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Apyrtektovikr] Yroloyiotov 1

= Eico0do¢/ £€000g (I/0) ko 1| xpnopnotnTd TNG

H Eicodog/EEodoc (Bo v amokahovpe amd €dd Kot oto €&ng ev ovvtopio /O -
Input/Output), omotedel 10 TUAUA TOL VTOAOYIGTIKOD GULGTAUOTOS HE TO OMOI0 TO
ocvotua gtvor og Béon va avtodrhdaéel dedopéva e To TEPPAAAOV TOL, €ite HE GAAOVG
VTOAOYIOTEG €ite e TOV AvOpwmo-xprot. Ot cLoKEVEG ekelves oV amapTilovy TO TUN O
[/O tov vmohoyom) Kot pe TG omoies mpaypaTomoleitol 1 aviaAhayn TV dedOUEVMV
ovoudlovtal cLoKELES £16000V/e£600V (cvokevég 1/0).

ETeiepyadifc |
Kpupe Myiun
Aigurog hviunc-1io
Eheykthc 14D EheykTfc A0 EhaykTAc /D
KOpia kdwjn

|
. MikTUO
) [RE) ==

Tyqpa 5.1.1 -Tvmiknf eviroyn cvekev®dv I/O. [Tapovoidletal n dopn VO CLGTALOTOG HE TIG
ovokevég 1/0 tov. Ot ovvdéoelg avdpesa otic cvokevég 1/0, Tov emelepyaotn Kot T HUviun
ovoudalovtat aptnpieg (buses).

“~H ontiky yovia o’ tv omoia avtuetonilovpe to TuRpa I/0 pmopei vo Stapépet,
Y. Ol NAEKTPOAOYOL pnyovikol 1o BAETOVY Gov £val GUVOAD amd TOUT (OAOKANP®UEVA
KUKADUOTO), KOADOL0, TPOPOSOTIKE, NAEKTPOKIVITAPES KOl GALN GUOIKA GTOl EID OO TOL
omoia amoteleitar. Ot TPoypoUUOTIOTEG TO PAETOVLV GUUE®VA LE TOV TPOTO OV AVTO
EMKOWMOVEL LLE TO AOYIOUIKO, ONANDT| TIG EVTOAEG TTOL OEYETAL, TIG AELTOVPYIEG TOL EKTEAEL
KO TOL GOAALOTO TOV UTOPEL VOL AVOPEPEL GTO AOYLIGHIKO.

Yuykekpuéva, To cvatnpa apyeiov (file system) aoyoAeiton pe cvokevég /O apnvovtag
T0 TUAHO OV €E0PTATAL amd TNV KAOE GLOKELY] G€ AOYICUIKO YOUNAOTEPOV EMTESOV,
TOVG 001 Y0V¢ cvokevdv (device drivers).
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Kepdhato 5/ Evomnta 1

001 povades I/0 covi0mg amotehAovvToL amd TO PNYOVIKO KOl TO NAEKTPOVIKO
REPOS (ELEYKTNG GVGKEVTG 1] TPOSAPROYENS). Tic TEPLOTOHTEPES POPES TO AELITOVPYIKO
GUGTI|NO. GUVEPYALETOL PUE TOV EAEYKTI] 1] TPOCOUPHOYEN KL O)L ILE TN GLGKELN.

OTO I/O eivan amoapaitnTo Ko OVOTOOTOGTO THNHO E€VOS VTOLOYLGTIKOV
ovoTNoToS. Mmopolpe va vmoBEcovpe 0Tt £vag VTOAOYIGTNG XWPIG CLOKEVEG E1GOO0V/
e€doov eivar cav €va avtokivinto yopic podec. I' avtd 10 AdY0, M €EEMEN Ko M
telelonoinon T@v ovokevdv I/O ®dote va yivouv mo ypiyopes Kot amodoTIKEG eivon
EMTAKTIKY. AAA®OTE, 0 YPNOTNG EVOC VTOAOYIOTH KUPIMG EVOLAPEPETAL Y1O0. OGO OLVOTO
HIKPATEPO YPOVO OTOKPIOTG OTIG EPYAGIES TOV TOV EXEL AVOOETEL.

EmnAéov, oe pion emoyn mov ot punyovég - omd TOLG TPOCMOTIKOVS VLITOAOYIGTES TNG
xopnAng kamnyopiag (low-end PCs) émg tovg peydhovg vmoroyiotég (mainframes) xo
QKOO TOLG VIEPVTOAOYIOTEG (Supercomputers) - Kotaokevaloviotl pe v id1o Pactkn
TEYVOLOYIOL LIKPOETEEEPYAGTMV, O1 HLVATOTNTEG TOL cvoTHuatog I/O givar cuyvd Eva amod
TOL YOPOKTNPIOTIKE €KElva, TOV KAvEL £vor cuoTNUO EEXWPLOTO. XYedOV OAOL Ol UIKPO-
VTOAOYIOTEG KOl Ol UIVI-DTTOAOYIOTES XPNOIUOTOOVV TO HOVTEAO HOVNG aptnpiag (single
bus) yia v emwowvovia avipeca otmv KME (CPU) kot o1 cuokevég 1/0. O peydrot
vroAoywotég (large mainframes) ypnoipomolovy Eva SPOPETIKO LOVTELOD, e TTOAMATAES
aptnpieg kot eEewdikevpuévoug vmoAroywotég /O mov  kadobvtar  dlavior  1/O,
anaAlaccovtog v KME and éva pépog tov goptiov avtov.

[MoAAéc omd TG mPOGEOTEG VAOTOMGES OTn Propunyavio TOV LIOAOYICTOV &ivol
GLVOPTOCTIKEG, TOGO Yo TIG VEEG duvatdtTég toug og I/O, 660 Kot yoo TNV 1YY TOL
emeepyaoti Tovg. Avtd cuopPaivel EXEON o1 UNYAVES CAANAETIOPOVV LE TOVG AVOPMTOVS
péom tov 1/0.

g

i{APAZTHPIOTHTA 1

Eivan yeyovog mog n tervoroyikn avamtoin tov ocvokevav /0 axorovlel mo
apyovg poBpovg oe ovykpion pe T €€EMEN TOV VTOAOITOV TUNMATOV €VOg
VAOAOYIGTIKOV GvoTipatos. Mmopeite va eEnynoete og 10 to mord ypappés T00g
AOyovg Y100 TOVG 0moiovg ovpPaiver avtod; No cuyKpivetre TNV 0AvINoY 060G PE TV
napaypago wov akorovdei: «H mapapéinon e Evcodov / EE0d0v».

H nopapéinon ™g Ew6600v/EE660v
H napoapéinon tov cvokevmv /0 opeiletan oe didpopovg Adyovg dmwmg:

¢ H avantuén tov I/O mpaypatonoteital pe Bpadeis pubpods oe oyéon pe o vrororo
TUNHOTO EVOG VTTOAOYIGTIKOY GLGTILOTOC.
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Apytektovikn Ymoloyiotov |

e Ot dvokoMMeg mov mapovolalovy TGO M eKTiunom TG amnddoong OGO Kol O
oxedlao oG VoG cvathuatog I/0 éyovv KAovicetl to kOpog tov 1/0.

e H épevva emkevipdveTol 6T0 GYESOGUO TOV EMEEEPYACTAOV, EVD 1| TPOKOTAANYN
evavtiov tov /O popeomoleital 6to gupvTEPH YPNCILOTOIOVUEVO UETPO YO, TNV
aOd00N £VOG VITOAOYIGTIKOD GUGTNUATOG, TO Ypovo enelepyoost N ypévo KME, tov
omoiov M T dev e€aptdTor amd TV amddoor tov cuotipatog I/0.

Qo1600, 1 TootTa Tov [/O €vdg vmoroyloT de pmopel va petpnBel pe to ypé6vo KME,
emeldn avtog eEopiopov ayvoei 1o I/0. H oyéom tov xpoévov KME kot tov oAkod ypodvov
QOIVETOL OTO OUECMG TAPOKAT®, eVOEIKTIKO mopdoetypo. H  dedtepng-kKAdong
AVTILETOTION Tov Tuyydvel to /O givon gppavig akdpo kot otnv ovopoacio Tov
ovokevav /O, mov cvyvd amokaiovvion “meprpepeloxéc”’. H pedétn tov vopov tov
Amdahl Oa npénel va pog vrevhopicel mwg n mapapéinon tov I/O givan emkivovvn.

i
"JAPAXTHPIOTHTA 2

Oupaote v givan o ypovog s KME ko pe mowv tpoémo vrmoroyiletar; Ta
nePLocdTEPES AemTopépereg Kodd 0a Ntav vo avatpitete oto 1° kepaloo: «Buocikég
0PYES VTOAOYIOTIKAV GUOTILATOV.

S
%AHANTHZH APAXTHPIOTHTAX 2

O ypovog ™ KME egivan o ypovoc mov ypeldletal Yo va EKTELEGTOLV OL
vaoroywopoi ™ KME, pun ovpmeprhappavopévovr tov ypévov mov n KME
nepuével Yo, €i6000 / ££000 1 avtov mov 1 KME tpéyer driha mpoypappara.

O ypoévog ™ng KME gvog mpoypappatog pmopei vo, vroroylotel og e€ne:

n
Xpovoc KME = ( 2. CPIL x IC; ) X KUKAOG poroY100
i=1

‘Omov CPI: apBpoc kOKA®@V poroylov ava vtorn
IC: nooeg popéc exkteheitan 1) evTor i o€ Eva Tpoypappo

o
5:;%
- [Mapadstypna

Yno0éote g &rovpe éva npdypappo perpioemv (benchmark) mov exteleiton o¢
100 devteporenta, amd Ta omoia ta 90 givar xpovog Tng KME kan ta vréiowwa sivor
1povog I/0. Av o ypovog g KME Bertidverm koatd 50% ava £1og Yo Ta emdpeva
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Kepdhato 5/ Evomnta 1

névte €T, aAAG 0 xpovog Tov I/0 d¢ Pertidverar, moco Tayvtepa Ba ekTerEiTAL TO
TPOYPUPPA PG 6TO TELOG TNG TEPLOOOV TOV TEVTE ETOV;

Andvinon:

I'vopiCovpe 6tL:
Olikog ypovog = ypovog KME + ypovog 1/0 = 90 + ypovog 1/O = 100
xpovog 1/0 = 10 sec
H modtra tov I/0 evog vohoyiotm) dev umopei va petpnbei pe 1o ypdévo KME, eneion
avtdc €€’ opopov ayvoet 1o /0. Katd ovvémewa, ot véor ypovor KME kot ot ypdvor
EKTELEOTG TOL TPOKVTTOVV £OVV VTOAOYIGTEL 6TOV 0KOAOLOO TivaKa:

Metan | Xpovog KME | Xpéovog I/O Olkog % ypovov
£t 1POVOg 1/0
0 90sec 10 sec 100 sec 10%
1 90/1.5 =60 sec 10 sec 70 sec 14%
2 60/1.5 =40 sec 10 sec 50 sec 20%
3 40/1.5 =27 sec 10 sec 37 sec 27%
4 27/1.5=18 sec 10 sec 28 sec 36%
5 18/1.5=12 sec 10 sec 22 sec 45%

Iivaxog 1 - H Bektioon oty anddoon e KME péca oe 5 € sivar: 90/12 = 7.5 Opwg N
Beltioon oto evveldixo ypovo civar polg: 100/22 = 4.5 kar o gpdovog tov I/0 £yl avénbel amod
10 10% o7to 45% toV GVVOAIKOD YpOVOD.

H peitioon omnv axodoon tne KME néca og mévte £ givor: 90/12=7.5
Ouwg, 1 feitioon aro covolixo ypovo givon pohg: 100/22=4.5

Kot 0 ypovog tov 1/0 €xer ovénbei amd to 10% o610 45% TOV GLVOALKOD YPOVOL. ”

<7 H arodoon tov I/O pmopetl va kabopicel oe onpavtikd Pabud Kou Katd cuvémeio
v TEPLOPIoEL TNV OAIKY] amOd00T] KO TNV OOTEAEGUOTIKOTNTO TOL GLOTHHOTOS. H
aOd00N TOL GLOTNUATOG €16050V/eE0d0V umopel va puOBuilel Eémg Ko t0 piod ypdvo
Agrtovpying TOL GLGTHHATOG.

'y

iAPAZTHPIOTHTA 3

Na e&nynoere to Aoyo Yo Tov omoio o ypovoc KME givan éva onpavtiké emyeipnpo
7oV ypnopomoreital gvavriov g avartvéng tov I/0.
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Apytektovikn Ymoloyiotov |

e M

L3
iAHANTHZH APAXTHPIOTHTAX 3

O ypovog KME egivor éva pétpo pérpnong tng amdéd006nNS TOV GUGTHNOTOS TOL
eCoptdtor omokielwoTIKG 0mé TO YpOvo mOv o0 emeCepynoTS TOPUpEvEL
amacyoinuévos. Anrhaon o ypévogc KME givar aveEaptnTtog Tov svetiportog I/0 ko
™™g amw6d001)s Tov. 'ETo1, a@od 1 ovvoliki] anddocn Tov cuoTinatos KabopileTm
a6 10 Ypovo KME ko dev £xer oyéon pe 10 w660 0modoTikd 1 O givar To
ovotnua /O, dev evoroQepopacte Yo TNV £i6000/££000.

e i

\
iAPAZTHPIOTHTA 4

Yno0éote 6T1 £xovpe pio ow@opd peTalh TOL YPOVOVL TOV EMECEPYAOGTI KOl TOV
xPOvov amokpiong katd 10% , ko 0TL emrayvvovpue Tov emelepyastny 10 @opéc,
ev®d mapopgrovpe to I/0. Kata moco Qo emroyvvlel otnv mpoaypotTikotnTe To
oVOTNNA MOG KOl TL TOG0GTO TNG dvvaung Tov enelepyaoti Oa xadei; T 0o yivétav
av emrayvvope Tov enegepyaostn 100 popis;

g

,{AHANTHZH APAXTHPIOTHTAX 4

Av vtofécovpe 6TL 0 GUVOMKOS YPOVOG amOKPLoNG (ONAXdN 0 YPOVoS AerTovpyiog
Tov gnegepyaot Kol 0 ypovog I/0) givar 100 devtepdienta , T0TE 0 emelepyaocTig
00 kotavarover Ta 90 devtepdiento kKo dpa To ovotnue I/0 to vréiowra 100 -
90 = 10 oevtepldienta. Av emroyvvoope tov emegepyaoty 10 @opég avtog Oa
amortel wAEov ypovo 90/10 = 9 devteporéntmv. O cuvolkog ypdvog amokpions Oa
givan Topa 9 + 10 = 19 devteporenta (a@ov o ypovog 1/0 Ae Pertiwverm).
Enopévog, 1 tayvtnre tov ocvetmiporog 0o Beitiwbel katd 100/19 = 5 ¢opéc.
Aniaon, maporo mov N TayvTNTE TOL £meLepyaotn avENOnke katd 10 @opéc, N
OUVOMIKY] TOYVTNTO TOL ovotHuatog ovénOnke povo kard S. Emiong, o
enelepyaotig oty apyn €ixe to 90% Ttov Ypovov d1ké Tov. MeTA TNV EMTAYLVO
&xer 10 9/19 = 0,473 = 47,3% , 14OnKe £ToL | pIGT] TEPimOV 1oYVS TOV 68 oYéon pe
TO GUVOALKO YPOVO TOV GVGTINOTOC.
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Kepdhato 5/ Evomnta 1

y

= Xpovog amokpienc evavtiov pulpov swopstayoyng

H Eicodoc/ "'EE0dog amotelel TO TUNIOL TOV VTOAOYIGTIKOV GUGTHLOTOS LE TO OTOI0 TO
cvotnua glvor og Béom va aviaridéer dedopéva pe to mepiPdAlov tov (gite pe dAAlovS
VIOAOYIOTEG glte pe Tov AvBpwmo-ypnot). Ov cvokevég ekeiveg mov amoptiCovv 10
uque /O 1ov vmoloylot] Kou HE TG OMOlEC TPOYUOTOMOLEITOL 1) OVIOAAGY] TOV
dedopévav ovopalovtal 6VEKEVEG E16000V/eE000V (cuokevég 1/0).

AYo avtigatika pétpa — To Movtéro mapaymyov-eEuanpétn
Ta ovo emdueva oynuato (PAéme oy. 5.1.2 ko oy. 5.1.3), deiyvouv pe moio tpoOmO
ovoyetiCovtal o xpovog amdkpiong kot o pvOuog dwpetaywyns. To oynua 5.1.2 pog

dglyvel To amAhd LOVTELD TOPAY®YOV-KOTAVAAMTY.

Oupi

Zyqpa 5.1.2 — To povtéro mapaywyov — e&vanpétn. O napaymyog dnpovpyet Kot tomobetel
dlepyaciec oty evdwopéon pvhun, T omoieg mopaiapPaver o g&ummpétng (server). O
dEpyaciec Tov TOL dNUOVPYEL O TOPAYWYOS, TPEMEL VO, EKTEAEGTOVV GTNV EVOLAUEST VNN,
ov Agrtovpyel o¢ e doun ovpds. IMapddinio o e&umnpétng maipvetr depyaciec amd v
EVOLALEST VAN KOL TIC EKTEAEL.

O ypdvog amdrpiang opileTar g 0 ypovog mov yperdleTon pio depyaosio amwd ™
oTiyp] mov tomofeTeiTOL 6TV 0VPE (UViun) péYPL TN GTIYR oL 0 EVANPETNG
NV 0AOKANpOVEL (TO oToTELESPOTO ERPavIovTal otV ££000).

O pvludc drauctaymwync €ivar o pécog aplOpdg dEPyacLadv Tov 00 EKTEAEGTOVY
ot Tov EEVANPETN 6E £VA YPOVIKO dLAGTNA.

o i

A
iAPAZTHPIOTHTA 5

Mmnopeite vo eEnyfoete T10v TpOmO pe Tov omoio oyetilovrar o PvOPOC
owperaymyng ko o ypovog KME gvog cuetipatoc;
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e M

L3
iAHANTHZH APAXTHPIOTHTAX 5

O ypovog KME amoterei T0 m0006T6 TOL YpOvOL 7OV 0 emelepyaostiis €ivan
amacyoinpuévos. ‘Oco meprocoTEPO APOvVo  mapapéver o emefepyaosTig
amacyornuévog, 1008 mEPLoGOTEPES Oepyacies Oa exkterel. 'Etol, o puOuodg
owapeTay®yng ovEaveron 1 perdvetal avaroyo pe to ypovo KME.

Ona va £yovpe To péYeTo ovveTo polpd owpetaymyns, o gEvanpétng o¢ Oa
apénel moté vo, eivor adpavig (idle), kol Y’ avtd To Adyo n evoraueon pviun o¢ Oa
apénel va gival woté aocta. O ypoévog amdkpiong, amd TNV GAAN pePLd, oTNV 0VGIa
RETPA TO YPOVO 7OV ECOOLVETAL GTIV EVOLAMEST Pviun, Kol YU avtd 0 ypovog
AmOKPLONG ELUYLOTOTTOLEITAL OTOV OVTY Elval (D€L0

H 6vykpovon Tov 600 péTpov ival Kata@avig!

- — — — =

/
- — — —/—
-+

Hpdwg
MLAKPETG — —_— —
LEE. o

100

Yoo 0% a% @w =% 1o

TIos 05T ToU E W Tou pil ot SLEpE e yrg

Yynua 5.1.3 — O pvOpdg dwpetaymyns evaviiov ypovov amoKpiong. TN YPOOIKN
napdotaon amewoviletar M oyéon petad TOv YPOVOL OMOKPIONG KOl TOL  puOuov
SlpeToywyng o’éve Tumikd ovotnuo. €106dov/eEddov. H peyddn xMon oty kapmoin
OTOTEAEL TNV TEPLOYT OTOV AlYO TEPIOCOTEPOS PLOLOC SLOUUETAYMYNG EXEL OC OMOTEAEG LA TTOAD
UEeYOAOTEPO YPOVO amMOKPIONG 1 , OVTIGTPOPO , Alyo HIKPOTEPOG YPOVOG UTOKPLONG £XEL (G
OTOTELEG L0 TTOAD YOEMAOTEPO PLOUS SLOUETOYDYTS.

H ypnowpdétnta Tov xpovov amdkpiong

To evo@épov TV ¥pNoTOV Yo T XPOVO AmOKPIoNS OPEIAETOL GTN OMpovpYict TOL
dwdpoaotikod (interactive) AOYIGUIKOD, T®V CTOOUOV €PYOCIOG KOU TOV TPOCOTIKOV
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Kepdhato 5/ Evomnta 1

vroAoyotdv. Mmopel eniong va givor acOUPOPO VoL TEPIUEVOLUE OO TO GUGTNUO VO
exterel GAAEG dlepyacieg Kot mopdAAnAa vo avapével Ty €i0000/é£0d0. Avtod cuufaivet
EMELON 1 KOPLOL VAU TPETEL VoL Etval PEYAAT, 0AMDS 1 cvyv) celdomoinon (paging)
amd TV evaAloyn dlepyacidv oty mpaypotikotnto Ba avave TN Sadikacio
€16000v/eE6d0v. Téhog, Kamoleg epapuoyés, Ommwg 1n dladkacio GuVaALAY®OV, BETovv
avoTNPd Oplo Yo 10 ¥pOévo amOKPIoNG, OC TUNHO TNG GVAALONG TNG ATOIOCNS TOV
OLOTNHOTOC. Xg pior cuvolAAayn M aAAnAenidpoon (interaction or transaction) pe €vav
vroloylotn dwukpivovpe tpio xpovikd peyéon :
*Xpovog €16000V - 0 YPOVOG TOL BEAEL O XPNOTNG Y10 VO SDCEL TNV EVTOAT.
*Xpovog aTOKPLoNS GLGTHRATOG - O YPOVOG LETAED TNG OTLYUNG TOL O XPNOTNG
dtvel TV EVIOAN Kal TG GTIYUNG TOV 1 TANPTG ATOKPIGT TOPOLGLALETOL.
* XpOvog oKEYNG - 0 ¥pOVOS o TNV VITOSOYN NG ATOKPIONG UEXPL O XPNOTNG VAL
Eexvnoel va, OTveL TNV ETOUEVT] EVTOAN.
To &Bpowoud tovg ovoudleton ypodvog deCaymyng (g docoinyiog). ‘Epevveg €xovv
deiel O6TL M pelwon 6To YPOVO OMOKPIONG GTNV TPOYHOTIKOTNTO ULEWMVEL TOV YPOVO
deEaymyne mpaéemv katd mePLocoTEPO omd PUOVO TNV HEIDOT TOV YPOVOL ATOKPIONG.
Avto ovpPaiverl emeldn ot dvBpwmot ypedlovtal Aryodtepo ypdvo Yo Vo GKEPTOVV OTAV
TOPVOLV OAVINGES GUVTOUOTEPQL.

O PvOpog dwpetaymyng sivon eicov amapaitntog

Yndpyovv €Qoppoyég OTIG OmMOleC TO EVOLNPEPOV LOG ETIKEVIPAOVETOL OTO PLOUod
SwpeTaymyng kol Oxt tOco oto ypovo omdkplong. Ilapdderypo €vog TETO0L
nwepPdAiovtog pmopel va gival éva ypopeio emeepyaciag pOPOAOYIKOV GTOLYEIDV TOV
Ynovpyeiov Owovopkdv. H Ymnpeoia evolapépetar kupimg yio v eneepyacio evog
peyaiov oplpod amd QOoporOYIKEG ONAMGEIS G OEOOUEVO YPOVIKO dtdotnua (kdbe
(QOPOAOYIKT OMAmon amodnkevetol Eeymplotd kol eivol apkeTd pKpY]). ZE oV TNV
nepintmon  evowpepopacte yuoo v emneCepyacioc. 6060 TO dVVATOV TEPIGGOTEP®V
IMADoEDV 6€ OGO TO SOLVATO PKPATEPO YPOVIKO SIAGTN LA

O)la Bo Mjtav mo amAd, av to vo BEATIOVEIS TV amddoon onpave Tdvtote Pedtioon oe
XPOVO 0mdKPIoNG Kot 6€ pLOUO SlopETAYDYNC.

[TpocBétovtog Evav axdpa eEummpétn (server) avEdvovpe 1o puOUd SOUETOYOYNS, 0LPOD
popalovpe ta dedopéva oe 2 diokovg avti oe 1 ko €tol ot diepyocieg Umopovv va
wKavoroovvtotl 1 va e&umnpetodvton mapdriinia (BAEne oy. 5.1.4) .Avctuymg avtd dev
BonBd to xpOVO OmOKPIONG EXTOS £V TO TAHOOS TOV JEPYACIOV TAPAUEVEL GTADEPO Ko
0 xpOvog otic ovpég (buffers) peidveton e€aitiog TV TEPLGGOTEPOV TOP®V.

0V

TUQAYWYOG

ovEY
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Apyrtektovikr] Yroloyiotov 1

Yympa 5.1.4 — H npocOfkn evdc axdpo eEumnpétn, 6€ oxEon LE TO LOVTEAO TOPAYDYOL
KOTOVOA®TH, 0LEAVEL TO PLOUO SLOUETOYOYNGC.

et M

.
i[APAZTHPIOTHTA 6

Ye éva peydro oplOpd £@appoy@v amarToOVTOL TAVTOYPOVE Kol DVYNAOS pvOpdg
owpeTaymyng Kor pikpoi ypovor amokpiong. No odocere éva mapddsrypa
VAOAOYIGTIKOV GUGTIHOTOS TOV cvpfaivel avtd. No cuyKpivete TNV amavinot] cog
RE TNV TOPAYPOPO TOV 0KOAOVOEL: «XvvimapEn pvOpov dapeTay®yng Kot ypovov
OTOKPLONOY.

Yovomapén poOpov SropeTay®yNs Kot xpovov amoKpLong

Ye éva peyddo aplOud €QopUOYOV  OmouToHVTOL TOVTOXPOVO Kol LYNAGS puvOUoC
OWUETAY®YNG Kot piKpol ypdvol amodkpione. EvOeiktikd ovoa@épovpe TG ovTOROTEG
tapelokés unyovég (Automatic Teller Machines — ATMs), to cuotiuoTo KPATNONG
EPOTOPIKMV BECEMV, TIG EI0AYMYEG TOPAYYEADV KOl TO. GLGTILOTO TOPAKOAOVON oG
KaToAOY®V, Toug eEumnpéteg apyeiov (file servers) kot Tig unyaveg KoTapepiopon ¥povou
(timesharing).

Ye 1€1010 TEPIPAAAOVTO EVOLUPEPOUUGTE TOTO YIa TO YPOvo mov ypeldletal kale epyacio
VLo Vo EKTEAETTEL 000 Kou Yia TO TABOC TV EPYaTI®V OV UTOPOVUE VO, EXECEPYATTODUE T
éva ypoviko oigarnue. Tt cvppaiver avto;

Mo mopddetypa, av plo avtopaTn TOREK pnyovny ypewaletar 15-20 Aemtd yio va
eneEepyaotel TV aitnomn evog meddtn 1ote dev Ba €xel Ko peydAn onuacio to mAn00g
TOV AITNGE®V OV Pmopel vo emeEepyactel 1 unyoavn avé opa — o Ba amopeivel Koveig
weAdTng otV Tpdmeloa!

[Mapdpow av pmopet va emelepyaletor o aitnon ypnyopa, OAAG m pnyovn €xet
duvatdtra va xepiletar poévo évo pikpd TAnog artoewv Totdypova ,0ev Ba uropei va
eEumMPETNoEl TOALEG QUTHGELG 1] TO KOGTOG TOV GLUGTHWATOG avd aitnor Bo givar ToAy
VYNAOD.

‘- OeOPNOTE Y10 VTOAOYIGUO TOV YPIOVOL ATTOKPIGHS
KOl TOV poOuod o1aueTaywyng

Edv éva cvomua eivanr oe otabepn katdotoon, tOTe 0 oplBUdc TV SEPYUCIDV TOV
umaivouy oto ocvotnpo TPEMEL v givar i60¢ pe Tov apldud TV OlEPYACIOV TOV
«PELYOLVY OO ATO.
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A®DPIEEIX ANAXQPHXEIX

v

v

Yyqpa 5.1.5 - To I/0 cvotnpe og podpo kovTti.

Sovn0m¢ evOlOPEPOIACTE YloL TNV TOAD WHEAAOVTIKN 1 TNV oTofepn KOTAGTAOT €VOC
oAdKANpov /O cvomuotog mePoGOTEPO amd TIG OPYIKES GUVONKEG HE TIG OMOiEg
Eexwvape. Extog edv kdvovpe v amAovotevon 0Tl LEAETALE GUOTHUOTO GE 1COPPOTTIa,
O pvBudc e 106000 mpémel va givou igog pue tov polud e eE600v.

OAM(') pog oonyet otov Little’s Law (Nopo tov Little), o omoiog cuvovalel tov
HEGO aplOUd TV JEPYUSUDY GTO GUGTNUO, TOV LEGO PLOUO APIENS TV VE®OV dlEPYUCLOV
KO TOV HEGO XPOVO EKTELEOTG LLOG dlepyaciog.

OMéoog oplOpdg OlEpyuoI®V o6T0 SVoTNNO = poOuds dpiéns * uéco ypovo
OTOKPIGHG.

O Little’s Law avagépetal o€ ke cuoTNHO GE 1G0PPOTHLR EPOGOV OEV dMUOVPYOVVTOL
VEeG dlepyacieg N OEV KATOGTPEPOVTOL OVTEG TTOV VITAPYOVV.

ovpa. egumneet

agiéels

Tyqpa 5.1.6 - To povrého tov povov Eumnpéty. Xe avtv v Tepintoon po aitmon /O
«PeHyey PE TNV OAOKAN PO TG 0td ToV eEumnpét

O Little’s Law kot por ogpd opiopdv odnyodv oe apketég ypHoyleg eE10MOELS.
Ewdwotepa, divovtar ot axdiovbot opiopoti:
*Xpovog(elomnpetn): o p€cog xpovog yia va eEumnpetn el o dadikacio =

PvOpoc e&ummpétnong 1/ Xpovog(e&ummpé): (cvpporiletan pe p).
*Xpovog (ovpdg) : 0 PEGOG YPOVOG Yo KABE dradkasio oty ovpd.
*Xpovog(ovariuotog): o pécog ypdvog ava Slepyocio. 6TO GLOTNUA 1

0 xpOvog amokpions (Xpdvog (ovpdg)+Xpovog (eSumnpétn) )
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*PoOuog apiéng: pécog aplipog Slepyasidy Tov PTAVOLV 0ve dELTEPOLETTO
(ovuPoAriletan pe A).

*Mijkog (eComnpérn): nEGog aplBpnog diepyacidv oe eEuanpétnon.
*Mijkog (ovpdg): NEGO UNKOG OLPEG.

*Mnxog (ovotiuorog): pécog apliudg depyacudy oto cvotnua (Mnkog (e&umnpét)
+Mnkog (cLGTATOG) )

T O akdLovDEG SLEVKPIVAGELS SIVOVTAL TPOC OITOPVYH TAPAVOTGEMV:
H npotaon: “mooo ypovo mpémer vo mepiuéver oty ovpa uio. OiEpyocio. mprv

eComnpetnbel”’, avapépetor aro Xpovo(ovpdg), evd N oKOAovON: “moco ypovo ypeiraletal
o origpyoaio. uEypt v 0Aokinpwlei ” avopépetor oo XpOvo(GLGTHOTOC)

XPNOOTOIDOVTAG TOVG TTapamdve opicpovg o Little’s Law pmopel va emovadiotvnwmOet

OG EENG:
Mnkog (cvotipatog ) = PvOpog agiénc* Xpovog (cvotipatog)

Mmropobpe akopa va fpovpe éao amacyoAnuévo etvar Eva cOGTNUO ad TOV aKOAOVOO
TOmOo:

Anacyoinon E€ummpétn (p) = PuOpog agiEng/ Pubpdg eEvanpétnong
H myn tov p npémet va givan petadd 0 kot 1, dtapopetikd Ba Eptavay nepiocdtepeg

depyaoieg and awtég mov Ba pmopovoay va eEumnpetnBovv, ondTe T0 GVoTNUA Ogv Bal
Ntav 6€ 100pPOoTia.

OO TPOTOS UE TOV OT0I0 1] OVPD. TAPAJIOEL OIEPYATIES aTOV ECOTNPETN (Server)
Kaeitar alyoprBuos ovpdg (queue discipline).

O mo amhog kot Kowvodg akyopdpog etvon n first-in-first-out (FIFO). Ywo0etwvrag tov
alyopiOpo FIFO pmopodpe GuvoEcovLE TOV YpOvo avauovig GTnV oLpd LLE TOV 4EGO
ap1Buo o1epyacidv oty ovpa.:

Xpovog (cuotnuatog) = Mnkog (ovpdg) * Xpdvog (eSummpén) +

(Méoog ypovog eComnpetnons d1epyaciay weta Ty apién ULaS VEaS JIEPYOCLAS. )

[Ma va vroroyicovpe Tov tedevtaio 0po g Tapamdve e&icmong ypealopacte S0
otouyeio:
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f]*T] + fz*Tz +...t fV*TV

1°) Weighted mean time =

»
2 f

i=1

Omov T; etvon 0 xpovog yuo pua dtepyocio 1 ko fi elvor  cvyvotnta g depyaciog 1.

o . £i*T° + £*¥T,"+.. .+ £,*T, . .
2°) Variance = - Weighted mean time

2 f

1=1

[Tpoxepévon va amAOTOMGOVLLE TIG LOVADES, YPTOUOTOIOVE TOV TVTO:
squared coefficient of variance: C =variance / Weighted mean time [ (2)/(1) ]

OLoKANpOVOVTOC, 0 XPOVOG AVOLOVIG LG VENS OlEPYAoitG TPOKEUEVOD O EELMNPETNG
(server) vo OAOKANPMGEL TNV TPONyovUeEVT omd ot olepyacio, kaieiton Average
residual service time Ko divetal and tov akdAov0o TOHTO:

Average residual service time=(1/2)* Weighted mean time*(1+ C)

OH Oewpla ovpodv (queuing theory) eivor mo o&omotn o6tav dev yperdlovron
axpifeic amavinoels. Ta aAnbwvd cvotiuota eivor moAd mepimhoka dote 1 dobeica
pébodo va emtoyet pia axpiPn avédivon. Katd cuvéneio, Kotolyovpe o vTobEcels yio
TO LOVTEAO TNG OVLPAG:

*To cvompa givan 6€ 16oppomia.

*O ap1Buds TV autoemv glvol AmEPOC.

*O géumnpéng pmopet va aoyoindel pe Tov emduevo mEAATN AUECOS UETA TO TELOG TNG
EVAOYOANGTG TOL [LE TOV TPOTYOVLEVO.

*Agv VIapYEL OPLO GTO PNKOG TNG OLPEG Kot avTh akoiovbel Tov aiyopiBuo FIFO.

*O\ec 01 diepyocieg Tpémel va OLOKANpOOHV.
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i)APAZTHPIOTHTA 7

"Eoto 011 0 pécog ypovog Yo va ikavorom0ei pa aitnon tov dickov givar S0ms ko
éva ovotnpo I/O pe moAihoig diokovg maipver mepimov 200 I/O otioeg To
ogvteporento. Na Ppeite mowog givar 0 péoog apiOpog tov I/0 mtiocewv otov
eCumnpétn Tov diockov;

{AHANTHEH APAXTHPIOTHTAX 7
Eqappolovrag tov Little’s Law £yovpe:

Mijrog(eCornpétny) = PoBuos apiéns™ Xpovog(ovpag)
=200%0.05 devteporenta/dcvTepirenta =10 (drepyaociec)
Apa vdpyovv 10 mticels Kata péco 6po otov Evanpétn.

i‘

LAPAYXTHPIOTHTA 8
Na Bpeite éva TOmo Y To péoo ypovo avapovils otnv ovpd (Xpdvog (ovpdg)) oe
oyéon pe 10 péoco ypovo eEumnpétnong (Xpovogs (eComnpérn)), TV amacyéincn Tov
eComnpétn (server utilization) kou v squared coefficient of variance.
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e

.
g,[AHANTHZH APAXTHPIOTHTAX 8

OlLeg ov depyoaoieg mov mponyovvrar otnv ovpda (Mnkog (ovpdc)) amd T véa
owepyaoia, npémer vo ekteresTOUV TPOTOoUy ovth gvanpetnOei. Kabe pio ywo va
ekteheotel, amontel éva péco ypovo gvanpétnonc. Av puo dwediKacio givor 6Tov
eCumnpétn 16t ypevaleron Average residual service time yia va oloxinpwOcei. H
mOovotnta o e&umnpétng vo sivor amacyolpévog  givar M server utilization,
ETOPEVMGS 0 YPOVOS TTOV TEPIUEVOVIE VO ATTOLTEITON Y0 EELANPETN O ElvaL:

server utilization* Average residual service time.
Apa Epovue:
Xpovog ovpac=MNKOGoupac* XPOVoGezympemyt server_utilization * Average residual service
time

AvTiKa0oTOVTAS TO MNKOGpae NE PvOud apilnc*Xpovogeps, Kar Ty Average
residual service time pe 10 i60 TNG £QoVpE:

Xpovocopsc = server utilization*(1/2* Xpovogszompery ™ (1+C)) +
(P Daﬂé d(”’f” Q*XpO’VO S ovpég )* Xpo’onsémmpéﬂ]

To omoio yiveton :
= server utilization™ (1/2* Xpovogezympirn* (1+C)) +
server utilization *Xpovog oypic

Metd maipvovpe:
Xpovogowps - server utilization *Xpovogps. =
server utilization™ (1/2*Xpovog sympérn * (1+C)).
Katomy:
Xpovocops: * (1- server utilization ) = (1/2)* Xpovos evmpiegy * (1+C) * server
utilization

Kau tedixa Eypovue:
Xpovogepse = Xpovog (eComnpétny) *(1+C)*server utilization 2 *(1- server utilization )
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™ £

AVOKEQUAOLOVOVTAG AOLTTOV... ‘

Eﬁ

/=H Eic0d0¢/EE0d0g givol To TUNNO EVOG VTOAOYIOTIKOV GUGTIHOTOS, UE TO OTOiI0 TO
cvotnuo givar og 0éon va avraridcel dedopéva pe To TEPLPariov Tov, ONAadr ite pe GrAhovg
VIOLOYIGTEG EiTE pPE TOV GVOpOTO-YprioTN.

{
H ovompotiki) wopopéinen e avdrtving Tov oVGTINRATOS €160000/e£000V amoTeLEl
TPOYOTENT YLO TNV GUVOAKY] UTGO0GT TOV GUGTI|LATOG.

{H 000001 £VOS GLOTIROTOG NTopPel vo. peTpn0ei pe ) Po1dero T660 TOL YPOHVOL ETOKPLONG
» 060 Kot TOV pLOPOY SrapeTayoys.

{
T nePLocoTEPES POPES 0L OVO TUPATAVE £VVOLEG €IVOL GUYKPOVONEVEG: MKPOS YPOVOS
amOKPIOTNG PTopel v onpaivel peydio pobpd drepetaymyns Ko To avticTpogo.

{
H gkdotote cpuppoyn kabopilel o€ moio amd Ta dvo pétpo 0o ddcovps onpocio. Yadapyovv
KOl €QapPOYEG TOV ATUITOVY KAAG YPOVO amdKpions Kar pudpd dwepetaymyis Tavtoypova.

.

‘Eva cvotnpa givor o€ wooppomia. 0Tav 0 poluos tys e160dov &ivai icos ue tov poluo tys
&€600ov. Avtd pag odnyei otov Little’s Law, o omoiog cuvoéel Tov péco aplOpé Tov depyaciav
670 GUGTILA, TOV HEGO pLONG APIENS TOV VE@V JLEPYUCLAOV KL TOV HEGO YPOVO EKTEAEGT|G UG
oegpyaciog.
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