = 32 MB / 0.28 seconds =
114.28 MB / second.

(Or gyypagég amortodv meprocdtepo Pripata, dpa olokinpovovror Bpadvtepa
amo TIS EYYPUPES.)

c.

Av 01 TpocPaceEls amoTeEAOVVTOL TOGO OO AVAYVOGELS 660 KOl 0O €YYPOUPES e
OUYKEKPLUEVES GVYVOTNTES, TO NEYLGTO €0POS LdVNG Ba sivar:

(133.3 MB / second)*65% + (114.28 MB / second)*35% = 126.643 MB / second.

¥
{APAETHPIOTHTA 4

OemPNoTE 600 HLLPOPETIKA CLOTHNATA APTPLAOV:

Apmpia 1 sivor po aptnpio whdtovg 64 bits pe moAvmAeln oevBVVoE®V KoL

ogoopuévov. o v petadoon puog owevbuvvong 1 €vog avtikepévov 64 bits

ypewaletar 1 kokho aptnpios. H eyypagi/avéayveoon pvipng meprioppaver

KaBvotépnon 3 kokhov. Apyilovrag amd Tov 40 KUKAO TO oVOoTNNO PTOPEL VO

0gy0¢i 1 vo amooteiler péypr 8 AéCerg pe pvOpod 2 Aéewv/kikro aptnpiog.

Apmpia 2 givan puo aptnpio pe Ceymprotd 32 bits dedopévov ko 32 bits

oevfvveewv. Kabe perasoon yperdleta évav kokio aptiypios. H avéayvoon and

™ pviun €er 3 kvkhovg koBvotépnon, ko apyilovrag amd tov 40 KOKA0, TO
ovotTnuo pviung pmopei va amocteiler péypr 8 Aéferg pe pvBpd 1 AéEn/kdxio
aptnpioc.

a) Na afroroynote avtég TIg apTtnpies vwobiétovrag 0T £rovpe mtioeg 1 AéEng
Ko 70 60% civan ontoeig avayvoong ko to 40% sivor avrnosig gyypagic.
211 oVVEXEWD VO VTOLOYIGETE TO PEYIGTO €0pog {MOVNG mov N KGOe apTnpia
pumopei va wapéyer oe AéEerg/kdKkho aptnpiac.

B) Av o1 T oElS pviuNG €10V PN Kog 8 AEEEMV VO VITOLOYIGETE TO PEYIGTO TAATOG
oV KAOg apTnpio Kol GOGTNNO PVIIUNG PTOPEL VO TOPEYEL OTOV EMEEEPYUOTI,
og LEEaig/ kAo apTnpioc.
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{AHANTHZH APAXTHPIOTHTAX 4
)

Aptnpia 1:

1 AéEn = 32 bit = 4 byte

INoe vo petadoBovv o6v0 AéEelic amartovvron  lamootoAr] dievBvvonct3
KaBvotépnon+1 perddoon= 5 kvkirot.

O owdikacieg read Kol write TPaypRATOTOLOVVTOL GTOVGS 1010VG KUKAOVG 0TTOTE TO
péyieto €vpog LdvNg eivar:

8 bytes/S kvkAiovg =

2 A€/ 5 koKhovG=

0,4 Lé€erc/kvKkho

Aptnpia 2:

IN'o ™ owowkacia read arortovvror 1 amroostor oevBvvonct3d kabvotépnon+l
PETAd001 = 5 KOKAOL Apa petadidovror 1/5=0,2 (AEEarg/kOKAOVG).

INoe ™ owdwkacio write amortovvror lomootor) owevOuvvonc&perasooon +
3koBvotépnon =4 kvkiotl Apa petadidovror 1/4 =0,25(AéEarg/kdKAOVG).

Koatd péco 6po (evpog Lavnc) ko yia Tig 600 dradikacies amarrovvron 0,6%(1/5) +
0,4%(1/4) = 0,22 (L&Earg/kOKA0).

1 L¢En = 32 bit = 4 byte

INoe va petadoBovv okt Aéeg amartodvror loamootory) oevOvvenct3
KaOvotépnon+4 perdooon= 8 kvkirot.

O1 dwodkacies read Kot write TPAyPOTOTOOVVTAL GTOVGS i010VG KUKAOVG 0TOTE TO
péyeto gopog Lavng eivar: 32 bytes/8 kvkiovg = 8 Aé€eic/ 8 kvkhovg = 1
AEEN/kdKA0

Aptnpia 2

IN'o ™ owdkaocia read amarrovvror 1 amwootorn drevBvvonct3 kabvotépnon+8
petadoon = 12kvkiot.

Apa petadioovron 8/12 (AéEerc/KOKAOVG).

INe ™ oJwdwoocio write omortovvror 1 amootoA] dwevBuvong &
peradoon+3kaBvotépnontperddoon = 11 kvkhow. Apo peradidoovron 8/11
(AEEe1g/KOKAOVC).

Kotd péco opo (evpog Covne) peradidovrar 0,6(3/4) + 0,4(8/11)=0,74
AéEerg/kOKAo0.
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AVOKEQUAILOVOVTOS AOLTOV... ‘

“Mio peyain mpoOKANGN TOL 0POPE OTO GYEOWOUO TV cvotTnpdtov Ewc6oov/EE6d0v
(I/0) €ival va TpooTad)GOVUE VO, IKOVOTOUGOVUE TO. TOPUKATM:

* VO ETLTUYOVNE 660 TO SVVATOV YUUNAGTEPO KOGTOG,

* VO VTAPYEL N SVVATOTNTA GVVIESG NEYEANG TOLKIALOS CVGKEVAV, KL

* VO OTTOPEVYETAL 1] ERPAVIGT] OVGYEPELDV GTNV AELTOVPYIO TOV GUGKEVAYV.

~E& pripata wpémer va axkolovdn0Bovv 610 oyedtacpéd evog cvetipatog /0.
1. ArapiOpnoe Tovg SLHPOPETIKOVS TOTOVS 6VokeV®V I/O ov TpdKeLTAL VO GVVIEDOVY 6T
pnyovi), | Tovg JLIPOPOVS TUTOVG KOLVAV OpTNPLdvV Tovg omoiovg 0o vmootnpiler n
unyavi.
2. Anapifpncs T Quowkég amortiosls KaBe ocvokevig 1/0, cvpmeprhapfdavovrac tnv
TOGOTNTA, TNV 10D, TIS GUVOECELS, TIS VTO00YES GPTPIOS KOL TO KOVTLA EMEKTAGG OV
yperaeTar kKaOe pio.
3. AnapiOpnecs 10 k66TOC KAOE cvokevig 1/0, ocvpmeprioppfavovrag kKol T0 KOGTOG TOV
ELEYKTI] TOL TVYOV VO YPELALETAL Y1’ GVTT] T1] GVGKELY].
4. Kotéypowye Yo ké0g ovokev] I/0 Tig anartioels Tov nopmv wov 0o wpémer vo dwabéoer o
emeCepyaotng
5. Katéypawe yio ka0e cvokev] /O Tig amartioelg Tov nopov mov 0o mpénel va dtaficer
n pvijpn ko  aptnpio /0. Axépn ko av o exeepyaotiig 0¢ YPNGLUOTOLEL TN pvijun, TO
g0pog Covne g kVpLag pviung ko tng aptnpiog I/0 givar wepropriopévo.
6. To teMké Prpo €ivor n ektipnon TS 0w66001S OAOV TOV SLUPOPETIKAOV TPOTOV
opyavmons Tov cvokev®v 1/0.

~H am6doon pmopei va petpnOsi cite oe Mb (megabytes) ava dgvtepodrento €ite o€
aplOpo6 Aertovpyldv £160000/e£600V ava dgvtepdrento (IOPS), avaroya pe Tig avaykeg g

gpappoyng.
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